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Foreword

This Phase Ill document is the last in a series of guldance documents
intended to aid dischargers and their consultants in conducting aquatic organism
toxicity identification evaluations {TIEs). TIEs might be required by state or federat
agencies as the result of an enforcement action or as a condition of a Nationa!
Pollutant Discharge Elimination Systern (NPDES) permit. These documents should
aid individuals in overseeing and determining the adequacy of effluént TIEs as a part
of {oxiclty reduction evaluations {THES).

There are two major reasonsto require the contirmation procedures, Firstthe
effluent manipulations used in Phase | characterizations (EPA, 1988; EPA, 1991A;
EPA, 1892) and Phase Il identifications (EPA, 1989A; EPA, 1993A) might (with some
effluents) create anlifacts that might lead to emroneous conclusions about the cause
of toxicity. Therefore in Phase 11l confirmation steps, manipulations of the effluent are
avoided anct/or are minimized, therefore artifacts are far less likely to cccur. Some-
times, toxicants will be suspected through other approaches (such as the treatability
route} which on their own are not definitive and In these instances, confirmation is
necessary. Secordlly, there is the probability that the substances causing toxicity
might change from sample to sample, from season ¢ season or some other
periodicily. As toxicity is a generic measurement, measuring toxicity cannot reveal
variability of the suspect toxicant whereas the Phase lll confirmation procedures are
designed to indicate the presence of variable toxicants. Obviously, this crucial
information is essential so that reamedial action may be taken to remove toxicity.

Confirmation, whether using the procedures described in this document or
others, should aiways be completed because the risk is too great to avoid or eliminate
this step. Especially for discharges where there is tittle control over the influent or for
discharge operations that are very large or complex, the probabiiity that different
consitituents will cause toxicity overtime is great. Most of the approaches in Phase il
are applicable to chronically toxic effluents and acutely toxic effluents.

In this confirmation document, guidance is included when the treatability
approach (EPA, 1989B; EPA, 1989C) is taken. Use of the treatability approach
requires canfirmation as much as or more than the toxicant identification approach
{Phase ll). The reader is encouraged to use both the acute Phase | characterization
(EPA, 1991A) and the chronic Phase | characterization (EPA, 1992) documents for
details of quality assurance/quility control (QA/QC), health and safety, facilties and
equipment, dilution water, sampling and testing. The TIE methods are written as
general guidance rather than rigid protocols for conducting TIEs and these methods
should be applicable to other aqueous samplas, such as amblent waters, sedlmem
olutriate or pore waters, and leachates
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Abstract.

In 1989, the guidance document for acutely toxic effluents entitled Methods
for Aquatic Toxiclty identification Evaluations: Phase lll Texichy Confirmation Proce-
dures was published (EPA, 1989D). This new Phase Ili manual and its companion
docurnents (EPA, 1991A; EPA, 1902; EPA, 1993A) are irtended to provide guidance
to ald dischargers in confirming the cause of toxicity in industrial and municipal
effluents. The toxicity identification evaluation (TIE) starts with a characterization of
the effluent toxiclty using aquatic ornganisms to track toxicity; this step is followed by
'I;anti:y:lnyg a suspecttoxicant(s) and then confirming the suspectioxicant as the cause

toxicity. ‘

This Phase ill confirmation document provides greater detail and more
insight into the procedures described in the acute Phase 1l confirmation document
(EPA, 1989D). Procedures to confirm that all toxicants have been correctly identified
are given and specificchanges for methods applicabie to chronic toxicity are included.
Adifficult aspect of canfirmation occurs whentoxicants are not additive, and therefore
the effects of effiuent matrix affecting the toxicants are discussed. The same basic
technigques (corrglation, symptoms, relative species sensitivity, spiking, and mass
balance) are siill used to confirm toxicants and case examples are provided to
illustrate some of the Phase !l procedures. Procedures that describe the techniques
to characterize the acute or chronic toxicity (EPA, 1988) andtoideniity (EPA, 1985A)
toxicants have also been rewritten (EPA, 1991A; EPA, 1992; EPA, 1993A).
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Section 1
introduction

The final confirmation phase of a toxicity ldentifi-
cation evaluation (TIE) consists of a group of steps
intended to confirm that the suspect cause(s_) of foxicity is
correctly identified and that all the toxicity is accounted
tar. Typically this confirmation step follows experiments
from the toxicity characterization step (Phase I} and
analysis and additional experiments conducted in toxicity
identification (Phase Il) (EPA, 1991A; EPA, 1992; EPA,
1993A). However, there often may be no identifiable
boundary between phases. In fact, all three phases might
be underway concumrently with each effluent sample and
depending on the results of Phase t characterization, the
Phase || identification, and Phase ll confirmation activi-
ties might bagin with the first sample evaluated. Phase |t
confirmation procedures should also follow after toxi-
cants have been identified by other means or when
treatability approaches are used. Rarsly does one step or
one test conclusively prove the cause of toxicity in Phase
ill. Rather, all practical approaches are used to provide
the weight of evidence that the cause of toxicity has been
identifled. The varicus approaches that are offen usefu!
in providing that welght of evidénce consist of correlation,
observation of symploms, relative species sensitivity,
spiking, mass balance estimates and varlous adjust-
ments of water quality. )

. The approaches described in this document have
been useful in TIEs at ERL-D. While the guidance pro-
vided in this manual is based largely on experience with
wastewater effluents, in general the metheds discussed
are applicable to amblent waters (Norberg-King et al.,
1991) and sedinient pore or elutriate water sampiles as
well (EPA, 1991B). Howevaer, specific modifications of
the TIE technigues might be needed (e.9., sample vol-
ume) when evaluating these other types of samples.

Confirmation is important {o provide data to prove
that the suspect toxicant(s) is the cause of toxicity in a
series of samples and to assure that all other joxicants
are Identified that might occur in any sample over time.
There may be a tendency to assume that toxicity Is
afways caused by the same constituents, and i this
assumption carries over into the data interpretation out
the assumption is false, erronsous conclusions might be

reached. That is why the comelation step (Section 2) is
accompanied by other approaches -(l.e.. Sections 3-9)
because each approach aids in revealing any changes in
the toxicant(s) in ttfe confirmation phase of tﬁe TIE.

Seasonal trends in toxicants have heen observed
in publicly owned treatment works (POTW) effluerts and
some sediment samples. For example, organophosphate
pesticides have been observed to increase in concentra-
tions In wastewaters during the late winter and spring
months {(Norberg-King et al., 1989). Therefore, the condir-
mation steps of Phase Il might need 10 Include seasonal
samples. This effort cannot atways be pre-determined.
The presance of a different foxicant(s) must be consid-
erad throughout the TIE, and when samples are collected
over several months the seasonality of a suspect toxicant
should be carefully considered and studied. When reme-
dial action requires treatment changes, one must be
certain that toxicity trom specific toxicant(s) is consistently
present and that the suspect toxicant(s} accounts for all
the toxicity. Treatment modifications will not necessarily
result In ramoval of all toxicants to acceptable concentra-
tions. If toxicity is caused by a variety of toxicants present
&t varying intervals, the remedial actions that are practical
might ditfer from the remedial action required when toxic-
ity is caused by the same constiiuents consistently.

TIEs conducted at ERL-D have shown that toxi-

. cants often are not additive or toxicants are present in

ratios such that the toxicity contribution by one might be
diluted out in the range of the effiuent effect concentration
{e.g.. LC50 or ICp value). Thus, the toxicant present at
lower ye! toxic concentrations may not be readily dis-
cemed. The frequency of occurrance and impact on data

interpretation of elther of the above cases was not ad-
dressed previously (EPA, 1989D) but are now discussed
in Section 2. Toxicants that do not express their foxicity
because of the prasence of other toxicants (either the
toxicants are non-additive or the toxicants vccur in dispar-
ate ratios) are referred to as hidden toxicams (Section 9).
Detection of hidden toxicants is oné of the most difficult
aspecis of confirmation. it is a mistake to search for a
concentration of any chemical present in the effluent at a
toxic concentration and to declare any found as the cause

1-1
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of toxicity. Matrix effects of the eHluant samples make
conclusions such as these subject to emor without fusther
work as either the hidden toxicani(s) or the principal
toxicarl;lt(s) are lkely to be missed using such an ap-
proach. ’

There is a sirong tendency to shorten or eliminate
the confirmation steps because by the time Phase I
confirmation has been reached, the investigators might
be convinced of the cause of toxicity and the confirmation
steps seem redundant. However, one cannot expect 10
-concentrate the effiuent on a C,, solid phase extraction
(SPE) column and not change a complex mixture such as
effluents, and amive at some false conclusions about the
toxicants in the earlier phases.

Not all approaches discussed in the following
sections will be applicable to every effluent, and addi-
tional approaches might need to be developed during the
TIE. The various approaches need not be performed in
any particutar sequence, and the list of possible ap-
proachaes will get larger as experience Is gained. To
effectively evaluate effluent samples from one lar
discharger to obtain a comelation, substantial calendar
time could be required and any steps for correlation
should be inftiated at the beginning siages of Phase il
Judgement must be made as to how many of the ap-
proaches described in Phase 11l confirmation should be
used and how many samples for each should be com-
plated. How completely Phase 1ll confirmation is done will
determine the authenticity of the outcome, The amount of
confidence in the results of the TIE that is required is
dependent at least in part on the significance of the
decision that will be based on the rasults. For example, if
a suspect toxicant can be removed by pretreatment or by
a process substitution, a higher degree of uncertainty
may be acceptable than if an expensive treatment plant is
to be built, Such considerations are subjective and cannot
be reduced to a single recommended dacision making
process with a specified humber of samples.

Time and resources might be conserved i idemnti-
fication (Phase i} and confirmation (Phase i) can be
started on the very first effluent sample used in the Phase
i characterization. However, this is only.possible when the
results irom the Phase | characterization are definitive
enough to allow the Investigatars to proceed to identifica-
tion and confirmation. In the acute Phase ill confirmation
document (EPA, 1989D), although perhaps not explicitly
stated, parforming Phase | characterizations on several
samples before attempting Phases Il and it was implied.
Initiating the Phase Il confirmation staps earlier inthe TIE
Is ofien particularly useful. In addition, many regulatory
agencies have adopted a policy thal requires that the
previous TIE approach be modified. For same discharg-
ers, action might be required after the first exceedence in
toxicity, which means that each effiuent sample collected
for toxicity testing is of equai regulatory concem when the
toxicity is greater than the permit allows. This regulatory

practice was not in place in 1989 when the eariier TIE
guidance was available (EPA, 1989D) and at that time we
did not expect that the cause of toxicity in one sample
couild be sufficiently deduced as we have been able to do.
The importance of confirmation on several samples is not
reduced by the importance of conducting confirmation
steps on single samplas; rather, the cause of toxicity for
aach sample must be confirmed.

In addition to the importance of each sample with
toxicity greater than the altowable amount specified in a
permit, a sample that is quite different from the pravious
samplas must ba evaluated 1o determine if the data point
must be included in.the Phase Il correlation final data
analyses. For each effluent sample, the data points must
be explainable. if one sample is quite different than ciher
sampies it can cause the correlation 10 be less useful;
howevaer, i it can be shown to have a different toxicant the
data point for that sample can be eliminated from the
comrelation. For example, suppose five consecutive
samples during a Phase lil evaluation exhibited loxicity
that correlated well with a suspect toxicant. Then a sixth
sample exhibits greater toxicily than previous samples
while the measured concentration of the suspeact toxicant
is much lower than measurements on previous samples.
In this sixth sampls, the greater toxicity is thought to be
caused by a different toxicant. Now in plotting the data for
the correlation (Section 2), the datum point for the sixth
sample will not be similar to the points for the existing
regression and could render the correlation non-signifi-
cant. if however, when the sixth sample Is then subjected
to intensive study using Phase | characterization and
Phase | identitication techniques, and if another toxicant
is identified {or even if Phase ] only shows that the toxicity
has very different characteristics), datum for the sixth
sample can legitimately be excluded from the correlation.
This preserves the worth of the data for the previous five
samples. in confirmation, every effort should be made to
determine why a particular sample shows differant re-
sponses in the various TIE steps from other samples.

This is not to imply that multiple effluent samples
need not be subjected to Phase 1 manipulations, even if
Phase || and/or Phase {ll are initiated on the first sample.
Most efluent samples tend to be represenative of the
routine effluent discharge. However, determining what is
the characteristic discharge for each effluant is important
to the final success and completeness of the TIE.

When Phase il is completed, all results that were
obtained during the TIE shoutd be explalnable. Unless the
results make sense for all samples (aside from an occa-
siona! aberrant data point) something has been missed or
Is wrong. If so, the confirmation is not complete. Many
tachniques used In Phase Il require keen observations
and extensive or broad knowledge of both chemistry and
toxicology but above all the abllity to synthesize smait bits
of evidence in a logical sequence s essential. This TIE
work is most effective when scientists interact daily.
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A note of caution. If data obtained on early samples

during Phase | are to be used for Phase Il purposes,
- quality control will have to be suitable 10 provide defen-
sible data (cf., EPA, 1991A; EPA, 1892; EPA, 1993A). In
Phases | and lI, the permissibility of using small numbers
of animals and replicates, and omilting measurements
such as pH, DO, and temperature that are required for
routine monitoring tests or single chemical tests was
discussed (EPA, 1989E; EPA, 1991A; EPA, 1992; EPA,
1993A). These modifications were made to reduce cost
and allow more testing, but at this point shoricuts must be

avoided because definitive data that constitute the basls -

for important decisions are generated in Phase M. For
Phase HI testing, the effluent test protocols that triggered
the TIE (EPA, 1981C; EPA, 1993B) should be followed,
paying careful attention to test conditions, replicates,
quality of test animals, representativeness of the effluent
samples tested, and strict QA/QC analytical procedures
including blanks and recovery measurements. Analytical
work must be selective for the identity of the toxicant and
its concentration measurement. When small differences
in toxicity must be detected, concentration intervals should

be smaller to obtain partial effects {(e.g., use dilution -

tactors of 0.60 or 0.65 versus 0.5). Remember, alf of the
data from Phases | and (I (for either acute or chronic
toxicity) are considered preliminary relative to Phase Il
data. However, if a suspect toxicant is identified and
Phases | and 1l data may be necessary for confirmation,
stricter QA/QC can be applied for each of the subsequent
Phases I| and {l techniques so that the data can be used in
Phase It

For samples exhibiting chranic toxicity, modifica-
tions or changes to some of the TIE procedures are
required for confirming the cause of chronic toxicity. Re-
member that for confirmation (as well as for Phases | and
1l), only a single sample of effiuent should be used for
each renswal in any chronic test {cf., EPA, 1992; EPA,
1903A). This is imporiant because one cannot correlate a
measured concentration of a toxicant with the toxicity
measured in a test i multiple samples are used for each

renewatl and the toxicant is not present in some samples
but other toxicants appear. Even more likely, the ratios of
the toxicants, when more than one is present, might
change from sample to sarmple. In these Instances, there
Is na valid way to calculate the toxicity of a given toxicant.
Ovarall, considerations for chronic toxicity tests in Phase
1l are not much ditferant than acute toxicity tests in Phase
. At present, permit requirements specify the 7-d test
and unless data are gathered to show that the 4-d and 7-
d tests yield the same results and that the same toxicants
are involved, the 7-d test should be used for confirmation
{ct., EPA, 1993A). i the 4-d Cerlodaphnia dubia test has
been used instead of the 7-d C. dubia test (see EPA,
1992) during Phases | and #l, serlous consideration should
be given to returning to the 7-d test for Phase III

When identification of the toxicant(s} causing
chronie toxicity Is desired, and the effluent also exhibits
acute toxicity, it might be possible to use acute toxicity as
a surrogate measure to characterize the toxicity In Phase
1 and assist in an ilentification in Phase {i. ® must be
demonstrated that the cause of the acute toxicity is the
same toxicant{s) as the toxicant(s) causing the chronic
toxicity. Yet for confirmation, use of chronic toxicity end-
points to confirm the cause of the chronic toxicity Is
strongly recommended te avoid misleading the TIE reo-
sults whan using acute toxicity as a surrogate for chronic
toxicity. As discussed In the chronic Phase | manual
(Section 5.8, EPA, 1992), effact levels for chronic tests
should be calculated using the linear interpolation method
rather than the hypothesis test (EPA, 1992). In order to
get more precise estimates of endpoints, test concentra-

_tlon intervals might have to be namowed {see above).

However, when point estimation techniques for other than

survival endpoints (such as the inhibition concentration

(ICp); EPA, 1993B) are used, a point estimate effect

concentration can be estimated. The effect concentration

estimates will also be more accurate when intermediate

goncemralions are used (i.e., use dilution factors of 0.6 or
.65). i

13

19387



19388



' Section 2
Correlation Approach

2.1 Correlation

The purpose of the correlation approach is to
show whether or not there Is a consistent relationship
between the concentration of suspect foxicant(s) and
effiuent toxiclty. For the correlation approach to be usefuf,
the toxicity test results with the effluent must demonstrate
a wide range of toxicity with several etfiuent samples to
provide an adequate range of effect concentrations for
the regression analysis. For sediment samples, spatial
variabilty might be used to perform correlation analyses
{EPA, 1501B).

The effluent effect conceniration (i.e., LC50 or
ICp) data and the measured toxicant concentration data
must be transformed to toxic units (TUs) for the regres-
slon analysls to evaluate whether or not a linear relation-
ship exists. Effluent TUs are obtained by dividing 100%
by the effect concentration expressed in percent of the
effluent (cf., EPA, 1891A; EPA, 1892). The suspect toxi-
cant concentration Is converted to TUs by dividing the
measured toxicant concentration by the LC50 or ICp for
that toxicant (data to make this comparison might have to
be generated; EPA, 1993A). If more than one toxicant is
present, the concentration of each one is divided by the
respective LC50 or ICp value and the TUs can then be
summed (cf., discussion below for non-additive taxicants}).

Most of the effluents we have tested have exhib-
ited a wide range of toxicity with several ditferent samples
and therefore the data can be used in the comelation
approach. Typically for the correlations that we have
conducted, the data used are from toxicity tests without
any manipulations and from chemical measurements on
the effluent samples for the concentrations of the suspect
toxicant. However for effluents where ammonia was the
cause of the toxicity, the effluent toxicity results have not
varied in toxicity enough, nor have the ammonia concen-
trations fluctuated enough to use the data in a correfation.
Also, when the sffect concentration is greater than 100%,
this information Is not useful since the data point cannot
be included in the regression analysis. However, when
samples are marginally toxic or when the suspect toxicant
concentrations do not vary enough from sample to sample
(i.e., ammonla Is cause of toxicity), changes in toxicity can
be induced by sample manipulation (cf., EPA, 1993A) and
this toxicity data can be used to develop a different type of
correlation. For example, the toxicity of a given amount of

total ammonia can be changed by over an order of
magnitude by altering the pH of aliquots of the effiuent
within an acceptable physiclogical range (e.g, pH 6 t0 9}.
For some metals and some specles, the toxiclty can also
be changed by adjusting the pH and using dilution waters
of varying hardness. This type of data is useful in tha
correlation step as providing additional weight of evi-
dence. Therefore, the idea of minima! manipulation{s)
and any risk of creating artifactualtoxicity are offset by the
utility of the data.

An example of the regression from an effluent
from a POTW in which the suspect toxicant was diazinon
is given in Figure 2-1. The independent variable (x-axis) is
the TUs of diazinon and the dependent variable (y-axis) is
the eflluent TUs. The solid line is the observed ragression
line obtained from the data points, and the dashed line is
the expected or theoretical regression line. i there is 1.0
TU of the toxicant In 100% effluent, then the effluent
should have 1.0 TU ({Le., the L.C50 =100%). Likewise for
2.0 TUs of suspact toxicant, the efftuent TUs should be
2.0, et cetera. Thus, the expected line has a slope of one
and an intercept of zero. In Figure 2-1, the Intercapt (0.19)
is not significantly different from zero and the slope is very
close to 1 {1.05). The r* value is 0.63 which, while not
high, indicates that the majority of the effluent toxicity is
explained by the concentration of the toxicant. As the R
becomes lower, less confidence can be placed on slope
and intercept. In a small data set such as this, one datum
point that had 5.0 TUs for the effluent toxicity lowered the
2 value substantially. As discussed in Section 1, if an
intensive effort had been expended on that sixth sample
and another toxicant(s) had been found, this particutar
datum point could have bean excluded and the R vaiue
would have been higher.

In another POTW effluent, diazinon was also the
suspact toxicant. For these data (Figure 2-2), the siope is
1.38, the intercept is 1.24 and the R value is only 0.15,
which all indicate poor fit for diazinon as the only toxicant.
‘The low r® value indicates a large amount of scatter,
therefore little can be inferred from the slope and the
intercept. Based on this correlation, we retumed to Phase
Il analytical procedures and identified two other organo-
phosphates (chlorfenvinphos (CVP) and malathion). Tox-
icity data indicated that CVP was present at toxic
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Figure 2-2. Cormefation of toxic units (TUs} for an efffuant and one
suspact toxicant in a POTW effluent when two toxicants
are the cause of wxclty.

concentrations while malathion was not, After testing
each compound both separately and as a mixture, the
foxicity from alf three chemicals was datermined to be
addilive, so a new corrglation was bagun with analytical
measuraments made for all three chemicals. CVP and
diazinon have nearly identicai LC50 values for the spe-
cias (C. dubia) used In this TIE. Malathion is about one-

fourth as toxic as CVP or diazinon. Since the meastired
concentrations of malathion were lower than its toxicity, it
was not Included in the regression analysis. In a new
corretation with data for the TUs summed for CVP and
diazinon versus the effluent TUs, the data show a much
better fit to the expected slope and intercapt and a high r
value (Figure 2-3). Malathion TUs could also have been
included in the regression (although its contribution to
toxicity was minimal) because & was additive with other
toxicants. This type of shuation is discussed below.

in addition to slope and intercept. some judge-
ment of the scatter about the regression line must be
made. This can be done statistically, but whenthe sample
size Is large, the scatter can be very large and yet not
negate the relationship. A suggested approach to avoid
the eftect of sample size on the significance of scatter is
to set a lower Bmit on 2, This value (often expressed as
percent} provides the measure of how much of the ob-
served effluent toxicity Is correlated 1o the measured
toxicant. it is not depandent on choaosing the correct effect
concentration of the toxicant. The specific choice of the
minimum value of # should be made based upon the
consequences of the decision. It is impontant to recognize
that experimental error makes an r? value greater than
0.80 or 0.85 difficult to obtain. Tharefore, where minimal
chance of an incorrect decision is required, an v value of
nearly 0.80 may be used. Where an increased risk of an
incorrect deciston (l.e., a lesser amount of the toxicity
accounted for) is acceptable, a lower vaiue such as 0.60
may be used.

Since <1.0 TU cannot be directly measured inthe
effluent, such values are, of necessity, excluded from the
regression. (This comment is exclusive of the use of
concentrates such as the C,, SPE tractions' where TUs of
<1.0 are possible.) However in-some instances, when the
TUs based on chemical analyses are <1.0 TU and effiu-
ant effect values are <1.0 TU, the data support the validity
of the regression provided a suspect toxicant has been
found in several previous samples. In the correlatian for
the effluent toxicily depicted in Figure 2-2, toxicity was

- present in a different fraction (Phase 11 non-polar organic

2-2

ideniification) than whare the pesticiles were identified. A
specific toxicant was not identified in that fraction and
toxicity was not always measurable in that fraction. How-
e;ler. this additional toxicity may have decreased the r
value,

Correlation might be more definitive when two or
more toxicants are present. For example, suppose three
toxicants arve involved. i each toxicant has the same
LCS0 and each s strictly additive with the ratio of their
concentrations remaining the same, the slope will be the
expected but the intercept will be positive if all toxicants

TUs can be calculated from toxicity tasts with the fractions, the
cggr]mate or the HPLGC fractions as described in Phase 1l (EPA,
1 N . )
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" Figure 2-3. Correlation of toxic units (TUs) for an effiuent and two
toxicants in a POTW effluent.

are not Identited. If the relative amounts {ratios) of each
toxicant vary from sample to sample, the slope, intercept
and r® will be different from the expected if only one
_ toxicant is Identified. It the toxicity of one ot the toxicants
Is substantially different, and i the ratios of the three
toxicants vary from sample to sample, then the slope,
intercept, and © value will all be differant from expected if
all are not identified. Much can be learned from studying
the interrelationship of siope, intercept and the r value.
For example, a high r* vaiue and an intercept near zero
with a slope larger than 1 can be caused by using an
eftect cancentration for the toxicant that is not appropriate
for the toxicant In the effluent matrix (e.g., suspect toxi-
cant is more toxic in effluent matrix than in single chemi-
cal test), This error causes the foxicant TUs to be too few
relative to the effluent TUs {Figure 2-4) (cf., discussion
below on non-additive toxicants). it toxicant concentra-
tions and efflusnt toxicity show a wide distritation, a

significant corralation will be easier 1o demonstrate than

for a narrow range.

Great care must be taken to understand whether
or not taxicants are additive or if the TUs for each toxicant
are s¢ different that only one toxicant determines the
effect level, For either shuation, the resulting data will
have {o be interpreted as though the toxicants are non-
additive. For example, suppose the ratio of TUs is so
disparate that at the effluent effect concentration, the
toxicant with fewer TUs is always present at afraction of a
TU (8.9., 0.25 of a TU). Whether the two toxicants are
additive or not is Imelevant because the major toxicant will
set the effluent effect concentration. While 0.25 TUs of

the minor toxicant appear to be relatively unimportant in
view of experimental variability, this affects the regres-
sion. If in one sampie the effect concentration is 25% and
the 410 1 ratio of toxicants occurs, there are 4 TUs of the
major toxicant and 1 TU of the minor toxicant. If the
toxicant concentrations are summed, 5 TUs will be plotted
against 4 effluent TUs, and this results in a 25% error.
When secondary toxicants are present in concentrations
that will not contribute 0 the effect concentration of the
efffuent, they should not be included in the correlation
data sel. Obviously if an etfluent had several toxicants In
dissimitar ratios, the error of including the minor TUs In &
corretation plot could be large and may negate the corre-
fation significance. The investigator should evaluate the
data in regression plots to consider the significance of the
contribution of the secondary toxicant especially if the
toxicants appear to’be additive.

Untortunately the minimum fraction of a TU that is
detectable will depend on the precision of the laboratory
performing the testing. And of course the precision of the
testing is not only dependent on the quality of the work,
but the inherent precision of measuring specific toxicant
TUs. That is, the toxicity measurement for some chemi-
cals is more precise than for some other chemicals. In
general, a chemical such as NaCl whose toxicity is gener-
ally not affected by pH, alkalinity, hardness, total organic
carbon (TOC), suspended . solids or solubility, can be
measured more precisely than a chemical whose toxicity
is. affected by these factors, such as lead or copper.
Therefore, each laboratory must determine which frac-
tional value of a TU at the effect concentration is
unmeasurable, thus indicating which TUs contributed by
:’he minor toxicant should be deleted from the correlation

ata set. ’

Clearly, if two or more toxicants are strictly non-
additive, then only the major one (the one present inthe
most TUs) should be included in the correlation data set.
Since additivily might be easier to measure than the
minimum measurable contribution of a fraction of a TU, it
may be preferable to first determine if additivity ocours. If
substances appear to be parially addilive, then very
careful work is required to properly add TUs.

Some very unusual decisions are required In
accepling data into the cormelation database when toxi-
cants are strictly non-addRive. For example, consider zinc
and ammonia in the same effluent sample; we have feund
them to be strictly non-additive. Also consider that in
some samples zinc and ammonia oceur in TU ratios of 3
to 1 and in other samples the ratio is 1 to 2. In the
regression for the 3 fo 1 ratic samples, only zinc TUs
should be plotted. In the regression for the 1 to 2 ratio
samples, only ammonia TUs should be plotted. For this
particular example, 3 TUs for the first sample and 2 TUs
for the second sample would be used if the data is
interpreted correctly {i.e., plotting total TUs) or 4 and 3
TUs would be used respectively, if the dala is interpreted

2-3
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,

incorrectly. The slopes for both plots would be 1 but a
negative intercept instead of an intercept of 0 would be
obtained for the incorrect plot. The more simifar the TUs
of each toxicant are to each aother, the greater the error in
the correlation will be.

2.2  Correlation Problems Caused by Matrix
Etfects:

Correlation bacomes much more difficult when
the toxicants interact with the other effluant constituents
in ways that change their toxicity and we refer to these
‘changes as matrix effects. There are numerous matrix
effects and afl of them will not be discussed here; instead

a framework is provided 1o aid in designing tests or test
conditions to validly incorporate matrix effects in such a
manner that useable correlation data can be abtained.

Matrix effects generally fit into one of two catego-
ries. One category is when the toxicanis change form in
some manner which exhibit a different toxicity. A very
common example is ammonia which changes from NH, to
NH,* as pH decreases. NH,* is s0 much less toxic than
NH, that it is often considerad nontoxic®. Another exampls
is HCN whose most toxlc form is as un-dissociated HCN,
a form predominating at low pH values. As pH increases
the equilibrium shifts to more H* and CN-. If metals are
present, metal-cyanide complexes form which are often
less toxic tharn HCN but metal-cyanide complexes might
vary in toxicity depending onthe metal. For exampie, iron-
cyanide complexes are much less toxic than some of the
other metal complexes. Metal-cyanide complexes might
also photodecompose in sunlight raleasing HCN or H*
and CN-, depeanding on pH.

A second catagory of matrix effects invelves such
physical changes as sorption or binding in some manner
$0 as to make the toxicant unavaiiable to the organism. -
For example, non-polar organics sotb onto suspended
solids, and same matals, such as copper, also sorb onto
suspended solids. The presence of organic matter on
suspended solids might increase the sorbtive capacity.
Predictably, changes in water chemistry often change the
sorption/sotution equilibrium and thereby, change the por-
tion of total toxicant that is availabie to the organism.

To further complicate matters, bliological charac-
teristics of the test organisms might change the availabil-
ity of the same toxicant form. For example a non-polar
organic sorhed on suspended solids such as bacterial
cells, might be unavaitable to a fish but readily available to
daphnids because c¢ells might be ingested and digested
by daphnids, The uptake route then is through the diges-
:ive tract but the toxicant has entered the body none-the-
B85S, '

From the ahove discusslon, it is obvious that one
method of correlation will not be applicable for all toxi-
cants. A temptation may be to remove the toxicant from
the effluent and then use the effiuent as a diluent to
measure toxicity. Howevar, because eifluenis are so com-
plex and undefined, there is virtually no way to remove
one or a few constituents and stilk be certain other charac-
teristics have not been changed. For example, Zeolite
removes ammonia but it also removes some metals and

~ non-polar organics; the C,, resin removes metals as well

as non-polar organics; lon exchange columns remove
ionized constituents, but non-polfar organics also are re-
tained by the columns. Toxicant removal procedures have
utility but require very complicated simultaneous testing
of the effiuent and proper blanks (cf., EPA, 1992; EPA,

#See spacific tiscussion in Section 3, Phase || (EPA, 1993A).
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1993A) is necessary t0 properly interpret results (cf.,
Section © on hidden toxicants). ]
In Phase [, quantitative comparisons are being
made between toxicity and concentrations of toxicants
rather than qualitative comparisons as in Phases | and Il
(EPA, 1891A; EPA, 1982; EPA, 1993A). In the correlation
approach, such comparisons are the essence of the
technique. Theorefore even small changes In form or avail-
ability might be unacceptable. This means that manipula-
tions and changes must be minimized when effluent
toxicity and toxicant concentrations are to be compared.

Solvent extraction, so commonly used for organic
analyses, is likely to extract biologically unavailable or-
ganics as well as soluble forms. The tolal measured
concentration may be larger than the true exposure con-
centration. Use of the C,, SPE column alsc Is not free
trom problems as the C,, $PE column is a finer fiker than
the glass fiber fiters commonly used for pre-column
filtration. Therefore solids are likely to be physically re-
tained on the upper part of the column. When the column
is eluted with methanol, the methanol extracts toxicant(s)
trom the solids {which might not be biologizally avaitable)
as well as elutes the C,, sorbent itself. For Phases | and
1), this might be unimportant, but for the Phase Ili correla-
tion step where careful quantitative comparison is neces-
sary, the eflect might be unacceptable. Such problems
prebably reach a maximum when working with samples
such as highly organic sediment pore water (with high
organic characteristics) where much of the chemical might
be biologically unavailable.

The central problem for either type of matrix
effect is the difficulty of analylically measuring the biologi-
cally available portion of the specitic toxic form. A correla-
tion for a POTW effluent where for nickel was suspected
of causing the toxicity is shown In Figure 2-5. During
Phase |, the acute toxicty was removed with EDTA
additions, and in Phase il the nickel was measured at
toxic concentrations to C. dubia. The toxicity comrelated
very well with total nickel concentration { = 0.89 and a
slope of 1.17) and it appeared that only nickel seems to
be involved. But the intercept of -12.34 is quite different
from the expected zero. Such an intercept would he
expected if there were a relatively fixed amount of nickel
which was not biologically available in all samplas. In this
example, because all other confirmation data corrobo-
rated nickel as the toxicant, a constant concentration of
nontoxic nickel was thought to provide the explanation for
the unexpected intercept value. However, there is no
abvious reason to think that the quantity, or even the
percentage of total toxicant, is the same across samples
for other toxicants, or for nickel in other matrices.

For the efiluent samples that lose their toxicity in
a short time, the nomtoxic effiuent can be used for the
suspect toxicant(s) tests as a dliuent in parallel tests
using a standard dilulion water to elucidate matrix effects
on toxicity. Toxiciy test results with quite ditferent toxicity
would reflect matrix effects. If toxicity is persistent, devel-
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Figure 2.5, Correlation of toxic units (TUs) for a POTW effiuent and
the suspect toxicant, nickel.

oping two separate correlations using pure chemical addi-
tions on two different effluent samples, each with sub-
stantialiy different toxicant concentrations, might be useful.
If the toxicity test results indicate that the biologically
unavailable portion changes with measured concentra-
tions, the slope should be different than one. This ap-
proach requires careful work and the investigator must
consider incorporating equilibfium time experiments (cf.,
EPA, 1503A).

Metals can be espacially difficult toxicants to
implicate using comrelation because the toxicity of metals
is typically very matrix dependent. When the knowledge
of these characteristics is extensive for a chemical, as itis.
with ammonia (see Phase ll), testing can be tailored to
the chemical and a very powerlul correlation obtained.
The farge amount of available information on ammonia
does not exist for most metals. In these instances, the
logic pattern should to be reversed where the approach
has to hecome: i x is the foxicant, what are the matrix
effscts?. These can be found by pure chemical testing
combined with Phases | or Il manipulations. Once an
adequate understanding of matrix effects is obtained, the
information can be used fo answer the question: Is the
effluent toxicam behavior consistent with the matrix ef-
fecis for the suspect toxicant?

Matrix effects will have varying impacts on toxi-
cant behavior that also depends on the etfluent effect
concentration. For effluents which have effect concentra-
tions In the <10% range, the test solutions wili more
cfosely resemble the diluent water matrix than the effiu-
ont. if the efiluent has effect concentrations in the 50% to
100% range, the matrix effects of the test solution will
most fikely resemble those of the effluent, not of the
dilution water. Since effluent TUs are calculated from
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responses occurring in the dilution near the effect con-

centration, the matrix characteristics of that concantration

are of the most concem for correlation. Thus the lmpor-

tance of the effuent matrix effects diminishes as the

toxicity of the effluent is greater (i.e., matr|x at effect lovel
is more ke dilution water),

One can safely say that the difficulty of simulating
the matrix effects with a simulated effluent is quite large
s0 that the choice is clearly to use the actual effluent
when possible. An impontant reason for this choice is that
so few matrix effects have been studied extensively, and
beyond pH and hardness lithe data exists. Even then the
interrelationship betwaen pH, alkalinity and hardness were
oflen ignored.

The above discussion does not provide all of the
options on how to handle matrix effects. However, it

should provide convinging evidence that more than the
correlation step alone Is necessary 1o provide adequate
contirmation!

In summary, the TIE research experience has
revealed two major areas of potential problems in using
the correlation approach. The lack of additivity for toxi-
cants found in effluents requires careful analysis when
caleulating TUs for regression purposes. Sacondly, when
thare are matrix sffecls, correlation becomes difficult be-
cause the effluent matrix might change from sample to
sample and because there are no analyses specific for
the toxic forms. For such effluents, other confirmation
techniques should be used more extensively 10 better
support the overall confirmatory efforts.

2-6
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Section 3
Symptom Approach

Ditterent chemicals may produce similar or very
different symptoms in a test species. Probably no symp-
fom of intoxication Is unique to only one chemical. There-
fore, while similar symptoms observed between two
samples means the toxicant(s) could be the same or
different, different symptoms means the toxicant(s) Is
definitely different, or there are multiple toxicants in the
two samples. By observing the symptoms displayed by
the test organisms in the effiuent and comparing them to
the symptoms displayed by test organisms exposed to
the suspect toxicants, failure to display the same symp-
toms means the suspect toxicant(s) is probably not the
true one ar the only one.

. Behavior of most test species is difficult to put
- into words so that a clear image of behavior i3 obtained.
Behavioral and morphological changes of 30-d old fathead
minnows {Pimephales promelas) were used as diagnos-
tic endpoints in 96 h flow-through single chemical tests.
Organic chemicals of various modes of action were tested
and video recordings were used to monitor the behav-
ioral response (Drummond et al., 1986; Drummond and
Russom, 1990). Substances within a single chemical
classification did not necessarily cause the same type of
response (Drummond and Russom, 1980). Therefore, it
is difficult to predict chemical classification using behav-
ioral monitoring alone.

This type of behavioral monitoring data does not
exist for the cladocerans or the newly hatched fathead
minnows or other species that are most frequently usad
in the TIE process. However, noting vatious symptoms Is
useful in the TIE. This Is done by simply exposing the test
specles to the suspect toxicant(s) and observing how
they react. By the time confirmation Is inltiated, toxicity
tests with the suspect toxicants will have been conducted
using pure compounds and symptoms may have been
observed. It is important to note the symptoms observad
during all testing because such characteristics can be
very helpful in confirmatory work.

The intensity of exposure concentrations might
change the symptoms observed with the suspect toxicant
in the effiluent. Therefore, # is Imporiant to compare
symptoms at concentrations that require about the same
period of onset. This can be done by comparing symp-

toms at exposure concentrations that have sknilar TUs. In
this way both the unknown (sample) and the known
toxicants (pure compound) can be set at the same toxicity
level. ’

Obsedvations of the organisms should not be
delayed until the normal length of the test has etapsed.
With some toxicants, the test organisms will show distine-
tive symptoms soon after the exposure begins, whereas
later, symptoms are often more generalized and less
helpful. For some other toxicants, a sequence of different
symptom types are displayed by the test organism over
the exposure period and the sequence may be more
definitive for a given chemicat than the individual syrmgp-
toms. In few cases will the symptoms be unique enough
to specifically identify the toxicant, but symptoms different
from those caused by the pure suspect toxicant are
convincing evidence that the suspect toxicant is not the
true or only one.

. Asecond caution is needed regarding mixtures of
toxicans. Mixtures of toxicants can produce symptoms in
test animats different from the symptoms of the individual
toxicants comprising the mibdure. When more than one
toxicant is involved, the investigator must not only include
all the toxicants, but inciude them in tha same ratio as
measured in the effluent. Often the toxicant of the mixture
at the highest concentration relative to its eflect concen-
tration will cause most of the symptoms. As for single
toxicants, the mixiure concentration causing the same
endpoint in a similar exposure period should be com-
pared. Spiking effluent with the suspect toxicants and
comparing the results of the spiked effluent sample and
the unspiked effiuent sample toxicity tests, both near their
eﬂecst)concemrations, is a good approach to take {Sec-
tion 5).. .

Symptoms caused by the foxicant(s) might be
quite different among different species of organisms;
therefora the use of two or more species provides in-
creased definitiveness of the observations. For both spe-
cies, the reseascher must compare symptoms at
concentrations that are equitoxic. The greater the differ-
ence in sensitivity, the more important this becomes. The
chemical concentration is unimportant; the impostant con-
sideration is that equitoxic concentrations are compared,
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Suppose, for example, species A and B have LC50
values for a suspect toxicant of 1 and 80 mgl. Then
concentrations of 2 and 160 mgA may be used to com-
pare symptoms of specles A and B, respectively. if the

onset of symptoms is rapid, then perhaps 1.25 and 100

mg {1.25xLC50) should be tried. Since symploms vary
with the exposure intensity, using varlous muttiples of the
LC5D {le., 0.5, 1, 2x) can add additional confirmation
data, if the same set of symptoms are séen inboth seres.
It more than one toxicant Is involved, and the ratic of the
two species' LCS0 values for foxicamt A is markedly
differert than for toxicamt B, C, D, ..., then the definitive-
ness of using symptoms is even gregter.

For acule foxicﬂy. time-to-mortality at equitoxic
concentrations can be used as a symptom type of test.

Some chemicals cause mortality quickly and some cause
montality slowly. if for two effluent samples, toxicity s
expressed quickly for one and for the other very slowly,
the toxicants are probably not the same.

In chronic testing, use of symptoms is also appli-
cable. For example, adult mortality, number of young/
female, death of young at birth, growth retardation, abor-
tion, or time to onset of symptoms, all can also be
monitored and such observations may be useful. The
shape of the dose response curve may also be a determi-
nant in assisting in confirmation. Some chemicals show
an alt or none type of response {diazinon) while others
(i.e., NaCli) display a relatively flat concentration-response
slope for chronic toxicity. _

32
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- Section 4
Species Sensitivity Approach

The effect concentrations can be compared for
the efiluent of concern and the suspect toxicants, using
species of different sensitivities. if the suspect toxicant{s)
is the true one(s), the effect levels of effluent samples
with different toxicity to one species will have the same
ratio as for a second spacies of different sensitivity, Also
the ratio for each species should be the same as for

known concentralions of the pure toxicant. The same .

ratio of effect values for two spacles implies the same
toxicant in both samples of effluent. Obtaining the same
affluent toxicity ratio among various effluent samples for
each specles as Is abtained by exposure to comparable
concentrations of known toxicants, implies that the sus-
pect toxicants are the actual ones present. Howaver, if
other effluent characteristics affect toxiclly and if they
vary, the ratios could also be affected.

The common notion that goldiish are resistant to
most toxicants-and trout are sensfive to most toxicants is
not readily substantiated (AQUIRE, 1992). Many species
are more sensitive to certaln groups of loxicants than
trout. Of course, there are generalizations that can be
made. For example, sunfish (Centrarchids), fraquently
are much more resistant to metals than goldfish, min-
nows, and daphnids (AQUIRE, 1992), Daphnids tend to
be more resistant to chiorinated hydrocarbon insecticldes
than many fish species and more sensitive 1o organo-
phosphate insecticides (AQUIRE, 1992). These differ-
ences must always be verified for the suspect toxicants;
generaiities can only be used as an initial guide to
species selection, Sensttivity differences of 10-100x may
occur in some chemical groups and not in others. If
several loxicanis are Invoived, interpreting the resufts
and dasigning the ancillary experiments is more difticult.
It successiul, the power of the result for multiple foxicants
Is much greater than for a single foxicant. The difference
in sensitivity between Ceriodaphnia and fathead min-
nows has, on saveral occasions, ravealed either a change
in the suspect toxicants present in a serias of effluent
samplas, or the presence of other toxicants In addition to
those suspected.

Comparison of sensitivity among species has
another very important use. Some specles may evidence
toxicity from an effluent constituent that the TIE test
species did not. 1f this happens, then the above compari-
son will be confused, but at least there will be a waming
that the suspett toxicant may not be the cause of toxicity.
In order to defermine what is happening, the investigator
should step back to Phase Il, and possibly step back to
Phase | o characterize the addiional toxicant and then
identify the toxicant using the new species. A second
Phase Il effort might be necessary for this toxicant and
specigs. It is important not to assume fhat the resident
species have the same sensitivity as the TIE test specles.
Especially for freshwater discharges Into saliwater this
concern is critical when a saltwater organism triggered
the TIE, because at prasent the techniques and proce-
dures described in Phases | and Il are most likefy to be
done using freshwater organisms especially since the
effluent is freshwater. If the concern is for marine organ-
isms and their protection cannot be assumed (ct., Section
8, Phase |; EPA, 1991A}, confirmation must be conducted
with marine organisms.

{n ¢hronic testing, chemical and physical condi-
tions might differ more among tests on different species
because food must be provided during the test period and
different foods are used for each species. For example,
the final pH of fathead minnow 7-d tests might be lower
than in acute fathead minnow tests and-both are likely to
be lower than in Cericdaphniachronic tests due to greater
respiration rates for fish than cladocerans and food in fish
tests. i the investigation was to confirm ammonia toxicity,
this pH difference could result in confusing results by
showing the Ceriodaphnia 1o be more sensitive than the -
fathead minnows when the reverse should be true (cf.,
EPA, 1983A; Phase ll). The above example lHustrates
reasons to maintain careful quality control in Phasa 1li
work.

4-1
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Section 5
Spiking Approach

in spiking experiments, the concentration of the
suspect loxicant(s) is increased in the effluent sample
and then toxicity is measured to see whether toxiclty is
increased in proportion fo the Increase in concentration.
While not conclusive, it toxiclty increases proportionally
1o an increase in concentration, considerable confidence
Is gained about the true toxicant(s). Two principles form
the basis for this added confidencs. To get a proportional
increase in toxiclty from the addition of the suspect
foxicant when it is in fact not the true foxicant, both the
true and suspect toxicants would to have 1) very simifar
toxicity and 2) to he strictly additive. The probabliity of
both of these coinciding by chancs is small.

Removing the suspect foxicants from the etfluent
without removing other constituents or in some way
aftering the effiuent is usually not possible, The inability
to do this makes the task of establishing the true toxicity
of the suspect toxicants in the effiuent difficult. For many
toxicants, ettiuent characteristics, such as TOC, sus-
pended solids, or hardness, affect the toxicity of a given
concentration, Some characteristics, such as hardness,
can be duplicated in a dilution water, but certainly not
TOC or suspended solds because thare are many types
of TOC and suspended solids, and generic measure-
ments do not distingulsh among the different types. For
example, effluent TOC occurs as both dissolved and
suspended solids, In POTW effluents, the source of the
TOC Is likely to be largely from biological sources, both
plant and animal (e.g., bacteria) and bactetria are likely to
make up a targe component of suspended solkis. i there
have been recent storms, oily materiais from stormwater
runoff might be high. Simulating TOCs from such variable
sources Is next to impossible bacause TOC is not solely
the result of man-made organic chemicals. For sus-
pended sollds, shape, porosity, surface-to-volume ratio,
charge and organic content (all or any), will impact sorp-
tion characteristics. None of these qualities are mea-
sured by the standard methods for measuring suspended
solids nor can they be reproduced in a simulated effluent.

in a simple system, such as reconstituted soft
water, it Is reasonable to expect that for most chemicais a
doubling of the chemical concentration will double the
toxicity, at least In the effect concentration range. if the
solubility of the toxicant is being approached or there are

effects from water characteristics such as suspended
solids, then the toxicity might not double or concelvably
could more than double. For example, if a chemical witha
large n-octanol/water partition coefficient (lag P) is largely
sorbed on solids, doubling the total conceritration mighit
more than double the toxicity because the added chemi-
cal might remain in solution. Another important issue fs
that equilibrium might not be established during the entire
test period and is probably unikely to occur before the
test organisms are added. For example, in our TIE re-
search, we found various surtactants sorb to solids and
can be removed by filtration (Ankley et al., 1990). Inthese
experiments, however, filtration fajled to remove surfac-
tants immediately after thay were spiked in an effluent but
surfactants were removed after a few days equilibrium
time. Qther chemicals are likely to show simiiar behavior
in regard to equilibrium time.

if several toxicants are involved, then their inter-
action (additivity, inrdependant action, synergism) must be
meastired or otherwise inclugdad in the confirmation pro-
cess (cf., Section 2). Since ratios might be as important
as concentration, the best way to spike when multipls
toxicants are invoived is to increase each toxicant by the
same number of TUs (e.g., by doubiing each). I this way
the ratios of the toxicities remain constant.

The fact that two or more toxicants fail to show
additivity is useful evidence in confirmation. Interpreting
spiking data might require a very high leve! of compe-
tence in both toxicology and chemistry; otherwige the
data coukd be very misleading. Using more than one
species of differing sensitivity is effective in adding conti-
dence fo the results. When matrix effects are compli-
cated, other types of spiking ¢an be done 10 reduce the
effects of the effiuent matrix characteristics. if a method
exists for ramoving the toxicants from the effiuent, such
as the C,, SPE procedures (EPA, 1993A), the extracts or
methanol fractions can be spiked with pure chemicals in
addition to spiking effluent, using the same principles as
described for effluents. The advantage in this approach is
that matrix characteristics such as suspended sofiis and
TOC will ba absent or much reduced and will not affect
splking experiments as much. The disadvantage is that
proof that the extracts or fractions contain the true toxi-
cants must be generated. Some approaches for doing
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this are given in Saction 6. The use of the spiking ap-
proach Is especially applicable to fractions from the C,,
SPE column or the high performance liquid chromatogra-
* phy (HPLC) column used for the isolation of non-polar
organics. In these procedures, the ¢conslituents are sepa-
rated from much of the TOC, suspended solids anc
hardness, so that spiked additions might be strictly addi-
tive where they might not be in the effluent. Suggestions
and precautions about ratios and all other previpusly
discussed concems apply here too. In addition, concerns
about the methanol percentages In the toxiclty tests, the
amount of SPE or HPLC eluate required for the toxicity
tests and the issue of toxicity enhancement by methano!
must be considered In order to generate the apprapriate
toxicity data. Spiking the methanol fractions with suspect
foxicants, however, does not provide the same confi-
dence about the cause of toxicity in the effluent as spiking
the effluent directly. The mass balance approach de-
scribed in Section 6 could be coupled with spking the
affluent with a portion of the fractions to make the data
more relevant to whole effluent toxicity.

For chronic testing spiking a portion of the metha-
nol fractions, such as C,, SPE methanol fractions into
dilution water to mimic the eifluent, requires some special
considerations as discussed in the chronic Phase | (EPA,
1992) and the new Phase [l (EPA, 1993A). For any test
species, the effects of the methanol at the effluent spiking
concemtration for the test species must sither be essen-
fially non-existent or clearly established sa that proper
interpretation is appllied. The use of spiking for chronic
foxicants of the methanol fractions is not as easy as the
spiking for acute toxicants due to the limitations in the
quantity of methanol that would be added with each
fraction for the toxicity test. If the chranic toxicity effect
leval is around or <25% effluent and the highest fraction
tested is 4x higher than the chronic effect level, add-back
tesis can be conducted simitar to the acute add-backs but
- the quantity of methano! required for the testing and

. analysis must be considered (cf., Section 2; EPA, 1993A).
As discussed In Phase |, once a suspect toxicant has

been tentatively identified, the steps of confirmation should
be started although sample volumes of methanol eluates
might limit the amount of testing {(see Phasa ||, Seclion 2;
EPA, 1993A) with chronically toxic samples. Splking of
appropriate levels for chronic toxicity for single chemicals
{or mixtures) is limited as sublathal data are not as
plentiful as acute data. The acute toxicity of some chemi-
cals might be altered by methanol (i.e., surfactants). The
possibility that this is occurring must be checked and a
correction applied it warranted. Spiking fractions also has
applicability for hidden toxicants; refer to Section 9 for
further details. :

Spiking can also be done effectively when the
suspect toxicant(s) of concern can be removed. However,
since other toxicants might also be removed, the data
must be carefully interpreted. Ammonia is a good ex-
ample (cf., Phase li; EPA, 1993A) to use with this tech-
nique where one toxicant can be removed. Ammonia ¢an
be removed from the effluent by passing samples over
the zeolite resin, after which the concentration ¢an be
restored in the post-zeolite effiuent by the addition of
ammonia. if toxicity is also restored, then # is likely that
there is sufficient ammonia to cause the toxicity observed.
However, it cannot be concluded from these data alone,
that ammonia is the cause of toxicity because the zeolite
can also remove substancas other than ammonia. An-
other substance which is non-additive with ammonia yet
present at a fesser or the same number of TUs could
cause the Initial effluent toxicity but not be discernable by
this removal technique. This is an example of a hidden
toxicant (see Section 9). For acute toxicity, zinc could
behave exactly this way because it is non-additive with
ammonia yet zinc is also removed by zeolite. Using other
ammonia removal methods, such as high pH stnpping,
followed by spiking to the inRial ammonia concentration
will enhance confidence that a hidden toxicant is not
present. Qther examples involving the C,, SPE column
and various ion exchange resing would be approached
and interpreted simitarly.

5-2
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Section 6
Mass Balance Approach

This approach is applicable only 1o those shtua-
tions in which the toxicant{s) can be removed from the
effluent and recovered in subsequent manipulation steps.
The objective is to account for all toxicity to assure that
small amounts of toxicity are not being lost. This concern
is partly covered by the correlation approach (Section 2};
howsver, a totally different toxicant present at a small
concentration could appeaar as experimental variability in
the correfation and go unnoticed.

The mass balance concept is best described by
ustration for acutely toxic effluents and the C,, SPE
fractions. As described in Phase il (Section 2.2.?; EPA,
1993A) tor acutely toxic effluents, the effluent has been
passed over a C,, SPE column which is then eluted with
the methanolwater fractions. After the toxicity tests on
the individual fractions are completed, add-back tests
can be initiated o determine whether ali of the toxicity in
the original sample was accounied for in the SPE frac-
tions, For this step, there are three separate tests (with
dilutions and replicates to calculate effect endpoints) that
must be conducted which consist of the all-fraction tes!,
the toxic-fraction test, and the nontoxic-fraction test. As-
suming a compiete recovery of all non-polar onganics
from the SPE column, this should vield a solution of non-
polar organic compounds equal 10 the original sample
concentrations. In the mass balance approach, these
add-back tests are conducted using an aliquot of the
effluent that has ‘passed through the C,, SPE column
{post-SPE column nomtoxic effiuent) or an aliquot of
dilution water. Each toxic fraction is added back to the
post-SFE column effiuent, so that each Is present at
original effluent concentrations (lL.e., 1x effluert concen-
tration). For example for acutely toxic effiuents, the toxic-
fraction test solutlon is prepared using methano!
concentrations as described in Phase il {i.e., Section
2.2.7; EPA, 1993A) and for each fraction where foxicity
was observed in the fraction toxicity test, 30 i of each is
added to the same 10 mi of nontoxic post-C,, SPE
column effluent {or dilution water). A portion of each of
the remalning fractions where toxicity was not demon-
strated are now added to a second post-SPE column
aliquot at effluent concantrations for the nontoxic-fraction
test. Finally portions of all the fractions (e.g., n= 8 for
acutely toxic effluents) are added to a third post-SPE
column aliquot at effluent concentrations for the all-frac-

6-1

tion test. If all the toxicity is exhibited in the toxic-fraction
test, then the all-fraction test results and the toxic-fraction
test results should be the same as in the unaltered
effiuent. Results from the nontoxic-fraction test shoutd
indicate that no toxicity is present. This mass balance (or
add-back) approach aliows the ressarcher to ascernain
whaether or not the toxicity in the toxic-fraction test equals
the effluent toxicity. Small amounis of toxicity can be
undetectable in the toxic-fractions when tested separatsly
or the toxicant(s) might not have been eiuted fromthe C,,
SPE columns. Unless mass balance experiments are
conducted, such loss of toxicity might not be detected. In
the effluent example discussed in Section 2, the toxicity
was contained usually in the 75%, 80%, and 85% frac-
tions and occasionally in the 70% fraction®. The re-value,
slope, and intercept were all close to the expected values
if two toxicants (diazinon and CVP) were causing the
effluent toxiclty (Figure 2-3). However, in Table 6-1 the
results of mass halance tests indicate that toxicity from
the ali-fraction test was greater than the toxicity of the
foxic-fraction test. While this difference is small, it did
seem 10 be real and was attributed to a smali amount of
another toxicant in the 70% fraction. in 11 of 12 samples,
the results from the all-fraction tests indicate there was
greater toxicity than was found in the toxic-fraction tests.
On the few occasions when the 70% fraction was toxic, it
did not contain any of the three suspect toxicants. Without
the mass balance data, consistent presence of the addi-
tional toxicant would not have been discovered.

At the stage where the toxic-fractions have been
identified, the test of the fractions in a mass-balance test
is highiy desirable. For ¢hronic toxicity testing, the amount
of eluate avaflable might be limited following the fraction
toxicity tests. Using eluate for the add-back tests might be
a trade-off between tracking toxicity and having sufficient
eluate to concentrate for fusther analysis. This limits the
add-back tests broad appficability for chronic toxicity TIEs
uniess the eftiuent Is toxic enough that at 4x the chronic
effect lavel, the methanol concentrations do not exceed

3During development of the non-polar organic procedures, various
:L“““ profiles were used that included the 70% methanclwater
ction.
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Table 6-1. cornparlun of Effuent Toxiclw and Toxicity Measured in
Effiluent Fraction Add-back Tests

Toxio Units (TUs)

Sample Effluent All-fractions Toxic-fractions
12/03/67 1.18 1.64 1.43
o1/12/88 2.00 2.04 313
0113/88 193 2.8 263
02088+ <100 1.15. <1.00
02088 2.00 1.75 164
03/02/88* 1.96 1.0 <1.00
03/03/88-1 1.58 152 113
0323/88. 3.70 3.03 2.88
03/23/68-H 2.86 2.86 244
O4/28/88 2.27 1.72 1.64
05/17/88 227 2.04 2,00
05/17/88 227 1.67 1.59
Moan 2.13 2.18 2.00

Walues axcluded from maan caleulations due to lasa than valuas.

the organisms tolerance. For chronically toxic samples,
the all-traction add-back test with C. dubiz Is not possible
due to high methanol concentrations in test cups unless
chronic toxiclty Is below 25% and add-backs are done
using 25% effluent as the high test concentration (cf.,
Phase Il; EPA, 1993A). The data from the individual
methanol'water tests may be summed; however this ap-
proach must be considered mors tertative than add-back
tests (see below).

: A deficlency in the above approach to mass
balance is that there can be some toxicity in the post-SPE
column effiuent which has not besn removed by the C

SPE but which is not present In concentrations high
enough to datect. The above mass balance approach
alone will not identify this. However, i the add-back tests
describad above are reg.eated using a standard dilution
water, residual toxicity i the post-SPE column effluent
should cause the toxic-fraction toat and afi-fraction {est to
show more toxicity when added to the post-SPE column
effluent than when added to dilution water. A confounding
affect of this approéich is that if the toxicity is changed by
matrix effects (suspended solids or TOC}, then the toxic-
ty will be different In the clean water test. Matrix effécts
can he discerned, in part, by a third spiking experiment
whaere a portion of all of the fractions and a portion of each
toxic-fraction test are splked into whole fikered effluent
(which has not passed through the C,, SPE column). i
the addback tests in dilution water Indicates greater toxic-
ity than the addback tests with the post-SPE column
effluent, and tha same type of addback test experiment
with fitered effluent (l.e., 1 um filter) indicate that the
:rr‘a;jckt:ionsd are exactly additive, then matrix effects are

ated.

Some post-SPE column effluent samples develop
fungal or bacterial growth or perhaps a precipitate forms
after the effiuent passes through the column. For the
fungal type of growth, this s thought to occur when some
methancl bleeds into the effluent as it passes through the
column and more rinsing will not eliminate this problem.
Soma effluents consistently develop this type of growth in
the post-column effluent while others exhibit this pattem
in only an occasional sample. To alleviate this problem,
conditioning the column with acetonttrile has helped (ct.,
the acute Phase | (EPA, 1991A) and chronic Phase |
(EPA, 19902) for details). When methanol fractions are
spiked into the effluent this probiem might or might not be
enhanced; wa have found this to be an effluant-specitic
occurranca.

Caution Is warmranted In situations where toxicity
is containad in more than one SPE fractlon. The re-
searcher should not necessarily expect the texicity ex-
pressed by each individual fraction that is tested separately
to add up to the total effiuent toxiclty. First, toxicants may
not be additive and second, soms toxicily which cannot
be detected in individual fractions may add to the whole
toxicity. For example, any one C,, SPE fraction may not
show toxicity but may contailn sorme of the toxicant that is
in the adjacent toxic-fraction. In this case, the toxicity of
the toxic-fraction test would be fess than expected. If this -
happens in more than one pair of fractions, the sum of the
toxicity from the toxic-fraction test will be less than the
effiuent toxicity or ali-fraction test. These concerns are
especially important when severat toxicants are invoived
and one or more occur in more than one fraction.

For effluents where the C,, SPE column is not
used, but where the toxicants can be removed from the
sample, the same objectives should be achievable, but
the methods will be different. For example, if an effluent
appears 1o contain a volatile toxicant, the mass balance
could be dons on the trap and on the purged sample.
Since we have not yet done mass baiance on samples
such as these we have no experience from which fo offer
addiional guidance or advica.

Some of the mass balance process begins in
Phase I, and there is a subtle difference in the purpose of
mass balances in Phases Il and Ii. in'Phase li, usually
only a few samples are used and mass balances are
necessary to determine the nead for more identification in
those few samples. The mass balance is useful in early
stages of Phase Il as well before toxicants are identified

- al all, because it aflows the investigator to decide if the

R.2

toxicants present at 2x or 4x whole effluent concentra-
tions are also expressing toxicity at lower concentrations.

In Phase (Il as many samples are {ested, the
mass balance approach can provide information over
time with many samples whether or not the suspect
toxicants consistently account for all or the majority of the
toxicity. As illustrated above, the power of the mass
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balance approach to detect small degrees of toxiclty is
better than for the correlation approach.

When a portion of the toxicant is not biologically
avallable and therefore does not contribute to toxicity,
care must be laken to assure that removal of the toxicant

from the sample doas not remove biologically non-avail-
able portions. An example of this siuation may be ihe
altemative solvent extraction procedures which may re-
move a bound toxicant(s) sorbed on suspended sofids
with the solvent and is now toxic, yet it was not toxic in the
unaliered sample.
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Section 7
Deletion Approach

in some situations, particularly for industrial dis-
charges, keaping the suspect toxicants out of the waste
stream influent or effluent for shot periods of time and
also conducting toxiciy tests on the wastewater simulta-
neously may be practical. When this approach can be
used, it offers the most convincing evidence obtainable
that the suspect toxicants are the true ones. Care must
be taken however, that other substances are not deleted
or that some characteristic such as pH does not change
also, (f a regearcher can be certain that all changes are
known, then this approach is definiiive. Changes in the

toxicams with time are as much of a concem here as in
any other approach. These can be handied by the ap-
proaches outiined in earlier sections and the deletion
approach need not be done repeatediy; however, it i
waere practical to do so, it would certainly be efiective. i
some samples do not contain one or more suspect toxi-
cants, these efftuert samples can be used to the advan-
tage in confirmation in much the same way as intertional
deletlons described in this section can be used to confirm

taxiciy.

-1
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Section 8
Additional Approaches

This section mentions only a few of many steps
that can be used 10 further confirm the cause of toxiciy.
The steps mentioned are mostly those that we have usad
and found helpful and practical.

The pH Is one of the most important effluent
characteristics that changes toxicity. The pH of POTW
efftuents, sediment pore or elutriate waters, and ambient
waters will almost always rise when they are exposed to
air, aspacially in the smal! test volumes used in TIE work.
Commonly, pH in an effiuent sample at 25°C will rise
from 7.1-7.3 to 8.3-8.5 during a 24 h period. That pH
change Is enough to Increase ammonia toxicity (based
on total ammonia) about three fold. Such pH changes
can dastroy work for some purposes, but by regulating
these pH changes, the pH fluctuations can be used to
great advantage for other purposes.

Phase Il (EPA, 1993A) describes the use of pH
change to identity ammonia toxicity. The toxicity of some
metals, hydrogen cyanide and hydrogen sulfide among
others, is altered by pH change. Other characteristics,
such as hardness, can also be varied to see ¥ the
changes in toxiclty follow a predictable pattern. The
toxicity of some metals could be approached in this way.
Not all equiiibria are as rapid as the ammonia equilibritm,
so the amount of time for equilibria to accur should be
controfled and standardized (cf., Phase Il; EPA, 1983A).
Various time periods may have to elapse before the
expacted changes occur and this may difier with each
effluent. With the improved methods of pH control de-
scribed in the Phase | documents (EPA, 1991; EPA,
1892}, much more usé can be made of pH manipulation.

Often chemicals In effluent samples may not be
bioclogically available, and ¥ they are not, then they are
not likely to cause toxicity. They may be made biologi-
cally avallable through some manipulation in Phase { and
subsegquently identified in Phase II. Through confirma-
fion, the toxicity due to such a toxicant will become
apparent when the correlation indicates a poor it (cf.,

Section 2). For many toxicants, biological availability can

. be demonstrated by measuring body uptake. i the con-

stituent of concern enters the body from the effluent, i is
certainly biologically avallable. Exposure to pure com-
pounds may be necessary o establish which particular
organ should be evaluated for the toxicant. In acute metal
exposures using fish, most metals concentrate first in the
gills while non-polar organics concentrate in fatty tissues
such as the liver, When a chemical is metabolized by the
ofganism, a residue measurement for that compound is
not a valid measure of the lethal body burden because it
is unknown whether the metabolite Is more or less toxic
than the parent compound. If the suspect toxicant has a
known mode of aclion, such as the acetylcholinesterass
inhibition produced by organophosphate pesticides, this
exposure effect can be measured to assess if toxic efects
conform with the predicted effect. The use of enzyme
blackers such as piperonyl butoxide (PBO) is also an aid
in confiftriing toxiclly caused by specific classes of toxi-
cants (ct., Phase Il; EPA, 1993A}.

As additional steps are needed for coniirming the
cause of toxicity, combinations ¢f various Phase | and
Phase 1t procedures should always be used whenever
practical, When several results are combined and all
results are indicating the same type of toxicant, the dala
are more conclusive than whern only one procedure ylelds
predicted results.

Total dissolved solids (TDS} are a common prob-
fem in certain areas of the country and for cerlain indus-
tries. TDS will not cause toxicity from osmotic stress (this
can easily be shown because their oxicity is not related to
osmotic pressure) but rather TDS acts as a set of specific
toxicants, For toxicity caused by TDS, the ratios and
concentrations of the major cations and anions can be
measured analytically. A similar mix of these major jons
can be added to 2 diution water 10 see i the expected
toxicity Is present. By testing various mixtures, the re-
searcher can ascertain which of the TDS components
contribute most 1o the toxicity.

81
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Section 9
Hidden Toxicants

in the previous section, relersnces were made to
the problem of hidden toxicants. Essentially there are two
situations which may produce the problem of hidden
toxicants, The first situation occurs when disparate ratios
of TUs of two toxicants are present in the effluent sample.
Since the effect concentration is measurad by diluting the
. effluent, when disparate ratios occur, the TUs of the
toxicant present In fewer TUs in 100% effluent are so low
at the effect diluent, that its contribution i any, is not
measurabla. This problem exists whether the toxicanis
are additive or non-additive. This situation generally will
not be encountered In effluents that have very slight
toxicity {Le., effect concentration 75% to 100%) because
little or no dilution is required to achleve the effect con-
centration. For those texicants present in disparate ratios
in effluents with marginal toxicity, the chemical present at
the low levels may be nontoxic even in 100% effluert.

The second situation where hidden toxicant(s)
occurs is when the toxicants are non-additive or partially
additive in the effluent sample. These toxicants may
occur at approximately equal TUs or at disparate ratios of
TUs, as iong as those prasent at lasser TUs are prasent
at 1 TU inthe 100% effluent (cf., discussion of performing
correlation on these fypes of toxicants, contained in
Section 2).

if confirmation is being conducted for both acute
and chronic toxicity or if acute toxiity is being used as a
surrogate for chronic toxicity, the acute to chronic ratio
must also be considerad. For axample, conskler an
effluent with toxicants A and B for which the acute-to-
chronic ratios are 3 and 12, respectively and the TUs for
acute toxlolty are 2 and 1 in an effluent sampla for A and
B, res ly. By definition, 1 acute TU (TU,) for toxi-
cant A equals 3 chronic TUs (TU)) and for B, T TU, = 12
TU.,. In this example, the acute toxicity of the eftluent wilt
be determined by A and the chronic toxicity will be
determined by B. If in another shuation, the acute-to-
chronic ratios for two compaunds were similar, then one
of the toxicants would determine the effect concentration
for both acute and chronic toxicity. These examples
llustrate the importance of acute-to-chronic ratios for
non-additive toxicants. Acute-to-chronic ratios have spe-
cial importance for additive toxicants when acute toxicity
is being used as a surrogate measure for chronic toxicity.

if acute toxiolty is being used as a surrogate it must be
demonstrated that the cause of the acute toxicity is the
same as the chronig toxicity. When acute toxicity is used
as a surrogate for chronic toxicity in Phases t and It
interpretation 'of the results can easily be biased and
these considerations are important.

When a toxicant can be removed from the efflu-
ent and recovered, the identification of the presence of a
hidden toxicant is more readily known. For example, the
use of the C,, SPE column may remove hidden loxicants.
The mxlcantfs) is recovered in the eluate and measured
both analytically and toxicologically. This type of hidden
toxicant may be observed if ammonia is present at con-
centrations that could cause toxicity. For example, in an
effiusnt sample ammonia is present at 3 TUs. Ammonla
will not be removed by the C,, SPE column and yet an
additional 1.5 TU of & non-po'l'ar organic toxicant is evi-
dent when the C, | SPE eluate test is conducted. If the
discharger applied' remedial treatment they would be able
to remove the ammonia toxicity yet the eftiuent would still
be toxic. The same concept of hidden toxicams can be
found when oxicants are removed by sublation which is

- followed by recovery and concentration of toxicity {cf.,

Phase I; EPA, 1991A; EPA, 1892). For éxample, sublation
can separate some surfactants, resin or fatly acids, and
polymers fram such constituents as rmetals and ammonia.
Hydrogen sulfide can he removed by a purge and trap
method, thereby separating it from other effluent canstitu-
ents. ’

Specific blockers of toxicity such as EDTA for
metals and PBO for organophosphates are also usefulin .
establishing the cause of toxicity. The more specitic the
blocker, the more definltive are the resuits. However,
presont knowledge does not allow us to be certain that
compounds such as EDTA do not also affect the toxicity
of other chemicals. Use of two specific blockers such as
EDTA and sodium thiosulfate for copper, allows more
definitive conciusions (cf., Phase I; EPA, 1892).

Manipulating characteristics such as pH is useful
but can easily misiead thinking. For example, if the etfiu-
ent has ammonia toxiclly, the toxicRy due to ammonia
should disappear i the pH Is lowered appropriately. Thase
results do not allow a conclusion that there are no hidden
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toxicants. If, however, the pH is lowered 50 as to eliminate

ammonia toxicity but the effluent toxicity exists or even

increaseas, then the likelihood of a hidden toxicant is high.
Unfortunately a complication to this rationale s that the
toxiclly expressed at the lower pH may be totally artifac-
tual due to machanisms of pH adjustments.

The best approach to find hidden toxicants is to
first use, those methods that alter the effluent the least,
can remove and recover removed hidden toxicants, and
are most specific for a few toxicants. This advice is most
applicable where the effort is to try to find out f some
specified type of toxicant Is a hidden one, e.g., is there a
non-poiar organic as a hidden toxicant.

if, however, the search is for any type of hidden
taxicant then every conceivable technique should be used
that weuld help to distinguish a hidden toxicant from the
sugpect toxicant(s). Hidden toxicants ara very hard to find
when ammonia is the primary toxicant. Various tests used
to identify ammonia as the toxicant, i.e., use of the zeolite
resin, graduated pH tests and alr-siripping (EPA, 1993A),
all have a reasonable probability of changing the toxicity
of many other potentiai toxicants. Forinstance, i is known
that zeolite removes some non-polar organics and met-
als. Alr-stripping (at pH 11) could also remove or destroy
many other chemicals as-it often must be done for a
extended period of time to achieve good ammonia re-
moval. The graduated pH test resuits might also implicate

a metal as a toxicant {EPA, 1993A). If these tests were

conducted in Phase I (EPA, 1993A) and the resulis
consistently indicated ammonia toxicity, these data indi-
cate that there are no hidden toxicants. The required
characteristics for a hidden toxicant to behave exactly as
ammonia are vary specific and obtaining rasults like those
des;crl?ed above for a toxicant other than ammeonia is
unlikely.

9-2

if the hidden toxicant Is additive with the suspect
toxicant but occurs in a disparate ratio, the confirmation
effort must first emphasize confirming the cause of taxic-
ity {or remove the toxicity) of the primary toxicant, Then
toxicity from the hidden toxicant should be measurable.
The probabilty a hidden toxicant that has additive toxicity
will not express its toxicity using several Phase | or Phase
il techniques i less than the probability that a non-
additive toxicant wili express its toxicity using several of
the same techniques.

if the remedial action for a primary toxicant is
specific and easy, such as a product substitution, the
search for hidden toxicants perhaps should be donhe after
the remedial action has reduced or eliminated the primary
toxicant from the sffluent. The remedial action (especially
it it is fraatment) may also eliminate the hidden toxlcant(s).
What must be avoided if at all possible, is to carry out
expensive remedial action only to find that the effluent is
still toxic. .

The problem of hidden toxicants is a major rea-
son a researcher should not acceapt the presence of toxic
concentrations of suspect toxicant as sufficient confirma-
tion {cf., Section 1). The presence of biologically unavail-
able forms {cf., Section 8) is a compelling reason not to do
$0.

A thorough contirmation is resources well spant
in most instances. Non-additivity and disparate ratios
complicated by non-availabllity occur too frequently to by-
pass confirmation. Seasona! changes or changes without
a pattern, in effluent toxicants are further reasons to
perform the confirmation over a period of time to assure
that the entire sulte of toxicants has been found.
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Section 10
Conciusions

Often the most laborious and difficult part of the
TIE is developing data to adaquately establish the cause
of toxiclly. 'n our experience, frequantly the suspect
cause of toxicity is found without difficulty but developing
a convincing case 1o prove that the suspect cause is the
true toxicant is the challenge.

Especially for POTW plants, this confirmation
phase must be performed over a considerable period of
time to be certain that the cause of toxicity Is not chang-

ing. TIEs on POTWSs and some industrial categories are
not likely to be a one time event but will have to be
repeated as tong as the inputs to the plant change. Our
current wastewater jreatment plants ware not designed to
remove specific chemicals, so there Is no reason to
expact that they will remove everything which they re-
ceive. Especially where the contro] over the Influent is not
complete, as is the case with POTW plants, a solid case
must be developed to assure that the cause of toxicity is
not ¢changing.
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Section 11
When the Treatability Approach Has Been Used

As digcussed in Phase |, two main approaches
may be used to remove a toxicity problem--foxicans iden-
tiication and source control or ireatability, Phases | andll
involve the first approach while treatability procedures
accormpanied by toxicity testing are used in the second
(EPA, 19898B; EPA 1989C). ’

in the second approach, treatment metheds are
varied to determine which will remove toxiclly without
identifying the specific toxicants. The treatability approach
requires as much confimation as the toxicant identitica-
tion approach. Since the treatability approach should
remove toxicity, the confirmation procedures are some-
what ditferant.

Repeat samples should be tested to ensure that
toxiclty has been successfully removed. This should be
done over a sufficient iength of time to assure that the
range of conditions are includad during the confirmation
phase. Such events as seasonal changes, production

changes, storms, and InMtermittent operations all should
be included during the confirmation phase. Toxicity should
be consistently removed or appropriately reduced, as
raquired, Either acute or chronic toxicity removal can be
confirmed this way.

One must be absolutely sure that the toxicity to
resident species has been successfully removed, As has
been pointed out in Phases | and 11, the effluent constitu-
ents producing toxicity to one species may not be the
same for other species. Toxicty by a given treatment
method may remove all toxicity for one species but not for
another. The specles of concern must be tested in the
effiuent from the treatment method selected. It chronic
toxicity is the concern, this testing may be more difficult
bacause chronic testing methods may not be available for
resident spacies. In sslected cases, sympiems may be
substituted for the usual endpoints of chronic tests but
their use would be case specific, ’

111
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