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The Office of Oceanography and Marine Assessment (OMA) provides decisionmakers
comprehensive, scientific information on characteristics of the oceans, coastal areas,.
and estuaries of the . USA. The information ranges from strategic, national
assessments of coastal and estuarine environmental quality to real*time information
for navigation or hazardous materials spill response. For example, OMA monitors
the rise and fall of water levels at about 200 coastal locations of the USA (including -
the Great Lakes); predicts the times and heights of high and low tides; and
provides informatior: critical to national defense, safe navigation, marine boundary
determination, environmental management, and coastal engineering, Currently,
“OMA is installing the Next Generation Water Level Measurement System that will
replace by 1992 exisiting water level measurement and data processing technologies.
Through its National Status and Trends Program, OMA uses uniform techniques to
monitor toxic chemical contamination of bottom-feeding fish, mussels and oysters, and
sediments at about 150 locations throughout the USA, A related OMA program of
directed research examines the relationships between contaminant exposure and
indicators of biological responses in fish and shellfish.
OMA uses computer-based circulation models and innovative measurement
technologies to develop new information products, including real-time circulation
data, circulation fore- casts under varicus meteorological conditions, and circulation
data atlases. OMA provides critical scientific support to the U.S." Coast Guard
during spills of oil or hazardous materials into marine or estuarine environments.
This support includes spill trajectory predictions, chemical hazard analyses, and
assessments of the sensitivity of marine and estuarine environments to spills. The
rogram. provides similar support to the U.S. Environmental Protection Agency's
upc:fund Program during emergency responses at, and for the cleanup of, abandoned
hazardous waste sites in coastal areas. To fulfill the responasibilities of the
- Secretary of Commerce as a. trustee for living marine resources, OMA corducts
comprehensive assessments of damages to coastal and marine resources from
discherges: of oil and hazardous materials, '

OMA colivcts, synthesizes, and distributes information on the use of the coastal and-

. oceanic resources of the USA to identify compatibilities and conflicts and to
© determine tesearch needs and priorities. 1t conducts comprehensive, strategic
assessments of multiple resource uses in coastal, estuarine, and occanic arcas for
decisionmaking by NOAA, other Federal agencies, state agencics, Congress, industry,.
and public interest groups: It publishes a series of thematic data atlases on major
regions of the U.S. Exclusive Economic Zone and on selected characteristics of major-
U.S. estuaries. It also manages, for the U.S. Department of the Interior, a program

of environmental assessments of the effects of oil andigas devel- opment on the

Alaskan outer continental shelf.’ \

-OMA implements NOAA responsibilities under Title If of the Marine Protection,
Research, and Sanctuaries Act of 1972; Section 6 of the National Ocean Pollution
Planning Act of 1978; and other Federal laws. It has three major line organizations:
The Physical Oceanography Division, the Ocean Assessments Division, and the
Ocean Systems Division. - ’
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THE POTENTIAL FOR BIOLOGICAL meS OF SEDIMENT-SORBED
CONTAMINANTS TESTED IN THE NATIONAL -
STATUS AND TRENDS PROGRAM :

Edward R. Long and Lee G. Morgan
ABSTRACT

National Oceanic and Atmospheric Administration (NOAA) annually-
collects and chemically analyzes sediment samples from sites located in
coastal marine and estuarine environments throughout the United States as a
part of the National Status and Trends (NS&T) Program. While the
chemical data provide indications of the relative degrees of contamination
among' the saripling sites, they provide neither a measure of adverse

“ blological effects nor an estimate of the potential for effects. Data derived:
from a wide variety of methods and approaches were assembled and
evaluated to identify informal guidelines for use in evaluation of the NS&T .
" Program sediment data. ' The data from three basic approaches to the
establishment of effects-based criterla were evaluated: the equilibrium-
partitioning approach, .the' spiked-sediment bioassay approsch, and varlous
methods of evaluating synoptically collected biological and chemical data in
field surveys. The chemical concentrations observed or predicted by the .
different methods to be assoclated with biological effects were sorted, and
the lower 10 percentile and median concentrations were identified along with
an overall apparent effects threshold. The lower 10 percentile in the data
was identified as an Bffects Range-Low (ER-L) and the median was
identified as an Effects Range-Median (ER-M). Note that these ER-L and
ER-M values are not to be construed as NOAA standards or criteria. The’
ambient NS&T Program sediment data from sampling sites were compared
with the respective ER-L and ER-M values for each analyte. The
comparisons were used to rank sites with regard to the potential for adverse
biological effects, assuming that the sites in which the average chemical

" concentrations exceeded the most ER-L and ER-M values would have the
highest potential for effects. The ranklngs indicated that a sampling site
located in the Hudson-Raritan estuary had the highest potertial for effects, -
followed by a site located in Baston Harbor, a site located in western Long
Island Sound, and a site located in the Oakland estuary of San Francisco

" INTRODUCTION

The concentrations of selected potentially toxic chemicals in marine and estuarine
sedimenis have been quantified annually by NOAA in the N5&T Program since 1984, :
Sediments from about 200 sites nationwide have been sampled and analyzed for a variety of
trace metals, petroleum hydrocarbons, and synthetic organic ‘compounds. The chemical
concentrations have been compared among aampllnﬁ sites and among ‘samplin? years at many
of the sites. These data have been useful in characterizing tie chendcal conditions at
sampling sites (NOAA, 1987, 1988) and in determining whethér or not conditions are changing
over time. In selected geographic areas measuras «f Biological eftects heve been performed to
" accompany the chemical analyses and used to deterrvine or indicate the zignificance of the
sediment contamination. However, biological measures of the effects or potential for effects
of these mixtures of chemicals have not been determined at the majority of the sites.

The purpose of this report is to assess the relative likellhood or potential for adverse

blologica‘i’ 'e?:cm occurring due to exposure of biota to toxicants in sediments sampled and

analyzed l?' the NS&T Program. In order to satia%\ that objective, guidelines were
or’

developed for use in assessing the potential for effects. These guidelines were developed by
employing a preponderance of evidence assembled from a variety of approaches and from
data gathered in many geographic areas. These guidelines were used to rank and prioritize
thie NS&T Program sites with regard to the relative potential for contaminant-induced
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‘effects. The severity and .geographlc extent of adverse effects may be determined by NOAA
. in intensive regional surveys in areas in which high-priority sites are located. These

gnidelines were not int~*ded for use in regulatory decisions or any other similar applications.

. METHODS. _°

| Overall Approa_:h; o

A three-step approach was followed to complete the evaluation: (1) assemble and review
currently ‘available information in which estimates of the sediment concentrations of
chemicals ‘associated with adverse biological effects have been determined or could be
derived; (2) determine apparent ranges in concentrations of individual chemicals in which
effects are likely to occur, based upon a preponderance of evidence; and (3) evaluate the:
NS&T Program sediment chemical data relative to these consensus effects ranges. The first
step involved reviewing, reports either (1) in which effects-based sediment quality values
were reported or (2) in which matched chemistry and biological effects data were lsted,
followed by:an evaluation of the co-occurrence of chemical concentrations with measures of
effects;. These reports emnbraced controlled laboratory studies of effects of sediments spiked
with individwual chemicals, calculations of unacceptable concentrations based upon theoretical
equilibrium partitioning rﬂnciples, and evaluations of data from field studies in which
matching chemical and biological measures were performed on subsamples of sediments.
Among the reports reviewed, only those that met certain criteria' were selected for further

. use. Chaprnan et al., 1987 compared the estimated sediment quality values for three

chemicals based upon four approaches, and noted that the values from the approaches were
consistent. ' ' . ‘. :

_ .'"I'he’ ;éc:c;nd step included ocreening the data by examining the degree of ébncbrdance
between: the biological and chemical data, sorting the remaining data in ascending order, and
determining consensus ranges in values associated with adverse effects. A key element of the

- second” step was the determination of the chemical concentrations above which adverse

effects may be first expected and the concentrations above which adverse effects always or
almost always may be expected. The intent was not to identify only the lowest concentration
of contaminants at' which an adverse effect had been observed ur predicted for any organism.

""" The third step involved éomﬁarlnf the ambient sediment chemistry data from the NS&T. .
- Program-with the respective ranges in

chemical concentrations apparently associated with ..
observations of effects. A comparison of proposed or preliminary, sediment quality values-
and ambient concentrations of chemicals in United States sediments was previously conducted-

by Boltun et al., 1985 and Lyman et al., 1987 for the United States Environmental Protection =

Agency (U. §. EPA). Both reports invoived a relatively small number of chemicals and
sedx‘ment.'c}unlity'valﬂes derived from only one approach. The approach followed in this -

_ similar to the approach used in thase two reports, but includes sediment quality
values derived from many methods and evaluates data for 12 trace metals, 18 petroleum
hydrocarbons, and 11 synthetic organic compounds or clas<es. : ’

: Apyrbaches for Deteminlng Effects-Bagsed Sediment Qualltyvcﬁtétia

Since the 'purpose of this report is not to criique or evaluate the relative strengths and
weaknesses of the various approaches;that have been used to develop effecis-based sediment
quality -values, only a’ brief description of each will be presented:here. Chapman (1989)
reviewed and corpared the a‘Kproach‘és currently being pursued to:develop sediment quality
values, but did not compare the concentrations resulting irom those approaches. That reiport
and the other documents cited herein should be consulted for more information on each of the
respective approaches. o . ,
Effects-based sediment quality values derived from different numbers and types of
appronches are available for some of the NS&T Program analytes. The values from some
approaches are region-specific and those from other approaches are available for only a -
minority of the NS&T Program analytes. Because of the complementary strengths of each of
the approaches, it was decided to determine if a consensus value in concentrations for each
chemical was apparent and to use those consensus values in evaluating the NS&T Program




© data, Conireraeiy, ‘because of the apparent weaknesses of each method alone, it was decided
that¢ values based upon a consensus of muitiple apgroachea and multiple applications of each
approach would have more credibility than values based upon only one approach.

Background Approach. Criteria have been established in various geographic areas of
the United States and other countries based upon an approach involving the use of reference
or background values in sediments. In this approach, &e data from u pristine ares have baen
used as the standard and concentrations in sediments from target areas that exceed these
background values by some spadified amount are considered unacceptable. In some cases the
criteria were set at some value above the background concentration, say, at 125 percent of
background or two standard deviations above the mean background concentration. This
approach does not involve any deterrsination or estimation of effects, but the criteria based
upon this ap?noach ‘were included in this report for the purﬁow of comparing them with the
criteria developed from the effects-based approaches. These criterla were listed in this
report as presented in the cited documents without any modifications, however, they were not
used to determine consensus ranges in consentrations associated with effects,. Many lad been
listed and compared by Pavlou and Westzn (1983).

Sediment-Water Equilibrium Partitioning (EP) Approach, In this approach the .
criteria are established for ain?le chemicals at concentrations in sediment that ensure that
the concentrations in interstitial water do not exceed the applicable U. 5. EPA water quality
criteria (Bolton ef al., 1985; JRB Associates, 1984). It is assumed that water quality criteria,
when aF lied to the interatitlal water of sediments, would rrotect infaunal organisms.
Physica )::hemicnl principles are used to predict the chemical concentrations that would
occur in the interstitial water in equilibrium with those concentrations of the chemicals
sorbed to particulates in the sediments, recognizing that the distribution of the chemicals
between the two phases is highly influenced by the amount of organic carbon or acid volatile-
sulfides {AVS) present In the sediments. Tessier and Campbell (1987) reviewed many of the
chemica] and physical factors in sediments that can strongly influence the partitioning of
trace metuis between aqueous- and. particle-bound phases of sediments and observed that,
because of rhese factors, bulk chemical concentrations of trace metals were poor predictors of
the bioavatiability of these toxicants. Where criteria were listed in cited documents in units
dry weight, they were used in this report without any modifications. Where criteria were
listed in units of organic carbon, they were converted to unite dry weight, assuming a stated:
organic carbon concentration (usually 1% total organic carbon [TOC]). Where the criteria
were listed in the cited documents in units dry weight assuming a reported TOC concentration

other than 1 percent (e.g., 4%), those reported values were used in this report without
modification. :

Most of the EP-derived criteria listed herein were reported by the U. §. EPA, 1988. Since
-.that report was published, new information has become available that strongly suggests that
" AVS are important in controlling availability of trace -ietals. The interim criteria reported

y ‘the U. S. EPA (1988) did not account for AVS. Nevertheless, these criteria were used in
the present document as reported. : o -

Also, some of the sediment/water partitioning coefficienty used to calculate the criteria. -
have changed as new data have been developed for some analytes. Although more recent EP-
derived criteria are probably more accurate, some of the earlier values were also included in
the present document as reported. In addition, some inaccuracy may be possible in the EP-
derived values due to the methods used to determine the TOC content of the sediments. The
organi¢ carbon normalized partition coefficients (Koc) used to calculate the criteria may
differ by factors of 2 to 4 times depending upon whether percent volatile solids or percent
organic carbon are determined (Dr. Peter Landrum, NOAA, personal communicatiox).

Spiked-Sediment Bloassay (SSB) Approach. This approach involves exposing
organisms to pristine sediments spiked in the laboratory with known amounts of singie
chemicals (or mixtures), observing either mortality and/or sublethal effects and determining
dose-response relationships (e.g., Swartz et al., 1988), Usually the criteria were reported as
LC50 or EC50 values, the lethal concentrations or effective concentrations resulting in 50

rcent mortality or 50 percent change .in some sublethal end-point relative to controis.
Where the bioassays were performed sapecifically for the purpose of determining sediment
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quality criterla, the values were listed in this report without modification and the specles
used and the exposure duration were notéd. Where the bioassays were performied to
determine the relative toxicity of varlous chemicals, the resulting values were also listed
here without modification. Where bloassays of prospective dredge material or other
sediments were performed to determine the potential for bivaccumulation and the authors

noted their observations on mortality during the tests, those observations were included in
this report, -

Screening Level Concentrations (SLC) Approach. Field-collected data are used in this
approach and patterns in co-ocenerence in sediment concentrations of chemicals and matching
analyses of benthic infaunat composition are determined. The SLC are the estimated highest
concentration of selected r Jmpolar organic chemicals that co-occur with quroximate y 95
percent of the infauna. A cumulative frequency distribution of all stations at which a
particular species of infaunal invertebrate is present is plotted againat the organic carbon-
normalized concentration in sediment of the selected contaminant. The concentration of the
contaminant at the locus representing the 90th percentile of the total number of stations at
which the species was present is estimated by interpolation and established as the species
screening level concentration (SSLC). Next, the SSLCs for a large number of species are

lotted as a frequency distribution, and the concentration above which #5 percent of the
LCs are found is determined as the SLC (Neff e al., 1986). The SLC were calculated based
upon data from many areas of the United States (Neff et al., 1986; 1987). It is assumed that
the contaminants occur in mixtures, The criteria reported in units organic carbon were
cor.verted to units dry weight in this document, assuming a TOC content of 1 percent.

Apparent Effects Threshold (AET) Approach, This approach alse involves use of data
from matched sediment chemistry and effects measures performed with field-collected
sediment samples. Similar to the SLC approach, it is assumed that the chemicals occur in
mixtures. An AET concentration is the sediment concentration of a selected chemical above
which statistically significant (P < 0.05) biological effects (e.g., depressions in the abundance
of benthic infauna or elevated incidence of mortality in sediment toxicity tests) always occur
and, therefore, are always expected (PTI Environmental Services, 1988). The AET values
reported for Puget Sound were based upon the evaluation of data from many surveys of
vurlorl::drorﬂons of that region and were used in this document without modifications. Values
repo in 1986 were based primarily upon data from studies performed in the waterways of
Commencement Bay and were updated with.additional data from other areas ir. Puget Sound

_in 1988. In addition, AET values were calculated by the present authors for data from
Mississippl Sound generated by Lytle and Lytle, 1985 and for data from San Francisco Bay
generated by many investigators in independent surveys (Long and Buchman, 1989; Chapman
et al., 1986; U.S. Navy, 1987; Word ef al., 1988). These latter values were calculated using the
SedQual version 1.1 software developed by PTI Environmental Services, Inc. (1988) for U. 5.
EPA Region 10 and a sorting procedure, using Microsoft Excel software on a Macintosh
computer. :

Both the 1986 and the 1988 Puget Sound AET values were used in the present document.
The 1988 values were based upon a larger data base than those determined in 1986, they may
be more accurate than the former values, and they are being used in mana?ement decisions
regarding Puget Sound. However, the 1986 concentrations also were used in this docuinent
since they were derived with methods equivalent to those used in 1988, with knowledge and
data available at that time, and reflect another independent attempt to determine an
unacceptable level of sediment contamination. Eowever, whenever a 1988 AET value was
exactly the same as a 1986 value, that concentration was only used once during the present
data evaluation.

The Puget Sound Dredge Disposal Analysis (PSDDA) prepared screening level and
maximum level values based upon the AET concentrations for Puget Sound., These values were:
listed in the present document without modification.

Bloeffects/Contaminant Co-Occurrence Analyses (COA) Approach. Similar to the
SLC and AET approaches, this method also involves use of field-collected data in which
chemical mixtures occur. It involves calculation of statistics of central tendency (i.e., means,
standard deviations, maxima, minima) in chemical concentrations associated with matching
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samples determined to have high, intermediate, and low indicetions of effects. For example,
DeWitt et al., 1988 listed means and standard deviations in concentrations of selected
chemicals found to be nontoxic, intermediate in toxicity, and significantly toxic to the
amphipod Rhepo.gniua abronius in tests of Puget Sound sediments. Long (1989) listed the
means, standard deviations, maxima, and minime in concentrations of nine physical and
chemical parameters in sediments from the Commencement Bay waterways determined to be
least, intermediate, and most toxic to R, abromius. Data from DeWitt ¢f al., 1988 were used in
this report without modifications. The format used by Long (1989) was used and expanded to
accommodate many more chemicals quantified in Commencement Bay sediments and the co-
occurrence values are reported herein. In addition, many reports in which matching sediment
chemistry and sediment; toxicity and/or benthic data were listed were evaluated, co-
occurrence analyses were performed and the results reported herein.

The COA data from these reporis, were collected for purposes other than determining
sediment effects thresholds, but, nevertheless, were used here to detérmine patterns in co-
occurrence of effects and contamination. Only those data sets in which chemical
concentrations of one or more analytes differed among sampling stations by over an order of
magnitude were considered in these analyses. Measures of "effects” observed in studies with
a smaller range in chemical concentrations may have been caused solely or in part by other
factors. Given the different degrees of variability in analytical procedures among
laboratories, orders-of-magnitude differences in chemical concentrations are likely
representative of real differences among sites. Where some chemical concentrations were
reported as less than the detection limits, one-half of the detection limits were used in the
calculations of means and standard deviation. In those reports in which the authors
identified statistically significant effects ("hits"), two categories of bioeffects response (hits
and non-hits) were established and the means, standard deviation maxima, and minima in
chemical concentrations associated with those catepories were calculated. In those reports in
which the authors did not identify statistically significant effects, a frequency distribution
of the bioeffects data was examined, either two or three categories of severity of effects were
determined where two or three modes, respectively, in response were evident, and the means,
standard deviation, maxima, and minima in chemical concentrations were cuiculated for each
category in bioeffects response. With regard to the latter reports, the determination of these
categories of degree of effects was subjective and somewhat arbitrary. Only data from
published reports were used in the COA; unpublished data from the numerous pre-dredging
asgessments that have been performed recently in the United States were not useg.

This approach suffers from the same weaknesses as all of the others that involve the use
of matching biological and chemical data collected i. the field. The assumption must be
made that the toxic chemicals have an influence on the biological responses that are
measured that outweighs the influence of natural physicochemical factors. The assumption is
also made that the chemicals that are \mx\tiﬂedp were those that were responsible for the
measured effects, although co-varying chemicals not quantified may have had an influence
upon the biological tests. Although the chemicals likely act together (e.g., synergistically)
as mixtures to influence the biological tests, their patterns in co-occurrence are estimated
singly in the co-occurrence data analyses. Recognizing these weaknesses in the use of field-
collected data, data from many geographic areas were evaluated and used in an attempt to
evaluate co-occurrence patterns under different pollution conditions. For example, in the
analyses of copper data, those data from areas known to be relatively highly contaminated

with copper were given more credibility t! . those from areas known to be contaminated
with other chemicals,

Evaluation of the Sediment Values from the Different Approaches.

Tessier and Campbell (1987) summarized the complexities of determining the significance
of particulate trace metals contamination in agnatic environments. Uptake (and therefore,
effects) of sediment-associated contaminants is fargely a function of bloavailability.
Bioavailability is strongly influenced by a complex suite of physical, chemical, and
biological factors in the sediments. Trace metals can be adsorbed at particie surfaces,
carbonate-bound, occluded in iron and/or manganese oxyhydroxides, bound to organic matter,
sulphide-bound, matrix-bound, or dissolved in the interstitial water (Tessier and Campbell,
1987). The relative bioavailability of trace metals assoclated with these phases has the
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effect of hindering the prediction of effects, based upon bulk sediment chemical analyses.
The oxidation-reduction potential and the concentration of sulphides in the sediments can
atrongly influence the concentiation of trace metals and their availability. Possibly as a
result of these complex phase associations, Lee and Mariani (1977) observed very little
concordance between measures of bulk sediment chemical concentrations and measures of
toxicity, using the shrimp Palaemonetes pugio, in surveys performed nationwide. Th

concluded, "These bioassays clearly demonstrate the lack of validity of bulk chemical
criteria for judging the significance of contaminants assoclated with dredged sediments.” The
present evaluation was performed with knowledge of the complexities and uncertainties
involved with attempting to associate bulk chemical data with various measures of
biological effects. DiToro (1988} argued that it is essential to understand the reasons for
varying bioavailability before broadly appiicable criteria can be established. His argument
was based upon the observation that the concentration-response curve for toxicity could be
correlated with the chemical concentration in the pore water and not the total (bulk)
sediment. However, with no nationally adopted, officlal, final effects-based standards
available, the use of a preponderance of evidence derived from many approaches was judged
by the present authors to be the best method for developing guidance for interpreting the
NS&T Program sediment data. Furthermore, in order to develop a preponderance of evidence,
many data sets were used in the present document that did not include measures, such as TOC
content, that could have beenr used to explain varying toxicity. In addition, data derived in
freshwater and saltwater were merged and treated equally, despite the possibility that

bioavailability may differ between the two regimes and the concentration levels may affect
the two different ecosystems in much different ways. , :

Approximately 150 reports were reviewed for possible use in this document. In about one-
half of those reports, there was either no biological data to accompany the sediment
chemistry data or vice versa, there was no discernible gradient in contamination for any of
the analytes among samples (less than a ten-fold difference), the biological or chemical .
analytical methods were poorly documented, or the biological and chemical data were not

derived from the same sampling locations. The reports in which the data did not satisfy
these criteria were not used.

The data from the remaining 85 reports were assembled and listed for each of the NS&T
Program analytes according to the categorical type of approach that was used. Then, they
were subjected to a screening step. In this step, the data for each analyte were evaluated
with consideration given to the methods that were used, the type and magnitude of
biological end-point measured, and the degree of concordance between the chemical and
biological data. Using these evaluation factors, professional judgment was used to eliminate
and disregard some values for some of the chemicals where it appeared that the chemical
under consideration was not likely a contributor to the gradient in biological effects. For
example, if in a field study in which the investigators expressed the observation that one or
more selected chemicals were known to be highly conceatrated in their:study area, but they
also measured other analytes during their chemical analyses, the latter data were included
in the data tables, but were excluded] from further consideration. ' If matching chemical and
biological data from field studies showed no concordance, the data were listed in the tables,
but not given further consideration. If no gradient (generally, less than a two-fold difference)
in chemical concentrations was reported between samples that indicated adverse effects and
those that did not indicate effects, the data for that particular chemical alsc were not given
further consideration. If no definitive AET concentration could be determined, the “"greater-
than" value reported was excluded during this screening step. The screening step was not
performed to force consensus where none existed. It was performed before the data were
sorted (the next step), so it was not possible to have a priori knowledge of the consensus range.
No other quality assurance screening steps were performed with the data.

The data that remained following this screening step were from studies in which effects
were either predicted or observed in association with increasing concentrations of the-
respective analyte. Then, they were sorted in ascending order and listed in Appendix tables
for each chemical. Next, usually two values were determined from these remainin§f data for

each chemical: an ER-L, a concentration at the low end of the range in which effects had
been observed; and an ER-M, a concentration approximately midway in the range of reported
values associated with biolcgical effects. These two ‘values were determined using a method
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similar to that used by Klapow and Lewls (1979) in establishing marine water quality
standards for the State of California. For each chemical of interest, they assembled
available data from spiked-water bioassays, examined the distribution of the reported LC50
values, and determined the lower 10- and 50-percentile concentrations among the ranges of
values. In the present document, the ER-L values were concentrations equivalent to the lower
10 percentile of the screened available dats, and indicated the low end of the range of
concentrations in which effects were observed or predicted. They were used in the document
as the concentrations above which adverse effects may begin or are predicted among sensitive
life stages and/or species or as determined in sublethal tests. ‘?he ER-M values for the
chemicals were the concentrations equivalent to the 50 percentile point in the screened
available data. They were used in the document as the concentration above which effects

were frequently or always observed or predicted among most species. The methods of Byrkit
(1975) were used to determine the percentile values.

Except for the benthic community data, most of the biological measurements made in the
different approaches involved the determination of mortality as the end-point. Some
contaminz s, such as PCB and some aromatic hydrocarbons, may be mutagenic or teratogenic,
and not very toxic in acute tests of mortality. Mutagenicity and other chronic effects may
occur at l:vels lower than those listed in this document in association with acute mortality.

Klapow and Lewis (1979) examined data collected from only one approach, spiked-water
bioassays, and assumed that the data from different investigators and studies. were
equivalent and comparable. The methods commonly used in spiked-water bioassays are
relatively standardized. However, they evaluated data derived from tests of different
species, which, presumably, had different sensitivities. In the present case, the data were
assembled from more than one approach and often from different methods used in any cne
approach. They included data from studies that involved species with different contaminant
sersitivities; therefore, they are less likely to be equivalent and comparable. Nevertheless,
following the screening step, they were used as if they were equivalent and comparable in
the estimation of ER-L and ER-M values.

In addition to the objectively determined ER-L and ER-M values, overall apparent effects
thresholds were subjectively identified for some chemicals. These thresholds were the
concentrations above which effects usually or always occurred in association with increasing
concentrations of the chemical. They were determined independently of the ER-L and ER-M
values by visuallv examining the sorted data. They are not to be confused with the ART
values reported for Puget Sound, San Francisco Bay, and Mississippi Sound. They were
identified as an aid in evaluating the accuracy of the ER-L and ER-M values and were not
used in ranking the NS&T Program sites.

Data compilation and anaiysis was as inctusive as possible and no weighting was given
to data derived from one approach or another. As Klapow and Lewis (1979) pointed out, the
use of the inclusive approach and the calculation of percentiles of the data help eliminate
the undue influence of a single (possibly outlier) data point upon the establishment of
consensus ranges in concentrations associated with effects. in the present evaluation, the
assumption was made that patterns established between effects and chemical concentrations
would be more credible if based upon data from several sediment quality c.iteria than if
based upon data from only one approach or experiment. '

The ER-L and ER-M values were established objectively by determining the lower 10 and
50 percentiles in the data. No other more rigorous statistical procedures were used, since the
consensus ER-L and ER-M values were intended only for use by NOAA as general guidance in
evaluating the NS&T Program data. .

The relative degrees of confidence in the accuracy of the ER-L and ER-M values are
described for each analyte. Values for which we had relatively high confidence were those
that were supported by clusters of data with similar concentrations, by data derived from
more than one approach, by a data set that included more than results from the use of the
COA approach, by data derived from multiple geograpkic areas, and for which the overall
apparent effects threshold was similar to or within the range of the ER-L and ER-M values.
\faYues for which we had relatively low confidence were those that were supported by data
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with-eithier-a small cluster or no: €luster of similar concentrations, by data derived from only
one roach and/or ffom one ge'ografhic area, resulis derived only from the COA approach,

nd for which the overdll apparent effects threshold was dissimilar to or outside range
of the BR-L and ER-M values. ’

Although the consensus KR-L and HR-M concerirations may be used by
others as guldance in evaluating sediment contamination data, thea2 {5 no

ifitent expressed or implied that these values represent official NOAA
standards,

Evaluation of Sediment Effects Values and NS&T Program Data,

Following the determination of the ER-L and ER-M values for each of the analytes, these
values were compared with the NS&T Program data to determine which sites had sediments
that exceeded these values. The averages of the concentrations of each NS&T Program
analyte were calculated for each site, usually based upon 2 adjoining years of data (i.e, n = 3

samples x 2 years = 6 samples). Sites at which the average ambient concentrations exceeded
the ER-L and ER-M values were listed for each analyte. '

The potential for biological effects was assumed to be highest for thuse sites in which
the sediments exceeded the most ER-M values. This potential was assumed to be lower for
sites that exceeded many of the ER-L values, but not the ER-M values. Biological effects

were assumed to be least likely at sites that exceeded none of these values. The sites were
ranked accordingly.

RESULTS

Three data tables are presented for most NS&T Program analytes. The first appears in
the text and lists all of the data from the various approaches that were asse‘mblecF for each
analyte: the type of bioloiical test or measure that was performed or predicted, the
geographic area in which the data were collected (if applicable), the chemical
concentration associated with that observed or predicted measure of effects, and a reference
citation keyed to the reference section of each table. The second appears in Appendix B and,
again, lists all of the data. However, ia these tables, the data have beexn sorted in
ascending order with remarks regarding whether or not each data point was used to
determine the ER-L and ER-M values. The third appears in the text and lists, in ascending
order, only those concentrations that remained following examination and screening of the
data and includes the ER-L and ER-M values with respect to the data that were used to
derive them. The ER-L and ER-M values often were rounded to the nearest full integer as
appropriate.

In the third table for each analyte, the type of approach was noted with a shorthand
descriptor: EP for equilibrium portitioning, SSB for gpiked-sediment bioassay, SLC for
screening level concentration, AET for apparent effects threshoid, and COA for co-occurrence
analyses. Data available for some chemical analytes were judged to be insufficient to
warrant the determination of ER-L and ER-M values.

Trace Metala:
Antimony

Acute and chronic toxicity of antimony to freshwater aquatic life occur a! water
concentrations as low as 9,000 and 1,600 parts per million (ppm), respectively; toxicity to

al%al species occurs at concentrations as low as 610 ppm; no saltwater criteria are available
(E A; 1986)- '

The data evaluated for sediment antimony are from measures of effects performed in
Puget Sound and San Francisco Bay (Table 1), and the values available are from AET and co-
occurrence calculations. The Puget Sound AET values range from 3.2 ppm to 200 ppm. The
AET values for the amphipod bioassay and benthic community composition differed
congiderably between 1986 and 1988. T values calculated by the present authors for San
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ificisco Bay are 1.9 and 2.9 ppm for bivalve (Crassostres gg:s, Mytilus edulis) larvae and R.
- aniphipod bioassays, respectively. The data from Commencement Bay, Washington
icite that toxicity to both R. abronius and the larvze of the oyster C. gigus increased with
" increagsing antimony concentrations in the sediments. Sediments that caused moderate
bloasday toxdcity to both species had a mean of 2.0 + 5.5 ppm antimony, whereas sediments
that were most highly toxic had means of 91.5 + 184.3 and 27.5 + 101.5 ppm antimony,
respectively.

In San Francicco Bay, there wag no concordance between sediment toxicity to amphipods
and antimony concentration. Sediments that were least toxic or not toxic had higher mean
antimony concentrations than those that were most toxic or significanily toxic, For example,
samples in which R. abronius mortality was highest (67 + 12%) had antimony concentrations
below the detection limits, while those in which mortality was lowest (18 £ 6.6%) had a
higher mean concentration. This lack of concordance suggests that some other sediment
characteristic(s) had a greater influence upon the toxic response than antimony; therefore, the

San Francisco Bay amphipod bioassay data were not considered in the esimations of ER-L and
ER-M (Table B-1).

Biological effects were noted in San Francisco Bay and Commencement Bay sediments with
mean antimony concentrations as low as about 2 ppm (Table 2). The data suggest an ER-L of
about 2 ppm, equivalent to the lower 10 percentile of the data (Table 2). Commencement Bay
sediments that were moderately toxic to both amphipods and bivalve larvae had a mean
concentration of 2 ppm; the PSDDA screening level concentration was 2.6; and the fwest Puget
Sound AET value was 3.2 ppm. The data suggest an ER-M of about 25 ppm, roughly equivalent
to the 50 percentile of the data (Table 2). 8 value is supported Ey observations of high
toxicity to bivalve larvae exposed to San Francisco Bay sediments (mean of 25 ppm) and Puget
Sound AET from two different biological tests (both 26 ppm). With one ex J;m, effects were

always asscciated with antimony concentrations of 25 ppm or greater (Table B-1).

Data were available from only two approaches and from only two l%ec» aphic regions.
The degree of confidence in both the ER-L and ER-M values for antimony s mﬂ be considered
as moderate. Both values were supported by clusters of similar data, and the overall
apparent effects threshold was equivalent to the ER-M value. The determination of the
relationships between antimony concentrations and measures of biological effects is hindered
by the the lack of data from the predictive EP approach and from single-chemical, SSBs

Table 1, Summary of sediment effects data available for antimony,

References Biological Approaches Concentrations (ppm)

———

Apparent Effects Threshold

1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay 53
- oyster larvae bloassay 26.0
- benthic community composition o 32
- Microtox™ bioassay 6.0

1988 PUGET SOUND AET .
~ R, abronius amphipod bioassay 2000
- benthic community composition 1500

PSDDA guidelines (based upon Puget Sound AET)
- screening level concentration 2.6
- maximum level criterion 26.0
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Table 1. Antitnony (continued)

References Blological Approaches

Concentrations (ppmi)

Ap,,plretit Bffects Threshold

. SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bloassag'
= R. abronius amphipod bioassay

Co-occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic to R. abronius (15.7 + 3.9 dead/20)
- moderately toxic to R. abronius (5.2 + 1.1 dead/20)
- least toxic to R. abronius (2.5 + 0.9 dead/20)

- highly toxic (44.5 + 19.0% abnormal) to oyster larvae
- moderately toxic (23 + 2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67.0 + 11.8% mortality) to R. abronius

- moderately toxic (33.8 £ 4.7% mortality) to R. abronius
- least toxic (184 + 6.8% mortality) to R. abronius

- significantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (184 + 68% mortality) to R. abronius

- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
- Jeast toxic (23.3 * 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae

91.5 + 184
205
0910

275 £ 101.5
20+55
10+ 14

na
2767
9.0+ 116

23+63
99+118

25+0
66%1
5%11.2

8.6+ 119
6.7 £123

Reference Background Approach

Concentrations (ppm)

12 EPA Region VI proposed guideline

500.0

na - not available
References:

1. Beller et al., 1986

2. PTI Environmental Services, 1988 20. U.S. ACOE, 1988

12. Pavion and Weston, 1083 80. Tetra Tech, 1985
* Various, please see toxt
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. Effects range~low and effects range-median values for sntimony and 13
ons uséd to determine these values arranged In ascending order.

Concentrations -(ppm) _ End Point

20 Commencement Bay, Washington bioassay COA
20 o ER-L :
20 Commencement Bay, Washington bioassay COA
32 - Puget Sound, Washington AET - benthic
53 Puget Sound, Washington AET - amphipod
6.6 San Francisco Bay, California bicassay COA
8.6 ' San Francisco Bay, California bioassay COA
250 ER-M
250 San Francisco Bay, California bioassay COA
260 Puget Sound, Washington AET - ayster
260 Puget Sound, Washin%on AET - Microtox™
27.5 Commencement Bay, Washington bioassay COA
91.5 Commencement Bay, Washington bioassay COA
150.0 Puget Sound, Washington AET - benthic
200.0 Puget Sound, Washington AET - amphipod

Argenic

Argenic Is carcinogenic and teratogenic in humans and other mammals, Acute toxicity, as
well as sublethal effects, have been observed in fish and invertebrates. Acute toxicity can be
highly different among species, including those that are taxonomically related, and can be
highly influenced by temperature, pH, speciation, and many other factors. Inorganic
arsenicals are generally more toxic than organic forms (Eisler, 1988a). Inorganic arsenic (V) is
acutely toxic to freshwater aquatic animals at concentrations as low as 850 ppm in water, and
can affect marine plants at concentrations as low as 13 to 56 ppm in water and marine animals
at 2,319 ppm in water (EPA, 1986). Klapow and Lewis (1979) proposed a marine water
quality standard of 8 ppm for total arsenic.

The data available for effects of arsenic in sediment are from three approaches: EP and
field studies in which AET values and/or co-occurrence values have been calculated (Tables 3
and 4). Both acute and chronic marine values based upon EP principles are available. AETs

for both Pu%:ect) Sound and San Francisco Bay are available and vary from 54 ppm arsenic to

700 ppm. A were performed with data from Puget Sound, Commencement Bay, San
Francisco Bay, Waukegan Harbor, Black Rock Harbor, southern California, Sheboygan River,
Trinity River, Baltimore Harbor, DuPage River, Kishwaukee River, and a dump site off
Georgetown, South Carolina. ‘ _

Data from many of the studies were not used in estimating the ER-L and ER-M values
(Table B-2). The chemical data from San Francisco Bay indicated a pattern of concordance
with the bivalve embryo bioassay data, but not with the am%hipod bicassay, Thus, the
latter were not considered in the estimation of ER-L and ER-M values. The arsenic
concentration reported for Waukegan Harbor was below detection limits and was not
considered further. The data from Southern California, Trinity River, DuPage River, and
Kishwaukee River indicated relatively small ranges in arsenic concentrations and were not
considered further. The Black Rock Harbor data were from a bioavailability /uptake
experiment in which the concentrations of other metals were substantially higher than that
of arsenic. No effects upon benthic communities were reported at arsenic concentrations up to
1.4 ppm at the Georgetown, South Carolina dumpsite. The bioassay data from Los Angeles
Harggr were from a small sample size (two) and the ranges in concentrations for some of the
other chemicals in the sediments were much higher than that for arsenic. The Sheboygan
River data were from a small aamgle size (three), from an experiment whose objective was to
determine uptake (mainly of PCBs), and where the range in arsenic values was very small.
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The emiining data suggest an ER-L of about 33 ppm, thie lower 10 percentile vilue of the
data. € ) ngm Fran% Bay sediments that 5‘:: moderately toxic to bivalve larvae
fiwd-a mean concentration of 22.1 -R?m, and the chronic marine value defived from EP is 33
ppi {asgsuming a 4% TOC content). In addition, two values based upon the background
r‘}ppma h.are consjstent with this value: the New England class HI level (20 ppm) and The
Netherlands Hatbor moderately poliuted level (23 to 32 ppm). ;

i "

The ER-M suggested by the data (Table 4) s about 85 ppm; supgomd by the acute marine
threshold predicted by EP methods (64 ppm), high toxicity in Baltimore Harbor samples
{mean of 91.9 pgm) and Puget Sound AET for benthic community effects and amphipod
bioassays (85 and 93 ppm , respectively). With one exception, effects were always observed
in association with arsenic concentrations of 50 ppm or ter, an apparent effects threshold
for arsenic (Table B-2). Many values calculatecr from data coll n Commencement Bay
and nearby southern Puget Sound indicate very high arsenic concentrations (690 to 2257 ppm)
in codiments assoclated with observed effects. This area was highly imractr.d by the
atmospheric and aqueous discharge of arsenic from an industrial point source for many years
and high arsenic concentrations have been frequently observed there.

The arsenic data are from three approaches and from several geogra hic areas, but do not
include observations made in single-chemical, laboratory, SSBs. ere appears to be
relatively poor consistency and clustering among the available vlues at the low end of the
range. Therefore, the degree of confidence in the ER-L should :«¢ considered as relatively
poor. The ER-M value is suigorted by several observations and is roughly equivalent to an

overall apparent effects threshnld, and the degree of confidence in it should be considered as
moderate. ' ‘

Table 3. Summary of sediment effects data available for arsenic.

References ' Bloioglcal Approaches Concentrations {(ppm)

Apparent Effects Thresholds
1 1986 PUGET SOUND AET

- R, abronius amphipod bioassay 93
- oyster larvae (C. gigas) bioassay 700
- benthic community composition 85
- Microtox™ bioassay 700
2 1988 PUGET SOUND AET
- R. abronius amphipod bioassay _ . 93
- oyster larvae (C. gigas) bioassay ‘ 700
- benthic community composition 57
- Microtox™ bioassay A 700
20 PSDDA guidelines (based upon Puget Sound AET)
= screening level concentration 70
- maximum level eriterion 700
» SAN FRANCISCO BAY, CALIFORNIA AET
- oyster/mussel larvae bioassay : 54
- amphipod bloassay : ‘ 70
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Table 3. Arsenic (continued)

-References Biological Approaches Concentrations (ppm)

Co-occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON '
- highly toxic (15.7 + 3.9% dead/20) tc R, abromius 2237.1 £ 4213.7
- moderately toxdc (5.2 + 1.1% dend/20) to R. abronius 632 + 148
- least toxic (2.5 + 0.9% dead/20) to R. abronjus ‘ 283 + 266

- highly toxic (44.5 £ 19% abnormal) to oyster larvae 689.9 + 2350.9
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 58.7 + 148.1
- least toxdc (15.1 + 3.1% abnormal) to oyster larvae 278 + 308

PUGET SOUND, WASHINGTON

- highly toxic samples (35%LPL) to R. abronius x 2777
- moderately toxic (<87.5 to >95% LPL) to R. abronius 1 ¢ 23,1
- non-toxic (>87.5% survival) to R. abronixs t 28.1

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8%) to R. abronius 175 + 14.2
- moderately toxic (33.8 + 4.7%) to R. abronius 104 t 134
- least toxic (18 + 6.6%) to R. abronius 28 + 215

- significantly toxic (42.9 £ 19.2% mortality) to R. abronius 14.65 + 13.9
- not toxic (18.4 + 6.8% mortality) to R. abronius 303 x 224

- highly toxic (924 % 4.5% abnormal) to bivalve larvae 507 £ 29.3
- moderately toxic (59.4 t 11.3% abnormal) to bivalve larvae 22,1 + 194
- least toxdc (23.3 & 7.3% abnormal) (v bivalve larvae 137 + 148

- significantly toxdc (55.7 + 22.7% abnormal) to bivalve larvae 228 + 22.1
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 2 + 187

WAUKEGAN HARBOR, WISCONSIN highly toxic .
(66.3 £ 4.25 % mortality) to H. azfeca <472

BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to N. virens . 1.88

SOUTHERN CALIFORNIA

- Mean concordance with significant mortality (51.7%)
to G. faponica

- Mean concordancennt signicantly toxic (23.2% mortality)
to G. japonica '

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to M. rosenbergii

DUWAMISH RIVER, WASHINGTON
- 0 to 10% mortality to P. pugio in 96-h bioassays

NEWPORT, RHODE ISLAND
~ 0% mortality to P. pugio in 96-h elutriate bioassays

STAMFORD, CONNECTICUT
- 10% mortality to P.pugio in 96-h elutriate bloassays
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‘Table 3. Arienie (continued).

References Blological Approaches Concentrations (ppm)

Co-Occurrence Analyaes

39 NORWALK RIVER, CONNECTICUT

- 0% mortality to P. pugio in 96-h elutriate bioassays , 34
39 LGS ANGELES, CALIFORNIA
- 350% mortality to P. pugio in 96-h 20% elutriate bipassays 128
75 TRINITY RIVER, TEXAS
- significant mortallty to Daphnia magna - 3418
- non-toxic to D. magna ' 22112
6 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUTH CAROLINA '
- no effects on benthic community abundance or species richness 1.36
62 BALTIMORE HARBOR, MARYLAND '
- most toxic to mummichogs and spot in 48-hour bioassay: E 919+ 78.6
' - least toxic to mummichogs and spot in 48-hour bioassays 32143
60 DUPAGE RIVER, ILLINOIS
- low number of taxa (6.7 + 2.5) 74£22
- high number of taxa (15.8 + 2 59111
61 KISHWAUKEE RIVER, ILLINOIS
- low number of taxa (84 + 0.5) 37110
- high number of taxa (16.3 £ 4.6) 50418
Equilibrium Partitioning Approach
17 EPA acute marine EP threshold (4% TOC) &4
EPA chronic marine EP threshold (@4% TOC) 33

References ‘lglackgmund Approach Concentrations (ppm)

68  Great Lakes harbors sediments

- classification of noa-polluted sediment - <3
- clagsification of erately polluted sediment 3.0-8.0
- classification of heavily polluted sediment >8

43  New England interim high contamination level for dredge material >20

12 EPA on V guideline for pollution classification of sediments 3

- USGS alert levels to flag 15 to 20% of samples annlgzed © 200
Ontario Ministry of the Environnent Dredge Spoil Guidelines 8
BPA Region VI proposed guidelin 5

EPA/ACOR Puget Sound Interim Criteria (central basin background)



- Pible 3. Arsenic (¢ontinued).

References .- Background Approach Concentrations {ppm)

~.,gr. "

3 Rotterdam Harbor sediment quality classifications
- Class 1 (slightly contaminated) >23
- Class 2 (moderately contaminated) 23-32
- Class 3 (contaminated) 32-110
- Class 4 (heavily contaminated) >220

References:

Beller et al., 1986 39. Lecand Mariani, 1977 68, Bahnick et al,, 1981

PTI Environmental Services, 1988 43. NERBC, 1980 71 Simmers ef al., 1984

Paviou and Weston, 1983 56. Andersonetal, 1988  72. Ingersoll and Nelson, in press
. Lyman et al., 1987 60. linois EPA, 1988a 74, Tatem, 1986
. U.5. ACOE, 1988 61. Ilinois EPA, 1988b 75. Qusim et o, 1980

Jangen, 1987 62, Tsaietal, 1979 80. - Tetra Tech, 1985

DeWitt s al., 1988 64. VanDolah et al., 1984

Table 4. Effects range—low and efects range~median values for arsenlec and 16
concentrations used to determine these values arranged in ascending order,

Concentration (ppm) End Point

22.1 San Francisco Bay, California bicassay COA
33.0 ER-L _
33.0 EP chronic @4% TOC
50.7 San Francisco Bay, California bioassay COA
54.0 San Francisco Bay, California AET
57.0 Puget Sound, Washington AET - benthic :
58.7 Commencement Bay, Washington bioassay COA
63.2 Commencemen Bag' Washington bioassay COA
64.0 EP Acute @4%
85,0 ER-M
85.0 Puget Sound, Washington AET - benthic
91.9 Baltimore Harbor, Maryland bioassa COA
93.0 Puget Sound, Washin%m AET - amp
689.9 Commencement Bay, Washington bioassay COA
700.0 Puget Sound, Washington AET - oyster
700.0 Puget Sound, Washington AET - Microtox™
1005.0 Puget Sound Waahin% n bioassay COA
2257.1 Commencement Bay, Washington biaassay coa




Cadmium

Bisler (1985) summarized available. toxicological data for cadmium rnd concluded that
concentrations in freshwater exceeding 10 parts per billion (ppb) are associated with high
mortality, reduced growt), inhibited reproduction, and other adverse effects. He also
concluded that resistance to cadmium was higher among marine species than among
freshwater specles; the LC50s for some marire organisms ranged from 320 to 430 ppb. Klapow
and Lewlis (1973) proposed a marine water quality standard of 3 ppm. Effects have been
observed at concentrations as low as 1 ppm among freshwater animals in water, 2 ppm among
freshwater plants in water, and 15.5 ppm among marine animals in water (EPA, 1986). The
96-h LC50 for Mysidopsis bahia i 16 pg/L Cd C12 (US. EPA, 1987).

A relatively large amount of data exists for cadmium in sediments (Tables 5 and 6). ART
values have been calculated with data from Puget Sound (ranﬁ: 5.1 to 9.6 ppm) and San
Francisco Bay (1.2 to 1.7 ppm). Acute and chronic marine threshold values (96 and 31 ppm,
respectively, assuming 4 nt TOC content) based upon EP are available. S‘g)lked-sedhnent
bioassays have been performed with the amrhipod R. abronius (range in LC 50s of 1.01 -20.8
grm), the fish P#mg:heles affinis (LC50 of 11 ppm), and the polychaete Nereis virens (no

fects in 40 ppm cadmium). The R. abronius bloasaag':: have been performed with 4-d and 10-
d exposure periods and with lethality and sublethal end-points. Matching chemical and
biological data from field-collected samples are available from many geographic areas
inclu in%c;gmmencement Bay, San Francisco Bay, Southern California Bight, San Diego Bay,
Hudson-Raritan Bay, Black Rock Harbor, Massachusetts Bay, and Baltimore Harbor; pattorns
in co-occurrence were determined for all of these and other data sets. In most cases, the
chemical analyses determined that the sediments had contaminants other than cadmium
that could have influenced the biological measures.

Either no measurable effects or ve%:mull a{:paremt effects were observed in the data
from bioassays of sediments from the Duwamish River (<0.5 ppm), Newport (<0.5 ppm),
Stamford (2.8 ppm), Norwalk (4.1 ppm), New York Harbor (38.5 ppm), and in analyses of
benthos at the Georgetown disposal site (<0.1 ppm). Mean cadmium concentrations differed
very little between samples from Massachusetts Bay that had high, moderate, and low
species richness (04 to 1.1 ppm). Relatively high survival in a suite of bioassays of San

iesgo Harbor was observed over & relatively large range in cadmium concentrations (0.9 to
32.5 ppm). Bicassay data from San Francisco Bay either lacked concordance with cadmium
concentrations or indicated very little difference in mean concentration between the highly,
moderately, or least toxic sampies. Similarly, the AET vilues from San Francisco Bay are
likely of limited value, since it appears other factors influenced the toxic responses. The
Lake Union data indicated that only one site was aignificantly toxic end it was highly
contaminated with moleum hydrocerbons. Total species abundance in Southern California
Bight sediments lacked concordance with the mean concentration of cadmium. Los Angeles
Harbor nediments were more contaminated with chemicals other than cadmium (mean = 3.0

pm).-. The data from bioassays of Waukegan Harbor were from a very small sample size
Ynﬁ) and those sediments had relatively high levels of many other contaminants. The
Black Rock Harbor sediments were tested in an uptake/bloavailability study and had higher
concentrations of metals other than cadmium. The data from the Shebqua‘n River bioassays
were from an uptake study with a sample size of three and in sediments in which PCBs and
other chemicals were highly elevated. Various tests with the clam Macoma balthica in
Fraser River estuary sediments indicated a emall gradient in cadmium concentrations among
samples and a high proportion of the samples had cadmium concentrations below the
detection limits (0.4 %;_)m). All of the data above were not used in the estimation of ER-L and
ER-M values (Table B-3) :

DuPage River sediments indicated no concordance between benthic taxa richness and mean
cadmium concentrations. Most of the sediments sampled in the Kishwaukee River had
cadmium concentrations below the detection limits of 1 ppm. An LC50 of 1.01 ppm developed
from a R. abronius bioassay of foundry sands spiked with cadmium was, in effect, a bioassay
of aqueous cadmium since no or very little fine-grained particles were available. Keweenaw
Waterway sediments that were toxic to Daphnia 'ma‘gna contained higher concentrations of
copper compared to cadmium. Sediments from Phillips Chain of Lakes, Torch Lake, and
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Little Grizzly Creek were highly contaminated with copper; cadmium differed little between

on«toxic sampling stations. Sediments from Cubatao River, Brazil were highly
d with chemicals other than cadmiium . All of the data described above were not
red further in the estimation of ER.L and ER-M values (Table B-3).

_ The remaining data suggest an ER-L of about 5 ppm (5.3 rounded to 5.0 ppm) (Table 6).
Puget Sourid AET vilues based upon different blological indicators ranged from 5.1 to 6.7 ppm,
Significant mottality occurréd among the amphipod Grandidierella japomica in bloassays of
southern California sediments that had a mean cadmium concentration of 53 ppm. Lowest
gpecies ¥ichness and lowest abundance of arthropods and echinoderms in southern California
sediments occurred in samples with mean cadmium concentrations of 4.7, 4.3, and 6.2 ppm,
ﬁ‘?ectively. The amphipod R. abromius avolded sediments spiked with 5.6 and 5.8 ppm
cadmium; and in other R. abronius bloassays of cadmium-api sediments, LC50s as low as
69 ppm were observed. Effects were usually observed at cadmiurmn concentrations of 5 #Em or
g;eater, but there were many exceptions to this overall apparent effects threshold (Table B-

The data also suggest an ER-M of about 9 ppm (9.1 rounded to 9.0 ppm) (Table 6). Many
LC50 and EC50 concentrations for 858s performed with R. abronius are in the range of 8.2 to
115 ppm cadmium. The Puget Sound values based upon oyster e o and ﬁicrotoxm
. bioassays are 9.6 ppm. Significant mortality to Daphnia magna exposed to Trinity River,

Texas sediments occurred in samgles with a mean cadmium concentration of 10.6 ppm.
Significant reduction in survival of P. affinis occurred in sediments spiked with 11 ppm.

The dégree of confidence in the ER-L and ER-M values for cadmium should be considered
as very high. Data are available from many approaches, from multiple methods for some

ap’.proadhes, and they are relatively consistent. An overall apparent effects threshold
coincided with the ER-L value.

Table 5, Summary of sediment effects data available for cadmium.

References Biological Approaches Concentrations (ppm)
Apparent Effects Threshold
1 1986 PUGET SOUND AET .
- R, abronius amphipod bloassay - 6.7
- oyster larvae (C. gigas) bioassay 9.6
- benthic community composition 58
- Microtox™ bioassay : 9.6

2 1988 PUGET SOUND AET

’ - R, abronfus amphipod bioassay .67
- oyster larvae (C. gigas) bioassay 96
- benthic community composition 5.1
- Microtox™ bioassay 9.6

20  PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration ‘ (196
- maximum level criterion 2.6

. SAN FRANCISCO BAY, CALIFORNIA AET

- bivalve larvae bioassay 1.7
- amphipod bicassay 1.2

17




Tible 5. Cadifitum (continued)

- References Blological Approaches Cancentrations (ppm)

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9 dead/20) to R. abronius ' 416+ 79.8
- moderately toxic (5.2 £ 1.1 dead/20) to R. abronius 29123
- least toxic (2.5 + 0.9 dead/20) to R, abromius . 23+13

- highly toxic (44.5 + 19% abnormal) to oyster larvae - 1531451
- moderately toxic (23 + 2,3% abnormal) to oyster larvae 2720
~ least toxic (15.1 & 3.1% abnormal) to oyster larvae 1911

LAKE UNION, WASHINGTON
~ 95% mortality to H. azieca 1.98

DUWAMISH RIVER, WASHINGTON '
- 0-10%. mortality to P. pugio <0.5

FRASER RIVER, B.C.,, CANADA : _ '
- sediment devoid of M. balthica 12*1
- sediment populated by M. balthica <0.04

STRAIT OF GEORGIA, B.C.,, CANADA .

- sigrificant increase in burrowing time (ET50) of M. balthice 04
- significant 24-h avoidance behavior among M. balthica 14

SAN FRANCISCO BAY, CALIFORNIA )

- highly toxic (67 +1 1.8% mortality) to R. abronius 0.8 £ 0.5
- moderately toxic (33.8 14 .7% mortality) to R. abronius 05+03
- least toxic (18 + 6.6% mortality) to R. abronius 06+03

- significantly toxic (42.9 + 19.2% mortality) to R. abronjus 0.6 £ 0.4
- not toxic (18.4 £ 68% mortality) to R. abronius 06403

- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae 0.7+ 03
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 0.7+ 05
- least toxic (23.3 & 7.3% abnormal) to bivalve larvae 04101

~ significantly toxic (5§5.7 £ 22.7% abnormal) to bivalve larvae 0.6 £ 04
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae 0.6+03

PALOS VERDES SHELF, CALIFORNIA

- significantly toxic to R. abronius - 287%31
- not toxic t R. abronius 89+92

- major degradation to macrobenthos (20.2sp./0.1m. 8q.) 287431

SOUTHERN CALIFORNIA

- significantly toxic (51.65% mortality) to G. japonica 5.3
- ngtm toxic (23.2% mortality! to G. japonica 3.2

- high echinoderm abundance (1913 & 70.1/0.1 sq. m.) 04+ 03
- moderate echinoderm abundance (56.2 £ 23/0.1 sq. m.) . 05x03
- low echinoderm abundance (6.1 + 7.2/0.1 sq. m.) 6.2+ 13.1




Table 8. Cadmium (continued)

References Blological Approaches Concentrations (ppm)

Co-Occurrence Anslyses

- high arthropod abundance (148 15 8/0.1 sq. m.) 0941
- moderate arthroped abundance (72.6 £ 6.8/0.1 8q. m.) 07+0.7
- low arthropod a! ce (353 £ 15.8/0.1 sq. m.) 43+ 114

- high species richness (96.3 + 22.3/0.1 sq. m) ' 15+4
- moderate species richness (72 + 3.3/0.1 sq. m.) ' 0.6 £ 0.7
- low species richness (51.2 £ 8.6/0.1 aq. 1:3 471122

- high total abundance (88.9 £ 35.4/0.1 sq. m.) 94+173
- moderate total abundance (75.6 + 12.7/0.1 sq. m.) 08+ 1.1
- low total abundance (57.6 + 13.6/0.1 sq. m.) 11+2

LOS ANGELES HARBOR, CALIFORNIA
- >50% mortality to P. pugio (20% elutriate bioassay) 30

SAN DIEGO BAY, CALIFORNIA

- >97% survival of P. staminea 325
- >97% survival of M. elongata 28,0
- »97% survival of N. arenaceodentaia 227
- >97% survival of C. stigmaeus and M. elongata 325
- 282% survival of C. stigmaeus, A. sculpta, and A. tonsa 0.9
- 286% survival of N. arenaceeodentata, and M. nasula 0.9

LITTLE GRIZZLY CREEK, CALIFORNIA _
- gignificant mortality to D. magna 12103

WAUKEGAN HARBOR, ILLLINOIS
- highly toxic (66.3 1 4.25% mortality) to H. azteca 25

HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C.germanica 18.6 £ 8.9
- positive rate of growth in nematode, C.germanica 11.8+ 6.6

BLACK ROCK HARBOR, CONNECTICUT
- 100% morulity to polychaete, N. virens 1.6

MASSACHUSETTS BAY, MASSACHUSETTS

- high benthos species richness (93.6 £ 9.4/0.1 sq. m.) 04 +0.1
- moderate benthos species rizhness (58.2 £1 05/0.1 sq. m.) , 0.7 £ 0.6
- low benthos species richness (31 + 6.5/0.1 sq. m.) 11210

SHEB(J¥ SAN RIVER, WISCONSIN
- significant mortality io prawn, M. rosenbergii 28105

NEWPORT, RHODE ISLAND
- 0% mortality to P. pugio <0.5

STAMFORD, CONNECTICUT
- 10% mortality to P. pugio 28

NORWALK, CONNECTICUT
- 0% mortality to P. pugio 4.1




Table 5. Cadmium (continued)

References Biological Approaches ‘Concentrations (ppm)

Co-Occurrence Analyees

40 CULATAO RIVER, BRAZIL
- 24-hour BC-50 with D. simillis

54 KEWEENAW WATERWAY, MICHIGAN
- significantly toxic to D. magna
- not toxic to D, ra,
- mean cone. in highly toxic (northern) sédiments to D. magna
- mean conc. in least toxic (southern; sediments to D. magna

PHILLIPS CHAIN OF LAKES, WTSCONSII\I
- signd ficant mortalg to D. magna
- low mortality (0-5%) to D. magna

" TORCH LAKE, MICHIGAN
- significant mortality to D. magna and Hexagenia sp. . 25

TRINITY RIVER, TEXAS -
- significant mortality to D. magna 106 £ 8.7
- low mortality to D. magna : 48 +5.6

GEORGETOWN QCEAN DREDGED MATERIAL DISPOSAL SiTE,
SOUTH CAROLINA
- no effects upon benthos species richness or abundance <0.1

NEW YORK HARBOR, NEW YORK
- <10% mortality in adult N. virens, M. mercenaria, and P. pugio : 386

BALTIMORE HARBOR, MARYLAND
- most toxic to mummichogs (51435 'I‘Lm) t(5.9+34 TLm) - 228+ 19.8
- least toxic to mummichogs (43.2 + 31.1 TLm) spot (24 £ 5.6 TLw) 20

DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 + 2.5/site) _ 1.3+0.6
- highest number of benthic macroinvertebrate taxa (158 + 2/site) 15109

KISHWAUKEE RIVER, ILLINOIS ‘
- least number of benthic macroinvertebrate taxa (8.4 + 0.5/site) 0520
- highest number of benthic macroinvertebmte taxa (16. 3 t .6/ rite) 03108
Equilibrium Partitioning
17 . EPA acute marine EP threshold (@4%TOC)
|
4  EPA chronic marine EP threshold (@4%TOC)

Splked-sediment Bioassays

.70  Significant reduction in survival of P. affinis in 446- d bloassay

8  LC50of R. abromius in 10-d bloassay (n=25)
ECS50 of R. abronius emergence in 10-d bioassay
ECS50 of R. abronius reburial in 10-d bioassay

20




Table 8. Cadmium (continued)

References Biological Approaches Concentrations (ppm)

Splked-sediment Bloassays

28

45

LC50 for R. abronjus in 10-d bioassay (Yaquina Bay)
LC50 for R. abronius in 10-d bioassay (Whidbey Island)

LCS0 + 95% C.L. for R. abronius (fresh) 10-d bloassay
LC50 & 95% C.L. for R. abronius juveniles
LC30 1 95% C.L. for R. abrosiius adults

LC50 for R. abronius survival, 10-d (n = 5 x 11 dilutions)
BCS0 for R. abronius reburial, 10-d (n = 5 x 11 dilutions)
BCS50 for R. abronius veburial, 4-d (n =5 x 6 dilutions)
LC50 for R. abronius survival, 4-d (n = 5 x 6 dilutions)

No observable mortality or behavioral effects to N. pirens in 28 days

23.2% dead and 86% avoidance, 56 R. abronius, 72-h, 2-choice
exeriment.

444% avoidance, 45 R, abronius , 72-h, 2-cholce experiment

LC76 for R. abronius in 72-h bioassay
LC98 for E. sencillus in 72-h bioassay

LC50 for R. abronius exposed to foundry sands, 10-d bioassay
Overall LC50 for R, abromius exposed to sand (MS-1)

8.8
10

8.7 (8.1 -9.4)
8.2(76-89)
115 (106 - 124)

6.9
6.5
20.8
259

40

10+11
8.9

References

Backy, ound Approach

Concentrations (ppm)

68

Great Lakes harbors classification of non-poliuted sediment
Mew England interim high contamination level for dredge rymteriai

EPA on V guideline for pollution classification of sediments
USGS alert levels to ﬂaﬂs to 20% of samples analyzed .
Ontario Ministry of the Environment Dredge Spoil Guidelines
EPA Region VI proposed guidelines

EPA/ACOE Puget Sound Interim Criteria (central basin background)

Rotterdam Harbor sediment quality classifications
- Class 1 (slightly contaminated)

- Class 2 (moderately contaminated)

- Class 3 (contaminated)

- Class 4 (heavily contaminated)

6

>7

6
20
1
2

0.7

<6
619
19-32
>3

References:

Beller et al., 1986 40. Zagatto et al., 1987
PTI Environmental Services, 1988 43. NERBC, 1980

Bolton et al., 1985 44, Rubinatein et al,, 1983
Meamns ¢t al., 1986 45. Robinson ¢t ai., 1988
Swarwz et al., 19852 48, Salazar et al., 1980

21

G6. Salazar and Salazar, 1985
- 67, McGreer, 1979

68. Bahnick er ai., 1981

70, Sundelin, 1984

71. Simmers et al., 1984




Table 8. Cadmium (continued)

References:

11,  Oskden et al., 15848 49, Swariz et al., 1985b 72. Ingezsoll and Nelson, 1989
12. Pavlon and Weston, 1983 50. Swartz et al., 1786 . Ott, 1986

17. Lyman et al., 1987 54, Maleug et al., 1984a . Tatem, 1986

20. U.S. ACOE, 1988 33, Maleug et al., 1984b . Qasim ef af., 1980

22. Oliaetal., 1988 56. Anderson et al,, 1988 . McGreer, 1982

23, Jansen, 1987 60. Niinois EPA, 1988a . Tietien and Loz, 1984

27.  Oakden et al., 1984b 61. Mlinois EPA, 1988b . Tetrs Tech, 1985

28, Xemp etal., 1986 62. Tsal et al., 1979 . Gilbert et al., 1976

29, Yake ¢t al., 1986 64. Van Dolsh et al., 1984 . Word and Mearng, 2979
32, Leeand Mariant, 1977 * Varions, pleage see text

Table 6. Effects range-low and effects range-median values for cadmium and 36
concentrations used to determine these values arranged in ascending order.

Concentrations {(ppm) End Point

Southern California arthropods COA

gg;ng\em California species richness COA

Puget Sound, Washington AET - benthic

Southern California bioassay COA

SSB with R. abronins

SSB with R. abronius

Pu§et Sound, Washington AET - benthic

SSB 'with R. abromius

Southern California echinoderms COA

;.:;?‘B with R. abronius "
Sound, Washington AET - am

SSB%!th R. abroniusgt phipod

SSB with E. sencillus

SSB with R. abronius

SSB with R. abronius

S$5B with R. abronius

SSB with R. abronius

BR-M

SSB with R. abronius '

Puget Sound, Washington AET - oyster

Puget Sound, Washington AET - Microtox™

SSB with R. abronius :

SSB with R. abronius

€SB wiith R. abronius

Trinity River, Texas bioassay COA

SSB with P. affinis

SSB with R. abronius

Commencement Bay, Washington bioassay COA

"Hudson-Raritan, New York bioassay CO

SSB with R, abronius (4-day)

Baltimore Harbor, Maryland bioassay COA

§5B with R. abromius (4-day)

Palos Verdes Shelf, California bioassay COA

Palos Verdes Shelf, California benthos COA

EP chronic marine @4% TOC

Commencement Bay, Washington bioassay COA
EP acm.maﬂn&.%ﬂ 100

2

e

vooadrbeolab

s . ©

5
5
5
8
5
5
6
6.
6
6
'8
8
8
8
8
9

Sk
SwOwYvwvww § <
oY mdo®InboN

tudd pud
g
sz




Chromium

The toxicity of chromium is hig:lér\ influenced by speciation; acute and chronic toxidity to
aquatic and marine organisms has tested with chromium (fII) and chromium (VI). Acute
toxicity of chromium (V1) to saltwater animals occurs at concentrations ranging from 2,000 to
105,000 ppm. Acute toxiclty of chromium (III) has been observed at concentrations of 10,300 to
31,500 ppm (U. S. EPA, 1986). Eisler (1986) also observed a wide range in concentrations in
water that caused effects: 445 (s 2,000 ppb for chromium (V1) and 2,000 to 3,200 for ch=~mium
g‘l;z; Klapow and Lewis (1979) proposed a marine water quality standard of 2 ppm for total
mium.

A relatively larfe amount of data exists for chromium in sediments (Tabie 7). AET
values were available for Puget Sound and ivere calculated from data available from several
studies in San Francisco Bay. No single-chemical, SS8 data were available and no SLC or EP
data for chromium were available. ccurrence analyses were performed with data from
studies performed with benthic communiz‘camposlﬁon and toxicity tests. These studies had
been performed in many areas, inciudin mmencement Bay, Strait of Georgia, San Francisco
Bay, off various areas of southern California, Hudson-Raritan Bay estuary, Massachusetts
B?){:n 'l!"rlnity River, Baltimore Harbor, DuPage River, Kishwaukee River, and Phillips Chain
o es.

No effects among the benthos at the Georgetown, South Carolina disposal site were
observed at up to 2.5 ppm chromium. Most of the bioassays of San Diego Bay sediments
indicated high survival. Only one sample from Lake Union indicated toxicity and it was
overwhelminegly dominated by PAH. Very little concordance between chromium and toxicity
was observed in Commencement Bay samples. Southern Culifornia sediments that had
moderate densities of echinoderms had mean concentrations of chromium similar to those that
had high densities. Waukegan Waterway sediments toxic to Hyalella azteca were tested with
only. three samples. Kishwaukee sediments were more highly contaminated with PCBs than
with chromium. Southern California sediments with moderate arthropod densities had
chromium concentrations similar to those that had high densities of arthropods. Los Angeles
Harbor sediments toxic to P. pugiv were not highly contaminated with chromium. Three
stations in the DuPage River had low numbers of benthic macroinvertebrate taxa, but only one
had a high chromium concentration. Burrowing time for Macoma balthica exposed to Fraser
River sediments was increased relative to controls, but most of the variance in the data was
explained by the high concentrations of other chemicals. None of the daia from these
studies was used further in the estimation of ER-L and ER-M values (Table B-4).

The remaining data (Table 8) suggest an ER-L of about 80 ppm chromium, roughly the
lower 10 percentile of the data. Massachusetts Bay sediments with low species richness had
a mean chromium content of 81 ppm, as compared to a mean of 27 ppm in samples that had
high species richness. Trinity River sediments that were significantly toxic to Daphnia
magna had a mean of 72.6 ppm, as compared to samples that were not toxic that had a mean
of 18.1 ppm. Southern California samples that were significantly toxic to Grandidierella
japonica gad a mean of 81.4 ppm, as compared to non-toxic samples with a mean of 73 ppm.

The data suggest an ER-M value of about 145 }:(?;m, the 50 percentile value of the data
(Table 8). This vaiue is supported by significant toxicity of Sheboygan River sediments (128
ppm) and low southern California arthropod abundance (145.8 ppm{

The degree of confidence in the ER-L and EP-M values for chromium should be considered
as moderate. There are no data from single-cheinical, spiked-sediment bioassays and from EP
principles. All of the available data are field collections of matching biologicel and
chemical data and are, therefore, subject to the weaknesses described previously regarding co-
occirrence analyses. Furthermore, there appears to be relatively little convergence, or
consistency in the values reported from the various studies. Some of the poor consistency may
be due to a lack of speciation data for chromium; all of the data were reported as total
chromium, whereas the hexavalent form has been reported as the most toxic. No overall
effects threshold is apparent from the available data.

23
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Tible 7. Summary of sediment effects data avallable for chromiun.

References

Biologlical Approaches

Concentrations {ppm)

Apparent Effects Threshold

2

o
= R. abronius a ; 0agsa
- benthic oommmuzlty composltldg,

SAN FRANCISCO BAY, CALIFORNIA AET
~ bivalve larvae bloasaag'
= R. abronius amphipod bicassay

Co-occurrence Analyses

80

29

39

67

COMMENCEMENT BAY, WASHINGTON -

- highly toxic to R. abronius (15.7 + 3.9 dead/20)

- moderately toxic to R. abronius (5.2 + 1.1 dead/20)
- least toxic to R. abronius (2.5 0.9 dead/20)

- highly toxic (44.5 + 19.0% abnormal) to oyster larvae
- moderately toxic (23 + 2.3% abnormal) to oyster larvae
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae

LAKE UNION, WASHINGTON
- 95% mortality to H. azteca

DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P. pugio

STRAIT OF GEORGIA, B.C.,, CANADA
- significant increase in burrowing time (ET50) of M. balthica
~ significant 24-h avoidance behavior among M. balthica

FRASER RIVER, B.C., CANADA
- sediment devoid of feral M. balthica
- sediment populated by feral M. balthica

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67.0 & 11.8% mortality to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to. R. abronius
- least toxic (184 + 6.8% mortality) to R. abronius

- significantly toxic (42.9  19.2% mortality) to R. abronius
- not toxic (184 + 6.8% mortality) to R. abronius

- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 i 11.3% abnormal) to bivalve larvae
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae

- not toxic (31.9 x 15.5% abnormal) to bivalve larvae

PALOS VERDES SHELF , CALIFORNIA
- “major degradation” to macrobenthos (20.2sp/0.1m. sq.)

2

- 270

260

3720

19.7 £ 113
127 £ 73
162 t 8.1

22'2 t 9

17.7 £ 7.3
118+£37

20
15.3
60
2

873+ 221
42111

1418+ 865
163.3 £ 1167
195 £ 93.9

1549 + 1021
2026 973

975+ 66.7
164 + 914
88.2 + 82.7
133.7 4 94.2
150.2 £ 859

669.3 £ 1729
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Blological Approaches

Concentrations (ppm)

- Cosoccuxrenice Analyses
SOUTHERN CALIFORNIA

56

83

39

61

- significantly toxic (51.65% mortality) to G. japonics

"« not toxic (23.2% mortality) to G. jeponica

- high echinoderm abundance (1913 £ 70.1/0.1 sq. m.)

- moderate echinoderm abundance (56.2 £ 23/0.1 sq. m.)

- iow echinoderm abundance (6.1 £7.2/0.1 sq. m.)
- high arthropod abundance (148 & 58/0.1 sq. m.)

- moderate arthro,

-low arthropod a

- modizsate spect

abundance (726 + 6.8/0.1 sg. m.)

(353 £ 158/0.1 sg. m.
- high species richness (96.3 + 22.3/0.1 sq. m.)

es richness (72 + 3.3/0.1 s% m.)
m.

- low species richness (51.2 1 8.6/0.1 sq,

- high total abundance (88.9 + 35.4/0.1 sq. m.)
- moderate total abundance (75.6 £ 12.7/0.1 sq. m.)
- low total abundance (57.6 £ 13.6/0.1 sq. m.)

LOS ANGELES HARBOR , CALIFORNIA
- >50% mortality to P. pugio (20% elutriate bioassay)

SAN DIEGO BAY, CALIFORNIA
- >97% survival of clam, P. stamine
~ >97% survival of shrimp, M. elongata

- >97% survival of poly
- >97% survival of sanddab, C. stigmaeus, and M. elongata

- 282% survival of C, stigmaeus, A. sculpts, and A. fonsa
- 286% survival of N, arenaceaodentata and M. nasuta

ete, N. aremiceodentata

LITTLE GRIZZLY CREEK, CALIFORNIA
- significant mortality to D. magna

WAUKEGAN HARBOR, ILLINOIS
- highly toxic (66.3 + 4.23% mortality) to H. azleca

DUFPAGE RIVER, ILLINOIS

- Jeast number of benthic macroinvertcbrate taxa (6.7 £ 2.5)
- highest number of benthic macroinvertebrate taxa (15.8 + 2)

KISHWAUKEE RIVER, ILLINOIS

- least number of benthic macroinvertebrate taxa (8.4 * 0.5)
- highest number of benthic macroinvertebrate taxa (16.3 + 4.6)

KEWEENAW WATERWAY, MICHIGAN
- significantly toxic to D. magna

- not toxic to D. magna

- mean concentration in highly toxic (northern)

sediments {to D. magna

)

- mean concentration in least toxic (southern)
gediments (to D. magng)

25

8141 885
731244

2961 156
3231175
201.3 3, 349

40.7 £ 30.9
4631 43.3
145.8 £ 3079

62.3 +139.2
38.1+ 363
156.6 3209
292.6 + 459.3

421398
544835

47.6

299.5
254.8
2995
299.5
26

26

B7 47
38.5

59.7 + 28.7
3459

4342225
292191

1088 £ 19.6

3631219

101.6
29




Tabler?. Chromium (continued)

References

Blolgglcﬁ Approaches

Concentrations (ppimn)

55

‘Co-cccurrence Analyses

TORCH LAKE, MICHIGAN

- significant mortality to D. magna and Hexagenia sp. 180
§5 PHILLIPS CHAIN OF LAKES, WISCONSIN
- significant mortality to D. magna 980
- low mortality to D. magna 3154 1+ 236
74 SHEBOYGAN RIVER, WISCONSIN : '
- significant mortality to prawn, M. rosenbergii 1284
79  HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C. germanica 1603 + 854
- positive rate of growth in nematode, C. germanica 144.6 + 88.6
71  BLACK ROCK HARBOR, CONNECTICUT
82 - MASSACHUSETTS BAY, MASSACHUSETTS
- high benthos s esrlchness(mean=936:t94) 27111
- moderate benthos species richness (mean = 58.2 + 10.5) 60.9 £ 27.5
- low benthos apecies richness (mean = 31 + 6.5) 81293
39 NEWPORT, RHODE ISLAND
- 0% mortality to P. pugio 19.9
39 STAMFORD, CONNECTICUT
- 10% mortality to P. pugio 86
3 NORWALK, CONNECTICUT
- 0% mortality to P. pugio 67.5
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance 246
75 TRINITY RIVER, TEXAS ‘
- significant mortallty to D. magna 72.6 % 60.6
- low mortality to D. magna 18.1+ 16.8
62 BALTIMORE HARBOR, MARYLAND
- most toxic to mummichogs (51:t3.5)and?ot(59i34) 1646 1 1628
- least toxic to mummichogs (43.2 + 31.1) and spot (24 £ 5.6) 335+179.7
References Background Approach Concentrations (ppm)
68  Great Lakes harbors classification of non-polluted sediment <25
Great Lakes harbors classification of moderately polluted sediment =~ 25-75

Great Lakes harbors classification of heavily polluted sediment >75
43 New England interim high contamination level for dredged material ~ >300

26



Table 7. thmlum {continued)

References Background Approach

12 EPA Régis
Ontario Ministry of the

! nV guideline for gglludon classification of sediments
USGS alert levels to ﬂaﬁﬁ-

% of samples analyzed
vironment Dredge Spoil Guidelines

EPA Region VI proposed guidelines

23  Rotterdam Harbor sediment quality classifications
- Class 1 (slightly contaminated)
~ Class 2 (moderately contaminated)
~ Clags 3 (contaminated) :
- Class 3 (heavily contaminated)

§5. Malueg et al., 1984b

References:
2. PT1Environmental Services, 1988 56. Anderson ef al., 1988 72. Ingersoll and Nelson, In press

. 12. Paviou and Weston, 1983 60. Illinois RPA, 1988a . 74. Tatem, 1986

23. Jansen, 1987 61. Illinois EPA, 1988b 75. Qasim et al., 1980

29. Yake et al., 1986 - 62, Tsai et al., 1979 77. McGreer, 1982

39, Lee and Mariani, 1977 64. Van Dolsh et al., 1984 .19, Tietjen and Lee, 1984

43, NERBC, 1980 66, Salazar and Salazar, 1985 80. Tetra Tech, 1985

48. Solazar ef al., 1980 67. McGreez, 1979 ' 82. Gilbert et al., 1976

50, Swartz et al., 1986 68. Bahnick e al., 1981 83. Word and Meamns, 1979

$4. Malueg et al,, 1984a

71, Simmers <t al., 1984 % Various, ploase ses text

Table 8. Effects range-low and effects range-median values for chromium and 21
concentrations used to determine these values arranged in ascending order.

Concentrations (ppm) End Polnt

60.9 Maseachusetts Bay benthos COA

72.6 Trinity River, Texas bioassay COA

80.0 ER-L

81.0 Massachusetts Bay benthos COA

814 Southern California bioassay COA

87.0 Little Grizzly Creek, California bioassay COA

873 Fraser River, B.C. bivalves COA

90.0 Fraser River, B.C. bioassay COA
1016 Keweenaw Waterway, Michigan bioassay COA
1088 Keweenaw Waterway, Michigan bioassay COA
1280 Sheb)olgan River, Wisconsin bioassay COA '
1450 ER-

1458 Southern California arthropod abundance COA
156.6 Southern California benthos COA
160.3 Hudson-Raritan Bay, New York estuary toxicity COA
1800 Torch Lake, Michigan bioassay COA
2013 .Southern California echinoderm abundance COA
260.0 Puget Sound, Washington, AET - benthic

270.0 Puget Sound, Washingtor, AET - amphipod
369.2

Black Rock Harbor, Connecticut, bicassay COA

27

Concentrations (ppm)
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Tablé 8. {(continued)

Concentrations (ppm) End Point
669.3 Palos Verdes Shelf, California, benthos COA
980.0 Phillips Chain of Lakes, Wisconsin, bioassay COA
1646.0 Baltimore Harbor, Maryland, bloassay COA
Capper

Saltwater animals are acutely sensitive to copper in water at concentrations ranging from
58 ppm to Gll\)gngrm, mysids indicate sensitivity in chronic lfe-cycle studies at 77 ppm, and
8

freshwater a are sensitive at concentrations as low at 16.7 ppm (EPA, 1986). Klapow
and Lewis (1979) proposed a marine water quality standard of 5 ppm.

A considerable amount of data exist in which the concentration of copper in sediments can
be assoclated with measures of effects (Table 9). EP values are available for acute and
chronic marine conditions. Apparent effects threshold values for Puget Sound and San
Prancisco Bay are listed. Spiked-sediment bioassays have been performed with sediment
collected in Puget Sound and Oregon. Matching sediment chemistry and biological data are
available for many areas and the results of analyses of co-occurrence are listed in Table 9.

Several fleld studies are noteworthy as regards copper concentrations and measures of
effects in sediments. Malueg et al. (1984a) samé»!ed gites along the north and south reaches of
the Keweenaw Waﬁerw:g'. Copper concentrations were very hl%xoh\ the north reaches and
much lower in the southern . The minimal concentration above which toxicity always
occurred (equivalont to an AET) was 480 ppm. Kraft and %'pniewski (1981) also sampled
benthos in the north and south reaches of the Keweenaw Waterway. The average coREer
concentration in the northern sampling stations was 589 ppm and was assoclated with a
depressed average number of benthic taxa relative to the southern stations. Rygg (1985)
reported that above 200 ppm copper, benthic community diversity was invarlably depressed
in Norw fjords. The lowest codp concentration in Little Grizzly Creek sediments above
which toxicity was always observe ngnlueg et al. (1984b) was 550 ppm. '

. In one of only two reports in which results of S5Bs with copper were performed, Phelps e
"al. (1982) reported that the burrowing time for the littleneck clam Profothaca staminea was
. significantly decreased at sediment concentrations exceeding 17.8 ppm. There appeared to be
-a threshold between 14.7 and 17.8 ppm copper in this burrowing response. The sediments used
‘in the tests had a background concentration of 12 ppm before spiking was performed.
"However, other field-collected sediments with ambient concentrations: of 23 ppm caused no
increase in burrowing time and sediments spiked with 10,240 ppm copper and Cheiex 100
chelating agent also caused no increage in burrowing time. Therefore, it appears that copper
concentrations of about 20 ppm may begin to induce sublethal behavioral effects when the
copper in not tightly chelated or otherwisc bound to the sediments. The data from toxicity
tests of four samples from Waukegan Waterway (In%emoll and Nelson, in press) indicate that
copper concentrations in sediments and toxicity to Hyalella azteca were positively correlated,
wl}:ereaa there was poor concordance between the toxicity data and the concentrations of other
chemicals. The minimum copper concentration associated with a significantly toxic sample
was 19.5 ppm, similar to the 17.8 ppm value determined in the spiked bioassays.

The data from two studies (Massachusetts Bay benthos and Puget Sound spiked
sediments) suggest that effects may begin at concentrations as low as 15 to 18 ppm, but v
little other data provide confirmatory evidence that effects are commonly associated wit
concentrations this jow (Table B-5). The lower 10 percentile of the data is equivalent to
about 70 ppm (68.2 rounded to 70 ppm). This ER-L value is supported by bioassay data from a
Macoma ﬁurrowh\g experiment with British Columbia sediments (67 ppm copper),
significantly toxic sediments from the TﬂnitE River (mean 68.4) and San Francisco Ba
bioassay data (means of 68.2 and 76 ppm). An ER-M value (50 percentile) of about 390 ppm
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" sediments ran:

Puget Sound AETs (350 ppm). With the exception of bicassays of San Die
 performed with relatively resistant apeci “ﬁ&u were alwa’;'a obmvedeﬂ
ith copper concentrations of 360 ppm or grenler (Tible B-5).

It is .nomwortb" that LC50 values from six different bloassay serles with copper-spiked
e xm 681 to 2,296 ppm (Caimns et 4f, 1984) as comparv: ;dtothe oubl
dencribed ETS0 of 17.8 ppm for a buno bivalve, Effects havebeenauodated wlthco
concentrations ranging from 17.8 to 2820 ppm. Hon ‘ever, the d of confidence in the ER-L
and BER-M values must be considered relatively higi:. A relatively large amount of data is
available and thgly:h:re from all of the major approaches. Both values are supported by
clusters of data overall apparent effects threshold is similar to the ER-M vS

Table 9, Summary of sedlment effects date avallable for copper.

References Biological Approaches Concentrations (ppo)
Apparent Bffects Threshold
1 1986 PUGET SOUID AET
- R, abronius amphipod bioassay 810
- oyster larvae (C. gigas) bioassay ’ 390
- benthic community composition 310
- Microtox™ bloagssay 390

2 1988 PUGET SOUND AET ‘
bioassay 1300

- R. abronfus amphi
- oyster larvae (C gigas) bloassay 3%
- benthic community composition : : 530
- Microtox™ bioassay 390
20 PSDDA GUIDBLINES (based upon Puget Sound AET)
level concentration 81
maximum level criterla ' 810

* SAN FRANCISCO BAY, CALIFORNIA AET

i
il

- bivalve larvae bioassa 110
- R. abronius amphipod g'ioassay 180
Co-Occurrence Anilyses
‘80 COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 £ 3.9 dead/20) to R, abronius 2820 + 4881
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius 118 + 98
- least toxic (2.5 + 0.9 dead/20) to R. abronius 85.1 £ 69
- hlghly toxic (4.5 £ 19% abnormal) to oyster larvae - 918 + 2750
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 106 £ 93
- Jeast toxdc (15.1 £ 3.1% abnormal) to oyster larvae 73%75

26  PUGET SOUND, WASHINGTON
- highly toxic to R. abronius (95% LPL) 1260 + 3251

- moderaml toxic to R. abronius (<87.5% survival to >95% LPL) 138+124

- Jeast toxlc to R. abronius (>87.5% survival) 98+ 90

29 LAKE UNION, WASHINGTON

39 DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P. pugio 43

2




Table 9. Copper (continued)

References

Biological Approsches

Concentrations (ppm)

67

55

83

49

39

Co-Occurrence Analyses

STRAIT OF GEORGIA, B.C., CANADA
- significant increase in burrowing time (ET50) of M. balthica
- significant 24-h avoldance behavior among M. balthica

FRASER RIVER, B.C., CANADA
- sediment devoid of feral M. balthica
- sediment populated by feral M. balthica

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 £ 11.8% mortality) to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 £ 6.6% mortality) to R. abronius

- significantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxdc (18.4 £ 6.8% mortality) to R. abronius

- highly toxic (924 % 4.5% abnormal) to bivalve larvae
- moderately toxic (594 + 11.3% abnommal) to bivalve larvae
- least toxic (23.3 & 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not texde (319 £+ 15.5% abnormal) to bivalve larves

LITTLE GRIZZLY CREEK, CALIFORNIA
- significant mortality to D. magna and Hexagenia sp.

SOUTHERN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica
- not toxic (23.2% mortality) to G. jeponica

- high echinoderm abundance (191.3  70.1/0.1 sq. m.)
- moderate echinoderm abundance (56.2 + 23/0.1 sq. m.)
- low echinoderm abundance (6.1 + 7.2/0.1 sq. m.)

- high arthropod abundance (148 + 58/0.1 8q. m.)
- moderate arthropod abundance (72 + 3.3/0.1 sq. m.)
- low arthropod abundance (35.3 + 158/0.1 sq. m.)

- high species richness (96.3 + 22.3/0.1 sq. m.)
- moderate species richness ( 72 + 3.3/0.1 sq. m.)
- low species richness ( 51.2 + 8.6/0.1 sq. m.)

- high total abundance (88.9 + 35.4/0.1 sq. m.)
- moderate total abundance (75.6 + 12.7/0.1 sq. m.)
- low totai abundance (57.6 + 13.6/0.1 sq. m.)

PALOS VERDES, CALIFORNIA

- significantly toxic to R. abronius

- not toxic to R. abronius

- major degradation to macrobenthos (20.2 sp/0.1 m. sq.)

LOS ANGELES HARBOR, CALIFORNIA
- >50% mortality to P. pugio (20% elatriate bioassay)

30

67
150

135 £ 57
28 116

85163
64+ 40
72+ 41

70+ 47
75143

88 + 33
76 + 51
7

48
2

el

38 &
HH W
o

1374 + 809

181
62

12+ 6
13+ 14
97177

16114
15+ 18
71 £ 155

31£60
154 15
73 + 166

147 + 232
20+22
21+39

592+ 126
251 £ 227
592 + 126

147



le:9. Copper (continued)

Refesences | Biologlcal Approaches Concentrations (ppm)

Co-Decurrence Analyses

48  SAN DIEGO BAY, CALIFORNIA
- 397% survival of clam, P, stamineq
- »97% survival of mysid, M. elongata
= >97% survival of polychaete, N, arenaceodentata
= 397% survival of sanddab, C. stigmaeus and mysid, M. elongata

- 282% survival of C. stigmaeus, A, sculpta, and A. tonsa
- 286% survival of N. arenaceaodentata and M. nasuta

WAUKEGAN HARBOR, ILLINOIS
- highly toxic (66.3 + 4.25% mortality) to H. azteca

DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebiate taxa (6.7 + 2.5/site),
- highest number of benthic macroinvertebrate taxa (158 + 2/site)

KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (8.4 £ 0.5/site)
- highest number of benthic macroinvertebrate taxa (163 * 4.6/site)

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to prawn, M. rosenbergii

PHILLIPS CHAIN OF LAKES, WISCONSIN :
- significant mortalilty to D, magna (n = 1), 540
- low mortality to D. magna (n = 5) 135 + 118

KEWEENAW WATERWAY, MICHIGAN :
- significantly toxic to D, magna 730 £ 205
~ not toxic to D, magna 43 + 49
- mean concentration in highly toxic (northern) sediments :
{to D. magna) 612 -
- mean concentration in least toxic (southern) sediments (to D. magna) 24

- significantly deg\resaed macrobenthos taxa richness 589
- high macrobenthos taxa richness 33

TORCH LAKE, MICHIGAN . "
- significant mortality to D. magna and Hexagenia sp. 1800

MISSISSIPPI RIVER

- 80-100% survival (92 + 6.3) of G. pseudalimnaeus, 4-d bioassay

= 25% (n = 1) survival of mayﬂz exagenia sp.), 4-d bioassay

- 80-100% survival (30 £ 7.5) of mayfly (Hexagenia sp), 4-d bioassay
- 55% % 10% survival of mldfas (C. tentans), 4-d bioassay

- 90% + 5.8% survival of midges (C. tentans), 4-d bioassay

MASSACHUSETTS BAY, MASSACHUSETTS
- high benthos gpecies richness (93.6 + 94)

- moderate benthos species richness (58.2 & 10.5)
- low benthos species richness (31 £ 6.5)




Tabie 9. Copper (continued)

References , Biological Approaches Concentrations {ppm)

7

39

Co-Occurrence Analyses

HUDSON-RARITAN BAY, NEW YORK

- negative rate of growth in C, germanica 453 + 311
- positive rate of growth in C. germanica 251 + 232
BLACK ROCK HARBOR, CONNECTICUT

- 100% mortality to N. virens : 612
STAMFORD, CONNECTICUT

- 10% mortality to P. pugio 218

NORWALK, CONNECTICUT
- 0% mortality to P. pugio 224

NEWPORT, RHODE ISLAND
- 0% mortality to P. pugio / 12

BALTIMORE HARBOR, MARYLAND
- most toxic to mummichogs (TLm 5.1 + 3.5) and

spot (TLm5.9 + 3.4) 1071 + 948
- least toxic to mummichogs (TLm 43.2 + 31.1) and spot ,
(TLm 24 & 5.6) , 158 + 29
64 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUTH CAROLINA :
- no effects upon benthos species richness or abundance 1
75 TRINITY RIVER, TEXAS
- significant mortality to D. magna 68 + 62
- low mortality to D. magra 18 + 15
41 NORWEGIAN FJORDS, NORWAY ,
- 50% reduction from maximum in Hurlbert's benthic species
diversity index 200
Equilibrium Partitioning
17  EPA acute marine EP (reshold (@4% TOC) 216
4  EPA chronic marine EP threshold (@4% TOC) 136
~ Spiked-Sediment Bioassays
53 TUALATIN RIVER, OREGON
- LC50 of midge, C. tenfans in 10-d bioassay 229
- LC50 of cladoceran, D. magna in 48-h bioassay 937
SOAP CREEK POND, OREGON
- LC50 of midge, C. tentans in 10-d bioassay 857
- LC50 of cladoceran, D. magna in 48-h bioassay 681
- LC50 of amphipod, G. lacustris in 10-d bloassay 964
- LC50 of amphipod, H. azteca in 10-d bioassay 1078
32 PUGET SOUND, WASHINGTON :
- ET50 for burrowing time of clam, P. staminea : 17.8

32




Table 9. Copper (continued)

References

Background Approaches

Concentrations (ppm)

68  Great Lakes Harbors -
- clagsification of non-polluted sediments <25
- classification of erately polluted sediments 25-50
- clagsification of heavily polluted sediments >50
43 New England interim high contamination level for dredge material >400 -
12 EPA Region V ﬁ:ldellm for pollution classification of sediments 25
USGS alert levels to ﬂaﬁs to 20% of samples amlcyzed - 2000
Ontarlo Ministry of the Environment Dredge Spoil Guidelines 25
. BPA Reglon VI proposed guldelines 50
20 EPA/ACOE Puget Sound Interim Criteria (central basin background) 68
23  Rotterdam Harbor sediment quality classifications .
- Class 1 (slightly contaminated) <60
- Class 2 (moderately contaminated) 60-190
- Class 3 (contaminated) , 190-370
- Class 4. (heavily contaminated) >370

References:
- 1. Beller et al., 1986

4, Bolton et al., 1985
12. Paviou and Weston, 1983
17. Lyman et al., 1987
20. U.S. ACOE, 1988 -
23. Jansen, 1987

26. DeWitt et al., 1988
29. Yake et al., 1986

32. Phelps et al., 1983
39. Lee and Mariani, 1977
41. Rygg et al., 1985

43. NERRBC, 1980

2. PTI Environmental Services, 1988

48,
49.

53.

55.
56.

61.
- 62,

67.

Salazar et al., 1980 68.
Swartz et al., 1985 69.
. Swartz et al., 1986 71
Caims et al., 1984 72.
., Maleug et al., 19842 74.
Maleug et al., 1984b 5.
Anderson et al., 1988 1.
. Illinois EPA, 1988a 78.
Hiinois EPA, 1988b 9.
Tsai &t al., 1979 80.
. Van Dolah et al., 1984  B2.
. Salazar and Salazar, 1985 83
McGreer, 1979

* _Various, please see toxt

Bahnick e? al., 1981

Merking et al., 1981
Simmers e! al., 1984
Ingezoll and Nelson, in press
Tatem, 1986

Qasim ¢t al., 1980

McGreer, 1982

Kraft and Sypnicwski, 1981
Tietjen and Lee, 1984
Tetra Tech, 1985 ' :
Gilbert et al., 1976
Word and Mearns, 1979




Table 10, Bffects range-low angd effects o-median values for copper and 51
concentrations used (o determine these values arranged in ascending order.

Concentrations (ppm) End Point

15.0 Massachusetts Bay benthos COA
17.8 Sublethal SSB with Macoma
195 Waukegan Waterway, lllinois bioassay COA
454 Kishwaukee River, Illinois benthos COA
67.0 M. balthica burrowinédmo coA
68.2 San Francisco Bay, California bioassay COA
68.4 Trinity River, Texas bioassay COA :
70.0 m“'L
76.0 San Francisco Bay, California bloassay COA
84.6 San Prancisco Bay, California bioassay COA
87.7 San Francisco Bay, California bioassay COA
96.7 Southern California echinoderms CO
106.3 Commencement Bay, Washington bicassay COA
110.0 San Francisco Bay, California AET
117.8 Commencement Bay, Washington bloassay COA
134.6 Fraser River, B.C. benthos - M. balthica COA
136.0 EP chronic marine threshold
138.0 Puget Sound, Washington bloassay COA
145.0 Sheboygan River, Wisconsin bioassay COA
147.0 Los les Harbor, California bioassay COA
150.0 Praser River, B.C bioassay COA )
156.0 : Lake Union, Washington bioassay COA
180.0 San Prancisco Bay, California AET
1813 . Southern California bioassay COA
200.0 Norway benthos COA
216.0 EP acute marine threshold
3100 Puget Sound, Washington AET - benthic
3900 ER-M
3900 Puget Sound, Washington AET - oyster
390.0 Puget Sound, Washington AET - Microtox™
453.0 H:dson-Raritan Bay, New york bioassay COA
530.0 guhﬁﬂ Sound, Washington AET - benthic
540.0 lips Chain of Lakes, Wisconsin bioassay COA
589.0 Keweenaw Waterway, Michigan benthos COA
592.0 . Palos Verdes Shelf, California, bioassay COA
592.0 Palos Verdes Shelf, California benthos COA
612.0 Black Rock Harbor, Connecticut bioassay COA
612.0 Keweenaw Waterway, Michigan bioassay COA
681.0 SSB with Daphnia . -
730.0 Keweenaw Waterway, Michigan bioassay COA
8100 Puget Sound, Washington AET - amphipod
857.0 SSB with midge -
918.0 Commencement Bay, Washington bioassay COA
937.0 SSB with Daphnia
964.0 §5B with amphipod ‘
1071.0 Baltimore Harbor, Maryland bioassay COA
1078.0 SSB with am%dpod
1260.0 Puget Sound, Washington bioassay COA
1300.0 Puget Sound, Washington AET - amphipod
1374.0 Little Grizzly Creek, California bioassay COA
18000 Torch Lake, Michigan bioassay COA
2296.0 SSB with midge
2820.0 ~ Commencement Bay, Washington bioassay COA

M




Lead

“Along with other adverse effacts, lead can modify the function and structure.of kidney,
bone, the central nervous system, and the hepatopoietic system (Eisier, 1988b). Adverse
effects upon daphnid reproduction has been observed at concentrations in water as low as 1
ppm, organolead compounds are generally more toxic than inorganic forms, adverse effects
usually oscur at concentrations rmglnmom 1.3 to 7.7 ppm in water; and marine animals may
be more resistant to effects of lead than freshwater specles (Eisler, 1988b). The Fro sed
marine water quality standard for California was 8 ppm in water (Klapow and 8, 1979).

A relnﬁv%hrge amount of data exists for lead and measures of effects in sediments
(Table 11), and EP values are available. Matching biological and chemical data from
many studies rmed in areas such as Puget Sound, Commencement Bay, San Francisco Bay,

sou California, Hudson-Raritan estuary, and Trinity River are avai’able. However, no
single-chemical, S5B data are available.

No significant toxicity was observed in sediments from the Duwamish River, Stamford,
Norwalk, and Newport at lead concentrations up to 277 ppm. San Francisco Bay sediments
that were significantly toxic to amphipods had very little difference in lead concentrations
compared to those that were not toxic. Total benthos abundance and some categories of other
measures of benthic communities off southern California were not in concordance with lead
concentrations. The minimum lead concentration associated with toxicity of Waukegan
Harbor sediments was below the detection limits of 32 ppm. Lead concentrations did not
differ remarkably among stations sampled in the Cubatao River, Brazil. The Little Grizzly
Creek system toxicity tests suggested little concordance between toxicity and lead

concentrations. These data were not considered further in the estimation of ER-L and ER-M
values (Table B-6). : .

The minimum concentration above which effects were observed was about 27 ppm;
;(ifniﬁcant toxicity to Daphnia magna was reported at this concentration (Table 12).
shwaukee River macroinvertebrate taxa richness was lower in sediments with a mean lead
concentration of 31 pﬁom, compared to a mean of 21 ppm in taxa-rich sediments. The data

suggest an ER-L of about 35 ppm, equivalent to the lower 10 percentile of the data. This
value is supported by increased burrowing time of Macoma balthica (32 ppm), depressed
benthos diversity in Norwegian fjords (35 ppm), Los Angeles Harbor bioassay data (41.3
ppm), and depressed benthos species richness in Massachusetts Bay (mean 42 Tppm). The 50
reentile value in the data suggests an ER-M of about 110 ppm; supported by Torch Lake and
mmencement Bay bioassay data (110 ppm, mean 113 ppm, respectively), San Francisco Ba
AEBT for amphipod bioassay (120 ppm), observations of the concentration associated wit
significant bioeffects in San Francisco Bay (130 ppm), and the EP chronic marine threshold of

132 ppm. Effects were usually obse at concentrations of 110 ppm or greater and always
observed at concentrations of 300 ppm or greater (Table B-6).

The degree of confidence in the ER-L and ER-M values for lead should be considered as
moderate and hiﬁh, respectively. A relatively large amount of data exist to relate sediment
concentrations with measures of effects, and both values are supported by small clusters of
data. However, the chemical data are not sg)eclated to indicate the proportion that is in
organic and inorganic forms, there are no SS5B data, the available data indicate a fairly
wide range in concentrations associated with effects, and the overall apparent effects

\threshold lies outside the ER-L/ER-M range.
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Table 11, Summaery of sediment effects data avalieble for lead.

References Blological! Approaches \ Concentrations (ppm)

Apparent Bffects Threshold

1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay
« oyster larvae (C. gigas) bioessay
~ benthic community composition
- Microtox™ bipassay

1988 PUGET SOUND AET

- R. abronius amghl bloassay
- oyster larvae (C gigas} bioassay
- benthic community composition

- Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration
- maxdmum level criteria

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassa
- R. abronius amphipod bioassay

4888 £888

 Co-Occusrence Anclyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 1613 + 2628
- moderately toxic (5.2 £ 1.1 dead/20) to R. abronius 1711192
- feast toxic (2.5 £ 0.9 dead/20) to R. abronius 78175

- highly toxic (4.5 + 19% abnormal) to oyster larvae 570 + 1489
- moderately toxic (23 1+ 2.3% abnormal) to oyster larvae - 113+ 123
- least toxic (15.1 + 3.1% abnermial) to oyster larvae ‘ 105+ 173

PUGET SOUND, WASHINGTON

- highly toxic to R. abronius (95%LPL) 750 + 1763
- mod. toxic to R. abronius (<87.5% survival to >95% LFPL) 137 + 140
- least toxic to R. abronius (>87.5% survival) : 47+ 31

LAKE UNION, WASHINGTON
- 95% mortality to H. azteca 300

DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P. pugio

STRAIT OF GEORGIA, B.C,, CANADA
- significant increase in burrowing time (ET50) of M. balthica
- significant 24-h avoidance behavior among M. baithics

FRASER RIVER, B.C.,, CANADA
- sediment devold of feral M. balthica
- sediment populated by feral M. balthica




Bislogical Approaches

SAN FRANCISCO BAY, CALIFORNIA -

My\lym(willﬂ%mhty)bkm
toodc (33.8 £ 4.7% mortality) to R. shrowius

mmus:u«.mﬁnqmnm ‘

- significantly toxic (429 + 19.2% martality) to R. abromius
-mttmdc(lutmmhty)mk.cbm

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (594 £ 11.3% abnormal) to bivalve larvae
- least toxic 233 + 7.3% abnormal) to bivalve larvae '

- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae
- not toxic (31.9 * 155% abnormal) to bivalve larvae

sedmmnqualitytrmmminmm mmbﬁoeﬁeds
- sediment quality triad significant bioeffects

LITTLE GRIZZLY CREEK, C UIFORNIA
- significant mortality to D. mgmde limbata

SOUTHERN CALIFORNIA
toxic (51.65% momhty) to G. japormics
-nmwxicml%mmmy)wc jeponica

< g

86

o

- high echinoderm abundance (1913 £ 70.1/0.1 sq. m.)
- moderate echinoderm abundance (535.2 = 23/0.1 sq. m.)
- low echinoderm abundance (6.1 2 72/0.1 sq. m.)

arthropad abundance (148 = 58/0.1 sq. m.)
?ﬁm abundance (72 £ 33/0.1 sq. m.)

- low arthropod a (353 £158/0.1 sq. m.)

- high specdies richness (963 £ 22.3/0.1 sq. m.
- moderate species richness ( 72 £ 3.3/0.1 sq. m.)
- low species richness ( 512 £ 86/0.1 sq. m.)

- high total abundance (83.9 + 35.4/0.1 sg. m.)
- moderate total abundance (75.6 £ 12.7/0.1 sq. m.
- low total abundance (57.6 + 13.6/0.1 sq. m.):

PALOS VERDES, CALIRC'*NIA
- "major degradation” to macrobenthos (202 sp/0.1 m. sq.)

LOS ANGELES HARBOR, CALIFORNIA
- 350% mortality to P. pugio (20% elutriate bicassay)

WAUKEGAN HARBOR, ILLINOIS .
- highly toxic (663 £ 4.25% mortality) to H. azteci

DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 £ 2.5/stte)
- highest number of benthic macroinvestebrate taxa (158 £ 2/site)
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- Lédd(continued)

_ ‘Blological Approaches

Qoneeﬁﬁdﬁﬁm (pPIn)

Co«Occurrence Anilyses

61

74

39

39
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KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (8.4 + 0.5/site}
- highest number of benthic macroinveriebrate taxa (163 % 4.6/site)

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to prawn, M. rosenbergii

PHILLIPS CHAIN OF LAKES, WISCONSIN
- significant mortaliity to D. magna (n = 1)
- low mortality to D. magna (n = 5)

KEWEENAW WATERWAY, MICHIGAN
- significantly toxic to D. magna
- not toxic to D. magna

- mean concentration in highly toxic (northern) sediments (to D. magna)

- mean concentration in least toxic (southern) sediments (to D. magna)

TORCH LAKE, MICHIGAN
- significant mortality to D. magna and H. limbata

MASSACHUSETTS BAY, MASSACHUSETTS

- high benthos species richness-(93.6 + 94/0.1 sq. m.)

- moderate benthos species richness (58.2 £ 10.5/0.1 sq. m.)
- low benthos species richness (31 £ 6.5/0.1 sq. m.)

HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in C. germanica
- positive rate of growth in C. germanica

BLACK ROCK HARBOR, CONNECTICUT
~ 100% mortality to N. virens

STAMFORD, CONNECTICUT
- 10% mortality to P. pugio

NORWALK, CONNECTICUT
- 0% mortality to P. pugio

NEWPORT, RHODE ISLAND
- 0% mortality to. P. pugio

BALTIMORE HARBOR, MARYLAND :
- most toxic to mummichogs (TLm 5.1 £ 3.5) and ?ot (TLm 5.9 + 34)
- least toxic to mummichogs (TLm 43.2 + 31.1) and spot (TLm 24 + 5.6)

GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL
SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance

TRINITY RIVER, TEXAS
- significant mortality to D. magna
- low mortality to D. magna

31+26
211

253 £47

160
79134

29+ 8
1110
27

10

110

" 1314

42126

. 4717

321+£195
145 + 132

%0

123

277

<1

512+213
213 131

<0.5

5427
35122




Concentrations (ppni)

CosOccurrence Analyses

40 CUBATAO RIVER, BRAZIL
- 24k BCS0 with D. similis

41 NORWEGIAN FJORDS, NORWAY
- '50% reduction from maximum in Hurlbert's benthic species
diversity index
Equilibrium Partitioning

17  EPA acute marine EP threshold (4% TOC) 3360
4 EPA chronic mnrlng EP threshold (4% TOC) 132

References Background Approach Concentraticns (npm)

68  Great Lakes Harbors
- classification of non-polluted sediments
- clasgification of erately polluted sediments
- classification of heavily polluted sediments

New England interim high contamination level for dredge material

EPA on V guideline for pollution classification of sediments
USGS alert levels to flag 15-20% of samples analyzed
Ontario Ministry of the Environment Dredge Spoil Guidelines .
EPA Region VI pnc:'poaed guidelines
FWPCA Chicago Guidelines: LIGHT (no alteration to benthos)
FWPCA Chicago Guidelines: MODERATE
(pollutant tolerant benthos)
CA Chicago Guidelines: HEAVY
. (benthos absent or abundance reduced)
EPA Jensen Criteria for open water dredge material disposal

EPA/ACOE Puget Sound interim criteria
(central basin background)

Rotterdam Harbor sediment quality classifications

- Class 1 (slightly contaminated) '

- Class 2 (moderately contaminated) _ 110460
- Class 3 (contaminated) 460-660
- Class 4. (heavily contaminated) >660
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‘Table 12, Effects range-low and effects range-median values for lexd and 47
conceritrations used to determine these values arranged in ascending order.

Concentrations (ppm)

End Point
266 Keweenaw Waterway, Michigan bioassay COA
29.0 Keweenaw Waterway, Michigan bioassay COA
30.6 Kishwaukee River Illinois, benthos COA
320 M. balthica burrowing ET50 COA
35.0 Norway benthos COA
350 ER-L ,
413 Los Angeles Harbor, California bioassay COA
42.1 San Francisco Bay, California bioassay COA -
424 Massachusetts Bay, Massachusetts benthos COA
46.7 Massachusetts Bay, Massachusetts benthos COA
47.8 Southern California arthropods COA
£50.0 Sun Francisco, California, triad minimum effects COA
51.0 Southern California species richness COA -
53.7 Trinity River, Texas bioassay COA :
58.9 San Francisco Bay, California bicassay COA .
>60.0 FWPCA Classification: benthos absent COA
634 San Francisco Bay, California bioassay COA
644 Southern California echinoderms CO
731 Southern California bloassay COA
74.0 M balthica bioassay avoidance COA
81.7 Fraser River B.C,, Canada benthos COA
89.6 Black Rock Harbor, Connecticut bioassay COA
95.7 San Francisco Bay, California bioassay COA -
1045 San Francisco Bay, California bioassay COA
1100 ER-M
110.0 Torch Lake, Michigan bioassay COA :
- 1133 Commencement Bay, Washington bioassay COA
1200 San Prancisco Bay, California AET
2130.0 San Francisco Bay, California triad significant effects COA
1320 3P chronic marine @4% TOC -
136.6 Puget Sound, Washington bloassay COA
1400 San Francisco Bay, California AEYI‘
1437 DuPage River, Nllinois benthos COA
160.0 Phillips Chain of Lakes, Wisconsin bioassay COA
1708 Commencement Bay, Washington bioassay COA
253.0 Sheboygan River, Wisconsin bioassay COA
300.0 {:Eet Sound, Washington AET - benthic
300.0 e Union, Washington bioassay COA
3123 Dalos Verdes Sheif, California benthos COA
3209 Hudson-Raritan Bay, New York bloassay COA
450.0 Puget Sound, Washington AET - benthic
- 5120 Baltimore Harbor, Maryland bioassay COA
5300 Puget Sound, Washington ABT - Microtox™
570.1 Commencement Bay, nshlng‘ton bloassay COA
660.0 Puget Sound, Washington AET - amphipod
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" Tible 12, (continued)

Concentrations (ppm) End Point
660.0 Puget Sound, Washington AET - oyster
7502 Puget Sound, W bioassay COA
1613.0 Commencement Bay, Washington bioassay COA
3360.0 EP acute marine 4% TOC :
Mercury

Acute toxicity of mercury (II) to freshwater invertebrates es from 2.2 to 2,000 ppm and
from 3.5 to 1678 ppm for marine organisms (U.S. EPA, 1986). Klapow and Lewll’s (1979)
proposed a marine water quality standard of 0.14 ppm mercury. EBisler (1987) reported tat
organomercury compounds—especially methylmercury—were more toxic than ino: c forms;
lethal concentrations of total mercury to sensitive :t:?anlams varied from 0.1 to 2.0 ppm for

aquatic fauna; mercury was the most toxic trace metal to aquatic organisms; and that toxicity
was increased in the presence of zinc and lead.

A moderate amount of sediment data exist for mercury (Table 13). AET values for Puget
Sound and San Francisco Bay are available. Matching chemistry and biological data for
Puget Sound, San Francisco Bay, DuPage River, I’hllliﬁs Chain of Lakes, Baltimore Harbor,
and Trinity River are listed in Table 13 along with those from other areas. EP threshold
values and data from two SSB experiments are available.

No toxicity was observed in bioassays of sediments from the Duwamish River, Stamford,
Norwalk, and Newport with mercury concentrations up to 0.3 ppm. Very small gradients in
mercury concentrations were observed in daw from San Francisco Bay, southem California,
Kishwaukee River, Keweenaw Waterway, Massachusetts Bay, and Trinity River. These
data were not considered in the estimatdon of ER-L and ER-M values (Table B-7). '

The remaining data su?eat an ER-L value of about 0.15 ppm (0.17 rounded to.0.15 ppm),"
equivalent to the lower 10 percentile of the data (Table 14). This value is supported by -
bioassay data from Los Angeles Harbor (0.15 I:pm), Lake Union (0.17 ppm), and Macoma

burrowing bioassays of Fraser River sediments (0.18 ppm). Chronic effects are predicted by
EP principles to occur at 0.032 ppm. '

. The data suggest an ER-M of about 1.3 ppm mercury, the 50 percentile value in the data.
This value is supported by two San Francisco Bay AETs (1.3 and 1.5 ppm), moderate toxici
of PuFet Sound sediments to amphipods (mean of 1.38 ppm), and significant toxicity of Little
Grizz ‘y Creek sediments to Daphnia (mean of 1.5 ppm). With several exceptions (principally
data from San Diego Bay), effects were usually observed at concentrations of 1.0 ppm or
greater (Table B-7).

The degree of confidence in the ER-L. and ER-M estimates should be considered as
moderate and high, respectively. There are clusters of data around the 0.15 and 1.3 ppm
values, suggesting that these values are supported by & preponderance of evidence and an
apparent effects threshold within the ER-L/ER-M range. However, the predicted chronic
marine value (0.032 ppm) is considerably lower than the ER-L, the majority of the available
data are from field studies, there are reiatively little data from SSBs, and the available
data from bioassays with R. cbronius and Pontoporeia affinis were not consistent.
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Table 13, Summary of sediment effecis data avallable for mercury,

References Blolegical! Approaches Concentraticns (ppm)

Apparent Effects Threchold

1 1986 PUGET SOUND AET
= R, abronius amphipod bicassay
- oyster larvae (C. gigas) bloassay
- benthic community e mposition
- Microtox™ bioassay

1988 PUGET SOUND AET

= R. abronius nmghi bloassay
- oyster larvae (C gigas) bloassay
~ benthic community composition
- Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET)
- acreening level concentration
- maximum level criteria

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassa
- R. abronius amphipod bioassay

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 £ 3.9 dead/20) to 2. abronius 112228
- moderately toxic (5.2 £ 1.1 dead/20) to R. abronius 03102
- least toxic (2.5 1 0.9 dead/20) to R. abronius 02101

- highly toxic (44.5 + 19% abnormal) to oyster larvae 35+125
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 02+0.1
- least toxic (15.1 + 3.1% abnormal) to oyster larvae 0201

PUGET SOUND, WASHINGTON

- highly toxdc to R, abromius (95%LPL) ‘ 51148
- mod. toxic to R, abronius (<87.5% survival to >95% LPL) 14146
- least toxic to R. abronius (>87.5% survival) 0505

LAKE UNION, WASHINGTON
- 95% mortality to H. azteca 0.2

DUWAMISH RIVER, WASHINGTON -
- 0-10% mortality to P. pugio 0.1

STRAIT OF GEORGIA, B.C.,, CANADA
- significant increase in burrowing time (ET50) of M. balthica
- significant 24-h avoidance behavior among M. balthica

FRASER RIVER, B.C.,, CANADA
- sediment devoid of feral M. balthica
- sediment populated by feral M. balthica




Table 18. Mercury (continued)

References molbglcal Approaches Concentrations (ppm)

Co-Occurrence Anslyses

* SAN FRANCISCO BAY, CALIFORNIA :
- highly toxic (67 + 11.8% mortality) to R. abronius .11
- moderately toxic (33.8 + 4.7% mortality) to R, abrondus 0.7+ 08
- least toxic (18 + 6.6% mortality) to R, abronius 05+ 04

- significantly toxic (42.9 + 19.2% mortality) to R. abronius 0.7+ 08
- not toxic (184 * 6.8% mortality) to R. abronius , 0.6+ 04

- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae 06104
- moderately toxic (394 £ 11.3% abnormal) to bivalve larvae 091
- least toxic (23.3 X 7.3% abnormal) to bivalve larvae 03102

- significantly toxic (55.7 % 22.7% abnormal) to bivalve larvae . 07%09
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae _ 05+03

LITTLE GRIZZLY CREEK, CALIFORNIA ‘ :
- significant mortality to D. magna and Hexagenia sp. . 15+09

S iEnificantly e (51.65% mortally)
-8 antly toxic (51.65% mortality) to G. nica 03101
- not to:ch(Z}(;.Z% mortality) to G. icgonica Jape 0.3 £ 0.02

LOS ANGELES HARBOR, CALIFORNIA ‘
= >50% mortality to P. pugio (20% elutriate bioassay) 0.15

SAN DIEGO BAY, CALIFORNIA '
- >97% survival of clam, P. staminea , 66.5
- >97% survival of mysid, M. elongata

- >97% survival of C. stigmaeus, and M. elongata

- 282% survival of C. stigmaeus, A. scdlpta,, and A. tonsa

WAUKEGAN HARBOR, ILLINOIS
- highly toxic (66.3 + 4.25% mortality) to H. azteca

DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 * 2.5/site)
- highest number of benthic macroinvertebrate taxa (15.8 + 2/site)

KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (8.4 + 0.5/site)
- highest number of benthic macroinvertebrate taxa (16.3 + 4.6/site) .

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to prawn, M. rosenbergii

PHILLIPS CHAIN OF LAKES, WISCONSIN
- significant mortaliity to D, magng (n =1)
- low mortality to D. magna (n = 5) _
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References

Biological Approaches

Concentzatiors (ppm)

CosOccurrence Analyses

54

KEWEENAW WATERWAY, MICHIGAN
- significantly toxic to D. magna
« not toxic to D. magna

- mean concentration in highly toxic (northern) sediments (to D, magvm)

- mean concentration {n least toxic (southern) sediments (to D, magna

TORCH LAKE, MICHIGAN
- significant mortality to D. magns and Hexagenia sp.

MISSISSIPP! RIVER '

- 80-100% survival (92 + 6.3) of G. pseudolimnaeus, 4-d bioassay
- 25% (n=1) survival of ma‘g'ﬂy (Hexagenia 8p.) 4-d bioassa

- 80-100% survival (90 £ 7.5) of mayfly (Hexagenia sp), 4-d zloamy.
- 55%+10% survival of mi (C. tentans) , 4-d bioassay

- 90%5.8% survival of midges (C. tentans), 4-d' bloassay

MASSACTHUSETTS BAY, MASSACHUSETTS
- high benthos species richness(93.6 + 94)

- moderate benthos species richness (58.2 £ 10.5)
- low benthos species richness (31 + 6.5)

HUDSON-RARI}'AN “rrst'ﬁv, xgnw YORK -
- negative rate o in C. germanica
- pggiﬂve rate of g)owﬂ\ in C. germanica

NEW YORK HARBOR, NBW YORK
- <10% mortality to N. virens, M. mercenaria and P. pugio;
100-d exposures

STAMFORD, CONNECTICUT
- 10% mortality to P. pugio

NORWALK, CONNECTICUT
- 0% mortality to P. pugio

NEWPORT, RHODE ISLAND
+ 0% mortality to P. pugio

BALTIMORE HARBOR, MARYLAND
- most toxic to mummichogs (TLm 5.1 + 3.5) and spot (TLm 5.9 £ 3.4)
- least toxic to rnummichogs (TLm 43.2 + 31.1) spot (TLm 24 . 5.6)

GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUT A CAROLINA
- no effects upon benthos species richnes or abundance

TRIgId};Y RIVER, ’Il'iEXASD
- significant mortality to D. magna
- low mortality to D. magna

CUBATAO RIVER, BRAZIL
- 24-h EC50 with D. similis

02101
0.1+0.1
0.2
0.1

0.3

0.04

<001

0.01 £0.01
0010
0.01 £ 0.01

0.06 £ 0.04
0201
0.1 £ 0.02

75
6

8‘9
5£67




Refererices Biclogical Approaches Concentrations (ppm)

Equilibrium Partitioning

17 EPA acute marine EP threshoid (@4% TOC)
4 EPA chronic marine EP threshold (@4% TOC)
Spiked-Sediment Biorsszys

63 No reduction in the activity behavior of P. affinis,

2-d experiment 0.5 - 115
Significant reduction in the activity behavior of P. affinis,
5-d experiment 2.15-335

18 LC50 of R, abronius in 10-d bloassay 13.1

References Background Approach Concentrations (ppm)

e e e

o

e e

68 Grer’ * akes Harbors
- classification of non-polluted sediments
- classification of heavily polluted sediments

New England interim high contamination level for dredge material

EPA R:fion V guideline for polluuon classification of sediments
USGS alert levels to flag 15 to 20% of samples anal

Ontario Ministry of the Environment Dredge Spoil Guidelines
EPA Region VI proposed guidelines

EPA Jensen Criteria for open' water dredge material disposal

EPA/ACOE Puget Sound Interim Criteria (central basin hackground)

Rotterdam Harbor sediment quality classifications
- Class 1 (slightly contaminated)

- Class 2 (moderately contaminated)

- Class 3 (contaminated)

- Class 4 (heavily contaminated)

References:

1. Beller «i al., 1986 43, NERBC, 1980 67. McGreer, 1979
2, PTI Buvironmeisinl Services, 1988 44, Rubinstein et al,, 1983 68. Bahnick et al., 1981
4. Bolton er al., 1985 48. Salszar et al., 1980 69. Marking et al., 1981
12. Paviou and Weston, 1083 54, Makug et al., 1984a 72. Ingersoll and Nelson, in press
17. Lyman et al., 1987 55. Maleug et al., 1984b 74. Tatem, 1986
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20. U.S. ACOE, 1988 60. Illinois EPA, 1988a 77. McGreer, 1982
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¥ Tange-median villues for mercury and
e values arranged-in ascending-order.

Concentrations (ppm) End Point

0:032 EP Chronic Marine €4% TOC

0.08 Waukegan Harbor, Nllinois bloassay COA

015 ‘BR-L

0.15 Los Angeles Harbor, California bioassay COA
0.17 Lake Union, Washington bioassay COA

0.18 M. balthica burrowing bioassay COA

0.29 Torch Lake, Mi bioassay COA

041 Puget Sound, Washington bioassay AET - Microtox™
042 Fraser River, B.C., Canada M. balthica bioassay COA
0.48 M. balthica avoidance bioassay COA

0.59 Puget Sound, Washingten AET - oyster

0.6 EP acute marine @% TOC

0.88 Puget Sound, Washington AET - benthic

09 San Francisco Bay, California bioassay COA

0.9 Cubatao River, Brazil bioassay COA

0.96 San Francisco Bay, California bioassay COA

: i3 ER-M

13 San Francisco Bay, California AET

138 Puget Sound, Washington bioassay COA

15 San Francisco Bay, California AET ,

15 Little Grizzly Creek, California bicassay COA
1.6 : Baltimore Harbor, Maryland bioassay COA

1.6 DuPage River, Illinois benthos COA

21 Puget Sound, Washington AET - amphipod

2.1 Puget Sound, Washington AET - benthic

2.15-3.35 SSB with Pontoporeia :

35 Commencement Bay, Washington bioassay COA
5.04 Puget Sound, Washington bioassay COA

8.9 Hudson-Raritan Bay, New York bioassay COA
94 Phillips Chain of Lakes, Wisconsin bioassay COA
11.2 Commencement Bay, Washington bioassay COA
13.1 SSB with R. abromus '

Nickel

Acute toxicity to organisms occurs at nickel concentrations as low as 1101 ]:Fm in
freshwater and as low as 151.7 ppm in saltwater; chronic effects can occur at concentrations of
141 ppm or greater in saltwater; and toxicity is influenced greatly by water hardness and
salinity (U.S. EPA, 1986). The 96-h LC50s for two species of estuarine fish were 38 and 70
mg/L nickel chloride (Mayer, 1987). The proposed California marine water quality standard
for nickel is 20 ppm (Klapow and Lewis, 1979). _

A moderate amount of data are available for sediments to estimate effects thresholds
(Table 15), however all of the data are from matching biological and chemical analyses
performed with field samples. AET values for Puget Sound are available and were
calculated for San Francisco Bay and matching biological and chemical data are available
from San Francisco Bay, Commencement Bay, the Keweenaw River, southern California,
Massachusetts Bay, Balimore Harbor, and other areas.




Data from the Cubatac River, Brazil lacked concordance between the biological measure
and nickel concentrations. Ve%'sman gradients in nickel concentrations were rted in
resulte from San Francisco Bay, Trinity Bay, Fraser River, and some categories cf from
Cominencement Bay. The nickel concentration was below the detection limits, of 31.8 ppmin a
Waukegan Harbor sample that was toxic. Several of the Puget Sound AETs were not

definitive. All of these data were not used in the detevmination of BR-L. and ER-M values
(Table B-8).

Effects were not observed in assoclation with mean nickel concentrations below 21 ppm in
sediments (Table B-8). Benthic species richness was moderate in Massachusetts Bay
sediments with a mean nickel concentration of 21 ppm (Table 16). The lower 10 percentile
value of the data suggest an ER-L of about 30 ppm (28 rounded to 30 ppm). This value is
::gg:;\mdbya?uget und AET of 28 ppm, high oyster larvae toxicity in Commencement Bay

ts with a mean nickel concentration of 30 ppm, high toxicity in a Los Angeles Harbor
sediment with 31 and low benthic species richness in Magsachusetts Bay sediments with
a mean of 33 ppm (Table 16). The 50 percentile value of the data suggusts an ER-M of about
50 ppm (52 rounded to 50 ggm , supported by a 1986 Puget Sound AET (4% ppm) and 100

percent mortality in Black Rock Harbor sediments (52 ppm). No overall effects threshold
was apparent. -

The degree of confidence in the ER-L and ER-M values for nickel should be considered as
moderate. The available data indicate relatively high consistency and clustering at or
between the two values, but the data are only from field studies, include no $5Bs or
thresholds derived from the EP approach, and no overall effects threshold is apparent.

Table 15. Summary of sediment effects data avallable for nickel.

References Biological Approaches ~ Concentrations (ppm)

Apparent Effects Threshold

1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay ‘ >120
- oyster larvae (C. gigas) bioassay © 39
- benthic community conposition 49
- Microtox™ bioassay 28
2 1988 PUGET SOUND AET _
- R. abronius amphipod bioassay >140
" - benthiz community composition ' >140
20 PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration 28
- maximum level criteria 120
*  SAN FRANCISCO BAY, CALIFORNIA AET .
- bivalve larvee bioasaag' >170
- R, abronius amphipod bioassay , >170
Co-Occurrence Analyses
80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 41£32
- moderately toxic (5.2 + 1.1 dead/20) to R. abromius 20113
- least toxic (2.5 + 0.9 dead/20) to R. abronius 1617
- highly toxic (44.5 £ 19% abrormal) to oyster larvae 30+22
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 1748
- least toxic (15.1 % 3.1% abnormal) to oyster larvae ‘ 12+£3
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Table 18, MNickel (continued})

References Biological Approaches Concentrations (ppm)

Co-Occurrence Analyses

2 LAKE UNION, WASHINGTON
' - 95% mortality to H. azteca

39 DUWAMISH RIVER, WASHINGTON
= 0-10% mortality to P. pugio

FRASER RIVER, B.C.,, CANADA
- sediment devold of fera! M. balthica
- sediment populated by feral M. balthica

SAN FRANCISCO BAY, CALIFORNIA

- highly toxdc (67 + 11.8% mortality) to R, abromius

- moderately toxic (33.8 £ 4.7% mortality) to R. abronius
- least toxde (18 * 6.6% mortality) to R. abrosius

- significantly toxic (42.9 + 19.2% mortality) to R. abronius:
- not toxic (184 + 6.8% mortality) to R. abronius

- highly toxic (924 + 4.5% ebnormal) to bivalve larvae
- moderately toxic (594 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve iarvee

.= gignificantly toxde (55.7 £ 22.7% abnormal) to bivalve larvae
- not toxde (31.9 + 15.5% abnormal) to bivalve larvae

PALOS VERDES, CALIFORNIA
~ "major degradation” to macrobenthos (20.2 sp/0.1 m. sq.)

LITTLE GRIZZLY CRBEK, CALIFORNIA
- significant mortality to D. magna and H. limbata

SOUTHERN CALIFORNIA
~ significantly toxic (51.65% mortality) to G. japonica
- not toxic {23.2% mortality) to G. japonica

LOS ANGELES HARBOR, CALIFORNIA
- >50% mortality to P. pugio (20% elutriate bioassay)

WAUKEGAN HARBOR, ILLINOIS
- highly toxic (66.3  4.25% mortality) to H. azteca

SHEBOQYGAN FIVER, WISCONSIM
- gignificant moitality to prawn, 2. rosenbergii

PHILLIYS CHAIN OF LAKRES, WISCONSIN
- significant mortaliity to D, magna (n = 1) 350
- low mortality to D. magna (n = 5) 106+ 74

KEWEENAW W.ATERWAY, MICHIGAN

- significamly toxic to D. magna 109+ 19
- ot toxdc “» D, magna 3H+14
- meap coucentration in highly toxic (rorthern) sediments (to D. magna) 100

- mean concentration in least toxic (southern) sediments (to D. magna) 29

48




—————

&mofhluy to B magna and H. limbats

MASSAI’UIB’ITS BAY, MASSACHUSETTS
i oy Spacie s (5553 108703 . )
- low: benthoo upedes richness (31 £ 65/0.1 sq. m) &

BLACK ROCK HARBOR, CONNECTICUT
- 100% mortallty to N. virens

STAMFORD, CONNECTICUT
- 10% mortality to P. pugio

NORWALK, CONNECTICUT
- 0% mortality to P. pigio

NEWPORT, RHODE ISLAND
- 0% mortality to P, pugio -

BALTIMORE HARBOR, MRYWD ‘ :
= most toxic to mummichogs (TLm 5.1 £ 3.5) and g t(’l'Lm5.9134)
- least toxic to mummichogs (TLm 43.2 £ 31.1) and spot (TLm 24 + 5.6)

GEORGETOWN OCEAN DxEDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance

'm:imm RIVER, TBXASD
gnificant mortality to D. magna
- low mortality to Dtymagna

CUBATAQO RIVER, BRAZIL
- 24-h EC50 with D. similis

-

Refocences Background Approach Concentrations (ppm)

68  Great Lakes Harbor
- classification of non-poluted sediments
- clagsification of ertely polluted sediments
- classification of heavilypolluted sediments

New England interim hihk contamination level for dredge matruin?

EPA Region V guideline or pollution classification ¢ sedinamnts 20
USGS alert levels to fla 15-20% of samples anal 2000
Ontario Ministry of the Evironment Dredge Spoil Guideline-s 25
EPA Region VI proposedguidelines 50




‘Table 18, Nickel (continued)

References Background Approach Concertrations (ppm)
23 Rotterdam Harbor sediment quality classifications -
- Class 1.(slightly contaminated) <35
- Class 2 (moderately contaminated) 35-65
- Clags 3 (contaminated) 65-80
- Class -4 '(heavily contaminated) >80
References:
1. Beller et al 1986 43. NERBC, 1980 71. Simmers et al., 1984
2. PTI Environmental Services, 1988 49, Swartz er al., 1985 72. Ingersoll and Nelson, In press
12. Paviou and Weston, 1983 54. Maleug ef al., 1984a 74. Tatem, 1986
20. U.S. ACOE, 1988 55. Maleug et al., 1984b 75, Qasim et al., 1980
23. Jansen, 1987 56, Anderson etal., 1988 77, McGreer, 1982
29. Yake et al., 1986 62. Tealet al., 1979 80. Tetra Tech, 1985
39. Lee and Mariani, 1977 64. Van Dolah et al. 1984 82, Qilbert ¢ al., 1976

40. Zagalto et al., 1987 68. Bahnick et al., 1981 * -Various, please see text

Table 16. Effects range-low and effects range-median values for nickel and 18
concentrations used to determine these values arranged In ascending order.

Concentrations (ppm) End Point
21 Massachusetts Bay benthos COA
28 Pugit Sound, Washington, AET - Microtox™
30 ER-
30 Commencement Bay, Washington, bioassay COA
31 Los Angeles Harbor, California, bioassay COA
33 - Massachusetts Bay benthos COA
» Puget Sound, Washington, AET - oyster
40 Little Grizzly Creek, California, bioassay COA
41 Commencement Bay, Washington bioassay COA
49 Puget Sound, Washington, - benthic
50 BR-M
52 Black Rock Harbor, Connecticut, bioassay COA
88 Lake Union, Washington, bioassay COA
94 Palos Verdes Shelf, California, benthos COA
97 Baltimore Harbor, Maryland, bioassay COA
100 Keweenaw River, Michigan, bioassay COA
109 Keweenaw River, Michigan, bioassay COA
110 Sheboygan River, Wisconsin, bicassay COA
150 Torch Lake, Michigan, bioassay COA
350 ‘ Phillips Chain of , Wisconsin, bioassay COA




ailible: data: indicute fhat chronlc toxicity to freshwater or
8 tér as:low as 012 I}fm and that concentrations: in:seay j

-any- time (U:S. EPA, 1986). The proposed California: mstine v/ater
5:ppm:-(Klapow and Lewis, 1979).

nising may occur at

sediments-to- measures of effects (Table 17). Definitive: AETs for Puget Sound could not be
calcilated for many of the biological ;?oh\ts and, therefore, are reported as greater-than
vilues: Co-occurrence analyses were periormed with data from Commencement Bay, San
Francisco Bay, and southern California. Sublethal tests of sediments from the Strait of
Georgla were performed with Macoma balthica.

A relatively small amount of data exist for relating the concentrations of silver in

There was little or no concordance between measures of toxicity to either amphipods or
oyster larvae and silver concentrations in Commencement Bay. Also, amphipod bioassa
data from San Francisco Bay and southern California indicated little concordance wit
respective silver concentrations. In addition, total benthic community abundance and silver
concentrations on the southern California shelf indicated little concordance. San Diego Bay
sediments with up to 0.8 ppm silver were not toxic in a variety of bioassays. Several of the
Puget Sound AETs were not definitive. These data were not considered during the
determination of ER-L and ER-M values (Table B-9). -

From the remaining data, it appears that effects were not observed in association with
silver concentrations of less than about 0.6 ppm (Tabie 18). The data suggest an ER-L of about
‘1.0 ppm, the lower 10 percentile value of the available data. This value is supported by
results of an avoidance bioassay performed with M. balthica (1.0 ppm), San Francisco Bay
bioassay data (1.0 ppm), and a San Francisco Bay AET (1.1 ppm). The ER-M suggested by the
data is 2.2 ppm, the 50 percentile value of the available data. This value is supported by
the absence of feral M. balthica in Fraser River sediments (2.1 t+ 1.3 ppm), low arthropod
abundance in southern California bentkos (2.2 + 3.9 ppm), low species richness in southern
California benthos (2.5t4.1 ppm), and increased burrowing time of M. balthica exposed to
Strait of Georgia sediments (2.6 ppm). With several exceptions, effects were observed at
silver concentrations of 1.7 ppm or greater (Table B-9).

The degree of confidence in the sllver ER-L and ER-M values should be considered as
moderate. There is consistency in the clusters of data around the ER-L and ER-M values and a
weak apparent effects threshold lies within ER-L/ER-M range. However, these values ave
based uﬁon a relatively small amount of data and there are no data from SSBs, nor from EP
approaches, ‘




e e

ity of sedigent ctiects data avallable for silver.

Biologlcal Approaches

Concentrations (ppm)

Apparent Béfects Threshold

1

1986 PUGET SOUND AET

« R. abronius amphipod bioassay
- oyster larvae (C. gigas) bloassay
- benthic community compogition

- Microtox™ biosssay

1988 PUGET SOUND AET

» R. abronius aunphipod bioassay
- benthic community composition

- oyster larvae (C. gigas) bioassay
- Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET)
- level concentration '
- maximum level criteria : ’

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassa
= R. abronius amphipod bioassay

Co-Occurrence Analyses

80

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 £ 3.9 dead/20) to R. abronius

- moderately toxic (5.2 £ 1.1 dead/20) to R. abronius
- least toxic (2.5 £ 0.9 dead/20) to R. abronius

- highly toxic (44.5 + 19% abnormal) to oyster larvae
- moderately toxic (23 1 2.3% abnormal) to oyster larvae
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae

PUGET SOUND, WASHINGTON
- highly toxic to R, abronius (95% LPL)
- moderately toxic to R. abronius
(<87.5% survival to >95% LPL)
- least toxic to R. abronius (>87.5% survival)

STRAIT OF GEORGIA, B.C.,, CANADA
- significant increase in burrowing time (ETS50) of M. balthica
- significant 24-h avoidance behavior among M. balthica

FRASER RIVER, B.C,, CANADA
- sediment devoid of feral M. balthica
- sediment populated by feral M. balthica

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius

- 'moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic¢ (18 £ 6.6% mortality) to R. abronius

- significantly toxic (42.9 + 19.2% mortality to R. abronius
- not toxic (18.4  6.8% mortality) to R, agonius

0'2 t 0.1
03+01
03101

03101
03+0.1
03%0.1

0.6+10

0.6 0.6
03101

26
1

1.7 £26
09109
13118

1217
1419

i i a2




Bllver(continued)

Biological Approaches _ Concentrations (p]lm")

CoDccurrence Analyses

- highly toxdc (924 + 4.5% abnormal) to bivalve larvae 6925
- moderately toxc (594 + 11.3% abnormal) to bivalve larvae 1+06
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae 05£04 .

- slgnlﬁcant? toxde (55.7 + 22.7% ebnormal) to bivalve larvae 17%22
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 0605

SOUTHERN CALIFORNIA

- significantly toxic (51.65% mortality) to G. nica 13414

- high echinoderm abundance (1913 + 70.1/0.1 sq. m.) 06+08
- moderate echinoderm abundance (56.2 + 23/0.1 sq. m.) 0607
- low echinoderm abundance (6.1 £ 72/0.1 sq. m.) 31145

- high arthropod abundance (148 + 58/0.1 sq. m.) 0916
- moderate arthropod abundance (73 + 6.8/0.1 sq. m.) 07+1
- low arthropod abundance (353 + 15.8/0.1 8q. m.) 22£39

- high species richriess (96.3 + 22.3/0.1 sq. m.) 09 £2.1
- moderate species richness (72 + 3.3/0.1 sg. m.) 0.7+08
- low species richness (51.2 £ 8.6/0.1 sq, 1:3 25+4.1

- high total abundance (88.9 + 35.4/0.1 38 m.) 3256
- moderate total abundance (75.6 + 12.7/0.1 sq. m.) 1£2
- low total abundance (57.6 + 13.6/0.1sq. m.) . 1318

SAN DIEGO BAY, CALIFORNIA
- 282% survival of sanddab C. stigmaeus, A. sculpta, and A. fonsa 08
- 286% survival of A. sculpta, N. arenacaedentata;, and M. nasuta 08

Reference Background Approach Concentrations (ppm)

12 USGS alert levels to flag 15-20% of samples analyzed - 1000

References:

1. Beller et al., 1986 26. DeWitt et ~l., 1988 77. McQGreer, 1982

2. PTI Environmental Services, 1988 56, Anderson ef al., 1988 80, Tetra Tech, 1985

12, Paviou and Weston, 1983 66, Salazar and Salazar, 1985 83. Word and Mearns, 1979
20. U.S. ACOE, 1988 67. McGreer, 1979 * .Various, please see text
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16, Rifectszange-low and effects range-median vilues for silver-and 13
enitritions used to deterniine these values arranged in ascending order.

Concentrations (ppm)" End Point

0.6 Puget Sourd, Washington, bloassay COA
1.0 . M., balthica avoidance bioassay COA
1.0 %;{n Francisco Bay, California Bloassay. COA
10 L
11 San Francisco Bay, California AET
1.7 San Francisco Bay, California bioassay COA
2.1 Feral Fraser River M. balthica absent COA
2.2 Southern California arthropod abundance COA
22 ER-M '
25 Southern California species richness COA
26 M, baltkica burrowing time bioassay COA
3.1 Southern California echinoderm abundance COA
5.2 Puget Sound, Washington AET - benthic
6.1 Puget Sound, Washington AET - amphipod
" 69 San Francisco Bay, California bioassays COA

Tin

No data were found with which total tin concentrations could be related to effects in
sediments, However, organotin concentrations in sediments can be related to toxicity with
data from two small studies (Word et al.,, 1988; Salazar and Salazar, 1985). Significant
percent mortality among amphipods (R. abronius) was observed inconsistently (i.e., Jome
samgles were toxic, some others were not) over a range of tributyltin concentrations of 18.7 to
2,214 ppm dry weight and over a range of total butyltin concentrations of 30 to 3,011 ppm dry
weight in tests of Oakland Inner Harbor sediments (Word et 4., 1988). Over 86 percent
survival of mysids (Acanthomysis sculpta) was observed in bioassays of San Diego Bay
sediments with a range of tributyltin concentrations of 155 to 780 ppm wet weight (no
moisture content data provided) (Salazar and Salazar, 1985).

Because of a lack of data, no consensus values can be determined for the concentrations of
tin in sediments that are associated with biological effects. ‘

Zinc

Freshwater dx:rhnlds are sensitive to zinc at concentrations as low as 51 ppm in water;
chronic effects in daphnids have been observed at concentrations as low as 47 ppm; LC50s for
saltwater fish range from 192 ppm to 320,400 ppm; and chronic effects among marine mysids
occur as low as 120 ppm (U.S. EPA, 1986). The proposed marine water quality standard for
California is 20 ppm (Klapow and Lewis, 1979).

A relatively large amount of data are available to use in relating measures of effects to
zinc concentrations in sediments (Table 19). They are available from all of the major
approaches to the development of sediment quality standards. AET values for Puget Sound
and San Francisco Bay are listed in Table 19. Co-occurrence analyses were performed with
data from Commencement Bay, San Francisco Bay, Puget Sound, southern California, DuPage
River, Kishwaukee River, Keweenaw Waterway, Trinity River, Massachusetts Bay, Hudson-
Raritan Estuary, Baltimore Harbor, and other areas. Chronic and acute EP thresholds are
availdble, assuming a 4 percent TOC content. Data from SSB performed with R. abronius
and Ponotoporeia ag‘inis are available.
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Aﬁgﬁm #0:the benthos:were-observed at the Georgetown, South Carolina digposal site,
No:co een and zinc concentrations was apparent in téste 6f Cubstao
tween total-abundance. of benthos.and zinc -concentrations

t for southérn California. A relatively poor correlation between epecies

nd zine concentrations in Norwegian fjords was reported. A relatively small

)y 2inc concentrations was reported for sediments from the Kishwaukee River,

A rélatively poor correlation between M. balthica burrowing time and zinc

congefitrations was reported. Reltl‘iivelt{epoor concordance between to:d‘cl%w amphipods and
nt in !

inc concentrations was appare data from San Francisco Bay. These data were not

considered in the estimation of ER-L and ER-M values (Table B-10).

From the remaining data, it appears that biological effects have not been observed in
asgociation with zinc concentrations of about 30 ppm or less in sediments (Table 20).
Behavioral effects upon the amghlpod R. abronius and the shrimp P. affinis have been
observed at zinc concentrations of 51 to 124 ppm. The ° ita suggest an ER-L value of about 120
ppm, the lower 10 percentile value of availabie data. This value is supported b
0 ations of low species richness among Massachusetts Bay benthos (117 = 42 ppm),
significant mortality among Daphnia magna exposed to Trinity River sediments (121 % 20

'ppm), high mortality among H. azteca exposed to Waukegan Harbor sediments (127 ppm), and

a San Francisco Bay AET based upon bivalve larvae bioassays (130 ppm). With a few
exceptions, biological effects were usually observed at zinc concentrations of 260 ppm or
greater (Table B-10). Also, the 50 percentile of the available data is equivalent to about 270
Erm, the BR-M suggested by the data. This value is supported by bloassay data from the
Hudson-Raritan estuary (245 + 201 ppm) and Little Grizz?y Creek (267 £ 298 ppm), a Puget
Sound AET (260 ppm), and an LC50 for a 8SB with R. abronius (276 ppm).

The degree of confidence in the ER-L and ER-M values for zinc should be considered as
relatively high. Both of the values are supported by a conaistent cluster of data derived
from more one data set and/or approach. The available data strongly suggest that
sublethal and other sensitive measures of effects occur at zinc concentrations of about 50 to 125

m and that effects almost always occur at or above zinc concentrations of 260 ppm.
{owever, several of the Puget Sound AET values and the two EP thresholds suggest that
thresholds for effects oocur at concentrations much higher than the ER-L. and ER-M values.

Table 19. Summary of sediment effects data available for zinc,

References Biological Approaches Concentrations (ppm)

Apparent Effects Threshold

1 1986 PUGET SOUNDL AET .
- R. abroniys amphipod bioassay 870
- oyster larvae (C. gigas) bioassay . . 1600
- benthic community composition 260
- Microtox™ bioassay 1600

1988 PUGET SOUND AET :

« R, abronius amghipod bloassa 960
- oyster larvae (C. gigas) bioassay 1600
- benthic community composition :

- Microtox™ bioassay 1600

PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration : 160
- maximum level critcrion _ 1600




Table 19: Zine (continued)

‘Refezonces

Blological Approaches

Concentrations (ppm)

Apparent Bffects Threshold

L]

SAN FRANCISCO BAY, CALIFORNIA AT

" = bivalve larvae bloassay .

= R, abronius amphipod bioassay

Co-Occurrence Analyses

80

29

39

67

COMMENCEMENT BAY, WASHINGTON

= highly toxic (15.7 + 3.9 dead/20) to R. abronius

- moderately toxic (5.2 £ 1.1 dead/20) to R. abronius
- least toxic (2.5 % 0.9 dead/20) to R. abromius

- highly toxic (44.5 £ 19% abnormal) to oyster larvae
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae

PUGET SOUND, WASHINGTON

- non-toxic (>87.5% survival of R. abronius)

- moderately toxic (<87.5% to >95% LPL to R. abronjus)
- highly toxic (95% LPL to R. abronius)

LAKE UNION, WASHINGTON

- 95% mortality to H. azteca

DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P. pugio

FRASER RIVER, B.C.,,.CANADA
- sediment devoid of M. balthica
- sediment populated by M. balthica

STRAIT OF GEORGIA, B.C., CANADA
- significant increase in burrowing time (ET50) of M. balthica
- significant 24-h avoidance behavior among M. balthica

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 t 11.8% mortality to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 £ 6.6% mortality) to R. abronius

- significantly toxic (42.9 1 19.2% mortality) to R. abronius
- not toxic (184 + 6.8% mortality) to R, abronius

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

- gignificantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae

PALOS VERDES SHELF, CALIFORNIA
- "major degradation” to macrobenthos (20.2sp./0.1m. sq.)

130

941 + 1373
211 £ 342
10879

387 £ 783
185 £ 335

1073122

11452
195 + 166
707 + 955

320

72

169 £ 53

65+19

109
172

187 £ 115
146+ 73
171£91

158 1 87
177 £ 96

205+ 90
172 £ 92
89+41

154+ 9

136+ 78

739 £ 139




Table 19, Zinc (continued)

Refraences ' Biologlcal Approzches - Concentrations (ppm)

Co-Occurzence Analyses
56 . SOU'IHRRN CALIFORNIA

- significantly toxic (51.65% mortality) to G. nica 348 + 234
= not toxic (25.2% mortality) to G. ]tgonim Jepo , 2125243
83 - high echinoderm abundance (1913 & 70.1/0.1 sq. m.) 50+13
- moderate echinoderm abundance (56.2 + 23/0.1 sq. m.) 55+34
-lowechlmdemabtmdame(él:t?.!/ﬂsq.m) 230 + 444
- high arthropod abundance (148 +58/0.1 5q. m.) 51+24
- moderate arthropod abundance (726 + 6.8 01 . m) _ 52+28
- low urthropod aburlance (353 £ 15.8/0.1 sq. m. 182 4 384
- high species richness (963 £ 22.3/0.1 q m) 71106
- moderate species richness (72 + 3.3/0.1 sq. m.) 50+ 22
- low species richness (51.2 + 8.6/0.1 sq. m. 197 £ 415
- high total abundance (88.9 + 35.4/0.1 93 347 £ 592
- moderate total abundance (75.6 £ 12.7/0.1 sq m.) 53128
- low total abundance (57.6 + 13.6/0.1 sq. m.) 73181
39 LOS ANGELES HARBOR, CALIFORNIA
- >50% mortality to P. pugio (20% elutriate bioassay) 223
55  LITTLE GRIZZLY CREEK, CALIFORNIA |
- significant mortality to D. magna 267 + 298
55 PHILLIPS CHAIN OF LAKES, WISCONSIN :
- significant mortality to D. magna 570
~ = low mortality (0-5%) to D. magna ‘ 216+ 213
74 SHEBOYGAN RIVER, WISCONSIN '
s - significant mortality to prawn, M. rosewbcrgii . : 290+ 10
72 WAUKREC N HARBOR, ILLINOIS '
- highly toxic (66.3 + 4.25% mortality) to H. aztecs 127

60 DUPAGE RIVER, ILLINOIS . ‘ '
- Jeast number of benthic macroinvertebrate taxa (6.7 + 2.5/site) 327+ 162
- highest number of benthic macroinvertebrate taxa (158 + 2/site) 182+ 56

61 KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (8.4 + 0.5/site) 107+£31
~ highest number of benthic macroinvertebrate taxa (16.3 + 4.6/site) 96 + 52

5¢ KEWEENAW WATERWAY, MICHIGAN

- significantly toxic to D. magna 168 + 52
- not toxic to D. magna M9+
- mean concentration in highly toxic (northern) aedlments to
D. magna L 154
- mean concentration in least toxic (southern) sediments to
D. magna 62




‘Dible 19. Zinc (continued)

References Biological Approaches

Cencentratione (ppm)

Co+Occurrence Anal;rses

55

75

40

41

TORCH LAKE, MICHIGAN
- significant mortality to D. magna and H. limbata.

TRINITY RIVER, TEXAS
- significant mortality to D. magna
- low mortality to D. magna :

MASSACHUSETTS BAY, MASSACHUSETTS

- high benthos species richness (93.6 £ 9.4/0.1 sq. m.)

- moderate benthos species richness (58.2 + 10.5/0.1 sq. m.)
- low benthos species richness (31 £ 65/0.1 sq. m.)

NEWPORT, RHODE ISLAND
- 0% mortality to P. pugio

BLACK ROCK HARBOR, CONNECTICUT
~ 100% mortality to polychaete, N. virens

STAMFORD, CONNECTICUT
- 10% mortality to P. puglo

NORWALK, CONNECTICUT
- 0% mortality to P. pugio

HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C.germanica
- positive rate of growth in nematode, C.germanica

BALTIMORE HARBOR, MARYLAND

- most toxic to mummichogs (5.1 £ 3.5 TLm) a;)ot (5.(9 434 TLm)
spot (24 5.6 TLm)

- least toxic to mummichogs (43.2 + 31.1 TLm

GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUT}I CAROLINA

- no effects upon benthos 4pecies richness or abundance

CUBATAO RIVER, BRAZIL
= 24-h BC-50 with D. simillis

NORWEGIAN FJORDS, NORWAY

- 50% reduction. from max in Hurlbert's benthic species diversity index

Equilibrium Partitioning

17

4

EPA acute marine EP threshold (@4%TOC)
EPA chronic marine EP threshold (@4%1T0C)

Spiked-Sediment Bioassays

1

54.7% dead out of 53 R. abronius in 72-h bioassay

310

121+ 100
58 £41

2+7
98 £ 64
117t 42

55

U

340

636

449 + 252
2451201

1804 + 2098
738 £ 394

67.2% avoidance, out of 59 R. abronius in 72-h, 2-choice experiment
66.7% avoidance, out of 45 R. abronius, in 72-h, 2-choice experiment




- Spiked-Sediment Bloassays

Table 18, Zine (continued)

References Biologlcal Approaches ‘ Concentrations (ppm)

18 LCS0 for R. abronius in i0-d bioassay . 276
63  Activity behavior of Pontoporeia significantly decreased, 5-dmjr exposure 59-124

27 LCO5 for Zn and LC76 for Cd, R. abromius, 72-h bioassay _ 79
L.CO8 for Zn and LC9B for Cd, R. abromius, 72-1\ bioassay 76
References Background Approach Concentrations (ppm)

68  Great Lakes Harbors

- Classification of non-polluted sediments . <90
- Classification of moderately polluted sediments 90-200
- Classification of heavily polluted sediments »>200
43 New England interim high contamination level for dredge material -~ >400
12 EPA R:fion V guideline for pollution classification of sediments 90
USGS alert levels to flag 15-20% of samples analyzed .5000
_ Ontario Ministry of the Environment Dredge Spoil Guidelines . 100
EPA Region VI proposed guidelines 75
FWPCA Chlca idelines: :
= LIGHT (no alteration to benthos) 0-90
- MODERATE: (predominance of ponutam-tulemnt benthos) o 90200
- HEAVY: (benthos absent or abundance reduced) >200
EPA Jensen Criteria for open water dredge material disposal 50
EPA Region VI proposed guidelines for sediment disposal 75

20 EPA/ACOE Puget Sound Interim Criteria (central basin bnckgmunﬂ) 105

23  Rotterdam Harbor sediment quality classifications o
- Class 1 (slightly contaminated) - <370

- Class 2 (moderately contaminated) ’ 370-1160
- Class 3 (contaminated) 1160-2330
- Class 4 (heavily contaminated) ' >2330
References: ,
1. Belier et al., 1986 40. Zagauo et al., 1987 68. Bahnick er al., 1981
2. PTI Environmental Services, 1988  41. Rygg, 1985 71. Simmers ef al., 1984
4, Bolton et al., 1985 43. NERBC, 1980 72. Ingersoli and Nelson, In press
11. Cakden et al., 1984a 50. Swartz et al., 1986 74. Tatem, 1986
12. Paviou and Weston, 1983 54, Maleug ef al., 19842 75. Qasim et al., 1980
17. Lyman et al., 1987 55. Maleug et al., 1984b 77. McGreer, 1982 -
18. Swartz ef al., 1988 _ 56. Anderson ef al., 1988 79. Tietjen and Lee, 1984
20. U.S. ACOE, 1988 60. Nlinois EPA, 1988a 80. Tetra Tech, 1985
23, Jangen, 1987 61. INlinois EPA, 1988b 82. Gilbert et al., 1976
26, DeWitt et al., 1988 62. Taai et al., 1979 : 83. Word and Mearns, 1979
27. Oakden et al., 1984b - 63. Magnuson et al. 1976 * Various, Please see text
29 Yake et al., 1986 " 64. Van Dolah et al., 1984

39 Lee and Mariani, 1977 ‘ 67. McGreer, 1979
' ' 59




they may have a relatively minor role in causing biologlcal cffects uuch as acute mortality
relative to other co-occurring contaminants.

Table 21. Summmy of sediment effects data available for PCBs, -

References Biological Approaches

Concentrations (ppb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET
= R. abronius amphipod bioassay

- oyster larvae (C. gigas) bioassay
- benthic community composition
- Microtox™ bioassay

1988 PUGET SOUND AET

- R. abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composition

- Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET
- screening level concentration -
- maximum level criterion

SAN FRANCISCO BAY, CALIFORNIA' AET
~ bivalve larvae bioassag
- R. abronius amphipod ioassny

Co-Occurrence Amlyses

80 COMMENCEMENT BAY, WASHINGTON :
- highly toxic (15.7£3.9 dead/20) to R. abromius . 38432
- moderately toxic (5.2+1.1 dead/20) to R. abronius 251 £ 556
- least toxic (2.5£0.9 dead/20) to R. abronius - 61188

- highly toxic (44.5£19% abnormal) to oynter larvae ' © 368 + 695
- moderately toxic (2312.3% abnormal) to oyster larvae 140 £ 262
- least toxic (15.143.1% abnormal) to oyster larvae . 28427

PUGET SOUND, WASH!NG’PON - ‘ ' s
- highly toxic (<95% LPL to R. abronius) 276 + 365
- moderately toxic (<87.5% to >95% LPL to R. abromus) 259 + 407

- non-toxic (287.5% survival of R, abmnius) : . 99+120

LAKE UNION, WASHINGTON : ,
- 95% mortality to H azieca 4300

'SAN FRANCISCO BAY, CALIFORNIA -

- highly toxic (67 * 11.8% mortality) to R. abronius 169 + 171
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius 151 £.260

- least toxic (18 :r 6.6% mortality) to R. abronius : 94 + 147

-~ gignificantly toxic (42.9 * 19.2% mortality) to R. abronius - 1461218
- not toxic (18.4 + 6.8% mortality) to R. abromius 101 + 153

- highly toxic (92.4 £ 4.5% abnormal) to bivalve lnrvne 164 £ 100

- moderately toxic (594 * 11.3% abnormal) to bivalve larvae 1651232
- least toxic (23.3 = 7. 3% nbnormal) to bivalve larvae 26116
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Table 21, PCBs (continued)

References Biological Approaches

Concentrations (ppb)

Co-Ocourrence Analyses

6t

24

69

75

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae

- not to:dc (319 + 155% abmrmal) to bivalve larvae

- sediment quality trlad minimum or no bloeffects
- sediment quality triad significant bioeffects

SOUTHERN CALIFORNIA '
- significantly toxic (51.7% mortality) to G. japonica
_ = not toxic (23.2% mortality) to.G. japonica

- low echinoderm abundance (6.1 + 72/0.1 sq
- moderate echinoderm abundance (56.2 £ 23/0 18q. m.)
- high echinoderm abundance (191.3 £ 70.1/0.1 sq. m.)

- low arthropod abundance (35.3 + 15.8/0.1
- moderate arthropod abundance (72,6 + 6.8
- high arthropod abundance (148 +58/0.1 ag. m)

. - low species richness (51.2 + 8.6/0.1 sq.
- moderate species richness (72 + 3.3/0.1 aq
- high species richness (96.3 £ 22.3/0.1 sq. m)

- low total abundance (57.6 + 13.6/0.1
- moderate total abundance (75.6 £ 12.7 01
- high total abundance (88.9 + 35.4/0.1 sq. m.

SAN DIEGO BAY, CALIFORNIA
- 282% survival of C. stigmaeus A. sculpta, A fonsa
- 286% survival of A. aculpta

DUPAGE RIVER, ILLINOIS

. arenacacdentats, M. nasuta

-'least number of benthic macroinvertebrate taxa (6.7 £ 2.5/site)

- highest number of benthic macroinvertebrate taxa (15.8 + 2/site) -
KISHWAUKEE RIVER, ILLINOIS

- least number of benthic macroinvertebrate taxa (8.4 £ 0.5/site)

= highest number of benthic macroinvertebrate taxa (163 + 4.6/site)

WAUKEGAN HARBOR, ILLINOIS

"~ high Microtox™ toxicity (average EC50 of 47.7 15.2)
- moderate Microtox™ toxicity (average

- low Microtox™ toxicity (average EC50 of 368.1 + 101.7)

MISSISSIPPI RIVER

- 80 to 100% survival (92 + 6.3) of G. preudolimnacus
- 25% survival of ma rﬂ

- 80-100% survival o

EC50 of 128.7 * 49.3)

y (Hexagenia sp.; n = 1)
mayfly (Hexagenia sp.)

- 55% + 10% survival of mid
- 90% % 5.8% survival of mi

TRINITY RIVER, TEXAS
- significant mortality to D. magna
- low mortality to D. magna

ges (C tentans)

127171
216+ 376

s100
2160

272 +£217
480 1 724

1300 + 2700
3050
20 + 20

1000 + 2400
6070
80100

1110 + 2610
400 + 600
220 + 540

160 £ 430
80+ 140
2260 + 3530

25
25

190 + 214
3z

128 + 264
76

355,050 + 6,598,300

1,141,300 £ 2,229, 700
ND-174

60
<1.13 .
12420
0.7+03

15122

00050
00050
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Tible 21. PCHe (continued)

Refsrences Blological Approaches

Concenizations (ppb)

Co-Occuzzence Analyses
82 MASSACHUSETTS BAY, MASSACHUSETTS -
- low benthos richness (31 £ 6.5/0.1 sq. m) ,
- moderate benthos species richness (58.2 £ 105/0.1 sg.m) .
- high benthos species richness (93.6 + 9.4/0.1 sq. m.)

58  BLACK ROCK HARBOR, CONNECTICUT -
- significant toxdcity to A. abdiia in 10-day bioassay

73 HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C.germanica
- positive rate of growth in nematode, C.germanica

4 NEW YORK HARBOR
- <10% mortality to N. virens, M. mercenaria, P. pugio

@  BALTIMORE HARBOR, MARYLAND

- most toxic to mummichogs (TLm5.1 1 3.5), apot (TLm5.9  3.4)

- least toxic to mummichogs (TLmé3.2 + 31.1), spot (TLm24 £ 5.6) .
SOUTH CAROLINA
- no effects upon benthos species richness or abundance
National Screening Level Concentzations

5  Freshwater sediments @ 1% TOC
Marine sediments @ 1% TOC

14  Marine seditnents @ 1% TOC
Equilibrium Partitionirg

4  EPA chronic marine EP threshold (@4%TOC) (hexa-CB)
Spiked Sediment Bloassays |

18 LC50 for R. abronius in 10-d biocassay

65  significant toxicity to R. abronius in 10-d bicassay

6  GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE, -

545
5%5
2%1

1700

638 £ 512

- 280 1 502

1100 + 800

“180 * 160

29

' 42‘6
- 36.6

10300

1000 + 300

References Background Approach

Concentrations {ppdH)

68 ° Great Lakes Harbors -
- Classification of heavily polluted sediments

43 New England interim high contamination leve! for dredge matecial

12 EPA on V guideline for pollution classification of sediments
USGS alert levels to flag 15-20% of samples analyzed -
'Ontario Ministry of the Environment Dredge Spoil Guid=lines

20. EPA/ACOE Puget Sound Interim Criteria (central basin backgrotind)

64

210000
1000
1000-10000
20

50

380



Table 21, PCBs (comtinued)

* .Various, plcase see text

" References Background Approaches Concentrations (ppb)
23  Rotterdam Harbor sediment quelity classifications
= Class 1 (slightly contaminated) <100
- Clags 2 (moderately contaminated) o 102-250
~ Class 3 (contaminated) - ; 250-500
- Class 4 (heavily contaminated) >500
Referencee:
1. Beller eral, 1986 _ 2A. Ross ef al,, 1988 64. Ven Dolsh et al., 1984
2. PTI Environmental Sezvices, 1988  26. DeWitt es al., 1988 65. Plesha et al., 1988
4. Bolton et al., 1985 29, Yakeeral, 1986 66. Salnzar ond Salazar, 1985
5. Nefferal., 1986 43, NERBC, 1980 68. Bahmick et al., 1981
7. Chapman et al., 1987 - - 44, Rubenstein et al., 1983 69, Marking et al., 1981
12. Paviou and Weston, 1983 56. Andereon et of., 1988 75. Qasim et al., 1980
14, Neff et al,, 1987 58. Rogerson ef al,, 1985 79. Tictjen and Lee, 1984
18. Swanrtz ot al., 1988 60. Nllinois EPA, 19882 80. Tetra Tech, 1985
20. U.S. ACOE, 1988 61. lllinois EPA, 1988b - 82, Gilbert et al,, 1976
23. Jensen, 1987

62. Taai et al., 1979 83. Word and Meams, 1979

Table 22. Effects range-low and effecis range-median values fox PCBs and 34
concentrations used to determine these values arranged in ascending order.

Cbmcentraﬁpns (ppd)

End Point

2.9
36,6
426
50
54

<100
128
130
140
146
151

2160
165
190
259
260
280
368
400
400
638

1000
1000

Freshwater SLC

Marine SLC

Marine SLC _

ER-L :

San Francisco Bay, California AET

San Francisco Bay, California triad minimum bioeffects COA
Kishwaukee River, Illinois benthos COA

Puget Sound, Washington AET - Microtox™

Commencement Bay, Washington bloassay COA

San Francisco Bay, California, bioassay COA

San Francisco Bay, California bioasaay COA '
San Francisco Bay, California triad significant bioeffects COA
San Francisco Bay, California bioassay COA

DuPage River, Mllinois benthos COA

Puget Sound, Washington bicassay COA
San Francisco Bay, California ABYI‘

EP chronic marine @ 4% TOC

Commencement Bay, Washington bioassay COA
ER-M :

Southern California benthos COA
Hudson-Raritan Bay, New York bioassay COA
Puget Sound, W gton AET - benthic
Southern California arthropod abundance COA
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Tdble 22. (continued)

Concentrations (ppb) End Point
" 1000 SSB with R. abronius (PCBs mixed with hydrocarbons) .
L 1100 Puget Sound, Washington AKT - oyster SR
’ 1100 PuFet Sound, Washington AET - benthic -
1110 . Baltimore Harbor, Maryland bioassay COA
1100 Southern California species richness COA
1300 Southern California echinoderm abundance COA
1700 Black Rock Harbor, Connecticut bioassay COA
2500 Puget Sound, Washington AET - amphipod
3100 Puget Sound, Washington AET - amphipod
4300 Union, Washington toxicity CBA .
10800 SSB with R. abronius LC50 :
355050 Waukegan Harbor, Illinois bioassay COA
1141300 Waukegan Harbor, lllinois bioassay COA
Pestioldes;

DDT and Metabolltes

Data and estimates of threshold concentrations have been reported as the concentrations
for each of the six isomers (p,p-DDT, o,p-DDT, p,p-DDD, o0,p,-DDD, p,p-DDE, 0,p-DDE); as
the total of the two isomers each of DDT, DDD, and DDE; and as the concentration for the
~ total of all six of these isomers of DDT. Therefore, within the limits of 'data availability,

the data are treated separately here for each of the isomers and for the total. However,
this approach has the unfortunate effect of reducing the amount of data available for any
one of the isomers and for the total of the isomers.

The criterion to protect freshwater aquatic organisms is 0.00Ichpm as a;24-h average and
the concentration should not exceed 1.1 ppm at.any time; the criterion to, protect saltwater
. species is also 0.001 ppm as a 24-h average and the concentration should not exceed 0.13 ppm’

at any time (U.S. EPA, 1986). . Available data indicate that acute toxiclty of DDE occurs at
concentrations as low as 1,050 %m in freshwater and 14 ppm in saltwater (U.S. EPA, 1986).
_ The LC50s for p,p'-IuDT, p,p'-DDD, and p,p-C'DE were 045 ppm for a mysid (96-h test); 20
_ppm for spot (48-h test); and over 100 ppm for spot (48-h test), respectively.’

Data are available for either p,p'-DDT or the sum of 0,p'-DDT and p;p-DDT from Puget
Sound AET, San Francisco Bay bioassays, Palos Verdes bioassays (wltf\‘ very small sample
sizes), benthic effects at the Georgetown disposal site, SSB with R.abronius, and various
applications of EP approaches (Table 23). The seven LC50s determined in the spiked
bioassays averaged 49.5 ppb and ranged from 11.2 to 125.1 ppb, assuming 1 percent TOC
content. The data for p,p'-DDT and the sum of the two isomers were treated as equivalent,
since o,p'-DDT was rarely reported' at high concentrations. There was no concordance
between DDT concentrations in San Francisco Bay sediments and effects’ to bivalve larvae
exposed to the sediments; neither the co-occurrence ‘nor the AET data’ were used further.
Likewise, there was no appreciablé gradient in DDT concentration between' samples least
toxic to amphipods versus those moderaiely toxie to amphipods among San Francisco Bair
sediments. Two of the Puget Sound AETs were not definitive. These data and the small
amount of Palos Verdes data were not used to estimate ER-L and ER-M values (Table B-12).
The remaining data suggest an ER-L of about 1.0 ppb DDT, the lower 10 percentile of the data
‘(rable 24). This value is supported by EP-based thresholds of 0.7 and 1.6/ ppb (assuming 1%
TOC content). The data suggest an ER-M of about 7 ppb, roughly equivalent to the 50

ercentil. value of the data. This value is supported by moderate toxicitg to bivalve larvae
6.6 ppb) and significant toxicity to amphipods (7.5 p%l;‘)a exposed to San Francisco Bay
sediments. With several exceptions, effects were usually observed at concentrations of about. 6
ppb or greater (Table B-12).
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gree of confidence in the p;p'-DDT ER-L and ER-M values should be considered as
ata points do not cluster about the ER-L or ER-M values, especially at the upper
«of the bloeffects range, .Also, the values are based upon data from a few areas ratner
ver a broad range of areas. However, except for the EP-derived values, the highest
nd jowest threghold vdlues differ by about an order of magnitude (3.9 to 49.5 ppb).

. Table 23. Summary of sediment effects data available for p,p'~DDT.

. References Blological Approaches ' Concentrationa (ppb)

Apparent Bffects Threshold

1 1986 PUGET SOUND AET
- =R, abronius amphipod bioassay
- oyster larvae (C, gigas) bioassay
- benthic community composition

1988 PUCGET SOUND AET

- R, abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composition

SAN FRANCISCO BAY, CALIFORNIA AET
=~ bivalve larvae bloassag'
= R. abronius amphipod bioassay

Co-Occurrence Analysep

. SAN FRANCISCO BAY, CALIFORNIA
‘ - highly toxic (67 + 11.8% mortality) to R. abronius
"~ - moderately toxic (33.8 * 4.7% mortality) to R, abronius
- least toxic (18 + 6.6% mortality) to R. abroniug

 significantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (18.4 £ 6.8% mortality) to R. abronius

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (594 1 11.3% abnormal) to bivalve larvae
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae

- significontly toxic (55.7-+ 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae

PALOS VERDES, CALIFORNIA
- significantly toxic to R. abronius (n = 2)
- not toxic to R. abronius (n = 1)
GEdRGB'IOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance
Equilibrium Partitioning '

17 EPA acute marine EP threshold (@ 4% TOC)
EPA chronic marine EP threshold (@ 4% TOC)

EPA chronic marine EP threshold (@ 4% TOC)
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. Table:28; p,p“DDT (continued) -

Referances . _ Biologlcal Approaches Conc‘entn.tloﬁs‘ {ppd)
Bquilibzium Partitioning ,
25  Sediment safe level based upon nediment/water partitioning -
coefficient and acute water qualltv criteria (@ 1% TOC) 210
" Sediment safe level based upon sediment/water partitioning o
. coefficient and chronic water quality criteria (@ 1% TOC) 1.6
13 95 percentile chronic marine pemumble (sediment/water
partition coefficient) 07
99 percentile chronic marine permissable (sedhnent/ water . - .
partition coefficient) X

Spiked Sediment Blonsasys

16 Overall mean LC50 for R, abromiss in Puget Sound, Washington
sediments (@ 1% TOC) (LC50s ranged from 11.2'to 1251 ppb) 495

‘References: .
1, Belleretal, 1986 - - 9. Swartz et al, 198516,  25. Paviou, 1987
2. PTI Environmeatal Services, 1988  16. Word et al,, 1987 64. Van Dolah et al., 1984
4, Bolton et al,, 1985 17. Lyman ot al., 1987 * -Various, pleass ses text

Table 24, Effects range-low and effects range-median values for p,p LDDT and 15
concentrations used to determine these values arranged in ascending order.

Concemttation_u (ppd) 3 End Polnt
0.4 EP 99 percentile chronic marine
0.7 EP 95 percentile chronic marine
1.0 ER-L
1.6 EP chronic safe level ® 1% TOC
3.9 Puget Sound, Washington, AET - amphipod
6.0 EP chronic marine @ 4% TOC
6.4 EP chronic marine @ 4% TOC ’ ‘
6.6 San Francisco Bay, California, biozssay COA
7.0 -, ER-M
7.5 , San Francisco Bay, California, bioasaay COA
9.6 San Franciaco Bay, California, AET
110 Puget Sound, Wachington, AET - benthic
12.2 San Francisco Bay, California, bioassay COA
34.0 t Sound, Washington, AET - benthic
49.5 SS with R. abronius: overall mean LC50
210.0 EP acute safe level @ 1% TOC \
840.0- ' . EP acute marine @ 4% TOC ‘
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_ For the. pq%sBDB isomer or total DDE, data are available from Puget Sound AET, San
L ! 1

{l foassays and AET, Palos Verdes bioassays and berithic community analyses,
River bioassays, benthic community analyses et the Georgétown disposal site,
ous uses of the EP approaches (Table 2¥ No effedts upon benthos at the
whn site weére abserved at concentrations below the limite of detection of 50 ppb;
g mo.concordance between DDE concentrations in San Francisco Bay and significantly
ersus non-toxic samples tested with bivalve larvae; nor for sediments that were
highly versus moderately toxic to bivalves or moderately versus least toxic to N:J)Npodb.
Low survival of Hexagenia sp. exposed to Mississ’ppl River sediment was observed in only
one gimple and there was a very small gradient in DDE concentration among samples; '
therefore, theze data were not used in estimating ER-L and ER-M values (Table B-13). The
remidiing date (Table 26) suggest an ER-L of about 2 ppb, the lower 10 percentile value of
the avdilable data, This value is supported by AET and bloassay data from San Francisco
Bay sediments tested with R, abronius amphipods and bivalve larvae (2.2, 2.2, 2.1, 2.2
?_F ). Bffects were almost always seen in association with concentrations exceeding 2 ppb
(Table B-13). The 50 percentile value of the data suggest an ER-M of about 15 ppb, a value

- supported by relatively few data points: Puget Sound AETs of 9 and 15 ppb.

The degree of confidence in the ,p'-DDE ER-L and ER-M values should be considered as
moderate and low, respectively. There are few data points available and no measures of
effects based upon SSBs. An apparent effects threshold could not be determined due to the

lack of sufficient data. The ER-L value is supported by a small cluster of data from San
Francisco Bay. / : o

Table 28, Summary of sediment effects data avallable for DDE.

References Blological Approaches , Coﬁcenh‘aﬂom (ppb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay
- benthic community composition

1988 PUGET SOUND AET
- R. abronius amphipod bioassay
- benthic community composition

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bloaasagr
~ R, abronius amphipod bioassay

Co-occurrence Analyses

*  SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius
- moderately toxic (33.8 + 4.7% mortality) to R. abronius
( - least toxic (18 t 6.6% mortality) to R. abromius

- significantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (184 + 6.8% mortality) to R. abronius

- highly toxic (924 * 4.5% abnormal) to' bivalve larvae
- moderately toxic {(59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 * 15.5% abnormal) to bivalve larvae
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Table 25, DDE (continued).

References 'Biological Approaches ~ Concentrations (ppb)

Co-occurzence  Anazlyases

49 PALO3 VERDES, CALIFORNIA - ,
_ = aignificantly toxic to R. abronius T 5157 + 1065
- ot toxic to R, abronius - 33743153 -
- major degradation” of macrobenthos (202 8p./0.1 m. 8q.) . 5157 x 1065

MISSISSIPP1 RIVER
- 80-100% survival (92 £ 6.3) of G. pacudalimnaeus, . '
4-d bioassay . 028
- 25% (n = 1) survival of mayﬂty (Hexagenia sp.), 4-d bloassay <02
- 80-100% survival (90 + 7.5) of mayfly (Hexagenia sp.)
4-d bioasgsay. 012+ 0.06
- « 5% & 10% survival of midges (C. tenlans), 4-d bloassay 0140
- 90% * 5.8% survival of midges (C. tentans), 4-d bioassay 0.13 + 0.07

GEORGETOWN OCEAN DREDGED -MATERIAL
. DISPOSAL SITE, SOUTH CAROLINA
~ =-no effects upon benthos species richness or abundance
Equilibrium Partitioning -
4 . EPA chronic marine EP threshold (@4% TOC)
17 EPA acute marine EP threshold (84% TOC)

25  Safe level based on sediment/water parbﬁoning coefficient,
acute water quality criterln :

13 99 percentile chronic marine permissable (sediment/water
partition coefficient)
95 percentile chronic marine permissable (sediment/ water
_partition coefficent)

Referencent

1. Belleret al., 1986 13, Paviou et al., 1987  50. Swartz et al., 1986
2. PTI Environmental Services, 1988  17. Lyman esal., 1987  69. Marking e/ al., 1981
4, Bolton et al., 1985 25. Pavlou, 1987 64. Van Dolah et al., 1984
5. Neff et al., 1986 49, Swartz et al., 1985 * _Various, please see text




Table 26. Effects range-low and effects range-median vaiues for p,p'-DDE and 15
concentrations used to determine these vaiues arranged in ascending oxder.

‘Concentrations {ppt) End Point

20 ER-L
2.1 San Francisco Bay, California, bioassay COA
22 San Francisco Bay, California, AET
2.2 San Francisco Bay, California, bioassay COA
22 San Francisco Bay, California, ABT
34 San Francisco Bay, California, bicassay COA
9.0 Puget Sound, Washingtor, AET - benthic.
150 Puget Sound, Washington, AR hi
15, get Sound, Washington, AET - amphipod
270 EP 99 percentile chronic marine @ l‘g TOC
60.0 _ ~ EPY% ntile chronic marine @ 1% TOC
51570 Palos Verdes, California, bioassay COA
5157.0 ‘Palos Verdes, California, major benthic degradation COA
7600.0 BP acute safe level @ 1% TOC :
280000 BP acute marine @ 1% TOC

Puget Sound and San Prancisco B? AET, San Francisco Bay bionssay data, Palos Verdes
bioassay data, and EP-based thresholds are available foi p,p'-DDD (Table 27)., There were
very small differences in DDD concentration in San Francisco Bay samples that were
significantly toxic to bivalve larvae versus those that were not toxic, so these data were not
used to estimate ER-L and ER-M values (Table B-14).. Also, there was no concordance between
DDD concentration and toxicity with the sediments that were highly and moderately toxic
to bivalve larvae~these data were not used further (Table B-14). The Palos Verdes data
were from a relatively st.ail number of samples (n=6) and were not used to estimate ER-L/
ER-M values, although they indicated no toxicity at a mean concentration two orders of
magnltude higher than the concentrations in Puget Sound and San Franclsco Bay. Lyman ef al.
(1987) listed the EP criterion for DDD as 13,000 ppb for acute effects. Bolton et al., (1985) also
listed the BEP-based DDD threshold as 13 mg/kg (equivalent to 13,000 ppb dry weight), but
did not identify this as 2 threshold for acute or chronic effects (the text implied that it was
for chronic effects). The concentration identified by Lyman et al. (1987) was used to determine
the ER-L and ER-M values. The lower 10 percentile value of the reminixg’lgntn (Table 28)
suggest an ER-L of about 2 ppb; a value also supported by a Puget Sound of 2 ppb. The
data suggest an ER-M of about 20 ppb; a value supported by a Puget Sound AET (16 ppb).
There were too little data to justify the identification of an apparent effects thresholg. A
small amount of data were available for o,p’-DDD and indicated no relationship with
measures of biological effects, thereby precluding estimation of ER-L and ER-M values. Thus,
the d of confidence in the p,p'-DDD ER-L and ER-M values should be considered as low.
A small amount of data are available from only two areas. There are no 55B data.

Table 27. Summary of sediment effects data avallable for DDD.

References Bilological Approaches Comentrations {ppdb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET
- R. abronius amphipod biocassay
- benthic community composition




Tible 27, DDD (continued)

References Biological Approaches ' Concentrations (ppb)

Apparent Effects Threshold
2 1988 PUGET SOUND AET

- R. abronius amphipod bioassay 43
- benthic community composition 16
* SAN FRANCISCO BAY, CALIFORNIA, AET -
- bivaive larvae bloasuag' : 16
= R. abronius amphipod bioassay 16
Co-Occurrence Analyses o
. SAN FRANCISCO BAY, CALIFORNIA '
- highly toxic (67 + 11.8% mortality) to R, abronius 1+2
- moderately toxic (33.8 & 4.7% mortality) to R, abronius 1%1
- least toxic (18 + 6.6% mortality) to R. abronius 1x1
- significantly toxic (42.9 + 19.2% mortality) to R. abronius 1£2
- not toxic (18.4 + 6.8% mortality) to R, abronius 201
- highly toxic (92.4 & 4.5% abnormal) to bivalve larvae 1+03
- moderately toxic (59.4 1 11.3% abnormal) to bivalve larvae 16+23
- least toxic (23.3 = 7.3% abnormal) to bivalve larvae 107
- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 1321
- not toxde (31.9 £ 15.5% abnormal) to bivalve larvae 139
49 PALOS VERDES SHELF, CALIFORNIA | »
- significantly toxic to R. abronius (n = 3) 1090.7 + 573
.= not toxic to R. abronius . 324 1, 3873
64 GEORGETOWN OCEAN DREDGED MATERIAL
: DISPOSAL SITE, SOUTH CAROLINA _
- no effects upon benthos species richness or abundance <50
Equilibrium Paritioning
17 EPA acute marine EP threshold (@ 4% TOC) 13000
4 EPA chronic marine EP threshold (@ 4% TOC) 13000
13 99 percentile chronic marine pemﬂssable (@ 1% TOC) 6
95 percentile chronic marine permissable (@ 1% TOC) 22
25 Sediment safe level based upon sediment/water partitioning
coefficients and acute water quality criteria (@ % TOC) 3250
References:
1. Beller et al., 1986 13, Paviou et al., 1987  49. Swanz et al., 1985

2. PTI Environmental Services, 1988 17. Lymsn et al., 1987 64. Van Dolah ef al., 1984
4. Bolton et al., 1985 25. Pavlou, 1987 * -Various, plcase see text.
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References Blological Approaches © Concentrations (ppb)

Table 28, Bffects rangeslow and effects range-median values for p,p‘~DDD and 7
concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) End Point
200 BR'L
2.0 : Puget Sound, Washington, AET - benthic
6.0 EP 99 percentile chronic marine ® 1% TOC
16.0 Puget Sound, Washington, AET - benthic
20.0 ER-M .
igg g{: 95 tile chronic marlt}lg ®1% Tgfd
. get Sound, Washington, AET - amphi
32500 EP Acute Safe Level ® 1% TOC

130000 EP Acute Marine @ 1% TOC

Data available with which to evaluate total DDT (a suinmation of all the quantified

isomers) include those from southern California bivassays and benthic communities; DuPage
- River benthic communities; Trinity River bioassays; SSBs performed with Nerels virens,

Crangon septemspinosa, I#alkﬂa azteca, and R, abronius; and various applications of EP
approaches (Table 29). e DDT LC50 for the C. septemapinosa sediment bioassays was
reported as ug/L in the data table and ug/kg in the text (Mc and Metcalfe, 1980); it was
assumed that the units of ug/kg were correct and they were used in the present document.
There was no concordance between mean DDT concentrations and both high and moderate
total abundance and high and moderate species richness among southern California benthic
communities, so these data were not used in the estimation of ER-L and ER-M values (Table B-
18). The lower 10 percentile of the mmalnin§ data (Table 30) suggest an ER-L value of about
3 ppb, a value poorly supported by two EP-derived threshoids (1.58 and 3.29 ppb) and a
freshwater SLC (1.9 ppb). The ER-M value equivalent to the 50 percentile of the available
data is about 350 ppb, a value supported by observations of moderate abundances of
anthropods in southern California sediments (mean 350 ppb) and low taxa richness in DuPa
River macrobenthos (mean 222 ppb). The series of SSBs with H. azteca demonstrate the
.:‘:n(rortance of organic carbon in regulating bioavailability, and, therefore, toxicity of

iment-associated DDT. There was no overall apparent threshold in concentration of total
DDT above which effects were usually or always observed (Table B-15). The degree of
confidence in the ER-L and ER-M values should be considered as moderate. A moderate
amount of data are available and they are from all the major approaches, however, there is
very little clustering of the data. .

Table 29, Summary of sediment effects data available for tolal DDT.

Co-Occurrence Analyses

20  PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration - ' 69
- maximum level criterion 69

SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica 68172
~ not toxic (23.2% mortality) to G. japonica
(includes Palos Verdes sample) 101812424

- not toxic (21.3% mortality) to G. japonica
(excludes Palos Verdes sample) 28.6
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Table 29. DDT {coriinued)

Refezences Biological Approaches

Concentrations (ppb)

Co-Ogcurrence. Analyses

- 83

. = high echinoderm abundance (191.3£70.1/0.1 sq. m.)

- moderate echinoderm abundance (56.2423/0.1 sg. m.)
~ low echinpderm abundance (6.1 + 7.2/0.1 8q. m.)

- high arthropod abundance (148 + 58/0.1 sq. m.)
- moderate arthropod abundance (726 £+ 6.8 0.1 8g. ™m.)
- low arthropod abundance (35.3 £ 158/0 1 8q. m.)

- high apecies richness (96.3 + 22.3/0.1 sq
~ moderate species richness (72 . 3.3/0.1 m.)
- low species richness (512 + B.6/0.1 sq m.

- high total nbundnnce (88,9 = 35.4/0.1 83
- moderate totsl abundance (75.6 + 12.7/0.1 sq. m.)
- low total abundance (57.6 + 13.6/0.1 sq m.)

DUPAGE RIVER, ILLINOIB
- least number of benthic macroinvertebrate taxa (6.7 £ 2.5/slte)
- highest number of benthic macroinvermbrate taxa (15.8 & 2/site)

TRINI’I‘Y RIVER, TEXAS
icant mortality to D. magna -

- lcw mortality to D. magna

h_iatlonal Screening Level Concentrations -

5.

14

For freshwater sediments @ 1% TOC -
For marine sediments (@1%T0C)

‘For marine sediments (@1%TOC)

Bqulllbrllum Parﬂtlonlng

15

35

Sediment-water partitioning coefficient/ marine chronic cﬂmﬁa

(1% TOC)
Sediment-biota partitioning coefficient/marine chrcmic critera .

(1% TOC)

BPA interim marine sediment quality criteria baned upon EP @
1% TOC

‘Lethal threshold in freshwater based on Koc coefﬂciema_

Spiked-Sediment Bioassays

42
34
I

,LD30 for ericket nymph, G. pennsylvnuieus in 18-h bioassay
- LCS0 for N. virens in 288-h bicassay (no deaths)

LC50 for C. septemspinosa in 97-h bicassay
Lethal threshold for C. septemspinosa

50 + 60
90+ 130

18260 + 43080

100 £ 150
350 + 710

© 18420+ 37670

2170 £ 7190
250 £ 620

- 14190 + 40200

35300 £ 59540
210 + 490
1410 % 5440

222+ 282
20+ 18

31420
7+10




; " Table 29. DDT (continued)

References Lo moldslml Approaches Concentrations lppfr) |

Spikcd-ﬂedim«snt Bloassays

89  LCS0 for Hyallella azteca @ 3% organic carbon o 11,000
LC50 for Hyallella azteca @ 7.2% organic carbon ? 19,600
LC50 for Hyallella azteca @ 10.5% organic carbon 49,700
References Background Approach Cox;cenhations (ppb)
12 USGS alert levels to flag 15-20% of samples analyzed _ 20

20 EPA/ACOE Puget Sound Interim Crlteria (cemral basin background) 5

23 Rotterdam Harbor sediment quality clasalﬂcations

-~ Class 1 (slightly contaminated) <200
- Class 2 (moderately contaminated) 200-2000
« Class 3 (contaminated) : 2000-10000
- Class 4 (heavily contaminated) >10000
References:
5. Nefferal, 1986 . 20, U.S. ACOE, 1988 43, NERBC, 1980
6. EPA, 1988 23. Jansen, 1987 56. Anderson et al,, 1988
'12. Paviou and Weston 1983 34. McLeese ef al.,1982 ' 75. Qasim es al., 1980
13, Pavlou et al., 1987 35. Mcleess and Metcalfe, 1980 83. Word and Mearng, 1979
14, Neff et al., 1987 42, Harris, 1964 89. Nebeker e al., 1989
15. JRB Associates, 1984 ¥ .Various, please ses text.

Table 30. Effects range-low and effects range-median values for total DDT and 21
concentrations used to determine these values arranged In ascending order.

Concentrations (ppb) End Point
1.58 EP marine chronic @ 1% TOC
19 Freshwater SLC @ 1% TOC
a0 BR-L
3.29 EP marine chronic @ 1% TOC
8.28 Interim EP marine criteria @ 1% TOC
200 ‘ SSB lethal threshold with Crangon
310 SSB 97-h LC50 for Crangon bioassay -
314 Trinity River, Texas, bipassay COA’
"45.9 Calculated freshwater EP threshold
90.0 .Southern California echinoderm abundance COA
2217 - DuPage River, Dlinois benthos COA
350 ] ER-M
3500 Southern California arthropod avoidance COA
4280 Marine SL.C @ 1% TOC
505.0 Marine SLC @ 1% TOC
4950.0 Overall LC50 for R. abronius bioassay
110000 : SSB LC50 H. azteca bioassay @ 3% TOC
75




Table 30. {continued)

Concentrations (ppb) ‘ End Point

13420.0 Southern California arthropod abundance COA
14190.0 ‘ : Southern California species richness COA
18260.0 Southern California echinoderm abundance COA
196000 . o SSB LC50 H. azteca bloassay & 7.2% TOC :

49700.0 © 8SB LC50 H. azleca bloassay & 10.5% TOC
627320 : SSB LD50 cricket nymph bloassay

. Some of the DDD concentrations (1 to 16 ppb) in Puget Sound and San Francieco Bay
sediments associated with toxicity were at the low end of the range and relatively similar to
some of the thresholds predicted by the EP gggroach, however, they differed considerably
from the mean DDD concentrations (324 to 1090 ppb) observed off Palos Verdes, California.
There are relatively large disparities among the available data for total DDT from the
same and different approaches. Values derived for total DDT from EP approaches (1.58 to
. 45.9 ppb) differ considerably from those derived from 55Bs with marine animals (31 to 16,500

pr). No deaths were observed in N. virens exposed to 16,500 ppb total DDT; whereas, an
C50 of 31 ppb and & lethal threshold of 20 ppb were calculated for bioassays performed
with C. septemspinosa. Freshwater and saltwater SLCs for total DDT differed by over two
. orders of magnitude. Chronic thresholds predicted by the EP approach differed by about four
“orders of magnitude from mean concentrations associated with low echinoderm abundance off
southern California, an area well documented to be highly contaminated with DDT and
metabolites (Word and Mearns, 1979). Some of the EP-derived thresholds for the DDE
isomers exceed those derived for total DDT. Overall, the dzgree of confidence in the ER-L
and BER-M values for DDT and metabolites should be considered as relatively low, mainly
since there are relatively large inconsistencies in the data derived. from different approaches
and different uses of some of the same approaches. These differences may be y due to
- differences in organic carbon content of test sediments or other physical/chemical factors.

Lindene

In bioassays of marine fish and macroinvertebrates, 96-h LC508 'of 0.077 to 190 ug/L
"~ {ppm)_have been observed for lindane in saltwater (Mayer, 1987). Data with which to
associate lindane concentrations in sediments with measures of effects are restricted to
predictions based upon the EP approach (Table 31). A few samples tested with amphi

and bivalve larvae bioassays in Francisco Bay had measurable amounts of lindane (up
to 1.9 ppb iry weight), but most of the samples were not tested for this pesticide or had non-
detectable concentrations, rrecluding use of the data to determine ER-L and ER-M values.

The PSDI2.4 screening level concentration was based upon analytical capabilities, not on AET
or other measures of effects. No effects among benthic communities at the Georgetown, South
Carolina dumpsite were observed in samples that had less than the detection limits of 50
ppb lindane. The remaining data from the EP approach predict that effects would occur at
concentrations ranging from 1.57 to 12 ppb dry weight (Table 31). These data are insufficient
to determine ER-L and ER-M values.
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© Wiple$L. Summary of sediment effects data svallable for lindane,

© Referances

Blological Approaches

Concentrations (ppb)

Qo-Occurrence Analyses

¢ SAN FRANCISCO BAY, CALIFORNIA : ,
- highly toxic (67 * 11.8% mortality) to R. abronius 06108
- moderately toxic (33,8 £ 4.7% mortality) to R. abronius not detected
- least toxic (18 + 6:6% mortality) to R. abronius not detected
- significantly toxic (42.9 £ 19.2% mortality) to K. abromius 033 x 0.65
- not toxic (184 £ 6.8% mortality) to R. abromius not detected
- highly toxic (924 + 4.5% abnormal) to bivalve larvae not detected
- moderately toxic (59.4 + 11.3% abnormal) to-bivaive larvae 04 £ 0.7
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae not detected
- significamtiy’ toxde (85,7 + 22.7% abnormal) to bivalve larvae 0307
- not toxle (31.9 £ 15.5% abnormal) to bivaive larvae not detected
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
« no effects upon berithas species richness or abundance <50
EBquilibrinm Partitioning
6  EPA interim marine sediment quality criteria @ 1% TOC 157
4 EPA chronic marine BP threahold (® 4% TOC) 12
25  Sediment safe level based upon sediment/water tioning
Coefficients and acute water quality eriteria (@ 1% TOC) 31
References Background Approach Concentrations (ppb)
12 USGS alert level to flag 15-20% of samples analyzed 20
5.0

20 PSDDA guidelines (based upon analytical capabilities)

References:

4, Bolwn etal., 1985
6. EPA, 1988
12. Paviou and Weston, 1983

20. U.S. ACOE, 1988
25. Paviou, 1987

64. Van Dolah et al., 1984
* -Various, pleass gee text




_ The chilordane water quality criteria are 0.0043 ppm as a 24<h average and not to exceed
24 ppme in freahwater at any time. In saltwater they are 0:.004 ppm and 0.09 ppa,
regpectively (U5, EPA, 1988). EC50s-for estuarine organisms range: from 24 to 260 ppm-teited:
in 48 Blozssays (Mayer, 1987). . Data with which to evaluate measures of effects and o
chlordane inseéﬂuw liments are available from EP methods, 5SBs, and andlyses of matching field>
collected Biological and chemical analyses (Table 32). The ficld:collected data are from San 'ﬂ

Francisco Bay, Trinity River, and DuPage River. No effects upon the benthic communities
were observed at the Georgetown diaﬁsal site at chlordane concentrations below the limits of ]
detection (<50 ppb). San Francisco Bay sediments that were highly toxic to bivalve larvae - ]
were not tested for chlordane concentrations so these data (and the AET for bivalve larvae)
were not used to determine BR<L and ER-M values. Among the 20 San Francisco Bay sediments
" that were moderately toxic to amphipods, only 4 were tested for chlordane concentrations; no
chlordane was detected in those 4 samples. - Likewise, among the 22 samples that were least
toxic to amphipods, 4 were tested for chlordane concentrations; and one had 2-r¥pb and the
others had no detectable amount. These data were not considered further in the -
- determination of BR-L and ER-M values (Table B-16). Effects are predicted by EP methods to
occur at conceritrations as low as 0.3 ppb (Table 33). The ER-L suggested by the data is 0.5
. ppb, au‘pponed by two EP-derived concentrations (0.3, 0.6 ppb), The 50 percentile value in the
available data is 6 ppb, an ER-M aumﬁgd by San Francisco Ba; bipaisay data (means of 4.1
and 64 ppb). Effects were usually o  ppb or greater (Table B-16).

The degree of confidence in these values for chlordane should be considered as low. Two
of the EP-derived chronic thresholds are very low compared to the co-svcurrence and 8SB
data; 8SBs have not been performed with sensitive infaunal organisms such as amphipods;
and the abundance of data from San Francisco Bay where chlordane concentrations are not .
particularly high may have biased the determination of the ER-L and ER-M values.

served at concentrations of

 Table 82, Summary of sediment effects data avallable for chlordane.

‘References " Biological Approaches Concentrations (ppb)

Apparent Effects Threshold ‘
*  GAN FRANCISCO BAY, CALIFORNIA AET

- bivalve larvae bioassag' ,
- R. abronius amphipod bioassay T : 2.0
Co-oceurrence Analyses ‘ o
*  SAIN FRANCISCO BAY, CALIFORNIA -

- highly toxic (67 + 11.8% mortality) to R. abronius ' '~ 64475 .

- moderately toxic (33.8 + 4.7% mortality) to R. abronius - " Not detected
- least toxic (18 £ 6.6% mortality) to R. abronius Not detected
- significantly toxic (42.9 % 19.2% mortality) to R. abronius 35%63

- not toxic (184 + 6.8% mortality) to R. abronius ’ - 1t14

- highly toxic (924 + 4.5% abnormal) to bivalve larvae : No data

- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 4,1+ 66

- Jeast toxic (233 & 7.3% abnormal) to bivaive larvae : 05%1
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 35+63

- not toxic (31.9 + 15.5% abnormal) to bivalve larvae - 1+14




Tables2  Chilordane {continued)

References Bivlogical Approaches Concentraﬂom (pph)

Co-pecurrence Analyses

75 TRINITY RIVER, TEXAS. _
- gignificant mortality to D. magna : 313 £ 294
- low mortality to D. magma 1.7+23

60 DUPAGE RIVBR, ILLINOIS
~ least number of benthic macroinvertebrate taxa

(6.7 £ 25/site) 25223
. - highest number of benthic macroinvertebrate taxa

(15.8 + 2/site) \ | 83£43

64. GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA

= no effects upon benthos spedes richness or abundance : <50
Equilibrium Partitioning '
13 95 percentile chronic marine permissable
(sediment/water partition coefficient) - ‘ 0.6
99 percentile chronic marine permissable ‘
(sediment/water partition coefficient) 0.3
35 - Lethal threshold in freshwater based on Koc coefficients ~ 17.4
Spiked Sediment Bloassays ‘
34 LCS0 for N. virens | <5800
35 LC50 for C. septemspinosa 120
References Background A_pprbach - Concentrations (ppb)
20 PSDDA guidelines (based on analytical capability) ,
. screening level concentrations - 50
12 USGS alert levels to flag 15-20% of samples am\lyzed 20
References:
12. Paviou and Weston, 1983 60. Hlinois EPA, 19882
13. Paviou et al., 1987 : 64. Van Dolah et al, 1984 -
20. US. ACOE, 1988 75. Qasim et al.,, 1980
34, MclLeese ¢t al, 1982 *  YVarious, please see text.

35.

McLeese and Metcalfe, 1980




«wem rengesmedian values for chiordene and 12
8:usedt 0 determine these vilues arzanged in ssceniding order.

Congdentritions {ppb) ' End Point
0.3 EP 99 percentile chronic marine
0:5 ER-L
06 o EP 95 percentile chronic marine ‘
20 San Francisco Bay, California, ABT
35 San Francisco Bay, California, bioassay COA
35 ‘San Prancisco Bay, California, bioassay COA
41 San Francisco Bay, California, bioassay COA
6:4 San Francisco Bay, California bioassay COA
17.4 EP freshwater lethal threshold
250 - " DuPage River, Illinois, benthos COA -
313 ' Trinity River, Texas, bioassay COA -
1200 SSB LC50 for C. septemspinosa
, -~ «5800.0 ‘ SSB LCB0 for N. otrens

Heptachlor

“The 96+sh. LC50s for heptachlor in water range from 0.03 to 3.8 ug/L (ppm) for estuarine
organisms (Mayer, 1987). The LC50 for hermchlor;epoxide, a degradation product of
heptadhlor, was 0.04 ppm in a bioassay with pink shrimp (Mayer, 1987%.1 o '

Bediment effects data are available only from one SLC, one SSB (with a cricket nymph),
and two uses of the EP approach (Table 34), The PSDDA screening level is based upon
assumed analytical capability, not an AET or some other measure of effects., The freshwater
SLC (0.8 ppb dw) and the two EP thresholds (0.04, 0.06 ppb dw) are roughly: within an order
of magnitude of esch other. The results of an 18-d hicassay of muck soil with cricket nymphs
(of questionable applicability to marine and estuarine sédiments) indicated an LD-50 of 4192
ppb dw, four orders of magnitude higher than the other concentrations. Because of the lack

A8 -

of sufficient data, ER-L and ER-M values cannot be determined.
" Table 84 Summary of sediment effects data avallable for heptachlor.

[

References Biological Approaches Concentrations (ppb)

National Screening Level Concentrations ‘
5 ‘For freshwater sediments @ 1% TOC | 08
Equillbrium Pagtitioning |
13 95 percentile chronic x‘mﬂne pefxiﬂssable '

(sediment/water partition coefficient) | 0.06
99 percentile chronic marine permissable :

(sediment/water partition coefficient) | 0.0¢
SpikedsSediment Bloassays | |
42 ' LDI80 for erigket nymph (G. pennsylvanicus)




e e e

e ey Nt
3 N

Table84 Sumivary of sediment effects data avallible for heptachlor.

AN

suggest an ER-L of about 0.02 ppb, a value supported by two_
' (Ta‘g'"le

References Background Approach Concentrations {(ppb)
20 PSDDA. guidelines (based on analytical capability)
meng‘\lg level concentrations pebiily 50
12 USGS alert levels to flag 15-20% of samples analyzed - 20
23 Rotterdam Harbor sediment quality classifications
« Class 1 (slightly contaminated; ppb organic carbon) . <200
= Class 2 (moderately contaminated; ppb organic carbon) 200-2000
~Class 3 (contaminated; ppb organic carbon 2000-10000
- Class 4 (heavily contaminated; ppb organic carbon) >10000
References:
5. Neff et al.,, 1986 20. US. ACOE, 1988
12. Paviou and Weston, 1983 23. Jansen, 1987
13. Paviou et al., 1987 : 42, Harris, 1964.
Dieldrin

The 96+h LC50s for dieldrin range from 0.7 ug/L to 10 ug/L as determined with estuarine
organisms tested in waier (Mayey, 1987), ‘ .

Sediment-related effects data are avallable from San Francisco Bay bioassays, Trinity
River bioassays, DuPage River benthos studies; Kishwaukee River benthos studies, a .
freshwater SLC, the EP approach, and 68Bs with two species (Table 35). The four San
Francisco Bay samples that were highly toxic to bivalve larvae were not tested for dieldrin
concentrations, There was little or no gradient in dieldrin concentrations among other San
Francisco Bay samples. There also was no gradient in dieldrin concentration between Trinity
River sediments that were }rniﬁhly toxic to Daphnia versus those that were not toxic. These
data were not considered further (Table B-17). The lower 10 percentile of the remaining data-

_ J;’erthresholds (0.01 and 0.02 ppb)
( 36). The data suggest an ER-M of about 8 ppb, a value m:Fponted by -KishwauEee
River benthic data (mean 7.4 ppb), and San Francisco %ay bioassay data (mean 8.2 ppb). No
overall effects threshoid is apparent. . S

The degree of confidence in the ER-L and ER-M vilues for dieldrin should be considered as
low. A small amount of data are available; much of the co-occurrence data are from San
Francisco Bay where the range in dieldrin concentrations is low; different uses of the EP
approach resulted in predicted concentrations that differ by five orders of magnitude; and
two independent gpiked sediment bioassays resulted in LC50s that differed by four orders of
magnitude. In addition, the ER-L is supported only by theoretical EP-defived concentrations

and not verified by empirical evidence.
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Table.35. Summary Gf sedlinent effects data avallable for dieldrin.

Referénces K Biological -Approaches . Coneentrations (ppb)

.Apparent Effects Th;eshold

: * SAN FRANCISCO BAY, CALIFORNIA AET :
i - bivalve larvae bionssay 66
s - R. abronius amphipod bioassay ‘ 6.6

Co-occurrence Analyses

*  SAN FRANCISCO BAY, CALIFORNIA ‘ ‘
- highly toxic (67 + 11.8% mortality) to R. abronius - 103 1 9.6

- moderately toxic (33.8 + 4.7% mortality) to R. abronius 44+23
~ least toxic (18 + 6.6% mortality) to R. abronius , 52+12
- significantly toxic (42.9 * 19.2% mortality) to R. abronius o 7675
- not toxic (18.4 + 6.8% mortality) to R. abronius 62%06 .
- highly toxic (92.4 * 4.5% abnormal) to bivalve larvae no data
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae . 82181
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae o 52+12
- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 76175
- not toxic (319 + 15.5% abnormal) to bivalve larvae ‘ 6.2 + 0.6
75  TRINITY RIVER, TEXAS - : ' '
- significant mortality to D. magna . , 255 + 33.2
- low mortality to D. magha A ‘ 255+ 61.1
€ DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 £ 2.5/site) 16+ 121
- highest number of benthic macroinvertebrate taxa (15.8 + 2/site) - 56+22
61 KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinertebrate taxa: :
(B.4 £ 0.5/site) ' . 74%48
- highest number of benthic macroinvertebrate taxa o o
(16.3 + 4.6/site) : : . 43121

64 GEORGETOWN OCEAN DREDGED MATERIAL
. DISPOSAL SITE, SOUTH CAROLINA ‘
= no effects upon benthos species richness or abundance N

National! Screening Level Conc'enh‘ntipm

5 For freshwater sediments @ 1% TOC | | - 0.21
‘Equilibrium Partitioning |

13 95 percentile chronic marine permissable

e e T R R L

(sediment/water partition coefficient) - - ‘ - 0.02
99 percentile chronic marine permissable
- (sediment/water partition coefﬂcie-mt) : 0.01
35 Lethal threshold in freshwater based on Koc coefﬁcients ~ 119

*

EPA interim mean marine sediment quality criteria @ 1% TOC 577
EPA interim mean freshwater sediment quality criteria @ 1% ‘T@C- 199

82



Table 85. Dieldrin (continued)

References Biological Approaches 4 Concentrations (ppb)

Spiked Sediment Bioassays

34 LC50 for N. virens E 13000
35  LC50 for C. septemspinosa : o ‘ 41

References Background Approich ‘ Concentrations (ppb)

B e e e g e S S

20 PSDDA guidelines (based on analytical capability) : 5.0
12 USGS alert levels to flag 15 to 20% of samples analyzed 20
43 New England interim high contamination levels for dredge material 100

1

REFERENCES

5. Neff et al., 1986 35. McLeese and Metcalfe, 1980
6. EPA, 1988 : 43. NERBC, 1980

12. Pavlou and Weston, 1983 60. Illinois EPA, 1988a

13. Pavlouetal, 1987 : 61. Illinois EPA, 1988b

20. U.S. ACOE, 1988 64. Van Dolah et al., 1984

34. Mcleese et al., 1982 75. Qasim et al., 1980 '

* Vanous, please see text

Table 36. Effects. range-low and effects mnge-median values for dieldrin and 14
concentrations used to determine these values manged in ascendlng order.

Concentrations (ppb) ' End Point

EP 99 percentile chronic marine

ER-L

EP 95 percentile chronic marine

Freshwater SLC @ 1% TOC

SSB LC50 for C. septemspinosa

San Francisco Bay, California AET

San Francisco Bay, California AET
Kishwaukee River, Illinois benthos COA
ER-M

San Francisco Bay, California bioassay COA
San Francisco Bay, California bnoaasay COA
EP freshwater lethal threshold

DuPage River, Nlinois benthos COA

EP interim marine ctiteria

EP interim freshwater criteria

§SB LC50 for N, virens




Aldrin

The 48-h ECB0s for aldrin tested with pink shrimp (Penseus duorarum) and blue crab
(Callinectes sapidus) were 0.32 and 23 ug/L, respectively; and the 48-h LC50s for spot
(Lejostomus xanthurus) and mullet (Mugi! cephalus) were 3.2'and 2 ug/L, respectively (Mayer,
1987). The criteria to protect freshwater and marine aquatic life are 3.0 and 1.3 ug/L,
respectively (U.S. BPA, 1986).

2

A relatively small amount of data are available with which to assess the effects of
aldrin in sediments (Table 37). These data are restricted to San Francisco Bay bioassay
results and uses of the EP approach. Of the 53 San Francisco Bay sediments tested for
toxicity with bivalve larvae, only 17 were analyzed for aldrin concentrations, and amon,
those samples only 3 had detectable amounts (0.7, 1.1, and 1.9 ppb). Similarly, of the 3!
samples tested with the amphipod bioassay, 15 were analyzed for u?drln content, and among
those samples only the same 3 samples had detectable amounts. These Jata are insufficient
to use in the determination of ER-L and-ER-M values, as are the ART concentrations
determined from them. The remaining data from four uses of the EP approach indicate a
range of thresholds from 4.3 to 21 )ppb dw. The EPA chronic marine concentration of 21 ‘fppb
would have been 5.2 ppb (equal to the concentration reported by Pavlou, 1987), if an
assumption of a 1 percent TOC content had been made in the calculation. There do not agﬁeﬁ

to be any empirical data to compare with these predicted concentrations, so ER-L and
values were not determined. ' :

Table 37. Suamary of sediment effects data available for aldrin,

References Biological Approaches o Concentrations (ppb)
Apparent Effects Threshold
v SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassag' - >1.9 -
« R. abronius amphipod bloassay >19
C.o-occurrence Analyses |
. SAN FRANCISCO BAY, CALIFORNIA |
_ - highly toxic (67 + 11.8% mortality) to R. abronius 0.3+ 05
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius not detected
- least toxic (18 £ 6.6% mortality) to R. abronius . detected in one sample
- significantly toxic (42.9 % 19.2% mortality) to R. abronius " 0.1£04
- not toxic (18.4 £ 6.8% mortality) to R. abronius 1.0+13
-~ highly toxic (92.4 + 4.5% abnormal) to bivalve larvae - not detected
- moderately toxic (59.4 + 11.3% abnormal} to bivalve larvae 02104
- least toxic (23.3 + 7.3% ebnormal) to bivalve larvae 05+10

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 0.1 £ 04
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 1013

Equilibrium Partitioning

13 95 percentile chronic marine permissable (sediment/water

partition coefficient) 8.4
99 percentile chronic marine permissable (sediment/water
. partition coefficient) ' 43
4 EPA chronic marine EP threshold @ 4% TOC 21.0
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Tible 37. Aldrin (continued)

References Biological Approaches " Concentrations (ppb)

Equilibrium Partitioning -

25 ‘Sediment safe levels based on sediment/water partitioning
. coefficients and acute water quality criteria @ 1% TOC 5.2

References Backgre - Approach - Concentrations (ppb)

20  PSDDA guidelines (based on analytical capability) 5.0
12 UEGS alert levels to flag 15 to 20% of samples analyzed 200

References:

4. Bolton ef al., 1985 20. U.S. ACOE, 1988
13, Paviou et al., 1987 25. Pavlou, 1987
* Various, please see text :

Endrin

The 96-h LC50s for endrin tested with a variety of estuarine organisms ranged from 0.037
to 1.2 ug/L (Mayer, 1987). The concentration should not exceed 0.18 ug/L in freshwater or
0.037 ug/L in saltwater at any time (U.S. EPA, 1986). ‘

A relatively small amount of data is available for this pesticide in sediments (Table 38),
however there are data from most of the major approaches to the development of criteria.
Matching chemical and toxicity data from the Trinity River are available. Data from
various uses of the EP approaches and from two SSBs are avallable. None were eliminated
from consideration in the determination of the ER-L and ER-M values (Table B-18). Effects
are predicted at concentrations of 0.01 to 321 ppb by the EP approach. Spiked sediment
bioassays performed with three species, indicated LC50s that differed by nearly three orders
of magnitude. The ER-L and ER-M values are 0.02 and 45 ppb, respectively (Table 39). The
ER-L value is supported by two EP-predicted concentrations, 0.01 and 0.02 ppb, and the ER-M
value is supported by an LC50 for Crangon septemspinosa in spiked bioassays (47 ppb).

The ER-L value (0.02 ppb) is not supported by any empirical biologicel evidence from
laboratory or field studies and the degree of confidence in the value should be considered as-
low. The ER-M value {45 ppb) is supported only by the LCS0 from a SSB (47 ppb) and not by
evidence from tests of mixtures, as would be experienced in the field; therefore, the degree of
confidence in the ER-M should also be considered as low.




le:38, Summvary-of sediment-etfects. data-avallable for endein.

Pieferences Biological Approaches Concentrations {ppb)

Co<Occurrence Analyses

75 TRINITY RIVER, TEXAS
- significant mortality to D. magna . 183x20
~ low mortality to D. magna _ : 1 38+3.1

64 CEORGETOWN OCEAN DREDGED MATERIAL _
- DISPOSAL SITE, SOUTH CAROLINA , 4
- no effects upon benthos species richness or abundance <50.0

Bquilibrium Partitioning

15 Sediment-water partiﬁoning coefficient/marine chronic criteria :
: {1% TOQ) 174.0

Sediment-biota partitioning coefficient/marine chronic criteria

(1% TOQ) . 3210

95 percentile chronic marine permissable (sediment/water A
partition coefficient) . 002

99 gerucgggs\egggmz ‘l‘xt\)arlne permissable (sediment/water 001
6 EPA lnteﬂm marine sediment quality criteris 1% TOC 215
6  EPA interim fxesﬁwater sediment quality criteria 1% TOC | . 104
35 Lethal threshold in freshwater based on Koc cbefficients 154

Spiked-Sediment Bioassays |

34 LCS0forN.virens | T 280000
35 LCSOfor C. seplemepinosa - 470
89 LC50 for H. azteca @ 3% TOC f ' : B 4400

- LC50 for H. azteca @ 6.1% TOC . 4800
LCS50 for H. azteca @ 11.2% TOC ' - 6000

Reference Background Approach _ Concentrations (ppb)

12 USGS alert levels to ﬂag 15-20% of samples analyzed o ' 200

References:

6 [EPA, 1988 . 3. Mcleeseetal, 1982
12. Pavlou and Weston, 1983 5. McLeese and Metcalfe, 1980
13. Paviou etal, 1987 . Van Dolah ef al., 1984
15. JRB Associates, 1984 : .Qasim et al., 1980
' ] . Nebeker et gl., 1989




Table 39. Effects range-low and effects range-median values for endrin and 13
concentrations used to determine these values arranged in ascending order.

~ Concentrations (ppb) ___End Foint

0.01 EP 99 percentile chronic marine
0.02 ER-L _ :
0.02 EP 95 percentile chronic marine -
2,15 - BP interim marine criteria @ 1% TOC
104 EP interim freshwater criteria @ 1% TOC
15.4 . EP freshwater lethal threshold
18.3 Trinity River, Texas, bioassay COA -
45.0 ER- ,
47.0 SSB LC50 C. septemspinosa
174.0 EP chronic sediment/water marine @ 1% TOC
321.0 : EP chronic sediment/biota marine @ 1% TOC
4400 SSB LC50 with H. azteca @ 3% TOC
4800 SSB LC50 with H. azteca @ 6.1% TOC :
6000 SSB LC50 with H. azteca @ 11.2% TOC
28000.0 S5B LC50 with N. virens .
Mirex
Only matching bioassay and chemical data from San Francisco Bag']' were found for mirex.
They ‘ndicated very small differences in concentrations between highly and/or a.lfnlﬂcantly '
toxic samples versus least and/or non-toxic samples. Therefore, ER-L and ER-M values could
not be determined. _
¥ ‘Polynuclear Aromatic Hydrocarbons:
Acenaphthene

Puget Sound AET, several EP-derived concentrations, data from bioassays of dilution
series of Black Rock Harbor and Eagle Harbor sediments, and co-occurrence concentrations are
available for acenaphthene (Table 40). The co-orcurrence data are from Commencem-nt Bay,
Eagle Harbor (an area with documented high PAH concentrations), San Francisco Bay, and
southern California. The bicassay data from San Francisco Bay indicated very little

" concordance with acenaphthene concentrations or a small gradient in_concentrations, so
neither the co-occurrence analysis data nor the AET concentrations were used in the
determination of ER-L and ER-M values (Table B-19). Alse, the southern California bioassa
data showed no concordance with the acenaphthene concentrations. Because of a small
gradient in the acenapthene concentrations in Black Rock Harbor sediments, those data also
were not used further. The samples from both Commencement Bay and Eagle Harbor that
were moderately toxic to amphipods indicated a sniall elevation in acenaphthene

concentrations over those that were least toxic; thus the data were not used for ER-L and ER-
M determinations. :

The lower 10 percentile of the remaining data suggest an ER-L of about 150 ppb (Table
41). This value is supported by observations of moderate toxicity of Commencement Bay
sediments to oyster larvae {mean 118.5 ppb) and the predicted LC50 in amphipod bioassays
of a dilution series of Eagle Harbor sediments (150 ppb). Except for the observations of low
and moderate toxicity to amphipods ir. Eagle Harbor sediments, effects were usually
observed in association with acenaphthzne concentrations of 150 ppb or &eater. The data
suggest an EX-M of about 650 ppb, a value supported by a Puget gound \ET for amphipod

_bioassays (630 ppb) and observations of highly toxic Commencement Bay sediments tested
with amphipods (mean 654 ppb). The co-occurrence values from bioassays of Eagle Harbor
and Commencement Bay sediments had very high standard deviations about the means,

indicative of the very high variability in these data. All of the concentrations predicted
by the EP method are in the high end of the range.
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_The degree of confidence in the _..-L and ER-M values should be considered as low.
While an overall apparent effects threshold occurs at the ER-L concentration, there is

rélatively poor clustering of the data, the data are mostly from parts of Puget Sound, there
are no single-chemical SSB dats, and the concentrations derived from the EP methods are
not consistent with those determined in tests of fieid-collected sediments.

Téble 40. Bummary of sediment effects data avallable for acemj)hﬂiene.

88

References Biological Approaches Concentrations (ppb)
Apparent Effects Threshold
1 1986 PUGET SOUND AET '
: - R. abronius amphipod bioassay 630
- oyster larvae (C. gigas) bioassay' 500
~ benthic community composition 500
- Microtox™ bioassay 500
2 1988 PUGET SOUND AET
= R. abronius amphipod bioassay 2000
- oyster larvae (C. gigas) bioassay 500
- benthic community composition 730
- Microtox™ bioassay ‘ 500
20  PSDDA guidelines (based upon Puget Sound AET)
- screendng level concentration 63
- maximum level criterion 630
. SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay , 9
-~ R, abronius amphipod bioassay ( 56
Co-Occurrence Analyses
. SAN FRANCISCO BAY, CALIFORNIA | -
- highly toxic (67 + 11.8% mortality) to R. abronius 7.6+21.6
- moderately toxic (33.8 + 4.7% mortality to R. abronius 54+ 121
- least toxic (18 * 6.6% mortality) to R. abronius 9.8+ 159
- significantly toxic (42.9 # 19.2% mortality) to R. abronius 59%168
- not toxic (18.4 x 6.8% mortality) to R. abronius ; 1181168
- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae 48 + 184
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 33%59
- least toxic (23.3 + 7.3% abnormal) to vivalve larvae 1814.0
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 941179
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 3.0x52
B0 - COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9 dead/20) to R. abronius 654 + 1049
- moderately toxic (5.2 + 1.1 dead/20 to R. abronius - 127+117
- least toxic (2.5 + 0.9 dead/20) to R. abronius 86197
' -'highly toxic (44.5 + 19% abnormal) to oyster larvae 306604
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 119+ 105
- least toxic (15.1  3.1% abnormal) to oyster larvae 57170



Tiiblé-40. Acenaplithene (continued)

Reférences Biological Approaches Concentritions (ppb)

Co-Occurrence Annlysea

85 EAGLE HARBOR, WASHINGTON '
- highly toxdic (19.1 £ 1.7 dead /20) to R. abromius 39557 + 48678
- moderately toxic (3.2 + 1.8 dead/20) to R. abronius o 6522 £ 8915
- least toxic (2.6 + 1.4 dead/20) to R. abronius 5599 + 24392
- predicted LC50 for R. abronius in 10-d dilution series with -
Yaquina Bay, Oregon sediment 150
SOUTHERN CALIFORNIA :
- significantly toxic (51.65% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

58  BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A, abdita in 10-d bioassay

Equilibrium Partitioning
4 EPA chr_onic marine EP threshold (@ 4% TOQ) : 66000

6 EPA interim freshwater sediment quality criteria based upon EP
(@ 1% TOC) 7330

Sediment safe level based upon sediment/water partitioning
coefficients and acute water quality criteria (@ 1% TOC) 23000

Sediment safe level based upon sediment/water partitioning \
coefiicients and chronic water quality criteria (@ 1% TOC)' 16500

References Bickground Approaches ‘ Concenh'atlons (ppb)

43 ©  New England interim hfgh contamination level for dredge material. 500
12 USGS alert levels to flag 15 to 20% of samples analyzed 20
20  EPA/ACOE Puget Sound interim criteria (central basin background) 5

23 Rotterdam Harbor sediment quality classifications
- Class 1 (slightly contaminated) <200
- Class 2 (moderately contaminated) '
- Class 3 (contaminated)
- Class 4 (heavily contaminated)

References:

Bellar et al., 1986 25. Pavlou, 1987
PT1 Environmental Services, 1988 56. Anderson et al., 1988

Bolton ef al., 1985 58. Rogerson et al., 1985
EPA, 1988 80. Tetra Tech, 1985

U.S. ACOE, 1988 ‘ 85. CH2M Hill, 1989
Swartz ef al., 1989 * Various, please see text




Table 41, Bifects rangeslow and effects range-median values for acenaplithene
and 15-cohcentritions used to determiine these vilues arranged in ascending

Concentrations (ppb) End Point
119 Commencement Bay, Washington bioassay COA
150 ER-L k k
150 Eagle Harbor, Washington bicassay COA .
306 Commencement Bay, WaslxxE\%ton bioassay COA
500 . Puget Sound, Washington - oyster
500 . Puget Sound, Washington AET - benthic
500 - Puget Sound, Washington AET - Microtox™
630 Puget Sound, Washington AET - amphipod
650 ER-M ) ,
654 Commencement Bay ,Washin%:ton bioassay COA
730° Puget Sound, Washington AET - benthic
2000 Puget Sound, Washington AET - amphipod
7330 EP freshwater interim criterla @ 1% TOC
16500 EP chronic marine threshold @ 1% TOC
23000 EP acute marine threshold @ 1% - TOC )
39557 Eagle Harbor, Washington bioassay COA
65000 EP chronic marine threshold @ 4% TOC
Anthracene

Data available for anthracene are from studies involving Puget Sound AET; bioassays of
sediments from Commencement Bay, Eaglé Harbor, San Francisco Bay, Lake Union, southern
California, and Elizabeth River; nationai SLCs; and several EP-derived concentrations
(Table 42). San Francisco Bay sediments that were moderately toxic to amphipods indicated
no concordance with anthracene concentrations. Also, San Francisco Bay sediments that were
significantly toxic to amphipods had anthracene concentrations similar to' those that were
not toxic. Commencement Bay sediments that were moderately toxic to amphipods had
anthracene .concentrations similar to those that were least toxic. Eagle Harbor sediments

" moderately toxic to amphipods indicated little concordance with anthracene concentrations.
These data were not used in the determination of ER-L and ER-M values (Table B-20).

Effects were associated with mean anthracene concentrations as low as 24, ppb (Table 43) -
" in bioassays of San Francisco Bay sediments. However, since 34 out of the 39 samples tested
there were significantly toxic, this concentration may not be of much significance., The lower
10 percentile of the data indicate an ER-L of about 85 ppb, a value supported by the
predicted LCS0 for anthracene from bjoassays of a dilution series of Eagle Harbor sediments
(70 pph) and the anthracene concentrations (mean 85.3 ppb) in San Francisco Bay sedimenis
that were moderately toxic to bivalve larvae. The 50 percentile value in the data is
equivalent to about 960 ppb and is supported by two Puget Sound AETs (both 960 ppb). With
- the exception of bioassay data from Eagle Harbor, there appears to be an overall threshold
in the effects data at about 300 ppb. Effects are almost always observed in association with
anthracene concenirations exceed,:ng 300 ppb (Table B-20). - ' '

The degree of confidence in the ER-L and ER-M values for anthracene should be
considered as relatively low and moderate, respectively.” The ER-L value is not supported by
clustered, consistent data from multiple approaches. The ER-M is supported by a cluster of
toxicity and AET concentrations, but these data are derived from only two regions. There is
some evidence of an overall apparent effects threshold for anthracene at about 300 ppb. in
sediments, a concentration that lies within the ER-L/ER-M range. .
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Table 42. Summary of sediment effects data avallable for anthracene.

References ‘ ~ Biological Appm‘achés Concentrations (ppb)

Appasent Bffects Threshold

1 1986 PUGET SOUND AET
« R. abronius amphipod bioassay : ' 1900
- oyster larvae (C. gigas) bioassay . ) 960
- benthic community composition o : 1300
- Microtox™ bioassay " 980

2 1988 PUGET SOUND AET :
- R. abronius amphipod biocassay - 13000
- oyster larvae (C. gigas) bioassay 960
- benthic community composition , 4400
- Microtox™ bioassay 960

20. PSDDA GUIDELINES (based upon Puget Sound AET) |
: - screening level concentration A 130
- maximum level criterion ‘ ' : 1300

* SAN FRANCISCO BAY, CALIFORNIA AET
‘- bivalve larvae bmassay . 24
-~ R. abronius amphipod bioassay _ . 1100

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 + 3.9 dead/20) to R. abromius 476 + 549
- moderately toxic (5.2 = 1.1 dead/20) to R. abronius 265 + 228
- least toxic (2.5 + 0.9 dead/20) to R. abronius ' 227 £198

- highly toxic (4.5 ¥ 19% abnormal) to oyster larvae | 363 + 353
- moderately toxic (23 1 2.3% abnormal) to oyster larvae 282 + 207
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae 148 + 148

85 EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 + 1.7 dead/20} to R, abronius 7597 + 7264

- moderately toxic (8.2 + 1.8 dead/20) to R. abronius 1177 + 1582

- least toxdc (2.6 + 1.4 dead/20) to R. abronius 1490 + 5389
21 - predicted LCS0 for R. abronius in 10-d dilution series with

Yaquina Bay, Oregon sediment ‘ 70

29 LAKE UNION, WASHINGTON
. - 95% mortality to H. azteca : 120000

¥ . SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 £ 11.8% mortality) to R. abronius » 237 £ 455
" - moderately toxic (33.8 + 4.7% mortality) to R. abronius 63+ 72
- least toxic (18 + 6.6% mortality) to R. abronius _ 110 £ 257
- signi.flcantly toxic (42.9 £ 19.2% mortality) to R. abronius 119 £ 277
- not toxic (18.4 + 6.8% mortality) to R, abronius 120+ 269

- highly toxic (92.4 1 4.5% abnormal) to bivalve larvae 923 + 558
- moderately toxic (59.4 * 11.3% abnormal) to bivalve larvae 851119
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 15+75



Tible 42, Anthracene (continued),

V

References Biological Approaches

Concentrations (ppb)

Co-Ocourrence Analyses

~ significantly toxic (557 + 22.7% abnormal) to bivaive larvae
- not toxic (31.9 £ 15.5% abnormal) to bivaive larvae

56 SOUTHBRN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

47 ELIZABETH RIVER, VIRGINIA '
- 1060% mortality to L. xanthurus exposed to 100%
Elizabeth River sediment
'~ LC50 (24-hr) for L. xanthurus exposed to 56% -
. Elizabeth River sediment
- LC50 (28-d) for L. xanthurus exposed to 2.5%
‘ Elizabeth River sediment

National Screening Level Concentrations
1 ~ Marine sediments @ 1% TOC
Equilibrium Partitioning |
4 EPA chronic marine EP threshold (@ 4% TOC).

13 99 percenﬁle chronic marine permissable contaminant derived
‘ from chronic water quality criteria @ 1% TOC

13 95 percentile chronic marine pemussable contaminant dérived
from chronic water quality critcria & 1% TOC

184 + 347

34141

264000

147840

163

44000

190

380

References:

1. ‘Beller er al., 1986

2. PTI Environmental Services, 1988
4, Bolton et al,, 1985

‘13, Pavlou e al., 1987

14, Neff er al., 1987

20. U.S. ACOE, 1988
21. Swartz e1 gl., 1989
29, Yake et al.,, 1986
47. Robernts ef al., 1989

Table 43. Effects range-low nnd effects range-median values for anthracene and 26
concentrations uaed to determine these values arxranged in ascendlm; order.

56. Anderson et al., 1988
80. Tetra Tech, 1985

85. CH2M Hill, 1989
* Various, please see text

Concentrations (ppb) ‘ End Point

24 San Francisco Bay, California AET

70 Eagle Harbor, Washington bicassay COA
.85 ER-L
85 San Francisco Bay ,California bnoaasay COA
163 Marine SLC @ 1% TOC
184 San Francisco Bay, California bioassay COA -
. 180 99 percentile EP chronic marine @ 1% TOC
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- Tible 43, -ii'co':’iﬁimeﬂ)'

Concentrations (ppb) End Point
225 Southern California bioassay COA ‘
. 237 San Francisco Bay, California bioassay COA .
282 ' Commencement Bay, Washington bioassay COA
363 Commencement Bay, Washington bicassay COA
s 95 percentile EP chronic marine @ 1% TOC
476 Commencement Bay, Washington bioassay COA
923 ‘ San Francisco Bay, California bioassay COA.
9%0 . Puget Sound, Washington AET - oyster
8960 ER-M - :
- 960 . Puget Sound, Washington AET - Microtox™
1100 : San Francisco Bay, California AET
1300 Puget Sound, Washington AET - benthic
1900 Puget Sound, Washington AET - amphipod '
4400 Puget Sound, Washington AET - benthic
6600, Elizabeth River, Virginia bioassay COA
7597 - Eagle Harbor, Washington bioassay COA
13000 Puget Sound, Washington AET - amphipod
44000 EP chronic marine @ 4% TOC
120000 - Lake Union, Washington toxicity COA
147840 ~* Elizabeth River, Virginia bioassay COA
264000 Elizabeth River, Virginla bioassay COA
Benzola)anthracene

Data available for this aromatic hydrocarbon include those from Puget Sound AET; San

Francisco Bay AET and bioassay data; bic2ssay data from Commencement Bay, Eagle
Harbor, Lake Union, Columbia River, southern California, and Elizabeth River; national

SLCs; 55Bs performed with R. abronius exposed to mixtures of hydrocarbons; and many EP-

derived values (Table 44). Ther: were small gradients in benzo(a)anthracene concentrations
between San Francisco Bay sediments that were ‘least toxic and "moderately toxic to

- amphipods, between San Francisco Bay sediments that were not toxic and significantly toxic

to amphipods, and between Commencement Bay sediments that were least toxic and
moderately toxic to amphipods (Table B-21). In bioassays of lower Columbia River
sediments, no toxicity to the amphipod H. azteca was observed in sediments that had up to
2200 ppb benzo(a)anthracene. These data were not used in the detérmination of ER-L and
ER-M values. . ' \ »

Effects are suggested in association with benzo(a)anthracene concentrations as low as 60
to 80 ppb in sediments (Table 45). The lower 10 percentile value of the data is equivalent to
about 230 ppb, the ER-L value. This value is supported by San Francisco Bay bioassay data
(mean 232 ppb). The 50 percentile ER-M value in the data is equivalent to 1600 ppb; a
concentration supported by a-San Francisco Bay AET (1100 ppb), three Puget Sound AET
concentrations (1300, 1600, 1600 ppb), and a threshold predicted by EP methods (1600 ppb).
With the exception of Columbia River and Eagle Harbor bioassay data, ‘effects were usually
observed in association with concentrations above about 550 ppb (Table B-21). Severe acute
toxicity was observed or predicted with concentrations of 10 ppm or greater (Table 45).

The degree of confidence in the ER-L value should be considered as moderate, since that
value is not strongly supported by a convergence or cluster of data. However, the ER-M
value is supported by data from at least two geographic areas and from the predictive EP

" approach,. and there are few contradictory data at concentrations exceeding the ER-M. Also,
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- the apparent effects threshold lies within the ER-L/ER-M range. Therefore, the degree of
confidence in the ER-M value should be considered as moderate. I

. Table 44. Summary of sediment effects data available for benzo(a)anthracene.

References ' Biological Approaches Concentrations (ppb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET ‘ - '
- R. abronius amphipod bioassay 1600
- oyster larvae (C. gigas) bioassay _ 1600
- benthic community composition 4500
- Microtox™ biocassay T 1300
2 1988 PUGET SOUND AET '
- R. abronius amphipod bioassay 5100
- oyster larvae (C. gigas) bioassay ‘ -, 1600
- benthic community composttion o 5100
- Microtox™ bioassay " - 1300
20 PSDDA GUIDELINES (based upon Puget Sound AET)
. - screening level concentration 450
- maximum Jevel criterion 4500
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay 60
- R. abronius amphipod bioassay ' 1100

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 + 3.9 dead/20) to R. abronius : 931 £ 1323
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius 520 + 523
- least toxic (2.5 + 0.9 dead/20) to R. abronius 476 + 437
- highly toxic (44.5 £ 19% abnormal) to oysté;’ larvae - 8014866
- moderately toxic (23 £ 2,3% abnormal) to oyster larvae 549 + 384
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae 235 + 247
85 EAGLE HARBOR, WASHINGTON | - .
- highly toxic (19.1 £ 1.7 dead/20) to R. ubronius 11088 + 8941
- moderately toxic (8.2 = 1.8 dead/20) to R. abronius 7370 + 9984
- least toxic (2.6 + 1.4 dead/20) to R. abronius : 2496 * 4157
21 - predicted LC50 for R. abronius in 10-d dilution series
- with Yaquina Bay, Oregon sediment ' - 80
29 LAKE UNION, WASHINGTON
- ©5% mortality to H. azteca : 170000
52 COLUMBIA RIVER, WASHINGTON/OREGON
‘ - not toxic (0-13% mortality) to H. azteca , 2200
. SAN FRANCISCO BAY, CALIFORNIA - .
- highly toxic (67 £ 11.8%. mortality) to R. abronius ' 300 + 398 .
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius 187 £ 156
- least toxic (18 + 6.6% mortality) to R. abronius ‘ 168 £ 324
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Table 44. vBEenzo(a)mthraeen'e {continued).

 References ~ Biological Approaches Caoncentrations (ppb)

Co-Occurrence Analyses -

- significantly toxic (42.9 + 19.2% mortality) to R. abronius
. - not toxic (184 * 6.:8% mortality) to R. abronius

- highly toxic (2.4 + 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4/+ 11.3% abnormal) to bivalve larvae
- least toxic (23.3 & 7.3%.abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bwalvc larvae

56 SOUTHERN CALIFORNIA ,
- significantly toxic (51.65% mortahty) to G. japonica .
- not toxic (23.2% mortality) to G. japonica

47  ELIZABETH RIVER, VIRGINIA

- 100% mortality to L. xanthurus cxposed to 100% Elizabeth River
sediment

« LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth vacr
sediment
- LC50 (28-d) for L. zanthurus exposed to 2.5% Elizabeth River
sediment
National Screening Level Concentrations
5 Marine sediments @ 1% TOC
14" Marine sediments @ 1% TOC
- Equilibrium Partivioning
4 EPA chronic marine EP threshold (@ 4% TOC)
17 EPA acute marine EP threshold (@ 4% TOC)

13 99 percentile chronic marine perrﬁissable contaminant derived
" from chronic water quality criteria @ 1% TOC

13 95 percentile chronic marine permissable contaminant derived
' . from chronic water quality criteria @ 1% TOC

6 EPA interim mean freshwater sadxment quality criteria based
upon EP @ 1% TOC

25  Sediment safe levels based upon sediment/water partmomng,
coefficients and acute quality criteria @ 1% TOC

Spiked-Sediment Hioassays

65 Significant toxlcﬁy to R abronius with mixtures of aromatic
and chlorinated hydrocarbons

236+313
187 + 359

919 £+ 433
122 + 126
56 * 26
232 + 337
41120

310+ 180
60+ 129

350000

196000
8750

261

261

220000
220000

1600

21000

13200

55000

- 10000
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Table 44, 'Bfenzd(a‘)anthmcene {continued)

References:

1. Bellereral, 1986 17. Lyman et al., 1987 ~ 52, Johnson arnid Norton,, 1988
2, PTIEnvironmental Services, 1988  20. U.S. ACOE, 1988 56. Anderson et al., 1988

4, Bolwon et al,, 1985 21, Swarz et al,, 19892 65. Plesha et al., 1988

5. Nefferal., 1985 25. Pavlou, 1987 80. Tetra Tech, 1985

6. EPA, 1988 29. Yake eral.. 786 ' 85. CH2M Hill, 1989

13, Pavluu et al,, 1987 47. Robens et al., 1989 *-Various, please se¢ text

14.  Neff e al., 1987 ' ~

Table 45. Effects range-low and effects range-median values for benzo(a)anthracene and
30 concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) End Point

60 ' San Francisco Bay, California AET
80 Eagle Harbor, Washington bioassay COA
122 San Francisco Bay, California bioassay
230 ER-L
232 San Francisco Bay, California bioassay COA
261 Marine SLC ‘
- 300 San Francisco Bay, California bioassay COA
310 Southern California bioassay COA
549 Commencement Bay,Washington bioassay COA
801 Commencement Bay, Washington bioassay COA
919 ; San Francisco Bay, California bioassay COA
931 : : Commencement Bay, Washington bioassay COA
1100 San Francisco Bay, California AET
1300 Puget Sound, Washington AET - Microtox™
© 1600 Puget Sound, Washington AET - amphipod
1600 ER-M :
1600 : Puget Sound, Washington AET - oyster
1600 99 percentile EP chronic marine @ 1% TOC.
4500 Puget Sound, Washington AET - benthic
5100 C Puget Sound,Washington AET - amphipod
5100 Puget Sound, Washington AET - benthic
7370 : Eagle Harbor, Washington bioassay COA
8750 Elizabeth River, Virginia bioassay COA
10000 ' S5B with R. abronius: mixtures
11088 ' Eagle Harbor, Washington bioassay COA
13200 EP freshwater interim criteria @ 1% TOC
21000 95 percentile EP chronic marine @ 1% TOC
55000 EP acute marine threshold @ 1% TOC
170000 - Lake Union, Washington toxicity COA
196000 Elizabeth River, Virginia bioassay COA
220000 "EP acute marine threshold @ 4% TOC
350000 Elizabeth River, Virginia bioassay COA
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Benzo(i)pyrene

. Data are available for benzo(a)pyrene from Puget Sound AET, San Francisco Bay AET
and bidassay data; bioassay data from Commencement Bay, Eagle Harbor, Lake Union,
southern California, and Elizabeth River; national SLCs for marine sediments; conecentrations

oredicted by EP methods; and S8Bs performed with R. abronius expesed to a mixture of
ydrogarbons (Table 46). Small gradients in benzo(a)pyrene concentrations were observed in
bioassays of a dilution series of Eagle Harbor sediments, in San Francisco Bay sediments
that were highly and moderately toxic to amphipods versus those that were least toxic, and
in 5an Francisco Bay sediments that were significantly toxic versus those that were not toxic
to amphipods. Those data were not used to determine the ER-L and ER-M values (Table B-
22). The data from Eagle Harbor sédiments that were highly toxic to amphipods alse were
not used, since they did not indicate concordance with benzo(a)pyrene concentrations.

Effects were observed in association with benzo(a)pyrene concentrations as Inw as 396
ppb (the national SLC for marine sediments) (Table 47). The lower 10 percentile value of
the available data is equivalent to about 400 ppb, an ER-L value supported by marine SLCs
of 396 and 397 and observations of significantly toxic San Francisco Bay sediments tested
with bivalve larvae (mean of 404 ppb). With the exception of Eagle Harbor bioassay data,
effects were usually observed in association with benzo(a)pyrene concentrations of roughly
700 ppb or more (Table B-22). The ER-M suggested by the data is about 2500 pvb, a value
supported by a Puget Sound AET (2400 ppb) and the LC50 derived from bicassays of a
dilution series of Elizabeth River sediments tested with spot (2462 ppb).

The degree of confidence in the ER-L and ER-M values should be considered as moderate.
Although data are available from several areas and several approaches, and these values
are supported by some convergence or clustering of the data, the clusters of concentrations
cover a relatively wide range. The overall apparent effects threshold (about 700 ppb) lies
within the ER-L/ER-M range. With very little conflicting evidence, it appears that effects
are almost always associated with concentrations of about 700 ppb or more.

Table d6. Summary of sediment effects data available for benzo(a)pyrene.

References ) Biological Approaches : ‘Co_ncentraﬂons (ppb)

Appéuent Effects Thresholds ‘ ‘ : ' ]

1 1986 PUGET SOUND AET . :
"~ - R. abronius amphipod bioassay ‘ 2400
- oyster larvae (C. gigas) bioassay - , 1600
- benthic community composition 6800
- Microtox™ bioassay } 1600
2 1988 PUGET SOUND AET :
- R. abronius amphipod bioassay - : 3000
- oyster larvae (C. gigas) bicassay . 1600
- benthic community composition ‘ 3600
- Microtox™ bioassay 4 1600
20 . PSDDA GUIDELINES (based upon Puget Sound AET) =
- screening level concentration 680
- maximum level criterion : 6800
v SAN FRANCISCO BAY, CALIFORNIA AET . :
- bivalve larvae bioassay ' . >1800

- R. abromius amphipod bioassay , - 1300
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Table 46. Benzo(a)pyrene (continued)

References Biological Approaches Concentrations (ppb)

C‘.o-Occunex\ce Analyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9 dead/20) to R. abronius
- moderately toxic (5.2 = 1.1 dead/20) to \R. abronius
- least toxic (2.5 £ 0.9 dead/20) to R. abronius

- highly toxic (44.5 £ 19% abnormal) to oyster larvae
- moderately toxic (23 +2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

85 EAGLE HARBOR, WASHINGTON
- highly toxic (19.1 £ 1.7 dead/20) to R. abronius
- moderately toxic (8.2 + 1.8 dead/20) to R. abronius
- least toxic (2.6 + 1.4 dead/20) to R. abronius
21 - predicted LC50 for R. abronius in 10-d dilution series
' with Yaquina Bay, Oregon sediment

29 LAKE UNION, WASHINGTON
- 95% mortality to H. azteca

* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius
- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 * 6.6% mortality) to R. abronius

- significantly toxic (42.9 * 19.2% mortality) to R. abronius
- not toxic (18.4 £ 6.8% mortality) to R. abronius

- highly toxic (924 £ 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

1

]

not toxic (31.9 4 15.5% abnormal) to bivalve larvae

56 SOUTHERN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica
- naot toxic (23.2% mortality).to G. japonica

47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus expo‘;cd to 10()% Elizabeth
River sediment
- LC50 (24-h) for L. xanthurus ‘exposed to 56% Elizabeth River
‘sediment .
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment

National Screening Level Concentrations
5 marine sediments @ 1% TOC
14 marine sediments @ 1% TOC

significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae

1192 + 1643

890 £ 1322

596 £ 593

1261 + 1620
684 + 464

.329+ 385

3485 + 2475
5335 + 6488
1959 + 1993

10,

220000

486 £ 484
432 + 344
400 + 447

- 429 + 382

423 * 465
1091 + 338
404 + 428
129 £ 61

465 1 471

210 £ 237

509 + 354
63 + 96

98500
55160
2462



Table 46. Benzo(a;)pyrehe (continued)

References Biological Ai.vpmaches - Concentrations (ppb)

Equilibrium PMPartitioning .
4 EPA chronic marine EP threshold (@ 4% TOC) | 1800000

17 *  EPA acute marine EP threshold (@ 4% TOC) - © 1800000
13 99 percentile chronic marine permissable contaminant o
derived frem chronic water quality criteria @ 1% TOC 18000
13 95 percentile chronic marine permissable contaminant
derived from chronic water quality criteria @ 1% TOC - 45000
6 EPA interim mean freshwater sediment quality criteria based
upon EP @ 1% TOC , 10630

25  Sediment safe levels based upon sediment/water partitioning
coefficients and acute water quality criteria 450000

Spnced Sediment Bioaséays

65 Significant toxicity to R. abronius with mixtures of aromatic - _
and chiorinated hydrocarbons _ , 4100 £ 600
. Reference o Background Approaéh Concentrations (ppb organic carbon) '

23 - Rotterdam Harbor Sediment Quaiify Classifications

- Class 1 (slightly contaminated) - <0.3 OC
- Class 2 (moderately contaminated) : 0.3-0.6 OC
- Class 3 (contaminated) . ! 0.620C -
- Class 4 (heavily contaminated) ' ' >20C
References: .
1. Beller cial., 1986 17. Lyman et al., 1987 56. Anderson et al., 1988
2. PTI Environmental Services, 1988 20. U.S. ACOE, 1988 65. Plesha er al., 1988
4. Bolton et al., 1985 21. Swanz et al., 1989 80. Tetra Tech, 1985
5. Nefferal, 1986 - 23. Jensen, 1987 85. CH?M Hill, 1989 R
6. EPA, 1988 . " 25. Pavlou, 1987 * Various, please sce text :
13. Paviou ef al., 1987 29, Yakeeral, 1986 ' o
14. Neff et al., 1987 . 47. ‘Robens et al., 1989



Table 47. Effects range-low and effects rmngeamédian values for benzo(a)pyrene
and 28 concentrations used to determine these values arranged in ascending
order. v ‘

Concentrations (ppb). End Point
396 Marine SLC
397 Marine SLC
400 ER-L
404 San Francisco Bay, California bioassay COA
465 San Francisco Bay, California bioassay COA
509 -~ Southern California bioassay COA
684 Commencement Bay, Washington bioassay COA
890 Commencement Bay, Washington bioassay COA
1091 - San Francisco Bay, California bioassay COA
1192 Comrnencement Bay, Washington bioassay COA
1261 : Commencement Bay,Washington bivassay COA .
1300 San Francisco Bay, California AET
1600 Puget Sound, Washington AET - bivalve .
1600 ‘Puget Sound, Washington AET - Microtox™
2400 Puget Sound, Washington AET - amphipod
2462 Elizabeth River, Virginia bioassay COA
2500 ER-M . :
3000 Puget Sound, Washington AET - amphipod -
3600 Puget Sound, Washington AET - benthic
4100 SSB with R. abronius: mixtures '
5335 Eagle Harbor, Washington bioassay COA
6800 Puget Sound, Washington AET - benthic
10630 ' EP interim freshwater criteria @ 1% TOC
18000 - 99 percentile EP chronic marine @ 1% TOC
45000 95 percentile EP chronic marine @ 1% TOC
55160 Elizabeth River, Virginia bioassay COA
98500 - Elizabeth River, Virginia bioassay COA
220000 Lake Unior, Washington bioassay COA -
450000. EP acute sediment safe level
1800000 EP chronic marine @ 4% TOC

- Benzo(e)pyrene

The data available for benzo(e)pyrene are restricted to bioassays of sediments from San
Francisco Bay, southern California, and Elizabeth River (Table 48). The amount and
variety of data are insufficient to warrant the determination of ER-L and ER-M values, In
San Francisco Bay, observations of effects were associated with mean concentrations of
benzo(e)pyrene ranging from 194 + 228 ppb to 624 + 234 ppb. In southern California the mean
concentration associated with high toxicity was 434 + 318, within the range observed in San
Francisco Bay. Toxicity to L. xanthurus was recorded at higher concentrations in bioassays of
Elizabeth River sediments. Additional data are needed to determine a preponderance of
evidence of the benzo(e)pyrene concentrations aseociated with adverse biological effects.
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Tible 48: Summary of sediment effecis data avillable for benzo(e)pyrene,

References - . Biological Approaches = " Concentrations (ppb)

Apparent Effects Threshold

¥ SAN FRANCISCO BAY, CALIFORNIA AET
' - bivalve larvae bioassay 92
- R. abronius amphipod bioassay 690
Co-Ocourrence Analyses |
®  SAN FRANCISCO BAY, CALIFORNIA |
- highly toxic (67 + 11.8% mortality) to R. abronius 366 £ 346
- moderately toxic (33.8 * 4.7% mortality) to R. abronius 166+ 130
- least toxic (18 + 6.6% mortality) to R, abronius 153 + 184
- significantly toxic (42.9 £ 19.2% mortality) to R. abronius 268 £ 276
- nor toxic (13.4 £ 6.8% mortality) to R. abronius R 157 £ 206
- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae 625 + 234
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae 194 + 228
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae , 92 4 44
- significantly toxic (55.7 & 22.7% abnormal) to bivalve larvae 250 % 263
- not toxic (31.9 + 15.5% abnormal) to biva.ve larvae = 65 + 27
56  SOUTHERN CALIFORNIA o -
' - significantly toxic (51.65%, mortality) to G. japonica ' 434 + 318
- not toxic (23.2% mortality) to G. japonica _ 691106

47 ELIZABETH RIVER, VIRGINIA |
- 100% mortality to L. xanthurus exposed to 100% Elizabeth

River sediment 78100
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth '

River sediment 43736
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth ‘ '

"River sediment . . 1952

References:

47. Roberts et al, 1989
56. Anderson et al., 1988
* Various, please see text.

Biphenyl

Data for biphenyl are available from bioassays of sediments from San Francisco Bay,

- southern California, Black Rock Harbor, and the Elizabeth River (Table 49). These data

are insufficient to determine the ER-L and ER-M values in sediments associated with effects.

Mean concentrations ranging from 6.6 £ 9.0 to 26.3 + 9.0 ppb were associated with measures of

toxicity in San Francisco Bay sediments. In southern California sediments, significant

toxicity was associated with a mean concentration of 443 ppb. Elizabeth River sediments
that were highly toxic to L. xanthurus had very high biphenyl concentrations.
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Tible 49. Summary of sediment effects data avallable for biphenylL

References o | i}iologﬂcal Approaches " Concentrations (ppb)

Apparent Bffects Threshold
* SAN FRANCISCO BAY, CALIFORNIA AET
= bivalve larvae bioassay 7
- R. abronius amphipod bioassay ' 27
Co-Occurrence Analyses

v SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 = 11.8% mortality) to R. abronius ; 10£13

- moderately toxic (33.8 + 4.7% mortality) to R. abronius 740

- least toxic (18 + 6.6% mortality) to R. abronius 68

- significantly toxic (42.9 + 19.2% mortality) to R. abronius 7+11

- not toxic (18.4 * 6.8% mortality) to R. abronius 748

- highly toxic (924 £ 4.5% abnormal) to bivalve larvae 269

- moderately toxic (594 + 11.3% abnormal) to bivalve larvae 616

- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 1£3

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae . 810

- not toxic (31.9 = 15.5% abnormal) to bivalve larvae 2+4
56 SOUTHERN CALIFORNIA | -

- significantly toxic (51.65% mortality) to G. japonica 443

- not toxic (23.2% mortality) to G. japonica 6

47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River

sediment ‘ 85000
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment ‘ ' 47600
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River '
sediment . : 2125
58 BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A. abdita in 10-d bioassay : 13.5
References:
47. Roberts ¢f al., 1989 | ~ 58. Rogersonetal, |
56, Anderson et al., 1988 * Various, please see text
Chrysene |

Data for chrysene are available from studies in which Puget Sound AETs were calculated;
bioassays of sediments from Commencement Bay, Eagle Harbor, Lake Union, Columbia River,
San Francisco Bay, southern California, and Elizabeth River were performed; national SLCs
‘were d.etermined‘,;' and various EP-derived thresholds were calculated (Table 50). Small
gradients in chrysene concentrations were observed in bioassays of a dilution series of Eagle
Harbor sediments and.in amphipod bioassays of San Francisco Bay sediments. Also, a small
+ gradient in chrysene concentrations was observed between Commencement Bay sediments that
were moderately versus least toxic to amphipods. No toxicity was observed in Columbia
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River sediments that had up to 4100

_ ppb chrysene. These data were not used to determine -
~ER-L and ER-M values (Table B-23). : ‘ ’

The lower 10 percentile value of the remaining data suggest an BER-L concentration of
about 400 ppb (384 rounded to 400 ppb), a value supported by a marine SLC of 384 ppb (Table
51). Some measures of effects were observed in assaciation with chrysene concentrations- as
low as & mean of 368 ppb. With the exceptions of Eagle Harbor and Columbia River bioassay
data, effects almost always were observed or predicted at concentrations of about 900 ppb or
more. The 50 percentile valuc of the data suggest an ER-M of about 2800 ppb, a value
supported by two Puget Sound AETs (both 2800 ppb). \ '

The degree of confidence in the ER-L and ER-M values should be considered as moderate.

Data are available from a variety of geographic-arcas and approaches, but are not tightly
clustered around the ER-L and ER-M values. There is an overall apparent effects threshold

at about 900 ppb, supported by a variety of observed and predicted concentrations asgociated
with effects and within the ER-L/ER-M range..

Table 50. Summary of sediment effects data available for curysene.

References o Biqlogical Appromchés .Concentrations (ppb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay ' o 2800
- oyster larvae (C. gigas) bioassay ‘ : 2800
- benthic community compaosition ' . 6700
- Microtox™ bioassay 1400
2. 1988 PUGET SOUND AET o

- R. abronius amphipod bioassay , 9200
.- oyster larvae (C. gigas) bicassay . 2800
- benthic community composition o : : 9200
- Microtox™ bioassay . o 1400

20 PSDDA guidelines (based upon Puget Sound AET) : .
- screening level concentration — 670
. - maximum level criterion B 6700

*  S5AN FRANCISCO BAY, CALIFORNIA. AET :
- bivalve larvae bioagsay 1700
- R. abronius amphipod bioassay : - 2100
Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON

" highly toxic (15.7 + 3.9 dead/20) to R. abronius 1363 £ 1970
- moderately toxic (5.2 £ 1.1 dead/20) to R. abronius . 821+ 732

- least toxic (2.5 £ 0.9 dead/20) to R. abronius B 748 £ 773

- highly toxic (44.5 + 19% abnormal) to oyster larvae 1218 £ 1286
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae 902 + 697

- least toxic (15.1 + 3.1% abnormal) to oyster larvae ‘ 358 + 365

85  EAGLE HARBOR, WASHINGTON . .

- highly toxic (19.1 £ 1.7 dead/20) to R. abronius 10574 £ 7337
- moderately toxic (8.2 £ 1.8 dead/20) to R. abronius 9203 £+ 10972

- least toxic (2.6 1.4 dead/20) to R. abronius 3165 + 4535

103



Table 50. Chrysene (continued)

References Biological Approéches Concentrations (ppb)

Co-Occurrence Analyses

21 - predicted LC50 for R. abromius in 10-d dilution series

with Yaquina Bay, Oregon sediment 80
29 LAKE UNION, WASHINGTON
: - 95% mortality to H. azteca 170000
-52 COLUMBIA RIVER, WASHINGTON/OREGON
not toxic (0-13% mortality) to H. azteca ‘ 4100
'*  SAN FRANCISCO BAY, CALIFORNIA ,
’ - highly toxic (67 £ 11.8% mortality) to R. abronius 517 £ 729
- moderately toxic (33.8 + 4.7% mortality) to R. abronius, 413 + 385
- least toxic (18 * 6.6% mortality) to R. abronius ' 378 + 549
- significantly toxic (42.9  19.2% mortality) to R. abromius 423 £ 512
"~ not toxic (18.4 + 6.8% mortality) to R. abronius 405 £ 571
- highly toxic (92.4 t+ 4.5% abnormal) to bivalve larvae 1679 + 847
. - moderately toxic (594 1 11.3% abnormal) to bivalve larvae 368 + 466
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae C 82+37
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 500t 671
- not toxic (31.9 &' 1‘5 5% abnormal) to bivalve larvae 198 + 276
56  SOUTHERN CA'LIFOR{N'IA
- significantly toxic (51.7% mortality) to G. japonica 524 + 284
- not toxic (23.2% mortality) to G. japonica 127 1 226

47  ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus cxpoqed to 103% Elizabeth

River sediment . 317000
- LC50.(24-hr) for L. xanthurus exposed to Sb"o Elizabeth

River sediment ‘ 177520
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth :

River sediment 7930
National Screening Level Concentrations |
5 Marine sediments @ 1% TOC _ 384
14  Marine sediments @ 1% TOC | 384
Equilibrium Partitioning
4 EPA chronic marine EP threshold (@ 4% TOC) o 460000
17 EPA acute marine EP threshold (@ 4% TOQ) | | 460000

13 99 percentile chronic marine permissable contammanl derived
from chronic water quality criteria @ 1% TOC 1200 -

13 95 percentile chronic marine permxesable contaminant derived . _
from chronic water quality criteria @ 1% TOC 4400
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Table 50. Chrysene {(continued)

References ' Blolugi-cal Approaches Concentrations (ppb)

Equ.—l-‘libxium Partitioning

25  Sediment safe levels based upon sediment/water partitioning

coefficients and acute water quality criteria . 115000
References;
1. Bcll@r et al, 1986 17. Lyman e: al,, 1987 52. thnson and Norton, 1988
2. PTI Environmenyal Services, 1988 20. U.S. ACOE, 1988 56. Anderson-ef al,, 1988
4, Bolton e al., 1985 . 21. Swanz er al., 1989 80. Tetra Tech, 1985

. 5. Neffet al., 1986 .. 25. Pavlou, 1987 85. CHZM Mill, 1989

13. Paviou er al., 1987 29. Yakeetal, 1986 *  Various, please see text
14 _

. Neff ef al., 1987 4.7 Roberis et at,', 1989

Table §1. Effects range-lnw and effects range-median valﬁes for chrysene and 27
concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) : End Point
80 Predicted Eag]e Harbor LC50—~amphipod COA
368 *'San Francisco Bay, California bioassay COA
384 Marine SLC.
400 - ER-L '
500 San Francisco Bay, California bicassay COA
524 : Southern California bioassay COA
o902 ' Commencement Bay, Washington bioassay COA
1200 * 99 percentile EP chroaic marine @ 1% TOC
$ 1218 Commencement Bay, Washington bioassay COA
1363 Commencement Bay, Washington bioassay COA
1400 Puget Sound, Washington AET - Microtox™
1679 ~ Sen Francisco Bay, Celifornia bicassay COA
- 1700 San Francisco Bay, California bioassay COA
2100 -~ San Francisco Bay, California bioassay COA
2800 : . Puget Sound, Washington AET - “bivalve
2800 ER-M
2800 Puget Sound. Washington AET- amphipod
- 4400 95 percentile EP chronic marine @ 1% TOC
6700 Puget Sound, Washington AET - benthic
7930 _ Elizabeth River, Virginia bioassay
9200 Puget Sound, Washington AET - amphipod
9200 ~ Puget Sound, Washington AET - benthic *
9203 Eagle Harbor, Washington bioassay COA
10574 Eagle Harbor, Washington bioassay COA
115000 EP acute sediment safe level
170000 . Lake Union, Washington bioassay COA
177520 ' Elizabeth River, Virginia bicassay COA.
317000 'Elizabeth River, Virginia bioassay COA

460000 EP chronic marine threshold @ 4% TOC
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‘Dibenz{(a,h)anthracene

Data are available for this aromatic hydrocarbon from determinations of Puget Sound
and San Francisco Bay AETs, EP-derived thresholds, and evaluations of bioassay data from
Commencement Bay, Eagle Harbor, and southern California (Table 52). There was ~lther &
small gradient or no concordance between dibenz(a,h)anthracene concentrations ~.u toxicity to
amphipods exposed to San Francisco Bay sediments. Commencement Bay and Eagle Harbor
sediments that were highly toxic to amphipods bad lower dibenz(ah)anthracene
concentrations than those respective samples that were moderately toxic. Therefore, these
data were not considered in the determination of ER-L and ER-M values (Table B-24).

. Bffects in sediments were observed in association with mean dibenz(a h)anthracene
concentrations as low as 42 + 46 ppb (Table 53). The lower 10 percentile of the data is
equivalent to an ER-L value of about 60 ppb, a value supported by bioassay data from San
Francisco Bay (mean 63 £ 80 ppb) and from southern California (mean 66 + 46 ppb). The 50
percentile of the data suggest an ER-M of about 260 ppb, a value supported by three Puget
Sound AETs (230, 230, 260 ppb), a San Francisco Bay AET (260 ppb), and Commencement Bay
sediments that were highly toxic to oyster larvae (mean 263 % 413 ppb). Except for
amphipod bioassay data from Eagle Harbor and a San Francisco Bay AET for amphipod
bioassays, effects were usually obaerved in association with concentrations of about 100 ~pb cr
- more (Table B-24). The threshold concentrations predicted by EP :nethods were considgerabiy
higher than those observed with measures of effects in rield-collected samples.

. The degree of cenfidence in the ER-L and ER-M values for dibenz(a h)anthracene should
be considered as moderate. A relatively small amount of data exist with which tu relate
chemical concentrations to measures uf effects; there are no SSB data; and there was
relatively poor concordance or small gradients in concentrations among samples that were
toxic and those that were nontoxic. However, there wes a degree of convergence among the
‘data and there appears to be an effects threshold within the ER-L/ER-M range at about 100
ppb with few contradictory data. ' ' x

Table 52. Summary of sediment effects data available for dibenz(ah)anthracene.

References ' Biological Approaches Concentrations {»pb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay 260
* - oyster larvae (C. gigas) bioassay. : 230
- benthic community composition ‘ 1200
- Microtox™ bioassay : : 230
2. 1988 PUGET SOUND AET :
- R. abronius amphipod bioassay ' 540
- oyster larvae (C. gigns) bioassay _ : 230
- benthic community compaosition : 970
- Microtox™ bioassay - 230

20  PSDIDA guidelines (based upon Puget Sound AET) :
" - screening level concentration ' 120
- maximum level criterion 1200

* . SAN FRANCISCO BAY, CALIFORNIA AET

- bivalve larvae bioassay ' 260
- R. abronius amphipod bioassay ) 300




Table 52, ,lb'enz‘-(a,h)anﬂuacene (conuxiued) |

References . Biol‘ogicai Approaches

Conc#nuations (ppb)

Co<Occurrence Analyses

80

85

56

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 £ 3,9 dead/20) to R. abronius

- moderately toxic (5.2 + 1.1 dead/20) to R. abronius
- Jeast toxic (2.5 £ 0.9 dead/20) to R. abronius

- highly toxic (44.5 & 19% abnormal) t0 oyster larvae
- moderately toxic (23 + 2.3% abnormal) to oyster larvae
- least tox1c (15.1 £ 3.1% abnormal) to oyster larvae

‘EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 + 1.7 dead /20) to R. abronius
- moderately toxic (8.2 + 1.8 dead/20) to R. abronius -
- least toxic (2.6 + 1.4 dead/20) to R. abromus

SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to K. abronius

- moderately toxic (33.8 * 4.7% ‘mortality) to R. abronius -

- least toxic (18 £ 6.6% mortality) to R. abronius

- significantly toxic (42.9 + 19.2% mortality) to R. abramus

- not toxic (18 4 £ 6.8% mortality) to R. abromus :

- highly toxic (92.4 £ 45% abnormal) to bivalve larvae

- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bnvnlve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnox'mal) to bivalve larvae

SOUTHERN CALIFORNIA

. - significantly toxic (51.7% mortality) to G. japonica

- not toxic-(23.2% mortality) to G. japonica

E'qu'-ilibrium Partitioning

13

25  Sediment safe levels based uponv sediment/water partitioning

99 percentile chromc marine permissable contaminant derived

from chronic water quality criteria @ 1% TOC

95 percentile chronic marine permissable contaminanit derived

from chronic water quality critena @ 1% TOC

coefficients and acute water: quality criteria

72 + 139
183 + 344 -
73+ 71

263 + 413
101 £ 58
. 55141

399 + 252
797 + 723
360 + 298

. 80188
© 44132
57177

55 + 58
62+ 80

217 +88
421 46
15415
63 + 80
21422

66t 46
24 + 36

12000
. 35000

240000

References:

1.
2. PTI Envuonmcmal Services, 1988 25. Pavlou, 1987

13. Pavlou ef al., 1987

Beller el al,, 1986 20, U.S. ACOE, 1988

56. Anderson ef al., 1988
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80. Tetra Tech, 1985
85. .CHZM Hill, 1989
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Concentrations (ppb) End Point

42 San Francisco Bay, California bioassay COA

60 ER-L
63 San Francisco Bay, California bioassay COA
66 Southern California bioassay COA
10 Commencement Bay, Washington bioassay COA
183 Commencement Bay, Washington bioassay COA
217 San Francisco Bay, California bioassay COA
230 Puget Sound, Washington AET - oyster
230 ' Puget Sound, Washington AET - Microtox™
260 Puget Sound, Washington AET - amphipod
260 ER-M : ‘
260 San Francisco Bay, California AET ,
263 - Cornmencement Bay, Washington bioassay COA
540 Puget Sound, Washington AET - ampht »
737 ' Eagle Harbor, Washington bioassay  COA
9570 Puget Sound, Washington AET - benthic
1200 Puget Sound, Washington AET - benthic
12000 99 percentile EP chronic marine @ 1% TOC
35000 , 95 percentile EP chronic marine @ 1% TOC
240000 EP acute sediment safe level

2,6+Dimethylnaphthalene

Very few data are available with which to relate the concentrations of 2,6-
dimethylnaphthalene to measures of effects in sediments (Table 54). The San Francisco Bay

~ bioassay data indicated relatively high toxicity to bivalve larvae in samples with 53 + 29

pPpb _2,6-d:imet-}?glna:phtha-l_ene; whereas in southern California, séediments with simflar
concentrations (56 + 10 ppb) were not toxic to amphipods. Southern California sediments that
were highly toxic to al‘;ndphipods had concentrations (115 + 278 ppb) that were similar to
those in sediments spiked with hydrocarbon mixtures that were toxic to am&hipods (150 £ 20
pPb). Tlh,ere are too few data to warrant determination of ER-L and ER-}

chemical. ' ‘

~ Table 54. Summary of sediment effects data available for 2,6-dime-thylnapht:halene.

~ References ' Biological Approach Concentrations (ppb)

values for this

Co-Occurrence Analyses |

* SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius . 18+ 28
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 10% 15
- least i.+xic (18 + 6.6% mortality) to R. abronius _ 1019
- significantly toxic (42.9 + 19.2% fnortality) to R. abronius 13+22

- not toxic (184 * 6.8% mortality) to R. abronius , 12420
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" Table 54, Z,G-dtuiethylnaghthalene (continued)

References ‘ . Biological Approach Concentrations (ppb)

Co-Occurrence Analyses

- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae 53¢ i9
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae 9114

- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae 3t4

- significantly toxic (5§5.7 + 22.7% abnormal) to bivalve larvae 14+22

- not toxic (31.9 + 15.5% abnormal) to bivalve larvae - bx5

56 SOUTHERN CALIFORNIA '

- significantly toxic (51.7% mortality) to G. japonica 115 £ 278
- not toxic (23.2% mortality) to G. japonica : 56 + 110

Spiked Sediment Bioassays

| 65 ~ Significant toxlcity to R. abronius with mixtures of aromatic '
and chlorinated hydrocarbons : 150 £ 20

~ References:

56. Anderson et al., 1988
65. Plesha et al,, 1988
* Various, please see text

Fluoranthene

Data are available from studies in which Puget Sound AETs were determined; toxicity
thresholds were predicted using EP methods; national SLCs were calculated; SSBs were
rformed; and bioassays were performed with sediments from Commencement Bay, Eagle
arbor, Lake Union, Columbia River, San Francisco Bay, southern California, Palos Verdes,
‘and Elizabeth River (Table 55). Only three of the Palos Verdes samples were analyzed for
fluoranthene concentrations. There was either a small gradient or no gradient in fluoranthene
concentrations between San Francisco Bay sediments that were least, moderately, and most
toxic to amphipods and significantly toxic versus not toxic to amg)hlpods There was no
gradient in fluoranthene concentrations between Commencement Bay sediments that were
least and moderately toxic to amphipods Moderately toxic Eagle Harbor sediments had a
lower mean fluoranthene concentration than those that were least toxnc These data weré not
used to determine ER-L and ER~M values (Table B-25). -

Effects in sediments were observed in association with mean fluoranthene concentrations
as low as 382 x 617 ppb (Table 56). The lower 10 percentile value in the data suggest an ER-L
of about 600 ppb, a concentratioh supported by the predicted LC50 derived from amphipod
bicassays of a dilution series of Eagle Harbor sediments (600 .ppb) and a marine ¢ C
concentration assuming 1 percent TOC content (644 ppb). The 50 percentile value in the daa'-
suggest an ER-M of about 3600 ppb. This value is supported by a chronic marine EP-derived
concentration (3100 ppb), an LC50 determined in a SSB (3300 ppb), an EP-derived chronic safe
level (3600 ppb), a Puget Sound AET (3700 ppb), and a San Francisco Bay AET (3900 ppb).
Effects were almost always observed in association with ﬂuomnthene concentrations of about
1600 ppb (1 ppm) or more. There were two exceptions to this apparent threshold: bioassay
data from the Columbia River, in which no effects were: observ in sediments with up to
2100 ppb fluoranthene; and bioassay data from Eagle Harbor, where thére was no toxicity in
sediments with a mean concentration of 12080 ppb (Table B-25).
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The degree of confidence in these ER-L and ER-M values should be considered as
relatively high. Data are available from all of the major approaches; clusters of data
support the values; and the overall apparent effects threshold lies within the range of ER-L
and ER-M values. ’

Table §5. Summary of sediment effects data available for fluoranthene.

References

Biolegical Approaches

Concentrations {(ppb)

Apparent Effects Threshold

1

20

1986 PUGET SOUND AET

- R. abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composition

- Microtox™ bioassay

1988 PUGET SOUND AET

- R. abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community compaosition

- Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration ‘
- maximum level criterion

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay

- R. abronius amphipod bic .y

Co-Occurrence Analyses

80

85

21

29

52

COMMENCEMENT B/

.ASHINGTON

- highly toxic (15.7 3 +d/20) to R, abronius

- moderately toxic (5 Jdead/20) to R. abronius
- least toxic (2.5 1 0.%  «u/20) to R. abronius

- highiy toxic (44.5 + 19% abnormal) to oyster larvae '
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 £ 1.7 dead/20) to R. abronius

- moderately toxic (8.2 + 1.8 dead/20) to R. abronius

- least toxic (2.6 + 1.4 dead/20) to R. abromius

- predicted LC50 for R. abronius in 10-d dilution series
with Yaquina Bay, Oregon. sediment

LAKE UNION, WASHINGTON
- 95% mortality to H. azteca

COLUMBIA RIVER, WASHINGTON/OREGON
- not toxic (0-13% mortality) to H. azteca
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1700

30000

24000
1700

630
6300

2000 -
>3700

2360 + 3330
925 + Bod
923 + 865

1655 + 2029

1046 + 655
489 + 492

71988 + 95713
8895 + 10337
12080 + 51889

600 .

570000

- 2100
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Table 55.

Fluorantherie {contnued)

References

Biological Approaches

Concentrations (ppb)

~ Co«Oceurrence Ané-ly-nes

B

56

49

47

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 £ 11.8% mortality) to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 £ 6.6% mortality) to R. abronius

- srgnifxcantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (18.4 + 6.8% mortality) to R. abronius .

- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae

-- moderately toxic (59.4 + 11.3% abnarmal) to bivalve larvae

- least toxic (23.3 + 7. 3% abnormal) to bivalve larvae

- significantly toxic (55.7 ¢ 22.7% abnormal) to bivalve larvae
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae

SQUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica
- not toxic (23.2% mortahty) to G. )upomca _

PALOS VERDES SHELF, CALIFORNIA
- significantly toxic to R, abronmius
- not toxic to R, abronius

ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth Rivcr
sediment
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elu.abeth River
sediment -

National Screening Level Concentrations

5

14

Equilibrium Partitioning

17
13

13
6

25

Marine sediments @ 1% TOC
Marine sediments @ 1% TOC

‘EPA acute marine EP threshold (@ 4% TOC)

99 pormnnle chronic marine porrmssablc contaminant derived from
chronic water quality criterie @ 1% TOC :

95 percentile chronic marine permissable contaminant derived from
chronic water quality criteria @ 1% TOC :

EPA interim mean freshwatcr sediment quality critena based upon
EP @ 1% TOC ‘

Sediment safe levels based upon sediment/water partitioning
coefficients and acute water quality criteria

1

794 + 1210
509 + 481

" 539 + 842
' 584 + 789

572 + B8O
2737 + 1617
451 1 562
136 + 107
682 + 1043
382 + 617

382 £ 241

- 153307

193 + 143
98

2370000

327200
-~ 59250

432

3100
/
18800

9000 .




Table 55. Fluoranthene {(continued)

References _ Biclogical A'ppmaches . Concentratiorss igpb)

Equilibrium Parﬁtioning

25 Sediment safe levels based upon sediment/water partitioning ‘
coefficients and chronic water quality criteria 3600

Spiked Sediment Bioassays

- 65 Significant toxicity to R. abronius with mixtures of aromatic

and chlorinated hydrocarbons ' _ 15000
.18 LC50 (10-d) for R. abronius o 4200
19 LC50 for R. abronius @ 0.2% TOC . 3300
LC50 for R. abronius @ 0.3% TOC ‘ 6200
LC50 for R. abronius @ 0.5% TOC . N 10500
Reference Background Approach \ Concentrations

{(ppb organic carbon)

23  Rotterdam Harbor Sediment Quality Classtﬁcations

- Class 1 (slightly contaminated) <04 OC
- Class 2 (moderately contaminated) : ‘ 0.4-10C
- Class 3 (contaminated) : - 1450C
- Class 4 (heavily contaminated) : ">4.50C
- References:
1. Beller ¢t al., 1986 19. Swariz eral., 1987 - 49. Swanz et al., 1985
2. PTI Environmental Services, 1988 20. U.S. ACOE, 1988 52. Johnson and Norton, 1988
5. Weff et al., 1986 21, Swanz cral, 1989 - 56. Anderson ef al., 1988
6. EPA, 1988 . 23. Jensen, 1937 65. Plesha erf al., 1988
13. Paviou ef al., 1987 25. Pavlou, 1987 : 80. Tetra Tech, 1985
14. Neff et al., 1987 29. Yake et al., 1986 . 85. CH2M Hill, 1989
~17. Lymanet al., 1987 47. Roberts et al., 1989 * Various, please seo text

18 Swarnz ef al., 1988

Table 56. Effects rangé-low and effects range-.median values for fluoranthene and 33
concentraations used to determine these values arranged in ascending order.

Concentrations (ppb) End Point
382 Southern California bioassay COA
432 - Marine SLC
451 San Francisco Bay, California bmassay COA
600 ER-L
600 Eagle Harbor, Washington bioassay. COA
644 Marine SL.C
682 San Francisco Bay, California bioassay COA
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Table 56. (continued)

. Concentrations (ppb) : End Point

1046 Commencement Bay, Washington bioassay COA
1600 99 percentile EP chronic marine @ 1% TOC =~
1655 . Commencement Bay, Washington bioassay COA
1700 Puget Sound, Washington AET - Microtox™
2000 San Francisco Bay, California AET
2360 Commencement Bay, Washington bloassay COA
2500 Puget Sound, Washington AET - oyster
2737 San Francisco Bay, California bioassay COA
3100 95 percentile EP chronic marine @ 1% TOC
- 3300 SSB LC50 for R. abronius @ 0.2% TOC
3600 ER-M : _
3600 EP chronic sediment safe level »
3900 { Puget Sound, Washington AET - amphipod
4200 o SSB LC50 for R. abronius )
6200 S5B LC50 for R. abronius @ 0.3% TQC ‘
6300 - Puget Sound, Washington AET - benthic
9000 EP acute sediment safe level
10500 ' SSB LC50 for R. abronius @ 0.5% TOC
15000 © SSB with R. abronius: mixtures
18800 EP interim freshwater criteria @ 1% TOC
24000 Puget Sound, Washington AET - benthic
30000 Puget Sound, Washington AET - amphipod
36000 _ EP acute marine threshold @ 4% T
59250 - Elizabeth River, Virginia biocassay COA
71988 Eagle Harbor, Washington bioassay COA
327200 . Elizabeth River, Virginia bioassay COA
570000 Lake Union, Washington bioassay COA
2370000 . Elizabeth River, Virginia bioassay COA
Fluorene

Data for fluorene are available from studies in which Puget Sound AETs were calculated;
national SLCs were determined; EP-derived thresholds were predicted; effects upon fish were
determined in SSBs; and bioassays were performed with sediments from Commencement Bay,
Eagle Harbor, Lake Union, San Francisco Bay, southern California, Elizabeth River, and
Black Rock Harbor (Table 57). Data from SSBs with winter flounder (Pseudopleuronectes
americanus) are available. The winter flounder were exposed to Venezuelan crude mixed into
sediments placed in a layer in large aquaria for 4 months (Payne et al.,, 1988). There was
little or no concordance between fluorene concentrations and toxicity to amphipods in San
Francisco Bay. There was a small gradient in fluorenc concentrations between Commencement
Bay and Eagle Harbor sediments that were least and moderately toxic to amphipods. These
data were not used to determine the ER-L and ER-M values (Table B-26).

‘Bffects determined with bivalve larvae bioassays of San Francisco Bay sediments were
observed in association with very low levels of fluorene (Table 58). These data influenced
the determination of the ER-L value of 35 ppb. The 50 percentile value in the data suggest. .
an ER-M of 640 ppb, a value supported by three Puget Sound AETs (all 540 ppb), a Puget
Sound AET for benthic communities (640 ppb), and high toxicity in Commencement Bay (mean
707 ppb). Except for the Eagle Harbor amphipod bioassay data, there is an overall apparent
effects threshold at about 350 ppb. However, this apparent threshold is highly influenced
by only Puget Sound and Commencement Bay data and not by other supporting data.
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‘The degree of confidence in the ER-L and ER-M values for fluorene should be considered as
low and moderate, respectively. Although there are data from several approaches and
matching effects and chemical data from many geographic areas, the data indicate poor

convergence around the ER-L value. The ER-L is supported by data only from San Francisco
Bay and the ER-M is supported by data only from Puget Sound (including Commencement
Bay). Some of the concentrations derived from the EP and S3B approaches suggest that the
§ threshold for effects occurs at much higher concentrations than indicated by the ER-L and
: ER-M values.

Table 537. Summary of sediment effects data available for fluorene.

References - Biological Approaches Concentrations (ppb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay ' : 540
- oyster larvae (C. gigas) bioassay - : 540
- benthic community composition ' ' 640
- Microtox™ bioassay : 540
2 1988 PUGET SOUND AET _ '
- R, abronius amphipod bioassay - 3600
- oyster larvae (C. gigas) bioassay 540
- benthic community composition _ : 1000
- Microtox ™ bioassay ' 540
20 PSDDA guidelines (based upon Puget Sound AET) .
- screening level concentration 64
- maximum level criterion ‘ - 640
* SAN FRANCISCO BAY, CALIFORNIA AET
' - bivalve larvae bioassay : ‘ 11

- R. abronius amphipod bioassay 210 .
Co-Occurrence Analyses '

80 COMMENCEMENT BAY, WASHINGTON '
- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 707 + 1341

- moderately toxic (5.2 + 1.1 dead/20) to R. abronius | 147 131
- least toxic (2.5 £ 0.9 dead/20) to R. abronins 117 +£113
- highly toxic (44.5 + 19% abnormal) to oyster larvae } 353 + 746
- moderately toxic (23 + 2.3% abnormal) to oyster larvae ' 143 £ 119
- least toxic (15.1 + 3.1% abnormal) to oyster larvae 75+ 76
85 EAGLE HARBOR, WASHINGTON : '
- highly toxic (19.1 + 1.7 dead/20) to R. abronius : 22811 + 65559
- moderately toxic (8.2 £ 1.8 dead /20) to R. obronius 1871234
- least toxic (2.6 + 1.4 dead/20) to R, abronius 1017 £ 4679
21 - predicted LC50 for R abronius 1in 10~d dilution series '
with Yaquina Bay, Oregon sediment : 210

a3 LAKE UNION, WASHINGTON -
- 95% mortality to H. azteca ' 40000
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Table 57. Piluorene ‘(‘cunﬁan'd)

x 2 e - & 3 2 LR
IR A SR A et NTATALY TR Dyt AR e e Py INAET BRI PRI > PRI

References _ Biological Approaches Concentrations (ppb?) |

Co-Occurrence Analyses

* _ SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius - 33177

- moderately toxic (33.8 + 4.7% mortality) to R. abronius © 3021

- least toxic (18 +6.6% mortality) to R. abronius 39149 .

- significantly toxic (42.9 + 19.2% mortality) to R. abronius 29 + 48

- not toxic (184 £6.8% mortality) to R. abronius . 43151

- highly toxic (92.4 + 4.5% abnormal} to bivaive larvae 162 £ 105

- moderately toxic (59.4 = 11.3% abnormal) to bivalve larvae 19 £ 30

- least toxic (23.3  7.3% abnormal) to bivalve larvae : 6%5

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 35+ 64

- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 16+23

56 . SOUTHERN CALIFORNIA |

- significantly toxic (51.7% mortality) to G. japonica , 11

‘- not toxic (23.2% mortality) to G. japonica , . 8

47 ELIZABETH RIVER, VIRGINIA | '
- 100% mortality to L. zanthurus exposed to 100% Elizabeth River

sediment ' 1250000
. - LC50 (24-h) for L. xanlhurus exposed to 56% Elizabeth River ‘
sediment 700000
- LC50 (28-d) for L. xanthurus exposed to 2 5% Ellzabeth River

sediment ' _ ' 17500

58 BLACK ROCK H‘ARBOR, CONNECTICUT ,
- significant toxicity to A. abdita in 10-d bioassay 93

‘National Screening Level Concentrations .
14 Marine sediments @ 1% TOC | | 10

Equilibrium Partitioning

4 EPA chronic marine EP threshold(@ 4% TOC) o 28000
13 99 percentile chronic marine permissable contaminant denved from

chronic water quality criteria @ 1% TOC - : 59
13 95 percentile chronic marine permissable contaminant derived from

chronic water quality criteria @ 1% TOC o 160

25 Sediment safe levels based upon sed:mcnt/ water partitioning
coefficients and acute water quamy criteria @ 1% TOC 7000

.Splked Sediment Bioassays

59 Liver somatic condition indices elevated in winter flounder 220550
MFO induction in winter flounder liver significantly elevated - 176510
MFO induction in wmtcr flounder kidney significantly elevated 285290

115




Table 57. Fluorene (continued)

References:
1. Bellereszl,, 1986 21. Swartz et al,, 1989 ‘ 58, Rogerson ef-6l., 1985
2. PTIEnvironmental Services, 1988 25, Paviou, 1987 59. Payne ¢! al., 1988
4. Bolton et al., 1985 . 29. Yake et al., 1986 - 80. Tetra Tech, 1985
13. Paviou ¢t al,, 1987 47. Roberts et al., 1989 85. CH2M Hill, 1989 -

14, Neff et al,, 1987 - 56. Anderson er al., 1988 ¥ Various, please see text
20. U.S. ACOE, 1588 . :

Table 58. Effects range-low and effects range-median values for fluorene and 28.
concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) , End Point .
11 ~ San Francisco Bay, California AET
19 : San Francisco Bay, California bioassay COA
35 ER-L _ C :
35 "San Francisco Bay, California bioassay COA
59 99 percentile EP chronic marine @ 1% TOC
93 Black Rock Harbor, Connecticut bioassay COA
101 Marine S5LC o
143 Commencement Bay, Washington bioassay COA
160 95 percentile EP chronic manne @ 1% TOC
162 - San Francisco Bay, California bioassay COA
210 Eagle Harbor, Washington bioassay COA
353 - Commencement Bay, Washington bioassay COA
540 Puget Sound, Washington AET - amphipod
540 Puget Sound, Washington AET - oyster
540 Puget Sound, Washington AET - Microtox™
640 ER-M _ -
40 Puget Sound, Washington AET - benthic
7207 Commencement Bay, Washington bioassay COA
1000 : Puget Sound, Washington AET - benthic
3600 Puget Sound, Washington AET - amphipod
700U EP acute sediment safe level
17500 Elizabeth River, Virginia bioassay COA
22811 Eagle Harbor, Washington bioassay COA
28000 EP chronic marine @ 4% TOC
40000 Lake Union,Washington bioassay COA
176510 SSB with flounder
1220550 SSB with fiounder
285290 SSB with flounder .
700000 Elizabeth River, Virginia bioassay COA
1250000 : Elizabeth Rive:, Virginia bioassay COA
‘1-methylnaphthalene

The data available for 1-methylnaphthalene are from bioassays of sediments from San
Francisco Bay and southern California and amphipod bioassays of sediments spiked with
mixtures of hydrocarbons. Many of the San Francisco Bay samples were not analyzed for 1- -
methylnaphthalene; the small amount of data available indicated poor concordance between
toxicity and chemical concentrations. The mean concentration in southern California samples
that were significantly toxic to amphipods was 192.8 + 461.1 ppb versus 36.2 + 65.6 ppb in
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non-toxic samples. The concentration of 1-methylnaphthalene was 500 ppb in a mixture of
hydrocarbons that was toxic to am hipods There are too little data to determine ER-L and -
ER-M values for this hydrocarbon .

2-methylnaphthalene

" There are somewhat more data available for "-methylnaphthalene (Table 59) than for 1-
methylnaphthalene ‘They are from determinations of Puget Sound AET; bioassays of
 sediments from Commencement Bay, San Francisco Bay, southern California, and Elizabeth
" River; and amphipod bioassays of sediments spiked with hydrocarbon mixtures. There was a
small gradient in 2—methylnaphthalene concentrations between San Prancisco Bay samples
that. were least and. moderately toxic to bivalve larvae. There was no concordance between
toxicity to amphipods and 2-methyinaphthalene concentrations' in San Francisco Bay.
Commencement Bay sediments that were moderately toxic to both bivalve larvae and
amphipods had 2-methylnaphthalene concentrations similar to those that were least toxic.
These data were not used to detemune the ER-L and ER-M values (Table B-27).

. The lower 10 percentile of the data suggest an ER-L of about 65 ppb, a value supported by -
high toxicity in southern California sediments {mean 65 * 154 .ppb) (Table 60). The 50

percentile of the data suggest an ER-M of about 670 ppb, a value supported by four Puget

Sound AETs (all 670 ppb). There appears to be an overall effects threshold at about 300 ppb,.

but it is supz:orted by relatively few data and data mainly from Commencement Bay and

other parts ot Puget Sound (Table B-27). '

The degree of confidence in the ER-L and ER-M values for 2-methylnaphthalene should be
considered as low and moderate, respectively. They are supported by small clusters of data.-
There are no single-chemical, spiked-sediment data, no thresholds. predicted by EP methods,
and the matching biological and chemical data are from onl{ a few geographic areas.
However, the. apparent effects threshold lies within the ER-L/ER-M range and is not
contradicted by observations of no effects at greater concentrations. T

Table 59. Summary of sediment effects data available for 2-methylnaphthalene.

References Biological Approach ~ Concentrations {(ppb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay ‘ 670
- oyster larvae (C. gigas) bioassay 670
- benthic community composition : 670
- Microtox™ bioassay S 670
2 1988 PUGET SOUND AET ‘ ' '
- - R. abronius amphipod bioassay . 1900
- oyster larvae (C. gigas) bioassay , 670
- benthic community composition : 1400
- Microtox™ bmassay ‘ ; 670
20  PSDDA guidelines (based upon Puget Sound AET)
- screening level concentration : 67

- maximum le.vel criterion ; 670
'*  SAN FRANCISCO BAY, CALIFORNiA AET

- bivalve larvae bicassay . : 27
- R. abronius amphipod biocassay ‘ >130
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Table 59, 2-methylnaphthalene (continued),

References

Biological Approach Concentrations (ppb)

Co~Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON o
: - highly toxic (15.7 + 3.9 dead/20) to R. abronius 546 + 490
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius 213+129
- least toxic (2.5 + 0.9 dead/20) to R. abronius 168 £ 169 -
- highly toxic (44.5 £ 19% abnormal) to oyster larvae 326 313
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 207 + 169
- least toxic (15.1 * 3.1% abnormal) to oyster larvae 165 £ 121
* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11 8% mortality) to R, abronius 32+41
- moderately toxic {(33.8 + 4.7% mortality) to R. abronius 34127
- least toxic (18 * 6.6% mortality) to R. abronius : 34 £33
- signiﬁcantly toxic (42.9 + 19.2% mortality) to R. abronius 31433
- not toxic (184 + 6.8% mortality) to R. abronius 39135
- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae - - 98 +41
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 26+ 23
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 207
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 35+ 36
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae 2414
56 SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica 65 t 154
- not toxic (23.2% mortality) to G. japonica 1633
47  ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth :
River sediment 31800
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth
River sediment 1788
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth :
River sediment 795
Spiked-Sediment Bioassays
65  Significant toxicity to R. abronius with rmxturc° of aromatic
' and chlorinated hydrocarbons 500
References:
1. Beller et al., 1986 47, Roberts et al., 1989 80. Tetra Tech, 1985
2. PTI Environmental Services, 1988 56. Anderson eral., 1988 * Various, please sce text

20. U.S. ACOE, 1988 65. Plesha er al., 1988
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Table 60. Effects range-low and effects range-median values for Z-méthyln’aphthalene.
and 15 corncentrations used to determine those values arranged in ascending order.

Concentrations (ppb) . End Point
27 San Francisco Bay, California AET
65 ER-L 4
65 N Southern California bioassay COA
98 San Francisco Bay, California bioassay COA
326 Commencement Bay, Washington bioassay COA -
500 - S5B with ik, abronius: mixtures ‘
546 Commencement Bay, Washington bioassay COA
670 Puget Sound, Washington AET - amphipod
670 _ Puget Sound, Washington AET - oyster
670 : - Puget Sound, Washington AET - benthic
670 ' ER-M . _ |
670 Puget Sound, Washington AET - Microtox™
795 Elizabeth River, Virginia bioassay COA
1400 ‘ Puget Sound, Washington AET - benthic
1788 : ‘ Elizabeth River, Virginia bioassay COA
1900 } Puget Sound, Washington AET - amphipod
31800 _ Elizabeth River, Virginia bioassay COA
I1-methylphenanthrene

There are no data available with which to relate effects  in sediments to the
concentrations of this hydrocarbon in sediments. '

Naphthalene

Puget Sound and San Francisco Bay AET concentrations, freshwater and saltwater 5L.Cs,
and three EP-derived concentrations are available for naphthalene (Table 61). Also, co-
occurrence analyses were performed with bioassay data from Commencement Bay, Eagle
Harbor, Puget Sound, San Francisco Bay, Lake Union, southern California, and benthic
community data from the Trinity River. Concentrations predicted or projected to co-occur with
toxicity in dilution series of sediments rrom Black' Rock Harbor and Eagle Harbor are
available. Data from SSBs with winter flounder and spot (Leistomus xanthurus) are also
available. The winter flounder were exposed to Venczuelan crude mixed into sediments
placed in a layer in large aquaria for 4 months (Payne ef al., 1988). The spot were held for 28
days in cages that were placed upon and slightly immersed in Elizabeth River. sediments
added to large aquaria (Roberts et al., 1989). - , :

Naphthalene represented a small proportion of the total PAH in Black Rock Harbor and
Eagle Harbor sediments that were tested in dilution series. There was either no concordance
or a small gradient in naphthalene concentrations among San Francisco Bay sediments tested
with amphipods. Moderately toxic Eagle Harbor sediments had lower naphthalene
concentrations than least toxic samples. These data were not used to determine the ER-L and
ER-M values (Table B-28). ‘ ‘

The available data (Table 62) suggest an ER-L of about 340 ppb (the lower 10 percentile
of the data), a value supported by moderate toxicity in Puget Sound. There is an overall
apparent threshold in the data at qbou.t' 500 ppb; effects have been almost always observed
above that concentration in sediments. The 50 percentile value in the data (the ER-M) is
about 2100 ppb, a value supported by four Puget Sound AETs (2100 ppb) and an LC50 from a
series of bioassays of Elizabeth River sediments tested with spot (2375 ppb).

There is a relatively large amount of data a.nd‘they are from all the major approaches.
There is a consistent cluster of data from two approaches supporting the ER-M value, but not
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the ER-L value. The ER-L and ER-M values were influenced mainly by San Francisco Bay and
Puget Sourd data, respectively. The degree of confidence in these values should be considered
as moderate and high, respectively. Except for the Commencement Bay samples least toxic to
amphipods and the Trinity River bioassay data, the majority of the data indicate that
effects almost always occur at concentrations above about 500 ppb (0.5 ppm? napthalene. This
overall apparent effects threshold is suggested by an EP-derived concentration (500 ppb) and
moderately toxic Commencement Bay samples (mean 593 + 505 ppb) and lies within the ER-
L./ER-M range '

Table 61. Summary of sediment effects data available for naphthalene,

Reference . Biological Approach Concentrations (ppb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay : 2100

- oyster larvae (C. gizas) bioassay ﬁ : 2100

- benthic community composition : 2100

- Microtox™ bioassay 2100
2 1988 PUGET SOUND AET - . :

~ R, abronius amphipod bioassay . 2400

- oyster larvae (C. gigas) bioassay 2100

- benthic community composition 2700

- Microtox™ bioassay 2100
20 PSDDA guidelines (based upon Puget Sound AET)

- screening level cancentration ' 210

' - maximum level criterion ' 2100

" SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay ' >160
- R. abronius amphipod bioassay >160

Co-Occurrence Analyses

571 PUGET SOUND WASHINGTON

- highly toxic (15-minute EC50; 0.31 % 0.13) to P. phosphoreums =~ - 3934 + 8864
- moderately toxic (15-minute EC50; 2.1 * 0.8) to P. phosphoreum 343 + 383
- least toxic (15-minute EC50; 8.9 + 3.3) to P. phosphoreum 36 + 50
80 COMMENCEMENT BAY, WASHINGTON '
- - highly toxic (15.7 + 3.9 dead/20) to R. abronius ' 1564 + 1735
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius 594 + 424
- least toxic (2.5 + 0.9 dead/20) to R. abronius 510 + 499
- highly toxic (44.5 £ 19% abnormal) te oyster larvae 973 £ 1041
- moderately toxic (23 %+ 2.3% abnormal) to oyster larvae . 593 + 505
- - least toxic (15.1 + 3.1% abnormal) to oyster larvae ‘ 358 + 326
85 EAGLE HARBOR, WASHINGTON .
- highly toxic (19.1 1 1.7 dead/20) to R. abronius - 1501 + 2064
- moderately toxic (8.2 £ 1.8 dead/20) to R. abronius ' 288 + 201
- least toxic (2.6 + 1.4 dead/20) to R. abronius 456 + 682

21 - predicted L. 250 for R. abronius in 10-d dilution series with
Yaquina Bay, Oregon sediment 30
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Table 61. Naphthalene (continued).

Reference Blological Approach

Concentrations (ppb)

Co-Occurrence Analyses

29 LAKE UNION, WASHINGTON
- 95% mortality to H. azteca

* SAN FRANCISCO BAY, CALIFORNIA .
- highly toxic (67 + 11 8% mortality) to R. abronius
- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 * 6 6% mortality) to R. abronius

- significantly toxic (429 * 19.2% mortality) to R. abromus
- not toxic (184 £ 6.8% mortality) to R, abronius

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (594 + 11.3% abnormal) to bivalve larvae
. - least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

. - significantly toxic (66.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae -

56 SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

51 TRINITY RIVER, TEXAS
- = low benthic species richness (28.2 t.29)
- high benthic species richness (33.3 t 4.0)
47 ELIZABETH RIVER, VIRCINIA -

- 100% mortality to L. xanthurus exposed to 100% Elizabeth River
sediment

- LC50 (24-h) for L. xanthurus exposed to 56% Ehzabeth River
sediment

- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment

58 BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A. abdits in 10-d bicassay

National Screening Level Concentrations
5  Marine sediments @ 1% TOC

14 Marine sediments @ 1% TOC

Equilibrium Partitioning .
4 | EPA chronic marine EP threghold (@ 4% TOC)
17 EPA acute marire EP threshold (@ 4% TOC)

13 99 percentile chronic marine permissable contaminant derived from
chronic water quality criteria @ 1% TOC
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Table 61. Naphthalene (continued).

Reference | Blological Approach - Concentrations (ppb)

Equilibrium Partitioning

13 95 percentile chronic marine permissable contaminant derived from
chronic water quality criteria @ 1% TOC 720

S5piked-Sediment Bioassays

59  Liver somatic condition indices elevated in winter flounder 7370
MFO induction in winter flounder liver significantly elevated 6200
MFO induction in winter flounder kidney signiicantly elevated 10710

1 Total concentration includes sum of naphthalene, 1-methylnaphthalebne,‘2-
methylnaphthalene, 2,6-dimethylnaphthalene, and 2,3,5-trimethylnaphthalene.

References:
Beiler et al., 1986 17. Lyman et al., 1987 56. Anderson e al., 1988
PTI Environmental Services, 1988 20. U.S. ACOE, 1988 57. Schiewe et al., 1985
Bolton et al., 1985 , 21, Swarnz et al., 1989 58. Rogerson ef al., 1985
Neff et al., 1986 29. Yake et al., 1986 59. Payne et al., 1988
. Pavlou et al., 1987 47. Roberts et al., 1989 80. Tetra Tech, 1985
. Neff et al., 1987 : 51. Armstrong eral., 1979  85. CH2M Hill, 1989

R Lwnbap—

Various, please see text

Table 62. Effects range-low and eifects range-median values for naphthalene and
28 concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) End Point
77 Southern California bioassay COA
127 Sar. Francisco Bay, Cahfonua bicassay COA
340 ' ER-L
343 Puget Sound, Washington bioassay COA
414 Marine SLC '
500 99 Percentile EP chronic marine @ 1% TOC
593 Commencernent Bay, Washington bioassay COA-
594 Commencement Bay,Washmgton bioassay COA
720 95 percentile EP chronic marine @ 1% T
973 Commencement Bay, Washington bioassay COA
1501 Eagle Harbor, Washington bioassay COA
1564 Commencement Bay, Washington bioassay COA COA
2100 Puget Sound, Washington AET- amphipod
2100 Puget Sound, Washmgton AET - oyster
2100 ER-M
2100 Puget Sound, Washington AET - benthic
- 2100 : Puget Sound, Washington AET - Microtox™
2375 Elizabeth River, Virginia bioassay COA
2400 Puget Sound, Washington AET - amphipod
2700 ' Puget Sound, Washington AET - benthic
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Table 62. (continued)

Concentrations (ppb) ' End Point
3670 ~ Marine SLC :
3934 Puget Sound, Washington bioassay COA
6200 - SSB with flounder
7370 ' SSB with flounder
10710 SSB with flounder .
11500 Trinity River,Texas benthos COA
40000 Lake Union, Washington bioassay COA
42000 . EP acute marine threshold @ 4% TOC
5320C Elizabeth River, Virginia bioassay COA '
95000 Elizabeth River, Virginia bioassay COA -
Perylene

Data available for perylene are from studies in which bioassays of San Francisco Bay,.
southern California, and Elizabeth River sediments were performed (Table 63). There are too
‘little data to warrant determination of ER-L and ER-M 'values, however, some of the
available data suggest a degree of convergence. The San Francisco Bay AET for amphipod
bioassays, San Francisco Bay sediments highly toxic to amphipods and bivalve larvae, and
southern California sediments significantly toxic to a.mghipods had similar perylene
concentrations (230, and means of 173, 212, and 175 ppb, respectively). The perylene
concentrations in Elizabeth River sediments that were toxic to L. xanthurus were much higher
(means of 1677 ppb and greater). ‘ § ‘

Table 63. Summary of sediment effects data available for perylene. -

References ' Biological Approaches ~ Concentrations (ppb)

Apparent Effects Thresholds

. SAN FRANCISCO BAY, CALIFORNIA AET
: - bivalve larvae bioassay 95

- R. abronius amphipod bioassay . 230

Co-Occurrence Analyses

» SAN FRANCISCO BAY, CALIFORNIA | |

- highly toxic (67 * 11.8% mortality) to R. abronius , 1731124
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius , 139+ 43
- least toxic (18 + 6.6% mortality) to R. abronius © 98+68
- significantly toxic (429 + 19.2% moriality) to R. abromius 15992
- not toxic (18.4 + 6.8% mortality) to R. abronius = - 85 + 68
- highly toxic (924 * 4.5% abnormal) to bivalve larvae 2124 39
- moderately toxic- (59.4 + 11.3% abnormal) to bivalve larvae 132+ 92
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 81178

. significantly toxic (5.7 + 22.7% abnormal) to bivalve larvae 146 + 86

- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae , 32455
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Table €3. Perylene (continued)

References Biolagical Approaches Concentrations (ppb)

Co+«Occurrence Analyses

‘56  SOUTHERN CALIFORNIA - -
- significantly toxic (51.65% mortality) to G. japonica ' 175 £ 120
- not toxic (23.2% mortality) to G. japonica 82+ 118

47 ELIZABETH RIVER, VIRGINIA
: - 100% mortality to L. xanthurus exposed to 100% Elizabeth River sediment- 50700
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River sediment 28392
- LC50 (28~d) for L. xanthurus exposed to 2.5% Elizabeth River sediment . 1677

Referencen;

47. Roberts et al., 1989
56. Anderson et al., 1988
* Various, please see text

Phenanthrene

 Data available for phenanthrene are from studies in which Puget Sound AETs were
determined; SSBs were performed with amphipods and winter. flounder; natioral SLCs were
calculated; EP-derived thresholds were predicted; and bioassays of sediments from
Commencement Bay, EaFle Harbor, Lake Union, San Francisco Bay, southern California,
Columbia River, and Elizabeth River were performed (Table 64). San Francisco Bay
sediments that were least, moderately, amre highly toxic to amphipods had similar
henanthrene concentrations. San Francisco Bay sediments that were significantly toxic to
ivalve larvae had similar concentrations of phenanthrene compared to those that were not -
toxic. Eagle Harbor sediments that were mcderately toxic to amphipods had a lower mean

phenenathrene concen! ' than those that were least toxic. These data were not used to
determine ER-L and values (Table B-29).. ‘
The lower 10 n #le value of the data suggests an ER-L of about 225 ppb, a value
supported by sc: California and San Francisco Bay bioassay data (means of 222 + 136
b and 224 1 b, respectively) (Table 65). The 50 percentile of the data suggest an

E -M of about ..zu ppb, a value supported by highly toxic Commencement Bay samples

(mean of 1379 + 2546 ppb) and an EF-derived criterion of 1390 ppb. There is an overall
apparent effects threshold at about 260 ppb, but there are data from Commencement Bay,
Eagle Harbor, and the Columbia River that contradict that observation. :

The degree of confidence in the ER-L and ER-M values for phenanthrene should be
considered as moderate. - There are data from all of the major a.pﬁroaches and there is
convergence within this range, but the data from a S5B with an amphipod suggest that the
effects threshold among sensitive species may occur at concentrations much greater than the
ER-L/ER-M range. The AET lies within the ER-L/ER-M range, but is contradicted by
observations of no effects at higher concentrations determined in three study areas.
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Tabile 64 Summiary of sediment etfects dats availdble for phenanthrene.

References = Biological Approaches Concentratizns {ppb)

Apparent Effects Thresholds ‘

1

20

1986 PUGET SO'JND AET

- R. abronius ampiupod bioassay

- oyster larvae (C. gigas) bioassay
- benthic community composition

- Microtex™ bioassay :

1988 PUGET SOUND AET

- R. abroniug amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composition

- Microtox™ bioassay

. PSDDA guidelines (based upon Puget Sound AET)

- screening level concentration
- maximum level criterion

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay
- R. abroninus amphipod binassay

Co-Occurrence Analyses

80

85

21

29 

52

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 + 3.9 dead/20) to R. abronius

- moderately toxic (5.2 1 1.1 dead/20) to R. abronius
- least toxic (2.5 + 0.9 dead/20) to R. abronius

- highly toxic (44.5 + 19% abnorma., tc oyster larvae
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae

EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 + 1.7 dead/20) to R. abronius

- moderately toxic (8.2 * 1.8 dead/20) to R. abronius
- least toxic (2.6 + 1.4 dead/20) to R. abronius

- predicted LC50 for R, abronius in 10-d dilution series

with Yaquina Bay, Oregon sediment
LAKE UNION, WASHINGTON

. - 95% mortality to H. azieca -

COLUMBIA RIVER, WASHINGTON/ OREGON
- not toxic (0-13% mortality) to H. azteca

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 £ 11.8% mortality) to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 * 6.6% mortality) to R. abronius

. significantly toxic (42.9 + 19.2% mortality) to R. abronius

- not toxic (18.4 £ 6.8% mortality) to R. abronius
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Tdble 64, Summary of sediment effects data avallable for phenanthrene.

. References Blological Approaches

Concentrations {pph)

CosDecurrence Analyses

56

- highly toxic (92.4 + 4.5% abnonnal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae .
- lenst toxic (23.3 + 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 = 22.7% abnormal) to bivalve 1arvae
- nort wxic (31.9 £ 15.5% abnormal) to bivalve larvae

SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

47 ELIZABETH RIVER, VIRGINIA

- 100% mortality to L. xanthurus exposed to 100% Elizabeth
River sediment

- LCBO (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment

- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment

National Screening Level Concentrations

5
14

Marine se<iments @ 1% TOC
Marine sediments @ 1% TOC

Equilibrium Partitioning

4 EPA chronic marine EP threshold (@ 4% TOC)
17 EPA acute marine EP threshold (@ 4% TOC)
13 99 perccntile chronic marine permissabie contaminant derived
from chronic water quality criteria @ 1% TOC
13 95 percentile chronic marine permxssable contaminant derived
from chronic water quality criteria @ 1% TOC
25 Sediment safe levels based upon ‘sediment/water partitioning

o

coefhcnente and acute water quality criteria @ 1% TOC

EPA interim mean freshwater sediment quahty criteria

@I%TOC *

EPA interim mean marine sediment quality criteria
@ 1% TOC :

S_'p,like.d-s'edi-ment Bioassays

65 Significant toxicity to R. abronius with mixtures of aromatic
*and chiorinated hydrocarbons
59 liver somatic condition indices elevated in winter flounder

MFC induction in winter flounder liver significantly elevated

MFO induction in winter flounder kidney mgniﬂcantly elevated

126

2363200

475+ 160
224 + 203
65 £ 30

233 1 208
159 + 216

222 + 136
119 £ 242

220000
105500

259

lld
240
14000
1390

1020

340
270
429.




Table 66. Phenanthrene (continued),

References Biological Approaches Concentrations (ppb)

Spiked-Sediment Bioassays

21 LC50 (10-d) with R. abronius , 3680
Refcrenées:
1. Bellereral., 1986 17. Lyman et al., 1987 56. Anderson ef al., 1988
2. PTI Environmental Services, 1988 20, U.S. ACOE, 1988 59. Payne ef af., 1988
4. Bolton ef al., 1985 21, Swarz ef al,, 1989 65. Plesha et al., 1988
5. Neffetal., 1986 ' 25. Paviou, 1987 © . 85. CH2M Hil, 1989
6. EPA, 1988 29. Yake et al., 1986 - 80. Tetra Tech, 1985
13. Pavlou et al., 1987 47. Roberts et al., 1989 "% Various, please sec text

14. Neff et al., 1987 _ 52. Johnson et al., 1988

" Table 65. Effects range-low and effects range-median values for phenhnthrene
and 34 concentrations used to determine these values arranged in ascending
order,

Concentrations (ppb) End Point
88 : San Francisco Bay, California AET
110 99 percentile EP chronic marine @ 1% TOC
222 Southern California bioassay COA
224 San Francisco Bay, California bioassay COA
225 ER-L
240 95 percentile EP chronic marine @ 1% TOC
259 Marine SLC
270 SSB with flounder o
. 340 SSB with flounder
368 Marine SLC _
429 SSB with flounder
475 San Francisco Bay, California bioassay COA
. 500 SSB with R. abronius: mixtures
510 - San Francisco Bay, California AET .
593 Commencement Bay, Washington bxoassay COA
597 - Commencement Bay, Washington bioassay COA
950 Eagle Harbor, Washington bioassay COA
1020 . EP interim marine criteria @ 1% TOC
1379 Commencement Bay, Washington bioassay COA
1380 ER-M
1390 ‘ EP interim freshwater criteria @ 1% TOC
1500 ‘ Puget Sound, Washington AET - oyster
1500 Puget Sound Washington AET - Microtox™
2838 . Commencement Bay, Washington bioassay COA
3200 ' Puget Sound, Washington AET - benthic
3680 ' SSB with R. abmmus LC50
5400 Puget Sound, Washington AET- amphipod
5400 - Puget Sound, Washington AET - benthic
- 6900 Puget Sound, Washington AET - amphipod
14000 EP acute sediment safe level
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Table 65. (continued)

33603 Eagle Harbor, Washington bioassay COA
56000 EP chronic marine @ 4% TOC
105500 - Elizabeth River, Virginia bioassay COA
- 220000 Elizabeth River, Virginia bioassay COA
410000 Lake Union, Washington bioassay COA
2363200 _ Elizabeth River, Virginia bioassay COA

Pyrene '

Data available for pyrene are from studies in. which Puget Sound AETs were determined;
national SLCs were calculated; EP-derived thresholds were predicted; S5Bs with winter
flounder were conducted; and bioassays of sediments from Commencement Bay, Eagle Harbor,
Lake Union, San Francisco Bay, southern California, and Elizabeth River were performed
(Table 66). San Francisco Bay sediments that were significantly toxic to both amphipods and
bivalve larvae had pyrene concentrations similar to the samples that were not toxic. San
Francisco Bay sediments that were highly toxic to amphipods had pyrene concentrations
similar to those that were least toxic. Commencement Bay sediments that were moderately
toxic to amphipods had mean pyrene concentrations lowsr than those that were least toxic.
Columbia River sediments with up to 2500 ppb pyrene were.not toxic to amphipods. {One each
of the Puget Sound and San Francisco Bay AETs was not definitive. These data v ere not used

to determine ER-L and ER-M values (Table B-30).

The lower 10 percentile of the data suggest an ER-L of about 350 ppb pyrene, a value
supported by a predicted LC50 (350 ppb) for Eagle Harbor sediments tested with amphi
and observations of altered liver somatic condition in winter flounder exposed to petro um
(360 ppb) (Table 67). The 50 percentile value in the data suggest an ER-M of about 2200 ppb,
a value supported by San Francisco Bay bioassay data (mean of 2188 ppb). Except for the
Columbia River bioassay data, most of the data suggest an overall effects threshold at about
1000 ppb (1 ppm) pyrene. However, as with the other aromatic hydrocarbons, this-apparent
effects thresho d is highly influenced by the Puget Sound AET values.

The degree of confidence in the ER-L and ER-M values should be considered as moderate.
Data are available from a number of approaches and geographic areas, an apparent effects
threshold lies within the ER-L/ER-M range, and there is consistency and clustering of the
~ available data. However, there are no data from single-chemical 5SBs and most of the

thresholds predicted by EP methods are much higher than the concentrations within the
ER-L/ER-M range.

Table 66. Summary of sediment effects data available for pyrene.

References - Biological Approaches Concentrations (ppb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay : 4300
- oyster larvae (C. gigas) bioassay . 3300
- benthic community composition >7300

- Microtox™ bioassay 2600




Table 66. Pyrene (éonﬂnued).

. References

quioglcml Approaches

. Concentrations (ppb)

. Apparent Effects Threshold

2

20

1988 PUGET SOUND AET

- R, abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composition

- Microtox™ bioassay

PSDDA guidelines (based upon Puget Sound AET)
- screening level concentration

- maximum level criterion

SAN FRANCISCO BAY, CAL IFORNIA AET
- bivalve larvae bioassay
- R. abronius amphipod bioassay

Co-Occurrence Analyaes

80

21

52

%

56

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 + 3.9 dead/20) to-R. abronius

- moderately toxic (5.2 + 1.1 dead/20) to R. abronius
- least toxic (2.5 + 0.9 dead/20) to R. abronius

- highly toxic (4.5 £ 19% abnormal) to oyster larvae

- moderately toxic (23 + 2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

EAGLE HARBOR, WASHINGTON ‘
- predicted LC50 for R, abronius in 10-d dilution series
with Yaquina Bay, Oregon sediment

LAKE UNION, WASHINGTON
- 95% mortality to H. azteca

COLUMBIA RIVER, WASHINGTON / OREGON
- not toxic (0-13% mortallty) to H. azteca

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius

- moderately toxic (33.8 * 4.7% mortality) to R. abronius
- least toxic (18 + 6.6% mortality) to R. abronius .

- sxgniﬁcantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (184 £ 6.8% mortality) to R. abronius

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae .
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae ’

- sngmﬁcanﬂy toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 1 15.5% abnormal) to bivalve larvae

SOUTHERN CALIFORNIA - .
- significantly toxic (51.7% mortality) to G. ;aponica
- not toxic (23.2% mortality) to G. japonica

129

16000

16000 |
2600

430
7300

>3400
2600

1820 + 2252
865 £ 719
978 + 996

1538 + 1501

1078 + 806
434 + 442

350
750000
2500

777 + 908
1110 £ 904
701 + 866

896 £ 870
743 £ 902

2188 + 776
7241939
216 + 102

806+ 975

719 £ 1123

532 + 372
184 1 318



Table 66. Pyrene (confinued).

Referenives

Biological Approaches

Concentrations (pph)

Co-Oocurrence Analyses |

47  ELIZABETH RIVER, VIRGINIA
- 160% mortality to L. xanthurus exposed to 100% Elizabeth

River sediment. 1350000
- LC50 (24-hr) for L. xanthurus exposed to 56% Elizabeth River
sediment 756000
-~ LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment 33750
National Screening Level Concentrations
5  Marine sediments @ 1% TOC 434
14 Marine sediments @ 1% TOC 665
Equilibrium Partitioning
4 EPA chronic marine EP threshold (@ 4% TOC) 198000
- 17 EPA acute marine EP threshold (@ 4% TOC) 198000
13 99 percentile chronic marine permissable contaminant
. derived from chronic water quality criteria @ 1% TOC 850
13. 95 percentile chronic marine permissable contaminant
derived from chronic water quality criteria @ 1% TOC 1900
6 EPA interim mean freshwater sediment quality criteria
based upon EP@ 1% TOC | 13100
25 ~ Sediment safe levels based upon sediment/water parhﬁomng
coefficients and acute water quality criteria 49500
Spiked Sediment Bioassays ‘
59 Liver somatic condition mdncés elevated in winter flounder 360
MFQ induction in winter flounder liver significantly elevated 300

MFOQO induction in winter flounder kidney significantly elevated 182

References:
Beller et al,, 1986

Bolton ef al., 1985
Neff et al., 1986
EPA, 1988

3 Pavlou et al., 1983

S

PTI Environmental Services, 1988

" 14, Neff et al., 1987

17. Lyman et al., 1987
20. U.S. ACOE, 1988
21, Swartz et al., 1989
25. Pavlou, 1987

29. Yake et al., 1986

130

47.
2.
- 56.

.59.
. Tetra Tech, 1985

Roberts ef al., 1989

Johnson et al., 1988
Anderson et al., 1958
Payne et al., 1988

Various, please see text




Table 67. Effects range-low and effects range-median values for pyrene and 28
concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) 1 End Point
182 S5B with flounder
300 55B with flounder : o
350 Eagle Harbor, Washington bioassay COA
ash ER~L ' S
360 - - SSB with flounder
434 . Marine SLC '
532 : Southern California bioassay COA -
665 - Marine SLC ' ’ ‘
4 San Francisco Bay, California bioassay COA
850 99 percentile EP chronic marine @ 1% TOC
1078 ' ‘Commencement Bay, Washington bioassay COA -
1110 San Francisco Bay, California bioassay COA
1538 Commencement Bay, Washington bioassay COA
1820 » Commencement Bay, Washington bioassay COA
1900 - -85 percentile EP chronic marine @ 1% TOC
2188 San Prancisco Bay, California bioassay COA
2200 . - ER-M :
2600 Puget Sound, Washington AET - Microtox™
2600 . San Francisco Bay, California AET -
3300 - Puget Sound, Washington AET - oyster |
4300 ‘ Puget Sound, Washington AET - amphiy
13100 EP freshwater interim criteria @ 1% TOC
16000 Puget Sound, Washington AET - amphipod
16000 Puget Sound, Washington AET - benthic
33750 : Elizabeth River, Virginia bicassay COA
49500 EP acute sediment safe level o
198000 EP chronic marine @ 4% TOC
730000 Lal:e Union, Washington bioassay COA
756000 Elizabeth River, Virginia bioassay COA
1350000 Elizabeth River, Virginia bioassay COA
2,3,5-trimethylnaphthalene

Il
o

"No daté were located with which to relate 2,3,5-trimethylnaphthalene concentrations in
sediments to measures of biological effects. ' :

Total Polynuclear Aromatic Hydrocarbons (PAH)

The data available for total PAH include those from SSBs and co-occurrence analyses of
matching bioeffects and chemical data from various investigations in the field (Table 68).
The S8Bs were performed with amphipods, bivalve larvae, and the fish L. xanthurus. The
‘matching data are from San Francisco Bay, southern California, Eagle Harbor, Puget Sound,
Commencement Bay, Mississippi Sound, Forth Estuary (Scotland), ‘Hampton Roads, Lower
Columbia River, Klassachusetts Bay, and Hudson-Raritan Bay. In addition to the COA, the
Mississippi Sound data from two types of bicassays (amphipod Gammarus mucronatus and
‘mysid Mysidopsis almyra) were evaluated to determine AET concentrations. -

Some of the data were not used to determine the ER-L and ER-M values (Table B-31).

- Some of the data from San Francisco Bay bioassays performed with amphipods, from studies
of meiofauna in Forth Estuary, from bioassays of Mississippi Sound performed with mysids
and with amphipods, and from moderately toxic Hampton Roads sediments tested with
shrimp ‘'were not used because they either lacked a gradient in concentration or lacked
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eoncordance between the biological and the chemical data. One each of the San Franciseo
Bay and Mississippi Sound AETs were not definitive. ‘ o

- The category of total PAH is difficult to evaluate since different individual PAHs have
been guantified by different investigators and reported as total FAl1 (Table B-31). Therefore,
the data available for evaluation are not necessarlly equivalent. For example, some of the
data were reported. as total PAH or total hydrocarbons and the idcnti‘g' and number of
quanfified hygrocarbons were not specified. zmong the data sets evaluated, a minimum of 4
FAHs and a maximum of 21 PAHs were quantified. However, there is enough similarity
among the data to warrant a cautious review of the concentrations associated with measures
of effects in sediments. Most investigators reported the sums of 13 to 18 individual
hydrocarbongs. No Puget Sound AET has been reported for the category of total PAH. Also,
since the Commencement Bay data were reporied as sums of these two categories (low
molecular weight and high molecular weight PAH), COA were performed with sums of the
two mean concentrations as an approximation of total PAH. The AET concentrations
determined with the Miasissippi Sound data also were of questionable value. No definitive
AET for the amphipod bioassay could be determined; the samggel with the highest PAH
concentration that was significantly toxic had 205,000 ppb PAH. Only one other sample that
was significantly toxic to mysids exceeded the AET concentration of 99,400 ppb PAH in the
sample. ‘ : :

Effects were associated with total PAH concentrations as low as 870 ppb, the AET
determined for San Francisco Bay sediments tested with bivalve larvae bioassays (Table 69).
The lower 10 percentile value of the data is equivalent to about 4000 ppb (3800 rounded to
4000 ppb), the ER-L concentration. This value is supported by observations in San Francisco
Bay of the concentration associated with minimum measures of bioeffects (3800 ppb) and
significant toxicity to bivalve larvae {mean 4022 ppb). With several exceptions, effects were
usually observed in association with total PAH concentrations of about 11000 ppb or greater.
There is an apparent effects threshold among the data at about 22000 ppb; effects were
usually observed at higher total PAH concentrations. The 50 percentile value in the data
suggests an ER-M concentration of about 35000 ppb. This concentration is supported by the
observations of low Massachusetts Bay species richness (mean of 35000 ppb) and high toxicity
in Hampton Roads sediments (mean of 35700 ppb). }

The majority of the data are available from matching biological and chemical analyses
of field-collected samples, and, therefore, are subject to the weaknesses outlined earlier in
this document. The data from the few 58Bs in which individual PAH were quantified
indicated very high L.C50s (e.g., >180,000 ppb). The individual PAH that were quantified
and the number of PAH that were quantified and summed differed among investigators.
There are no effects thresholds predicted by EP methods available for a category of total
PAH. 5mall clusters of data supported the ER-L and ER-M values. The total data set had
an extremely wide range in concentrations. Because of these problems, the degree of
confidence in the ER-L and ER-M values for total PAH should be considered as relatively
low. However, there did appear to be a relatively clear overall threshold in the data. A

much more standardized method of reporting results and more data are needed to determine
~ the total PAH concentrations associated with measures of effects in sediments.

Table 68, Summary of sediment effects data available for total PAHS,

References Biological Approaches . Conifntmtions {ppb)

Apparent Effects Threshold ‘
1 1986 PUGET SOUND AET FOR LOW MOLECULAR WEIGHT PAH

- R. abronius amphipod bioassay » 5200
- oyster larvae (C. gigas) bicassay , 5200
- benthic community composition » , 6100
- Microtox™ bioassay 5200
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Table 68. Total! PAHs (continued)

. References o Biological Approaches Concentrations (ppb) -

. Apparént Bffects Threshold
1 1986 PUGET SOUND AET FOR HIGH MOLECULAR WEIGHT PAH

- R. abronius amphipod bioassay 18000
- oyster larvae (C. gigas) bioassay : 17000
- benthic community composition >51000
- chmtox"' bicassay - - , , _ : 12000
2 1988 PUGET SOUND ABT FOR LOW MOLECULAR WEIGHT PAH
= R. abronius amphipod bioassay 24000
- oyster larvae ( gxgaa) bioassay ' ' 5200
- benthic mmmunity composition : 13000
- Microtox™ bioassay : ' . 5200
2 1988 PUGET SOUND AET FOR HIGH MOLECULAR WEIGHT PAH
. =R, abronius amphipod bioassay 69000
. - oyster larvae (C. gigas) bioassay - 17000
- benthic community composition ‘ _ - 69000
- Microtox™ bioassay , ' 12000
20 - PSDDA screening level ~ low molecular weight PAH . . 610
- PSDDA -screening level - high molecular weight PAH -~ 1800
~ PSDDA maximum level - low molecular weight PAH ‘ 6100
- PSDDA maximum level - high molecular weight PAH 51000
o SAN FRANCISCO BAY, CALIFORNIA AE'I‘ 1
- bivalve larvae bloassay . : 870
- R, abronius amphipod bioassay : Co . >»15000
84  MISSISSIPPI SOUND, MISSISSIPPI AET .
- AET for amphipod bioassay . ‘ >205000
- AET for mysid bioassay : : 99400

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON: LOW MOLECULAR

WEIGHTPAH :
- highly toxic (15.7 + 3.9 dead/20) to R. abronius 6977 + 8437
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius - 2031 £ 1316
- lecst toxic (2.5 £ 0.9 dead /20) to R. abronius 1602 + 1411
- highly toxic (44.5 + 19% abnormal) to oyster larvae p 3835 £ 4852 -
- moderately toxic (23 +.2.3% abnormal) to oyster larvae 2003 + 1405
- least toxic (15.1 + 3.1% abnormal) to oyster larvae 1019 £ 943

80 COMMENCEMENT BAY, WASHINGTON: HIGH MOLECULAR

WEIGHT PAH
- highly toxic (15.7 + 3.9 dead/20) to R. abronius ‘ ' 9794 + 12821
- moderately toxic (5.2 & 1.1 dead/20) to R. abronius ’ 6178 + 6438
-least toxic (2.5 £ 0.9 dead/20)) to R. abronius 4865 + 4800
- highly toxic (44.5 19% abrormal) to oyster larvae 9042 + 9573
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae 5838 £ 4042
- least toxic (15.1 = 3.1% abnormal) to oyster larvae 2686 + 2631
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Table 68. Total PAHs (continued)

References

Biclogical Approaches

Concentrations (ppb)

Co-Occurrence Analyses

»

57
26

52

79

81

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius

- moderately toxic {33.8 + 4.7% mortality) to R. abronius
- least toxic (18 1 6.6% mortality) to R. abronius

- gignificantly toxic (42.9 * 19.2% mortality) to R. abronius
- not toxic (18.4 = 6.8% mortality) to R. abronius

- highly toxic (92.4 * 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae

- sediment quality triad significant bioeffects
- sediment quality triad minimum bioeffects

PUGET SOUND, WASHINGTON

- highly toxic in Microtox™ bioassay

- moderately toxic in Microtox™ bioassay
- least toxic in Microtox™ bioassay

- highly toxic (95% LPL) to R. abronius _
- moderately toxic (<87.5% survival to <95% LPL) to R. abronius
- least toxic (<87.5% survival) to R. abronius

COLUMBIA RIVER, WASHINGTON
- low toxicity (0-13% mortality) to H. azteca .

MISSISSIPPI SOUND, MISSISSIPPI '

- highly toxic (90 t 11.7% mortality} to mysid M. almyra

- moderately toxic ( 53.5 + 7.4% mortality) to mysid M. almyra
- least toxic (8 + 8.8% mortality) to mysid M. almyra

- significant mortality (71.8 + 21.4%) to mysid M. almyra
- low mortality (8 + 8.8%) to mysidd M. almyra

. highly toxic (76.9 * 24.1% mortality) to amphipod G, mucronatus

- least toxic (14.4 * 5.9% mortality) to amphipod G. mucronatug

- significantly toxic (80.7 + 23.2% mcrtality) to amphipod
G. mucronatus -
- not toxic (16 + 9.4% mortality) to amphipod G. mucronatus

HUDSON-RARITAN ESTUARY, NEW YORK
- negative growth in nematode bioassay
- positive growth in ncmatode bicassay

FORTH ESTUARY, SCOTLAND

- low meiofaunal density (112.4 122 /sample)

- moderate meiofaunal density (1334 +-396/sample)
- high meiofaunal density (3542t 1774/sample)
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4227 & 5005
3966 + 3524
3323 + 4337

3832 + 3927
3527 + 4520

11735 + 5499
3343 £4039
941 £ 429

4022 + 4908

-2557 £ 3816

29500
<3800

55630 + 112530
12543 + 17427
763 £ 727

11752 + 14548
7627 £ 7065
4201 * 4612

19000

11400 + 14100
66100 + 83300
8550 £ 23000

41790 £ 66160
8550 £ 22990

47760 + 74890
9730 + 22390

21600 £ 31000
18600 + 47090

42769 t 46084
21467 + 31160

83800 + 57900
11800 + 9700
10200 * 9950



Table 66. Total PAHs (continued)

References

Blological Approaches

Concezitraﬂons; {(ppb}

Co-Occurrence Analyses

30. E. V. S. Consultants, 1988

Rcpgerson et al., 1988 ¥
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82 MASSACHUSETTS BAY, MASSACHUSETTS '
- low macrofaunal species richness (31 £ 6.5) 35000 £ 25400
- moderate macrofaunal species richness (58.1 + 104) 23100 £ 15400 -
- high macrofaunal species richness (93.6 £ 9.4) 8700 £ 12600
31 HAMPTON ROADS, VIRGINIA
- highly toxic (70 + 20.3% mortality) to P. pugio shrimp 35700 + 42181
- moderately toxic (8.8 + 1.8% mortality) to P. pugio shrimp 12325 + 10425
- least toxic (2.2 +'1.8% mortality) to P. pugio shrimp 16921 + 20976
ELIZABETH RIVER, VIRGINIA
37 - 56% overall mortality among spot L. xanthurus 3900000
' - 100% fin erosion among spot L. xanthurus 3500000
47 - 100% mortality to L. xanthurus exposed to 100% Elizabeth River
sediment 11872000 -
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment 530000
- LC50 (28-d) for L. xanthurus exposed to 2 5% Elizabeth River ‘
© sediment 21200000
56 SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica 8363
- not toxic (23.2% mortality) to G. japonica - 242
58 BLACK HARBOR, CONNECTICUT '
- projected concentrations mgniﬁcantly toxic to A. abdtta amphipod 11273
21 BAGLE HARBOR, WASHINGTON
- predxcted LC50 concentraﬁon toxic to R. abronius 2590
Spiked ~-Sediment Bioassays |
59 - elevated liver/somatic indices in winter flounder P. americanus 228722
- elevated liver MFO induction in winter flounder P. americanus, 183060
- elevated kidney MFO induction in winter flounder P. americanus 295860
28 - Bunker C oil LC50 for R. abronius 2240000
30 - low (74%) abnormality in oyster larvae (C. gigas) exposed :
to petroleum products 10000
1. Beller et al., 1986 ' 31. Alden and But, 1987 59, Payne ¢f al., 1988
2. PTIEnvironmental Services, 1988 37. Hargis et al., 1984 79: Tietjen et al., 1984
7. Chapman e! al., 1987 - 47. Roberts et al., 1989 . 80. Tetra Tech, 1985
20. U.S. ACOE, 1988 52. Johnson and Norton, 1988 81. Long, 1987
21. Swartz et al., 1989 . 56. Anderson et al., 1988 82. Gilbent et al., 1976
T3¢, DeWitt et al., 1988 57. Schiewe et al., 1984 '84. Lytle and Lytle, 1985
28. . Kemp et al., 1986 58.

various, see text




.. Effects range<low and effects range-median values for-total PAHs and

ceritrations-used to determine thiese values. arranged in-@scend

Concerntrations (ppb) ' End Point
- 870 -San Francisco Bay AET--bivalve

2590 - Predicted LC50 Bagle Harbor—amphipod COA

3343 ~ San Francisco Bay moderately toxic—bivalve COA

3800 San Francisco Bay triad minimum bioeffects COA

4000 ER-L -

4022 ‘San Francisco Bay significantly toxic--bivalve COA

7627 Puget Sound moderately toxic~-amphipod COA

7841 Commencement Bay moderately toxic—oyster COA

8363 Southern California significantly toxic~amphipod COA~

9500 ' San Francisco Bay triad significant bioeffects COA

11273 Black Rock Harbor significantly toxic~amphipod COA

11735 : San Francisco Bay highly toxic~bivalve COA

11752 Puget Sounu highly toxic--amphipod COA

12877 Commencement Bay highly toxic—oyster COA

13933 Puget Sound moderately toxic~Microtox™ COA

16771 Commencement Bay highly toxic-amphipod COA

23100 Massachusetts Bay moderate species richness COA

. 35000 Massachusetts Bay low species richness COA

35000 ER-M

35700 Hampton Roads highly toxic~shrimp COA

41790 - Mississippi Sound significantly toxic—mysid COA

42769 Hudson-Raritan highly toxic—-nematode COA '

47760 : Mississippi Sound highly toxic-amghi d COA

55630 Puget Sound highly toxic—~Microtox™ ggA

66100 _ Mississippi Sound moderately toxic~mysid COA

83800 Forth Estuary low meiofauna density COA

99400 Mississippi %und’ AET-mysid bioassay

183060 SSB with winter flounder liver MFO

28722 SSB with winter flourder liver condition

295860 SSB with winter flounder kidney MFO

530000 LC50 2.5% Elizabeth River--spot COA

2240000 SSB with LC50 Bunker C oil--amphipod

3900000 56% mortality Elizabeth River--spot COA

3900000 100% fin erosion Elizabeth River--spot COA

11872000 LC50 56% Elizabeth River--spot COA

21200000 ' LC100 100% Elizabeth River--spot COA
DISCUSSION

Review of ER-L and ER-M values

The ER-L and ER-M concentrations for each chemnical and chemical group are summarized
and listed in Table 70. Also, the ratios between the respective ER-L and ER-M values for
each chemical are listed as a measure of the spread or range in the chemical concentrations,
This ratio was generally lowest (average of 4.2 to 1) for the trace metals (especially

cadmium, chromium, arsenic, nickel, and zinc) and highest (average of 8.1 to 1) for the -

‘organic compounds (excluding total DDT, endrin, and dieldrin).

The available data for some chemicals indicate agreements among the various
approaches and the various data sets that were evaluated. For example, there is a
rélatively large amount of data avatilable for cadmium generated from a variety of methods.
" The Puget Sound AET concentrations range from 5.1 ppm to 9.6 ppm; the 10-d LC50
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concentrations from many S5Bs with amphipods range from 5.6 to 11.5 ppm; and significant
toxicity to amphipods and reduced echinoderm abundance in Southern California sediments

- occurred in samples with mean cadmium concentrations of 5.3 and 6.2 ppm, respectively.
Effects were not observed in sediments with cadmium concentrations of less tKan about 4. ppm.
With some exceptions, biological effects were usually observed in association with cadmium
concentrations of 5 ppm or greater. The preponderance of evidence from these data suggest
that effects are likely or expected as cadmium concentrations in sediments reach about 5 ppm.
Also, the effect of adding or deleting data upon the ER-L and ER-M values for cadmium
would likely be relatively small. ‘

. For some other chemicals, there was less agreement among the data from various
approaches and the degree of corfidence in the accuracy of the resulting ER-L and ER-M
values was relatively low. For example, the Puget Sound AET concentrations for chromium
are 260 and 270 ppm, whereas effects were observed elsewhere. in association with mean
concentrations as low as 61 ppm and as high as 1646 ppm. Many of the biological measures of
effects were not in concordance with chromium concentrations, suggesting that chromium had a
minimal role or no role in causation. In another example, the SLCs for total PCBs range from
2.9 ppb to 42.6 ppb based upon a relatively large amount of data; whereas, the Puget Sound
AET concentrations range from 130 pﬁb to 3100 ppb, the San Francisco Bay AET range from 54
. to 260 pspb, the chronic marine threshold predicted by EP methods is 280 ppb, and the LC50

from a SSB performed with amphipods is 10800 ppb. The effect of adding or deleting data

upon the ER-L or ER-M values could be significant for some of the chemicals for which there
is little consistency or clustering in the data. Obviously, for many chemicals there is yet
much to be learned as regards the chemical concentrations in sediments that cause biological
effects. : ‘ ‘

The chemical concentrations associated with no effects often were as informative as the
concentrations associated with measures of effects. Sediment bioassays performed with
relatively highly contaminated sediments from San Diego Bay, New York Harbor, and Eagle
. Harbor indicated low toxicity; whereas, sediments from other areas or tested with other
approaches with similar or lower chemical concentrations were very toxic. Assuming that
these tests were conducted with proper methods, the data may suggest different degrees of
availability of the sediment-sorbed chemicals, Based upon the methods described, we had
.no reason to eliminate these data. '

Overall, the degree of confidence in the accuracy of the ER-L and ER-M values should be
-considered as moderate for the metals group and PCBs and low for the pesticide and PAH
groups. Much more data are needed to support or refute the ER-L and ER-M values for all
groups and for individual analytes within the groups. : :

Also included in Table 70 is a summary of the subjectively determined, overall apparent
effects threshold for each chemical; the concentrations at and above which biological effects.
were usually or always observed. The ER-L and ER-M values were established objectively
with a.priori selection criteria, i.e., the lower 10 percentiles and 50 percentiles of the
available data. They were not established following review and evaluation of the data for
each chemical. However, following a review of the available data for each chemical,
apparent effects thresholds were often observed and noted. These thresholds were established
with a subjective approach. Therefore, they were identified and listed as evidence to support
" the accuracy of the ER-L/ER-M values and as hypotheses to be evaluated with additional
data. They were not used to rank the NS&T Program sites. For several chemical analytes
(i.e., chromium, total DDT, dieldrin), there was no apparent effects threshold. For many of
the pesticides and aromatic hydrocarbons, there were insufficient data to determine a
threshold, noted as not sufficient: data (NSD) in Table 70. For many of the analytes, e.g.,
mercury, there were inconsistent data at concentrations above the apparent effects thresholg ,
i.e.,, data from some studies indicated no effects at relatively high concentrations of the
analyte. The apparent effects thresholds for most of the trace metals, PCBs, DDT, and some
of the aromatic hydrocarbons were very similar to the respective ER-M values or within the
ER-L/ ER-M range. However, the af;parent threshold was outside the ER-L/ER-M range for
antimony and lead. The apparent eftects threshold for antimony was 25 ppm, a concentration
equivalent to the ER-M concentration. The apparent effects threshold for lead (300 ppm) on
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Table 70. Bummary of nn-v... ER-M, and overall nppnum sfiasta !hruholde eomonmuonu for selected emmh
In udlmom {dry welght).

‘Chemilaal ' ER-L . ER- ER-L:ER-M  Overait Apparent Subjective Dogreo
Effcote Threshold of Confidance In

Anaiyte Conoentration  Concentration Ratlo

“Trace Euh-mu (ppm)

i;

Antimony 25 12.6 25 Moderate/moderate
Argenic 33 88 2.6 50 Low/moderate
Cadmium 5 [ 1.8 5 High/high
Chromium 80 145 1.8 No Moderate/moderate
Copper 70 apo 5.6 300 High/high

Lead a6 110 a.1 agcoe Modearate/high
Meroury 0.18 1.8 8.7 1 Moderate/high
Nickel 30 60 1.7 NSD* Modarate/moderate
Sliver 1 2.2 2.2 1.7 Moderate/moderate
Tin NA NA INA NA NA

Zine 120 270 2.2 280 High/high
Polychiarinated Blphenyis (ppb)

Total PCBo 80 400 7.6 370 Maderate/maderate-
DDY and Ketabolltes (ppb)

DDT 1 7 L7 6 Low/low

00D 2 20 10 NSD Moderate/low

DDE 2 15 7.8 NSD Low/iow

Total DDT 2 360 117 No Moderato/moderate
Other Pasticides (ppb)

Lindane NA NA - NA NSD NA**

Chiordane 05 6 12 2 Low/low
Heplachlor NA NA NA NSD NA

Dieldrin 0.02 8 400 No Low/low .

Aldrin NA NA NA NSD NA

Endrin 0.02 48 22560 NSD- Low/low

Mirax - NA NA NA NSD NA

Polynuciear Avomatic Hydrocarbone (ppb)

Acenaphthens 150 650 4.3 © 160 Low/low
Anthracens 85 960 11.3 300 Low/moderate
‘Benzo(a)anthracene 230 1600 7 550 Low/modérate
Benzo(a)pyrene 400 2500 6.2 700 - Moderala/moderatn
- Benzo(e)pyrane NA NA NA NSD NA :
Biphenyl NA NA NA “NSD NA

Chrysene ‘400 2800 7 900 Moderate/modorate
Dibenz(a,h)anthracene 60 260 4.0 100 Moderate/moderate
2.6-dimethyinaphthylene NA NA NA NSD NA

Fluoranthene 800 3800 6 1000 Higivhigh

Fluorene as 640 18.3 350 Low/low
1-methyinaphthalane NA NA NA NSD NA
2-mathylinaphthalene 85 870 10.3 3a0 Low/modarate

1-methyiphenanthrene NA NA NA NSD NA

Naphthalene 340 2100 6.2 §00 Moderate/high
Parylone NA HNA NA NSD NA

Phenanthrene 225 1380 8.1 280 Moderate/moderate
Pyrene 350 2200 8.3 1000 - Moderate/moderate
2,3,5- trimelhylnaphlhalam NA NA NA NSD NA

Jotal PAH 4000 35000 8.8 22000 Low/low

* NSD = not sufficlem data
* NA = not avallable
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the other hand, was considerably higher than the respec:ﬁve ER-M concentration (110 ppm),
resulting in a somewhat lower degree of confidence in the ER-M value for lead.

Evaluation of NS&T Program Data

The ER-L and ER-M concentrations were compared with the ‘ambient concentrations
measured by both the Benthic Surveillance Project (3-letter site location codes) and Mussel
Watch Project (4-letter site description codes) of the NS&T Program. The data from the
NS&T Program were assembled from (usually) 2 successive years of measurements at numerous
sites around the coastal United States.. Overall average concentrations were calculated for
each analyte measured in sediments from each site. Those sites in which the average
analyte concentrations exceeded the respective ER-M values are listed in Table 71. Those

sites in which the average analyte concentrations exceeded the respective ER-L values, but
not the ER-M values, are listed in Table 72,

The ER-L and ER-M values for arsenic were not reached or exceeded at any NS&T
sampling site. The average ambient concentrations of antimony, cadmium, copper, and total
PAH did not exceed the respective ER-M values at any of the sites. o

Among the trace metals, the ER-M value for chromium was exceeded by sediments from
the most sites (25 out of about 200 sites). The average chromium concentration of 2114 ppm
observed in the sediments from site SAL (located in Salem Harbor, Massachusetts) was the
highest, exceeding the ER-M value by over an order of magnitude. Chromium concentrations
also were very high at sites PAB (in San Pablo Bay, California) and HMB (in Humboldt
Bay, California). Average lead concentrations were highest in site OEIH (in the Oakland
. estuary, California), exceeding the ER-M by about twofold. The ER-M ot i.3 ppm for mercury

was exceeded by the average concentrations at six sites, including an average of 3.3 ppm at
site HRUB (located in the Hudson/Raritan estuary, New Jersey). The average nickel
concentrations at 21 sites exceeded the ER-M value for nickel. The average silver
concentration of 7.2 ppm at site BOS (located in Boston Harbor, Massachusetts) exceeded the
ER-M by about threefold. All but one of the sites that exceeded the silver ER-M were located
in Northeast estuaries or bays. ‘

The ER-M concentrations for many of the aromatic hydrocarbons were either not exceeded
by the average ambient concentrations or exceeded at only one or .two sites, Site HRUB
exceeded many of the ER-M values for individual PAH and nearly exceeded the ER-M value
for total PAH. Site BOS also had relatively high concentrations of some PAHSs.

" The average PCB concentration in site BOS was about 20 times higher than the ER-M for
PCB. PCB concentrations also were high at site SAWB (located in Saint Andrew Bay in
western Florida). The ER-M for total DDT was exceeded by four sites in southern California
located near each other (PVRP, SPFP, SPB, SPC) and a site (CBSP) in Choctawatchee Bay,
Florida. Chlordane concentrations at site CBSP and at site OEIH, located in the Oakland
Inner Harbor, California, were over two-fold higher than the ER-M value. :

The ER-L concentration for arsenic was not-exceeded at any of the sites. The ER-L values
for many of the metals, notably, chromium, copper, lead, mercury, nickel, and zinc, were
exceeded by the ambient concentrations at many of the sites (Table 72). The average
cadmium concentrations and acenaphthene concentrations exceeded the respective ER-L values
" at only two sites each. Average ambient concentrations of dieldrin, total DDT, anthracene,
benzo(a)anthracene, fluoranthene, phenanthrene, and pyrene at many sites exceeded the
respective ER-L values. The ER-L concentrations were sufficiently low for dieldrin and total
DDT, that the average concentrations at the majority of the NS&T Program sites exceeded
them.. The dieldrin and total DDT data from the NS&T Program suggest that the ER-L
values for these two contarninants are possibly unrealistically low,-since the concentrations at
such a large number of sites exceeded them. '

Tables 73 and 74 summarize and rank the sites in which the average analyte
concentrations exceeded the most ER-M and ER-L values, respectively. Those sites that had
the greatest numbers of exceedances were those in which the potential for adverse effects
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were agsomed = be the highest. The sediment collected at the OEIH and' HRUB sites

exceaded ':* most ER-M concentrations (Table 73). Sites HRRB and NYSH (both in the
HixZ:om/Keritan estuary), LITN (western Long Island Sound), and BOS alse exceeded many of
the ER-M concentrations. ’ :

Sites BHDI (Boston Harbor), LISI, LIMR, LIHH (all Long Island Souhd), and CBMP
(Chesapeake Bay) exceeded the most ER-L concentrations (Table 74). As expected, the

seciiiments from many more sites exceeded the ER-L concentrations than exceeded the ER-M
values. ‘ . o ,

Overall cumulative ranks of the top 30 sites are listed in Table 75. These ranks were
determined by considering exceedances cf both the ER-L and ER-M concentrations. One point
was assigned for each ER-L concentration exceeded by the sediments at each- site. The
average ratio of the ER-L. vaiues to the ER-M values in Table 70 was 4.2 for the metals and
8.1 fur the organics {excluding tutal DDT, dieldrin, and endrin). ‘Using these average ratios,
4.4 points were assigned for each metal ER-M that was exceeded at a site and 8.4 points for
each organic ER-M that was exceeded. Then, the sum of the points for the ER-L and ER-M
exceedances at each site was determined and used to formulate.an overall rank of the sites.

Based upon this approach, site HRUB ranked hi%(\)esst in overall potential for inducing
sediment-related effects (Table 75), followed by sites , OEIH, and LITN. Sites LIS! and
LIMR sediments exceeded' 20 ER-L concentrations each, but exceeded none of the ER-M
concentrations. Sites PVRP, SPFP, SPB, and SPC, all located near Los Angeles, California,
exceeded relatively few ER-L values, but exceeded some of the ER-M concentrations for DDT,
its derivatives, and other organics. Only one site along the Gulf of Mexico coastline, site
CBSP in Choctawatchee Bay, Florida, ranked among the top 30 sites. It had high
concentrations of pesticides. _ :

~ The sampling sites with the highest potential for adverse effecis are located within the
Hudson/Raritan estuary, western Long Island Sound, Bostor Harbor, Chesapeake Bay, New
York Bight, Oakland Inner Harbor of San Francisco Bay, St. Andrew Bay, Salem Harbor, and
in parts of southern California near Los Angecles and San Pedro. Qut of a total of 212
“sampling sites, 172 sites exceeded at least one ER-L value. Most of the sites that did not -
exceed ER-L values were located along the Gulf Coast and along the outer coastal regions of
the Pacific Coast. Site UISB, located in a very remote portion of Alaska and assumed to be a
relatively pristine area, exceeded the ER-L values for antimony, chromium, and nickel.

CONCLUSIONS "AND 'RECOMMENDATIONS

Effects-based national sediment quality criteria are not currently available for all of the
NS&T Program analytes. Three major approaches to the determination of effects-based
sediment quality standards have been used to generate an estimate of the concentrations of
selected toxicants in sediments that may be associated with or the cause of biological effects.
The three approaches involve the use of equilibrium-partitioning principles, spiked-sedimént
bioassays, and various methods of evaluating matching biological effects and chemical data
from analyses of field-collected samples. The resulting sediment quality values derived from
all three approaches were used in the present document and treated as equal. A
preponderance of evidence from the various approaches was. used to establish informal -
guidelines for use in the evaluation of NOAA NS&T Program sediment chemical data. By
using a preponderance of evidence, the influence of any single value in setting guidelines was
minimized. These guidelines were in two forms: concentrations at the low end of the range
and equivalent to the median of the range within which biological effects were observed.

ER-L values were determined as the concentrations equivalent to the lower 10 percentile
of the available data in which effects were detected. These values represent an
approximation of the concentrations at which adverse effects were first detected. The ER-M
values were determined as the concentrations equivalent to the median (50 percentile) of the
available data in which effects were detected. These values represent an estimate of the
concentrations at or above which effects were often detected. Both the ER-L and ER-M values
" were established objectively by determining the lower 10 percentile and 50 percentile points
in the data. This approach followed that of Klapow and Lewis (1979) in which: marine
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water guality standards for California were established. In that effort, Klapow and Lewis
(1979) -evaluated only spiked water bioassay data, i.e., they compared apples with apples.
In the rreaent effort, data from a variety of approaches and from studies performed in areas
with significantly different pollution histories were evaluated, equivalent to comparing
grapes and watermelons. The necessity to compare grapes and watermelons is symptomatic of
the current status of knowledge regarding the degree of sediment contamination that is
associated with measures of biological effects. ' :

ER-L and ER-M guidelines were identified for most (31) of the chemical analytes that are
quantified by the NS&T Program. However, no guidelines could be established for some
an:lgr-tea due to a lack of sufficient data. For scme analytes, there was a very low degree of
confidence in the accuracy of the guidelines, due mainly to relatively poor consistency among
the data from the various approaches and/or due to a lack of data from multiple
complimentary apgoaches. For a few analytes, such as cadmium, there was good consistency -
among the data. Data from many approaches converged upon a relatively small range in
concentrations and an overall apparent effects threshold agreed with or was within the
effects range, and, therefore, there was a relatively hiFh degree in confidence in the
informal guidelines. Except for these latter few analytes, It is very obvious that more data
are needed to reduce the uncertainty in the data. S :

‘Table 71. ER-M concentrations for each NS&T Program analyte, NS&T Program sites
that exceed the ER-M concentrations, geographic locations of those sites, and the
average concentrations (dry weight) of the analyte at the site.

SHS
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Site Description Location - Concentration

Antimony (225 ppm) *

Arsenic (285 ppm) *

‘Cadmium (29 ppm) *

Chromium (2145 ppm) ‘ - ' ppm
BBSM . Bellingham Bay, Washington : 203.0
BHDI Boston Harbor, Massachusetts v 190.7
BHDB Boston Harbor, Massachusetts B 186.7 -
HRLB Hudson-Raritan Estuary, New Jersey @ . 1472
HRRB Hudson-Raritan Estuary, New Jersey 170.0
LITN ‘ Long Island Sound, New York 1614
NYSH New York Bight, New Jersey 166.7
PVRP ' Palos Verdes, California 156.7
"PVMC Port Valdez, Alaska 156.7
SFDB San Francisco Bay, California 170.0
SFEM San Francisco Bay, California 178.3
SFSM San Francisco Bay, California 1675
SPSP San Pable Bay, California 185.0
TBSR Tomales Bay, California 218.3
YHSS Yaquina Bay, Oregon 176.7
OEIH Oakland Estuary, California 186.7
BOD Bodega Bay, California 349.7
BOS Boston Harbor, Massachusetts 263.3
HMB Humboldt Bay, California 453.7
HUN San Francisco Bay, California 269.7
OAK Qakland Estuary, California 196.0
PAB San Pablc Bay, California 521.8
RAR Raritan Bay, New Jersey 1889
SAL Salem Harbor, Massachusetts 2114.7

San Francisco Bay, California - 259.2




Location

Tsead (2110 ppm)

SAL

Mercury (21.3 ppm)

HRLB
HRUB
HRRB
NYSH
OEIH
RAR

Nickel (25¢ ppm)

BBSM
BPBP
CBHP
CBMP
OEIH
PVMC |
SFDB
SFEM
SFSM

' SPFP
SPSP
TBSR
'WIPP
BOD
HMB
HUN
OAK
PAB
SHS
UCB

Silver (22.2 ppm)

pper: {2390 ppm) *

Boston Harbor, Massachusetts
Boston Harbor, Massachusetts
Hudson/Raritan Estuary, New jersey
Hudson/Raritan Estuary, New Jersey
Hudson/Raritan Estuary, New Jersey
Long Island Sound, New York

Long Island Sound, New York

New York Bight, New Jersey
Oakland Estuary, California

Boston Harbor, Massachusetts

Long Beach Harbor, California
Raritan Bay, New Jersey

Salem Harbor, Massachusetts

Hudson/Raritan Estuary, New Jersey
Hudson/Raritan Estuary, New Jersey
Hudson/Raritan Estuary, New Jersey
New York Bight, New Jersey
Oakland Estuary, California
Raritan Bay, New Jersey

Bellingham Bay, Washington
Barber's Point, Hawalii
Chesapeake Bay, Maryland
Chesapeake Bay, Maryland
Oakland Estuary, California
Port Valdez, Alaska

San Francisco Bay, California
San Francisco Bay, California
San Francisco Bay, California
San Pedro Bay, California
San Pablo Bay, California
Tomales Bay, California .
Whidbey Island, Washington

‘Bodega Bay, California

Humboldt Bay, California
San Prancisco Bay, California
Oakland Estuary, California '
San Pablo Bay, California
San Francisco Bay, California
Chesapeake Bay, Maryland .

‘Boston Harbor, Massachusetts
Boston Harbor, Massachusetts

Hudson/Raritan Estuary, New Jersey -

Hudson/Raritan Estuary, New Jersey
- 142 '

ppm

110.0
1323
1437
137.3
196.7
140.0
172.2
154.5
206.7
127.0
1263
182.3
1672

ppm

1.6
3.3
24
1.8 .

2.3

‘PPm

168.3
58.3
55.0
64.7

133.3

. 657
90.8

110.0

1125
55.0

1218

166.7
56.4
54.8
60.1

1003



Table 71. (continued)

RAR

Raritan Bay, New Jersey
3 |

Site Description Location Concentration
v Sliver (continued) ppm
] HRUB Hudson/Raritan Estuary, New Jersey 34
HERB Hudson/Raritan Estuary, New Jersey 48
; ' LIHH Long Island Sound, New York 4.9
i ‘ LITN Long Island Scund, New York 5.7
i - NBMH Narragansett Bay, Rhode Island 2.2
i ' NYSH New York Bight 4.0
; PVRP Palos Verdes, California 28
g _ BOS Boston Harbor, Massachusetts 72
ﬁ RAR Raritan Bay, New Jersey 4.7
Zinc (2270 ppm) o ppm
CBHP Chesapeake Bay, Maryland 300.0
] CBMP Chesapeake Bay, Maryland : 385.0
HRRB Hudson/Raritan Estuary, New Jersey 366.7
LIHH _Long Island Sound, New York . 2833
NYS5H New York Bight, New Jersey 281.7
OEIH Oakland Estuary, California 330.0
RAR Raritan Bay, New Jersey . 4215
SDA San Diego Bay, California 324.2
i PCBs (2380 ppb) , © ppb
BBAR . Buzzards Bay, Massachusetts 4512
BHDB Boston Harbor, Massachusetts 642.2
HRRB Hudson/Raritan Estuary, New Jersey 393.7
{ LITN Long Island Sound, Connecticut . 4992
i ' - NYSH New York Bight, New Jersey 431.2
PVRP Palos Verdes, California - 568.6
: SAWB Saint Andrew Bay, Florida - 9408
BQS Boston Harbor, Massachusetts 7852
ELL - Elliott Bay, Washington 415
RAR Hudson/Raritan Bay, New Jersey - 529 .
SAL Salem Harbor, Massachusetts 403
SDA San Diego Harbor, California 399
Dieldrin (28 ppb) ppb
BHDB Boston Harbor, Massachusetts 12.9
OEIH Oakland Estuary, California 12.0
LITN Long Island Sound, New York 9.6
DDT (p,p' + o,p-DDT) (27 ppb) ppb
CBSP Choctawatchee Bay, Florida s 182.0
HRLB Hudson/Raritan Estuary, New Jersey - 9.1
MBTP Matagorda Bay, Texas 9.6
MBTH Moriches Bay, New York 14.9
OSB] Oceanside, California 7.6
ORIH Oakland Estuary, California 10.1
PVRP Palos Verdes, California 556.0
SPFP San Pedro Harbor, California 7.1
SAWB Saint Andrew Bay, Florida 8.3
8




Table 71. (continued)

Site Description - Location : Concentration
DDT (p,p + o,p =DDT) {continued) - ppm
SPB San Pedro Bay, California - 317
SPC San Pedro Canyon, Caﬂfomia : 113
'DDD (p,p' + op' - DDD) (220 ppb) , . ppb
BHDB Boston Harbor, Massachusetts 23.0
-CBSP : . Choctawatchee Bay, Florida 555.7
HRRB Hudson/Raritan Estuary, New Jersey 27.3
HRLB - Hudson /Raritan Estuary, New Jersey: 216
LIHH Long Island Sound, Connecticut 24.6
LITN ~ Long Island Sound, Connecticut ' 47.8
NYSH New York Bight, New Jersey : 216
OEIH Oakland Estuary, California ‘ 58.1
PVRP E Palos Verdes, California 815.2
SPFP ~ San Pedro Harbor, California - 90.5
BOS . : Boston Harbor, Massachusetts ' 44.2
LNB Long Beach Harbor, California 30.7
SAL , Salem Harbor, Massachusetts , 21.3
SPB , San Pedro Bay, California ‘ 45.7 .
SPC San Pedro Canyon, California 54.0 -
DDE (p,p' + o.p' - DDB) (215 ppb) . . - ppb
ABW] Anaheim Bay, California 205
BHDB Boston Harbor, Massachusetts 19.1
CcBsSP = Choctawatchee Bay, Florida - 80.6
. HRRB Hudson/Raritan Estuary, New Jersey 15,7
HRLB : Hudson/Raritan Estuary, New Jersey 15.0
LITN Long Island Sound, New York 217 .
MD5) .~ Marina de! Rey, California . 574
NYSH New York Bight, New York 19.3
NBBC ~ Newport Beach, California , 19.4
OSB] | Oceanside, California ‘ 278
PVRP : Palos Verdes, California , , 2063.3
SBSB : Point Santa Barbara, California o3
SPFP San Pedro Harbor, California : 663.5
-BOS . Boston Harbor, Massachusetts 58.2
LNB Long Beach Harbor, California 76.6
‘SEA Seal Beach, California _ : 222
SMB Santa Monica Bay, California : 19,0
SPB ‘ San Pedro Bay, California © 4083
srC San Pedro Canyon, California . 621.3
Total DDT (2350 ppb) _ . o . ppb
CBSP ' Choctawatchee Bay, Florida 8183
PVRP ~ Palos Verdes, California , . 29364 E
SPFP San Pedro Harbor, California : 769.1 ' S
SPB ~ San Pedro Bay, California o 4854 &
SPC R San Pedro Canyon, California - 578.6
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Table 7i. (continued)

Site Description Location

Concentration
Chlordane (26 ppb) ppb
CBSP | Choctawatchee Bay, Florida | 189
HRJB . Hudson/Raritan Estuary, New jersey 68
OEH " Gukfand Estoary, Callfornia 143
LITN ‘ : Long Island Sound, New York 85
Acemphthene (2650 ppb) * ppb
Authracene (2960 ppb) | ~ ppb
HRUB Hudson/Raritan Estuary, New Jersey 1983.3
SAWB ' Saint Andrew Bay, Florida 1082.3
SAL  Salem Harbor, Massachusetts 1100.6
Benzo(a)anthracene (21600 ppb) | ' ppb
HRUB Hudson/Raritan Estuary, New Jersey 3258.3
Benzo(a)pyrene .(22500 ppb)‘“ | A
" Chrysene (22800 ppb) *
Fluoranthene (23600 ppb) A ppb
HRUB - Hudson/Raritan Estuary, New Jersey 46167
Fluorene (2640 ppb) * '
Naphthalene (22100 ppb) °
Phenﬁht!uene (21380 pph) ppb
HRUB Hudson/Raritan Estuary, New Jersey 2505.8
_ Pyrene (22200 ppb) | ‘ . ppb |
HRUB Hudson/Raritan Estuary, New Jersey 6096.7
2-methylnaphithalene (2670 pPrb) | ppb
HRUB Hudson/Raritan Estuary, New Jersey 830.0
. BOS ' Boston Harbor, Massachusetts 37743
Dibenz(a,h)anthracene (2260 ppb) ppb
BOS | Boston Harbor, Massachusetts 385.6
Total PAH (235000 ppb)* ppb

* Ambient concentrations at none of the sites exceeded or equaled the ER-M for these

chemical analytes. -
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Table 72, ER-L and ER-M concentrations for each NS&T Program analyte, NS&T Program
sites at which the average concentrations exceeded the ER-L concentrations but not the
- ER-M concentrations, geographic locations of those sites, and the average concentrations
(dry welght) of the analyte at the site.

Site Description o ‘Location

~ Concentration

Antimony (22 <30 ppm) '. _ ppm
BBSM | Bellingham Bay, Washington 3.6
BHDI ‘ Boston Harbor, Massachusgits 6.5
BHDH Boston Harbor, Massachusetts 74
BHHB Boston Harbor, Massachusetts 3.9
CBMP Chesapeake Bay, Maryland 3.9
CBTP Commencement Bay, Washington 4.6
"EBFR Elliott Bay, Washington ' ‘ 64
HRJB Hudson/Raritan Estuary, New Jersey 33
‘HRLB . Hudson/Raritan Estuary, New Jersey 3.6

HRUB : Hudson/Raritan Estuary, New Jersey 5.0 .
HRRB - Hudson/Raritan Estuary, New jersey 6.0
LIHH Long Island Sound, New York a 3.2
LITN Long Island Sound, New York 4.4
NBMH Narragansett Bay, Rhode Island 24
NYSH New York Bight, New Jersey 5.5
. PYMC Port Valdez, Alaska 29
SSBI South Puget Sound, Washington 44

- SIWP Sinclair Inlet, Washington 9.7
"UISB Unakwit Inlet, Alaska 2.5
"WIPP Whidbey Island, Washington 34
BOS Boston Harbor, Massachusetts 7.7
‘RAR Raritan Bay, New Jersey 3.2
SAL Salem Harbor, Massachusetts 3.2
UCB Upper Chesapeake Bay, Maryland 2.1

‘Argenic (233 <70 ppm) * '

Cadmium (25 <% ppm) ppm
'PVRP ‘Palos Verdes, California 6.7
. .SAL " Salem Harbor, "Aassachusetts . 6.2

Chromium (280 <145 ppm) ppm

,CBHP Chesayp:.2ake Bay, Maryland 113
CBRP Coos Ba;,, Oregun ' 89.2
DBAP Delaware Bay, Ciclaware 90.7
DBBD Delaware Bay, Delaware 87.0
EBFR Elliott Bay, Washington 89.7
HRJB Hudson-Raritan Estuary, New Jersey 113.7
HRUB Hudson-Raritan Estuary, New Jersey 90.3
HMB]J Humboldt Bay, California 98.3
LISI Long Island Sound, Connecticut 81.7
LIHH Long Island Sound, New York 131.7
LIHU Long Island Sound, New. York ~ 806
LIMR Long Island Sound, New York 109.6
BUZ Buzzards Bay, Massachusetts 85.6
CHS Charleston Harbor, South. Carolina 81.1
cOO Coos Bay, Oregon - o 81U
CsC Casco Bay, Maine . ' 92.6
ELL Elliott Bay, Washington 91.8
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Table 72 {continued)

Site Description Location Concentration

Chromium (continued)) ppm
FRN Frenchman Bay, Maine 90.1
GRB Great Bay, New Jersey - 1153
MOB Mobile Bay, Alabama . 917
NAR Narragansett Bay, Rhode Island 1016
NI5 Puget Sound, Washington 1149
"PEN Pensacola Bay, Florida 1021
PNB Penobscot Bay, Maine 106.1
NBMH Narragansett Bay, Rhode Island 140.0
PBSI Penobscot Bay, Maine 93.8
PRPR Point Roberts, Washington 89.5
SPFP San Pedro Harbor, California 1233
‘SIWP Sinclair Inlet, Washington 135.0
TBHP Tillamook Bay, Oregon S 1343
UISB Unakwit Inlet, Alaska 1283
WIPP Whidbey Island, Washington 105.1
YBQOP Yaquina Bay, Oregon 1073
JENB Neah Bay, Washington 114.7
SDA San Diego Bay, California 129.8
SEA Seal Beach, California 108.3
SPB San Pedro Bay, California . 93.0
s5PC San Pedro Canyon, California 106.5
UCB “LAJ};per Chesapeake Bay, Maryland 1252
WLI est Long Island Sound, New York. 134.2

Copper (270 <310 ppm) ppm
BHDI Boston Harbor, Massachusetts 1033
BHDH Boston Harbor, Massachusetts 118.0
HRLB Hudson/Raritan Estuary, New Jersey 1153
HRUB Hudson/Raritan Estuary, New Jersey 101.0 .
HRRB ‘Hudson/Raritan Estuary, New Jersey 150.0 -
LINR Long Island Sound, Connecticut 167.0
LIHH Long Island Sound, New York 160.0
LIHU Long Island Sound, New York 780
LIMR Long Island Sound, New York 95.8
‘LITN Long Island Sound, New York 178.8
NBMH Narragansett Bay, Rhode Island 82.3
NYSH New York Bight, New Jersey 126.7
PVRP Palos Verdes, California 75.0
SPFP San Pedro Harbor, California 181.7
SIWP Sinclair Inlet, Washington 725
OEIH Oakland Estuary, California 1733
BOS Boston Harbor, Magsachusetts 157.1
ELL Elliott Bay, Washington 93.0
NAR Narragansett Bay, Rhode Island 79.2
OAK Oakland Estuary, California 71.7 -
RAR Raritan Bay, New Jersey 178.0
SAL Salem Harbor, Massachusetts 82.3
SDA San Diego Bay, California 2073
SPB San Pedro Bay, California : 80.4
WLI West Long Island Sound, New York - 1092 -
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" Table 72 (continued)

Site ‘I'Beacription

Penobscot Bay, Maine

148

Location Concentration
Lead (235 <110 ppm) pPpm
ABW] Anaheim Bay, California 362
BHHB Boston Harbor, Massachusetts 35.5
BBAR Buzzards Bay, Massachusetts 48.5
CBHP Chesapeake Bay, Maryland 72.2
CBSP Choctawatchee Bay, Florida 86.7
HRJB Hudson/Raritan Estuary, New Jersey 95.3
LICR Long Island Sound, Connecticut : - 39.2
LISI Long Island Sound, Connecticut 53.8
LIHU Long Island Sound, New York 60.7
LIMR Long Island Sound, New York 82.2
MBTH Moriches Bay, New York 44.8
NBMH Narragansett Bay, Rhode Island 91.7
NBCI Narragansett Bay, Rhode Island 40.7
PVRP Palos Verdes, California 49.7
SAWB Saint Andrew Bay, Florida 40.9
SFDB San Francisco ‘Bay, California 38.7
SFEM San Francisco Bay, Caiifornia 35.0
SFSM ‘San Prancisco Bay, California 358
.SPFP San Pedro Harbor, California 48.8
SIWP Sinclair Inlet, Washington 61.8
S5BI South Puget Sound, Washington 352
TBHB Tampa Bay, Florida - : 628
GRB Great Bay, New Jersey 36.6
NAR Narragansett Bay, Rhode Island - 60.0
OAK - Oakland Estuary, California 435
PEN Pensacola Bay, Florida 417
SDA San Diego Bay, California 86.9
SPB , San Pedro Bay, California 471
UCB . w)pe_r Chesapeake Bay, Maryland 51.1
WLI , est Long Island Sound, New York 71.1
Mercury (20.15<1.0 ppm) ' ppm.
BESM " Bellingham Bay, Washington 0.23
BHDI Boston Harbor, Massachusetts 69
BHDH Boston Harbor, Massachusetts .83
BHHB - Boston Harbor, Massachusetts 21
CBHP Chesapeake Bay, Maryland 21
CBMP Chesapeake Bay, Maryland 22
DBBD Delaware Bay, Delaware 15
HHKL Honolulu Harbor, Hawaii ~ 16
LICR Long Island Sound, Connecticut 16
LISI Long Island Sound, Connecticut 31
LIHH Long Island Sound, New York v .60
LIHU Long Island Sound, New York 27
LIMR Long Island Sound, New York 37
MBGP Matagorda Bay, Texas ’ 22
MBTH Moriches Bay, New York 29
NBDI Narragansett Bay, Rhode Istand 15
NBMH Narragansett Bay, Rhode Island 81 -
NBCI Narragansett Bay, Rhode Island 16
PVRT Palos Verdes, California .40
PBSI 21



‘Tiible 72 (continued)

Site Description

Location Concentration
Mercury (continued) ppm
SAWB " Saint Andrew Bay, Florida 32
‘SDHI S5an Diego Bay, California 24
SFDB San Francisco Bay, California - 28
SFEM San Prancisco Bay, California 32
SFSM San Francisco Bay, California 30
SPSP San Pablo Bay, California 27
SPFP San Pedro Harbor, California 46
SIWP Sinclair Inlet, Washington .80
S5BI South Puget Sound, Washington 21
TBSR Tomales Bay, California 37
DAN Dana Point, Califoraia 18
ELL Elliott Bay, Washington 43
GRB Great Bay, New Jersey _ 42
. HUN San Francisco Bay, California 18
LUT : Lutak Inlet, Alaska 24
NAH . Nahku Bay, Alaska 23
NAR Narragansett- Bay, Rhode Island 30
NIS Puﬁt und, Washington 17
- OAK Oakland Estuary, California 50
OLI Oliktok Point, Alaska 27
PAB San Pablo Bay, California 37
Nickel (=30 <50 ppm) ppm
BHDH Boston Harbor, Massachusetts 308
CHF] Charleston Harbor, South Carolina 33.0
DBAP Delaware Bay, Delaware . 303
DBBD Delaware Bay, Delaware 32.0
HRLB Hudson/Raritan Estuary, New Jersey 335
HRUB Hudson/Raritan Estuary, New Jersey 353
HRRB Hudson/Raritan Estuary, New Jersey 40.3
LIHH Long Island Sound, New York 41.2
LIMR Long Island Sound, New York 38.7.
LITN Long Island Sound, New York 43.4
PRPR Point Roberts, Washington 39.8
SIWP Sinclair Inlet, Washington 47.0
SSBI South Puget Sound, Washington 49.0
TBHP Tillamook Bay, Orégon 42.7
BOS Boston Harbor, Massachusetts 334 .
ELL Elliott Bay, Washington 36.5
FRN Frenchman Bay, Maine 319
LNB Long Beach, California 41.7
MOB Mobile Bay, Alabama 35.3
NIS Puget Sound, Washington 33.5
OLI Oliktok Point, Alaska 36.5
PNB Penobscot Bay, Maine 32.6
RAR Raritan Bay, New Jersey 39.3
SPB ' San Pedro Bay, California 39.0
“WLI West Long Island Sound, New York - 33.3
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Table 72 (continued)

Site Description

- BOS

Boston Harbor, Massachusetts

150

Location Concentration

Sliver (21.0 <2.2 ppm) ppm
BHHB Boston Harbor, Massachusetts 1.1

- CBSP Choctawatchee Bay, Florida 1.0
LIMR Long Island Sound, New York 14
MDS] Marina del Rey, California 1.0
SPFP San Pedro Bay, California 1.0
OEIH Oakland Estuary, California 13
NAR -Narragansett Bay, Rhode Island 1.2
SAL Salem Harbor, Massachusetts 1.8.
WLI West Long Island Sound, New York 1.6
Zinc (2120 <260 ppm) ppm
BBSM Bellingham Bay, Washington 128.3
BHDI Boston Harbor, Massachusetts 1452
BHDH Boston Harbor, Massachusetts 1828
DBAP Delaware Bay, Delaware ' 139.0
HRJB Hudson/Raritan Estuary, New Jersey 143.7
-HRUB Hudson/Raritan Estuary, New Jersey 204.7
LICR Long Island Sound, Connecticut 1272
LISI Long Island Sound, Connecticut 1615
. LIHU Long Island Sound, New York’ 1813
LIMR Long Island Sound, New York 2133
NBMH Narragansett Bay, Rhode Island 190.0
PVRP Palos Verdes, California 193.3
PVMC Port Valdez, Alaska 150.0
SDHI San Diego Bay, California 124.3
SFDB San Francisco Bay, California 136.7
SFSM - San Francisco Bay, California 1275

SPSP San Pablo Bay, California 131.7 ¢
SIWP Sinclair Inlet, Washington 1327
- SSBI South Puget Sound, Washington 1233
TBSR Tomales Bay, California 120.0
ELL Elliott Bay, Washington 1768
GRB Great Bay, New Jersey 159.0
HUN San Francisco Bay, California 1273
LNB . Long 'Beach, California 195.7

- LUT Lutak Inlet, Alaska 180.8
MOB - _ Mobile Bay, Alabama 159.2
‘NAH Nahku Bay, Alaska 1913
NAR Narragansett Bay, Rhode Island 143.4
OAK Oakland Estuary, California 171.7
PEN Pensacola Bay, Florida 138.2
SAL Salem Harbor, Massachusetts 2185
SEA Seal Beach, California 125.0
SPrB San Pedro Bay, California 155.0
UCB Upper Chesapeake Bay, Maryland 2408
WLI West Long Island Sound, New York 234.2

Acenaphthene (2150 <650 ppb) ppb

HRUB Hudson/Raritan Bay, New Jersey ?6%3
58.




Tabie 72 (continued)

Cbncentraﬁon

Site Description Location
Anthracene (285 <800 ppb) " ppb
BHDI Boston Harbor, Massachusetts 970
BHDH Boston Harbor, Massachusetts 160.7
CBHP” Chesapeake Bay, Maryland 145.0
CBMP Chesapeake Bay, Maryland 1683
HRJB Hudson/Raritan Estuary, New Jersey 160.0
HRLB Hudson/Raritan Estuary, New Jersey 4417
LICR Long Island Sound, Connecticut 113.1
LIHR Long Island Sound, Connecticut 140.0
LIS - Long Island Sound, Connecticut = 2620
LIHH Long Island Sound, Connecticut 1255
- LITN Long Island Sound, Connechcut 458.7
MSBB Mississippi Sound, Mississi 153.0
NBMH Narragansett Bay, Rhode Is and 85.7
NYSH New York Bight, New York 2283
PBPI Penobscot Bay, Maine 93.3
PBSI Penobscot Bay, Maine 89.7
SIWP Sinclair Inlet, Washington 116.7
OEIH Oakland Estuary, California 170.0
BOS Boston Harbor;, Massachusetis 804.9
BUZ Buzzards Bay, Massachusetts 1434
CHS Charleston Harbor, South Carolina 135.6
CsC Casco Bay, Maine 152.2
DEL Delaware Bay, Delaware 110.0
ELL Elliott Bay, Washington 156.7
GRB Great Bay, New Jersey 120.8
HUN San Francisco Bay, California - 100.2
NAR Narragansett Bay, Rhode Island 187.9
RAR Raritan Bay, New Jersey 260.0
SDA San Diego Bay, California . 830.7
UCB Upper Chesapeake Bay, Maryland 97.4
WLI . West Long Island Sound, New York 354 4
Benzo(a)anthracene (2230 <1600 ppb) ppb
BHDI Boston Harbor, Massachusetts 470.0
BHDH Boston Harbor, Massachusetts 816.7
" BBAR Buzzards Bay, Massachusetts 397.0
CBMP Chesapeake Bay, Maryland 308.3
CBSP Choctawatchee Bay, Florida 398.2
HRJB Hudson/Raritan, New Jersey 261.7
HRLB Hudson/Raritan, New Jersey 993.3
LICR Long Island Sound, Connecticut - 462.1
- LIHR Long Island Sound, Connecticut 443.3
LIMR - Long Island Sound, New York 335.0
LISI Long Island Sound, Connecticut 530.7
- LIHH Long Island Sound, Connecticut 3700
LITN Long Island Sound, Connecticut - 1107.9
NYSH New York Bight, New Jersey 468.3
. PBP1 Penobscot Bay, Maine 369.7
PBSI Penobscot Bay, Maine 238.3
SAWB Saint Andrew Bay, Florida © 9620
'SFSM San Francisco Bay, California 280.0
‘SIWP - 260.0

i

Sinclair Inlet, Washington
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mbievz {continued)

Locéﬁon
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Bite-Deseription Concentration
Benzo(a)anthracene(continued)) ppm
- QEIH - Oakland Estuary, California 356.7
BOS . Boston Harbor, Massachusetts 971.7
ELL Elliott Bay, Washington 3083
HUN “San Francisco Bay, California 230.0
RAR ‘Raritan Bay, New Jersey 4285
SAL Salem Harbor, Massachusetts 635.7
SDA San Diego Bay, California : 361.7
WLI West Long Island Sound, New York 2464
Benzo(a)pyrene (2400 <2600 ppb) ppb
BBAR Buzzards Bay Massachusetts 4343
~ BHDH Boston Harbor, Massachusetts 3383
BHDI Boston Harbor, Massachusetts 433.3
CBSP ' Choctawatchee Bay, Florida 620.1
HHKL Honolulu Harbor, Hawaii 4133
HRLB Hudson/Raritan Estuary, New Jersey 1005.0
HRUB Hudson/Raritan Estuary, New Jersey 2058.3
LICR ‘Long Island Sound, Connecticut 4779
LIHR Long Island Sound, Connecticut 446.7
LIHH Long Island Sound, New York 505.0
LIMR _ Long Island Sound, New York . 418.8
LISI Long Island Sound, Connecticut - .551.7
LITN Long lsland Sound, Connecticut 1305.0
‘NYSH New York Bight, New Jersey 513.3
SAWB Saint Andrew Bay, Florida 848.1
OEIH Oakland Estuary, California 763.3
BOS Boston Harbor, Massachusetts 555.2
HUN San Francisco Bay, California 436.7
RAR Raritan Bay, New Jersey 5145
SAL “Salem Harbor, Massachusetts 504.8
SDA San Diego Bay, California 935.0
WLI West Long Island Sound New York 409.2
Chrysene (2400 <2800 ppb) ppb
‘BBAR Buzzards Bay, Massachusetts 4227
BHDI Boston Harbor, Massachusetts 5450 |
BHDH Boston Harbor, Massachusetts 9600 -
CBMP Chesapeake Bay, Maryland 4833
HRLB Hudson/Raritan Estuary, New Jersey 1000.0
" HRUB Hudson /Raritan Estuary, New Jersey 2653.3
LICR Long Island Sound, Connecticut 510.0
LIHR Long Island Sound, Connecticut 563.3
LIMR * Long Island Sound, New Y ork 490.0
. LIS] Long Island Sound, Connecticut 683.8
LIHH Long Island Sound, Connecticut 561.7
LITN Long Island Sound, Connecticut 1244.2
NYSH Long Island Sound, Connecticut 541.7
OEIH Oakland Estuary, California 566.7
SAWB Saint Andrews Bay, Florida 419.8
BOS Boston Harbor, Massachusetts 7771
ELL Elliott Bay, Washington 6533



Table 72 {continued)

" Saint Andrew Bay, Fiorida
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Site Description Location Concentration
Chrysene {(continued)) ppm
RAR Raritan Bay, New Jersey - 5198
SAL - Salem Hurgor, Massachusetts 595.0
SDA San Diego Bay, California 920.0
Fluoranthene (2608 <3600 ppb) ppb
BHDI Boston Harber, Massachusetts 723.3
BHDH Boston Harbor, Magsachusetts 1031.7
CBMP Chesapeake Bay, Maryland 1338.8
CBSP Choctawatchee Bay, Florida , 646.7
HRLB Hudson/Raritan Estuary, New Jersey 1481.7
LICR - Long lsland Sound, Connecticut 7783
LIHR Long Island Sound, Connecticut 1216.7
LISI Long Islend Sound, Connecticut 13233
LIHH Long Island Sound, Connecticut 835.0
LIMR Long Island Sound, Connecticut 846.7
LITN Long Island Sound, Connecticut 1576.2
NYSH New York Bight, New Jersey 698.3
PBPI Penobscot Bay, Maine 926.7
SAWSB Saint Andrew Bay, Fiorida 1503.7
OEIH Oakland Estuary, California 826.7
BOS Boston Harbor, Massachusetts 14014
ELL Elliott Bay, Washington 618.3
RAR Raritan BagoNew Jersey 6157
SAL Salem Harbor, Massachusetts -1031.9
Fluorene (235 <540 ppb) ppb
BHDI Boston Harbor, Massachusetts 37.0
- BHDH Boston Harbor, Massachusetts 548
- CBHP Chesapeake Bay, Maryland 1345
CBMP Chesapeake Bay, Maryland 145.0
HRJ}B Hudson/Raritan Estuary, New Jersey 55.7
HRLB - Hudson/Raritan Estuary, New jersey 114.8
HRUB Hudson/Raritan Estuary, New Jersey 3583
LISI Long Island Sound, Connecticut 130.0
LIHH Long Island Sound, Connecticut 66.8
LITN Long Island Sound, Connecticut 109.9
MSBB MississipEi Sound, Mississippi 68.8
NYSH New York Bight, New Jersey 683
SAWB Saint Andrew Bay, Florida 1095
BOS Boston Harbor, Massachusetts 246.0
.ELL Elliott Bay, Washington 83.8
‘RAR Raritan Bay, New jersey 49.2
SDA San Diego Bay, California 129.0
SIR Saint Johns River, Florida 43.2
UCB Upper Chesapeake Bay, Maryland 87.8
Naphthalene (2340 <2100 ppb) ppb
CBMP Chesapeake Bay, Maryland 415.0
HRUB Hudson/Raritan Estuary, New Jersey 698.3
SAWB | 459.3



h Table 72 (continued)

Location

Site Description Concentration
Naphthalene (continued) ppb
BOS Boston Harbor, Massachusetts - 1415.7
UCB Upper Chesapeake Bay, Maryland 4032
Phenanthrene (2225 <1380 ppb) ppb
BBSM Bellingham. Bay, Washington 285.0
-BHDI Boston Harbor, Massachusetts 3533
BHDH - Boston Harbor, Massachusetts 543.3
BBRH - Buzzards Bay, Massachusetts 3100
CBHP - Chesapeake Bay, Maryland 511.7
CBMP Chesapeake Bay, Maryland 6117
CBSP Choctawatchee Bay, Florida 247.0
HR]B - Hudson/Raritan Estuary, New Jersey 269.0
HRLB . Hudson/Raritan Estuary, New Jersey 683.3
LICR Long Island Sound, Connecticut - 355.8
LIHR ~ Long Island Sound, Connecticut - - 600.0
LIS - Long Island Sound, Connecticut 872.7
LIHH Long Island Sound, Connecticut 391.7
LIMR Long Island Sound, Connecticut 345.0
LITN Long Island Sound, Connecticut 753.3
MSBB Mississippi Sound, Mississippi 295.8
.NBDI Narragansett Bay, Rhode Island 303.7
NYSH New York Bight, New Jersey 366.7
PBPI Penobscot Bay, Maine - 3980
"PBSI Penobscot Bay, Maine 2617
SAWB Saint Andrew_Bay, Florida 4488
OEIH Oakland Estuary, California 326.7
BOS Boston Harbor, Massachusetts 979.0 -
ELL Elliott Bay, Washington 461.7
HUN "San Francisco Bay, California 321.7
RAR Raritan Bay, New Jersey 3104
SAL Salem Harbor, Massachusetts 605.9
SDA * San Diego Bay, California 295.8
UCB Upper Chesapeake Bay, Maryland 367.6
Pyrene. (2350 <2200 ppb) ppb
BBMB Barataria Bay, Louisiana 357.2
BPBP Barbers Point, Hawaii 417,0
BIBI Block Island, New Jersey . 356.7
BHDI :Boston Harbor, Massachusetts 670.0
BHDH Boston Harbor, Massachusetts 962.8
BBAR ‘Buzzards Bay, Massachusetts 458.3
BBRH Buzzards Bay, Massachusetts 390.0
CBHP Chesapeake Bay, Maryland 575.0
CBMP Chesapeake Bay, Maryland 1058.3
CBSP Choctawatchee Bay, Florida 572.8
HR]B Hudson/Raritan Estuary, New Jersey - 450.0
HRLB Hudson/Raritan Estuary, New Jersey 1726.7
LICR Long Island Sound, Connecticut 822.9
LIHR Long Island Sound, Connecticut 1516.7
LIS Long Island Sound, Connecticut 1226.7
- 8417

LIHH

Long Island Sound, Connecticut
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Table 72 {continued)

Site Description Location Concentration
Pyrene (contirued; ppb
LIMR .Long Island Si.nd, Connecticut 781.7
LITN Long Island Sound, Connecticut 1927.1
NBDI Narragansett Bzy, Rhode Island 451.7
NBMH Narragansett Bay, Rhode Island 426.7
NYSH ‘New York Bight, New Jersey 820.0
PBPI Penobscot Bay, Maine - 6733
PBSI Penobscot Bay, Maine 416.7
SAWB Saint Andrew Bay, Florida 1659.0
SFDB San Francisco- Bay, California 543.3
SFSM San Francisco Bay, California 6175
"SPFP San Pedro Harbor, California 986.7
Siwp Sinclair Inlet, Washington 590.0
OEIH Oakland Estuary, California 1026.7
BOS Bosaton Harbor, Massachusetts 1076.9
ELL Elliott Bay, Washington 781.7
HUN San Francisco Bay, California 7733
OAK Oakland Estuary, California 386.7
RAR Raritan Bay, New Jersey 821.1
SAL Salem Harbor, Massachusetts 1760.0
SDA San Diego Bay, California 8033
WLI West Long Island Sound, New York 7915
2-methyinaphthalene (265 <670 ppb) ppb
BHDI Boston Harbor, Massachusetts 87.7
BHDM Buston Harbor,. Massachusetts 107.8
. BBAR Buzzards Bay, Massachusetts 79.0
CBHP Chesapeake Bay, Maryland 253.3
CBMP Chesapeake Bay, Maryland 256.7
CBBP Commencement Bay, Washington 76.0
HR]B Hudson/Raritan Estuary, New Jersey - 96.7
HRLB Hudson/Raritan Estuary, New Jersey 195.0
"LISI - Long Island Sound, Connecticut . o 66.7
LIHH Long Island, Sound, Connecticut 67.5
LITN . Long Island Sound, Connecticut 258.8
NYSH New York Bight, New Jersey 178.3
PBSI Penobscot Bay, Maine 1425
SAWB Saint Andrew Bay, Florida 2035
SPFP . San Pedro Harbor, California 120.7
COM Commencement Bay, Washington 80.0
ELL Elliott Eay, Washington 793
OLI Oliktok Point, Alaska 142.7
RAR Raritan Bay, New Jersey : 116.3
UCB Upper Chesapeake Bay, Maryland 248.0
Dibenz(a;h)anthracene (260 <260 ppb) ppb
BAR Barataria Bay, Louisiana 1017
ELL Elliott Bay, Washington 66.2
PEN . Pensacola Bay, Florida 85.8 .
RAR Raritan Bay, New Jersey 1115
SAL Salem Harbor, Massachusetts

155

76.4



Table 72 (continued’

Site Description : Location Concentration
Dibenz(a,llanthracene (continued) . ppb
SDA - - San Diego Bay, California ‘ 1620
WLI West Long Island Sound, New York - 71.6
Total PAH (24000 <35000 ppb) ppb
BHDI Boston Harbor, Massachusetts 4054
‘BHDH Boston Harbor, Massachusetts. 6603
CBMP ' Chesapeake Bay, Maryland 5950
HRLB o ' Hudson/Raritan Estuary, New Jersey 9388
HRUB Hudson/Raritan estuary 29324
LICR - Long Island Sound, Connecticut 4000
LIHR , Long Island Sound, Connecticut 5573
LISI - Long Island Sound, Connecticut 5660
LIHH ' . Long Island Sound, Connecticut 4592
LITN . Long Island Sound, Connecticut 10395
NYSH : : -~ New York Bight, New Jersey 5070
OEIH ) Oakland Estuary, California 5065
SAWB : Saint Andrew Bay, Fiorida 9233
BOS Boston Harbor, Massachusetts 15045
ELL | - Elliott Bay, Washington - 4477
RAR Raritan Bay, New Jersey ‘ 4649
SAL Salem Harbor, Massachusetts 7180
SDA o San Diego Bay, California 5915
Chlordane (20.5 <6 ppb) ppb

ABW] Anaheim Bay, California

BHDB " Boston Harbor, Massachusetts
BHDI - - Boston Harbor, Massachusetts
BHHD ‘Boston Harbor, Massachusetts -

" BBRH Buzzards Bay, Massachusetts . }
CASI : Cape Ann, Massachusetts :
CHFJ : Charleston Harbor, South Carolina
CBHP Chesapeake Bay, Maryland '
CBMP Chesapeake Bay, Maryland
CBIB ' Chesapeake Bay, Maryland
DBAP : Delaware Bay, Delaware
DBKI Delaware Bay, Delaware
GBYC Galveston Bay, Texas = '
HRRB ' .Hudson /Raritan Estuary, New Jersey
HRLB Hudson/Raritan estuary, New Jersey
HRUB Hudson /Raritan Estuary, New Jersey
LICR ' Long Island Sound, Connecticut
LIHR ‘ - Long Island Sound, Connecticut
LISt : ‘Long Island Sound, Connecticut
LIHU 'Long Island Sound, Connecticut -
LIMR Long Island Sound, Connecticut
MDS] : Marina del Rey, California
MSBB Mississippi Sound, Mississippi
MSPB : Mississippi Sound, Mississippi

MBTH Mariches Bay, New York
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Table 72, (continued)

Site Deseription

Location Concentration

Chiordane (continued) pPpb
NYSH New York Bight, New York 38
NBNB Muples Bay, Florida h 1.2
NBCI Marragansett Bay, Rhode Island . 0.7
NBDI Narragansett Bay, Rhode lsland 0.9
NBMH Narragansett Bay, Rhode Isiand : 0.9

0SsB] Oceanside, California 06
PVRP Palos Verdes, California 19
PBPI Penobscot Bay, Maine 0.8
PBSI Penobscot Bay, Maine 0.6
SBSB Point Santa Barbara, California 1.0
RBHC Rookery Bay, Florida 0.6
SPSM San Pablo Bay, California 1.0
SPSP San Pablo Bay, California 0.0
SPFP San Pedro Harbor, California 2.6
SAWB Saint Andrew Bay, Florida 2.2
SJCB Saint Johns River, Florida 0.9
TBMK Tampa Bay, Florida 1.6
TBPB Tampa Bay, Florida 2.5
DDT (p,p' + o,p-DDT (21 <7 ppb) ppb
BHDB Boston Harbor, Massachusetts 2.2
BHDI1 ' Boston Harbor, Massachusetts 4.2
CBHP Chesapeake Bay, Maryland 18
CBMP Chesapeake Bay, Maryland 13
CBSR Choctawatchee Bay, Florida 6.6

CRYB Columbia River, Oregon 14
DBAP Delaware Bay, Delaware 1.2
DBFE - Delaware Bay, Delaware 4 5.6
HRRB Hudson/Raritan Estuary, New Jersey 26
HRJB Hudson/Raritan Estuary, New Jersey 5.3
HRUB Hudson/Raritan Estuary, New Jersey 5.8
LICR. Long Island Sound, Connecticut 5.0
LIHR Long Island Sound, Connecticut 6.9
LIHH Long Island Sound, Connecticut 55
LIHU Long Island Sound, Connecticut 1.6
LIMR Long Island Sound, Connecticut 22
LITN Long Island found, Connecticut 6.1
MDS]J Marina del Rey, California 20
MBSC Monterey Bay, California 1.5
NYSH New York Bight, New York 4.6
NBMH Narragansett Bay, Rhode Island 1.2
PBSI Penobscot Bay, Maine 1.2
PLLH Point Loma, California 28
SBSB Point Santa Barbara, California 1.5
SFDB San Francisco Bay, California 3.3
SFEM San Francisco Bay, California £9

SPSM San Pablo Bay, California 46 .
5PSP San Pablo Bay, California 2.0
SIWP - Sinclair Inlet, Washington 5.5
SSB1 South Puget Sound, Washington 3.2
TBHB Tampa Bay, Florida 15
TBPB Tampa Bay, Florida 2.0
Whidbey Island, Washington 3.0

WIPP
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Table 72. (continued)

158

Site Description Location Concentration.
DDT (p,p' + ¢,p"-DDT) (continued) " ppb
BOS Boston Harbor, Massachusetts 2.1
GRB Great Bay, New Jerse 1.3
LNB - .Long Beach Harbor, California 2.7
SAL Salem Harbor, Massachusetts 2.6
SMB Santa Monica Bay, California 1.0.
" DDD {p,p' + 0,p'-DDD) (22 <20 ppb) ppb
- ABW} Anaheim Bay, California 4.6
BBAR Buzzards Ba% Massachusetts® 2.1
BBSM Bellingham Bay, Washington 24
BHDI Boston Harbor, Massachusetis 126
BHHEB Boston Harbor, Massachusetts 3.3
CBHP Chesapeake Bay, Maryland 8.5
CBMP Chesapeake Bay, Maryland 8.0
CBSR . Choctawatchee Bay, Florida 2.6
CRYB Columbia River, Oregon 2.3
DBAP Delaware Bay, Delaware 7.5
DBFE Delaware Bay, Delaware 6.3
- DBKI Delaware Bay, Delaware ‘3.9
ECSP East Cote Blanche, Louisiana 2.0
HRJ]B - Hudson/Raritan Estuary, New Jersey o 19.0
HRUB Hudson/Raritan Estuary, New Jersey 13.2
LIHR Long Island Sound, Connecticut 19.7
LISI. Long Island Sound, Connecticut 4.7,
LIHU Long Island Sound, Connecticut 7.7
LIMR Long Island Sound, Connecticut 13.7
MDS) Marina del Rey, California 13.2
MBLR Matagorda Bay, Texas 5.5
MBTD Matagorda Bay, Texas 28
MSBB Mississippi Sound, Mississippi 25
MBCP Mobile Bay, Alabama 335
BMTH Moriches Bay, New York 9.2
NBCI Narragansett Bay, Rhode Island 3.5
NBMH . Narragansett Bay, Rhode Island 51
NBBC Narragansett Bay, Rhode Island 3.7
OSB] Oceanside, Cali ornia 4 14.8
PBSI Penobscot Bay, Maine. .26
SBSB Point Santa Barbara, California 10.1
SDHI San Diego Bay, California 4.7
SFDB San Francisco Bay, California 8.4
SFEM San Francisco Bay, California 18.0 -
SFSM San Francisco Bay, California 34
SPSM San Pablo Bay, California 14,7
5PSP San Pablo Bay, California 6.9
SIWP . Sinclair Inlet, Washington 28
SSBI South Puget Sound Washington 20 -
SAWS Saint Andrew Bay, Florida 16.2
SJCB Saint Johns River, Florida 5.8
TBHB Tampa Bay, Florida - 5.0
. TBPB Tampa Bay, Florida 3.1
WIPP Whidbey Island, Washington 34
COM Commencement Bay, Was ngton 2.7
CsC Casco' Bay, Maine 2.0




Table 72. (continued)

Site Description Location Concentration
DDD (pp' + 0,p'-DDD) (continued) ppb
ELL Elliott Bay, Washington. 8.2
GRB Great Bay, New Jersey 3.8
HUN San Francisco Bay, California 3.0
MRD .Mississippi Delta, Mississippi 38
NAR Narragansett Bay, Rhode Island 24
0AK Oakland Estuary, California 3.7
RAR - Raritan Bay, New Jersey 19.3
SDA San Diego Bay, California 5.6
SEA Seal Beach, California 5.1
SR Saint Johns River, Florida . 22
SMB Santa Monica Bay, California 49
UCB Upper Chesapeake Bay, Maryland - 3.1
WLI West Long Island Sound, New York 3.7
DDE (p,p' + o,p'-DDE)} (22 <15 ppb) ppb
APDB Apalachicola Bay, Florida 3.2
BBAR - Buzzards Bay, Massachusetts 6.1
BBRH - Buyzzards Bay, Massachugetts 28
BHDI Boston Harbor, Massachusetts 7.3
BHHB Boston Harbor, Massachusetts 2.1
CBHP Chesapeake Bay, Maryland 3.7
CBMP Chesapeake Bay, Maryland 4.2
CBSR Choctawatchee Bay, Florida 33
DBAP Delaware Bay, Delaware 6.5
DBBD Delaware Bay, Delaware 3.1
DBFE - Delaware Bay, Delaware 4.1
DBKI Delaware Bay, Delaware 3.8
HRJB Hudson/Raritan Estuary, New Jersey 14.0
HRUB 'Hudson/Raritan Estuary, New Jersey 8.5
LILJ La Jolla, California 6.5
LICR Long Island Sound, Connecticut 5.2
LIHR Long Island Sound, Connecticut 2.8
LISI Long Island Sound, Connecticut 2.0
LIHH Ling Istand Sound, Connecticut 111
LIHU Long Island Sound, Connecticut 39
LIMR Long Island Sound, Connecticut 5.3
MBTP Matagordo Bay, Texas 21
MBVB Mission Bay, Callifornia 4.3
MBCP Mobile Bay, Alabama 5.3
MBTH Moriches Bay, New York 24
MBSC Monterey Bay, California 3.8
NBMH Narragansett Bay, Rhode Island 39
PLLH Point Loma, California 12.9
SFDB San Francisco Bay, California. 49
SFEM San Francisco Bay, California 5.1
- SFSM San Francisco Bay, California 31
SPSM San Pablo Bay, California 6.3
SPSP San Pablo Bay, California 38
SAWB Saint Andrew Bay, Florida 14.7
TBPB Tarapa Bay, Florida 5.4
WIPP Whidbey Island, Washington 3.3
Apalachicola Bay, Florida . 2.1

APA
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Table 72. {continued)

Site Description

Location - Concentration
DDE (p,p' + o0,p-DDE} {continued) ppb
5DHI San Diego Bay, California 3.7
GRB Great Bay, New Jersey 2.3
MOB ‘Mobile Bay, Alabama - 3.0
NAR Narragansett Bay, Rhode Island 26
RAR - Raritan Bay, New Jersey 8.6
SAL -Salem Harbor, Massachusetts 73
SDA San Diego Bay, California a5
SDF San Diego Bay, California 13.6
WLI . West Long Isiand Sound, New York 2.4
Total DDT (23 <350 ppb) ppb
ABWI] Anaheim Bay, California 25.8
APDB Apalachicola Bay, Florida 5.2
ABOB: Atchafalaya Bay, Louisiana . 4.1
BBAR - Buzzards Bay, Massachusetts 8.2
BBSM Bellingham Bay, Washington 4.5
BHHB Boston Harbor, Massachusettz 59
BHDI Boston Harbor, Massachusetts 241
BHDB Boston Harbor, Massachusetts 444
CASI Cape Ann, Massachusetts 33
CBMP Chesapeake Bay, Maryland 13.5
CBHP . Chesapeake Bay, Maryland 13.9
CBSR Choctawhatchee Bay, Florida 12.5
CRYB Columbia River, Oregon ' 4.9
DBBD Delaware Bay, Delaware 5.9
DBKI Delaware Bay, Delaware 7.8
‘DBAP Delaware Bay, Delaware 15.2
DBFE Delaware Bay, Delaware 17.2
ECSP Bast Cote Blanche, Louisiana ' 3.2
HRRB Hudson/Raritan Estuary, New Jersey 45.6
HRUB Hudson/Raritan Estuary, New York 254
HRJB Hudson/Raritan Estuary, New York 38.3
HRLB Hudson/Raritan Estuary, New Jork 45.6
Ll ‘La ‘Jolla, California - 8.6
LISI "Long Island Sound, Connecticut 7.0
LICR Long Island Sound, Connecticut 1200
LIHR Long Island Sound, Connecticut 2904
LIHU Long Island Sound, New York 13.2
LIMR Long Island Sound, New York 21.2
LIHH Long Island Sound, New York 413
LITN Long Island Sound, New York 75.6
MDS] Marina del Rey, California 72.6
MBLR Matagorda Bay, Texas 7.9
MSTP Matagorda Bay, Texas 14.5
MBVB Mission Bay, California 5.1
MBCP Mobile Bay, Alabama 94
MBSC Monterey Bay, California 74
MBTH Moriches Bay, New York 265
NYSH New York Bight, New Jersey 455
NBDI Narragansett Bay, Rhode Island 4.0
NBCI Narragansett Bay, Rhode Island - 5.1
NEMH Narragansett Bay, Rhede Island 10.2
. NBBC Newport Beach, Cahforma ' 24.9
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Table 72. {continued)

Site Description Location - Concentration

Total DDT (continued) ppb

OEIH Oakland Estuary, California 88.5 .

OSB] Oceanside, California 50.1 -
PBPI Penobscot Bay, Maine 3.7
PBSI Penobscot Bay, Maine 4,5
- PLLH Point Loma, California 17.7
. 6BSB Point Santa Barbara, California 329
SDHI - San Diego Bay, California 9.0
SFSM San Francisco Bay, California 6.8
SFDB San Francisco Bay, California 16.6
SFEM San Francisco Bay, California 38.0
SPSP San Pablo Bay, California 12.6
- 8PSM San Fablo Bay, California 25.6
SIWP Sinclair Inlet, Washington 9.3
SSBI South Puget Sound, Washington 6.4
SAWB Saint Andre.v Bay, Florida 411
SJCB " Saint Johns River, Florida 8.2
TBHB Tampa Bay, Florida B4
TBPB Tampa Bay, Florida 104
WIPP Whidbey Island, Washington 96
BOS Boston Harbor, Massachusetts 104.5
CHS Charleston Harbor, South Carolina- 3.5
COM Commencement Bay, Washington 3.5
ELL Elliott Bay, Washington 9.1
GRB Great Bay, New Jersey 74
HUN San Francisco Bay, California 3.8
LNB Long Beach Harbor, California 1100
MOB Mobile Bay, Alabama 3.2
MRD Migsissippi Delta, Mississippi 4.7
NAR Narragansett Bay, Rhode Island 5.2
OAK Oakland Estuary, California 53
RAR Raritan Bay, New Jersey 358
SAL Salem Harbor, Massachusetts 31.2
SAP Sapelo Sound, Georgia 3.2
SDA San Diego Harbor, California 9.3
SDF San Diego Bay, California 14.6
SEA Seal Beach, California 27.6
SMB Santa Monica Bay, California 249
UCB Upper Chesapeake Bay, Maryland 58
WLI West Long Island Sound, New York 6.6
PCBs {250 <380 ppb) ppb
"BBGH Buzzards Bay, Massachusetts 51.3
BBRH Buzzards Bay, Massachusetts 231.0
BHDI Boston Harbor, Massachusetts 2314
CBHP Chesapeake Bay, Maryland 1114
CBMP Chesapeake Bay, Maryland 90.1
CBSP Chesapeake Bay, Maryland’ 1098
HRJB Hudson/Raritan Estuary, New Jersey 3277
HRLB Hudson/Raritan Estuary, New Jersey 370.5
- HRUB Hudson/Raritan Estuary, New jersey 177.7
LICR Long Island Sound, Connecticut 137.7
LIHH Long Island Sound, Connecticut 229.2
LIHR Long Island Sound, Connecticut 190.5
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“Table 72, (continued)

DBAP

162

Site Description Lacation Concentration
PCBs (continued) ppb
LIMR Long Island Sound, Connecticut . 119.9
LISI Long Isiand Sound, Connecticut 63.6
MBTH Moriches Bay, New York 817
OEIH Oakland Estuary, California 3615
SDHI San Diego Bay, California 99.8
SFDB San Francisco Bay, California 719
. SFEM San Francisco Bay, California 74.5
SFSM San Francisco Bay, California - 707
-BUZ Buzzards Bay, Massachusetts 192
CsC Casco Bay, Maine 58
DEL Delaware Bay, Delaware 131
GRB Great Bay, New Jersey 7
LNB Long Beach, California 205
NAR Narraganseit Bay, Rhode Island 221
OAK Oakland Estuary, California 61
SJR Gaint Johns River, Florida 98
' SPB San Pedro Bay, California 194
SPC San Pedro Canyon, California 159
UCB Wp per Chesapeake Bay, Maryland 90
WL est Long Island Sound, New York 174
" Dieldrin. (20,02 <8 ppb) ppb
ABW] ~ Anaheim Bay, California 03
APCP Apalachicola Bay, Florida 0.2
APDB Apalachicola Bay, Florida 0.3
ABOB ‘Atchafalaya Bay, Louisiana 0.7
BEMB Barataria Bay, Louisiana 0.2
BBSD Barataria Bay, Louisiana 0.3
BIBI - Block Island, Rhode Island 0.6
BBBE Bodega Bay, California 0.05 -
. HBDI Boston Harbor, Massachusetts 4.0
BHHB _ Boston Harbor, Massachusetts 12
BSBG Breton Sound, Louisiana 01
BSSI Breton Sound, Louisiana 0.1
BBAR Buzzards Bay, Massachusetts 5.0
BBGN Buzzards Bay, Massachusetts 0.9
BBRH Buzzards Bay, Massachusetts 2.7
CLCL Caillou Lake, Louisiana ' 0.1
CLS} Calcasien Lake, Louisiana 0.4
‘CKBP Cedar Key, Florida - 0.1
CBBI - Charlotte Harbor, Florida 0.2
CBHP Chesapeake Bay, Maryland - 30
CBMP Chesapeake Bay, Maryland 1.1
CBDP Chesapeake Bay, Maryland 0.1
CBIB Chesapeake Bay, Maryland 0.1
CBCI . Chincoteague Bay, Virginia - 041
CBSP Choctawatchee Bay, Florida 44
CBSR . Choctawatchee Bay, Florida 04
- CRYB Columbia River, Oregon 0.5
- CBRP Coos Bay, Oregon : 01
Delaware Bay, Delaware 13
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Table 72. {continued)

5

Locaﬁdn

Site Description Concentration
Dieldrin {continued) ppb
DBBD Delaware Bay, Delaware 0.6
DBFE Delaware Bay, Delaware 2.2
DBKI Delaware Bay, Delaware 0.7
ECSP East Cote Blanche, Louisiana 0.3
ESBD Espiritu Santo, Texas 0.03
ESSP Espiritu Santo, Texas 0.1
GBCR Galveston Bay, Texas 0.2
GBTD . Galveston Bay, Texas 0.3
GBYC Galveston Bay, Texas 0.4
BHW] Gray's Harbor, Washington 0.05.
HHKL Honolulu Harbor, Hawaii 0.1
HRRB Hudson/Raritan Estuary, New Jersey 79
HRJB Hudson/Raritan Estuary, New Jersey 5.6
HRLB Hudson/Raritan Estuary, New Jersey 5.4
" HRUB - Hudson/Raritan Estuary, New Jersey 33
HMB] Hudson/Raritan Estuary, New Jersey 0.3
JHJH Joseph Harbor Bayou, Louisiana 0.3
LJLy Point La Jolla, California 0.2
LBMP Lake Borgne, Louisiana 0.1
LICR Long Island Sound, Connecticut - 35
LIHR Long Island Sound, Connecticut 3.0
LISI Long Island Sound, Connecticut 1.1
LIHH Long Island Sound, Connecticut 7.1
LIHU Long Island Sound, Cennecticut 15
LIMR Long Island Sound, New York 3.0
MD5J . Marina del Rey, California 0.5
MBEM Matagorda Bay, Texas 0.03
MBGP Matagorda Bay, Texas 0.1
MBLR Matagorda Bay, Texas 03
MBTP Matagorda Bay, Texas 0.03
MBAR Mesquite Bay, Texas. 0.1
MBYB Mission Bay, Texas ' - 01
MSBB Missigsippi Sound, Mississipp 0.2
MSPC Mississippi Sound, Mississippt 0.2
MBCP Mobile Bay, Alabama - 04
MBSC Monterey Bay, California 0.3
MBTH Moriches Bay, New York 0.5
NYSH New York Bight, New Jersey 6.8
NBNB Naples Bay, Florida 0.6
NBCI - Narragansett Bay, Rhode Island 0.7
NBDI Narragansett Bay, Rhode Island 0.9
NBMH Narragansett Bay, Rhode Island 2.8
NBBC Newport Beach, California 0.2
OSB] Oceanside, California 0.5
PGLP Pacific Grove, California 0.2
PVRP Palos Verdes, California 6.2
PBPI - Penobscot Bay, Maine 0.2
PBSI Penobscot Bay, Maine 05
PLLH Point Loma, California 0.5
- PRPR Point Roberts, Washington - 03
SBSB . Point Santa Barbara, California 0.5
QIUB Quinby Inlet, Virginia 0.5
RBHC Rookery Bay, Florida 0.1
SLBB 0.03

" Sabine Lake, Texas
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Tible 72 ontinued)

 Site: Dzscription

Location |

Concentration
Dlsldrin {continued) ppb
SAMP .San Antonio Bay, Texas 0.03
SDHI San Diego Bay, California 15
SFDB San Francisco Bay, California 2.8
SFEM San Francisco Bay, California 1.5
SFSM San Francisco Bay, California 04
SLSL San Luis Obispo, California 0.1
SPsP San Pablo Bay, California 08 -
' SPFP San Pedro Harbor, California 24
SRTI Savannah River, Georgia 0.2
SSBI South Puget Sound, Washington 0.2
. SAWB Saint Andrew Bay, Florida 0.6
SJICB Saint Johns River, Florida 1.5
TBCB Tampa Bay, Florida ' 04
- TBHB Tampa Bay, Florida 01
TBMK " Tampa Bay, Florida 0.2
TBPB Tampa Bay, Florida 0.3
TBLF Terrebonne Bay, Louisiana 0.1
TBSR Tomales Bay, California 0.2
VBEP Vermillion ay, Louisiana 03
BOS Boston' Harbor, Massachusetts 3.2
BUZ Buzzards Bay, Massachusetts 0.07
COM Commencement Bay, Washington 0.33
DEL Delaware Bay, Delaware 0.71
HUN. San Francisco Bay, California 0.27
LCB Lower Chesapea o Bay, Virginia 012
LNB Long Beach Harbor, California . 130
MOB Mobile Bay, Alabama 0.21
MRD Mississippi Delta, Mississippi 1.16
NAR Narragansett Bay, Rhode lsland 1.68
PAB San Pablo Bay, California 0.13
RAR Raritan Bay, 'ew Jersey 1.72
WLI West Long Island Sound, New York 015

* Ambient concentrations at none of the sites exceeded or uqualed the ER-L for these chemical |

analytes.
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Table 73. The NS&T Program sediment sampling sites in which the average chemical
concentrations exceeded the respective ER-M values, ranked in descending order of the
number nf times exceeded. _

Ndmbet_ of times exceeded Site Codes®

(=]

OEIH

HRUB

HRRB, LITN, NYSH, BOS

BHDB, HRLB, PVRP, RAR

CBSP, LIHH, SPFP, SAL

SPB, SPC

BHDI SAWB, LNB .

BBSM, CBHP, CBMP, HRJB, OSB], PVMC, SFEM SFSM, SPSP, TBSR
BOD HMB, HUN, OAK, PAB, SDA, SHS, UCB

ABW], BBAR, BPBP, MBTH MB'I'P MDS], NBBC, NBMH, SFDB, ‘
WIPP, YHSS, ELL SEA, SMB

1D Wk U1\ 00 WO e

]

* Specific locations are listed in the glossary.

Teble 74, The NS&T Program sediment ﬂamplh\g sites in which the average chemical
concentrations exceeded the respective ER-L values, ranked in descending order of the
number of times exceeded.

Number of times exceeded Site Codes*
21 BHDI »
20 LIHH, LIMR, LISI
18 ‘ CBMP :
17 HRUB, LICR, HRLB, SAWB, ELL, RAR, SAL
16 HRJB, LIHR, NY5H, BOS, S5AL
15 CBHP, BHDBE, LITN, WLI
14 NBMH, SDA
13 SIWP
12 OEIH, PBSI, UCB
11 LIHU, SFSM
10 : BBAR, SFDB, SPFP, GRB, NAR
9 CBSP, BHHB, SPSP, SSBI, HUN
8 "DBAP, MBTH, PBPl, SFEM, OAK
7 HRREB, MSBB, SDHI, TBPB, WIPP
-6 DBBD MDS]J, NBCI, NBDI, PVRP, SSBI, SPB
5 ABW], BBSM, BBRH, CBSR, DBFE, DBKI, .SBSB, S5J)CB, TBHB, LNB,
MOB
4 CRY{I{B MSBECI’ MBTP, MBSC, OSBJ, PLLH, PRPR SPSM, BUZ, CSC,
PEN A
3 APDB, ECSP, HHKL, LJL], MBLR, MBYB, NBBC TBSR, CHS COM,
. WNAH, NIS OLl, SJR, SMB :
2 - ABOB, BBGN, CASI CBIB, CHF], EBFR, HMB}, MBGP, NBNB PVMC,
RBHC, TBHP, TBMK, UIaB DEL, FRN LUT, MRD, PNB, SAI’ SDF
1 APCP, BBBE, BBSD, BIBl, BBMB, BENR, BPBP BSBG BSSI CBBI

CBBP, CBDP, CBC]J, CBMP CBRP CBTP CBRP CL(.L CLS], CKBE,
ESSP, ESBD, GBCR, GBTD, GBYC, GHW], MBAR, MSPC, MSPB,
PGLP, QIUB, SAMP, SLBB, SLSL, SRTI, TBCB, TBLF, VBSP, YBOI’
APA, BAR, COO, DBA DAN, PAB SPC

* Specific locations are listed in the glossary.
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The accuracy of the guideliﬁes for metals often exceeded that for Organic compounds.
Many 6f the metals are likely more water soluble than the organics, possibly resulting in

Ee):a- vély higher and more consistent bioavailability, and, therefore, less variability in the
ata, : b , , ‘

The ER-L and ER-M guidelines were used to evaluate and rank the relative potential for
bielogical effects at the NS&T Program sampling sites, Those sites in which the ambient
chemica! concentrations exceeded the most ER-L and ER-M values were identified as having
the highest potential for adverse effects. ' The sites with the highest potential for effects
were sites HRUB, located in the Hudson-Raritan Estuary; site LITN, located in western Long
Island Sound; site BOS, in Boston Harbor; and site OEIH, in the Oakiand Estuary of San
_Francisco Bay. Sites with the highest potential for effects were generally located within
' the Hudson-Raritan Estuary, Long Island Sound, Boston Harbor, Chesapeake Bay, New. York

Bight, Salem Harbor, Saint Andrew Bay, and parts of southern California near Los Angeles
and San Pedro. _ .

The potential for contaminated sediments causing adverse biological effects should be
verified by either an examination of available data or implementation of a survey at the
high-potential sites. Biological effects data are available for one of the highly ranked .

- NS&T Program sites: site OEIH in Oakland Harbor, California. Site OEIH was tested with
five sediment bioassays (Long and Buchman, 1989) and the benthic community was examined
at that site (unpublished data). Most of the bioassay end-points indicated relatively high
toxicity in the site OEIH sediments and the benthic community had lower total abundance
and crustacean abundance than at many other nearby sites in San Francisco Bay.

The data examined in the present document were the results of the use of widely varying
methods. Subsequent evaluations of data such as these would be facilitated if the data were
from the use of similar methods. That is, spiked-sediment bioassays should be performed
with one species or, at least, with species from the same taxonomic groups (such as
amphipods). Bioassays of field-collected sediments should be performed with multiple
species, but at least one of the species should be used universally. The use of standardized
methods is recommended. ‘

Sediment quality values from EP, AET, and SLC methods usually are presented as
absolutes, i.e,, a chemical concentration not accompanied by any measure of uncertainty or
variability. Values generated in spiked-sediment bioassays often are accompanied by the 95
~ percent confidence interval. The data reviewed in this document and with which the co-
" occurrence analyses were performed often indicated relatively high variability in analyses of
field-collected samples (i.e., the standard deviations frequently equalled or exceeded the
means). While these indications of variability may be discouraging, they do provide a
suggestion as to the degree of confidence currently available for attributing biological effects -
to sediment-sorbed contarminants without using a preponderance of evidence from multiple
approaches. : ' -

The data assembled and reported herein were evaluated by cbjectively determining the
lower 10 percentiles and the medians in the data and by sulﬁeetively determining the overall
apparent effects thresholds in the data. The same data could be evaluated using many other
approaches, depending upon study objectives. For example, the screened sorted data could be
used to identify the contaminant concentrations below which effects have never been
~ observed. Also, percentiles in the data other than the lower 10 and 50 percentiles could be
determined. For example, the lower 5 percentile value of the data could be examined and
assumed to be analogous to a level that may protect 95 percent of the species. The ER-L,
ER-M, and overall apparent effects thresholds dérived from the available data could be used

- as hypotheses to be tested in empirical toxicity experiments. The present evaluation should
be updated with additional data as they become available and should be supplemented with -
an evaluatiun of the cheuiical data normalized to TOC, AVS, and any other appropriate
paramieters in addition to dry weight. ‘ " ”
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Tdble 75, Overall cumulative ranks of NS&T Program sites, based upon exceedances of

ER-L and.ER<M values. One point was assigned for eack ER-L exceeded, 4.2 points for

each me@ﬂ' ER-M exceeded, and 8.1 points for each organic ER-M exceeded,

No. of ER-L

ER-M values :

ER-M values

o values exceeded for metals  exceeded for organics  Total  Overall
Site exceeded No. x 4.2 = points No. x 8.1 = points points  rank
HRUB 17 3 13 6 49 . 79 1
BOS 16 3 13 5 41 70 2
LITN 15 3 13 5 41 69 3"
QEIH 12 6 25 4 2 69 3
NYSH 16 5 21 3 2% 61 5
BHDB 15 3 13 4 32 60 6
HRLB 17 4 17 3 24 58 7
PVRP 6 2 8 5 41 55 8
RAR 17 5 21 2 16 54 9 -
HRRB 7 5 21 3 4 . 52 10
CBSP 9 0 0 5 41 - 50 11
LIHH 20 3 13 2 16 49 12
SAL 16 2 8 3 24 48 13
SPFP 10 1 4 4 32 6 14
SAWB 17 0 0. 3 24 41 15
SPB 6 0 0 4 32 38 16
BHDI 21 3 13 0 0 34 17
SPC 0 0 0 4 Y] 32 18
HRJB 16 1 4 1 8 28 19
SDA 14 1 4 -1 8 26 20
ELL 17 0 0 1 8 25 21
LNB 5 1 4 2 16 25 21
CBHP 15 2 8 0 0 23 23
LISI 20 0 0 0 0 20 25

. OSB] 4 -0 0 2 . 16- 20 25
LIMR 20 0 0 0 0 20 25
SFSM . 1L 2 8 0 0 19 27
srsp ' 9 2 8 0 0 17 28
OAK ) 8 2 8 0 0 16 29.
SFEM 8 2 8 0 0 16 29
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- -Appendix A

Description of Data Sets Used in Co-occurrence Analyses

The data sets in which biological measures of effé_cta'and concentrations of chemicals in
sediments were made with the same samples are described in this appendix, along with the
description of how the data were manipulated and analyzed for use in this document.

Gilbert ef al. (1976) sampled sediments at 37 stations in Massachusetts Bay and performed
chemical analyses of portions of the samples that were also examined for benthic community

composition. The aam;lea were collected with a 0.1 m? Smith-Mcintyre grab sampler and
sieved with 2.0 and 0.5 mm screens. Data from quantification of trace metals an? selected

orﬁ&nic groups were reported. Their date suggested the occurrence of three modes in species
. richness among the stations: High (mean 93.6 + 9.4 SD, range 81-106), intermediate (mean
58.1 £ 104 SD, range 40-78), and low (mean 31 * 6.5 SD, range 22-37). The means and

standard deviations in chemical concentrations that co-occurred with these modes were
calculated. ‘ '

McGreer (1979) observed burrowing time in the bivalve Macoma balthica exposed to five
samples (one of which was used as a control) collected in the Fraser River estuary, British
Columbia. The samgl)les were ‘also analyzed for the concentrations of various trace metals.
The 95 percent confidence limits for effective burrowing time (ET50) for Sample C were
outside the 95 percent confidence limits of the ET50 for the control. The chemical date for
Sample C were used in this document. McGreer (1979) also examined avoidance behavior of
M. balthica exposed to these sediment samples. A statistically significant avoidance response
was found for Sample A, therefore, the data for Sample A were used in this document.

McGreer (1982) sampled 23 sites along the Strait of Georgia, British Columbia and
determined the presence and abundance of M. balthica and the concentrations of various trace
‘metals. The means and standard deviations of concentrations in samples devoid of M. balthica
and in samples with M, balthica present were compared. i

Yake, et al. (1986) sampled three sites in Lake Union, Washington and tested for toxicity
with the amphipod Hyalella azteca and determined the concentrations of many chemicals in
" an area known to have high PAH concentrations. Undiluted sediment from one of the sites

(GWP) caused an average of 95 percent mortality; the chemical data for that site were used
in this document. '

Anderson et al. (1988) sampled 12 sites in southern California and tested for toxicity with
the amphipod Grandidierella japonica and for the concentration of hydrocarbons and trace
_ metals. Half of the sites was significantly toxic (mean 48.3 * 14.6 percent survival); and
~ half were not significantly toxic (mean 76.8 + 11.1 percent survival) relative to controls. The

chemical concentrations were compared between toxic and non-toxic samples.

Kraft and Sypniewski (1981) sampled 15 sites each in the north and south regions of the
Keweenaw Waterway, Michigan and determined macroinverterbrate taxa richness and copper
content in the sediments in all 30 sites. The mean copper concentrations in the northern sites

(average of 8.4 taxa per site) were compared with those in the southern sites (average of 19.8
taxa per site). ' : '

The Ilinois Environmental Protection Agency (1983a) sampled 21 sites in the DuPage
River Basin and determined benthic taxa abundance and concentrations of hydrocarbons and
trace metals. Concentrations in 18 sites with relatively high abundance (mean 15.8 + 2.0 SD
taxa per Hester-Dendy artificial sampler) were compared with those in 3 sites (mean 6.7 &
2.5 SD taxa) with relatively low abundance. . A
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The Mlinois Environmental Protection Agency (1983b) sampled 25 sites in the Kishwaukee
River and determined the number of benthic taxa and concentrations of hydrocarbons and
trace metals. The chemical concentrations in 20 sites associated with relatively high
numbers of taxa (mean 16.3 + 4.6 SD per site) were compared with concentration in 5 sites
with relatively low numbers of taxa (8.4 + 0.5 per site).

Tsai et al. (1979) sampled nine stations in Baltimore Harbor, Maryland and determined
toxicity to mummichogs (Fundulus heteroclitus), spot (Leiostomus xanthurus), and soft-shell
clams (Mya arenaria) and the concentrations of PCBs and trace metals. Five of the stations
were relatively highly toxic (mean 48-h TLm of 5.1 + 3.5) to mummichogs and four were
relatively less toxic (mean TLm of 43.2 + 31.3). The means and standard deviations of
chemical concentrations among the most and least toxic samples were compared.

VanDolah et al. (1984) samfled 15 stations in and near a dredged material disposal site
off Georgetown, South Carolina and determined benthic community composition and
concentrations of PCBs and trace metals. The maximum sediment concentrations of chemicals
at sites in which no demonstrable effects upon summer benthic community species richness and
total abundance was observed were used in this document. ‘

Tatem (1986) determined bioaccumulation of PCBs and trace metals in the prawn
(Macrobrachium rosenbergil) exposed to Sheboygan River, Wisconsin sediments. He observed
that the sediments were toxic to the prawns after 22 days' exposure. The concentrations of
chemicals in the toxic sediments were used in this document.

Lee and Mariani (1977) reported results of sediment toxicity tests and chemical analyses
for many prospective dredge. areas throughout the United States. The chemical
concentrations reported associated with the observations of relatively high toxicity to the

"grass shrimp Palaemonetes pugio were used in this document.

Zagatto ef al. (1987) reported results of toxicity tests with D. similis and chemical
concentrations in sediments from 18 stations in Cubatao River Basin, Brazil. Minimum
chemical concentrations associated with samples that were 1eported as significantly toxic
were used in this report. : »

.Malueg et al. (1984a) sampled sediments from six sites in Phillips Chain of Lakes,
Wisconsin, one site in Torch e, Michigan, and ten sites in the Little Grizzly Creek system,
California and tested for toxicity to Daphnia magna and Hexagenia Iimbata and the
concentrations of trace metals. The chemical concentrations in the one site in Phillips Chain
of Lakes that was significantly toxic were compared with those in the five other samples
that were reported as not significantly toxic. The chemical concentrations in the toxic Torch
Lake sample also was listed and used in this document. The chemical concentratiohs in the
eight samples from the Little Grizzly Creek system that were reported as significantly toxic
were compared with those that were not toxic and used in this document.

Malueg et al. (1984b) sampled five sites 2ach in the northern and southern reaches of the
Keweenaw Waterway, Michigan and determined toxicity to D. magna and Hexagenia limbata
and the concentrations of trace metals. The chemical concentrations in highly toxic northern
sediments were compared with those in less toxic southern sediments.

Long and Buchman (1989) sampled 15 stations in San Francisco and Tomales bays and
determined toxi¢ity to the amphipod Rhepoxynius abronius and mussel emb Mytilus
i5) and concentrations of trace metals and organic compounds, US. ] ) samipled
5 ifi San Francisco Bay and performed many of the same analys
s of the oyster C. gigas. Chapman et al. (1987) sampled

and performed the same analyses as Long and Buchmyir
fis in the Oakland Inner Harbor of San Frandisgo
5. Navy (1987). The data from fhese four studies.
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three types of analyses were performed. First, AET values were calculated using SedQual
software developed by PTI Environmental Services (1988) and a sorting routine on Microsoft
. Excel spreadsheets on a Macintosh computer. Second, the mean concentrations of chemicals
associated with relatively highly toxic samples (mean 67 + 11.5 percent mortality among R.
abronius, mean 92.4 % 4.5 percent.abno bivalve embryos) were compared with those that
were moderately toxic (33.8 + 4.7 percent mortality among, R. abronius, 59.4 +'11.3 percent
abnormal bivalve embryos) and least toxic (18 & 6.6 percent mortality among R. abronius, 23.3
% 7.3 percent abnormal bivalve embryos). Third, the chemical concentrations in samples
reported as significantly toxic were compared with those that weré reported as not
significantly toxic, however, since most of the samples were significantly different from

controls, this last approach appeared to be the least satisfactory of the three. -

Tetra Tech (1985) sampled 55 sites in the Commencement Bay, Washington waterways
and vicinity and determined toxicity to R. abronius and C. gigas embryos and concentrations of
trace metals and organic compounds. The mean concentrations in samples that were most toxic
(15.7 £ 3.9 dead R. abronius out of 20, 44.5 + 19 percent abnormal C, giges embryos) were .
compared with those in samples that were moderately toxic (5.2 + 1.1 dead R. abronius out of

20, 23 + 2.3 percent abnormal C. gigas embryos) and. least toxic (2.5 + 0.9 dead R. abronius out
of 20, 15.1 £ 3.1 percent abnormal C. gigas embryos). ‘ ' : .

Word and Mearns (1979) sampled 71 sites along a 60-m depth contour off southern-
California and determined benthic community composition and concentrations of trace metals
and selected hydrocarbons. The chemical conrentrations associated with samples that had
relatively high, intermediate, and low abundances of echinoderms and arthropod were
compared. The chemical concentrations associated with relatively high, intermediate, and
low species richness and total abundance were also compared. They were compared, for
example, between sites with high echinoderm abundance (mean 191.3, = 70.1/0.1 square

- meters), intermediate abundance (56.2 + 23.0/0.1 square meters), and lowest abundance (6.1 £ -
7.2/0.1 square meters). o ' -

Schiewe et al. (1984) sampled 18 sites in Puget Sound, Washington. and determined
toxicity to Photobacterium phosphoreum in a Microtox™ test of organic extracts of scdiments
and concentrations of petroleum hydrocarbons. Chemical concentrations in highly toxic
samples (mean EC50 0.31 * 0.13), moderately toxic samples (mean EC50 2.14 1 0.83), and least
toxic samples (mean EC50 8.9 + 3.3) were compared for use in: this document.| .

Swartz et al. (1985 and 1986) sampled seven sites in 1980 and six gites in 1983 in the
Southern California Bight off Palos Verdes and determined toxicity with @ R. abronius
bioassay, macroinvertebrate community composition, and concentrations of trace metals and
selected organic compounds. The data from the two surveys were combined for use in this
document. The chemical concentrations in samples that were significantly toxic to R abronius
were compared with those that were not toxic. Also, the chemical concentrations in sites

reported as having "major degradation” to the macrobenthos were listed and used in the
present document.

Rygg (1985) reported the relationship between sediment. copper concentrations in
Norwe;an fjords and benthic community composition sampled at 71 stations. He reported
that a 50 percent reduction in Hurlbert's diversity index was correlated with 200 ppm copper
in the sediments. ‘ L _ 5

Johnson and Norton (1988) sampled 12 sites in.ports along the lower Columbia River,
Washington and determined toxicity to the amphipod H. azteca and concentrations of trace
metals and organic compounds. PAH concentrations differed the most among sampling sites.
No significant toxicity was observed, therefore, the makimum PAH concentration in which no
toxicity was observed was listed and used in this document. -

Amstmng et al., (1979" sampled 15 stations in Trinity Bay, Texas in a grid associated
with an oilfield brine effluent and determined benthic community composition and PAH

i
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concentration. The PAH concentrations in 10 stations with relatively high species richness
(mean 33.3 per station) and total abundance (mean 5178 per station) were compared with

those in 7 stations with relatively low species richness (mean 28.2 per station) and abundance
(mean 1285 per station).

Qasim et al. (1980) sampled 13 sites in the Trinity River, Texas and tested for toxicity
with D. magna and for the concentrations of hydrocarbons and trace metals. The chemical
concentrations in five sites in which significant mortality (mean 92.5 £ 11.6 »urcent SD) was
observed were compared with those from eight sites in which lower (nonsignificant)
mortality (mean 16 + 8.9 percent SD) was observed.

Ingersoll and Nelson (in press) sampled three sites and a control in Waukegan Harbor,
Illinois and vicinity and determined toxicity to H. azteca and concentrations of trace metals
and hydrocarbons. Chemical concentrations in the least contaminated of two samples that
were significantly toxic (mean 13.8 percent survival) were compared to those with higher
survival (mean 88.8 percent survival). ' : '

Simmers et al. (1984) reported 100 percent mortality in N. virens exposed for 14 days to
"Black Rock Harbor, Connecticut dredged material. The bioassays were performed with
mixtures of 25 percent dredged material and 75 percent clean material and chemical analyses
were performed - with the diluted material. Therefore, the reported concentrations were
multiplied by a factor of four for use in this document.

_ Salazar and Salazar (1985) and Salazar (1980) reported results of toxicity tests and
- chemical analyses of various numbers of samples in San Diego Bay, California. A variety of

an.mals were used; all indicated relatively high survival (generally, over 82 percent
survival). For this document, the highest concentrations in which these high degrees of -
survival were observed were listed and used. :

Rogerson ef al. (1985) reported the results of toxicity tests of Black Rock Harbor,
Connecticut sediments performed with the amphipod A. abdita and chemical data for PAH.
The projected concentrations of PAH in undiluted sediments that caused significant mortality
- were listed and used in this document. ' ' :

Tietjen and Lee (1984) sampled 17 sites in the Hudson-Raritan Bay estuary' and
determined toxicity in 14-d tests of growth of the nematode Chromadorina germanica and
concentrations of hydrocarbons and trace metals. The chemical concentrations in samples that

‘caused a negative intrinsic rate of growth were compared with those that caused a positive.
rate of growth. -

Long (1987) determined PAH concentrations in mudflat sediments and densities of
meiofaunal organisms in 10 square centimeters cores at 28 stations in the Forth estuary,
Scotland. The chemical concentrations associated with high meiofaunal densities (mean 3741
% 1773) were compared with those that had intermediate densities (mean 1335 t 396) and
lowest densities (mean 112 £ 123). S :

CH2M-Hill (1989) sampled 86 stations in Eagle Harbor, Washington during June 1988 and
determined toxicity to R. abronius and concentrations of PAH in bulk sediments. Chemical
concentrations in 49 least toxic samples.(mean of 17.4 + 1.4 survivors out of 20) were compared -
with those in 7 moderately toxic samples (mean of 11.8 + 1.8 survivors out of 20) and 12
highly toxic samples (mean of 0.9 £ 1.7 gurvivors out of 20).
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APPENDIX B
SEDIMENT EFFECTS DATA




Table B-1, Sediment effects data available for ANTIMONY arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm dw)

.Biological Test Remarks
0941 Commencement Bay least toxic—-amphipod No effect
1k14 Commencement Bay least toxic—oyster No effect
>1.9 San Francisco Bay AET--bivalve Not definitive
2 ER-L 10 percentile
2%5 Commencement Bay moderately toxic-amphipod - ¢
255 Commencement Bay moderately toxic—oyster *
23+63 San Francisco Bay significantly toxic—amphipod No concordance
26 PSDDA screening level No effect '
27+6.7 San Francisco Bay moderately toxic—amphipod No concordance
>2.9 San Francisco Bay AET-amphipod No concordance
32 1986 Puget Sound AET~benthic *
-b+112 San Francisco Bay least toxic—bivalve No effect
53 1986 Puget Sound AET—amphipod *
6611 San Francisco Bay moderately toxic—-bivaive r,
67 £12.3 San Francisco Bay not toxic-bivalve No effect
86+119 San Francisco Bay significantly toxic—bivalve *
91116 San Francisco Bay least toxic—amphipod No effect
991118 San Francisco Bay not toxic-ampgipod No effect
28 ER-M 50 percentile
250 San Francisco Bay highly toxic~bivalve *
26 1986 Puget Sound AET-oyster *
% 1986 Puget Sound AET—Microtoy™ *
275 £ 101.5 Commencement Bay highly toxic—oyster »
915+ 184 Commencement Bay highly toxic—amphipod y
150 1988 Puget Sounid AET-Microtox™ °
200 1988 Puget Sound AET--amphipod ' .
ND San Francisco Bay highly toxic—amphipod No concordance

* 13 concentrations used in ER-L and ER-M estimates.

ND = not detected
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Table B-2.  Sediment eﬂec'ts data available for ARSENIC arranged in ascerZiang order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm)

Biological Test - Remarks
1 Stamford not toxic—shrimp No effect
13 Duwamish River nontoxic—-shrimp No cffect
1.36 Georgetown benthic community ‘ No effect
19 ' Black Rock:Harbor toxic—Nereis o Small gradient
22+1.2 * Trinity River not toxic—Daphnia . , No effect
27+02 Sheboygan River significantly toxic~prawn Bmall gradient
28 Newport not toxic—shrimp No effect
3418 Trinity River significant toxic~Daphnia ' Small gradient
34 Norwalk not toxic~shrimp ‘ No -effect
37x1 Kishwaukee River least taxa No effect
5+1.8 Kishwaukee River most taxa Small gradient
58+64 Southern California not toxic—amphipod No ef
59+1.1 DuPage River most taxa - Small gradient
74422 DuPage River least taxa Small gradient
8.32+5.2 Southern California significantly toxic~amphipod Small gradient
1044134 San Francisco Bay moderately toxic~amphipod No concordance
12.8 Los Angeles Harbor toxic—shrimp Small fgradlcmt
13.7 £ 148 San Francisco Bay least toxic—bivalve No effect
14.6 £13.8 - San Francisco Bay significantly toxic—amphipod No concordance
175+ 14.1 San Francisco Bay highly toxic—amphi No concordance
2+187. San Francisco Bay not toxic~bivalve No effect
‘211194 San Francisco Bay moderately toxic~bivalve *
Rox2B] Puget Sound non-toxie~amphipod "~ No effect
28+221 San Francisco Bay significantly toxic—bivalve No qmclient
251+ 23] Puget Sound moderately toxic~amphipod * Small gradient
2784308 Commencemeant Bay least toxic~oyster No effect ‘
28+215 San Francisco Bay least toxic—amphipod No effect
283 +£26.6 Commencement Bay least toxic--amphipod No effect
303+ 224 San Francisco Bay not toxic—amﬁhipod No effect
32+143 Baltimore Harbor least toxic-fis Mo effect
33 - ER-L 10 percentile
33 EP chronic marine * :
<472 ‘Waukegan Harbor highly toxic~amphipod Below detection .
50.7 +29.3 San Francisco Bay hAi‘gt;ly toxic—bivalve v '
54 San Francisco Bay —~bivalve *
57 1988 Puget Sound AET~benthic .
58.7 £ 148.1 Commencement Bay moderately toxic—oyster ’
63.2 + 148 Commencement Bay moderately toxic~amphipod °
64 "EP acute marine . ’ .
. 70 PSDDA screening level No effec.
70 San Francisco Bay AET—amphipod No concordance
85 ER-M ‘50 percentile
85 - 1986 Puget Sound AET-benthic *
91917886 Baltimore Harbor most toxic~fish .
93 1986 Puget Sound AET--amphipod '
689.9 + 2350.9 Commencement Bay highly toxic—oyster i
700 1986 Puget Sound AET—~oyster - *
700 1986 Puget Sound AET~Microtox™ *
1005 £ 2777 Puget Sound highly toxic~amphipod *
2257.1 + 4213.7 Commencement Bay highly toxic—amphipod "

* 16 concentrations used to determirie ER-L and ER-M values
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Table B-3. Sedimeant effects data available for CADMIUM arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

; Concentxation (ppm) - . Biological Test Remarks
<0.04 Fraser River feral clams present no effects
005+ 0 Kishwaukee River least taxa Below detection
<0.1 Georgetown no benthic effects No effects '
02 Cubatao River highly tox'<—Daphnia Small gradient
03+£08 Kishwaukee River most taxa Below detection
04 Macoma burrowing bioassay Small gradient
0401 San Francisco Bay least toxic—bivalve No effect
0403 Southern California high echinoderm abundance No effect
0.4 0.1 Massachusetts Bay high species richness No effect
<05 | Duwamish River low toxicity—ghrimp No effect -
., 05+03 San Francisco Bay moderately toxi~ -amphipod No gradient
05£0.3 Southern Callfornia moderate ech.~ derm abundance No gradient
05 Keweenaw Waterway least toxic--Daphnia No effect
<0.5 Newport not toxic—shrimp No effact
2e401 San Francisco Bay least toxic—amphipod ' No effect
3 0.6+0.4 San Francisco Bay significantly toxic—amphipod No gradient
] . 0603 San Prancisco Bay not toxic—amphipod ' : No cffect.
0.6+0.4 San Francisco Bay significantly toxic~bivalve No gradient
0.6 £0.3 San Francisco Bay not toxic~bivalve No effect
0607 Southern California moderate species richness No concordance
06103 Keweenaw Waterway not toxic—Daphnia No effect
0703 San Francisco Bay highly toxic—hivalve No gradient -
0.7+£05 San Francisco Bay moderately toxic—bivalve ‘ Small gradient
0.7 0.7 Southern California moderate arthropod abundance Mo concordance
0.7+06 Massachusetts Bay moderate species richness Small gradient
08+05 San Francisco Bay highly toxic—~amphipod Small gradient
08+1.1 Southern California moderate total abundance No concordance
091 Southern California high arthropod abundance No effect
098 San Diego Bay low toxicity—various No effect
09 San Diego Bay low toxicity—various No effect
096 PSDDA screening level No effect
1x11 R. abronius LC50—spiked bioassay Sand
112 Southern California low total abundance No concordance
114141 Massachusetts Bay least species richness Small gradient
121 Fraser River feral clams absent Small gradient
- 12 San Francisco Bay AET-amphi MNo concordance
12+03 Little Grizzly Creek high toxcity—Daphnir Small gradient
13£06 DuPage River least taxa B no concordance
14 Macoma avoidance bioassay Small gradient
15+4 Southern California high species richness MNo effect
1509 DuPage River most taxa No effect
1.5 Keweenaw Waterway most toxic—Daphnia - Small gradient
1.6 Black Rock Havbor highly toxic~Nareis . Small gradient
1.7 San Francisco Bay AET-bivalve i Small gradient
1.7+03 Keweenaw Waterway significantly toxic—Daphnia Small gradient
19411 Commencement Bay least toxic—oyster No offect
1.98 Lake Union toxic—-amphipod Small gradient”
2 Baltimore Harbor least toxic—-fish No effect
23+13 Commencement Bay least toxic—~amphipod No effect
25 Waukegan Harbor high toxicity—~amphipod Small gradient
25 Torch Lake significantly toxic—Daphnia - Small gradient
27+2 Commencement Bay moderately toxic—oyster

B-3
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Table B-3. (continued) ,

Concentration (ppm)

Blological Test

Remarks

2805
28
29123
3

31x06
32%6
4.1
43+114
4.7 £122
48+ 5.6
49

5

51
53+114
56

58

58

65
6.7
69

. 82

84

85

87

8.8
89£9.2
B9

9.0

9.1
24173
9.6

9.6

9.7

98

10

10.6 + 8.7
1
115
11.8 4 6.6
15.3 £ 45.1
186+ 8.9
20.8

2.7
228+19.8
259

28
28731
28.7+3.1
31

325

325

38.6

40
4161788
9

62+131

Sheboygan River high toxiclty—-prawn

Stamford low toxicity--shrimp

Commencement Bay moderately toxic-amphipnd
Los Angeles Harbor high toxicity—shrimp
Phillips Chain low toxicity—Dsaphnia

Southern California not toxic~amphipod
Norwalk low toxicity~

Southermn Califomia low aniropod abundance
Southern California low species richness

Trinity River not toxic—~Daphnia

Phillips Chain high toxicity—~Daphnia

ER-L

1988 Puget Sound AET-benthic

Southern California significantly tonc—amphipod
R, abronius—~spiked bioassay ..

1986 Puget Sound AET--benthic

R. abromius—spiked bioassay

Southern California low echinoderm abundance
R. abronius BC50—spiked bioassay

1986 Puget Sound AET-emphipod

R. abromius LC50~spiked bioassay

R. abronius LC50--spiked bioassay

'E. sencillus LC98- spiked bioassay
“R. abronius LC76—-spiked bioassay

R. abronius LCBO-spiked bioassay
R. abronius LCB0-spiked bioassa
Palos Verdes not toxic-—amphipog
R. abronius averall LCB0—spiked bioassay
ER-M
R. abronius BCSO-spiked bicassay
Southern California high total abundance
1986 Puget Sound AET—oystes
1986 Puget Sound AET-Microtox™
R. abronius BC50~spiked bioassay
R. abronius LC50~spiked bioassay
R. abronius LC50-spiked bioassay
'I‘rmity River significantly toxic—~Daphnia
inis lethali 53’ ~spiked bioassay
ronius LC50—spiked bioassay
Hudson-Rarltan least toxic~nematode
Commencement Bay highly toxic~oyster
Hudson-Raritan highly toxic—-nematode
R. abronius EC50--gpiked bioassay
San Diego Bay low toxicity-polychaete
Baltimore Harbor most oxic—fish -
R. abromius LC50~spiked bloassay
San Diego Bay low toxicity~mysid
Palos Verdes significantly toxic-amphipod
Palos Verdes major benthic degradation
EP chronic marine
San Diego Bay low toxxcity-—clam
San Diego Bay low toxicity—various
New York Harbor low toxicity~various
N. virens—spiked bioassay
Commencement Bay highly toxxc-—amphxpod
EP acute marine

Small gradient
No effect

_Small gradient

. Small gradient

. No effect

‘No effect
. No effect

.

No effect
Small gradient
10 percentile

4 % 8 & % = B ¥ B & =2 3 ¥ B

No effect
50 percentile
*

No effect

No effect

»
*
»
No effect
]
»
No effect
¥
L)

»

‘o effect
No effact
No effect
No effect

1
R

* 36 concentrations psed to determine ER-L and ER-M values
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Table B-4. Sediment effects data available for CHROMIUM arranged in ascendinz order
with remarks regarding use of the concentrations to determine ER<L and ER-M values.

.

B-5

Concentration {(ppm) Biological Test Remarks

25 Geargetown benthic community No effect

1181 3.7 Commencement Bay least toxic—~ovater No effect

15.3 Duwamish River low toxicity No effect

162+ 8.1 Commencement Bay least toxic—amphipod No effect
17.7£73 Commencement Bay moderately toxic-amphipod No %Iadicnt
177173 Commencement Bay moderately toxic—oyster adient
181 %168 Trinity River not toxic—Daphnia No e

1971113 Commencement Bay highly toxlc-amphipod Small gradient
129 Newport low toxicity—shrimp No effect

20 " Lake Union highly toxic-amphipod Small gradient
229 Commencement Bay highly toxic-oyster Small gradient
26 San Diego Bay low toxicity~various No effect

26 San Diego Bay low toxicity-various No effect
27111 Massachusetts Bay high species richness No effect

29 Keweenaw Waterway least toxic—Daphnia No effect
292+9.1 Kishwaukee River most taxa' No effect
2.6+156 Southern California high echinoderm abundance No effect
323+175 Southern California moderate echinoderm abundance No gradient
3459 DuPage River most tuxa No effect
363+219 Keweenaw Waterway not toxic—~Daphnia No effect

38.1 36,3 Southern California moderate species richness No concordance
38.5 Waukegan Harbor highly toxic—amphipod Small gradient
40.7 £ 309 Southern California high arthropod abundance No effect

- 42%11 ‘Fraser River Macoma present No effect

424398 Southern California moderate total abundance ~ No concordance
434225 Kishwaukee River least taxa Small gradient
46.3 £ 43.3 Southern California moderate arthropod abundance Small gradient
47.6 Los Angeles Harbor high toxicity Small gradient
544835 Southern California low total abundance - No concordance
-59.7+287 DuPage River least taxa Weak concordance
60 : Macoma burrowing bicassay Small gradient
609 +275 Massachusetts Bay moderate species richness *

623 +139.2 Southern California high species richness No effect

675 Norwalk low toxicity-shrimp No effect

726+ 60.6 Trinity Kiver significantly toxic-Daphnia v

7311244 Sonzchern California not toxic—amphipod No effect

80 ER-L 10 percentile
814293 Massachusetts Bay low species richness ¢

814885 Southern California sigmgeccantly toxic-amphipod *

86 Stamford low toxicity~shrimp No effect

87 + 47 Little Grizzly Creek high toxicity—Daphnia .

873+ 22.1 Braser River Macoma absent .

88.2 £ 82.7 Sarn Francisco Bay least toxic—bivalve No effect

90 Macoma avoidance bioassay *

9751 66.7 San Francisco Bay highly toxic~bivalve No concordance
101.6 Keweenaw Waterway highly toxic—Daphnia *

108.7 £ 19.6 Keweenaw Waterway significantly toxic—Daphnia *

~ 12814 Sheboygan River significant toxicity—prawn 4

133.7 £ 94.2 San Francisco Bay significantly toxic~-bivalve No effect

1418 £ 86,5 San Francisco Bay highly toxic~amphipod No concordance
144.6 + BB.6 Hudson-Raritan least toxic~nematode No effect

145 ER-M 50 percentile
1458 + 307.9 Southern California low arthropod abundance *

1502 + 85.9 San Francisco Bay not toxic—bivalve No effect

154.9 + 102.1 San Francisco Bay significantly toxic —amphipod No concordance
156.6 + 320.9 Southern California low species richness * .
160.3 £ 85.4 Hudson-Raritan most toxic—nematode *
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Table B-4. (continued)

Congentration (ppm)

Biological Test

Remarks

1633 £116.7
164 + 91.4
180 :
195 + 93.9
201.3 + 349
2026 + 97.3
254.8

- 260

270

280

292.6 + 459.3
299.5

299.5

2995

3154 + 236
335+ 179.7
369.2

an

669.3

9w .

1646 £ 1628

San Francisco Bay moderately toxic—amphipod
Ban Francisco Bay moderately toxic—bivalve

-Torch Lake aiﬁﬁcantly toxic~Daphnia

Ban Francisco Bay least toxic~amphi
Southern California low echinoderm abundance
San Francisco Bay not toxic—amphipod

. San Diego Bay low toxiclty—shrimp
1988 Puget Sound AET-benthic
" 1988 Puget Sound AET--amphipod

San Francisco Bay AET-bivalve
Southern California high total abundance
San Diego Bay low toxicity--clam

San Diego Bay low toxicity—polychaete

" San Diego Bay low toxicity—ftish

Phillips Chain least toxic~Daphnia
Baltimore Harbor least toxic—fish

* Black Rock Harbor high toxicity -

San Francisco Bay AET—amphipod
Palos Verdes major benthic degradation

. Phillips Chain significantly toxic~Daphnis
Baltimore Harbor most toxic—fish _

[

No concordance
No concordance
P

No effect
»

No effect
No effect
2
»

No conzordance
No effect

" No effect

No effect
No effect
No effect
No effect
L 4

No concordance
o !

-
]

* 21 concentrations used to determine ER-L and EP * ¢ values



Table B-5. Sediment effects data available for COPPER arranged in ascending ordex with
remarks regarding use of the concentrations to determine ER-L and ER-M values.

1

Los Angeles Harbor toxic—shrimp

B-7

Concentration (ppm) Biological Test Remarks
1.02 Georgetown benthic community No effect
443 Mississippi River high toxicity--midge No concordance
52 Magsachusetts Bay high specles richness No effect
79+5 Mississippi River low toxicity No effect
89+4 Mississippi River low toxicity No effect
126 Southern California high echinoderm abuadance No effect
122 Newport low toxicity--shrimp No effect
134+ 14 Southern California moderate echinoderm abundance  No gradient
1547 Massachusetts Bay moderate species richness * '
167 Massachusetts Bay low species richness No gradient
17.8 Mississippi River low toxicity No effect
17.8 ET50 burrowing time bioassay—clam * -
18115 Trinity River nontoxic—-Daphnia No effect
19.5 Waukegan Harbor highly toxic—amphipod *
19516 Kishwaukee River high number of taxa Small gradient
23.6 , Keweenaw Waterway least toxicity No effect
- 27516 Feral Fraser River Macoma present No effect -
33 Keweenaw Waterway high number of taxa No effect -
345+17 San Francisco Bay least toxic—bivalve No effect
428 Duwamish River nontoxic—ghrim No effact
43+ 49 Keweeraw Waterway nontoxic--Daphnia . No effect
45.4.4 53 Kishwaukee River low number of taxa *
46.9 % 26 San Francisco Bay not toxic~bivalve No effect
621+25 DuPage River high number of taxa No effect
623+ 78 Southern California nontoxic—-amphipod No effect
64 + 40 n Francisco Bay moderately toxic--amphipod - No concordance
67 . Macoma burrowing bioassay *
. 682448 San Francisco Bay significantly toxic—~bivalve *
68.4 £ 62 Trinity River significant toxicity—~Daphnia *
70 ER-L 10 percentile
70+ 47 San Francisco Bay significantly toxic—amphipod Small gradient
72,1 & 41 San Francisco Bay least toxi¢—amphipod No effect
726 £ 75 Commencement Bay least toxic—oyster No effect
746 £43 San Francisco Bay not toxic—amphipod No effect
76 £ 51 San Francisco Bay moderately toxic—bivalve *
77339 DuPage River low number of taxa Smai! gradient
81 PSDDA screening level No eftect
84,6+ 63 San Francisco Bay highly toxic—amphipod * '
85.1 t 69 Commencement Bay least toxic—amphipod No effect
87.7 1. 33 San Francisco Bay highly toxic—bivalve *
96.7 £ 177 Suuihern California low echinoderm abundance *
98 + 90 Puget Sound nontoxic~amphipod No effect
106.3 £ 9 Commencement Bay moderately toxxc—oyster *
110 San Francisco Bay AET-bivalve »
117.8 + 98 Commencement Bay moderately toxic—amphipod >
134.6 £ 57 _ Feral Fraser River Macoma absent *
135.21 118 Phillips Chain nontoxic—-Daphnia No effect
EP chronic marine @4% TOC *
138 + 124 Puget Sound moderately toxic—amphipod "
145+ 2 Sheboygan River toxic—prawn *
147 *



Table B-5.

{continued)

~ Concentration (ppm)

Biological Test

Remarks

150 Macoma avoidance bioassay . *

156 Lake Union high toxidty-n mphi *

157.5-+ 29 Balimore Harbor least toxic-fis No effect

180 San Francisco Bay AET-amphipod ‘

1813+ 173 Southern California significant tox:city--amphxpod *

200 Norwegian benthos species diversity

210 San Diego Bay nontoxic--various No effect

216 EP acute marine @4% TOC * .

217.8 Stamford nontoxic~shrimp i No effect

2237 Norwalk nontoxic~shrimp No. effect

250,5 + 232 Hudson-Raritan nontoxic-nematode No effect
- 251227 Palos Verdes nontoxic--amphipod No effect

310 1986 Puget Sound AET-benthic o

312.3 San Diego Bay nontoxic--mysid No effect

390 . ER-M ° 50 percentile

390 1986 Puget Sound AET—oyster *

390 1986 Puget Sound AET- Microtox™ *

453 + 311 Hudson-Raritan hi AgE toxic--nematode *

530 1988 Puget Sound Tybf-nthxc *

540 Phillips Chain significant toxicity—Daphnia *

589 Kewegnaw Waterway least number of taxa | ¥

591.7 + 126 Palos Verdes mayor benthic degradation . . *

591.7 £ 126 Palos Verdes significant toxicity—-amptupod *

612 Black Rock Harbor highly toxic *

612 Keweenaw Waterway highly toxic—-Daphnis *

681 " LC50 Daphnia spiked bicassay—Soap Creek. "

730 Keweenaw Waterway significant toxicity-—-Daphnia  * .

810 1986 Puget Sound AET—-amphipod o *

857 'LC50 midge spiked bioassay~Soap Creek .

917.8 + 2750 Commencement Bay highly toxic—-oyster *

937 LC50 Daphnia spiked bioassay—Tualatin River .

964 LC50 amphipod spiked bioassay- Scap Creek *

995 San Dxego Bay nontoxic—clam ' No effect
. 995 < San Diego Bay nontoxic—polychaete ' No effect

1071+ 948 - Baltimore Harbor most toxic-fish .

1078 LC50 amphd spiked bioassag——Soap Creek ®

1260 + 3251 Puget Soun hlg y toxic~amphipod : *

1300 1988 Puget Sound AET-amphipod *

1374 £ 809 Little Grizzly Creek toxic—Daphnia .
_ 1800 Torch Lake highly toxic—Daphnia ‘ "

2296 LC50 midge spiked bioassay~Tualatin River | *

2820 + 4881 Commencemant Bay highly toxic—amphi pod *

* 51 concentrations used to determine ER-L and ER-M values
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Table B-6. Sediment effects data avallable for LEAD arranged in ascending order with
remarks regarding use of the concentrations to detcrmine ER-L and ER-M vziues.

B-9

Concentration (ppm) Biological Test Remarks
<0.5 Georgetown disposal site benthos No effect
9519 Southern California moderate echinoderm abundance No corvordance
9.5 Keweenaw least toxic--Daphnia No effect
10.7 £ 10 Keweenaw nontoxic—Dapinia No effect
11.3+8 Southern California moderate species richness No concordance
11.7+13 Southern California high echinoderm abundance No effect
124+9 Southerr: California high arthropod abundance No effect
12514 Massachusetts Bay high benthhic species richness No effect
125£10 Southern California moderate arthropod abundance No gradient
126+ 10 Southern California moderate total abundance No concordance
1419 Feral Fraser River Macoma present No effect .
16.6 + 24 Southern California low total abundance No concordance
18 Cubatao River Brazil high toxicity—-Daphnia Small gradient
198 + 34 " Southern California high species richness No effect
212+ 11 Kishwaukee River high number of taxa No effect
252+ 17 San PFrancisco Bay least toxic—bivalve No effect
26.6 Keweenaw Waterway highly toxic—Daphnia »
27.1 Duwamish River nonto:dc-sKrlmp No effect
298 Keweenaw significantly toxic—Daphnia ¥
30.6+ 26 Kishwaukee River least number of taxa ¢
- 32118 Little Grizzly Creek significant toxicity - No concordance
32 Macoma burrowing bioassay * ’
<324 Waukegan Harbor highly toxic—amphipod Detection limits
35 Norway benthos diversity *
%8 ER-L 10 percentile
351+ 22 Trinity River least toxicity--Daphnia No effect -
413 Los Angeles Harbor >50% mortality—shrimp * :
421427 San Francisco Bay moderately toxic--amphipod *
424+ 26 Massachusetts Bay moderate species richness *
43.1 £33 San Francisco Bay nontoxic—bivalve No effect
45.6 + 59 Southern California nontoxic--amphipod No effect
. 467 £ 17 Massachusetts Bay low benthic species richness *
469 + 31 Puget Sound nontoxic~amphi ‘ No effect
47.8 + 103 Southern California low arthropod abundance .
<50 San Francisco Bay triad minimum bioeffects *
5134 San Francisco Bay least toxic—amphipod No effect
514111 Southern California low species richness *
53.7 +27 Trinity River significantly toxic—Daphnia .
54.4 + 36 San Francisco Bay nontoxic—-amphipod No effect
57.1+20 DuPage River high number of taxa Nu effect
58.3 + 61 San Francisco Bay significantly toxic—-amphipod Small gradient
589+ 63 San Francisco Bay significantly toxic—bivalve *
>&0 FWPCA heavy: benthos absent : -
634+63 . San Francisco Bay moderately toxic--bivalve *
644+ 118 Southern California low echinoderm abundance *
66 PSDDA screening level S No effect
731142 Southerr: California significantly toxic--amphipod *
74 Macoma avoidance bioassay , o .
776175 Commencement Bay least toxic~amphipod No effect
78.6 + 34 Phillips Chain low toxicity—-Daphnia No effect
81.7 £ 49 Feral Fraser River Macoma absent *




Tible B+6. (continued)

* Concentration (ppm)

Biological Test Remarks

89.6 Black Rock Harbor 100% mortahty—Nere:s *
94.9 1 154 Southern California high total abundance No effect
95.7 £ 93 San Francisco Bay highly toxic—-amphipod e
104.5 & 87 San Francisco Bay highly toxic—bivalve e
104.7 + 173 Commencement Bay least toxic~oyster No effect’
110 ER-M " 50 percentile
110 Torch Lake significantly toxic . ,
113.1 £ 123 Commencement Bay moderately toxic—oyster *
120 San Francisco Bay AET amphipod *
122.9 Stamford nontoxic—shrimp ,‘ No effect
2130 3an Francisco Bay triad significant bioeffects o ‘
132 EP ¢hronic marine @4% TOC *
136.6 + 140 Puget Sound moderately toxic-amphipod *

- 140 San Francisco Bay AET~bivalve .
143.7 £ 110 DuPage River low number of taxa o
145.2 £ 132 Hudson-Raritan not toxic~nematode No effect
160 Phillips Chain significantly toxic '
170.8 + 192 Commencement Bay moderately toxic—-amphipod i ~

213£131 Baltimore Harbor least toxic—fish No effect
253 + 47 - Sheboy ﬂian River significantly toxic *
276.9 Norwalk nontoxic—shrimp - No effect
300 1986 Puget Sound AET--benthic A
300 Lake Union 95% mortality—-amphipod ,.
3123+ 23 Palos Verdes major benthic degradauon *
3209 £ 195 Haudson-Raritan highly toxic—-nematode . '
450 ‘1988 Puget Sound AET-benthic - "
512 +213 Baltimore Harbor most toxic~fish . *

- 530 1986 Puget Sound AET-Microtox™ *

© 570.1 £ 1489 Commencement Bay highly toxic—-oyster o
660 1986 Puget Sound AET—amphipod *h
660 ' 1986 Puget Sound AET-oyster M
750.2 + 1763 Puget Sound highly toxic~amphipod - *

. 1613.2 * 2628 Commencement Bay highly to:uc—amphipod R
3360 EP acute marine @ 4% TOC .

.

_ * 47 concentrations used to determine ER-L and ER-M values
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Table B-7. Sediment effects data available for MERCURY arranged in ascending oxder
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Biological Test

B-11

Concentration (ppm) . Remarks
0.026 Newport not toxic—shrimp No effect
0.032 EP chronic marine @4% TOC o
0.035 Mississippi River low toxicity ~ No effect
0.05 Duwamish River not toxic—-shrimp : No effect
0.06 Massachusetts Pay high benthos :})ecies richness No effect
0.08 Waukegan. Harbor highly toxic~Hyalella *
0.08 £ 0.1 Kishwaukee River high number of taxa No effect
0.09 £ 0.1 Kishwaukee River low number of taxa : ~ No gradient
- <0.1 Sheboygan River significant toxicity—prawn " Below detection
01+0.1 Feral Fraser River Macoma present - No effect -
0,11+ 0.02 Massachusetts Bay low benthos species richness No gradient
013101 Keweenaw Waterway not toxic~Daphnia No effect
0.13 Keweenaw Waterway leas! toxic—-Daphnia No effect
0.147 Los Angeles toxic (>50% mortality)—shrimp . *
- 015 ER-L / o : 10 percentile
- 0162 Stamford not toxic—shrimp No effect
0173 Lake Union 95% mortality--amphi *
01801 Massachusetts. Bay moderate benthos species ricluiess ~ No gradient
0.18 Macoma burrowing time bioassay *
0.18 Keweenav' Waterway most toxic—-Daphnia No gradient
0.2+0.1 Commencement Bay least toxic-amphipod - No effect
021 0.1 Commencement Bay moderately toxic~oyster' . No gradient
02+0.1 Commencement Bay least toxic—oyster No effect
0.2+0.1 Keweenaw Waterway significantly toxic--Daphnia No gradient
0.21 PSDDA screening level - A No effect
0.28 £ 0.2 DuPage River high number of taxa ‘ No effect
0.29 Torch Lake significant mortality—~Daphnia *
03+02 Comraencement Bay moderately toxic-amphipod No gradient
03x02 San Francisco Bay least toxic~bivalve No effect
03101 Trinity River significantly toxic--Daphnia No concordance
0.3 Norwalk not toxic—-shrimp ‘No effect
-0.33 £ 0.1 Southern California significantly toxic~amphipod - No gradient
0.34 = 0.02 Southern California not toxic--amphipod ' No effect
0.38 + 0.1 Baltimore Harbor least toxic-—-fish - ‘No effect
0.41 1986 Puget Sound AET-Microtox™ *
042 + 0.2 Feral Fraser River Macoma absent *
047 + 0.5 Puget Sound nontoxic—-amphipod No effect
048 Macoma avoidance bioassay ' *
05104 . San Francisco Bay least toxic—amphip No effect
05+03 San Francisco Bay not toxic—~bivalve No-effect
0.59 1986 Puget Sound AET—oyster *
0604 San Francisco Bay not toxic-amphipod No effect
04+ 04 San Prancisco Bay highly toxic—-bivalve No concordance
0.6 0.7 Trinity River low toxicity—Daphnia No effect
66 EP rcute marine @4% TOC 4 *
0.61 Georgetown benthic communi No effect
0.65-1.15 Pontoporeis activity not significantly decreased No effect
0.7+ 0.8 San Francisco Bay moderately toxic--amphipod No gradient
07108 San Francisco Bay significantly toxic~amphipod ., No gradient)
0709 San Francisco Bay significantly toxic—bivalve ‘No gradient
0.88 1986 Puget Sound AET—benthic »




‘Tdble Bs2. (continued)

San Diego Bay not toxic~fish

Concentration (ppm) - ‘Blological Test - Remarks
091 San Francisco Ba&moderately toxic~bivalve »
09 Cubatao River EC50 toxicity—Daphnia "
0961 San Francisco Bay highly toxic~amphipod . '
1.02+13 Phillips Chain not toxic~Daphnia -+ No effect
1.3 ER-M ‘ , ' ' 50 percentile
13 San Francisco Bay AET-amphipod *
1.38 +4.6 Puget Sound intermediate toxicity—amphipod e
1.5 San Francisco Bay AET~bivalve .
1.5+09 L. Grizzly Creek significantly toxic—Daphnia *
16111 - Baltimore Harbor most toxic~fish : *
16+2 DuPage River low number of taxa o
2.1 1986 Puget Sound AET-amphipod "
21 1988 Puget Sound AET--benthic *
- 2.15-335 Pontoporeia activity sign decreased *
2.7 San Diego Bay not toxic~various ‘No effect
351125 Commencement Bay highly toxic~-oyster o
567 Hudson-Raritan not toxic—-nematode ‘No effect
5.04 £ 14.8 'Puget Sound highly toxic , *
8975 - Hudson-Raritan highly toxic--nematode - *
9.4 Phillips Chain significantly toxic hd
1121228 Commencement Bay highly toxic—~amphipod "
13.1 - LC50 a-mfhipfod bioassay *
349 New York nontoxic, 100-d, various species .. No effect
58.2 San Diego Bay not toxic~-mysid ‘ ‘No effect
66.5 Sar. Diego Bay not toxic—clam No effect
) 254 b‘

. No effect

*30 concentrations used to determine ER-L and ER-M values

:
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Table B8, Sediment effects data available for NICKEL arranged in ascending order with

remarks xegarding use of the concentrations to determine ER-L and ER-M values.

_ 'Georgetown benthic community No effect
1043 Massachusetts Bay high species richness No éffect
10 Newport not toxic—shrimp No effect
1243 Commencement Bay least toxic—oyster No effect
o167 Commencement Bay least toxic—amphipod No effect :
1748 Commencement Bay moderately toxic—oyster Small gradient
17.5 Duwamish River nontoxic—~shrimp No effect: .
20413 Commencement Bay moderately toxic-amphipod Small gradient
20415 Southern California not toxic~amphipod No effect
2111 Massachug;tlt& Bay moderate species richness S all
2422 Southern 0 significantly toxic—amphi m adient
28 1986 Puget Sound AKF“m icmttlgx"“ P POd * &
28 PSDDA screening level No effect
29 Keweeanaw least toxic~Daphnia No effect
8426 Trinity River significantly toxic—Daphnia No concordance
30 ER-L 10 percentile
30+22 Commencement Bay highly toxic-oyster .
31 Los Angeles Harbor (>50% mortality)--shrimp * ’
<318 Wauke an Harbor significantly toxic—amphipod below detection
33412 Massachusetts Bay low species richness *
AUil4 Feral Fraser River Macoma present No effect
3514 Keweenaw Waterway not toxic--Daphnia No effect
36129 Trinity River not toxic—-Daphnia No effect
8 Stamford not toxic No effect
39 - 1986 Puget Sound AET—-oyster v
40416 _ Little Grizzly Creek significantly toxie~Daphnia .
41132 - Commencement Bay highly to:uc-—amphipod *
43 Norwalk not toxic—-shrimp No effect
4443 Feral Fraser River mMacoma absent Small gradient
49 1986 Puget Sound AET--benthic v
50 ER-M 50 : percentile
52 Black Rock Harbor 100% mortality—Nereis * ,
70+14 Baltimore Harbor least toxic—fish No effect
. 78+42 . San Francisco Bay least toxic—bivalve No effect
88 Lake Union highly toxic—amphi
" 9343 San Francisco Bay highly toxxc- ivalve Small gradnent
9445 Palos Verdes major benthic degradation
97453 Baltimore Harbor most toxic—fish ° .
99435 San Francisco Bay moderately toxic—amphipod No gradient
100435 San Francisco Bay significantly toxic—bivaive No gradient
100 Keweenaw Waterway highly toxic —~Daphnia .
102444 San Francisco Bay not toxic-bivalve No effect
105436 San Francisco Bay significantly toxxc-amphxpoa No gradient
10674 Phillips Chain least toxic ~Daphnia No effect
108425 San Francisco Bay least towdc—nmglhmod No effect
108427 San Francisco Bay not toxic—amp No effect
109+19 Keweenaw Waterway significantly toxic—Daphnia *
11040 Sheboygan River significant mortality—prawn v
112431 San Francisco Bay moderately toxic—-bivalve Poor concordance
113443 San Francisco Bay hi AI-.ET y toxic—-amphipod Small gradient
>120 1986 Puget Sound ~amphipod No definitive value
>140 1988 Puget Sound AET—amphipod No definitive value
. >140 1988 Puget Sound AET--benthic No definitive value
- 150 Torch Lake slgﬂﬂcnnt toxicity~Daphnia *
>170 San Francisco Bay AET--bivalve Not definitive
>170 San Francisco Bay AET—amp Fod Not definitive
350 Phillips Chain significant toxicity—Daphnia * i

"Cubatao Rlver toxicity-Dapknm -

No concordance

* 18 concéntrations used to determine ER-L and ER-M values
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Table B-9. Sediment effects data available for SILVER arranged in ascending order with
remarks rega;-ding use of the concentrations to determine ER-L and ER-M values.

02+01
0301
0.3t0.1
0301
0301
0.3+£0.1
03+0.1
0504
>0.6
>0.6
06+1
0.6 £0.5
0608
0.6+07
071
07108

0.8+ 06

08"
08
0909
09+1.6
09x21

o

—
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¢ L ot

Ny H H HHHHHHEMHH H No

GIV Q0 PRI RO RO mad 1t a0t st pd it 1 0 3 it 1 s
RO I R 2 T R N O A A S R
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Vv
o
pary

6 .
69+25
>8.6

owivmiooamy i

Remarks
Commencement Bay highly toxic—amphi No gradient
Commencement Bay moderately toxic—amphipod No gradient
Commencement Bay least toxic—amphi No gradient -
Commencement Bay highly toxic—oyster No gradient
Commencement Bay moderately toxic~oyster ‘No gradient
Commencement Bay least toxic—oyster No gradient
Puget Sound least toxic--amphi No effect
San Francisco Bay least toxic~bivalve No effect
1986 Puget Sound AET--oyster No definitive value
1986 Puget Sound AET-Microtox™ No definitive value
Puget Sound highly toxic~-amphipod’ e
San Francisco Bay not toxic—bivalve No effect
Southern California high echinoderm abundance . - No effect
Southern California moderate echinoderm abundance No gradient
Southern California moderate arthropod abundance No concordance
Southern California moderate species richness No concordance
Feral Fraser River Macoma present No effect
San Diego Bay high survival-various No -effect
San Diego Bay high survival-various . No effect
San Francisco Bay moderately toxic—-amphipod No concordance
Southern California high arthropod abundance No effect
Southern California high species richness. No effect

v !

Macoma avoidance bioassay

ER-L :

San Francisco Bay moderately toxic--bivalve
Southern California moderate abundance:

San Francisco Bay AET-bivalve

Southern California not toxic--amphipod

PSDDA screening level _

San Francisco Bay significantly toxic~amphipod
San Francisco Bay least toxic—amphi

Southern California significantly toxic—-amphipod

"Southern California low abundance

San Francisco Bay not toxic~amphipod
San Francisco Bay highly toxic—amphipod

San Francisco Bay significantly toxic— bivalve
Feral Fraser River Macoma absent

- Southern California low arthropod abundance

ER-M , .
Southern California low species richness
Macoma burrowing bioassay '
Southern California low echinoderm abundance
Southern California high abundance

1986 Puget Sound AET-amphipod

1986 Puget Sound AET--benthic

1988 Puget Sound AET--benthic

1988 Puget Sound AET—amphipod

San Francisco Bay hi%‘hly toxic~bivalve
San Francisco Bay AET—-amphipod ‘

10 percentile
" .

No b:ortéordance
* ,
No effect

No effect

No concordarice
No effect

No gradient
No concordance
No effect

No concordance
Mt

_ﬁ

[ 2

50 percentile
L 3

o
w

1]

No effect
No definitive value
»

No definitive value

»
L
Not definitive

* 13 concentrations used to determirie ER-L and ER-M values
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Table B-10. Sediment effects data available for ZINC arranged In ascending order with
remarks regarding use of the concentrations to determine ER-L and ER-M values.

" Concentration (ppm)

187 £ 115

B-15

Biological Test Remarks
11 - Georgetown benthic community No effect
20 - Cubetao River highly toxic—Daphnia No concordance
3217 Magsachusetts Bay high species richness No effect
50+ 13 Southern California high echinoderm abundance No effect
50+ 22 “Southern California moderate species richness No concordance
51124 Southern California high arthropod abundance No effect -
51 Amphipod avoidance bioassay *

‘52128 Southern California moderate arthropod abundance  No gradient
53+28 Southern California moderate abtindance No concordance .
55+ 34 Southern California moderate echinoderm abundance  No gradient

.55 Newport lew toxicity—shrimp No effect
5841 Trinity River low mortality—-Daphnia No effect
59 to 124 Pontoporeia bioassay * '

62 Keweenaw Waterway low toxicity—Daphnia No effect
65119 -+ Feral Fraser River Macoma present No effect
69124 Keweenaw Waterway not toxic—-Daphnia No effect
71+106 Southern California high species richness ~ No effect
73181 Southern California low abundance - No concordance
72 Duwamish River low tomcity--shrimp ‘ No effect

76 LCO8 amphipod bioassay No effect

79 LCO05 amphipod bioassay No effect

80 Norwegian benthic species diversity Poor concordance
89 + 41 San Prancisco least toxic—bivalve No effect

96 £ 52 Kishwaukee River highest benthic species richness - No effect

98+ 64 Massachusetts Bay moderate species richness o
107 + 122 Commencement Bay least toxic—oyster .No effect
107 £ 31 Kishwaukee River least benthic species richness No gradient
108 £ 79 Commencement Bay least toxic-amphipod No effect
109 Macoma burrowing time bioassa No concordance

114 £ 52 Puget Sound nonto:dc—amphlpocfv No effect
117 1 42 Massachusetts Bay lowest specxes richness *
120 ER-L 10 percentile
121 £ 100 Trinity River significant mortality—Daphnia *
- 127 Waukegan Harbor high toxic—-amphipod - *
130 San Francisco Bay AET--bivalve .
136 £ 78 San Francisco Bay not toxic—bivalve No effect
- 146+ 73 San Francisco Bay moderately toxic~amphipod No concordance

154 £ 91 San Francisco Bay significantly toxic--bivalve Small gradient
154 Keweenaw highly toxic--Daphnia .

158 £ 87. ‘San Francisco Bay significantly toxic--amphipod . No concordance
160 PSDDA screening level No effect
168 +52 " Keweenaw Waterway significantly toxic--Daphnia ° ‘

169 + 53 Ferz! Fraser River Macoma absent o
171291 San Francisco Bay least toxic—amphipod ‘No effect

172 . Macoma avoidance bioassay .
172192 San Francisco Bay moderately toxic—bivalve *

177 £ 96 San Francisco Bay not toxic—amphipod - - No effect

. 182+ 384 Southern California low arthropod abundance *

182 + 56 DuPage River highest benthic species richness No effect
185 1 335 Commencement Bay moderately toxic-oyster * oo
San Francisco Bay highly toxic--amphipod No gradient




Table B-10. (continued)
Concentration (ppb) Biological Test Remarks
188 Amphib%od avoidance bioassay #
. 195 % 166 Puget Sound moderately toxic—-amphipod *
197 + 415 Southern California low species richness *
205190 " San Francisco Bay highly toxic—bivalve ot
- 211 £ 342 Commencement Bay moderately toxic~amphipod ¢
212£243 Southern California not toxic--amphipod No effect
216 £ 213 Phillips Chain low mortality—Daphnia No effect
223 Los Angeles Harbor »50% mortality—shrimp ¢
230 San Francisco Bay AET—-amphipod *
230 + 444 Southern California low echinoderm abundance *
245 + 201 Hudson-Raritan positive growth—nematode No effect -
260 1986 Puget Sound AET—benthic L
267 + 208 Little Grizzly Creek significant mortality-—Daphma . '
270 ER-M 50 percentile
276 LC50 for amphipod bioassay o
. 290210 Sheboygan River significant mortality-—prawn *
310 Torch Lake significant mortality--Daphnia *
320 - Lake Union high mortality-—-am hlpod *
327 £ 162 DuPage River least benthic species richness *
334 _ Black Rock Harbor 100% mortality—Nereis - v
340 Stamford low mortality—-shrimp - No effect
347 .. 592 " Southern California high abundance No concordance
348 + 234 Southern California significantly toxic--amphlpod i :
387 1+ 783 Commencement Bay highly toxic~oyster - ot
410 . 1988 Puget Scund AET-benthic *
449 + 252 Hudson-Raritan negative growth—nematode g
570 Phillips Chain significant mortality '
613 54.7% mortality--Rhepoxyniui bioassay S
636 . Norwalk 0% mortality--shrimp No effect
707 x 955 . Puget Sound highly toxic-amphi§od ®
738 £ 394 Baltimore Harbor least toxic--fi ., No effect
739 + 139- - Palos Verdes major benthic degradadon *
760 EP marine chronic @4% TOC *
870 1986 Puget Sound AET—amphipod .
941 £ 1373 - Commencement Bay highly toxxc-amphxpod *
960 1988 Puget Sound AET-amphipod »
1600 1986 Puget Sound AET-oyster o ' *
1600 1986 Puget Sound AET--Microtox™ . *
1804 + 2098 Baltimore Harbor most texic—fish v
2240 EP marine acute @4% TOC *

* 46 concentrations used to deieymine ER-L and ER-M values
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Table B-11. Sediment effects data avallable for PCBs arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and BR-M

vaiues,

Concentration (ppu)

Sputhern California high species richness

B-17

Biological Test Remarks
00050 Trinity River significant mortality—-Daphnia No gradient
0.005 = 0 Trinity River low mortality~Daphnia No effect
0.7 £0.3 Mis.sissippt River 55% survival-midges No corcordance
T <113 Mlssissippi River 25% survival-mayfly No concordance
21 Massachusetts Bay high species 1ichness No effect
2.9 SLC freshwater - :
515 Massachusetts Bay moderate apecies richness . No gradient
515 . Massachusetts Bay low species richness No gradient
76 Kishwaukee River highest species richness No effect
12+ 20 Mississippi River high survival-mayﬂy ‘ No effect
15£22 - Mississippi River %0% survival-midges No effect
20+ 20 Southern California high echinoderm abundance No effect
25 . San Diego Bay high survival-various No effect
25 San Diego Bay high survival-various No effect
26+ 16 San Prancisco least toxic—-bivalve No effect
28 27 Commencement Bay least toxic—oyster No effect
30+50 Southern \Zalifornia moderate echinodenn abundance Small gradient
3119 DuPage River highest species richness No effect
- 36.6 SLC marine *
38 + 32 . Commencement Bay highly toxxc—-nmphipod No concordance
42.6 SLC marine . :
50 Georgetown benthic community No effect 5
50 ER-L 10 percentile
54 ' San Francisco Bay AET-bivalve ¢
&0+ 70 Southern California moderate arthropod abundance No concordance
60 : . Mississippi River high survival : No effect
61+ 8¢ . Commencement Bay least toxic~amphipod No effect
80+ 100 - Southern California high arthropod abundance No effect
80+ 140 Southern California moderate abundance - No concordance
94 + 147 San Francisco Bay least toxic~amphipod No effect
99 + 120 Puget Sound nontoxic—-amphi - No effect
€100 San Prancisco Bay triad minimum bxoeffects w
101 + 153 San Francisco Bay not toxic—amphipod No effect
127 £ 171 San Francisco Bay significantly toxic—bivalve No concordance
128 £ 264 . Kishwaukee River least species richness .
130 1986 Puget Sound AET—Microtox™ * ‘
130 PSDDA screening level No effect
140 + 262 Commencement Bay moderately toxic—oyster *
146 £ 218 San Francisco Bay significantly toxic—amﬁhipod *
151 + 260 San Francisco Bay moderately toxic--amphipod *
2160 San Francisco Bay triad significant bioeffects. » .o
160 430 Southern California low abundance No concordance
164 + 100 San Francisco Bay highly toxic~bivalve No gradient
165 % 232 San Francisco Bay moderately toxic--bivalve *
169 + 171 San Francisco Bay highly toxic~amphipod No gradient
ND-174 Waukegan Harbor least toxic~Microtox™ No effect
180 + 160 Baltimore Harbor least toxic—~fish No effect
190 + 214 DuPage River least species richness *
216 + 376 San Francisco not toxic--bivalve No effect
220 + 540 No effect




Table B-11. (continued)

Concentration (ppb) . . Biological Test Remarks

251 * 556 Commencement Bay moderately toxic--amphipod ‘No concordance
259 + 407 Puget Sound moderately toxic-amphipod * '

260 San Francisco Bay AET—amphi *

272+ 217 Southern California significantly toxic-amphlpod No concordance -
276 + 365 Puget Sound highly toxic—amphipod . Small gradient
280 EP chronic marine (hexa-PCB) v ,
290 + 502 Hudson-Raritan positive growth--nematode No effect

368 + 695 Commencement Bay highly toxic—oyster - * ' :
400 ER-M 50 percentile
400 £ 600 Southern California moderate species richnrss *

480 + 724 Southern California not toxic~amphipod No effect

638 + 512 Hudson-Raritan negative growth—nematode *

1000 1988 Puget Sound Er-—benthic "

1000 + 2400 %outhem California low arthropod abundance: *

1000 + 300 Significant toxicity—Rhepoxynius in mixtures *

1100 1986 Puget Sound AET-oyster *

1100 1986 Puget Sound AET-benthic *

1100 + 80O Baltimore Harbor most toxic—fish *

1110 £ 2600 Southern California low species richness ‘ *

1300 + 2610 “Southern California low echinoderm abundance *

1700 Black Rock Harbor significantly toxic—amphipod *

2260 £ 3530 Southern California high abundance ‘ No effect

2500 - " 1986 Puget Sound AET—amphipod *

3100 1988 Puget Sound AET--amphipod *

4300 Lake Union significantly toxic--amphipod *

7280 ‘New York Harbor low mortality~various No effect
10800 LC50 Rhepoxynius 10-d bioassay *

355050 + 6598300 Waukegan Harbor highly toxic—Microtox™ *

1141300 + 2229700  Waukegan Harbor moderately toxic—Microtox™ "

» 34 concentrations used o determine ER-L. and ER-M values
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Table B-12. Sediment effects data available for p,p'-DDT arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

EP acute marine @4% TOC

Concentration {ppb) Biological Test Remarks

04 EP 99 percentile chronic marine. * :

0.6 San Francisco Bay highly toxic—bivalve No concordance
0.7 EP 95 percentile chronic marine * -

A ER-L : : - 10 percentile
122 San Francisco Bay not toxic-amphiﬁod No effect

1.3 San Francisco Bay least toxic—amphipod No effect

1.6 EP chronic safe level @1% TOC LA

2.1 San Francisco Bay least toxic—bivalve No effect

24 San Francisco Bay moderately toxic--amphipod No gradient

3.2 San Francisco Bay not toxic-bivalve No effect

3.9 1986 Puget Sound AET~amphi "

51 San Francisco Bay significantly toxic—bivalve Small gradient

>6 1986 Puget Sound AET—oyster ' No definitive value

6 EP chronic marine @4% TOC *

6.4 EP chronic ma~ine @4% TOC *

6.6 San Francisco Bay moderately toxic--bivalve *

7 ER-M ' : 50 percentile

7.5 San Francisco Bay significantly toxic-amphipod A ‘

9.6 San Francisco Bay AET~bivalve Poor concordance

9.6 San Francisco Bay AET--amphipod * :

1 1986 Puget Sound AET—benthic .

12.2 San Francisco Bay highly toxic—-amphipod ®

34 1988 Puget Sound AET—-benthic ' ~ *

49.5 Overall LC50 R. abronius spiked bioassay @ 1% TOC  * :
- <50 Georgetown benthic communities No effect

74 Palos Verdes not toxic-amphipod (n=1) - No effect

83 Palos Verdes significantly toxic—amphipod (n=2) Small sample size

210 EP acute safe level @1% TOC , *

>270 1988 Puget Sound AET-—amphipod No definitive value

840 o

* 15 concentrations used to determine ER-L and ER-M values
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Table B-13. Sediment effects date zvailable for p,p-DDE arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Biclogical Test

Concentration (ppb) Remarks
0.1+0 Mississippi River 55% survival-midge No gradient
0.1240.1 Mississippi River 80 t0100% survival-midge No effect
0.1340.1 Mississipi River 90% survival-midge : No effect

<0.2 Mississippi River' 25% survival-mayfly (n=1) Small sample size
0.28 . Mississippi River 80 t0100% survival—-scud No effect
0.6+0.7 San Francisco Bay least toxic—-amphipod No effect
0.7+0.7 San Francisco Bay not toxic~amphi No effect
0.7+1 San Francisco Bay least toxic—bivalve No effect -
1205 San Francisco Bay highly toxic—~bivalve - No gradient
1.2+1 San Francisco Bay not toxic—-bivalve - No effect

1.2+1 San Francisco Bay moderately toxic~amphipod No gradient
1.7£3.4 San Francisco Bay significantly toxic—bivalve No gradient

2 ER-L ' » 10 percentile
2.1x4 . San Francisco Bay moderately toxic~bivalve * _

2.2 San Francisco Bay AET-bivalve v

2.244 - San Francisco Bay significantly toxic-amphipod *

22 San Francisco Bay AET—amphipod .

3.445.2 San Prancisco Bay highly toxic—-amphipad .

9 1986 Puget Sound AET-benthic - *

15 - ER-M ﬂ 50 percentiie -
15 1936 Puget Sound AET--amphipod * '
27 EP 99 percentile chronic marine @1% TOC N

<50 Georgetown benthic communities No effect

60 EP 95 percentile chronic marine @1% TOC "

337443153 Palos Verdes not toxic~amphipod No effect
51571065 Palos Verdes significantly toxic--amphipod »

5157£1065 Palos Verdes major benthic degradation .

7000 EP safe acute @1% TOC . *

28000 EP acute marine @4% TOC '

* 13 concentrations used to determine ER-L and ER-M values.

B20




A Wﬁ?&“‘*“&m Z

'mbie B4, Sediment @Eiccu detz available for p,p~DDD arranged in ascending order
with remarks regarding use of the cnncentmﬂons to determine ER-L and ER-M wvalues.

Concentration (ppb) Biological Test Remarks
0607 San Francigscc Bay moderately toxic—amphipod No gradient
08 16 San Francisco Bay mgnifxcanﬂy toxic—amphxpod No gradient

2 ER-L 10 percentile
13+03 San Francisco Bay highly toxic-~bivalve No concordance
13112 Sen Prancisco Bay least toxic—amphi No effect
13£21 San Prancisco Bay highly toxic—amphipod No gradient

2 : 19856 Puget Sound AET-benthic *

23%041 San Prancisco Bay not toxic—amphipod No effect

6 EP 99 percentile chronic marine <

10474 San Francisco Bay least toxic—bivalve No effect
125185 San Francisco Bay not toxic—bivalve No effect
133221 San Francisco Bay significantly toxv:——bxvalve Small gradient
16 San Francisco Bay AET-bivalve No gradient

16 San Francisco Bay AET-am x&l‘upm:i No gradient
16 1588 Puget Sound AET—ben ) ’
16.1 £ 23.2 San Francisco Bay moderately toxic~bivalve Small gradient
20 ER-M " 50 percentlle
2 EP 95 percentile chronic marine v

43 1986 Puget Sound AET~amphipod *

<50 Georgetown benthic communities No effect

324 + 387 Palos Verdes not significantly toxic—amphipod No effect
1090.7 £ 573 Palos Verdes signficantly toxic~amphipod Small sample size
3250 EP acute safe ievel @1% TOC "

13000

EP acute marine @4% TOC

* 7 concentrations used to determine ER-L and ER-M values
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Table B-15. Sediment effects data avallable for total DDT amranged in ascending order
with remarks regarding use of the concenirations to determine ER-L and ER-M values.

Concentration {ppb)

Bioloagical Test

Remarks

158
1.9

-3

3.29

6.9
6998
8.28 :
196t 184
20

28,6 1 36.1

31

314 £ 204
459

50 £ &0

68 £ 71.7

90 + 130

100 + 150
210+ 490 -
221.7 + 2816
280 + 620

- 505 ‘
1018.2 £ 2424

1410 & 5440

2170 4 7180

4350
11000

- 13420 + 37670

190 £ 40200
16500 ‘

18260 + 43080

19600
35300 £ 59540
49700
67232

EP galtwater chronic, assuming 1% TOC

Freshwater SLC, assuming 1% TOC

ER-L =~ ‘

EP saltwater chronic, assuming 1% TOC

PSDIDA screening level x

Trinity River low mortality—Daphnia

Interim EP saltwater criteria, assumning 1% TOC

DuPage River highest taxa richness

Lethal threshold-Crangon bioassay

Southern California not toxic—amphipod
{excludes Palos Verdes sample)

97-h LC50 Crangon spiked bicassay

Trinity River significant mortality--Daphnia

Calculated EF threshold for freshwater

Southern California high echinoderm abundance -

Southern California significantly toxic--amphipod

Southern California moderate echinoderm abundance

Southern California high arthropod abundance

Southern California moderate total abundance

DuPage River least taxa richness

Southern California moderate species richness

ER-M : '

Southern California moderate arthropad abunuance

 Saltwater $L.C, assuming 1% TCC

Saltwater SLC, assuming 1% TOC
Southern California not toxic-amphipod

({includes Palos Verdes sample
Southern Californin low total abundance
Southern California high species richness
Qverall LC50 for Rhepoxynius bionssay
1.CB0 H. aztera bioassay @ 3% TOC

- Southern California low arthropod abundance

Sputhern California low species richness -

No deaths N. virens spiked bipassay

Southern California low echinoderm abundance
LCB0 H. azteca biopssay @ 7.2% TOC

Southern California high total abundance
LC30 H. azteca bioassay @ 10.5% TOC

L.IDBO cricket nymph bioassay

®
L

10 percentile
T ¥

No effect
No effect
»

No effect
'
No effect

»
*

»

No effect
MNo concordance
% .

‘No effect

No concondance
"

WNo mncord'fuwe .
50 percentile
.3

L]
L4

No effect
No concordance
No effect

&

»

.

Mo effect
"

®

No cffect
L ]

* 21 concentrations used to determine ER-L and ER-M values
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7. Bediment effects data available for DIELDRIN arranged in ascending order
aiflce vegarding use of the concentrations to determine ER<L and ER-M valués,

Concentrations {ppb)

Biological Test

Rematks

NDb
.01
£,02
.02
.21
4.1

C 43%21

44423
52412
52%12
56+22
62 £ 0.6
62206
6.6

6.6

7,4_. 48
76+75
?6+75
B24481
119
16+ 121
25,5 % 33.2
25-5 + 61,
<0
57.7

199
13000

San Francisco Bay highly toxic—~bivalve

-EP 99 percentile chronic marine

ER-L :

EP 95 percentile chronic marine
Freshwater SLC @1% TOC

LC50 Crangon spiked bioassay
Kishwaukee River most benthic taxa

San Francisco Bay moderately toxie--amphipod

San Francisco Bay least toxic—amphipo:
San Francisco Bay least toxic—~bivalve
DuPage River most benthic taxa

San Francisco Bay not toxic—-amphipod
San Francisco Bay not toxic—-bivalve
San Francisco Bay AET-bivalve

San Prancisco Bay AET~-amphipod
Kighwaukee River least benthic taxa

San Prancisco Bay significantly toxic-amphipod
San Francis:o Bay sl?ndmeantly toxficwbiv!;lvgn'

ER-M :
San Franzisco Bay moderately toxie--bivalve
San Fraucisco Bay highly toxic~amphipod
EP letha) freshwater threshold:

DuPage River least benthic taxa
Trinity River significantly toxic~Daphnia
Trinity River not toxic—Daphnia o
Georgetown disposal site benthic communities
EP interim marine criteria ,
EP interim freshwater criteria

LC50 Nereis spiked bivassay

No gradient
»

- 10 percenitle
» .

" »

%

No effect

INo concordance
No effeot

No effect

No effect

No effect

Eslo effect

Y

o

fmall gradient -
Small gradient

' go percentile

[

»

»

No gradient
No effect
No effect

]

"
»

* 14 concentrations used to determine ER-L and ER-M values

B-24




Iﬁoncenhaﬂom (ppb) :

Bidlog-lcnl Test

Remar-k-s

0&01
0,02
2.15
38+ 3.1
104
18342
K

47

<50

174

321

28000

EP 99 percentile chronic marine
ER-L ,

EP 95 percentile chronic marine

EP interim marine criteria @1% TOC
Trinity River low mortality-Daphnia

'EP interim freshwater criteria 1% TOC

EP freshwater lethal threshold
Trinity River significant mormlity-Daphm'a

ER-M

LC50 Crangon spiked bioassay

- Georpetown benthic communities

BP chronic sediment/water marine @1% TOC
EP chronic sediment/biota marine ®@1% ‘I’OC
LCSD H. azteca @3% TOC

" LC50 H. azteca @6.1% TOC

LCS0 H. azteca @11.2 % TOC
LC50 N. virens spiked bioassay .

E IR DA N

.
10 percentiie
* .

»

Eslo effect

[
»

50 percentlle
[ 3
No effect

* 13 concentrations used to determine ER-L and ER-M values



‘Table B-19. Sediment effects data available for ACENAPHTHENE arranged in ascending .

order with remarks re

garding use of the concentrations to determine ER-L and ER-M

values.
Concentrations {ppb) Biological Test Remarks
1814 San Francisco Bay least toxic—-bivalve No effect
3+52 - San Francisco Bay not toxic—-bivalve " No effect
3359 San Francisco Bay moderately toxic—bivalve Small gradient
4 Southern California highly toxic—amphi No corcordance
54 £ 121 San Francisco Bay moderately toxic—amphipod No concordance
59+ 16.8 San Francisco Bay significantly toxic~amphipod - No concordance
7 Southern California not toxic--amphi No effect
7.6+ 21.6 San Francisco Bay highly toxic—~amphipod No concordance
9 San Francisco Bay AET~bivalve Small gradient
941179 San Francisco Bay significantly toxic—bivalve Small gradient -
9.8+ 159 San “rancisco Bay least toxi¢~amphipod No effect
118 + 168 San Francisco Bay not toxic—amphipod No effect -
30 Black Rock Harbor highly toxic--amphipod . Small gradient
48 + 184 San Francisco Bay highly toxic~bivaive Small gradient
56 San Francisco Bay AET~amphipod No concordance
56.7 £ 70 Commencement Bay least toxic—~oyster No effect
86 + 97 Commencement Bay least toxic—amphipod No effect
118.5 + 105 Commencement Bay moderately toxic—oyster : L
127 £ 117 Commencement Bay moderately toxic—amphipod Smail gradient
150 ER-L _ 10 percentile
1580 Predicted LC50 amphipod bioassay-Bagle Harbor *
306 + 604 Commencement Bay hrgohly toxic~oyster *
560 1986 Puget Sound AET--oyster .
500 1986 Puget Sound AET—-benthic *
500 1986 Puget Sound AET-Microtox™ *
630 1986 Puget Sound AET~amphipod » :
650 ER-M ' 50 percentile
654 £ 1049 Commencement Bay highly toxic—-amphipod *
730 1988 Puget Sound AET-benthic .
2000 1988 Puget Sound AET—amphipod ¢
5599 + 24392 Eagle Harbor least toxic—~amphipod No cffect
6522 % 8915 Eagle Harbor moderately toxic—-amphipod . Small gradient
7330 EP freshwater interim criteria @1% *
16500 EP chronic marine level @1% TOC ”
23000 EP acute marine level @1% TOC *
30557 + 48678 . Eagle Harbor highly toxic—amphipod *

EP chronic marine ®4% TOC *

66000

*15 concentrations used to determine ER-L and ER-M values.
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Table Bs20 Sediment effects data available for ANTHRACENE nrrmg?éd in ascending

order with remarks re

values.

garding use of the concentrations to determine ER-L and ER-M

Concentrations (ppb)

LC100 100% Elizabeth River--spot

Biological Test Remarks
164 %75 'San Francisco Bay least toxic—bivalve ‘ No effect
24 Ban Francisco Bay AET--bivalve *
34.3 + 41.2 San Francisco Bay not toxic-bivalve S No effect
a5.9 Southern California not toxic~amphipod a No effect
63172 San Francisco Bay moderately toxic-amphipod. No concordance
70 Predicted LC50 Eagle Harbor-amphipod- . *
85 - _ ER-L ' ‘ ‘ 10 percentile
853+ 119.3 San Franciaco Bay moderately toxic—bivalve * ,
110+ 257 San Francisco Bay least toxic—~amphipod ? No effect
119.8 £ 276.7 San Francisco Bay significantly toxic--amphipod No gradient
120.2 + 269.2 San Francisco Bay not toxic—amphipod - No effect
130 . PSDDA screening level : No effect
147.8 + 148 Commencement Bay least toxic~oyster No effect
163 Saltwater SLC @1% TOC o - *
183.9 + 3472 San Francisco Bay significantly toxic--bivalve . *
190 99 percentile chronic marine @1% TOC *
2245 Southern California significuntly toxic~amphipod *
273%£1976 Commencement Bay least tmdx:w‘ampt;‘irod i No effect
237 * 455 San Francisco Bay highly toxic-at:r pod >
264.6 £ 2278 Commencement Bay moderately toxic—amphipod Small gradient -
2823 1 206.9 Commencemient Bay moderately toxic-oyster * ¢ -
363 + 3534 Comrmencement Bay highly toxic—oyster *
380 95 percentile chronic marine @1% TOC !
476.2 £ 549.2 Commencement Bay highly toxic--amphipod *
922.7 £ 558.1 San Francisco Bay highly toxic--bivalve *
%0 = 1986 Puget Sound AET-oyster "
960 ER-M _ ' 50 percentile
960 1986 Puget Sound AET~Microtox™ *
1100 - San Francisco Bay AET--amphipod *
1177 + 1582 Eagle Harbor moderately toxic—amphipod No concordance
1300. 1986 Puget Sound AET-benthic .
1490 + 5389 Eagie Harbor least toxic~amphipod No effect
1900 ‘ 1986 Puget Sound AET—-amphipod *
4400 1988 Puget Sound AET-benthic *
6600 - 28-d LCS0 2.5% Elizabeth River--spot *
7597 + 7264 Eagle Harbor hi f}z toxic—-amphipod - *
13000 1988 Puget Soun T—-a’rn&hlpod *
44000 EP chronic marine 8% TOC .
120000 Lake Union highly toxic~amphipod ®
147840 24-h LC50 58% Elizabeth River—spot :
264000 :

*26 concentrations used to determine ER-L and ER-M values.
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Table B-21 Sediment effects datz availeble for BENZO(A)JANTHRACENE arranged in
ascending order with remarks regarding use of the concentrations to determine ER-L

and ER-M values,

Concentrations (ppb)

350000

LC100 100% Elizabeth River—spot

Blological Test Remarks -
40.7 +20 San Francisco Bay not toxic—bivalve No effect
56.4 £ 25.7 San Francisco Bay least toxic—bivalve No effect
50.6 £ 129 Southern California not toxic—-amphipod No effect
60 . San Francisco Bay AET-bivalve *
80 Predicted LC50 Eagle Harbor—-amphipod *
122.1 £+ 125.9 San Prancisco Bay moderately toxic-bivalve ¢
167.7 £ 324.2 San Francisco Bay least toxic—amphipod No effect
187 £ 1862 San Prancisco Bay moderately toxic~amphipod Small gradient
1872+ 3592 San Francisco Bay not toxic~amphipod No effect
230 ER-L 10 percentile
232 £ 336.8 San Prancisco Bay significantly toxic—-bivalve *
2347 + 246.8 Commencement Bay least toxic~oyster No effect
'236.3 £ 313.2 San Francisco Bay significantly toxic—nmphipod Small gradient
261 : Saltwater SLC @1 % TOC o
300 + 398.3 San Francisco Bay highly toxic~amphipod '
310+ 179.8 Southern California sifniﬂcanuy toxic-—amphipod ®
450 PSDDA screening leve No effect
475.6 + 437.1 Commencement Bay least toxic-amphipod No effect .
520 + 523.1 Commencement Bay moderately toxic-—amphipod Small gradient
548.5 + 384 Commencement Bay moderately toxic—oyster ®
801 + 8662 'Commencement Bay highly toxic—oyster *
919.3 % 432.7 San Francisco Bay highly toxic~bivalve *
931 + 13228 Commencement Bay highly toxic—amphipod .
1100 San Francisco Bay AET—amphipod *
1300 1986 Puget Sound AET -Micmtox“‘ *
1600 1986 Puget Sound AET—~amphipod o
1600 ER-M 50 percentile
1600 1986 Puget Sound AET-oyster *
1600 EP 99 parcentile chronic marine @ 1% TOC *
2200 Col la River maximum—-amphipod No effect
2496 £ 4157 le Harbor least toxic—~amphipod No effect
4500 . Puget Sound AET--benthic. .
5100 1988 Puget Sound AET--amphipod *
5100 1928 Puﬂet Sound AET~benthic *
7370 + 9984 Eagle Harbor moderately toxic~amphipod "
8750 28-d LC50 2.5% Elizabeth River—spot "
10000 Spiked bioassay with mixture—~amphipod *
11088 1 8941 Eagle Harbor highly toxic~amphipod *
13200 EP freshwater interim criteria @ 1% TOC *
21000 EP 95 percentile chronic marine @ 1% TOC *
55000 - EP acute safe level @ 1% TOC *
170800 . Lake Union highly toxic~amphipod *
196000 24-h LC50 56% Elizabeth River—-apot *
220000 EP acute marine @ 4% TOC ®

| 2

* 30 concentrations used to determine ER-L and ER-M values.
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Table B-23. Sediment effects data available for CHRYSENE arranged in ascending order
with remarks regarding use of the concentrations to determine BR-L and ER-M values.

Concentrations {ppb) Biological Test Remarks .

80 Eagle Harbor predicted LC50-amphipod *

82+ 37 San Francisco Bay least toxic—bivalve No effect
127 £ 226 Sruthern California not toxic~amphipod No effect

198 + 276 San Francisco Bay not toxic—bivalve No effect

358 £ 365 ‘Commencement Bay least toxic—oyster No effect

368 * 466 San Francisco Bay moderately toxic—bivalve *

378 + 549 San Francisco Bay least toxic—amphipod ‘  No effect

384 ' Marine SLC @1% TOC *

400 ER-L , 10 percentiie

405 £ 571 San Francisco Bay not toxic~amphipod No -effect

413 £ 385 San Francisco Bay moderately toxic—-amphipod Small gradient

423 + 512 San Francisco Bay significantly toxic~amphipod Small gradient .

500 £ 671 San Francisco Bay significantly toxic—-bivaive *

517 + 729 San Francisco Bay highly toxic~amphipod Small gradient

524 £ 284 Southern Californda siFmﬁcantly toxic—~-amphipod *

670 PSDDA smenin%aleve ~ o No effect

748 £ 773 Commencement Bay least toxic~amphipod No effect

821+ 732 Commencement Bay moderately toxic~amphipod Small gradient

902 + 691 Commencement Bay moderately toxic—oyster * _
1200 99 percentile chronic marine @1% TOC *

1218 + 1286 Commencement Bay highly toxic—oyster *

1363 £ 1970 Commencement Bay highly toxic—-amphipod "

1400 1986 Puget Sound AET-Microtox™ .

1679 + 847 -8an Francisco Bay highly toxic-bivalve i

1700 . San Francisco Bay AET-bivalve *

2100 San Francisco Bay AET--amphipod *

2800 1986 Puget Sound AET-amphipod v

2800 1986 Puget Sound AET-oyster » : ;

2800 ER-M : 50 percentile

3165 + 4535 Eagle Harbor least toxic—amphipod No effect

4100 Columbia River bioassay-amphipod No effect
" 4400 95 percentile chronic marine @1% TOC »

6700 1986 P‘u%et‘ Sound AET--benthic *

7930 LC50 2.5% Elizabeth River—spot *

9200 1988 Puget Sound AET-—-amphipod *

9200 ‘ 1988 Puget Sound AET--benthic »

9203 1 10972 Eagle Harbor moderately toxic-amphipod "

10574 + 7337 Eagle Harbor highly toxic—amphipod .

115000 EP acute safe level e »

176800 Lake Union significantly toxic—amphipod *

177520 .LC50 56% Elizabeth River—spot »

317000 LC100 100% Elizabeth River—spot v

460000 EP chronic marine @4% TOC "

* 27 concentrations used to determine ER-L and ER-M values,
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Table B-24. Sediment effects datz avaliable for DIBENZ(A H)ANTHRACENE arranged

ir ascending order with remarks re
and ER-M values, )

garding use of the concenirations to determine ER-L

Biological Test

Concentrations (ppb) Remarks
1515 San Francisco Bay least toxic—bivalve No effect
21+ 22 San Francisco Bay not toxic—-bivalve No effect
2436 Southern California not toxic~amphipod No effect
42 1+ 46 San Francisco Bay moderately toxic—bivalve * '
44 £32 San Francisco Bay moderately toxic—amphipod No.concordance’
55 + 41 Commencement Bay least toxic—bivalve - No effect '
55 + 58 San Francisco Bay significantly toxic—-amphipod ~ "No concordance
57177 San Francisco Bay least toxic~amphipod No effect
€5 ER-L : 10. percentile
26 + B0 San Francisco Bay not toxic~amphipod No effect
63 + 8D Sen Prancisco Bay significantly toxic--bivalve *
66 t 46 Southern California significantly toxic-amphipod * _
724 139 Commencement Bay. highly toxic~amphipod No gradient
737 Commencement Bay least toxic—amphipod No effect
80 + 88 San Francisco Bay highly toxic—amphipod ~ Small gradient
101+ 58 Commencement lynru)demhely toxic~oyster v
120 PSDDA screening level No effect
183 £ 34 Commencement Bay moderately toxic~amphipod *
217 + 88 San Francisco Bay highly toxic—bivalve ' *
230 1986 Puget Sound AET-oyster ' *
230 1986 Puget Sount AET~—Microfox™ *
260 - 1986 Puget Sound AET—-amphipod *
260 ER-M 50 percentile
260 San Frdancisco Bay AET--hivalve *
263 + 413 Commencement Bay highly toxic—~bivalve *
300 San Francisco Bay AET—-amphipod™ Poor concordance
360 + 298 Eagle Harbor least toxic—-amphipod No effect '
399 + 252 Eagle Harbor hif% toxic--amphipod Small gradient
540 19 Puuiert sound AET-amphipod M '
797 £ 723 Eagle Harbor moderately toxic—amphipod - *
970 1988 Puget Sound AET-benthic *
1200 1986 Puget Sound AET-benthic .
12000 99 percentile EP chronic marine @ 1% TOC >
35000 95 percentile EP chronic marine @ 1% TOC *
240000

EP acute safe level

* 1B concentrations used to determine ER-L and ER-M values.
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Table B-25. Sediment effects data avallable for FLUORANTHENE arranged in as‘cendlng
order ‘with zemarks regarding use of the concentzations to determine ER-L and ER-M vaiues.

Biolegical Tesat

Concentrations (ppb) Remarks
o8 Palos Verdes not tuxic—amphigo’d No effect
186 + 107 San Francisco Bay least toxic-—bivalve No effect
153 + 307 Southern California not toxic—amphi No effect -
13 Palos Verdes significantly toxic--amphipod Small sample size

- 3824617 San Francisco Bay not toxic—bivalve No effect
82 £ 241 Southern California ggnlﬁcantly toxic~amphipad ’
4 Marine SLC@ 1% T *
451 + 562 San Francisco Bay moderately toxic—bivalve v
489 + 492 Commencement Bay lrast toxic~oyster No effect
509 + 481 San Francisco Bay moderately toxic—amphipod No gradient
539 £ 842 San Francisco Bay least toxic~amphipod No effect
572 +: 880 San Franciaco Bay not tmdc-ampKi'pcd No effect
584 + 789 San Francisco Bay significantly toxic~amphipod Small gradient
600 ER-L 10 .percentile
600 Prudicted LCS0 Bagle Harbor—-amphipod N
620 PSDDA screening level No effect
644 Marine SLC @ 1% TOC .
682 1+ 1043 San Francisco Bay significantly toxic~bivalve *
794 4 1210 San Francisco Bay hig'ly toxic—-amphipod Small gradient
923 1 B65 Commencement Bay least toxic~amphipod No effect
925 + 864 Commencement Bay moderately toxic—~amphipod No gradient
1046 1 655 Commencement Bay moderately toxic~oyster .
1600 99 percentile EP chronic marire @ 1% TOC *
- 1655 £ 2029 Commencement Bay highly toxic—~oyster °
1700 1986 Puget Sound AET--Microtox™ - ¢ -
2000 San Francisco Bay AET-bivalve »
2100 - Columbia River bioassay-amphipod No effect
2360 + 3330 Commencement Bay highly toxic~amphipod *
2500 1986 Puget Sound AET~oyster ' N
2737 + 1617 San Francisco Bay highly toxic-bivalve ¢
3100 95 parcentile BP chronic marine @ 1% TOC v
3300 LC50 spiked bioassays @ 0.2% TOC~amphipod *
3600 ER-M 30 percentile
3600 -EP chronic safe ievel ¢
>3700 Sart Francisco Bay AET-amphipod Not definitive
3500 1986 Puget Sound AET--amphipod .
4200 LCS0 spiked bioasaays—-amrhjqod ¢
6200 LC50 spiked bioassays @ 0.3% TOC~amphipod .
6300 1986 Puget Sound ~bernthic ¢ -
8805 + 10337 Eagle Harbor muoderately toxic~amphipod No concordance
9000 EP acute safe level ' *
10500 LCEO spiked bloassays & 0.5% TOC-amphipod ¢
1208051889  Eagle Harbor least toxic--amphipod No effect
15000 Mixtures spiked bicassays—amphipod *
18800 EP interim freshwater criteria @ 1% TOC ¢
24000 1988 Puget Sound AET-~benthic v
30000 1988 Puget Sound AET —aorrc\:phipod .
36000 EP acute marine @ 4% T ’
59250 . LCS0 2.5% Elizabeth River—spot ?
71988 £95713  Eagle Harbor highly toxic~amphipod v
327200 56% Elizabeth River—-spot »
570000 Lake Union significantly toxic—amphipod *
2376000 LC500 100% Elizabeth River-spot ¢

* 33 concentrations used to determine ER-L and ER-M values.




Tible B-26. Sediment effects data available for FLUORENE arranged in ascending ordez
with remarkes regarding use of the concenirations to determine ER-L and ER-M values.

‘Biological Test

Lc100 100% Elizabeth River—spot

Concentrationz (ppb) Remarks
615 San Francisco Bay least toxic—bivalve No effect
8 San Francisco Bay not toxic—~amphipod No effect
11 San Francisco Bay AET-bivalve N
1623 San Francisco Bay not toxic—bivalve , . No effect
19 + 30 San Francisco Bay moderately toxic-bivalve . *
20148 San Francisco Bay significantly toxic—~amphiped = No concordance
3021 San Francisco Bay moderately toxic—-amphiped No concordance
BL77 San Francisco Bay highly toxic—-amphipod No gradient
35 ER-L ' 10 percentile
35 + 64 ‘San Prancisco Bay significantly toxic--bivalve »
39+ 49 San Francisco Bay least toxic—amphipod No effect
4151 San Francisco Bay not toxic—amphipod No effect
5 99 percentile EP chronic marine ® 1% TOC .
- PSDDA screening level No effect
7576 - Commencement Bay least toxic—oyster No effect
93 Black Rock Harbo;‘éig\lﬁcant toxic-amphipod  *
181 Marine SLC 1% : .
117 £ 113 Commencement Bay least toxic—-amphipod No effect
143+ 119 Commencement Bay moderately toxic~oyster ..
147 £ 131 Commencement Bay moderately'toadcmmghipod Small gradient
160 95 percentile EP chronic marine @ 1% : *
1624105 San Francisco Bay highly toxic-bivalve » .
187 £ 234 Eagle Harbor moderatley toxic—amphipod No concordance
210 - . Bagle Harbor predicted LC50-amphipod ¢ .
210 San PFrancisco Bay AET--amphipod No concordance
353 £ 746 Commencement Bay highly toxic—oyster * :
540 1986 Puget Sound AET-amphipod : *
540 1986 Puget Sound AET-oyuter ’
540 1986 Puget Sound AET~Microtox™ o
649 ER-M . ' 50 percentile
640 1986 Puget Sound AET-benthic v
707 + 1341 Commencement Bay hiﬁxg toxic--amphipod ¥
1000 1988 Puget Sound AET--benthic , *
1017+ 4679 . Eagle Harbor least toxic~amphipod No effect
3600 1988 Puget Sound AET-amphipod " '
7000 EP acute safe level ‘ ¥
17500 LC50 2.5% Elizabeth River--spot *
22811 £ 65559  Eagle Harbor highly toxic—amphipod *
EP chronic marine @ 4% TOC : *
40690 Lake Union significantly toxic--amphipod *
176510 Winter flounder liver—-MFO _ *
220650 Winter flounder liver~somatic condition »
285290 * Winter flounder kidney-MFO ’ ® ‘
700000 LC50 56% Elizabeth River—spot »
1250000 *

¢ 28 concentrt_ltions used to determine ER-L and ER-M values.
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Table B-27. Sediment effects data avallable for 2-METHYLNAPHTHALENE arranged in
ascending order with remarks regarding use of the concentrations to determine ER-L and

ER-M values.

Concentrations (ppb) Biclogical Test Remarks
16+ 33 Southern California not toxic—amphipod No effect
207 San Francisco Bay least toxic—bivalve No effect
2414 San Prancisco Bay not toxic—~bivaive ‘No effect
26123 San Francisco Bay moderately toxic—bivalve Small gradient
27 San Francisco Bay AET—bivalve * ' :
31£33 San Francisco Bay significantly toxic—amphipod No concordance.
32+ 41 San Francisco Bay highly toxic—amphipod No gradient
3427 San Francisco Bay moderately toxic—am hxpod No gradient
34133 %an Francisco Bay least toxic—amphi No effect
35136 San Francisco Bay significantly toxic—bivalve Small gradient
39435 San Francisco Bay not toxic—amphipod No effect
65 ER-L - 10 percentile
651 154 Southern California eifgmﬁcantly tomc—amphipod *

67 - PSDDA screening level No effect

98 i+ 41 San Francisco Bay highly toxic—~bivalve i

>130 San Francisco Bay AET—amphipod Not definitive
165 + 121 Commencement Bay least toxic—oyster No effect

168 1 169 Commencement Bay least toxic—~amphipod No effect

207 £ 169 Commencement Bay moderately toxic—oyster Small gradient
213+ 129 Commencement Bay moderately toxic--amphipod . Small gradient
326 ¢ 313 Commencement Bay highly toxic~oyster » '
500 Mixtures spiked bioassay-amphi *

546 t 490 Commencement Bay highly toxic—-amphipod - *

670 1986 Puget Sound AET-—amphipod *

670 1986 Puget Sound AET—-U}Nter * .

670 ER-M 50 percentiie
670 1986 Puget Sound AET-benthic ¢

670 . 1986 Puget Sound AET-Microtox™ »

795 LC50 2.5% Elizabeth River—spot .

1400 1988 Puget Sound AET—benthic *

1788 LC50 56% Elizabeth River--spot *

1900 1988 Puget Sound AET—-amphipod "

31800 LC100 100% Elizabeth Rlver—-apol ¥

15 concentrations used to determine ER-L and ER-M values.




Table B-28. Sediment effects data available for NAPHTHALENE arranged in ascending
order with remarke regarding use of the concentrations to dehemine ER-L and ER-M

vniues.
Concentrations (ppb) Blological! Test Remarks
42 Black Rock Harbor projected highly tox:c—amphipad - Small. gradient
- B2x16] ~ Southern California not toxic—amphi No effect
3 Predicted Eagle Harbor—amphiped bwassay LC50 Small gradient
36+ 50 Puget Sound lenat toxic—Microtox™ BCS0 No effect }
43.14 262 San Francisco Bay moderately toxic—bivalve No concordance
48+ 24.7 San Francisco Bay moderately toxic—amphipod No condordance.
53440 San Franctsco Bay significantly toxic—amphipod ‘No concordance
3342376 San Francisco Bay significantly toxic—bivalve No concordance
58+ 504 San Francisco Bay least toxic~amphipod No effect
6321572 San Franciaco Bay least toxic~bivalve No effect
64+ 458 San Francisco Bay highly toxic—amphi Small gradiont
6521 535 San Francisco Bay not toxic—amphi No effect
773+ 1806 Southern California significantly toxic—amphipod.
88.7 San Francisco Bay not toxde~bivalve No effect
1273 %324 San Francisco Bay highly toxic—bivalve. ° :
>160 San Francisco Bay AgT ~bivalve Mot definitive
>160 San Francisco Bay AET~amphipod Nat definitive
210 PSDDA screening level : No effect
288 + 201 Eagle Harbor modcmu.ly toxic—-amphipod No concordance
340 BR-L 10 percentile
343 + 368 - Puget Sound mudummly toxic—-Microtox ™ECS0 * ‘
358 & 326 Commencement Bay least toxic—oyster No -effect
414 : Saltwater SLC ’
456 + 682 Engle Harbor lesst toxic~amphipod No effect
. 50 99 percentile EP chronic marine @1% TOC s ¢
. 510+ 499 Commencement Bay least toxic~amphipod = No effect
593 £ 505 .Commencement Bay moderately toxic—oyster ¢
594 + 424 Commencement Bay moderately toxic—amphipod *
T 95 percentile EP chronic marine @1% TOC .
973 £ 1041 Commencement Bay highly toxic—oyster *
1501 £ 2064 Eagle Harbor highly toxic—amphipod *
1564 £ 1735 Cammencement Bay highly toxic—amphipod N
2100 1985 Puget Sound AET—amphipod *
2100 1986 Puget Sound AET~-oyuter | °
2100 1986 Puget Sound AET-bonthic ¢
2130 1986 Puget Sound AET—~Microtox™ X 2
2100 ER-M 50 percentile
2375 28-d LL50 for spot-25% Elimbeth River aedlmentu . *
2400 1988 Puget Sound AET—amphipod *
2700 1988 Puget Sound AET~benthic *
3470 Saltwater SLC .
3934 + 8864 Puget Sound highly toxic—-Microtox™ EC50 .
5250 + 1500 " Trinity River high species richness No effect
6200 Winter flounder spiked bioassays—-hepatic MFO "
7370 Winter flounder spiked bioassays-—~HSI ®
10710 Winter flounder spiked bicassays—kidney MFO °
11500 £ 5600 Trinity River low species richness °
40000 ' Lake Unjon highly toxic~FHyallzlla ’
42000 EP acute marine threshold @4% TOC *
53200 24-h LC50 for apot-56% Elizabeth River ®
LC100 for spot-100% Ellzabeth River *

95000

_ *2B concentrations used to &etcnﬁinc ER-L and ER-M values.
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Table B-29. Sediment effects data avallable for PHENANTHRENE arranged in
ascending order with remarks regarding use of the concentrations to determine
ER-L and ER-M values,

Concentrations {ppb} Biological Test Remarks
€65+ 30 San Francisco Bay least toxic—bivalve No effect
&8 San Francisco Bay AET-bivalve e
110 99 percentile chronic marine @1% TGC d
1194242 Southern Californiz not toxic—amphipod No effect
159 £ 216 San Francisco Bay not toxic—bival No effect
188 £ 197 San Francisco Bay least toxic~amphipod No effect
199 + 205 San Francisco Bay not toxic~amphipod No effect
120 + 163 San Francisco Bay significantly toxic—amphipod : Small gradlem
22136 Southern California significantly toxic—-amphipod \
24+ 203 San Francisco Bay moderately toxic—bivalve °
228 ER-L 10 percentile
226+ 146 San Francisco Bay moderately toxic—-amphipod Small gradient
233 + 208 San Francisco Bay significantly toxic—bivalve Small gradient
240 95 percentile chronic marine @ 1% TOC * '
242+ 203 San Francisco Bay highly mxicwmphipod Small gradient
259 ' Marine SLC @1% TOC ¢
w0 Winter flounder liver—MFO induction .
297 + 263 Commencement Bay least toxic—oyster No effect
30 PSDDA screening level No cifact
M0 Winter flounder liver—somatic condition .
368 - Marine SLC @1% TOC °
429 Winter flounder kidney-MFO induction *
475 +£ 160 San Francisco Bay highly toxic—~bivalve "
478 + 367 - Commencement Bay least mxic~amphxpod No effect
800 ' Mixtures bioassays—amphipod - . o

. 510 San Francisco Bay AET-amphipod * .

580 Columbia River bioassays—amphipod ‘ No cffect
593 + 365 Commencement Bay moderately toxic—oyster '
597 +£ 513 Commencement Bay moderately toxic—amphipod N
950 Eagle Harbor predicted LC50—-amphipod *
1020 EP marine interim criteria @19 TOC ¢
1379 & 2546 Commencement Boy highly toxic—-oyster *
1380 BR-M S0 percentiie
1390 EP freshwater interim criteria @1% TOC y
1500 1986 Puget Sound AET—oyster ?
1500 1986 Puget Sound AET—-Microtox™ - *
2142 + 2404 Eagle Harbor moderately toxic-amphipod No concordance
20 % 10009  Eagle Harbor Jeast toxic~amphi No effect
2838 + 4603 Commencement Bay highly to e-umplupod ®
3200 1986 Puget Sound AET-benthic *
3680 LC50 spiked bicassay--amphipod *
5400 1986 Puget Sound AET—-amphipod *
5400 1988 Puget Sound AET-oyster *
6900 1988 Puget Sound AET—amphipod *
14000 EP acute safe level @1% TOC ¢
33603 £84430  Eagle Harbor highly toxic—amphipod °
56000 EP chronic marine @4% TOC *
105560 LCE0 2.5% Elizabeth River—spot )
220000 LC100 100% Elizabeth River—spot *
410000 Lake Union significantly toxic—amphipod *
2363200 LC5056% Elizabeth R.wer—-spot ¢

®34 concentrations used to determine ER-L and ER-M values.
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Table:B-30. Sediment effects data avallable for PYRENE arrenged in ascending oriler
with rematke regarding use pf the concentrations to determine mlm. and ER<M values,

Concentrations (ppb)

Biological Test Remarks
182 Kidney MFO induction~winter flounder *
184 +£318 Southern 'California not toxic~amphipod No effect
216 £ 102 San Francisco Bay least toxic—bivalve No effect
300 Liver MFO induction—winter flounder - *
350 Eagle Harbor predicted LC50-amphipod *
350 ER-L ) : : 10 percentlle’
360 ~ Liver somatic condition—winter flounder *
430 PSDDA screening level . No effect
434 £ 442 Commencement Bay least toxic—-oyster I No effect
434 Marine SLC @1% TOC A : - '
532+ 372 Southern California significantly toxic—-amphipod . *
665 - Marine SLC @1% TOC _ *
701 : B66 San Francisco Bay least toxic~amphipod No effect
719 + 1123 San Francisco Bay not toxic«bivalge No effect
7241939 San Francisco Bay moderately toxic~bivalve * 4
743 £ 902 San Francisco Bay not toxic-amphipod - No effect
777 + 908 San Francisco Bay highl toxicf-amrhi ‘ Small gradient
- B06.% 975 San Prancisco Bay significantly toxic—~bivalve Small gradient
850 EP 99 percentile chronic marine @ 1% TOC * ‘
865 + 719 Commencement Bay moderately toxic—amphipod' No concordance
896 £ 870 San Francisco Bay significantly toxic-amphipod Small gradient
978 + 996 Commencement Bay least toxic-amxrm - No effect
1078 =+ 805 Commencement Bay moderately toxic—oyster *
1110 £+ 904 San Francisco Bay moderately toxic-amphipod - v
' 1538+1501  Commencement Bay highly toxic—oyster '» *
1820£2252  Commencement Bay highly toxic—amphipod ¢
1900 EP.95 percentile chronic marine & 1% TOC *
2188+776  San Francisco Bay highly toxic—bivalve o®
2200 ER-M : - 50 percentile -
2500 Columbia River bioassays—amph ‘?od No effect
- 2600 1986 Puget Sound AET--Microtox™ * C
2600 . San Francisco Bay AET~amphipod *
3300 1986 Puget Sound AET-oyster * :
>34 San Francisco Bay AET-bivalve Not definitive
4300 1986 Puget Sound AET—-amphipod *
»7300 . 1986 Puget Sound AET--benthic : No definitive value
13100 EP interim freshwater criteria @ 1% TOC * '
- 16000 1988 Puget Sound AET-amphipod *
16000 1988 Puget Sound AET-benthic *
33750 LC50 2.5% Elizabeth River-spot *
49500 EP acute safe lovel . *
198000 EP chronic marine @ 4% TOC o *
750800 Lake Union significantly toxic~amphipod - - "
756000 . LC50 56% Elizabeth River—spot ' .
1350000 - LC100 100% Elizabeth River~spot *

*28 concentrations used to determine ER-L and ER-M values,



1. Bediment effects data avaliable for total PAH arranged in n!caﬁﬂi,!!s order with remarke
pe of the concentratioms to determine ER-L and BR-M values and the number of the

Coneenéxauona

it were guantified to determine the totals.

Biological Test

PAH Reported

B-38

Remarke

(ppb)

763 727 Puget Sound least toxic—Microtox™ No effect unspevified

870 San Francisco Bay AET—bivalve - b :

941 £ 429 San Francisco Bay least toxic~bivalve " No effect bt

242 Southern California not toxic~-amphipod No effect 18

2557 + 3816 -San Francisco Bay not toxic—bivalve No effect os

2580 Predicted 'LC50 ?le Harbor-amphipod * 13

3322 +4337 San Francisco Bay least toxic—~amphi No effect .

3343 + 4039 San Francisco Bay moderately toxic—bivalve . b

3527 +£4520 - San Prancisco Bay not toxic—amphipod No effect .o

3705 Commencement Bay least toxic—-oyster No effect .16

3800 San Francisco Bay triad minimum bioeffects ¢ ‘ 9

3832 £ 3927 San Francisco Bay significantly toxic~amphipad Small gradient  **

3966 + 3524 San Francisco Bay moderately toxic~amphipod Small gradient **

4000 - ER-L ‘ ’ 10 percentile

4022 + 4908 San Francisco Bay significantly toxic—-bivalve e .

4201 + 4612 Puget Sound nontoxic~amphipod No effect unspecified

4227 5025 . San Francisco Bay highly toxic—-amphi Small gradient 16

6467 Commencement Bay least toxic~amphipod No eftect 16

7627 + 7065 Puget Sound moderately toxic—amphipod * unspecified
- 7841 - Commencement Bay moderately toxic—-oyster » 16

8209 Commencement Bay moderately toxic—amﬂhipod Small gradient 16

8363 Southern California significantly toxic—amphipod ° o 18

8550 + 22990 Mississippi Sound not toxic~mysid No effect unspecified

8550 + 23000 Mississippl Sount least toxic—mysid No effect unspecified

8700+12600  Massachusetts Bay high species richness ‘No effect unspecified

9500 San Francisco Bay triad significant bloeffects * 18

9730+ 22390  -Mississippi Sound least toxic-amphipod . No effect unspecified

10000 Petroleum product spiked bioassay-oyster larvae No effect unspecified

10200 + 9950 Forth Estuary high meiofauna density No effect unspecified

11273 Black Rock Harbor significantly toxic—amphipod * 6 -

11400 £ 14100  Mississippi Sound highly toxic~mysid : No concordance unspecified

11735 + 5499 San Francisco Bay highly toxic~bivalve- * e

11752414548  Puget Sound highly toxic—-amphipod - * unspecified

11800 £ 9700 Forth Estuary moderate meiofauna density Small gradient  unspecified

12325110425  Hampton Roads moderately toxic~shrimp No concordance 16

12877 - Commencement Bay highly toxic—oyster ¢ 16

13933117427  Puget Sound moderately toxic—-Microtox™ ¢ unspecified

»15000 San Francisco Bay AET--amphipod . Not definitive 18 %

16771 Commencement Bay highly toxic~amphipod * 16

16921 £20976  Hampton Roads least toxic—shrim No effect 16

18600 + 47000 Mlasins?pi Sound not toxic-amphipod No effect unspecified

19000 Lower Columbia River bioassays--amphipod No effect 17

21467 +31160  Hudson-Raritan least toxic—nematode No effect unspecified

21600+ 31000  Mississippi Sound significantly toxic—amEhipod No gradient unspecified

23100+ 15400  Massachusetts Bay moderate species richness . unspecified

35000+ 2540 Massachusetts Bay low species richness * unspecified

35000 ER-M 50 percentile

357000 £ 42181  Hampton Roads highly toxic~shrimp v 16 ,

41790 £66160  Mississippt Sound significantly toxic~mysid * unspecified

42769+ 46084  Hudson-Raritan higih‘l- toxic-nematode o 'unspecified

4776074890  Mississippi Sound highly toxlc—amg&lpoq . unspecified

55630 + 112530  Puget Sound highly toxic~Microtox v unspecified

66100 £ 83300  Mississippi Sound moderately toxic~mysid * unspecified

8380057900  Forth Estuary low meiofauna density . fi

unspecified



Title Bi31 (Contiiued)

stions ( Biclogical Test

Concentr Remarke PAH Reported
- 4ppy) : o
99400 Migsis;n{fpi Sound AET-mysid bicassay e unspecified

183060 %;ikedf> sioassays—winter fiounder liver MRO ¢ ‘ 4
>205000 Mississippi Sound AET—-amphipod bioassay . - Not definitive  unspecified
28722 Spiked bioassays—winter flounder liver condition ’ 4
295850 - Spiked bicassays—-winter flounder kidney MFO * 4
00N 1050 2.5% Elizabeth River-spot ° 2
LC50 Bunker C ofl spiked bioassay—-amphipod . %uvimetric
. 56% mortality Elizabeth River—spot ' . ‘
100% fin erosion Elizabeth River—~apot » 20
LC50 56% Elizabeth River—spot . 21
LC100 100% Elizabeth River-spot . 2

* 34 concentrations used to detmnlhe ER-L and ER-M values.

* Long and Buchman, 1989, 18 PAH ; Chapman ¢t al., 1986, 18 PAH; Word et al, 1988, 16 PAH; U. S. Navy,

1987, 6 or 7 PAR
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NS&T Program Mussel Watch Sites

Code
AJAC

ABWJ

APCP
" APDB
ABHI
ABLR
ABOB
BBSD
BBTB
BEMB
BPBP
BIBL
- BBSM
BBPC
BIBI
BBBE.
BHDI
BHDB
BHHB
BHBI
BRFS
BSBG
BSSI -
BBRH
BBAR
BBGN
CLCL
_CLLC
CLS]
CAGH
CFBI
CKBP
CHEF]
CHSF
CBBI
CBFM
' CBMP
CBHP
CBHG
CBIB
CBCC

CBDP

CBCl
CBSP
CBSR
CRS]
CBTP
CBCH
CBRP

CBCR -

CCBH
cCIC™
CCNB
DBFE

Genjeml Location

Absecon Inlet
Anaheim Bay

" Apalachicola Bay

Apalachicola Bay
Aransas Bay
Aransas Bay
Atchafalaya Bay
Barataria Bay
Barataria Bay
Barataria Bay
Barbers Point

‘Barnegat Inlet

Bellingham Bay
Biscayne Bay
Block Island
Bodega Ba
Boston Harbor
Boston Harbor
Boston Harbor

. Boston Harbor

Brazos River
Breton Sound
Breton Sound
Buzzards Bay
Buzzards Bay
Buzzards Bay
Caillou Lake -
Calcasieu Lake
Calcasieu Lake
Cape Ann
Cape Fear

~ Cedar Key

Charleston Harbor
Charleston Harbor
Charlotte Harbor
Charlotte Harbor
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chincot. Baz :
Choctawatchee Bay .
Choctawatchee Bay
Columbia River
Commencement Bay
Coos Bay

Coos Bay

Copano Bay

Corpus Christi
Corpus Christi
‘Corpus Christi
Delaware Bay.

" Specific Location
" Atlantic' City

West Jetty
Cat Point Bar
Dry Bar

Harbor Island
“Long Reef

Opyster Bayou

Bayou Saint Denis
Turtle Bay

Middle Bank
Barbers Point
Barnegat Light
Squalicum Marina
Princeton Cana!
Block Island

Bodega Bay Entrance

. Deer Island

Dorchester Bay
Hingham Bay
g;eweter gsl;:iccil
rrport Su e
Bay Garderne
Sable Island

.Round Hill

Angelica Rock
Goosebury Neck
Caillou Lake
Lake Charles
Saint Johns Island
Gap Head -
Battery Island
Black Point

Fort Johnson
Shutes Folly Island
Bird Island

Fort Me

‘Mountain Point Bar

Hackett Point Bar
Hog Point

' Ingram Bay

Cape Charles
Dandy Point
Chincot. Inlet
Shirk Point

- Off Santa Rosa

South Jetty
Tahlequah Point
Coos Head

Russell Point

Copano Reef

Boat Harbor
Ingleside Cove
Neuces Bay

False Egg Island Point

' Sta'te
- New Jersey
. Florida

.. Texas
" Texas

- Hawalii

. Massachusetts

" Louisiana

‘North Carolina
~  South Carolina’
" Florida

.Maryland

N Virginia

Florida

California
Florida

Louisiana
Louisiana
Louisiana
Louisiana

New Jersey
Washington

Florida -
Rhode Island
California
Massachusetts
Massachusetts
Massachusetts
Massachusetts
Texas '
Louisiana
Louisiana

Massachusetts
Massachusetts

Louisiana
Louisiana
Massachusetts

Florida

South Carolina
Florida -
Maryland
Maryland
Virginia
Virginia .
Virginia
Florida

Oregon
Washington

Texas
Delaware-



Code

DBBD

DBKI
EBFR
ES5P

ESBD
BVFU
FIEL

GBHR
GBSC
GBYC

GBCR
GBOB
CHW]
HHKL

HRJB -

HRUB
HRLB
HMB]J
IBNJ
IRSR
JHH
KAUI

19
LMSB
LMF1

- LBNO
LBMP
LICR
LINH
LIHR
LISI
LIHU

LIMR
LIHH
LITN

MDS]

MBEM
MBDI
MBCB
MBTP

MBLR
MRCB
MSSP
MBAR
MRTP

‘MRPL

MSPB
‘MSBB
MSPC
MBVB
MBHI
MBCP
MBSC

~ General Location

Delaware Bay
Delaware Bay
Elliott Bay
Espiritu Santo
Espiritu Santo
Everglades
Farallon Island
Galveston Bay
Galveston Bay
Galveston Bay
Galveston Bay
Gelveston Bay

. Galveston Bay

Gray's Harbor -
Honolulu Harbor
Hudson/Raritan Bstuary
Hudson/Raritan Estuary -
Hudson/Raritan Ratuary
Humboldt Bay

Imperial Beach

Indian River

Joseph Harbor Bayou
Kauai

_ La Jolla

guna Madre
a Madm ‘

Borgne’

- Lake Borgne

Long Island Sound
Long Island Sound
Long Island Sound
Long Island Sound
Long Island Sound
Long Island Sound
Long lsland Sound
Long Island Sound
Long Island Sound
Marina Del Rey

‘Matagorda Bay

Matagorda Bay
Matagorda Bay
Matagorda Bay

- Matagorda Bay

Matagorda Bay
Matanzas River
Merriconea Sound

uite
Mmsippi River
Misaissippi River
Mississippl Sound
Mississipp iSound
lvusah;sipga
Mission
Mobile Bay ‘
Mobﬂe.'Bag
Monterey Bay

Specific Locatloﬁ

Ben Davis Point Shoal
Kelly Island
Four-Mile Rock
South Pass Reef
Bill Days Reef
Faka Union Bay
East Landing
Hanna Reef

Ship Channel
Yacht Club
Todd's Dum
Confed.R

Offats Bayou
Westport Jet
Keehi !.agool:y ‘
Jamaica Bay
Upper Bay
Lower Bay

Jet

No?t,h Je
Sebastian River
Joseph Harbor Ba
N:ev‘l’iliwili I-larbgr
Point La Jolla
South Bay

Port Isabell

. New QOrleans

Malheureux Point
Connecticut River

- New Haven

Housatonic River
Sheffield Island

‘Huntin Harbor -
Port Jef%;:on -
- Mamaroneck

Hempstead Harbor
Throgs Neck
South Jetty

.Bast Matagorda

Dog Islan
Carancahua Bay
Tres Palacios Bay
Gallinipper Point
Lavaca River Mouth
Cresent Beach
Stover Point

Ayres Point

Tiger Pass

Pass a Loutre

Pascagoula Bay

Biloxi Bay

Pass Christian

Ventura Brid

Hollingers Island Channel
Cedar Point Reef !
Point Santa Cruz

G2

State .

Delaware
Delaware
Washington
Texas.

Texas
Florida
Califomia
Texas

" Texas

Texas
Texas
Texas
Texas
Washington
Hawail
New York
New York .
New York' .
California
California
Florida
Louisiana
Hawaii
California
Texas

Texas

Louisiana
Louisiana
Connecticut
Connecticut

 Connecticut
- Connecticut

New York
New York
New York
New York
New York
California
Texas
Texas
Texas
Texas -
Texas
Texas
Florida
Maine
Texas
Louisiana
Louisiana
Mississippi
Mississippi
Mississippi
California
Alabama
Alabama
California



‘ Co-de'

MBTH
NYLB
NYSH
NYSR

"NBNB
NBDU
NBDI
NBW].

OEIH
OSB] -

PVRP
PSWB

PBSI

- PRPI
PBPH

PBIB
PALH

PDSC .

PDPD
PLLH
PRFR
SBSB

QIUB
RSJC

- RBHC
SCBR

_§5BI
SLBB
SHFP

- SAMP

SAPP

SDHI

SFDB
SPSM
- SFEM
'SLSL
. SANM
SPFP
SPSP
SS8S
SCFP
sssl
SRTI
SIWP
SAWEB
SJCB
SRWP
- TBMK

TBCB

e

Gmerd Location
Moriches Bay

- New York Bight

Raritan Ba:

. New York gight

Naples ‘Bay
Narragansett Bay
Narragansett Bay
Newport Beach
North Miami -
Oakland Estuary
Oceanside

Pacific Grove
Palos Verdes
Pamlico Sound
Panama City
Penobscot Bay

. Penobacot Bay

Pensacola Bay

. Pensacola Bay

Port Valdez

_ Point Arena

Point Co tion
Point Del};’aa
Point Dume

Point Loma

Point Roberts

Point Santa Barbara
Point Saint George
Qu Inlet

Roanoke Sound
Rookery Bay -
South Catalina Island
South Juan de Fuca
South Puget Sound
Sabine Lake

Salem Harbor

San Antonio Bay
San Antonio Bay
San Diego Bay

San Francisco Bay
San Francisco Bay

-San Francisco Baaa
y

San Luis Obis;

San Migue! Island
San Pedro Harbor
¢ an Prancisco Bay
San Simeon Point

. Santa Cruz Island

Sapelo Sound

. Savannah River Estuary

Sinclair Inlet
Saint Andrew Bay

"Saint Johns River

Suwannee River
Tampa Bay
Tampa Bay

Specific Location

Tuthill Point
Long Branch
‘Sandy Hook Bay

Shark River o

Naples Bay
Dutch Island
r Island

Mau Je“}'

Inner Harbor
Beach Jetty
Lovers Point
wm::\s Bl‘Stame Park
MunicipalgPiery
 Sears Island
Pickering Island
Public bor
Indian Bayou
Mineral Creek Flats
?ghthczuse
'oint tion
Shelter 33‘32
Point Dume
Lighthouse
Point Roberts
PointSanta Barbara
Point Saint George
mhur Bay
Creek
Henderaon Creek
 Cape Fia
. Cape Flatte
Budd Inlet v
Blue Buck Point
Folger Point
Mosquito Point
Panther Point Reef
Harbor Island .
Dumbarton Br.
San Mateo Bridge
Emeryville
Point San Luis
Tyler Bight
Fishing Pier
San Pablo Bay
San Simeon Point
Fraser Point '
Sapelo Island
Tybee Island
Watérman Point
Watson Bayou
Chicopit Bay
‘West Pass
Mullet Key Bayou
Cockroach Bay

G3

" California

-California
- California

" State
.New York

New Jersey
New Jersey

~ New Jersey

Florida
Rhode Island

‘Rhode Island

California
Florida
California

- California

California
California
North Carolina
Florida

‘Maine

Maine

- Florida
‘Florida

Alaska
California
California
California.
California
California
Washington

- California

California
Virginia ,
North Carolina
Florida
Callfornia
Washington
Washington
Texas ,
Massachusetts
Texas

Texas

Cglifornia
California
California
California .-

California -
California
California
Georgia
Georgia,
Washington
Florida
Florida
Florida
Florida
Florida




Code

TBHB
TBPB.
- TBLB
TBHP
TBSR
UISB
VB5P
WIPP
YBOP
YHSS
YHYH

General Locstion

Tampa Ba
Tam;';: Ba;;

- Tampa Bay

Terrebonne Bay
Tillamook Bay
Tomales Ba
Unakwit Inlet
Vermillion Bay
Whidbey Island
Yaquina Bay -
Yaquina Bay
Yaquina Head

A T S P

Specific Lmtlo’n

Hillsborough Bay
Papys Bayou
Old Tampa Bay

- Lake Barre :
Hobsonville Point -

Spanger's Res.
Siwash Ba

Southwest Pass
Possession Point

Oneata Point

Sally's Slough

Yaquina Head

NS&T ongmm Benthic Surveillance Sites

Code

APA
BAR
BOD
BOS
BUZ
CAS
CCB
CHS
COL
COM
CoO
DAN
DEL
ELIE
ELL
END
FRB
GAL
GRB
HER
HMB

HUN

LCB
LLM
LNB
LOT
LUT

MAC

‘MC
MER
MOB
MON
MRD
NAH

NAR

NIS
OAK

Location

Apalachicola Bay
Barataria Bay
Bodega Ba

Boston H r
Buzzards Bay
Casco Ba

Corpus C.yhrlsti Bay
Charleston Harbor
Columbiz River
Commencement Bay
Coos Bay .

Dana Point
Delaware Bay
Long Island Sound
Elliott ‘Bay
Frudhoe Bay

Frenchman Bay

Galveston Bay
Great Bay '
Heron Bay

-‘Humboldt Bay

Hunters Point

Lower Chesapeake Bay

Lower Laguna Madre

Long Beach

Charlotte Harbor

Lutak Inlet

Machias Bav

Middle Chesapeake Bay

Merrimack River

Mobile Bay

Monterey Bay

Mississippi Delta

Nahku Bay

Narragansett Bay
ually Reach

Ni
~ Oakland Estuary

G4

State

Florida
Florida

- Florida

Louisiana

Oregon
California
Alaska
Louisiana
Washington
Oregon

=

State

Florida
Louisiana
California
Massachusetts
Massachusetts
Maine

Texas

South Carolina

Oregon
Washington
California

Delaware
Connecticut

- Washington

Alaska
Maine
Texas

New Jersey
Misuigsippi -
California
California
Virginia
Texas

~ California

Florida
Alasksa
Maine
Virginia
Massachusetts
Alabamg

- California

Louisiana
Alaska
Rhode Island
Washington
California




H
-
.1
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Logntlon

Oliktok Point

San Pablo Bay
Pamlico Sound
Pensacola Bay
Penobscot Bay
Raritan Bay
Round Isiand
San Antonio Bay
Salem Harbor
Sapelo Island

‘San Diego Harbor

San Diego Ba

Seal Beggh y
Southhampton Shoal
Saint Johns River
Santa Monica Bay
San Pedro Bay

San Pedro Canyon

. Tampa Bay
wper Chesapeake Bay
est Long Island Sound

g, et

State

Alaska
California
North Carolina
Fiorida

Maine

New Jersey
Mississippi
Texas .
Massachusetts
Geor

- California

California
California
California
Floride
California
California
California
Florida

' Maryland
. New York



