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Equilibrium Partitioning Sediment Benchmarks (ESBs): Compendium

Notice

The Office of Research and Development (ORD) has produced this compendium document to provide
procedures for the derivation of equilibrium partitioning sediment benchmarks (ESBs) for several
nonionic organic chemicals. ESBs may be useful as a complement to existing sediment assessment tools.
This document should be cited as:

U.S. EPA. 2008. Procedures for the Derivation of Equilibrium Partitioning Sediment Benchmarks
(ESBs) for the Protection of Benthic Organisms: Compendium of Tier 2 Values for Nonionic
Organics. EPA-600-R-02-016. Office of Research and Development. Washington, DC 20460

This document, and the other ESB documents, can also be found in electronic format at the following web
address:

http://www.epa.gov/nheerl/publications/

The information in this document has been funded wholly by the U.S. Environmental Protection Agency.
It has been subject to the Agency’s peer and administrative review, and it has been approved for
publication as an EPA document. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.

Abstract

This equilibrium partitioning sediment benchmark (ESB) document describes procedures to derive
concentrations for 32 nonionic organic chemicals in sediment which are protective of the presence of
freshwater and marine benthic organisms. The equilibrium partitioning (EqP) approach was chosen
because it accounts for the varying biological availability of chemicals in different sediments and allows
for the incorporation of the appropriate biological effects concentration. This provides for the derivation
of benchmarks that are causally linked to the specific chemical, applicable across sediments, and
appropriately protective of benthic organisms.

EqP can be used to calculate ESBs for any toxicity endpoint for which there are water-only toxicity data;
it is not limited to any single effect endpoint. For the purposes of this document, ESBs for 32 nonionic
organic chemicals, including several low molecular weight aliphatic and aromatic compounds, pesticides,
and phthalates, were derived using Final Chronic Values (FCV) from Water Quality Criteria (WQC) or
Secondary Chronic Values (SCV) derived from existing toxicological data using the Great Lakes Water
Quality Initiative (GLI) or narcosis theory approaches. These values are intended to be the concentration
of each chemical in water that is protective of the presence of aquatic life. For nonionic organic
chemicals demonstrating a narcotic mode of action, ESBs derived using the GLI approach specifically for
freshwater organisms were assumed to also be protective of marine organisms. This assumption is based
on the similar sensitivity of freshwater and marine organisms to narcotic chemicals like some of the
nonionic organics in this document. For this reason, SCVs derived using narcosis theory are protective of
both freshwater and marine organisms. For chemicals with more specific modes of action, freshwater and
marine organisms were not assumed to be similar in sensitivity, and separate freshwater and marine ESBs
were derived as the available data allowed. Because of the lack of a comprehensive toxicity data set and
other reasons discussed in this document in detail, values derived here are considered Tier 2 ESBs
(ESBricr2). The presentation of these ESBs is such that updated values could be calculated as new toxicity
data become available.
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Abstract

The ESBrier is derived by multiplying the FCV or SCV by a chemical’s Koc, yielding the concentration
in sediment that should provide the same level of protection that the FCV or SCV provides in water. The
ESB,.,, should be interpreted as a chemical concentration below which adverse effects are not expected.
At concentrations above the ESB,,,, and assuming equilibrium between phases, effects may occur with
increasing severity as the degree of exceedance increases. The document also includes examples
demonstrating the calculation of conventionally-derived and narcosis-based ESBs that discuss an
approach for addressing mixtures of narcotic chemicals.

ESB documents have also been developed for two pesticides (endrin, dieldrin), polycyclic aromatic
hydrocarbon (PAH) mixtures, and metal mixtures.

The ESBs do not intrinsically consider the antagonistic, additive or synergistic effects of other sediment
contaminants in combination with the individual nonionic organic chemicals discussed in this document
or the potential for bioaccumulation and trophic transfer of these chemicals to aquatic life, wildlife or
humans. However, for narcotic chemicals, an approach for considering the toxicity of mixtures is
presented. Important assumptions and considerations for applying and interpreting the ESBs are also
discussed.

il



Equilibrium Partitioning Sediment Benchmarks (ESBs): Compendium

Foreword

Under the Clean Water Act (CWA), the U.S. Environmental Protection Agency (EPA) and the States
develop programs for protecting the chemical, physical, and biological integrity of the Nation’s waters.
To support the scientific and technical foundations of the programs, EPA’s Office of Research and
Development has conducted efforts to develop and publish equilibrium partitioning sediment benchmarks
(ESBs) for some of the 65 toxic pollutants or toxic pollutant categories. Toxic contaminants in bottom
sediments of the Nation’s lakes, rivers, wetlands, and coastal waters create the potential for continued
environmental degradation even where water column contaminant levels meet applicable water quality
standards. In addition, contaminated sediments can lead to water quality impacts, even when direct
discharges to the receiving water have ceased.

The ESBs and associated methodology presented in this document provide a means to estimate the
concentrations of a substance that may be present in sediment while still protecting benthic organisms
from the effects of that substance. These benchmarks are applicable to a variety of freshwater and marine
sediments because they are based on the biologically available concentration of the substance in the
sediments. These ESBs are intended to provide protection to benthic organisms from direct toxicity due
to this substance. In some cases, the additive toxicity for specific classes of toxicants (e.g., metal
mixtures or polycyclic aromatic hydrocarbon mixtures) is addressed. The ESBs do not intrinsically
consider the antagonistic, additive or synergistic effects of other sediment contaminants in combination
with the individual nonionic organic chemicals discussed in this document or the potential for
bioaccumulation and trophic transfer of these chemicals to aquatic life, wildlife or humans. However, for
narcotic chemicals, the ESBs can be used in a framework to evaluate the toxicity of mixtures.

ESBs may be useful as a complement to existing sediment assessment tools, to help evaluate the extent of
sediment contamination, to identify chemicals causing toxicity, and to serve as targets for pollutant
loading control measures. Both types of ESBs, Tier 1 and Tier 2, are intended for similar applications
with the user’s understanding that, because of limited data availability, Tier 2 ESBs are likely to have
greater uncertainty associated with them as compared to Tier 1 ESBs. As new, high quality toxicological
and geochemical data becomes available, it is encouraged that the ESB values are revised and updated.

This document provides technical information to EPA Program Offices, including Superfund, Regions,
States, the regulated community, and the public. Decisions about risk management are the purview of
individual regulatory programs, and may vary across programs depending upon the regulatory authority
and goals of the program. For this reason, each program will have to decide whether the ESB approach is
appropriate to that program and, if so, how best to incorporate this technical information into that
program's assessment process. While it was necessary to choose specific parameters for the purposes of
this document, it is important to realize that the basic science underlying this document can be adapted to
a range of risk management goals by adjusting the input parameters. At the same time, the ESBs do not
substitute for the CWA or other EPA regulations, nor are they regulation. Thus, they cannot impose
legally binding requirements on EPA, States, or the regulated community. EPA and State decision
makers retain the discretion to adopt approaches on a case-by-case basis that differ from this technical
information where appropriate. It is recommended that the ESBs not be used alone but with other
sediment assessment methods to make informed management decisions. EPA may change this technical
information in the future. This document has been reviewed by EPA’s Office of Research and
Development (Atlantic Ecology Division, Narragansett, RI), undergone an external peer review, and
approved for publication.

This is contribution AED-02-052 of the Office of Research and Development National Health and
Environmental Effects Research Laboratory’s Atlantic Ecology Division.
Front cover image provided by Wayne R. Davis and Virginia Lee.
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Executive Summary

This equilibrium partitioning sediment benchmark (ESB) document describes procedures to derive
concentrations of 32 nonionic organic chemicals in sediment which are protective of the presence of
freshwater and marine benthic organisms. The equilibrium partitioning (EqP) approach was chosen
because it accounts for the varying biological availability of chemicals in different sediments and allows
for the incorporation of the appropriate biological effects concentration (U.S. EPA 2003a). This provides
for the derivation of benchmarks that are causally linked to the specific chemical, applicable across
sediments, and appropriately protective of benthic organisms.

EqP theory holds that a nonionic chemical in sediment partitions between sediment organic carbon,
interstitial (pore) water and benthic organisms. At equilibrium, if the concentration in any one phase is
known, then the concentrations in the others can be predicted. The ratio of the concentration in water to
the concentration in organic carbon is termed the organic carbon-water partition coefficient (Koc), which
is a constant for each chemical. The ESB Technical Basis Document (U.S. EPA 2003a) demonstrates that
biological responses of benthic organisms to nonionic organic chemicals in sediments are different across
sediments when the sediment concentrations are expressed on a dry weight basis, but similar when
expressed on a pug chemical/g organic carbon basis (Lg/goc). Similar responses were also observed across
sediments when interstitial water concentrations were used to normalize biological availability. The
Technical Basis Document (U.S. EPA 2003a) further demonstrates that if the effect concentration in
water is known, the effect concentration in sediments on a pg/goc basis can be accurately predicted by
multiplying the effect concentration in water by the chemical’s Koc.

EqP can be used to calculate ESBs for any toxicity endpoint for which there are water-only toxicity data;
it is not limited to any single effect endpoint. For the purposes of this document, ESBs for 32 nonionic
organic chemicals, including several low molecular weight aliphatic and aromatic compounds, pesticides,
and phthalates, were derived using Final Chronic Values (FCV) from Water Quality Criteria (WQC) or
Secondary Chronic Values (SCV) derived from existing toxicological data using the Great Lakes Water
Quality Initiative (GLI) or narcosis theory approaches. These values are intended to be the concentration
of each chemical in water that is protective of the presence of aquatic life. For nonionic organic
chemicals demonstrating a narcotic mode of action, ESBs derived using the GLI approach specifically for
freshwater organisms were assumed to also be protective of marine organisms. This assumption is based
on the similar sensitivity of freshwater and marine organisms to narcotic chemicals like some of the
nonionic organics in this document. For this reason, SCVs derived using narcosis theory are presumed to
be protective of both freshwater and marine organisms. For chemicals with other specific modes of
action, freshwater and marine organisms were not assumed to have similar sensitivity and separate
freshwater and marine ESBs were derived as the available data allowed. For pesticides, only freshwater-
and marine-specific FCVs or SCVs were used to derive ESBs because of likely differences between
freshwater and marine organism sensitivities. Similarly, for the phthalates, which are not thought to be
narcotic, SCVs were derived using the GLI approach and considered protective of freshwater species
only. Because of the lack of a comprehensive toxicity data set and other reasons discussed in this
document in detail, values derived here are considered Tier 2 ESBs (ESBri2). Ancillary analyses
conducted as part of this derivation suggest that the sensitivity of benthic/epibenthic organisms is not
significantly different from pelagic organisms; for this reason, the FCV or SCV and the resulting ESBr;c»
should be fully applicable to benthic organisms. The ESBr; is derived by multiplying the FCV or SCV
by a chemical’s Koc, yielding the concentration in sediment that should provide the same level of
protection that the FCV or SCV provides in water. The ESB,,, should be interpreted as a chemical
concentration below which adverse effects are not expected. At concentrations above the ESBr..,
assuming equilibrium between phases, effects may occur with increasing severity as the degree of
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Executive Summary

exceedance increases. A sediment-specific site assessment (e.g., toxicity testing) would provide further
information on chemical bioavailability and the expectation of toxicity relative to the ESB > along with
associated uncertainties. The document also includes examples demonstrating the calculation of
conventionally-derived and narcosis-based ESBs that discuss an approach for addressing mixtures of
narcotic chemicals.

As discussed, while this document uses the FCV or SCV, the EqP methodology can be used by
environmental managers to derive a benchmark with any desired level of protection, so long as the water-
only concentration affording that level of protection is known. Therefore, the resulting benchmark can be
species or site-specific if the corresponding water-only information is available. For example, if a water-
only effects concentration is known for an economically important benthic species, that value could be
used to derive a sediment benchmark commensurate with the protection of that species and endpoint.
Another way to increase the site-specificity of an ESB would be to incorporate information on sediment-
specific partitioning of chemicals, particularly for sites where the composition and partitioning behavior
of the sediment organic carbon may be substantially different than for typical diagenic organic matter (see
U.S. EPA 2003b). However, it should also be noted that the ability to predict partitioning based on
additional partitioning factors like black carbon is still evolving and may serve to decrease partitioning-
related uncertainties in future applications.

The ESBs do not intrinsically consider the antagonistic, additive or synergistic effects of other sediment
contaminants in combination with the individual nonionic organic chemicals discussed in this document
or the potential for bioaccumulation and trophic transfer of these chemicals to aquatic life, wildlife or
humans. However, for narcotic chemicals, ESB values may be used in a framework to evaluate the
potential effects of chemical mixtures. Consistent with the recommendations of EPA’s Science Advisory
Board, publication of these documents does not imply the use of ESBs as stand-alone, pass-fail criteria for
all applications; rather, ESB exceedances could be used to trigger the collection of additional assessment
data. Similarly, ESBs are supportive of recent recommendations by Wenning et al. (2005), to apply a
weight of evidence approach when evaluating contaminated sediments. These ESBs apply only to
sediments having > 0.2% total organic carbon by dry weight and nonionic organic chemicals with log
Kows > 2.

Tier 1 and Tier 2 ESB values were developed to reflect differing degrees of data availability and
uncertainty. Tier 1 ESBs have been derived for the nonionic organic pesticides endrin and dieldrin (U.S.
EPA 2003c,d), polycyclic aromatic hydrocarbon (PAH) mixtures (U.S. EPA 2003¢), and metal mixtures
(U.S. EPA 2005a). Tier 2 ESBs for several nonionic organic chemicals for freshwater and marine
sediments are reported in this document. Both types of ESBs are intended for similar applications with
the user’s understanding that Tier 2 ESBs are likely to have greater uncertainty associated with them as
compared to Tier 1 ESBs. As new, high quality toxicological and geochemical data becomes available,
recalculation of the Tier 2 ESB values is encouraged.

Uncertainties associated with ESBry, values are discussed in detail through-out this document. They
include unknown effects of antagonism, synergism and additivity, occurrence of chemical disequilibria,
and presence of unusual types of sedimentary carbon, like black carbon, and large particles. Uncertainties
for the ESBrier» values can be reduced by conducting additional acute and chronic water-only and spiked
sediment toxicity tests to refine water-only effect concentrations and confirm predictions of sediment
toxicity, respectively.
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Glossary of Abbreviations

ACR
AQUIRE
ASTER
ASTM
CL*

CAS
CWA
DOC

ECs

ECOTOX

EMAP

EPA

EqP

ESB

ESBDRY WT

ESBoc

ESBTierZ

ESB Tier2DRY WT

ESBriernoc

Acute—chronic ratio

Aquatic Toxicity Information Retrieval
ASsessment Tools for the Evaluation of Risk
American Society for Testing and Materials
Critical lipid concentration

Chemical Abstracts Service

Clean Water Act

Dissolved organic carbon

Chemical concentration estimated to cause adverse effects to 50% of the test
organisms within a specified time period

ECOTOXicology databases

Environmental Monitoring and Assessment Program
United States Environmental Protection Agency
Equilibrium partitioning

Equilibrium partitioning Sediment Benchmark; for nonionic organics, this term
usually refers to a value that is organic carbon—normalized (more formally

ESBoc) unless otherwise specified

Equilibrium partitioning Sediment Benchmark; for nonionic organics,
expressed on a sediment dry weight basis

Equilibrium partitioning Sediment Benchmark; for nonionic organics,
expressed on an organic carbon basis

Equilibrium partitioning Sediment Benchmark; for nonionic organics, derived
using Tier 2 data; specifically, the values in this document

Equilibrium partitioning Sediment Benchmark; for nonionic organics, derived
using Tier 2 data, expressed on a sediment dry weight basis

Equilibrium partitioning Sediment Benchmark; for nonionic organics, derived
using Tier 2 data; expressed on organic carbon basis



ESBTU
FACR
FAV

FCV
foc

fSolids

GLI
GMAV
GMCV
goc
HECD

ICs0

Kgc
Koc
Kow
Kp

LCso

MC
MDR
NHEERL
OECD
ORD
OST

OSWER

Glossary

Equilibrium Partitioning Sediment Benchmark Toxic Units
Final acute—chronic ratio

Final acute value

Final chronic value

Fraction of organic carbon in sediment

Fraction of solids in sediment

Great Lakes Water Quality Initiative

Genus mean acute value

Genus mean chronic value

Gram organic carbon

U.S. EPA, Health and Ecological Criteria Division

Chemical concentration estimated to cause some form of inhibition to 50%
of the test organisms within a specified time period

Black carbon-water partition coefficient
Organic carbon—water partition coefficient
Octanol-water partition coefficient
Sediment—water partition coefficient

Chemical concentration estimated to be lethal to 50% of test organisms within
a specified time period

Moisture content

Minimum data requirement

U.S. EPA, National Health and Environmental Effects Research Laboratory
Organization for Economic Cooperation and Development

U.S. EPA, Office of Research and Development

U.S. EPA, Office of Science and Technology

U.S. EPA, Office of Solid Waste and Emergency Response
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PAH
PM
QSAR
SACR
SAF
SAV
SCV
SCVy
SMACR
SMAV
SPARC
STORET
TIE
TOC

WQC

Polycyclic aromatic hydrocarbon

Particulate matter

Quantitative structure-activity relationship

Secondary acute-chronic ratio

Secondary acute factor

Secondary acute value

Secondary chronic value

Secondary chronic value based on narcosis theory
Species mean acute—chronic ratio

Species mean acute value

SPARC Performs Automated Reasoning in Chemistry
EPA’s computerized database for STOrage and RETrieval of water-related data
Toxicity Identification Evaluation

Total organic carbon

Water Quality Criteria
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Section 1

Introduction

1.1 General Information

Toxic pollutants in bottom sediments of the
Nation’s lakes, rivers, wetlands, estuaries, and
marine coastal waters create the potential for
continued environmental degradation even
where water column concentrations comply with
established WQC. In addition, contaminated
sediments can be a significant pollutant source
that may cause water quality degradation to
persist, even when other pollutant sources are
stopped (Larsson 1985, Salomons et al. 1987,
Burgess and Scott 1992). The absence of
defensible equilibrium partitioning sediment
benchmarks (ESBs) make it difficult to
accurately assess the extent of the ecological
risks of contaminated sediments and to identify,
prioritize, and implement appropriate cleanup
activities and source controls (U.S. EPA 1997a,
b, ¢, 2004).

As a result of the need for a procedure to
assist regulatory agencies in making decisions
concerning contaminated sediment problems, the
U.S. Environmental Protection Agency (EPA)
Office of Water Office of Science and
Technology, Health and Ecological Criteria
Division (OST/HECD) and Office of Research
and Development National Health and
Environmental Effects Research Laboratory
(ORD/NHEERL) established a research team to
review alternative approaches (Chapman 1987).

All of the approaches reviewed had both
strengths and weaknesses, and no single
approach was found to be applicable for the
derivation of guidelines in all situations (U.S.
EPA 1989, 1993). The equilibrium partitioning
(EqP) approach was selected for nonionic
organic chemicals because it presented the
greatest promise for generating defensible,
national, numeric chemical-specific benchmarks
applicable across a broad range of sediment
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types. The three principal observations that
underlie the EqP approach to establishing
sediment benchmarks are as follows:

1. The concentrations of nonionic organic
chemicals in sediments, expressed on an
organic carbon basis, and in interstitial
waters correlate to observed biological
effects on sediment-dwelling organisms
across a range of sediments.

2. Partitioning models can relate sediment
concentrations for nonionic organic
chemicals on an organic carbon basis to
freely-dissolved concentrations in interstitial
water.

3. The distribution of sensitivities of benthic
organisms to chemicals is similar to that of
water column organisms; thus, the currently
established water quality criteria (WQC)
final chronic values (FCV) or secondary
chronic values (SCV) can be used to define
the acceptable effects concentration of a
chemical freely-dissolved in interstitial
water.

The EqP approach, therefore, assumes that
(1) the partitioning of the chemical between
sediment organic carbon and interstitial water is
at or near equilibrium; (2) the concentration in
either phase can be predicted using appropriate
partition coefficients and the measured
concentration in the other phase (assuming the
freely-dissolved interstitial water concentration
can be accurately measured); (3) organisms
receive equivalent exposure from water-only
exposures or from any equilibrated phase: either
from interstitial water via respiration, from
sediment via ingestion or other sediment-
integument exchange, or from a mixture of
exposure routes; (4) for nonionic chemicals,
effect concentrations in sediments on an organic
carbon basis can be predicted using the organic
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carbon partition coefficient (Koc) and effects
concentrations in water; (5) the FCV or SCV
concentration is an appropriate effects
concentration for freely-dissolved chemical in
interstitial water; and (6) ESBs derived as the
product of the Koc and FCV or SCV are
protective of benthic organisms. ESB
concentrations presented in this document are
expressed as pug chemical/g sediment organic
carbon (ug/goc) and not on an interstitial water
basis because (1) interstitial water is difficult to
sample and (2) significant amounts of the
dissolved chemical may be associated with
dissolved organic carbon; thus, total
concentrations in interstitial water may
overestimate exposure.

1.2 Development of Tier 2 Sediment
Benchmarks

Aquatic toxicity values used in this
compendium (Table 3-1) were developed in two
possible ways: (1) conventionally using Water
Quality Criteria (WQC) (when available) and
Great Lakes Water Quality Initiative (GLI)
generated values, and (2) narcosis theory. This
compendium consists of Tier 2 ESBs for 32
chemicals including several low molecular
weight aliphatic and aromatic compounds,
pesticides and phthalates. Both types of ESBs,
Tier 1 and Tier 2, are intended for similar
applications with the user’s understanding that
Tier 2 ESBs are likely to have greater
uncertainty associated with them as compared to
Tier 1 ESBs. See Section 1.3 for further
discussion of Tier 1 and Tier 2 ESBs.

The ESB values are reported in Tables 3-2
and 3-4. In the References section, along with
the cited sources, the reference U.S. EPA
(2001a) contains the sources and tables of data
used to derive some of the Tier 2 ESBs.

For many of the chemicals in this document,
the Tier 2 ESBs were developed using the GLI
(1995) methodology for obtaining secondary
chronic values (SCVs). As described in Section
2 and Appendix A, this methodology uses
adjustment factors to allow derivation of chronic
values when fewer toxicity data are available
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than are required under the National Ambient
Water Quality Criteria methodology (Stephan et
al. 1985). Because of these adjustment factors,
SCVs are generally expected to be lower than
would be likely if a complete data set were
available. Consequently, Tier 2 ESBs would
tend to be lower (i.e., be more conservative)
compared to the Tier 1 ESBs developed
exclusively from FCVs. The degree of
conservatism will be a function of the database
used to derive the SCVs. Further, the presence
of these chemicals in mixtures will also affect
the conservatism (see Section 4.2.5). The SCVs
used in calculating most Tier 2 ESBs were
derived using toxicity data primarily for
freshwater species. In the toxicity data
evaluation for the PAH mixtures ESB (U.S. EPA
2003e), there was no significant difference in
sensitivity between freshwater and saltwater
species when distributions of data for all species
were compared using the approximate
randomization (AR) method (Noreen 1989, U.S.
EPA 2003e). Like PAHs, many of the Tier 2
ESB chemicals are also narcotics; from this, it is
reasonable to presume that these ESBs would be
applicable to both freshwater and saltwater
sediments.

For pesticides, there are likely to be
differences between FCVs or SCVs developed
for freshwater and saltwater organisms (e.g.,
Thursby 1990, U.S. EPA 1980a,b, 1986, 1996,
2005b). Therefore, applying Tier 2 ESB values
for pesticides derived using the GLI
methodology to saltwater sediments is not
recommended and would result in increased
uncertainties. To address these uncertainties,
Tier 2 ESBs are presented for pesticides for both
freshwater and marine organisms based on FCVs
from WQC (when available) or SCVs.

Similarly, SCVs developed for phthalates in this
document using the GLI approach were assumed
to be protective only of freshwater species.
Unlike the pesticides, WQC FCVs were not
available for either freshwater or marine species
for the phthalates.

As noted, many of the chemicals for which
EPA has developed Tier 2 ESBs are known or
suspected to affect aquatic organisms by a



narcotic mode of action (Russom et al. 1997).
For these compounds, Tier 2 ESBs were also
derived using the narcosis theory approach
applied to develop ESBs for PAH mixtures (U.S.
EPA 2003¢). In contrast to the conventional
GLI approach, the narcosis approach does not
apply adjustment factors. As a consequence,
narcosis-based values are often larger in
magnitude compared to the GLI-derived values
(discussed further in Section 2). In Table 3-1,
narcosis-based SCVs are also reported for
chemicals with other modes of actions in
addition to narcosis (i.e., pesticides and
phthalates). For these chemicals, potency via
narcosis is generally small compared to the more
specific mode(s) of action which would result in
narcosis-based ESB values being considerably
higher than the conventionally-derived values.
Accepting these approaches for developing
chronic toxicity values and the associated
uncertainties, Tier 2 ESB values for narcotic
chemicals, pesticides and phthalates should be
meaningful interpretive tools for marine
sediments as well as freshwater sediments
(Tables 3-2 and 3-4).

With regard to using narcosis to derive ESB
values, the approach applied in this document
and U.S. EPA (2003e) uses narcosis theory to
predict acute toxicity and then empirically based
acute-chronic ratios (ACRs) to calculate chronic
toxicity values. These chronic values (i.e.,
SCVs) are then used to calculate the ESBs.
Strengthening our mechanistic understanding of
the link between acute toxicity based on narcosis
and chronic effects potentially caused by other
forms of toxicity is an active area of research
(e.g., Incardona et al. 2006). Users of this
document should recognize deficiencies in our
understanding of this link may introduce
uncertainties into the narcosis based estimates of
ESB values.

Regardless of the approach used to derive the
Tier 2 toxicity values, these concentrations have
been generated on a single chemical basis; that
is, the benchmark addresses effects for that
chemical only and does not consider additive
effects from other chemicals that may be present
in sediment. For that reason, as the number and
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concentration of other chemicals present
increases, single chemical benchmarks would be
expected to provide a lesser degree of protection
than a mixtures-based approach. EPA has not
yet recommended an approach for summing the
particular chemicals in this document, but
approaches for assessing the toxicity of narcotic
mixtures in sediments have been published (Di
Toro and McGrath 2000, DiToro et al. 2000),
and the Agency has developed methodologies
for deriving ESBs for mixtures of PAHs (U.S.
EPA 2003e) and metals (U.S. EPA 2005a). The
approach discussed in U.S. EPA (2003e) for
addressing the toxicity of mixtures of PAHs may
be useful for those interested in combining the
toxic effects of narcotic chemicals in this
compendium (see Section 4.3 for an example).

Values similar to some of those reported in
this document were used to evaluate data for
EPA’s 1997 and 2004 National Sediment
Quality Survey reports to Congress (USEPA
1997a,b,c, 2004). In those documents, the
values were called sediment quality advisory
levels (SQALSs). These SQALSs for nonionic
organic chemicals were also included as “Ecotox
Thresholds” in a 1996 ECO Update bulletin
published by EPA’s Office of Solid Waste and
Emergency Response (OSWER) (U.S. EPA
1996). In some cases, the Tier 2 ESBs in this
document may differ from the SQALs and
Ecotox Thresholds because of different data
sources. Further, the SQALs and Ecotox
Thresholds did not include narcosis-based
chronic toxicity values.

Sediment benchmarks generated using the
EqP approach are suitable for use in providing
technical information to regulatory agencies
because they are:

1. Numeric values

2. Chemical specific

3. Applicable to most sediments
4. Predictive of biological effects

5. Protective of benthic organisms
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ESBs are derived using the available
scientific data to assess the likelihood of
significant environmental effects to benthic
organisms from chemicals in sediments in the
same way that the WQC are derived using the
available scientific data to assess the likelihood
of significant environmental effects to organisms
in the water column. As such, ESBs are
intended to protect benthic organisms from the
effects of chemicals associated with sediments
and, therefore, only apply to sediments
permanently inundated with water, to intertidal
sediment, and to sediments inundated
periodically for durations sufficient to permit
development of benthic assemblages. ESBs
should not be applied to occasionally inundated
soils containing terrestrial organisms, nor should
they be used to address the question of possible
contamination of upper trophic level organisms
or the generic synergistic, additive, or
antagonistic effects of multiple chemicals. The
application of ESBs under these conditions may
result in values lower or higher than those
presented in this document. It should be noted
that under certain conditions with narcotic
chemicals, additivity may be considered.

ESB values presented herein are the
concentrations of 32 nonionic organic chemicals
in sediment that are not expected to adversely
affect most benthic organisms. Just as values in
this document can be seen as an update of the
SQALs and Ecotox Thresholds, it is recognized
(and encouraged) that these ESB values may
need to be adjusted to account for new data as
they become available. They may also need to
be adjusted because of site-specific
considerations. For example, in spill situations,
where chemical equilibrium between water and
sediment has not yet been reached, sediment
chemical concentrations less than an ESB may
pose risks to benthic organisms. This is because
for spills, disequilibrium concentrations in
interstitial and overlying water may be
proportionally higher relative to sediment
concentrations. In systems where biogenic
organic carbon dominates, research has shown
that the source or ‘quality’ of total organic
carbon (TOC) in natural sediments does not
affect chemical partitioning when sediment
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toxicity was measured as a function of TOC
concentration (DeWitt et al. 1992). Kqcs for
several nonionic chemicals have also been
shown to not vary significantly across estuarine
sediments with differing organic carbon
concentrations and quality (Burgess et al. 2000).
However, in systems where other forms of
carbon are present at elevated levels, the source
or ‘quality’ of TOC may affect chemical binding
despite expressing toxicity as a function of TOC
concentration. At some sites, concentrations in
excess of an ESB may not pose risks to benthic
organisms because the compounds are
partitioned to a component of a particulate phase
such as black carbon or coal or exceed solubility
such as in the case of undissolved oil or
chemical (e.g., manufactured gas plant sites)
(U.S. EPA 2003e, Cornelissen et al. 2005). In
these situations, an ESB would be overly
protective of benthic organisms and should not
be used unless modified using the procedures
outlined in “Procedures for the Derivation of
Site-Specific Equilibrium Partitioning Sediment
Benchmarks (ESBs) for the Protection of
Benthic Organisms: Nonionic Organics” (U.S.
EPA 2003b). It should also be noted that the
ability to predict partitioning based on additional
factors like black carbon is still evolving and
may serve to decrease partitioning-related
uncertainties in future applications. If the
organic carbon has a low sorptive affinity (e.g.,
hair, wood chips, hide fragments), an ESB
would be under protective. An ESB may also be
under protective when the toxicity of other
chemicals are additive with an ESB chemical or
when species of unusual sensitivity occur at the
site.

This document presents the derivation and
calculation of Tier 2 ESBs for 32 nonionic
organic chemicals. The data that support the
EqP approach for deriving ESBs for nonionic
organic chemicals are reviewed by Di Toro et al.
(1991) and EPA (2003a). Before proceeding
through the following text, tables, and
calculations, the reader should also consider
reviewing Stephan et al. (1985).



1.3 Application of Sediment Benchmarks

ESBs as presented in this document are
meant to be used with direct toxicity testing of
sediments as a method of sediment evaluation,
assuming the toxicity testing species is sensitive
to the chemical(s) of interest (e.g., ASTM
1998a,b,c, U.S. EPA 1994, 2000, 2001b). In
this way, ESBs are supportive of recent
recommendations by Wenning et al. (2005), to
apply a weight of evidence approach when
evaluating contaminated sediments.
Specifically, the ESBs provide a chemical-by-
chemical specification of sediment
concentrations protective of benthic aquatic life
(see Section 4.2.6 for more discussion). The
EqP method should be most applicable to
nonionic organic chemicals with a log Kow > 2.
However, for chemicals with log Kow between 2
and 3, EqP will function but sedimentary
conditions (i.e., foc and fg,ji4s) should be
considered and adjustments to the derivation of
the ESB maybe advisable (see Section 3.3).
Examples of other chemicals to which the
methodology applies include the pesticides
endrin and dieldrin (U.S. EPA 2003c,d), metal
mixtures (U.S. EPA 2005a), and PAH mixtures
(U.S. EPA 2003e).

For the toxic chemicals addressed by the ESB
documents, Tier 1 (U.S. EPA, 2003c, d, e, and
2005a) and Tier 2 (this document) values were
developed to reflect the differing degrees of data
availability and uncertainty. Tier 1 ESBs are
more scientifically rigorous and data intensive
than Tier 2 ESBs. The minimum requirements
to derive a Tier 1 ESB include: (1) each
chemical‘s organic carbon-water partition
coefficient (Koc) is derived from the octanol-
water partition coefficient (Kow) obtained using
the SPARC model (Karickhoff et al. 1991) and
the Kow-Koc relationship from Di Toro et al.
(1991). This Koc has been demonstrated to
predict the toxic sediment concentration from
the toxic water concentration with less
uncertainty than Koc values derived using other
methods, (2) the FCV is updated using the most
recent toxicological information and is based on
the National WQC guidelines (Stephan et al.
1985), and (3) EqP-confirmation tests are
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conducted to demonstrate the accuracy of the
EqP prediction that the Koc multiplied by the
effect concentration from a water-only toxicity
test predicts the effect concentration from
sediment tests (Swartz 1991, DeWitt et al. 1992,
Hoke et al. 1994). Using these specifications,
Tier 1 ESBs have been derived for the nonionic
organic pesticides endrin and dieldrin (U.S. EPA
2003c¢,d), PAH mixtures (U.S. EPA 2003e), and
metals mixtures (U.S. EPA 2005a). In
comparison, the minimum requirements for a
Tier 2 ESB (this document) are less rigorous: (1)
the Kow for the chemical that is used to derive
the Koc can be from slow-stir, generator column,
shake flask, SPARC or other sources (e.g., Site
2001), (2) FCVs can be from published or draft
WQC documents, the Great Lakes Water
Quality Initiative (GLI 1995), or developed from
AQUIRE (now ECOTOX). Secondary chronic
values (SCV) from narcosis theory (Di Toro and
McGrath 2000, Di Toro et al. 2000, U.S. EPA
2003e), Suter and Tsao (1996), or other effects
concentrations from water-only toxicity tests can
also be used. The U.S. EPA methodology for
deriving water quality criteria SCVs required for
the computation of Tier 2 ESBs is described in
Water Quality Guidance for the Great Lakes
System: Supplementary Information Document
(SID) (U.S. EPA 1995a), and (3) EqP
confirmation tests are recommended, but are not
required for the development of Tier 2 ESBs.
Because of these lesser requirements, there is
greater uncertainty in the EqP prediction of the
sediment effect concentration from the water-
only effect concentration, and in the level of
protection afforded by Tier 2 ESBs. This
uncertainty can be decreased by conducting
additional acute and chronic water-only and
spiked sediment toxicity tests to evaluate effect
concentrations and confirm predicted sediment
concentrations, respectively.

1.4 Data Quality Assurance

Data sources, selections and manipulations
used to generate Kows or Kocs and SCV or
FCVs are discussed in detail in Section 2.
Toxicological data were selected from final and
draft Water Quality Criteria, Suter and Tsao



Equilibrium Partitioning Sediment Benchmarks (ESBs): Compendium

(1996), U.S. EPA (1996), GLI (1995) and U.S.
EPA (2001a) or derived using the approach
described by Di Toro and McGrath (2000), Di
Toro et al. (2000) and U.S. EPA (2003¢e). Kow
values were taken from Karickhoff and Long
(1995) as well as other sources. Toxicity data
were evaluated for acceptability using the
procedures in Stephan et al. (1985), the Great
Lakes Water Quality Initiative (GLI 1995), and
the approach for deriving narcotic chronic
toxicity values (Di Toro and McGrath 2000, Di
Toro et al. 2000, U.S. EPA 2003e). Data not
meeting criteria for acceptability were rejected.
In general, three or four significant figures were
used in intermediate calculations to limit the
effect of rounding errors, and are not intended to
indicate the true level of precision. The time
periods covered in the literature searches
associated with data in this document can be
found in the cited source literature.

Literature searches supporting Suter and
Tsao (1996), U.S. EPA (1996), GLI (1995) and
U.S. EPA (2001a) were conducted in the mid-
1990s. In order to capture more recent data,
EPA’s ECOTOX database
(www.epa.gov/ecotox) was searched for any
data pertaining to the chemicals evaluated in
this document published after 1995. These data
were then sorted to identify sources of acute
toxicity data for North American species tested
for a period appropriate to the species (Stephan
et al. 1985) and for which test concentrations of
chemical were measured. In addition, literature
sources suggested by peer reviewers of this
document were also consulted for data meeting
minimum requirements. Fewer than 30
additional data points were identified, and only
one of these affected the calculation of an SCV
(see footnote in Table 3-1). As new, high
quality toxicological and geochemical data
becomes available, it is encouraged that the
ESB values are revised and updated. See
Section 2.5 for further discussion.
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The document was reviewed as part of a
formal external peer review coordinated at the
U.S. EPA National Health and Environmental
Effects Research Laboratory, Research Triangle
Park, North Carolina and Atlantic Ecology
Division, Narragansett, Rhode Island. Any
errors of omission or calculation discovered
during the peer review process were corrected.

1.5 Overview

This document presents the derivation and
calculation of ESBs for 32 nonionic organic
chemicals.

Section 2 reviews the toxicological and
chemical data used to derive the ESBries.
Section 3 discusses the calculation of the
ESBricos. Section 4 “Sediment Benchmark
Values: Application and Interpretation”
discusses the sediment benchmark values and
lists several factors to consider when applying
and interpreting these values. Section 5 lists
references cited in all sections of this document.
Appendix A discusses, in detail, the GLI
approach for calculating chronic toxicity values.
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Section 2

Derivation of Equilibrium Partitioning
Sediment Benchmark Effects

Concentrations

2.1 General Introduction

This section outlines the compilation of data
used in the derivation of the Tier 2 ESBs
presented in this compendium. The section
follows the format for calculating the ESB
values by first describing the derivation of the
Kow values, and then the derivation of the
appropriate aquatic toxicity values. The
derivation of the Koy values follows procedures
outlined in Karickhoff and Long (1996) and in
many cases uses values summarized in
Karickhoff and Long (1995). Because of the
diversity of chemicals discussed in this
compendium (i.e., narcotics, pesticides,
phthalates), aquatic toxicity values were derived
in two possible ways. Conventional aquatic
toxicity values were derived either using the
procedures detailed in the Great Lakes Water
Quality Initiative (GLI, 1995) or taken from
existing or draft WQC. For example, marine
ESBs for pesticides were based only on FCVs
from existing or draft WQC while freshwater
ESBs for pesticides were derived using both
WQC and GLI toxicity values. Similarly, ESBs
for phthalates were derived only for freshwater
species using the GLI approach as WQC values
were not available. For chemicals designated as
being narcotic, toxicity values were also derived
using the narcosis theory used to develop ESBs
for PAH mixtures (Di Toro et al. 2000, U.S.
EPA 2003e). As discussed in Section 1, ESBs
derived using either conventional or narcotic
approaches, for narcotic chemicals in this
document are applicable to both freshwater and
marine species based on the concept that these
organisms show similar sensitivity to narcotic
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chemicals. This concept was not exercised for
pesticides and phthalates.

2.2 Determination of Kow Values

The determination of K,,, values was based
on experimental measurements taken primarily
by the slow-stir, generator-column, and shake-
flask methodologies. The SPARC properties
calculator model (Karickhoff and Long 1995)
was also used to generate K, values, when
appropriate, for comparison with the measured
values. Values that appeared to be considerably
different from the rest were classified as outliers
and were not used in the calculation. For each
chemical, the available log K, value, based on
one of the above mentioned methods, was given
preference. If more than one such value was
available, the log K, value was calculated as
the arithmetic mean of those values (U.S. EPA
1995b). Most of the log K, values used in this
document are summarized in an internal EPA
report (Karickhoff and Long 1995). Subsequent
to that evaluation, EPA has published a
recommended procedure for selecting K,y
values, which can be seen in Karickhoff and
Long (1996).

Log K, values were initially identified in
summary texts on physical-chemical properties,
such as Howard (1990) and Mackay et al.
(1992a,b), and accompanying volumes.
Additional compendia of log K, values were
also evaluated including de Bruijn et al. (1989),
De Kock and Lord (1987), Doucette and Andren
(1988), Isnard and Lambert (1989), Klein et al.
(1988), Leo (1993), Noble (1993), and Stephan
(1993). To supplement these sources, on-line
database searches were conducted in ChemFate,
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TOXLINE, and Hazardous Substances Data
Bank (HSDB) (National Library of Medicine);
Internet databases such as EPA’s ASsessment
Tools for the Evaluation of Risk (ASTER) were
also reviewed. Original references were located
for the values, and additional values identified.
In cases where log K, values varied over
several orders of magnitude or measured values
could not be identified, detailed on-line searches
were conducted using TOXLIT, Chemical
Abstracts, and DIALOG.

2.3 Selection and Determination of
Agquatic Toxicity Values

For this discussion, all sources of
toxicological information are considered
‘conventionally-derived’ approaches except for
the narcosis source which will be referred to
separately as the ‘narcosis-based’ approach.

A variety of sources were used for selecting
conventional chronic toxicity values to be used
in the derivation of the ESBs. The following
were identified as possible sources to be used for
determining chronic toxicity values:

1. Final Chronic Values from the Great Lakes
Water Quality Initiative (GLI 1995, U.S.
EPA 2001a)

2. Final Chronic Values from National
Ambient Water Quality Criteria documents

3. Final Chronic Values from draft freshwater
and marine National Ambient Water Quality
Criteria documents

4. Final Chronic Values developed from data
in AQUIRE (now ECOTOX) and other
sources

5. Secondary Chronic Values from Suter and
Tsao (1996)

6. Secondary Chronic Values developed from
data in AQUIRE (now ECOTOX) and other
sources (U.S. EPA 1996, 2001a)
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Derivation of Conventional Chronic
Toxicity Values

23.1

For the nine pesticides discussed in this
document, values for freshwater ESBs for the
following chemicals:

gamma-BHC/Lindane

diazinon

endosulfan (mixed isomers and alpha and
beta forms)

toxaphene

were based on the FCVs from existing or draft
National Ambient Water Quality Criteria
documents (U.S. EPA 1980a,b, 1986, 2005b).
Exceptions were the ESBs for BHCs other than
Lindane, malathion and methoxychlor which
were derived using SCVs with the GLI approach
(GLI 1995, Suter and Tsao 1996, U.S. EPA
1996, 2001a). Marine ESBs for pesticides, in
this document, were based only on WQC-
derived FCVs. Consequently, marine ESBs for
the following chemicals:

diazinon

endosulfan (mixed isomers and alpha and
beta forms)

malathion

toxaphene

were derived from FCVs in existing or draft
National Ambient Water Quality Criteria
documents (Thursby 1990, U.S. EPA 1980b,
1986, 2005b). Similar FCVs for the pesticides
BHCs other than Lindane, gamma-
BHC/Lindane, and methoxychlor were
unavailable and marine ESBs were not derived.

Twelve aquatic toxicity values, including
three phthalates, used to develop freshwater
SCVs were based on work conducted by Oak
Ridge National Laboratories (Suter and Tsao
1996) using the GLI (1995) methodology. This
methodology was developed to obtain whole-
effluent toxicity screening values based on all
available data, but the methodology can also be
used to calculate SCVs with fewer toxicity data
than are required for the WQC methodology.
The SCVs are generally lower than values that
are produced by the FCV methodology,



Derivation of Equilibrium Partitioning Sediment Benchmarks

reflecting greater uncertainty and use of
protective adjustment factors in the absence of
additional toxicity data (see Section 2.4).
According to GLI (1995), the minimum
requirement for deriving an SCV is toxicity data
from a single taxonomic family (Daphnidae),
provided the data are acceptable. In general,
those values from Suter and Tsao (1996), which
included at least one daphnid test result in the
calculation of the SCV, were included for the
derivation of Tier 2 ESBs with the exception of
ethylbenzene, toluene, 1,1,1-trichloroethane and
trichloroethene. For these four chemicals,
daphnids were not used for calculating the
SCVs. SCVs from Suter and Tsao (1996) were
used to develop Tier 2 ESBs for the following
chemicals:

benzene

BHC (other than Lindane)
chlorobenzene
dibenzofuran

diethyl phthalate
di-n-butyl phthalate
ethylbenzene
tetrachloroethane, 1,1,2,2-
tetrachloroethene

toluene

trichloroethane, 1,1,1-
trichloroethene

A preliminary search of data records in the
AQUIRE (now ECOTOX) database indicated
that the following chemicals, which includes one
phthalate, might have sufficient toxicity data for
the development of SCVs using the GLI (1995)
methodology:

biphenyl
4-bromophenyl phenyl ether
butyl benzyl phthalate
dichlorobenzene, 1,2-
dichlorobenzene, 1,3-
dichlorobenzene, 1,4-
hexachlorethane
malathion
methoxychlor
pentachlorobenzene
tetrachloromethane
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tribromomethane
trichlorobenzene, 1,2,4-
m-xylene

The procedure used for deriving SCVs for other
chemicals of concern using the GLI (1995)
methodology and data from ACQUIRE (now
ECOTOX) and other sources is described in
detail in Appendix A and U.S. EPA (1996,
2001a).

2.3.2 Derivation of Narcotic Chronic Toxicity
Values

Along with the derivation of aquatic toxicity
values using conventional techniques (see
discussion above), narcosis theory was used to
derive SCVs for chemicals determined to be
primarily narcotic in their mode of action by
ASsessment Tools for the Evaluation of Risk
(ASTER) (Russom et al. 1997). These
chemicals include:

benzene

biphenyl

4-bromophenyl phenyl ether
chlorobenzene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
ethylbenzene
hexachloroethane
pentachlorobenzene
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrachloromethane
toluene
tribromomethane
1,2,4-trichlorobenzene
1,1,1-trichloroethane
trichloroethene

m-xylene

It should be noted that for a given chemical
multiple modes of action can affect an organism.
Therefore, despite the categorization of these
chemicals as primarily narcotics, other modes of
action may be active. Section 4.3 discusses
some of the implications of this issue.
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Narcosis-based SCVs were derived using the
approach discussed in the Procedures for the
Derivation of Equilibrium Partitioning Sediment
Benchmarks (ESBs) for the Protection of
Benthic Organisms: PAH Mixtures (U.S. EPA
2003¢) and Di Toro et al. (2000). In this
approach, the SCV for these narcotic chemicals
is derived using Equation 2-1:

log (SCVy) = log[CL*Ac;+ ACR] — 0.945 - log
(Kow) (2-1)

where, SCVy is the narcosis-based SCV for a
given chemical (mmol/L), C* is the critical
lipid concentration predicted to cause 50%
mortality equaling 35.3 umol/g octanol, Ac,

is the chemical class specific correction, ACR is
the acute-chronic ratio equaling 5.09, -0.945 the
universal narcosis slope, and Kow is specific to
the chemical being investigated (Di Toro et al.
2000). This equation can be simplified to:

log (SCVy) = log (6.94) + Ac; -0.945 - log
(Kow) (2-2)

For the narcotic chemicals in this document,
the chemical class specific correction value (Ac))
for halogenated compounds was -0.244. For all
other compounds, a correction was not necessary
(D1 Toro et al. 2000).

Narcosis values were also calculated for
chemicals with other toxicological modes of
action; specifically, the pesticides and
phthalates. In every instance, the narcosis SCVy
was larger in magnitude than the conventional
FCV or SCV. For example, the range of the
ratio of narcosis to conventional values was 2.4
for di-n-butyl phthalate to nearly 50,000 for
alpha-endosulfan. In general, the ratio of
narcosis to conventional values was greater than
1000 and thus the pesticides and phthalates
contribute only a small amount of narcotic
potency. Despite the utility of knowing the
contribution of narcosis to the overall toxicity of
the pesticides and phthalates, the narcosis values
should be used with caution. The narcosis
equation above (Equation 2-2) provides
chemical class specific corrections (i.e., Ac; ) for
halogenated functional groups. However,
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several of the pesticides and phthalates contain
other functional groups not directly addressed in
Equation 2-2 including ester and sulfur groups.
At this time, the effects of these types of groups
on predictions by Equation 2-2 are unknown.

2.4 Comparison of Narcosis and
Conventional Chronic Toxicity
Values

For every narcotic chemical in this
document, the narcosis-based SCV is greater
than the conventionally-derived SCV, although
the magnitude of the difference varies among
chemicals (also see Table 3-1). Figure 2-1
shows the ratio of the two values, which ranges
from 1.1 (1,2,4-trichlorobenzene) to 220 (1,1,1-
trichloroethane). Of the 20 chemicals evaluated,
four chemicals had ratios below 10, 13
chemicals had ratios between 10 and 50, and
three chemicals had ratios greater than 100. To
interpret these differences, one must consider the
differences in how the two values are derived.
There are two features of the conventional SCV
derivation that create discrepancies. The first is
the use of secondary acute factors (SAFs) to
estimate a SAV from existing data (see Section
A.5 of Appendix A for more discussion of
SAFs). The SAFs applied to the chemicals in
question here range from 4 up to 242, depending
on the number of minimum data requirements
met by the available toxicity data, and is applied
to the lowest reported mean acute value
available (see Suter and Tsao (1996) and U.S.
EPA (2001) for a description of how the
conventional SCVs were calculated).

The SAFs were derived based on an analysis
of a wide range of chemicals. However,
narcotics tend to show a much narrower range in
species sensitivity than do many other
chemicals; in fact, the total range in species
sensitivity reported by Di Toro et al. (2000) is
only a factor of 8.3 across a total of 33 species.
More importantly, the conventional GLI SCV
methodology requires that data for Daphnia
magna be included in the data set. As shown by
Di Toro et al. (2000), the ratio of the estimated
SMAYV for Daphnia magna and the FAV for all
species is only a factor 3.1. In the case of
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rainbow trout, a species for which data were
frequently available for the present analysis, that
ratio is only 1.7. What this means in terms of
SCV derivation for narcotic chemicals is that the
generic SAFs are larger than is appropriate for
narcotic chemicals in particular; while values of
4 to 242 were used, one would expect the true
value to have never been higher than 3.1, and
commonly 1.7 or less. This difference in
extrapolation therefore accounts for as much as a
factor of >10 difference between the
conventionally-derived and narcosis-based
SAVs, which is directly translated into
differences in the SCVs (Figure 2-1).

The second major factor lies in the acute-
chronic ratios (ACRs) used to translate the SAV
into a SCV. In the conventional approach,
calculation of the ACR was based on the
geometric mean of at least three ACRs.
However, wherever there were less than three
species-specific ACRs available, a value of 18
was used to replace the missing data (see
Section A.5 of Appendix A for more discussion
of ACRys); this value was derived through an
analysis of ACRs for a variety of chemicals. For
the narcotic chemicals shown in Figure 2-1,
availability of chronic toxicity data varied from
no measured ACRs to three measured ACRs.
Where there were no measured ACRs, the
conventionally-derived secondary ACR (SACR)
was 18.

In their analysis, Di Toro et al. (2000)
calculated a much lower mean ACR of 5.09 for
narcotic chemicals specifically. Because
narcosis appears to result in a lower ACR than
the default value of 18 used in the conventional
Tier 2 SCV derivation, one can expect additional
conservatism in the conventionally-derived Tier
2 SCVs for those chemicals where little or no
chronic data were available. Examples include
chemicals like 1,2 dichlorobenzene and
pentachlorobenzene, both of which were derived
using SACRs of 18 and have correspondingly
high ratios of the narcosis-based and
conventionally-derived SCV values (Figure 2-
1). In contrast, 1,2,4 — trichlorobenzene had
enough acute toxicity data to meet all 8
minimum data requirements (MDRs) (so no SAF
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was applied) and the SACR (with two measured
ACRs) was only 6.7, very close to the 5.09
estimated for narcotic chemicals (Di Toro et al.
2000). As aresult, the conventionally-derived
SCV and the narcosis-based SCVs are very close
(Figure 2-1).

The applicability of narcosis theory to the
compounds designated here as narcotics can be
evaluated by comparing the individual species
mean acute values (SMAVs) for each of the
compounds to the SMAV one would predict
based on narcosis theory. To do this, the
individual SMAYV values were extracted from
the SCV derivation for the 20 narcotic chemicals
listed in Section 2.3.2. For those species which
also appeared in the dataset compiled by Di
Toro et al. (2000), the mean species sensitivity
was used along with the Kow of each chemical
to predict an LC50 for that species and chemical.

These predicted LC50s for all 20 chemicals
were compared to the observed SMAVs as
shown in Figure 2-2. To allow better
discrimination of data for individual chemicals,
this same data set was segregated into three
groups of chemicals, and replotted as Figures 2-
3 through 2-5.

The strong agreement between observed and
predicted values, shown by alignment along the
one to one line, clearly indicates that the
observed toxicity of these chemicals is
consistent with a narcosis mode of action. Most
of the measured values fall within a factor of
two of the predicted value (shown by the dashed
lines in Figures 2-2 through 2-5) with no
consistent bias from a 1:1 relationship. This in
turn suggests that deriving SCVs for these
chemicals using narcosis theory is appropriate,
and that the differences in the conventionally-
derived and narcosis-based SCVs is primarily
due to conservatism in the SAFs and default
SACRs as discussed above.

Finally, for the three phthalates discussed
in this document, ‘FCVs’ derived using the
quantitative structure-activity relationship
(QSAR) described by Parkerton and Konkel
(2000) were compared to conventional SCVs in
Table 3-1. ASTER does not classify phthalates
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as narcotics but there is some evidence they may
demonstrate narcotic-like behavior. The QSAR
values derived by Parkerton and Konkel (2000)
were 60, 62 and 1173 pg/L for butyl benzyl
phthalate, di-n-butyl phthalate and diethyl
phthalate, respectively. These values compare
relatively well to the conventional SCVs of 19,
35 and 270 pg/L for butyl benzyl phthalate,
di-n-butyl phthalate and diethyl phthalate,
respectively. From this comparison, the
conventional values for phthalates in this
document appear to be slightly more
conservative than the QSAR based numbers but
not tremendously different with ratios ranging
from 2 to 4. See Adams et al. (1995), Rhodes et
al. (1995), Staples et al. (1997), Parkerton and
Konkel (2000), and Call et al. (2001) for further
discussion of phthalate aquatic toxicity.

2.5 Selection of New and Alternate
Aquatic Toxicity Values

As discussed in the Foreword, the ESBs are
intended primarily as technical information, not
as formal guidelines. As such, the aquatic
toxicity values used to derive the Tier 2 ESBs
reported in this document are principally
recommendations. The conventional (based on
WQC and GLI) and narcosis approaches were
selected to generate aquatic toxicity values for
the 32 chemicals in this document because of
their wide usage and acceptance by the
scientific, regulatory and regulated communities.
As new high quality aquatic toxicity data
becomes available, it is encouraged that these
Tier 2 ESBs be updated and revised. The GLI
approach, as discussed in Appendix A, is one
method for performing these updates and
revisions. Periodic review of aquatic toxicity
databases like ECOTOX may provide new high
quality aquatic toxicity values for some of the
chemicals discussed in this ESB, especially
those for which a limited data base was initially
available (see Section 2.3.1).
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Figure 2-1 Comparison of narcosis-based and conventionally-derived chronic toxicity values.
Chemicals with modes of action in addition to narcosis (i.e., pe