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PREFACE

The purposc of this report, Toxicological Benchmarks for Sereening Contaminants of Potential
Concem for Effcets on Sediment-Associated Biota: 1997 Revision (ES/ER/TM-95/R4), is to present
scdiment benchmark data and discuss their use as benchmarks for determining the level of toxicological
eflccts on sediment-associated biota and 1o bricfly describe three categorics of approaches to the
development of sediment quality benehmarks, This work was performed under Work Breakdown
Structure 1.4,12.2,3,04,05.04 (Activity Data Sheet 8304, “Technical Intcgration=—Risk Asscssment™),
Publication of this document meets a milestone for the Environmental Restoration Risk Assessment
Program, This report is an update of two prior reports (Jones ct al. 1997; Jones et al, 1996; and Hull and
Suter 1994). It contains new benchmarks for freshwater scdiments, cquilibrium partitioning benchmarks
comrected to two significant figures, und all of the freshwater and cstuarine benchmarks included in the
previous version.
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EXECUTIVE SUMMARY

A hazardous waste site may contain hundreds of chemicals; therelore, it is important (o screen
contaminants of potential concern for the ceological risk assessment, Oflen this sereening is done as part
of a screening assessment, the purpose of which is to cvaluate the available data, identify data gaps, and
screen contaminants of potential concern, Screening may be accomplished by using a sct of toxicological
benchmarks, These benchmarks are helpful in determining whether contaminants warrant {urther
assessment or are at a level tat requires no further aticntion, If a chemical concentration or the reported
deteetion limit exceeds a proposed lower benchmark, further analysis is nceded to determing the hazards
posed by thit chemical, IS, however, the chemical concentration falls below the lower benchmark value,
the chemical may be climinated from further study,

The usc of multiple benchmarks is recommended for screening chemicals of concem in scdiments,
Intcgrative benchmarks developed for the National Qceanic and Atmospheric Administration and the
Florida Department of Environmental Protection are included for inorganic and organic chemicals.
Equilibrium partiioning benchmarks are included for screening nonionic organic chemicals. Freshwater
sediment effect concentrations developed as part of the U.S. Environmental Prolcction Agency's (EPA’S)
Assessment and Remediation of Contaminated Sediment Project are included lor inorganic and organic
chemicals (EPA 1996). Field survev benchmarks developed for the Ontario Ministry of the Environment
arc included for inorganic and organic chemicals. In addition, EPA-proposed sediment quality criteria
arc included along with sereening values from EPA Region 1V and Ecotox Threshold values from the
EPA Office of Solid Wastc and Emergency Response. Pore water analysis is recommended for ionic
organic compounds: comparisons arc then made against water quality benchmarks.

This report is an update of three prior reports (Jones et al. 1997; Jones et al. 1996; and Hull and
Suter 1994), It contains new benchmarks for [reshwater sediments, equilibeium partitioning benchmarks
corrected to two significant figures, and all of the freshwater and estuarine benchmarks included in the
previous version.

N




1. INTRODUCTION

A hazardous wasie sitc may contain hundreds of chemicals; therefore, it is imponant to screen
contaminants of potential concern {or the ceologicnl risk assessment (ERA). Ofien this screcning is done
as part of a screening asscssment, the purpose of which is (o evaluate the available data, identify data
gaps, and screen contaminants of potential concem (Suter 1995), Screening may be accomplished by
using a sct of toxicological benchmarks, These benchmarks are helpful in determining whether
contaminants warrant further assessment or arc at a level that requires no further attention. 1 a chemical
concentration or the reported detection limit exceeds o lower benchmark, further analysis is needed to
determine the hazards posed by that chemical, If, however, the chemical concentration falls below the
lower benchmark valuc, the chemical may be climinated from further study, Concentrations exceeding
an upper screcning benchmark indicate that the chemical in question is clearly of concern and that
remedial actions arc likely to be needed.

The usc of multiple benchmarks also indicates the likclihood and nature of cffects. For example,
cxceeedance of only onc conscrvatively estimated benchmark may provide weak evidence of real efTeets,
whereas exceedance of multiple benchmarks of varving conservatism may provide strong evidence of
real effeets, Likewise, if a nonionic organic chemical only exceeds benchmarks that are not normalized
to site-spesific organic carbon content, then organisms that ingest sediment may be more exposcd than
those that do not. These inferences can be used to refine future sampling and remediation cfTorts,

In recent years, protccting sediment quality has been viewed us a logical and necessary extension
of waler quality protcction (Adams ct al. 1992). The U.S. Environmental Protection Ageney (EPA) is
authorized to develop and implement sediment quality criteria (SQC) under Section 304(a) of the Clean
Water Act (EPA 19892), EPA releascd five SQC documents in 1993 (EPA 1993a<¢). In addition, EPA
Region [V (1995) and the Office of Solid Waste and Emergency Response (OSWER) (1996) released
sediment screening values in 1995, Untl EPA's task is complete, ¢fTorts will continue around the United
States and abroad (EPA 1996; MacDonald 1993; Persaud ct al. 1993) to develop SQC and benchmark
values for the assessment of sediment quality at hazordous wastc sites.

Scdiment quality benchimarks (SQBs) arc necessary, in addition to water quality benchmarks
(WQBs), because (1) various toxic contaminants found in only trace amounts in the water column
accumulate in sediments to elevated levels; (2) sediments serve as both a reservoir and a source of
contaminants 1o the water column; (3) sediments integrale contaminant concentrations over lime,
whereas water column contaminant concentrations are much more variable and dvnamic; (4) sediment
contaminants in addition to water column contuminants affect benthic and other sediment-associated
organisms; and (5) sediments are an integral part of the aquatic environment, providing habitat, fceding,
and rearing arcas for many aquatic organisms (Chapman 1989),

To make decisions as to whether a chemical or biological measurement of sediment quality indicates
impairment, site-specific data miry be compared with benehmarks that indicate whether sediment quality
is acceptable. Existing criteria and standards arc considered o tvpe of benchmark. The purpose of this
report is 10 present sediment benehmark data and discuss their use as benchmarks for determining the
level of toxicological cffeets on sediment-associated biota,
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Iis important o nol¢ that these benchmirks do not represent remediation goals, Remediation goals
must consider adverse cffects on habitat and remobilization of contaminants caused by removal or
remediation of scdiments,

The benchmarks in this report are to be used at the U.S. Department of Energy’s (DOE's)
Oak Ridge Reservation (ORR) and at the Portsmouth and Paducah gascous diflusion plants as serecning
valucs only 10 show the nature and cextent of contamination and identify the need for additional
site-specific investigation (c.g., biological and chemical testing),

Scdiment benchmarks also can be used for bascline ERAs, which are required under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) at Superfund
sites. These asscssments cvaluate the risks 1o the environment posed by the hazardous waste site.
Scdiment benchmarks must not be used as the sole measure of sediment toxicity. Field studies and
toxicity tests will be the primary indicators of toxicity of sediments; benchmarks may be used to
determine which chemicals present in the scdiment are most likely causing the toxicity. This integrative
approach allows a more accurate cvaluation of adverse ceological impact, which is necessary in a
baseline risk asscssment,

This report is an update of three prior reports (Jones ct al. 1997; Jones et al, 1996: and Hull and
Suter 1994). It contains new benehmarks for freshwater sediments, equilibrium partitioning benchmarks
comrected to two significant figures, and all of the freshwater and estuarine benchmarks included in the
previous version,

2. REVIEW OF POSSIBLE APPROACHES TO BENCHMARK
DEVELOPMENT

Three distinct calegories of approaches can be used in the development of SQBs. Thesc approaches
arc bascd on analytical chemistry, toxicity test results, and ficld survev data. A fourth intcgrative
appreach incorporates all three types of duta. Regardless of the method, a numeric benchmark results,

The scicntific and regulatory communities arc stll debating the best methods 10 be used to develop
sediment quality guidclincs. This diversity of opinion is demonstrated by the wide variety of methods
being studicd and by the fact that the state of Washington has implemented sediment quality standards
bascd on the apparent cffects threshold (AET) approach, whereas the cquilibrium partitioning (EqP)
approach is favored by the EPA Office of Water (EPA 1996). Additionally, the Organization for
Economic Cooperation and Development (OECD) recommended three methods for deriving sediment
quality objectives: the EqP approach, the measurement of interstitial water, and spiked sediment toxicity
tests (OECD 1992), Several of the possible npproaches to developing SQBs have been reviewed (Adams
ctal. 1992; MacDenald ct al. 1992; MacDonald 1994; Chapman 19%9) and are bricfly described in the
lollowing scctions.
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2.1 ANALYTICAL CHEMISTRY APPROACHES
2.1.1 Direct Measurement of Interstitinl Water

The direet measurement of interstitial water approach compares the coneentrations of contaminants
in sediment interstitial (pore) waters with the EPA water quality criteria (WQC) (EPA 19931) and other
WQBs. WQBs of varying conservatism have been developed at Oak Ridge National Laboratory (ORNL)
(Suter and Tsao 1996) because many chemicals do not have national ambient WQC, Maughan (1993)
suggests that the analysis of sediment porc water is a more appropriate method for screcning than using
bulk sediment chemisury. He cites the advantages of the Nexibility and acceptance of pore water testing,

It can be argued that benthic organisms are exposed to contaminants via other exposure routes, such
as dermal absorption and ingestion of sediment particles. An analysis of the fceding habits of freshwater
benthic specics concluded that these species were nol sediment ingesters, except for the oligochacies
(aquatic carthworms) and some chironomids that arc both filter fecders and occasional sediment ingesters
(Adams 1987). [n contrast to this, marinc burrowing species frequently ingest sediment (Adams 1987),
For the clam Macoma nasuta, uptake of highly lipophilic pollutants occurred primarily by ingestion of
solids (63-84%), followed by ventilation of interstitial water across the gills (11-12%) (Bocse et al.
1990). This may be because Macoma nasuta predominantly ventilates overlying water, not interstitial
waler,

Such discrimination between overlying and interstitial water also may be important for tube
dwellers (c.g.. chironomids, hexagenia) that pump overlying water through their burrows (Landrum and
Robbins 1990), Maughan (1993) argues that if the organism is in equilibrium with the pore water, then
the concentration in the pore water would reflcet the sum of all exposure routes. Therefore, an organism
that has accumulated contaminants, through fecding, at a higher conceniration than the cquilibrium with
pore water would reestablish the equilibrium by fosing contaminants to the pore water (Maughan 1993),
However, factors may influence whether the organism can cstablish an cquilibrium with the pore water,
For example, difTusion within the interstitial water may limit transfer of desorbed compounds to the
organism (Landrum and Robbins 1990),

= 1.2 Estimation of Interstitial Water Concentrations: Sediment/Water EqP Approach

2.1.2.1 Nonionic organics

This approach caleulates a bulk sediment chemical concentration benchmark. The calculation uses
the WQBS together with correction faclors for the effeets of organic carbon (OC) (EPA 1993). By using
this method, a SQB is calculated as follows (EPA 19931); I the WQB (micrograms per liter) is a water
quality benchmark for the chemical of interest (Suter and Tsao 1996), then the SQB (micrograms per
Kilogram scdiment) is computed by using the partition cocflicient K, (liters per kilogram sediment)
between sediment and water:

SQB=K, xWQB.
The partitioning of nonionic chemicals between particles and water depends on the partition

coclTicient K, for the particles” OC and the mass [raction of OC (I’ - kilograms OC per kilogram
sediment) of the particles:
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Where the K, is unavailable, it is estimated by the octanol-water partition coefficient K, of the chemical
for scdiments by using the following cquation (Di Toro 1985):

logo(Kye) = 0.00028 + 0.983 log,((Kow) -
Therelore,
SQB=f,xK,*WQB,

The EqP approach requires four major assumptions: (1) partitioning of the organic chemical
between OC and interstitial waicr is stable at cquilibrium; (2) the sensitivities of benthic species and
specics lested to derive WQBs, predominantly water column species, are similar; (3) the levels of
protection afforded by WQBs arc appropriate for benthic organisms; and (4) exposures arc similar
regardless of feeding type or habitat (EPA 1993a),

EqP can be used only if f,, > 0.2%. AL f,, <0.2%, the factors controlling sccond-order cfleets on

partitioning (¢.g., particle size, sorption o nonorganic mincral fraclions) become relatively more
important (EPA 19930,

For both the dircct measurcment and EqP approaches for cstmating pore water cffects
concentralions, it is assumed that the WQBs, when applied to the interstitial water of sediments, would
protect infaunal organisms. EPA (1993f) has concluded that the sensitivitics of benthic specics arc
sufficicntly similar to those of watcr column specics to tlentatively permit the use of WQBs for the
derivation of SQBs.

The EqP appronch is favored by the EPA over the direct measuring of pore water approach
(EPA 19931), The frec chemical concentration in pore water can be estimated direetly from the OC
normalized sediment concentration, and the estimatc is independent of the dissolved organic carbon
(DOC) concentration. Using the pore waler chemical concentration to cstimate the [ree pore water
chemical concentration requires that the DOC concentration and the DOC partition coctficicnt be known;
this is because the proportion of a chemical in pore water that is complexcd to DOC can be substantial,
However, itis the free, uncomplexcd component that is bioavailable and that is in cquilibrium with the
OC normalized scdiment concentration. Therefore, for highly hydrophobic chemicals and where there
is significant DOC complexing, the solid-phase chemical concentration gives a more dircet estimate of
the bioavailable pore water contaminant concentration than do the porc walcr concentrations (EPA
19931),

2.1,2,2 Mectals

EqP appronch, Significant complexitics arc associated with inorganic chemicals when using the
EqP approach. Uptake (and thercfore effects) of sediment-associated contaminants is largely o function
of bicavailability, Bicavailability is strongly inllucnced by o complex suite of physical, chemical, and
biological factors in the sediments, Trace metals can be adsorbed at particle surfaces, bound to
carbonates, occluded in iron and/or mangancse oxyhydroxides, bound 1o organic matter, bound to
sulphide, bound to a matrix, or dissolved in the interstitial water. The complexity of race metal
bioavailability associated with these phoses hinders the prediction of effects (Campbell and
Tessicr 1991),

Acid volatile sulfide method, Acid volatile sulfide (AVS) is a reactive poot ol solid-phase sulfide
that is available to bind metals and render that portion unavailable and nontoxic to biota (Di Toro ct al,
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1992). The AVS is extracted from sediment using hvdrochloric acid. The metal concentration that is
stmultancously extracted is termed the simultancously extracted metal (SEM). For [SEMI/JAVS] <1,
no acute toxicity (mortality >50%) has been observed in any sediment for any benthic test organism, For
[SEMIAVS]>1, less scnsitive organisms can tolerate increased metal activity, However, the mortality
ol scnsitive specics (c.g., amphipods) increases in the range of 1.5 10 2.5 umol of SEM/umol of AVS
(Di Toro ct al. 1992). For this reason, the AVS method is uscd only to predict when a sediment in not
aculely toxic,

The AVS approach requires the measurement of all toxic SEMs that arc present in amounts that
would contribute significanty to the SEM sum, Failure to do so could Icad to an incorrect conclusion of
lack of acute toxicity (Di Toro et al. 1992), Use of the AVS method would be invalid if the sediment
AVS content is very low. This would occur in fully oxidized sediments (Adams et al, 1992), In addition,
only five metals (Cd, Cu, Pb, Ni, and Zn) currently can be evaluated using AVS (EPA 1994), and the
AVS mecthod has not been adapted for chronic toxicity,

2.2 SEDIMENT TOXICITY TEST APPROACHES
2.2.1 Bulk Sediment Toxicity Tests

Organisms are exposed to cither contaminated field-collected sediments or background sediments
spiked in the laboratory with known amounts of singlc chemicals or mixtures, Mortality or sublethal
cllects are obscrved, and dosc-response relationships are determined (Chapman 1989: Long and Morgan
1991). A major advantage to this approach is that it follows the methods used to develop WQC:
therefore, the procedure and rationale arc technically acceptable and legally defensible (Chapman 1989),
The usc of sediment toxicity tests has become firmly entrenched in many dredged material permitting
and benthic survey programs (Burton and Scott 1992),

2.2.2 Pore Water Toxicity Tests

Sediment pore water can be used in standardized toxicity tests, and toxicity identification evaluation
(TIE) procedures can be uscd to characterize, identify, and then confirm the toxic components of a
complex aqueous solution, However, TIE procedures may be dilficult and costly (Maughan 1993),
Currendly, no universally accepted method for extracting pore water from scdiment exists. In addition,

pore walcr is difTicult to extract from scdiment without potentially altering the toxicity of the pore water
(Maughan 1993).

23 FIELD SURVEY APPROACHES
2.3.1 Screening Level Concentration Appronch

The screening level concentration (SLC) approach estimates the highest concentration of a
particular contaminant in scdiment that can be tolerated by approximately 95% of benthic infauna (Neff
ctal. 1988), The SLC is derived from synoptic data on sediment chemical concentrations and benthic
invertebrate distributions, First, the specics sercening level concentration (SSLC) is calculated by
plotting the frequency distribution of the contaminant concentrations over all sites (at least 10) where
the specics is present, The 90th pereentile of this distribution is taken as the SSLC for that specics, Next,
a large number of SSLCs arc plolied as a frequency distribution 1o determine the contaminant
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concenlration above which 95% of the SSLCs occur. This final concentration is the SLC (NefT et al,
1088),

The SLC approach has several advantages: it can be used with any chemical contaminant, it can be
developed using existing databases and methodologics, and it docs not require @ priort assumplions
concerming mechanisms of inleraction between organisms and toxic contaminants (Chapman 1989),
Disndvantages include the following: a large amount of ficld data is required, a precisc level of infaunal
taxonomic identification is required, caleulation of SLCs is aflccted by the range and distribution of
contaminant concentrations and specics, sclection eriteria for speeics have not been established, and no
mechanism has been established to separate single contaminant effects from the cifects of all
contaminants combined (Chapman [989),

2.3.2 Apparent Effects Threshold Approach

The AET approach uses data from matched sediment chemistry and biological effects measures.
Biological cfTects could be assessed by cither benthic community survey or sediment toxicity tests. An
AET concentration is the sediment concentration of' a sclected chemical above which statistically
significant biological cMects always occur (EPA 1989b). This concentration is alternatively identified
as the high No Effect Concentration (NEC) (EPA 1996),

The major strengths of the approach arc that (1) combined chemical cfects can be considered
(EPA 1989b); (2) there arc no consirainis on the type of contaminant or biological cilects that can be
uscd; (3) contaminants that e most likely associated with observed biological ciTeets arc identificd on
a site-specific basis; and (4) because observed biological effects always occur above the AET, the
approach provides values bascd on noncontradictory evidence ol biological impacts (Chapman 19%89),
Disadvantages to this approach include the following: (1) it is sitc-specific (EPA 1989b), (2) it may be
underproicetive becausc biological effects are observed at chemical concentrations well below AET
values, (3) it requires a large database for chemical variables and at feast one biological indicator, and
(4) combined contaminant cfTects cannot be separated from single contaminant effects (Chapman 1989),

2.4 INTEGRATIVE APPROACHES
241 National Oceanic and Atmospheric Administration Appronch

Because the EqP approach is impractical for inorganics, other benchmark values were needed, The
National Oceanic and Atmospheric Administration (NOAA) annually collects and chemically analyzes
sediment samples {rom sites located in coastal marine and estuarine environments throughout the United
States. These data were used 1o evaluate three basic approaches to the establishment of effects-based
critcria; the EqP approach, the spiked-sediment toxicity test approach, and various mcthods ol evaluating
synoplically collected biological and chemical data in field surveys (Long and Morgan 1991), Chemical
concentrations observed or predicted by these methods to be associnted with biological effects were
ranked, and the lower 10th pereentile [Effeets Range-Low (ER-L)] and median |Effects Range=Median
(ER-M)| concentrations were identificd.

The ER-L and ER-M values were reealeulated by Long et al. (1995) afler omitting a small amount
of freshwater data ineluded in the Long and Morgan (1991) calculations and adding more recent data,
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2.4.2 Florida Department of Environmental Protection Approach

The Florida Depurtment of Environmental Protection (FDEP) npproach (MacDonald 1994) is
similar 1o the NOAA approach, The updated and revised data set used by Long et al. (1995) also was
used by MacDonald (1994) to caleulate Threshold Effects Levels (TELs) and Probable Effects Levels
(PELs): these data are presented by MacDonald et al. (1994). However, unlike the ER«Ls and ER-Ms,
the TELs and PELS also incorporaic chemical concentrations observed or predicted 1o be associated with
no adverse biological effcets (no efTects duta). Specifically, the TEL is the geometric mean of the 15th
pereentile in the cffects data set and the S0th pereentile in the no effects data set The PEL is the
geometric mean of the 50th percentile in the effects data set and the 85th percentile in the no efTects data
sel. Therefore, the TEL represents the upper limit of the range of sediment conlaminant concentrations
dominated by no cffects data. The PEL represents the lower limit of the range of contaminant
concentrations (hat are usually or always associated with adverse biological elfeets (MacDonald 1994).

2.5 BACKGROUND CONCENTRATIONS

Comparison of sitc contaminant levels with background levels is a simple screening method. The
assumption is that concentrmtions that are not higher than background are not hazardous. Appropriate
background samples must be obtained for waste site samples, The American Socicty for Testing and
Materials (ASTM) is currently developing guidelings for sclection of sediment and soil background
sampling locations (ASTM Scct, E47.13.01, Task E).

This approach has two major disadvantages: it has no biological effects basis, and it cannot be used
for synthelic organic compounds, which should not be present in background sediments. Therefore, it
i not appropriate to usc this approach as the only screcning method, However, it is appropriate 1o usc
the background concentrations to screen the other sediment benehmarks, such that sediment benchmarks
that arc within the range of background concentrations arc not used to identify chemicals of potential
ccological concem,

3. RECOMMENDED SEDIMENT BENCHMARKS

The following scction presents the recommended sediment benchmarks for use at DOE's ORR and
at the Portsmouth and Paducah gascous difTusion plants, The rationale, interpretation, and general
considerations for using these benchmarks in screening sedimient chemical data arc also briefly diseussed.
Chemical-specific considerations are presented in Chap. 4,

This revision includes a new sct of toxicity test-based benchmarks for freshwater sediments (EPA
1996) and previously presented benchmarks for marine and estuarine sediments (e.g.. FDEP TELs and
PELs, NOAA ER-Ls and ER-Ms, Washington state AET, EPA screening values). The freshwater
benchmarks arc recommended for use at the aforementioncd DOE sites, The marine benchmarks arc
retained and recommended for use because the parties to the Federal Facility Agreement have not vel
sanctioncd the use of the freshwater benchmarks and because freshwater benchmarks are not available
for all chemicals, The usc of multiplc benchmarks of varying conscrvatism is recommended to provide
4 robust cvaluation of the chemical data, That is, a suite of benchmarks reduces the chances of missing
a chemical of potential ccological concem and increases the interpretive value of the chemical data scL.
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[t is strongly recommended that the suitc of benchmarks, or the rules for selecting a subset of
benchmarks, be explicitly included in the Data Quality Objeetives process o get carly and informed
regulator agreement for their use in a given projeet.

3.1 MARINE AND ESTUARINE SEDIMENTS
3.1.1 Integrative Benchmarks

EPA Region [V (1995) has recommended the NOAA and FDEP valucs as potential lower screening
valucs, and EPA OSWER (1996) has recommended the NOAA valucs as potential ecotoxicological
threshold values, The NOAA and FDEP values also are supported by ORNL as SQBs when bulk
sediment chemical concentrations are available,

The data compiled by MacDonald ct al. (1994) are from marine and cstuarine locations only, The
usc of the NOAA and FDEP valucs for freshwater is appropriate in the absence of reliable freshwater
sediment benchmarks. Klapow and Lewis (1979) investigated the question of whether or not it was
legitimate to combinc freshwater and marine aqueous toxicity data to develop marine water quality
benchmarks, A statistical test of medians was applied to (reshwater and marinc acute toxicity data for
ninc metals (As, Cd, Cr, Cu, Pb, Hg, Ni, Ag, and Zn) and nonchlorinated phenolic compounds. In only
onc casc (Cd) was there a statistically significant difference in the median response of marine and
freshwater organisms. The NOAA and FDEP valucs were developed from data from several
investigations throughout the United States, and these studics used different approaches to cvaluate
scdiment quality (c.g.. toxicity tests, EqP, AET), It is assumed that the use of numerous data and the
caleulation of percentiles help climinate the influcnce of a single (possibly outlier) data point, thercby
making the sediment quality values more credible (Long and Morgan 1991),

The NOAA values may be uscd to help identify sitcs with the potential to cause adverse biological
cffeets, These ure not NOAA criteria or standards and arc not intended for usc in regulatory decisions
or any other similar applications (Long and Morgan 1991). The available NOAA and FDEP values are
presented in Table 1.

3.1.2 Apparent Effects Thresholds

The AET is the sediment chemical concentration above which statistically significant biologicul
cfleets always occur (EPA 1989b). Therefore, they may be underprotective beeause biological effeets
are obscrved at chemical concentrations well below AET values (Chapman 1989). AET values for
several ionic and polar organic chemicals arc retained in this revision beeause of the signifizant
complexities associated with using the EqP approach.

Orgunic compounds that are polar or ionic include methy! and thiocarbamates, triazines. amines and
enalines, and organic acid pesticides (uliphatic and aromatic acids and esters, phenoxy compounds, and
urcas), Unlike nonpolar and nonionic organic contaminants, both polar and ionic organic compounds
may adsorb onto sediments by a varicty of mechanisms, including hvdrophobic interaction, nonspeeific
ion association, ion cxchange, ion-dipole interactions, hydrogen bonding, and complex formation by
surface metals (Shea 1988), It is possible that a multiplc-lerm mode) might account for polar organic
partitioning between sediment and aqueous phases but such a model does not exist (Shea 1988),

\:_
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Tuble 1, Summary of selected integrative sediment quality benchmarks

for marine and estunrine sediments®

NOAA? FDEP’

Chemicul ER-l. ER-M TEL PEL
Antimony 2 25"
Arscnic 8.2 70 7.24 41,6
Cadmium 1.2 9.6 0.68 421
Chromium Rl 370 52.3 160
Copper 3d 270 IX7 108
Leoud 46.7 218 302 112
Mercury 0.15 0.7} 0.13 0.7
Nickel 20,9 51.6 15.9 428
Silver 1.0 37 0.73 177
Zinc 150 410 124 an

Organics (ug/ke dry weight)

Acenaphthene 16 500 6.71 8K8.9
Acenaphthylene 44 640 S.87 2%
Anthrucene 85.3 1100 469 2ds
Benziwunthracenc 261 1600 74.8 693
Benzo(u)pyrene 430 1600 KR8 763
BHC
BHC, alpha-
BHC, beta-
Bis(2-cthylhexylphthalute 182 2647
Chlordune 0.5" 6! 2.26 4.79
Chrysene Jud 2HOO0 108 RAG
DDD, o,p™ + p,p'- o 204
DpD, pp'- 1.22 7.81
DDE, pip's 22 27 207 374
DDT, o,p'+p,p’- 1 ™
DOT, p.p'- 119 477
DDT, Totul* 1.58 46, 349 ST
Dibenzo(u.hyunthracenc 63.4 260 6,22 135
Dicldrin 0.02¢ ol 0.72 4.3
Endrin 0.027 45
Fluorunthene 600 5100 113 1494
Fluorenc 19 540 212 144
Lindane (gumma-BHC) 0.32 0.99
2-Methy!l nuphthalence 70 670 202 201
Nuphthalene 160 2100 34,6 391
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Tahle 1 (Icgntlnued)
NOAA* FDEP*
Chemical ER.L, ER-M TEL PEL
PAH, Total LMW 582 3160 32 1442
PAM, Total HMW/ 1700 9600 655 6676
PAH, ToteV 4022 44792 1684 16770
PCB, Totul 227 180 216 189
Phenunthrene 240 1500 %6.7 544
Pyrenc 665 2600 153 1398
“Benchmark values are presented herein wath the sume number of xignilicant digits used in the

source document,

*NOAA = Nutionnl Ocennic and Atmospheric Administration; ER-L = 12fTects Range-Low,
1ZR«M = L(Tects Range-Median; exeept where noted, effects levels are the updated and reviscd
vlues from Long et al, (1995),

TFOEP = Floridn Depurtment of Environmentul Proteetion; TIEL = threshold effects level; PEL
= probuble efTuecty level; source Jocument is MacDonald (1994).

“Saurce document is Long und Morgan (1991),

“Total DDT ix the sum of the concentrations of the o,p*- and p,p's isomers of DDD, DDE, and
DDOT.

LMW = low moleculur weight and is the sum of the concentrations ol scenaphthene,
acenaphthylene, anthracene, fluorene, 2emethyinaphthulene, naphthaleng, and phenanthrene,
HMW = high molecutar weight snd is the sum of the concentrations of benz{a)anthracene,
benzo(a)pyrene, chrysene, dibenzo(ahanthmeene, Nuaranthene, nnd pyrenc: Total in the sum ol
the concentrations of the aforementioned low and high molecular weight PAlx,

The behavior of ionic organic pollutants has not been exiensively studied. As with the nonionic
organic chemicals, OC appears to be a critical factor in the pantitioning behavior in sediments (Jafvert
1990), The critical micelle concentration (Di Toro et al. 1990) and pH (Jafvert 1990) also appear to be
dominating factors.

The statc of Washington has developed sediment quality standards for some polar and ionic organic
compounds (Tablc 2). AET arc site-specific and should be used cautiously, Because little information
is available for ionic organics, these contaminants should not be climinated in a sereening risk
asscssment Preliminary comparisons can be made to the Washington state sediment quality standards
to give an indication of the magnitude of the contamination, In addition, EqP SQBs for two of the polar
chemicals (2-methyiphenol and phenol) are presented in Table 3.

WQBs do cxist for several of these chemicals (Suter and Tsao 1996), U pore water concentrations
of these chemicals are available, they should be screened against those benchmarks; this was the
methodology {ollowed in the Phasc | Screening ERA for the Clinch River (Cook et al. 1992).
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Table 2. Wishington state sediment quality standards ‘L)

for lonlzable orgunic compounds t{

(microgramns per Kilogram dry weight) 4

4

-

Washington state sediment »

Compound quidity standurd o

4ot

Benzoie seid 650 0
Benzzy! ulcohol 57
Pentachlorophenol 360
Phenol 420
2:Methy! phenol 63
d-Methy| phenol 670
2.4-Dimethv] phenol 20

Source: Ginn and Pestomik 1992

3.2 FRESHWATER SEDIMENTS
3.2.1 EqP Benchmarks

The EPA has chosen the EqP appronch for developing SQC for nonionic organics (EPA 19931),
This is also a mcthodology that ORNL supports for devcloping SQBs when bulk scdiment
concentrations and WQBs arc available.

The EqP approach requires a WQB, a K value, and a measured or assumed site-speeific total
orgunic carbon (TOC) value, Because many chemicals do not have National Ambicnt Water Quality
Critcria NAWQC), scts of WQBSs of varying conscrvatism have been developed at ORNL (Suter and
Tsao 1996); consult this publication, or its most recent revision, for a complete discussion of the aquatic
benchmarks and their uses. Sccondary chronic values arc intended to be conservative predictors of
effcets. I concentrations exceed benchmarks that used the NAWQC, the chemicals must be
contaminants of concern because the NAWQC are applicable or relevant and appropriate requirements,
Concentrations that exceed Lowest Chronic Value benchmarks indicate a risk of real efTeets, Table 3 lists
available log K, valucs for sclected nonionic organic contaminants, sources of these values, caleulated
log K, valucs, and estimated SGBs corresponding Lo the conventional aqueous benchmarks; these SQBs
arc normalized assuming 1% TOC,

For polnr organic chemicals, adsorption mechanisms other than hydrophebicity may significantly
increasc the fraction of the chemical sorbed to the sediment particles (EPA 199310). Therelore, the
K+based model is likely to overestimate the free, and therefore bioavailable, chemical concentration.
SQBs for sclected polar nonionic organic chemicals arc included in Table 3 as conservative benchmarks
and are denoted appropriatcly.

The bulk sediment contaminant concentrations measured at a site can be compared dircetly to the
SQBs presented in Table 3. 1t is rccommended, however, that these benchmarks be adjusted by
multiplying the SBQ by the site-specific pereent TOC, For example, the SQC for accnaphthenc is 1300
ugfkg assuming 1% TOC and 13,000 up/kg assuming 10% TOC (EPA 19932). However, the

M



Tabke 3. Summary of EqP-derived sediment quility beachmarhs for nonionk organic chemicals

corresponding (o conyentional aqueous benchmarks®

—  lowotdrplerstoe

Secondary Nondaphnld
CRambcal LegKom® LogKee  NAWQCchruak  chraek vakue 33 Dapheils fnvertebrates
Acegptfene 392 338 1307 330 470,000 16,000
Acdond? 012 02 L & 3000 1
Antysere 433 497 120 mn %620
Renzece P41 202 160 >120,000
Borrilind 166 163 Ly k2
Renroa)mthracene h ] 560 110 2600
Benraagyrere sl 6C1 (£ ] 3000
By takahol’ mm 109 1 73 =
BHC (Erdine) 1%} 367 37 639 &1 150
BHC (othar) 35T 3 129 00
Bytaoyt 396" n 1100
Bis(2-cthy B syl pdahatree T60r 9 90,000
+Froenphenyd pharat ety 500 192 1200
Bty thenny { phehalaze 434 476 11.000
2-Butinoee’ 0 o 0 5300 17,000
Cax'n &sulfale 100 197 o 3300 3
Carbon teuathade 27 263 7 95300 27,000
CHlxe 631 (31} 2590 26000 260,000 18,000
Ctlxsbenrene 36 28 410 7800 97,000
Crlonform 192 15 n 9 350
pp*-DDO 610 600 1o 17,000

PR o LIRSS 0 ol




AN r P ¢ 0

0301 6%6E oot RELNIPYENI}]
o0l oD T $9 00’9 L9 xpoly
1713 1% 1142 Jursonyy
000°91 000'TE 0009 £0s s Fwrree]
000°091 o5 63 60§ $I€ wneq gy
a L6t 90$ uguy
113 €0 ol ¢ tomoest i rpnsopu]
009 9T 05 sl e
o1l 8§ LE€ apixd
ctL 0z 1500 L6} 001 Fundadeo@raty
oA ot 21 S8 Xy a-l
006§ 00i €< 1£ 1714 1% S R R
00zt 000°L1 ot s+l L A pREaTl
«“ oots 14 91 & surpx ol L
e St € e AnA AL
0oLl e S Az A€l
(713 et (321 AITIFUGFITL
000014 ot sot T cnprea
61 . £9¢€ ot voeny]
00004 0000t Z 0011 “5r 9 wrErp any uig
000°009'9 000" L} €6t 10§ g
orr 00061 SOt E we £59 1qa
sy srydsa oL agqradpuang  d@WOIPIdUNNYN N3 N0 o)
prrqdepacy Dvpuasag

INEL HAAIYI JIed |

-

(panupuo) g3qeL




RS S B SRR stoate s Co I S R 1o

00912 oot octl {4 3% 4 AP REURL LT

99 1300 §00 €00 Aounderd g

o8 s> I sri 13| ]

000'6§ Fioi T3] 114) FuaRTIY

0cf6 113 1| iy ATt

0oL ne 78 2N IGEFRS

00’59 005005t $99 £89 0971 2XRFY

000'1L o1 €9 £59 AR Sh b4

000t «©9 HT9 $ITL APV

000’9l 000°6Z ol 1I5€ 095 [34% S5ty
0000t ! e 10¢ oIS TETY 1INV

000'ST ozt 1Y) oL 1T IOV

LihY]

.IH 3l [1 9 4 AN PUETGT
000'€T 00021 V34 of € 9 N

ot 000’81 oLe (24 st 200y FRf PN

oozt (233 u 961 74 Lo it

000'$t 111 (4] iy Foorpod AP

000+ oft e A3€ el

61 173, $0¢ v

oorL u sl iy FOEVHL

000°005°F o (134 £6€ ]

seiqig spivgdea LEY sqgsecuoags  Spapabuvy XN 301 N30T TOReIL)
ramdrpooy Lrvpoarag
e S T L |
(ponupiuod) £ 3L




Table 3 (continued)

Lomeat chronke vatue
Sceondary Nond :phnid

Chemicad) Log Kuwm® Log Koc N QC chrunke chrookc yalue Fih Daphnlds tnvertebrates
Tetrahlorectixrne 267 261 410 3300 3200
Totucne 275 270 50 6300 139,600
Trtromomahne 23y 231 630
1.2, 4-Trntlorobenzene 401 354 9600
LLL-Totkexthae 248 2.44 3 9600
1,1,2-Trdleexcthane 2058 202 1200 9700 19,000
Trabheoctene 2171 266 220 51,000 33,000
Viyl acetate 073 072 083 42
Nylne nr 308 160 742,600 -
m-Xykne 30 31 13

Cooventional agueous bernhmad s are presaited i Sutzs and Tsao (1996) EqP = eptibrium pationing All sediment bewbmxds are in . g Lg and are extimeted to
two sSyiSeat figures assurming 1% TOC. Estimated sefioncrd guality benchmarks greaer thaa 1023 (100,000,000 .2 %g) xre 6k ohaded bev xse such cononyations
e assurned 1 be exveadizngly tnld ey unday nueraf conditions [xpplics to bis(2-<tty hhe xylipiekalee 2l &-o-out) phthalte]

] oz Kow sakacs are from EPA (19952) exorpt where noted ewrwise

*Dupotes proposed EPA so&mont quality aritria

“Doxss polar nocionic crgaric compounds, far which the EqP maddd is Elely to provide a consenative estimate of exposre.

“A st consanvative (i €., kv est) recommendod value for seportad cocfigunations BHC {otex) is lowest of atpha, bots, and &eha-BlIC, ocly.

Sowce 8 FPA (1993b)

sSource s seanch of Syracuse Resewrch Corpontion, Envizonmeental Sciences Centax's oo-Tine Experimental Log P Dgabase conduted oa e 7, 199%.

*Source s ATSDR (1589)

Epe s DI GGUT Gopota

m




16

EqP methodology, and therefore these benchmarks, is not appropriate for sediments with less than 6.2%
TOC (EPA 1993f).

w2 Sediment Effect Concentrations

The Nationa! Biological Service produced a sct of sediment benchmarks for the EPA Great Lakes
National Program Office as part of the Assessment and Remedintion of Contaminated Sediment (ARCS)
Project (EPA 1996), Sediment cffeet concentrations (SECs) were caleulated using laboratory data on the
toxicity of contaminants associated with up 10 62 sediment sumples collccied predominantly from
freshwater sites. The exception was six samples from Mobile Bay, Alabama, and (ive samples (rom
Galveston Bay, Texas, which were used, with 10% salinity in the overlying water, in onc of the three
tests, The test organisms and the measured endpoints were (1) reduction in survival, growth, or sexual
maturation of the amphipod Hyalella aztvea and (2) reduction in survival or growth of the midge
Chironomus riparius. SECs were caleulated for 1d-day C. riparius tests, 14-day /. azteca tests, and
28-day H. azteca tests. Three of the methods previously discussed were used to caleulate SECs for cach
of thesc tests: the NOAA method for ER-Ls and ER-Ms, the FDEP method for TELs and PELs, and the
AET mcthod for NECs. Therelore, up to 15 SECs were cnleulated for ench contaminant (c.g.. § SECs
for cach of 3 tests). Ench SEC was evaluated for its ability to correcuy classify samples in the database
as toxic or nontoxic (EPA 199%), Table A.] in the Appendix presents the key results of this process,
including the percentage of nontoxic samples incorrectly classified as toxic (% False Positive), the
perecntage of toxic samples incorrectly classificd as nontoxic (% False Negative), and the overall
percentage of samples correctly classificd as toxic or nontoxic (% Total Correet). We seleeted a subset
of the SECs for cach chemical on the basis of these results,

ER-Ls and ER-Ms arc generally as reliable as paired TELs and PELs (EPA 1996). Therefore, onc
of the three ERLs and three TELS for cach chemical was sclccted as the representative threshold ciTect
concentration (TEC), Similarly, a representative probable effect concentration (PEC) was seleeted for
cach chemical from the three ERMs and three PELSs. A representative high No Effect Concentration also
was sclected for cach chemical from the three NECs. The NECs are gencrally higher than the other
benchmarks and tend to decrease the percentage of false positives, but increase the pereentage of (alse
negatives, relative to the other SECs (EPA 1996). Table d presents the representative benchmarks, which
were sclected by sereening cach SEC against a sct of minimum requirements and then ranking the SECs
relative 1o cach other based on their reliubility and conservatism,

The first requirement for all representative benchmarks is that the % Total Correct had to be greater
than 50%, This is an intuitively obvious minimum critcrion, which can be thought of as requiring a
benchmark to improve the odds of correct sample classification over that of a toss of a f{air coin, A
second eniterion is necessary because the [irst requirement ignores the fact that two SECs can have the
same % Total Correct value, but difTerent % False Positive and % False Negative values. For TECs, the
sccond minimum requirement is that the % False Negatives must be less than 25%. For PECs and NECy,
the sccond minimum requirement is that the % False Positives must be less than 25%. The dilferences
in the sccond minimum requirements refleet the difTerences in the intended use and interpretation of these
benchmarks, TECs arc intended to be relatively conservative sereening valucs, below which effects are
rarcly expected to occur. As such, it is important to limit the likelihood of incorrectly excluding a site
and chemical from further consideration, PECs and NECs arc intended to discriminate ¢hemicals that
may contribute 1o toxicity from those that probably contribute to toxicity (i.c.. effects are more likely

than not). Thus, it is important to Jimit the chances of incorrcctly identifving a chemical as being of
concem,




Table 4, Summary of selected foxicity test— und screening level concentration=hased sediment quality
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benchmurks for freshwater sediments®

ARCS Ontugio MO
«Chemicn) Tre pre Nbe Lo Nevere
Inorganics (myvky dey weight)

Aluminum k030 11160

Amenic 121 87 P 6 n
Cadinium 0,392 1.7 d41.1 0.6 10
Chromium 56 159 iz 26 110
Copper 2K ki S4% 16 1o
lron ot Ll
Lead 342 196 687 J 230
Manganene 1670 108) ¥19 460 1110
Mercury .2 :
Nickel 9.6 kIR 179 16 78
Zing 159 [J-x M 4] 120 X20

Oryanics (ughy dry weight)

+ Aldnn . N0
Anthiracene 62 547,72 17 22 1700
Denz(adanthracene 260 4200 1500 20 14,%00
Denzo{u)pyrene 330 1937 +40 370 14,400
Benzo(k)luormnthene 240 13,400
enzo(h k) luomnthene 272 4000
Henzo{ghiyperylens 290 6300 %00 170 200
Ble k] 120
$1C, alpha- 6 100
I1M1C, batws ) 210
Chlordane ? 60
Clirysene 300 4200 4000 340 4600
DOD, pp's X 0
DDE pp'- b} 190
DDT, 0,p's +p.p's % no
DOT, Total* 7 120
Dibenzo(ah)anthrscene M2 %70 60 1300
Dieldrin 2 910
Endrin 3 1300
Fluoranthene 64,23 ¥34.27 7300 750 10,200

" Fluotens 34.64 68192 1%00 190 1600
HCH 20 10
Hepiachlor epoxide » s/
Indeno(1,2,3-c,d)ryrene ™ K36.66 koo 2 3200
Lindano (gammaIHC) Ao 10/
Mirex ki 1300
Naphthalene .78 687,39 290
PAIL Total LMW 786 2269 1040
PAN, ‘Total HMW 2900 415082 31000

PALL Totsl KLLA} 13660 #4600 4000 100,000
PCH3, Total 362 244,66 194 T0 330

N F

7
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Table 4 (continued)

A RO\ Ontarin MOV
<Shemicnl THC Prc Npe v Nevepe
PCH, 1016 il 330
PCH, 124K g™ 1500

ren, 1284 60" 340
PCH, 1260 s 2402
"henunthrene 560 9500
vrene $70 Rredl 6100 490 RO

“Benchmark values are genemily presented herein with the same number of signifieant digits uned in the source document.

*ARCS = Asscssment and Remedintion of Contaminated Sediments Program; TEC = Threshold ERect Concentration,
PLEC = Probable Effect Concentention; nnd NEC = high No EfTect Concenimtion from EPA (1996).

“Ontario MOE = Ontario Ministry of'the Invitonment; Low = fowent effect Ievel and is the Sth percentile of the screening
level concentration, except where noled otherwine, Severe « severe effect lovel and is the 95th pereentile of the screening
tevel concentrution, exeept where noted otherwise; soutce document is Pemsuud et al, (1993); values for organic chemicals
were normalized ussuming 1% tolnl organie earbon,

“Total DDT is the sum of' the concentrations of the o,p'> and p,p'- ixomeny of DDD, DDE, and DDT,

*10th percentile of the screening level concenteation,

/90th pereentile of the sereening level concentration,

fDenotes tentative uideline,

For these same reasons, the ranking process emphasized maximizing the % Total Correet for all
benchmarks, minimizing the % Falsc Negatives for TECs, and minimizing the % False Positives
for PECs and NECs, A score was calculated for ench benchmark that met the minimum requirements for
recommendation. The seore for o TEC was the % Total Correet minus the % False Negatives (i.¢., Score
= %TC - %FN), The scors for a PEC or NEC was the % Total Correct minus the % False Positives(i.c.,
Scorc = %TC ~ %FP). The maximum possible score for any SEC was 100, That is, 100% Total Correct
and 0% Falsc Negatives or False Positives, The SEC with the highest score was selected as the
representative benchmark, In the event of a tic scorc, the SEC with the highest % Total Correct was
selceted. If'the % Total Correct values also were the same, then the most conservative SEC was sclected
(i.e., the one with the lowest concentration).

3.2.3 SLC Benchmarks

The Ontario Ministry of the Environment (Ontario MOE) has prepared provincial sediment quality
guidclines using the SLC approach, These values are based on Ontario sediments and benthie specics
{rom a wide range of geographical arcas within the province (Persaud ct al, 1993), The lowest effect level
(Low}) is the level at which actual ceotoxic effeets become apparent, The severe effect level (Severe)
represents contaminant levels that could potentially climinate most of the benthic organisms (Persaud
ctal, 1993). These “Low” and “Severe” effect values are potential SQBs and are presented in Table 4,

Although SLC-derived valucs are based on biological effects and are suitable for alf classes of
chemicals and most types of sediment, the endpoint used to derive them (specics absence) is considered
insensitive (MacDonald 1994), Therefore, the SLC values may not be adequately protective. A
qualitative comparison of the SLC valucs 1o the NOAA and FDEP valucs in Table § suggests that the
Low valucs may be moderatcly underprotective for most organics. OF the 10 Low values, 9 arc
approximately 2 to 10 times higher than the ER-L or TEL. However, the Low values (or metals are
remarkably similar to the ER-L or TEL values, Most of the Scvere values {or metals appear to be
feasonably comparable to the ER-M or PEL, but many of the Severe values for organics arc 10 to 100
times higher than the ER-M or PEL,
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Onc advantage to the use of the Ontario MOE values for organic chemicals is that they are

normalized to 1% TOC. Therefore, these SQBs can be adjusted for site-specific OC content similarly
to the adjustment made for EqP SQBs,

3.3 EPA SCREENING VALUES
3.3.1 Ecotox Thresholds

EPA's OSWER has published Ecolox Thresholds (ETs) intended to be used for screcning
contaminants at CERCLA sites (OSWER 1996), These values are available for 8 metals and 41 organies
in sediments and arc presented in Table 5; their derivation is bricfly explained hercin,

The preferred method for determining sediment ETs is to use the proposed SQC values
(EPA 1993a~c), which arc derived using the EqP method. Superfund has clected 1o use the lower limit
of the 95% confidence interval as the ET, rather than the central tendency value, 1o maintain an
appropriatc level of conservatism for screcning purposes (OSWER 1996), The SQC ETs in Table § are
nomalized to 1% TOC.

SQBs arc uscd when SQCs are not available. The SQB is calculated in the same manner as the SQC
except that a Tier 1 Sccondary Chronic Value is used. Four of these arc from the Great Lakes Water
Quality Initiative (EPA 1992), 12 arc from Suter and Mabrey (1994), and 17 were calculated by
OSWER (1996). Three chemicals with OSWER-derived Sccondary Chronic Values {endosulfan,
methoxyclor, and malathion) had NAWQCs, but the eriteria were judged (0 be old and unreliable. Tier
Il values were not derived if no daphnia acute values were available. The SQB ETs in Table S are
normalized to 1% TOC,

The ER-L value is used il neither an SQC nor an SQB was available, OSWER noted that there is
relatively low correlation between the incidence of cffects and the ER-Ls for mercury, nickel, total PCBs,
and DDT (Long ct al. 1995) and that the ETs for these four chemicals should be used cautiously.

3.3.2 Regiion IV Screening Values

EPA Region 1V has published ceological screening values for sediments (Region [V 1998); they
arc presented in Table S, The sclected effect level is the lower of the ER-L (Long ct al, 1995) and TEL
{(MacDonald 1994), The ER-L for antimony is from Long and Morgan (1990). When the Contract
Laboratory Program’s Practical Quantitation Limit (PQL) is above the cffect level, the screening value
defaults to the PQL., However, if concentrations below the PQL are reported, they should be compared
with the effect level,
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Table S, EPA Region IV and OSWER sediment screening values®

Reglon IV* OSWER’
Chemieal Vilue Tvpe! Value Tvpe’
Inorganics (mp/kg dry weight)
Antimony 12 PQL
Arsenic 7.24 TEL 32 ER-L
Cudmium ] PQL 1.2 ER-L
Chromium 523 TEL Rl ER.L
Copper 187 TEL 34 ER-L
Lead 302 TEL 47 ER.L
Mercury 0.13 TEL 0.15 ER-L
Nickel 15.9 ER-L 2! ER-L
Silver 2 QL
Zinc 124 TEL 150 ER-L
Organics (kg dry weight)
Accnaphthene 330 PQL 620 sQC
Acenuphthylene 330 PQL
Anthrocenc J30 QL.
Benzene 57 5QB
Benro(a)unthricene 330 PQL
Benzo(u)pyrene 330 PQL 430 ER-L
Bipheny! 1100 5QB
BisQecthylhexy)phthalate 182 TEL
4-Bromopheny! phenyl ether 1300 SQB
Butylbenzy] phthalate 11,000 SQB
Chlordane 17 PQL
Chlorobenzene 820 S5QB
Chrysenc 330 PQL
DDD 33 PQL
DDD, pp'- 3.3 PQL
DDE 33 QL
‘DDT 33 PQL
DOT,p,p'™- 33 PQL
DOT, TotV 33 PQL 1.6 ER-L
Diuzinon 1.9 sQB
Dibenzofuran 2000 5QB
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Region IV? OSWER’* Ezl
Chemical Value Tvpe? Value Tvpe’ &
Dibenzo(u,h)anthracene 330 PQL ";(
1.2-Dichlorobenzene 340 SQB 6
1,3-Dichlorobenzenc 1700 5Q8
1.4-Dichlorobenzene 380 sQB
Dieldrin 3.3 PQL - sQC
"Diethy! phthalate 630 SQB
Di-n-buty Iphthalute 11,000 SQB
Endosulian, mixed isomers 5.4 sQB
Endosulfan, slphu. 29 5QB
Endoxulfun, beta. 14 sSQB
Endrin 33 PQL 20 SQC
Ethylbenzene 3600 SQB
Fluorunthene 330 PQL 2900 SQC
Fluorene 330 QL
Hexachloroethane 1000 sQB
Lindane (gamma HCH) 33 PQL 37 sQB
Mhalathion 0.67 SQB
Mecthoxvehlor 19 sQB
2-Mcthy! naphthalene 330 PQL
_Nophthulene 330 PQL 480 sQB
PAHs, Total LMW# 330 PQL
PAHs, Total MW 655 TEL
PAHMs, Total® 1634 TEL 4000 LR,
PCBy, Total 3 PQL 23 ER-L
Phenanthrene 330 PQL RSO SQC
Pyrene 330 PQL 660 ER.L
1.1,2,2« Tetruchlorocthune 940 SQB
Tetrachlorocthylene 530 SQB
Tetruchloromethane 1200 sQB
Toluene 670 sQB
Toxaphene a8 SQB

Trbromomcthune 650 sQB




22
Table § (continued)

Resjon 1V? OSWER’
Chemien) Value Tvpe! Value Type*
1.2, 4<Trichlorobenzene 200 5QB
1,1,1-Trichlorocthane 170 SQB
Trichloroethylene 1600 S5QB
wXvicne 25 SQB

“Screcning vilues nre presented herein with the sume number of significant digits uncd in the EPA source documents,

"Reg IV = EPA Region [V ecological screening values for sediments (Region IV {995) nnd is ¢ither the selecied nediment
ellects value or the PQL, whichever in greater, The selected eflects valuc in the lower of the ER.L and TEL.

*OSWER = EPA Oflice of'Solid Waste und Emergency Respoise Ecatox Threvholds (ET), Only the most preferred ET,
us defined in OSWER (1996), is prewented.

“ER.L = cfTcels mngeslow and, except where noted othenvise, is from Long ct al, (1995), TEL = threshold effects level
and is from MacDonald (1994, PQL = Coniract Laboratory Program*s practical quantification fimit,

‘IRl = is the same as for Reg 1V values; SQC = the lower limit of the 95 pereent confidence interval of' the proposed
EPA acdiment quality criteria, assuming one percent total organic carbon; SQB = the EPA sediment quality benchmark
based EPA Tier U Chronic value (Region IV 1996), nssuining one pereent tatal organic carbon,

Total DDT is the sum of the concentrutions of' the 0,0’ and p,p’> ixomers of DD, DRE, und DDT.

LMW « Jow moleculur weight and is the sum of the concentrations of ncenaphthene, acenuphthylene, anthrucene,

. fluorene, 2-methylnaphthatene, nuphthalenc, und phenunthrenc, HMW = high moleculnr weight and is the sum of the

concentrntions of benz(n)anthrucene, bervo(u)pyrene, chrysene, didbenzo(uh)amthmeene, fuomathene, and pyrene; Total
in the sum of the concentmtions of the aforementioned low and high molesular weight PAHs,

3.4 BACKGROUND CONCENTRATIONS

Background scdiment concentrations should be used as a check for the metals benchmarks, This
is because some of these benchmarks are quite conservative, and because the mensured concentrations
in ambicnt sediment may include forms that are not bioavailable, benehmark concentrations may be
tower than background sediment concentrations, If'the background concentrations are valid and represent
an uncontaminated state and if the exposure sitc docs not.contain forms of the chemicals that are more
bioavailable or toxic than the forms at background sites, then screcning benchmarks lower than the
background concentration should not be used.

4. BENCHMARK USE IN BASELINE ECOLOGICAL RISK
ASSESSMENTS

To evaluate ceological effeets of contaminated sediments for a baseline ERA, it is recommended
that sediment be colleeted for toxicity testing and the benthic macroinveriebrate community be surveved.
This is important because chemical concentrations are not accurate predictors of biologicul and
ceological cffects, This is becausc the pereentage of the chemical that is bioavailable may range from
010 100% (Burton and Scott 1992), Benchmarks may be used to determine which chemicals present in
the sediment arc most likely causing the toxicity. Use of a weight-of-cvidence approach enables a more
accurate evaluation of adverse ccological impact.

.l"l
by
=
r
3
-
5
&)
E
e
1
"

R

Y




23

5. CHEMICAL-SPECIFIC CONSIDERATIONS

Chapters 2 and 3 address the general considerntions associated with using sediment benchmarks
10 cvaluate the various chemical types (c,g., metals, nonionic organics, polar organics, ionic organics).
The following text addresses chemical-specific information that should be considered when using these
benchmarks, with a focus on the reliability of'a benchmark for a given chemical, The chemical-specilic
considerations associated with WQBs used in the EqP SQBs arc discussed in Suter and Tsao (1996),
MacDonald (1994) and Long ct al. (1995) discussed the degree of reliability associated with the FDEP
and NOAA values for coch chemical, However, a chemical-by-chemical evaluation of the Ontario MOE
values was not available (Persaud et al, 1993), A chemical-by-chemical evaluation of the ARCS valucs
is not presented here beeause the measures of reliability for each chemienl and SEC combination were
incorporated into the process of selceting a representative benchmark (Chap. 3). These benchmarks can
be further evaluated by critically reviewing the information presented in Table A1,

Reliability of the NOAA and FDEP values is a function of the agreement between the predicted and
observed incidence ol effects (Long et al. 1995; MacDonald 1994), Reliability of the TEL is low if
>25% of the concentrations below the TEL were associated with effects (1.¢., the number of “*hits™ below
the TEL divided by the total number of concentrations below the TEL is >0.25), On the basis of this
critcrion, o TEL with low reliability may be underprotective and caution should be uscd when atiempting
10 exclude that ehemical as a chemical of potential ecological concern, Reliability of the PEL is low if
<50% of the concentrations above the PEL were associated with effects, Therefore, a PEL with low
reliability may overpredict the potential for real effects; this is primarily of concem when the SQBs arc
used in bascline assessments o help predict the magnitude of effects and help determine causality off
obscrved effects.

The designations by Long ct al. (1995) (relatively high reliability and lower reliability) were
somewhat different than the designations by MacDonald (1993) (low, moderale, and high). The
designation of low reliability also is used hercin for the ER-Ls and ER-Ms, because SQBs of low
reliability arc of particular concern, Reliability is considered low if the incidence of eflects is >25% at
concentratons below the ER.L. Reliability of the ER-M is considered low if the incidence of cfTeets is
<50% at concentrations above the ER-M. Other factors (c.g.. concordance of cfcets) also were
considered by MacDonald (1994) and Long ct al, (1995) to determing the overall reliability of the FDEP
and NOAA values, respectively, These determinations also are presented in the following text, where
appropriate.

5.1 METALS

Antimony—Data are available from only two geographic regions (Puget Sound/Commencement
Bay and San Francisco Bay); therefore, the degree of confidence in the NOAA values is moderate (Long
and Morgan 1991). No criteria arc available for comparison from FDEP or Ontario MOE.

Arsenic—Confidence in the TEL and ER-L is high and relatively high, respectively. Confidence
in the ER-M is somewhat lower, and conlidence in the PEL is Low. Therelore, the TEL and ER-L, appear
10 be reliable indicators of the threshold for cffeets, and the ER-M appears to be the better indicator of
the level above which real effects are likely,
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Cadmium—A relatively large amount of data exists for cadmium, including spikedssediment
toxicity tests and EqP-based assessments (MacDonald ¢t al. 1994). Klapow and Lewis (1979) caleulated
a statistically significant dilTerence in the medians of acule aqueous toxicity data from saltwater and
{reshwater organisms. This supports the findings of Eisler (1985) (as referenced in Long and Morgan
1991), who found resistance to cadmium higher among marine than (reshwater specics, However, the
degree of conflidence in the lower and upper NOAA and FDEP values is high, and these values arc
considered to be relinble prediciors of effects,

Chromium—There arc some inconsistencics in the data available for chromium, possibly because
of fack of speciation information. All data were reported as total chromium, whereas the hexavalent form
is more toxic than the trivaient form. There also are no supporting data [rom single~chemical spiked-
scdiment toxicity tests or from the EqP approach (MacDonald et al. 1994), Overall conlidence in the
FDEP values, and the PEL in particular, is moderate. Although the overall confidence in the NOAA
values is relatively high, Long ct al. (1995) cautioned that the incidence of effects may be unduly
exaggerated by data from multiplc tests performed in only two studies, On the basis of the available
cvaluations, the TEL and ER-L appear to be reliable predictors of the threshold for effects,

Copper—Considerable data exist for copper in sediments, and a relatively high degree of overall
confidence exists for the NOAA values, Overall confidence in the FDEP valucs, and the PEL in
particular, is moderate only. However, the TEL is considered to be a highly reliable predictor of the
threshold lor cffects,

Iron—=The only availuble benehmarks are the Ontario MOE Low and Severe cllect levels.
Although the relinbility of these data was not addressed (Persaud ct al. 1993), the Ontario MOE
guidclines were derived for [reshwalter sediments. Therefore, these values appear to warrant a moderale
degree of confidence.

Lend—Considerable data exist for lead in sediments, and a relatively high degree of overall
confidence exists for the NOAA values, Overall confidence in the FDEP values, and the PEL in
particular, is moderate only. However, the TEL is considered to be a reliable predictor of the threshold
for cffects, This is consistent with expecled reliability of the ER-L and ER-M values. Although a
relatively large amount of data exist for Icad, there were no spiked-=sediment toxicity test data to confim
the toxic concentrations (MacDonald ct al. 1994),

Manganese—The only available benchmarks are the Ontario MOE Low and Scverc effect levels.
Although the reliability of these data was not addressed (Persaud et al. 1993), the Ontario MOE

guidclines were derived for lreshwater sediments, Therefore, these values appear to warrant a moderate
degree of confidence,

Mercury—Considerablc data exist for mercury, though only total mercury concentrations were
reported in the data set (MacDonuld ct al. 1994). Confidence in the TEL and ERL is high and relatively
high, respectively, Therefore, the lower screening values should be at least conservative predictors of the
threshold for effeets. The PEL and ER-M may significantly overpredict the likelihood of real cffects,

given that confidence in these values is Low. In addition, the overall confidence in the FDEP values is
low,

Nickel—Toxicity of nickel is greatly influenced by water hardness and salinity (Long and Morgan
1991). Data were from marinc and cstuarine ficld studies only, and no spiked-sediment toxicity tests or
EqP approaches were used (MacDonald et al, 1994). Confidence in the TEL and ER-L is high and
relatively high, respectively. Therefore, the lower screening values should be at least conservative
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predictors of the threshold for effects, The PEL and ER«M may significantly overpredict the likelihood
of real effects, given that confidence in these valucs is Low,

Silver—-A moderate amount of data is available for silver in sediments, although data exist {rom
spiked-sediment toxicity tests or from EqP approaches (MacDonald ct al. 1994), The FDEP and NOAA
values hold moderate and relatively high overall confidence, respectively. These data suggest that the
ER-L and TEL arc likely to b reliable predictors of the threshold for efTeets. The ER-M is likely to be
a better predictor of real e¢ffects because confidence in the PEL is Low,

Zine—Considcrable dala exist for zinc in sediments, including spiked-scdiment toxicity tests and
EqP-bascd assessments (MacDonald ct al, 1994), Overall confidence in the FDEP values, and the PEL
in partcular, is moderate only, However, the TEL is considered to be a reliable predictor of the threshold
for effcets, This is consistent with expected reliability of the NOAA values.

5.2 ORGANICS

Polycyclic aromatic hydroearbons (PAHs)=The rcliability of the individunl TELs and PELs
ranged from moderite to high, as did overall reliability of the FDEP values, The TELs and PELs may
be somewhat overprotective for four PAHs [ic., accnaphthene, accnaphthyvlene, fluorene,
benz(a)anthracene, dibenzo(a,h)anthracene, and total high molecular weight polyaromatic hydrocarbons)
for which the overall FDEP or ER-M values are considered moderately reliable. The TELs for fluorene
and dibenzo(ah)anthracene are considered 1o be only moderately reliable predictors of the threshold for
cflects, The TELs and PELs should be reasonably reliable predictors of' the likelihood of ¢ffects for the
remaining PAHs, Reliability of the ER-Ls for anthracenc and fluorene is low, while reliability of the
ER-M for dibenzo(alt)anthracene is relatively low. The reliability of the ER-Ls and ER-Ms for the
remaining PAHs is relatively high,

Total polychlorinated biphenyls (PCBs)—The overall reliability of the FDEP valucs was low,
and the reliability of the TEL and PEL was only moderate, Reliability ol the ER-M is considered (o be
relatively low. Concordance of the concentrations and effects was not high for cither the MOAA or FDEP
values. This may be the result of insufficiently detailed chemical information. That is, the mixture off
PCB congeners may have varicd considerably among sites and studics, but this information was
unavailable or not included in the NQAA and FDEP analyses. Caution should be used when screening
PCBs with these benchmarks,

Pesticides—The overall reliability of the FDEP values was low lor chlordane, total DDT, and
lindane and moderate for dicldrin and the p,p’ isomers of DDD, DDE, and DDT, The TEL for total DDT
is considered 1o have low reliability and is likely to be a poor predictor of the threshold for effeets, The
PELs for chlordane, p,p’-DDD, and lindanc are considered to have low reliability and are likely to
overpredict the likelihood of real effects. This is also somewhat true of the PELs for the other four
pesticides. NOAA values arc available for only two pesticides, p,p"-DDE and total DDT, for which poor
concordance of cffects and concentrations was observed. This may be caused by the inclusion of
relatively low EqP valucs, which were not based on toxicity to benthic organisms (Long ct al, 1995).
Therelore, the NOAA valucs may tend 10 overpredict the likelihood of effects.,

Bis(2-cthylhexyl)phthalate—The overall relinbility of the FDEP values was high, as was the
reliability of the TEL and PEL. Thesce valucs are expected to be reliable prediciors of the likelihood of
¢fects, NOAA values arc not availuble for bis(2-cthythexyl)phihalate,
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6. UNCERTAINTIES/LIMITATIONS

The EqP methodology has several uncertaintics, [t relics on un empincal mode! to compuie the pore
water concentration from the solid phase measurements. Therefore, an uncertainty is associated with the
use of the modcl. In addition, uncertainty exists with respect (o the K., associnted with the specific
chemical because it is an experimentally determined quantity (EPA 1989a). Various types of organic
matter present in sediments can have significantly dilferent binding capacities for organic contaminants;
the affinity depends in large part on the source and nature of the carbon. For example, organics
associated with sediments contaminated with petroleum hydrocarbons would tend to be much less toxic
than those associated with sediments whose OC is natural OC (Lee and Jones-Lee 1993).

The assumption that benthic organisms have similar sensitivitics 1o water column species has a level
of uncertainty (EPA 1993). This may be of particular concern for tbe~dwelling amphipods, The tubes
tend to isolate them from the interstitial water, causing speculation that their exposure is at the
sedimentAwater interface. Additionally, the amphiped tubes are matrices of organics and inorganics: the
tube walls could sorb appreciable smounts of organic contaminants, which could alter the availability
of scdiment-associnted contaminants to those organisms (Lee and Joncs-Les 1993).

The EqP approach is known not to work for all nonpolar organics, It is well known that many
pesticides that arc sorbed onto soils and sediments arc in the (orm of “bound” pesticide residues that do
not participale in cquilibrium reactions with water (Lee and JoneseLec 1993).

The aquatic benchmarks JEPA WQC for the protection of aguatic life and the aquatic benchmarks
developed by Suter and Tsao (1996)) for PCBs and several polynuclear aromatic hydrocurbons are ¢lass
criteria based on the cumulative concentration of all members of the class, In the derivation of sediment
benchmarks using the EqP approach and the aquatic benchmarks, it is necessary 1o apply the class level
to cach member of the class individually because cach has a unique K, (Lake ot al, 1990), In
environments where one class member compriscs the majority of the sediment burden of the class, this
approach should be adequate. However, if numerous class consutuents are significantly enriched, a safe
threshold for the class as a whole may be exceeded even though no individual constituent violatey its
predicted safe level (based on the aquatic benchmark) (Paviou [987),

The Washington state AET, NOAA, and FDEP values have several limitations, Primarily, all or
most of the data used in their derivation were bascd on marine and cstuarine svstems, These values are
being applicd to freshwater sysiems at the ORR and the Portsmouth and Paducah gascous diffusion
plants, DitTercnees include physico-chemical churacteristics of the sysiem as well as possible differences
in scnsitivity of biota. Washington statc, NOAA, and FDEP values arc for single chemicals, although
scdiments containing chemical mixtures were used for their dervation, The Ontario MOE values were
derived to be applicablc to sediment tvpes throughout the provinee of Ontario. The differences between
Ontario and East Tennessce, Ohio, and Kentucky sediments and biota introduce a level of uncertainty.,

The uncertaintics associated with the ARCS valucs are similar to those for the NOAA and FDEP
valucs, That is, the SECs also were derived using sediment samples containing chemical mixturcs,
Although those sediments were predominantly from freshwater systems, 11 of the 62 possible samples
used in onc of the three tests (28-d /. azteca) were from marine systems, However, the overlying water
was only 10% saline. The freshwater sediments also were from arcas other than East Tennessec,
including the Great Lakes, Illinois, Minncsota, Montana, and Texas.
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SUMMARY OF ALL SEDIMENT EFFECT CONCENTRATIONS
THAT MEET THE MINIMUM REQUIREMENTS FOR
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Table A.1 Summuary of all sediment effect concententions (SECy) that meet the minimum requirements :.j'
for recommendation® i.:-!
Total Fulxe Fulse ke
BMK Correct  Ponitives Negntives Selected 4
Chemienl Tvpe! Test  SECY  Cone, (%)’ (%Y (Yt Score®  BMK .
Inorganics (mprks) L
Aluminum PEC  1IA28  ERM 58030 (8] 16 20 dR X 3
Aluminum PEC  TIAZR  PEL $9872.012 $a 16 K 36
Aluminum NEC IIA28  NEC 73160 52 4 o4 Jd8 X
Arsenic TEC  HAN4  ERL 12.1 9 2 6 63 \
Arsenie TEC HA L4 TEL 1128478 66 oK 6 60
Amenic TEC  [IA28  TEL 10.79768 62 27 12 50
Amenic THC  CRId LR a2 60 K} 10 50
Amicnic TEC  HA2R iRL 131 6l 2 4 4R
Amenic TEC CR  TEL 2176235 55 ki 1] 45
Arschic PEC CR14 ERM 57 71 i 19 6] X
Amenic PEC  CRI4  PEL 54,02222 69 12 19 57
Arsenic PEC  HA28  PEL d8, 38812 03 6 3 57
Arsenic GHs AR ERM J49.6 6l 6 3 87
Asenic PEC HALL ERM 33 66 {3 22 $3
Anseni¢ PEC LAY DEL 29,4604 61 13 25 50
Arvenie NEC  HAl4  NEC "9 S9 3 38 56 \
Arsenic NEC HA2%  NEC a2 Sd 2 4d 52
Cudmium TEC  HAl4  TEL 0.5916} LY 19 0 R} N
Cadmium TEC  HAlR ERI. 0.7 R 19 ¢ L
Cadmium TEC CRd ERL 9.1 86 - {a 7
Cudmium TEC CRI3  TEL 2,594 64 hfl 1} 59
Cadmium TEC HAE  TEL 0.58327 66 20 ] bt
Cadinium TEC HA28  ERL 0.7 66 26 R S8
Cndmium PEC CR14 1IRM 1 LY 2 17 v X
Cudmium PEC HA LY PLEL 12249 ™ 3 19 75
Cadmium PEC  CRI4 DIl 6.62382 Rl 7 12 7
Cudinium PEC  HALY ERM 52 75 k! 2 72
Cudmium PEC FAZR PEL J3.24654 74 5 21 oY
Cadmium PEC  HMAJR  ERM IR 7 5 2 66
Cudmium NEC CRI4 NEC att ™ 2 p! 72 X
Coadmium NEC 1IAld  NIC ¥ n k! b 69
Cudmium NEC 1IA28  NEC 8 n 2 27 69
Chromium TEC HAl4  ERL 56 81 13 6 75 X
Chromium TEC  HAI4  TEL 47916589 66 - 6 60
Chromium TEC  CRI4  ERL 393 62 6 2 60
Chromium TEC CRI4  TEL 39.79686 60 36 S 55
Chramium TEC  HAR  TEL 3628636 60 20 15 45
Chromium TEC A28 ERL I8 60 26 15 45
Chromium PEC  CRI4  PHL 159,405} 86 2 ° 84 X
Chromium PEC  CRI4  LRM 363 83 0 17 R3
Chromium PEC A PEL 130.9217 Rl 0 19 81
Chromium PLEC HA L4 ERM 293 7% 0 22 ™
Chromium PEC HA2R Pl 119,365 n 0 ) n
Chrominm PIEC AR FRM p 71 ) 27 73
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Table A.J (continued)

Tuta! Fulse Fulse ,
BMK Correct  Positives Negntlves Selected hy
Chemient Tviw?  Teat!  SBCY  Cuone, (%)’ (%Y (%) Scam OAME! 5
Chromium NEC CRI4  NEC a2 X3 2 14 Kl X f
Chromium NEC HAla  NEC vs  H 2 16 7% b
Chromium NEC  HAZ%  NEC 95 M 2 2 7! o
Copper TiC LAY TEL 2K,0128 EA 12 3 81 \
Copper TEC  HAM ERL 413 #1 13 6 75
Copper TEC  HA28  LERL 41,3 73 15 12 6!
Copper TEC HA2R TIEL oR0128 71 19 10 61
Copper TEC CRI4  TEL 67.4535 64 26 10 $4
Copper TEC  CRid ERL 6.5 0d 26 10 54
Copper PEC  HAld Pl 770197 #1 0 19 Rl Y
Copper PEC LAl ERM 1222 7K 0 22 7
Copper PEC HAZR PEL 101.2304 71 X =) 63
Copper PEC HAZR ERM 187 o9 [/ 25 a3
Capper PEC  CRI4 ERM 206.5 62 a1 17 41
Copper PEC CRI14 PLEL 2913271 60 19 ol 41
Copper NEC  HAld NIiC Sa N X1 k) 16 bl X
Copper NEC  HA2K NEC $K3 50 2 a2 Sd
Munganese TEC CRa4  ERL 1673 82 ] 1 71 X
Munganese TEC  HAld  ERIL 726 X 4 13 70
Manganese TEC  CRI4 TEL 1079.077 M 1 1 GY
Mangancye TEC  1Alg TiL 614,7219 67 =5 % 59
Manguncse TEC  HA2®  ERL 726 6% i 20 a8
Mangnnese TEC  HA%  TEL 6313272 59 25 16 43
Mungnnese PEC HAM PEL 1UK0.6K9 75 0 - 75 ]
Mangunese PEC  CKId P, 1538382 He o 1 4
Munganese PEC  CRI4 IRM 2410 yb] S 16 2]
Mangancse PEC  lIAl4 ERM 1678 7! 0 29 "
Mingnnene PEC  1AJ8  PEL 1184756 o1 h K&} 56
Munganene PEC  HA2K ERM 1673 59 ) o 54
Mangunese NIEC HA4  NEC 819 7 4 28 67
Nicke! TEC  HAlS ERL .6 9 0 O XA
Nickel TEC  CRI4  ERL 40 23 2 !
Nickel TEC A TEL .74 81 16 3 78
Nichel TEC CRWI ThL 26,60827 76 19 $ 7
Nicke! TEC A2 ERL AR 0] 13 19 49
Nickel TEC AR TEL 195141 08 I8 18 47
Nichel PEC 1AL PEL IK4967$ 4 0 6 04 3
Nighe! PEC  CRId PEL KGRI 20 S 5 RS
Nichel PEC CRI4 ERM 475 83 2 14 %l
Nickel EC HAl LIRM 47.5 ™ 0 n R
Nickel PEC  HAR  ERM 447 7 0 27 73
Nickel Mic HA2R PLL 3282179 74 5 2 69
Nickel NEC A4 NIC 379 9 K] 6 1] X
Nichel NEC CRl4 NIC 57 ” a 19 Rz
Nickel NEC  HASR NIC 43 n 2 26 71
1.ond TIC 1A 14 T U 17484 Rl 11 k) R N
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Tuble A} (continued)

Totul lve Flse
BMK Correet  Punitives Neputives Selected
Chemicsl ‘Tvpe® Tost!  SPCY Cone, (%)’ (%Y (Y)Y  Score® AMK!

Leud TEC CRI4  ERL 99 A3 7 10 73
Lend TEC  HAI  ERL 5t ™ 13 9 69
Lead TEC CRl4 TEL 06964912 74 21 5 69
Lend TEC  HA2R  ERL 55 7 15 I 63
Lend TEC HAZR THL 37.22902 71 8 623
Lend PEC CRi4 ERM kD¢ "1 17 19
Lend PEC HAl4 PEL 1174947 8 uind Kt
lLend PEC  HAM ERM asi R =2 7
Lend PEC  Ckida DL, 191,802 81 14
Lead PEC  MAZR PEL 8174344 ”
Lead PEC HAX LERM 9IR.? M
Lend NEC HAl4  NEC GK.7 LR}
Lend NEC CRI4  NEC 679 (
Lend NEC  HA2R  NEC 127 74
Zinc TEC  HAI4  ERL 159 81
Zinc TEC  HA4 THL 94.15015 !
Zing TEC 1A% TEL 9%.091 54 63
Zine TEC  HA2K ERL 113 63 ] 55
Zine TEC CRl4  ERL IR} 6d 10 Sd
Zine TEC CRI4  TEL 2X0.8327 57 : ? s0
Zine PEC  CRI4  PEL 1532482 X3 Rl
Zine PEC  CRl4 ERM 2750 K1 1?
Zing PEC  HAWM DL ARV 75 K 2 72
Zine PEC  lIA14 ERM 4n 75 3 o o
Zing PEC HAZR  PEL 4429917 % 19 68
pALY M:c TIAN 1IRM 5§47 M
Zimn NEC HAl4  NEC S41 n : 28
ding NEC HA2N  NEC 1300 29

Organics fug/hg)
Naphthalenc TEC CAl4 TIEL 3278
Naphthalene TEC  CRI ERL 55
Nauphthalene TEC CRI4  TEL .39
Naphthalene TEC  CAld ERL 58
Naphthalene TEC  HA2r TiL 14.065
Naphthalenc TEC HA2®  ERL 13
Naphthalene PEC  CAld  DiL 687.39
Nuphthalene PEC CRI4 ERM 1890
Naphthalene PEC  CAl4 ERM 325
Naphthalene PEC  CRI4  PEL ~K5.04
Naphthalene PEC  HA28  DPEL 139,64
Naphthalene PEC  MAJR  [IRM 97.5
Naphthalene NEC  CAld NEC =90
Naphthalene NEC A2k NEC 1400
Fluorene TEC  HAl4  TEL 3.6
Fluorene TEC 1Al ERL 50
Fluorene TIFC  CRY4 T W 66

[ B ]

N
padc] T
13 H]
21 M
27 G9
3 7
0 78
6 57

ZPastrwwe o o

[P
Ll

(2]
>




g

-
-

A-0
Trble A1 (continued)

3 {j‘-’i’
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{in

Tatn) Fale Fulse
IMK Correct  Punltiven Negntives Selected

‘1 8
O e

Chemilenl

Type?

Tew?

Cune,

(%)’

(%Y

Scoret

Fluorene
Fluorene
Fluorene
Fluorene
Fluorene
Fluorene
Fluorene
Fluorene
Fluorene
Fluorene
Phenanthrenc
Phenanthrene
Phenanthrenc
Phenanthrenc
Phenanthrene
Phenuntheene
Phenanthrene
Phenanthrene
Phennnthrenc
Phennnthrene
Phenanthrene
Phenanthrene
Phenanthrene
Phenanthrene
Phenunthrene
Anthracene
Anthracene
Anthrucene
Anthtagene
Anthrucene
Anthmeene
Anthricene
Anthracene
Anthrucene
Anthricene
Anthrucene
Antheneene
Antheacene
Fluorumthene
Fluorunthene
Fluorunthenc
Fluoranthene
Fluoranthene
Fluotanthene
Fluoranthene
Flunmnthene

TEC
PEC
PEC
PEC
PEC
PEC
PEC
NEC
NEC
NEC
TEC
TEC
TEC
TEC
TEC
TEC
PEC
PLEC
PiEC
PEC
PEC
PEC
NEC
NEC
NEC
TEC
TEC
TEC
TEC
PEC
PliC
PEC
PEC
PEC
PEC
NEC
NIC
NEC
TEC
TEC
TEC
TEC
TEC
TEC
PEC
pre

CRId
CRI14
HA4
CR14
11A14
HA2R
HAZK
CR14
HAl4
1IAZH
CRI4
HALY
FIA L
Clid
HAR
HA2S
CRI14
A4
CRI4
1Al
HA2K
HAZK
CRId4
Al
HA2Y
HAl
HALL
CRId4
CRI4
CRl4
CR1da
fIAL4
HALd
HA2R
HA2R
CRId
HAL4
HALY
CRI4
HA 14
HAL4
CR14
HA2K
HAJK
HA L4
CRI4

8%
651.92
IRS.08

1700
595
140

149.67

1800
290

3000
50
390

197.4%
05,39
1%.73
27
1142.37
1100
2250
71782
48
409,08
6100
1000
20060
362
100
3ra2
140
547,72
1250
409,27
670
167.33
140

1700
=90

2000

.23
144,22
160
110
46

Kk]
834,27

14K4 40

L
K]
K1
Rl
™
0l
o0

rh
06}
Kl
LH

T
]
65
K3
R
Rl
7

63

™
6!
™
™
T
™
R3
8]
™
™

19

-
-

67
8]
81
79
L)
48
47
"
75

79
7%

”
t

6}

-
‘

Kl
K]

75
53
50
7
75
59
kL
78
72

-
i

8!

™
74

5

m
72
0l

66
66

a5
45
8l
R1

NS

[
&

.
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Table At (continued)
Totu) Fulve Fulve
BMK Correet  Posltives Negatives Seleeted
Chemical Tvpe!  Tes*  SEC'  Cune, { %)’ (Y (Y Scare® BMK!

Fluoranthenc PEC  CKI4  ERM 2900 81 2 17 79
Fluornnthene PEC  HAWd  ERM 1200 L 3 19 75
Fluoranthenc PEC  HA28  PLEL JIR.5Y 56 19 pl 3?7
Fluoranthene PEC  HA2R  LRM 175 58 RN 2 a2
Fluoranthene NEC CRid NEC 7500 79 - 19 ” X
Fluoranthene NIEC  HAld NEC 1200 78 3 19 75
Fluotunthene NEC HAR  NEC 10000 63 : KH] 6l

Pyrene TEC HAIM ERL §70 81 16 3 7 X
Pyrene TEC  HAM  TEL 23147 7 2 k! 69

Pyrene TEC CRIs ERL 120 69 29 d 67

Pyrene TEC  CRId TEL 67.53 67 K| 2 6S

Pyrene TEC  HA2R ERI, 40 o0 a2 N 52

Pyrene TEC  HA2%  TEL 44,27 55 a2 13 42

Pyrenc PEC  CRI4  LERM 225 81 2 1?7 79 X
Pyrene PEC  CRI4  PEL 16RA.G4 Rl S 14 76

Pyeene PEC  MHAI4  LERM 1100 7 3 19 75

Pyrenc PEC  HAl4  PEL on8.3 78 6 16 7

Pyrene PEC  HA2R  PEL 4932 63 16 M 47

Pvrene PEC  1IA28  ERM s Gl 18 2 43

Pyrenc NEC CRi4  NEC 6100 79 2 19 X X
Pyrene NEC  llAl4 NEC 1800 75 3 o 72

Pyrene NEC  [A2K  NEC 9000 G5 2 a4 63
13erz{n)snthrcene TEC Al IERL 260 HY 9 3 L] X
Benz(nanthrscene TEC CRI4  ERL 300 )1 12 7 7
Benz(ahnthmeene TEC  HAle  TEL 101.25 T2 2 3 69
Benz(n)unthreene TEC  CRid TEL 75.5 67 29 5 62
Benz(a)anthmeene TEC  HA28  TEL 15.72 56 4 n 46
Benu(aanthmeene TEC  HA2R  ERL 19 $$ 34 1 44
Benv(n)anthroeene PEC  CRl4 ERM 4200 83 ] 17 L X! X
Benz{u)anthrucene PEC  CRl4 PEL 119499 81 2 17 79
Bens(n)unthrmeene PEC  HAl4 ERM 490 7% 3 19 75
Benz(adunthrmeene PEC  HAl4 PELL 363.73 ™ 6 16 72
Benz(a)ntheneene PEC  HAJR  PEL 2846 6X 10 23 58
13enz(a)anthracene PEC AW ERM ano o8 10 23 S8
Rens(n)anthracene NEC CRl4 NEC 3500 81 - 1?7 79 X
Bew(n)anthrugene NEC  HAWM  NIC 090 73 K 2 ]
Benz(as)anthmeene NIEC  HA2K NEC 000 68 2 ki 06
Chrysene TEC  CRId ERL (¢ 8K 5 7 8) N
Chrvsene TEC A4 ERL 330 R 13 ki R
Chrysene THEC  CRId TEL laasd? 71 o 5 60
Chrysene TEC HA S TEL 135.94 (] jod | k) [
Chrysenc TEC  HAR  TEL 2083 - s 13 v
Chrvnene TEC AR ERL Kkli] 2 k5| 15 k)
Chrysene PEC  CRI4  ERM $200 %3 0 17 831 N
Chrysene PEC 1IA14 likM 6Y0 K1 1] 19 81
Chryvsenie PEC CR14 PE 1612 61 R] 2 17 70




A8
Tahle A4 (continued)
Totnl Fulse Falve
BMK Correct  Positives Negntives
Chemicn! Type*  Tes®  SEC*  Coue, (%)’ (%Y (Yot Score’

Chrysene PIC HAN PEL 551 L] 3 16 78
Chrysene PEC  HA2R  LRM 500 73 ki 24 70
Chrysene PEC  HAR P, d06.2 08 10 R 58
Chrysene NEC CRi4 NEC 4000 8l 2 17 79
Chrysenc NEC HAl4 NIEC 600 81 3 16 ™
Chrysetie NEC  HA28  NIiC 3060 6R e M 6h
[3enzo(u)pyrenc TEC  HAla ERL 350 L] 3 9 7

Benzo(u)pyrene TEC  HAlM TEL 119,79 75 pund 3 n
Benzo(n)pyrene TEC CRI4 ERL 210 74 21 5 69
Benzo(n)pyrene TEC CRid Tl 5123 69 ) 5 6
Benzo(n)pyrene TEC  HA2®  ERL L8] 60 2t 19 4)
Benzo{u)pyrene TEC  HA2R  TEL 4 53 it I8 KL
Benzo(u)pyrene “PEC  HAl4  PEL 7 LA 3 13 %1
Benzo(m)pyrenc PEC  CRI4 ERM RS00 81 0 19 %1
Benzo(u)pyeene PEC  CRI4 PEL 1724.82 K1 2 17 )
Benzo{a)pyrene PEC  HAI4  ERM 620 ) 0 2 ™
Benzo(a)pyrene PEC  HA2R  IRM 465 N 2 27 6y
Benzo(n)pvrene PEC  HA2R  DPEL 31984 ! 5 M 66
Henzo{n)pvrene NEC HAl  NEC 440 #d k] K Bl
Benao(mpyrene NEC CRI4 NIC SKNO R} . 17 79
Henzo(s)pyrene NEC HAZK  NIEC 1000 o) = RH GO
Indeno (1 23-cd)pyrene. TEC  HALS BRI b ] ot} Kl o6
.lndcno(lzﬁ-c.d)pyrcnc TEC  CRI4 TEL 17.22 67 kB 2 65
Jideno (1.2 3¢ d)pyrene TEC  CRid LRL a0 67 K] - S
Indeno (1 2 e dypyrene TIC HA THL L] 06 pe, n 60
Indeno (13 3cipyrene TEC  HA28  ERL o 5n Kl 12 44
Indeno (12 3edipyvrene TEC  HA2R  TEL 172 LE} 33 12 42
Indeno (1.2 2.cdpyrene PEC CRIA PEL K36.66 LT 2 17 79
Indeno (1.2 pyrene PEC CRI4 ERM pt (1] Xl 2 1?7 0]
Indeno (1,23-cdipyrene PEC AN DEL 3208 ™ 0 22 74
Indeno (1 22w ddpvrene PEC MAM ERM 410 X 0 2 ?

Indeno (J 2 3-cd)pyvrene PEC  TIAZK PEL 239,79 o7 1 3 56
Indeno (1 23cipyvrene PEC 1IA28 ERM 250 67 1" 23 56
Indeno (1 2decd)pyrene NEC CRIY NEC R0 81 2 17 ™
Indeno (1. 23«cd)pyrene NEC  MAld  NIEC 20 75 6 19 69
Indeno (1 23« d)pyrene NEC  [IA28  NEC 770 70 2 ot | o8
Benzo{g.h,ijperviene TEC CRI&  ERL 290 K3 7 0 73
Henzo(hidperyiene TEC CRI4 TEL .22 n 2 S 66
Benzo(g.h,perylene TEC  HAN  TEL K049 69 o} ] 3 60
Benzo{hi)perylene TEC  HAld  ERL 91 69 28 3 66
Benzo(g.h,i)pervlene TEC  HA2%  ERL 13 2 Xy) 1 41
Benzotghi)perylene TEC  HA2R  TEL 15.51 52 K}) 11 9
Benzo(g.hi)perylene EC CRId ERM 6300 K3 0 17 %3
Benzo{hii)perylene PEC  CRI4  DPLL 1279.8 81 2 17 79
Bozo(ghidperylene  PEC  HAId  PRL M9l W 0 22 )
Renzodp hilnerviene NrEC HA L ERM 46N R 0 o IR
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Table A1 (continued)

Tatul Filse Fulse
BMK Correct  Paositives Neputiven Selected
Chemicnl Tvpe® Test? SR Cune, {%a)" (%Y { Va)t Score®  BMK!
Benzo(g.hs)perylenc PEC  TIAZK ERM 278 n k] ol 70
Renzo(g.h.i)pervlcne PEC HA2®  PEL 2515 " 6 k] 68
Benzo(g hi)perylene NEC CRld4 NIiC ARG L1 2 \7 7 X
Henzo(ghi)perylene NEC  HAls NIEC 3o 75 A 2 7
Berzotghiperylene NEC HA®  NEC {200 R s ki 66
Benzo(b k)luoranthene  TEC  HA2K TEL 72 $3 an 16 27 [
Bervo(d M uorkmthene TEC  HA2R ERL Ky} 53 30 16 37
Benzo{b k) luommhene  PIiC HIAZR 8L 157,64 56 19 o6 37
Benzo(b i) uormmthene NEC  HA2K  NEC 4000 a? 2 an 13 N
Diberw(aanthracene  PEC A PEL 2 56 16 28 10 X
Diberwe(stisnthencene PEC MA2B ERM 15 56 at 23 5
Diberz(uh)anthrneene NEC HMA28  NEC K70 67 2 30 65 N
PAH ot} (others) TEC  HAl EIRL RERX] ™ 19 k) ? X
PAH Total (others) TEC  CRI4  ERL 1207 k2| h21 2 ”n
PAH Total (others) TEC  HAM  TEL 1549.4 9 Jut 3 3 66
PALI Total (othets) TEC  CRl4 TEL SRR.AT 67 k1] 2 6S
PAT1 Total (others) TEC  HAR ERL 230 H Kh] L3 EE]
PAH Total (others) TEC  HA2R TEL 264,05 EH] M 11 44
PALL Totst (athers) PEC  CRINd4 PEL 13660.65 L1 2 17 9 x
PAL Total (others) PEC  CRI4 1ERM A3R19 81 2 17 79
PAH Totu! (others) PEC  HAM PEL 673642 81 k} 16 ™
PAHM Total (others) PEC HA LY LERM L2V m K] 19 75
Al Towml (others) PEC  HAIK  PEL 368,09 6) 16 p} 45
PAH Total (others) PEC  HAK ERM 22268 SK 2] 2 a7
PALL Totn! (others) NEC  CRId NEC R3600 29 2 {9 7 X
PAIl Total (others) NEC 1A NEC 9240 75 2 a2 7
PAH Total (others) NEC HA2X  NEC 62220 66 2 k) ]
PAH Low TEC HA!4  LRL 786 ™ 19 3 78 N\
PAI Low TEC HAl  TEL T80 78 : 0 75
PAL Low TEC CR)4  ERL 653 7% 21 2 74
PAM Low TEC  CR4  TEL 214 ™ 24 2 ”
PALL Low TEC AR TEL 7642 63 ho] L 55
PAH Low TEC HA2®  LRL ¥ 63 29 ] 55
PAH Low PLEC HA L4 ERM 3369 L} 0 19 L1 N
PAH Low PEC  CRIM PEL 4140.86 LY A 17 79
PALl Low PEC  CRI4  LRM TS 1 2 17 bl
PAH Low PEC  HAN4  PEL 2919.52 ® 2 19 75
PAH Low PiEC [AZR Pl 1176.59 6 13 20 48
PAH Low PEC  HAX  ERM 653 63 16 M 47
PAH Low NEC HAl4  NEC 3040 78 3 19 75 X
PAH Low NEC  CRi4 NEC 236060 76 2 21 N
PAH Low NEC  HAZK NEC WIRO 6$ 2 KX] 61
PAH High TEC  HAl4 ERL 2900 L2 13 2 Ry N
PAH High TEC HA  TEL 1228.01 (3] e 3 66
PAT] High TEC CRi4  TEL 309 81 ? 3 2 6$
PALLHigh THC CRr14 iRl ARG 7 11 2 né
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A-l0
Table Al (continued)
Totul Fulse Filse
BMK Correct  Positives Negntives Selected
Chemien) Type® Test!  SEC? Cone, ()’ (%Y (Y Scoret  BMK'

PAH High TEC  HA28  ERL 170 55 37 X 47

PAH High TEC HA2Y  TEL 192.98 52 K3 13 9

PAH High PEC  HAld  PEL 435382 8 3 13 81 X
PAITHigh PEC  CRI4 PEL 10122.54 Rl - 17 19
PAlLMigh PEC  CR!4 ERM 26614,5 Kl 2 17 D

PAI1 High PEC 1Al ERM 5650 % K] 19 7

PAH High PEC  HA2K PLL k1 60 19 ol 41

PAH High PEC  lAZR ERM 1747 SK | 21 37

PAH High NEC CRl4 NEC 51000 79 2 19 K X
PAH High NEC  HAl4  NEC 6200 75 3 - 72

PAY! [High NEC  HA2¥  NEC 32840 68 = K 6t

PCH Tatl TEC  HA2®  TEHL 3).62 69 14 1?7 §2 N
PCI Totsl TEC  HA2S LIRL $0 a9 14 17 52

PCI3 Total PEC  HA2%  DEL 244,60 76 0 S 76 \
PCB Total PEC  HA2R ERM 730 76 0 o 76

PCIA Total NIC  HA2R  NEC 194 7o a 24 69 N

Seurce. 11,8, Environmental Protection Agency 1996, Culenlution and Evaluation of Sediment Effect Concentrations for the
Amphipod [yalella grivep and the Midge Chirgnamies eypirjug, EPA 905-RIG00K, Grent Lakes Nutionnl Program Otlice,
Chicago, {1l

*All SECs must have % Totn) Correct viduey > S0%, TECs must huve % Fulse Negative vatues < 25%, and PECH and NEC must
huve % False Dositive values <Q5%,

*BMK Type = Beachmark Type: TEC = Threshold [ttect Cancentrution (i.c., ERLs and TELsY, PEC = Probable tect
Concentration (1.c., LRM# und PELS); nnd NEC = high No EfTect Concenteation,

‘CR 14 = Chironomus ripanus {deduy test, ITA 14 = | lyulelln aztven 13:dny test, and HAZR = Eyvalelln uzteen 2Raduy text,

"ZRL = Eflects Runge Low, ERM = ElTeets Runge Medinn, TIEL = Threshold EfVects Level, nnd PLEL, = Probable Effects Level,

“%s Total Correct = the percentage of samples correetly identiticd ax toxic or nonsloxic

%4 Fatwe Positives = the percentige of samples incarrectly identified an toxie,

*% Fulse Negulives = the percentage of samples incorrectly identified ax honetonic.

*The seore for TEC benchimarka = %4 Total Correet () *» Faulse Negatives, The seore for PEC nnd NEC benehmarks = % Total
Correct (=) % Fulse Positives,

"x* indieates the SEC sclected s the representitive benchmark for thit chemical and benchmuark type, Selection enileria, in order
nf priontv.nre 1 higheut seore. 2Y highest % Tatnl Carrect and ) lowest coiveentrution
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