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EPA NOTICE

This report has been written as a part of the activities
of the Agency's Scilience Advisory Beard, a public advisory
group providing extramural scientific information to the
Administrateor and other officials of the Environmental
Protection Agency. The Board is structured to provide a
balanced expert assessment of scientific matters related
te problems facing the Agency. The contents of this
report do not necessarily represent the views and policies
of the Envircomental Protection Agency.
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CHARGE TO THE COMMITTEE

On November 4, 1982, the Enviroamental Effects, Transport and
Fate Committee of the Science Advisory Board accepted the
charge to evaluate the scientifiec validity of the procedures
proposaed as guidance for the States by the U. 3. Environmental
Frotection Agency for the development of site-specific water
quality standards,

Among the issues that the Committee was requested to address
were the following:

1. Determination ¢of whether or not the site-specifia
guidelines more correctly protect the various uses
of agquatic life by agcounting for toxicological
differences in species sensitivity or water guality
at specific sites for designated uses.

2. Evaluation of species sensitivity ranking and
toxicological effects derived from appropriate
laporatory tests.

3. Discussion of the stringency of site-specific
¢riteria developed from bilologiczl data on
aquatic or terrestrizl animals vs. the
concentrations o<f pollutants affecting plants or
concentration/effect data in the category "Other
Data™ found in the national ecriteria documents,

4. Evaluation of procedures to modify eriteria to
aecount for some characteristics of local sites,
Amorg these prooedures are the Becalculation
Procedure, the Indicator Species Procedure, the
Resident Species Procedure, the Heavy Metal
Speciation Procedure, the Historical Procedure,
and the Final Residue Value Procedure,

In the course of its deliberations, the Committee was also
requested to evaluate a series of site-spscific test =tudies
which had been conducted according to the draft guidance
procedures,



EXECUTIVE SUMMARY

In November 1982, the Eavironmental Effeets, Transport and Fate
Committee of the Science Advisory Board was requested bv the
Assistant Administrator for Water %£o review a sat of proposed
guidelines by which national water quality criteria could te
adapted to derive local water guality standards, taking site-
specific conditions into aceocunt.

The Committee determined that the basic goal, to derive site- !
specific standards, was both important and necessary. The
application of single national criteria in the form of loeal
standards to situations as diverse as the Great Lakes, the
lower Mississippi, or a Colorads mountain stream had been
challenged frequently before.

Since the propesed guidelines were often modifications of the
existing methodology for the setting of national water quality
eriteria, many aspects involving those methods alse had to be
considered.

The Committee found that many aspects of the proposed guide-
lines did not makes adequate use of existing information and
that the leogical foundation of some sections of the guide-
lines was flawed,

The site-specific environmental problem, as presented to this
Committee, was poorly specified. 4s a result, the exlsting
procedures are inadequate and in need of revision.

While the Clean Water Act specifies that the physiecal,
chemical, and biclogical integrity of the environment shall
be protected, the Agency has failed to provide more specific
benchmarks to serve as the basis for designing protective
strategies and against which the performances of various
protective strategies could be judged.

The proposed guidelines, as well as the national water quality
¢riteria, are largely based on laboratory toxieity studies.
Aside from issues related to the statistical validity related
to the desired protection of 95% of the species or 959 of the
families, laberateory toxieity tests fail to account for inter-
acticns between species, ecosystem level effects, interactions
with other chemiczls, and modifications by local water guality
charaeteristics. The species tested in the laboratory are
zssumed to reflect significant or important species ip the
environment. : :

Tne Committee concluded that the sum of such assumptions
made it essentially impossible fo discern a logical framework



which would guarantee achieving the protection of the environ=-
mental integrity of aquatic systems. However, the Agency

did recognize the need to account for the effects of loecal
water quality on the toxicity of pollutants; did make progress
in selecting representative species; and did recognize the

need for field verification as part of the proposed site-
specific guidelines, However, the extent to which the national
eriteria, or by implication the proposed site-specific guide-
lines, prcvide protection appears to be mainly based on their
conservative feztures, rather than on any defensible scientifie
derivaticn. \

While the naticnal c¢riteria and the site-specific modifications
are centered around laboratory toxicity studies, the Committee
strongly recommends that the site-specific standards should be
centered around the responses of ecosystems and their components
in an environmental rather than laboratory setting.

Thus, the Committee places a much greater emphasis than does

EPA on biological, chemical and physical monitoring. The
monitoring must be relevant teo the detection of adverse impacts,
and it must view the ecosystem in dynamic terms dedicated to
specif'ic uses.

The proposed guidelines suggested that site specificity could
be achieved through the application of one or more procedures:

1. A "precaloulaticon procedure,"” which recalculates the
ariteria by taking account of differences between the
species tested as part of the national data base and
those species which actuah@y ogcurred or were axpected
to occur at a local site. This procedure is basically
an extension of the methods for the derivaticn of the
national criteria based on laboratory toxieity testing.
While it does represent a leogiczl refinemant of the ‘
national criteria, it is subject to the same short-
comings, with respect to ecosystem applicability, as
the national ceriteria.

2. An "indicator species procedure,™ in which acuts
biocassays are conducted in site water and in defined
iaboratory water to derive a2 ratio which represents
the ilmpact of local water quality. This ratio is
then applied to the national data base. The procedure
gssumes that the ratio befwsen acute and chronic
toxicity is constant for a given chemical and that
the influences of water quality on toxicity in short-
term tests at high doses will also hold for long=term
low level exposures., FPreliminary studies have
indicated that this water effects ratio may differ
significantly depending upon the =species selected,

-



especially between fish and invertebrates. In
addition, suech a water effects ratio appears to be
highly dependent upon the sampling and storage methods
for the local site water,

3. A "resident species procedure," in which the national
toxleity data base is repeated for both acute and
chronie toxiecity using local =zpecies in site water.

This method still retains many of the shorstcomings of
the toxicity-based national ceriteria, except that it

may account for the lmpact of local water guality better
than the "indicator species procedure" does,

4. A "heavy metals speciation prccedure," which depends
upon the metal cencentration in a2 0.U45 ym filtrate,.
rather than total metal concentration. The Committes
agreed that the chemical and phvsical forms of heavy
metals in water were important determinants of biclogieal
actlvity. However, better methods than simple filtration
are available for many forms and should be utilized.

5. A "fipal residue value procedure,"” which is essentially
identical to that in the npational water quality eriteria
methodalogy and is based on lahoratory data. Such
laboratery data have, in practice, often differed from

- field data., The flnal residue values for site-specific
conditions should be coupled more closely to actual
field conditions. '

As part of its endeavors relating to the site-specific
guidelines, the Agency commissioned several site=specific
evaluations of the proposed guidelines, In the aggregate,

these studles were judged to be very inadequate, but they
provided a useful learning experience; they tended to point

out some of the frailties of the originally proposed methodology,

" a number of which are also cited in this report. Evaluation

of the studies also indicated that their design needs to be
improved and that the Agency needs to develop better technical
guidance for such studies. This report makes a number of

-recommendations about how that might be accomplished.

Trough the Committee was often critical of varicus aspects of
the proposed guidelines, such ceriticisws were offered with
the intent to be helpful. Above all,

e the Committege urges the Agency to continue its

development of site-gpecifiec guidelines and not to
abandon such effcerts because of initial criticisms.
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INTRODUCTION

Section 304(a) of the Clean Water Act specifies that the
Administrator of the Environmental Protection Agency promulgate
eriterja, based on the latest scientific knowledge, to protect
both the biological integrity and specified uses of the
Nation's waters. EPA %o date has developed natioral criteris
for a number of pollutants and is currently developing guidance
for site=specific standards. In this report the scientifie
bagls of the sife-specific standards is examined,

For many reasons, national water quality criteria are oftan
deficient when zpplied as standards, without modification, to
iocal conditions, Thus, developing scientifically defensible
3lte-specific water gquality standards is an extremely important
and necessary task.

The proposed methodology for the derivation of site-specific
standards is inseparably intertwined with the methodology for
setting national wabter quality ¢riteria, Therefore, it was
impossible to appropriately consider the site-specific
methodslogy without also examining many aspects of the
methodology for deriving the national criteria.

The natlional water quality eriteria documents constitute a
valuable collection of background information on the effects
¢f pollutants on selected species under laboratory conditions.
Unfortunately, the national criteria did not adequately
consider the broad range of interactions between pollutants
and among species at the ecosystem level, which becomes very
important when standards are to be set to appropriately
protect an ecosystem at any given site,

The Environmental Effects, Transport and Fate Commitiee of
the Science Advisory Board identified a number of important
guidelines and the natisnal water quality criteria from
which those guidelines are, in large part, derived. The
following sections of this report addvess thege problems and
suggest approaches to remedy them.

While the Committee has found seriocus deficiencies in the
scientific bases for the criteria and the standaprds, it
strongly urges the Agency to develop those scientific bases
and incorporate them into its methodologies as rapidly as
possible.,

In various sections of this report, a series of demonsiration
projects, which were conducted to explore site-specific
guidelines, is referred to. There are separate brief eritiques
of these in Appendix 2.



MAJOR RECOMMENDATIONS

The role of environmental monitcring as & tool in the
develiopment of site specific water quality standards
needs to be greatly expanded,

The level of desired protection, commensurate with the
protection of environmental integrity, needs tc be care-
fully specified so that the performance of various
protective strategies can be evaluated,

Laboratory toxicity tests are useful for the derivation
of naticnal water quality criteria, but since criteriz
derived from such tests zlone cannot consider loecal
ezological interactions, they should not be converted
into site-specifle standards without studying effects
at the ecosystem level.

The statistical procedures for the site-specifie eriteria
cannet be substantially improved in the absence of lgeal
data by which relevant ecological dynamic states may be
defined, measured, and modeled. For this reason, we do
not recommend that the basic calculation procsdure be.
modified.

The "indicator species procedure" is based on a number

of assumptions which are presently unverified. This
procedure has coften generated contradictory results in a
series of test cases. We recommended that this procedure
not be used until further research has demonstrated its
applicability.

The proposed filtration method for the speciation of
heavy metals is inadequate. The Agency should determipe
the most appropriate method for estimating the bio-
logically active forms of each individual pollutant.

The Agency should complete development of the "historical
procedure,™ ineluding procedures for reguired monitoring.

Actual residue concentrations and their environmental
dynamics should be given precedence over laboratory-
derived biocconcentration coefficients in the derivation
of site-specific final residue values.

The Committee urges the Agency to continue its develop-

ment of site-specific guidelines and not to abandon such
efferts because of initial ceriticisms,



PROBLEM STATEMENT AND RESOLUTICN

The problem of environmental protection against toxic
substances in the aquatic environment is poorly specified.

Limitation of Toxicity Testing

?. L. 92-500 mandates that the integrity of the environment
be protected, Yet, water quality eriteria and the proposed
site~specific standards are largely based on acute and
chronle toxiecity testing of single chemicals on single
species in laboratory seftings. Interactions between expesed
specles, between chemicals in the form of potentiaticm or
antagonism, and of chemicals with ecosystem properties are
ignored in the proposed methodology used to set site-specific
standards. Therefore, current methodology 2an be appropriate
in conceept 1f and only if all of the following parameters

are elther satisfied or produce a anegligible effect:

l. The appropriate species have been tested based on
ecological importance and human uses, particularly
consumpticn, taking into account toxie residues,

2., The exposure is environmentally realistic in terms
of_physical and chemigal identity.

3. The stresses under laboratory conditions not related
Lo the toxicant are equivalent to the non-specific
stresses found in the environment, .

4, Interactions with other éomponeﬁts in the environment
produce insignificant effects,

5. The toxicant has no effeqt on interactions between
species, such as competition, predatlon, commensalisa,
or parasitism.

6. The toxicant produces no other effects on the ecoaysten
that may affect the test species indirectly.

It =eems unlikely that all of these conditions will be met in
the vast majority of cases in whiech toxicants are tested in
the laboratory and the results are subsequenitly applied
directly to natural systems. ‘

Thus, wnile single specles toxicity testing in the laboratory
provides important 1lnformation, =.g., relative toxicity of
gompounds or relative sensitivity of species under specific
laboratory conditions, that information is incomplete for
setting appropriate standards for the protection of %the
environment as mandated by P.L. 92-500.



Standards, which are exclusively hased on laboratory toxicity
testing, would therefore be accurate not by design, but by
chance, At times such standards appear to be overly pro=-
tective, but at other times they fail to protect adequately,
The reasons why the standards appear to protect more often
than not may result from the various conservative approaches
built inte the ceriterias and standard=-setting procedures,

Role of Toxieitv Data

. Bloassays are generally performed on a few selected life
3tages of a selected number of species under controlled
laboratory conditions. Response dynamics are very seansitive
to the experimental conditions; and, therefore, great care
must be taken to manipulate only those variables which are
subject to testing. Inadvertent variations in nontest
variables will contribute spuricus components to the cobserved
behavior, masking effects of the intended treatment,

# Rigorous caontrol of test conditions by careful

choice of subject populations, adequate replication,
and adherence Lo experimental design is essential
in toxicoclogy Lesting.

In spite of such shortcomings, it would be inadvisable to
abandon laboratory toxicify testing., However, it is important
to utilize such data with full cognizance of their limitations.
While standards calculated in such a manner lack the logical
basis t¢ serve as appropriate standards for the protection of
the environment, they can serve as first approximations,
subject to verification by monitoring ardd verification in those
ecosystems to which they are to be applied.

~3ince the national criteria do not consider interactions
petween species and with the environment,

¢ site-specific standards which are direct
conversions of national criteria can only be
congidered as provisiosnal atandards, subjeet
to fiseld verification through monitoring.

To transfer biocassay results to field conditions, it is impor-
tant to consider that the response of a2 system to a fixed set
¢f ceonditicons may change because of an offset in time. In
generzl, this is & difficult progerty to establish, but it
cannct be simply zssumed. Procedures to establish this should
be incorpurated into protocols.

o Minimally, only data obtained at comparablé
times of day, year, =fce. should be compared.




Issues Related To Toxieity-Based Data

Test Species Selection

A critical component of the Guidelines for Deriving Site-
Specific Water Quality Criteria is the development of a
minimua data base on the acute toxicity of chemical to
species selected from eight taxonomic fapilies. These
families in freshwater include four fish families, a
planktonic crustacean, a benthic erustacean, and a repre-
gsentative of a phylum other than Arthropods or Chordata. To
develop a final salt water acute value, species must also be
tested rrom eight families so that all of the following are
ineluded: two families in the phylum Chordata, a family in g
phylum other than Arthropoda or Chordata, either the mysidae
or penaide family, three other families not in the phylum
Chordata or any other family. The apparent objective of
requiring acceptable test results for species in eight dif-
ferent families to make up 2 minimum data set seems Lo be
based on a desire to have results from a cross section of
aguatic life (i.e., several families from different phyla).
This is apparently to recognize the Ffact that aquatic
organisms differ in their responses %o chemicals or that
wnat 1s needed is a definition of the range of responses,
Since 1t is not possible to test all agquatic life to derive
aceute toxieity information, the Guideline establishes eight
species as surrogates for all untested speciea. Can test
results from eight species adequately define the range of
response of all species? Recently an EPA-QTS sponsored work-
shop on the surrogate species concept concluded that
individual species are not necessarily representative of any
larger subset of different specles; however, a group or
cluster of species rway have a relationship to the prebabiiity
of effect in a wide range of other species. The surrogate
species cluster concept was endorsed by the workshop
participants and appears to be in concert with the approach
used in the Cuideline. The surrogate species concept was
developed by taking an introspective examination of aquatic
toxicology data bases for a varisty of chemicals with a
variety of organisms. Don Mount and Wes Birge examined these
data bdases and concluded that acute toxiecity test results on
-5 species, irrespective of taxonomic classification,
adequately defines the range of response likely Lo be found,
even if 2 larger number of species were tested. Therefore,
it appears that requiring as a minimum data set toxicity
datz on species from eight (8) families hes some basis and
is partially defensible.

However, there are several potential problems with the concept

of using the taxonomic level of family as a means of selecting
species to test. For example, individual species within a
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family may possess quite different toxic responses. The
Guideline, therefore, leaves too much flexibility ia the

choice of species to test. With the existing guideline it
would be possible for an unscrupulous person to select an
insensitive species in each family and thus derive a final
acute value which iz higher than would have been determined

if more sensitive species had been selected, Perhaps the
guideline should require that if information is known about

the range of sensitivities of species in a family to a
candidzte chemiczal or to z chemical of similar structure

that those species exhibiting a sensitive response should be
used. Likewise, the Culdeline should recommend that keystone
species and recrsationally and/or economiczlly important
species be included in the minimum data base for determining
the final zcute values. Keystone species are species whose
elimination from a particular aquatic ecosystem would cause a
drastic collapse of the system. A final eriterion and perhaps
the most important criterion in selecting species to determine
the range of response to a chemical is that the species
selection should be based on physiolegical and/or biochemiecal
characteristics. Species making up the mininum data base
should possess a diversity of physiology and/or biochemical
profiles., Simply requiring testing of representatives from
eight families of aquatic organisms does not necessariliy

insure a wide diversity of physiclogical and biochemical types.
The Committee is concerned tnat the Agency fzils 'to communicate
a eclear understanding of the differsnce between selected species
and geographic specificity.

In addition to questicns related to the geographic distribution
of species and their varied responses to toxic substances,
unique ecosystem characteristics alsoe vary geographically.
Clinal variaticns in terms of latitude and elevation contribute
to the potential for ecosystems to abserd, transporit, degrade
and sequester toxic substances. Factors related to stability,
diversity, resilience and the amplitude of disturbance from

the system trajectory c¢an be geographically zpecific and in

the context of this report, site«specific. The impact of
altering national water quality standards based on site-
specifiic testing may be time related as a result of zgeographic
zpecificity. ‘

Recommendationa for the collection of gite-specific infor-
mation fo vary national water quality eriteria should consider
geographic zpecificity. These differences are related to the
pany physical and biotie components which influence ecosystem
funetion and consequently how systems might be more or less



responsive to altered pollutant input witheout being desraded
from their current orp potentially higher humzn use.

3tatistical Issues in the 3ite~3pecific Water Quality Criteria

For a given pollutant, the guidelines for deriving site-
gpecific eriteria are adaptations of the correspeonding
national guidelines. While it is not appropriate to review
the national guvidelines here, it is necessary to briefly
state their statistical basis to put the site-specific
nethodology in context,

The national guidelines define a two-part e¢riterion: one
part 1s intended to te protective against acute effactz; the
other is intended to be protective against chronie effects.

The acute value is found by way of z distributional appreoach,
taiing the maximum. instantaneous concentration as one-half
the estimated fifth percentile of the distribution of family
geometric mean LCgp values. The chronic value is often

used as a maximum 30-day average concentration. It is caleou-
lated by dividing the estimated fifth percentile of the
distribution discussed by an estimated acute-chronic ratio.
For compounds that blioaccunulate, the 30-day. average concen-
tration may be determined as a concentraticn to protect
organisms which feed on dquatic life, if this is lower than
the chronic number. . -

The national guidelines contain provisions for adjusting the
eriteria as a function of variables, such 25 hardness, that
affect toxicity. They also provide a range of sensitivities
by insuring that the family mean LCgp values satisfy a
minimum data base requirement. ‘

Essentially every feature of these calculations has been
Subject to some reservations. The principal comments are thes
Following:

1. There is no clear statement of the degree of
protecticn the resulting criteria afford, beyond
the claim that most species are protected most of
the time. -

2. The species on which the LCg5q's are available are

not representative of the nation or of any
particular site,
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3. The method for calculation of the fifth percentile
is unduly sensitive to the number of points in the
distribution of average LCgp's.

4. The average acute-chronic ratios are not statistic-
ally or blologicaluy valid.

5. The reduction of the fifth percentile by one=half
iz not justified by any scientific apalysis.

€. A 30-day average concentration does not pretect
against effects which ¢an occur over a2 shorter
time.

Related criticisms concern the criteria for admitting an LCsg
to the data base on which the eriteria are calculated, the
choice of family versus species means, and alternative choices
for estimaticon of the fifth percentile.

all of these comments are relevant to the site-specific
statizticeal methodology. However, the statistical procedures
for the site-specific criteria cannot be substantially improved
in the absence of local data by which relevant scological
dynamic states may be defined, measursed, and modeled, For

this reason, we do not recommend that the basic caleulation
procedure be modified., Nevertheless, the validity of the
comments must "he accepted, and it must be concluded that the
gite-specific criferia will not, as a matter of logiecal
necessity, protect the integrity of the bilological gomaunity.

Desired Environmental Qualitv=«Definiticn ¢f Environmental

Integritx

The Clean Water Act mandates the protection of the physical,
chemiczsl, and biological integrity of the environment. These
general goals have not been sufficiently translated into
specific guidelines based on the required degree of environ-
mental proetection commensurate with the intent of the act.

It is important that these goals be stated in terms of
envirconmental parzmeters rather than laboratory based para-
meters, sSo that the performances of various protective
strategies can be evaluated for their efficacy,.

The development of a more detailed statement of goals for the
protection of environmental integrity is not easy, and because
of iimitations in time, the Committee was not able to develop
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a set of operational goals which could be readily adopted by
the Agency. Howaver, the Committee was able to identify 3
number of important issues.

Absolute protection of the aquatic environment from human
impact may be ccnsidered to be our intangible gozl, However,
such a goal 1s clearly unattainable, even if there were no
economic, societal,; or pelitical constraints. Any species,
humans ineluded, cannot exist without affecting the environment
or being affected by it. The need for gtrategies to protect
the environment iz strongly influenced by human populsation
densities and by the =ffluvia of municipal and industrial
activities which are assocciated with human life-styles,

While it is not possible to return to an envircanmental state
which is based on the premise that humans have nevep existed
and do not produce a present impa¢t, it is possible 'to reduce
human impacts,

The development of aoperational guidelines for the protection

of the integrity of the environment needs to consider & nuaber
of facters. Ecosystems are dynaamic entities, and thus they
exhibit natural variability over time and space. When an
ecesystem is challenged by pollutants, it does not necessarily
stop functioning, but enters a new dynamic state and, in

doing so, may maintain its integrity. To date, the new dynamic
state has been judged not only by objective parameters, but

has also included considerations of the subjective desirability
cf the new ecosystem state, based on its suitability for

single species, such as trout,

Therefore, the normal variability of ecosystems and our
generalized expectations ¢f the required degree of protection,
coupled with the intent of using the ecosysten for a nunmbep

of purpeses, results in a situation filled with confliat when
one attempis to set guidelines for the protection of the
environmental integrity. To prevent greatly differing
interpretations of the required degree of protection by every
state, municipality, and industry, the Agency should establish
further guidance based on environmental parameters,

Specification of the Environmental Protection Problem

Rather than developing site-specific standards from laboratory
toxicity data alone, dynamic perspective 1s needed to improve
EPA's present toxicology-based asproach, An environment,

to be protective for a certain set of uses, ccnsgists of sets
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of ecological conditions, species, resources (including
toxicants of interest), and interrelations within and

between these categories--all dynamically changing with time,
Thus, environments are dynamic systems driven by sets of
inputs to generate time dependent behavior, which can be
viewed as outputs. Not all outputs can be measured to assess
the state of health of an enviroenmental s3ystem; the problem
is to assess the condition of the environment from z restrictad
set of carefully chosen diagnostiec variables. Protection or
nonprotection of these variables must reflect success or
failure, respectively, in protecting the subject environment,
To achleve this, the diagnestic varizbles must be chosen so
that this protection bears both sufficient and necessary
relationships to the larger set of ecosystem variables which
denote an environmental condition.*

Environmental changes occur because of the influence of both
conventionzl pollutants and toxic substances., These changes,
constituting perturbaticn dynamices, can be compared to nominal
(unperturbed) behavior %o provide a measure of impact. When
deviations exceed prescribed bounds, represented by standards,
the subject environment is conaidered unprotected; otherwise

it is protected up to the specified standards. The ob jective
of environmental protection, then, is to maintain differences
between perturbed and nominal behavior within limits defined
by the standards., Since it is inefficient and probably
impossible fo measure all of the output varizbles of an eco-
system at the present time, the operational problem is to find
a subset of diagnostic environmental variables which reflect
the behavior of larger set of ecosystem output variables.

If the diagnostic ocutput variables have been properly selected,
then as long as the diagnostic output variables remzin within
specified limits (standards), the output variabies of the
gntire ecosystem would also remain within specified conditions.

Choice of Diagnostic Variables

The logical basis of chocsing a set of diagnostic variables is
¢ritical and should be approached through carerful study of
each site-specific problem. Diagnestic variables should

* A more extensive treatment in terms of system theory
1s attached as Appendix 1.
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and sufficient relationship must be established between
suspected cause and observed effect. Then, if the cause is
present, the effect will be seen in monitoring data
(sufficient), and if the cause is absent, the effect will

not be observed (necessary). Monitoring for prediction is
also technically difficult because it invelves a time offset,

Protecols for Environmental Monitaopring

3ince the onset of monitoring as a vehicle for overseeing
environmental integrity, the agencies involved {(usually
government at all levels) have moved slowly in making
necessary changes in accepted protocols and methods. This
i3 understandable in the sense that

l, baseline dates apre either wanting, scarce, or
difficult to obttain;

2. governments have not, in general, carried out
short-term or long-term research for meeting such
methodology problems;

3+ @general acceptance by the scientifie community is
usually awaited prior to the institution of tactiecal
revisions;

4. new chemical products and new toxicological problems
are constantly emerging; and ‘

5. ecology has only recently started to emerge from a
descriptive to a systematic science--and is stiil
emerging. ‘

The results of this sequence. of developments, along with an
gver-increasing list of environmental knowledge requirements,
have been a mixture of monitoring 3ystems 1in dire need of
technical and logical revision. Among the practices commonly
in use are the following:

1. The meoniteoring of all pos=ible factors and then
using derived standards from best avallable infor-
mation. This would inc¢lude, for example, continued
beriodic measurements of metals, nutrients, plankton,
pottom fauna diversity, whether or not they were
pertinent, and then using fixed values, excursions
beyond which constitute a2 violation.
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2, The use of certain tools or eriteria as monitoring
bases which were once derived for a specific reason
but which are now misused, in disuse, not up-to=-date,
or nave been surpassed. There are many =sxamples of
these. An outstznding one iz the setting of 2 single
dissolved oxygen standard for all waters and the
labeling of this standard as a "naturzl" level below
which are levels of violation. An exampie of this
tachnique is the current methodclogy of ecollection
and measurement of oil and grease in native watars.
Another is the inflexible adherence of some agencies
te bottom zanpling methodology and statistics despite
bettom=-type differences. This same attitude of
inflexibility pertains to the use of 2 fixad array of
bioassay organisms despite the varying conditions
among areas under observation,

3. The use of a strictly toxicologiecal approach to
monitoriag based oanly on LCED'S or chronic¢ health
problems in specified organlsms.

., Momitoring for indefinite periods, which may be overly
frequent or infrequent, and are not necessarily designed
to inelude events of natural frequency.

The azbove approaches have within them strategies znd tactics
which need to be retained or updated. Rejecting them out-of-
hand without review is not constructive. (The value of this,
if nething else, will be to point cut complex problems and
approaches to be avoided. This is the prinecipal "value! of
the several interim site-gpecific reports whichk we have
locked at.,) At the same time, Agency use and accompanying
enforcement, when done iam the narrow sense, is not only
unconstructive but weould alsc diminish progress towards our
understanding of environmental reality. What is strongly
suggested here i3 an intensive, periodic review and update
with accompanying rules and technological changes, as needed,
of menitoring protecols. (This is an essential step after

an agreement is reached between a 3State and EPA.)

Periodically, there must be a review followed by necsessary
revisions and updates, It is also essential that the review
group be composed mestly of people not emploved by the
government, These remarks apply to all governmental agencies
that monitor, which have 2 national overview, and whose
regional offices often are looked upon 2s ultirmate arbiters
in regional ecology.
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o HWhat is needed first is a full description of the
reascns for the existence of menitoring programs at
strategic and tactical levels.

Second, the protocols and technologies adopted must justify
these rezsons, be altered until they do so, or be rejected.

By way of example, the phrase "best available informatione-or
method" should only be a signal of needed informatiocn znd a
direction indieator for finding it. 4&lso, the laws procmulgated
on ¢lean water, air, etc. should be anticipated enough so that
the kind of monitoring protocols needed as part of their body
should 2lso te anticipated. A sincere effort in this diprection
is not cnly economical but also aveids methods that are on

the one hand expedient, but on the other do not Ffulfill the
principles of whatever philosophy is derived. The case

studies examined are an example of what can happen when time
constraints are put con an investigatory team. Anticipation

of method application, seasonal and diurnal changes, experi-
mental planning of sampling techniques, and tryouts in the
field should be an integral part of every case study.

Izaues

1. The Purpose of Monitoring

Unless there 1s an end-product that is usable and
Justifiies the principles directly c¢r indirectly, then
we cnly have moniteoring for its own sake or to satisfy
an arbitrary standard. In addition to practicability,
monitoring should provide data and information for
storage and retrieval in a cross-referential sense.
Let us consider what it is that monitoring iz supposed
te shaw.

¢ 2. Monitoring should indicate when a designated
" level of substance is reached in a medium or
organism, or, where pertinent, in a system of
media and/or organisms.

With respect to organisms, thes protocol should involve
one or more of the following types:

1) organisms which concentrate a substance(s)
significantly and are a significant part of
the food chain;

2) those which show pathology and which are a
significant part of the local system. (This
may =liminate transient forms and those which
oceur infrequently and in insignificant
aumbers., }
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With respect to media or systems, the following factors
should be considered:

1) Is the medium itself part of a system, i.e., in
this case if it iz part of a stream, are
particulates in a transient state or prolonged
suspension state? Is the bottom scoured and/or
penetrated by upper waters and to what extent?
Are the sediments chemically active, ete?

2) 1Is (are) the substance(s) dissolved? . In
suspension? On or assoclated with particles?
In the sediments and, if so, distributed in
interstitial spaces, sorbed on surfaces,
ionically bound, etc?

3) Is the substance distributed in more than one
of these states and, if so0, is there equilibrium,
steady state, or some othepr reactive order of
distributior, half-life, etc?

e D. Monitering should indicate the factors which
: modify the enemistry/physics and the biolosical
effects significantly,

This may involve the status of the local environment
of the substance(s) monitored or the effeet of the
substance on the organism tested.

One must select among the various possible chemical
and physical factors for those which involve quanti-
tative correction of measurements, 2.g2., temperaturs
of water and oxygen solubility, salinity and pH,
etc., and those which bring about chemical changes,
e.g., PH and ionization or solubility, dissolved
oxygen content and nitrification, ete, It must alse
be remembered that these factors may affect the uptake
processes of oprganisms or change the chemistry of a
concentrated substance in a food-chain organism when
the latter is consumed by a2 grazer or predator.

Usually after a certain amount of background study,

many of these factors can be spot-checked and the

number of analyses reduced, or, becsuse of interaections,
contrel factors may be predictive of other ones, 8.8.,
the components of an alkalinity system, onece the
interaction is established, can be calculated after pH
is measured,.
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Here one must anot forget the importance of seasonal
¢change as an overall control of anvironmental inter-
action.

There are enough ecological studies available that one
can select influential physico-chemical factors,

Many agencies do not do this and end Up with guantities
of multiple factor data for which there are no realistic
correlations. The great disadvantage of this is not

S0 much the accumulation of useless information as the
fact that, while carrying out this Lype of monitoring
function, influential factors nay be downplayed or
overlookad,

. Monitoring should show which biceffects are
indicative of the degree of severity of the
toxi¢ problem,

Up until now almost all reports deal with LC$O'3
and chronie effects., What may be being overlooked is
the body of information that deals with other effects:

1) Behavioral changes of movewent, habits,
feeding, eto.

2) Degree of growth using possibly mark-znd-
recapture tecnnlques among animals; mark apd
measurement among plants; mass increase in
microplant or microanimal populations cver
shert periods; periodic size distribution

‘measurements among captured or sessile
‘populations.

3} Fertility measurements which can be done in
various ways among a variety of organisms,
The question arises as to what adverse affects
on fertility can show. First, among small
organisms, they are the early warning systams
that can prediet the onset of lethal and
chronic effects among larger organisms.
Second, they may be measureable and take
place at known fracticns of lethal and chronie
effects when occurring either in micro- or
macro-organisms. Third, they may be indi-
cating that lethal and chronic events are
being partially masked in scme organizms by
an énvironmental effect, e.g., weak sorpiion
on clay particles, Finally, these effects,
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though not lethal at the moment of measure-
ment, may either result in the death of the
organisms individually or portend the limit-
ing or elimination of a population affected,

Judicious use ¢f a, through ¢. should yield 2 series
of eriteria that will be predictive when used together
with proper protceols derived from the other issues

to be discussed. The effectiveness of this use of the
criteriz can be evaluated by fieid measurements of
selected species! population samplings. Some ¢f the
measurements implied are done in the field (mark and
recapturej; some are done in the laboratory (behavior
studies), In the latter case, however, if one is
fortunate in the choice of organisms, the laboratory
study indicates the type of behavior expected in the
presence of known levels of toxic agent,

2., Organisms to Use in a Menitoring Study

The original idea of the choice of test organisms

for toxicity studies was to give an array of reactions
through the phyla of animals that would cover important
vertebrates and invertebrates and provide a usable data
base, These then, on the bases of LCsyp's and chronie
effects, could be appliad to the setting of standards
for levels of toxic substances in the environment.

With time, there has been a. tendeney toward standardized
use of certaln species which apparently have been chosen
becauszse of what has been regarded as their "importance®
and/cr their sensitivity, The implication here is net
that these were or are bad eriteria or that their use
shiould be disregarded. What is implied is, for site-
specific protocols, that regional authorities should be
leaning more teward local ecology hoth abiotie and
biotic. This means that one should learn which
population systems ars operative, what is the impact

on species diversity and biomass, which trophic levels
are being dealt with, and, finalily, rather than
determining the sensitivity of the aorganisms to g
particular toxic c¢ompound, first determine how important
the various organisms are in the system and then choose
among thne most important for the desirable degree of
sensitivity.
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The term "importance™ can be given statistical or
numerical value just as can "sensitivity.n Usually
it has to do with the largest number of particular
sSpecles, but this can aiso be weighted in terms orf
how they function in the different trophic levels,

Thus, for a particular water/wetland system, one
should determine a differential quantification of
the operative Systems, including, among the flora,
at least the mieroplants., Tt is understood, of
course, that scme organisms are mors motile and
transient and require nuymberp estimation techniques
that are more consistent than aceurate. After

the quantification study has given sufficient data
to give a usable view of the system, an importancs
figure should be aseribed both Lo those species
present in large numbers and to thiose important in
the trophic levels. Then a system should be devised
- for choosing among them with regard to sensitivity,
‘taxonomic level, and species of particular interest,
probably in that order, '

3. Freguency or Monitering

As mentioned above, monitoring agencies may frequently
employ a variety of measurements, especially abiotie
ones, and end up with counts for which there is often
ne correlation or which do not give a truly good
background picture. This eriticism also applies to
the frequency with which the neasurements may be
taken, .

The following apply to physico-chemical measurements
of wetlands, water bodies, ete,

2, Time of day. 3Sueh factors 23 dissolved oxygen
and pH change diurnally, and at any particulape
gite there should be night as well as day
measurements. It is not necessary, however,
to measure these on an hourly basls, unless
there iz a known dependent reaction cecurring,
2.8., elevated pH causing precipitation of
carbonates, Otherwise, this is a waste wf
effort, Therefore, ons will plan the necessary
nours for abiotic determinations initially
and cut them down to the minimal number of
subsequent determinations. -
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Seasen. It may also not be necessary to
measure conditions on a monthly basis
continually. For the most part, measurements
at the peak of the season and at the

transition should tell what water condition
changes will be., After these are egtablished,
it may only be necessary to measure the nesks.
One should also be on hand to measure najer
occurrences such as major storms, spring rains,
2now melts, ate,

If gradients from effluents to spring rain
runoffs occur, these should alse be noted and
monitored.,

If there is an intimation of possible stream

contamination of a known type from a known
‘source, the Agency should be prepared on short

notice to measure downstream gradients.

It is apparent from 19 site-specific studies
submitted to us for review that, toc assure
the information neceszsary to retain envircn-
mental integrity, some tighter specifications
for the conduct of such studies should be
written. Due to seasonal, diurnal, and
meteorological or hydrological events,
chemical and physical parameters are
censtantly changing, as are the populations
of organisms in a stream. It seemns logical
that either sampling and monitoring must
bracket these variations or other studies
must be referenced to deduce now these
changes with time will alter response of the
organisms to tcxic substances or alter the
physical or chemical state and availability
of those substances to affected organisms,

Also to be taken into consideration must he

the physical dimensional effect on seasonal/
time measurements, i.e,, the depth of water,

the influence of bottom in shallow waters Vs,

deeper waters, speed of currants, influence
of shoreline, vegetation overhanging shore,
eta.
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With respect to organisms, measurements should be made
according €0 the above eriteria if advisable only ang

at other such times as may elucidate some part of the

life history that may be pertinent to the toxie study

of ¢oncern.

4. Monitoring Feedbacks

One should be able by means of control aituations and
localities to set up a background picture or noisze

level of the important parts of the system under study.
One must also decide on the levels of significance

which depart from this "norm," both in degree and in
time. From this, one should be able to decide when

some pathology is ocourring at the site area and possibly
whilch groups of organisms are most affeated. Selected
tests for toxicology, as discussed above, may then

gnsue.
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SPECIFIC PROCSEDUREZS IN THE GUIDELINES

The proposed guidelines suggested that site specificity could
be achieved through the application of one or mare procedures,
which can be briefly summarized as:

L. A "Recalculation Frocedure," which recalculates the
criteria by taking account of differences betfween the
species tested as part of the national data base and
those species which actually occurred or were expected
to occur at a local site. This procedure is basically
an extension of the methods for the derivation of the
national criteria based on laboraztory toxicity testing.

2. An "Indicator Species Procedure," in which acute
bicassays are conducted in site water and in defined
laboratery water to derive a ratio which represents
the impact of local water guality. This ratioc is then
applied to the national data base.

3. A "Resident Species Proeedure," in which the natiocnal
toxicity data pasze is repeated for both acute and
chronie toxiclty using local species in site water.

4. A "Heavy Metals Speciation Procedure,” which depends
upon the metal concentration in a2 0.45um filtrate,
rather than total metzl concentration.,

5. A& "Historical Procedure," which sets the site-specific
standards at local concentrations when it can be
determined that these concentrations produce no adverse
effects. This precedure iz still under development.

6. A "Final Residue Value Procedure," which is essentially
identical to that in the national water gquality criteria
methodology and is based on laborateory data.

These methodologies were examined in detail, and their evalu-
ation follows.

Recaleulation Procedure .

The Recalculstion Procedure is intended to account for the fact
that some species which are represented in the national data
base may not be present at a site., To remady this, the site-
specific ¢riterion is calculated by removing the average LCsq
values of the absent species from the data base on which family
mean LCsg values are calculated. If removing these species
reduces the data base below the national minimum data require-
ments, new bicassays would be run, or the national family value
retainad,
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The Water Quality Handbook presents several caveats concerning
the validity of any resulting criteria. The prineipal
statistical hazard is that, if the number of families is
reduced, the site-specific instantaneous maximum will be lower
than the national critericn, all other things being equal.
Since the rate at which the distribution increases necessarily
goes up as the number of data points goes down, the estimated
fifth percentile will necessarily be lower., Consequently, it
does not appear that this type of effect can ne eliminsted as
long as interpelation from the empirical distributicn funeticn
is used te¢ define the instantaneous maximum.

3ince the recalculation procedure is based solely ¢n laboratery
toxicity data, and is, in fact, a modification of the national
water gquality criteriz guidelines, it is subjeet to the sane
eriticisms as the national guidelines. The major criticisams
are that interactions and ecosystem properties are ignored, and
that the taxonomie basis for the selection of test organisms
does not reflgct ecological structure or importance.

Indicator Species Procedure {(Water Effects Ratioa)

This procedure assumes that differences in water chemistry at
individual sites may modify the availability and thus the
toxicity of specirfic chemicals.

The Indicator 3pecles Procedure is intended to cover the case
in which the range of sensitivities of resident specias is the
game as that in the national data base, but the teoxic effect is
modified by the characteristics of site water. The procedure
allows three ways to czleulate the chronic value which usually
cetermineés the 30-day average councentration. If available, the
national acute-chronic ratio may be used. Alternatively, three
matehed pairs of acute and chronic tests on at least one fish
and one invertebrate may be run using site water. The geometria
mean of these three acute-chronice ratios is then used as the
acute«chronic ratic for estimating the chronic level, Finally,
a 3tate may conduct zecute and chronic tests on a fish and an
invertebrate in both labeoratory and site water, From these
dataz a geometric mean chronic water effect ratio is caleulated,
then multiplied by the national acute-chronic ratio to find the
ratio applied to the estimated fifth percentile.
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The acute value is found by adjusting the national value by the
geometric mean of the ratios of the site water LCsp to
laboratory water LCgp, if this ratio is szignificantly different
from cne. Otherwiseé the nationzl value is the site~specific
value., The site water and laboratory water LCgg's, which are
averaged, are based on one fish and one invertébrate species.

ks described in the Water Quality Hzndbook, the choice of

species to be tested and the subset of the naticnal data base

cit which the critericn will be derived are determinad by the
tate, depending on the situation at =ach site. There is

general guidance on these choices through a schematic workplan,

and caveats are given concerning the main features of selecting
the indicator species and running the required laboratory tests.

Because of the freedouw granted the 3tates in designing the
studies for lmplementing the Indicator Species Procedure, it is
difficult to assess the validity of criteria developed from
this preotocol. Unless Agency scientific staff are involved in
planning and conducting studies implementing this procedure,
ifferent ¢riteria may result for sigpilar sites, due to
different choices among the allowable alternat*ves. It would
be helpful to provide a decision-tree for this precedure,
together with guidance on the conditions under which each
branch would be followed.

Statistically, the Indicator 3pecies Procedure raises the
question of the appropriateness of the small sample sizes for
species and the ratic form of adjustment for acute and chronic
water effscts. The assumption is- ‘that the average of two or
three species, some of which may ﬁe in the same family, provide
data suffieient to adjust the distribution of family means by a
constant of preopertionality. Whether this can be successfully
done, and for which pollutants, is a basic research issue which
has neot been resolved at this time. ‘

From a biclogical and toxicological point of view, criticisums
of the Indicator Species Procedure include (1) the assumption,
in order to use it, that no species response differences exist
between resident and natlonal data base specqies, which is
unrealistic; (2) "acceptability" for nonresident indicator or
surrogate test specles is not defined; (3) apparently, any two
species of a fish and an invertebrate may be used in testing
for chronic toxicity; and (4) the methods presented in this
gsection do not provide adequate procedures for assessing the
relative impact of varicus site waters on biocavailability
and/or toxicity.
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At a more spec¢ific level, these procedures call for simultaneous
acute tests in "site and laboratory dilution water,” but neither
of' these waters 1s adequately defined. This is of particular
concern for site water where the underiying assumption seems to
be that waters collected from a site in an unspecified manner,
and transported and stored under unspecified conditions,

will bear soms resemblance to the water on site. The chemical
characteristics of site water, however, are in large part a
consequence of other faetors at the site (e.g., pH, DO, salinity,
temperature), which determine the availability of the chemical
in question (Sunda and Hansen, 1979) and may change considerably
on storsage.

Moreover, water on site iz in equilibrium with the substrate

of that site, and disruptionas of fhese eguilibria among trans-
port and storage may alter the availability of existing chemicsl
speclies in the "site water." These modifications and the absence
of the original substrate make extrapolations from laboratory
tests of site water to actual cn-site conditions difficeult,

Also many of the factors mentioned above vary in site waters on
a daily basis zand seasonal basis, which could cause substantizl
differences in water effscts ratios depending upon the time of
day or year in which the water was collected. (See, for instance,
draft report of ILowa River.)

These issues are mentioned in passing in the procedure (see 3-
3%). This discussion, however, merely cautions that “he sita
water should be used "as 300n as possible after collecticn®

and that "care should be taken to maintain the quality of the
water"™ and any changes should be "measured and reported.?

While acknowledging the notential fer problems, Lthese statements
provide little useful information as to appropriate storage
time, transport conditions, or the type or degree of changes
which are considered acceptable/unacceptable, Fuarthermore, this
- discussion implies that flow through testing on site is more
appropriate for dealing with problems in diurnal watepr quality
eyeles but does not address the actual issues of diurnal cyecles
or how this procedure would be applied.

Another issue left unaddressed in this section is the problem

of sample contamination during collection and storage. Recent
studies in marine chemistry have demonstrated that standard
colisction, storage, and analytic procedures resulted in metal
contamination which produced metal concentrations several orders
of magnitude higher than are now routinely measured in water
samples (Patterson and Settle, 1976)., It iz also becoming
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apparent that elevated metal levels due to metal contamination
may be suffiecient to irhibit growth in phytoplankten (3undza and
Guillard, 1976; Anderson and Morel, 1978) and to affect
phytoplankton metabolism to the degree that primary production
measurements are sigaificantly altered (Fitzwater ot al,, 1082).
A recent study with crab larvae also has demonstrated pertur=-
tations in growth at cupric ion activities just beyond ambient
levels in the estuary from which the crabs were obtained
(S3anders et al., 1983)., These studies point out the importance
of using carefully controlled clean procedures when ccllecting
samplas for water ehemistry and biological effects studies.
These clean procedures have been described in literature
(Patterson and Settle, 1976; Bruland et al,, 1979; and Fitzwater
¢t al., 1982) and should be reviewed, modified, if appropriate,
and inecrporated in section B before it is implementad.

The use of acute/chronic ratios in this procedure also presants
potential problems. In the first example on page 3-26, the
site specific final chronic value can be obtained by dividing
the nationral acute/chronic ratic into the site gpecific fipal
acute vajue. This procedure assumes that the acute/chronic
ratio derived from studies with laboratory water has some
absolute reality and can thus be applied directly to data based,
at least in part, on site specifie assays. Recent studies with
beth metal and organic contaminants, however, make it clear
that the mechanisms for acute and chronic effects may be quite
different, and, as a consequence, these responses ares not
directly linked. While some consistency c¢an be obtained in
replicate experiments, where procedures are limited to a single
variable, the validity of applying a national ratio to a site
specific acute value, which is based on different and less
defined procedures, has yet to be established,

A final peint is drawn from the draft report on criteria
modification for Selser's Creek, LA, prepared by J.KE.B. In

this report, water effects ratios were determined for Cd and Eb
using the pigmy sunfish (Elassoma zonatum) and the grass shrimp
(Palaemonetes kadiakensus). The water effects ratios determiped
using grass shrimp weére 2 and 40 x higher for Cd and Pb
respectively than were those determined using the sunfish. The
reasens for these differences zre not clear, but they serve to
peint out the potential problems with the watep effects ratio

as it is currently preszented.
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As & result of all of the shortcomings delineated above,

¢ The indicator«species methodology should not
be used for the development of sifesspecific
standards until the concerns expressed have
heen resolved through research,

Initially:

(a) Procedures for collection, storage and testing of
site water should te evaluated and a rigorous and standardized
procedure should be implemented.

(b} The problems of diurnal and seasonal variations should
be addressed in a more specific and rigorous fashion.

(e¢) General and specific limitations or problems in the
procedure should be more c¢learly defined znd their implications
discussed. Ultimately the principles of this procedure should
be incorporated in a totz2lly redesigned methodology which is
soundly based on e@c¢ological considerations.

Resident Species Procedure

The Resldent 3pecies Procedure sssentially duplicates the
complete battery of laboratery toxiecity tests required for the
minimum data base for the national eriteria guidelines, but
does 80 in 1ocal site water. Subsequently, 2 site-specific
standard is calculated, 7The prcocedure is subject t¢ the same
eriticisms as the national eriteria guidelines and the
recalceulation procedure. However, if the appropriate
precautions on handling of loeal site water delinezted in the
previous section are observed, then this procedure should
account for many of the influences ¢f local water quality on
toxiecity.

Heavy Metal Speciation Procedure

The national standards for metals are expressed as total
recoverable metal based on laboratory data on total rescoverable
or acid exfractable metal concentrztions. Metals exist in a
variety of forms, each with specific texicologiezl potential,

There is substantial evidence indicating that the availability
and toxieity of agueous trace metals is determined by the free
metal icn activity rather than the total concentration of ions
in solution (Sunda and Cuillard, 1976; Anderson & Mcrel, 1978;
Sunda et al., 1978). In spite of the title, however, section D
of the Draft Water Quality Standards Handbook does not actually
address the question of metal speciastion. Rather it imposes

zn arbltraty size limit (0.45um) below which metals are
considered dissolved and thus potentially available,
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As pointed out by Stumm and Brauner (1975), the filtration
approach is not an appropriate procedure for addressing the
question ¢f metal speciation. Metal speciation is controllied,
in large part, by the chemical associaticns of metals with
inorganic and organic metal binding ligands (Sunda and Hansen,
1979). A ecrucial guestion in metal speciation is the strength
with which metals interact with the various ligands, which is
represented by the stability constant of each metal ligand
complex. These constants are, in turn, highly dependent upaon
environmental factors such as pH, salinity, and DO (Stumm and
Brauner, 1975; 3unda and Hansen, 1976), but are not directly
related to particle size., Thus, metals associzted with low
molecular weight ligands with high binding constants may be
less available than metals associated with larger ligasnds with
lower binding constants. A probable example of this is seen
in the draft report on criteria modification for the south
fork of the Crow River, MN, prepared by J.R.B, 1In these
studies LCgp values for total Cu were significantly higher than
for dissolved, and attenmpts to use the filtration procedure
would be inappropriate. Clearly the filtration procedure
described in section D could greatly overestimate or under-
estimate the available metals imn a watep sample depending upen
the types and number of ligands available in the sample and
the physical and chemical characteriszties of the water. The
current procedure, then, is both inadequate and inappropriate
for addressing the questions of metal speciation.

In spite of problems with the ceurrent procedure, an under-
standing of metal speciation is clearly central to the datar-
mination of biological availability and toxiecity of metals.
Until recently, technical limitations have made routins studies
of metal speclaticn in site waters diffiecult, if not impossible
(Stumm and Braurer, 1975). A number of current studies based
on electrochemical techniques, hcwever, show excellent peotential
(Nurnberg, 1980). Techniques such as these, which directly
address the question of metal speciation, should be pursued
vigorously by EPA and should provide the foundation for any
metal speciation procesdures.

The issue of the biological availability of toxicants is not
limited to the chemical and physical forms of heavy metals as
they are affected by local water quality, but alse includes the
physical forms of organie pollutants, ‘

o The Agency should determine the most appropriate
methods for estimating the concentrations of
biologically active forms of pollutancs for each
individual pollutant,
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Historical Procedure

The historical procedure is still under development., Its iatent
is to set the site-specific standard at loecal concentrations,
when it can be demonstrated that the local concentrations do not
gxert an adverse effect on the environment. The data required
tEo support such a decizion a2re closely linked to the data
required for monitoring the safety of a provisional standard.

¢ The Agency should complete fhe methodology for
the nistorical procedure, including procedures
for required monitoring, prior to satting the
standard at in-stream concentrations.

Final Residue Values

Residues of priority pollutants which are a2ble to bicconcenirate
or bloaccumulate in aquatic biota are of concern when the
concentration of the residues reaches levels which exceed the
guildelines for human consumption, or when the concentration

of these residues reaches levels which mav be hazardous to
wildlife which feeds on agquatic organisms.

sction levels or guidelines for residues in fish and shellfish
for human consumption are set by other agencies, but commonly

are intended to preotect most consumers with an ample margin of
safety. These limitations also take into account that humans

4o not exist totally on fead derived from aquatic organisas.

The requirements for the protection of wildlife which consumes
aquatic organisms are less well established. In most instances
it is assumed that the residue limitations which are adequate
for the protecticn cof human health are also adequate for the
protection of other consumers of aguatic lifs. For wildlife
species which consume aquatice life almost exclusively, the
ddequacy of such a level of protection may be gquestionable,

It is necessary to exert & degree of control over the residue
concentrations in aquatic organismz to protect the consumers

of aquatic life., Onee ceriteriz for maximum allowable
concentrations in aquatie life have been established, the
easiest and most direet procedure may be to monitor the con-
centrations in aquatic life to assure that these paximunm
allowable concentrations are not transgressed., Even though

the concentrations of residues in biota zre monitored regularly,
to date the Agency has not incorporated the direct approach
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into its ecriteria and standard-setting procedures. Instead,
the Agency has chosen indireet approaches which seek to take
sdvantage ¢f the relaticnships between the pollutant
concentration in water and the expected residus concentration
in aquatic biota.

The estimation of the residue concentration in aguatic biota from
water concentraticns of the pollutant is based on the biocon-
centration coefficient (BCF), whiecn is the ratio of the

residue concentration in the organism at equilibrium to the
concentration of the pollutant in water. The bioconcentration
coefficient can be estimated from the n-octanol/water partition
coefficient (Veith et al., 1979), from lahoratory exposures

of fish or other aquatlc organisms to the pollutant, or by
field studies. The use of the partition coefficient for the
gstimation of the BCF is the least costly but is probably

also the lezst accurate, in many cases. The use of laboratory
exposures for the determination of the BCF under controlled
conditions would seem initially Lo be the best way Lo determine
the BCF; and, in fact, this procedure has become the mainstay
in Agency approaches concernlng the limitation of excessive
residue concentrations in aquatic biota. The BCF values
derived from field data have often been found to diverge
significantly from laboratory-derived BCF wvalues. To date,
these discrepancies between laboratory data and field data

have usually been cited to discredit the validity of the field
data, when inztead these discrepancies should lead one to
equally question the validity of the laboratory data,

There are several izportant ways in which laboratory studies
differ from [field observations, which could drastically affect
the determination of BCF values, The most important problem

1s that most laboratory BCF studies fail to recognize
pharmacokinetic prineiples. Regardless of the fine details of
the pharmacokinetic model which underlies the true uptake and
clearance (depuration) of the pollutant, at equilibrium intake
aquals clearance. The excretion rate constant is, thus, one of
the determining factors as to the duration reaquired to reach
equilibrium (Branson et al,, 1975; Hartung, 1976; Neely, 168Q).
Thus, an exposure duration of approximately 4 excretion half-
lives is required to approximate 95% of the equilibrium value.
Most BCF studies are run for only 28 to 31 days, and equilibrium
is assumed to have been reached. But, for a compound such as
methylmercury, with an excretion half-life of about 1000

days, 12 years may be required before an equilibrium is
gpproximated (Hartung, 1976). Beczuse of the noise inherent

in the analytical data, there is also a tendency to be overly
hasty in preonoun¢ing that equilipbrium values have been achieved
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in individual tests when pharmacokinetic datz preclude such

& Jjudgment., In addition, it is probable that the exposure
conditions in the laberatery vs. the field differ significantly.
Thus, the laboratory exposures ignore any impact of food webs

in reaching the residue equilibrium concentration. In

addition, in laboratory exposures the pollutant is usually
administered in a carrier, most commonly acetone, which may zlso
contain a2 surfactant to permit easier solubilization. Such a
method of administration may lead to an exposure consisting

of a combination of dissolved pollutant plus migellar pollutant.
In the field, the exposure would bhe to a combination of
dissolved pollutant, adscerved pollutant orn miero- and macro-
particulates, and pollutant incorporated in micro- and macro-
organisms. learly the exposure conditions are different,

and the current menitering procedures in the laboratary and

in the field are not designed to evaluate the different routes
of exposure so that the effective dose can be caleulated.

The heavy metals, excluding organc-metallic compounds,
generally do not bicconcentrate greatly in vertebrates. What-
ever bioconceniration deoes take place is not associated with
lipid solubility as the driving force, buf most commonly
appears to be associated with facilitated transport mechanisms
which have evolved for required divalent cations, and which

de not appear to be atsolutely specifie for the reguired
metals. In the case of bioconcentration of metals by microa
organisms, it is not always possible to determine whether the
metal i1s adsorbed onto the cell surface or whether it is
actuzlly lncorporated into the ecell, Regardless of the exact
mechanism of bhioconcentration of the heavy metals, the usuzal
laboratory test parameters tend to be simplisitie and usually
fail to account for the chemical and physical forms of the
neavy metal in the expesure water. The heavy metals are
usually added as a soluble salt in an acidified stock salution.
As soon as the stock solution 1s metered into the test aquaria,
tne pH and the available lons for coplexation change., While
some of the metal usually remains in icnie¢ form, the fermation
of complex hydroxides, carbonates, and other insoluble salis,
plus the formation of chelates with organic trace materials,
can drastically alter the proportion of free heavy metal, and
therefore its availability. These conditions are probably not
representative of environmental conditions, where suspended
solids, different ions and different chelating agents may
predominate., In addition, in the environment most of the ionic,
salt, and chelate concentrations will have approached their
gquilibrium state; while in the test situation, precipitates
and chelates are not likely to have reached that state. Again,
a3 for the organic compeunds, the experimental state and the
environmental state are divergent.
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Because of limitation in the experimental techniques discussed
above, and because of the problems of duplicating food webs
and other enviroamental phenomena in the laborauory the field
data should be examined more closely, and an effort should he
mounted €o make optimal use of all data. At first sight this
might seem to be & very complex undartaklng HEowever, all of
the pharmacokinetic models, even relatively complex models
which consider bicaccumulation via the diet (Pizza and Q'Connor,
1983), reduce to linear models a2t or near eguilibrium
concentrationa. Thus, as the equilibrium state is approached,
the concentrations of xenobiotics found in aquatic organisms
would become proportional to the environmental loading of

that xenobiotic.

In the light of presently available information, more attention
should be paid to the actual residue concentrations in the
aguatic biota. These should ideally be considered as part of
the criterion.aznd standard-cetting prccess.

* Field-derived bigecngentration ¢cefficients. when
coupled with an environmental fate model, ean
provide a more valid site specific methad of
caleulating water quality standards.

¢ Final residue values need %to incorporate site-
specific physical and chemical characteristics
which influence bicmagnification.

Critepiz for Site Definition

Tne 3Site-3pecifie Criteria Modification Process is designed
to allow modification of national water quality ceriteria to
lecal site-speeific conditions. Review of the available
documents and site-specific demonstration studies preveal

that there iz less to this process than meets the sve., In
actual practice, definition of the site appears to consist of
little mere than selection of a sampling location from which
to draw water for the site-specific bicassays within %Lhe
impact zons of the peollutant in question.

4 site pust be specified on the basis of environmental
parameters in cenjunction with pollutant loadings. As such,
it is unlikely to encompass whole States, but is more
apprepriately a stream segment or a portion of a body of
water with relatively uniform characteristics. Boundaries
(site modifieations) may also include such things as changes
in sediment or water characteristics (betitom of a larges lake
or bottom alcong a long streteh of river) which contain
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organisms that are diurnal or spend part of the life cycle
in solubility sites {e.g., sediment binding of heavy
metzals and some organics}.

The amount of detaill necessary to specify site conditions
depends, in part, upon which procedure for the modification
of the nationzl ¢riteria is selected. Because of the very
nature of a site«specific analvsis, the deseription and
definition of the site will vary with the nature of the site.
The nature of the site definiticn will also depend very auch
on whether the pollutant results from a point source or from
a non-polnt source.

Llternatively, the limits of a site could be defined by a
possible influence boundary and by a probable influence
boundary.

The possible influence dboundary is the maximum area of
potential effect of aguatic life. The boundary should or
could be delineated by the detection limits of the known and
traceable contaminants from the discharge. The boundary is
here defined by a contaminant concentration to be calculated
or measured. The possible influence bteoundary constitutes the
farthest reaches of potential impaat of the discharga.

On the other hand, the probable influence boundary can be the
ainimum area of potential effect. The boundary could be
delineated by the concentraticon of contaminanis known Lo he
detrimental to aquatic life.

The operational boundaries should be feasibly calculated based
on flow/veolume/concentration information from discharge and
receiving waters. The concept of "site boundaries" clusters z
50 ¢alled "extensible/contractable” template based on
contaminant concentrations. . Areazs within and distances between
boundaries are dependent upon receiving water and discharge
characteristics. '

The probable influence boundary constitutes the limits of the
area to receive intensive study/monitoring/consideration
regarding protection of aquatic life and its uses.

The cperational boundaries need not differ. This concept of
delineating two operational beoundaries is intended as a frame-
work for priority and the intensity of testing of the aquatic
life and its uses. The praobable iafluence boundary should
define an area which is to recesive the most intensive
monitoring and evaluation.
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Again these suggestiocns apply directly to idealized situations,
i.e,, one known discharge with known concentrations. However,
the concept of boundary delineation based on contaminated
concentration (calculated and/or measured) is in line with the
NPDES Water Quality Guidance Criteria and flexes with discharge
and receiving waters variaticns.

If site specific criteria are not to be used as enforceable
rumbers, the 3tates may use them to develop effluent limits,
water quality standards, ete., However, in the development of
sueh limits or standards, a sta%te 1s faced with an arpray of
factors that has adversely affected earlier attempts to provide
enforeeable numbers.

A definition for a "site" states "it must.contain acceptable
quality dilution water upstream from the point of discharge if
the site water will be required for testing" (EPA, 1983, p.5).
The definltion does not deal with sites that overlap nor with
sites that extend beyond 3tate boundariss. Acceptable quality
dilution water upstream of a point discharge coculd be extremely
difficult to obtain especially in water bodies that havs
aumerous NPDES dischargers.

The General Work Plan presented in the Draft of the Water
Quality Standards Handbook is much too simplistic and
unrealistic in 1ts approach to =zelecting sites. If the size

of a stream segment is to make the examination of the =zite.
practical and that the stream segment should be affected by only
one or two chemicals, then the general work plan would exelude
such leceations a2z the Hudsen River and the Niagara River.

There are many other problems asscciated with the eriteria to
select sites. Bilogecgraphic zones must be recognized, expecially
23 they might be influenced by toxie substances and/or multiple
dischargers. Historical, physical, chemical, and biological

data are not always available for the selected toxic pollutants.
If background information is availlable, it must be carefully
scrutinized for its reliability and accuracy. Previocusly
utilized sampling techniques and analytical methodologies have
not always provided the best data upon which to establish
enforceabls numbers.

The work plan, which is to initiate the criteria modification
process at the State level, must have the components of a2 sound
quality assurance program that would assure a more consistent
implementation of the process throughout the country.
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APPENDIX 1

SYSTEM THEQRY FORMULATION OF THE ENVIRONMENTAL PROTECTION
PRCBLEM AND PROTOCOLS IN RELATION TO
SITE SPECIFIC WATER QUALITY CRITERIA

1. THE ENVIRONMENTAL PROTECTION PROBLEM

1.1 Introduction

The EPA's methodology for site specific modification of national stan-
dards for toxicants in aguatic ecesystems gives the impression of an almost
heroic effort to deal with an impossible problem., The gap between the pro-
tocols and the need seems immense, but the problem is so poorly specified that
this judgment is intuitive rather than being based on direct comparison of the
protocols with a clear specification of tha need. To evaluate the prasent
methodology, as well as to assist progress toward more definitive anes,
clearer definfticn of the fundamental problem is required. The purpose below
s to altempt to formulate the proflem in general system theory terms.

The objective of both national and site specific pollutant standards is
to maintain the physical, chemical and biological "integrity” of the environ-
ment. This problem can be framed in terms of general dynamical (“state
space') systems, defined by two expressions:

state transition function, ¢: ZxX+X or x=¢(z,x)

response (output) function, p: ZxX=Y or yv=p(z.x),
where z(t)el, x(t)eX and y(t)eY are inputs, states and cutputs, respectively,
and t is time. The tramsition function is usuaily approached through a dif-
ferential equation, dx/dt=7(z,x), whose salution is ¢. The output function is
an algebraic equation.

1.2 G5tate Space Model of Environment

Define environment (ecosystem) E as a set of biological species s3:
abiotic substances R (resources, toxicants, etc¢.); interactions I, of three
kKinds: 5xS, SxR; and Rx®; inputs Z, and outputs Y:

E=1{s5 R I, L, Y}.
A state space representation of £ is

& Zx{5,R,I}+{S,R,I}
prZx{5,R,I}=Y, (1)

where, in general, some set X of state variables is to be formed from Lhe
elements of s,R and I. This expression models the environment £ to be pro=
tected as a general dynamical system.

The general formuiation (1) applies to a nonspecific, generalized envi-
ronment.  To establish site specific standards and protecols, specific systems
£ = {5,R,1,Z,Y}, must be cansidered, i.e., systems defined by specific state
space formulations:

¢: Z = {5,R,I}+{S,R,1}

p: Z % {5,R,I}+Y . (2)

Here, S5CS, RCR and IcI. Any rafined program for environmental pretection
with raspect to toxic substances must take site specificity inte account.
Therefore, in principle, EPA's site specific program 38§ in the right
direction. The problem is converting principle te practice.



1.3 The Envirenmental Protection Problem

Let p(E) represent the condition of a successfully protected specific
environment, EgZ. _This can be defined in diverse ways according to a variety
of ¢riteria. let p(E) be the complament, representing a damaged or degraded
acosystem according to the established standards. Similarly, let p(Y¥)} and
o(Y) denote protected and unprotected system outputs, respectively, the means
to assess the condition of €. The environmental protaction problam then has
several potential alternative formulations:

1. Find a subset of diagnestic system outputs, © Y, whose protec-

tion 15 sufficient to guarantee protection of E:

p(Q)=> p(E) (Fla)
p(E)=rp(Q) . (Flb)

The second form is the contrapositive of the first, and hath are legical
equivalents. In words, (Fla) states that protection of the chosen subsat of
cutput variables 0 is sufficiert to guarantee protection of the site specific
environment. For example, if the diagnestic output variables are several
state variables such as a small sef of species, QcS, say the two species
Pimephales promelas (fathead minnow) and Ceriodaphnia reticulata (a
cladoceran), then (Fla) states that if the effect of some toxicant on these
forms 1is acceptable by some specified standard, then this is sufficient to
guarantee acceptable water qualiiy with respect to this toxic substance in the
~particular water body E. Alternatively, (Flb) denotes that failure o protect
E is sufficient to be reflected in nenprotection of the selected output vari-
ables. If the water quality of E falls below the specified standard, this
will be seen as a toxic effect on the two diagnostic species.

At first glance, formulatien (F1) ssems an adequate basis for the devel-
opment of site specific criteria. However, while it states the consequences
of adeguately protacting the output variables (Flz), and of failing to main-
tain accepiable water quality in the enviromnment {(Flb), it does not indicate
the consequences of failing to protect the diagnostic species, p(dd), or of
satisfactorily meeting the water quality standard, p(F). As an example,
prevention p(Q) of mass fish mortality in a water body may be taken as suf-
ficient to guarantee that a toxic substance has not, p(E), reached acute
concentratigns. The attainment of such concentrations, p(E), would cause mass
mortality, p(Q). However, a fish kill p(Q) can alse be produced by unrelated
causes, such as anaerobic conditions. Therefore, population mortality is an
insufiicient but necessary indicater of acute toxicant level. To compensate
for this, the following formulation is needed. :

2. Find a subset of outputs, QCY, whose protection is necassary to
guarantee protection of £;

P& p(E) (F2a)
p{t) = p(E) . ‘ {F2b)

(F2a) is the converze of (Fla) above, and (F2b) the inverse; again, (F2a) and
(F2%) are logical squivalents. (F2a) states that in order to protect £, p(E),
it is necessary to protect the output variables, p{(Q). Maintenance of suit-
abie water quality with respect to a toxicant iz sufficient’ fo guarantee
noninjury up to the specified standard of the diagnostic species of the pre-
vious example, or the latter is npecessary to guarantee the former. (F2b)
states that failure fo protect the ouiput variables is sufficient to denote
failure in protection of ithe escosystem. If the diagnestic species ragister a
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toxic response exceeding the defined standard, this means that water quality
has been correspondingly degraded.

Suppose fish mortality in absence af other causes {anoxia, disease,
gtc.), p(Q), is sufficient to signal an acute poilution load, p(E). That is,
p(Q)=rp(E). Then it is clear that a low toxicant level, p{E), is sufficient
to prevent fish mortality, p(E)==p(Q). The fish populations together with
other relevant factors, (={populations, disease, oxygenatien,...}, comprise an
output variable which can form the basis for a necessary condition to assess
anvironmental damage. Thaf is, failure to protect 2, p(Q), denctes failure to
protect the ecosystem, p(Q)=rp(E), which is the logical equivalent of
p(E)=p(R). ~ Whereas p(Q) above was sufficient but not necessary to denote
environmental damage, p(Q) here is necessary.

Clearly, a site specific protocol upon which %o base an appreach o
environmental protection should have the necessary, as well as the sufficient,
property. Therefore, the logical basis for environmental protection should be
as follows.

3. Find a subset of outputs, QCY, whose protsction is both
necessary and sufficient to guarantee the protection of E:

2(0) 4 p(E) (F3a)
p(E)&P p(R) . {F3b)

In the forward or reverse directions, {(F3a) and (F3b) are again equivalent
pairs. The program to establish pvp(Q) for a specific environment E comprises
3 site specific protocol.

1.4 Models for Oynamical Systems
Reiterating from expression (1), any dynamical system with state vari-
abies X, inputs Z and cutputs Y has the following representation of behavior:

b: IxK+X
p: IxXR=Y {(3)

The state transition function ¢ is the solution of a differeptial or dif-
ference equation. Attention below will be restricted to the differential -
(continuous time) case; the difference (discrete time) case follows a parallel
development. ' .

There are, in general, ftwoe forms for dx(i)/dt = x(t) = f[z{t), x(1)],
xgX, yeY, zel and teT, where T 15 a continuous time interval. One is linear,

x(t) = ACIX(E3+B(8)2(t), x(t ) = x,

a2 special case where the solution is decomposable into an internal porticn due
to state, and an external portion due to input:

x(8) = oL2(t), X(£)]
t t
A MEIE
LR

o to

B(r)z{t)dt .

The second is neplinear, the general case where state and input compcnents of
behavior are inextricably compounded together:



X(E)=ACLIX(E)B(EIEIZ(), x(B)], x(t) = x, ,

with solution;

x(t) = Lz(t), x(t)]
t t
ACE)d A(E)d
=efto 3 ﬁx . f: ejt £)dE

0

B(t)E[z(T), x(1)]dt .

)

The expression

[oACE)dE 1
e =(t)e(r) “=e(t,1), t g1, (4)

describes change of state on the interval [1,t], and constitutes a state
transition operator. Behavior an [to,t] can be modeled either by the linear
dynamical system,

x(t) = A(t) x(t) + B(t) z(t), x(t,) = x,

y(£) = C() x(t) + D(e) z(x) , (33
with iransitian function:

x(t) = ofz(t), x{t)]

i

o(t,ty) X, + FL (t,1) B()z(r)dr (6a)
o]

and response function

y(t)

It

pl2(t), x(t)]
CCE)R(E, 8%y + [f C{DI8(E,0)B(R)2()er + D(L) 2(t)
o

]

Y (8) + y, (1) ;' - {sb)
or by the nenlinear dynamical system:
x(t) = A(x) x(t) + B(t) EL2(t), x(¥)], x(t)) = x,
y(r) = C(t) x(t) + (L) {lz(t), x(©] , (7
with transition function:
x(2) = ofz{t), x(t)]
= (t,t) x, + fio o(t,1) B(1) £Lz(r), x(1)] dr , (8a)

and response function



1

y(t) = plz(t), x(t)]
CLE) oL, t 0%, + 0(0)glz(t), x(1)]

+ IT e(t,1) B(0L[2(T), x(1)ldr
0 .

I

v (1) + vy, (t). (85)

In these equations, X, y and z are vectors; x_ is the initial state
vector; A, B, C and D are matrices; and ¢ is a state tfansition or fundamental

matrix. Further theory regarding these formulations is available in Zaden and
Dasoer (1963), Director and Rohrer (1972) and Mesarovic and Takahara (1975).
Note that in the Tinear system, equation (6b), behavior is decompesable into
zaro input, vy, , and zero state, y_, portions, but in the nonltinear system,
aguation (8b)," such a separation i€ not possible. tate and input are zlways
cempounded, vy, (t), in the function &(z, x). It is further observed tihat
these models &F dynamical systems, equations (5)-(8), are applicable to any
system; specifically, to the entire ecosystem or environmental system, E,
itself, or to any of iis constituents, $ or R, in equation (1).

1.5 'Behavior Dimensions of the Environmental Protection Problem

tet E be the set of all natural or artificial {e.g., laboratory) envi-
ronments, 5 the set of all species, and R the set of all resources, including
toxicants. let y.. [t.,t] be the nominal {unperturbed) behavior on interval
it ,t]CT of envﬂﬁﬁ%mé%t ar environments i=l,...,e, 1L veE, containing set
j=i,...,s, JCves, of the species §, and set k=1,...,r, kCveR, of the
materials R. CEvery specific ecosystem £, Egk, has behavior dynamics defined
by either eguations (5)~(6) if it is linear, or (7¥-(8) if nonlinear. The
same is true for any set or element of iis biotic or abiotic constituents, §
and R, respeciively, SCs5 and RLR.  Therefore, Yis [to,t]‘ denotes the
behavior of any concefvable system; vo.. [t ,t] repregeﬁts dvnamics of any
entire site specific ecasvetam, EsE, Eﬁé ébmponent behaviors are yEJK<t)’
JCS, and y.. (t), KCR, as defined by either equations (6b) or {8b). " With
these notati%%%, the behavioral dynamics of zny system or any of its biotic or
abietic constituents, singly or in any combinatien, inm any natural or
artificial setting, and subject to any set of natural of artificial
influencas, may be formyulated.

Let z..k(t)az, teT, eguatien (1), be the neminal fdinputs to an
environmenta? system or its constituents or comstituant sats, and Jet E-ﬁk(t)
represent perturbation inputs, such as when cne or more toxic substarced are
introduced or incraased. Then, the difference between nominal and perturbed
behviors, y.. (i) and ¥.. (%) respectively, measures the response of the
system te %{ﬁ changaed ‘enviromment, Z.. (t) - z...(t). If the changed
environment represents introduction or Fhtrease in13§he concentration of a
toxic chemical, then 9..k(t) = yv... (t) measures the toxic effect an the system
or subsystem. Let o,.3 be a véctor (or scalar as approcpriate) of standards
for substance(s) kc;%dﬁn the presence of species j<s§5 in envirenment igE.
National standards are dencted when i=E, o e and site spacific standards
when { = EgE, ¢.. . The standards are consf%%%s, altheugh o handle saasonal
and other %Lime d@ﬁ%ndent variability, they can in principle be time functicns,
G..k(t). They may also vary with different uses, uCu, where U is the set of
ald possible uses; thus G..k(t,u). In subsequent usage the standards will be
considered as constants. 9



The environmental protection problem can now be formulated in dynamical
system terms:

1. The gbjective of environmental protection, maintaining the
physical, chemical and biological integrity of the envircnment, is to minimize
deviations (defined by the standards) between naminal, v.. (t), and perturbed,
yijk (t), behavior:

min[yijk(t)-yuk(t)] such that nym(t)-yijk(t)u £ Hcijkn, (9)

1jk

whare 1[Il denotes vector norms, and the standards o.., are axpressad in
terms of effects rather than concentrations to be in Jﬂkts compatible with
those of the behavicral responses, 9.;k(t) and y.. (t).

2. The protocol problem A% environmerta protection is, following
(F3) above, to find a small sucset of output variables, Q..k(t)CL y..k(t),
such that: 1 1

10,5005 5 O 5 (log s llelly s (myp ot s Mog, M, 0w
ar alternatively, '
19550yl > oy a0 0l >l il o)

These expressions, (9) and (10), then, comprise a thecretical Tormulation of
the environmental pretection problem.

2. ENVIRONMENTAL PROTECTICN PROTOCOLS

2.1 Introduction

Note, in (103, that the protocol problem has three elements: (1) finding
a suitable set of output variables, Q.. ¢ vy...; (2) finding necessary and
sufficient relationships between the vh%%ab1e1%5ts, Q.. and y.s ;5 and {(3)
thraugh tha,behavior of tqfse variaﬁﬂei, establishﬁnﬁjﬁhe stadh%rds, G;gk,
such that Wo,. (8)-G.. (o £lls... Yoo (B)=y. (Y gHo, o i, Thesa'dre
three distinc%ﬂkprob1éﬂ§. The gené%ﬁf;}rdEgéo1 dé@§10pment abﬁ%oach of EPA
gives great attention, however imperfectly, to (3), but virtually ignores (1),
the extrapoiation from a restricted set of observables, Q.. (%), to the whole
ecosystem, y.., (t}, and (2), establishing a logical rationdd through which to
relate the vEriable sets Q... and Yi:n. In the following sections an effort
will be made to examine th%%e pr0b1é§s connected with restricted diagnostic
variable sets, and in addition genaral problems associated with Tlaboratory
based toxicology ‘and monitoring. These discussions will provide a basis for
then considering EPA's sitae specific procedures: recalculation, indicator
species, resident species and heavy metal speciation.

2.2 The Diagnostic Qutput Varjahle Set

2.2.1 Choice of Variables

A fundamental problem, at the root of all further problems, is to find a
restricted set of variables whose behavior under toxification will reflect,
(F3) ecosystem condition. ~As the geal of maintaining physical, chemical and
biological integrity invelves thrae c¢lasses of variables, all thres are
potentially useabls in the desired set Q.4 EPA's approach focuses on only
the bietic variables, 5, and ignhores (axae&g for the specific toxic substances
of interest) the resgurce set R.

In nature, the biotic wvariables are intervelated, 5 x §; they also
interact with the abjotic variables, 5 x R, and the Jatter additienally
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interact together, B x R&. The rasult of all these interactions, I, is
integrated system behavior, {t). Any given ecosystem, EzE, with a
restricted list of species, § c § and physicai-chemical variables, R& R,
sti11 has integrated behavior, (t). This integrated behavior, which may
be linear, egquaticn (&), or no%?%near, equaticn (7), involves measurezbla
attributes at component and subsystem lavels, y... (t), jCve5, kCveR, as well
as at the entire system level. Thus, both sy level as well as component
and subsystem level variables are available for selecting the diagnostic set
Q-.,.
Ejk EPA's approach to variable selection ignores ecological consideraticns,
and focuses narrowly on nonfunctional, taxenomic cnes. There are three basic
criteria to consider in selecting a set of output varizhles:

Criterion 1. Resource variables, k¢ veR, which refiect ecosystem
function (productivity, respiration, aerobic and anaerobic decomposition,
atg. ) should be included in @ A Tocus on process outputs will yield
variables which change on 5#% time scales, giving an early warning
capability. : :

Criterion 2. Biotic variables, j<C veS, which are ecologically
s1gn1f1cant in ecosystem structure and funct*on {kejstone species, indicator
species, commercially important species, procaryotes, etc.), should also be
represented in Qg . Again, emphasis on microbiota, which form the basis for
production and J%E%mposition processes, will contribute fast fime variables
necessary for 2arly diagnosis.

Criterion 3. Taxonomic properties in the selection of biotic
elements of Q. should still be emplayed in an effort to bracket the range of
toxic responé%f There are two distinguishable elements of this approach,
which emphasizes opurely toxicological, as opposed to  ecolegical,
considerations: (1) The "laboratory white rat" concept. Some small set of
organisms (species) or life stages should always be tested in all situations
for comparative standardization. Pimephales and Cericdaphnia are two that
have been used for freshwater. Others are possible. The aim is a fixed data
set under standard cenditions for intersite comparisions. (2) The "surrogate
species cluster concept". A somewhat Targer set of corganisms, spanning a wide
range of physiological, biochemical and phylogenetic differences, should alse
Dea tested. These organisms Tor testing should be c¢ollected Trom field
conditions most closely approximating those at the specific sites of interest.

EPA's approach of requiring representation from eight animal familiies
from a selection of phyla is naive, although well motivated to obtain a wide
range of toxic responses, because individual species within a family may
possess quite different toxic responses. An industry bent on not ¢leaning up
could meet virtually any standard by judicious choice of species, and stili
satisfy the taxonomic specifications. Also, specific requirements, such as
that & salmonid fish or penaeid shrimp bs represented, have valid ecolegical
or economic raticnales. If ftrout can tolerate & situation, the ecosystesm
which supports them cannct ce too greatly perturbed; the trout is an indicater
species. If shrimp are relatively unaffected, the same is true, and in
addition commercial interests will not suffer:; shrimp are an economic, as well
as indicater, species. In selecting higher organisms, or those in which
exposure to texicants is indirect (e.g., as in food chain concentration), {t
should be remembered that response times would be expected to be
cerrespondingly slowed.

Recommendation 1. EPA should carefully study the problem of choosing
diagnostic vairable sets, Qijk‘ These sets should:
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Embrace ecological as well as toxicological considerations,
Inciude abiotic as well as biotic variabies,
Meet both short term (acute) and long term (chronic) diagnestic

L2 P

needs,
4, Include 1invariant elements for standardization across ali
pessibie national sites, and
5. Include variant elements to achieve site specificity.

2.2.2 Variable Sufficiency and Necessity

The logical problems inherent in protocol development, i.e., (F1) vs.
(F2) in Section 1.3, are difficult to solve in actual applications. The
~ desirad formulation is (F3), expressad aperatienally in expressions {10a) ang
(10b).  But how are these relaticnships between the diagrositc variasies,
Q... (t), and the entire set of field variables, y.. (t), to be established?
P%ééent EPA protocols ignore this altogether, assuﬂﬂﬁg that whatever is true
for Q'ikct) aiso holds for ¥:: (L), The fallacy here is readily apparent; for
examp1a, it was observed abo@g that any desired response could be schtained by
simply adjusting the member variables, e.g., one species instead of another in
a given family. Both sufficiency and necessity must be considered.

Sufficiency. The two logically equivalent forms of this problem
are, from (F1y,

D[Qijk(t)]:?p[y‘ijk(t)] (1la)
PLY; 3 (D170 5, ()] (11b)

The key to establishing (1la) is determining that (1ib) holds. For gxample,
suppose data obtained from observations made during T<T' produced standards
such that (1la) was demonstrated to be satisfied. That is,

o5 (Mg I s Hoy gy, (1) - yijk(T)]! S ”“ijk” . (1z2a)

To make this demonstration it would be required, measuring all or most of the
variables Yk to establish (ilb), i.e.,

. ) S e t
l‘yijk(T) yijk(T)” >HaiijZ;Jk?ijk(T) Qijk(T)” >luijk'f. (12b)

With (12b) demonstrated, the standards T 4 and the diagnestic variables Q. "
can be used during future times to infer,JEy monitoring Qi‘k{Tl) only and Aot
ves (T'), that J
ijk . [

t o, 1y LT - { 1*“ ty o IHH u

| 25 (T = 045, i =“U1jk’=;r 15T = vy O s Woy 1)
Thus, p[Q..K(T')] is sufficient for future protection of the ecosystem,
oly. . (T per (1la). The initial effort to establish (12b) in some way
musljﬁe made, however. In sity or laboratory microcosm experiments {e.q., in

the mode of EXAMS, Lassiter et al. 1981) may be useful ways to approach this
initial validation.

Necessity. From (F2),
p[.y-‘jk(t)] #pﬂ}'l\]k(t)] {(14a)
pLO; 5 (1Dl 5, ()], (14b)
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The latter, {i4h), is the oparative form for environmental protection pur-
poses, but to establish it the equivalent form (14a) must be implemented. In
the same manner as Lo achieve (12b) above, i.e, measuring all or most of the
variables yijk’ {l4a) is demonstrated on T<T':

W95 1T = gD 8 “"ué’:-*,f”éukm - g5 (MIE sl L (150)

ijk
That is, under conditions of whele system protection, the left hand side, no
perturbations show up in the diagnostic variables, ihe right hand side. 1In
effect, this would be the control of the field or microcosm experiment above
to establish (12b), and achievament of (15a) also means that the form

; . { JE " ; -
105 T = g > te M flge () =y DI Hog s, dl ase)
1s valid, establishing (14b), the necessary condition. This can then he used
in future monitoring to detect system perturbations based on perturbations in
the diagnostic variables,

25547 = a5, (7O *“”ué‘:a?”?uk”') - yijk(T')” > Iicmy, (16)

allewing p[Q..k(T‘)] te be sufficient to establisn future failure,
ply. . (T")1, &3 protact the ecosystem. This g¢ives the reauired necessary
cou&%%ion, and (13} and (18) together comprise sufficient and necessary con-
ditions, (F3), to protect an entire system based on the monitoring of a few
variagles.

Recommendation 2. EPA shouid develop proftocels and methods to astablish
(12) and (16) through field or microcosm experiments based on relationships,
respectively, (12h) and {15a). Then, by monitoring the set, Qi'k’ of selected
diagnostic variables with established necessary and sufficieht™ relations to
the larger set, Yiq,s OF system output variables, the status of ecosystems
with respect to t5x$cant standards, gijk’ can be determined on a continuing
basis.

2.2.3 Determipation of Standards

How sheould the values, o,.., for different toxicants under different
conditions be set? The notatioﬁ r standards, ¢.. , 15 efficient in allowing
different combinations of conditions and toxic shHétances to be represanted,
as Tollows:

1. Conditions. Heretofore, ieE has been used to index a specific
ecosystem, EeE. Each specific ecosystem has a wide range of physical con-
ditions in it over a period of time (temperaturas, pH values, salinities,
etc.). The index 1 can now be refined to refer tc a specific set of more
microscopic conditions defining macroscopic E.  Thus, iC veZ refers to such a
set of conditions rather than grossly to the whole ecosystem which has them as
attributes. .

2. Biota. The index jCves refers to a particular combination of
species; subsequent usage is unchanged from that previcusly established.

3. Substances. Toxic materials may occur in poliuted waters singly
or in different combinations. The index kC veR has previcusly denoted any
possible combination of resource variables, including complex mixtures. This
usage will be centinued.

Thus, Tsir refers to ecological cenditions iC veE in which biota & ves
Tive utiTiziﬂd, beneficiailly or harmfully, materials k¢ ver.



Suppose conditions differ, denoted, say, by i and 7', i,i'C vsE. Then
o = or G..,. F 0., depending upon the effects of the changed condi-
ans an éﬁe tox%% respcﬁgﬁﬂ of system output variabies. Similarly, under
d1ffarent species combinations, j and j', where j,j'Cvss, ., Or
ljk are possible. F1ﬂa]?y, under d1fferent reseurce sé{t1ngs Jk and
K wher-eJRkk "C vER, ©. [ or K ¥  are possible. In principle,
then each of the staﬂ%ards 4: TJ K L]Kk, Tirgtgs Tiaprs Tgvspn and
Tigrp are all potentialiy diff ékgﬁt ] Y 3 W v
For illustratien, with fixed 1 and j, suppose Kk denotes one set of sub-
stances, including toxicant A by itself, whereas k' represents the same re-
source set, except that now toxicant B is alsoe present in addition to A, IT A
and B interact, synergistically ar antagonistically, then c<learly Toap #
U1Jk., and thererore J

I Q]’jk\t) BRIATARLE ”Gijkuér-—“vll?ijk(t) - vyl s logg 1 a7
and

105530 €8) = 24530 O Sl 0l s Iy e 000 - vy s ol sllo i)

are two different fthings. ., and o, K represent two different standards.

Therefore, since toxic r@spOnes méy vary under different ecosystem con-
ditions, 1, spec.e compositicens, j, and resource combinations, k, standards
should be set in contexts as close to %those of the systam of interest as
possible. EPA has been partially respansive to this dictum by recognizing
that different mixes of toxic materials may produce different toxicological
results, and by correcting for experimental vs. site water differences through
water affect rat{os calculated in their site specific protocols.

Recommendation 3. EPA should develop site specific standards
under ceonditions 1, species compositions j, and mixes of substances k appréik‘
mating as closely as possible the ranges of these factors met in the subject
ecosystem. Protocels designed fo <compensate for variability meit under fieid
conditions, fincluding possible tempiral (e.g., seasonal) variabilily, should
be Carefu]]y thought out as a hasns for procedures that are realistic and
practicable.

One of the major problems in developing such protocals is the transitien
from laboratory toxicology data to field situations.

2.3 Laboratory Based Toxicology
In Section 2.2.1 it was recommended that sets of diagnostic variables,

Q... Include not only a few species selected for taxonomic spread, but in
a&&?tion cther variablas based on ecological considerations. In gereral,
however, toxicological tests are performed cn selected species in specific
1ife stages; therefore, they apply to only part of what should he a fuller set
of diagnostic output wvariables. This part is subject to problems of
extrapolating from experimental to field conditions.

2.3.1 Diagnestic Variable Dynamics

Just as the output variables, y.. , of a sysiam are based on a
corresponding set, of state vé??ab?es [equatien (3)], so the
restricted set af dy%§r05t1r variables has underlying it a
corresponding restricted set of state var1abﬁ%§ gX. If these state
variables behave linearly on a time interval T = [t ,%], then equation (%)
applias, yielding Tor ithe transition function of the réstricted set:



X; 5 (8) = ¢ijk(t)¢;}k(to)xijk(to) = fto¢ijk(t)¢;%k(t) By 53 ()25 (0)dr , (38)

and fer the response function:
= -1
ijk(t) = Cijk(t) ¢ijk(t)¢ijk (tﬂ)xijk(to) * Dijk(t) Zijkct)
t -1
+ ftocijk(t>¢ijk(t)¢ijk (1) Bijk(t) Zijk(t) dt . (18b)

Equation (18a) corresponds to {5a), and (18b) to (6b): x.,k(t ) 1s the injtial
condition of the restricted set of state variables. The ndiations of aqgua-
tioens (18) may be shortened to:

Xijk(t) = ¢ijk(trt0)Xijk(tO) + IT ¢1jk(t:t) Bijk(t)zijk(t) dt H (193)

and

i}

Vgt = 000 (0T 0 5, (B + e g (8) 245, (1)
+ chijk(t)¢ﬁjkct’t> Eijk(t) Zijk<t) dr . (1%k)

As befdre, equation (6b), the important decompesition property of Tinear
systems s expresssd. The state determined behavier is

Qijk(t)x = Cijkct)¢fjk(t’t0) Xijk(to)’ (20a)
and the input determined behavier
.. =3, .. .. . . Yz, .
Q1Jk<t)z DlJKCt) Z1Jk(t)+ITC1JK<t)¢ (t’t)873k(1’213k
In the case ¢f a nonlinear system, equation (7), the state transition and

response  functions for the restricted set of diagnostic variabies ere,
respectively,

ijk (T?dt. (ZOb)

Xigk (8D = g (o by g (B 9y 5 (6,008 51 (008 5y (25,0, R

and

5 (82

1t

Cijk(t)¢ijk(t’tD)Xijk(tO) * Dijk(t)cijk[zijk(t)’Xijk(t)]

+ ITCijk(t)¢1jk(t’t)Bijk(t)gijk[zijk(tj’Xijk(t)]dz‘ (215)

There is no separation of the response, equation (21b), intsc state and input
determined compenents. Exogenous and endogenous conbtributions remain
inextricable in the function ﬁi. . The considerations for biocassays performed
on nonlinear variables are théu%fore not the same as where linear variables
are concerned.

2.3.2 Linearity vs. Nonlinearity in Toxicity Testing
Let the response of a set of diagnostic output variables on T in a
controlied acute or chronic Taboratory biocassay be, for the control, either
(19h) (Vinear) or (21b) (nonlinear), and for the treatment:



038D = O (0004, (6D Xy () + Dy (1) 24 5 ()
frcijk(t)¢ijk(“’t) Bijk(t)zijk(t)dt (19¢)

in the linear casa, and

£Y

1Jk\ ) = C}JKCt)¢1Jk(t t )X1Jﬂ(t0) i kct}51jk[ ]1g(t) X1kat)]

L0 5O (1008 5y (O 12 Ukc,,, Xj g1, (7)1 (216)

in the nenlinear case. -

In (19b) vs (19¢), and (21b) vs. (21c), if y.. (t * k(t } and

(t) = %..,(t), then the environmental conditionds e the s%ﬁe K tween
c&%§r01 and ated variables and it is initial state that is manipulated.
For example, if temperature, food, toxicant concentraticns, ete. are the same,
and organism densities or Species compositions, etc. are diffarent, then this
cerrvesponds to a state manipulation in the experiment. If X W) = e s ()
and z.., (1) # Z.. (z), then it is ihe exogenous a0V ronment ?tempe} Lurg
tox1céh¥ etc ) tqgt is altered, with initial state held constant. F.ra]:y,
if both ¥ () and z {(t) # z. (t) then both state and ifnput
variab1e51ﬂ§ve been v§%1e8 betweerJEhe exmeﬂ?mentai contrels and treatments.

Recommendation 4, Regardiess of the linearity or ﬁ0n11neariuy of test
systems in toxicology experiments, great care must be taken to manipulate only
those state or input variables which are the subject of testing. Inadvertent
variations ia pontest variables will contribute spurious components to the
observed behavior, cenfounding or masking effects of the intended treatment,
and making stat1st1ca1 discrimination of true results more difficult. The
frequent death of contrel arganisms in field testing perfermed by JRB and
~associates serves as a warning axample. Contral of test copditions by careful
choice of subject popu]at1ons adequate renlication, adherence %o experimenta’
cesign, etc. must be rigorous. "Quick and dirty" methodologies are forbidden
as next t0 worthless,

. The toxic response of test variables, reported, e.g., as a set of LC
values, 1is the difference between treatment and contrel bshaviors. In tgg
linear case:

-

Aﬂijk(t) z-[Qijk(t)-Qijk(t)} .
CgkCEPCE LIy 13 ()74 5y (2140 1y (02, 5, (2)=2, 4, (1)]
+ ITCijk(t)¢ijk(t;t)aijk(t)[Z

ijkct)—zijk(t)]dz

I

C--k(t)¢(t,t )AX K(t )+ D k(t)&z K(t)
+f C1Jk(t)¢ (1) By {2dazg ) (T)an

H

Aﬂijkct)x + AQijk(t)y' (22a)

For the nonlinear case,
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+ ITCijk(I)¢1jk<t’T)Bijk(t)§ijk[iijk(t}‘zijk(t)’ ijk(t)

. Xijk(t)]dt
BR800, 5y (8D + By 5 (B (6)

+ ITCijk(t)¢ijk(t‘I)Bijkct)cijk[azijk(r)’Axijk(t)]dt

1

8451 () + 80, 4 (1) (22b)

These are the basic expressions for any toxic response observed under
conditions i, with species mixture j, and chemical conditions k. The linear
response is decomposabie inte portions due to initial state and input,
ﬂQi. (t)x and 4aQ.. (t) , respectively, whereas the nonlinear response always
car%?es With it ‘e ms?’AQ.‘ {t)_ ., in which state and input components are
inseparable. This is the fh”ﬁamé%%a] istinction between 1inear and nonlinear
svstems.

In the linear case, the state pertion, A0,. (1) , captures the innerent
response of tha tast system to the experimental1§ﬁ atment. This is intrinsic,
and can be carried over as a properfy of the test organism(s) or other
variables from one exposure situation to ancthar {where i, j and k are, of
course, the same). The fnput portion of ghe toxic response, aQ.. (t)_,
represents the consequences of transfarring the system to exposure condftiocds
{with fixed i, j and k) where the driving exegencus inputs, z(t), differ. In
the nonlinear case, the endogenous and environmental components of the
observed toxic responsa cannot be separatad, thers will aiways be Dehavioral
terms in the response of the form AQ..k(t) . In a subtle philosophical way,
linear thinking can be established 'a8 & root cause cof the axperimental
practice of placing test chbjecte in a variety of envirommental {input)
circumstances in  laberatory or field seeking to determine the role of
environmantal factors in dynamic behavior. For many, or most, bioTogical
systems, however, this 1is a role which cannot be isolated from the role of
state.

2.3.3 Staticnarity vs. Monstationarity

Basad on the results, aD. . {(t), teT, of bicassays, toxicant standards,
G.ss @re arrived at through a’%ﬁriety of procedures and protecols. That is,
for< a2 set of toxicants and diagnostic variasbles, equation {i0a) is
established, whare

[l Aﬂijk(t)ilé o (23a)

jxlt
The standards are time invariant although, as indicated in Section 1.5, thay
could be time varying, Gijk(t)’ teT, if necessary:
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!\Aﬂfjk(t)” Ellgijk(t)”' {235)

In expressicns (23), Aﬂi'k<t) are as defined in (22). These standards are
then to be transferred th° different sites, 'R, j'e8, and k'er, at futurs
times, t'eT'>T, for the purpese formulated in expression (19) of protecting
the subject envirenment, {.&., of assuring that

&g (1 8 oy 5 . (24)
There is a tacit assumption in this practice, probably based in linear thought
wnich emphasizes intrinsic properties of organisms such as integrity through
time, that time translation presents no problem, but it may.

Oyramical systems may be stationary (time invariant) or nonstationary

(time varying). A stationarv system is ecne which, begun in the same iniuial
state at twe different times, x(t ) = x(t. '), and subjected to the same
subsaguent stimuli, z[t ,t] = z{t '® t'], whéra ft (4l =Tand [t ', '] =T
>T, will behave identic%ily, yit ?t] = y{t ',t'] &t the two difffrent Limes.
Otherwise, yit ,t] # y[t '""t'], 2 system i% nonstationary. The existing EPA
protocols do ifdicate tn8 need to account for seasonal variabiiity, and other
time dependent scurces of variation in toxic responses. The stationary
property is essential to establish in order to move from bioassav to fieiz
without considering the time offset. OQtherwise, care must be taken to
establish that observaticns ara made in comparable time periods in the 1ife
cycles of both the subjact organisms and the eocsystems they occupy.
strictly, this is difficult ta achieve, and the following recommendation is &
statement of principle more than practica: ‘
‘ Recommendafion 5.  Stationary dynamics of subject systems, linear or
nenlinear, cannot be assumed. Most natural systems are periodically time
varying, however, with circadian, lunar or seascnal cycles in their behavior.
EPA should strive to establish that their diagnostic output variables are
stationmary, but fafling this, or if they are clearly nonstatisnary, then
temporal controls should be exercised. Prefocols to achieve %his cheuld hae
developed and applied te assure that only observations made during cemparable
phases of natural cycles are compared. Minimally, for example, summer daia
should only be compared toc summer data, low flow data 0 Tow Tlow data, etc.
Awareness of the importance of the staticnarity problem is the first step in
developing practical selutions to it, which EPA must develop as part of iis
site specific guidelines.

2.4 Monitoring .
Environmental menitoring s the means of determining continued heaith,

fiayijk(t)” = ”Gijkll’ (10a)

er degradation,

1lAyijk(t)” >](Usjk¥[’ (10b)

of subject ecosystems based on establishing (24) or not through time. A
spatial element is also present, and can be intreduced by medifying equations
(6} and {8). With szis where 3 s, and s, are the three

v Sh, 5}: !
dimensions of physical spage, (g) an% (7) betome



Bxijk(s,t)/at = Aijkcs’t)lxijk(s’t) + Bijk(s’t)l’zijk(g’t)

8x1jk(s,t)/as = Afjk(s,t)zxijk{s,t) + Bijk(s’t)zzijk(s't) (25)

(S't)x'jk(t) * ijkcs’t)zijk(s’t)

y-!"]k(spt) :C i

ijk
For the spatially as well as tempcrally linear dynamical system, and
axijk(S,t)/at = Afjk(sft)l xijk(S’t) + Eijk(s’t)l’g[zijkcs’t)’Xijk(s’t}’
¢ ‘ = | 1
Bxijk\s,t)/as Aijkcs’t)zxijk(s’t) + Bijk(s,t}g[zijk(s,t),xijk(s,tJE (26)
Cijk[zijk{s’t)’ xijk(s’t)]z

for the spatially and temporally nonlinear system. Other combinztions include
mixtures of spatfal Jinearity and nonlinearity 9in the three spatial
dimensiens, for both temporally linear and nonlinear systems.

Monitoring may be conducted for several purposes, including (1) baseline
surveys, (2) impact detection, (2) compliance monitering, (4) establishment of
causality, and (5) prediction. It is always limited to a restricted set of
diagrostic variables, Q..k(s,t)CL ¥.:, {5,t), whose necessary and sufficient
retationshin, (F3), to tAd®FUT1T set J#kécosystem variabies, yijk(s’t)’ must be
assured:

[EAERE liuijk(s,t)L—,—;”ﬁyijk(s,t)” < l[cr]:jk(s,t) 18 (27)

Nole here that a spatial as well as the temporal alement has been introduced
into the standards, 7.e., Gi.&(s,t), for generality. This allows the ontion
of permitiing Towered standah¥s [in general, higher values of the variablas of
... {5,L)1 in the plume from an outfall, or in downstream segments, if
dbifred,

2.4.1 Baseline Menitoring

To establish nominal baseline conditions, some set of monitoring
parameters, Qi' C¥::,, i3 chesen, The variable Q.. ,(s,t) repressnts a vector
of thase parambters Weasured in 1, 2 or 3-dimensional space, s, and discrate
or continuous time t. Nominal conditions Q.. .(s,t) are established by
measurement of the parameter s2t over appropriate Yhtervals of space and time.
The principal issues in this basaline monitering are (1) choice of paramaters
(Section 2.2,1), (2) determination that they are necessary and sufficient %o
represent ecosystem behavior (Section 2.2.2), (3) spatial and temporal design
of sampling,and (4) data "assembly, analysis and presentation. Baseline
conditions represent the starting point for all other forms of menitaring.

2.4.2 Impact Detaction

In pravious sections, toxic effects have been formuiated as deviations
frem nominal, e.g., equations (22), and thesze deviaticns compared to standards
expressed not as toncentrations but, for dimensional consistency [see taext ff.
equation (8)], as effacts. Two kinds of effacis are chronic and acute. Tha
latter may always be said to reflect standards expressed as concentrations.
in chronic effects, however, concentration standards may never be exceedad vet
iong term, cumulative effects may occur. Examples include lowerad dissnlved



oxygen levels, impaired fecundity of organisms, stunted growth, anomalous age
class distributicns, high incidence of tumcrs, parasites or disease, etc. 7o
monitor for thase eoffects, some time and/or space integrated measure of
deviaticonal behavior may be requirad, e.g.

Plan, 5, (s,1)] = Ifftjﬁﬂﬂfjk

In impact detection monitoring, the subject system is considered perturbed
(unprotected, F3b) when P(Qﬁtak) > HG..k(s,tN], and unperturbed (protected,
Fla) otherwise, P(aQ. .. ) 2 |ld )] (s,t}u?J The main issue in impact monitoring,
in addition to thos® “igentif+s above Tor the baseline case, is defining
suitable standards, o.. (s,t), that will reflect either acute or chronic
effacts. In the 1atte}3%ase, where impacts are cumulative and concentration
based standards are never exceaded instantaneously or incrementally, integral
measures such as (28) may have to be devised and effects based variables
included in the standards sat, Uijkcs’t)'

(s,t) ds dtil. (23)

2.4.3 Comnliance Monitoring

Determination of violations is a version of impact monitoring. The same
elements are invelved: (1) a set of monitoring parametars, Q.. (s,t), 72} a
standards set, o¢..,{s,t), incornorating both concentration andJ&ffacts Based
measures of acute“&nd chronic impacts, and (3) a sampling program temporally
and spatially appreopriate to the site. Compliance (F3a) is astablished by
Mo i (s, s lig,, (s, 00 or Plad..) % {lc..kﬂ , as appropriate, and
noné&%p]iance (F3b) %therwise. 13k 1

2.4.4 Establishment of Causality

Exceptl in simple cases where causality is obvious, as in oi? spills,
nuclear reactor accidents, or inadvertent releases of large quantities of
toxic chemicals, the attribution of causality is a technically difficult
problem. The basic farmulation, expressicn (9), of the environmental
protection preblem in terms of general dynamical systems, equations (5-5) ang
(7-8), i3 an attempt te represent causality at a deep theoretical ievel.
Causality 1is defined 1in terms of . two properties, determinism [lunigue
input-output reiation, as provided by the basic dynamical system modal], and
nonanticipation (response to a stimuius not preceding in time the arrivail of
the stimulus). In general, the property of anticipation is not one found in
acological systems. For example, seasonal leads such as Jeaves turning coaler
and falling before cold weather avrrives have a mechanistic explanation in
genetics and photoperiodism.  Appareni anticipation is based on actuallv
nonanticipatery, and determinate (dynamical), processes. The carryover of
causaily hased output wvariables, yi'k(t)’ to a smaller diagnostic set,
Q... (L), threugh necessary and suffictent conditional ralationships netwaen
t%ége two sets [expressions (10)] is a further effort to capture the causal
relationship in the restricted sat of variables by which an ecosystem is
acutally chserved.

A system 1s observed in moaftoring to deviate, [IAQ..;(s,t)ff >
f{ci.k(s,t)ff or P[AQ..k(s,t)} > dlo, . {s,t) ], from its Historically nomina
cordifion soon after af anthrapogeﬂﬂ# activity is initiated in an area. I
tle new activity rasponsible for the observed changes, or are these mere’y
part of long term variability in nominal dynamics? Or mere complexly, which
ones of a set of human activities in an area are causing the deleterious
changes that monitoring reveals, and which are not? HMow zan causality be
assessed? The means to do this is built inte the principles implicit in
Reccmmendations 1-4 above. By the considerations outlined therein, &
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nacessary and sufficient relationship s established between suspectea causa
and observed effect. Then, if the cause is present, the effect will be seen
in monitoring date {sufficient), and if the cause is absent, the effect will
not be cbserved (pecessary).

2.4.5 Monitering for Pradiction

Predictive monitoring is also a technically difficuit problem hecause it
requires an offset in time. (Observations made in earliar time, Q.. (s,%),
teT<T', are used to project conditions in future time, y..k(s,t‘), t? %‘, In
terms of conditional logic, prediction requries that 1

(1) (2) |
' 1 1 - ) -
”m‘ijk(S’t)” = ”gijk”@?‘midk(s:t )” &S flgfjk"“(?-‘-’lfdyijk(s’t )” e ”U'ijk“\éga}

3

or
| ) ! 1(2) ' I i
P[m”k(s,t)] éfoijk”@m-?P[Aﬂijk(s,t')] ‘—Elaijk‘@yP[Ayijk(s,t 3 < aijki.
{30a)
anq
(1) , (2) ,
”f_\.Qijk(s,t)“ 8 ”crijkil(_;?h{zijk(s,t')” > ~icijkn¢#7”ayuk{s,t')” > llog g, i
(296)
ar
(1) iy (2), N R TY
P[mijk(s,t)j > Ilcijkl‘:c__ﬂ.?lmuk(s,n Hl > llﬂijklf{;_?tf.ﬂyfjk(s,t‘)l > nc].jk., X
| (30b)

Necessary and sufficient conditions (1) are based on Recommendatisn 5,
establishment of the stationary groperty, and conditions (2) are based on
adequacy of the relationship between system variablas Yiik and diagnestic
variables Qi'k’ as developed in Recommzndations 1-4. Strict acharance to the
principlas ifherent in these rzcommendations should make a predictive
monitaring methodelogy thaoratically possible, but discovering the protocels

required te gain this strict adherenca is o 2asy techmical matier.

2.4 The EPA Protocols

This section will endsavor to briefly examine ZPA's approaches ¢
environmental protection against chemical toxicants in comtext of the
foragoing theoretical specification of the basic problem.

2.4,1 The National Guidelines

The national c¢riteria are global in their intant to deal with al
ecological conditions, i=Z, biolegical species, j=s, and resourcas, kCveR (sae
Section 1.5). That s, they are designed %o protect all aquatic environments:



”AyESR{t)” 5”"553” , (31)
where @ SR 15 the naticnal standard for the k'th toxicant. The impossibility
af achi%v1ng sucn a glabal solution representad by (31}, without making the
standards unrealistically stringent, rightly leads %o the site specific
anpreoach.  The theary laid down hevre at teast verifies that, in principle, the
site specific approach is the correct one.

The national standards ¢ fail to implement (31) evfactively for a
variety of reasons. 1In attemptﬁ%@ to pretect a1l envirenments, they in effect
protect no environments with significant problems. They daviate strongly from
all the recommendations provided above:

Recommendation 1. The natienal standards are based solaly on
toxicology data; ecological considerations are ignored. Biotic variables only
are considered; fast-time abiotic ones are needad. An effort is made to
account far bLoth chromic and acute effects, and %o aguire iavariant
information on representative sets of (animal) species. Site specific choices
¢f species are, of course, ignorad.

Recommendation 2. No effort i3 made to establiish necessity or
sufficiency of toxicity information in the national data set.

Recommendation 3. By defiaition, the national standards are naon-
site spacific,

Recommendation 4. The stringent control requiremants of lzboratory
toxicoiogy experiments have probably, in most cases, not been met.

Recommendation 5.  Staticnary dynamics of ecological systems are
assumed by the fact that the staticnarity problem is ignored.

Recommandation 6. The national guidelines, which ara fo be used in
Tieu of sita specific information, should be reviewed and fmproved with
respect to the principles inherent in the praceding recommendations which
apply. ‘

2.4.2 3ite Specific Ratienala

Site specific guidelines are desigmed to introduce local considerations
into the process of dariving standards. As previousiy farmulatad, sxoression
(9}, the chjective is.

Hay; s (O < llog 11, (9

where 1CvgE, jCves and kCwvsR. . In this, it is recognized (1) %hat the
combination ] of species at a site (with characteristics i and vresourcas ¥
may be more or Tess sensitive fthan those usad in the national criteria datza
set, or (2) that the water quality characteristics, i and k, at that site may
attar the toxicity of the speciss collection  to the chemical of interest in
k. Site spacific criteria are designed to deal, singly and joimtly, with
tirase conditions, and in additicn, to account for ssasonal variations in watar
cuality.

Formulation (8) exactly reflects this rationale. EPA's definition of
"site" (e.g., EPA 1982, p.3-4) is adequately captured by the concepts iCveZ,
iCves and kCveR as ‘uniqua combinations of, respectively, =scological
conditions, species, and rasources. However, the assumption (EPA 13582, ».
3-6) that species sensitivities and toxicological affects derived from
laboratory tests will be similar to those in the field is at variance with
funcamental considerations in the role of envirommental factors in system
dynamics. There is Jittla in %fheory to justify such an assumption {Saction
2.3}, 1f it were %true, then by the same rationale the resulis from any



particuiar toxicology experiment in the Tlaboratcry or field could ke
extrapoiated t¢ the national Tevel, and there would be no need for site
specific guidelines. To the contrary, "biological integrity" is freguently
judged to prevail in situations where foxic cencentrations exceed standards,
and bicdamage may occur under conditioas where concentrations chronically
never exceed standards (EPA 1582, p. 3-7).

Four procedures have been developad to implement the site specitic
rationaie. They are the recalculation, indicator species, resident species
and heavy metal speciation procedures.

2.4.3 Recalculation Procedura

This procedure s designed to account for differences in sensitivities of
resident species, jCves, to a toxic chemical for biclogical raasons.
"Resident species" arez defined, acceptably, as those which normally occur at a
site during a time interval T which spans seasonal varianiltity (EPA 1882, p.
3-12).  Extinct species at the site are not included, nor do long term
variations in spacies iists appear to be taken into account.

The recalculation procedure parmits eliminating families reguired to
estabiisk the national acute toxicity standards. Dafects in the sirictly
taxenomic approach to selecting diagnestic biota, acknowledged in the
sensitivity of final acute values to family selections (EPA 1982, n. 2-21),
have already been pointed cut (Section 2.2.1). The recalculation procadure,
being tied te this apprcach, shares this fundamental flaw.

In addit?gﬁ, there are specific problems. A site specific acute
standard, Gy s (the final acute value, FAV), is calculated after deleting
nenrasident %%ecias from the list of those used to determine the nziional
standard, ¢..., and meeting minimum data set reguirements. This site specific
standard s then arbitrarily adjusted for ccnservativenes%h)to cbtain 2 site
specific  maximum instantaneous concentration, (g /2. This s
scientitically baseless, although Jjustified by the13§%qera1?y unrefined
character of ihe zapproach. A final chronic value, Ui'kt , 1s obtained by
applying a Taboratory based acute-chronic ratic to the “FAV. This violates
several basic principles (Sections 2.2.3 and 2.3) pertaining tc the
extrapolation to vield situations frem Jaberatery data. :

Recommendatien 7. The recalculation procedure is inadequate, both
basically and 1n terms of technical details, to accouni for species based
sensitivity differences betwesn site specific toxicity resmonses and r2sponses
from which national standards are derived. The problem should be restudied by
EPA, and a scientifically better grounded orotocol (Section 2.2.1) for
selecting biectic diagnostic variables formulated. - Many of the specific
considerations develeped in the recalculation procedure canm be carried forward
for improvec elaboration in a more definitive methodology.

o

2.4.4 Indicator Species Procedure

This methed is used when site water quality affacis the toxicity of a
compound.  That is o.., # 0.,..., where 1' # i denotes scological factors sugh

; 1 S0k . . L
as pd, hardness, 9%%a11n1Qy, carben dioxide equilibriem relationships,
saiinity, etc., and k'sk denotes resource factors such as organic solutes,
inorganic and organic colloids, and suspended particles. The method assumes
no difference in response of resident biota from thosa spacies in the national
data base. It uses a simple multiplier, the water effact ratic, to cerrecs
for differsnces between eite water and Taboratory test water. The watar
effect ratio 1s calculated using resident species at the site, or "acceptable"
(EPA 1882, p. 3-22) indicator or surrpgate species. As ia the recalculation



(a)

procedure, a final acute value, o.. , 18 caleulated aq? Lhen conservatively

o : p ‘ e a,; . .
adjusted to(%)max1mum instantanebi concentration, ¢... *77/2. Final chronic
values, g, ., , are computed either from the FAY, cor chronic toxicity testing
with any Egésident or nonresident) fish and invertebrate species.

The indicater species procedure s positive in recognizing that
ecosogical, i<¢ £, and resourcs, kC R, facters may modify the toxicity
responses  or DBioaccumulation characteristics of site specific residant
species, JC & (Section 2.2.3). However, in effect, this recognition iisalf
negates the nparrow toxjcology based philesophy of EPA which otherwise
genarally ignores ecolegical considerations {e.g., Section 2.2.1). Specific
criticisms of the indicator species procedure are: (1) the assumption, in
erder to use it, that no species response differences exist between resident
and national data base species, which is unrealistic; (2) "acceptability” for
noenresident  indicator or surrogate test species s not defired; (3}
apparently, any two species of a fish and an invertabrate may be usad in
testing for chronic texicity; and (4) in an effort to be practicail, the
procedure is in final analysis tce simpiistic.

Raecommendation 8. The indicator species procedure, as it prasently
exists, is inadequate as a method. However, many of the princinies inherent
in 1t should be retaired in a totally redesigned approach to incorporating
ecological considerations more fundamentally into the EPA site specific
protocals, in accordance with Recommendations 1-3 (Section 2.2).

2.4.5 Residant Species Procadure

This procedure is to be used when there is reason %o suspect that hoth
species and water quality differences may cause diffarences in toxicity or
bicavailability of a chemical, i.e., Oii F Osisipr, where 1 2 9% and k2 ¢
denote environmental differances, and j’é 3 denctss specias differences. The
procedura calls for applying both the recalculation procadurs to account for
species differancss, and tha. indicator species procedure to account Tor watar
diffarences,

Recommencdation 8. The rasident species procadure is philesophically
consistent with previous recommendaticns which emphasize the need to
incerporate both ecological and toxicological desiderata into a site spegitic
methodology. whnile both <the recalculation and indicator species are
individally philosophically defective, together they combine to remove tnis
criticism, and basically only technical flaws remain. Therefore, the resident
species procedure should be retained as the cornersteone of an interim site
specific methodology, while EPA moves forward to daveloep definitive proceduras
that are both philesophically and technically matched, im realistic pragmatic
ways, to the difficult requirements of ths problam.

2.4.6 Heavy Metal Speciation Procsdure

The national stanpdards for matals are axpressad zs total racoverabts
metal basad on laboratory data on total recoverable, gr acid extractahie metal
concentrations. Metals exist in a variety of forms, sach with spacific
toxicolcgical characteristics, i.e., Oispr ® Os5,, where k' 2 Kk denoles two
different forms of a metallic element 1A quastﬂ&h. In setting site specific
standards Tor metheds, either the indicator or resident species proceduras may
be usad to modify the nmatignal standards.

Recommendation 10. Based on the general inadequacy of the indicator
species procedure hy itself, the resident specias procedura should be empioved
&s an interim methodology to set site specific standards for heavy metals.
However, a mora definitive metals protccol shou'd be daveleped, in accordance
with the principises outlined in this raport.
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3. SUMMARY AND CONCLUSIONS

The problem of setiing watar quality standards for toxic substances is
one of the most difficzult applied environmentz] probless nossible because (1)
it intersects head-gn biclogical and environmental divarsity and variability,
and (2) requires a refinmed integration of all this complexity mapped inio a
guantitative ‘"standard" for each texic material. The problem pushas
environmental scisnce well beyond the current state-of-the-art.

As presented ta this committes, the site spacific problem was poorly
spaci fiad. Underlying philesophical and Jogical issuss had not bDeen
systematically sxamined as a basis for the pragmatic methodelogies that had to
be developed and thus ook precedence. As a result, the existing procedures
are deeply flawed and in need of revision. The furndamental wisdom to move
from national to site specific standards iz unchallanged, however, and is
endorsed as correct and urgantly needed.

With the need te bring the prehlem into better philesophical and logical
focus, a preliminary attempt has been made nhere o provide a general systems
theory specification that can underly future methodological davelopment. an
recommendations have been made which encompass the principles exposed by this
theoretical developmeni:

1. Dfagnestic variables should be carefully chosen to include both
2iotic and abiotic ecosystem properties which reflect acological as well as
toxicological considerations:

2.  Necessary and sufficient relationshins should be estahlishad
between the resiricted set of diagnostic variables and the largar sat of all
retevant ecological variables;

3. Standards should be site specific, and matched as ¢losely as
pessible to the conditieons and spescies at each site;

4. Laboratory toxicotogy testing must be conducted under carafully
specifiad and stringantly contrelled conditicns;

5.  Protocols should <take account of famporal variability in
toxicant effacts,

6. Natienal gquidelines, 17 they are to continue to be usad in lieu
of site specific information, should be improved in azcordance with the
preceding recommendations;

7. The recalcuiztion procedure should not ba used hy itsalf;
8. MNeither should the indicator species procadurs be used by
itself,; ‘

9. The resident species procedurs shouid ba used 2s an interim
methedology until bettar ones have besn davaelopad; and

10,  The hneavy metal speciation procecurs snould be based on the
resident species orocedure until improved methodolegizs ares developed,

Finally, a general recommendation basad on all the praecading material may
be offared in conclusion:

SUMMARY BECOMMENDATION. EPA  should (1) Turther davelop bsitar
specification, in thecretical terms, of the enviranmantz! protection [Segtisn
1l and expression (9)] and protccol [avDr sgicn {10) and Section 21 problesms,
building on the start made here, and (2) emplov the continually improving, and
possibly alternative, formulations of thase “POD]?W“ to davelep bhetter siia
spacific  methcdoiogies that are pragmatic, consistenl with emerging
principles, and conformabie with both ecological and toxicological criteria.
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APPENDIX 2

EVALUATION OF CASE HISTORIES IN RZILATION TO

FIELD VERIFICATION OF PROPOSED GUIDEZLINES

Field testing for the development of site-specifiec eriteria was
cempleted at 19 sites in 16 States. Sites, polluuant sourees,
and types of pellutants were selected by EPL ragional officeas
and the 3tztes. Most of the field work was contracted ocubt to
JRB and Asscciates, with tne exception of studiss in California
related fto the use of 2,4-D esters in forest silviculture.

The worlk was developed to test 2 wide variety of locations,
typea of aquatic habitats, and chemical polliutanis., Thase
in¢luded pesticides, heavy metals, ammenia, and chlorins from
wastawatar treatment plants.

Deriving Si
Licn of Agua
tain much
d all of ¢
ations of

Fizld =ztudies wers basad on the Guidalinss o
Specific Water Quality Criteriez for tha Prots
Life and Its Uses. Tha case historiss did cor
information, but a2s 2 whole the Committss Pou
ba luadEQJaJv Lo supper:c site-specific modific
criteria.
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The lack of specilicity for the development of Fiald studies,
including such itens as oolleetion and treztment of samples,
appropriate selection of tast species and more specific
information concerning the sslection-of actual sites to be
sampied and the conditions under which the sampling should be
deons lad to some probiems with the design and conduct of Fisl
studies., Mest of the suuﬁiea invelved the testing of the
effects ¢of a single pollutant from a point source of pollubicn.
(ne field test, comp+eyed‘1n California, wis of a nen-point
goures of pollution, the sarizl zpplicaticn of the herbicids
2,4-D esters.
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The 1nitial selecticn cf sites was dictatad by the locaticn of
tha polnt source of pollution and by the osrder of satry of
athaer sourcss of pollution in additicn to tha potential for
dilution of tine initial szources. Genarally, sitas wers
gelsetad upstreanm from the sourcss of pollution, at or near
the point source, and in addlitional areas in the racovar
zonas. The protocol was to sample water from upstrsam sitss,
al the point source, and thsn at variovs locatisans in the
plume and in the rzcovery zones, Upstrsam watsr was used
Lest realdent species to devalop water quality ratioss for
speciliic pollutants studisd. The selaction of sites seasmed
atter of convenience rathepr than a delibsrate choice fo mak
locations compzrable in slope, habitat characteristiss, and
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cther water quality messurements., In some of the siudiss,

the selsctiicn of comparable sites may have peen difficult
becauza boftom sedimants, aquatice plants, and charactaristices
of the siream or river ware zliered oy the aource of pollution.
This was trus for those polint sources that included heavy
zadizent loads which &ltered the charachter of the stream or
river bed. 1In scme inztances, there mizht have bLeen a batier
cholece of more comparable sites for comparing water guality

and species composition.

The selection cf species to be testead pregumably was basad cn
the availabls information on resident spsciss and in sone

cases the initial collectiecns of organisms from tne site itselr.
Some of fthe studies actually used spsciszs collectad from thz
zite, while others utilized animals Ifrom other sites, such as
rivers, lakss, ponds, and, in scme instances, fish from
katcheries wers used in the pcllutant besting for wabsr gualitbs
retics, It would seen mo3t appropriats Lo use organisos
cellected in the zctual walbters where ithe tasting was to be

done; this would insure a more natural response to ths [a3t
pollutant in bobh stabtic and flcw through systems., Response

2f orzanisms taksn Srom other waters and from natcheries woulsd
undoubtediy laad bto graster varizpee 1 resgonss to sits water
and an additional variation to the added pollutant based on
pricr sxposurss to water qualities of unknown charactaristics.
The purpose of the site-specific watar quality criteria woul
s&em Lo be related to Lhe zctual ressponsz o7 residant syeCﬁES,
and morz effort should have Deen made to test actual residsesnts
from the body of water being used as a rield sita, 5ui-
ficient nunmbers of organiams were not zvailable at t
appreogriate time or ware neb convenlent to being col
greater effort should have bean mades to colliecht organi
similar bodiss of water nearby; it would havs been pr=
to use speciss from the fisld rathsr than hatchery-re
arganisas.

ik
1'|

*{D

b H
.I—J [t L[] HJ
v ""}U} g
(D

)

s in o
1] [
- I ol TR
|
{ VI ]
x|

[

The development of the fiszld testing protocol should hava been
carefully monitorad in tarms of the quality of the water beling
used ror the static and fleow through tests, Maasuraments of
Wwatar cualitby at the intaks sgource should hava bhean ¢onmnparad o
Ehat in the ftanks at the time of testinz. Ccllsction, pumping,
and stcrage or wavdr, aven Tor short periods of time, could
have altered thesa paramaters to wiara they may have influenaced
thne responss of the organisms o the pellutant being tested,

In som= of the studiesg, high losses of control animals did
indicate that watser gualiiy charactsristics wers not
sufficiently hanefiaial to the continued existencs of the
animals being testsd, These problems in some of the studies
negataed the results of the pellutant tesh.



3urveys of organisms % the various sibtas was dope by a
varizty of methods, and the efficiency of thess technigues was
not always taken into consideration. In some instances, ths
use ol shockers or seines would prcduce variaed results based
on water quality characteristics as well 23 total flow znd
velocity. Development of diversity indices would not be useful
if variation in sampllng techniques bilased the ccllections.

In one instance, high flow lavels presluded adequate survsys,
vet the fisld worlk continued despits adverae conditions.

Quality control ia the analytical work sesmed %o be appro-
priats, but the addition of the toxic matals Lo watsers and

thelr subseguent assay mayv have to be revissad in the light of
naw information relatéd Lo metal speciation. Actua1 tasting
of aspecies in labcratory, reconstituted, and flow through
waters varied. In some cases, loadiag factors varisd; in scme
tesis, species ware mixsd in flow tnrecugh watars; in cthers
specles were tezted separately; in cther cases water was
zerated; and in other instances it was pot disturbad. This
may nave been relatad to the pellutant boing tested in tarms
ef volatility; but, in total, ths fest conalpions could havs

f
bean bebher 3tan uardized.

Frior expeosures Lo Loxie zubstances for residant species may
présent a pfrotlem 1n f2sting programs. Body burdans of various
substances could result in resistance or greater susceptinility
o the test pollulant as a result of synsrgism or altaration in
paysiological conditions. Handliag stress, particularly of
ratehery fish, might alsp alter susceptibility to the test
bubaumuuca. Te3t organisms that display rasistance should bhe
testea in ladorstory water to detarmine if water effacts ratics
are causing the altered effsct of thsa pollutant, or wheither
developed resistancs maj rave occurred in ths resident speciszs,
In some tests the sources of spacies came Frox 2ll different
gsites, from lakeass ;auﬂwf than stream systens and frem hatcherias
rather than the field. Water effscts ratios for invarteodrebzs
and ve;tebratea that are diametrically oopossd should be
discussed and perhaps analysed further. It would sszm “hat
actual rzs lﬂue data Pﬂow tng resident specizs would 52 valuahklis
in assassing the resulis from laboratory eXscsuras.

All of The studiaes were of short duraticn, presumably &s &
result of time and cost rastrictions ¢mposad on the fiz2ld
testing program, Some pricr developmant of background matsrizls
for the various sites would nave been useful in terms of atrasg

gradisnta, havicat types, stream, Flow charactaristies,
availability of test spescies from the site, and the sotential
addza 2ources of pollutants at Zoth upstreas and downstrean
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1 r quality, habit types, flow conditions,
pollutants shnould ba ava1¢aalg pricr to the actual 51te
and field tasting. Th would allaw For the develorpme:
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Specifis Comments on Case Historias

af‘

rollowing partaing malnly to the JRB rap
dies, buv bths principsles, nevarthelass, a
re are two ocubstanding aspects involving
roacn/principlas that zre generally applic
clved by texicologieal teaste or improvemen
ical analyiical tachniques.
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Thg first is b=zst sxpressasd on pagﬂ L1 of tne Mili Cresk,
1rt0n, Towa draft repors. Lﬂ last paragraph makes the
leFt that the acute and chronic toxic tasts ars aot teiling

the story of the effects upon organiams. A quots-~frem
context to be sure--in mi ‘d-paragraph states this cop g2atly,
"Total taxa, biomass, chlorpayll, and diversity showed a
continual decline at downstraam station which was not
ccngistent with measured toxicant concentrations.” Fr a

this, together with what we have learpnad 2bout the inacourzsy

of both the derived ang experimantal determinztion of soxia
criteriz, it is probadble that tpe pursuit of these sorca

of data alosne are 2 losa of affort gand money and haEve zolve
no prodlems, nor is ccntinuad pursuit of this course bound
Eo s0lve the nroblems at hand.

Wnat 13 needed is a pasio underatanding of ccosvstems and
Wwhat infl ‘ences changes that they underge. It is zalso
ezsentlal that they te recognizsd as multidimensieral ang
Bhat toxic, lsthnal, and population altar ing effects cannot
e measursd by LCgO 3 alone. The amount of date regquirad

9r type of understanding nsedad is reaily no more or lass
than that which would bna raguired for the present techaiguses,
rdeally. What is required {3 a naw d1r=¢%loﬂ in, or agzroach
to, thinking as it concerns ecesystans by the aythoritias
enforcing the Clean Water Act,

The second aspset is closely relatsd to this and iavelves

an attitude toward sampling, ~Almost 2ll of the coairaciors
Tall back cun "3tandard Msthods® for thaip tachnigues in
Szmpling and alsd in the selection of locations for sampling.
Then they appear to be amazed whsn thess methods do nos work
for their particular situation. Often, alass, lcooatisn of
stations and time of sewo_lnﬁ A2rs not garelfully dene winh
reéspect Lo xnowledge of the site. The best all around
Eppraoac To such problems is to deseids whab 1t is one neads
Lo kKnow, the PnaSLb:llty ol getting this information, how
the site (system) in question can baszt reveal chis infor-
metlon, and what sorts of taehn riguaes can hasi ba employad,
standard mestnods 20twithstanding, This aporozch should s
taken Tirst and ferepcst afpar saternining what 2co0systanms
are iavolved, what is already Known asous Them, and what
more needs to be known Lo decida on an &8s83ay action, COnly =
systematic approach can raveal usazhls answars,

The folleowing pertain to mors specific izayes:

Mill Creelk, Clinton, ILowa

D.9. 3stting up art+;1c 4. peripaytcn substratss was a good
idea, Lut why wers they floatsed in mid-watar? Wny were thay



1

net put on the bLSotvon or sidess of ths crsek Whaere Lha
periphyton occur in grzaebsr abundance?

.9. If Thers is & question of dissoived oxygsan vs. cheamical
or bicchemical oxygen demand in varicus locations, why war

diurnal and turbulence tests not run to determing the oxygsn
zource?

The use of peripnyton a3 an indsx of growth stimulation

or texicity, i.2., chemluEL Influence on Lhe scolozy, 13 a
gcod one, bub Lthe invastizators na2d to have 2 Latter
understanding of both the =szology of thess tyzes of organisms
and how tne2 systams intsract.

Iowg River, Marshalltcown, Iowa

p. Z2=7. The peripnyton methodoliogzy nsesds rethinkiang, aiso 1t
should be rezlized that some of theass organisms =re net only
indicators but spacies of importancs in thair affects upon
obther crgzanisms. This is & point trat many of the ifnvesti-
gatlions sesn Lo Lypass,

p. 2=-8. When Shers is a distinct p2eouliarity in respoass,
2.2., mavily to ammoniaz toxiscivy, one dgesn't Just s&y Than
the LCsp's could not e caloulatsd; one triss Lo find an
explanztion for the behavior {(2,g., possibla intarnal pi
changs or some binding of NH3).

p. 2-H, 2.2.3 Ona fisn gollachion may nob nsosszarily
characterizs an area,

£.2,4, Physical characteristics of the river znculd reveal
arzas of concentration of fords (e.g., where 3ama atags of
early davalopment oceours).

po. 3-4. A coarss quantizativa nat, posaibly Tike & plankton
neh, can o2 usad for capturs and, If intelligently designzad,
can o2 usad at various daptiaz, at least for wml tivae numbsar of
crganisms dsterminations.

Salzar'!'s Cresir, Peonchatoula, Lou;“‘ana

. 2-5. Thg rfleoating macro-pianes should have Tsen sanmplad
quantitatively. The substratum Turnished may have hesa

the principzl source of organisms,

D. 2-6. The turbidimetsr doss nobt give the pest sstinats of
visicility, light peneifraticn, or supsnded particlss.

Newer fechniques ars no mera ,rouble o axpanze and far

mora revealing of usable information.



The contractors arsa using a good ses of indices whan applisd
7ith legic {top of the pazge).

D. 41, The characteristics discussed in the fi
alse prodvanly influence discribution of toxic s
physically and chemically by substrate hinding.

st paragraph
3

o
&

Alao, a cdifforent pproach to alkalinitiy snions is nssdsd
singe thers aré low pH's; alsc the hardnazss should not he
caleulated =8 Cau63 undar tinessz conditlions but rather as
meq. It should va determinad what are the important anions
in tLhe waler at thess pH's.

The contractors szhow diffarent “axa at differans tztiona.
Waat are the effects of ambisnt and foxie cocndiiiors on Lhe
alstributicn of indigenous forma?

Since tnis 13 an important farn aresa, what tasting has basan
cone on POy, seil guality, and other non-noint =zourcs
intermittent changes?

{Lindara) Salit Crea2k, Lincoln, Vebraska

S5y their owa admission, the non-gcint SoUress a2re importanc
contaminators, If so, brsak-through concantrasnicns plus
cuildups may be found freguently in several lcazl zrsss with
protacls effects oa wells and groundwater., 4 regips of
sansling to gccommodate non-point sources should be
establlshad,

Theres saould e 2 whole new approach te baashio organian
gtucy methods., Organisms cccur whers thay ars, whioh mayv

bg on the bottom, in suspansion, temporarily in suspension,
dirunally aciive, ete,, and sampling msthods shouls =z basad
on bhese occurrsngses, nobt o1 what bottom gampliog Lechnigues
are avallable ia "standard 2sthods,” which co not euoly to
all types of physiczl situations,

Flint River, Masar Flinrg. Micihiigan

Here, some 200e2mpt 128 hasn rake $o use other dimensiong,
suzh 23 time and seascnality, but this has nat bHesn well
LaQught oub, e.g., s2asonalitv iz not tolid oy the month, hut
ratner oy the change in condisions; and time alffsats ars
often really what happens in the darknzss, undar diffearsnt
sun =znglez, and under cloud covar,



futchinson, Minnsscts

In gensral, ther:s nesds tc ba improvament ia Field sampling
techniques and possible matramatical relaciconanips of Lha
b2navior ef organisms to Fleld charactseris stics, 2.g., spoed
¢f currents, particle suspersion pnysics, bottom types, and
the seasconal changes in these. Plankion net type of instre
capture saculd also bz considered,
There should alao be coacern with a varisty of non-poin:
souroce QlS@PlDUth subatances, sinee this is an zzriculiursa
argea, ‘
p. 3-8. If nutrients are an important factor in tnis aren,
standard microplant culture assayvs should 52 instizufted usi
oot indigenous speciss and EPA-zccsptad mioroplants in sto
culturs,
3oggy azd Skeleton Cresks, Fnid, Oklahoma
This survey shnould definitely nave included diurnal studiss
an botn d;ssoLvad oXygen and obtnser facotors. Thay 2lso havs
2 non-point source problem, sinece thiz iz fargplond.
Mipngo Craek, Tulsa, Oklancomz
£.2~10." Samples wers {aksn from only the riffle =zrzas.
p.2-2. fardness and alkalinity study may have Saan very
lmportant here, espzeislly at night,
p.3-12. This was a c¢lsar dzmoastiration of ohysical faotors
1ﬂ”lueﬂ31“g pepulation types and trophde levals, If iz oo
pad that the study was not oursusd & 1istle further, as it
might have Ziven mors insight 1ato hsavy metal distribusion
into chemical species and chsmoical astivity. Ssasgonalicy 1
2leo vary imporsant with regarc to stream concensrasisna.
rish and Canme
nermal equilibrium in natural waters of 2,4-D
acic and what are the Tasiors cortrolling fnem?
ftats Water Fesources Cortrol Board (2,5-D satar
1s obviously 2 physiological differanos nsiwsan
4 3leslnends. Wnhav 1s this diffarzncse 2us £07
2 conaitions of 2,4-0 sstar nydrolvsis?
217, &nd of paragrapn 1. Ts the Cemmittse Lo undarstand
that 2 sampling device that is zutomaitic or 2asivated from
snors cannot 2@ dsvelopad and be chsaper in thne long run
that the avproach currently ussd?
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0. 31 Agalin this points toward the need for methods in pon-
£eint souree contamination detection,

.32, last paragraph, This pgints up the n22ad for survay
slanning to geb the kind of results that are useryl

and to use pooled resourcas,

Thease people have zevare nen- point-scurce-in-ramete-arazas
problemg. Thnerefora, special considerations should be givarn
for subsurface {low regimes, so0il surveys, ato., AT K=V
lacaticns alonz with glther aytomatis or Comepo3its (poolad)

samole collacting gear. Much of this can be done at Low

cost,

ruilman, Washington (Deparitment of Civil Ergingsring)

p.12. More nzads to La Znown anoub Sna pnysioliogicsl penzvior

of Lhe sculpln., How was thz natural watspr filtaped vaforse usa?

P13 aad 'S, Eithsr baiter nanaling technigues nesd Lo he
founad fop eph merids or work should just oe dons on stoasfliaz.
Fossicly, ollecuznﬂ el the organisms should b2 done at a

stage when they might be more rardy.

p.23, Thnis shows the potentizl valus of pehevion a4 an indax

of Loxicity in botn ths fisld and lacoratory {Drif: of
sphemarcpliara out of strezms deszad with CoppEr--32e also

aear toep of p.21.)

£.i There are indicaticns of conceatrabtion of alga=,

p.ii, (CF the b*tr*u* from Funk et al.) The incdiestigns

asre arz that physiologiocal clearancs tests of animzls show

ths importancs of funcoian (clearancs) in the a2ssay of nhighar

ergznizns.  This is 20! aven suggested in any af the other

surveys.

Camr, Bressar, znd MoKass, Zamburyg, Nay Jarsav

P2, Why was dilutfion watsr n0s Gobainsd 254ve LRa fmag

plant? What about runcf? from the ailghway?

[ Last paragraol.  How 4225 mixing, affluent, apd rivan
laval vary sszasonally?

.8, If ceefficiants of varianca wars ~un, there msy have Ss=n

differences betwsen 120 2nd site watar

2.9, Th2 answer $o ths sosad probdlams might be in the sszsonel
ChAangs ia stream charzctesristias,

2~9
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2.10, last paragrapn., It is not clear whathar no furthar
Lests are recommendsd obscause of axpense. The Tate aspect of
tne contaminant mav bes straanm Mltigation ¢or concentration ia
the stream wall or sadiments until thers is a braak-through

5¢ the straeam horizontally or to groundwater vartioally,

Carolina Mirror

With the data cotainszd on tas UT and associatad streans,

cena would have thought that more wark night alsc have baan

dong on sedizentz and on physical characteristics of tre

stream shaps and flow. Ales, seasonal input would be rageszary

Lo know whather or not Che caraiully deseribsd charzataristics

¢nange throughout the vear,

Hempstead YWastewater Treatment Plang, Marviang

Seasonallity, rainfall, DA influence on the Sodimsnts {Liading

of anmonia) show ths nzed for 3cme chanics taoughout the ysar,

The same i3 trus as Buford, Georgia, and in ths lzttan Dlzcsa

as well, the binding cf N2 to waste partiolss and earbaniso

complexing can changse ths cegres of toxiclty aft lsast on mispo-
organisms.

Finally, the Commities would liks 0 rzcommend Lwo papars

tnat bsar strongly on the Lypes of asgsavs we have haan reading

One deals with bioccorncentra-isns 0¥ rainbow trout and the

oLther with the important znd definice distribution of fisznss

in habitat gradienis along sirsanm lengtns,

Cilver, Barry 8. and Arthur JJ. Niimi (1983). BEioccncentraticn
of shlorobenzenas from wabar by ralnbow trout: Correilac-neg
wiih partition ecaelfficiarcs and gnvironmenial resifozs.
Seisznce and Technology 17(5):287-201.

Schlosser, Isaac J. (1983). Fish communits structure and
funefion zlong Lwo nebinze Zradicnts in 2 hesdwztar sorse:
Ecol. Monogr, B2(5) 395594,
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