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*. The Honorable William Reilly

Administrator

U.5. Environmental Prutecticn Agency
401 M. sStreet, 5.W,
Washington, D.C. 204860

Dear Mr. Reilly:

The Sediment Criteria Subcommittee of the Science Advisory
Beoard (SAB) has completed its review of the Sediment Methods
Classification Compendium that was developed by the Office of Water
Regqulations and Standards in the Office of Water and EPA's Sediment
Oversight Technical Committee. This guidance describes the
strengths, limitations, and applications of ten methods that can
be used to evaluate sediment quality. The guidance is intended for
use by managers and decision makers and it doesa not make specific
recommendations for applying these approaches foxr particular sites
or types of problems.

This review is the third to be completed in a series of SAB
reviews of sediment quality methodology. Previcusly the Sediment
Criteria Subcounitiza presentad recommendations and conclusions to
EPA concerned with the Apparent Effects Threshold and Equilibrium
Partitioning approaches, These approaches are alse included in
the compendium.

The Subcommittes met once, on December 11-12, 1989, to review
and evaluate the compendium. The Subcommittee was asked to address
the follewing charge:

1) Identify any serious flaws in tha methodologies, expand
the list of advantages and limitations, and evaluate whether
each methodology is portrayed appropriately as narrow or broad
use,

2) Recommand altarmative sediment clagsification methods.
and research arsas.

3) Assess the robustness of each approach.

Tha Subcommittee believes that all of the methods in the
Compendium and the advice for their application have scientific
merit except as noted below. The Subcommittee did not identify any
additional methods for inclusion in the Compendium, however, it
recommends that whenever possibla, a suite of methods should be



recommends that whenaver possible, a suite of methods should ba
used to develop sediment gquality values.

Overall, the Subcommittee believes that the Compendium will
be most useful if it is periodically updated and if the Agency
conducts research to address the limitations associated with
particular approaches. In addition, the introduction should
include a summary of references and advice to managers for sample
collection and handling, quality assurance/quality control, tiered
approaches for mixtures of chemicals, and data analysis. The
Subcommittee suggests that EPA add a table ta the Compendium that
summarizes information on the status and relative costs of each
mathod. .

The Subcommittee recommends that EPA conduct further research
to address the limitations of the methods. EPA should develop
sediment toxicity test methods for more freshwater and marine
species; develop protocols for handling and collecting samples, for
sample storage, and basic quality assurance procedures; evaluate
applicability of the wastewater procedures for Toxicity
Identification Evaluation to sediments; and investigate the
mechanism and the role of kinetics in the partitioning of
substances on sediments. Additional metheds are also needed to
assess chronic and sublethal endpoints, The Subcommittee also
recommends that the EPA consider further development of the Tissus
Residue appreoach which has the potential to be used as a major tool
in assessing sediment quality. The method could have even wider
applicability if research could define the mechanisms of
partitioning in the "real world" and the relationship between
tissue residues and toxicity,

The Subcommittse appreciates the opportunity teo conduct this
scientific review. We look forward to receiving the Agency
response to the scientific advice transmitted in the attached
report. '

Sincerely,
z ' ' . *

/(iZQQZ%HJ EE%QfEé&%:____ ;;%:;ﬁéjtiﬂl‘-izzlkpglﬂﬂ$w_
Dr. ;Raymond Lo . Chairman ~ Dr. Kenneth Dicksen, Chairman
Executive Committee Ecological Processes and
Science Advisory Board Effect Committea

A T el -

Dr. Robert Huggett,/gZhairman
Sediment Criteria Subcommittee
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NOTICE

scientific matters related to problems facing the Agency. This
report has not been reviewved for approval by the Agency; and

the views and policies of the Environmental Protection Agency or
other agencies in Federal government. Mention of trade names or
Comidercial products does not constitute a recommendation for yse.
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1.0 EZXECU 8

The Sediment Methods Classification Compendium was developed
by the Office of Water Regulations and Standards to serve as a
reference for methods that can be used to assess the quality of
chemically contaminated sediments. The compendium describes each
method, assocliated strengths and limitations and existing
applications. The guidance is intended for general use by

.. managers and decision makers and it is does not make specific

recommendations for particular sites or problems.

Overall, the Subcommittee believes that the Compendium will
be useful if it is periodically updated and if the Agency
conducts research to address some of the limitations associated
with particular approaches, 1In addition, the intreduction should
be expanded to include a discussion of references and advice for
sample collection and handling, quality assurance/quality
contrel, tiered approaches for mixtures of chemicals, and data
analysis,

The Subcommittee recommends that EPA conduct research ta
expand the battery of freshwater and marine species that can be
tested in the Bulk Sediment Toxicity Test Approach. For all
approaches, protocols should be developed for handling and
¢ollecting samples, for sample storage, and basic quality
assurance procedures. This should be added as introductory
material to the compendium. Additional methods are needed to
assess other endpoints, such as chronic toxicity and
teratogenicity.

The Subcommittee recommends that EPA investigate the effacts
of "aging" of spiked sediments and examine the aextent to which
the Spiked Sediment Toxicity Approach can be used to estimate the
effects from mixtures.

The Subcommittee recommends that EPA expand the discussion
of the Interstitial Water Toxicity Approach to emphasize its
strengths for identifying sediment toxicity. Additional research
should be performed to evaluate the applicability of the TIE
procedures to saediments. ‘

The Subcommittee reiterates its recommendations from an
earlier review of the Equilibrium Partitioning approach (EPA-SAB-
EPEC-90-006, February, 1990). The compendium should caution
users of this method to express the uncertainties in the
assumptions and to avoid cumulative errors in the calculation of
the partition valueas. The availability of compounds associated
with sediment nuy ba controlled by kinetics rather than by
partitioning. The possible influence of kinetics should be
considered when the equilibrium partitioning approach is used to
establish sediment quality values

1



The Subcommittee recommends that the EPA consider further
development of the Tissue Residue approach which has the
potential to be used as a major teol in assessing sediment
quality. The method could have even wider applicability if
research could define the mechanisms of partitioning in the "real
world" and the relationship between tissue residues and toxicity.

. The Subcommittee believes that the Freshwater and Marine

Benthic Macroinvertebrate Community approaches are useful for
screening sediments for potential contaminatien and for source
identification. Discussion should be added to the compendium to
help users identify reference sites for both approaches.

The Subcommittee recommends that the Sediment Triad and the
Apparent Effects Threshold (AET) approaches be cross- referenced.
The AET approach sheuld provide a full and balanced discussion of
its strengths and weaknesses. Additional comments were provided
on the AET approach in a Separate report (EPA-SAB-EEFTC-89-027,

August, 1989).

The Subcommittee recommends that EPA highlight the
International Joint Commission Sediment Strategy for its
conceptual strength in addressing the potential effects of
contaminants in sediment.

The Subcommittee did not identify any additional sediment
classification methods for inclusien in the compendium.



2.0 INTRODUQTION

The Compendiunm is essentially a synopsis of methods that can
be uged to assess chemically contaminated sediments. It contains
a brief description of each method, associated advantages and
limitations, and existing applications. It ig intended to serve
as a common frame of reference to assjist users in assessing
contaminated sediments and determining whether sediment
contamination exists to a degree that warrants an evaluation of

. heeds for further action. It should be noted that thesae methads

are not at an equal stage of development, and certain ones {(or
combinations) are more appropriate for specific management
actions than are others. The Compendium is not meant to provide
guidance on which methed(s) to apply for specific situations, nor
how they can be used together as part of a decision-making
framework.

2,1 BMMM&M&M

At the request of the Office of Water, the Science
Advisory Board (SAB) agreed to conduct a scientific review
of the Sediment Classification Methods Compendium. With the
approval of the Board's Executive Committee, the SAB's Ecological
Processes and Effects Committee authorized the formation of a
Subcommittee to perform a series of tasks related to the
technical aspects of sediment quality assessment and criteria
development,

2.1.1 Charge to the SBubcommittaee

This review is the third to be completed in a series of sSAB
reviews related to sediment quality wvalues. The first and
second reports of the Subcommittee presented recommendations
and conclusions concerned with the Apparent Effects
Threshold (AET) Approach and the Equilibrium Partitioning (EqP)
Approach respectively.

The Office of Water Regulations and Standards and the Office
of Marine and Estuarine Programs requested tiaat the Subcommittee
review the Compendium as an encyclopedia of sediment
classification methods, rather than & "how to" manual on
implementing the methods or as a technical defense of each
method., Specifically, the charge accepted by the Subcommittee
was to:

1) Identify any serious flaws in the methodologies, expand
the list of advantages and limitations, and evaluate whether
each methodology is portrayed appropriately as narrow or
broad usea.

2) Recommend alternative sediment classification methods.

3



and research areas,

3) Assess the robustness of each appraach.

2.2 3subcommjttee Revisw Procedures

The Sediment Criteria Subcommittee met on December 11 and
12, 1989, in Washington, DC, to begin its review of the
Sediment Classification Methods Compendium. Following the
meeting, members of the Subcommittee submitted evaluations of
individual chapters of the. compendium. Each evaluation included
an assessment of the charge. This report contains the advantages
and limitations that the Subcommittee believes were most
important for each method, including scme of those listed in the
Compendium. The Subcommittee did not identify any alternative
sediment classification methods for inclusion in the compendium
at this time.

2.3 Expaected Future Activities

Other sediment quality assessment methods, including methods
for assessing metal availability, are expected to be developed
and refined by EPA/OW's Contaminated Sediment Technical
Committee. Periodically, revised and new methods will be
submitted to the Sediment Criteria Subcommittee for review, prior
to the final draft of the guidance.

During the course of these critical evaluation processes, it
1s 1likely that areass for additional or future research will be
targeted. To facilitate the incorporation of these recommenda-
tions into EPA research planning, the Subcommittee may conduct a
review of the Office of Research and Development's proposed Sedi-
ment Initiative. The time sequence of these proposed events is
contingent on the completion by Agency staff.

PULN S MEN] ek ) Fid R E ¥

3.1 General description of the approach

The Bulk Sediment Toxicity Test Approach consists of
exposing test organism(s) to sediments. At the end of a
specified exposure period, the responsa(s) of the test organisms
is examined using several biological endpoints. Endpoints
commonly used include mortality, growth, reproduction,
cytotoxicity, alterations in development, and behavior. Results
are compared to control aud reference sediments to estimate
sediment toxicity. Test organisms routinely used in the Bulk
Sediment Toxicity Testing include amphipods, midges, polychaetes,
and oligochaetes. '



3.2 vantages of tha a roas

The major strength of the Bulk Sediment Toxicity Test
Approach is that it provides a direct meagure of toxicity of the
sediment assayed. It measures the combined toxicities of all
chemical contaminants that are available. By utilizing test
organisms that are in intimate contact with the sediments, the
test simulates exposure regimes experienced by sediment dwelling-
organisms., There exists a long history of using the method for
assessing the spatial distribution of sediment contaminants andg
in condug¢ting trends analyses.

The available bulk sediment toxicity methods are relatively
simple to perform and do not require expensive equipment nor
highly trained perseonnel. They are, however, relatively
expensive, because they are labor intensive.

3.3 £ 3 o a

The Bulk Sediment Toxicity Test Approach cannot be used by
itself to generate sediment quality values since the approach may
not always provide information on the causative toxic agent(s).
However, the method has been integrated into the Sediment Triad
and the Apparent Effects Threshold (AET) approaches which have
been used to develop numeric estimates of sediment quality,

While not a conceptual weakness, the Bulk Sediment Toxicity
Test Approach is limited by the relatively few species which are
available for testing., Control or referenca sediments are
clearly critisolly ‘v ortant to the quality of the toxicity
evaluation, but littla information is available on how to choose
them and on what characteristics are important. In addition, the
c¢ollection, preparation, and storage of the sediments may
influence the outcome of the test by causing the active chemicals
to be more or less biologically available.

3.4 Robustness of the approach

The Bulk Sediment Toxicity Test Approach is extremely robust
because sediment toxicity tests for certain spacias have been
widely used, methods are being standardized, and the data
interpretation of the results is understood.

3.5 Research recommendatjons

Research to expand the battery of both freshwater and marine
test species that can be used in the Bulk Sediment Toxieity Test
Approach is neednAd At present, there are only a limited number
of species available. This is particularly true for marine and
estuarine organisms, Methods are needad which better assess
chronic toxiecity and other effectr endpoints such as



reproduction, growth, teratogenicity or genotoxicity.

Appropriate sampling, hardling, and testing methods for sediment

to be used in the Bulk Sediment Toxicity Test Approach should be

determined. Improper sampling, handling, and storage of sediment
samples may complicate the interpretation of contaminant effects.

4.0 SPIKED SED

4.1 General descriptjon of the approach

This approach establishes relationships between sediment
contaminants and organisms by spiking sediments in the laboratory
with known concentrations of specific chemicals and exposing
organisms to those sediments. In that sense it is similar to the
conceptual development of water quality data. The approach can
be used with many different types of chemicals, potentially any
sediment, and a variety of toxicity testing methods. It is
assumed with this test that the chemicals and biota behave the
same in a laboratory spiked sediment as they would under real
world conditions, '

4.2 Advantages of tha approach

A major advantage of this approach is the potential to use
almost any combination of sediment and chemical. Since the
toxicity evaluation is conducted in the laboratory, it is
possible to add a wide variety of chemicals., Sediments from
diverse sources can also be used, including both marine and
freshwater. This is one of the few approaches that can
potentially address questions of chemical interactions
(Synergism, antagonism, etc.), although results from mixtures
with a large number of chemicals may be difficult to interpret.

Any of a number of toxicological metheds can be used to
assess the biological impact of the added materials. These can
include acute or chronic tests with a variety of endpoints
(mortality, growth, reproduction, cytotoxicity, respiration,
and/or alteration in development). Due to the controlled
laboratory environment, it may be possible to derive cause-and-
effect relationships from the data generated,

Many of the advantages of this approach are dua to the
control that the use of laboratory spiked sediments gives over
the parameters to be tested. This factor is alsoe the major
problem with the approach. The basic asgumption of the method is
that "laboratory results for a given sediment and overlying water
represent biological effects of similar sediments in the field,
and that the behavier of chemical.: in spiked sediments is similar
to that in natural jip gity sediments." This major assumption



has not been jus;ified. Real sediments contain mixtures of
materials that will be difficult to simulate in the laboratory
even if one knew the exact composition.

Major differences in serption properties of sediment-bound
chemicals have been reported depending on whether the chemical
was artificially spiked into sediment or occurred naturally
(Karickhoff and Morris (1985) and DiToro and Horzempa (1982)].
Slower desorption from "aged" spiked sediments may reduce
bioavailability of contaminants, and, hence, the toxicity of the
sediments. If the chemicals desorb more rapidly in spiked-
sediments tests, there may be an overestimate of the toxicity.
There are insufficient data to evaluate the magnitude of this
problem and whether it applies to all classes of chemicals and
all types of sediments. '

Taere are a number of ways to incorporate or spike chemicals
into sediments. Toxicity results will likely vary depending on
whether the chemical is added to intact sediments or a slurry
approach is used. Procedures for "aging" spiked sediments should
also be addressed. The document gives little guidance as to the
nature of the various choices to be made and their significance.

4.4 Robustness of a [=1. %]

The approach appears to be in an early developmental stage.
Assuming that the proper spiking and aging scenarios are
followed, the method would require effort that is equivalent to
the Bulk Sediment Toxicity Approach.

4.5 Recommendatjous

The spiked-sediment method is conceptually attractive
because controlled conditions can be used, specific chemicals and
mixtures assessed, and cause-effect relationships explored.
However, more data are needed on the influences of sediment aging
on sorption of spiked contaminants, Most of the testing has
involved acute toxicity tests; comparison using chronic and life
cycle tests need to be conducted. The extent to which the
approach can estimate effects from mixtures needs to be examined.

5.0 TOXIGITY IDENTIFICATION EVALUATIONS:
INTERSTITIAL WATER TOXICITY APPROACK

5.1 General description of the approach

This approach for assessing the toxicity of chemicals sorbed
to sediments is based cn the idea that once a sediment is
determined to be toxic to aquatic organisms the toxicity can be
linked to one or more chemicals., The chemical or chemicals
responsible for the toxicity a:s= then jdentified by taking bulk
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sediments and carrying them threugh various extraction or
fracticnation schemes which allow for separation of the chemicals
into chemical classes, such as Organics versus inorganics and
polar organlics versus nen-polar organics. This is accompanied at
each step of the fractionation procedure with an aquatic bicassay
to determine the toxicity of the separated class of chemical.
Subsequently, the specific chemicals within the class are
identified using specific analytical techniques for
identification of various chemicalg (e.q., HPLC, GC/MS).

3.2 Advantages of the apbroach

The advantages of this approach are that this is the only
method to date other than sediment spiking approaches which
describes a procedure for identifying classes of chemical agents
which may be responsible for the toxicity associated with a
particular bulk sediment. TIdentification of the causative agent
potentially offers the opportunity to apply corrective action to
either eliminate the source of the pProblem or to remediate the
sediment. Additienally, this method should be useful for
demonstrating that site remediation has been successful in
reducing the toxicity of the sediments to aquatic¢ life,

Additional advantages of this methed that may be proven with
time and usage of the method include: (1) suitability for a broad
array of sediment types; (2) suitability for many different
classes of chemicals; (3) suitability for predicting effects on
several different organisms; and (4) suitability for determining
the adequacy of point-source controls.

5.3 L

The state of development of this toxicity identification
evaluation (TIE) approach for sediments is in its infancy. There
are no peer-reviewed published papers at this time. Therefore,
the extent to which this method will become useful is yet to be
determined.

At the present time one would have to list "ease of use® as
a limitation for TIE procedures, both for sediment and waste
water. Only a few laboratories can successiully perform TIE
studies. One of the main reasons is that the methed requires a
high degree of skill, a multi-disciplined team, as well as state-
‘of-the-art analytical capabilities for identification of specific
chemicals.

Cost is also a limitation for this methodology. Since
expenses could exceed $100,000 for samples which are highly
contaminated. In some cases cost could be much lesz, but it is
clearly not a routine procaedura. However, in some cases the cost
of this analysis could be justified due to better data and hence

better remediation efforts.



The level of acceptance of this method for sediments may be
a limiting factor. There are a number of scientists who believe
that the interstitial water approach for measuring sediment
toxicity underestimates the potential toxicity of chemicals
sorbed to sediments. This is because the availability of
contaminants sorbed on particles is not taken into acgount. For
some species ingestion may be the primary route of chemical
uptake.

The methcd is scmewhat limited by tha fact that the sediment
interstitial water samples must come from the site of concern and
that a sufficiently large amount of sediment and water must be
collected and stored for extended periods of time. To insure the
integrity of the interstitial water, the sediment samples often
are processed on site. This increases the level of complexity
required for cbtaining sanmples,

There is no universally accepted method for collecting
sediment interstitial water from sediment nor is there any
consensus that the chemical properties of interstitial water
collected from laboratory or field sediments are the same as that
which exists in situ. Several of the steps in the TIE evaluation
can introduce chemical artifacts or contaminants which
necessitate the use of both positive and negative controls.

The approach is theoretically suitable for application to a
wide variety of organisms, but to date it has only been validated
using freshwater sediments and Pigephales promelas, Cerjiodaphnia
5p. and Daphnja magna. Although other organisms can be used, a
significant amount of baseline data is needed for these other
species (e.g., bew mich methanol, EDTA, or thiosulfate can be
tolerated?, what is the background control mortality?).

5.4 Robugtness of the approach

The information presented is bagically sound. However the
method is in an early state of development. Most of what the
authors have presented is speculation about how the method should
perform and how it could be used for various sediment assessment
purposes. The comments, to a large extent, are based on data
developed for wastewater TIEs and there are only a few
laboratories that have successfully performed these tests. The
application of these same wastewater procedures to sediment
interstitial water has been performed at only one laboratory to
date. Therefore, it is premature to draw conclusions as to their
ease of use or direct application for sediment interstitial water
samples. This is because humic and fulvic acids, asz well as
other substances that could bind materials in sediments, present
special probleme “hat till have to ba overcoma.

It appears to offer a useful tool for evaluating sediment
toxicity. This method should not be presented as one which is

9



ready for use, but rather as one that is being considered for
future development because it dppears to be very Promising.
Sections 2.2,2.3 ang 3.1 should be rewritten to reflect this
viewpoint.

as those chemicals that cause toxicity in the sediment", In
addition toe this assumption, it should be mentioned that the
current procedure measures acute toxicity to a Surrogate sadiment
organism (Cerjodaphnia £R.) and it is assumed that this organism
is as sensitive or more sensitive than representative sediment-~
dwelling organisms, This method also implies that the chemicals
causing acute toxicity will cause chronic toxicity. This
pProbably is not the cage,

In applying this method for in-place pollutant control
(section 3.1.4) the authors have crossed the line betwean using
interstitial water for identifying the toxie compeonent and using
interstitial water toxicity tests as a way of controlling and
monitoring pollution. The thrust of the pPresent paper is not
aimed at demonstrating that an interstitial water toxicity test
is the best approach for monitoring sediment toxicity, but only
that it appears to be the best for toxicant identification.

This approach is described as being suitable for source
control. This may or may not prove to be true depending on cost,
ease of use, reliability, etc., all of which have yet to be
determined. It appears to be useful to identify toxic components
in sediments.. CC.ouo zore simple toxicity procedures may be more

5.5 Recommendatjongs

The title of this method could be changed to be more
descriptive of tha procedure described. The existing title
( } would lead one to believe
that this is a sediment classification method based on an
approach similar to the Equilibrium Partitioning Approach. what
is really described im a sediment toxicity identification methed.
The title could be modified to read:

It is recommended that additional research be done to
evaluate the applicability of TIE Procedures to sedinents.
Initial research efforts need to concentrate on: developing the
necessary separation steps for sediments, developing several
sediment interﬂtf*ial‘bfoassays, and publishing data sets for
Several different sediments and different chemicals.

It is difficult to assess s'nergistie and antagonistic
1o



interactions in TIE procedures. A large amount of data now
indicate that synergisp rarely occurs in acute toxicity test with
aquatic organisms, Statements relating to antagonisms and

Synergism are pure speculation and should be dropped.

The authors should acknowledge that othar TIE schemes exist
(e.g., Doi and Grothe, 1988) and that a successful TIE sometimes
requires the use of more that one method.

€.0 EQUILIBRIUM PARTITIONING APPROACH

6.1 Gane aso ¢ -}

Equilibrium Partitioning (EqP) is a method which predicts
concentrations of chemicals in pore water from the concentrations
sorbed to sediments. It isg assumed that hydrophobie chemicals
partition to the organi¢ carbon portion of the sediment and that
the racio of chemicals between organic carbon and pore water is
approximated by the n-octanol-water partitioning coefficient.
Therefore, if one knows the fraction of organic carbon in the
sediments, the n-octanol-water partitioning coefficient, and the
"safe" level for a chemical in water, one can calculate the
2cceptable concentration of the material in sediment.

6.2 Advgntggeg of tha approach

The method reliez on a fundamental chemical parameter,
fugacity. The n~octanol-water partitioning coefficient (K,,) is
rather easily measured, and therefore, these data are often
available for given chemicals. When a concentration of a
chemical is known in one medium, such as sediment, the
concentration can be predicted in water, within certain
confidence limits and subject to some restrictions. The methed
reduces the amount of analytical work necessary and thus provides
a quic¢k and relatively easy method to make preliminary estimates
of concentrations in interstitial water. This, when compared to
water quality eriteria concentration, forms a hasis for
estimating whether the surrounding sediment concentrations are of
suitable quality. o

6.3 Limitations of the approgeh

There is great lack of understanding of the uncertainties
associated with the basic assumptions used in this approach. For
instance, does all Sediment organic carbon sorb/desorb
hydrophobic chemicals equally? How well does tha octanol-water
partitioning coefficient approximate the sediment partitioning
coefficient normalized to organic carbon? 1Is the only
kbiologically available fraction of a hazardous chemical that
which is dissolved? There ara only a limited number of water
quality criteria available for contaminants associated with
sediments. Sediments in the field may not be in equilibrium.
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The availability of compounds associated with sediment may be
controlled by Xinetics rather than partitioning. These and other
limitations have been presented in a previcus Science Advisory
Board evaluation of this method (EPA-SAB-90-006, 1990). Without
a better understanding of these uncertainties, the accuracy and
precision of the method will remain in doubt,

6.4 Robust S of ¢

The usefulness of the approach will be limited by three
factors., The first, as mentioned above, relates te the
uncertainties inherent in the agsumptions. The second is that
the method, as presently proposed, should relate to water quality
criteria or other well-documentad Protective dissolved levels of
chemicals. There are very few of these for chemicals associated
with sediment. The third limitation is that the method, as
constructed, is not intended to evaluate effects from complex
mix:iur:s of contaminants sorbed to sediments.

6.5 Recomm tio

The uncertainties in all of the assumptions used in
determining the EgP should be determined along with thae
probability of cumulative errors in each step of the
calculations. validation experiments should be conducted using
natural or spiked sediment to determine the influence of aging on
the biclogical availability of chemical(s) in question. These
and other recommendations concerning needed research and
validation exercises are given in the previously mentioned
Science Advisory Board review (EPA-SAB-EPEC=90-006) .

7.0 TISSYE RES,DUE APPROACH
7.1 General description of the approach

The Tissue Residue Approach involves determining
concentrations of contaminants sorbed to sediments above which
the associated biota will contain unacceptable tissue residues,
Key to success of the method is the determination of acceptable
tissue concentrations. Two bagic approaches can be used to
determine these levels. One is to establish Maximum Permissible
Tissue Concentrations (MPTC) for an organism at the chronic water
quality criterion concentration. An assumption that is made in
this approach is that body burden of a contaminant is correlated
to a toxic effect. Once this number is knoewn, calculations to
determine acceptable water concentraticns resulting from sediment
levels (e.qg., tha Equilibrium Partitioning approach) can be made.
Field observations which compare tissue residues to associated
sediment contaminant concentrations can also be used to derive
sediment quality .aiies,

Another approach to determining an acceptable tissue
concentration is to use a human h.alth Action Level or Tolerance
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Level for a contaminant ip freshwater fish or in seafood and
back—calcu;ate the level in sediment that would result in thess
concentratlions.

The linkage between tissue residues and associated sediment
concentrations can be approximated through either site-specific
observations, equilibrium partitioning modeling, or
pharmacokinetics-bioenergetics nodeling.

7.2 2Advantages of the approach

There are a number of advantages to this approach if
Properly executed and validated. One is that, in many cases,
direct field observations can be made to relate sediment and
tissue concentrations. For example, kepone concentrations were
found in the James River sediments and correlated to
concentrations in fish and shellfish inhabiting the river. In
such a case, the methodology does not require a knowledge of
bicavailability relationships, because the organisms have already
integrated all the variables. cCare must be taken, however, to
properly interpret the tissue residue data relative to spawning
cycle, time of year and migratory patterns. For instance, should
tissue residues be measured immediately after spawning, total
body burdens of lipophilic chemicals which had concentrated in
the eggs, would be less than before spawning. "“Acceptable
sediment levels" based on these post-spawning measurements may
not be appropriate for pre=-spawning conditions.

There is greater uncertainty generated when
pharmacokinetics-bioenergetics modeling is used. fThis is because
of uncertainties associated with the assumptions used in the
medels. For the same reasons, there are uncertainties inherent
with the use of equilibrium partitioning medels to back-calculate
acceptable sediment levels.,

7.3 Limjitations of this Approach

The approach works best for acuatic ecosystems that are
close to steady state. The fact that some chemicals are
metabolized to substancas of higher toxicity, and that such
transformations must be recognized for the approach to be valid,
is acknowledged in the Compendium. One limitation that needs to
be documented is the fact that our data base and understanding of
the relationship between body burden and toxicity is virtually
non-existent., While this may be less of a pProblem if one uses
species for which tissue residues have been measured at the
chronic water quality concentration, extrapolation to other
species is extremely risky.

The document does not adequately address which tissues are
most appropriately used. This aspect needs further expansion.
The ability of the method to assess effects of complex mixtures
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in sediments should also be better explained.

There are real-world examples which support the utility of
this approach. There is also research which shows that
laboratory derived bioconcentration facters and depuration rates
are not always the same as those observed in the "real-world,"
Therefore, extreme caution must be used when applying this method
without field validation. This is an area deserving of more
research effort.

7.4 Robustness of the Approach

The method has been used in the field and had been shown to
be effective. A major advantage is realized when correlations
between sediment contamination levels and tissue concentrations
can be made in the envirenment. Such relationships derived in
the laporatory have greater uncertainties which carry over to
sediment quality values thus derived.

7.5 Recommandation

It is recommended that this method be considered by the
Agency for further development as a major tool in assessing
sediment quality. Research should be supported to better define
the relationships between tissue resides and toxicities. Should
a mechanistic understanding be obtained, the method will have a
mich broader applicability.

This is an integrated approach which utilizes sediment
chemistry, sediment toxicity, and benthic macroinvertebrate
community structure and function to evaluate sediment quality, in
a manner similar to the approaches now used to evaluata surface
water quality. The community structure and function of benthic
macroinvertebrates are used extensively to evaluate water quality
and characterize impacts in lotic and lentic freshwater
ecosystems. Benthic macroinvertebrates inhabit or depend upon
the sedimentary environment for their various life functions,
therefore, they are sensitive to both long-term and short-term
c¢hanges in sediment and water gquality.

The structural assessment relatas to the numeric taxonomic
distribution of the community, and the functional assessment
involves trophic lavel and morphological aspects. The proposed
methodology addresses tie specific benthic community assessment
methods that are available, or being developed, to complement the
chemical and toxicolegical portions of this sediment quality
asgessment. L :
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(a) identification of the quality of ambient
Sites through a knowledge of the pollution
tolerances and life history requirements of
benthic macroinvertebrates,

(k) comparison of the quality of reference (or
least impacted) gsites with test (ambient)
sites, and

(c) determination of spatial gradients of

8.2 dvant 8 of tha a oag

Perhaps the main advantage of using a variety of benthic
macroinvertebrate measures is that, in many c<ases, it can provide
an eéconomical and useful indication of the comparative health and
well-being of the specific aquatic écosystem under study.

A real advantage is that it provides a direct observation
rather than theoretically derived data, 2 natural real-world mix
of benthic macroinvertebrateos may be more useful than a standard
list of species for A generalized bioassay or other laboratery
evaluation. Benthic macroinvertebrates provide substantial

brovide,

The sampling Strategies outlined should detect spatial
differences and temporal trends, These will assist in the
overall process of detecting, quantifying, and attributing the
source or cause of change or, also important, the lack of change.

analysis is required ag well as the level and type of effort
needed for other laboruintensiva, long-duration, and expensive
physical or chemical sampling, analyses, or modeling efforts.
Full quantitative sampling is not needed to determine the
relative abundance of the various spacies of benthic

Benthie community assessments can help determine whether
sediment quality is impairing the designated uses and biotic
integrity. ‘
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8.3 tationsa or ¢ a o8

Benthic macroinvertebrates will be effective in helping to
indicate in-place pollutant control needs through site-specific
knowledge of surface water quality, habitat quality, and sediment
¢hemistry and toxicity, Optimal use of benthic
macroinvertebrates may be as part of an integrated approach as
described. But the benthic macroinvertebrate data may well be,
in some instances, more quantitative, more valid, and less
Suspect than other sediment toxicity or contamination assessment
nethods included in the compendium,

One limitation is thé difficulty in relating the findings to
the presence of individual chemicals and specifie concentrations
of those chemicals for numeric in-place pPollutant management.
However, this is a problem for many of the metheds available to
estimate sediment quality.

By itself, this method should not be used to generate
chemical-specific values in situations where there are multiple
outfalls or a number of pollutants becayse multiple sources or
peculiar depositional or flow patterns may make interpretations
difficult. In some less complex situations, it prebably could be
the basis for remedial actions; but in all cases analysis of
benthic macroinvertebrates can be extremely helpful.

It must be realized that low community diversity can be
caused by factors other than water quality impacts including
Seasonal differences, poor habitat which may result from an
influx of clean nen-toxic inorganic soil, or from some other
physical perturbation, Comparisons should be mada among benthic
communities inhabiting similar substrates since different
organisms will inhabit different types of substrate.

8.4 Rob

Benthic organisms ara holistically integrating all of the
environmental perturbations which are occurring. Such
integration is ideal for assessing the overall condition of a

circumstances whera Sources or inputs of contaminants are limited
and gradients can ba established. 1In other cases, cause-and-
effect relationships may be more difficult to determine. For
instance, navigational dredging projects are most coemmonly found
in highly industrialized or urbanized areas which have a wide
variety of perturbations, and navigation itself is a form of
perturbation. The physical effects of traffic and of repeated
dredging in a channel may eliminate or severely reduce the
kenthic fauna, particularly in navigation channels.

Likewise, water quality contaminant impacts from outfalls,
thermal discharges, surface runoff, and a host of other
perturbations may completely confound any effects of sediment
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contaminants. Further, it must be remembered that the method is
a "snapshot in time" and the organisms present are representing
the events, and bparticularly the extreme events, which have
occurred over some period of time.

The method can yield two results, Either a healthy fauna
will be found, in which casa noe further action is required, or
the fauna will not be healthy. 1In the latter, if the cause is
unknown, bicassays may be necessary to separate physical effects,
water-column effects, or episodic events. Bioassays might bast
be used instead of benthic community assessments.

8.5 Racommendations

Benthic macroinvertebrates alone can ba used to screen for
potential sediment contamination and source identification by
disvlaying spatial gradients in community structure, but they
shuuld not normally be used alone to definitively determine
sediment quality or develop chemical-specific guidelines.

It is probably true that a benefit of reducing compleyx
benthic community measurements to a single number was that it
could be used by non~bioclogist decision-makers. It is still
important for scientists to ba very sensitive to the needs of
decision~makers and to provide them with appropriate output or
results that will be useful in making the sort of decisions
facing them. Some discussion should be provided that would help
users balance the desirability of providing one or several
numbers,

The Marine Benthic Community Structure Assessment Approach
involves a field survey that includes replicated sampling at
stations; sorting and identification of the collected organisms
to the lowest possible taxa; anpd analyses of species richness,
number of individuals, diversity, and sometimes biomass. Results
of field surveys are interpreted by comparisen to reference
stations (sites) which are (should be) ecolomically similar.
Effects of sediment physical/chemical pProperties are also
integrated into data interpretations.

9.2 Advaptages of the approach

The Marine Benthic Community Structure Assessment Approach
can directly assess sediment quality since it provides an
empirical determination of the benthic community present in a
sediment sample. When compared to reference {uncontaminated)
sites, the effects of sediment contaminants on benthic organisms
can be determined. It provides a direct in sity assessment.
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9.3 im o *] oa

The Marine Benthijc Community Structure Assessment Approach
Can not be used by itself to geérerate numeric sediment quality

However, the method can be integrated inte several other
approaches (i.e., the Sediment Triad and AET) to develop numeric
sediment valueg, Benthice community structurae ig impacted by a
variety of factors other than the Presence of chemical
contaminants in sediments, Interpretation of Marine Benthic
Community Structure Assessmant resultsg mist include consideration
of the influence of abiotic factors Such as substrate type angd

quality.

Conducting benthice Surveys can be expensive and require high
levaels of taxonomic exXpertise, Frequently, available resources
limit the design of studies and statistical pPower is low due tg
insufficient replication.

9.4 obu 88 of + oaa

measure of the environmental effects of pollutants and is an
extremely robust method., In general, the comments in this
section apply equally to marine or freshwater benthic community
assessments,

9.5 Recommendations

Criteria need to be developed to identiry reference sites to
be used in the Marine Benthic Community Structure Asgessment.

10.0 ﬂmﬂmﬂuxm:mﬂmﬂ
10.1 mm:;;mun

In the Sediment Quality Triad Approach, chemical analyses of
sediments, studies of the baenthje infaunal communities, and
laboratory bioassays of sediments are used to Provide a
qualitative and mimerical description of sediment quality. The
major emphasis hag been on an integrated qualitative description

The Sediment Quality Triad Approach has many similarities to
the AET Approach, in that both methods ysgae sediment chemis;ry
data, an assessment of benthic infauna, ang sediment toxicity
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The Triaq Approach develops "ratios tg reference" (RTR)
values and combinesg these in a matrix or in diagrammatic form to
illustrate the degree of divergence from the selected reference.,

The pattern of divergence is used as an aid in the interpretation
of the significance of the data.

10.2 Advantages

The major strength of the methed ig that it can deal with
interactions of conponents in the types of mixtures that are en-
countered in a Spegifie logality., The method integrates chemical
studies, benthic population studies, and laboratery bicassays,

The method offers an integrated appresach to prioritizing

areas of sedimentary contamination within a single geographic
region.

10.3 Limitations

The major weakness of the Triad method is its site-
specifie nature. 1n addition, the Triad metheod does not
establish causal relationships betwean specific contaminant

10-4  Robustness of the metpoq

Conceptually, within its limitations, the method is robust.
The reliability of tha individual Triag pricritizations is

strongly influenced by the quantity and quality of the data
available for integration. :

10.5 Recommendations

The section on the Triad Approach is well written. The
write-up of the Triad method should make more explicit references

to the AET approach, briefly indicating similarities and
pertinent differences.
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11.0 APPARENT EFFECTS THRESHOLD APPROACH

11.1 gGeneral] desecription of t approac

For the Apparent Effects Thresheold (AET) approach,
biological data (e.q., benthic community structure or laboratory
bicassays) and chemical analyses of contaminants in sediments
are used to develep sedimentary concentration limits for
specific contaminants,

The AET Approach has many similarities to the Sediment
Quality Triad Approach, in that both methods use sediment
chemistry data, an assessment of benthic infauna, and sediment
toxicity studies. The methods used for the analysis of the
resulting data and their interpretation in these two methods
differ.

The AET method was originally developed to evaluate
conditions in Puget Sound on the basis of an extensive data set
that was available for that region.

This method received extensive evaluation by EPA's Science
Advisory Board (SAB), and the reader is raferred to the report
of the SAB Subcommittee on Sediment Criteria ("Evaluation of the
Apparent Effects thrashold Approach for Assessing Sediment
Quality" SAB-EETFC-89=-027, July, 1989) for their
evaluation.

The AET method. is based upon an assessment of the
concentrations o¢ ' -zally encountered contaminants and identifies
those concentrati.ns that are associated at some confidence
level with decrements of benthic biota. Field data may be
augmented by laboratory toxicity screening tests (e.q.,
bacterial bioluminescence, amphipod mortality, and developmental
abnormalities in oyster larvae). The AET method can establish
sedimentary quality values on the basis of benthic infaunal
changes, or on the basis of laboratory toxicity data derived Erom
sediment samples, or on some combination of both field and
laboratory data.

11.2 8trengths of this Method

The major strength of the method is that it can deal with
interactions of components in the types of mixtures that are en-
countered in a specific locality. Effects measured in the field
as well as in tha lakoratory can be accommodated by the methed.

The AET methed can be particularly advantageous when nany
environmental samples are already being collected as part of
other program needs. ' '
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11.3 Lim s t Mathoa

The major weakness of the AET method is its
site-specific nature, AET values developed for cne location
cannot be readily exported to other sites without repeating
most of the field and laboratory analyses for the new location,
so that the interactions of the various chemicals in the new

. sediments on the biota could be determined. 1In addition, the AET

method does not establish causal relationships between specific
contaminant concentrations and observed adverse effects, Non-
protective AETs could be generated if biological results were
incorrectly classified. By definition an AET can only increase
with additienal non-impacted (e.9., incorrectly classified) data.
It also requires a large data base and is therefore costly,

11.4 Robustness of the method

Conceptually, within its limitations, the method is robust.
The reliability of the individual AET values is strongly
influenced by the quantity and quality of the data available for
their derivation,

11.5 Recommendations

The presentation of the AET method needs to be revised.
Most of Chapter 10 deals with the history, derivation, and
potential uses of the AET method. The discussions of the AET
method should make reference to the Sediment Quality Triad
Approach, briefly indicating similarities and pertinent
differences. 1In an earlier evaluation of the AET method, this
Subcommittee recommended that EPA use the AET method in
combination with other approaches and that the AET approach could
be strengthened by using replicate sediment samples, devising
criteria for selecting referenca sites, including considerations
of physical factors, and developing measures of variance.

12.1 General descrjption of the approach

The approach developed by the International Joint Commission
(IJC) for the assessment of contaminated sadiments in tha Great
Lakes differs significantly from the other approaches c¢ited in
the "Sediment Classification Methods Compendium.” The approach
emphasizes strategy rather than methedological details. The IJC
method is focused on large-scale problems and considers the cost-
effectiveness of the initial studies. The major concerns are the
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potentials for bhiclogical effects and bioconcentration, The
strateqgy employs chemicgal, pPhysical, and biological approaches to
define the qualitative and quantitative saverity of an impact.
The strategy is comprised of a series of data-gathering
activities: physical mapping, including benthic communities:
laboratory bioassays: and characterizing sediment dynamics, which
may be important in developing remedial options.

12.2 strengths of this Approach

The major strength of the method is the recognition of
the need for a strategy to attack a seriesa of problems that may
range from the small to problems of major extent. The IJC
approach clearly recognizes the need to reconcile the costs of
the investigation of sedimentary quality with the costs of any
remedial actions, and provides general guidance for a threshold
for irvestigating sediment associated problems. In addition,
the 1IJC approach recognizes the need for using multiple avenues
to demonstrate the extent and depth of the problem.

12.3 Limjitatia ] g A

The method has the earmarks of a procass developed in
a4 conference room, rather than being developed in accordance
with field experience. The magnitude of required data for Stage
I is irreconcilable with a strategic approach that would
sequence a reconnaissance investigation with a more descriptive
investigation, followed by a detailed investigation targeted at
remediation, followed by a compliance investigation during and
after the remediation process, Furthermore, the strategy for
Stage I combinres acpacts that are extremely specific (e.g., the
analysis of phosphorus) with aspects that are poorly specified
(e-g., benthic community structurae). Ideally, the initial
reconnaissance studies should be the least expensive, the most
general, the most inclusive, and the least definitive. This is
clearly not the case for the IJC method, where stages I and II
are the most expensive.

The specifications for additional phases and stages vary
considerably in the general quidance and spezificity of
instructions that are provided. -

The discussion of the IJC method in the Mathods Compendium
needs to hbhe improved with ragard to any distinction between
stages and phases in the methodology.

12.4 Robustness of the avvroach

The IJC method is fragile., It has not been proven in the
assessment of actual environmental conditions. Navertheless,
certain aspects of this methodology deserve their generalized
incorporation into any comprehensive methodology. Thus, this



A

overall strategy for dealing with contaminated sediments is so
valuable that it should be incorporated into all methodologies
associated with the evaluation of sediments. Although the IJC
method was designed specifically for the Great Lakes, its
present methodology is so general +hat it can be applied
globally; the only exceptions to this may be the emphasisz of
the Great Lakes method on bioconcentration and on finding
tumors in fish. However, these latter two issues may well be
sufficiently important that they should receive priority

..~ treatment for the evaluation of sediments in other localities.

Many of the specific methodologies cited as part of the IJC
approach have also been cited previously as part of other
approaches, especially in the Sediment Triad and the AEsT
methodologies,

12.5 aco at

Regardless of the shortcomings of the iJ¢
methodelogy, the «<cncept of using a strategy to attack this
complex problem has a great deal of merit. It is important that
the concepts of IJ¢ strategy be incorporated into the
resolution of all complex approaches on the potential effects of
contaminants in sediments.

A, The Subcommittee finds that the Compendium is scientifically
acceptable for its intended use and encourages EPA to expand the
introduction with references and discugsion for sample collection
and handling, quality assurance/quality control, tiered
approaches for mixtures of chemicals, and data analysis. The
Subcommittee alsao Suggests that EPA add a table to the Compendium
that summarizes information on the status and relative costs of
each method. The status information could include relevant and
comparative information on: the number and type of species
tested, site specificity, field validation, and the availability
of an uncertainty analysis for each method.

B.  The Subcommittee recommends that EPA conduct research to
expand the bhattery of freshwater and marine species that can be
tested in the Bulk Sediment Toxicity Test Approach. For all
approaches, protocols should be developed for handling and
collecting samples, for sample storage, and basic gquality
assurance procedures. This could be added as introductory
material to the Compendium or published as a separate document.
Additional test methods ars needed to assess other endpoints,
such as chrenic toxieity and teratogenicity.
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D. The Subcommittee recommends that EPA revise the discussion
of the Interstitial wWater Toxicity Approach te emphasizea its
strengths for identifying sediment toxicity., Additional research
should be performed to evaluate the applicability of the TIE
Procedures to sediments.

E. The Subcommittee reiterates itg recommendations from an
earlier review of thae Equilibrium Partitioning approach (EPA-sSaB-
EPEC-90-008, February, 1990). fThe compendium should caution
users of this method to exprese the uncertainties in tha
assumptions and to avoid cumulative errors in the calculation of
the partition values. The availability of compounds associated
witn sediment may be controlled by kinetics rather than by
Partitioning. The possible influence of kinetics should be
considered when the equilibrium partitioning approach is used to
establish sediment quality values.

F. The Subcommittee recommends that the EpaA consider further
development of the Tissue Residue approach which has the
potential to be used as a majer tool in assessing sediment
quality. The method could have even wider applicability if
research could define the mechanisma of partitioning in the "real
world" and the relationship between tissue residues and toxicity,

G. The Subcommittee recommends that the Freshwater and Marine
Benthic Macroinvertebrate Community approaches be used to screen
for potential sediment contamination and source identification.
Discussion should be added to the compendium to help users
balance the desirability of pProviding one or saeveral numbers, and
guidance should ba addaed to identify reference sites for the
Marine approach.

H. The Subcommittee recommends that the Sediment Triad and the
Apparent Effects Threshold (AET) approachaes should be cross-
referenced. Additional comments were provided on the AET
approach in a separate report (EPA—SAB-EEFTC-89-027, August,
1989).
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