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Dear Ms. Browner:

At the request of the EPA Office of Water, the Ecologica Processes and Effects Committee
(EPEC) of the Science Advisory Board (SAB) met on April 6-7, 1999 to review the Agency’s
proposal for assessing the bioavailability and toxicity of metasin surface waters and sediments. In
addition to its current water quality criteria, the Agency has worked with outsde researchers to develop
the Biotic Ligand Modd to predict the acute toxicity of metas to aguatic organisms and has devel oped
sediment qudity guiddines based on the Acid Volatile Sulfide (AV'S) approach. The Committee's
comments on the Biotic Ligand Mode are contained in acompanion SAB document (EPA-SAB-
EPEC-00-006). The focus of the present report is on the AV S-based sediment guidelines and on
other aspects of an integrated approach to the management of metasin the aquati¢/sediment
environmen.

It has long been recognized that contaminated sediments can cause adverse effects even where
waters are meeting water-quality based criteria. Asaresult, the Agency has been working to develop
sediment quality guidelines that can be gpplied in conjunction with water qudity criteriato protect
human hedlth and aguatic life. The SAB strongly supports the Agency’ s development of sediment
qudity guiddinesto fill thisexiging gap in environmenta protection.

The gpproach that the Agency has selected for developing sediment guidelinesis based on the
theory that chemica equilibrium principles can be used to predict the partitioning of sediment
contaminants among the sediment phases (e.g., minerd sediments, sediment organic carbon, and
interdtitial water). The Agency has sponsored work demondtrating that when the concentration of acid-
volatile sulfide, abinding agent for metals in sediments, exceeds that of Smultaneoudy extracted metd,
metals toxicity is not observed. The Agency has aso presented data on the observed relationship
between meta's concentrations in sediment intertitiad (pore)



water and toxicity. The proposed sediment guidelines for metas mixtures rely on these two
components to predict which sediments are " unacceptably contaminated” with respect to metas.

In the attached report, the Committee reviews the overall approach being proposed for
sediment guiddines. We commend the Agency for developing an important body of scientific work
with broad practica application and for developing a powerful predictive tool thet is suitable for usein
sediment assessment. The Committee aso, however, provides advice regarding the appropriate use of
the AVS method in the fidld and discusses some important limitations of the method, many of which
were outlined in a1995 SAB review of the subject. Recognizing these limitations, the Committee
recommends that the language in the Guiddines Statement be refined.

The Committee supports the Agency’s quest to integrate approaches to management of surface
waters and sediments. In the attached review, we suggest possible refinements to the array of tools that
the Agency is developing for this purpose.

The Committee has appreciated its long working relationship with the Office of Water on the
important topic of sediment qudity guideines and hopes that the attached report will contribute to the
development of scientificaly defensible guiddines. We look forward to areply from the Assistant
Adminigtrator for Water.

Sincerdy,

/sgned/
Dr. Joan M. Daisey, Chair
Science Advisory Board

/Sgned/
Dr. Terry F. Young, Chair
Ecologica Processes and
Effects Committee
Science Advisory Board



NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramura scientific information and advice to the Adminisirator and other
officias of the Environmenta Protection Agency. The Board is structured to provide baanced, expert
assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other agenciesin the
Executive Branch of the Federd government, nor does mention of trade names or commercid products
congdtitute a recommendation for use.

Digtribution and Availability: This Science Advisory Board report is provided to the EPA
Adminigtrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epa.gov/sab). Information on its avalability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additiona




copies and further information are avallable from the SAB Steff.
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1. EXECUTIVE SUMMARY

The Ecologica Processes and Effects Committee of the Science Advisory Board met in April
1999 to review the Agency’s proposed approach to assessing the bioavailability, and hence toxicity, of
metdsin sediments. The gpproach, which is based on equilibrium partitioning theory, assumes the
bioavailable fraction of tota sediment metas to be the difference between the Smultaneoudy Extracted
Metd (SEM) and the Acid Volatile Sulfide (AVS), abinding factor for metdsin sediments. The
Agency aso presented recent work demondtrating the utility of normalizing the SEM-AV Sto fraction
organic carbon in the sediment. The Agency proposes that the SEM-AV S approach be incorporated
into sediment quaity guiddines for amixture of metals (cadmium, copper, lead, nickd, slver, and zinc).

The Committee commends the Agency for developing an important body of scientific work with
broad practica gpplication far beyond the specific subject of sediment assessment guiddines. The
SEM-AV S methodology is soundly grounded in chemica theory and has been verified by awide range
of convincing acute toxicity studies. Recent studies of longer-term effects, including chronic toxicity
sudies, have added substantialy to the body of evidence suggesting that organisms will not be
adversdly affected by metds when SEM-AVS< 0. Additiona work regarding the influence of organic
carbon on meta biocavailahility has alowed the Agency to further refine the method. In short, the
SEM-AV S methodology provides a va uable addition to our understanding of the biocavailability (or
lack thereof) of metalsin certain sediments. It is aso a powerful predictive tool, suitable for
incorporation into sediment assessment guidelines.

For dl of its merits, however, the SEM-AV S methodology aso has limitations: fird, it is ill
unclear whether adverse effects on biota are necessarily prevented when AV S exceeds SEM; and
second, environmenta conditions in many locations will be unsuitable for SEM-AV S use because
underlying assumptions of the approach will be violated. For example, AV S does not persst in aerobic
conditions, whereas the oxidized zone is where most Species concentrate ther interaction with their
environment. For these reasons, the Committee recommends that SEM-AV S be incorporated into
sediment assessment guiddinesin away that assures that SEM-AV S will continueto be used in
conjunction with other assessment tools to characterize the safety of sediments, rather than being used
asadand-donetest. The SEM-AVS method may be particularly useful to prioritize Stes requiring
attention and to explain Stuations when bioassays show alack of toxicity even though meta
concentrations in sediments are high.

The Committee strongly recommends that the Agency now turn its attention to the appropriate
gpplication of SEM-AVSin the field and theresfter to other methods of assessing sediment quadlity that
can be used when SEM-AV S cannot. To facilitate this effort, the Committee provides the following
gpecific observations and recommendations:



b)

d)

The SEM-AV S methodology relies on the observed correlation between toxicity and
metals concentrations in the interdtitial water under certain chemica conditions. It does
not consder explicitly the role of dietary exposuresto metds. The Committee
recommends, therefore, that the Agency begin at the earliest possible date to assess the
currently available literature on the importance of dietary exposure to meta uptake
(particularly for cadmium, silver, copper, and zinc) and that the Agency dso initiate
studies that evduate the significance of dietary uptake compared to SEM-AVS
predictions of metal exposure and effect. These studies are required to determine
under what circumstances AVS-SEM can most accurately be used as a "no-effect”
test, as the Agency envisons.

Bioaccumulation of metals occursin circumstances where the SEM-AV S methodol ogy
would predict no effect. The potentid adverse effects of this bioaccumulation on the
organisms themselves is uncertain at thistime; adverse effects of bioaccumulated metals
on consumer organisms dso may be sgnificant. The Committee therefore would like to
re-emphasize the importance of incorporating biocaccumulation measures, particularly
the effects on consumer organiams, in the Agency's overadl sediment assessment
approach.

The SEM-AV S methodology is based on equilibrium partitioning theory which, in turn,
assumes a steady-date system in which chemistry can be used to predict bicavailability.
In nature, however, sediments are not steady-state systems and exposure of organisms
to metas (as wdll as adverse effects) is influenced by biologica and ecological
processes. The SEM-AV S predictions of toxicity should be verified for a greeter range
of test organisms, representing a more complete range of behaviors and functiona
groups. Thiswork can be undertaken in conjunction with the studies recommended in
(a) above, that would investigate exposure of organismsto metas via sediment
ingestion (particularly targeting organisms whaose behavior and ecology maximize their
exposure in the fied).

Accurate characterization of SEM and AVSinthefiddisas essentia asit is complex.
Because sediments are so variable in both space and time, using the right sampling
protocolsis just asimportant as using the right toxicity test protocols. Recognizing that
any sampling strategy must be both practica and affordable, the Committee
recommends that the Agency investigate and then provide clear guidelines for assessing
SEM and AV Sthat consider the biologicdly active zone (e.g., the vertica distribution
of organiamsin the sediment) aswell as tempora and patid varigbility (including
vertical and horizonta gradients) of sediment chemica parameters..

There are many sediments for which the SEM-AV S methodology does not apply. In
addition to aerobic sediments, these include anaerobic sediments whose redox



conditions are likely to change as aresult of, for example, seasond changes, periodica
exposures associated with tidal fluctuations, or resuspension during storms, floods, or
dredging operations. The Committee recommends that these limitations be
incorporated into the sediment guidelines to assure that the SEM-AV S methodology is
not mistakenly used whereit is ingppropriate.

f) While the draft "Equilibrium Partitioning Guideines (ESG) for the Protection of Benthic
Organisms’ incorporates cavests with respect to most of the concerns above, the
Committee suggests that these be emphasized to a greater degreein the find
"Guidelines Statement” (pp. 1-108, 109), to help assure appropriate use of the SEM-
AVS method. For example, the circumstances in which the SEM-AVS method is
clearly ingpplicable could be explained in the initid paragraph of the Guiddines
Statement. In addition, it would be ussful to eaborate on the statement that the ESG is
not designed to protect organisms from sediment ingestion or ingestion of contaminated
benthos and refer to a discusson within the document that assesses the reletive
importance of these exposure pathways under a variety of conditions.

Findly, the Committee notes that the format of the Guideines Statement is reminiscent of a
water quality criterion (generaly used as a necessary and sufficient test of designated use protection).
For example, the guidelines states that if the SEM-AV S component is violated but the IW component
is satisfied, “then the sediment meets the guiddine and benthic organisms are acceptably protected from
metals-induced sediment toxicity.” The Committee recommends that the guideline language be
modified to reflect the fact that the ESG is an assessment tool designed to be used in concert with other
tools, rather than a stland-aone passfail test.

The Committee understands that a* Sediment Guiddines User’s Guide’ is being developed by
the Agency to assst potentid users of the ESG to gpply it in red world applications. This User's Guide
should undergo careful peer review to ensure that the various sediment assessment tools are not applied
outsde their vaidated conditions.

Given both the strengths and the limitations of the SEM-AV S methodology, it isimportant to
consider how the Agency intends to use the technique in concert with other water quality standards and
assessment tools. The Committee urges the Agency to develop arefined conceptua modd that
incorporates dl partitioning phases and routes of exposure in order to guide the Agency’ s long-term
efforts to integrate water column and sediment standards and to assist usersto apply current standards
and guidelines gppropriately. A conceptual mode of exposure of organismsto metasin aguatic
environments, coupled with a pardld diagram of the Agency's gpproaches for evauating that exposure
and the resulting effects, would be a very useful tool for the Agency asit attempts to build an integrated
water/sediment protection system. An example of this type of presentation generated by the Agency
for the Committee highlighted potentia gaps in the Agency's currently proposed approach.



The Agency requested the Committee's advice on a series of questions that relate to
refinements of the SEM-AV S methodology. A brief summary of the Committegs findings in response
to these charge questions follows:

Charge Question 1: By incor porating the fraction organic carbon into the
bioavailability equation, hasthe Agency retained the protective features of the
guiddines and improved its predictiveness of toxic effects?

The normdization of SEM-AV S to fraction organic carbon reduced the variability in the
exposure estimates and therefore improved the predictive capability of the method, particularly for
laboratory experiments. The results for the field experiments are less clear. There may bea
mechanistic reason why the fraction organic carbon normalization would do less to improve precison
under field conditions; there is some evidence that the effect of organic carbon on bioavailability
depends upon the nature of the organic carbon. In any case, the Agency may wish to weigh the
benefits of the normalization procedure againg the additiond variability that must be captured in the
sampling design.

Incorporation of the organic carbon normalization should not reduce the degree of protection
afforded by the SEM-AV S method, unless the organic carbon is present as biological complexes that
tend to increase bicavailability.

Charge Question 2: If theBiotic Ligand Modd (BLM) isused to derive or adjust a
water quality criterion, istherevised criterion appropriate for usein theinter stitial
water component of the Metals Mixtures ESG?

Because the chemidtry of interdtitia water (IW) is not the same as the chemidry in the water
column, it would be ingppropriate to substitute the BLM-adjusted water column criterion for the water
qudlity criterion in the ESG equation & thistime. While the Committee is optimigtic that the BLM will
be a useful new toal for assessing bioavailability in the water column, we recommend that specific
vaidation experiments be performed before gpplying the method to intertitid (pore) water. The
currently proposed IW component of the ESG relies on comparison of the IW metals concentration to
the water qudity criteria Find Chronic Vaue for each meta, corrected only for Ste-specific hardness,
the BLM, if vaidated for application to interdtitial water, would alow consideration of additiond ste-
specific chemistry conditions that affect metas bicavailability.

Charge Question 3. Arethe data presented from lab and field experiments with
chromium and silver sufficient to support their addition to the Metals Mixtures ESG?

Although the results from acute toxicity tests are promising, further research isrequired to
support the addition of either chromium or silver to the ESG. In addition to undertaking chronic toxicity
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tests, the Committee recommends that the Agency address sdlected questions regarding the chemistry
of chromium in the field and other factors affecting the bioavailability of chromium (111) in nature. With
regard to slver, the data presented do not provide the same clear demonstration that AV S binding
eliminates Slver toxicity as has been shown for other metas.



2. BACKGROUND AND CHARGE

2.1 Background

In recent years, the Ecological Processes and Effects Committee has commented on Agency
proposals to use Equilibrium-Partitioning (EQP) to predict the availability (and hence, toxicity) of
chemicas in sediments, including non-ionic organic chemicas (SAB, 1992) and metds (SAB, 1995).
The EQP gpproach, in which chemicals are assumed to be in equilibrium between sediments and pore
water, was proposed as ameans of predicting the extent to which sediment chemicas are biologicaly
available, and thus may produce toxic effects. With regard to metdss, the bioavailable fraction of
sediment metdsis assumed to be the difference between the Smultaneoudy Extracted Metd (SEM)
and the Acid Volatile Sulfide (AVS), abinding factor for metalsin sediments. In other words, toxicity
is not expected for sediments in which SEM-AV S<O0. In the 1995 review, the Committee concluded
that the SEM-AV S methodology was *based on sound theory and [had] been verified by consderable
experimentd evidence” The Committee noted, however, the sgnificant limitations to goplication of the
methodology and identified a number of remaining research questions associated with its use.

The Agency currently has ambient aqudtic life criteriafor 11 individua metals and draft
sediment guidance based on the EqP approach for a mixture of five metds (cadmium, copper, lead,
nickel, and zinc), the latter of which was reviewed by the SAB in 1995. The proposed Metas
Mixtures ESG reviewed by EPEC in April 1999 contains two components. an AV S guideline and an
Interdtitial Water Guiddine. The AV'S guideline requires that the molar sum of the SEM for the Sx
metds (slver, copper, lead, cadmium, zinc, and nickel) in sediment not exceed the sediment AVS
concentration. The Intertitial Water Guideline requires that the sum of the ratios of each metd to its
Fina Chronic Vdue (FCV) not exceed 1. The Guiddines Statement (Section 6 of the proposed ESG)
datesthat “if both of these conditions are violated, or if the AVS Guiddineis violated and the sediment
is contaminated with silver [for which there is no FCV], then there is reason to believe that the sediment
may be unacceptably contaminated by these metdls” If only one of the two conditionsis violated,
however, this does not mean that the sediment violates the ESG. The Guiddines Statement also states
that, “ except possibly where alocally important speciesis very sengtivie, benthic organisms should be
acceptably protected in freshwater and sdtwater sedimentsif any one or both of the ...conditionsis
satisfied.” With the exception of the proposed inclusion of slver, the componentsin the draft document
are the same as those presented to the SAB in 1995.

The Guiddines Statement in the proposed ESG does not include organic carbon partitioning
because, in the words of the review document, the Agency feds that “the Organic Carbon and
Minimum Partitioning Approaches as proposed to the SAB and in Ankley et d. (1996) require
additional research prior to their implementation” (p. 1-87). However, in the Charge to the Committee,
the Agency asks whether the organic carbon normdization of the AVS guiddine will improve its ability



to predict toxic effects, in addition to its intended role as a guideine for predicting “no effects’
concentrations.

2.2 Charge

For the current SAB review, the Committee was asked to review the Agency’ s proposed
refinements to the gpproaches for deriving aguatic life criteriafor metals and sediment guideines for
metals mixtures. The proposed modifications include: use of the Biotic Ligand Model (BLM) to
improve prediction of bicavailability of metas both in the water column and in interdtitia (pore) water,
inclusion of organic carbon normdization in the caculation of sediment metds bioavailability, and
incluson of chromium and Slver in the Metals Mixtures ESG.  In addition to requesting Committee
comments on the proposed refinements, the Charge to the Committee aso included arequest for
comment on whether the linkages between the water column criteria and sediment guiddines would
improve the Agency’ s ahility to integrate predictions of metalstoxicity in aguatic environments.

The Committee met in Washington, DC on April 6-7, 1999 to review the following documents:
a) Biotic Ligand Modél of the Acute Toxicity of Metals (U.S. EPA, 1999b), proposed for
incorporation into the Agency’ s gpproach for deriving aguatic life criteriafor metasin the water column
and b) the Agency’ s draft guidance, Equilibrium Partitioning Guidelines (ESG) for the Protection
of Benthic Organisms. Metals Mixtures—-Cadmium, Copper, Lead, Nickel, Slver, and Zinc (U.S.
EPA, 1999), referred to asthe Metas Mixtures ESG. The Charge to the Committee included the
following quedtions:

Oveadl Charge Quedion: |ntegrated M ethodol ogy

a) Does this integrated metals methodology improve the Agency’ s ability to make both
protective and predictive assessments of toxicity due to copper, slver and other
selected metals in the water column and sediment?

Charge Quedtions on the Metas Mixtures ESG

b) By incorporating the fraction organic carbon into the bioavailability equation, hasthe
Agency retained the protective features of the guidelines and improved their
predictiveness of toxic effects.

) If the Biotic Ligand Model (BLM) is used to derive or adjust awater quality criterion,
isthe revised criterion gppropriate for use in the interstitial water component of the
Metas Mixtures ESG?

d) Are the data presented from laboratory and field experiments with chromium and silver
aufficient to support their addition to the Metds Mixtures ESG?



Charge Questions Pertaining to the BLM:

€) Does the BLM improve the Agency’s ability to predict toxicity to water column
organiams due to metds (copper and slver) in comparison to the currently applied
dissolved meta concentration criterion?

f) Is the scientific and theoretical foundation of the mode sound?

0 In comparison to the current WER adjustment for aquetic life criteria, will the
goplication of the BLM as a Ste-gpecific adjustment reduce uncertainty associated with
metas bioavailability and toxicity?

h) Arethe data presented for vaidation of the BLM sufficient to support the incorporation
of the BLM directly into copper and slver documents?

This report contains the Committee' s comments on the Metals Mixtures ESG, as well asthe
inter-relationship between the metal's assessment approaches proposed for protection of water column
and benthic organisms. The Committee' s comments on the Biotic Ligand Modd (questions e through
h, above) are contained in a companion report (EPA-SAB-EPEC-00-006).



3. STRENGTHS OF THE PROPOSED SEM-AVSMETHODOLOGY

3.1 Theoretical Foundation

The EPA and collaborating scientists deserve praise for working to develop a means of
incorporating bioavallability principlesinto guiddines for management of contaminated sediments.
Assessment techniques based upon total meta concentrations have limitations that have long been
recognized, but the techniques to dedl with these limitations have been missing. Theresearch
accomplishments presented in this review are notable consdering that the endeavor was extremely
chdlenging and the factors that affect bioavailability in sediment are complex. The attempt to find a
amplified and unifying approach to incorporate these complexities for managersis admirable,

The proposed ESG for metd mixtures is based upon adecade of study of the
influence of acid volatile sulfide (AVS) on metd bioavailability in sediments. The theory behind the
proposd isthat AV Sin sediments controls meta concentrations in intertitia waters, limits
bioavailability of metasin bedded sediments through the formation of insoluble sulfides, and thereby
controls overdl metd availability and toxicity to benthic organians. Meta exchange among interdtitia
water, bedded sediments, and sulfide phasesis assumed to be controlled by equilibrium partitioning of
the metd, which can be described by the physico-chemical properties of each metd. The authors have
developed an degant and convincing set of results supporting the use of AV S theory to explain
bicavailability of metdsin sediments and their potentid to cause toxicity. They have dso developed an
impressive and extensve publication ligt, and thiswork has been very influentid with scientists interested
in contaminated sediments and with regul atory/water management organizations al over the world.

The most recent work presented in this review provides information that incorporates metal
partitioning to organic carbon as an additiond binding ligand that influences metd biocavailability. The
addition of fraction organic carbon (foc) to the overadl conceptud modd for assessing bicavailability of
metals in sedimentsis seen as a natura extension of the EQP theory for metals. As demondrated by
data presented to the Committee, toxicity is not aways observed when SEM exceeds AVS. Thislack
of toxicity has been atributed to metal binding to various phases such asiron and manganese oxides as
well as organic carbon. The development of an gpproach to incorporate organic carbon into the metas
EqP methodology is an appropriate and timely step toward devel oping a methodology that can be used
to identify those sediments that have the grestest potentid to cause environmentd effects.

3.2 Experimental Verification

EPEC acknowledges the long-term and chronic sediment studies that were performed in
response to previous concerns raised by the Committee that the ESG data consisted primarily of results
from acute toxicity studies. Chronic toxicity studies were performed with cadmium (28-days;
Leptocheirus plumulosus) and zinc (56 days, Chironomus tentans). Colonization studies were
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performed with cadmium (118 days, laboratory study), cadmium (120-days, fidd study), equimolar
ratios of cadmium, copper, nickel and zinc (120-day; sdtwater field study); and zinc (1-yesr,
freshwater fidd sudy). The results of these long-term studies demonstrated alack of toxic effectsin dl
cases where SEM-AV S<O, indicating that AV S binding of divalent metds reduced metas
bioavaillahility and prevented chronic effects on surviva, growth, reproduction, and colonization. These
results provide continuing evidence that EQP theory for metas, as devel oped, applies to both acute and
chronic toxicity. Evidence to the contrary in even one of the experiments would have raised serious
concern relaive to the ability of the ESG to protect againgt chronic effects.

While acknowledging extension of ESG data sets to include evauation of chronic effects of
metal contaminated sediments, the Committee has the following concerns associated with chronic
effects:

a) Chronic studies have not been performed on al metals covered by the ESG; lead and
slver were not tested'; and

b) Chronic toxicity studies were performed with only two species, dthough colonization
gudiesincluded many more species.

In summary, long-term/chronic sediment toxicity sudies have provided results thet are
consigtent with sulfide binding theory (EQP) and that support the development of ESG. Whilethisis
encouraging, the potentia for chronic toxicity to occur in Stuations where AV S>SEM has not been
ruled out due to the limited number of studies performed, and due to the mechanisms discussed in
Section 4.

The Agency subsequently provided information that lead (Pb) had been spiked into the test
sediment in the marine field colonization chronic test, but that lead had been inadvertently Ieft out of
Table 3-2 in the review document.
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4. LIMITATIONS OF THE PROPOSED SEM-AVSMETHODOLOGY

4.1 Meeting Key Assumptions

Although the SEM-AV S work has been influentid, it isaso controversd. The elegance and
consistency of the results have convinced some scientists that potential gpplications are widespread.
However, agrowing body of scientists are keptica. The skepticism is not about the theory and
experimenta evidence that AV S isimportant for metal behavior in sediments. It isthe extent of the
goplication that isin question; and thisis very rdlevant to its use as aregulatory tool. Concernswith the
SEM-AV S gpproach have been raised with respect to its biological limitations and based on studies of
the geochemidtry of AVSin sediments (eg., in Meyer et d., 1994), yet the proposed Metds Mixtures
ESG document does not present much in the way of these dternative views.

It is complicated, but important, for EPA to understand why the work so degantly and
convincingly presented in this proposad is aso controversd. Thereis alegitimate concern that the
Agency and its researchers have not demonstrated that the SEM-AV S approach is applicable asa
predictor of sediment toxicity beyond agiven st of circumsatances. Although it is not discussed in the
reports submitted to the SAB, there is aso abody of literature that questions gpplication of equilibrium
partitioning modds, because of their limited cgpability for deding with important environmenta
complexities (Landrum et d., 1992; Farrington, 1989). These limitations are especialy important for
metas and, at least by implication, affect the applicability of SEM-AV'S (Luomaand Fisher, 1997).

Many of the limitations of the proposed SEM-AV S approach relate to the ability of key
assumptions to be met under field conditions. For example, the gpproach assumes equilibrium
conditions, that the effects of the metas are no more than additive, and that toxicity can be predicted
from meta concentrationsin interdtitia water. The Metas Mixtures ESG specificdly states that ESG
approaches “are not designed to protect aquatic systems from meta release associated, for example,
with sediment suspension, or the transport of metals into the food web ether from sediment ingestion or
the ingestion of contaminated benthos’ (EPA, 1999b). However, there may be few or no aquatic
systems where these processes do not occur.

In addition, biogeochemica processes controlling vertical profiles of sulfidesin sediments are
complex and can promote nonequilibrium conditions, yet the implications of these processes on
sampling strategies and data interpretation have not been addressed adequately. Different metals and
different sulfide complexes likely have different solubility congtants. The importance of diagenetic
processes in sediments and the different vertica horizons of the processes in different environments
should be considered.

To assess the applicability of the Metals Mixtures ESG, one must assess the extent to which the
method' s underlying assumptions can be met in the field and assess the significance of exposure
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pathways other than exposure to interdtitial water. A number of these concerns were raised by the
SAB in 1995, and they continue to be relevant to the Agency’ s proposed gpplication of aMetds
Mixtures ESG as aregulatory tool. Accordingly, the Committee suggests that the Agency consider the
following questions (which are discussed in greater detail in the following sections) asit determines how
to apply the SEM-AV S method and the ESG:

a) Dietary Exposure/Bioaccumulation —Isinterna meta exposure of the organism
independent of the route of uptake, as asserted by EqQP, or can dietary exposure
increase the internd meta dose received by the organism so that toxicity is expressed
even when AV S exceeds SEM? Does bioaccumulation at SEM-AV S < 0 indicate the
possbility of chronic toxicity?

b) Biology and Ecology—Do differences in behavioral and ecologica processes among
organisms (e.g., srategies for feeding and obtaining oxygen in sediments) influence the
applicability of the SEM-AV S gpproach? What organisms are or are not protected by
SEM-AVS?

) Sediment Dynamics—Would regulatory applications of SEM-AV S be affected by
the dynamic nature of sediments and sediment biogeochemistry? Are there timeswhen
the method should or should not be used?

d) Sampling and Variability—How should variability resulting from biogeochemistry of
AVSin sediments, including vertica and horizonta AV S gradients, be accounted for in
sampling protocols?

These questions are testable and, in some cases, tests are underway or published. Itis
important that the Agency understand the basis and implications of these potentid limitations before
determining how to gpply the guiddinesin aregulatory context. In the following sections, the
Committee will discuss each of these concerns and consider the extent to which the work conducted by
the Agency or outside researchers since 1995 has addressed them.

4.2 Dietary Exposure/Bioaccumulation

Equilibrium Partitioning (EqQP) theory was origindly developed for non-ionic chemicas,
following the suggestion by Mackay (1982) that a single chemica potentia determines equilibrium
between an organism and its environment. Organic chemica bioaccumulation from sedimentsis
determined from knowledge of the hydrophobicity of the chemica and prediction of pore water
concentrations (DiToro et a., 1991). Studies by Swartz et a. (1985) and Kemp and Swartz (1988)
demongtrated that pore water concentrations controlled cadmium toxicity or cadmium biocaccumulation
by benthos. These findings, together with severa subsequent studies discussed in the Metals Mixtures
ESG, are cited as the evidence that knowledge of pore water meta concentrations is sufficient to
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determine metd exposures and toxicity in sediments. In the body of SEM-AV S literature cited in the
documents submitted to the SAB, toxicity is congstently correlated with pore water concentrations of
metas. Agan, this supports the validity of equilibrium partitioning.

The criticiams of the EGP modd (when it is gpplied to metals) sem from an dternative
conceptua view of how exposure to metals occursin nature. The most important aspect of this
dternative modd is the assumption thet the internd dose of metd experienced by an animd is
determined by the sum of the contributions from different uptake routes (from diet and from water) and
that these are not necessarily in equilibrium. Stated another way, route of exposure does matter, and
tota internal exposure should be derived from the sum of uptake from each route. As noted by the
SAB (1995), if this dternative model is accurate, then studies that use only pore waters as abasis for
edimating bioavailability will underestimate under some condiitions the total exposures of animds that
ingest contaminants in their food (Luoma, 1995; Meador et d., 1995). The multi-pathway conceptua
model, described by Clark et a. (1990), McKim and Nichols (1994), Thomann et a. (1995) and
Luoma and Fisher (1997), is as0 supported by direct experimentd evidence. Sincethe late 1970's,
experiments have been conducted that show that biocaccumulation pathways by benthic invertebrates
can be additive. When water exposures are combined with food exposures, bioaccumulation can
exceed uptake from either source aone (see review by Luoma, 1983; Y oung, 1975; Harvey and
Luoma, 1985; Borchardt, 1983; van Hattum et d., 1989; Warnau et d., 1996). In all these
experimentd studies, prediction of metal exposure from dissolved concentrations alone would have
underestimated the total metal burden experienced by the organism.

According to both EqP theory and the additive modd: @) toxicity of metasis correlated with
the total exposure to metds (i.e., exposure from dietary sources, including sediment ingestion, and from
cutaneous and respiratory exposures to pore water or overlying water); b) the empirical finding that
toxicity is correlated with interdtitial water concentrations of metals would be expected for experimenta
conditions under which pore water exposure is the dominant (though not necessarily the only) route of
exposure; and ) in experiments with metal spiked sediments, pore water concentrations of metas may
be higher than contaminated sediments in fidld conditions and so a Stronger correlation with toxicity
would be expected. However, it isin field scenarios where pore water:sediment metd ratios are
smdler (i.e, lower pore water metal concentrations)—and hence dietary exposures might condtitute a
greater proportion of the total exposure— that the toxicity predicted by the two modes might be
expected to diverge.

In Kemp and Swartz (1988), for example, experimenta conditions facilitated high
concentrations of cadmium in pore waters compared to sediments (conditions that could cause such an
effect include extremely high metal concentrations and short equilibration times). Luomaand Fisher
(1997) showed that the Kd (ratio between sediment and water concentrations) in the Kemp and
Swartz (1988) experiment was approximately 15. The Kd for cadmium between sediment and water
in an estuary is more typicaly 5000. When a bioaccumulation modd was applied, it predicted that
pore waters would dominate uptake in the experiment (as was observed), but uptake from food would
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dominate the more natura condition. In the latter case, predictions based upon pore waters done
would underestimate exposures by ninefold. The Kemp and Swartz (1988) experiment may represent
an unusud circumstance, but it behooves the EPA to be certain that SEM-AV S predictions are not just
gpplicable to the mogt extreme contamination conditions and sediments only recently contaminated with
metals. Mogt regulatory Stuations are more complex than this. Verification of SEM-AVS predictions
should include experiments with sediments that are contaminated to levels typica of many contaminated
environments and protocols that involve times of equilibration and exposure typicd of nature.

Luoma and Fisher (1997) concluded that there are mechanistic reasons why organic chemica
exposures should be better explained than meta exposures by equilibrium partitioning. Thefird isthat
tissue bioaccumulation of metdsis not driven by any single principle andogous to hydrophobicity. The
chemica potential of metalsin food and within tissues is controlled by amyriad of biochemica reactions
and avariety of metd forms. They dso concluded that a variety of surface and geochemica processes
control metalsin sediments and this resultsin controls on metd bioavailability that are complex. For
example, Luoma and Bryan (1982) showed that smple normalizations were not sufficient to predict
metal bioavailability from field sediments, when a diverse array of sediments were consdered.

In addition, some studies (including those presented to the SAB in 1995) have shown that
bicaccumulation of metas may occur even when AV S exceeds SEM.  Although bicaccumulation by
itself is not proof of an adverse effect or toxicity—indeed, bioaccumulation of low levels of metas can
occur with no adverse effects—it does provide ameasure of the presence and bioavailability of metals
in sediments. Further, tissue residue measurements can be indicative of both meta exposure and
interna dose (see Figure 1 in Chapman, 1995), except in cases where the metd is regulated by the
organism. Since bioaccumulated metal's can contribute to an organism’s body burden, it is plausible
that toxicity could result from uptake viathe dietary route. A body of literature exists and, is rgpidly
growing, that shows the importance of dietary exposure to meta uptake in avariety of species, for a
variety of metds, in avariety of circumstances (e.g., see Appendix B). However, the importance of
dietary accumulation and the potentid for toxicity has not been systematicaly examined. Experiments
designed to separate exposure pathways and evauate the potentia for toxicity to occur viathe diet
were suggested previoudy by the SAB (1995), but have not yet been undertaken. The Committee
recommends, therefore, that the Agency incorporate research of this nature in future testing programs.

Asthe Agency moves toward an integrated water/sediment assessment and management
scheme, including conggtent criteria and guidelines for the different environmental compartments, it will
be important to relate the various threshold levels to total exposure (and associated effects) for aguatic
and benthic organisms. Bioaccumulation and food chain exposures will be an important link between
water column and sediment criteria, and ultimatdy wildlife criteria. Thisfact isrecognized by the
Agency’sinclusion initsintegrated vison (Figure 1) of possible future tissue-resdue based criteria. We
encourage the Agency to eva uate the potentia to develop tissue residue thresholds that could be used
to evauate the sgnificance of metas bioaccumulation. Moreover, until this question can be resolved,
the Committee
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recommends that the Agency serioudy consider including bioaccumulation in the suite of measures that
would be evauated in a weight-of-evidence approach to sediment assessment.

Sediment | ngestion—A subset of dietary exposure is that which occurs with sediment
ingestion. Deposit feeders are benthic invertebrates that ingest whole sediment and receive nutrition by
gripping or digesting the scant amounts of organic matter present. The AV S component of the
proposed ESG assumes that metal sulfides are not bioavailable. However, benthic deposit feeders can
ingest sediment whole into an acidic somach, where bicavailability of meta sulfides may be dtered by
changes in pH, oxygen conditions, and digestive enzymes. Deposit feeders can dominate sediment
communities. I1n the Chesgpeake Bay, for example, deposit feeders represent 70% of the tidal
freshwater communities, and congtitute 9-38% of the community in dl benthic habitats (Welsherg et d.,
1997).

Whilelittle is known about the effect of ingestion on mobilizing consumed sediment metds,
except for those that are required as micronutrients, low pH, oxidizing gut conditions, long gut resdence
times (daysin bivaves, Decho and Luoma, 1991), and presence of surfactants and strong ligands in gut
fluids (Chen and Mayer, 1998) dl affect extraction of metas from sediments within the digestive
system. These changes in thermodynamic potentid in the gut relative to pore water are thought to
account for observed bioaccumulation in benthic organisms when sediment AV S exceeds SEM.

To assess the protectiveness of the proposed ESG, one must understand how animals that feed
on sediment (rather than just being in contact with interdtitia water) accumulate metals and express
toxicity to AV S-bound metals. How does the variety of sediment ingesting behavior (eg., surface
versus deep deposit feeding, and selective versus non-selective deposit feeding) dter the predictive
nature of the ESG? Some discussion of thisissue would be useful because the god of the Metds
Mixtures ESG isto protect benthic organisms, for many of whom sediment ingestion may be amgor

exposure pathway .
4.3 The Importance of Biological and Ecological Processes

Exposure—The SEM-AV S gpproach to predicting a*“ no effect” guiddine assumes
bicavailabilty is predicted by equilibrium partitioning. Equilibrium partitioning theory is based on severad
assumptions aswell, e.g., aclosed systemin steady state where reactions are reversible. In nature,
these assumptions frequently are violated.

Recent advances in benthic ecology, biogeochemistry, geology, and benthic boundary physics
have reveded the centra role of vertica profiles of solutes, organisms, and sediment typesin regulating
al benthic processes (Meyer et d., 1994). Vertica profiles are heterogeneousin 3-dimensiona space,
and organism-sediment relationships cause most of this heterogeneity. Organismal bioturbation
ventilates, oxygenates, and moves sediments againg vertical gradients. Bioturbation can enhance
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biologica activity, solute transport, and diagenetic rates associated with organisma tubes and burrows
(Aller, 1983).

The basic biogeochemica nature of sedimentsiswell known and one of the most important
conceptsisthe vertica distribution of electron acceptors for the biologica process of respiration
(Fenchd and Jorgensen, 1977). Thereisavertica gradient of diagenetic reactions for organic matter
degradation in recent sediments based on the thermodynamics of the reactions. Oxidation isthe
primary reaction in surface sediments, but reduction isthe primary reaction in anaerobic sediments,
benesath the sediment surface. The denitrification zone probably occurs within the first few cm from the
surface, followed by a sulfate reduction zone from 5 to 50 cm beneath the surface, and the
methanogenesis zone occursin the deepest sediments. This smple, yet powerful, view of sediment
biogeochemistry has fuded a generation of sudies. Y €, the gradients of increasing sulfide in sediments
are not accounted for in the SEM-AV S methodology. Asaresult, the recent history of meta
deposition will have a strong influence on how the method might under- or over-estimate excess sulfide
a different sediment horizons.

Sediments are not closed systems and have enormous variability due to the many behaviora
and ecologica processes operating Smultaneoudy in naturd systems. Ecologica processes that can
affect exposure include migration and emigration, exposure time, life history or life cycle dtrategies,
habitat effects (i.e., benthic and pelagic species have very different exposure histories), and feeding
modes.

The question, then, isfor what range of benthos would ESG be protective? Would the ESG
protect animals whose exposures to sediments and pore waters occur via oxidized burrows or micro-
environments, where AV'S does not persst? Macrofaunathat live in sediments employ diverse
drategies for obtaining oxygen; these strategies are implemented at scales very different than those used
to sample sedimentsfor AVS. AVS sudies have not systematicaly evauated the rlevance of different
sampling methodol ogies to different fauna. Of paramount importance is the question of whether
protocols for sampling afixed layer of surface sediments (e.g., 2 or 3 cm) replicatethe AVS
experienced by, for example, animals that live on or near the oxidized sediment surface, animas that
irrigate sediment burrows with oxidized water from the surface, or animals that migrate out of the
sediment periodicaly. Thisdifficulty is compounded by the fact thet the oxidized layer of sediments
varieswiddy in depth among sediments. The concern with the relevance of sediment sampling is
supported by studies by Hare et d. (1994) and Warren et d. (1998). These studies directly showed
that the response of lake benthos to SEM-AV S predictions of bioavailability varied greatly among
severd species. The methodology was predictive of meta bioavailability for chironomid species that
lived within the deeper sediments. 1t was not applicable to other benthos. The latter group hed life
drategies that avoided the anoxic horizons of the sediments, a common biologica Strategy.
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The biogeochemicd issues are likdly different in coastd marine systems and freshwater sysems.
Coada systems are relatively more open compared to more closed freshwater systems. [n addition,
the chemicad milieu of coagtd systemsis more complex with mixing of fresh and seawater, various
sources and sinks of organic matter, widespread availability of sulfate, and complex interactions of
various anaerobic respiration pathways. The presence of sulfate is especidly important because it will
limit the production of sulfide, and thus the availability of excess sulfides. The interaction between meta
deposition gradients and spatidly and tempordly variable geochemica gradientsin estuaries needs to
be considered in the design of sediment sampling protocols.

In summary, ecologica processes limit the applicability of equilibrium partitioning to predict
bicavailability, particularly in coastal systems. In each case, the net effect gppearsto be an
underestimation of exposure. In addition, the interactions of these complex ecologica processes
explain the high varigbility of geochemica measurements made in sediments and lead to methodologica
difficulties in applying the SEM-AV S guiddines. Asareault, the Agency should amend its conceptud
model for water column and sediment criteria to incorporate ecologica processes and resulting
exposure pathways. In addition it is crucid that the Agency develop a sampling methodology (for
SEM, AV, and other sediment assessment measurements) that accounts for the complex vertica
gradients caused by ecological processes.

Effects—It isds0 timeto turn greeter attention to the role of biology, including differentid
sengtivities for different life sages of a species and inter-species differences, in predicting toxic effects
from sediment metals. The Metas Mixtures ESG document notes that mortaity in laboratory and
spiked field samples as afunction of SEM-AV S was organism independent (p. 1-42). However, in
Figure 3-1 it appears that midges aways had low mortdity and the polychaete dways had high
mortdity. Only the amphipods appear to exhibit the full range of mortdity across the full range of
concentrations. Part of the problem isfewer tests at low ranges for polychaetes and high ranges for
midges. The document should discuss more fully the importance of differencesin pecies sengtivity and
the implications of these differences for gpplication of the ESG.

Thereis a complex explanation for differential species responses based on ecological
processes. Table 3-1 of the Metds Mixtures ESG document contains data that show toxicity in oxic
environments when AV S is non-detectable and SEM is high, and in contrast that anaerobic
environments are not toxic when AVSishigh and SEM islow. Therefore, it follows that infaund or
burrowing species would have adaptations such that they are tolerant to high AV'S, but sengtive to
metas. Epibenthic or surface crawlers would be the opposte. Thisis supported by the observations
that Capitella, a burrowing depost feeder, has high mortality (Figs. 3-1to 3-6) compared to
Neanthes, a surface-dwelling polychaete (pages 1-74, 75). Because of different feeding strategies,
burrowers tend to be deposit feeders and surface dwellers tend to be omnivores, burrowers can have
higher metd loads due to direct sediment ingestion, whereas surface dwellers may be exposed to metas
primarily from ingestion of water and contaminated prey. In addition, metals may bind to organic
particles, which deposit feeders select by an unknown mechanism. So, it is possible that the net result
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is burrowers have the highest exposure to metals through gut linings, which are acidic and could release
metals for absorption, and are more sengtive to exposure.

The data presented on predicting organism toxicity by SEM-AVS normalized for organic
meatter in the laboratory, field, and colonization experimentsis convincing. The sdlection of test
organisms and the confinement in fild experiments, however, is dways aworry in toxicity testing.
Getting around the confinement problem in chronic tests by using colonization substrates raises the
question about representativeness of the colonizing organisms. In the case of the selected metds, a
functiona gpproach to the selection of test organisms would seem useful. That is, the organisms that
have been used or would be potentidly considered for use in laboratory or field testing to support the
ESG could be categorized functiondly on the basis of the expected site of action of the metd as
predicted from their morphology (e.g., exposed gills, poorly protected cutaneous surfaces) or feeding
behavior (e.g., ingestors of fine particulate organic matter [FPOM]). Among the invertebrates, ingestion
categories of most direct importance would be filter or suspension feeders (FPOM filtering collectors)
and sediment ingestors or deposit feeders (FPOM gathering collectors). Other functiona groups, such
as coarse particulate organic matter (CPOM) detritivores (shredders), benthic agal grazers (scrapers),
and predators would experience exposure indirectly through food chain accumulation. With regard to
digestive surface exposure, obligate sediment ingestors would be the choice to represent maximum
effects.

A casein point concerning the gppropriateness of test organisms to support the ESG would be
the comparison between the freshwater amphipod Hyalella, which is afacultative periphytic dgd
scraper, and the snail Helisoma, which is an obligate dgd scraper. Neither would be expected to
ingest much sediment, except that associated with dga colonies. Mot larval midgesin the tribe
Chironomini (e.g., Chironomus tentans) would be expected to ingest primarily sediments because they
are benthic deposit feeders. The obligate filter feeders, such as bivave mollusks and some marine
polychaetes, would be predicted to exhibit maximum response to al metal-organic complexesin the
interdtitial water. A further important separation of test organisms would be their ability to withstand
anaerobic conditions, which would significantly effect metd bioavallability. For example, the ability of
many Chironomini midge larvae to withstand anaerobic conditions should be considered in their
selection of test organisms to support ESG. The above consderations should be given at least equa
gtatus with ease of collection and/or culture when sdlecting test organisms.

It would be useful to include in the ESG document a table summarizing the functiond attributes
of the test organisms that were used in the laboratory and field studies supporting the ESG.
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5. APPROPRIATE USE OF THE PROPOSED SEM-AVS
METHODOLOGY

5.1 Accounting for Spatial and Temporal Variability

If the SEM-AV S method is to be used to help classify sediments as toxic or not toxic, then
such use of this measure will depend upon the accurate characterization of the SEM-AV Sfor the
sediments of interest. This characterization probably will be statisticd. For any system, SEM-AVS
vaues will vary in time and space as the integration of spatial-tempord variation in inputs of metals to
surface waters and the variability or periodicity (e.g., seasond) in the physicd (i.e., advection,
dispersion, sedimentation, sediment resuspension, sediment particle size), chemica (i.e, chelation,
complexation, precipitation, sediment type), and biologicd (i.e., bioaccumulation, sequestration, trophic
interactions) processes that determine the transport, digtribution, and fate of metalsin sediments. AVS
concentrations in sediments vary verticaly due to oxidation of surficid sediments, bioturbation of
sediments, seasond changes in the concentration of oxygen in overlying waters, and varying activity of
sulfur-reducing microbes. Microbid activity aso varies with depth in sediments depending on supply of
organic materid, availability of sulfate, and sediment subgirate type.

Given these sources of variability, gppropriate sampling designs will be necessary to apply the
SEM-AV S methodology in specific locations. For example, the biologically active zone of the surficid
sediments should be included in sampling; the depth to which sediment samples are routingly taken must
be determined based on data and good science, rather than an arbitrary depth such as2 cm. Itislikely
that no single depth value will be gppropriate for al sediments across the nation because the redox-
discontinuity zone varies in gpace and time, and with sediment texture, circulation patterns, and supply
of organic materid. Samples should be taken periodicdly, in relaion to the physica mixing
characterigtics (e.g., Sratification, turn-over) and seasona changes of production dynamics. Spatia
and tempora variability in the oxidation-reduction (redox) potentid of the sediments should also be
quantified in developing sediment sampling designs on a Site-specific basis; typicaly, the degper the
sample, the more reduced (anoxic) sediment isincluded. The characteritic variability in space and time
of environmental processes that determine SEM-AV S measures, combined with the area and depth, of
the sediment system of interest, will likely congirain the statistical power of practical and affordable
sampling designs. An important implication of such variahility is that sediments might only be dassified
astoxic or non-toxic in probabiligtic terms with an associated risk of incorrect classification.

One possible way to address such concerns would be to attempt to characterize the nature of
the variance of the physica, chemical, and biologica processes for different types of aguetic systems.
Such information might be used to develop a generd modd for quantifying the variability of SEM-AVS
measures and using this information to a) estimate the performance characterigtics for statisticd
designation of sediments as toxic or not toxic, and b) identify which of the controlling processes
contributed the mgor components of variation in SEM-AV S measures. The results of the latter
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“sengtivity” andyss might be used to effectively and economicdly alocate resources toward sufficiently
powerful sampling designs that would result in sediment classifications that met pre-specified
(risk-based) criteriafor accuracy and reliability. Such quantification of characterigtic variability in
sediment environments might require subgtantia investments in basic measurements and monitoring if
existing data prove inadequate.

In addition to the inherent varigbility of AV'S concentrationsin the field, AVS and the
geochemica milieu of sediments are notorioudy difficult to sample, preserve, and measure correctly.
Sulfideisvoldtile and easily oxidized, and sediment disruption and oxidation results from the act of
sampling and andyss.

Inits 1995 review, the SAB raised concerns about the applicability of the SEM-AV S method
in the field, where it will be gpplied in aregulatory context. The current Metds Mixtures ESG
document does not provide additiona confidence in the method with regard to these concerns. For
example, it does not gppropriately reflect the limitations of the method when it specifies that the ESG
"are intended to apply to sediments permanently inundated with water, intertidal sediment, and to
sediments periodicaly inundated for durations sufficient to permit development of benthic assemblages’
(p.1 -15); sediments that are periodically exposed would experience oxidation of sulfides, with potentia
release of bound metals. Similarly, guidance regarding the collection of samples does not reflect the
fact that AVS and SEM can vary considerably within thetop 2 cm. The oxidized zone is where most
Species concentrate thelr interaction with their environment and where AV S concentrations are lowes;
the implications of fixed depth sampling, relative to concentrated sampling in the oxidized zones should
be evduated. Development of the protocol also should address variability of AV'S concentrations as
measured by recommended sampling protocols, as compared to variagbility in oxidized sediments
carefully collected from the sediment-water interface.

The Committee recognizes that sampling protocols must be practicd. Simplifying assumptions,
however, should be applied only with full recognition of the potentia to over- or under-estimate
adverse biologicd effects. With thisin mind, we suggest that the following questions be congidered in
the design of sampling protocols. Where does one sample? How does vertica sampling, or pooling
sediments over different sediment horizons, affect the gpplicability of the SEM-AVS modd? Doesit
matter if there are excess sulfides degp in sediments, but not in surface sediments? How is
bioavailability influenced by bioturbation or sediment turnover? How does the SEM-AV S modd
perform in the context of tempordly varying sainity gradients in the same locations over tempora scales
relevant to tidal cycles, and long-term hydrological cycles (e.g., floods and droughts, and stochastic
storm events)? The answers to these questions would incorporate the complexity introduced by
ecologica processes and increase the ability of the SEM-AV S method to predict metas bioavailability.
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In short, it ismost important that a highly specific sampling protocol be developed to guide
regulatory applications of SEM-AV S methodologies. If sampling protocols result in inconsistencies or
ingppropriate estimates of AV'S, then inaccurate predictions of “non-toxic” or “toxic” sediments may
occur. It does not appear that systematic studies necessary to develop such a protocol have been
conducted in environments where the protocol would potentialy be implemented for regulatory
purposes.

5.2 When the M ethodology Does Not Apply

Using the SEM-AV S methodology, perhaps normaized to sediment organic carbon content, to
classfy sediments as toxic or non-toxic may proveill advised under certain circumstances. As
discussed above, the method might not be effectivein ng sediment toxicity where the primary
route of exposure for organisms of concern isingestion of contaminated prey, athough the SEM-AVS
measures might assist in characterizing prey contamination from direct exposure to metas in sediments
or porewater. In addition, if the spatia distributions of different sediment types (e.g., sand, slts, clays),
redox potentias, and fractions organic content are highly variable within the system of concern, the
SEM-AV S methodology may prove impractical because of the necessary sampling design required to
accurately describe such variability. This limitation might be further compounded by spatid and
tempord variability in the distribution and abundance of sediment dwelling organisms (i.e., bioturbation),
including sulfate reducing bacteria. Findly, if the sediments of concern are typicaly well oxidized, the
proposed methodology aso will be of little use in assessing bioavailability and toxicity of sediment
metals.

The ESG dates that the proposed guideline approaches “ are not designed to protect aquatic
systems from metd release associated, for example, with sediment suspension.” The Committee agrees
that the Metals Mixtures ESG should not be used as a*no effect” threshold in aguatic environments
where sediment resuspension or trangport is expected because sediment resuspension greatly increases
the potentid for re-oxidation of AVS-bound metals. Thislimitation in the ESG isimportant because
sediment suspension, whether associated with extreme storm events, tidal or riverine transport,
dredging operations, or other activities, is quite common in aquatic systems. We recommend that the
Agency consder how sediments should be assessed in high energy zones and provide further guidance
inthefuture. A smilar caveat should be added to the guiddline statement for sediments whose redox
conditions are likely to change due to periodic exposures associated with tidd fluctuations or seasond
changes. The Committee recommends that these limitations of the SEM-AV S approach be
incorporated into both the Metals Mixtures ESG and the sediment user’ s guide to assure that the SEM-
AV S methodology is not mistakenly used where it is inappropriate.
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6. AGENCY-PROPOSED MODIFICATIONSTO THE SEM-AVS
METHODOLOGY

6.1 Organic Carbon Normalization

Charge Question 1: By incorporating the fraction organic carbon into the bioavailability
equation, has the Agency retained the protective features of the guidelines and improved
its predictiveness of toxic effects?

The Metds Mixtures ESG is based on the assumption that biocavailability and any subsequent
toxicity are predicted by relationships among metal concentrations in sediments, pore water, and tissue.
Although equilibrium partitioning provides a mechanigtic bass for predicting the partitioning of metas
between particulate and dissolved compartments (i.e., pools), the associated relationshi ps between
partitioning and meta toxicity are based on empirica observations that are characterized by large
variances. The fraction organic carbon (foc) normaized approach is an extension of the EQP
methodology developed for non-ionic organic chemicas. It recognizes that divaent metalsin anaerobic
sediments will bind to sulfides first until the labile sulfides are exhausted and then will bind to other
phases such as organic carbon. Theincorporation of this binding phase into the bicavailability equation
therefore improves the overdl ability of the SEM-AV S method to identify sediments that are toxic.

The primary limitations identified by the Committee include potentia implications of the foc
normdized SEM-AV S methodology for accurately assessing biologica exposure to metals and
trandating exposures to estimates of toxic response, both acute and chronic. Regarding exposure
egimation, the foc normdization provides alargdly theoretica explanation for metd toxicity data that
were not consistent with previous equilibrium-based analyses of sediment exposure and toxicity. It has
been proposed that organic carbon reduces the bioavailability of metals. As suggested by results
shown in Figure 3-1 of the Metals Mixtures ESG document, the normdization of SEM-AV Sto fraction
organic content reduced the variability in the exposure estimates. However, there remain some
important issues that might redigtically congtrain the generd applicability of the foc normdization. We
point out that some studies have shown inconsistent results, indicating that foc normaization does not
appear to reduce bioavailability of metals consstently. Additionally, test results gppear to be
dependent in part on the nature of the organic carbon (Lee and Luoma, 1998). Such inconsstencies
may lead to inappropriate applications of the foc normalization with subsegquent incorrect conclusons
that particular sediments are probably not toxic.

Further, while the foc normdization generdly might increase the precison of exposure estimates
for metas, there was not necessarily a corresponding improvement in the precision of the estimated
toxic regponse to exposure, particularly in the andlysis of field sediment samples. Mortdities for many
of the organisms of interest ranged between nearly 0 and 100% across foc normalized estimates of
exposure to metals. Such variability in toxic response reduces the power of this methodology for
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developing the exposure-response functions that are essentid for risk assessment. Smilarly, estimates
of acute toxicity (lower bound exposures adjusted to organic carbon) did not correctly identify many
sediments as nontoxic as determined from sediment bioassay results. Nevertheess, the Committee
recognized that the foc normdization did seem to improve the relationship between exposure and
response in the andysis of limited field data for aquatic midges. Additiondly, the methodology dso
improved the ability to quantify the upper bound exposure that defined a 95% chance that amphipod
mortality would exceed 50% under laboratory test conditions. However, the Committee was
concerned thet the overal methodology is primarily empirica and thet the foc normaization might
improve the effectiveness of the SEM-AV S method only for those conditions where the collected data
pertain to the actua form of the metasthat are biologically available and toxic.

Another concern liesin the spatid and tempord variability of sediment organic carbon content.
Physical, chemicd, and biological processes that determine the input, trangport, and ultimate distribution
of carbon exhibit characteristic scaes of variability (e.g., seasond) that must be considered in the design
of sampling programs aimed a accurately and precisely measuring organic carbon in sediments.
Similarly, the foc normalization does not improve the ability of the SEM-AV S method to characterize
the toxicity of aerobic (or oxidized) sediments. This limitation also gpplies to oxic microclimates often
crested by sediment dwelling organisms and to variations of AV S caused by bioturbation in surficid
sediments (e.g., top 2 centimeters). Findly, the foc normaized SEM-AV S method does not address
dietary routes of exposure to metalsin the sediment environment; many sediment dwelling organisms
direct their feeding activities on available carbon when they ingest sediments.

In summary, the incorporation of the foc into the SEM-AV S methodology improves the overdl
ability of the gpproach to predict when sediments are likely to be toxic to benthic invertebrates. With
foc normalization, the method has a precison of about one order of magnitude, which isan
improvement of afactor of 10. The Committee believes the SEM-AV S normalized to foc content isan
gopropriate method for screening and establishing prioritiesamong  contaminated sediments. This
method, however, should be applied with caution and used in combination with other approaches
including sediment bioassays and or field bioassessments. The Committee does not support the use of
the foc normaized SEM-AV S as a sand-done, definitive method for identifying “toxic” and/or *“non-
toxic” sediments without supporting biologica data
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6.2 Application of the Biotic Ligand Model (BLM) to Sediment Guidelines

Charge Question 2: If the BLM is used to derive or adjust a water quality criterion, is
the revised criterion appropriate for use in the interstitial water component of the Metals
Mixtures ESG?

As noted in a companion SAB report (EPA-SAB-EPEC-00-006) on the Biotic Ligand Modd,
the Committee is optimigtic that the BLM represents atechnica improvement in the state-of-the-
science for assessing bioavalability of metalsin water over awider array of environmentd conditions
than previoudy used. The BLM methodology aso offers advantages over the currently used Water-
Effect Ratio (WER) gpproach in the derivation of Ste-specific acute water qudity criteria. It gppears
that alogica next step would be to eva uate/vdidate the BLM for gpplication to sediments viathe
interdtitial water component of the Metads Mixtures ESG. If this gpproach is successtul, it would alow
for additional variables, such as dissolved organic carbon (DOC), to be accounted for in the
assessment of bioavailability of metdsin sediment pore waters.

In theory, the BLM would be applicable to sediment interstitial water because hardness, pH,
and DOC are important toxicity modifying factors for interdtitid waters, asthey are in overlying waters.
However, severd important issues require additiona attention before the Committee would recommend
the genera application of the BLM to sediments or sediment pore waters. First, the BLM currently has
been vaidated to varying degrees for only two metds, with few benthic species and/or pore water test
procedures (EPA-SAB-EPEC-00-006). The Metas Mixtures ESG, on the other hand, includes a
number of other metals for which the BLM has not been sufficiently vaidated. Second, the BLM was
origindly developed for conditions characteristic of the water column. By comparison, the chemistry of
interdtitial water, including the rel ationships between particulate and dissolved organic carbon and the
binding of metas, islesswdl understood and characterized. Pore waters may contain different kinds
and higher concentrations of congtituents than the water column immediately above. A critical
component of verifying the modd, therefore, will be demondrating its ability to appropriately predict
binding to pore water DOC under avariety of different conditions. It would be useful to initiate further
testing of the BLM with mixtures of metalsin pore water matrices, compared againgt SEM predictions,
in order to determine its effectiveness for predicting net toxicity of pore water under varying chemica
conditions. An interesting experiment would be to physicaly concentrate overlying water above
sediments to achieve the same approximate DOC concentration asin the pore water below, then test
each in bioassay in the absence of sediment to seeif pore water is*just more concentrated overlying
water.” In short, experiments are needed over much wider concentration ranges and with interactions
of various DOC congtituents found in pore water before adopting the use of the BLM for sediments.

A BLM-adjusted WQC would not be appropriate for use in the interdtitial water component of
the Metds Mixtures ESG because the site-specific water chemistry used to derive the adjusted criterion
would not be the same as the water chemidtry of the pore water (even from the same site). The BLM-
adjusted WQC is specific to agiven Ste, asisa WER-adjusted vaue. Application of the BLM to
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interdtitial water would require measurements of the site interdtitial water chemistry (pH, DOC,
hardness, €etc).

Alternaively, if the BLM were used to derive a metd-specific (e.g., copper) equation or
agorithm which would replace the exigting acute hardness equation in a nationd water quality criterion,
the new equation/agorithm would, in theory, be gpplicable to sediment interdtitia water; however, Site-
gpecific pore water chemistry data would still be needed to apply the agorithm to intertitial water. The
currently proposed W component of the Metals Mixtures ESG relies on comparison of the IW metals
concentration to the water qudity criteria Find Chronic Vaue for each metd, corrected only for Ste-
specific hardness; the BLM, if vaidated for gpplication to interdtitia water, would alow consderation
of additiond ste-specific chemigtry conditions that affect metals bicavailability.

In summary, the Committee is encouraged by the BLM ‘s performance for predicting toxicity of
metasin the water column, and believes there is potentia to gpply it to assessing the toxicity of metas
in pore waters. At the same time, the Committee believes further research is needed to demonstrate
the modd’ s performance for intertitid water applications.

6.3 Inclusion of Chromium and Silver in the Sediment Guiddines

Charge Question 3: Are the data presented from lab and field experiments with
chromium and silver sufficient to support their addition to the Metals Mixtures ESG?

The information presented to the Committee indicates that when sufficient AVSis present in
sediment, the binding/precipitation of chromium and silver will prevent acute toxicity from occurring
much the same as has been demongtrated for divalent metals. The Committee is encouraged by these
data and supports the Agency’ s desire to further evaluate the EQP approach to determine its application
to slver and chromium. However, a the present time the Committee has reservations about including
ether of these metdsinthe ESG without further research. Committee concerns are the following:

a) Most of the data available to assess the methodology are based on acute toxicity and
the data sets are not extensive. For example, the chromium test results presented in
Table 3-1 (p. 1-58) did not provide sufficient ingght into acute toxicity at lower IWTUs
(lessthan 100).

b) Additiond chronic toxicity studies are needed to verify mode application to assessng
chronic toxicity for chromium;

) Conditions under which Chromium (I11) can be oxidized to Chromium (V1) have not

been fully explored and this oxidation could provide a means whereby a more toxic
form of chromium is available to cause effects. Cr(VI) appearsto bethe

25



mogt bioavailable form of dissolved chromium, but uptake is dow enough that long term
studies are needed to evauate potentia effects.

d) Conditions under which MnO, are expected in sediments should be identified since this
chemica can oxidize Cr(l11) to Cr(VI).

e) Cr (111) is @sorbed by bivaves and polychaetes from some food types that might
occur in sediments (Wang et al., 1997).

f) Biokinetic sudiesindicate that low assmilation rate of Cr (111) from highly contaminated
sediments represents a significant route of exposure (Wang et d., 1997).

0 SEM-AV'S and EqP theory predict that Slver should dmost never be bioavailable and
cause toxicity when found in sedimentswith [AVS] $ [Ag]/2. However, both
laboratory and field studiesindicate thisis not the case. Asaresult, gpplication of the
SEM-AV S approach to silver may not be protective of benthic organisms.

h) There are insufficient chronic datafor slver.

i) The data presented in Figure 8, p. 2-36, are not entirely consistent with the theory that
AV S binding/reactions with slver should diminate dl toxicity when sufficient AVSis
present. In the graphs presented, the AV'S normaization of the data does not provide
the same clear demondration that AV S binding eliminates slver toxicity as has been
shown for other metals.

) Figure B on p. 2-63 shows acute mortality of >24% at IWTU < 0.5. This appears
incong stent with the Guidelines and with the interpretive table on p. 2-60.

These concerns suggest that additiona research is needed before incorporating chromium and slver
into the ESG.
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7. AN INTEGRATED APPROACH TO METALS

In presentation materias and briefing documents supplied to the Committee, the Agency
defined its vision for an integrated metals methodology that would lead to a congstent st of metas
criteriafor the “total aguatic environment” (i.e., both sediments and overlying waters). Thisintegrated
methodology included the proposed ESG and proposed applications of the Biotic Ligand Modd for
water column and sediment pore water assessments of bioavailability, aswell as possble future
development of tissue residue-based criteria. In addition to specific comments on the BLM and the
Metads Mixtures ESG, the Charge to the Committee asked:

Doesthisintegrated metals methodology improve our ability to make both protective
and predictive assessments of toxicity due to copper, silver and other selected metals
in thewater column and sediment?

The Committee supports the Agency’ s quest for an integrated approach to assessment and
regulation of metasin the environment. A useful approach for understanding the relationships among
environmenta compartments, drivers, exposure pathways, and the various water and sediment criteria
measuresis to congtruct a conceptual modd. During the presentation to the Committee, such amodel
was used to highlight the Agency’s vison for the inter-rel ationships among the various criteriaand to
highlight areas where additiond work will be needed (Figure 1). In addition to guiding the Agency’s
own efforts to integrate management of water and sediments, a conceptua mode of this type would be
acritica component of the Sediment Guiddines User’s Guide and the technical guidance documents
such asthe Metds Mixtures ESG, s0 that users are informed of the interreationships among various
standards and guiddlines.

The Committee noted, however, that the conceptua model presented does not include some
potentialy important consderations. The labding of suspended metds as “not bicavailable’ raises
particular concern because suspended solids in the water column bind metals and are amajor source of
food for filter feeders. In addition, the conceptual model appears to assume that SEM-AV'S can be
used as a sand-aone test of the biocavailability of metalsin sediments. We recommend that the Agency
consder carefully the limitations discussed in Sections 4 and 5 of this review when revisng its
conceptua model.

Other components that the Agency should consider incorporating in a conceptua model
include @) the biologica role of organic matter complexes as partitioning phases in both the water
column and sediment components of the model, and b) the distinction between the Sites of biologica
action of the meta toxicity, namely respiratory, cutaneous, and digestive surfaces. The dissolved
organic complexes are undoubtedly important in interdtitid sediment water. In particular,
sediment-ingesting invertebrates will engulf both organic and minerd particlesin the correct Sze range
and, therefore, adsorption of metas to minera sediment and complexing with dissolved organic matter
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to form fine particulate organic matter (FPOM )--and the equilibria between these components and the
pore water-- are important to factor into the generd model. The digtinction between the Sites of
biological action that are relevant for water column vs. sediment exposures will bear directly on the
choice of organisms to be used to evauate effects of metd contamination. |If complexing with dissolved
organic matter is introduced, then food chain effects can be consdered in both water column and
sediment environmental compartments. Similarly the free solution (non-complexed) form of the metas
can directly affect repiratory and cutaneous surfaces in both compartments. It islikely that the food
chain effects shown in Figure 1 would amost dways be mediated through uptake from (microbid) or
ingestion of (invertebrates) organic particulate complexes.

A possible means of incorporating these additional considerations into a conceptud mode is
illugtrated in Figures 2 and 2a. The scientific picture of water/sediment/biota interactions presented in
these figures could be supplemented with notations relating to Agency standards and guiddines, aswas
donein Figure 1.
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As part of its attempt to integrate water and sediment criteria and guiddines, the Agency has
suggested that the Biotic Ligand Modd (BLM) methodology could be incorporated into both. While
the use of the BLM with the ESG shows promise and clearly warrants additiond research, our theory
and understanding of complex geochemica and biologica interactions in sediment/water systemsis not
yet sufficiently advanced to enable adoption of asingle unified set of criteriato ensure protection of
both pelagic and benthic organisms. There is no evidence to suggest that this cannot be achieved over
time by gaining further experience with the BLM in pore water tests, but at present the BLM cannot
replace the need for sediment and interdtitial water evauation by empirical bioassay procedures (EPA-
SAB-EPEC-00-006). The ESG and BLM do not yet provide a sufficient basis upon which to assess
and manage water quaity concerns associated with contaminated sediment/water systems. The BLM
isapredictive, but not a definitive, tool for setting acute toxicologica criteriafor either matrix.
Furthermore, it does not address important additional considerations for sound water quality
management, including chronic effects mediated by non-dissolved metd species, and acute mechanisms
of action and routes of exposure not directly related to impairment of physiologica function or uptake a
the externa surface of the organism.

EPEC applauds the Agency’s efforts to produce an integrated water/sediment management
system. We suggest that arevised conceptua model is essentid to this endeavor. The conceptua
model can be used to assess whether environmenta compartments or routes of exposure are being
addressed and a so to assess whether the Agency’ s guidance is inadvertently providing incentives to
accumulate metasin one compartment versus another. It may not be necessary to use the same
assessment method (such as the BLM) in both water and sediments to achieve these purposes. While
the BLM is not yet ready for gpplication in both water and sediment methodologies, this does not mean
that the Agency hasfailed to improve itsintegration of water and sediment management. Appropriate
use of the SEM-AV S methodol ogy, along with development of assessment methods for the elements of
the conceptua modd that are till unaddressed, will greatly improve the Agency’s ability to protect the
“total aguetic environment” from toxic effects due to metas.
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8. SUMMARY

The Agency and its funded scientists have developed an eegant body of scientific work
showing that the availability of metals in sediments, as modeled by the excess of SEM over AVS,
correlates well with observed toxicity in arange of laboratory studies. The development of aMetds
Mixtures ESG that incorporates the SEM-AV S theory is an important endeavor and one that the
Committee supports. Work conducted since the previous SAB review of the methodol ogy--including
field manipulation experiments and a limited number of chronic Sudies of metas toxicity--isasep in the
right direction, and the work relating organic carbon normaization of the SEM-AV S to observed
toxicity iswell done and enhances the ESG gpproach. Moreover, promoting the routine measurement
of AVSin addition to total organic carbon (TOC) is sound advice. However, there are underlying
limitations to the applicability of the SEM-AV S gpproach that are not addressed by organic carbon
normdization. The Agency has not yet convincingly shown that the SEM-AV S modd adequately
describes the redlities of metals exposure in the environment and there are reasons to believe that
premature gpplication of the ESG could yied inconsstent results, especidly in the absence of a peer-
reviewed sampling protocol. The most common result may be to incorrectly identify sediments as* not
toxic” when that is not the case.

In this report, the Committee comments on the proposed modifications to the ESG approach
and suggests that the Agency focus future research efforts on better understanding the biologicd and
ecol ogical—to complement chemical—aspects of metdstoxicity in the aguatic environment. The
report reflects the Committee' s conclusion that, athough introduction of “chemica corrections’ such as
organic carbon normalization into the ESG cd culations might reduce the varigbility in toxicity asa
function of SEM-AV'S, such corrections do not address the underlying question of the method' s
goplicability in avariety of field conditions. In order to further vaidate the gpplicability of the ESG
mode inthefield, greater attention needs to be given to biologica questions, eg., the possibility of
chronic effects of sediment metdsin sediments with low metal-binding capacity or less than extreme
metal concentrations, the relative importance of dietary exposures to metals and metd sulfides, drivers
of biocavailability in the gut of benthic organiams, differentid toxicities among benthic species, and the
role of behavior and microhabitat in moderating exposure to sediment metals. These research questions
primarily relate to the use of the SEM-AV S method to identify “no effects’ levels of sediment
contamination. For this reason, the Committee recommends that additiona experimental work be
undertaken to verify the applicability of the proposed methodsin the field and/or to develop
complementary tools with which to predict toxicity of metas in environments where the assumptions of
the ESG gpproach cannot be met. Specific concerns exist for bioaccumulation and chronic toxicity in
aerobic sediments with low AV S and low organic carbon.

The Committee reiterates a number of concerns with the EQP approach that were outlined in
the 1995 SAB review of the proposed EqP-based criteriafor five metds, and emphasizes that a
number of these concerns remain valid today. While the ESG document may clearly acknowledge the
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limitations of the method' s gpplicability, these limitations make it vitd that the Agency provide clear
guidance to potentia users regarding real world applications. The Committee understands that such
guidance (including applicability of the ESG method to the dredged materid program) will be included
in a“ Sediment Guiddines User’s Guide” under

preparation by the Agency. This User’s Guide should aso undergo careful peer review to ensure that
the various sediment assessment tools are not applied outside their vaidated conditions.

In response to the Charge questions, the Committee concludes that: @) the incorporation of the
fraction organic carbon (foc) into the SEM-AV S methodology improves the overdl ability of the
gpproach to predict when sediments are likely to be toxic to benthic invertebrates, but does not render
the method suitable for use as a sand-aone method for identifying “toxic” and/or “non-toxic” sediments
without supporting biologica data; b) the Biotic Ligand Modd should be vaidated for pore water
applications before being used in the Intertitid Water component of the Metals Mixtures ESG; and )
further research isrequired before adding either chromium or silver to the Metals Mixtures ESG.

For these reasons, the Committee recommends that SEM-AV S be incorporated into sediment
assessment guidelinesin away that assures that SEM-AV S will continue to be used in conjunction
with other assessment tools to characterize the safety of sediments, rather than being used as a sand-
donetest. The SEM-AVS method may be particularly useful to prioritize Sites requiring atention and
to explain Stuations when bioassays show alack of toxicity even though metd concentrationsin
sediments are high. The Committee strongly recommends that the Agency now turn its atention to the
gppropriate application of SEM-AVSin thefiedd and thereafter to other methods of ng sediment
quality that can be used when SEM-AV S cannot.

The Committee gpplauds the Agency’ s efforts to integrate its approaches to the management of
water column and sediment meta's, while noting that the conceptua modd presented to the Committee
describing the relationships among environmenta compartments, exposure pathways, and criteria
measures was incomplete. The Committee urges the Agency to develop a refined conceptual model
that incorporates dl partitioning phases and routes of exposure in order to guide the Agency’s long-
term efforts to integrate water column and sediment standards and to assist users to gpply current
standards and guidelines appropriately.
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APPENDIX A: ACRONYMSAND ABBREVIATIONS

AVS Add Voldile Sulfide

BLM Biotic Ligand Modd

CPOM Coarse Particulate Organic Matter
DOC Dissolved Organic Carbon

EqP Equilibrium Partitioning

ESG Equilibrium Sediment Guiddines
FCV Find Chronic Vaue

foc fraction organic carbon

FPOM Fine Particulate Organic Matter
W Interdtitid Water

IWTU Interdtitital Water Toxic Unit
SEM Smultaneoudy Extracted Meta
TOC Totd Organic Carbon

WER Water-Effect Ratio

wQC Water Qudity Criteria
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