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Honorable William k. Railly
Administrator

U.3. Environmental Prezection Agency
401 M Street, 35.w.

Washington, D.c. 20460

Subject: Seience Adviscry Board's comments on the use of
uncertainty and modifying factors in establishing Reference Dose
levels.

Dear Mr,. Reilly:

At its October 26, 1889 meeting, the Science Advisory
Board's Environmental Haalth Committee reviewed the use of
uncertainty and rodifying factors in the assessment of the risks
of systemic toxicants (non-carcinogens), 45 summarized in
Presentations by Office of Research ang Development staff. The
determination of these factors ig important because they are
applied to toxicity data o Yield the Reference Dose {(RfD) =--an
estimate of a daily exposure to the human population that is
likely to be without deleterious effects during a lifetime--which
Serves as the basis for [any subsedquent regulatory decisions.
Clearly, inadequate compensation for uncertainty in the available
data could result ip underestimation of risks,. leading to
underprotection and unsafe exXposures, and causing adverse health
effects: on the other hang, overcompensation could result in
averprotection and unnecessary economic costs,

The Committee has reservations about the current use of
the NOAEL (No Observed adverse Effect Level) or LOAEL (Lowest
Observed Adverse Effect Level) to calculate the RfD. Neither of
these measures are bioclogical properties, and both are highly
dependent upon experimental design in a way that may reward roor
eXperimentation (i.e., higher NOAELS/LOAELS are associated with
POOY experiments; hesce, Poor experiments could result in less
prdtective RfDs than better designed experiment&). In addition,
the NOAEL/ILOAEL concept, by focusing on two specific points,
ignores much of the available experimental data; if there is ,



significant trend in response with increasing dose, this trend
should be factored into the estimation of the RfD. The
NOAEL/LOAEL approach does not consider this trend and can result
in an RED which iz not sufficiently protective.

There are alternatives to the NOAEL/LOAEL approach which
mitigate the above problems, and, because they utilize all the
observed data, tend to reduce the random errors which exist even
in well designed experiments. These alternatives include use of
the benchmark dose level--the lower confidence limit on the
estimate of the dose levels associated with a 10% or 1% response
(EDy, and ED,, respectively). Theze may be readily estimakle,
and the Environmental Health Committee recommends that the Agency
consider incorporating the use of these methods in addition to
the current NOAEL/LOAEL procedure. Experience with, and
comparisons of, both the benchmark and LOAEL/NOAEL methods will
aid in the choice of a procedure for the longer run and will help
illuminate the impacts of experimental design on the current
approaches.

With respect to uncertainty factors, the Committee notes
that for certain chemicals, empirical evidence can be uszed to
estimate the magnitude of factors required to extrapolate from
animal data to humans. These analyses show that the magnitude of
the extrapolation facteors required varied greatly among
chemicals. A factor of ten is generally protective, except
perhaps for extrapeolation from animals to humans, where some
empirical evidence suggests that greater factors are needed to
compensate for inter-species sensitivity. 1In other cases, e.q.
these involving length of experiment or adjustment from acute
study to a chronic endpoint, an extrapolation factor of ten may
not be necessary. More research is clearly needed to investigate
the appropriate magnitude of such factors, but the Agency has no
established comprehensive research program to validate the
current factors and te improve or replace them where necessary.
Given the importance of this area, such research is warranted.

It would even be facilitated by an apparently rich data base
residing within the Office of Pesticides Programs. Such research
should also be undertaken by a multi-disciplinary team including
toxicologists, epigemiologists, and biostatisticians. Also, in
regards to improving current practices, the Committee strongly
recommends that a statistician be added to the RfD Working Group,
which reviews the development of these indices from current data.



The Envirohmental Health Committee would be happy te work
with the Agency as it develops and carries out such a research
program, and to review this issue as more research results become

available.

<

@ '/rwm[
Dr. /Ra oehr, Chairman

gcience Advisory Board
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pr. Arthur Upton, Chairman
Enviromnmental Health committee
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Dear Ray:

The Agency appreciates your thoughtful comments on its
Reference Dose (RfD) approach and your recommendations for
additional research. Given the importance of the RfD in
noncancer health risk assessments, your comments and recommen-
dations are timely. Indeed, the Agency has already taken account
of some of your suggestions. The enclosure more fully discusses
our response.

I am always pleased to work with you or members of the
Board. Your Committee's expertise has proved invaluable to the
Agency. Any additional thoughts on this matter are welcome and
would contribute significantly to our efforts.

Sincer yours,

William K. Reilly

Enclosure



Response td Izssues Raised by the Science Advisory Board
© puring its October 26, 1989 Meeting Regarding
Uncertainty Factors and Reference Dose

Comment:

"The Committee has reservations about the current use of the
NOAEL (No Observed Adverse Effect Level} or LOAEL (Lowest
Observed Adverse Effect Lavel) to calculate the RfD. Neither of
these measures are biological properties, and both are highly
dependent upon éxperimental design in a way that may reward poor
experimentation (i.e., higher NOAELS/LOAELS are associated with
poor experiments; hence, poor experiments could result in less
protective RfDs than better designed experiments). In addition,
the NOAEL/LOAEL ceoncept, by focusing on twe specific points,
ignores much of the available experimental data; if there is a
significant trend in response with inereasing dose, this trend
should be factored into the estimation of the RfD. The
NOAEL/LOAEL approach does not consider this trend and can result
in an RfD which is not sufficiently protective."

Response:

We agree that No=-Observed-Adverse~Effect Levels (NOAELs) and
Lawest—Observed—hdverse—ﬂffect Levels (LOAELs) are not biological
properties. In a given toxicity study, NOAELs and LOAELs are
simple tools that the Agency uses to estimate the likely range in
experimental threshold of toxic response. Given many studies,
the use of these tools allows the Agency to determine more easily
the critical effect; a concept useful for many of our goals. The
Committee is éarrect, hcweﬁer, in stating the limitations in use
of NOAELs and IOAELs. The Agency has recognized this as well and
has been researching various improvements, some of which have
recently been published (1,2).

.

Comment:

nThere are alternatives to the NOAEL/LOAEL approach which
mitigate the above problems, and, because they utilize all the
observed data, tend to reduce the random errors which exist even
in well designed experiments. These alternatives include use of
the benchmark dose level--the lower confidence limit on the



estimate of the dose levels associated with a 10% or 1% response
(ED1g and EDgpy respectively). These may be readily estimable,
and the Environmental Health Committee recommends that the Agency
consider incorporating the use of these methods in addition to
the current NOAEL/LOAEL procedure. Experience with, and
comparisons of, both the benchmark and LOAEL/NOAEL methods will
aid in the choice of a procedure for the longer run and will help
illuminate the impacts of experimental design on the current
approaches."

Response:

These comments highlight the "benchmark dose level," a
concept first published in 1984 (3) and developed through the use
of Agency resources. Subsequent publications in this area by
Agency scientists and others (4,5) have enhanced the original
concept. The Agency will soon publish its quantitative
guidelines for noncancer health effects {6) in the Federal
Register for public comments. These guidelines describe several
quantitative approaches. The "benchmark" model and its data
requirements had been discussed in a general fashion. However,
based in part on your input at the October 26, 1989 meeting this
text has been modified to expand the discussion of this model and
the need for review of chemical specific data when cheosing an
approach. Moreover, EPA's Risk Assessment Forum is sponsoring an
internal colloquium on the "benchmark" model. in March.

Comment ;

"With respect to uncertainty factors, the Committee notes
that for certain chemicals, empirical evidence can be used to
estimate the magnitude of factors required to aextrapolate from
animal data to humans., These analyses show that the magnitude of
the extrapolation factors required varied greatly among
chemicals. A fact®r of ten is generally protective, except
perhaps for extrapolation from animals to humans, where some
empirical evidence suggests that greater factors are needed to
compensate for inter-species sensitivity. In other cases, e.q,
those invelving length of experiment or adjustment from acute

study to a chronic endpoint, an extrapolation factor of ten may
not be necessary." K



Regponse:

The general bases of Uncertainty Facters (UFs) are empirical
cbservations (7) and the Agency's usual use of 10-fold values
reflects the known underlying imprecision of these UFs. However,
your comment correctly emphasizes the use of scientific judgment
rather than rote in the choice of UF. The Agency has based
several other-than-10 UFs on chemical-specific information (e.g.,
see the RfD for Aldicarb or Acephate on IRIS), but we agree that
the Agency should more frequently evaluate chemical-specific data
as a means of choosing UFs.

Comment:

"More research is clearly needed to investigate the
appropriate magnitude of such factors, but the Agency has ne
established comprehensive research program to validate the
current factors and to improve or replace them where necessary.
Given the importance of this area, such research is warranted.

It would even be facilitated by an apparently rich data base
residing within the Office of Pesticides Programs. Such research
ehould also be undertaken by a multi-disciplinary team including
toxicologists, epidemiologists, and biostatisticians."

Response:

The Agency and others have investigated the appropriate
magnitude of UFs (8,9), but we agree that this research is
neither compréhensive nor highly visible. Your comment on the
rich data base residing in our Office of Pesticide Programs (OPP)
is likewise correct. A recent manuscript by a team of our
scientists (composed of toxicologists and a statistician) has
tapped the OPP resdfrce (10), but we agree that much more could
be done and that additional expertise (e.g. epidemiclogy) would

help.



Comment:
"Also, in regard tec improving current practices, the
Committee strongly recommends that a statistician be added to the

RfD Working Group, which reviews the development of these indices
from current data."

Response:
We are now seeking a gqualified statistician as a member of

the RfD Work Group as per your suggestion.
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The Honorable William Reilly
Administrator

U.5. Environmental Protection Agency
401 M. Street, 5.W,.

Washington, D.C. 20460

Dear Mr. Reilly:

The Sediment Criteria Subcommittee of the Science Advisory
Board has completed its review of the Equilibrium Partitioning
(EqQP) approach for Judging sediment quality. This approach was
developed by or under the auspices of EPA's Office of Water,
Criteria and Stardards Division, which requested this review.

The SAB was asked to review the sediment assessment approaches
in order to:

1) Evaluate the scientific and technical foundations for each
methodology; '

2) Evaluate the feasibility of using each method for
determining the extent of contamination and risk posed to the
environment and man:

3) Identify research directions that would provide
information to strengthen each methodology; and

4) Compare and contrast the strengths and weaknesses of the
methodologies available to EPA based on Agency provided documents,

The review was conducted by the Sediment Criteria Subcommittee
which was established to review the Agency's technical
methodologies for sediment quality assessment. This is their
second report. The committee met five times over the past twelve
months for this review.

The EqQP approach assumes that the critical parameter for
gauging sediment quality is the concentration of a chemical in the
water that will not cause significant adverse affects to aquatic
species of interest. This water concentration can then be used to
estimate the corresponding concentration of the chemical in the

- underlying sediment. The approach, as developed and reviewed

to date, pertains only to non-ionic organic compounds,

. L .

The EQP approach is considered by the Subcommittee to have
major strengths in its foundation in chemical theory, its ease
of calculation, and its ability to make use of existing data
(e.g., water quality criteria values), In addition, the
developers of the approach have begqun to explore the uncertainty
surrounding the approach, which is to be commended.



The conceptuil basis of the approach is supported by the
subcommittee, however its application at this time is limited.
This is because a better understanding of the uncertainty around
the assumptions inherent in the approach, including assumptions
of equilibrium, bisavailability, and kinetics, all critical
to the application of the EQP approach, is needed.

Additional concerns of the Subcommittee relate to the
limited number of existing water quality criteria which the
EgqP approach can use, the compound-specific nature of the
approach, and the questionable ability of the method to protect
sediment-ingesting organisms. The exposure to organisms by food
chain transfer is also not considered and the amount of field data
available to validate the approach is limited. Some suggestions
for research to explore the sources of uncertainty and the
Subcommittee's other concerns are provided in the attached report.

It should be noted that our charge was to evaluate the method
relative to its ability to gauge sediment quality. We did not
therefore, evaluate its applicability for establishing sediment
quality criteria per se. We were unable to compare the strengths
and weaknesses of the EgP with other methods as identified in our
charge, because appropriate documents were not available at this
time.

The Subcommittee appreciates the opportunity to conduct this
scientific review. We request that the Agency formally respond to
the scientific advice transmitted in the attached report.

Sincerely,
..) - : A —— -
/fiiggézng7hJZ (fZgéyao :zgiwﬂQIZ; L ‘§:>wcséldcwg_
Dr. ﬁaymgg;,LaehrTjﬁﬁ;%%%Eﬁ_ Dr. Kenneth Dickson, Chairman
Executive Committee _ Ecological Processes and
Science Advisory Board Effect Conmittee

Dr. Robert ggett,
sediment Criteria Suﬂsommittse

cc: LaJuana Wilcher, Martha Prothro, James M. conlon,Chris Zarba
catherine Krueger, Donald Barnes



ABSTRACT

This report presents the conclusions and recommendations of the
U.S. Environmental Protection Agency's Science Advisory Board
summarizing a review of the Equilibrium Partitioning (EqP) approach
for estimating sediment quality. The EgP approach relates the
level of a chemical that has been found to be acceptable from a
biclogical standpoint to the corresponding concentration of the
chemical sorbed to sediments. The value that results, the sediment
quality value, is based on the assumption that only the portien
of the chemical dissolved in the water surrounding
sediment particles is available to exert toxicity on resident
biota. The approach, as developed and reviewed to data,
pertains only to non-ionic organic compounds. The EP
approach is considered by the Subcommittee to have major
strengths in its foundation in chenmical theory, its ease of
calculation, and its ability to make use of existing data. 1In
addition, the researchers responsible for its development have
begun to explore the uncertainty surrounding the approach,

which is to be commended. The conceptual basis of the
approach is supported by the Subcommittee, however its
application at this time is limited. This is because a better

understanding of the uncertainty around the assumptions inherent
in the approach, including assumptions of equilibriunm,
biocavailability, effect levels, and kinetics, all critical to the
application of the EP appreach, is needed. Additional concerns
expressed by the Subcommittee relate to the limited number of
existing water quality criteria which the EP approach can use,
the compound-specific nature of the approach, and the
questionable ability of the method to protect sediment-ingesting

organisms. The exposure to organisms by food chain transfer is
also not considered and the amount of field data to validate the
EQF appreach is limited. Some suggestions for research to

explore the sources of uncertainty and the Subcommittees other
concerns are provided in the report.

Koy Words: Sediment, EgP; Equilibrium Partitioning approach: Non-
ionic organic compounds



U.S.. ENVIRONMENTAL  PROTECTION AGENCY

NOTICE

This report has been written as a part of the activities of the
Science Advisory Beard, a public advisory group providing
extramural scientific information and advice to the Administrator
and other officials of the Environmental Protection Agency. The
Board is structured to provide a halanced expert assessment of
scientific matters related to problems facing the Agency. This
report has not been reviewed for approval by the Agency: and,
hence, the contents of this report do not necessarily represent
the views and policies of the Environmental Protection Agency or
other agencies in Federal government. Mention of trade names or
commercial products does not constitute a recommendation for use.

ii



U.8. ENVIRONMENTAL PROTECTION AGENCY
‘ SCIENCE ADVISORY BOARD
ENVIRONMENTAL EFFECTS, TRANSPORT AND FATE COMMITTEE
S8BDIMENT CRITERIA SUBCOMMITTEE

ROSTER
CHATRMAN

Dr. Robert Huggett

Virginia Institute of Marine Science
School of Marine Sciences

College of William and Mary
Gloucester Point, Virginia 23062

VICE CHATRMAN

Dr. Rolf Hartung

University of Michigan

3125 Fernwood Avenue

Ann Arbor, Michigan 48108-1955

MEMBERS
Dr. William J. Adams

Monsanto Company (U4G)
800 N. Lindbergh Blvd.
St. Louis, Missouri 63167

Dr. Kenneth L. Dickson
University of North Texas
Institute of Applied Sciences
P.O. Box 13078

Denton, Texas 76203

Dr. Benjamin €. Dysart III
Environmental and Water

Resources Engineering
401 Rhodes Engineering Research Center
Clemson University
Clemson, South Carolina 29634-0919

Pr. Eugene Kenaga
Consultant (Ret./Dow)
1584 E. Pine River Road
Midland, Michigan 48640

Dr. Frederic K. Pfaender
Department of Environmental Sciences

and Engineering bt ‘
University of North Carelina -
Chapel Hill, North Carolina 27599-7400

iii




Dr. Y. Peter Sheng

Professor, Department of Coastal and
Oceanographic Engineering

336 Well Hall

University of Florida

Gainesville, Florida 32611

SUBCOMMITTEE LIATSONS

Dr. Robert M. Engler
(CEWESEP-D)

Waterways Experiment Station
U.5. Army Corps of Engineers
P.0. Box 631

vicksburg, Mississippi 39180

Dr. Chris Ingersoll

National Fisheries Contaminant
Research Center

U.S. Fish and Wildlife Service

Route 2 ‘

Columbia, Missouri 65201

Dr. H. Suzanne Bolton

NCAA-DOC ‘

Office of Legislative Affairs
(LAX-2)

Herbert C. Hoover Building
Room 5222

Washingten, D.C. 20230

SCIENCE ADVISO BO STA

Dr. Edward S. Bender

Biologist & Executive Secretary*
U.8. Environmental Protection Agency
Science Advisory Board

401 M Street, S.W.

Washington, D.C. 20460

#Ms. Janis Kurtz, currently assigned to ERL Gulf Breeze, FL,
served as the Executive Secretary through September, 1989.

L

iv



T QF CONTEN

1.0 Executive Summary . e e e e e

T e e e 4 e . 1

2.0 Intreoduction . . ., . , , . . . . . . . . . .. . . 2

2.1 Request for Science Advisory Board Review . . . -

2.1.1 Charge to the Subcommittee . . ., , . . . 2

2.2 Subcommittee Review Procedures . . . . . . 2

2.3 Expected Future Activities . , . . . . . 3

3.0 Evaluation of the Equilibrium Partitioning Approach 5

3.1 Chemical Considerations . . . . . . . . . . . . 6

3.1.1 Kineties . . . . . . . . . . . . . . .. 6

3.1.2 Particle Size Distribution . , . . . . 7

3.1.3 Analysis . . . . . . . . v . e .. 8

3.1.4 Sorption . . . . . . 0w e e e e e .. 8

3.1.5 Organic Carbon Normalization . . . . . 10

3.1.6 Particle Concentration Effect . . . . . 10

3.1.7 Spiked versus Natural Sediment Adsorption 11

3.2 Biological Considerations . . . . . . . . . . . 12

3.2.1 Dependency on Water Quality Criteria

and Advisories . . . . . . ., . . ., ... . 12

3.2.2 Exposure Routes-Water Versus Sediments . 13
3.2.3 Relevance of Water Quality Criteria to

Benthic Organisms . . . . , . . . ., . . . . . 14

3.3 Inappropriate Use of Water Quality Criteria to
Determine Effect Levels in the EP Approach . . 15

4.0 Summary of Subcommittee Conclusions, Recommendations 16
5.0 References . . . . . . . & v v v v e w v v v e v . . 18
Appendix A - Briefing Report to the EPA Science Advisory Board

on the Equilibrium Partitioning approach to
Generating Sediment Quality Criteria



1.0 BXECUTIVE_SUMMARY

The Equilibrium Partitioning (EgQP) approach to
assessing sediment ¢uality is based on an assumed set of
relationships between chemical contaminants sorbed to bottom
sediments and living organisms residing in, on or above
those sediments, Some of the relationships are supported Dby
thermodynamic principles, others by limited observations.

The approach assumes that only the fraction of contaminant
that is dissolved in interstitial water is Dbiologically
available, and that this dissolved fraction is inversely
proportional to the organic carbon content of the sediment.
Additionally, it is postulated that the distribution of the
contaninant between pore water and sediment organic carbon
is comparable to the distribution of material between water and
the organic solvent n-octanol (i.e., the octanol/water partition
coefficient). ‘

To describe the distribution cf a substance between water and
bulk sediments, the sediment partitioning coeffici. :it, K,, 15 used.
The organic c¢arbon normalized sediment partitioning coefficient,
K., is used to describe the distribution of the chemical between
the organic fraction of the sediments and the associated water and
it is approximated by K, the octanol/water partition coefficient.
Therefore, if the assumptions are valid, if the coefficients are
known and if the biologically acceptable water concentration of a
persistent contaminant is known (e.g., from the establishment of
a water cuality criterion), the acceptable amount of contaminant
in the solid sediment phase can be calculated.

The EgP appreoach relies on a fundamental chenical parameter,
fugacity. The subcommittee considers this foundation to be a major
strength, and supports the conceptual basis of the approach. The
relative ease of calculation and the approach's reliance on the
use of existing data alsc contribute to the approach's appeal
and potential for application.

The EqQP approach shows promise kbut, in the opinion of the
Subcommittee, should not be broadly applied without an
understanding of the uncertainty around the assumptions inherent
in the approach. Areas of uncertainty that must be explored
prior to generic applicability inelude assumptions of

equilibrium, bicavailability, and kinetics.



For instance, the Subcommittee recommends that uncartainty
associated with the following facets of the EqP Approach be
critically examined:

0 Uncertainty associated with equating K_ and K7

© Uncertainty associated with the use of water quality
criteria, water quality advisories and other estimates of
effect levels;

regulating the bicavailability of non-ionic organic sediment
contaminants.

Finally, the Subcommittee expressed reservations about the
limited number of water quality criteria, the higher levels of
uncertainty associated with advisories, the inat ility of the
approach to account for mixtures of chemicals, and the
questionable ability of the method to protect sediment~ingesting
organisms. The Subcommittee was also concerned with the limited
amount of data available to validate the EqP approach.



2.0 INTRODUCTION -

2.1 Request for Science Advisory Board Review

At the request of the Office of Water, Criteria and
Standards Division, the Science Advisory Board (SAB) agreed to
conduct a scientific review of the Equilibrium Partitioning
(EQP) approach. The SAB's Ecological Processes and Effects
Committee ( formerly the Environmental Effects, Transpert and
Fate 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, with the
approval of the Board's Executive Committee.

2.1.1 Charge to the Subcommittee

This review is the second to be completed in a series of SAB
reviews related to sediment quality criteria. Preliminary
reviews focused on approaches to examining non-ionic organic
contaminants. The first report of the = Subcommittee, entitled
vEvaluation of the Apparent Effects Thresheld (A: 7) Approach for
Assessing Sediment Quality" July, 1989, presented recommendations
and conclusions concerned with  the AET Approach. The charge
accepted by the Subcommittee for the review of the AET and EQP
approaches was to: '

a) Evaluate individually <the scientific and technical
foundations for the various methodologies available to the Agency
to estimate sediment toxicity and biological impact of contam-
inated sediments in situ.

b) Evaluate the feasibility of utilizing each methodology
to determine extent of contamination and risk posed to the envi-
ronment and human health.

c) Identify reseafch directions that would provide informa-
tion to strengthen each methodology.

d) Conduct a technical review of documents provided by the
Agency that compare and contrast the seientific and technical
strengths and weaknesses of the methodologies available to the
Agency to estimate sediment toxicity and biological impact of
contaminated sediments in situ.

2.2 gubcommittes Review Procedures

The Sediment Criteria Subcommittee met on August 8 and 9,
1988, in Denver, Galorado, to assess the Agency's activities
regarding contaminated sediment and to explore avenues for
providing oversight. A second meeting was held on October 27 and
28, 1988, in Seattle, Washington. Informative briefings were
provided on the objectives, historical perspective and technical

-



components of the AET approach. A third meeting was held on
February 2 and 3, 1989 in Washington, D.C. to begin the review of
the EqP approcach. The briefings provided to the Subcommittee
were thorough and were supported by documentation which was
provided to Subcommittee members prior to the meeting. This
preparation and support was provided by Office of Water, Office
of Research and Development and associated contractors.

Select members of the Subcommittee were convened for writing
sessions in Gloucester Point, VA on May 8 and 9, 1989 and in
Washington, DC on June 1 and 2 and again on August 17, 1989. The
final report has been reviewed and approved by the Subcommittee,
the Ecological Processes and Effects Committee, and the Executive
Committee of the SAB.

2.3 Expact Futu Activities :

The  Sediment Criteria Subcommittee is reviewing the
technical appropriateness of a series of methods that may bhe
applied to assessing sediment quality. These methods are contained
in a manual under development by EPA/OW's Contaminated Sediment
Technical Committee. The Subcommittee will comment on  this
manual in the near future.

Other sediment quality assessment methods, including methods
for assessing metal contaminants, are expected to be developed
and existing approaches refined, and as this occurs, they will
be transmitted to the Subcommittee for review.

During the course of these critical evaluation processeas, it
1s likely that areas 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 their completion by Agency staff.

The EQP approach focuses on the partitioning of chemicals
between particulate or solid (bulk) sediments and interstitial
water (i.e., the water between sediment particles), and water
quality criteria established for contaminants to indicate their
toxicity. Since the contaminants partitioning to the interstitial
water appear to be more available to biota than contaminants bound
to bulk sediment, the EqQP method for generating sediment quality
values 18 based on predicted - contaminant concentrations in
interstitial watar @eee Appendix A). Chemically contaminated
sediments are expectéd to cause adverse biological effects if the
Predicted interstitial water concentration for a given contaminant
exceeds the water quality criterion established for that
contaminant.



The EgP approach for assessing the quality of bottom
sediments ' relative to chemical contamination relies on a
fundamental thermodynamic parameter, fugacity. Fugacity is the
tendency of a substance to escape or flow from one phase of a
system to another until equilibrium is established. Equilibrium
is attained when the energy of that particular system is at its
lowest, and under this condition, all concentrations in the system
are independent of time.

In the case of chemically contaminated sediments, under
conditions which approach ideal, fugacities can be used to predict
how a chemical contaminant will bhe distributed among the
various phases making wup the system. This system may be in
equilibrium, but equilibrium does not imply that the chemical
concentrations are equal among the phases. Those phases include:
inorganic material, non=-living organic material, pore water,
dissolved gases, bilota, and the overlying water column.
Therefore, if one knows the equilibrium concentration of a
chemical in any one phase, then the concentrations in the
remaining phases can be calculated if the distribution or
partition coefficients among the phases are known.

The EgP method assumes relatively ideal conditions and
equilibrium. This allows one to estimate the pore water
concentration by knowing the concentration of the substance in
the solid phases. If the assumption is made that only the pore

water fraction is biologically available, and if the agqueous

toxicity is known, exposure and hazard can be determined.

Ideal conditions are seldom approached under real-world
conditions, and approximations and assumptions must be made. The
EqP methodology relies on a number - of empirically derived
estimates to describe the interactions or relationships among
hazardous chemicals, sediments, and indigenous biota.

To describe the distribution of a substance between water
and bulk sediments, the sediment partition coefficient, K, is
used. The organic carbhon normalized sediment partitioning
coefficient, K., is used to describe the distribution of the
chemical between the organic fraction of the sediments and the
associated water and it is approximated by K, the octanol/water
partition coefficient. Each of these estimates has an
agsociated uncertainty vresulting from experimental errors and,
in some cases, assumptions for which accuracy is not known with
certainty. There is uncertainty about the impact of non-ideal
conditions on partitioning and the estimate of sediment guality
derived from partitioning values. The Subcommittes ;acag%ands

: Apt - b nasupptions o ralatively




3.1 Chemica)l Considaraticons

The EqQFP approach for setting sediment quality criteria, 1like
the Agency's water quality criteria approach, focuses on the
effects caused by single chemicals. This is recognized as a
limitation in both approaches, since the synergistic,
additive, and/or antagonistic effects posed by mixtures of
contaminants are not taken into account. The following is a
discussion of the EgP methodology's strengths and weaknesses
from a chemical standpoint, based on the methodology's focus on
single chemical compounds. Ongoing studies by the Agency (SAB,
1989) and completed work by others (NRC, 1988 and NRC, 1989) should
be examined relative to their usefulness here.

3.1.1 Kinetics

In idealized situations, where thermodynamic equilibriunm
exists between the solid phase and the aquecus phase of a
particular chemical, and when cause/effect relationships are
known, the EgqP approach is valid and can be used to estimate
sediment quality from the partitioning coeffi ients and the
water quality criteria for that chemical. In such situations,
the method is very straightforward. However, in field
conditions it is necessary to examine whether and how well the
assumption of thermodynamic equilibrium is satisfied before
applying thé methodology. Although the limited data presented in
the draft briefing document appeared to support the application
of EqP, a few recent studies have indicated that deviation from
thermodynamic equilibrium is not wuncommon in real world
situations.

Witkowski, et al. (1988) reported on the sorption and
desorption dynamics of AROCLOR 1242 to natural sediment and found
that a two-stage kinetic model, rather than the equilibrium
model, was more appropriate for representing sediment uptake and
release processes in long-term (up to 16 days) simulations. The
data presented show that the partition coefficient can deviate by
a factor of 7 from the one corresponding toe the equilibrium
conditions. Thus, if one uses the sediment quality estimate
determined from the EQP approach to set a limit on the solid
phase, the 1limit may be in error. Likewise, calculations of
interstitial water concentrations based on measured solid phase
concentrations may be in error.

Several studies have strongly indicated that kinetic control
rather than equilibrium partitioning, dictates the extent of
accumulation of sediment contaminants. Olivexr (1984, 1987)
suggested that the importance of kinetic control in affecting the
accumulation of contaminants by benthos. Klump et. al. (1987)
measured the assimilation coefficient of oligochaetes and
demonstrated the importance of ingestion in affecting the
accumulation of contaminants. In a recent study by Landrum et. al.
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{1989), Pontoporeia hovi were ‘éxpoded to sedimerts contaminated
with TCB (tetrackhlorobiphenol) and BaP (benzoapyrene). Although
the partition coefficient of TCB is only twice that of BaP, the
uptake rate of TCB was found to be 10 times that of BaP. Landrum
et. al. (1989)) and Landrum {19892) concluded that, in their
experiment, the accumulation of contaminants is dictated by the
rate of desorption of contaminants from sediments and the
assimilation of contaminants by benthos instead of partitioning.

In the same study, Landrum et. al. (1989) also found that the
time for equilibrium (via adsorption)to be established between
contaminants on sediments and contaminants in interstitial water
i= on the order of one month or longer. The %time to approach
equilibrium via desorption, which occurs in most depositiocnal
areas, is likely to be even longer.

The data of Landrum, et al. (1989) suggest that the time
scale depends on rates of desorption, ingestion, and elimination,
instead of the simple equilibrium partitioning. Furthermore,
physical and biological factors (e.yg. temperature, salinity,
turbulence level, sediment type, sediment size distributioen,
degree of flocculation, pioturbation, and decomposition) can
also be expected to affect the kinetics. These factors are
extremely difficult to reproduce in a laboratory experiment.
Moreover, laboratory experiments can only mimic "snap shots" in the
field, but cannot simulate the variability in physical and
biological factors associated with episodic events. Extrapolation
of laboratory results to field conditions thus contains significant
uncertainty.

Because of uncertainties produced by the problems
mentioned above, and because of uncertainties associated with the
determination of partition coefficients due to various other
factors (e.g. particle concentration effect, flogcculation effect,
complex mixtures effect), it is recommended  that a_ more
sophisticated uncertainty analysis Dbe carried out for the BEgP
approach to set limits/bounds op jts applicability. Uncertainty
analysis may peoint to needs for additional research in various
aspects of the methodology. The uncertainty analysis in the draft
briefing document fails to adequately address all these important
factors mno ore © ' arform

3,1.2 Particle 8ize P¥stributiop (PSD)

Specific to the EQP Approach is the fact that PSD can be an
important factor controlling chemical adsorption in certaln
areas. Bottom sediment may be a mixture of coarse sand-size primary
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particles, finer primary particles such as the silts and clays,
and organic material, as well as aggregates that may contain both
inorganic particles, organic material, and living organisms of
assorted sizes. The active benthic zone of bottom sediments may
be cohesive or non=cohesive and may well be mixed vertically or
stratified by density or particle size. Composition can vary
greatly both among sites and within sites. These facts are well
known and necessitate a very thorough sampling plan to properly
characterize a particular area and document the sample
heterogeneity.

It 1s recognized that the surface area and organic content
of sediments often increase as the particle size decreases. In
such cases organic carbon and increased surface area produce
interdependent effects on sorption. Organic carbon is thought
to normalize about 70% of the variability in chemical
concentrations on sediments (for sediments with an organic carbon
content of 0.5% or more). Based on these observations,_ it is
recommended that additio research be conducted to urther
evaluate the importance of P8D in controllin or influenecin
adsorption and desorption in co nation with o ic_ecarbon. To
date much of the published literature reports results in which
the two factors are separated and not integrated.

3.1.3 Analysis

The draft briefing document supplied by the Office of Water
did not address specific procedures for the analysis of
non-~ionic organic compounds in sediments or pore water.
Detailed analyses of sediment and pore water characteristics such
as dissolved organic carbon (DOC), total organic c¢arbon (TOC), and
sediment particle sizes were not presented. While not all these
factors must be known to carry out a sediment quality criteria
calculation by the EqP method, they should be known to be
more certain that its application is appropriate.

Procedures for these analyses are reasonably well known and
understood, and have been addressed by previous documents. The
use and application of the EQP approach will depend on
high-quality data with known levels of uncertainty for the K,
chemical concentration in the sediment, sediment organic carbon,

and sediment characteristics. As part of the development of

t a 0 a {*] ate mathods fo SCass aAlysas ad

to he assembled, criteria for use of va rogeduras

defined, quality assurance/quality control evaluations specified,
2 . - . 318 stated.

. - .‘ [ “' : _- _. - ,‘_ _ . m' » -3} .I tiﬂﬂ [=] =
brocedures and mathods manual be updertaken. to address both
chemical and biologjcal sampling.




3.1.4 Sorption

n"Sorption" is the generic and non-committal term which
encompasses both adsorption and absorption processes. The
distinction between these two processes is sometimes difficult to
demonstrate experimentally, but mechanistically they represent
two unicque processes., Adsorption is an interfacial phenomencn
which results in an increase in the concentration of a sorbant in
the interfacial layer between the bulk aqueous and solid phases.
In contrast, absorption is defined as the transfer of a c¢omponent
from the agueous phase into the solid phase. The use of
partition coefficients does not readily distinguish between these
mechanistically different processes, and in practice it is likely
that adsorption and abseorption occur sequentially, and that their
relative impertance can have significant consequences for the
extent of sorption (Mingelgrin and Gerstl, 1983).

The basic hypotheses related to the sorption and desorption
of non-ionic organic chemicals in the EqP methodology state that
the sediment/water partition coefficient(K,) is controlled by
the organic carbon fraction (f.) and the sediment organic
carbon/water partition coefficient (XK}, and that the Koc is, in
turn, directly related by use of regression equations to the n-
octanol/water partition coefficient (K,). The extent to which
these hypotheses operate in real world situations affects
the fidelity with which carbon normalization and partition
coefficients can reflect sorption phenomena in nature.

K, values for a given chemical, when run under standardized
laboratory conditions are constant and reproducible. K, values
for a given chemical tested under standardized laboratory
conditions are fairly reproducible where the erganic carbon is
0.5 % or more, although the confidence limits are greater than for
Kow calculations. K . values however, appear unreliable when
correlated with K, Felow that percentage. While sediment
organic matter appears to be the most important sorbent for non-
ionic chemicals it is not the only sorbent. Furthermore,
different types of organic carbon are likely to have different
potentials for partitioning, especially when their surface areas
differ (Amideon and Anik, 1980). :

The partitioning approach based on the organic carbon content
of sediments does not take sorption to sedimentary components
other than organic carbon into account., It is well known that
major sedimentary constituents, such as 5i0, and complex
silicates are poor substrates for the adsorption of non-ionic
organic chemicals, because these common gubstrates form hydrated
ionic double layers about them that pre-empt interactions with
hydrophobic chemicajs., However, other sedimentary constituents,
such as sulfides, fsgrcic oxide (Fey0y), rutile (Tio,) and elemental
sulfur do not form hydrated ionic double layers®and can readily
sorb non-ionic organic chemicals. In addition, polymers can
negate the influence of double layers (Stumm and Morgan, 1981).



3.1.5 @ £ Carbon Normaligzation

Data show the organic portion of sediments to be usually less
than 10% on a dry-weight basis, but higher values have been
reported. Experimental evidence indicates that the organic carbon
fraction of sediment is the principal sorbent for many
hazardous organic compounds, especially non-ionic chemicals;
therefore normalizing the sediment partition coefficient for the
carbon  content of a particular sediment adjusts, in
principle, the coefficient to ©better approximate actual
environmental conditions.

In many instances sediments may be polluted with high
concentrations of natural and/or man-made hydrophobiec organic
contaminants, At high concentrations, multi-phase systems exist
with multiple mass transport interfaces between the interstitial
water and sediment, interstitial water and an organic liquid
phase, and the organic liquid and the particles. In these
instances the non-agqueous materiazl can be both a source of
soluble material to the water and another phase for sarbing
pollutants. The draft briefing document does not address this
situation, which may be common for certain kinds of pollutants and
sites (e.g., PCBs, petroleunm hydrocarbons, creosote, etc.). Several
questions should be addressed. Can the EgP method be used in
these circumstances to establish sediment criteria? Are these
situations of enough significance to warrant generation of a new
or modified methodology? Could a modification to the existing
approach incorporate a third phase? Can it be assumed that the
biota will not interact with the non-aqueous liquid and therefore
that it 1is not important from a toxicological perspective? Is
this an instance of a very complex mixture where we have no
adequate method for assessing sediment quality?

3.1.6 Particle Concentration Effect

The use of the EgQP approach is based on the empirical
observation that in most laboratory experiments K. is
approximately equivalent to K,+ Many of the laboratory
measurements used to estimate K_ have been made at relatively
low suspended particle concentrgiions but are applied to bedded
sediments. If the sorption properties of high particle
concentration aqueous suspension or intact sediments are not the
same as the low concentration suspensions used to derive K/
then there is a basic problem in the application of this
method. This observeg particle concentration effect suggests that
some factor may cause sorption to solids to decrease as
the particle concentration increases. A question is therefore
raised as to proper ways to estimate bed sediment sorption and
desorption.
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Additional'“data exist that.indicate the apparent effect of
particle concentration on sorption jsotherms is an artifact of
the way the laboratory experiment is performed. The data of
cachwend and Wu (1985) suggest that apparent particle effects
are due to the fact that soluble macromolecules (humie, fulvic
acids, proteins, etc.) and colloidal particles are not removed
from the liquid phase of isotherm studies using existing
centrifugation techniques. The change in the is then a
. function of the amount of soluble macromolecules and particles
left in liquid phase which is directly related to the
concentration of solids used in the isotherm study. These
conflicting viewpoints indicate that the mechanisms of adsorption
and desorption are not fully understood and that there is not yet
a universally accepted and applied approach for measuring
sorption. 8ince t alationship betwean XK 1 K, auch
important agspect of the application of the EqP approach, and since
it may impact how future meagursmgnts are made, the Subcommittee

recommends that additienal rasearch into particle concentration
effects be conducted.

3.1.7 S8piked vers Nat 8 & dso o

The scientific literature clearly indicates that there are
major differences in the sorption characteristics of
sediment-bound chemicais depending on whether the chemical was
spiked onto the sediment or occurred as a result of a release
into the natural environment., Major differences in the
desorption rates have been reported. These differences are
thought to be due to the "aging process®™ that occurs after
sediment and chemical contact has been made. Laboratory
experiments support the idea that the longer a chemical has been
adserbed to a sediment, the =slower will be <the overall
desorpticon/diffusion rate. This implies that chemicals may be
more bicavailable in toxicity studies with freshly spiked sediment
than with sediments collected from the natural environment with
the same chemical. o

Much of the data generated to date to test the EqP method has
been collected using freshly spiked sediments. While this
approach is satisfactory for understanding the basic approach and
evaluating whether carbon is a reasonable normalizing factor, there
may be considerable error associated with field applications of
these data.
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3.2 Biclogieal Considerations

The following is a discussion of the EgP meﬁhodolagy's
strengths and weaknesses from a biological standpoint.

3.2.1 Dspendancy op Water Quality criteria and Adviasories

The EQP method for generating sediment quality criteria
appropriate for non-ionic organic chemicals uses water quality
criteria (WQC) as the effects concentration in calculating the
sediment quality value. Thus the approach is dependent on the
availability of a water quality criterion or some surrogate
before it can be used. At the present time water quality
criteria have not been developed for many non-ionic organic
compounds, and the data base for water quality criteria does not
contain many chemicals with very high K, Vvalues. In
addition, of the chemicals for which water quality criteria do
exist, only a relatively small number (approximately 30) have
been developed following the National Guidelines for the
Development of Water Quality Criteria. Thus, of the available
water quality criteria, there are varying degrees of uncertainty
regarding their ability to protect aquatic life.

When applying the EqP method to chemicals for which no water
quality criteria exist, the user must develop surrogate
effects concentration. Such a surrogate will have additional
uncertainty associated with it and the degree of uncertainty
depends on the approach used to develop the surrogate. For
example, Water Quality Advisories might be wused to derive
an effects concentration, yet all Water Quality Advisories are not
equal in terms of amount and gquality of data used in their
development. Thus, varying degrees of uncertainty exist
regarding . their ability to protect aquatic life., It is
conceivable that an effects concentration for a chemical could
be derived from acute toxicity data by applying an application
factor. In such a case, the uncertainty of the effects
concentration used in the EgQP method may be very large.
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Because of the critical role the estimate of an effects
concentration plays in the EqP approach for the development of
sediment quality values. and the varying degrees of uncertainty
for the various estimates of an effects concentration, the
Subcommittee recommends that the developera of the EgP mathod

g

value davelopad by the EqP Approach. This quality designation
should indicate the certainty or confidence attached to the
sediment quality value. Quality designations could take the form
of descriptive statements or numerical indicators. Quality
designations should also be included as part of any sediment
criterion value, regardless of the method that is used to develop
the sediment criterion.

3.2.2 Expogure Routes-Water Vergsus Sediments

The data presented in the EgP support document, on both
pioaccumulation factors and sediment toxiecity, support the
overall contention that carbon normalization does a reasonable
job of explaining bicavailability differences among different
sediments. However, providing data on selected bicta is not
equivalent to providing evidence that WOC can be used to establish
sediment quality values protective of all benthic organisms
regardless of the route of exposure. :

A key gquestion surrounding the EqQP methed has to do with the
method's ability to adequately protect species which are detrital
feeders, those that may not receive most of their chemical
body burden from interstitial water. 'Data are emerging that
indicate some benthic organisms are exposed primarily via detrital
feeding (Boese, 1988: with hexachlorobenzene and Macoma sp.). It
also has been shown that for certain PAHs (high pK) uptake via the
gut can exceed uptake across the gill in freshwater
amphipods (Landrum, 1989). It is unknown at this time whether or
not there are a large number of benthic species to which this
applies, and whether or not these species are more sensitive
than other benthic organisms.

Equilibrium partitioning theory, per se, does not assume
that the interstitial water is the primary or only uptake route.
It is recognized that the thermodynamic potential for transport
to the organism (i.e., effective exposure concentration) is the
came from the sediment or the water when sediment and
interstitial water are at equilibrium. Field data generated to
date are not capable of discriminating between the two routes
of exposure. However, the bulk .of the experimental data have
shown that, for ma¥y organisms, effect levels attributed to
sediment interstitial water concentration match traditional
agquatic toxicity values generated Wwithout the presence of
sediment. This does not prove the route of exposure, it only says
that the weight of evidence is that for many organisms the WQC
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can be used to estimate sediment effect levels. This approach is
vulnerable in that it is not known whether or not organisms which
derive their body burden primarily via the gut are affected at
the same sediment chemical concentration as those which are
affected by the interstitial water. Do water quality criteria

adequately protect these organisms?

Bubcomnm he HBATC be
conducted to determine vhether or not vater quality values and
zediment ¢uality ecriteris daveloped by h BgP  method are

3.2.3 R ance of Wat o anis

One of the basic assumptions in the development of sediment
gquality criteria is that water guality criteria (or some
surrogate) are adequate estimates of the effects concentration
for benthic organisms. The developers of the EqQP approach have
attempted to validate this assumpticn by analyzing the relative
sensitivity of marine water column species and benthic species by
segregating the acute toxicity data base for 30 chemicals for
which water quality criteria exist. In addition, data from
benthic colonization experiments for six chemicals were examined.

The existing method of data analysis relies on the use of
pooled data and comparisons of percentile ranges. This approach
does not allo review of data for specific species. The

Y ahel B3 H r SeH3 de

column species in the data set. The data used for the species
sensitivity comparisons should be based on studies with animals:
a}) at a similar 1life stage, b) tested under similar conditions
(e.g. hardness, pH, temperature), and c) exposed for the same
period of time. A series of sengitivity ratios could then be
developed by dividing the acute values for a benthic species into
the acute value for a water column organiem for the same chemical.
This could help determine 'if benthic species are as acutely
sensitive, on the average, as certain water column organisms.

To date only acute data for benthic and water column marine
species has been analyzed. It is important to determine if
benthic and water column species have similar chronic
sensitivities to chemicals, since chronic toxicity data are
essential to the developmen of WQC. The Subcommittae
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The  Subcommittee is concerned that the water quality
criteria documents could be used inappropriately to, determine
effact levels for the EqP approach. For instance, some of the WQC
are based on residue considerations, i.e., PCBs. It would bhe
inappropriate to use the overall WQC in these cases for deriving
sediment quality values. The residue derived WQC are usually
estimated based on measured bioconcentration coefficients.
Potential user of WQC should not accept these numbers directly
without careful reference to the technical support documentation
for the WQC to establish the limits of applicability of values
that have been selected.

When the expected residue concentrations are to be inferred from
the concentrations of contaminants in sediments using the EgP
method (or any other methed), then the additional extrapolatiocon
of sediment-water-biota will introduce an additional uncertainty,
making the entire process even less reliable. Use of the data in
the WQC document that pertains to chronic effect levels would be
more appropriate, such as the final chronic value (FCV). TIh4
Subcommittes Te ommends _that very careful use of the WOC

gquality valugg_bx ghu"ggr apﬁro!&h;
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4.0 BUMMARY OF SUBCOMMITTEE CONCLUSIONS AND RECOMMENDATIONS

a. The Subcommittee recommends that the assumptions used in
the EgP approach, including assumptions of relatively ideal
conditions and equilibrium, be investigated to better characterize
the uncertainty that may exist around them.

b. It is suggested that a more scphisticated uncertainty
analysis be carried out for the EqP approach to set limits/bounds
on its applicability. A more rigorous approach would be to
perform uncertainty analyses on both the water quality criteria
and the partition coefficients, K, and K to yield a combined
uncertainty on the sediment gquality values.

c. It is recommended that additional research be conducted to
further evaluate the importance of particle size distribution in
sediments in controlling or influencing sorption and desorption
on mineral soil particles in combination with organic carben. It
is recommended that various inorganic sediment constituents such
as S5i0, and sulfides and various forms of organic carbon be
investigated to determine the extent that they influence the
sorption and desorption of non=ionic chemicals. ‘

d. As part of the development of the approach, the
appropriate” methods for all the necessary analyses need to be
assembled, criteria for use of various procedures defined,
quality assurance/quality control evaluations specified, and
methods for quantifying uncertainty in the analysis stated. The
Subcommittee therefore recommends that the preparation of a
procedures and methods manual be undertaken to address both
chemical and biological sampling.

e. Since the relationship between K_ and K, is such an
important aspect of the application of the EgP approach, and since
it may impact how future measurements are made, the Subcommittee
recommends that additional research into particle concentration
effects be conducted.

£. The Subcommittee recommends that validation experiments be
conducted using natural and/or aged spiked sediments to
determine the relationship between duration of contact of sediment
and chemical, and sorption/desorption properties of the chemical,
sediment, and biological effects. It is also recommended that
consideration be given to the use of aged sediment-bound
chemical desorption partition coefficients in deriving sediment
guality values. -

g. The Subcommittae recommends that the developers of the EgP

method include a statement of confidence with each sediment
quality value developed by the EqQP Approach.
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h. The Subcommittee recommends .that further. research be
conducted to determine whether or not water quality criteria and
sediment quality value developed by the EdqP method are
protective of benthic organisms whose primary route of exposure
may be wvia detrital feeding. '

i. The Subcommittee recommends that the species sensitivity
data (30 marine and freshwater WQC documents) also be reviewed
to determine the two or three most sensitive benthic and water
column species in the data set.

j. The Subcommittee recommends that the developers of the EgP
approach expand the analysis of Water Quality Criteria data base
to include a broader range of species, include considerations and
comparisons of both chronic and acute toxicity data.

k. The Subcommittee recommends that very careful use of the WQC
documents be made and that guidelines be prepared for using WQC
values in the calculation of a sediment quality values by the EgP
approach. : '

1. The Subcommittee recommends that field experiments be
conducted to validate the EqP approach.
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SUMMARY

ihis reporc has been prepared To assisc che EPA Scisnce Advisory Board wizh
lcs evaluacion of the Equilibrium Particioning mathod far gensracing sedimenc
qualicy criteria, Sediment quality criceria as used in this repors refer =o
numerical values for individual chemicals chat are applicable across the range
of sedimencs encouncered im praccise. They are intended to be prediccive of
biological effects and proteccive of che pressnce and uses of hanthic
organisms. As a consequence they could ba used in much che same way as water
quality criceria - as the concentration of a chemical which is procecrive of -

the incanded use.

The specific ragulatory uses of sediment quality criteria have not been
escablished. However, the range of potential applicacions ls quicte large since
the need for cthe evaluacion of potentially concaminaced sediments arises in
mANY concaxts. Sediment quality criteria are nor meanc to replace dirsc:
Coxicity testing of sadiments as a method of avaluaction, but rather to provide
a chemical by chemical specification of what sadiment concantracions would be

procactive of aquatic life and their uses.
TOXICITY AND BIOAVAILABILITY OF CHEMICALS IN SEDIMENTS

The principal cechnical difficulcy that musc be overcoma in se3tablishing
ssdimenc qualicy ecriceria s to dectarmine rtha extent of bicavailabilicy of
sediment assoclated chemicals. It has frequencly been obsarved that similar
¢oncencrations of a chemical in units of mass of chemical per mass of sedizment
dry wveight (e.g. ug chestcal/g sediment) can produce widely differenc
biological effects in differanc sedimancs, 1If the purpose 8f sadimenc qualicy
criceria 1s to escablish chemical concentrations that apply across sediments of

differing cypes it is essential chac cthe reasons for this varying
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wiocavailabilicy be understoad and that they ba explicitly inciuded in zhe
ericaria. Ctherwise the eritaria cannet be prasumed tO b; applicable acTOSS

sediments of differing properties.

The importance of this issue cannot be underascimatad. Tar axamplLe, if 1
ppm of kepemne is the Lﬁso for an organisa in one sedigent and 40 ppm is zthe
LCgsg inm another sediment, chen unless the cauae of this difference can be
assoeciated with some explicitc sedimenc propercies it is not possible ta decide

what the LCsg would we of 4 third sediment without a direct toxlcity Test.

an additional aiffieulty is that the resules of toxicity tests used £o
establish the tnxici;y of chemicals in sediments would not be generalizable o
other sediments. Imagine the situacion if the rasults of toxicity Tests in
water depended strongly an che particular wvaterl souree - &.%.. Lake Superior
varsus well water. Until chn.sourai.of the differences wers undersseod, it
would be fruicless <o accempt O establish water quality criceria. it is feT
this rveason that the issue of bioavailabilicy {s a principal f5cus of this

report. .,

The obsarvation which provided the key insight ©0 the problem of
quancifying the bio;vlillbility of chemicals in sqdimencs was cthat the
concantracion-responss curva for the biological effect of concern c¢ould Te
correlated net TO the total sediment chemical concentration (k8 chemical/g
sediment) but €O che in:-fscitial water (L.s., pOoE® watar) concencration (Mg
chemical/litcer Ppore vater). Qrganisa porcality, grovth rats, and
bioaccumulation data were used €O damonstrate chis ecorrelatien, which is a
cricical part of the logic behind the squilibrium partitioning approach I3
devaloping sediment quallcy ericeria. A substantial  amount of data Lis
presented in thc*?tport co illuscrate the generalicy of this finding (Sections
3.1 chrough 3.3). .

This correlacion can be interprated in a nupber of ways. In particular i-

is premacurs to concluda that the routa of exposurd for the organis® is oni
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via the pere water. The reason i3 that che solid phase is in equilibrium wish
the liquid phase and the effactive exposure concnntr.t:iﬁn is likely to bae the
same via eichar rouca. Hovever from a pursly empirical poing of view tha
correlation suggests that if 1% wers possible co either (1) measure cha pora
water chemical concentrazion or (2) pradicec it from the total sedimens
concentracion and the ralevant sedimanre properties, chen cthat concanmcracion
could be used =o quantify che tXposure concencration for an organiso. Thus,
the parcitioning of chemicals betveen the solid and tha liquid phase {(n a
sedimentc becomes a necessary component of sadiment quality criceria. It is for
this reason that the machodology is called the equilibrium partitioning (EP)

mathod.

In addicion, if it wers true that benchic organisms are a3 sensicive as
water column organisms - and as shown in Section $ the evidence appears to
support this supposition - chen a sedimenc qualicy criceria could be
established using the water qualicy criceria, CWQC, a3 the effects
concentration, and the parcicion coefficienc, Kp. to relace the pore waczer
concentration to the sed{menc quality criteria concencration, rgqe via che
partitioning equation. The calculation procadure is as follows. If cunc
(4g/L) is the water quality criter{a for the chemical of interesc, then the
sediment qualicy criceria, rsqc (ug/kg sediment) 1is compuced using the
partiction coefficienc, Kp (L/kg sediment) becween sediment and wacer:

Tsac = ¥puac

This is che fundamencal equation frem which sediment qualicy criceria are
getierated. Its utility depends upon the exiscance of a methodology for

quancifying partition coaf™uiants.
PARTITIONING OF NON-IONIC ORGANIC CHEMICALS

The partitioning of non-ionie erganic chemicals batwaan particles and wacer

is reasonably well underscood and a standard model exiscs for dassribing che
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process. The chemical property of importan¢n_is the oc&anal-wa:er partizion
coefficient, Kouw- The igmportant particle property is the mass fraczion of

arganic carbemn, fae. For particles with f4e » 0.3% the srganic carbon appears
to ba che pradominant sarption phase. The parcition coefficient, Kp., the ratio

of sediment to pore water concsntration is given by:
- K
p oc oc
where Kae is the partition coefficienc for particle organic carbon.

The only other envirdmmul variable that has a dramatic effecz on
parcitioning appears to ve che particle :on:cntr;ﬁian ftsalf. There 1is
considezable controversy regarding the machanism responsible for the particle
concentration ef{fect and a nusbaer of axplanacions have bean offered, However,
all the intarprecacions yield tha same result for sadiment-pors wWiter
parcitioning, namely Cchac Kee = Kow for scdimcn::. Hence sediment qualicy
crivreria are calculated from:

Tsqe = Foctowtuac

This equation is linear in che srganic carhon fraction, foc. As a consequence,

che relationship can be exprassed as:

Teqe
£ = KochQc

If wa define:

Tsqce

r -
JSQC,OC foc
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as the organic carbon normalized sediment comcencration (g chemical/kg organic

carbon) then:
sqe,0¢ " FowSuge

Hence we arrive at che following impertant comeclusion: faor a specific chemical,
with a specific K y, che organi¢ carbon normalized total sediment concencracion
ls proportional o che dissolved fres effects concentracion, eyqc. for any

sediment for f,. > 0.5%.

Hydrophobic chemicals tend to particion to colloidal sized organic carbon
particles (DOC) as well, Alchough DOC affects tha Apparent pors water
concentrations of highly hydrophebic chemicals the DOC-bound chemical appears
net co be biocavailable and cthe above equation still applies (Sections 4.2
through a.é).h.fhn available field data for sediment parcticioning {s reviewad

and related to the model presentad above.

The above discussion suggests chat toxicity and bicaccumulation dara for
sadiments should be normalized by the sediment erganic carben concentracion. It
{3 found cthac responses wvhich are quice variable on a dry weight normalized
basis are either stacistically equivalenc or the differences ara significancly
reduced on an organic carbon basis. The lov carbon sedimencs ara seen o

dapart from the normalized results as is expectad (Section 4.6),
FIELD VALIDATION OF SEDIMENT QUALITY CRITERIA

The most convineing demonstration that sadimenc qualicy criceria are sound
would be a demonstracion that they can predict che degrees of toxicity of
natural sediments. Thers=ars three cechnical difficulcies chat apply co all
field data based approaches: biloavailability, chemical -mixtures and concrol

seadimencs.
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Biocavailabillicy

Concapinaczed sediments cantiain many chamicals, In ordar to use the
magnitcude of the chemical c¢oncantracion 45 2 measurse of Ltz pomential te
have biological effects, {r s necessary that its biosvailabilicy in cthac
particular scdimeﬁ: Ba assassad, For coxic matals and ionie organic
chemicals there is as yet o comprehansive parctitioning thaory cthac
identifies the normalizacion quanticies .and provides the parazeters ta
predict free dissolved concencratien. Hance bioavailabilicy <annot be

dirsccly assassed.
Chemical Mixtyres and Gausalicy

1£ the bioavailabilicty problem ware solved chers remains a difficulety wich
ysing naturally contaminaced sediments. Jusc as wich vater quality criteria it
is always possibla thac there Ls prmsent another chemical or chemicals thac are
biologically very accive but, which have yet to Dbe {dencified. If chis
chemical {s the causa of significanc goxicity then it would cause a biclogical

effeet that would not be predicted from che applicacion of sadiment qualicy

ericeria.
Mymummw

Variations in- sadiment toxicity test results and community stTucture
can be causad by variacions i{n sediment charactaristics ocher than
chemical concamination. Grain size distribution and organic carben
content are wvall known examples. in order to judge the roxieicy of a sadiment
{t is necessary that a comparaciva contral responsa be obtained. The perfect
contyol is che same sediment without any chemical concaminaction. Since this is
net av1ilabl¢.,sqdincn::‘ggou an unimpacted sita are assumed To approximata the
response of the perfect concrol, The degres to which this spproximation 1s
inappropriace limits the asssssment of comparative toxiclty. ‘
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These chree omajor difficulcies appear to randar a direcz field valtdasion
of sedimenc criceria beyond current capabilicies. Neverthelasss ic would be
halpful if some evidence that critaria daveleped from laboratory toxicological
data are at least reasonable. A methodology is presenced that can be usad to
established lower bounds for sediment qualicy criceria from field observarions

of organism presance and sadiment chemiscry.
EFFECTS CONCENTRATION

The ocher principal assumption im the developmant of sediment qualicy
criteria is thatc che wvacer qualicy cricaris ars adaquate esTimaces of the
affects concencrations for baenthie organisms. Two sats of analyses are
pressenced to examine this question. The acurts toxicity data base from the
vater qualicy criteria are segregacted inco benthic and water column species and
the relative sensicivity of each EIOUp are comparsd for che 10 water qualircy
eritaria cheaicals, In addicion benthie colonization experimanrs for six

chemicals are examinad.

The conclusion from this examinacion is chat the sensicivicies of benthic
speciles are sufficiently similar te chose of watar column species to
tentacively permit the use of water qualicy criceria for the derivacion of
sedimenc quality criteria in che equilibrium particioning approach. The acute
toxicicy database derived from 30 warar quality criteria documents Suggescs
that the most sensitive infaunal species ia typically less sensicive chan the
DosC sensicive wacer column (epibenthic and water column) species. When boch
infauna and epibanthic specias are classed as "benthic”, the sensicivitias of
the most sensitive benthic and watar column specias are on the average similar

{Seaction 5),

UNCERTAINTY .
The sedimentc qualicy criceria mechodology employad above relies on an
ezpirical model to compute the free incerstitial water concentration from che

solid phase measursmencs, As a consaquanca chera is an uncertainty associated
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wich the use of the model. Im addirion chers is uncerzaincy with respect to

the K.y associated with the specific chemical since it is an expsrimentally
determined quanctisy. Finally tha assumption that watar eoluzn and benthic

organisms have similar sansicivicies has & leval of unctr:ain&y.

The quantificacion of the level of uncertaincy for sediment quality
crizeria has only bean accomplished in a prelininary way (Sectiom 7.1y, 1t ils
antics.puid. ehat a completa uncercainty mnly:is will accompany 4 sadiment
quality criceria and chac, for example, 95% confidence limits will be specified

as well as the most probable value.
PRELIMINARY SEDIMENT QUALITY CRITERIA

An initial attempt to compute squilibriua parsitioning based sadigpent
qualicy criterisg for 13 chemicals is presencad in Section 7.2. The 95%
confidence limits are computed from a method which is known to exaggsrata the
uncertaincy., For chemicals whers either field data derived lower bounds or

sadiment Coxisicy axperiments are available the results are reasonable.
TOXIC METALS

The rationals for esctablishing sediment quality critsvia for toxic metals
{g similar to that developed for non-ionic organic chemicals. The bloavailable
fraction is identified and & partitioning model will be investigated in order
to pradict the bioavailable fractiom. Water column sxperiments point te the
fact chat blological effscts can be corralated to the divalenc mecal activicy
(Me2*)., The implication to be drawn from chase experimencs is that the
parcitioning model required for escablishing sediment quality criceria should
predics (Mad*) in the pors ua:lr‘(SQction §.1 - 6.2).

Wi

METAL SORPTION MODELS AND EXTRACTIONS

The, stats of the art of modeling metal sorption in laboratory systems is
vall developed. Models for natural s0il and sediment particlas are less well



Page 9

developad. However, Tacsnt applicacions suggess that similar models <can ba
applied to soll syscems. AD approach is pressnted which envisions three

sorption phases in asrobic sadimentcs (Section 6.3).

In addition zo the sorption phase conceantrations fic is necassary Co
quantify the fraction of rotal sediment mecal that Ls chemically interacting
with tha pore water. A subscancial effort is needad ovar several years o
decermine the bioavailable portion of traca mecals in soils and sediments using
chemical extractions. Inicial zesults are revisved and preliminary diraccions

are suggested (Section 6.4).
CONCLUSION

Mgthodoelogies ars being developad ToO astablish sedimentc gqualicy criteria
using sediment equilibrium parcicioning. The importance of pioavailabilitcy and
rne role of parcitioning bectween sadiment and pors water is clarified. The
effacts concantration for banthic organisas can be estimaced from tha water
qualicy ericaria. For non-ionic organic chenicals an adsquate partitioning
modal exiszcs and is presantad in ehis document. As & result sediment qualficy
criceria can be computad. Fof gecals initial studies indicace that the same
racionale can be used. The davelopment of sediment critaria for matal
contaminancs using equilibrium parcicioning is tha focus of future sediment

criceria davelopment activicies.
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SECTION 1.

INTRODUCTION

Under che Clean Water Act (CWA) the Environmencal Procscclen Agency (EPA)
is respensible for protecting the chemical, physical, and bielegical integricy
of rhe Nacion’'s waters. In keaping with this responsibilizy, EPA has published
agbient watar qualicy ecriceria (WQC) in 1980 for 64 of the 65 prierity
pellutancs and pollutant cacegories lisced as coxie in the CHA. Addiziomnal
water qualicy documents that updace criteria for selected consenc decree
chemicals and new criteria have alsc been published since 1980. These water
qualicy eriteria are numezical concencration limics that are protactive of
human healch and aquatic life. While thesa criteria play an important reole in
assuring !_Pillthy aquatic nnviranpnnc. cthey alone are not sufficienc ©o ansure

appropriate levels of environmental and human health protaction.

Toxie contaminants in boctom sadimencs of the Nacion's lakes, rivers, wetg
lands, and coastal waters creaate the potantial for concinued environmencal
d-gradatian'nvan where wactar-column contaminant levels comply with established
water qualicy eriteria. In addition, contaminatad sediments can lead co wacer
quality degradation, even when pollutanc sources ars stoppad. The absenca of
defansible sediment quality criteria oakes it difffeult to accuracely assess
the extent of che contaminaced sediment problem and to idencify and izplement
appropriate rnmﬁdtatiun a::ivinics vhen neadad. As-a resulc of che nead for a
procedure to assist regulatory a;nn:ia:‘in making decisions concerning
concaminaced sediment problams, a EPA O0ffice of Vater Ragulazions and
Scandards, Criceria and Standards Division (OWRS/CSD) Tesearch Team was
established co raviaew altarnmativae approaches. Each approach had both strengths
and wc;knqsscs and namaingle approach was found to be most applicable in all
situacions. The equilibrium partitioning meched Vas salected, because ic
appeared to providea the mostc practical and affective regulscory tool for

addrassing contaminated sedimencs on a national basis. Tha thrae principal
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observations that underlay the equilibrium parcicioning mechod of establishing
sediment quality critcaria are:

L. for sedimenc dwelling organisms, cha pors water c<oncentration of a
chemical correlates to obsarved biological effects across a range of

sadimencs,

2. tha range of sensicivicties of benchic organisms to chemicals are
similar to water column organisms so that the currencly established
water quality criceria can be used cto define acceptable pore wacer

lavels: and,

3. partitioning modals which relate pore watar concencrations to bulk
sediment concentrations sicher exisc (for non-ionlc organic chemicals)
or can be developad (for toxic metals and, perhaps, for fonic organic

chemicals).

The data that support thesas obsarvations will be axamined in subsaquenc

sactions of chis repore.

Sediment qualicy criteria generatsad using the equilibrium partitioning
method are sultable for use in providing guldance teo regulatory agencies

bacausa thay are;

Numarical values

Chemical specific

Applicable across sadimencs
Pradictive of biological effsccs

Protective of the presence and uses of benthic organisms

o d R e

[ )
As i3 ctha case with vater qualicy criteria, the sedimqnt quality cricteria

reflect the usa of avallable sciencific daca to: (1) assess cthe likelihood of
significant environmental effects from conctaminants in sediments and to (2}

derive roguli:ary requiremencs vhich will protect against cthase effects.
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Over the pastc several yaars research activicies have focused aon the
evaluarisn and develepment of che equilibriua partictloning methodology for
Zenerating sedimant quality criceria for use in providing guidance ro
regulatory agencies. It is the purposa of chis repert Co describe resulrs thao
suppert the equilibrium parcitioning mechod for establishing sediment quality
criceria. This report is struccursd in the following way:

The hiscorical framework and statucery basis for daveloping sediment
qualicy criceria are discussed in Section 2. Toxleity and bicavailabilicy of
chamicals in sedimencs are discussed in Section 3 whara the importance of pore
water concencracion is established. This leads to a discussion of particioning
pehavior of chemicals and thelr division inco two major classes: nen-ionic

organic chemicals and mectals, for which particioning modals have been proposed.

Non-ionie organic chemicals are discussed in Section 4. Seetions 4.1
through 4.3 concsntrata on partitioning and the role of particulace and
disselved organic carbon. The modals available to evaluace the parzitioning of
chemicals In sedimencs are presanted in Saction 4.1 for particls suspensions
and Sections 4.2 through 4.4 for in-place sadiments, ineluding a discussien of
the effect of DOC complexing. Field daca, relaced to particioning in
sediments. are analyzed in Section 4.5. . The resulzs of organic carbon
aormalization of toxicicy and biosgeumulation sexperiments are presented in
Section 4.6. The issue of‘porc wacer versus sediment as the route af exposure
is addressed in Secziom 4.7. This section concludes with a review of the fileld
validacion of sediment criteria in Seccion 4.8, whare a screaning level

methodology 1s prns:nctd.

The applicabilicy of using water qualicy eriteria for the effects
cunqnncraﬁion in sedimencs s examined in Sectiom § A disgussion of the
ovarall similaricy of the sensicivities of benchic and water column species is
included in chis sacciotr |

Seccion 6 reviaws the current 3Tatus of sediment quality ericeria
development efforcs relaced To toxie macals. The difficulcies in using pore
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water mecyl conceneracion directly ara discussed in Seszion 6.1, Thig leads g
4 discussion of the dara demonstracing chae correlanison of Foxicity ro divalanc
metal aczivicy which {s prasanctad in Saccign 6.7, ‘The state-of-the-are af
metal sorption modalg {3 discussed ip Section 6.3, Tha suitabilicy of
extraceion zethodologies to quantify che bioavailable fraction ig eXaninad in
Section 6.4, The remainder of Seccion § describes che {nicial approaches thae
are being pursusd in order ro establish sediment nmecal criteria,

Finally, Seecion 7 dessribes che generacion of {ncarim sedimenc qualiey
crictaria for non-ienic organic chemicals. The uncertainty associatad wirh the
criceria is discussaed (Seczion 7.1) and Praliminary valuas are presanrcad

(Section 7.2).



