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EXECUTIVE SUMMARY

Derivation of numerical nacional water qualicy criceria for che
protection of aquatic organisms and their uses is a complex process (Figure
1) that uses information from many areas of aquactic coxicology. Afcer a
decision is made thact a nacional cricerion is needed for a particular
macerial, all available information concerning toxicicy to, and biocaccumula-
tion by, aquatic organisms is collected, reviewed for acceptabilicy, and
sorted. If enough acceptable daca on gcute toxicity co aquacic animals are
available, they are used to escimate the highesct one-hour &verage concencra-
tion that should not result in unaccepcable effeccs on aquatic organisms and
their uses. If juscified, this concencracion is made a funccrion of a water
qualicy characteristic such as pH, salinity, or hardness. Similarly, daca om
the chronic coxicity of the macerial to aquacic animals are used to escimate
the highest four-day average concentration chac should noc cause unacceptable
coxicity during a long~term exposure. If sppropriace, this concencracion is
also relaced to a wacer qualicy characceriscic.

Data on toxicicy to aquatic plants are examined to decermine whecher
plants are likely to be unacceptably affeccted by concencracions chat should
not cause unaccepcable effects on animals. Daca on biocaccumulaction by
aquatic organisms are used to determine if residues might subject edible
species to rescrictions by the U.S. Food and Drug Adminiscracion or if such
residues might harm some wildlife consumers of aquatic life. All ocher
available data are examined for adverse effects chac might be biologically
importanc.

1f a chorough review of the percinent informacion indicaces thac enough
acceptable dacta are available, numerical national wacer qualicy criceria are

derived for fresh water or salt wacer or both to procect aquaric organisms
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Derivation of Numerical National Water Quality Criteria for the

Figure 1

Protection of Aquatic Organisms and Their Uses
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and their uses from unaccepcable effects due to exposures to high concencra-
tions for short periods of time, lower concentrations for longer periods of

cime, and combinacions of che two.
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Introduccion

Of the several possible forms of criteria, the numerical form is che
most common, but the narrative (e.g., pollutants musc not be presenc in
harmful concentrations) and operational (e.g., concentrations of pollucants
must not exceed one-tenth of the 96-hr LC50) forms can be used if numerical
criteria are not possible or desirable. 1If it were feasible, a freshwater
(or salcwacer) numerical aquacic life national cricerion* for a macerial
should be decermined by conducting field cests on a wide variecy of
unpolluted bodies of fresh (or salc) water. It would be necessary to add
various amounts of the material to each body of wacer in order to determine
the highesc conceantration that would not cause any unaccepcable long-cerm or
shorc-term effect on the aguatic organisms or cheir uses. The lowest of
chese highest concentracions would become che freshwacer (or salcwacer)
national aquactic life water quality cricerion for thac macerial, unless one
or more of the lowest concencrations were judged to be outliers. Because it
is not feasible ro derermine national criteria by conduccing such field
tescs, these Guidelines for Deriving Numerical Nacional Wacer Qualicy
Criceria for the Protection of Aquacic Organisme and Their Uses (hereafcer
referred co as the National Guidelines) describe an objective, incernally
consistent, appropriacte, and feasible way of deriving national criceria,
which are intended to provide cthe same level of proteccion as the infeasible
field testing approach described above.

Because aquatic ecosystems can tolerate some stress and occasional

adverse effeccs, protection of all species ar all rimes and places is noc

*The cterm "national criteria" is used herein because it is more descripcive
than the synonomous term "section 304(a) criceria”, which is used in che
Wacer Quality Standards Regulation (1].
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deemed necessary. 1If acceptable daca are available for a large aumber of
appropriate taxa from sn appropriate variecy of caxonomic and funccional
groups, a reasonable level of procection will probably be provided if all
except & small fracction of the taxa are protected, unless a commercially or
recreationally imporcanc species is very sensitive. The small fraccion is
sec at 0.05 because octher fractions resulted in criteria chac seemed too high
or too low in cowmparison wich che sets of daca from which chey were
calculaced. Use of 0.05 to calculate a Final Acuce Value does not imply chac
this percencage of adversely affected taxa should be used to decide in a
field situation whecher a criterion is coo high or too low or jusc righe.
Decermining the validity of a criterion derived for a particular body of
wvacer, possibly by modificacion of a nactional criterion to reflecc local
condicions [1,2,3], should be based on an operacional definicion of
“protection of aquatic organisms and ctheir uses" chat cakes inco account the
praccicalicies of field monictoring programs and che concerns of the public.
Monicoring programs should contain sampling points st enough cimes and places
chact all unaccepcable changes, whecher caused direcrly or indireccly, will be
detected. The progrems should adequacely monitor che kinds of species of
concern to che public, i.e., fish in fresh wacer and fish and
macroinverctebraces in salt water. If the kinds of species of concern cannot
be adequately monictored at a reasonable cost, appropriate surrogace species
should be monitored. The kinds of species most likely to be good surrogaces
are those that eicher (a) are a major food of the desired kinds of species or
(b) utilize the same food as the desired species or (c) boch. Even if a
major adverse effect on appropriace surrogace species does not directly
result in an unacceptable effect on the kinds of species of concern to the
public, it indicates a high probability chat such an effect will occur.
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To be accepcable to che public and useful in field sicuations,
protection of aquatic organisms and cheir uses shquld be defined as
prevention of unacceptable long-term and shorc-term effeccs on (1)
commercially, recreationally, and ocher important species and (2) {(a) fish
and benchic invertebrate assemblages in rivers and streams, and (b) fish,
benthic inverctebrate, and zooplankton assemblages in lakes, reservoirs,
estuaries, and oceans. Monitoring programs inctended to be able to decect
unacceptable effeccas should be tailored to the body of water of concern so
that necessary samples are obtrained at enough cimes and places to provide
adequate data on the populations of importanc species, as well as daca
direccly relaced to che reasous for cheir being considered imporcant. For
example, for substances thac are residue limited, species chac are consumed
should be monitored for concaminancs to ensure chat wildlife predactors are
protected, FDA accion levels are not exceeded, and flavor is not impaired.
Monitoring programs should also provide daca on the number of taxa and aumber
of individuals in the above-named assemblages that can be sampled at
reasonable cost. The amount of decrease in the number of caxa or number of
individuals ia an assemblage that should be considered unacceptable should
cake into account appropriace feactures of che body of warer and its aquatic
community. Because most monitoring prograwms can only decect decreases of
more chan 20 percent, any statiscically significant decrease should usually
be considered unaccepcable. The insensitivicy of most monitoring programs
greactly limits their usefulness for scudying the validicy of criteria because
unacceptable changes can occur and noc be dececred. Therefore, slchough
limited field studies can somecimes demonscrace chac cricteria are
underprotective, only high qualicy field scudies can reliably demonscrace

that criceria are not underproteccive.



1f the purpose of wacer qualicy criteria were to protect oaly
commercially and recreacionally important species, criceria specifically
derived to protect such species and cheir uses from the direct adverse
effects of a material would probably, in most sicuacions, also protect those
species from indirect adverse effects due to effeccs of the macerial An other
species in the ecosystem. For example, in most situations eicher the food
chain would be more resistant than the important species and their uses or
the important species and their food chains would be adaprable enough to
overcome effeccs of the material on portions of the food chains.

These National Guidelines have been developed on the cheory thac effects
which occur on & species in appropriate laboratory tescs will generally occur
on the same species in comparable field sicuacions. All North American
bodies of watsr and resident aquacic species aund cheir uses are meant to be
taken into account, except for a few that may be too acypical, such as the
Great Salt Lake, brine shrimp, and the siscowet subspecies of lake crouc,
which occurs in Lake Superior and contains up to 67% fac in che fillecs [4].
Derivation of criceria specifically for cthe Great Salt Lake or Lake Superior
might have co take brine shrimp and siscowec, respectively, into accouac.

Numerical aquatic life criceria derived using these Nacional Guidelines
are expressed as two numbers, racther than the tradicional one number, so thac
the cricteria more accurscely reflect toxicological and practical realicies.
If properly derived and used, the combinacion of a wmaximum concencracion and
a countinuous concentration should provide an appropriace degree of procection
of aquatic organisms and their uses from acute and chromic toxicicy to

animals, toxicity to plancs, and bioaccumulation by aquacic organisms,



without being as restrictive as a one-number criterion would have to be in
order to provide the same degree of protection.

Criteria produced by these Guidelines are intended to be useful for
developing water qualicy standards, mixiang zone standards, effluent limica-
tions, ectc. The development of such standards and limitations, however,
might have to take into accouat such additional factors as social, legal,
economic, and hydrological consideracions, che eaviroumental and snalycical
chemistry of the macerial, the extrapolation from laboracory daca to field
situacions, and relationships betweea species for which data are available
and species in the body of water of coucern. As an intermediate step in the
development of standards, it might be desirable to derive sice-specific
crizeria by modification of national criteria co reflect such local
conditions as water quality, temperaturs, or ecologically importanc species
(1,2,3]. 1In additionm, wich appropriacte modifications these National
Guidelines can be used co derive criteria for any specific geographical area,
body of water (such as the Great Salt Lake), or group of similar bodies of
wacter, if adequate information is available concerning the effects of che
macterial of concern on appropriate species and their uses.

Criteria should sctempt co provide a reasonable and adequate amounc of
protection with only a small possibilicy of considerable overproctection or
underprotection. It is not enough that a nacional criterion be che besc
estimate that can be obtained using available data; it is equally imporcant
thac a criterion be derived only if adequate appropriate daca are available
to provide reasonable confidence that it is a good estimace. Therefore,
these Nacional Guidelines specify certain daca chat should be available if a

numerical criterion is to be derived. If all cthe required daca are noc



available, usually & criterion should not be derived. On the ocher hand, che
availabilicty of all required data does not ensure that a cricerion can be
derived.

A common belief is that national criceria are based on "worsc case"
assumptions and char local considerations will raise, but noc lower,
criceria. For exsmple, it will usually be assumed chat if the concentracien
of a macerial in a body of water is lower chan che national cricerion, no
unacceptable effects will occur and no site-specific criterion needs co be
derived. 1If, however, the concentration of a macerial in a body of wacer is
higher chan the national cricerion, it will usually be assumed thac a site-
specific cricerion should be derived. In order to prevent che assumpcion of
the "worsc case" nature of national criteria from resulcing in the
underprotection of coo many bodies of wacer, national criceria must be
incended to protect all or almosc all bodies of wacer. Thus, if bodies of
vacer and the aquatic communicies in them do differ substancially in cheir
sensicivities to a material, nacional criteria should be ac least somewhac
overprotective for a majoricy of che bodies of water. To do otherwise would
eicher (a) require derivacion of site-specific criceria even if che sice-
specific concentration were substantially below the nacional cricerion or (b)
cause the "worst case" assumpcion to result in cthe underprotection of
numerous bodies of water. On the other hand, nacional criceria are probably
underprotective of some bodies of wacer.

The two factors thac will probably cause che most difference becween
national and site-specific criteria are che species cthat will be exposed and
cthe characteristics of the water. In order to ensure chat nacional criceria
are appropriately protective, cthe required daca for national criceria include

some species thac are sensictive co many macerials and nactional criteria are
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specifically based on cests conducted in water relacively lov in parciculace
matter and organic macter. Thus, cthe two factors cthat will usually be
considered in che derivation of site-specific criteria from national criteria
are used to help ensure that nacional criteria are appropriacely proceccive.

On che ocher hand, some local-condi:iouo might require that sice-
specific criteria be lower than national criceria. Some uncesced locally
important species might be very sensicive to che macerial of concern, and
local wvater quality might not reduce the toxicity of the material. 1In
addicion, aquatic organisms in- field situations might be scressed by diseases,
parasites, predacors, other pollutaucs, contaminated or insufficienc food, and
fluccuating and extreme condicions of flow, water qualicy, and cemperacure.
Further, some materials might degrade to more toxic wmaterials, or some
important community fuactions or species interactions might be adversely
affected by concentracions lower than those that affect individual species.

Criteria must be used in a manner cthar is consiscent wicth che way in
which chey were derived if the intended level of procection is to be provided
in the real world. Alchough derivaction of water quality criceria for aquacic
life is constrained by the ways toxicicy and bioconcentracion tescs are
usually conducted, there are still meny differenc ways that criteria can be
derived, expressed, and used. The means used co derive and state criceria
should relate, in the best possible way, the kinds of data thac are available
concerning toxicity and bioconcentraction and che ways criceria can be used co
protect aquatic organisms and their uses.

The major problem is to determine the best way chac the statement of a
cricerion can bridge the gap between che nearly constant concencrations used
in most toxicity and bioconcentration tests and che fluctuacing concencracions

thac usually exist in che real world. A scacemenc of a cricerion as a number
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thac is not to be exceeded any ctime or place is not accepcable because few,
if any, people who use criteria would take it literally and few, if any,
toxicologists would defend a literal incerpretacion. Racher chan cry co
reinterprec a cricerion chat is neicher useful nor valid, it is beccer to
develop a more appropriace way of stacing criceria.

Alchough some marerials might not exhibit chresholds, many macerials
probably do. For any threshold material, coatinuous exposure co any
combination of concentrations below the threshold will not cause an
unaccepcable effect (as defined on pages 1-3) on aquatic organisms and their
uses, except thac the concencration of a required crace nutrient might be coo
low. However, it is importanc to note that cthis is a chreshold of
unacceptable effact, not a chreshold of adverse effect. Some adverse effect,
possibly even a small reduction in the survival, growch, or reproduction of a
commercially or recreationally important species, will probably occur ac, and
possibly even below, che chreshold. The Criterion Continuous Concentracion
(ccC) is incended co be a good estimate of chis chreshold of unaccepctable
effect. If maintained concinuously, any concentration above the CCC is
expected to cause an unaccepcable effecc. On che ocher hand, the conceacra-
tion of a pollutant in a body of wacer can be above che CCC without causing
an unaccepcable effecc if (a) the magnicudes and durations of the excursions
above the CCC are appropristely limited and (b) there are compensating
periods of time during which cthe concentracion is below the CCC. The higher
the concencration is above che CCC, che shorter che period of time it can be
tolerated. Butr it is unimportant whecher there is any upper limic on
concentractions cthat can be rolerated instancaneously or even for one minuce
because concencrations outside mixing zones rarely change substancially in

such short periods of time.



An elegant, general approach to the problem of defining conditions (a)
and (b) would be to integrace the concentration over cime, taking inco
account uptake and depuration rates, cransport wichin che organism to a
cricical site, etc. Because such an approach is not currencly feasible, an
approximace approach is to require that the average concentracion not exceed
the CCC. The average concentration should probably be calculated as the
arichmetic average racher chan the geometric mean (5]. If a suicable
averaging period is selected, the magnicudes and duracions of concencrations
above che CCC will be appropriately limited, and suicable compeunsacing
periods below che CCC will be required.

In the elegant approach mentioned above, the uptake and depuracion rates
would decermine che effective averaging period, but chese races are likely co
vary from species to species for any particular material. Thus che elegant
approach might noc provide & definitive answer co che problem of selecting an
appropriate averaging period. An alternacive is to consider that che purpose
of the averaging period is to allow the concencration to be above the CCC
only if che allowed fluctuating concentracions do not cause more adverse
effect than would be caused by a concinuous exposure cto che CCC. For
example, if che CCC caused a 10X reducction in growch of rainbow crout, or a
13X reducction in survival of oysters, or & 7% reduction in reproduccion of
smallmouth bass, it is the purpose of the averaging period co allow concen—
tracions above the CCC only if the cotal exposure will not cause any more
adverse effect than continuous exposure to the CCC would cause.

Even though only a few tests have compared the effects of a conscanc
conceancracion wicth cthe effects of the same average councentracion resulcing
from a fluccuating concencration, nearly all che available comparisons have

shown cthat subscancial fluctuacions result in increased adverse effects
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(5,6]. Thus if the averaging period is not to allow increased adverse
effects, it wmusc not allow subscancial fluctuations. Life-cycle cescs wich
species such as mysids and daphnids and early life-stage cescs wich warmwater
fishes usually last for 20 co 30 days. An averaging period thac is equal co
the lengch of the tesc will obviously allow che worst possible fluccuacions
and would very likely allow increased adverse effects.

An averaging period of four days seems appropriate for use wich the CCC
for two reasons. Firsc, it is subscancially shorcer than che 20 co 30 days
that is obviously unsccepcable. Second, for some species it appears chac che
resulcs of chronic tests are due to the existence of a sensitive life stage
ac some cime during che cest [7], rather than being caused by either long-
term scress or long-term accumulation of che test macerial in che organisam.
The exiscence of a sensicive life stage is probably the cause of acute-
chronic racios that are noc much greacer cthan 1, and is also possible when
the racio is subscancially greater than 1. In addition, some experimencally
determined acute-chronic racios are somevhat less chan 1, possibly because
prior exposure during che chronic tesc increased che resiscance of che
sensitive life scage (8]. A four-day averaging period will probably prevent
increased adverse effects on sensicive life stages by limicing che duracions
and magnicudes of exceedences* of cthe CCC.

The considerations applied to incerprecation of the CCC also apply co
the CMC. For the CMC the averaging period should again be substancially less

than che lengths of che tescs ic is based on, i.e., subscancially less chan

*Although "exceedence" has noc been found in any dictionary, it is used here
because it is not appropriace to use "violation" in conjunction with
criteria, no other word seems appropriace, and all appropriace phrases are
awkvard.
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48 to 96 hours. One hour is probably an appropriace averaging period because
high concencrations of some macerials can cause deach in one cto.chree hours.
Even when organisms do noc die within che fi?st hour or so, it is not known
how many might have died due to delayed effects of chis short of an exposure.
Thus it is not appropriace to allow concentracions above the CMC to exisc for
as long as one hour.

The durations of the averaging periods in national criceria have been
made short enough to rescriccr allowable fluctuations in the concencration of
the pollucant in the receiving water and ro rescricc the length of time that
the concentracion in the receiving water can be continuously above a
cricterion concencracions. The scatement of a criterion could specify chac
the four—day average should never exceed che CCC and that che one-hour
average should never exceed che CMC. However, one of cthe mosc importanc uses
of criteria is for designing wasce treatmenc facilicies. Such facilities are
designed based on probabilicies and ic is not possible to design for a zero
probabilicy. Thus, one of che important design parameters is cthe probabilicy
that the four-day average or the one-hour average will be exceeded, or, in
other words, the frequency with which exceedences will be allowed.

The frequency of allowed exceedences should be based on che abilicy of
aquatic ecosystems to recover from cthe exceedences, which will depend in parc
on the magnitudes and duractions of the exceedences. It is importanct to
realize that high concentrations caused by spills and similar major evencs
are not whac is meant by an "exceedence", because spills and ocher accidents
are not part of the design of the normal operacion of waste treatment facili-
ties. Rather, exceedences are extreme values in the discribution of ambienc
concentrations and chis discribution is the result of che usual variacions in

the flows of boch the effluent and che receiving wacter and che usual
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variacions in the concentrstions of che macerial of concern in both che
effluent and in the upstream receiving water. Because exceedences are che
resulr of usual variation, most of cthe exceedences will be small and
exceedences as large as a factor of two will be rare. In addicion, because
these exceedences are due to random variation, chey will not be evenly
spaced. In facc, because many receiving wacers have boch one-year and
multi-year cycles and many treatment facilities have daily, weekly, and
yearly cycles, exceedences will often be grouped, rather than being evenly
spaced or randomly discributed. If che flow of the receiving wacer is
usually much greacer than the flow of che effluent, normal variaction and che
flow cycles will result in the ambient concearracion usually being below che
CCC, occasionally being near che CCC, and rarely being above the CCC. 1In
addition, exceedences that do occur will be grouped. On the other hand, if
the flow of the effluent is much greater than the flow of the receiving
wacter, the concencraction mighc be close to the CCC much of che time and
rarely above the CCC, with exceedences being randomly discribuced.

The abilities of ecosystems to recover differ greacly, and depend on che
polluctant, the magnicude and duracion of che exceedence, and the physical and
biological features of the ecosystem. Documenced sctudies of recoveries are
few, but some systems recover from small scresses in six weeks whereas other
syscems take more than ten years cto recover from severe scress [3]. Alchough
most exceedences are expected to be very small, larger exceedences will occur
occasionally. Most aquatic ecosystems can probably recover from most
exceedences in about three years. Therefore, it does not seem reasonable to
purposely design for stress above that caused by the CCC to occur more chan

once every chree years on the average, just as it does not seem reasonable
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to require that these kinds of scresses only occur once every five or cen
years on the average.

If the body of water is not subject to anthropogenic stress ocher chan
the exceedences of concern and if exceedences as large as a factor of two are
rare, it seems reasonable that most bodies of wacer could tolerate
exceedences once every three years on the average. In situacioans in which
exceedences are grouped, several exceedences might occur in one or two years,
but chen there will be, for example, 10 cto 20 years during which no
exceedences will occur and the concencration will be subscancially below the
CCC mosc of che cime. In situations in which che concencracion is often
close to the CCC and exceedences are randomly distributed, some adverse
effect will occur regularly, and small additional, unacceptable effects will
occur about every third year. The relative long~term ecological consequences
of evenly spaced and grouped exceedences are unknown, but because mosc
exceedences will probably be small, cthe long-term consequences should be
aboutr equal over long periods of cime.

The above consideracions lead to a sctacement of a criterion in che
frequency-intensity-duration formac chat is often used to describe rain and
snovw fall and stresm flow, e.g., how often, on the average, does more than
cen inches of rain fall in a week? The numerical values chosen for
frequency (or average recurrence interval), incensity (i.e., concentracion),
and duracion (of averaging period) are chose appropriate for nacional
criteria. Whenever adequately juscified, a nacional criterion may be
replaced by a site-specific criterion [l], which may include not only sice-
specific criterion concencrations {2], but also sice-specific durations of

averaging periods and site-specific frequencies of allowed exceedences [3].
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The concencrations, duracions, and frequencies specified in criteria are
based on biological, ecological, and toxicological daca, and are designed to
procect aquatic organisms and their uses from unacceptable effects. Use of

criceria for designing waste treatmenc facilities requires selection of an

ate wasceload allocarion model. Dynamic models are preferred for ch

applicaction of wacer qualicy criceria, but a steady-stace model might have co
be used instead of s dynamic model in some sicuacions. Regardless of the
model chat is used, the durations of the averaging periods and tche
frequencies of allowed exceedences must be applied correccly if the incended
level of protection is to be provided. For example, in the criterion
scactement frequency refers to che average frequency, over a long period of
time, of rare events (i.e., exceedences). However, in some disciplines,
frequency is often chought of in terms of the average frequency, over a long
period of time, of che years in which rare eveancs occur, withouc any
consideration of how many rare evenrts occur within each of chose evencful
years. The distinction bectween che frequency of evencs and che frequency of
years is imporcanc for all chose sicuations in which the rare events, e.g.,
exceedences, tend to occur in groups wichian cthe evencful years. The two ways
of calculacing frequency produce the same resulcs in sicuacions in which each
rare event occurs in a different year because chen che frequency of events is
the same as che frequency of evencful years.

Because fresh wacer and salt wacer have basically different chemical
compositions and because freshwater and salctwater (i.e., esctuarine and true
marine) species rarely inhabit the same water simulcaneously, these National
Guidelines provide for the derivation of separate criteria for these two
kinds of water. For some macterials sufficienc data might not be available to
allow derivation of criceria for one or both kinds of wacer. Even though

absoluce toxicities might be different in fresh and salc wacers, such
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relative dacra as acute-chrounic ratios and bioconcenctration factors ofcen

(]

appear €
that chese ratios and factors are probably similar, chey are used inter-
changeably.

The material for which a criterion is desired is usually defined in
terms of a parcicular chemical compound or ion, or a group of closely relaced
compounds or iomns, but it might possibly be defined in terms of an effluentc.
These Nacional Guidelines might also be useful for deriving criteria for
temperacture, dissolved oxygen, suspended solids, pH, mtc., if the kinds of
data on which che Guidelines are based are availabla.

Because they are meant tc be applied only afrer a decision has been made
chat a national water qualicy criterion for aquatic organisms is needed for a
macterial, these National Guidelines do not address che rationale for making
that decision. If che potential for adverse effeccs on aquacic organisms and
their uses is part of the basis for deciding whecher an aquacic life
criterion is needed for a material, these Guidelines will probably be helpful
in the collecrion and interprecacion of relevanc dara. Such properties as
volacilicy might affect che face of a macerial in the aquatic environmenc and
might be important when determining whether a criterion is needed for a
material; for example, aquacic life criteria might not be needed for
macterials that are highly volatile or highly degradable in wacer. Alchough
such properties can affect how much of che material will ger from the point
of discharge through any allowed mixing zone co some porcion of che ambient
wacer and can also affect the size of the zone of influence in cthe ambient
water, such propercies do not affect how much of the macerial aquaric
organisms can toleracte in the zone of influence.

This version of the National Guidelines provides clarifications,

additional decails, and technical and editorial changes from che previous
15



version [9]. These modifications are the result of comments on the previous

version and subsequent drafcs (10], experience gained during che U.S. EPA's

use of previous versions and drafts, and advances in aquacic coxicology and
related fields. Future versions will incorporate new concepts and daca as

cheir usefulness is demonsctrated. The major technical changes incorporaced
into this version of che Nacional Guidelines are:

1. The requirement for acucte dacta for freshwacer animals has been changed to
include more cescs wich invertebrace species. The caxonomic, functional,
sad probably the toxicological, diversities among invertebrace species
are greater than chose among vertebrace species and chis should be
reflected in cthe required daca.

2. When svailable, 96-hr EC50s based on che percencage of fish immobilized
plus the percentage of fish killed are used instead of 96-hr LC50s for
fish; comparable EC50s are used inscead of LC50s for octher species. Such
appropriacely defined EC50s betcer reflect the tocal severe acuce adverse
impact of the test macerial on che test species than do LC50s or narrowly
defined EC50s. Acuce EC50s chac are based on effects chac are noc
severe, such as reduction in shell deposiction and reduction in growch,
are noc used in calculating cthe Final Acuce Value.

3. The Final Acute Value is now defined in cerms of Genus Mean Acute Values
rather than Species Mean Acute Values. A Genus Mean Acute Value is che
geometric mean of all the Species Mean Acute Values available for species
in the genus. On the average, species wichin a genus are toxicologically
much more similar chan species in different genera, and so the use of
Genus Mean Acute Values will preveant daca secs from being biased by an

overabundance of species in one or a few genera.
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The Final Acuce Value is now calculated using a mechod {11] cthac is noc
subject to the bias and anomalous behavior thac cthe previous method was.
The new mechod is also less influenced by one very low value because it
always gives equal weight co the four values chat provide che mosc
informacion abouct che cumulacive probabilicy of 0.05. Although cthe four
values receive tche most weighr, che other values do have a substantial
effect on the Final Acute Value (see examples in Appendix 2).

The requirements for using the results of tests with aquatic plancs have
been made more stringenc.

Instead of being equal to che Final Acute Value, the Cricerion Maximum
Concentration is now equal to one-half the Final Acuce Value. The
Criterion Maximum Concentration is intended to protect 95 percent of a
group of diverse genera, unless a commercially or recreacionally
important species is very sensitive. However, a concentration chac would
severely harm 50 percent of the fifch percentile or 50 percenc of a
sensitive important species cannot be considered to be procective of chac
percentile or that species. Dividing the Final Acuce Value by 2 is
intended to result in & concenctracion that will not severely adversely
affect too many of the organisus.

The lower of the two numbers in che cricerion is now called che Criterion
Continuous Concentration, rather than the Criterion Average Concencra-
tion, to more accurately reflect the nature of the ctoxicological data on
which ic is based.

The statement of a criterion has been changed (a) co include duracions of
averaging periods and frequencies of allowed exceedences that are based

on what aquatic organisms and their uses can colerace, and (b} to
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identify a specific situation in which site-specific criceria [1,2,3] are
probably desirable.
In addition, Appendix 1 was added to aid in determining whecher a species
should be considered resident in North America and its ctaxonomic classifica-
tion. Appendix 2 explains the calculation of the Final Acuce Value.

The smount of guidance in these Nacional Guidelines has been increased,
but much of the guidance is necessarily qualitative rather than quantitative;
much judgment will usually be required to derive a wacer -quality criterion
for aquatic organisms and their uses. In addition, alchough this version of
the National Guidelines attempts to cover all major questions chat have
arisen during use of previous versions and drafts, it undoubtedly does not
cover all sictuations chac might occur in che future. All necessary decisions
should be based on a thorough knowledge of aquatic toxicology and an
understanding of chese Guidelines and should be consistent with the spiric of
these Guidelines, i.e., to make best use of che available daca to derive the
most appropriate criterie. These Racional Guidelines should be modified
vhenever sound sciencific evidence indicates chat a nacional criterion
produced using these Guidelines would probably be subscantially
overprotective or underprotective of the aquacic organisms and cheir uses on
a nacional basis. Derivacion of numerical national wataer quality criteria
for aquacic organisms and their uses is a cowplex process and requires
knowledge in many areas of aquacic coxicology; any deviacion from these
Guidelines should be carefully considered to ensure that it is consiscent

with other parts of these Guidelines.
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1. Definicion of Macerial of Concern

A. Each separace chemical that does noc ionize subscantially in most
natural bodies of wacer should usually be considered a separace
material, except possibly for struccurally similar organic
compounds thac only exisc in large quantities as commercial
mixtures of the various compounds and apparencly have similar
biological, chemical, physical, and toxicological properties.

B. For chemicals that do ionize substancially in most natural bodies
of water (e.g., some phenols and organic acids, some salts of
phenols and organic acids, and most inorganic salcs and
coordination complexes of metals), all forms chac would be in
chemical equilibrium should usually be coasidered one macerial.
Each different oxidation stace of & mecal and each different
nonionizable covalently bonded organometallic compound should
usually be considered a separate macerial.

C. The definition of the material should include an operational
analytical component. Idencification of a macerial simply, for
example, as "sodium" obviously implies "tocal sodium", but leaves
room for doubt. If "total" is meant, it should be explicicly
stated. Even "tocal" has different operacional definitions, some
of which do not necessarily measure "all cthac is chere" in all
samples. Thus, it is also necessary to reference or describe che
analytical method that is intended. The operational analytical
component should take into account the analycical and environmencal
chemistry of che material, the desirabilicty of using the same

analytical mecthod on samples from laboratory tests, ambientc water,
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and aqueous effluencs, and various practical consideracions, such
as labor snd equipment requirements and whecher the mecthod would
require measurement in che field or would allow measurement afcer
ssmples are transported to a laboracory.

The primary requirements of che operacional analytical component
are thac it be sppropriate for use on samples of receiving wacer,
that ic be compatible with the available toxicitry and bioaccumul a-
tion dats wichout making extrapolations thac aste too hypochetical,
and thac it rarely result in underprocection or overprotecction of
aquatic organisms and their uses. Because an idesl analytical
measurement will rarely be available, & compromise measuremenc will
usually have to be used. This compromise measurement must fit wich
the general approach chat if an sabient concentracion is lower than
cthe nacional criterion, unacceptable effeccs will probably not
occur, i.e., the compromise measurement must not err on the side of
underprotection wvhen measurements are made on a surface wacer.
Because the chemical aud physical properties of an effluent are -
usually quite different from those of the receiving wacer, an
analytical method that is acceptable for analyzing an effluenc
might not be appropriace for analyzing & receiving water, and vice
verss. If the ambient concencration calculated from a measured
concencration in an effluent is higher than che nacional cricerion,
an addicional option is to measure the concentrarion after dilucion
of the affluent with receiving water to determine if che measured
concentracion is lowered by such phenomena as complexacion or
sorption. A further opcion, of course, is cto derive a sice-

specific criterion (1,2,3]. Thus, che criterion should be based on
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an appropriate analytical measurementc, buc che criterion is noc
rendered useless if an ideal measurement either is noct available or
is not feasible.

NOTE: The analycical chemiscry of the macerial mighc have cto be
taken into account when defining che macerial or when judging the
acceptability of some toxicity cests, but a criterion should not be
based on the sensitivicy of an analytical mechod. When aquacic
organisms are more sensitive than routine analycical mechods, che
proper solution is to develop betrer analytical mechods, not to

underprocect aquacic life.

I1. Collection of Daca

A.

Collect all available daca on the macerial concerning (&) coxicicy
to, and bioaccumulacrion by, aquatic animals and plants, (b) FDA
sction levels [12], and (¢) chronic feeding studies and long-term
field studies wich wildlife species that regularly consume aquacic
organisms.

All daca that are used should be available in cyped, daced, and
signed hard copy (publicacion, manuscripc, lecter, memorandum,
ecc.) with enough supporting informacion to indicate that
accepcable cest procedures were used and chac the resulcs are
probably reliable. In some cases it may be appropriate to obtain
addicional wricten informacion from the invesctigacor, if possible.
Information that is confidential or privileged or otherwise not
available for discribucion should noct be used.

Questionable daca, whecher published or unpublished, should not be

used. Por example, data should usually be rejected if chey are
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from cests that did not contain a control treatment, tests in which
too many organisms in the control treatment died or showed signs of
stress or disease, and tests in which distilled or deionized water
was used as the dilution water without addition of appropriace
salts.

D. Data on technical grade materials may be used if appropriate, but
data on formulated mixtures and emulsifiable concentrates of the
material of concern should not be used.

E. For some highly volatile, hydrolyzable, or degradable materials it
is probably appropriate to use only results of flow-through tests
in which the concentrations of test material in che test solutions
were measured often enough using acceptable analytical methods.

F. Data should be rejected if they were obtained using:

1. Brine shrimp, because they usually only occur naturally in
water with salinicy greater than 35 g/kg.

2. Species that do not have reproducing wild populations in North
America (see Appendix 1).

3. Organisms that were previously exposed to subscantial
concentractions of the test material or other contaminants.

G. Questionable data, data on formulated mixtures and emulaifiable 4 .
concentrates, and data obtained with non-resident lpecieja;?
previously exposed organisms may be used to provide auxiliary

information but should not be used in the derivation of criteria.

III. Required Data
A. Certain data should be available to help ensure that each of the

four major kinds of possible adverse effects receives adequate
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consideration. Results of acute and chronic toxicity tests with

representacive species of aquatic animals are necessary so that

data available for tested species can be considered a useful
indication of the sensitivities of appropriate uncested species.

Fewer data concerning toxicity to aquatic plants are required

because procedures for conducting tests with plants and

interpreting the results of such tests are not as well developed.

Data concerning bioaccumulation by aquatic organisms are only

required if relevant datz are available concerning the significance

of residues in aquatic organisus.

To derive a criterion for freshwater aquatic organisms and their

uses, the following should be available:

1. Results of acceptable acute tests (see Section IV) with at
least one species of freshwacer aniwal in at least eight differ-
ent families such that all of the following are included:

a. the family Salmonidae 'in the class Osteichthyes

b. a second family in the class Osteichcthyes,
preferably a commercially or recreationally
important warmwater species (e.g., bluegill, channel
catfish, etc.)

¢. a third family in the phylum Chordata (may be in che
class Osteichthyes or may be an amphibian, etc.)

d. a planktonic crustacean (e.g., cladoceran, copepod,
etc.)

e. a benthic crustacean (e.g., ostracod, isopod,

amphipod, crayfish, etc.)

23



f. an insect (e.g., mayfly, dragonfly, damselfly,
stonefly, caddisfly, mosquito, midge, etc.)

g. a family in a phylum other than Arthropoda or
Chordata (e.g., Rotifera, Annelida, Mollusca, ecc.)

h. a family in any order of insect or any phylum noc
already represented.

2. Acute-chronic ratios (see Section V1) with species of aquatic
snimals in at least chree different families provided that of
the three specias:

-~at leasc one is a fish

—at least one is an invertebrate

--ac least one is an acucely sensitive freshwater
species (the other two may be saltwater species).

3. Results of at least one acceptable test with a freshwacer alga
or vascular plant (see Section VIII). If plancs are among che
equatic organisms chet are most sensitive to che macerial,
resulcs of a tesc with a planc in enocher phylum (division)
should slso be availsble.

4. Ac least one accepcable bioconcentration fsctor determined
with an appropriacte freshwacer species, if a maxinum permissi-
ble tissue concentration is avsilable (see Section IX).

To derive & cricerion for salcwacer aquatic organisms and cheit

uses, the following should be available:

1. Results of acceptable acute tests (see Section IV) wicth ac
least one species of saltwacter animal in at least eight
differenc fsmilies such chat all of che following are

included:
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D.

4.

two families in che phylum Chordata

a family in a phylum other than Archropoda or
Chordaca

either the Mysidae or Penaeidae family

three octher families not in the phylum Chordaca (may
include Mysidae or Penaeidae, whichever was noc used
above)

any other family.

2. Acute-chronic ratios (see Section VI) wicth species of aquatic

animals in at least three differenc families provided that of

the three species:

~~gt least one is a fish

——at leastc one is an invercebrate

--at least one is an acucely sensitive saltwater species

(the other two may be freshwacer species).

3. BResulcs of at least one acceptable test with a saltwacer alga

or vascular plant (see Section VIII). 1If plancs are among the

aquatic organisms mosc sensitive to the material, resulcts of a

test with a plant in another phylum (division) should also be

available.

&. At least one acceptable bioconcentration factor determined

with an appropriate saltwater species, if a maximum permissible

tissue coucentration is svailable (see Section IX).

If all che required data are available, a numerical criterion can

usually be derived, except in special cases. For example, deriva-

tion of a criterion might not be possible if che available acute-~

chrounic racios vary by more than a factor of ten with no apparent
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Iv.

Final

pactern. Also, if a criterion is to be related co a wacer qualicy
characteristic (see Sections V and VII), more daca will be
necessary.

Similarly, if all required daca are noc available, a numerical
cricarion should not be derived except in special cases. For
example, even if not enough acute and chronic daca are available,
it might be possible to derive a criterion if the available daca
clearly indicace thac the Final Residue Value should be much lower
than either che Final Chronic Value or the Final Planc Value.
Confidence in a criterion usually increases as the smounc of
available pertinent daca increases. Thus, addicionsal daca are

usually desirable.

Acuce Value

Appropriate measures of the acuce (short-term) toxicity of che
material co a variecy of species of aquacic animals are used co
calculace che Final Acuce Value. The Final Acuce Value is an
estimacte of the concentration of the material corresponding to a
cumulative probabilicy of 0.05 in che acute toxicicy values for che
genera vich vhich acceptable acute tescs have been conducted on che
material. However, in some cases, if che Species Mean Acute Value
of a commercially or recreationally important species is lower chan
the calculaced Final Acute Value, then that Species Mean Acuce
Value replaces the calculaced Final Acuce Value in order to provide
procection for that important species.

Acucte toxicity tests should have been conducted usiag accepcable

procedures [13].
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Except for tests with saltwater annelids and mysids, resulcs of
acute tests during which che cesc organisus were fed should not be
used, unless data indicate that che food did not affect che
toxicity of che cest macerial.

Resulcs of acute cests conducted in unusual dilution wacter, e.g.,

dilucion water in which total organic carbon or particulace maccer

exceeded 5 mg/L, should not be used, unless a relacionship is
developed between acute toxicity and organic carbon or parciculace
macter or unless data show chact organic carbon, particulace matter,
ecc., do not affecr coxicity.

Acute values should be based on endpoincs which reflect che tocal

severe scute adverse impact of che tesc macerial on the organisms

used in the test. Therefore, only the following kinds of daca on
acute toxicity to aquatic animals should be used:

1. Tescs with daphnids and other cladocerans should be scarted
with organisms less than 24 hours old and cests wich midges
should be scarted wich second- or third-inscar larvae. The
resulc should be the 48-hr EC50 based on percentage of
organisms immobilized plus percencage of organisms killed. If
such an BC50 is not available from a tesc, cthe 48-hr LCS50
should be used in place of the desired 48-hr EC50. An EC50 or
LC50 of longer cthan 48 hr can be used as long as the animals
were not fed and the conctrol animals were accepcable ac cthe end
of cthe cesc.

2. The result of a ctest with embryos and larvae of barnacles,

bivalve molluscs (clams, mussels, oysters, and scallops), sea
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urchins, lobsters, crabs, shrimp, and abalones should be the
96-hr EC50 based on the percentage of organisms with
incompletely developed shells plus the percentage of organisms
killed. If asuch an EC50 ias not available from a test, the
lower of the 96-hr EC50 based on the percentage of organisms
vith incompletely developed shella and che 96-hr LC50 should be

used in place of the desired 96~hr EC50. If che duration of

the test was between 48 and 96 hr, the EC50 or LC50 at the end

of the test should be used.

The acute values from tests with all other freshwater and
saltwater animal species and older life stages of barnacles,
bivalve molluscs, sea urchins, lobsters, crabs, shrimps, and
abalones should be cthe 96-hr EC50 based on the percentage of
organisms exhibiting loss of equilibrium plus the percentage of
organisms immobilized plus che percentage of organisms killed.
If such an EC50 is not available from a test, the 96~hr LCS50
should be used in place of the desired 96~hr EC50.

Tests with single~celled organisms are not considered acute
tests, even if the duration was 96 hours or less.

If the tests were conducted properly, acute values reported as
“"greater than" values and those which are above the solubilicy
of the test material should be used, because rejection of such
acute values would unnecessarily lower the Final Acute Value by

eliminating acute values for resisctant species.
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If the acute toxicity of the material to aquatic animals apparently
has been shown to be related to a water quality characteriscic such
as hardness or particulate macter for freshwater animals or
salinity or particulate matter for saltwater animals, a Final Acute
Equation should be derived based on that water quality
characteristic. Go to Sectiom V.

If the available data indicate that one or more life stages are at
least a factor of two more resistant than one or more other life
stages of the same species, the data for the more resistant life
stages should not be used in the calculation of the Species Mean
Acute Value because a species can only be considered protected from
acute toxicity if all life stages are protectad.

The agreement of the data within and between species should be
considered. Acute values that appear to be questionable in
comparison with other acute and chronic data for the same species
and for other species in the same genus probably should not be

used in calculation of a Species Mean Acute Value., For example, if
the acute values available for a species or genus differ by more
than a factor of 10, some or all of the values probably should not
be used in calculations.

For each species for which at least one acute value is available,
the Species Mean Acute Value (SMAV) should be calculated as the
geometric mean of the results of all flow-through tests in which

the concentrations of test material were measured. For a species
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for which no such resulc is available, the SMAV should be
calculaced as che geomerric mean of all available acuce values,
i.e., results of flow-chrough tescs in which the concencracions
were not measured and resulcts of scatic and renewal cescts based on
initial concentracions (nominal concencracions are accepcable for
most cest macerials if measured concentrations are not available)
of cesc macerial.

NOTE: Data reported by original investigators should not be
rounded off. Resulcs of all incermediace calculacions should be
rounded [14] to four significanc digics.

NOTE: The geomectric mean of N numbers is the Nt rooc of the
product of the N numbers. Alcernatively, che geometric mean can be
calculated by adding che logarithms of the N numbers, dividing che
sum by N, and taking the antilog of the quotient. The geomecric
mean of two numbers is the square root of the product of che two
nusmbers, and the geometric mean of one number is chac number.
Eicher natural (base e) or common (base 10) logarichms can be used
to calculate geometric means as long as chey are used consiscencly
wichin each set of daca, i.e., the ancilog used musc match che
logaricha used.

NOTE: Geowmecric means, racher than arithmecic means, are used here
becsuse the distribucions of sensicivities of iandividual organisms
in toxicity ctests on most materials and che discribuctions of sensi-
tivicies of species wicthin a genus are more likely to be lognormal
than normal. Similarly, geometric means are used for acute-chronic
ratios and bioconcentracion factors because quotients are likely co

be closer to lognormal than normal discributions. In addicion,

30



L.

division of the geometric mean of a set of numeracors by che
geometric mean of the sst of corresponding dencminstors will result
in the geowetric mean of the set of corresponding quociencs.

For each genus for which one or more SMAVs are available, che Genus
Mean Acuce Value (GMAV) should be calculated as the geometric mean
of che SMAVs available for che genus.

Order the GMAVs from high co low.

Assign ranks, R, to the GMAVs from "1" for cthe lowest to "N" for
the highest. If two or more GMAVs are idencical, arbicrarily
assign them successive ranks.

Calculacts cthe cumulacive probabilicy, P, for each GMAV as R/(M+1).
Select the four GMAVs which have cumulative probabilicies closest
to 0.05 (if chere are less than 59 GMAVs, these will always be che
four lowesc GMAVs).

Using che selected GMAVs and Ps, calculate

g2 » EUnouwnd) - (((1g GuAv))?/4)
(P) - ((XVP))4/b)
L = (Z(1n QUAV) - S(K(/F))) /4
A = 8(v/0.0%) +L
Y §
FAV = ¢ /Q:AF”‘/
(See [11] for development of the calculation procedure and Appendix

2 for an example calculation and computer program.)

NOTE: MNacural logarichms (logarithms to base e, denoced as ln) are

used herein merely because they ars easier to use on some hand
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v.

Final

A.

calculators and computers chan commou (base 10) logarichms.
Consistenc use of either will produce the same resulc.

If for s commercially or recreationally importanc species che
geometric mean of the acute values from flow-through ctescs in which
the concencractions of cest material were measured is lower ctham che
calculated Final Acuce Value, then chat geometric mean should be
used as the Final Acute Value instesd of che calculated Final Acuce
Value.

Go to Section VI.

Acute Equation

When enough data are availsble co show that acuce toxicicy to
two or more species is similarly related to a water qualicy
characteristic, the relacionship should be caken into sccount as
described in Sections B-G below or using analysis of covariance
(15,16]. The two methods sre equivalent and produce identical
resulcs. The aanual wmethod described below provides an under-
scanding of chis application of covarisnce analysis, buc
computerized versions of covariancs analysis are much more
convenient for analyzing large data secs. If two or more factora
affect ctoxicity, mulciple regression analysis should be used.
For each species for which comparable acute coxicity values are
available at two or more different values of che wvater qualicy
characteriscic, perform a least equares regression of the acuce
toxicity values on che corresponding values of the water qualicy
characteristic cto obtain cthe slope and its 95% confidence limics

for each species.
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NOTE: Because the best documenced relacionship is chac becwaen
hardness and scucte toxicicty of metals in fresh water and a log-log
relacionship fits these daca, geomecric means and nacural
logaricthms of bocth toxicity and wacter qualicy are used in che reet
of cthis seccion. For relacionships based on ocher wacer quality
characteristics, such as pH, temperacure, or salinitcy, no
crensformation or a different transformation might fic cthe daca
better, and appropriate changes will be nscessary chroughouc chis
section.

Decide whecher the daca for each species is useful, taking inco
sccount the range and number of the tested values of the wvater
qualicy characteristic and che degree of agreement wichin and
between species. PFor example, a slope based on six daca poincs
might be of limited value if it is based only on data for a very
narrow range of values of the water quality characteriscic. A
slope based on ouly two data points, however, mighc be useful if ic
is consiscent wich ocher iaformaction and if che two poincs cover a
broad enough range of che wacter quality characceriscic. Inm
addicion, acute values that appear to be quescionable in comparison
with other acute and chronic dats available for che same species
and for other species in the same genus prodbably should not be
used. For example, if after adjustmenc for che wacer qualicy
characteristic, the acute values available for a species or genus
differ by more than a factor of 10, rejection of sowme or all of the
values is probably sppropriace. If useful slopes are noc available
for at least one fish and one invertsbrace or if the availadle
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G.

slopes are too dissimilar or if too few daca are available co
adequately define the relationship becween acute toxicicy and che
water quality characteristic, recturn to Section IV.G., using che
results of tests counducced under condicions and in wacers similar
to those commonly used for coxicity tests wich che species.
Individually for each species calculate the geomecrric mean of the
available acute values and then divide each of the acute values for
a species by che mean for the species. This normalizes che acuce
values 30 cthac the geomecric mean of cthe normalized values for each
species individually and for any combinacion of species is 1.0.
Similarly normalize che values of the water quality characteriscic
for each species individually.

Individually for each species perform a leasc squares regression of
the normalized acute coxicicy values on che corresponding
aormalized values of the water qualicy characteristic. The
resultring slopes and 952 confidence limics will be idencical co
chose obcained in Section B above. MNow, however, if che data are
actually plocted, the line of besc fic for each individual species
will go chrough the point l,l1 in the center of che graph.

Treat all the normalized daca as if chey were all for the same
species and perform a least squares regrassion of all che
normalized acute values on che corresponding normalized values of
the vater quality characceriscic co obcain che pooled acute slope,
V, and ics 95% confidenc§ limics. 1If all che normalized data are
acctually plocted, che line of besc fic will go chrough cthe point

1,1 in the center of che graph.
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L.

M.

Por each species calculace the geomecric mean, W, of the acuce
toxicity values and the gecmectric mean, X, of cthe values of che
vacter quality characteriscic. (These vere calculaced in sceps D
and E above.)

For each species calculace the logarichm, Y, of che SMAV 4t a
selected value, Z, of the wacer quality characteriscic using che
equaction: Y = ln W= V(ln X - 1n 2).

FPor each species calculate che IMAV at Z using che equacion: SMAV =

oY

NOTE: Alternatively, che SMAVs ac Z can be obtained by skipping

scep H above, using che equacions in steps I and J to adjusc each
scute value individually to Z, and then calculacing the geometric
mesn of the adjusced values for each species individually. This
alternative procedure allows an examinacion of the range of che
adjusced acute values for each species.

Obctain che Pinal Acute Value ac Z by using che procedure described
in Section 1IV.J-0.

If che SMAV at Z of a commercially or recreationally imporcant
species is lower chan che calculated Final Acuce Value ac Z, chen
that SMAV should be used as the Final Acuce Value at Z inscead of
the calculated Final Acute Value.

The Pinal Acuce Equation is writcen as: Final Acuce Value =

‘(Vlln(vatcr quality characteristic)] + ln A - V[1n 2])
]

vhere V = pooled acute slope and A = Final Acuce Value at Z.
Because V, A, and Z are known, the Pinal Acute Value can be
calculaced for any selected value of the wacer quality character-
istic.
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vI.

Final Chronic Value

Al

Depending on the data that are available concerning chroaic
toxicicy to aquacic animals, che Final Chrounic Value mighc be
calculated in the same manner as the Final Acuce Value or by
dividing the Final Acuce Value by che Final Acute~Chronic Racio. In
some cases it may not be possible to calculate a Final Chronic
Value.

NOTE: As che name implies, che acute-chronic racio (ACR) is a way
of relating acute and chronic toxicities. The acute-chromic racio
is basically the inverse of che applicacion factor, buct this new
name is better because it is more descripctive and should help
prevent confusion between "application factors" and "safecy
factors”. Acute-chrounic ratios and applicacion factors are ways of
relacing the acucte and chronic coxicities of a wmaterial to aquatic
organisms. Safety factors are used to provide an extra margin of
safecty beyond cthe known or estimaced sensicivities of aquacic
organisms. Another advancage of cthe acute-chronic ratio is chac ic
will usually be greacer than one; this should avoid che confusion
as to whecher a large applicacion factor is ome thac is close to
unicy or one thac has a denominator cthat is much greater than che
numerator.

Chronic values should be based on resulcs of flow-chrough (excepc
renewal is accepcable for daphnids) chronic tescs in which che
concentrations of tesc material in the cest solutions were properly

measured at appropriace times during the cesc.

36



c.

D.

Results of chronic tests in which survival, growth, or reproduccion
in the control treactment was unacceptably low should noc be used.
The limite of acceptabilicty will depend on che species.

Resulcs of chronic tests conducted in unusual dilucion wacer,

e.8., dilution wacer in which cocal organic carbon or particulace

macter exceeded 5 mg/L, should noc be used, unless & relationship

is developed between chronic toxicity and organic carbon or
particulace macter or unless data show thac organic carbon,
particulate matcer, atc., do nor affectc toxicicy.

Chronic values should be based on endpoints and lengchs of

exposure appropriace to the species. Therefore, only resulcs of

the following kinds of chronic toxicicy cests should be used:

1. Life-cycle toxicicy tests consiscing of exposures of each of
two or more groups of individudls of a species to a differenc
concentration of che cest macterial chroughout & life cycle.

To sasure thact all life scages and life processes are

exposed, cests with fish should bdegin wich embryos or newly
hacched young less cthan 48 hours old, coantinue through
maturacion and reproduccion, and should end noc less than 24
days (90 days for salmonids) after the hacching of che next
generation. Tescs with daphnids should begin wich young less
than 24 hours old and lasc for not less chan 21 days. Tescs
wvith wysids should begin with young less cthan 24 hours old and
continue until 7 days past the median cime of firsc brood
release in che concrols. Por fish, daca should be obrained and
analyzed on survival and growth of adulcts and young, macuracion

of males and females, agzs spawmed per female, embryo viabilicy
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(salmonids ounly), and hatchabilicy. For daphnids, daca should
be obtained and analyzed on survival and young per female. For
wysids, daca should be obcrained and analyzed on survival,
growch, and young per female.

Partial life-cycle toxicicy ctests consiscing of exposures of
each of two or more groups of individuals of a species of fish
to a different concencracion of che cest macerial chrough mosc
porcions of a life cycle. Parcial life-cycle cests are allowed
wich fish species that require more chan a year to reach sexual
macuricy, so chac all major life stages can be exposed to the
test material in less than 15 months. Exposure to che casc
macerial should begin wicth immacture juveniles at leasc 2 monchs
prior to active gonad developmenc, concinue chrough maturation
and reproduction, sud end noc less than 24 days (90 days for
salmonids) after the hacching of the next generacion. Daca
should be obrained and analyzed on survival and growch of
adults and young, macuracion of males and females, eggs spawned
per female, embryo viabilicy (salmonids only), and
hacchabilicy.

Barly life-scage toxicity tests consiscing of 28- co 32-day

(60 days post hatch for salmonids) exposures of the early

life stages of a species of fish from shorcly after
fertilization chrough embryonic, larval, snd early juvenile
developmenc. Daca should be obcained and analyzed on survival
and growth.

NOTE: Results of an early life-scage cesc are used as predic-

tions of results of life-cycle and partial life-cycle cescs
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F.

with cthe same species. Therefore, vhen resulcs of a life-cycle
or partial life~cycle tesc are avdilable, results of an early
life-stage tesc vich che same species should noct be used.
Also, results of early life-sctage tescs in which che incidence
of mortalities or abnormalicies increased subscancially near
the end of che test should noc be used because resulcs of such
tests are possibly not good prediccions of the resulcs of
comparable life-cycle or parcial lifewcycle tescs.
A chronic value may be obtained by calculacing che geomecric mean
of the lower and upper chronic limics from & chroaic cesc or by
analyzing chronic daca using regression analysis. A lower chromic
limit is the highest tested conceantraction (a) in an acceptable
chronic cesc, (b) which did not cause an unacceptable amounc of
advarse effect oa any of che specified biological measuremencs, and
(c) below which no cested concencracion caused an unaccepcable
affecc. An upper chronic limit is cthe lowest cesced concencration
(a) in an acceptable chronic test, (b) which did cause an
unacceptable smount of adverse effect on one or more of che
specified biological measurements, and (c) above which all tesced
concentrations also caused such an effecct.
NOTE: Because various auchors have used a variecy of terms and
definitions to incerprer and report results of chronic cescs,
reported results should be reviewad carefully. The amount of
effect cthac is considered unacceprable is often based on a scacis-
tical hypocthesis tesc, but might also be defined in terms of a

specified percent reduction from che concrols. A small percent
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reduction (e.g., 3X) might be considered accepcable even if it is
scatistically significancly differenc from che concrol, whereas a
large percent reducction (e.g., 30%) might be considered
unacceptable even if ic is noc scaciscically significanc.

If che chronic coxicity of che material co aquatic animals
apparently has been shown ro be relaced to s water qualicy
characceristic such as hardness or parcticulace matcer for
freshwatar animals or salinicy or particulate matcer for salcwacer
animals, a Final Chroaic Equation should be derived based on thac
wacer qualicy characceriscic. Go co Section VII.

1f chronic values are available for species in eighc families as
described in Secwions III.B3.1 or III.C.l, a Species Mean Chronic
Value (SMCV) should be calculated for each species for which ac
least one chronic value is available by calculating che geometric
mean of all chronic values available for che species, and
approoriace Genus Mean Chronic Values should be calculated. The
Final Chronic Value should chen be obcained using che procedure
described in Seccion IV.J-0. Then go to Section VI.M.

For each chroaic value for which ac least one corresponding
appropriate acute value is available, calculace an scuce-chronic
ratio, using for che numeracor the geometric mean of the resulcs of
all acceptable flow-through (excepc scacic is acceptable for
daphnids) acute cests in che same dilution wacer and in which the
concentrations were measured. PFor fish, the acuce test(s) should
have been conducted with juveniles. The acute cesc(s) should have
been part of che same study as the chronic cesc. If acuce cescs

were not conducted as parc of the same scudy, acute tescs conducted
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K.

in the same lasboracory and dilution water, but in a different

uthdy. may be used. If no such acuce cests are available, resulcs

of acute tests conducced in the same dilution wacer in a differeat
laboratory may be used. 1If no such acuce cescs are available, an
acute~chronic ratio should not be calculaced.

For each species, calculate the species mean acuce-chronic racioc as

the geomecric mean of all acute-chronic racios available for chac

spacies.

For some macerials che acute-chronic racio seems co be che same for

all spcci.s, buc for other macerials che racio seems to increase or

decrease as the Species Mean Acuce Value (SMAV) increases. Thus
the Final Acute~Chronic Racio can be obtained in four ways,
depending on che daca available:

1. If che species maan acuce-chronic racioc seems to increase or
decrease as the SMAV incresses, the Final Acuce-Chronic Ratio
should be calculaced as the geometric mean of che acuce-chronic
ratios for species whose SMAVs are close cto the Final Acuce
Value.

2. 1f no major trend is apparent and che scuce-chronic racios for
a number of species are wichin a faccor of ten, the Final
Acute~Chronic Racio should be calculated as che geometric mean
of all the species mean acute-chronic racios available for boch
freshwater and salcwater species.

3. PFor acute tescs conducted on metals and possibly ocher
subsctances wicth embryos and larvae of barnacles, bivalve

molluscs, sea urchins, lobscers, crabs, shrimp, and abalones
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(see Section IV.E.2), it is probably appropriate to assume chac
the scute-chronic racio is 2. Chronic tescs are very difficulc
co conduct with mosc such species, but it is likely chac che
sensitivicies of embryos and lsrvae would determine che resulcs
of life=cycle tests. Thus, if the lowest available SMAVs were
decermined wich embryos and larvae of such species, the Final
Acute~Chronic Ratio should probably be assumed to be 2, so chac
the Final Chronic Value is equal to che Crigerion Maximum
Concencracion (see Seccion XI.B).

If the wosct appropriate species mean acucte-chronic racios are
less than 2.0, and especially if chey are less tham 1.0,
acclimacion has probably occurred during the chronic cesc.
Because continuous exposure aad acclimacion cannoc be assured
to provide adequate protection in field situacions, che Final
Acute~Chronic Ratio should be assumed to be 2, so chac che
Final Chrounic Value is equal co the Cricerion Maximm

Concencracion (see Section XI.B).

If che available species mean acute-chronic racios do noc fic one

of chese cases, a Final Acute-Chronic Racio probably cannoc be

obtained, and a Final Chronic Value probably cannot be calculated.

Calculate the Final Chronic Value by dividing cthe Final Acute Value

by che Final Acuce~Chronic Racio. If cthere was & Final Acuce

Equation rather than a Final Acute Value, see also Section VII.A.

If che Species Mean Chronic Value of s commercially or recreaction-

ally imporcanc species is lower than the calculaced Final Chronic

Value, then that Species Mean Chronic Value should be used as che

Final Chronic Value insctead of the calculaced Pinal Chronic Value.
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ViI.

Go to Seccion VILI.

Final Chronic Equation

A.

A Pinal Chronic Equation can be derived in two ways. The procedure
described here in Secrion A will resulc in the chronic slope being
the same as cthe acuce slope. The procedure described in Seccions
B=N will usually result in the chronic slope being differenc from
the acuce slope.

1. If acute-chronic racios are available for enough species at
enough values of che wacer qualicty characteriscic co indicace
thac the acute=chronic racio is probably che same for all
species and is probably independenc of che water qualicy
characceristic, calculace the Final Acute-Chronic Racioc as the
geomectric mesn of che available species mean acuce-chronic
racios.

2. Calculace che Final Chronic Value at che selecced value 2 of
the water qualicy characcteristic by dividing che Final Acuce
Value at Z (see Section V.M.) by the Final Acute-Chronic

Ratio.

3., Use V = pooled acute slope (see section V.M.) as L = pooled

chronic slope.
4. Go to Section VII.M.
When enough data are available to show thac chronic toxicicy co ac
least one species is relaced co a wacer qualicy characceriscic, che
relacionship should be taken into account as described in Sections
B-G below or using analysis of covariance [15,16]. The cwo mechods
are equivalent and produce identical results. The manual mechod
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described below provides an underscanding of chis applicacion of
covariance analysis, but compucerized vgrtiono of covariance
analysis are much more convenient for analyzing large daca secs.
If two or more factors affecc toxicity, mulciple regression
analysis should be used.

For each species for which comparable chronic toxicity values are
available at two or more different values of the water qualicy
characteristic, perform a leasc squares regression of che chronic
toxicity values on the corresponding values of the wacer qualicy
characteristic co obcain cthe slope and its 95% confidence limics
for each species.

NOTE: Because the best documenced relationship is thac becween
hardness and acuce coxicicy of mecals in fresh wacer and a log-log
relationship fics these daca, geometric means and nacural
logarichms of boch coxicicy and wacer qualicy are used in che resc
of chis seccion. For relacionships based on ocher wacer qualicy
characteriscics, such as pH, temperature, or salinicty, no crans-
formation or a different transformation might fit che daca becter,
and appropriace changes will be necessary cthroughout chis seccion.
It is probably prefersble, buc not necessary, to use the same
transformation cthat was used wich the acuce values in Seccion V.
Decide whether the daca for each species is useful, taking inco
account the range and number of the tested values of che wacer
qualicty characteristic and che degree of agreemenc wichin and
becween species. For example, a slope based on six daca poincs
mighc be of limicted value if ic is based only on data for a very

narrov range of values of the water qualicy characteristic. A
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slope based on only two daca points, however, might be useful if ic
is consistent with ocher informacion and if the two poincs cover a
broad enough range of the water quality characceristic. In
addition, chronic values thac appear to be quescionable in
comparison with ocher scucte and chromic dace available for che same
species and for octher species in the same genus prodbably should not
be used. For example, if after adjuscmenct for the water qualicy
characceriscic, the chronic values available for & species or genus
differ by mors than a factor of 10, rejection of some or all of che
values is probably appropriace. If & useful chronic slope is not
available for at least one specias or if che available slopes are
too dissimilar or if too few data are available to adequactely
define the relationship becween chromic coxicity and che wacer
quality characceriscic, it mighc be sppropriate co assume chat che
chronic slope is the same as the acuce slope, which is equivalenc
to assuming that che acucte-chronic ratio is independenc of che
water quality characteristic. Alcernatively, recurn co Seccion
V1.H, using the resulcs of tescs conducted under condicions and in
vaters similar to those commonly used for toxicicy cescs wich cthe
species,

Individually for sach species calculace che geomecric mean of che
available chronic values and then divide each chromic value for a
species by the mean for the species. This normalizes che chrenic
values so that che geometric mean of the normalized values for each
species individually and for any combination of species is 1.0.
Similarly normalize the values of the water qualicy characceriscic

for each species individually.
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Individually for each species perform a leasc squares regression of
the normalized chronic toxicity values on cthe corresponding normal-
ized values of che water quality characteriscic. The resulcing
slopes and che 95% confidence limits will be idencical to chose
obtained in Section B above. WNow, however, if che data are
actually plotced, the line of best fic for each individual species
will go cthrough the point 1,1 in che center of the graph.

Treat all the normalized daca as if chey were all for the same
species and perform a least squares regression of all the normal-
ized chronic values on the corresponding normalized values of che
water qualicy characceristic to obcain the pooled chronic slope, L,
and ics 957 confidence limics. If all che normalized daca are
accually plotced, the line of best fic will go chrough che point
1,1l in the center of the graph.

For each species calculace che geomecric mean, M, of che toxicicy
values and the geowetric mean, P, of che values of che wacer
qualicy characceriscic. (These were calculaced in steps E and F
above.)

For each species calculace che logarichm, Q, of che Species Mean
Chronic Value at a selected value, Z, of che wacer qualicy
charscteristic using che equacion: Q = lan M -~ L(lan P - In 2).
NOTR: Although it is not necessary, it will usually be besc to use
the same value of cthe wacer quality characteriscic here as was used
in secction V.I.

For each species calculace a Species Mean Chronic Value ar Z using

the equacion: SMCV = eQ,
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VIIL.

Final

A,

NOTE: Alcernacively, the Species Mean Chronic Values ac 2 can be
obcained by skipping scep J above, using che equacions in sceps J
and K to adjust each acuce value individually to Z and chen calcu-
lating che geometric means of che adjusted values for each species
individually. This alcernative procedure allows an examinacion of
the range of the adjusted chromnic values for each species.

Obcain the Final Chronic Value at Z by using the procedure
described in Section IV.J-0,

If che Species Mean Chroanic Value at Z of a commercially or
recreacionally important species is lower chan the calculaced Final
Chronic Value ac Z, chen chact Species Mean Chronic Value should be
used as the Final Chronic Value ac Z instead of cthe calculaced
Final Chronic Value.

The Pinal Chronic Equacion is wricten as: Pinal Chronic Value =
o{L(1n(wacer qualicy characceriscic)] ¢ lu 8 = L{ln Z]) yhere

L = pooled chronic slope and 8 = Pinal Chronic Value ac Z. Because
L, S and Z are known, che Final Chronic Valus can be calculated for

any selected value of che water qualicy characteristic.

Plant Value

Appropriace measures of the coxicicy of the macerial to aquactic
plancs are used to compare the relacive sensicivities of aquacic
plants and animals. Although procedures for conduccing and
interpreting the resulcs of toxicity cests wich plants are noc well
developed, results of tests with plants usually indicace chac
criceria which adequacely protect aquatic animals and cheir uses

will probably also protect aquatic plancs and their uses.
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Ix.

Final

A plant value is the result of a 96-hr cesct conducted wich an alga

or & chronic cest conducted wich an aquacic vascular plaac.

NOTE: A tesc of the toxicity of a mecal co a planc usually should

not be used if che medium concained an excessive smount of a
complexing agenc, such as EDTA, chat mighc affect the coxicicy of
the mecal. Conceactrations of EDTA sbove abouc 200 ug/L should
probably be considered excessive.

The Final Plant Value should be obtained by selecting che lowesc
resulc from a tesc wich an imporcanc aquatic plant species in which
the concentracions of cest material were measured and cthe endpoint

wvas biologically importanc.

Residue Value

The Final Residue Value is incended to (a) prevent concencracions
in commercially or recreacionally importanc aquacic species from
affecting markecabilicy because of exceedence of applicable FDA
asction levels and (b) procect wildlife, including fishes and birds,
thac consume squatic organisms from demonstrated unaccepcable
effeccs. The Pinal Residue Value is the lowest of che residue
values chat are obcained by dividing maxiwum permissible cissue
concentrations by appropriace bioconcentracion or biocaccumulacion
factors. A maximum permissible tissue concentracioa is either (a)
an FDA action level [12] for fish oil or for the edible portion of
fish or shellfish, or (b) a maximum acceptable diecary intake based
on observacions on survival, growch, or reproduction in a chronic

vildlife feeding study or a long-cerm wildlife field scudy. If no
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maximum permissible cissue concencracion is available, go to
Section X because no Final Residue Value can be derived.
Bioconcentraction factors (BCPs) and bioaccumulation factors (BAFs)
are quotients of che concencration of a macerial in oae or more
tissues of an squactic organism divided by the average coanceatracion
in che solucion in which the organism had been living. A BCF is
incended to account only for net upcake directly from wacer, and
thus alwost has to be measured in a laborgcory tesc. Some uptake
during the bioconcencration cest might noc be direccly from wacer
if the food sorbs some of the rest macerial before it is eacen by
the cestc organisms. A BAF is intended co account for net uptake
from both food and wacer in a resl-world situaction. A BAF slmosc
has to be measured in & field sicuation in which predacors
accumulate che material direccly from wacer and by consuming prey
thac icself could have accumulated the macerial from boch food and
water. The BCF and BAF are probably similar for a material wich a
low BCF, bur che BAF is probably higher than the BCF for macerials
wicth high BCPs. Although BCFs are not coo difficult co decermine,
very few BAFs have been measured acceptably because it is necessary
to make enough measurements of the concentracion of che macerial in
water to show that it was reasonably conscanc for a long enough
period of time over the range of terricory inhabiced by che
organisms. Because so few acceptable BAFs are available, only BCFs
will be discussed furcher. However, if an acceptable BAF is
available for a material, it should be used instead of any

available BCFs.
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If & maximum permissible cissue concencracion is available for a
substance (e.g., parent material, parenc material plus mecabolites,
etc.), the tissue concencracion used in the calculacion of the BCF
should be for the same subscance. Ocherwise che cissue
concentracion used in the calculation of the BCF should be chac of
che macerial and its wecabolices which are scruccurally similar and
are not much sore soluble in wacer than the parenc macerial.

1. A BCF should be used ouly if the cest was flow-chrough, che BCF
wvas calculaced based on measured councentracions of che tesc
macerial in tissue and in che tesc solucion, and che exposure
continued at least uncil either apparenc sceady-stace or 28
days vas reached. Steady-scace is reached when che BCF does
not change significantly over a period of cime, such as two
days or 16 percent of the length of che exposure, whichever is
longer. The BCF used from a cest should be che highest of (a)
the apparent steady-stace BCF, if apparenc sceady-scate was
reached, (b) che highesc BCF obcained, if apparent steady-scarte
was not reached, and (c) che projected c:cady-scaci BCF, if
calculaced.

2. Whenever a BCF is determined for a lipophilic material, che
percent lipids should s2lso be determined in che cissue(s) for
which che BCF was calculaced.

3. A BCF obtained from an exposure that adversely affecced che
test organisms may be used only if ic is similar co a BCF
obtained with unaffecced organisums of cthe same species ac lower

concentracions chac did not cause adverse effeccs.
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Because maximua permissible cissue concentracions are almosc
never based on dry weights, a BCF calculaced using dry tissue
veights must be converted cto & wet tissue weighc basis. 1If no
conversion facctor is reported wich che BCF, mulciply che dry
weight BCF by 0.1 for plankcon and by 0.2 for individual
species of fishes and invertebraces [17].

1f more chan one acceptable BCF is available for a species, the
geometric mean of che svailable valuee should be used, except
that if che BCFs are from different lengchs of exposure and the
BCF increases with lengch of exposure, the BCF for che longesc

exposure should be used.

1f enough pertinenc daca exisc, several residue values can be

calculated by dividing maximum permissible tissue concentrations

by approprisce BCPFs:

1‘

2.

For each available maximum acceptable diectary incake derived
from a chronic feeding study or a long-carm field study wich
wildlife, including birds and aquacic organisms, che
appropriace BCF is based on cthe whole body of aquacic species
which constitute or represent s major porction of che diec of
the cescted wildlife species.

For an DA action level for fish or shellfish, the appropriace
BCY is the highest geomecric mean species BCF for che edible
porcion (muscle for decapods, muscle wich or withouc skin for
fishes, adductor muscle for scallops, and total sofr cissue for
other bivalve molluscs) of & consumed species. The highesc
species BCF is used becsuse FDA action levels are applied on a

species-by-species basis.
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Por lipophilic macerials, it might be possible to calculace
additional residue values. Becsuse the sceady-scacre BCF for a
lipophilic material seems co be proportional co perceanc lipids from
one tissue to anocher and from one species to amocher [18-20],
extrapolations can be made from tested cissues or species co
uncescted cissues or species on che basis of percenc lipids.

1. For each BCF for which che percent lipids is knowa for che
same cissue for which the BCF was wmeasured, normalize che BCF
to a one percent lipid basis by dividing che BCF by che percenc
lipids. This adjuscment to a one percent lipid basis is
intended to maks all the measured BCFs for a macerial compara-
ble reagardless of the species or cissue with which che BCF was
measured.

2. Calculace che geometric mean normalized BCF. Data for both
saltvacer and freshwater species should be used to decermine
the mean normalized BCPF, unless che daca show chac che
normalized B3CPFs are probably noc similar.

3. Calculacte all possible residue values by dividing che available
maxioum permissible tissue concencracions by che mean
normalized BCF and by the percent lipids values appropriace co
the maximum permissible tissue councentracions, i.e.,

(maximum permissible tissue concentracion)
(mean normalized BCF)(appropriace perceat lipids)

Residue value =

a. For an PDA action level for fish oil, che appropriace
percent lipide value is 100.
b. PFor an FDA acction level for fish, che appropriace percenc

lipids value is 11 for freshwacer criteria and 10 for
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saltwater criteria because FDA accion levels are applied on
s species~by-species basis to commonly consumed species.
The highest lipid concencs in cthe edible porcions of
important consumed species are about ll percent for boch
the freshwater chinook salmon and lake crout and abouc 10
percent for the saltwacer Actlancic herring [21].
¢. For a maximum acceptable diecary intake derived from a

chronic feeding scudy or a long-cterm field scudy wich
wildlife, the appropriace percent lipids is chac of an
aquatic species or group of aquacic species which
constitute a major portion of the diet of the wildlife
species.

The Final Residue Value is obtained by selecting che lowesc of

the available residue values.

NOTE: In some cases the Final Residue Value will not be low

enough. For example, a residue value calculated from an FDA action

level will probsbly result in an average concencration in che

edible portion of a faccy species chac is ac che action level.

Some individual organisms, and possibly sowe species, will have

residue concentrations higher than the mean value buc no mechanism

has been devised to provide appropriate addicional proceccion.

Also, some chronic feeding studies and long-cterm field scudies wich

wildlife idencify concencrations chac cause adverse effeccs but do

not identify concentracions which do noc cause adverse effeccs;

again no mechanism has been devised to provide appropriace

additional protection. These are some of che species and uses chac

are noc protected ac all times in all places.
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X. Ocher Daca
Percinent informacion thac could noc be used in earlier seccions mighc
be available concerning adverse effeccs on aquatic organisms and cheir
uses. The most imporctant of these are daca on cumulacive and delayed
toxicity, flavor impairmeanc, reduction in survival, growth, or
reproduccion, or any ocher adverse effect chac has been shown co be
biologically important. Especially imporcanc are data for species for
which no ocher daca are available. Data from behavioral, biochemical,
physiological, microcosm, and field scudies mighc also be available.
Data might be available from tests conducted in unusual dilucion wacer
(see IV.D and VI.D), from chronic cests in which che concencracions
were not measured (see VI.B), from tescs with previously exposed
organisms (see II.F), and from cests on formulaced mixctures or
emulsifiahle concencraces (see II.D). Such daca might affecc a
cricerion if che dacs were obrained wich an imporcanc species, che cesc
concencractions were measured, and the endpoinc was biologically

imporcanc.

XI. Cricerion

A. A cricerion consists of two concentracions: che Cricerion Maximum
Concentracion and che Cricerion Continuous Concentracion.

B. The Cricerion Maximum Concentracion (CMC) is equal co one~half che
Final Acute Value.

C. The Criterion Conctinuous Concencration (CCC) is equal to the lowesc
of che Final Chronic Value, the Final Plant Value, and the Pinal
Residue Value, unless ocher daca (see Section X) show cthac a lower

value should be used. If toxicity is relaced co a wacer qualicy
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X1I.

final

A.

characceriscic, the CCC is obcained from the Final Chronic
Equacion, the Pinal Planc Value, and che Final Residue Value by
selecting che one, or the combinacion, chac resulcs in che lowest
concencracions in the usual range of che wacter quaticy
characceristic, unless ocher data (see Seccion X) show chac a lower
valua should be used.
Round [14] both the CMC and che CCC to cwo significant digics.
The criterion is scated as:
The procedures described in che "Guidelines for Deriving Numerical
National Wacer Qualicy Criceria for che Procection of Aquacic
Organisms and Their Uses" indicace chac, excepc possibly where a
locally iwportant species is very sensicive, (1) aquacic organisms
and cheir uses should noc be affecced unaccepcably if che four-day
sverage concencraction of (2) does not eéxceed (3) ug/L more chan
once every three years on the average and if che one~hour average
concencration does not exceed (4) ,sg/L more than once every chree
years on the average.
where (1) = inserc "freshwater" or "salcwacer"

(2) = inserc name of material

(3) = insert che Cricterion Concinuous Concencracion

(4) = insert cthe Criterion Maximum Concencracionm.

Raview
The derivacion of che cricerion should be carefully reviewed by
rechecking each step of the Guidelines. Icems chat should be

especially checked are:
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2.

10.
11.

12,

13.

14,

15.

If unpublished daca are used, are cthey well documenced?

Are all required daca available?

Is the range of acuce values for any species greacer chan a
faccor of 107

Is che range of Species Mean Acure Values for any genus greacer
chan a facctor of 107

Is cthere more chan a factor of cen difference between che four
lowest Genus Mean Acuce Values?

Are any of che four lowest Genus Mean Acute Values
questionable?

Is che Pinal Acute Value reasonable in comparison with che
Species Mean Acuce Values and Genus Mean Acuce Values?

For any commercially or recreationally imporcant species, is
the geomecric mean of che scuce values from flow-through tescs
in which che concentracions of cest material were measured
lower than che Finsal Acute Value?

Are any of che chronic values quescionable?

Are chronic values available for scucely seasicive species?

Is che range of acuce~chronic racios greacer than a faccor of 10?
Is the Final Chronic Value reasonable in comparison with che
available acute and chronic daca?

Is che measured or predicced chronic value for any commercially
or recreationally imporctant species below che Final Chronigd
Value?

Are any of the ocher daca imporcanc?

Do any daca look like chey mighc be outliers?
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16. Are chere any deviations from the Guidelines? Are chey
acceptable?

On che basis of all available pertinent laboracory and field

informacion, decermine if che criterion is consiscent with sound

scieantific evidence. If it is not, snocher cricerion, eicher

higher or lower, should be derived using appropriace modificacions

of chese Guidelines.
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Apoendix 1. Resident North American Species of Aquacic Animals Used in Toxicicy and
Biocconcentracion Tescs

Incroduction

These liscs idencify species of aquacic animals which have reproducing wild popula-
cioas in Norch America and have been used in coxicity or bioconcencracin cescs. '"Norch
America" includes only the 48 contiguous scaces, Canada, and Alaska; Hawaii and Puerco
Rico are not included. Salcwacer (i.e., estuarine and true marine) species are
considered residenc in Norch America if chey inhabic or regularly encer shore wacers on
or above che coancinencsl shelf to a depch of 200 mecers. Species do not have to be
nacive co be residenc. Unlisced species should be considered rasidentc North smerican
species if they can be similarly confirmed or if che tesc organisms; were obcained from a
wild population in Norch America.

The sequence for fishes is caken from A Lisc of Common and Scientific Names of
Fishes from the Uniced Scates and Canada. For other species, the sequence of phyla,
classes, and families is caken from the NODC Taxonomic Code, Third Edicion, Nacional
Oceanographic Daca Cencer, NOAA, Washiagctom, DC 20235, July, 1981, and che numbers given
are from chat source to facilitace verification. Wichin a family, genera are in
alphabetical order, as are species in a genus.

The references given are chose used to confirm thact the speacies is a residentc Norch
American species. (The NODC Taxonomic Code concains foreign as well as Horch American
species.) If no such reference could be found, che species vas judged to be nonresidenr.
No treference is given for organisms noc idencified co species; chese are considered
residenc only if obcained from wild Norch American populacions. A faw nonresident species
are lisced in brackacs and noted as "nonresident" because chey were miscakenly idencified
as resident in the past or Co save ocher investigactors from doing literacure searches on
cthe same species.

Freshwacer Species

Species
Class Family Common Name Sciencific Name Reference
PHYLUM: PORIFERA (36)
Demospongia Spongillidae Sponge Ephydacia fluviacilis P93
3660 366301
PHYLUM: CNIDARIA (COELENTERATA) (37)
Hydrozoa Rydridae Rydra Hydra oligaccis E318, Pli2
3701 370602 ’
Hydra Hydra licroralis E321, Pl12
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Freshwacer (Concinued)

Species
Class Family Common Name Sciencific Name Reference
PHYLUM: PLATYHELMINTHES (39)
Turbellaria Planariidae Planarian Dugesia dorotocephala D22
3901
Planarian Dugesia lugubris D24
(Dugesia polychroa)
Planarian Planaria gonocephala {Footnoce 1]
{Planarian] [Polycelis felina] [{nonresidenc]
Dendrocoelidae Planarian Prococryla fluviacilis E334, Pl132,
391501 (Dendrocoelum lacteum D63
PHYLUM: GASTROTRICHA (44)
Chaeconotoida Chaetonotidae Gastrotrich Lepidodermella squamatum E413
4402 440201
PHYLUM: ROTIFERA (ROTATORIA) (45)
Bdelloidea Philodinidae Rotifer Philodina acuticornis Y
4503 450402
Rotifer Philodina roseola E487
Monogononta Brachionidae - Rocifer Keracella cochlearis E442, P188
4506 450601
Rocifer Keracella sp. [Fooctnoce 2]
PHYLUM: ANNELIDA (50)
Archiannelida .Aeolosomacidae Worm Aeolosoma headlevi E528, P284
5002 500301
Oligochaeta lumbriculidad Worm Lumbriculus variegacus ES33, P290
5004 s0as01
Tubificidae Tubificid worm Branchiura sowerbyi 534, P289,
500902 GG
Tubificid worm Limnodrilus hoffmeisceri ES36, GG
Tubificid worm Quiscadrilus multisecosus E535, GG
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Freshwacer (Continuasd)

Species
Class Family Common Name Sciencific Name Reference
Tubificid worm Rhyacodrilus moncana GG
Tubificid worm Spirosperma ferox GG
(Peloscolex ferox)
Tubificid worm Spirosperma nikolskyi ES534, GG
(Peloscolex ypriegscus)
Tubificid worm Stylodrilus heringianus GG
Tubificid worm Tubifex tubifex ES36, P289,
GG
Tubificid worm Varichaeca pacifica GG
Naididae Worm Nais sp. [Footnoce 2]
500903
Worm Parznais sp. [Footnote 2]
Worm Priscina sp. [Foocnoce 2]
Hirudinea Erpobdellidas (Leech] (Erpobdella octoculaca] (nonresident]
S012 501601 {8B16)
PHYLUM: MOLLUSCA (5035)
Gastropoda Viviparidae Snail Campeloma decisum P731, M216
Sl 510306
Bicthyniidae Snail Amnicola sp. [Footnoce 2]
(Amnicolidae)
(Bulimidae)
(Hydrobiidae)
510317
Pleuroceridae Saail Goniobasis livescens P732
510340
Snail Goniobasis virginica EL1]137
Saail Leptoxis carinaca X, E1137
(Nitocris carinata)
(Mudalia carinaca
Snail Nitocris ep. {Footnoce 2}
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Freshwacer {Continued)

Species
Class Family Common Name Sciencific Name Reference
Lymnaeidae (Snail] (Lymnaea acuminata] {nonresidenc]
511410
Snatl L sea cacascopium M328
Lymnaea emarginaca)
(Scagnicola emarginaca)
Snail Lymnaea elodes EL1127, M351
(Lymnaea palustris)
{Saail] {Lywnaea luceola] (nonresidenc]
(M266)
Snail Lyomaea stagnalis EL127, P726,
M296
Snail Lymnaea sp. [Footnoce 2]
Planorbidae {Snail] {Biomphalaria glabracal [nonresidenc]
511412 (M390)
Snail Gyraulus circumscriacus P729, M397
Snail Helisoma campanulacum M445
Snail Helisoma crivolvis P729, M452
Physidae - Snail Aplexa hypnorum EL126, P727,
511413 M373
{Snail] (Physa foncinalis] {nonresident]
(M373)
Snail Physa gyrina El126, P727,
M373
Saail Physa hecerostrophs M378
Snail Physa incegra pP727
Snail Physa sp. [Footnoce 2]
Bivalvia Margariciferidae Mussel Margaricifera E1138, P748,
(Pelecypoda) 551201 margaricifera J11
55
Amblemidae Mussel Amblema plicaca AA122
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Freshwacer (Concinued)

Species
Class Family Common Name Sciencific Name Reference
Unionidae Mussel Anodoncta imbecillus J72, AAl22
$51202
Mussel Carunculina parva J19, aal22
Toxolasma cexasensis)
Mussel Cyrtonaias tampicoenis P759, AAl22
Mussel Ellipcio complanaca J13
Corbiculidae Asiatic clam Corbicula fluminea E1159
SS1545
Asiatic clam Corbicula manilensis P749
Pisidiidae Fingernail clam Eupera cubensis EL1158, B763,
(Sphaeriidae) (Eupera singleyi) G9
551546

PHYLUM: ARTHROPODA (58-69)

Crustaces Lynceidae
61 610701

Sididae
610901

Daphnidae
610902

Fingernail clam

Fingernail clam

Conchoscracan

Cladoceran

Cladoceran
Cladoceran
Cladoceran
Cladoceran
(Cladoceran]
Cladoceran
Cladoceran

Cladoceran

66

Musculium cransversum
(Sphaerium transversum)

Sphaerium corneum

Lyanceus brachyurus

Diaphancsoma sp.

Ceriodaphnia acanchina

Ceriodaphnia reciculaca

Daphnia smbigua

Daphnia carinaca

{Daphnia cucullaca)

Daphnia galeacs mendocae

Daphnia hyalina

Daphnia longispina

160, Gll

Gl2

E580, Pl44

{Foocnoce 2}

E618
E618, P368
£607, P369

{Foocnote 3]
(nonresident]
E610, P370
(Footnoce 4]

{Footnoce 5]



Freshwacer (Continued)

Species
Class Family Common Name Scientific Name Reference
Cladoceran Daphnia magna E605, P367
Cladoceran Daphnia parvula E6L1
Cladoceran Daphnia pulex E613, P367
Cladoceran Daphnig pulicaria A
Cladoceran Daphnia similis E606, P367
Cladoceran Moina macrocopsa E622, P372
Cladoceran Moina rectirostris E623
Cladoceran Simocephalus serrulacus E617, P370
Cladoceran Simocephalus veculus E617, P370
Bosminidae Cladoceran Bosmina longirostris E624, P373
610903
Polyphemidae Cladoceran Polyphemus pediculus ES99, P385
610905
Cyprididae {Oscracod] (Cyprecca kawacail {nonresidenc]
(Cypridae) )
611303 )
Oscracod Cypridopsis vidua E720, P430
Diapcomidae {Copepod] {Eudiaptomus padanus] (nonresidenc]
611818
Temoridae Copepod Epischura lacustris E751, P6O7
611820 —
Cyclopidae (Copepod] {Cyclops abyssorum] {nonresidenc]
612008 R
Copepod Cyclops bicuspidatus E8Q07, P40S
Copepod Cyclops vernalis EBO4, P40OS5
Copepod Cyclops viridis E803, P397
(Acanthocyclops viridis)
Copepod Acanthocyclops sp. [Footnoce 2]
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Freshwacter {Continued)

Species
Class Family Common Name Scieacific Name Reference
Copepod Diacyclops sp. (Footnote 2]
Copepod Eucyclops agilis P403
Copspod Mesocyclops leuckarti E812, P403
Asellidae [Isopod] (Asellus aguaticus] [nonresidenc]
616302 (12)
Isopod Asellus bicrenaca HH
(Caecidocea bicrenaca) (11,2)
Isopod Asellus brevicaudus ?875, P447,
Isopod Asellus communis 5875, P448,
Isopod Asellus intermedius 5875, P448,
(Isoped] (Asellus meridianus] (nonresidenc]
Lsopod Asellus racoviczai P449, 1
Isopod Lirceus alabamae E87S5, I
Gaumaridae Anphipod Crangonyx pseudogracilis P459, T68,
616921 FF28
Anphipo& Gammarus fasciatus E877, P458,
153
Amphipod Ganmarus lacuscris E877, P4S8,
FF23
Amphipod Gammarus pseudolimnaeus E877, P4SS8,
(Amphipod] (Gammarus pulex] [::gresidenc]
Amphipod Gammarus cigrinus L51, FF17
Amphipod Gammarus sp. (Footnoce 2]
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Freshwacer {Continued)

- Species
Class Family Common Name Sciencific Name Reference
Hyalellidae Amphipod Hyalella azteca E876, P4S7,
(Talicridae) (Hyalella knickerbockeri) T154
616923
Palaemonidae [Prawm] (Macrobrachium lamarrei] (noaresidenc]
617911
Malaysian prawma  Macrobrachium {Foocnoce 6]
rosembergii
Prawn Palaemoneces kadiakensis EB881, P484
Ascacidae Crayfish Cambarus lacimanus E897
618102
Crayfish Faxonella clypeacus E890
Crayfish Orconactes immunis E894, P482
Crayfish Orconectes limosus E893, P482
Crayfish Qrconectes propinquus E894, P482
Crayfish Orconectes nais E894
Crayfish Orconectes rusticus E893, P482
Crayfish Orconectes virilis E894, P483
Crayfish Pacifascacus trowbridgii E883
Crayfish Procambarus acutus P482
Crayfish Procambarus clarki 885, P482
(Procembarus clarkii)
Crayfish Procambarus simulans E888, P482
Crayfish Procambarus sp. {Pootnoce 2]
Insecta Hepcageniidae Mayfly Scenonema ichaca $173, 0205
62-65 621601
Mayfly Scenonema rubrum s178, 0205
Baetidae Mayfly Callibsetis skokianus sS116, N9
621602
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Freshwacer (Continued)

Species
Family Common Name Sciencific Name Reference
Mayfly Callibaecis sp. [Foocrnoce 2]
Mayfly Cloeon dipterum 0173
Lepcophlebiidae Mayfly Paralepcophlebia $89, 0233
621701 praspedica
Ephemerellidae Mayfly Ephemerella ﬁhddni 0245
621702
Mayfly Ephemerella grandis 0245
Mayfly Ephemerella subvaria N9, 0248,
s71
Mayfly Ephemarella sp. {Footnoce 2]
Caenidase Mayfly Caenis diminuca s§51, 0268
621802
EZphemeridae Mayfly Ephemera simulans 5§36, N9,
622003 0283
Mayfly Hexagenia bilineaca N9, S39,
0290
Mayfly Hexagenia rigida 0290, Ssal,
’ N9.
Mayfly Hexagenis sp. [Foocnoce 2]
Libellulidae Dragonfly Pancala hymenss N1S, V603
622601 (Pancala hymenaea)
Coenagrionidas Demselfly Enallagms aspersum DD
(Agrionidae)
{Coenagriidae) (Damselfly] (Ischnura slegans] (nonresident]
622904 -
Damselfly Ischoura vercicialis N1l5, E918
Damselfly Ischnura sp. {Footnoce 2]
Pteronarcidae Stonefly Preronarcella badia L172
(Pleronarcyidae)
625201 Sconefly Ptercnarcys californica L173
Stonefly Pteronarcys dorsata E947
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Freshwater (Continued)

Species
Class Family Common Name Sciencific Name Reference
Sconefly Preronarcys sp. (Footnoce 2]
Nemouridae {Stoneflyl] {Remoura cinerea) [nonresident
625204
Perlidae Stonefly Acroneuria lycorias N4, E953
625401
Sconefly Acroneuria pacifica E953, L1880
Sconefly Claassenia sabulosa E953
Stonefly Neophasganophora capitata E953, CC407
(Phasganophora capitaca)
Parlodidae Stonefly Arcynopteryx parallela E954
625402
Nepidae . Wacer scorpion Ranacrs elongaca [nonresident]
627206
Dytiscidae Beetle {Footnoce 2]
630506
Zimidae Beecle Stenelmis sexlineaca w2l
(Elminchidae) —
631604
Hydropsychidae Caddisfly Arccopsyche grandis L251, 1198
641804
Caddisfly Rydropsyche betteni N2&4
Caddisfly Hydropsyche californica 1253
Caddisfly Hydropsyche sp. {Pootnoce 2]
Limnephilidae Caddisfly Cliscornia magnifica 11206
641807
Caddisfly Philarccus quaeris 11272
Brachycencridae Caddisfly Brachycentrus sp. (Foocnoce 2]
641815
Tipulidae Crane fly Tipula sp. [Foocnoce 2]
650301
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Freshwacer {Concinued)

Species
Class Family Common Name Scientific Name Reference
Ceracopogonidae Bicting midge - [Foocnoce 2]
650504
Culicidae Mosquicto Aedes aegypri EE3
650503
Mosquicto Culex pipiens EE3
Chironomidae Midge Chironomus plumosus L423
(Tendipedidae) (Tendipss plumosus)
650508
e Midge Chironomus cencans qQ
V‘Z;a:;:;;;:;;vb**4 7’{ (Midge] {Chironomus thummi] (nonresidenc]
W_ s, Midge Chironomus sp. (Foctnote 2]
- T Midge Paracanytarsus (Footnoce 7]
parcthenogeneticus
Midge Tanytarsus dissimilis R1l
Rhagionidse Snipe fly Acherix sp. [(Fooctnote 2]
(Lapcidae)
651603
PHYLUM: ECTOPROCTA (BRYOZOA) (78)
Phylacto- Peccinatelcidae Bryozoan Pectinatells magnifica E502, P269
lLaenmsta
7817 ,
Lophopodidae Bryozoan Lophopodells carceri £502, P271
Plusacellidae Bryozomm Plumatella emarginaca E503, P272
781701 .
PHYLUM: CHORDATA (8388)
Agnaths Pecromyzontidas Sea lamprey Petromyzon marinus F11
86 860301
Osceichthyes Anguillidae Ametrican eel Anguilla roscrata F15
8717 874101
Salmonidae Pink salmon Oncorhynchus gorbuscha F13
875501
Coho salmon Oncorhynchus kisuctch Fl8
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Freshwater (Continued)

Specles
Class Family Common Name Sciencific Name Raefarence
l'? ;
Sockeye salmon Oncorhynchus nerka F19 _»~ '
LT -~
Chinook salmon Oncorhynchus tshawvcscha, F19
Mountain Prosopium williamsoni Fl9
whicefish
Golden trout Salmo aguabonica Fl9
Cutchroat trout Salmo clarki Fl9
Rainbow trout Salmo gairdneri F19
(Steelhead trouc)
Actlancic salmon Salmo salar F19
Brown trout Salmo trucca F19
Brook trout . Salvelinus fontinalis F19
Lake trout Salvelinus namaycush Fl9
Esocidae Northern pike Esox lucius F20
875801
Cyprinidae Chiselmouth Acrocheilus alutaceus F21
877601
Longfin dace Agosia chrysogascer F21
Central Campostoma anomalum F21
stoneroller
Goldfish Carassius auratus F21
Common carp. Cyprinus carpio F21
[Zebra danio] [Danio rerio] [nonresident]
[(Zebrafish)] ((Brachydanio rerio)] (F96)
Silverjaw minnow Ericymba buccata F21
" Golden shiner Notemigonus crysoleucas F23
Pugnose shiner Notropis anogenus F23
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Freshwacer (Continued)

Species
Class Family Common Name Scientific Name Raference
Emerald shiner Nocropis acherinoides F23
Scriped shiner Nocropis chrysocephalus  F23
Common shiner Notropis cornucus F23
Pugnose minnow Notropis emiliae F24
Spoccail shiner Notropis hudsonius F24
Red shiner Noctropis lucrensis F24
Spotfin shiner Nocropis spilopterus F25
Sand shiner Nocropis scramineus F25
Steelcolor Nocropis whipplei F25
shiner
Northera Phoxinus eos F25
redbelly dace
S8lunctnose minnow Pimephales nocatus F25
Fachead minnow Pimephales promelas F25
Norchern Ptychocheilus F25
squawfish oregonensis
Blacknose dace Rhinichchys atratulus F25
Speckled dace Rhigichthys osculus F25
Bicterling Rhodeus sericeus 126
Rudd Scardinius F26
erycthrophchalmus
Creek chub Semotilus scromaculatus F26
Pearl dace Semotilus margarita F26
Tench Tinca cinca F26
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Freshwacer {(Concinued)

- - Species
Class Family Common Name Sciencific Name Reference
Catoscomidae Whice sucker Catosctomus commersoni F26
877604
Mouncain sucker Caroscomus placyrhynchus F26
Iccaluridae Black bullhead Iccalurus melas F27
877702
Yellow bullhead Icctalurus nacalis F27
Brown bullhead Iccalurus nebulosus F27
Channel cacfish Iccalurus punccacus F27
Clariidae Walking cacfish Clarias bacrachus F28
877712 :
Oryziidae Med aka (Oryzias lacipes] [nonresidenc]
(F96)
Cvprinodoncidae Banded killifish Fundulus diaphanus F33
380404
Flagfish Jordanella floridae F33
Poeciliidae Mosquicofish Gambusia affinis F33
880408
Amazon molly Poecilia formosa F34
Sailfin molly Poecilia lacipinna Fl&
Molly Poecilia sp.
Guppy Poecilia reciculaca F34
Lebisces reciculatus, Obs.)
Southern Xiphophorus maculacus F34
placyfish
Gasterosceidae Brook Culaea inconscans F35
881801 stickleback
Threespine Gascerosceus aculeacus F35
stickleback
Ninespine Pungicius pungicius F35
stickleback
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Freshwacer (Concinued)

Species
Claass Family. Common Name Sciencific Name Reference
Percichchyidae Whicze perch Morone americana Flé
Roccus americanus, Obs.)
Scriped bass Morone saxacilis F36
Roccus saxacilis, Obs.)
Cencrarchidae Rock bass Ambloplices rupescris F38
883516
Green sunfish Lepomis cyanellus F38
Pumpkinseed Lepomis gibbosus F38
Orangespocced Lepomis humilis F38
sunfish
Bluegill Lepomis macrochirus F38
Longear sunfish Lepomis megslocis F38
Redear sunfish Lepomis microlophus F38
Smallmoucth bass Micropcerus dolowmieui F39%
Largemouth bass Micropterus salmoides F39
Whice crappie Pomoxis annularis F39
Black crappie Pomoxis nigromaculacus F39
Percidae Rainbow darter Echeostoma caeruleunm F39
883520
Johony darcer Echeoscoma nigrum F40
Orangechroat Echeostoma speccabile F40
darter
Yellow perch Perca flavescens F41
Walleye Scizostedion vicreum Fal
vitzeum
Scisenidae Freshwater drum Aplodinotus grunniens F45
883544
Cichlidae Oscar Astronoctus ocellacus F&47?
883561
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Freshwacer (Concinued)

Species
Class Family Common Name Scientific Name Reference
Blue tilapia Tilapia aurea F&47
Moz ambique Tilapia mossambica F47
tilapia
Coccidae Moctled sculpin Cortus bairdi F60
883102 r
R I
Amphibia Ranidae Bullfrog Rana cacesbeiany B206
89 890302 —
Green frog Rana clamitans B206
Pig frog Rana grylio B206
River frog Rana heckscheri B206
Leopard frog Rana pipiens B205
Wood frog Rana sylvacica B206
[Frog] (Rana cemporial [{nonresidentc
Leovard frog Rana spenocephala JJ
Microhylidae Narrow-mouched Gastrophryne 8192
890303 toad carolinensis
Bufonidae American toad Bufo americanus Bl196
890304
[Toad] [Bufo bufol {nonresidenc
Green toad Bufo debilis B197
Fowler's coad Bufo fowleri B196
Red-sported toad Bufo punctacus B198
Woodhouse's toad Bufo woodhousei B196
Hylidae Norcthern cricket Acris crepicans B203
890305 frog
Soucthern gray Hyla chrysoscelis B201
treefrog
Spring peeper Hyla crucifer B202
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Freshwacer (Continued)

Species
Class Pamily Coummon Name Sciencific Name Reference
Barking creefrog Hyla graciosa B201
Squirrel Hyla squirella 3201
treefrog
Gray creefrog Hyla versicolor B200
Norchern chorus Pseudacris triseriaca B202
frog
Pipidae African clawed Xenopus laevis Z16
frog
Ambystomacidae Spocted Ambystoma maculatum B176
890502 salamander
. [Mexican axolocl] [Ambyscoma wexicanum] [aonresident]
Marbled Ambyscoma opacum B176
salamander
Salamsadridae Newt Nocophchalmys viridescens Bl79

890504 (Tricurus viridescens
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Fooctnoces:

l.

4.

Apparencly chis is an oucdaced name (D19, 20). Organisms idencified as such should only
be used if they were obrained from Norch America.

Organisms noc idencified co species are considered residenc only if chey were obcained
from wild populacions in Norch America.

1f from Norch America, it is resident and should be called D. similis (C). If noc from
Norch America, it should be considered nonresidenc.

If from Norch America, it is residenc and may be any one of a number of species such as
D. laevis, D. dubia, or D. galeaca mendoca (C). 1If noc_from Norch America, it should be
considered nonresidenc. :

If from Norch America, ic is residenc and may be any one of 2 number of species, such as
D. ambigua, D. longiremis, or D. rosea (C). If noc from Norch America, ic should be
considered nonresident.

This species mighc be established in porctions of the southern Uniced Scaces.

The taxonomy of this species and chis and similar genera has noct been clarified, burc
this species should be considered residenc.
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Salcwacter Species

Species
Class Family Common Name Sciencific Name Refarence
PHYLUM: CNIDARIA (COELENTERATA} (37)
Hydrozoa Campanulariidae Hydroid Campanularia flexuosa Bl22, E81
3701 370401
Hydroid Lsomedea loveni (nonresidenc]
Hydromedusa Phialidium sp. [Footnoce 1]
(E81)
Campanulinidae [Hydroid] {Eirene viridula] (nonresidenc|
370404
PHYLUM: CTENOPHORA (38)
Tencaculaca Pleurobrachiidae Ctenophore Pleurobrachia pileus B218, E162
3801 380201
Mnemiidae Ccenophore Mnemiopsis mccrdayi C39, 194
380302
PHYLUM: RHYNCHOCOELA (43)
Heceronemerctea Lineidae Nemertine worm Cerebratulus fuscus B252
4303 430302
PHYLUM: ROTIFERA (ROTATORIA) (457
Monogononca Brachionidae Rocifer Brachionus plicacilis B272
4505 450601
PHYLUM: ANNELIDA (S0)
Polychaeca Phyllodocidae Polychaete worm Phyllodoce maculacs 334
5001 500113 (Ansicides wmaculaca
(Nereiphylla maculaca)
Nereidae Polychaece worm HNeanches arenaceodencaca EJ77
500124 (Nereis arenaceodencaca)
(Polychaece worm] {Neanches vaali] [nonresidenc]
Polychaete worm Nereis diversicolor E337, F527
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Salcwacer (Coucinued)

Species
Class Family Common Name Sciencific Name Reference
Sand worm Nereis vireas B317, E337,
(Neanches virens) c58
Polychaece worm  Nereis sp.
Dorvilleidae Polychaete worm Ophryocrocha diadema P23
500116
(Polychaete worm] [Ophryocrocha labrunica] (nonresidentc]
Spionidae Polychaete worm Polydora websceri E338
500143
Cirraculidae Polychaecte worm Cirriformis spirabranchia G253
500150 o
Crenodrilidae Polychsece worm Ctenodrilus serracus G275
500153
Capicellidae Polychaers worm Capicells capicaca B358, E337
500160
Arenicolidae Polychaete worm Arenicola marina B369, E337
500162
Sabellidae Polychaete worm Eudiscylia vancouveri DD
500170
Oligochaeca Tubificidae Oligochaete worm Limmodriloides Zz
5004 500902 verrucosus
Oligochaece worm Monopylephorus z
cuticulacus
Oligochsetes worm Tubificoides gabriellae Z
PHYLUM: MOLLUSCA (5085)
Gascropoda Haliocidae Black abalone Haliocis cracherodii c8g, D17
51 510203
: Red abalone Haliotis rufescens D18
Calypcraeidae Common Arlancic Crepidula fornicaca €90, Dlal
510364 slippershell
Muricidae Oyscer drill Urosalpinx cinerea B646, D179,
510501 (Urosalpinx cinereus) E264




Salcwacer (Concinued)

Species
Class Family Common Name Scientific Name Re ference
Melongenidae Channeled whelk  Busycon canaliculacum B655, D223,
(Nepcuneidae) E264
510507
Nassariidae Mud snail Nassarius obsolecus B649, D226,
(Nassidae) (Nassa obsoleca) E264
510508 (Icyanassa obsolecs)
Bivalvia Mycilidae Norchern horse Modiolus modiolus D434
(Pelecypoda) 550701 mussel
55
Blue mussel Mytilus edulis B566, Cl01,
D428, E299
{Medicerranean (Mycilus (noaresidenc
mussel] galloprovinciallis]
Pectinidae Bay scallop Argopeccen irradians D447
550905
Oscreidae Pacific oyscer Crassoscrea gigas Cl02, D456,
551002 ' E300
Eascern oyscer Crassoscrea virginica D456, 5300
Oyster Crassoscrea sp. {Foocnoce 1]
Oyscer Oscrea edulis E300
Cardiidae {Cocklel] [{Cardium edulel {aonresidentc
551522
Macridae Clan Mulina laceralis D491
351528 _ -
Common rangia Rangia cuneaca D491, E301
Surf clam Spisula solidissima B599, D489,
E301
Tellinidae Clam Macoma inquinaca D507
551531
{Bivalve] [Tellina tenuis] [nonresidenct,
Veneridae Quahog clam Mercenaria mercenaria D523, E301
551547
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Salcwacer (Concinued)

Species
Class Family Common Name Sciencific Name Reference
Common Pacific Protocthaca staminea D526
liccleneck
Japanese Tapes philippinarum D527
liccleneck
Myidae Sofc-shell Mya arenarisg B602, D536,
(Myacidae) clam E302
551701

PHYLUM: ARTHROPODA (58-69)

Meroscomaca

58

Cruscacea
61

Limulidae
580201

Artemiidae
610401

Calanidae

611801

Eucalanidae
611803

Pseudocalanidae
611805

Euchaecidae
611808

Mecridiidae
611816

Pseudodispcomidae
611819

Temoridae
611820

Poncellidae
611827

Acartiidae
611829

Horseshoe crab

{Brine shrimp]

Copepod
Copepod
Copepod
Copepod

Copepod

Copepod

Copepod

Copepod

Copepod

Copepod

Copepod

86

Limulus polyphemus

(Arcemia salinal

Calanus helgolandicus

Undinula vulgaris

Eucalanus elongacus

Eucalanus pileacus

Pseudocalanus minucus

Euchaeca marina
Mecridia pacifica

Pseudodiaptomus
coronatus

Eurycemora affinis

Labidocera scocci

Acarcia clausi

B533, E403,
H30

[Footnote 2]

Q25
Q29
AA
AA

E447, 1155,
Q43

Q63
X179, Y

E447, 1154,
qQlol

E450, 1155,
Qlll

R1S57

E447



Salcwater (Continued)

Spacies
Class Family Coummon Name Scientific Name Reference
Copepod Acarcia tonsa E447, I154
Harpaccicidae Copepod Tigriopus californicus J78
611910
[Copepod] (Tigriopus japanicus] [nonresidenc
Tisbidae Copepod Tisbe holochuriae BB
611913
Canthocanmptidae Copepod Nicocra spinipes Q240
611929
Balanidae Barnacle Balanus balanoides B424, E4S57
613402
Barnacle Balanus crenacus B426, E&4S57
Barnacle Balanus eburneus B424, E457
Barnacle Balanus improvisus B426, E457
Mysidae Mysid Heteromysis formosa E513, K720
615301
Mysid Mysidopsis bahia U173
Mysid Mysidopsis bigelowi E513, K720
Mysid Neomysis sp. [Footnoce 1]
Idoceidae Isopod Idocea balcica B446, E483
616202
(Isopod] {Idocea emarginaca] [nonresidenc]
[Isopod] (Idocea neglecca) (nonresidenc]
Janiridae (Isopod] {Jaera albifrons] [nonresident]
616306
[Isopod) [Jaera albifrons sensu] [nonresidenc]
[1sopod] [Jaera nordmannil] {nonresident]
Ampeliscidae Amphipod Ampelisca abdica E488, L136
616902
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Salcwacer (Concinued)

Species
Class Family Coummon Name Scientific Name Reference
Busiridae Amphipod Poncogeneia sp. [Foocnore 1]
(Poncogeneiidae)
616920
Gammaridae Amphipod Gammarus duebeni L56
616921
Amphipod Gammarus ocganicus E489, LSO
Amphipod Gammarus cigrinus L5l
{Amphipod] (Gammarus zaddachi] [nonresidenc]
Amphipod Marinogammarus obcusacus L58
Lysianassidae Amphipod Anonyx sp. (Footnoce 1]
616934
Euphausiidae Euphausiid Euphausia pacifica M15
{Thysancpodidae)
617402
Penaeidae Brown shrimp Penaeus aztecus ES18, N17
617701 : -
Pink shrimp Penaeus duorarum ESL8, N17
Whice shrimp Penaeus seciferus ES18, NL7
Blue shrimp Penaeus sctyliroscris {noaresidenc]
Palaemonidae [Shrimp] {Leander paucidens]) {nonresident]
617911
{Prawm] (Leander squilla] [nonresidenc]
((Palaemon elegans)]
Prava Macrobrachium [Foornoce 3]

Korean shrimp
Grass shrimp

Grass  shriap

a8

roseunbergii

Palaemon macrodaccylus

Palsemoneces pugio

Palaemonetes vulgaris

T380
E521, N59

B500, E521,
N56



Salcwacer (Continued)

Species
Class Family Common Name Sciencific Name Reference
Hippolycidae Sargassum shrimp Lacreutes fucorum N78
617916
Pandalidae Coon scripe Pandalus danae T306, Wl63
617918 shrimp
Shrimp Pandalus goniurus w163
Pink shrimp Pandalus moncagui B494, ES522,
Wwield
Crangonidae (Sand shrimp] [Crangon crangon] (nonresident
617922
Bay shrimp Crangen franciscorum V176, Wlé4
(Crago franciscorum)
Shrimp Crangon nigricauds V176, Wlés
Sand shrimp Crangon sepcemspinosa B500, E522,
Nephropsidae Azerican lobscer Hodmarus americanus B502, ES32
(Nephropidae)
(Homaridae)
618101
(Lobscer] {Howmarus gammerus) [nonresidenc]
Paguridae Hermic crab Pagurus longicarpus BSl4, ES37,
618306 N12§
Cancridae Rock crab Cancer irroratus B518, ES43,
618803 N17S
Dungeness crab Cancer magiscer T166, V185,
w177
Portunidae Blue crab Callinectes sapidus BS21, C80,
613901 ES43, N168
Green crab Carcinus maenas c80, ES43
Xanchidae Mud crab Eurypanopeus depressus B522, ES543,
(Pilumnidae) N195
618902
Crab Leprodius - floridanus s80
Mud crad Rhichropanopeus harrisii ES43, N187
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Salewarer {(Concinued)

Species
Class Family Common Name Sciencific Name Reference
Grapsidae Shore crab Hemigrapsus naudus ceC
618907
Shore crab Hemigraplul oregonensis cC
Drifc line crab Sesarma cinereum B526, ES44,
N222
(Crab) [Sesarma haemactocheir] (nonresidenc]
Ocypodidae Fiddler crab Uca pugilacor B526, ES44,
618909 N232
PHYLUM: ECHINODERMATA (81)
Asceroidea Asceriidae Scarfish Ascarias forbesi B728, E578,
8104 811703 0392
Ophiuroidea Ophiochricidae Brictle scar Ophiochrix spiculaca 0672, 1526
8120 812904
Echinoidea Arbsciidae (Sea urchin} {Arbacia lixula] (nonresidenc]
8136 814701 i
Sea urchin Arbacia puncculaca B762, ES72
Toxopnsuscidae Sea urchin Lytechinus piccus T253
814802
[Sea urchinl] [Pseudocencrotus {nonresidenc]
dapressus
Echinidae {Echinodern] [Paracencrocus lividus] [nonresident)
814901
Echinometridae {Coral reef [Echinometra machaeil (ronresidenc)
814902 echinoid] (Hawaii only]
Scroagy- Sea urchin Strongylocencrocus 0574, T202
locentrocidae purpuracus
814903
Dendrasteridae Sand dollar Dendrascer excencricus 0537, Vviel
815501
PHYLUM: CHAETOGNATHA (83) Arrow worm Sagicta hispida E218
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Salcwacer (Continued)

Species
Class Family Common Name Sciencific Name Reference
PHYLUM: CHORDATA (8388)
Chondrichchyes Rajidae (Thornback ray] [Raja clavacal [nonresidenc
8701 871304
Osceichchyes Anguillidae Amaricsan eel Anguilla roscraca AlS
8717 874101 '
Clupeidae Atlantic menhaden Brevadrctia cyrannus Al7
874701
Gul f menhaden Brevoorcia pacronus Al7
Aclancic herring Clupea harengus harengus Al7
Pacific herring Clupea harengus pallasi Al?
Herring Clupea harengus Al7
Engraulidae Norchern anchovy Engraulis mordax Al8
874702 ,
(Nehu] (Scolephorus purpureus) (nonresident]
(Hawaii cnly]
Salmonidase Pink salmon Oncorhynchus gorbuscha Al8
875501
Chuz salmon Oncorhynchus keca AlS
Coho salmon Oncorhynchus kisucch Al8
Sockeye salmon Oncorhynchus nerka AlS
Chincok salmon Oncorhynchus cshawycscha Al9
Rainbow trouc Salwo gairdneri Al9
(Sceelhead trouc)
Actlancic salmon Salmo salar Al9
Gadidae Aclancic cod Gadus morhua A30
879103
Haddock Melanogrammus aeglefinus A30
Cyprinodoncidae Sheepshead Cyprincdon variegacus A33
880404 minnow
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Salcwacer (Continued)

Species
Class Family Common Name Scientific Name Reference
Mummichog Fundulus heceroclicus A33
Scriped Fundulus majalis A33
killifish
Longnose Fundulus similis A33
killifish
Poeciliidae Mosquicofish Gambusia affinis aA33
880408
Sailfin molly Poecilia lacipinna Als4
Acherinidae Inland Menidia beryllina Al4
880802 silverside
Aclancic Menidia menidia A34
silverside
Tidewacer Menidia peninsulae Als
silverside
Gascerosceidae Threespine Gasterosteus aculeatus A3S
881801 scickleback
Pourspine Apeltes quadracus A35
stickleback
Syngnachidae Norchern Syngnachus fuscus A36
882002 pipefish
Percichchyidae Scriped bass Morone saxacilis a36
{Roccus saxatilis, Obs.)
RKuhliidae {Mouncain bass] (Kuhlia sandvicensis] (nonresidenc]
883514 (Hawaii only]
Carangidae Florida Pompano Trachinorus carolinus A43
883528
Sparidae Pinfiah Lagodon rhomboides A4S
883543
Sciaenidae Spoc Leioscomus xanthurus A4S
883544
Actlancic croaker Micropogonias undulacus A46
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Salcwacer (Continued)

Soecies
Class Family Common Name Sciencific Name Reference
Red drum Sciaenops ocellacus ALb
Embioccocidae Shiner perch Cymacogaster aggregaca A47
.883560
Dwarf perch Micromecrrus minimus A4S
Pomacentridae Blacksmich Chromis punccipinnis A48
883562 il
Labridae Cunner Taucogolabrus adspersus A49
883901
Bluehead Thalassoma bifasciacum 449
Mugilidae [Mullec] [Aldrichecca forsteri] {nonresidenc]
883601 ’ :
Scriped mullet Mugil cephalus ALY
Whice mullec Mugil curema ALY
Ammodycidae Pacific sand Ammodyces hexapcterus AS53
884501 lance
Gobiidae Longjaw mudsucker Gillichchys mirabilis AS4
884701 '
Naked goby Gobiosoma bosci AS4
Coctidae Tidepool sculpin Oligococtus maculosus A6l
883102
Bothidae Speckled sanddab Cicharichchys scigmaeus  Ab4
885703
Summer flounder Paralichcthys dencacus AbL
Pleuronectidae (Dab) {Limanda limanda] [aonresident]
885704
(Plaice] (Pleuronecces placessa] [nonresidenc]
English sole Parophrys veculus a6s
Wincer flounder Pseudopleuronecces ABS
americanus
Balistidae Planehead Monacanchus hispidus A66
886002 filefish
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Salcwater (Continued)

Svecies
Class Family Common Name Sciencific Name Re ference
Tetraodoncidae Norchern puffer Sphoeroides maculacus A66

886101

Foocnoces:

l. Organisms noc idenctified to species are considered resident ofily if obcained from wild
populations in Norcth America.

2. This species should not be used because it might be too acypical.

3. This species mighc be escablished in portions of che souchern Uniced Scaces.
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Appendix 2. Example Calculacion of Final Acuce Value, Computer Program, and
Princoucs

A. Example calculacion

N = tocal number of MAVs in data sec = 8

Rank MAV LnMAV (1aMAV)2 p=R/(N+1) v
4 6.4 1.8563 3.4458 0.44444 0.66667
3 6.2 1.8245 3.3290 0.33333 0.57735
2 4.8 1.5686 2.4606 0.22222 0.47140
1 0.4 ~0.9163 0.8396 0.11111 0.33333

Sum: 4,.3331 10.0750 1.11110 2.04875

2
2 . 0750 - (4.3331)%/4
8% = T.11110 - (2.04875)%/5 = 87.134

S = 9.3346

L = [4.3331 - (9.3346)(2.04875)1/4 = -3.6978
A= (9.3346)(/U.05) - 3.6978 = -1.6105

FAV = ¢~1.6105 . ¢,1998
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B. Example computer program in BASIC languagerfor calculacing che FAV

10 REM THIS PROGRAM CALCULATES THE FAV WHEN THERE ARE LESS THAN
20 REM 59 MAVS IN THE DATA SET.

30 X=0

40 X2=0

50 Y=0

60 Y2=0

70 PRINT "HOW MANY MAVS ARE IN THE DATA SET?"
80 INPUT N

90 PRINT "WHAT ARE THE FOUR LOWEST MAVS?"
100 FOR R=1 TO 4

110 INPUT V

120 X=X+LOG(V)

130 X2=X2+(LOG(V))*(LOG(V))

140 P=R/(N+1)

150 Y2=Y2+P

160 Y=Y+SQR(P)

170 NEXT R

180 S=SQR((X2-X*X/4)/(Y2-Y*Y/4))

190 L=(X-S*Y)/4

200 A=S*SQR(0.05)+L

210 F=EXP(A)

220 PRINT "FAV = "P

230 END

C. Example printouts from program

HOW MANY MAVS ARE IN THE DATA SET?
78
WHAT ARE THE FOUR LOWEST MAVS?

HOW MANY MAVS ARE IN THE DATA SET?
716
WHAT ARE THE FOUR LOWEST MAVS?
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