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Disclaimer

This document, Method Guidance and Recommendations for Whole Effluent Toxicity (WET)
Testing (40 CFR Part 136), is provided to help implement national water quality-based
permitting under the National Pollutant Discharge Elimination System (NPDES) Program.
This guidance document does not, however, subgtitute for the Clean Water Act (CWA) or
EPA’sregulations, nor isit aregulation itself. Thus, it cannot impose legally binding
requirements on EPA, States, Tribes, or the regulated community and may not apply to a
particular situation based upon case-specific circumstances. The material presented hereinis
intended solely for guidance and does not ater any statutory or regulatory requirements, or
requirements in an NPDES permit. EPA, State, and Tribal decision makers retain the
discretion to adopt approaches on a case-by-case basis that differ from this guidance where
appropriate. EPA may change this guidance in the future.



Executive Summary

n 1995, the U.S. Environmental Protection Agency (EPA) published afinal rule

standardizing 17 whole effluent toxicity (WET) test methods for usein NPDES

(National Pollutant Discharge Elimination System) monitoring [60 FR 53529; October

16, 1995]. These WET test methods measure the aggregate acute and chronic toxicity
of an effluent using standardized freshwater, marine, and estuarine plants, invertebrates, and
vertebrates. The inclusion of WET methods in the NPDES program compl etes an integrated
strategy for water quality-based toxics control that fulfills the Clean Water Act’s mandate to
protect aquatic life and prohibit the discharge of toxic pollutantsin toxic amounts.

This document provides guidance and recommendations on the conduct of the approved
WET test methods and interpretation of WET test results reported under the NPDES
program. Thisguidance partially fulfills the obligations of alegal settlement agreement that
resolves ajudicial challenge to the WET final rule. The document provides guidance on the
following issues: nominal error rate adjustments, confidence intervals, concentration-
response relationships, dilution series, and dilution waters. A summary of the guidance and
recommendations for each issue is provided below.

* Nominal error rate adjustments- The WET method manuals (USEPA, 1993c;
USEPA, 1994a; USEPA, 1994b) recommend a nominal error rate (or alphalevel) of 0.05
when using hypothesis testing to determine test results. This guidance clarifies that
alpha may be reduced to 0.01 when sublethal endpoints from Ceriodaphnia or fathead
minnow tests are reported under NPDES permit requirements, or when WET permit
limits are derived without allowing for receiving water dilution. In these situations,
however, the aphalevel should be reduced only in tests that meet a set criterion for test
sensitivity, since reductions in apha also reduce statistical power. Specifically, the
percent minimum significant difference (%M SD) calculated for the test using an alpha of
0.01 should be less than or equal to a set criterion. Increased replication may be
necessary to meet the %M SD criterion when using an aphaof 0.01. This document
provides guidance on determining the need for additional test replication, aswell asthe
entire decision process for reducing the aphalevel in hypothesis testing.

+ Confidenceintervals- Point estimation technigques described in the WET method
manuals are used to generate effect concentrations and associated 95% confidence
intervals. Software used to conduct these statistical procedures occasionally does not
provide the associated confidence intervals. This may arise when the test data are
inappropriate for the assumptions or requirements of the statistical method chosen. In
these cases, statistical flowcharts provided in the WET method manuals should guide the
analyst to more appropriate techniques. Confidence intervals also may not be generated
if the calculated point estimate is outside of the test concentration range. In this case,
confidence intervals are not applicable because exact point estimates are not reported.
For the inhibition concentration percentage (ICp) procedure, there are additional
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anomal ous circumstances when confidence intervals are not generated due to limitations
of the software.

Concentration-responserelationships - The concentration-response relationship
established between the concentration of a toxicant and magnitude of the response, isa
fundamental principle of toxicology. EPA recommends the use of this concentration-
response concept as atest review step to assist in determining the validity of WET test
results. When unexpected concentration-response rel ationships are encountered, a
thorough review of test performance, test conditions, and the particular concentration-
response pattern exhibited should be conducted to determine whether the derived effect
concentrations are reliable or anomalous. This document recommends review steps for
10 different concentration-response patterns that may be encountered in WET test data.
Based on the review, it may be determined that calculated effect concentrations are
reliable and should be reported, that cal culated effect concentrations are anomalous and
should be explained, or that the test was inconclusive and the sample should be retested.
Dilution series - This guidance clarifies that the WET method manuals do not require
the use of a specific dilution seriesfor all WET tests. The dilution series for a specific
test should be selected to optimize the precision of calculated effect concentrations and
assist in establishing concentration-response relationships. Recommendations for
selecting an appropriate dilution series include: considering historic WET testing
information for the given effluent, using the receiving water concentration as a test
concentration, bracketing the receiving water concentration with test concentrations,
adding test concentrations within a given range of interest, and increasing the dilution
factor used to space effluent concentrations.

Dilution waters- This guidance clarifies that an acceptable dilution water for WET
testing is appropriate for the objectives of the test; supports adequate performance of the
test organisms with respect to survival, growth, reproduction, or other responses that may
be measured in the test (i.e., consistently meets test acceptability criteriafor control
responses); is consistent in quality; and does not contain contaminants that could
produce toxicity. If the objective of the test is to determine the absolute toxicity of an
effluent, EPA recommends the use of a standard synthetic dilution water. A consistent,
high purity natural water source (e.g., uncontaminated seawater or treated well water)
also may be appropriate for determining the absolute toxicity of an effluent when
specific criteriagiven in this guidance are met. If the objective of the test isto determine
the toxicity of an effluent in the receiving system, alocal receiving water is
recommended for use as dilution water provided that the receiving water meets specific
criteria. The receiving water should be collected as a grab sample from upstream or near
the final point of effluent discharge, have adequate year-round flow, support adequate
performance of the test organisms, be consistent in quality, be free of contaminants that
would produce toxicity, and be free from pathogens and parasites that could affect WET
test results. If thelocal receiving water failsto meet any of these criteriafor use, a
synthetic dilution water adjusted to approximate the chemical characteristics of the
receiving water is recommended.
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Introduction

his chapter provides a brief introduction to whole effluent toxicity (WET) testing and
describes the regulatory background and context of WET testing. This chapter also
describes the purpose of this document and outlines the issues addressed in each
chapter.

What is whole effluent toxicity (WET) and how is it measured?

Whole effluent toxicity (WET) is defined as “the aggregate toxic effect of an effluent measured
directly by an aguatic toxicity test” [54 FR 23868 at 23895; June 2, 1989]. Aquatic toxicity
test methods designed specifically for measuring WET have been codified at 40 CFR part 136
[60 FR 53529; October 16, 1995]. These WET test methods employ a suite of standardized
freshwater, marine, and estuarine plants, invertebrates, and vertebrates to estimate acute and
short-term chronic toxicity of effluents and receiving waters. Specific test procedures for
conducting the approved WET tests are included in the following three test method manuals:

» U.S Environmental Protection Agency. 1993c. Methods for Measuring the Acute
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms, 4™ ed.,
EPA 600/4-90/027F. U.S. Environmental Protection Agency, Environmental Monitoring
Systems Laboratory, Cincinnati, OH.

« U.S Environmental Protection Agency. 1994. Short-term Methods for Estimating the
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms, 3 ed.,
EPA 600/4-91/002. U.S. Environmental Protection Agency, Environmental Monitoring
Systems Laboratory, Cincinnati, OH.

« U.S Environmental Protection Agency. 1994. Short-term Methods for Estimating the
Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms,
2" ed., EPA 600/4-91/003. U.S. Environmental Protection Agency, Environmental
Monitoring Systems Laboratory, Cincinnati, OH.

These three method manuals (WET method manuals) were incorporated by reference into 40
CFR part 136 in the 1995 rule. Asregulations, use of these methods and adherence to the
specific test procedures outlined in the WET method manuals is required when monitoring
WET under the National Pollutant Discharge Elimination System (NPDES). Of course, the
extent that such procedures are “requirements’ depends on the text of the WET method
manuals themselves. Words of obligation, such as“must” or “shall” indicate a required
procedure. When WET method manuals use discretionary terms such as “may” or “should”
the manuals provide flexibility so that the laboratory analyst may optimize successful test
completion (USEPA, 1996a).
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What is the regulatory background of WET testing?

The Clean Water Act (CWA) was enacted in 1972 with the objective of “restoring the
chemical, physical, and biological integrity of the Nation’s waters.” Along with other specific
goals, CWA section 101(a)(3) states that “it is the national policy that the discharge of toxic
pollutants in toxic amounts be prohibited.” EPA has pursued this goal through the
implementation of the water quality standards program and the NPDES permitting program.
These programs have adopted an integrated strategy of water quality-based toxics control that
includes the following approaches:

»  Chemical-specific control approach

*  Whole effluent toxicity (WET) control approach

» Biological criteria/lbioassessment and biosurvey approach

To implement this strategy, States and Tribes are encouraged to define numeric or narrative
water quality standards that include chemical-specific criteria, criteriafor whole effluent
toxicity, and biological criteria. Some states have included numeric criteriafor WET, while
others have relied on narrative criteria such as, “free from toxics in toxic amounts’. These
water quality standards and criteria are maintained by controlling the discharge of pollutants
through the NPDES permitting program. When a discharge causes or has a reasonable
potentia to cause or contribute to the excursion of numeric or narrative water quality
standards, a water quality-based effluent limit in the NPDES permit will be issued to control
the discharge. Thisincludes permit limits for WET if the discharge causes, has a reasonable
potential to cause, or contributes to the excursion of water quality standards for WET,
including narrative criteriafor toxicity.

Further explanation of the regulatory role and background of WET can be found in the WET
method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) and in EPA’s Technical
Support Document for Water Quality-based Toxics Control (USEPA, 1991b).

What is the purpose of this document?

This guidance isintended to clarify the published WET method manuals on selected issues
regarding the conduct of WET tests and interpretation of WET test results. This document
provides additiona guidance and recommendations to EPA Regional, State, Tribal, and local
regulatory authorities; regulated entities; and environmental laboratories on these selected
issues. Proper implementation of the guidance provided in this document should enhance
successful WET test completion, result interpretation, and the application of WET testing in
the NPDES program.

EPA devel oped this guidance document as part of efforts to resolve litigation over the
rulemaking that standardized and approved the WET test methods for use in NPDES
monitoring [60 FR 53529; October 16, 1995]. In a settlement agreement, EPA agreed to
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provide guidance and recommendations on five specific technical issues. Each of these issues
is addressed in a separate chapter of this guidance document.

Nominal error rate adjustments - Chapter 2 explains the concept of anominal error rate
(or alphalevel) and the effect of alpha on false positive rates, false negative rates, and test
sengitivity. This chapter clarifies the circumstances when the alphaleve for WET
hypothesis testing may be reduced from 0.05 to 0.01. This chapter aso provides guidance
and recommendations for assuring that test sensitivity is not adversely affected by
reductionsin apha. This guidance includes procedures for measuring test sensitivity,
determining the need for additiona test replication, and comparing test sensitivity to
recommended criteria

Confidence intervals - Chapter 3 clarifies the circumstances under which confidence
intervals are not generated and/or not capable of generation when using point estimation
techniques.

Concentration-response relationships - Chapter 4 explains the concept of a
concentration-response relationship and describes how this concept may be used asa WET
test review step. This chapter identifies various forms of concentration-response
relationships encountered in WET testing and provides guidance on evaluating and
interpreting results from these concentration-response rel ationships.

Dilution series selection - Chapter 5 provides guidance on selecting appropriate dilution
seriesfor WET tests. This guidance provides recommendations for modifying the dilution
series to assist in determining the existence of a concentration-response relationship and
improving point estimate precision.

Dilution water - Chapter 6 clarifies what EPA considers to be acceptable dilution water
for WET testing. This chapter provides guidance on selecting an appropriate dilution
water based on the abjectives of the WET test and the quality and consistency of available
dilution water sources. Guidance is provided regarding when to use the following waters
for dilution: receiving water, standard synthetic water, and synthetic water adjusted to
approximate receiving water characteristics. This chapter also clarifies the use of dual
controls when dilution water differs from the water used to culture test organisms.

What other clarification and guidance documents has EPA published on WET?

The final WET methods rule [60 FR 53529; October 16, 1995] incorporated the WET method
manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) by reference. EPA provided
further guidance and clarifications regarding the use of the WET test methodsin a
memorandum dated April 10, 1996 from Tudor Davies, Director of the EPA Office of Water's
Office of Science and Technology. This memorandum, titled “Clarifications Regarding
Flexibility in 40 CFR Part 136 Whole Effluent Toxicity (WET) Test Methods’ (USEPA,
1996a), provided clarification on the following WET test issues: pH and ammonia control,
temperature, hardness, test dilution concentrations, and acceptance criteria for Champia
parvula.
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In January 1999, EPA published an errata sheet for the WET method manuals (USEPA,
1999). This errata sheet amended the approved WET test methods to correct typographical
errors and omissions, provide technical clarification, and establish consistency among the 1995
WET rule language and the three WET method manuals.

EPA has recently published a guidance document titled, Under standing and Accounting for
Method Variability in Whole Effluent Toxicity Applications Under the National Pollutant
Discharge Elimination System Program, (USEPA, 2000). This guidance document is
intended to provide regulatory authorities with an understanding of WET test variability and
provide guidance on accounting for and minimizing WET test variability and its effects on the
regulatory process.
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Nominal Error Rate
Adjustments

he WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b)

recommend a nomina error rate (or apha) of 0.05 when using hypothesis testing to

determine WET test results. Under certain circumstances, it may be appropriate to

reduce alphato 0.01. This chapter provides an explanation of the concept and use of
anomina error rate and provides guidance on when alpha may be reduced.

When is a nominal error rate used?

A nominal error rate is used in the statistical method of hypothesis testing. According to the
WET method manuals, effect concentrations for effluent toxicity tests may be generated by
point estimation techniques or hypothesis testing techniques (see Section 9 of USEPA, 1994a;
USEPA, 1994b). Point estimation techniques are used to generate effect concentrations such
as LC50 (median lethal concentration), EC50 (median effect concentration), or 1C25 (25%
inhibition concentration) values. Hypothesis testing techniques are used to generate NOEC
(No-Observed-Effect-Concentration) and LOEC (L owest-Observed-Effect-Concentration)
values. Both datistical techniques have advantages and disadvantages (Grothe et al., 1996),
and regulatory authorities may choose to base WET permit limits on effect concentrations
generated using either technique. The WET method manuals (see Section 9 of USEPA, 199%44;
USEPA, 1994b) state that point estimation techniques are the preferred statistical methods for
calculating effect concentrations in WET tests under the NPDES permit program.

What is a nominal error rate?

The concept of hypothesistesting relies on the ability to distinguish statistically significant
differences between a control treatment and other test treatments (e.g., effluent concentrations).
In terms of classical statistics, the hypothesis testing techniques (whether Dunnett’s Test, t-
Test with Bonferroni adjustment, Steel’s Many-One Rank Test, or Wilcoxon Rank Sum Test
with Bonferroni adjustment) test the null hypothesis (Hg) that there is no difference between
the control treatment and other test treatments (the effluent is not toxic). This null hypothesis
is regjected (the effluent is determined to be toxic) if the difference between the control treatment
and any other test treatment is statistically significant. In order to determine when the
difference between treatments is large enough to be statistically significant and to warrant
rejection of the null hypothesis, the statistician or analyst selects anomina error rate. This
nominal error rate is an intended upper bound on the probability of incorrectly rejecting the
null hypothesis (determining that the effluent is toxic) when it isin fact true (the effluent is not
toxic). In selecting the nomina error rate, the analyst is deciding what level of uncertainty

2-1



he/she is comfortable with in making this type of error (determining that the effluent is toxic
when it isnot). The larger the nominal error rate, the greater the probability of incorrectly
rejecting the null hypothesis (determining that the effluent is toxic when in fact it isnot). In
classical gtatistics, the error of incorrectly rejecting the null hypothesisistermed a Type |

error, and the nominal error rate selected to place an intended upper bound on the probability
of this error istermed alpha (). To remain consistent with statistical terminology, the nominal
error rate will be referred to as alphain the remainder of this document. An alphaof 0.05
means a 5% probability of making a Type | error and is associated with a 95% level of
significance (i.e., on average 1 test in 20 tests could produce a Type | error).

How is the alpha level related to specific types of errors?

Figure 2.1 describes the possible correct and erroneous decisions that can be made in
hypothesis testing. 1n making the decision to rgject or accept the null hypothesis, two types of
error are possible. Anincorrect decision can be made by determining that a sample istoxic
wheninfact itisnot (Type| error), or determining that a sample is not toxic when in fact it is
(Type Il error). These errors aso may be commonly referred to as false positive error and
false negative error, respectively. The alphalevel that is selected by the statistician or analyst
in a hypothesis test represents the probability of making a Type | error (or the Type | error
rate). The probability of a Type Il error (or the Type Il error rate) is represented by beta ().

Figure 2.1. Possible decisions and outcomesin the hypothesistest.

True State of Nature

Ho istrue Ho isfase
(sampleis not toxic) (sample istoxic)
Accept H
. Pt e . Typell error
(determine that sample Correct decision ,
_ , (false negative)
- is not toxic)
[®)
= _
S Reect H
3 N ° Type | error y
O  (determine that sample . Correct decision
_ , (false positive)
istoxic)

There are direct and indirect costs associated with both types of errors. False positives can
create undue costs and effort involved in follow-up actions such as increased testing, Toxicity
Identification Evaluation (TIE) and Toxicity Reduction Evaluation (TRE) procedures, possible
fines for permit violations, and the potential for civil lawsuits. False negatives can cause the
continuation of unchecked environmental degradation and the associated |ong-term cost of
reclamation or restoration. Researchers have suggested that false negatives may be more
costly than false positives because false positives may be quickly discovered by additional
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testing, while false negatives may continue longer before being discovered (Thursby et al.,
1997). Since there are costs associated with each type of error, neither type of error should
be ignored, and an effort should be made to minimize both types of error. However, because
of the relationship between the Type | error rate () and the Type |1 error rate (), reductions
in one type of error generally cause an increase in the other. For instance, when test
variability and test design are held constant, reducing the alphalevel of atest increases the
Type I error rate (B). Thisreduces the statistical power (defined as 1-p) of the test and
limits the ability of the test to detect small effects as statistically significant. Because costs
exist for both types of error, it isimportant to consider the impact of both types of error
before reducing alpha.

What alpha level is recommended in the WET method manuals?

Traditionally, scientists have set alphafor biological studiesat 0.01to 0.1 (1 to 10%). The
0.01 level, at one extreme, provides a statistically conservative error rate that minimizes false
positives. The 0.1 level, at the other extreme, provides a statistically more liberal error rate
that resultsin increased statistical power. Zar (1984) states that a probability of 5% or less
is commonly used as acriterion for rejection of the He and that when the 5% chance of an
incorrect rejection of the hypothesisis unacceptably high, then a1% level of significanceis
sometimes used. The WET test method manuals recommend an alpha of 0.05 for hypothesis
testing (see Section 9 of USEPA 1994a; USEPA 1994b). The experimental test designs of
the WET test methods (e.g., replicates, treatments, number of organisms) have limitsto the
magnitude of toxic response that they are able to detect given a specific alphalevel (Denton
and Norberg-King, 1996; USEPA, 2000); smaller effects will generally not be detected. If
the recommended test alphalevel isreduced, the experimental test design may need
modification (e.g. increased test replication) to maintain the same level of test sensitivity.

When can alpha be reduced?

The alphalevel used for hypothesistesting in WET data analysis may be reduced from 0.05
to 0.01 when:
- sublethal endpoints (reproduction or growth) from Ceriodaphnia dubia or fathead
minnow tests are reported under NPDES permit requirements, or
- the NPDES permit limit for WET was derived without allowing for receiving water
dilution due to low dilution potential in the receiving system,
provided that the WET test is able to maintain adequate test sensitivity (as demonstrated by
successfully meeting a set criterion for minimum significant differences [MSDg]) using an
alphaof 0.01.
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When should alpha not be reduced?

The alphalevel of atest should not be reduced unless the regulatory authority allows or
specifies an alphaof 0.01 in the NPDES permit (see “What is the recommended decision
process for determining the appropriate alphalevel?’). The alphalevel of atest also should
not be reduced if the test does not maintain adequate test sensitivity. This determinationis
made by comparing the test MSD (calculated using the reduced alpha of 0.01) to
recommended maximum MSD levels (see “How can adequate test sensitivity be
confirmed?’). If the test MSD (calculated using the reduced alpha of 0.01) is greater than
the MSD criterion, alpha should not be reduced to 0.01, and results should be reported using
the standard alphalevel of 0.05.

How can adequate test sensitivity be confirmed?

As described above, aphamay be reduced only when the test maintains adequate test
sensitivity. Adequate test sensitivity is determined by calculating the MSD for a given test
and comparing this value to maximum MSD criteria. This procedure is described below.

o Calculatetest MSD - To measure the sensitivity of the test, the minimum significant
difference or MSD iscalculated. The MSD is defined as the smallest difference between
the control and another test treatment that can be determined as statistically significant in
agiventest. The MSD isameasure of statistical sensitivity that is dependent upon the
within test variability, the alphalevel selected for the test, and the test design (i.e.,
number of replicates and treatments). The MSD decreases (i.e., statistical sensitivity
increases) with decreasing test variability, increased test replication, and increased a pha.
According to the WET method manuals (USEPA, 1994a; USEPA, 1994b), the MSD may
be calculated for Dunnett’ s multiple comparison test using the following equation:

MSD=d’ i+i
~% S, n

d = Dunnett’st for the selected o and N - (k+1) degrees of freedom
S, = square root of the error mean sgquare from analysis of variance
(ANOVA)

n, = number of replicates in the control

n. = humber of replicates for each effluent concentration

N = total number of replicatesin the ANOVA

k = number of non-control treatments being compared to the control

where:

The pooled variance estimate, s,, is obtained from an analysis of variance (ANOVA).
Test concentrations that exhibit 0% survival are excluded from the ANOVA for survival
endpoints, and test concentrations greater than the NOEC for survival are excluded from
the ANOVA for sublethal endpoints.
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When the number of replicatesis not the same for all test treatments, but variances are
expected to be the same, the t-test with Bonferroni’ s adjustment is used for hypothesis tests
(USEPA, 1994a; USEPA, 1994b). Under these circumstances, the MSD is calculated
using the formula shown above, except that “d”is replaced by the standard t-statistic for a
one-sided test at level 1-a/k, where k is the number of treatments being compared to the
control. Further details and atable of critical valuesfor t are provided in Appendix D of
the WET method manuals (USEPA, 1994a; USEPA, 1994b).

The above equation (with the dight modification for unequal replicates, if needed) may be
used to calculate the MSD for al tests in which results are derived from hypothesis testing,
regardless of the hypothesis testing technique used (e.g., Dunnett’s Test, t-test with
Bonferroni adjustment, Steel’s Many-One Rank Test, or Wilcoxon Rank Sum Test with
Bonferroni adjustment). When a given data set does not meet the assumptions (e.g.,
norma distribution or homogeneous variance) necessary for the use of parametric
hypothesis testing procedures (i.e., Dunnett’ s test or t-test with Bonferroni adjustment), the
MSD still may be derived as described above for use as an approximate indicator of test
sengitivity. However, when there are significant differences in variances among
treatments, the best approach is to identify a variance-stabilizing transformation
(preferably one which applies generaly and not to just one test) and which leaves the
treatment means approximately normal.

To facilitate the comparison of MSD values among tests and with established criteria, the
MSD is generally expressed as a percentage of the mean control value for the given test.
This transformation is conducted using the following equation:

MSD
%MD =———"100%
Control mean

Other measures of test sensitivity, such as test power (1- ) also can be used to determine
the statistical sengitivity of atest. However, the MSD is recommended in this guidance for
determining the appropriateness of reducing alphalevels in hypothesistesting. The MSD
iseasily calculated and is generated by most statistical software packages used in WET
test data analysis. In addition, the Pellston Waorkshop on Whole Effluent Toxicity
(Chapman et al., 1996; Denton and Norberg-King, 1996) and other researchers (Thursby
et al., 1997; Warren-Hicks et al., 1999) recommend the use of MSDs to assure that
acceptable statistical sensitivity isachieved. The MSD is currently used to access the
acceptability of test sensitivity in the West Coast WET methods (USEPA, 1995), and
criteriafor acceptable MSD levels have been recommended for most of the approved WET
test methods in a newly published EPA guidance document titled, Understanding and
Accounting for Method Variability in Whole Effluent Toxicity Applications Under the
National Pollutant Discharge Elimination System Program (USEPA, 2000).
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Comparetest MSD to maximum M SD criteria- In EPA’srecently published guidance
document on WET method variability (USEPA, 2000), EPA recommends criteria for
maximum MSD values in an effort to reduce method variability. EPA compiled a national
database of WET reference toxicant test data from 75 laboratories and 23 test methods
conducted over a 10-year period. EPA used these data to make inferences about WET test

method variability and to evaluate recommendations for reducing variability. From an
analysis of MSD values from these tests, it was determined that placing upper and lower
bounds on MSDs improved test precision. Based on thisfinding, EPA recommended
setting upper and lower limits for MSDs at the 10" and 90™ percentiles of the MSD

distribution compiled from this national database. Table 2.1 shows the recommended
upper bounds on WET test MSDs for given test methods.

EPA recommends that these maximum MSD criteria be met for all tests (USEPA, 2000),
regardless of the apha value used in hypothesistesting. Therefore, EPA recommends that
alpha be decreased from 0.05 to 0.01 only when the test MSD (expressed as %M SD)
calculated with the new, lower apha (0.01) meets the criteriarecommended in Table 2.1
(i.e., calculated test %M SD should be less than or equal to the valuein Table 2.1 for the
given method). If the calculated test %M SD is greater than the maximum criterion stated

in Table 2.1, the test results should be reported using an alpha of 0.05. In order to meet

these MSD criteriausing an apha of 0.01, additional test replication may be required (see
Step 2 under “What is the recommended decision process for determining the appropriate

alphalevel?’).

Table2.1. Recommended maximum M SD (minimum significant difference) criteria for

selected WET test methods and responses (adapted from Table 3-6 in USEPA, 2000).

WET test method Biological I\/_IaX|_mum MSD
Response Criterion (%M SD)
1000.0- Fathead Minnow, Pimephal melas,
A NNow, FIMepnales promeas Growth 35
Larval Survival and Growth Test
1002.0- Daphnid, Ceriodaphnia dubia, Survival and .
. Reproduction 37
Reproduction Test
1003.0- Green Alga, Selenastr i tum,
ga, um capricor nutum Growth 3
Growth Test
1094.0- Sheepshead MI. nnow, Cyprinodon Growth 3
variegatus, Larval Survival and Growth Test
1006.0- Inland Silverside, Menidia beryllina, Larval
. Growth 35
Survival and Growth Test
1007.0- Mysid, Mysidopsis bahia, Survival, Growth,
: Growth 32
and Fecundity Test
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What is the recommended decision process for determining the appropriate
alpha level?

Figure 2.2 summarizes the recommended decision process for determining the appropriate
alphalevel for use in hypothesistesting. Thisfigureis provided to assist regulatory
authorities, permittees, and laboratories in this decision-making process. The recommended
three-step decision process is described below.

e Step 1- Instep one, the regulatory authority determines the target aphalevel that will be
specified in the permit. If either of the following circumstances apply, the regulatory
authority may allow atarget alpha of 0.01:

- sublethal endpoints (reproduction or growth) from Ceriodaphnia dubia or fathead
minnow tests are reported under NPDES permit requirements, or

- the NPDES permit limit for WET was derived without alowing for receiving water
dilution due to low dilution potential in the receiving system.

The target alphaleve isthe aphalevel that the analyst will attempt to usein the Statistical
analysis of test datafor all samples of the given effluent. While atarget alphalevel may
be specified for al tests, each test should be evaluated independently to determine if the
target alphalevel is appropriate (see Step 3). The regulatory authority should specify (as
apermit condition) that when atarget alphalevel of 0.01 is allowed, the test MSD should
not exceed the recommended M SD criterion for test sengitivity (Table 2.1). If the test fails
to meet the MSD criterion using the target alpha level, results should be reported using the
standard apha of 0.05.

e Step 2 - After the regulatory authority has determined that a target alphalevel of 0.01is
allowable, the permittee should consult with the testing laboratory to determine if increased
test replication is needed to meet the MSD criterion using the target alphalevel. Since the
MSD isafunction of alpha, test variability, and test design (i.e., number of replicates and
test trestments), an increase in the MSD caused by reducing apha can be offset by an
increase in test replication. Table 2.2 shows the increase in test replication needed to
completely offset areduction in aphafrom 0.05to 0.01. For instance, replication in the
fathead minnow chronic test would need to be increased from four to seven replicates to
maintain the same MSD level when alphais decreased from 0.05 to 0.01 (assuming that
variability remains constant).
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Figure 2.2. Recommended decision processfor determining the appropriate alpha level for WET

hypothesis testing.
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To determine the need for increased test replication, the permittee and testing |aboratory
should evaluate the laboratory’ s recent performance on tests with the given effluent.
Laboratories that consistently conduct tests with low variability and high sensitivity (low
MSDs) will require smaller increases in test replication than |aboratories with high
variability and low sensitivity (high MSDs). Laboratories should calculate MSDs for the
previous 10 - 12 tests of the given effluent using an alpha of 0.05 and 0.01. Whileresults
from these tests already will have been reported using an alpha of 0.05, this exercise will
provide the permittee with an idea of how often the laboratory might fail to meet the
MSD criterion using the new, reduced apha of 0.01. Itisimportant that this evaluation
ismade using a single laboratory’ s performance (i.e., the laboratory that will perform
testing with the new, reduced apha) for the single effluent of interest. If all of the tests
evaluated would have passed the MSD criterion using a reduced alpha of 0.01, then no
increase in test replication will be necessary. If some of the tests evaluated would have
failed the MSD criterion using a reduced alpha of 0.01, then increased test replication is
needed.

Table2.2. Number of within-treatment replicates giving equivalent M SDs (minimum
significant differences) at alpha = 0.05 and 0.01, for atest employing five
concentrations and a control.

Number of replicates | Number of replicates
for alpha=0.05 for alpha =0.01
3 5
4 7
5 8
6 10
7 11
8 13
9 15
10 16

If increased test replication is needed, the extent of the increase should be determined by
calculating the replication needed to pass the MSD criterion in the least sensitive of the
10 previoustests evaluated. Thislevel of within-treatment replication will be sufficient
to meet the MSD criterion in approximately 90% of tests conducted. The following
steps and calculations should be followed to determine the needed increase in test
replication across all treatments. A hypothetical example using Ceriodaphnia dubia 3-
brood reproduction test data from 10 tests (Table 2.3) illustrates this determination.
When unequal replication among treatments is desired (e.g., more replicates in the

2-9



control treatment than in other treatments), consult Dunnett (1964) for optimizing the

allocation of replicates between the control and other treatments.
1. Determinetheleast sensitive of the previous 10 tests - Tabulate the results
from the previous 10 tests conducted on the effluent of interest by a single laboratory
(Table 2.3). For each test, include the mean control response, the error mean square
(EMS) from the ANOVA, and M SDs calculated using an apha of 0.05 and 0.01.
The test with the highest MSD calculated using an alpha of 0.01 should be
considered the least sensitive test of those evaluated. If replication varied among the
tests evaluated, the least sensitive test should be identified as the test with the largest
ratio of EM S to control mean. In the example given (Table 2.3), 2 of the 10 tests
(tests 7 and 9) failed to meet the MSD criterion of 37% (Table 2.1) when using an
alphaof 0.01. Test 9 should be determined to be the least sensitive test since the
MSD of 43.81% is the largest observed in the previous 10 tests. The following
calculations will determine the additional replication that would be heeded for this
test to pass the MSD criterion.

Table2.3. Exampleresultsfrom 10 previous Ceriodaphnia dubia 3-brood reproduction
tests.

Test %M SD with %M SD with Error Mean Control mean
alpha=0.05 alpha=0.01 Square (EMYS)
1 20.78 26.82 24.98 24.6
2 16.50 21.29 16.14 249
3 20.12 26.273 28.97 26.6
4 23.82 30.75 19.18 18.8
5 23.94 30.90 31.57 240
6 26.32 34.94 26.53 18.7
7 29.53 38.11 29.78 18.9
8 17.75 22.90 18.52 24.8
9 33.94 43.81 68.31 249
10 18.38 23.73 15.07 22.2

2. Transform %M SD criterion to MSD - The MSD criterion that should be met
for al tests (Table 2.1) is expressed asa%MSD. This %M SD should be
transformed to a M SD using the control mean performance in the least sensitive of
the previous 10 tests that are being evaluated. Perform this transformation using the
following equation:

_ %MSD" Control mean
max 100%

MSD,
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where:
MSD, ... = the MSD that should have been met in the least sengitive of
the previous 10 tests
%MSD = the %M SD criterion (Table 2.1)
Control mean = the mean control response in the least sensitive of the
previous 10 tests

For the example given, the control mean for test nine should be used in conjunction
with the MSD criterion for the Ceriodaphnia dubia chronic test method (Table 2.1) to
calculate the MSD ., as:

MD, = 37% 249
max T 100%
MSD__ = 9.213

3. Calculatethe squareroot of the error mean square (s,) - The error mean square
(EMYS) is ameasure of test variability that is obtained from an ANOVA of test data
To evaluate increased replication needs, use the EM S calculated in the least sensitive
of the previous 10 tests. Calculate the square root of this EM S to obtain the variable
Sy that is used in the calculation of test MSDs. In the example given, the EMS from
test nine should be used to calculate s, as.

S, = vVEMS
S, = /6831
s, = 8265

4. Calculatethe M SD using an increasein test replication - Using the equation
below and Table 2.4, calculate the MSD with an alpha of 0.01 and assuming one
additiona replicate per treatment.

MSD=d’ i+i
“4 S,

d = Dunnett’ st obtained from Table 2.4 using an apha of 0.01 and
the increased number of replicates

Sy = Square root of the error mean square from the least sensitive of
the previous 10 tests

N, = increased number of replicates in the control

n. = increased number of replicates for each effluent concentration

where:
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For the example given, the MSD first should be calculated with one additional
replicate (10 original replicates + 1 additional replicate = 11 replicates) to obtain:

, 1 1
= —+ —
MSD = 2940 8.265, } TRET]

MSD = 10.36

Table2.4. Comparison of critical Dunnett’svaluesfor five concentrations and a control
using alpha = 0.05 and 0.01.!

Number of replicates | Degrees of freedom alpha = 0.05 alpha=0.01
3 12 2.502 3.420
4 18 2.407 3.206
5 24 2.362 3.107
6 30 2.335 3.049
7 36 2.318 3.012
8 42 2.305 2.986
9 438 2.296 2.967
10 54 2.289 2.952
11 60 2.284 2.940
12 66 2.279 2931
13 72 2.275 2.923
14 78 2.272 2.916
15 84 2.269 2.910
16 90 2.267 2.905
17 96 2.265 2.901
18 102 2.263 2.897
19 108 2.261 2.894
20 114 2.260 2.891

! Critical values were calculated using the Dunnett’s procedure in SAS (SAS Ingtitute, 1990). Critical values were determined using
equal replication in five test concentrations and a control. Degrees of freedom were determined as N - (k+1), where, N = total
number of replicates in the experiment, and k = number of non-control treatments.

5. Determineif theincreased replication meetsthe MSD criterion - If the MSD
calculated in the above step isless than or equal to the MSD,, calculated in step 2,
then the number of replicates used in this calculation is the appropriate replication that
should be used in future testing. If the MSD calculated in the above step is greater
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than the MSD,,,,,, then repeat step 4 using one additional replicate. Continue to repeat
step 4, each time with an additional replicate, until the MSD is less than or equal to the
MSD, . calculated in step 2.

For the example given, the MSD calculated with 11replicates (10.36) was larger than
the MSD,,,, (9.213) calculated in step 2, so additional replicates are needed. The
above eguation is repesated using one additional replicate until the calculated MSD
meets the criterion. For this example, the criterion isfirst met at aleve of 14

replicates:
MSD = 2916" 8.26 —1+—1
- S VY,

MSD = 9109

Based on the above calculations for this example, the laboratory should use 14 test
replicates per treatment in future testing using an alpha of 0.01.

Step 3 - After atarget alphalevel of 0.01 has been specified (Step 1) and adecision has
been made regarding the need for increased test replication (Step 2), testing may begin
using the target alphalevel (0.01) and the revised test design (i.e., replication). For each
test that is performed, the MSD should be calculated and compared to the MSD criterion
(Table2.1). If the test meets the MSD criterion, the results may be reported using the
target alphalevel (0.01). If the test does not meet the MSD criterion, the results should be
reported using the traditional apha of 0.05. If morethan 1in 10 testsfail to meet the
criterion, the permittee should reconsider the need and extent of increased replication.
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Confidence Intervals

he WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) provide

specific directions for the derivation of effect concentrations from WET tests. Effect

concentrations recommended for reporting results from WET tests are either based on

hypothesis testing (NOEC, LOEC) or point estimation (LC50, EC50, 1C25). Multiple
effect concentrations are possible for each WET method. For example, the potential endpoints
reported for the fathead minnow larval survival and growth chronic test include an 1C25 for
growth, NOEC for growth, LC50 for survival, and a NOEC for survival. For each type of
endpoint, flowchartsin the WET method manuals guide the analyst to the proper choice of
statistical methods based on assumptions and determinations that can be made from the data. The
proper statistical method can then be performed using EPA or commercially available software to
derive the desired effect concentration. For point estimation techniques (LC50, EC50, I1C25) the
dtatistical methods generally produce an effect concentration with associated 95% confidence
intervals. However, under certain circumstances confidence intervals are not produced or they are
unreliable. This chapter provides clarification and guidance on the circumstances under which
confidence intervals are not generated or are not suitable. Currently, confidence intervals are not
reported in the permit compliance system but may be used in interpreting results of WET tests.
Statements in this method guidance document regarding software refer to current versions of
software available from USEPA at the following web site address:
http://www.epa.gov/nerleerd/stat2.htm.

When are confidence intervals not generated by point estimation techniques?

Point estimation techniques may fail to generate confidence intervasif:

» Test data do not meet specific assumptionsrequired by the satistical methods - Under
these circumstances, an alternate statistica method should be used as indicated in the
flowcharts for statistical analysis provided in the WET method manuals. These flowcharts
guide the analyst to the proper statistical technique based on the appropriateness of data
assumptions. In order to obtain reliable point estimates and confidence intervals from the
Probit method, it is required that the data contain at least two partial mortalities (i.e., percent
mortalities between 0 and 100%) and that the dope differ significantly from zero. If the
assumption of two partial mortalities is not met, the software will provide a warning and
neither point estimates nor confidence intervals will be generated. |If the dope does not differ
significantly from zero, point estimates will be generated without confidence intervals. In either
of two situations (less than two partial mortalities or a significant Chi-square test indicating
lack of fit to the model), the analyst should resort to use of the Spearman-Karber or Trimmed
Spearman-Karber methods as indicated by the flowcharts in the WET method manuals. The
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Spearman-Karber and Trimmed Spearman-Karber methods require at least one partial
mortality to calculate an effect concentration and associated confidence intervals. If this
assumption is not met by the data, EPA’s Trimmed Spearman Karber software will
automatically default to the use of the Graphical Method for determining point estimates.
Since the Graphical Method does not estimate confidence intervals, EPA’s Trimmed Spearman
Karber software will produce a point estimate without confidence intervals and state that 95%
confidence limits are not calculated. For sublethal effects, the inhibition concentration
percentage (1Cp) procedure is recommended for determining effect concentrations. Data
assumptions for the ICp method are not tested by the ICp software. Thus, failure of test data
to meet assumptions of the ICp method does not result in afailure to generate point estimates
or confidence intervals.

Point estimates are outside of the test concentration range- The Probit method may not
produce confidence intervalsif the generated point estimate is greater than the highest test
concentration. In this case, the software will provide awarning that the slope is not
significantly different from zero. The Spearman-Karber and Trimmed Spearman-Karber
methods will produce neither point estimates nor confidence intervalsif the point estimate is
outside of the test concentration range. In this case, the software will produce an error
message stating that the required trim istoo large. The ICp method will not generate
confidence intervals if a point estimate is above the test concentration range. The software will
produce awarning that none of the group response means were less than 75% of the control
mean. Whenever a point estimate lies above the test concentration range, the test result should
be reported as greater than the highest test concentration (e.g., |C25 >100% or LC50 >100%).
Whenever a point estimate lies below the test concentration range, the test result should be
reported as less than the lowest test concentration (e.g., IC25 <6.25% or LC50 <6.25%).
Under these circumstances, confidence intervals are not applicable since exact point estimates
are not reported.

Specific limitations imposed by the softwar e are encountered - The ICp software may fall
to generate confidence intervals if the number of random resamplings of the data used in the
bootstrapping technique is not a multiple of 40. This may occur when the analyst selects a
number of resamplings that is not a multiple of 40, or it may occur if one or more of the
random resamples is automatically removed from the analysis. The ICp software will
automatically remove random resamples that produce effect concentrations above the highest
test concentration. If this occurs, the software will produce an error message that states that
the number of resamplings was not a multiple of 40. The occurrence of this error increases
with increasing test variability, increases as the point estimate approaches the highest test
concentration, and increases with an increasing number of random resamples selected. This
anomaly is due to alimitation of the ICp software and not necessarily an inherent limitation of
statistical bootstrapping techniques upon which the software is based. For this reason, EPA
recommends that confidence intervals for the ICp method not be reported or used in WET
testing until the 1Cp software has been thoroughly reviewed by experts and possibly modified.
This recommendation should not affect NPDES reporting in the interim since confidence
intervals are not currently reported in the permit compliance system.
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In summary, the choice of statistical methods, the choice of software for analysis, and the
appropriateness of test data for those methods and software is important in generating reliable
results. Computer prog