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In the context of NPDES permitting howewer, these definitions are incorrectly applied. The lack of an g J

observed instrearm impact may well be E}{DEEtEd Lhless critical flow conditions exist instream at the time of
the anal*_.,fsis. Likewise, WET tests of & IjiSEhEIFQE! may fot predict an instream effect when impairment exists
due to hahitat alteration. A "-.-"EH'iE!t"_-,-" of literature has discussed these factors, and the reader is referred to
fumerous discussions of the tEIFIiE [dE ‘v’larnirlg and Nnrberg—Hiﬂg, 1999 Diamond and DEI|E"_-,-", 2000
Diarnond, ef &/, 1999; Dickson et al, 1995 La Point and Waller, 2000; Parkhurst, 1995, Schirmmel and
Thurshy, 1995).

Allernatively, it WET tests are viewed as biological detectors of "toxics in toxic amounts” or the lack or
imbalance of phyysiologically necessary ions then the terms "false positive” and "false negative" suggest an
analogy with analkytical testing. In analytical testing, false positives are an indication of the presence of an
analyte above detection limits when none is present, and a false negative is the failure of the procedure fo
detect analytes that are actually present above detection limits. According to this view of WET testing:

False Positive = an indication of toxicity when there is no physical or chemical characteristic of the sample
(B.0. presence of a toxic amount of a chemical, absence or imbalance of an essential chemical) that would
narrmally or typically cause an arganism's response (8., death), and

False Megative = the failure of the test organisms to respond when there is a physical or chermical
characteristic of the sample that would normally or typically cause an organism's response.

The following discussion focuses on WET tests as detectors of toxics in toxic amounts.

Wwhat Is foxicify ™

For this discussion it is important to establish & working definition of toxicity. Toxicity is an actual
pheysiological process that affects a biological system. In the context of compliance permitting, toxicity is 2
statistical concept that describes a statistically significant effect of an effluent treatment cormpared to &
control. Regardless of the presumed objective of WET tests, the WET test system will register toxicity
arwtime there is:

13 A& statistically significant reduction in the endpoint measured betveen a sample (e.0. the permitted
instream waste concentration dilution and the contral) or
21 Avalue of 3 point estirmate that is 1ess than some predetermined value.

Accordingly, a false positive is statistically significant negative effect, or observed value of an endpoint,
that is not "real” (is spurious or artifactual) or for some reason is not due to the presence of a toxics in
toxic amounts (or lack of an essential constituent). similarly, a false negative represents the failure of the
test organisms to respond when there is a physical or chemical characteristic of the sample that should
Cause an organism response (e.q. death) or when there is a lack of test sensitivity to detect a statistical
significance.

In rnaking these considerations, the concentrations or effects of individual chemicals are not necessarily
relizble as predictors of the expression of toxicity. The greatest value of WET analyses is their unigue
capahility to measure a matrix effect of the entire solution. They account for additikvity, antagonism and
synerdy for all components of the solution without the need to anakdically identify or guantify each
cormponent.

zeneral Comments

Wiy do false positives and false negatives warrant our attention’

The basic concepts of false positives and false negatives are appropriate for WET testing because, as
with ary monitoring or test system, it is useful to know how often the system can be expected o give
“wrong" answers. Because unreliable WET results may lead fo unnecessary regulatory action or
undetected environmental harm, this issue has received some attention in the literature (Moore et al,
2000; YWarren-Hicks ef g/, 2000, Grothe ef af 19%6), USERA 2000).

How canowe identify false positves or false negatives?

It is not possible to identity any particular isolated fest outcome as a false positive or a false negative
(ERA, 2000, Howewer, it is possible to incorporate additional inforrmation that will aid in the interpretation of
test results. For example, Quality Assurance/Luality Control (QACIC) information can be used o assess
the owverall gquality of the test system (test facilities, culture procedures, test maintenance, technician skill,
efc.) and statistical issues such as test sensitivity can be evaluated through further analysis of test data. In
addition, test results can be evaluated with respect to their repeatahility and the magnitude of the effect.

Fepeatahility: In a reliable test system, false positive and false negative resulls are expected to be
infrequent randorm events so that effects observed consistently are likely to be due to the presence of
toxics in toxic amounts. Howewver, it is possible that consistently committed errors could give the
appearance of consistent results, QAMCIC practices are crucial in preventing, minimizing and identifying
these errors.

While repeatability is & fundarmental criterion used to interpret scientific data, it is not, strictly speaking,
possible to repeat 2 WET test. Effluent and ervironmental samples are unigue and a repested test
involves test conditions and test organisms that differ, it only slightly, from the ariginal test. In addition,
ratriztoxicant characteristics can change during sample storage in the tirme lag between the original test
and a repeated test. Monetheless, follow-up testing is a valuable and useful tool for verification of test
results. In the absence of significant procedural errors, effects that are observed in follow-up tests are
unlikely to be false positives. Failure to observe relatively large effects in follow-up tests can, in itself, be
informative. Small, marginally significant effects can be expected to be more difficult to verify through
follow-Lp testing due to test variability and changes in the sample during storage.

Madnitude of the Effect: Another indication of the reliability of a WET test result is the magnitude of the
observed effect. Wery large effects are less likely to be "false” than small effects. Again, it is clearly
possible for procedural errors to cause a large effect, thereby giving the impression of a highly toxic
sample. Foor technician practices in the setup and maintenance of the test can introduce errors (e.q.
contamination from glassware, dissolved oxygen problems due to overfeeding, careless handing of
organisms, improper use of analkydical balances) resulting in a false indication of toxicity, The objective of
CIASIC i5 to detect, prevent and correct not only gross errors like those just listed but more subtle sources
of error as well (e.0. hias due to non-random test design, wvariation in arganism health due to inconsistent
feeding, handling, and culture protocols). Effective and conscientious application of CACIC and thorough
training of technicians are essential elements in the prevention of procedural errors. Assuming that sound
CIASLIC practices are applied and gross procedural errors are not influencing results, a test showing
complete mortality in all test concentrations after a few hours is very likely a repeatable result due to the
presence of a toxic chemical. Test results that are marginally significant may be more likely to be due to
factors unrelated to the presence of toxic amounts of chemicals. similarly, observed differences that are
very small and statistically non-significant are less likely to represent false negatives than statistically
non-significant differences that are large. Means of identifying false positives and false negatives a are
discussed in further detail below.

Continuing the analogy with analkytical testing, it would be possible to assess the frequency of false
positives and false negatives in YWET testing through a properly designed and executed series of
reference toxicant and "blank" testing. In theory, such tests could provide an estimate of error rates due to
at least some of the causes described below.

Which 15 rmare irnpl:lrtarlt, ar of QFEEItEF concern; false FII:ISiti"-.-"ES ar false ﬂEQEti"-.-"ES'?

The relative impnr‘[aﬂce of false FIEISiti"-.-"ES w5 . false ﬂEQEti"-.-"ES IjEI:IET'IIjS on how YWET results are used. Far
EHEIFI"IF:”E, frarm the [:IEFS[:IECti"-.-"E of a [:IETTI"IitEE, false [:II:ISiti"-.-"ES can result in LINAECES Ay additional tEStiﬂQ
and SEIT'I"IFI”FIQ EXPENSES. In future analyses thE!'j,-" Can falsel*_.,r indicate a histnw af tDHiEit"_-,-". In contrast, fram a
Fisk assessment [:IEFS[:IEI:H"-.-"E, false FIEQEIti"-.-"ES could FE[:IFESEFIt Lndetected EI:I:I|I:IQiCEI| effects [':FEIFIE and
MNewrnan 2000).

Feasons that Toxiely May Be Observed

5 there amything besides the presence of toxic chermicals (or lack of essential constituentsy that can cause
rartality or poor organism perfarmance?

Statistically significant test results are determined by the individual test replicate response. The individual
replicate and organism response can be influenced naot onlky by sample characteristics but also by how the
replicates were handled at the start of the test and maintained during the test. Intentionally, there are anly
A very few variables at play in any given analysis. Only effects on the test organisms due to the sample
are of interest. An attermnpt is made through experimental design to contral other relationships within the
test systern so that factors other than sample characteristics do not influence the test results. This can be
of particular importance in test modifications to control specific, known causes of toxicity such as the use of
headspace CO2 to 355855 the effects of pH on armmonia toxicity or sample sterilization to control pathogen
interference. In a well executed and randormized toxicity test there are relatively few uncontrolled variables
other than toxicity due to the sample.

Causes of Toxlely Nof Relaied to Charaoteristics of the Sample

Technician error can clearly cause a false indication of toxicity. Lack of technician expertise and poor
practice in culturing and handling test organisms can compromise the condition and health of test
organisms. Technician errors include not only simple mistakes that occur even with competent,
conscientious personnel, but also systematic flaws in the conduct of the tests and culture operations.
These errors affect the "other” aspects of the test replicate that were mentioned abowve (diluent,
organisms, food, test surroundings, etc) and can cause statistically significant test results (i.e. toxicity) for
reasons not related o characteristics of the sample. All of the fundamental aspects of WET festing from
culturing to performing the test to data analysis must be sound, consistent and performed by personnel
who have expertise and experience in WET festing. See Burton &f g/, (1996) for an extensive discussion
of factors that may affect effluent toxicity and test wvariability.

Bias in assigning organisms o treatments is a potential source of false positives and false negatives and
can be controlled by proper randomization (Davis ef &/, 1998). Consistent bias in organism selection can
potentially lead to consistent false indications of toxicity. With some test systems the effects of inadequate
randomization may be subtle. With others, randomization of test chambers is extremely important to awvoid
systernatic errars in organism response. For example, in the Selehastrum capricornulium (Raphidocells
subcanitata) algal growth test, small wariations in light intensity across the growth chamber will result in
measurable effects on algal growth rates. Scrupulous randomization of test chambers is necessany 1o
eliminate this source of bias in that test system.

Davis ef &l (1998) performed a study of the potential effects of wvarious randomization schemes on the
results of WET tests. Using computer-generated data, and assumptions about the distribution of
characteristics related to organism vigor, they simulated the sub-sampling that occurs when test organisms
are placed in test beakers. An interesting result of the study was that, while biases due to non-randorm
organism assignment could be substantial, relatively modest randomization efforts seemed to significantly
reduce hias.

Are some Kinds of WET fests more prone o false positives or false hegathves thah others?

Effects of some of the factors mentioned above are exacerbated by small sample size. The number of
replicates, number of organisms per replicate and the number of treatments in a WET test determine
sarnple size. In any experimental design it is possible for the performance of one organism to affect the
statistical outcame, but with some tests, the potential effect of a single individual is particulary
pronounced. For example, the 7-day chronic Cerodaphnia dubiz test typically has 10 fernales per test
concentration and statistical significance can depend on the life or death of a single individual test
organisem. To illustrate, with no contral rmortality in this test method, 40% mortality in 3 test exposure is
statistically significant while 30% mortality is not. With one dead control organism, 20% mortality is
statistically significant while 40% mortality is not. Small sample sizes may increase uncertainty and
increase the probahility of false positives and false negatives. In & properly randomized test system these
effects must be considered real. That is, they must be classified as "toxicit” hecause they are statistically
significant effects. Increasing sample size can minimize the relative effects of randorm anarmalies. USEPA
(2000) provides infarmation on the number of replicates needed to detect a given effect depending on the
variability among replicates.

Are false positives and false neqatives st possiie in the absence of technician error or sub-standard
laboraiony performance?

In addition to induced sources of error, false positives and false negatives can occur for purely statistical
FEas0ns.

Type 1 and Type 2 Errars. With amy hypothesis test (including hypotheses associated with point
estirnates), only two possibilities exist with respect to the null kypothesis: Bither it is true or it is false. A
Type 1 error (false positive) occurs if 2 difference is declared when the null iypothesis is true (ie.,
declaring an effluent toxic when it is not toxic). A Type 2 error (false negative) occurs when the null
hypothesis is false but no difference is declared (i.e., declaring an effluent not toxic when it actually is
toxic). Type 1 and Type 2 erros are dependent on each other (e.g., a5 alpha increases, beta decreases),
assuming that the sample size (number of treatments, number of replicates), the amount of difference to
detect, and the wvariability are held fised. A full discussion of Type 1 and 2 errors can be found in most
statistics texthooks (Zar 1999) and will not be repeated here. The crucial point for this discussion is that
these errors are the result of sampling error. They are an inherent part of amy experimental system
involving experimental units that are variable and they can affect both hypothesis tests and paint
estirnates. With hypothesis tests, sarmpling errors can result in unusually large, or small, observed
differences hetween the contral and treatment and/or unusually low, or high, variation among replicates.
These errors result in unusually sensitive (false positive) or insensitive (false negative) tests. wWith point
estirates sampling errars can cause unusually large, or small, confidence intervals around the endpoint
estirnate and can affect the statistical significance of the dose response. In properly randamized
experirnents, the magnitude of either Type 1 or Type 2 errors can be controlled.

In contrast with false positives and false negatives due to technician error ar poor randormization, Type |
Type 2 errors are repeatable only in the sense that they ocour with a given frequency that can be
controlled by the investigator. Typically, WET test statistical analysis protocols fix Type 1 errors at 3
standard level (alpha = 0.05) and allow Type 2 errors to vary. In the typical WET test, false positives due to
sampling error should be rare (i.e. P < 0.05) while false negatives may be more cormmaon (USEPA 2000).

A factor that determines the magnitude of Type 1 and Type 2 errors (in addition to the investigator's
choice of the error rates) is the inherent variahility of the replicate response in the test. With a fixed Type 1
errar, Type 2 errors increase and statistical power decreases with test arganism variability. This warizhility
has two components: Genetic and environmental. With monoclonal cultures (e.q. Cerodaphhia dubia),
genetic variability should be negligible so that wariahility is primarily an organism culture issue (but see
Soares ef &l 1992). With sexual test organisms, differences among indikidusl responses are clearly due in
part to genetic differences. These differences could, in theory, be minimized through culture technigues
such a5 controlled inbreeding. However, mesasures to reduce genetic variability of sexual test organisms
are likely to have other undesirable consequences such as inbreeding depression. In general, wigorous,
healthy organism cultures are characterized by a high degree of homogeneity. This further emphasizes the
irmportance of sound randomization and technical competence and expertise in conducting WET tests.

Errors Due to Test Organism variabilify

The subject of false positives and false negatives is closely related to the issue of WET test wvariahility,
This issue has recered considerable recent attention. In 3 comprehensive review of reference test data
from a wariety of sources USEPA (2000) produced guidance for evaluating and controlling WET test
variability. Some recommendations included ;

1. Paying close attention to technician skill and experience,

2. Implementing procedures to evaluate test sensitivity and minimize within-test variahility hased on the
PMSD. Lahoratories should plot control charts for PMS0, and plot the individual raw test data and the
average treatment responses to examine possible causes for excessive variability,

3. Applying rigorous and consistent QA/QC oversight in all WET testing.

Fart of WET test wvariability (within and among laboratories) is due o wvariation in organism wigor and
health. Even in well-controlled culiure operations with rigorous CQA/CIC, the vigor of test cultures varies
through time. This variability is one source of termporal inter-test variability. Cultures may, at times, produce
test organisms that meet performance criteria far testing but are still susceptible (relative to the arganisms
that the culture usually produces) to relatively small changes in their living conditions. During these
periods of lower arganism wigor, small departures from culture conditions can result in problems with the
test system such as culture crashes and invalid tests. This is one reason that laboratories take
considerable pains to control and keep constant as many culture activities as possible.

If a culture is producing test organisms that are susceptiple to relatively small departures from culture
conditions, then samples that should not be toxic {i.e. contain no toxics in toxic amounts or ionic
imbalances) might indicate toxicity simply hecause they depart from culture conditions. Conversely, itis
possible for organism cultures to produce organisms that are unusually wigorous and resistant to toxic
stresses. These episodes of unusually [ow ar high test organism wigor can result in tests that are unusually
sensitive or insensitive. Because these episodes are relatively uncommon, they may tend not to be
repeatable and can be viewed as false positive or false negative results. Normally implemented reference
toxicant testing in each laboratory may be able to identify these types of unusual conditions and minimize
their effects in compliance WET testing. There still remains though an acceptable range of sensitivity
among arganisms within a laboratory that can affect their range of response to a toxicant.

It is not known, at this time, to what extent these kinds of false positive and false negative results occur. A
properly designed and executed series of "hlank” and reference foxicant testing could provide an estimate
of false positive and false negative rates due to all causes. EPA (2000) concluded that hypothesis test
procedures prescribed in EFPA's WET methods will provide adequate protection against false conclusions
that and effluent is toxic. In addition, EPA (2000} provides guidance for identifying tests that detect small
statistically significant differences.

SUIRETY

Toxicity is an actual phyysiological process that affects a biological system, but in the context of compliance
permitting itis a statistical concept that describes a statistically significant effect of an effluent treatment
compared to a control. A false positive is an indication of toxicity when there is no phyysical or chemical
characteristic of the sample (e.g. presence of a toxic amount of a chemical or mixture of chemicals,
absence of an essential chemical or mixture of chemicals) that should cause toxicity or when there is an
unusually high degree of statistical sensitivity. A false negative represents the failure of the test arganisms
to respond when there is a physical or chemical characteristic of the sample that should cause an
organism response (e.q. death) orwhen there is an unusually low degree of statistical sensitivity.

atatistically significant test results can be due to characteristics of the sample or to aspects of the test
systemn unrelated o the sample (e.q. Diluent, organisms, food, maintenance and conduct of the fests,
sampling errar) In the absence of technician or experimental error or biased sampling, the false positive
and false negative rates should equal the Type 1 and 2 error rates, respectively. In the absence of
technician error and biased sampling, repeatahble results are likely not false positives or false negatives. In
the absence of technician error and biased sampling, large effects are less likely to be false positives than
small effects.

A, DFD[]EH'},-" IjESiQﬂEIj and executed series of reference toxicant and "blank” tEStiﬂQ could prwide anr
estimate of the false FII:ISiti"-.-"E and false negative rates due to all causes. Potential [:IFI:ID|ETTIS with false
[:II:ISiti"-.-"E and false ﬂEQEti"-.-"ES are seen with toth h'j,-“[]DthESiS test and puint estirmates for the same
fundarmental reasons. Some effarts are underway to incurpurate kniow sources of "-.-"ariatli”t"_-,-" to establish
LIPper and lower limits for WET test SEﬂSiti"-.-"it"_-,-" IZt:IaSEIj an the F'MSD:I to reduce the frequency of false
nositives and false negatives (USERA, 2000,
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