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The Cffice of Oveanography and Marine Assessment (OMA) provides decisionmakers
comprehensive, scientific information on characteristics of the oceans, coastal areas,
and estuaries of the USA. The information ranges from strategic, national
assessments of coastal and estuarine environmental quality to real-time information
for navigation or hazardous materials spill response. For example, OMA monitors
the risc and fall of water levels at about 200 coastal locations of the USA (including
the Great Lakes); predicts the limes and heights of high and low tides; and
provides information critical to national defense, safe navigation, marine boundary
determination, environmenital management, and coastal engineering. Currently,
OMA s insialling the Next Generation Water Level Mcasurement System that will
replace by 1992 exisiting water level measurement and data processing technologics.
Thraugh its National Status and Trends Program, OMA uses uniform lechniques to
monitor toxic chemical contamination of bottom-feeding fish, mussels and oysters, and
sediments at about 150 lecations throughout the USA. A related OMA program of
directed research examines the relationships between contaminant exposure and
indicators of biological responses in fish and shelifish.

OMA uses computer-based circulation models and innovative measurement
technologles to develop new information products, including real-time circulation
data, circulation fore- casts under varicus meteorological conditions, and circulation
data atlases. OMA provides critical scientific support to the U.S. Coast Guard
during spills of oil or hazardous materials into marine or estuarine enviroaments.
This support includes spill trajectory predictions, chemical hazard analyses, and
assessments of the sensitivity of marine and estuarine environments to spills. The
rogram provides similar gupport to the U.S. Environmental Protection Agency's
upc:fund Program during emergency responses 21, and for the cleanup of, abandoned
hazardous waste sites in coastal areas. To fulfill the responsibilities of the
Secretary of Commerce as a trustee for living marine resources, OMA conducts
comprehensive assessments of damages to coastal and marine resources from

~ discharges of oil and hazardous materials.

OMA coliocts, synthesizes, and distributes information on the use of the coastal and
oceanic resources of the USA to identify compatibilities and conflicts and to
determine research needs and priorities. It conducts comprehensive, strategic
assessments of multiple resource uses in coastal, estuarine, and oceanic areas for
decistonmaking by NOAA, other Federal agencies, state agencics, Congress, industry,
and public irterest groups. 1t publishes a series of thematic data atlases on major
regions of the U.S. Exclusive Economic Zone and on selected chatacteristics of major
US. estuarics. [t alsv manages, for the U.S. Department of the interior, a program
of envirgnmental assessments of the effects of oil and gas devel- opment on the
Alaskan outer continental shelf, ~ '

OMA implements NOAA responsibilities under Title 11 of the Marine Protection,
Research, and Sanctuarigs Acl of 1972; Section & of the National Qcean Pollution
Planning Act of 1978; and other Federal taws. 1t has three major line organizations:
The Physical Oceanography Division, the Ocean Assessments Division, and the
Ocean Systems Division,
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THE POTENTIAL FOR BIOLOGICAL EFFECTS OF SEDIMENT-SORBED
CONTAMINANTS TESTED IN THE NATIONAL
STATUS AND TRENDS PROGRAM

Bdward R. Long and Lee G. Morgan
ABSTRACT

National Oceanic and Atmospheric Adomundsiration (NOAA} annually
collects and chemically analyzes sediment samples from sites located in
coastal marine and estuarine environmenis througgnout the United States as a
part of the National Status and Trends (NS&T) Program. While the
chemical data provide indlcations of the relative degrees of contamination
among the sampling sites, they provide neither a measure of adverse
biological effects nor an estimate of the potential for effects. Data derived
from a wide varlety of methods and zpproaches were assembled and
"evaluated to identlfy informal guidelines for use In evaluation of the NS&T
Program sediment data. The data from three basic approaches to the
establishment of effects-based criterla were evaluated: the equilibrium-
purtitondy a.;;;]:vmach, the spiked-sediment bioasssy approach, and various
methods of evaluating synoptically collected biological znd chemical data in
fleld surveys, The chemical concentrations observed or predicted by the
different methods to be associated with biclogical effects were sorted, and
the lower 10 percentile and median concentrations were identified along with
an overall apparent effects threshold. The lower 10 percentile in the data
was identified as an Effects Range-Low (ER-L) and the median was
jdentified ns an Bffects Range-Median (ER-M). Note that these BR.L and
ER-M values are not {0 be construed as NOAA standards or criteria. The
ambient NS&T Program sediment data from sampling sites were compared
with the respective ER-L and ER-M values for each analyte. The
comparisons were used to rank sites with to the patentlal tor adverse
biological effects, agsuming that the sites in which the average chemical
concentrations exceeded the most ER-L and BER-M values would have the
highest potential for effects. The rankings indicated that a sampling site
located in the Hudson-Raritan estuary had the highest potertial for e?fects,
followed by o site located in Boston Harbor, a site located in western Long
Island Sound, and a site located in the Oakland estuary of San Francisco
Bay.

INTRODUCTION

Tho concentrations of selected potentially toxic chemicals in marine and estuarine
sediments have been quantified arnually. by NOAA in the NS&T Program since 1984,
Sediments from about 200 sites nationwide have been sampled and analyzed for a variety of
trace metals, petroleum hydrocarbons, and synthetic organic compounds. The chemical
concentrations have been compared among sampling sites and among sampling years at many
of the sltes. These data have been useful in characterizing ti:e cleaiieal conditlons at
sampling sites (NOAA, 1987, 1988) and in determining whethier or not conditicns are changing
over time. In selected geog:grhic areas measures of biclogical efiects huve been performed to
accompany the chemical analyses and used to deterrwine or indicate the significance of the
sediment contamination. However, biological measures of the effects or potentlal for effects -
of these mixtures of chemicals have not been determined at the majority of the sites.

The u?fwse of this repart is to assess the relative likelihood,o;aémtenﬂal for adverse
biological affects occurring due o exposure of biota to toxicants in sediments sampled and
analyzed bly the NS&T Program. In order to satisfy that objective, guidelines were
deveioped for use in assessing the potential for effects. These guidelires were developed by
employing a preponderance of evidence assembled from a variety of approaches and from
data gathered in many geographic areas. These guidelines were used to rank and prioritize
the NS&T Program sites with regard to the relative potential for contaminant-induced
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effects. The severity and geogrephic extent of adverse effects may be determined by NOAA
in intensive regional surveys in areas in which high-priority sites are located. These
gridelines were not int- ~ded for use in maulatory decsions or any other similar applications.

METHODS
Overall Approach

A three-step approach was followed to complete the evaluation: (1) assemble and review
curtently available information in which estimates of the sediment concentrations of
chemicals associated with adverse biological effects have been determined or could be
derived; (2) determine apparent ranges in concentrations of individusl chemicals in which
effects are likely to occur, based upon a preponderance of evidence; and (3) evaluate the
NS&T Program sediment chemical data relative to these consensus effects ranges, The first
step involved reviewing reports either (1) in which effects-based sediment quality values
were reported or (2) in which matched chemistry and biological effects data were !sted,
followed by an evaluation of the co-occurrence of cheical concentrations with measures of
effects. These reports embraced controlled laboratory studies of effects of sediments spiked
with individxal chemicalg, calculations of unaccepiable concentrations based upon theoretical
equilibrium partiioning rrim:ipies, and evaluations of data from field studies in which
matching chemical and biological meagures were performed on subsamples of sediments.
Among the reports reviewed, only those that met certain criteria were selected for further
use, Chapman et al., 1987 compared the estimated sediment quality values for three
chemicals based upon four approaches, and noted that the values from the approaches were
consiatent,

The second step included screening the data by examining the degree of concordance
between the biological and chemical data, sorting the remaining data in ascending order, and
determining consensus ranges i values associated with adverse effects. A key element of the
second step wasg the determination of the chemical concentratinns above which adverse
effects may be first expected and the concentrations above which adverse effects always or
almost aiways may be expected. The intent was not to identify only the lowest concentration
of contarninants at which an adverse effect had been observed ur predicted for any organiam,

The third step involved comparin§ the ambient sediment chemdstry data from the NS&T
Program with the respective ranges in chemical concentrations apparently associated with
observations of effects. A comparison of proposed or preliminary sediment quality values
and ambient concentrations of chericale i United States sediments was previously conducted
by Boltun et al., 1985 and Lyman et al., 1987 for the United States Environmental Protection
Agency (U. S. EPAY.  Both reports invoived a relatively small number of chemicals and
sediment qurlity values derived from only one approach. The approach followed in this
report is similar to the approach used in those two reports, but includes sediment quality
values derived from many methods and evaluates data for 12 trace metals, 18 petroieum
hydrocarbons, and 11 synthetic organic compounds or classes.

Apjproaches for Determining Effecis-Based Sediment Quallty Criteria

Since the lpurpf:;.'le of this report is not to criique or evaluate the relative strengths and
weaknesses of the various anroaches that have been used to develop effecis-based sediment
quality values, only a briet description of each will be presented here. Chapman (1989)
reviewed and corspared the i:ﬁproaches currently being puraued to develop sediment quality
values, but did not compare the concentrations resulting from those approaches. That re;mrt
and the other documents cited hurein should be consulted for more information on each of the
respective approaches.

Effects-based sediment quality values derived from different numbers and types of
approdches are available for some of the NS&T Program analytes. The values from some
approaches are region-specific and those from other approaches are available for only a
minority of the NS&T Program analytes. Because of the complementary strengths of each of
the approaches, it was decided to determine if a consensus value in concentrations for each
chemical was apparent and to use those consensus values in evaluating the NS&T Program

2
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data. Conversely, because of the apparent weaknesaes .of each method alone, it was decided
that values based upon a consensus of multiple approaches and multiple applications of each
appeoath would have more credibility than values upon only ene approach.

Background Approach, Criteria have been established in various geographic areas of
the United States and other countries based upon an approach involving the use of reference
or background values in sediments. In this approach, the data from 4 pristine area have been
used as the standard and congentrations in sediments from target areas that exceed these
background values by soine epedified amount are concidered unaccoptable. In some cases Hie
criteria were set at some value abave the backpround concentration, say, at 125 percent of
background or two standard deviations above the mean background concentration, This
approach does not involve any deterrsination or estimation of effects, but the criteria based
upon this approach were included in this report for the purposa of comparing them with the
criterla developed from the effects-based approaches. These criteria were listed in this
report as presented in the cited documents without any modifications, however, they were not
used to determine consensus ranges in concentrations assoclated with effects.. Many had been
listed and compared by Paviou and Westen (1383).

Sediment-Water Equillbrium Partitioning (EP) Approach. In this approach the
criteria are established for single chemicals at concentrations in sediment that ensure that
the concentrations in interstitial water do not exceed the applicable U. 5. EPA water quality
criteria (Bolton ef al., 1985; JRB Associates, 1984). It is assumed that water quality criteria,
when applied to the interstitial water of sediments, would lpmt«ac:t infaunal organisms,
Physica }::hemicn! principles are used to predict the chemical concentrations that would
occur in the interstitial water in eguilibrium with those concentrations of the chemicals
sorbed to particulates in the sediments, recognizing that the distribution of the chemicals
between the two phases is highly influenced by the amount of organic carbon or acid volatile
sulfides {AVS) present in the sediments, Tessier and Campbell (1987) reviewed many of the
chemical and physical factors in sediments that cen strongly influence the partitioning of
trace metuid belween aquedns- and particle-bound phases of sediments and observed that,
because of rhese factors, bulk chemndcal concentrations of trace metals were poor predictors of
the bioavaiiabtiity of these toxicants, Where criterla were listed in cited documents in units
dry weight, they were used in this report without any modifications. Where criteria were
listed in units of organic carbon, they were converied to units dry weight, assuming a stated
arganic carbon concentration {(usually 1% totai organic carbon [TOC]). Where the critaria
were listed in the cited documents in units dry welght assuming a reported TOC concentration
other than 1 percent (e.g., 4%], those repovted vaiues were used in this report without

modification.

Most of the EP-derived criteria listed herein were reported by the U. 5. EPA, 1988, Since

~ that report was published, new information has become available that strongly suggests that

AVS are important in contrelling availability of trace swetals. The interim criteria reported
by the U. 5. EPA (1988) did not actount for AVS. Nevertheless, these criteria were used in
the presout document as reposted. '

Also, some of the sediment/water partitioning coefficients used to calculate the criteria.
have changed as new data have been developed for some analytes. Although more recent EP-
derived criteria are probably more accurate, some of the earlier values were also included in
the present document as reported. In additdon, some inaccuracy may be possible in the EP-
derived values due to the methods used to determine the TOC content of the sediments. The

* organic carbon normalized partition coefficients (Ky.) used to calculate the criteria may

differ by factors of 2 to 4 times depending upon whether percent volatile gsolids or percent
arganic carbon are determined (Dr. Peter Landrum, NOAA, personal communicatior). ‘

Spixed-Sediment Bloassay (55B) Approach. This a‘;:proach involves exposing
organisms to pristine sediments spiked in the laboratory with known amounts of singie
chemicals (or mixtures), observing either mortality and/or sublethal effects and determining
dose-response relationships (e.g., Swartz et al,, 1988). Usually the criteria were reposted as
1.C50 or EC50 values, the lethal concentrations or effective concentrations resulting in 50

rcent mortality. or 50 percent change in some sublethal end-point relative to controis.
eghere the bicassays were performed specifically for the purpose of determining sediment
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quality criterls, tie values were listed in &ils report without modification and the species

used and the #xposure duration were noted. Where the bloassays were performed to

détermine the yelative toxicity of various chemicals, the tesulting values were also listed

here without modification. Where bloassays of prospective dredge material or other

sediments were performed to determine the potential for Bivaccumslation and the authors

nthoted their observations on mortality during the tests, those observations were included in
is report, :

Smew Level Concentrations (SLC) Approach, Field-collected data are used in this
approach and patterns in co-ooenrrence in sediment concentrations of chemicals and matching
analysey of benthic infaunal composition are determined. The SLC are the estimated highent
concentration of selected rornpolar organic chemicals that co-occur with approximately 95
percent of the infauna. A cumulative frequency distribution of all stations at which a
particular species of infaunal invertebrate is present is plotied againat the organic carbon-
normalized concentration in sediment of the selected contaminant. The concentration of the
contaminant at the locus representing the 90th percentile of the total number of stations at
which the species was present is estimated by interpolation and establishied as the species
screening level concentration (SSLC). Next, the SSLCs for a large raxmber of species are

lotted as a frequency distribution, and the concentration above which 5 percent of the
gSLCs are found is determined as the SLC (Neff ¢f al., 1986). The 5LC were calculated based
upon data from many areas of the United States {(Neff ef al., 1986; 1987). 1t Is assumed that
the contaminants occur in mixtures. The criterla reported in units organic carbon were
cor.verted to units dry welght in this document, assuming a TOC content of T parcent.

Apparent Bffects Threshold (AET) Ap‘proach. This approach alec involves use of data
from matched sediment chemistry and effects measures performed with field-collected
sediment samples. Similar to the SLC approach, it is assumed that the chemicals occur in
mixtures. An AET concentration is the sediment concentration of a selected chemical above
which statistically significant (P < 0.05) biological effects (e.g,, depressions in the abundance
of benthic infauna or elevated incidence of mortality in sediment toxicity tests) always occur
and, therefore, are always expected (PT! Environmental Services, 1988). The ART vaiues
reported for Puget Sound were based upon the evaluation of data from many surveys of
varlous portions of that reglon and were used in this document without modifications. Values
reported in 1986 were based primarily upon data from studies performed in the waterways of
Commencement Bay and were updated with additional data from other areas i=. Puget Sound
in 1988. In addition, AET values were calculated by the present authors for data from
Mississippt Sound generated by Lytle and Lytle, 1985 and for data from San Francisco Bay
penerak b{lmalv invesﬁgntors in independent surveys (Long and Buchman, 1989; Chapman
¢t al., 1986; U.S. Navy, 1987; Word ef al., 1988). These latter values were calculated using the
SedQual version 1.1 software developed by PTI Environmental Services, Inc. (1988} for U. §.
EPA Region 10 and a sorting procedure, using Microsoft Excel software on a Macintosh
computer.,

Both the 1986 and the 1988 Puget Sound AET values were nsed In the present document,
~ The 1988 values were based upon a larger data base than those determined in 1986, they may
be more accurate than the former values, and they are being used in management decisions
regarding Puget Sound. However, the 1986 concentrations also were used in this docuinent
gince they were derived with methods equivalent to those used in 1988, with knowledge and
data available at that time, and refiect another independent attempt lo determine an
unacceptable level of sediment contamination. Bowever, whenever 8 1988 AET value was
exactly the same as a 1986 value, that concentration was only used once during the present
data evaluation. :

The Puget Sound Dredge Disposal Analyais (PSDDA) prepared screening level and
maximum level values based upon the AET concentrations for Puget Sound. These values wen:
listed in the present docutment without modification,

Bioeffects/Contaminant Co-Occurrence Analyses (COA) Approach., Similar to the
SLC and AET approaches, this method also involves use of field-collected date in which
chemdcal mixtures occur, It involves calculation of statistics of central tendency (l.e., means,
standard deviatons, maxima, minima) in chemical concentrations associated with matching

4
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samples determined to have high, intermediate, and low indications of effects. For exampie,
DeWitt et al., 1988 listed means and standard devistions in concentrations of selected
chemicals found tv be nentoxic, intermediate in toxidiy, and significantly toxic to the
amphipod Rhepoxynius abronius in tests of Puget Sound sediments, Long (1989} listed the
meang, standard deviations, maxima, and minima in concentrations of nine physical and
chemical parameters in sediments from the Commencement Bay waterways determined to be
lepst, intermediate, and most toxic to R. abronius, Data from DeWitt ¢f al., 1988 were used in
this report without modifications. The format used by Long (1989) was used and expanded to
accommodate many more chemicals quantified in Commencement Bay sediments and the co-
occurrence values are reported herein. In addition, many reports in which matching sediment
chemistry and sediment tfoxicity and/or benthic data were listed were evaluated, co-
occurrence analyses were performed and the results veported herein.

The COA data from these reporis, were collected for purposes other than determining
sediment effects thresholds, but, nevertheless, were used here to determine patterns in co-
occurrence of effects and contaminstion. Only those date sets in which chemical
concentrations of ane or more andlytes differed among sampling stations by over an order of
magnitude were considered in these analyses. Measures of "effects” observed in studies with
a smaller range in chemical concentrations may have been caused solely or in J)art by other
factors. Given the different degrees of variability in analytical procedures among
laboratories, orders-of-magnitude differences in chemical concentrations are likely
represeniative of real differences among sites. Where some chemical concentrations were
reported as less than the detection limits, one-half of the detection limits were used in the
caiculations of means and standard deviation. In those reports in which the authors
identifled statistically significant effects ("hite"), two categories of bioeffects response (hits
and non-hits} were established and the means, standard deviation maxima, and minima in
chemical concentrations associated with those categories were calculated. In those reports in
which the authors did not identify statistically significant effects, a frequency distribution
of the bioeffects data was examinged, elther two or three categorles of severity of effects were
determined where two or three modeg, respectively, in response were evident, and the means,
standard deviation, maxima, and minima in chemical concentrations were c.icttlated for each
category in bioeffects response. With regard to the Intter reports, the determination of these
cateﬁories of degree of effects was subjective and somewhat arbitrary., Only data from
published reports were used in the COA; unpublished data from the numerous pre-dredging
assessments that have been performed recently in the United States were not useg.

This approach suffers from the same weaknesses as all of the others that involve the use
of matching biological and chemical data collected k. the field. The assumption must be
made that the toxic chemicals have an influence on the biological responges that are
measured that outweighs the influence of namra:fhysicochendcal factors. The assumption is
also made that the chemicals that are Tlantiﬁ were those that were responsible for the
measured effects, although co-varying chemicals not quantified may have had an influence
upon the biological tests. Although the chemicals likely act together {e.g., synergistically)
as mixtures to influence the biological tests, their patterns in co-cccurrence are estimated
singly in the co-occurrence data analyses. KRecognizing these weaknesses in the use of field-
coilected data, data from many geographic areas were evaluated and used in an attempt to
evaluate co-occurrence patterns under different pollution conditions. For example, in the
analyses of copper data, those data from areas known to be relatively highly contaminated

with cogpen' were given more credibility t* . those from areas known to be contaminated
wilth other chemicals.

Evaluation of the Sediment Values from the Different Approaches.

Tessler and Campbell (1987) summarized the complexities of determining the significance
of particulate trace metals contamination in agnatic environments. Uptake (and therefore,
effects) of sediment-associated contaminants is largely a function of bioavailability.
Bioavailability is strongly influenced by a complex sunite of physical, chemical, and
biological factors in the sediments. Trace metals can be adsorbed at particle surfaces,
carbonate-bound, occluded in iron and/or manganese oxyhydroxides, bound to organic matter,
sulphide-bound, matrix-bound, or dissolved in the interstitial water (Tessier and Campbell,
1987), The relative bioavailability of trace metals assoclated with these phasey has the
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effect of hindering the prediction of effects, based upon bulk sediment chemical analyses.

The oxidation-reduction potential and the concentration of sulphides in the sediments can

strongly influence the concentiation of trace metals and their availability. Poassibly as a

result of these complex phase associations, Lee and Mariani (1977) observed very little

concordance betwcen measures of bulk sediment chemical concentrations and measures of

toxicity, using the sheimp Palaemonetes pugio, in surveys performed nationwide. They

concluded, “These bloagssays clearly demonstrate the lack of validity of bulk chemical

criteria for judging the significance of contaminants associated with dredged sediments.” The

resent evaluation was performed with knowledge of the complexities and uncertainties

nvolved with attempting to associate bulk chemical data with various measures of

biological effects. DiToro (1988} argued that it is essential to understand the reasons for

varying bioavafiability before broadly appiicable criteria can be established. His argument

i was based upon the observation that the concentration-response curve for toxicity could be

= correlated with the chemical concentration in the pore water and not the total (butk)

sediment. However, with no nationaliy adopted, officlal, final effects-based standards

available, the use of 2 preponderance of evidence derived from many approaches was judged

5 by the present authors to be the best method for developing guidance for interpreting the

g NS&T Program sediment data. Furthermore, in order to develop a preponderance of evidence,

‘ many data sets were used in the preseat document that did not inctude measures, such as TOC

content, that could have beer used to explain varying toxicity. In addition, data derived in

freshwater and saltwater were merged and treated equally, despite the possibility that

bioavailability may differ between the two regimes and the concentration levels may affect
the two different ecosystems in much different: ways. o

Ap})mximaiely 150 reports were reviewed for possible uss in this document. In about one-
half of those reports, there was either no biological data to accompany the sediment
chemistry data or vice versa, there was no discernible gradient in contamination for any of
the analytes among samples (less than a ten-fold difference), the biologicai or chemical
analytical methods were poorly documented, or the biological and chemical data were not
derived from the same sampling locations. The reports in which the data did not satisfy
these criteria were not used.

The data from the remaining 85 reports were assembled and listed for each of the NS&T
Program analytes according to the categorical type of approach that was used. Then, they
were subjected to a screening step. In this step, the data for each anaiyte were evaluated
with consideration given to the methods that were used, the type and magnitude of
biclogical end-point measured, and the degree of concordance between the chemical and
biological data, Using these evaluation factors, professional judgment was used to eliminate
and disregard sorme values for some of the chemicais where it appeared that the chemical
under consideration was not likely a centributor fo the gradient in biological effects. For
example, if in a field study in which the investigators expressed the observation that one or
more selected chemicals were known o be highly conceatrated in their study area, but they
also measured other analytes during their chemical analyses, the latter date were included
in the data tables, but were excluded from further consideration. M matching chemical and
biological data from field studies showed no concordance, the data were lsted in the tables,
but not given further consideration. If no gradient (generally, less than a two-fold difference)
in chemical concentrations was reported between samples that indicated adverse effects and
those that did not indicate effects, the data for that particular chemical also were not given
further consideration. If no definitive AET concentration could be determined, the “greater-
than" value reForted was excluded during this screening step. The screening step was not
performed to force consensus where none existed. It was performed before the data were
sorted (the next step), 8o it was not possible to have a priori knowledge of the consensus range.
i No other quality assurance screening steps were performed with the data.

The data that remained foliowing this screening step were from studies in which effects
were- either predicted or observed in association with Inereasing concentrations of the
; respective analyte. Then, they were sorted in ascending order and listed in Appendix tables
for each chemical. Next, usually two values were determined from these remaining data for

each chemicak an ER-L, a concentration at the low end of the range in which effects had
been observed; and an ER-M, a concentration approximately midway in the range of reported
values associated with binlcgical effects. Thegze two values were determined using a method
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similar to that used by Klapow and Lewls (1979) in establishing marine water quality
standards for the State of California. For each chemical of interest, they assembled
available data from spiked-water bioassays, examined the distribution of the reported LT50
values, and determined the lower 10- and 50-percentile concentrations among the ranges of
values. In the present document, the ER-L values were concenirations equivalent to the lower
10 percentile of the screened available dat, snd indicated the low end of the range of
concentrations in which effects were observed or predicted. They were used in the document
as the concentrations above which adverse effects may begin or are predicted among sensitive
life stages and/or species or as determined in sublethal tests. The ER-M values for the
chemicals were the concentrations equivalent to the 50 percentile point in the screened
available data. They were used in the document as the concentration above which effects

were frequently or always observed or predicted among most species. The methods of Byrkit
(1975) :%m usad to detgnnine the percentlie values, pee

Except for the benthic communiiy data, most of the biological measurements made in the
different approaches involved the determination of mortality as the end-point. Some
contamine nts, such as PCB and some aromatic hydrocarbons, may be mutagenic or teratogenic,
and not very toxic in acute tests of mortality. Mutagenicity and other chronic effects may
occur at 1zvels lower than those listed in this document in association with acute mortality.

Kiapow and Lewis (1979) examined data collected from only one approach, spiked-water
bioassays, and assumed that the data from different investigators and studies were
equivalent and comparable. The methods commonly used in spiked-water bioassays are
relatively standardized. However, they evaluated data derived from tests of different
species, which, presumably, had different sensitivities. In the present case, the data were
assembled from more than one approach and often from different methods used in any cne
approach. They included data from studies that involved species with different contaminant
sersitivities; therefore, they are less likely to be equivalent and comparable. Nevertheless,
following the screening step, they were used as if they were equivalent and comparable in
the estimation of ER-L and ER-M values.

In addition to the objectively determined ER-L and ER-M values, overall apparent effects
thresholds were subjectively identified for some chemicals. These thresholds were the
concentrations above which effects usually or always occurred in association with increasing
concentrations of the chemical., They were determined independently of the ER-L and ER-M
values by visualiv examining the sorted data. They are mot to be confused with the ART
values reported for Puget Sound, San Francisco Bay, and Mississippt Sound. They were
identified as an aid in evaluating the accuracy of the ER-L and ER-M values and were not
used in ranking the NS&T Frogram sites.

Data compilation and anaiysis was as inclusive as possible and no weighting was given
to data derived from one approach or another. As Klapow and Lewis (1979 pointed out, the
use of the inclusive approach and the calculation of percentiles of the daia help eliminate
the undue influence of a single (possibly outlier) data point upon the establishment of
congensus ranges in concentrations associated with effects. In the present evaluation, the
assumption was made that patterns established between effecis and chemical concentrations
would be more credible if based upon data from several sediment quality c.iteria than if
based upon data from only one approach or experiment.

- The ER-L and ER-M values were established objectively by determining the lower 10 and
50 percentiles in the data. Mo other more rigorous statistical procedures were used, since the
consensus ER-L and ER-M values were intended only for use by WOAA as general guidance in
evaluating the NS&T Program data.

The relative degrees of confidence in the accuracy of the ER-L and ER-M values are
described for each analyte. Values for which we had relatively high confidence were those
that were supported by clusters of data with similar concentrations, by data derived from
more than one approach, by a data set that included more than results from the use of the
COA approach, by data derived from muitiple geographic areas, and for which the overall
apparent effects threshold was similar to or within the range of the ER-L and ER-M values.
\F ues for which we had relatively low confidence were those that were supported by data
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withi:either-a small cluster or no ¢luster of similar concentretions, by data derived from only
one :;}ppmch and/or from one geogr:??ﬂc araa, results derived only from the COA approach,
and for which the overall apparént effects threshold was dissimilar o or outside lﬁe range
of the ER-L and ER-M values.

Kithough the consenstis KR-L and ER-M CORCenirzions may De used by
others ag guidance fn evaluating sediment contamination dats, the,2 18 no
ihtul;l:dxpulsed or implied that these values represent official NOAA
atan. 8.

~ Bvaluation of Sediment Effects Valves and NS&T Program Data.

Following the determination of the ER-L and ER-M values for each of the analytes, these
values were compared with the NS&T Program data to determine which sites had sediments
that exceeded these values. The averages of the concentrations of each NS&T Program
analyte were calculated for each site, usually based upon 2 adjoining years of data (l.e, n = 3
samples x 2 years = 6 samples). Sites at which the average ambient concentrations exceeded
the ER-L and ER-M values were listed for each analyte.

The potential for blological effects was assumed to be highest for those sites in which
the sediments exceeded the most ER-M values. This potential was assumed to be lower for
sites that exceeded many of the ER-L values, but not the ER-M values. Biolegical effects
were assumed {o be least Hkely at sites that exceeded none of these values, The sites were
ranked accordingly.

RESULTS

Three data tables are presented for most NS&T Program anaiytes. The first appears in
the text and lists all of the data from the various approaches that were assembled for each
analyte: the type of biological test or measure that was performed or predicted, the
geographic area in which the data were collected (if applicable), the chemical
concentration associated with that observed or gredicted measure of effects, and a reference
citation keyed to the reference section of eack table. The second ?pears- in Appendix B and,
again, lsts all of the date. However, in these tables, the data have been sorted in
ascending order with remarks regarding whether or not each daie point was used to
determine the ER-L and ER-M values. The third appears in the text mﬁiats, in ascending
order, only those concentrations that remained following examination and screening of the
data and includes the ER-L and ER-M values with respect to the data that were used o
derive them. The ER-L and ER-M values often were rounded to the nearest full integer as
appropriate.

In the third table for each analyte, the type of approach was noted with a shorthand
descriptor:  EP for equilibvlum partitioning, SSB for spiked-sediment bioassay, SLC for
screening level concentration, AET for apparent effects threshoid, and COA for co-dccurrence
analyses. Daia available for some chemical analytes were judged to be insufficient to
warrant the determination of ER-L. and ER-M valuea.

T Nigtala:
Antimony

Acute and chronic toxicity of antimony to freshwater aguatic life occur at water
concentrations as low az 9,000 and 1,600 parts per million (ppm}, respectively; toxicity to
algal specit;s occurs at concenirations as low as 610 ppm; no saltwater criterla are available
(EPA, 1986). '

The data evaluated for sediment antimony are from measures of effects performed in
Puget Sound and San PFrancisco Bay (Table 1), and the values available are from AET and co-
occurrence calculations. The Puget Sound AET values range from 3.2 ppm to 200 ppm. The
AET values for the amphipo bioasgs?' and benthic commwunity composition differed

T values calculated by the present authors for San

]

considerably between 1986 and 1988.
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- Franicisco Bay are 1.9 and 2.9 ppm for bivalve {Craseostres giéq:s, Muytilus edulis) larvae and R,

dbroiius aniphipod blodssays, respectively. The data from Commencement Bay, Washington
indicate that toxicity to both K. abronius and the larvae of the oyster C. gigas increased with

" increaging anﬂmon{oconcentratiom in the sediments. Sediments that caused moderate

bioassay toxiclty to both species had a mean of 2.0 + 5.5 ppm antlmony, wheress sediments
thut were most highly toxic had means of 91.5 + 184.3 and 27,5 £ 101.5 ppm antimony,
respectively.

In San Francieco Bay, there was no concordance between sediment toxicity to amphipods
and antimony concentration. Sediments that were least toxic or not toxic had higher mean
antimony concentrations than those that were most toxic or significandy toxie, For example,
samples in which R. abronius mortality was highest (67 + 12%} had antimony concentretions
below the detection limits, while those in which mortality was Jowest (18 % 6.6%) had a
higher mean concentratton. This lack of concordance suggests that some other sediment
characterigtic(s) had a greater influence upon the toxic response than antimony; therefore, the
San Francisco Bay amphipod bioassay data were not considered in the estimations of ER-L and
ER-M (Table B-1).

Biological effects were noted in San Francisco Bay and Commencement Bay sediments with
mean antimony concentrations as low as about 2 ppm (Table 2). The data suggest an ER-L of
about 2 ppm, equivaient to the lower 10 percentile of the data (Table 2). Commencement Bay
sediments that were moderately toxic to both amphipods and bivalve larvae had a mean
concentration of 2 ppm; the PSDDA screening level concentration was 2.6; and the Jwest Puget
Sound AEY vaiue was 3.2 ppm. The data suggest an ER-M of about 25 Epm, roughly equivalent
to the 50 percentile of the data (Table 2}. This value is supported by observations of high
toxicity to bivalve larvas exposed o San Francisco Bay sediments {mean of 25 ppm) and Pugat
Sound AET from two different biological tests (both 26 ppm). With one exceptEm, effects were
always assoclated with antimony concentrations of 25 ppm or greater (Table B-1).

Data were available from only two approaches and from only two aphic regions.
The degree of confidence in both the ER-L and ER-M values for antimony should be considered
as moderate, Both values were supported by clusters of similar data, and the overall
apparent effects threshold was equivalent to the ER-M value. The determination of the.
relationships between antimony concentrations and measwres of biological effects is hindered
by the the lack of data from the predictive EP approach and from single-chemical, 5SBs

Table L. Summary of sediment effects data available for antimony,

References Biologlical Approaches Concentrations (ppm)
Apparent Bffects Threshold
1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay 5.3
- oyster larvae bioassay 260
- benthic community composition 3.2
- Microtox™ bioassay 260
2 1988 PUGET SOUND AET 7 :
~ R. abronius amphipod bioassay 2000
- benthic community compaosition 150.0
20 PSDDA guidelines (based upon Puget Sound AET)
- screening level concentration 2.6
- maximum level criterion 26.0
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Table 1. Antimony {(continued)

References Bicloglcal Approaches Concentrations {ppm)
Apparent Bffects Threshold
" SAN FRANCISCO BAY, CALIFORNIA AET
«~ bivalve larvae bloassa >1.9
~ R. abronius amphipod bioassay >29

Co-occurrence Analyses
80 COMMENCEMENT BAY, WASHINGTON -

- highly toxic to R, abronius (15.7 + 3.9 dead/20) 91.5 1 184
- moderately toxic to R. abronius (5.2 £ 1.1 dead/20} 2045
- least toxic to R, abronius (25 1 0.9 dead/20) 0.9+ 1.0
- highly toxic (44.5 1 19.0% abnormal) to oyster larvae 275+ 101.5
- moderately toxic (23 : 2.3% abnormal) to oyster larvae 2055
- least toxic (15.1 & 3.1% abnormal) to oyster larvae 10+ 14
1 *  SAN FRANCISCO BAY, CALIFORNIA
' - highly toxic {(67.0 £ 11.8% mortality} to R. abronius na
| - moderately toxic (33.8 + 4.7% mortality) to R. abronius 27%67
B - least toxic (18.4 + 6.8% mortality) to K. abronius 920+ 116
f - significantly toxic (42.9 + 19.2% mortality) to R. abronius 23163
- not toxic (184  6.8% mortality) to R. abronius 29+118
§ - highly toxic (924 % 4.5% abnormal) to bivalve larvae 2510
. - moderately toxic (59.4 + 11.3% abnormal) to bivaive larvae 6611
1 - least toxic (23.3 + 7.3% abnormal) to bivalve larvae 5112
3 - significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 86+ 119
- = not toxie (31.9 + 15.5% abnormal) to bivaive larvae 67 +123
5: Reference Background Approach Concentrations (ppm)
12 EPA Region VI proposed guideline 500.0

na - not available

References:
1. Beller et al., 1986 12. Paviou and Weston, 1983 80. Totra Tech, 1085
2. PTI Environmental Services, 1988 20. U.5. ACOE, 1988 * Various, please sse toxt
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Tible2, Bffects range-low and effects range-~median values for antimony and 13
conceéntrations used to determine these values arranged in ascending order,

Congentrations {ppm) End Point

2.0 Commencement Bay, Washington bloassay COA
20 ER-L
20 Commencement Bay, Washlnﬁ‘lon bloassay COA
a2 Puget Sound, Washington AET - benthic
53 Puget Sound, Washington AET - amphipod
6.6 San Francisco Bay, Culifornia bioassay COA
86 ' San Francisco Bay, California bioassay COA
250 ER-M
250 San Francisco Bay, California bioassay COA
260 Puget Sound, Washington AET - oyster
2640 Puget Sound, Washington AET - Microtox™
275 Commencement Bay, Washington bloassay COA
915 Commencement Bay, Washington bioassay COA
150.0 Puget Sourdi, Washington AET - benthic
200.0 Puget Sound, Washington AET - umphipod

Arsenic

Arsenic is carcinogenic and teratogendc in humans and other mammils, Acute toxicity, as
well as sublethal effects, have been o ed in fish and invertebrates. Acute toxicity can be
highly different among species, including those that are taxonomically refated, and can be
highly influenced by temperature, pH, speciation, and many other factors. Inorganic
arsenicals sre generally more toxic than organic forms (Bisler, 1988a). Inorganic arsenic (V) 1s
acutely toxic to freshwater aquatic animalis at concentrations as low as 850 ppm in water, and
can affect marine plants at concentrations as low s 13 to 56 ppm in water and marine animals
at 2,319 ppm in water (EPA, 1986). Kiapow and Lewis {1979} proposed a marine water
quatity standard of 8 ppm for total arsenic.

‘The data avaflable for effects of avsenic in sediment are from three approaches: EP and
field studies in which AET values and/or co-occurrence vajues have been calculated (Tables 3

and 4). Both acute and chronic marine values based upon EP J:rinciples are available. AETs
v

for both Puget Sound and San Francisco Bay are available and vary from 54 ppm arsenic to
700 ppm. A were performed with data from Puget Sound, Commencement Bay, San
Francisco Bay, Waukegan Harbor, Black Rock Harbar, southern California, Sheboygan River,
Trinity River, Baltimore Harbor, DuPage River, Kishwaukee River, and a dump site off
Georgetown, South Carolina,

Data from many of the studies were not used in estimating the ER-L and BR-M values
(Table B-2). The chemical data from San Francisco Bay indicated a pattern of concordance
with the bivaive emblgo bloassay data, but not with the amphipod bioassay, Thus, the
latter were not considered In the estimation of ER-L and ER-M values. The arsenic
concentration reported for Waukegan Harbor was below detection lmits and was not
considered further. The data from Southern California, Trinity River, DuPage River, and
Kishwaukee River indicated relatively small ranges in arsenic concentrations and were not
consfdered further., The Black Rock Harbor data were from a bioavailability /uptake
experiment in which the concentrations of other metals were substantially higher than that
of arsenic. No effects upon benthic communities were reported at arsenic concentrations up to
1.4 ppm at the Georgetown, South Carolina dumpsite. The bicassay data from Los Angeles
Hargor were from a small sample size (two) and the ranges in concentrations for samne of the
other chemicals in the sediments were much higher than that for arsenic. The Sheboygan
River data were from a small sample size (three), from an experiment whose objective was to
determine uptake (mainly of PCBs), and where the range in arsenic vaiugs was very small.
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The tetnaining data suggest an ER-I, of about 33 ppin, the lower 10 percentile value of the
ite. (Table 4). San Francisco Bay sedimenis that were moderately toxic to bivalve larvae
had.a mein concentration of 22.1 p;:m, and the chronic marine value de¥ived from EP is 33
ppm (assuming a 4% TOC content). In addition, two values based ulp'on the background
;Fproach are consistent with this value: the New England class I level (>20 ppm) and The

Netherlinds Harbor moderately polluted level (23 to 32 ppm),

The ER-M suggested by the data (Table 4) is about B5 ppm; aupgorbed by the acute marine
threshold predicted by EP methods (64 ppm), high toxicity in Baltimore Harbor samples
(mean of 91.9 ppm) and Puget Sound AET for benthic community effects and amphipod
bioassays (85 and 93 ppm , respectively). With one exception, effects were always observed
in association with arsenic concentrations of 50 ppm or ter, an apparent effects threshiold
for arsenic (Table B-2), Many values calculated from data collected in Commencement Bay
and nearby southern Puget Sound indicate very high arsenic concentrations {650 to 2257 ppm)
in gediments assoclated with observed effects. This area was highly 1mfacted by the
atmospheric and aqueous discharge of arsenic from an industrial point source tor many years
and Mgh arsenic concentrations have been frequently observed there.

The arsenic data are from three approaches and from several éeogra hic areas, but do not
tnclude observations made in pingle-chemical, laboratory, $58s. ere appears to be
reladvela',hpoor consistency and clustering among the avaiiable vslues at the low end of the
range. Therefore, the degree of confidence in the ER-L should i considered as relatively
poor. The ER-M value is aumoned by several observations and is roughly equivalent to an
overall apparent effects threshe!

&, ang the degree of confidence in it should be considered as
moderate.

Table 5. Summary of sediment effects data available for amsenic,

References ' Biological Appreaches Concentrations (ppm)}

Apparent Effects Thresholds
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay a3

- oyster iarvae (C. gigas) bicassay 700

~ benthic community composition - 85

- Micretox™ bioassay 700
2 1988 PUGET SOQUND AET ,

- R, abronius amphiped bloassay : 93

- oyster larvae (C. gigas) bioassay ' 700

- benthic community compogition 57

~ Microtox™ bioassay 700
20 PSDDA guidelines (based upon Puget Sound AET)

- sereening level concentration ' 70

- maximum level criterion 700
* SAN FRANCISCO BAY, CALIFORNIA AET

- oyster/mussel larvae bloassay 54

- amphipod bioassay : 70
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Tible 3. Arzenic {continued)

References

Blological Approaches

Concentrations {ppm)

Co-occurrence Analyses

80

74
39
3v

39

COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9% dead/20) 1o R, abronius
- moderately toxic (5.2 £ 1.1% dead/20) to R. abronius

- least toxic (2.3 + 0.9% dead /20} to R, abronius

- highly toxic (44.5 £ 19% abnormal) to oyster larvae
- moderately toxic (23 1 2.3% abnormal) to oyster larvae
- least toxic (15.1 & 3.1% abnormal) to oyster larvae

PUGET SOUND, WASHINGTON

- highly toxdc samples (95%LPL} to R. abronius

~ moderately toxic (<87.5 to >95% LPL) to R, abronius
- non-toxic {>87.5% survival) to R, abronine

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8%) to R, abronius

- moderately toxic (33.8 + 4.7%) to R, abronius
- least toxic (18  6.6%) t0 R. abronius

- significantly toxdc (42.9 + 19.2% mortality) to R. abronius
- not toxic (184 £ 6.8% wmortality) to R, abronits

- highly toxic (924  4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 1 11.3% abnormel) to bivalve larvae
- least toxic {(23.3 1 7.3% abnormal) (o bivalve larvae

- significantly toxlc (§5.7 + 22.7% abnormal} to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae

WAUKEGAN HARBOR, WISCONSIN highly toxic
(663 £ 4.25 % mortality) to H. azfeca

BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to N, virens

SOUTHERN CALIFORNIA -

~ Mean concordance with significant mortallty (51.7%)
to G. japonica

- Mean concordancenot signicantly toxic (23.2% mortality)
to G. japonica

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to M. rosenbergii

DUWAMISH RIVER, WASHINGTON
- 0 1 10% mortality to P. pugio in 96-h bioassays

NEWPORT, RHODE ISLAND
- 0% mortality ta P. pugio in 96-h elutriate bloassays

STAMFORD, CONNECTICUT
- 10% mortality to P.pugio in 96-h elutriate bicassays

13

22871 % 4213.7
63.2 + 148
283 + 266

689.9 £ 2350.9

587 + 1481
278 + 308

=&
H Ky
¥y

.1
.1

HdR
(=2

17.5 + 14.2
104 = 134
28 + 215

1465 £ 13.9
303 £ 224

50.7 £+ 29.3
221 1 194
13.7 £ 148
25 & 21
2+ 187
<47.2

i.88

8.3

58
274102
13
2.8

1.0
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Tibld 3. Arsenic (continued),

References

Biological Approaches

Concentrations (ppm)

Co-Occurrence Analyaes

33 NORWALK RIVER, CONNECTICUT
- 0% mortality to P. pugio in 96-h elutriate bioassays 3.4
3% LGS ANGELES, CALIFORMNIA
- »50% mortality to P, pugic in 96-h 20% elutriate bivassays 128
75 TRINITY RIVER, TEXAS
- gignificant mortality to Daphnia magna 34%18
« non-toxic to D, magma 22+12
¢4 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUTH CAROLINA ’
- o effects on benthic community abundance or species richness 1.36
62 BALTIMORE HARBOR, MARYLAND
~ most toxde to mummichogs and spot in 48-hour bicaasays 919+ 78.6
- least toxic to mummichogs and spot in 48-hour bioassays 32t 143
60 DUPAGE RIVER, ILLINOIS
- low number of taxa {6.7 + 2.5) 74222
- high number of taxa (15.8 + 2 5911
61 KISHWAUKEE RIVER, ILLINOIS
- low number of taxa (8.4 + 0.5) 37210
- high number of taxa (16,3 t 4.6) 5018
Hquilibrium Partitioning Approach
17 EPA acute marine EP threshold (@4% TOC) 61
EPA clronic marine EP threshold (@% TOC) 33
References Background Approach Concentrations {ppm)
68  Great Lakes hurbors sediments
- classification of non-poliuted sediment <3
- clagsification of moderately polluted sediment 3.0-8.0
~ classification of heavily polluted sediment >8
43  New Engiand interim high contamination level for dredge material >20
12 EPA Region V guideline for pollution classification of sediments 3
USGS alert levets to flag 15 to 20% of samples analyzed 200
Ontario Ministry of the Environnent Dredge Spol! Guidetines 8
EPFA Region VI proposed guideline 5
20 BPA/ACOE Puget Sound interi Criteris (central basin background) 125
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Table 3. Arsenic (continued),

Y References Background Approach Concentrations (ppm)
:.. g : . :
N 23 Rofterdam Harbor sediment quality classifications ¥
o - Class 1 (slightly contaminated) >23
g = Class 2 {moderately contaminated) : 23-22
e « Clags 3 (contaminated) 32-110
- Class 4 (heavily contaminated) >220
References:
L. Beller et al., 1986 99. Leeand Mariani, 1977  GR. Babmick ef al., 1981
2. PTIEnvironmental Services, 1988 43, NERBC, 1980 71 Simmers ef al., 1984
12. Pavioun and Weston, 1983 56, Andersoneral, 1988 72, lngarsoll and Nelson, in press
. 37. Lyman et al,, 1987 60. llinowz EPA, 1988a 74, Talem, 1986
20, U.S. ACOE, 1938 61. Illinois BPA, 1988b 75. Qasir et o, 1980
23, Jansen, 1987 62, Tssietal, 1979 80. Totra Tech, 1985
26. DeWitt er al., 1988 64.  VanDolsh ef al., 1984

Table 4, Eifects range—low and efects range~median values for arsenic and 16
concenizations used to determine these values arranged In ascending oxder,

Concentration (ppm) End Point

221 San Francisco Bay, California bivassay COA
33.0 ER-L
33.0 EP chronic @4% TOC
50.7 San Frencisco Bay, California bioassay COA
54.0 San Francisco Bay, California AET
57.0 Fuget Sound, Washington AET - benthic
58.7 Commencement Bay, Washington bloassay COA
63.2 Commencement Bay, Washington bioassay COA
64.0 EP Acute @4% ’l’(:)(.y
85.0 ER-M _
85.0 Puget Sound, Washington AET - benthic
919 Baltimore Harbor, Maryland bioassay COA
93.0 Paget Sound, Washin%m AET - amphipod

689.9 Commencement Bay, Washington bioassay COA

700.0 Puget Sound, Washington AET - oyster

7000 Puget Sound, Washington AET - Microtox™

1005.0 Puget Sound, Washington bioassay COA
2257.1 Commencement Bay, Washington bicassay COA
15
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Cadminm

Eister (1985) oummarized avaiiable toxicological data for cadmium rnd concluded that
concentrations in freshwater axceeding 10 parts per billion (ppb) are assoclated with high
mortality, reduced growtl, inhiblted reproduction, and other adverse effects. He also
conciuded that resistance to cadmium was higher among marine species than among
freuhwater species; the LC50s for some marira organisms ranged from 320 to 430 ppb. lﬂn@w
and Lewls (1979) proposed a marine water quality standard of 3 ppm. Bffects have been
observed at concentrations as low as 1 ppm among freshwater animals in water, 2 ppm among.
freshwater plents in water, and 15.5 ppm among marine animals in watez (EPA, 1986}, The
96-h LCS0 for Mysidopsis bakia is 16 pg/L Cd CI2 (US. EPA, 1987).

A velatively large amournt of data exists for cadmium in sediments (Tables § and 63, AET
values have been calculated with data from Puget Sound (range: 5.1 to 9.6 ppm) and San
Francisco Bay (1.2 to 1.7 ppm). Acute and chronic marine threshold values (96 and 31 ppm,
respecﬂvelﬁ'; asguming 4 t TOC content) based upon EP are available. Spiked-sediment
bioassays have been performed with the amphipod R. abronius (range in LC 50s of 1.01 -20.8
ppm), the fish Pimz:beles affinis (LC50 of 11 ppm), and the polychaete Nereis virens (no

fects in 40 pprn cadmium). The R. gbronius bivassays have been performed with 4-d and 10-
d exposure perinds and with lethality and sublethal end-points. Matching chemical and
biological dats from fleld-collected samples are avallable frotn many peographic sreas
inclu 1%mmmcement Bay, San Prancisco Bay, Southern California Bight, San Diego Bay,
Hudson-Baritan Bay, Black Rock Harbor, Massachusetts Bay, and Baltimore Harbor; pattorns
in co-occurrence were determined for all of these and other data seis. In most cases, the
chemical analyses determined that the sediments had contaminants other then cadmium
that could have influenced the biological mensures. '

Either no measurable effects or very small apparent effects were observed in the data
from bioassays of sediments from the Duwamish River {<0.5 ppm), Newport (<05 ppm),
Stamford (2.8 ppm), Norwalk (4.3 ppm), New York Harbor (38.6 ppm), and in analyses of
benthos at the Georgetown disposal site (<0.1 ppm). Mean cadmium concentrations differed
very little between samples from Massachusetts Bay that had high, moderate, and low
aDpeciea richness (0.4 to 1.1 ppm}.  Relatively high survival tn & suite of blosssays of San

itggo Harbor was observed over a relatively large range in cedmium concentrations (0.9 to
32.5 ppm). Biocassay data from San Francisco Bay either lacked concordance with cadmium
concentrations or indicated very little difference in mean concentration between the highly,
moderately, or least toxic samples. Similarly, the AET values from San Francisco Bay are
likely of iimited value, since it appears other factors Influenced the toxle responses, The
Lake Union date indicated that only one site was aignificantly toxic and it was highly
contaminated with petroleum hydrocarbons. Totzl species abundance In Southern California
Bight sediments lacked concordance with the mean conceniration of cadmium. Los Angeles
Harbor sediments were more contaminated with chemdeals other than cadmium (mean = 3.0

pm). The dats from bioassays of Waukegan Harbor were from a very small sample size
?n==4) and those sediments had relatively high leveis of many other contaminants. The
Black Rock Harbor sediments were tested in an uptake/bloavailability study and had higher
concentrations of metals other than cadmium. The data from the Shebquan River bivassays
were from an uptake study with a sample size of three and in sediments In which PCBs and
other chemicals were highly elevated. Various lests with the clam Macoma balthica in
Fraser River estuary sediments indicated a small gradient in cadmium concentrations among,
samples and a high proportion of the samples had cadmium concentrations below the
detection limits (0.4 ppm). All of the date above were not used in the estimation of ER-L and
ER-M values (Table B-3).

DuPage River sediments indicated no concordance between benthic taxa richness and mean
cadmium concentrations. Most of the sediments sampled in the Kishwaukee River had
cadmium concentrations below the detection limits of 1 rﬁm An LC50 of 1.01 ppin developed
from a R. abronius bioassay of foundry sands spiked with cadmium was, in effect, a bloassay
of aqueous cadmium since no or very little fine-grained particles were available. Keweenaw
Waterway sediments that were toxic to Dephnia magna contained higher concentrations of
copper compared to cadmium. Sediments from Phillips Chsin of Lakes, Torch Lake, and
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Tittle Getzaly Cresk were highly contaminated with copper; cadmium differed little between
oxie and non-toxic s:mflmg stations. Sediments from Cubatao River, Brazil were highly
coritamninated with chemicalsgiher than cadsmium . Al of the data described above were not
considered further in the estimation of ER<L and ER-M values (Table B-3).

 "The renaining data suggest an BR<L of about 5 ppm (5.3 rounded to 5.0 pgm) (Table 6},
Puget Sourid AET values based upon different biglogical indicators ranged from 5.1 to 6.7 ppm.
Signifficant mortality occurred among the amphipod Grandidierells faponica in bloassays of
sotithiern Cdlifornia sediments that had a mean cadmium concentration of 5.3 ppm.  Lowest
species richness and lowest abundante of arthropods and echinoderms in southern California
sediments occurred in samples with mean cadmium concentrations of 4.7, 4.3, and 6.2 ppm,
mﬂpr'cmely. The amphipod R. abronius avolded sediments spiked with 5.6 and 58 ppm
cadmdum; and in other R. abrontius bloassays of eadmium-spiked sediments, LC50s as low as
69 ppm were observed. Effects were usually observed at cadmium concentrations of 5 ppm or
g;g,ater, but there were many exceptions to this overill apparent effects threshold (Table B-

The data also suggest an ER-M of about § ppm (9.1 rounded to 9.0 ppm) (Table 6). Many
LC50 and EC50 concentrations for $58s pesformed with R. abronjus are in the range of 8.2 to
11,5 ppm cadmium. The Puget Sound vatues based upon oyster e o and Microtox™
bioassays are 9.6 ppm, Slﬁniﬂcmt mortality to Daphnia magna exposed to Trinity River,
Texas sediments occurred in samples with a mean cadmium concentration of 10.6 ppm.
Significant reduction in survival of P. affinis cccurred in sediments spiked with 11 ppm.

The degree of confidence in the ER-L and ER-M values for cadmium should be considered
as very high. Data are avaiiable from many approaches, from multiple methods for some
pproaches, and they are relatively consistent. An overall apparent effects threshold

2
coincided with the ER-1, value.

Tabie 5. Summary of sediment effects datz avaitable for cedmium,

References Biotogical Approachen Concenuationq. {ppm) -
Apparent Effects Threshold
1 1986 PUGET SOUND AET .
~R. abronius amphipod bloassay 6.7
- oyster larvae {C. gigas) bioassay 9.6
- benthic community composition - 58
- Microtox™ bloassay 96
2 1988 PUGET SOUND AET
« R. abronius amphipod bioassay ' 6.7
- oyster larvao (C. gigas) bioassay , 9.6
- benthic community composition 5.1
- Microtox™ bipassay 9.6
20 PSDDA GUIDELINES (based upon Pupet Sound AET)
- screening level concentration 1196
- maxiroum level eriterion - 3.6

N SAN FRANCISCO BAY, CALIPORNIA AET
- bivalve larvae bloassay
- amphipod bioassay

s
[
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Tible 5. Cadilum (continued)

- Referances Blological Approaches Concentratione {ppm)

Co-Occurrence Analyses

COMMENCEMENT BAY, WASHINGTON

80
= highly toxic (15.7 + 3.9 dead/20) to R. abronjus 41,6+ 79.8
- moderately toxic (5.2 + 1.1 dead/20) to R. qbronius 28+23
- least toxic (2.5 £ 0.9 dead/20) to R. abronius 23+13
- highly toxie (44.5 £ 19% abnormal) to oyster larvae . 153 £ 45.1
~ moderately toxic (23 + 2.3% abnormal) to oyster Inrvae 27420
- least toxic (15.1 £ 3.1% abnrormal) to oyater larvae 19+1.1
29 LAKE UNION, WASHINGTON
- 95% morwaldity to H. azleca 1.98
39 DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P. pugio <0.5
77 FRASER RIVER, B.C., CANADA
- sediment devoid of M. balthica 1.2%1
= sediment populated by M. balthica <0.4
67 STRAIT OF GEORGIA, B.C,, CANADA
- sigrificant increase in burrowing time (ET50) of M. balthice 04
- significant 24-h avoidance behavior among M. balthica 14
" SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 31 1.8% mortality) to R. abronius 08 £05
- moderately toxic (33.8 4 .7% mortality} to R. abronius 0.5 03
- feast toxic (18 + 6.6% mortality) to R, abronius 06103
- significantly toxic (42.9 + 19.2% wmortality) to R. abronjus 0604
- not toxic (18.4 + 6.8% mortality) to R. abronius 06103
- highly toxic (92.4 : 4.5% abnormal) to bivalve larvae 07+ 03
- moderately toxic (594 £ 11.3% sbnormal) to bivalve larvae 0.7+ 05
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 0401
- significantly toxic (55.7 £ 22.7% abnormal} to bivalve larvae 0.6 £ 04
- not toxic (31.9 £ 155% abnormal} to bivalve larvae 0603
49 PALOS VERDES SHELF, CALIFORNIA
- significantly toxic to R, abromius 287131
~ not toxic tv R, abromus 89192
50 - major degradation to macrobenthos (20.28p./0.1m. sq.) 28.74:3.1
56 SOUTHERN CALIFORNIA
- significantly toxdc (51.65% mortality) to G. japonice 53
- not toxic (23.2% mortality! to G. japonica 3.2
83 - ligh echinoderm abundance (1913 £ 70.1/0.1 sq. m.) 04 03
- moderate echinoderm abundance (56.2 + 23/0.1 sq. m.) 05%03
- low echinoderm abundance (6.1 + 7.2/0.1 sq. m.) 6.2+ 131

18
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Table 5, Cadmivig {continued)

References Blological Approaches

Concentrations (ppm)

Co-Occumncc Anglyses

- high arthroped abundance (148 45 8/0.1 sq. m.)

- moderate abundance (726 + 6.8/0.1 5q. m.}
- low mmmm (353 £ 15.8/0.1 sq. u?.‘)i

- high species richness (96.3 + 22.3/0.1 sq. m)
- moderate speciés richness (72 + 3.3/0.1 sq. m)
= low species richness (51.2 + 8.6/0.1 5q. m.

- high total abundance (859 + 35.4/0.1 3q. m.)
- moxderate total abundance (75.6 + 12.7/0.1 8q. m.)
- low total abundance (57.6 + 13.6/0.1 5g. m.}

39 LOS ANGELES HARBOR, CALIFORNIA
- >50% mortality to P, pugio (20% elutriate bioassay)

48 SAN DIEGO BAY, CALIFORNIA
- »>87% survival of P. staminea
- >87% survival of M. clongata
- »87% survival of N. arenaceodentata
- >97% survival of C. stigmaeus and M. elongata
66 - 282% survivael of C. stigmaens, A. sculpta, and A, fonss
= 286% survival of N. arenacecodentats, and M. nasulg

58  LITTLE GRIZZLY CREEK, CALIFORNIA
~ significont mortality to D. magna

‘72 WAUKEGAN HARBOR, ILLLINOIS ,
- highly toxic (66.3 + 4.25% mortality) to H. azteca

79  HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C.germanica
- positive rate of growth in nematode, C.germanica

71 BLACK ROCK HARBOR, CONNECTICUT
« 100% mortality to polychaete, N. virens

82 MASSACHUSETTS BAY, MASSACHUSETTS
- high benthos species richness (93.6 + 9.4/5.1 sg. m.)
- moderate benthos species rizhness (58.2 £1 05/0.1 sq. m.)
« low bentiosg species richness (31 + 6.5/0.1 5q. m.}

74  SHEBOY..AN RIVER, WISCONSIN
- significant mortal!*y to prawn, M. rosenbergii

3 NEWPORT, RHODE ISLAND
- 0% mortality to P. puglo

3  STAMPORD, CONNECTICUT
« 10% mortality o P. pugio

3% NORWALK, CONNECTICUT
- 0% mortality to P. pugio -

19

0.o+1
07 £Q.7
43+ 114
1544
0.6+£07
4.7 £ 12.2
24+ 173

08+ 1.1
Li£2

3.0

325
280
227
325
0.9
0.9

12403
25

18.6 + 8.9
11.6 £ 6.6

1.6

04 £06.1
0.7+£06
1.1: 1.0

28+ 05
<0.5
28

4.1
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Table 8. Cadmium (continued)

Referencen Biological Approaches Concentrations (ppm)

Co-Occurrence Ansliyses
40 CULATAO RIVER, BRAZIL

= f; < 24-hour EC-50 with D, simillis : 0.2
” B4 KEWRENAW WATERWAY, MICHIGAN

- significantty toxic to D. magns L7403
- not toxic to D. ragne 06£03
- mean gone. ik highly toxic (northern) sediments to D. magna 15
- mean conc. in least toxic (southern) sediments to D, mugna 0.5

55 PHILLIPS CHAIN OF LAKES, WISCONSIN
- significant mortality to D. magna 49 -
- low mortality (0-5%) to D. magna 31306

55 TORCH LAKE, MICHIGAN
- significant mortality to D. magne and Hexagenia ap. ‘ 25

75 TRINITY RIVER, TEXAS .
- significant mortality to D). magna 106167
- low mortality to D. magna 48156

6 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SiTH,
50UTH CAROLINA

- 1o effects upon benthos species richness or abundance <{.1
44 NEW YORK HARBOR, NEW YORK
- <10% mortality in adult N, virens, M. mercenariz, and P. pugio 35.6
62 BALTIMORE HARBOR, MARYLAND
« most toxic to mummichogs (5.1 + 3.5 TLm} spot (5.9 £ 3.4 TLm) 28+198
- ieast toxic t0 mummichogs (43.2 & 31.1 TLm) spot (24 + 5.6 TLin) 20
. 60 DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 & 2.5 /site) 13106
- highest number of benthic macroinvertebrate taxa (158 + 2/site) 15+09
60 KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (8.4 1 0.5/site) G510
~ highest number of benthic macroinvertebrate taxa (16.3 1 .6/cite) 0.2+08
Bquilibrium Partitioning
17 BPA acute marine EP threshold (@4%TOC) 9%
4 EPA chronic marine EP tiweshold (@4%TOC) : 31
Splked-sediment Blioassays
70 Significant reduction in survivel of P. affinis in 446- d bioassay 1
8  LC50of R, abronius in 10-d bicassay (n=25) . 9.81
EC50 of R, abronius emergence in 10-d bioassay 872
EC50 of R. abronius veburial in 10-d bioassay 9.07
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Table 5. Cadmium (continued)

References : Biological Approaches Concentrations (ppm)

Spiked-asediment Bioassays

28 LC50 for R. abronius in 10-d bioassay (Yaquing Bay) 8.8
LC50 for R. abronius in 10-d bioassay (Whidbey Island) 10

45 LC50 £ 95% C.L. for R. abronius (fresh) 10-d bioassay 8.7 (8.1 - 94)
LC50 £ 95% C.L. for R, abronius juveniies 82(76-89
LC56 + 95% C.L. for R. abrostius adulte 115 (10.6 - 124)

9 LC50for R, abrortius survival, 10-d {n = 5 x 11 dilutions) 69 4
BC5) for R, abronius reburial, 10-d {n = § x 11 dilutions) 65 ;
RC50 for R, abronius veburial, 4-d (n=5x 6 dilutions) 20.8 :
LC50 for R. abronfus gurvival, 4-d (n = 5 x 6 ditutions) 259

22 No observable mortality or behavioral effects to N. virens in 25 days 40
11 23.2% dead and 86% avoidance, 56 R. abronius, 72-h, 2-choice

exeriment, 5.8
444% avoldance, 45 R. abronius , 72-L, 2-cholce experiment 56
27 LC76 for R. abronius in 72-h bicassay B.5
LC95 for E. sencitlup in 72-h bioassay 84
73 LE50 for R. abronius exposed to foundry sands, 10-8 bicassay 10+11
Overall LCR0 for R, abromius  exposed to sand (MS5-1) 8.9
References Backy, ound Approach Concenirations {(ppm)
68  Great Lakes harbors classification of non-poliuted sediment 6

43  New England interim high contamination level for dredge material >7
12 EPA on V guideline for pollution classification of sediments 6
USGS alert levels to flag 15 to 20% of samples analcv{zed
Ontaric Ministry of the Environment Dredge Spofl Guidelines ]
EPA Region VI proposed guidelines 2
20 EPA/ACOE Puget Sound Interim Criteria (central basin background) 07

23 Rotterdam Harbor sediment quality classifications

-« Class 1 {slightly contaminated) <6

~ Closs 2 {moderately contaminatad) 6-19

- Class 3 (contaminated) 19.32

=~ Class & ¢heavily contaminated) »32

References:
Beller er al., 1986 40, Zagoto ef al., 1987 G6. Salazar and Salazar, 1985
PTI Environmental Servicas, 1988 43, NERBC, 1980 67, McGreex, 1979
Bolwmn et al., 1985 44, Rubinstein et af., 1983 68. Bahnick et al., 1981
Meams ef al., 1986 45, Kobinson et af., 1983 70. Sundelin, 1984
Swartr. et ¢l., 1985a 48, Salazar ef al., 1980 7). Simmere et al., 1984
21




Table B, Crdminm {continued)

Refersnces:

11, Oskden et al., 1984a 49, Swartz e al., 1985b 72, Ingersoll and Nelson, 1989
12. Paviou and Weston, 1983 50, Swartz et al,, 1786 73. O, 1986

17. Lyman et al, 1987 54, Maleug et al., 1984a 74, Tutom, 1986

20. 11.5. ACOE, 1988 55, Maleug et al., 1984b 75. Qasim et al., 1980

22. Oliaetral, 1988 56. Anderson ¢t al., 1988 7. MeGreer, 1982

23. Jansen, 1987 60. Dlinois EPA, 1988s 79, Tietien and Les, 1984
27. Oakden ¢t al,, 1984b _ 61. Hlinois EPA, 1988b 80, Tetra Tech, 1985

28, Kemp et dl., 1986 62. Tsa et al., 1979 82. Gilbert ei al., 1976

20, Yake ef al., 1986 64, Van Dolah ef al,, 1984 83, Word end Meamns, 1979
39. Lecand ariend, 1977 * Variong, please see text

Table 6. Effects range-dow and effects range-median values for cadmium and 36
concentratione used to determine these values arranged in ascending order.

Concentrations {(ppm)

End Polnt

T 5

a e e _m

ER-~L

8SSB with R.
SSB with R.

SSB with R.
5SB with R.

538 with R.
S5B with E.
S9B with R.
SSB with R.
55B with R.
S5B with R.
ER-M

SSB with R.

SSE with R.
SSB with R.
5SB with R.
SSB with P,
SSB with K.
SSE with R,

SSB with R.

B ablydardkhborokNar~dodynbvoNnphhaobroab

B R RNEEREEEB e

Southern California arthropods COA
Southern California species richness COA

Puget Sound, Washington ATT - benthic
Southern California bioassay COA

abronins
abronius

Puget Sound, Washington AET - benthic

abronivus

Southern California echinoderms COA

abronius

Puget Sound, Washington AET - amphipod

abronius
sencillus
abronius
abronius
abronius
abronius

abronius

Puget Sound, Washington AET - oyster
Puget Sound, Washington AET - Microtox™

abronius
abronius
abronius

Trinity River, Texas bicassay COA

Fromies

Commencement Bay, Washington bicassay COA
Hudson-Raritan, New York bioassay CO.

abronius {4-day)

Baltimore Harbor, Maryland bioassay COA

abrontus  (4-day)

Palos Verdes Shelf, California bioassay COA
Palos Verdes Shelf, California benthos COA
EP chronie marine @4% TOC

Commencement Bay, Washington bioassay COA
—EF jsm:_:mﬂm_%i% 10C

2
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Chromium

The toxicity of chromium is hi influenced by speclation; acute and chronic toxicity to
aquatic and marine organisms has tested with chromium () and chromium (VD). Acute
toxicity of chromdum (V1) to saltwater animals occurs at concentrations ranging from 2,000 to
103,000 ppm. Acute toxicity of chromium (HI) has been observed at concentrations of 10,300 to
31,500 tﬂ:m (U. 5. EPA, 19686). Eisler (1986) also observed a wide range in concentrations in
water that caused effects: 445 ¢ 2,000 ppb for chromium (V1) and 2,000 to 3,200 for ch-rmium

(1. Klapow and Lewis (1979) proposed a marine water quality standard of 2 ppm for total
chromium.

A relatively large amount of data exists for chromium in sediments (Tabje 7). AET
values were available for Puget Sound and were calculated from data available from several
studies in San Francisco Bay. No si emical, SSB data were available and no SLC or EP
data for chromium were available. rrence analyses were performed with data from
studies performed with benthic communigocmnposiﬂm and toxicity tests. These studies had
been performed in many areas, imludinf mnwencement Bay, Strait of Georgia, San Francisco
Bay, off various areas of southern California, Hudson-Rariten Bay estuary, Massachusetts
B;iy, Erinity River, Baltimore Harbor, DuPage River, Kishwaukee River, and Phillips Chain
of Lakes.

No effects among the benthos at the Georgetown, South Carolina disposal site were
observed at up to 2.5 ppm chromium. Most of the bioassays of San Diego Bay sediments
indicated high survival. Only one sample from Lake Union indicated toxicity and it was
overwhelmingly dominated by PAH. Very little concordance between chromium and toxicity
was observed in Commencement Bay samples. Southern Culifornia sediments that had
moderate densities of echinederms had mean concentrations of chromium sindlar to those that
had high densities. Waukegan Waterway sediments toxic to Hyalella azteca were tested with
only three samples. Kishwaukee sediments were more highly contaminated with PCBs than
with chromium. Southern Callfornia sediments with moderate arthropod densities had
chrormium concentrations similar to those that had high densities of arthropods. Los Angeies
Harbor sedimenis toxic to P, pugiv were not highly contaminated with chromium. Three
stations in the DuPage River had low numbers of benthic macroinvertebrate taxs, but only one
had a high chromium concentration. Burrowing time for Macoma balthics exposed {0 Fraser
River sediments was increased relative to controls, but most of the variance in the data was
explained by the high concentrations of other chemicals. None of the dais from these
studies was used further in the estimation of ER-L and BR-M values (Tabie B-4).

The remaining data (Table 8) suggest an ER-L of about 80 ppm chromium, roughly the
lower 10 percentile of the data. Massachusetts Bay sediments with low species richness had
& mean chromium content of 81 ppm, as compared to & mean of 27 ppm in samples that had
high specles richness. Trinity River sediments that were significantly toxic to Daphnia
miggna had a mean of 72.6 ppm, as compared to samples that were not toxic that had a mean
of 18.1 Enpm Southern (alifornia samples that were significantly toxic to Grandidierella
japonica had a mean of 81.4 ppm, as compared to non-toxic samples with a mean of 73 ppm.

The data suggest an ER-M value of about 145 srm, the 50 percentile value of the data
(Table 8). This value is supported by significent toxicity of Sheboygan River sediments (128
ppm) and low southern California arthropod abundance (145.8 ppm{

The degree of confidence in the ER-L and EP-M values for chromium should be considered
as moderate. There are no data from single-cheiaical, spiked-sediment bicassays and from EP
principles. All of the aveilable date are field collections of matching biologiccl and
chemical data and are, therefore, subject to the weaknesses described previously regarding co-
occurrence analyses. Furthermore, there appears to be relatively little convergence, or
consistency in the values reported from the varicus studies. Some of the poor consistency may
be due to a lack of speciation daw for chromium; all of the data were reported ae total
chromium, whereas the hexavalent form has been reported as the most toxic. No overall
effects threshold is apparent from the available data.

B
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Table 7. Summary of sediment effects data avallable for chromium,

References Blological Approaches Concentrations (ppmi)
Apparent Bffects Threshold
2 1988 PUGET SOUND AET
= R. abronius amphipod bloassay 70
- benthic community composition 260
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassa: 280
“R. abronius amphipod bicassay 370
Co-occurrence Analyses
80 COMMENCEMENT BAY, WASHINGTON -
- highly toxic to R. abronius (15.7 + 3.9 dead/20) 19.7 + 11.3
- moderately toxic to R. abronius (5.2 £ 1.1 dead /20) 1727 £ 7.3
- least toxic to R. abronius (2.5 + 0.9 dead/20) 162 = 8.1
- highly toxic (445 £ 19.0% abnormal) to oyster larvae 22+9
- moderately toxic (23 + 2.3% abnormal) to ‘oyster larvae 177 + 73
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae 118237
29 LAKE UNION, WASHINGTON
~ 95% mortality to Fi. azfeca 20
39 DUWAMISH RIVER, WASHINGTON
~ 0-10% mortality to P. pugio 15.3
67 STRAIT OF GEORGIA, B.C.,, CANADA
- significant increase in burrowing time (ET50) of M. balthica 60
- significant 24-h avoidance behavior among M. balthica 90
77 FRASER RIVER, BC., CANADA
- sediment devold of feral M. balthica 873+ 221
- sediment populated by feral M. balthics 42411
* SAN FRANCISCO BAY, CALIFORNIA :
.~ highly toxic (67.0 £ 11.8% mortality to R. abronius 141.8 £ 86.5
- moderately toxic {33.8 + 4.7% mortality) to. R. abronius 1633t 1167
- least toxic (8.4 £ 6.8% mortality) to K. abronius 195 939
- significandly toxic (429 £ 19.2% mortality) to R. gbronius 154.9 & 102.1
- not toxic (18,4 £ 6.8% mortality) to R. abromius 2026+ 973
- highly toxic (924 + 4.5% abnorms!) to bivalve larvae 97.5 % 66.7
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae 164 £ 914
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae 88.2 4. 82.7
- significantly toxic (95.7 & 22.7% abnormal) to bivelve larvae 1337 4 942
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 150.2 & 85.9
50 PALOS VERDES SHELF , CALIFORNIA
- "major degradation” to macrobenthos (20.25p/0.1m. 8q.) 669.3 = 1729

24
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Table¥: Chromivm (continuéd)

nsfmmul

Biological Approaches

Concentritions (ppm}

- Cowovrurrence Analyses

SOUTHERN CALIFORNIA .
toxde (51.65% mortality) to G. japonice

56

-WMMM%

"= not toxie {

a3

= mederate echinoderm abundance (56.2 £ 23/0.1 2q. m.)

39

55

61

2% mortality) to G. joponica
- high echinoderm abundance (1913 £ 70.1/0.1 sq. m.}

- low echinoterm abundance (6.1 +7.2/G.1 sq. m.)
- high arthropod sbundance (148 x 58/0.1 sq. m.)

- moderate arﬂwg:ﬁ ebundance (726 £ 6.8/0.1 sg. m.)
- low arthvopod a (353 £158/0.1 8q.

« high spedes richness (963 & 22.3/0.1 sq. m.)

= modiate

species richness (72 4 3.3/0.1 sc& m.)
m.

~ low species richness (512 £ 8.6/0.1 sq.
- high total aburndance (83.9 & 354 /0.1 ;g m)

- moderate total dbundance (75.6 + 12.7

1 8q. m.)

- low total abundance (57.6 £ 13.6/0.1 sq. m.)

LOS ANGELES HARBOR , CALIFORNIA
- >50% mortality to P. pugio (20% elutriate bioassay)

SAN DIEGO BAY, CALIFORNIA

- »97% survival of clam, P, stamines

- »97% survival of shrimp, M. elongais
- »97% survival of poly

- »97% survival of sanddab, C. sligmaeus, and M. elongata

-~ 282% survival of C. stigmaeus, A. sculpts, and A. fonsa
- 286% survival of N. aremdcesodentata and M. nasuta

ete, N. arenaceodentala

LITTLE GRIZZLY CREEK, CALIFORNIA
- gignificant mortality to D. magna

WAUKEGAN HARBOR, ILLINOIS
- highly toxic (66.3 £ 4.23% mortality} to H. aziecs

DUPAGE RIVER, ILLINOIS

- least number of benthic macroinverfuvbrate taxa (6.7  2.5)
- highest number of benthic macroinvertebrate taxa (15.6 £ 2)

KISHWAUKEE RIVER, ILLINOIS

- least number of benthic macroinvertebrate taxa (84 + 0.5)
- highest number of benthic rnacroinvertebrate taxa (16.3 & 4.6)

KEWEENAW WATERWAY, MICHIGAN
- significantly toxic to D. magma
- not toxic to D. ma

gna
- mean concentration in
sediments {to D. magna

h;ghly toxic (northern)

~ mean concentration in least toxic (sputhern)
sediments {to L. magna)

25

Bi4 4 8B.5
73 1 1244

296t 15.6
23LI7S8
20134 349

40.7 + 30.9
463 1433
145.8 £ 3079
62.3 £ 139.2
38.1 % 36.3
156.6 £ 320.9
202.6 + 4593

42+ 308
54 1 83.5

476

2935
2548
2905
2005
26

26
8747
385

59.7 £ 28.7
Mt59

4341205
222191

108.8  19.6
363+ 219

1016
29
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Tabler”. Chroailum (continued)

References

Biological Approaches

Concentrations (ppmm)

Co~cccwarence Analyses

55 TORCH LAKE, MICHIGAN
- significant mortality to D, magna and Hexagenia sp. 189
55 P}?gl;‘LI}iPS (Z!-mﬁl !OF L?JKES WISCONSIN 950
-8 cant mortality to D. magna
= low mortality to D. magna 3154 £ 236
74 SHEBOYGAN RIVER, WISCONSIN
~ significant mortality to prawn, M. rosenbergi 12814
79 HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C. germarnica 160.3 + 854
- positive rate of growth in nematode, C. germanica 144.6 = BB.6
71 BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to polychaete, N, virens 369.2
82 MASSACHUSETTS BAY, MASSACHUSETTS
= high benthos s richness (mean = 93.6 £ 9.4) 27 £11.1
~ moderate benthos species richness (mean = 58.2 £ 10.5) 609 £ 27.5
- low benthos species richness {mean = 31 £ 6.5) 814293
38 NEWPORT, RHODE ISLAND
- 0% mortality to P. puglo 109
39 STAMPORD, CONNECTICUT
- 10% moriality to P. pugio 86
39- NORWALK, CONNECTICUT
- 0% mortality to F. pugio 67.5
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
~ no effects upon benthos species richness ar abundance 246
75  TRINITY RIVER, TEXAS :
- significant mortality to D. magna 72.6 4 606
- low mwortality to D. magna 181 £ 168
62 BALTIMORE HARBOR, MARYLAND
- most toxic to mummichogs (5.1 £ 3.5) and sgyot (5.9 +34) 1646 + 1628
- least toxie to munmdchogs (43.2 + 31.1) and spot (24 £ 5.6) 335 £179.7
Refererwcen Background Approack Concentrations (ppm}

68 Great Lakes harbors classification of non-pollated sediment <25
Great Lakes harbors classification of moderately polluted sediment 2575
Great Lakes harbors classification of heavily polluted sediment >75

43 New England interim high contamination level for dredged material  >300

26
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Teble 7.  Chromium {continued)

References Background Approach . Concentrations (ppm)
12 EPA n V guideline for poilution clagsifivation of sediments 25
USGS dlert Yevels to 15~ of samples analyzed 200 -
Ontario Mindstry of the Environment Dredge Spoll Guidelines 25
EPA Region VI proposed guldelines - 100
23 Rotterdam Harbor sediment quality classifications :
- Class 1 (slightly contaminated) <190
~ Class 2 (moserately contamninated) 160-220
- Class 3 (conteminated) 220-550
« Class 3 (heavily contaminated) »>550
References:
2. PY1 Ruvironmental Sesvices, 1985 56, Anderson ef ol., 1988 72, Ingersoll and Nelson, In press
12, Pavion and Weston, 1983 60, MNlinois EPA, 19883 74, Tatem, 1986
23, Jansen, 1987 61. Minois BPA, 19880 75. Qazim ¢t al., 1980
29, Yako et al., 1986 62. Tsaietal, 1979 77. McGrecr, 1982
39, Lee and Masiani, 1977 64. Van Dolah et al., 1984 78. Tietien and Lee, 1984
43, NERBC, 1980 66. Spiazarand Salazar, 1985 80. Teurs Tech, 1985
48, Salozar et al., 1980 67, Mclireez, 1979 82, Gilbert ¢! al., 1976
50. Swanz et al, 1986 68. Bahnick e al., 1981 83. Word and Mearns, 1979
54, Malueg 1 al., 19842 7Y, Simmers ¢f ol., 1984 * Vatious, please seo text

55. Malueg ¢; al., 1984b

Table 8, Efects range-low and effects range-median vailues for chromium and 23

concentrations used fo determine these values arranged in ascending order,

Concentrations (ppm) End Point

609 Massachusetts Bay benthos COA

72,6 Trinity River, Tesxtas bicassay COA

30.0 BR'L

81.0 Massachusetis Bay benthos COA

814 Southern California bloassay COA

87.0 Little Grizzly Creek, California bioassay COA

473 Fraser River, B.C. bivalves COA.

90.0 Fraser River, B.C. bioassay COA
1016 Keweenaw Waterway, Michigan bioassay COA
108.8 Keweenaw Waterway, Michigan bioassg COA
128.0 Shebggan River, Wisconsin bioassay COA
145.0 ER-~
1458 Southern California arthropod abundance COA
156.6 Southern California benthos COA
1603 Hudson-Raritan Bay, New York estuary toxicity COA
1800 Torch Lake, Michigan bicassay COA
2013 Southern California echinoderm abundance COA
260.0 Puget Sound, Washington, AET - benthic
270.0 Puget Sound, Washingior, AET - amphipod
369.2 Black Rock Harbor, Connecticut, bioaszay COA

27
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Table 8. (continued)

Concentrations (ppm) End Point
669.3 Palos Verdes Shelf, California, benthos COA
980.0 Phillips Chain of Lakes, Wisconsin, bioassay COA
1646.0 Baltimore Harbor, Maryiand, bioassay COA
Copper

s R Saltwater animals are acutely sensitive to copper in water at concentrations ranging from
BRI 58 to 600 , mysids indicate sensitivity In chronic lifecycle studies at 77 ppm, and
freshwater animals are sensitive at concentrations as low at 167 ppm (EPA, 1936). Klapow
and Lewis (1979) proposed & marine water quality standard of 5 ppm.

A constderable amount of daia exist in which the concentration of copper in gediments can
be assoclated with measures of effects (Table 9). EP values are avallable for acute and
chronte marine conditions. Apparent effects threshold values for Puget Sound and San
Francisco Bay are Moted. Spiked-sediment bloassays have been performed with sediment
collected in Puget Sound Oregon.  Matching sediment chemistry and biological data are
available for many areas and the resulis of analyses of co-occurrence are listed in Table 9.

Several fleld stucies are noteworthy as regards copper concentrations and measures of
effects in sediments. Malueg ef al. (1984a) nnmé:!ed sites along the north and south reaches of
the Keweenaw Waterw:g'. Copper concentrations were very high in the north reaches and
much lower in the southern . The minimal concenteation above which toxicity always
occurred (equivalont to an AET) was 480 ppm. Kraft and Sypniewski (1981} also sampled
benthos in the north and south reaches of the Keweenaw ﬂzxpterway. The average copper
concentration in the northern aam&ling stations was 589 ppm and was assoclated wi&e a
depressed average number of benthic taxa relative to the southern stations. Rygg (1985)
reported that above 200 ppm copper, benthic community diversity was {nvariably depressed
in Norw fiords, The lowest co concentration in Little Grizzly Creek sediments above
which toxicity was always ob Mailueg ¢f al. (1984b) was 550 ppm.

In one of only two In which results of S5Bs with copper were performed, Pheips et
al. (1982) reported that the burrowing time for the litleneck clam Profothaca stamines was
significantly decreased at sediment concentrations exceeding 17.8 ppm. There appeared to be
a threshold between 14.7 and 17.8 ppm copper in this burrowing response. The seaiments used
in the tests had a background concentration of 12 ppm before spiking was performed.
However, other field-collected sediments with ambient concentrations of 53 PPin caused no
increase in burrowing time and sediments spiked with 10,240 ppm copper and Chelex 100
chelating agent also caused no increase in burrowing ime. Therefore, it appears that copper
concentrations of about 20 ppm may begin to induce sublethal behavioral effects when the
copper Is not tightly chetated or otherwisc bound to the sediments, The data from toxicity
tests of four samples from Waukegan Waterway (Ingersoll and Nelson, in press) indicate that
copper concentrations in sedinents and toxicity to Hyalella azteca were positively correlated,
whereas there was poor concordance between the toxicity data and the concentrations of other
chemicals, The minimum copper concentration associated with a gifniﬂcanﬁy toxic sample
was 195 ppm, similar to the 17.8 ppm value determined in the spiked bicassays.

The data from two studies (Massachusetts Bay benthos and Puget Sound spiked
secliments) suggest that effects may begin at concentrations as low as 15 to 18 ppm, but ve
little other dats provide confirmatory evidence that effects are commonly associated wil&
concentrations this iow (Table B-5). The lower 10 ntile of the data is equivalent to
about 70 ppm (68.2 rounded {0 70 ppm). This ER-L value is supported by bioassay data from a
Macoma burrowing experiment with British Columbia sediments (67 ppm copper),
significantly toxic sediments from the 'E‘rinitékmver (mean 68.4) and San Francisco Ba
binagsay data (means of 68.2 and 76 ppm). An BR-M vaive (50 percentile) of about 390 ppm

28
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assaciation with copper concentrations of 300 ppm or greater (Table B-5).

med with relatively resis

1630y two Puget Sound AETs (390 ppri. With the exception of blosssays of San Di
' Wugpeﬂomwd Btant qpedumu were nlwny oburvedeﬁ

1t is noteworthy; that LC50 values from six different bicassay series wich

seddiments ran
described ETS0 of 17.8 ppm
concen!

ntrations ranging from 17.8 to 2820 p
and BR<M values must be considered relatively higs:. A relatively large amount of data is

are from all of the major approsches. Both values are ausported by
e overall apparent effecis threshold is similar to the'ER-M value,

Tabie 9. Summary of sediment effects data avallable for copper.
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References

Biclogical Approaches

Concentzations (ppn’)

1

20

80

26

29

9

Apparent Effects Threshold

1986 PUGET SOUNND AET

- R, abronius amphipod bloassay
- oyster larvae (C. gigas) bioassay
~ benthic community composition

- Microtox™ bioassay

1988 PUGET SOUND AET

- R. abronius nmEhi bloassay
- oyster larvae (C gigas) bloassay
- benthie community composition
- Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration
- maximum level criteris

SAN FRANCISCO BAY, CALIFORNIA AET
= bivalve larvae bloaasag
- R. abronius amphipod bloassay

Co<Occurrence Anulyses

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 & 3.9 dead/20) to R. abronius

~ moderately toxic (5.2 £ 1.1 dead/20) to R. abronius
« least toxic (2.5 + 0.9 dead /20) to R. abronius

~ highly toxic (44.5 + 19% abnormal} to oyster larvae
~ moderately toxic (23  2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

PUGET SOUND, WASHINGTON

- highly toxic to R, abronius (95% LPL)

- moderately toxic to R. abronius (<87.5% survivai to >95% LPL)
- least toxic to R. abronius (>87.5% survival)

LAKE UNION, WASHINGTON
- 95% mortality to H. aztecs

DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P. pugio

29

810
390
310
390

1300
3950
530
%0

81
810

110
180

2820 + 4881
118 + 98
85.1 £ 69

918 + 2750
106 £ 93
73175

1260 * 3251
138 + 124
98+ 90

156

43

8373




3 o . . E
Py ‘m‘oﬁiw oy
AN A

e P e R T ot

Table 9. Capper (continued)

References

Biological Appreaches

Concentrations (ppm}

Co-Occurrence Analyses

67

77

55

83

49

39

STRAIT OF GEORGIA, B.C,, CANADA

- significant increase in burrowing time (ET50) of M. talthica
~ significant 24-h avoidance behavior among M. balthica

FRASER RIVER, B.C., CANADA
- sediment devold of feral M. balthica
- sediment populated by feral M. dalthica

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 = 11.8% mortality) to R. abronius

~ moderately toxic (33.8 + 4.7% mortality) to R. abropius
~ least toxic (18 + 6.6% mortality) to R. abronius

- significantly toxic (429 + 19.2% mortality) to R. abronius
- not toxc (18.4 * 6.8% mortality} to R. abronius

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (594 + 11.3% abnonmal) to bivalve larvae
- least toxic (23.3 = 7.3% abnormal) 1o bivalve larvae

- significuntly toxic (55.7 + 22.7% abnormal) to bivaive larvae
- not toude (319 4+ 155% abnormal} to bivalve larves

LITTLE GRIZZLY CREEK, CALIFORNIA
~ significant mortality to D. nagna and Hexagenia sp.

SOUTHERN CALIFORNIA

- significantly toxic {(51.65% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

- high echinoderm abundance (191.3 £ 70.1/0.1 sq. m.).
- moderate echinoderm abundance (562 £ 23/0.1 sq. m.)
~low echinoderm abundance {6.1 + 7.2/0.1 sq. m.)

- high arthropod abundance (148 + 58/0.1 sq. m.)
- moderate arthropod abundance (72 + 3.3/0.1 sq. m.)
- low arthropod abundance (35.3 + 15.8/0.1 sq. m.)

- high species richness (96.3 £ 223/0.1'sq. m.)
- moderate species richness ( 72 4 3.3/0.1 sq. m.)

- low species richness { 51.2 + 8.6/0.1 sq. m.)

- high total abundance (88.9 + 354/0.1 sq. m.}
~ moderate total abundance (75.6 £ 12.7/0.1 5q. m.)
- low total abundance (57.6 + 13.6/0.1 sq. m.)

PALOS VERDES, CALIFORNIA

- significantly toxic to R. abroniys
- not toxdc to R. abrenius

- major degradation to macrobenthos (20.2 sp /0.1 m. sq.)
LOS ANGELES HARBOR, CALIFORNIA
~ »50% mortality to P. pugio (20% elatriate bioassay)

30

67
150

136 & 87
28 +16

85 +63
64 +40
72441

70+47
75443

88 + 33
76 + 51
3B+ 17

68 & 48
47 + 26

1374 + 809

181
62

1246
13+14
97 £177

16+14
15+ 18
711155

311460
15415
73 + 166

147 + 232

20£22
21%39

5924 126
251 £ 227
592 1126

147
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Table 9, Copper (cortinued)

Relforences

Bialogical Approaches

Concenmi!om {ppm)

48

61

74

55

69

82

Co-Cccurrence Analyses

SAN DIEGO BAY, CALIFORNIA

~ »97% survival of clam, P. slamine

mysid, M. elongata

- »97% survival of polychaete, N. arenacesdentata

daby, C. stigmacus and myeid, M. elongata

- 282% survival of C. stigmaeus, A. sculpta, and A. fonsa
- 286% survival of N. grenaceandentats and M. nasuta

WAUKEGAN HARBOR, ILLINOIS
- highly toxic (663 & 4.25% mortality) to H. azte

DUPAGE RIVER, ILLINOIS
« least number of benthic macroinvertebuate taxa (6,7 £ 2.5/site)
- highest number of benthie macroinvertebrate taxa (158 + 2/site)

KISHWAUKEE RIVER, ILLINOIS
« least number of benthic macroinvertebrate taxa (8.4 = 0.5/site)
- highest number of benthic macroinvertebrate taxa (163 £ 4.6/site)

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to prawn, M. rosenbergii

PHILLIPS CHAIN OF LAKES, WISCONSIN
- significant mortaliity to D, magna (n = 1)
~ low mortality to D, magna (n = 5}

KEWEENAW WATERWAY, MICHIGAN

- significantly toxic to D, magna

- not toxic to D, magna

- mean concentration in highly (oxic {northern) sediments

= 397% gurvival of
- »97% survival of sa

{to D. magna)

- mean concentration in least toxic (southern) sediirents {to I, magna)

- significantly d

MISSISSIPPE RIVER

~ 80-100% survival (92 + 6.3) of G. pseudolimnacus, 4-d bicassay
« 25% (n = 1) survival of mayfl
- 80-100% survival (90 + 7.5) of mayfly (Hexngenia sp), 4-d bioassay
- 55% £ 10% survival of mid
~ 90% * 5.8% survival of mi

MASSACHUSETTS BAY, MASSACHUSETTS
- high benthos species richness (93.6 £ 94)
species richness (58.2 1 10.5)
- low benthos species richness (31 £ 6.5)

- moderate benthos

macrobenthos taxa richness
- high macrobenthos taxa richness

TORCH LAKE, MICHIGAN
- significant mortality to D. magna and Hexagenia ap.

exagenia sp.), 4-d bioassay

8 (C. fentans), 4-d bioassay
ges (C. tentans), 4-d bioassay

9¢5
312
995
995

210
210

19.5

45 + 53
195 + 6

145 ¢+ 2

540
135 + 118

730 & 205
43149

612
24

589
33
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Tabie 2, Copper {continued)

References Biological Approaches Concentrations (ppm)

Co-Occurrence Analyves
79 HUDSON-RARITAN BAY, NEW YORK

- negative rate of growth in C, germanica 453 + 311
- positive rate of growth in C, germanica 251 % 232
71  BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to N. virens 612
39 STAMFORD, CONNECTICUT
- 10% mortality to P. pugio 218
3% NORWALK, CONNECTICUT
- 0% moriality to P, pugio 224
39 NEWPORT, RHODE ISLAND
- 0% mortality to P. puglo 12
62 BALTIMORE HARBOR, MARYLAND
~ nest toxic to mummichogs (TLm 5.1 1+ 3.5) and
spot (TLm5.9 + 3.4) 1071 + 948
- leasgt toxic to mummichogs (TLm 432 + 31.1) and spot
{TLm 24 & 5.6) 158 =+ 29
64 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUTH CAROLINA
- o effects upon benthos species richness or abundance . 1
75 = TRINITY RIVER, TEXAS
- significant mortality to D. magna 68 £ 62
- low mortality to D. magra 16+ 15
41 NORWEGIAN -FJORDS, NORWAY
~ 50% reduction from madmum in Hurlbert's benthic species
diversity index 200 -
‘Bquilibrlum Partitloning
17  BPA acute marine EP t'vreshold (@4% TOC) 216
4 EPA chronic marine EP threshold (@4% TOC) 136
Spiked-Sediment Bloassays
53 TUALATIN RIVER, OREGON
- L0 of midge, C. fentans in 10-d bioassay 229
- LC50 of cladoceran, D. magns in 48-h bioassay 937
SOAP CREEK POND, OREGON
- LC50 of midge, C. tentans in 10-d bioassay : 857
- LC50 of cladoceran, D. magna in 48-h bioassay 681
- LC50) of amphipod, G. lacusiris in 10-d bicessay 964
- LC50 of amphipod, H. aztecs in 10-d bioassay _ 1078
32 PUGET SOUND, WASHINGTON
- ET50 for burrowing time of clam, P. staminea i7.8

32
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Table 9. Copper (continued)

References Background Approaches Concentrations {ppm)

R R S o ey

68  Great Lakes Harbors
- clagsifieation of no! luted sediments <5
- classification of moderately poliuted sediments 25-50
~ classification of heavily polluted sediments >80

43 New Engiand interim high contamination level for dredge material >400

12 V eline for lluﬂon classification of sediments 25
USGB 5 to 20% of samples znal 2;2000

50

68

1
i
3

Cnutarlo Minls of the vironment Dredge Spofl Guidelines
EPA Region Vi proponed guidelines

20 EPA/ACOE Puget Sound Interim Criteria (centrai basin background)

23 Rotterdam Harbor sediment quality classifications .
- Clase 1 (alightly contamiml:ed) <60
- Clags 2 (moderately contaminated) 66-190
- Clags 3 (contaminated) 196370
- Class 4, (heavily contaminated) >370
References:
1. Beller ¢t al., 1986 48. Solazsr ef al., 1980 G8. Bahnick e: af., 1981
2. PTI Envirconmental Services, 1988 49. Swartz ef al., 1985 69. Marking et al., 1981
4, Bolton et al., 1983 50, Swantz et al., 1986 71 Simmers et al,, 1984
12. Paviou and Weston, 1983 53, Caimng er al., 1984 T2. Ingetaoll and Neison, in press
17. Lyman &1 al., 1987 54, Maleug et al., 1984a 74, Tatem, 1986
20, U.S. ACOE, 1988 55, Maleug et al., 19840 75. Qagim ¢f gl,, 1980
23, Tansen, 1987 56. Andsrson et al., 1988 77. McGreer, 1982
26, DeWitt et al,, 1988 60. 1linois EPA, 1988a 78. Kraft and Sypniswski, 1081
29, Yuke et al., 1986 61. Hlinois EPA, 1988b 9. ‘Tietjen and Lee, 1984
32, Phelps et gl., 1983 62. Taui et al., 1979 80. Tews Tech, 1985
39, Lee and Mariond, 1977 64. Van Dolsh e al,, 1984 B2, Gilbert et al,, 1976
41, Rygg ¢t al., 1985 66. Salazer and Salszar, 1985 8£3. Word and Meams, 1979
43. NERBC, 1980 67. McGreer, 1979 * -Various, please see text
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Table 10, Hffocls xange-low and effects n.:frmcdhn values far copper and 51
value ncuui

concentrations used to determine these s arranged in ing order.
Concenteations (ppm) End Polat
150 Massachusetts Bay benthos COA
17.8 Sublethal SSB with Macoma
19.5 Waukegan Waterway, Hlinols bloassay COA
454 Kishwaukee River, Illinois benthos COA
67.0 M., balthica bunowlnEdB'ISO COA
68.2 San Francisco Bay, California bloassay COA
68.4 Trinity River, Texas bioassay COA
70.0 ER-L
760 San Francisco Bay, California bloassay COA
84.6 San Francisco Bay, California bioassay COA
877 San Francisco Bay, California bioassay COA
%6.7 Southern California echinoderms CO.
1063 Commencement Bay, Washington bioassay COA
110.0 San Francisco Bay, California AET
1178 Commencement Bay, Washington bloassay COA
134.6 Fraser River, B.C. benthos - M. balthica COA
1360 EP chronic marine threshold
138.0 Puget Sound, Washington bioassay COA
145.0 Sheboygan River, Wisconsin bioassay COA
1470 Los les Harbor, California bioassay COA
150.0 Frager River, B.C bioassay COA
1560 Lake Union, Washington bloassay COA
1800 San Francisco Bay, California AET
1813 Southern California bioasgsay COA
200.0 Norway benthos COA
2160 EP acute marine threshold
3100 Puget Sound, Washington AET - benthic
390.0 ER-M
3900 Puget Sound, Washington AET - oyster
3900 Puget Sound, Washington AET - Microtox™
453.0 Headson-Raritan Bay, New york bioassay COA,
530.0 I;uhﬁel Sound, Washington AET - benthie
540.0 fips Chain of Lakes, Wisconsin biocassay COA
589.0 Keweenaw Waterway, Michigan benthos COA
5920 Palos Verdes Shelf, California, bioassay COA
592.0 Palos Verdes Shelf, California benthos COA
6120 Black Rock Harbor, Connecticut bloassay COA
612.0 Keweenaw Waterway, Michigan bioassay COA
681.0 S5B with Daphnia .
730.0 Keweenaw Waterway, Michigan bioassay COA
810.0 Puget Sound, Washington AE% - amphipod
857.0 $5B with midge
918.0 Comunencement Bay, Washington bioassay COA
9370 SSB with Daphnia
964.0 SSB with amphipod ,
1071.0 Baltimore Harbor, Maryland bioassay COA
1078.0 SSH with am%\ipod
1260.0 Puget Sound, Washington bioassay COA
1300.0 Puget Sound, Washington AET - amphipod
1374.0 Little Grizzly Creek, California bioassay COA.
1600.0 Torch Lake, Michigan bioassay COA
2296.0 $5B with midge
28200 Commencement Bay, Washington bioassay COA
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Lead

Along with other adverse effacts, lead can modify the function and structure of kidney,
bone, the central nervous system, and the hepatopoietic system (Eisler, 1988b). Adverse
effects upon gaa%h:ud nducﬂon has btien observed at h::nﬁnmuom; in wa:%r as Iovevf lEm: 1
ppm, organolead compounds are generally more toxic t organic forms, adverse effects
usually oocur at concentrations from 13 to 7.7 ppm in water; and marine animals may
be more resistant to effects of lead than freshwater species (Bisler, 1988b). mro sed
marine water quality standard for Callfornia was 8 ppm in water (Klapow and s, 1979),

A relatively Jarge amount of data exists for lead and measures of effects in sediments
(Table 11). and EP values are available. Matching biological and chemical data from
many studies performed in areas such as Puget Sound, Commencement Bay, San Francisco Bay,
Boul Calitornia, Hudson-Raritan estuary, and Trinity River are available. However, no
single-chemical, SSB data are available. :

No significant toxiclty was observed in sediments from the Duwamish River, Stamford,
Norwalk, and Newport at lead concentrations up to 277 ppm. San Francisco Bay sediments
that were significantly toxic to amphipods had very littie difference in lead concentrations
compared to those that were not toxic. Total benthos abundance and some categorles of other
measures of benthic communities off southern California were not in concordance with lead
concentrations. The minimum lead concentration associated with toxicity of Waukegan .
Harbor sediments was below the detection limits of 32 ppm. Lead concentrations did not
differ remarkably among stations sampled in the Cubatao River, Brazil. The Little Grizzly
Creek system toxicity tests suggested little concordance between toxicity and lead
concentrations. These data were not considered further in the estimation of ER-L and ER-M
- values (Table B-6).

The minimum concentration above which effects were observed was about 27 ppm;
significant toxicity to Daphnia magna was reported at this concentration (Table 12).
shwaukee River macrolnvertebrate taxa richness was lower in sediments with a mean lead
concentration of 31 ppm, compared to 8 mean of 21 ppm in taxa-rich sediments. The data
aufgest an ER-L of about 35 ppm, equivalent to the Jower 10 percentile of the data. This
value is supported bKl increased burrowing time of Macoma balthica (32 ppm), depressed
benthos diversity in Norwegian fiords (35 ppm), Los Angeles Harbor bionssay data (413
ppm), andd depressed benthos species richness in Massachusetts Bay (mean 42 ppm). The 50
Eemntﬂe value in the data suggests an ER-M of about 110 ppm; supported by Torch Lake and

ommencement Bay bicassay data (110 ppm, mean 113 p?m, respectively), 5an Francisco Ba
AET for amoleuéaocrbloasaa (120 ppm), observations of the concentration associated wit
significant bioeffec

ts in San Francisco Ba?r (130 ppm), and the BEP chronic marine threshold of
132 ppm. Effects were usually obse: at concentrations of 110 ppm or greater and always
observed at concentrations of 300 ppm or greater (Table B-6).

The degree of confidence in the ER-L and ER-M values for lead should be considered as
moderate and high, respectively. A relatively large amount of data exist to relate sediment
corcentrations with measures of effevts, and both values are supported by small clusters of
data. However, the chemical data are not sg:eciated to indicate the proportion that is in
organic and inorganic forms, there are no SSB dats, the available data indicate a fairly
wide ran%e in concentrations associated with effects, and the overall apparent effects
threshold lies outside the ER-L/ER-M range. '
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Table 11, Summary of sedivient effects data available for lead.

References Blologiczl Approaches Concentrations (ppm)
Apparent Effects Threshold
1 1986 PUGET SOUND AET
- R, gbronius am&hipod bioassay 660
- oyster larvae (C. gigas) bioassay 660
- benthic community composition 300
- Microtox™ bioassay 530
2 1988 PUGET SOUND AET
- R. abronius amghi bioassay 660
- oyster larvae (C gigas) bloassay 660
- benthic community composition 450
- Microtox™ bioassay 330
20 PSDDA GUIDELINES {based upon Puget Sound AET)
- sereening level concentration 66
- maximum level criteria 660
* SAN FRANCISCO BAY, CALIFORNIA ART
- bivalve larvae bioassa 140
~ R. abronius amphipod bioassay 120
Co-Oceurrence Anzlyses
80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 1613 & 2628
- moderately toxic (5.2 + 1.1 dead/20) to R. ebronius 1714192
- least toxde (2.5 * 0.9 dead/20) to R. abronius 78175
- highly toxic (44.5 + 19% abrormal) ® oyster larvae 570 + 1489
- moderately toxic {23 + 2.3% abnormal) to oyster larvae 1132123
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae 1051173
26  PUGET SOUND, WASHINGTON
- highly toxic to R, abronius (95%LPL) 750 £ 1763
- mod. toxic to R. abronius (<87.5% survival to >95% LFL) 137 £ 140
- least toxic to R. abronius (>87.5% survival) 47431
29 LAKE UNION, WASHINGTON
-~ 95% mortality to H. azieca 300
39 DUWAMISH RIVER, WASHINGTON
- (-10% mortality to P. pugio 271
67 STRAIT OF GEORGIA, B.C., CANADA
- significant increase in burrowing time (ETS0) of M. balthics 32
- significant 24-h avoidance behavior among M. balthics 7
77 FRASER RIVER, B.C., CANADA
- gedimant devoeid of feral M. balthica . 82 & 49
- sediment populated by feral M. balthica 4%9
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Table 11. Lend (continwes?)

Refferences Bmw Concentrations (ppm)

CoOorerrence Anslyses

49

* SAN FRANCISCO BAY, CALIFORNIA
mymwzn.ssmmymkmm
toxic (338 + 4.7% mortality) to R. shrowins
- eest toxic (18 + 6.6% mortality) o R sbromius

- significantty toxic (42.9 * 192% mortality) to R, ebrowius
-mtm:dc(iutmmty)wﬁ.abtv’c’:ma

- highly toxic (924 £ 4.5% abnormwl) t© bivalve larvae
« moderately toxic (9.4 £ 11.3% abnormal) to bivalve larvae
- loast toxic (233 + 7.3% abmormal) to bivalve larvae

- significantly toxde (55.7 £ 22.7% abnormal) to bivalve larvae
- not toxic (31.9 £ 155% abnormall to bivalve larvae

7 - sediment quality triad minimum or no biveffects
- seditment quality triad significart biceffects

5 LITTLE GRIZZLY CREEK, C LIFORNIA
- significant mortaity to D. magne and H. limbate

5%  SOUTHERN CAI.IPOsR.NIA
- significantly toxic (51.65% mortality) o G. jeporgcs
- not toxig (23.2% morwlity) to G. japordca

8 - high echinoderm abundance (1913 £ 7.1/0.1 sq. mu)
- moderate echinoderm abundance (552 = 23/0.1 sq. m.)
~ low echinoderm abundance (6.1 = 7.2/0.1 sq. m.)

- high arthropad abundance (148 £ 58/0.1 sq. m.)
- moxlerase abundance (72 £ 33/0.1 sg- m)
- low arthropod a (353 2158/0.1 sq. m.)

- high spedies richness (963 £ 22.3/0.1 sq. m.)
- modherate species richness ( 72 £ 3.3/0.1 sq. m.)
« Jow species richness ( 51.2 £ 8.6/0.1 sq. m.)

- high total abundance (83.9 = 354/0.1 sq. m.
-mdmnmmmﬁétlﬂfﬁ,isq m.)
- low total abundance (57.6 + 13.6/0.1 sq. m)

PALOS VERDES, CALIPC'\IIA
- “major degradation” to macrobenthos 202 sp/0.1 m. sq.)

LOS ANGELES HARBOR, CALIFORNIA
- >50% mortality to p. pugio (20% elutriate bicassay)

WAUKEGAMN HARBOR, ILLINOIS
- highly toxic (663  425% mortality) to H. azters

DUPAGE RIVER, ILLINOIS

- lesst number of benthic macroinvertebrate taxa (6.7 £ 2.5/site)
- Mighest number of benthic macroinvertebrate taxa (158 * 2/site)

37
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Tabledl, Léddcontinued)

Biological Approaches

Concenitrations {ppm)

Co:Occurtence Analyses

61

74

82

39

39

39

62

KISHWAUKEE RIVER, ILLINOIS

~ least number of benthic macroinvertebrate taxa (8.4 + 0.5/site) 126
= highest number of benthic macroinvertebrate taxa (16.3 1 4.6/site} 2111
SHEBOYGAN RIVER, WISCONSIN
- significant mortality to prawn, M. rosenbergii 253 4 47
PHILLIPS CHAIN OF LAKES, WISCONSIN
- significant mortallity to D. magna (n=1) 160
- low mortality to D. miagna (n = 5) 79134
KEWEENAW WATERWAY, MICHIGAN
- significantly toxic to D, magna 2948
- not toxde to D. magna 11%10
- mean concentration in highly toxic (northern) sediments (to D, magna) 27
- mean concentration in least toxic (southern) sediments (to D, magna) 10
TCORCH LAKE, MICHIGAN
- significant mortality to D. magna and H, limbats 110
MASSACHUSETTS BAY, MASSACHUSETTS
- high benthos species richness (93.6 + 94/0.1 sq. m.) 134
- moderate benthos richness (58.2 + 105/0.1 sq. m.) 42126
~ low benthos species richness (31  65/0.1 sq. m.) 47 %17
HUDSON-RARITAN BAY, NEW YORK
~ negative rate of growth in C. germanica 321 £ 195
- positive rate of growth in C. germanica 145+ 132
BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to N. virens %0
STAMFORD, CONNECTICUT
- 10% mortality to P. pugio 123
NORWALK, CONNECTICUT
- 0% morality to P. pugio 277
NEWPORT, RHODE ISLAND
- 0% mortality to P. pugio <1
BALTIMORE HARBOR, MARYLAND
- most toxic to mummichogs (TLm 5.1 £ 3.5) and spot (TLm 5.9 + 3.4) 512+ 213
- least toxic to mummichogs (TLm 43.2 1 31.1) and spot (TLm 24 £5.6) 213131
GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL

SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance <0.5
TRINITY RIVER, TEXAS
- significant mortality to D. magna 54 427
- low mortality to D. magna B2
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‘Blotogical Approaches

Concentrations {ppa)

CoOccurrence Analyses

40 CUBATAO RIVER, BRAZIL
« 24-h ECE0Q with D. simills 18
41  NORWEGIAN FJORDS, NORWAY
~50% reduction from maximum in Hurlbert's benthic species
diversity index _ 35
Equilibrium Partitioning
17 EPA acute marine EP threshold (4% TOC) 3360
4  EPA chronic marine EP threshold (4% TOC) 132
References Background Approach Concentraticns (npm}
68  Great Lakes Harbors
- classification of non-polluted sediments <40
- classificrtion of erately polluted sediments 40-60
« claguification of heavily polluted sediments >&0
43  New England interim high contamination level for dredge material >200
12 EPA V guideline for pollution classification of sediments 40
. USGS alert levels to ﬂaﬂs- % of samples analﬁrud 500
Ontario Ministry of the Environment Dredge Spoil Guidelines 50
EPA Region VI sed guidelines 50
FWPCA Chicago Guidelines: LIGHT (no altzration to benthos) 0-40
FWPCA Chicago Guidelines: MODERATE
{pollutant tolerant benthos) 40-60
CA Chicago Guidelines: HEAVY
(benthos absent or abundance reduced) >60
EPA Jensen Criteris for open water dredge material disposal 50
20 EPA/ACQE Puget Sound interim criteria _ '
{central basin background) a3
23  Rotterdam Harbor sediment quallty ciassifications
- Class 1 (slightly contaminated) ' - <il0
- Class 2 (moderately contaminated) 110460
= Class 3 (contaminated) 460-660
- Clags 4. (heavily contaminated) >660
Referencen:
1. Delor ot al, 1986 41, Rygg, 1985 68. Bahnick e! al,, 1981

2., PTI Environmental Services, 1988 43, NERBC, 1980

4, Polton ef gl., 1985

7, Chapman et al., 1987
12, Paviou and Weston, 1983
17, Lyman et al., 1987

20, U.S, ACOE, 1988

49, Swartz et al., 1985
50, Swartz et al., 1986
54. Maleug ef ol,, 1984a
§5. Maleug et ol., 1984b
56, Andersonet al., 1988

23. Jansen, 1987 60. Rinois EPA, 1988

26, DeWitt et al., 1988

61. Illinois EPA, 1988b
39

1. Simemers et al,, 1984

72. Ingersoll and Nelson, in press
T4. Tatem, 1986

75. Qasim et al., 1980

17. McGreer, 1952

79. Tietjen and Lee, 1984

80. Tetra Tech, 1985

82, Gilbert er al., 1976
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62. Tsal et al., 1979 83. Word and Medaxnig, 1979
64. Van Dolsh et al., 1984 * «Various, please seo toxt.
67. McGreez, 1975

“Table 12, Effects range-low and effects range-median values for lexd and 47
concentrations used to determine these values arranged in ascending order.

Concentrations (ppm)

BEndi Point
26.6 Keweenaw Waterway, Michigan bloassay COA
290 Keweenaw Waterway, Michigan bionssay COA
30.6 Kishwaukee River Illinois, benthios COA
32.0 M. balthica burrowing ET50 COA
350 Norway benthos COA
35.0 ER-L
413 Los Angeles Harbor, California bioassay COA
42.1 Sen Francisco Bay, California bioassay COA
424 Massachusetts Bay, Massachusetts benthas COA
467 . Massachusetts Bay, Massachugetts benthos COA
47.8 Southern California arthropods COA
<50.0 Sun Francisco, California, triad minimum effects COA
51.0 Southern California es richness COA
53.7 Trinity River, Texas bioassay COA
58.9 San Francisco Bay, California bioassay COA
>60.0 FWPCA Classification: benthos absent COA
634 San Francisco Bay, California bicassay COA
644 Southern California echinoderms CO
73.1 Southern California bioassay COA
74.0 M balthica bicassay avoidance COA
81.7 Fraser River B.C., Canada benthos COA
89.6 Black Rock Harbor, Connecticut bioassay COA
95.7 San Francisco Bay, California bioassay COA -
1045 San Francisco Bay, California bloassay COA
1100 ER-M
110.0 Torch Lake, Michigan bioassay COA
1131 Commencement Bay, Washington bioassay COA
1200 San Francisco Bay, California AET
2130.0 San Francisco Bay, California triad significant effects COA
132.0 P chronte marine @4% TOC
136.6 Fuget Sound, Washington bioassay COA
1400 San Francisco Bay, California AET
143.7 DuPage River, lllinols benthos COA
160.0 Phillips Chain of Lakes, Wisconsin bioassay COA
1708 Commencement Bay, Waahinilon bloassay COA
2530 Sheboygan River, Wisconsin bioassay COA
3000 Puget Sound, Washington AET - benthic
3000 Union, Washingtor bioassay COA.
3123 Palos Verdes Shelf, California benthos COA
3209 Hudson-Raritan Bay, New York bioassay COA
450.0 Puget Sound, Washington AET - benthic *
. 5120 Baltimore Harbor, Maryland bioassay COA
530.0 Puget Sound, Washington AET - Microtox™
5701 Commencement Bay, Washington bioassay COA
660.0 Puget Sound, Washington AET - amphipod

40
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" Table 12, {(continued)

Concentrations (ppm) ' End Point

660.0 Puget Sound, Washington AET - oyster
750.2 Pugtt Sound, W n bioassay COA
1613. Commencement Bay, ngton bioassey COA
3360.0 EP acute marine ©4% TOC _
Mercury

Acute toxicl';g of mercury (I} to freshwater invertebrates ranges from 2.2 to 2, pr and
from 3.5 to 1678 ppm for marine organisms (U.S. EPA, 1986}, Klapow and Lew‘i)s (1979)
proposed a marine water quality standard of (.14 ppm mercury. EHisler (1987) reported that
ori:nomcmy compounds-—-especially methylmercury--were more toxic than ino c forms;
lethal concentrations of total mercury to sensitive organisms varied from 0.1 to 2.0 ppm for
aquatic feuna; mercury was the most toxic trace metal to aquatic organisms; and that toxicity
was increased in the presence of zinc and lead.

A moderate amount of sediment data exist for mercury (Table 13). AET values for Puget
Sound and San Francisco Bay are available. Matching chemistry and biological data for
Puget Sound, San Francisco Bay, DuPa%e River, Phillips Chain of Lakes, Balimore Harbor,
an Trini? River are listed in Table 13 along with those from other areas. EP threshold

data from two S5B experiments are available, _

values an :

No toxicity was observed in bioassays of sediments from the Duwarmnish River, Stamford,
Norwalk, and Newport with mercury concentrations up to 0.3 ppm. Very small gradients in
mercury concentrations were observed in daw from San Francisco Bay, southern Californda,
Kishwaukee River, Keweenaw Waterway, Massachusetts Bay, and Trinity River. These
data were not considered in the estimation of ER-L and ER-M values (Table B-7).

The remaining data su?est an ER-L value of about (.15 ppm (0.17 rounded to 0.15 ppm),
equivaient to the lower 10 percentile of the data (Table 14). This value is sup rte«f by
bloasa‘:{ data from Los Angeles Harbor (0.1% ‘Ppm). Lake Union (0.17 ppm), and Macoma
burrowing bioassays of Fraser River sediments (0.18 ppm). Chronic effects are predicted by
EP principles to occur at 0.032 ppm.

The data suggest an ER-M of about 1.3 ppm mercury, the 50 percentle value In the data.
This value is supported by two San Francisco Bay AETs (1.3 and 1.5 ppm), moderate toxici
of Pufet Sound gediments to amphipods {(mean of 1.38 ppm), and significant toxicity of Little
Grizz ’y Creek sediments to Daphnia (mean of 1.5 pg:z With several exceptions (principally
data from San Diego Bay), effects were usually observed at concentrations of 1.0 ppm or
greater (Table B-7). '

The degree of confidence in the ER-L and ER-M estimates should be considered as
moderate and high, respectively. There are clusters of data around the 0.15 and 1.3 ppm
values, suggesting that these values are supported by & preponderance of evidence and an
apparent effects hold within the ER-L/ER-M range. However, the predicted chronic
marine value (0.032 ppm) is considerably lower than the ER-L, the majority of the available
data are from field studies, there are relatively litde data from SSBs, and the available
data from bloassays with R. cbronius and Pontoporeia affinis were not consistent,

41
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Table 18, Summary of sediment effects data avallable for mercury.

References Blolegicsl Approaches Concentrations (ppm) _
! Apparent Effects Threshold |
R 1 1985 PUGET SOUND AET
y =R, abronius amphipod bicassay 2.1
- oyster larvae (C. gigas} bioassay 0.6
N = benthic community cimposition 0.9
- Microtox™ bloassay 04
2 1988 PUGET SOUND AET
« R. abronius amphipod bioassay 2.1
- oyster larvae (C giges) bioassay 0.6
~ benthic community on 2.1
- Microtox™ bioassay 04
20 PSDDA GUIDELINES (based upon Puget Sound AET}
- sereening level concentration 0.2
« mmdmum level criteria 20
" SAN FRANCISCO BAY, CALIFORNIA AET
-~ bivalve larvae bioassa 1.5
- R. abronius amphipod bioassay 1.3
Co-Occurrence Analyses
80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15,7 £ 3.9 dead/20) to R. abronius 112+ 22.8
- moderately toxic (5.2 & 1.1 dead/20) to R. abronius 03 £02
- least toxic (2.5 + 0.9 dead/20) to R. abrenius 0201
- highly toxic (44.5 £ 19% abnormal) o oyster larvae 35+125
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 0201
- least toxic (15.1 = 3.1% abnormal) to oyster larvae 0201
26  PUGET SOUND, WASHINGTON '
- highly toxic to R. abronius (95%LPL) 54148
] - mod. toxic to R. abronius (<87.5% survival to >95% LPL) 14146
‘ - Ieast toxic to R. abromius (>87.5% survival) 05105
29 LAKE UNION, WASHINGTOMN
- 95% mortality to H. azteca 0.2
39 PUWAMISH RIVER, WASHINGTON
- (-10% mortallty to P, pugio 0.1
67 STRAIT OF GEORGIA, B.C., CANADA
- gignificant increase in burrowing time (BT50) of M. balthica 0.2
- significant 24-h avoidance behavior among M. balthica 0.5
77 FRASER RIVER, B.C,, CANADA
- sediment devoid of feral M. balthica 04£02
- sediment populated by feral M. balthica 01101
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Table 13, Morcury {continued)

References Blological Approaches Concentrations (ppm) .

Co-Occutrence Anslyses
»

55

39

61

74

55

SAN FRANCISCO BAY, CALIFORNIA

= highly toxie (67 + 11.8% mortality) to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R, abronius
- least toxic (18 & 6.6% mortality) to R, abronius

~ significantly toxic (42,9 & 19.2% mortality) to R, abronixs
- not toxic (18.4  6.8% mortality) to R, abromius

- highly toxic (924 + 4.5% abnormal) to bivalve larvae
=~ moderately toxic (394 £ 11.3% abnormal) to bivalve larvae
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae

- significantly toxie (55.7 + 22.7% abnormal) to bivalve larvae
- not toxde (319 £ 155% abnormal) to bivalve larvae

LITTLE GRIZZLY CREEK, CALIFORNIA
- significant mortality to D. magna and Hexagenia sp.

SOUTHERN CALIFORNIA
- significantly toxde (51.65% mortality) to G. japonice
- not toxde (23.2% mortality) to G. japonica

LOS ANGELES HARBOR, CALIPORNIA
- >50% mortality to P. pugio (20% elutriate bioassay)

SAN DIEGO BAY, CALIFORNIA

= >97% survival of clam, P. sfamineq

- »97% survival of mysid, M. elongaia

- >97% survival of C. stigmaeus, and M. elongata

= 282% survival of C. stigmaeus, A. scd!ptu,, and A. tonsa

WAUKEGAN HAREOR, ILLINOIS
~ highly toxic (66.3 + 4.25% mortality) to H. azteca

DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 % 2.5 /gite)
- highest number of benthic macroinvertebrate taxa (15.8 + 2/site)

KISHWAUKEE RIVER, ILLINOIS
- Jeast number of benthic macroinvertebrate taxa (84 * 0.5/site)
- highest number of benthic macroinvertebrate taxa (16.3 + 4.6/site}

SHEBOYGAN RIVER, WISCONSIN
- significant mortality to prawn, M. rosenbergii

PHILLIPS CHAIN OF LAIKES, WISCONSIN

- stgnificant mortaliity to D. magna (n=1)
- low mortality to D. magns (n = 5)

43

l.ﬂ:'l
07 %08
05 % 04

- 07208

0604
06204

691
03202

07109
05£03

15109

0301
0.3 £ 002

0.15

66.5
58.2
2544

2.7
0.1

l6t2
03+£02

o0
H'R-EY
H H
oo
bk k.

9.4
1+13
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Tibile45. Mercury {continued)

References biological Approaches Concentcations (ppm)

Co-Occwrrence Analyses

54

82

39

39

39

62

40

KEWBENAW WATERWAY, MICHIGAN

- significantly toxic to D. magna

- not toxic to D, magna _
= mean concentration in highly toxic (northern) sadiments (to D. ma

- mean concentration in least foxic {southern) sediments (to D, magna

TORCH LAKE, MICHIGAN
- significant mortality to D. magns and Hexagenia sp.

MISSISSIPPI RIVER :

- 80-100% survivel (92 1 6.3) of G. pacudolimnaeus, 4-d bioassay
» 25% (nw1) survival of mn;ﬂy {Hexagenia sp.) 4-d bioase
- 80-100% survival (90 + 7.5) of mayfly (Hexagenia sp), 4-d zioamy
- 55%£10% survival of mi (C. tentans) , 4-d bloassay

- 90%15.8% survival of midges (C. tentans), 4-d bioassay

MASSACHUSETTS BAY, MASSACHUSETTS
- high benthos species richness(93.6 + 9.4)

- moderate benthos specles richness (58.2 + 10.5)
= low benthos spectes richness (31 £ ¢.5)

HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in C. germanica
- positive rate of growth in C. germanica

NEW YORK HARBOR, NEW YORK
« <}0% mortality to N. virens, M. mercenaria and P. pugio;
100-d exposures '

STAMFORD, CONNECTICUT
- 10% mortality to P. pugiv

NORWALK, CONNECTICUT
- 0% mortality to P. pugio

NEWPORT, RHODE ISLAND
~ 0% mortality to P. pugio

BALTIMORE HARBOR, MARYLAND
- moat toxic to mummichogs (TLm 5.1 + 3.5) and spot (TLm 5.9 & 3.4)
- least toxdc to mummichogs (TLm 43.2 1 31.1) and spot (TLm 24 £ 5.6)

GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUTA CARQLINA _
~ no effects upon benthos specles richnieus or abundance

‘I‘R}M’i’!’ RIVER, 'IH‘EXASD
- significant mortality to D. ma
- lo%vmmomﬂty to Dt.ymagna e

CUBATAO RIVER, BRAZIL
- 245 BC50 with D, similis

02101
01%01.
0.2

6.1

0.3

0.04

<001

0.01 £ 001
0010
0.01 £ 0.01

0.06 & .04
02£0.1
0.1+002

B8+ 75
567

34 l9

0.2

0.6

03+01
0.6 % 0.7

0.9
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TabledS, Mercary:(contingsd)

References

Biologleal Approaches

Concentrations (ppm)

Equillbrium Partitioning

17 EPA acute marine EP threshoid ($4% TOC)
4 EPA chronic mearine EP threshold (@4% TOC)

Spiked.Sediment Bioassays

63 No reductlon in the activity behavior of P, affinis,

2d

Significant reduction in the activity behavior of P. affinis,
5-d experiment

18 LC50 of R. abronius in 10-d bloassay

0.6
0.03

065 - 1.15
215-3.35
13.1

References Background Approzch Concentrations (ppm)
6B Grer’ ' akes Harbors &

- classification of non-polluted sediments <1

- classification of heavily polluted sediments 21

43 New England interim high contamination level for dredge material  >15

12 EPA R?lo i V guldeline for polinunn classification of sediments 1
5 alert levels to flag 15 to 20% of samples anal 20
Ontnrio Ministry of the Environment Dredge Spoil Guidelines 0.3
EPA Region VI P"°P°sed guidelines 1
BPA Jensen Criteria for open water dredge material disposal 1
20 EPA/ACOE Puget Sound Interim Criteria (central basin background) 0,15
23 Rotterdsm Harbor sediment quality classifications
« Class 1 (slightly contaminated) <15
- Class 2 (moderately contaminated) 158
- Class 3 {contaminated 9-16
« Class 4 (heavily contaminated) >16
References:
1, Beller « al., 1986 43, NERBC, 1980 67. McGreer, 1979

2. PTI Environmaainl Services, 1988

4, Bolton ¢ al., 1985
12. Paviou and Weston, 2983
17. Lyman et ol., 1987
18. Swartz ¢t al., 1988
%g. ;J.S. A(igg.i 1988
« JANSON,
26, DeWix et al., 1588
29, Yaks et 0l 1986
39, Les ans Marian, 1977
40. Zagano et al., 1987

44, Rubinstein et al., 1983
48, Salazar et gl., 1980
54, Maleug eral., 19848
55. Maleug et al., 1984b
56. Anderson ef al., 1988
60. Ninois EPA, 19883
61. Lilinois EPA, 1988b
a2, Tsiicigal, IV7?

63. Magnusar et al., 1976
64, Van Dolab e of., 1984
60. Salszarand Satazar, 1985

45

68. Babnick er af,, 1981

69. Murking et al,, 1981

72. Ingersoll and Nelson, in press
74. Tatem, 1986

75, Qasim et al., 1980

77. McGreer, 1982

79. Tietjen and Lo, 1984

80, T Tadh, 1985
B2, QGilbast ot al,, 1978
* Various, plegse goo text.
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sctitange:low and - ¢ffects range-median values for mercury and 30

concentrs

Es: hsed to-détermiline these values arranged in ascending -order,
Concentrations {ppm) End Point
0032 EP Chronic Matine 4% TOC
gﬁ glngugegan Harbor, Nlinois bioassay COA
0.15 Los Angeles Flarbor, Caltfornia bloassay COA
017 Lake Unlon, Washington bloassay COA
0.18 M. balthica burrowing bioassay COA
0.29 Torch Lake, M bloassay COA
0.41 Puget Sound, W n bioassay AET - Microtox™
042 Fraser River, B.C,, Canada M. balthica bioassay COA
048 M. balthica avoidance bicassay COA
0.59 Puget Sound, Washington AET - oyster
0.6 EP acute marine @4% TOC
0.88 Puget Sound, Washington AET - benthic
0.9 San Francisco Bay, California bloassay COA
0.9 Cubatao River, Brazil bioassay COA
0.96 San. Prancisco Bay, California bioassay COA
13 ER-M
1.3 San Francisco Bay, California AET
1.38 Puget Sound, Washington bloassay COA
1.5 San Francisco Bay, Catifornia AET :
15 - Little Grizzly Creek, California bicassay COA
1.6 Baltimore Harbor, Maryland bioassay COA
1.6 DuPage River, lllinois benthos COA
2.3 Puget Sound, Washington AET - amphipod
2.1 Puget Sound, Washington AET - benthic
2.15-3.35 SSB with Pontoporeis
3.5 Commencement Bay, Washington bloassay COA -
5.4 Puget Sound, Washington bloassay COA
8.9 Hudson-Raritan Bay, New York bloassay COA
04 Phillips Chain of Lakes, Wisconsin bloassay COA
11,2 Commencement Bay, Washington bicassay COA
131 SSB with R. abronius
Nickel

Acute toxicity to organisms occurs at nickel concentrations as low as 1101 ppm in
freshwater and as low as 151.7 ppm in saltwater; chronic effects can occur at concentratﬂms of
141 ppm or greater in saltwater; and toxicity is influenced greatly by water hardness and
salinity (U.S. EPA, 1986). The 96-h LC50s for two apecies of estuarine fish were 38 and 70
mg/L nicket chloride (Mayer, 1987). The proposed California marine water quality standard
for nicke! is 20 ppm {Klapow and Lewis, 1979).

A moderate amount of data are available for sediments to estimate effects thresholds
(Table 15), however all of the data are from matching biological and chemical analyses
performed with field samples. AET values for Puget Sound are available and were
calculated for San Francisco Bay and matching biological and chemical data are available
from San Francisco Bay, Commencement Bay, the Keweenaw River, southern California,
Massachusetts Bay, Baltimore Harbor, and other areas.
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Data from the Cubatac River, Brazil lacked concordance between the biological measure
and nickel concentrations. Very small gradients in nickel concentrations were m

results from San Francisco Bay, Trinity Bay, Fraser River, and some categories. cf
Cominencement Bay. The nickel concentration was below the detection limit; of 31.8
Wankegan Harbor sample that was toxic, Several of the Puget Sound AETs were not
?’I?ﬂblimgfs ) All of these data were not used in the determination of ER-L and HR-M values
aple * )

Effects were not observed in assoclation with mean nickel concentrations below 21 ppm in
sediments (Table B-8). Benthic species richness was moderate in Massachusetts Bay
sediments with a mean nickel concentration of 21 ppm (Table 16). The lower 10 percentiie
value of the data sugmt an ER-L of about 30 ppm (28 rounded to 30 ppm). This value is
z:gpomdbyamget nd AET of 28 psm,hl oyster larvae toxlelty in Commencement Bay

iments with a mean nickel concendration of 30 ppm, high toxicity in a Los Angeles Harbor
sediment with 31 and low benthic species richness in Massachusetts Bay sediments with
a mean of 33 ppm (Table 16). The 50 percentile value of the data suggusts an ER-M of about
50 ppm (52 rounded to 50 ppm), supported by & 1986 Puget Sound AET (49 ppm} and 100
percent moriality in Black Rock Harbor sediments (52 ppm}. No overall effects threshold
wis apparent.

in
m
ina

The degree of confidence in the ER-L and ER-M values for nickel should be considered as
moderate. The available data Indicate relatively high consistency and clustering at or
between the two values, but the data are only from field studies, include no 55Bs or
thresholds derived from the EP approach, and no overall effects threshold is apparent.

Table 15, Summary of sediment effects data avallable for nickel,

References Biological Approaches Concentrations {ppm)
Apparent Bffects Threshold
1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay - >120
- oyster larvae (C. gigas) bicassay 39
- benthic community conxposition 49
- Microtox™ bioassay 38
2 1988 PUGET SOUND AET A
- R. abroniug amphipod bloassay >140
- benthic community composition >140
20 PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration 28
.- maximum level criteria 120

. SAN FRANCISCO BAY, CALIFORNIA ART

- bivalve larvee bioassag >170
- R. abronius amphipod bicassay >170
Co-Occurrence Analyses
80 COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 41+32
- moderately toxic (5.2 + 1.1 dead /20) to R. abronius 20+ 13
- least toxde (2.5 £ 0.9 dead 720} to R. abronius 167
- highly toxic (44.5 + 19% abnormal} to oyster larvae N2
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae 1748
- least toxi¢ (15.1 £ 3.1% abnormal) to oyster Iarvae 1243
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| Tuble 15. Nicke! (continued) _
' References Biological Approschies Concentzetions (ppm)

o Co-Ocsurrence Analyses
o 2 LAKE UNION, WASHINGTON

S ' - 95% mortality to H. azteca 88
' 39 DUWAMISH RIVER, WASHINGTON
- 0-10% mortality to P, puglo 175
77 FRASER RIVER, B.C., CANADA
- sediment devold of feral M. baithica 443
- sediment populated by feral M. balthica M4
*  SAN FRANCISCO BAY, CALIFORNIA - -
‘ - highly toxlc (67 £ 11.8% mortality) {0 R, abronfus 113+£42
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 99+35
- least toxic (18 + 6.6% mortality) to R. abromius 108 £ 25
- significantly toxic (42.9 + 19.2% mortality) to R. abronius 105 £ 36
. ~ not toxic (18.4 + 6.8% mortality) to R, abronius ‘ W8 x27
i - highly toxlc (924 * 4.5% abnormal) to bivalve larvae 9343
EE - moderately toxic (594 % 11.3% abnormal} to bivalve Izrvae 112+ 31
= least toxdc (23.3 & 7.3% abnormal) te bivalve larvae 78142
~ significantly toxic (55.7 £ 22.7% abnormal) to bivaive larvae 100 1 35
- not toxic (31.9 + 15.5% abnormal) to bivalve iarvee 10244
49 PALOS VERDES, CALIFORNIA
- “major degradation” to macrobenthos (202 sp/0.1 m. sq.) %S
85  LITTLE GRIZZLY CREEK, CALIFORNIA ‘
- significant mortality to D. magna and H. limbata W0L16
56 SOUTHERN CALIFORMIA
- signiﬂcant’l’y toxic (51.65% mortality) to G. japonica : UL
- not toxic {32.2% mortality) to G. japonics 20 £ 15
39 LOS ANGELES HARBOR, CALIFORNIA '
- »50% mortality to P. pugio (20% elutriate bioassay) k!
72 WAUKEGAN HARBOR, ILLINOIS
- highly toxde (66.3 % 4.25% moriality) to H. gzteca : <13.8
74 SHEBOYGAN WIVFR, WISCONSIN
= significant moutality to praws, 24. rosenbergii 1100
55 PHILLIS CHAIN OF LAKES, WISCONSIN
- significant mortaliity to D, magna (n = 1) 350
- low mortality to D. megna (n = §) ' 106174
54 KEWEENAW WATERWAY, MICHIGAN
~ glgnificanily toxic to D. magna 109+ 19
- 1)t toxic - . magna : 35+ 14

- meap coicentration in highly toxic (nozthern) sediments (to D, magna) 106
- mean concentration in least toxic (southern) sediments (to D. magna) 29
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Concentrations (ppm)

f tmortﬂlty to D mgmundﬂ limbata
MﬁSSAG’USETI’S BAY, MASSACHUSETTS

high:benthos- sichnese (93:6 + 94701 sqg. m.) 103
- mioderate benthos-species-richness (382 + 105 ouq m) 2111
- low benithos species richness (31 + 65/0.1 sq. m.) 33+12
71 BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to N, virens 52
3%  STAMPORD, CONNECTICUT
- 10% mortality to P. pugie B
3% NORWALK, CONNECTICUT
= (% mortality to P. puglo 43
39 NEWPORT, RHODE ISLAND
- 0% monrtality to P. pugio 10
62 BALTIMORE HARBOR, MARYLAND ‘
- mast toxie to snummichogs (TLm 5.1 & 3.5) and spot (TLin5.% 3 3.4) 97 £ 53
- least toxic to munwnickogs (TLm 43.2 £ 31.1) spm(TLmM:ts.é) 70414
6 GEORGETOWN OCEAN Dx:OGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
~ no effects upon benthos specles richness or abundance 6
75 TRINITY RIVER, TEXAS
- significant mortality to D. magna 29%26
~» low mortality to D. magna 36429
4¢ CUBATAO RIVER, BRAZIL
- 24-h BC50 with D, similis 3
Reforences Background Approach Concentrations {ppm)
68  Great Lakes Harbor
- classification of non-poluted sediments <20
- classification of ertely poliuted sediments 2050
- classification of heavilypolluted sediments >50
43 New England interim hik contamination level for dvedpe mgtrmin! >100
12 on V guideline or pollution classification o sediv. gy 0
USGS lert levels to fla 15-20% of samples anal 2000
Ontario Mindstry of the Evironment Dredge Spoil Guidelines 25
EPA Region V1 propouedguldelinea 50
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Table 15. Nickel (continued)

References Background Approach Conceritrations (ppm)
23  Rotterdam Harbor sediment quality classifications
= Class 1 (slightly contaminated) <35
- Class 2 (moderately contaminated) - 3565
- Clase 3 (contaminated) 65-80
- Clags 4 (heavily contaminated) =80
References:
1. Beller ¢t af 1986 43, NERBC, 1980 Ti, Simmers et al., 1984
2. P11 Environmental Services, 1988 49, Swanz er af,, 1985 72, Ingersolk and Nelson, In press
12, Paviou and Weston, 1983 54, Malzug et af., 19848 T4. Talem, 1586
20, 1.8, ACOR, 1988 35. Maleug et ol., 19846 75, Qusim ef al, 1980
23, Jansen, 1987 56, Andersom ezal., 19868 77, MicGreer, 1952
29, Yake ef al., 1986 62. Tesiet al., 1979 80, Tetrs Tech, 1985
32, Les and Marisni, 1977 64. VanDolah et af. 1984 82, Gilbert er al., 1976

40, Zagatto et of., 1987 68. Bohnick ez al., 1981 * -Various, pleage sep text

Table 16. Effects range-low and effects range-median values for nickel and 18
concentrations wsed to determine thege valuer arranged in asconding order.

Concentrations (ppm) End Point
21 Massachusetts Bay benthos COA
28 Puget Sound, Washington, AET - Microtox™
30 ER-L
30 Commencement Bay, Washington, bicassay COA
31 Los Angeles Harbor, Californig, bioassay COA
33 Massachusetts Bay benthos COA
3» Puget Sound, Washington, AET - oyster
40 Little Grizzly Creek, California, bioassay COA
41 Commencement Bay, Wasm&;on bicassay COA
49 ll;‘]ltgehtd Sound, Washington, - benthic
50 -
52 Black Rock Harbor, Connecticut, bicassay COA
88 Lake Union, Washington, bicassay COA
94 Palos Verdes Shelf, California, benthos COA
97 Baltimore Harbor, Maryland, bivassay COA
100 Keweenaw River, Michigan, bicassay COA
1098 Keweenaw River, Michigan, bioassay COA
110 Sheboygan River, Wisconsin, bioassay COA
150 Torch Lake, Michigan, bicassay COA
350 Philltps Chain of , Wisconsin, bioassay COA
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itile: data dndicuté that chronde toxicity to freshwater organisms may ocour at
Gnssin-water us: low as 0112 ppm and that concentrations: in: seawater shoiild: not:

in -at any Hme (S, BEPA, 1986), The proposed Cadlifornia marine water
AS:ppm (Klapow and Lewis, 1979).

A rélatively small amount of data exist for relating the concentrations of silver in

sediments 40 measures of effects (Table 17). Definitive AKTs for Puget Sound could not be

- ciléitlated for many of the biological end-points and, therefore, are reported as greater<than

vilues, Co-vccurrence analyses were performed with data from Commencement Bay, San

Francisco Bay, and southern California. Sublethal tests of sediments from the Strait of
Georgla were performed with Macoma balthica.

There was little or no concordance between measures of toxicity to either amphipods or
oyster larvae and silver concentrations in Commencement Bay. Also, amphipod bicassey
data from San Prancisco Bay and southern California indicated litle concordence with
respective silver concentrations, In addition, total benthic community sbundance and silver
concenirations on the southern California shelf indicated Httle concordence, Sen Diego Bay
sediments with up to 0.8 ppm silver were not toxic in a variety of bioassaye. Several of the
Puget Sound AETs were not definitive. These duts were not considered during the
determination of ER-L and ER-M values (Table B-9),

From the remaining datg, it appears that effects were not observed in assoclation with
silver concentrations of less than about 0.6 E:pm (Table 18). The data suggest an ER-L of about
1.0 the lower 10 percentile vaiue of the available data. This value is supported by
results of an avoidance bioassay performed with M. balthica (1.0 ppm), Sen Prancisco Bay
bloassay data (1.0 ppm), and a San Francisce Bay AET (1.1 ppm). The ER-M suggested by the
dafa is 2.2 ppm, tﬁg 30 percentile value of the available data. This vaiue is supporied by
the absence of feral M. balthica in Fraser River sediments (2.1 + 1.3 ppm), low arthropod
abundance in southern California benthos (2.2 + 3.9 ppm), low species richness in southern
California benthos (2.504.1 ppm), and increased burrowing time of M. balthica exposed to -
Stralt of Georgla sediments (2.6 ppm). With several exceptions, effects were observed at
sliver concentrations of 1.7 ppm or greater {Table B-9).

The degree of confidence in the sllver ER-L and ER-M values should be consldered as
moderate. There is consistency in the clusters of data around the ER-L and ER-M values and &
weak apparent effects threshold lies within ER-L/ER-M range. However, these values ave
based um & reladvely small amount of datz and there are no data from $8Bs, nor fiom EP
approaches,
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next-cHiects data avallible for silver,

Biological Approaches

conéenhtlm {ppmy)

Apperent Bffects Threshold

1

« R. abronfus amphipod bloassay
- oyster larvae (C. glgu)pzigaﬁy
= benthic community comy

~ Microtox™ bioassay

1988 PUGET SOUND AET

~ R, alronius amphipod bioassay
~ benthic oonumtgty oon;p:;ﬁﬁon

- m lﬁl v u > DR!

- ggﬁ’crowxﬂ bloasgg“ w

PSDDA GUIDELINES (based upon Puget Sound AET)
- level concentration
- maximum level critexla

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassa
= R. abronius amphipod bioagsay

Co-Occtrrence Analyses

80

26

67

COMMENCEMENT BAY, WASHINGTON

= highly toxde (15,7 £ 3.9 dead/20) to R. abronius

- moderately toxic (5.2 + 1.1 dead/20) to R. abronius
~ least toxic (2.5 £ 0.9 dead/20) to R, abrorius

- highly toxic (44.5 £ 19% abnormal) to oyster larvae
~ moderately toxic (23 £ 2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

PUGET SOUND, WASHINGTON
- highly toxic to R, abronius (95% LPL)
» moderately toxic to R. abronius
(<87.5% survival to >95% LPL})
- least toxic to R. abroniug (>87.5% survival)

STRAIT OF GEORGIA, B.C.,, CANADA
- signdficant increase in burrowing time (ET50) of M. halthica
- significant 24-h avoldance behavior among M. balthica

FRASER RIVER, BC., CANADA
- sadiment devaid of feral M. balikice
- sediment populated by feral M. balthica

SAN FRANCISCO BAY, CALIFDRNIA
~ highly toxic (67 £ 11.8% mortality) to R. abronius

- « moderately toxic (338 + 4.7% wmortality) to R, abrorius

- least toxic (18 £ 6.6% mortallty) to R. sbronius

- significantly toxic (42.9 + 19.2% mortality to R. shronius
- not toxic (18.4 + 6.8% mortality) to R. abronius

52
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Siver dcontinuea)

Reteranced Biological Approaches

Concentrations -(_ppm")

Co-Qccurrence Analyses

- highly toxde (924 + 4.5% abnormal) to bivalve larvae 69+£25
- moderately toxic (594 + 11.3% abnormal) to bivalve larvae 1206
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae 0.5 £ 04
- significantly toxic (55.7 & 22.7% abnormal) to bivalve larvae 1.7+£22
- not toxde (31.9 + 15.5% abnormal) to bivalve larvae 06405
56 SOUTHERN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica 13414
- not toxic (23.2% mortality) to G. japonics 11419
83 - high echinoderm abundance (191.3 £ 70.1/0.1 aq. m.) 06408
= moderate echinoderm abundance (56.2 £ 23/0.1 g, m.) 0.6 £ 07
- low echinoderm abundance (6.1 +7.2/0.1 sq. m.) ' 31145
- high arthropod abundance (148 + 58/0.1 sq. m.) 09116
- moderate arthropod abundance (73 + 6.8/0.1 sq. m.) 071
» low arthropod abundance (35.3 £ 15.8/0.1 eq. mu} 22139
- high upecies richriess (96.3 £ 22.3/0.1 aq. m.) 09121
- moderate epecies richness (72 £ 3.3/0.1 sq. m.) 07+08
- low species richness (51.2 + 8.6/0.1 8q. 1:5 25+ 4.1
- high total abundance (88.9 + 35.4/0.1 . m.) 32+56
- moderate total abundance (75.6 £ 12.7/0.1 sq. m.) 1+2
- low total abundance (57.6 + 13.6/0.1 sq. m.) 13+18
06 SAN DIEGO BAY, CALIFORNIA
- 282% survival of sanddab C. stigmaeus, A. sculpta, and A. fonsg 08
- 286% survival of A. sculpia, N. arenacaedentata;, and M. nasuls 08
Reference Background Approach Concentrations (ppm)_-
12 USGS alert levels to flag 15-20% of samples analyzed 1000
Referencea:
1. Beller et al., 1986 26, DeWilt et ol,, 1988 71. McGreer, 1982

2. PTI Environmental Services, 1988 56, Anderson e al., 1988
12. Pavliou and Weston, 1983
20. U.S. ACOE, 1988

67. McGreer, 1979

53

80. Tetra Tech, 1985
66, Salazar snd Salazar, 1985 83. Word and Meams, 1979
* Various, please ses text
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TableAs.

: Effecte-rangeslow and effects | median values for sflver and 13

u tised o deterniine these values arranged In ascending order,

Concentrations (ppm) End Point

046 Puget Sound, Washington, biosssay COA

1.0 M. balthica avoidance bioassay CJA

10 8an Francisco Bay, California Bioassay COA

1.0 ER-L ‘

1.1 San Francisco Bay, California ART

17 San Francisco Bay, California bioassay COA

2.1 Feral Fraser River M. balthice ahsent COA

22 %c;:lﬂ!::m Californda arthropod abundance COA

22 o

25 Southern California species richness COA

26 M, baltkica burrowing time bloassay COA

3.1 Southern California echinoderm abundance COA

5.2 : Puget Sound, Washington AET - benthic

6.1 Puget Sound, Washington AET - amphipod

6.9 San Francisco Bay, California bioassays COA
T

No data were found with which total tin concentrations could be related to effects in
sediments, However, organotin concentrations in sediments can be related to toxiclty with
data from two small studies (Word ¢f al, 1988; Salazar and Salazar, 1985). Significant
percent mortality among amphipods (R. abromiug} was observed inconsistently (i.c., Jome
samiples were toxic, some others were not) over a range of tributyltin concentrations of 18.7 to
2,214 ppm dry weight and over a range of total butyltin concentrations of 30 to 3,011 ppm dry
weight in tests of Oakland Inner Harbor sediments (Word ef al., 1988), Over 86 percent
survival of m{slds {Acanthomysis sculpta) was observed in bioassays of San Diego Bay
sediments with a range of tributyltin concentrations of 155 to 780 ppm wet weight (no
moisture content data provided) (Salazar and Salazar, 1985).

Because of a lack of dats, no consensus values can be determined for the concentrations of
tin in sediments that are associated with biological effects.

Zinc

Freshwater dmhnids are sensitive 10 zinc at concentrations as low as 51 ppm in water;
chronic effects in daphnids have been observed at concentrations as low as 47 ppm; LC50s for
saltwater fish range from 192 ppm to 320400 ppm; and chronic effects among marine mysids
occur as low as 120 ppm (U.5. EPA, 1986). The proposed marine water quality standard for
California 18 20 ppm (Klapow and Lewis, 1979).

A relatively large amount of data are available to use in relating measures of effects to
zine concentrations in sediments (Table 19). They are available from all of the major
approaches to the development of sediment quality standards. AET values for Puget Sound
and San Francisco Bay are listed in Table 19. Co-occurrence analyses were performed with
data from Commencement Bay, San Francisco Bay, ?u§et Sound, southern California, DuPage
River, Kishwaukee River, Keweenaw Waterway, Trinity River, Massachusetts Bay, FHudson-
Raritan Hstuary, Baltimore Harbor, and other areas, Chronic and acute EP thresholds are

available, assuming a 4 percent TOC content. Data from SSB performed with R. abronius
and Ponotoporeia ag‘im’s are avaiiable.

4
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ts:t0:the benthos were observed at the Georgetown, South Carolina digposal site.
betwaen toxicity and 2inc concentrations. was apparent in tests 0f-Cubsatao
ts. No-concordance between total-aburciance of benthos and zinc concentidtions
nt for southérn Cilifornis. A relatively poor correlation between species
-t and zinc concentrations in Norwegian fords was reported. A relatively small

rgdient in 2inc concentrations was reported for sediments from the Kishwaukee River,
{llingis. A sélatively poor correlation between M. balthica burrowing time and zinc
concefitrations was reported. Relatively poor concordance between toxicity to amphipods and
Zinc: concentrations was apparent in the data from San Prancisco Bay. These data were not
considered in the estimation of ER-L and ER-M values (Table B-10),

From the remaining data, it sppears that biologica! effects have not been observad in
assoctation with zinc concentrations of about 50 ppm or less in sediments (Table 20).
Behavioral effects upon the amghlpod R. abronius and the shrimp P. affinis have been
observed at zinc concentrations of 51
.pgm, the lower 10 percentile value of the availabie data. This value is supported by
observations of low specles richness among Massachusetts Bay benthos (117 1 42 ppm),
significant mortality among Daphnis magna exposed to Trinity River sediments (121 + 20
ppm), high mortality among H. azfecs exposed to Waukegan Harbor sediments (127 ppm), and
& San Francisco Bay AET based upon bivalve larvae bloassays (130 ppm). hﬁt a few
exceptions, biological effects were usually observed at zinc concentrations of 260 ppm or
greater (Table B-10). Also, the 50 percentile of the available data is ec{uivalent to about 270
ﬂ)m, the ER-M suggested by the data. This value is supported by b

Judson-Raritan estuary (245 £ 201 ppm) and Little Grlzz?y Creek (267 & 298 ppm), a Puget
Sound AET (260 ppm), and an LT50 for a S9B with R. abronius (276 ppm).

The degree of confidence in the ER-L and ER-M values for zinc should be considered as
relatively high, Both of the values are supported by a consistent cluster of data derived
from more than one data set and /or approach. The available data strongly suggest that
sublethal and other sensitive measures of effects occur at zinc concentrations of about 50 to 125

m and that effects almost always occur at or above zine concentrations of 260 ppm.
owever, several of the Puget Sound AET values and the two EP thresholds suggest that
thresholds for effects occur at concentrations much higher than the ER-1, and ER-M values.

Table 19. Summary of sediment effects datz avallable for zinc.

to 124 tgpm. The ita suggest an HR-L value of about 120

oassay data from the

References Biologicai Approaches Concentratlons (ppm)
Apparent Effects Threshold
1 1986 PUGET SOUNL AET
- R. abronjus amphipod bioassay 870
~ oyster larvae (C. gigas) biocassay 1600
- benthic community composition 260
- Microtox™ bioassay ‘ 1600
2 1988 PUGET SOUND AET
« R. abronius amghipod bioassay 960
- oyster larvae (C. gigas) bioassay 1600
- benthic community composition 410
- Microtox™ bioassay 1600
20 PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration 160
- maximum level criterion 1600
55
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© ‘Table 19, Zine {continued)

Blological Approaches

Concentrations (ppm)

Apparent Bffects Threshold

.

SAN FRANCISCO BAY, CALIFORNIA AKT
- bivalve larvae blonssa
= R. abronius amphipod bloassay

Co~Occurrence Anslyses

80

26

29

39

67

COMMENCEMENT BAY, WASHINGTON

- highly toxic {15.7 £ 3.9 dead/20) to R. abronius

- mixlerately toxic (5.2 £ 1.1 dead/20) to R. abronius
- least toxic (2.5 £ 0.9 dead/20) to R. abronius

- highly toxic (44.5 £ 19% abrormal) to oyster larvae
- moderately toxic (23 + 2.3% abnormal) to oyster larvae
« least toxic (15,1 & 3.1% abnormal) to oyster larvae

PUGET SOUND, WASHINGTON

- non~toxic (>87.5% survival of R, abronius)

~ moderately toxic (<87.5% to >95% LPL to R. abronius)
- highly toxic (95% LPL to R. abrornius)

LAKE UNION, WASHINGTON
~ 95% mortality to H. azleca

DUWAMISH RIVER, WASHINGTON
- (-10% mortality to P. pugio

FRASER RIVER, B.C.,CANADA
- sediment devoid of M. balthica
- sediment populated by M. balthica

STRAIT OF GEORGIA, B.C., CANADA
- signdficant increase in burrowing time (ET50) of M, balthica
- significant 24-h avoidance behavior among M. balthica

SAN FRANCISCO BAY, CALIPORNIA

- highly toxic (67 :t 11.8% mortality to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18  6.6% mortality) to R. abronius

- significantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (184 *+ 6.8% mortality) to R, abromius

- highly toxic (924 % 4.5% abnormal) to bivalve larvae
- moderately toxic {59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve iarvae

- significantly toxic (55.7 £ 22.7% abnormal) to bivaive larvae
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae

PALOS VERDES SHELF, CALIFORNIA
- "major degradation" to macrobenthos (20.2sp./0.1m. sq.)

130

941 £ 1373
211 + 342
079

387 + 783

185 + 335
107 £ 122

114 + 52
195 & 166
707 + 955

320
72

169 * 53
65£19

109
172

187 + 115
146+ 73
171 £ 91

158 + 87
177 £ 9%

519
172£92
B9+ 41
154 £ 91
136+ 78

739 + 139
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Table 29, Zisic (continued)

Refurences Biologlesl Approrches Concentrstions (ppm)

Co-Ocurrence Analyses

56

¥

55

55

74

61

- significantly toxic (51.65% mortality) to G. japonics B+ 234
- not toxie ayM% moriality) to G. jcgonica Tepeo 2124243
- high echinoderm abundance (1913 + 70.1/0. sq. m.) 5013
- moderate echinoderm sbundarce (56.2 £ 23/0.1 8q. m.) 551 34

» low echinoderm abundance (6.1 £ 72/0.1 sq. m.) 2301444
- high arthropod abundance (148 + 58/0.1 sq. m.) ' 51224

- moderate uthrombundame (726 £ 6.8/0.1 sq. m.) 52+28

- low urthropod abundance (35.3 + 158/0.1 sq. m. 182 4 384
- high species richness (96.3 + 22.3/0.1 ¢q. m) 714106
- moderate species richness (72 + 3,3/0.1 sq. m.) 50+22

- low species richness (51.2 £ 8.6/0.1 sq. m. 197 £ 415
- high total abundance (88.9 + 35.4/0.1 ocul m.) 347 +: 592
~ moderate total abundance (75.6 £ 12.7 /0.1 sq. m.) 53+ 28

- low total abundance (57.6 £ 13.6/0.1 sq. m.) 73+ 81
LOS ANGELES HARBOR, CALIFORNIA '

- »50% monrtality to P. pugio (20% elutriate bioassay) 223
LITTLE GRIZZLY CREEK, CALIFORNIA

~ significant mortality to D. magna 267 £ 298
PHILLIPS CHAIN OF LAKES, WISCONSIN

- significant mortality to D. magna 570

- low mortality (0-5%) to D. magna 2164213
SHEBOYGAN RIVER, WISCONSIN

- significant mortallty to prawn, M. rosenbergii 290+ 1D
WAUKEG M HARBOR, ILLINOIS - |

- highly toxic (66.3 + 4.23% mortality) to H. azfecs 127

DUPAGE RIVER, ILLINOIS
~ least number of benthic macroinvertebrate toa (6.7 £ 2.5/site) 327+ 162
- highest number of benthic macroinvertebrate taxa (158 + 2/site) 182+ 56

KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (8.4 £ (.5/slte) 107 £ 31
~ highest number of benthic macroinvertebrate taxa (163 £ 4.6/slte) 96452

KEWEENAW WATERWAY, MICHIGAN

- significantly toxic to D. magna 168 £ 52
- not toxic to D, magna 69124
- mean concentration in highly toxic (northemn) sediments to
D. magna 154
~ mean concentration in least toxic (southern) sediments to :
D, magna 62
57
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“Pible 19, Zine (continued)

Referances

Biologlcal Approaches

Concentrations (ppm)

Co+Occurrence Anal;ses

55

75

a2

39

39

39

40

41

TORCH LAKE, MICHIGAN
- gignificant mortality to D. magna and H. limbata.

TRINITY RIVER, THXAS
- significant mortality to D. magna
- low mortality to D. magna

MASSACHUSETTS BAY, MASSACHUSETTS

~ high benthos species richness (93.6 + 9.4/0.1 sq. m.)

- moderate benthog species richness (58.2 + 105/0.1 sq. m.) -
~ low benthos species richness (31 £ 6.5/0.1 sq. m.) :

NEWPORT, RHODE ISLAND
- 0% mortality to P. puglo

BLACK ROCK HARBOR, CONNECTICUT
- 100% mortality to polychaete, N. virens

STAMPRORD, CONNECTICUT
«10% mortality to P, puglo

NORWALEK, CONNECTICUT
- 0% mortality to P. pugio

HUDSON-RARITAN BAY, NEW YORK ‘
- negative rate of growth in nematode, C.germanica
~ positive rate of growth in nematode, C.germanica

BALTIMORE HARBOR, MARYLAND
~ most toxic to mummichogs (5.1 + 3.5 TLm) spot (5.9 + 34 TLm)
- Teast toxic to mummichogs (43.2 £ 31.1 'I'L.m?:pot {24 £ 5.6 TLm)

GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos ypecies richness or abundance

CUBATAO RIVER, BRAZIL
« 24-h BC-50 with D. simillis

NORWEGIAN FJORDS, NORWAY
- 50% reductior: from max in Hurlbert’s benthic species diversity index

Equilibrium Pariitioning

7
4

EPA acute marine EP threshold (@4%TOC)
EPA chronic marine EP threshold (@¢%TOC)

Spiked-Sediment Bioassays

1"

54.7% dead out of 53 R. gbromius in 72-h bioassay
67.2% avoldance, out of 59 R. abronius in 72-h, 2-choice experiment
66.7% avoidance, out of 45 R. abronius, in 72-h, 2-choice experiment

58

310

121 £ 100
LLEZ Y

32+7
98 £ 64
117+

55

234
340
636

449 + 252
45+201

1804 % 2008
738 £ 3%

"1

20

2240
760

613
51
188
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Table 19. Zinc (continued)

References Biological Approaches Concentrations (ppm)

$piked-Sediment Biossays

18 LCS0 for R. abronius in 10-d bioassay 276
63  Activity behavior of Pontoporeia significantly decreased, 5-day exposure 59-124
27 LCO5 for Zn and LC76 for Cd, R, abrordus, 72-h bicassay 79
LCO8 for Zn and LCI8B for Cd, R. abronius, 72-h bicassay 76
References Background Approuch Concentrations (ppm)
68  Great Lakes Harbors
- Claseification of wﬂum sediments : <50
- Classification of moderately polluted sediments 90-200
- Classification of heavily polluted sediments >200
43 New England interim high contamination level for dredge material >400
12 EPA on V guideline for pollution classification of sediments 90
USGS alert levels to flag 15-20% of samples analyzed 5000
Oritario Ministry of the Environment Dredge Spoil Guidelines 100
EPA Region VI proposed guldelines 7B
FWPCA Chica uidelines;
« LIGHT (no alteration to benthos) 0-90
- MODERATE: (predominance of pollutant-tolerant benthos) 90-200
- HEAVY: (benthos absent or abundance reduced) >200
EPA Jensen Criteria for open water dredge material disposal 50
EPA Reglon VI proposed guidelines for sediment disposal 75

20 EPA/ACOE Puget Sound Interim Criteria (central basin background) 105
23 Rotterdam Harbor sediment guality classifications

- Class 1 (slightly contaminated) - <3N0
» Class 2 (moderately contaminated) 370-1160
- Class 3 (contaminated) 1160-2330
- Class 4 (heavily contaminated) »2330
References;
1. Beller er al., 1986 40, Zagatto es al,, 1987 68, Bahnick et al., 1981
2. PTI Environmental Services, 1988 41, Rygg, 1985 71. Simmers ef al., 1984
4, Bolton et al,, 1985 43, NERRC, 1930 72. Ingersoli and Nelson, In presg
11, Cakden et al., 1984a : 50. Swartz ef al., 1986 74. Tatem, 1986
12. Paviou and Weston, 1983 54. Maleug er al., 19848 75, Qasim et al., 1980
17. Lyman et af., 1987 53. Maleug et al., 1984b 77. McGreez, 1982
18. Swartz ¢ al,, 1988 "56. Anderson et al., 1988 79, Tietien and Les, 1984
20, US, ACOE, 1588 60, Ninois EPA, 1988a 80, ‘Tetra Tech, 1985
23, Jangen, 1987 61, Illinois EPA, 1938b 82, Gilbert et al., 1976
26. DeWitt ef al., 1988 62. Tsal et al., 1979 83, Word pnd Meams, 1979
27, Qakden ¢t al., 1984b 63. Magnuson et al. 1976 * Various, Please ses ext
29 Yaoke et al., 1986 64. Van Dolak ef al., 1984
39 Lee and Mariani, 1977 67. McGreer, 1979
59
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Table 20. Rffects

rmgvhwmddﬁcumnsmdhnmﬁummmdts

concentrations used to determine these values arranged in ascending order

Concentrations (ppm)

Engd Point -

51
5124
98

117

2240

Sublethal 8SB with R, abronfus
Sublethal S9B with P. affinis

' Massachusetts Bay, Massachugetts benthos COA

gdl:mchuoem Bay, Massachusetts benthos COA
~L

Trinity River, Texas bioassays COA

Waukegan Harbor, lllinois bicassays COA

San Francisco Bay, California

Keweenaw Waterway, Michigen bioassays COA
Keweenaw Waterway, Michigan bioassays COA
Feral Fraser River M. balthica absant COA

M. balthica avoidance bioassay COA

San Francisco Bay, California bioassays COA
Southern California arthropod abundance COA
Commencement Bay, Washington bioassays COA
Sublethal SSB with R, abromiug

Puget Sound, Washington biocassays COA
Southern Californin species richness COA

San Francisco Bay, California bicassays COA
Commencermnent Bay, Washington bioassays COA
Los Angeles Harbor, California bloassays COA
San Francisco Bay, California AET

Southern California echinoderm abusiance COA
Puget Soundt, Washington AET - benthic

Littte Grizzly Creek, California bloassays COA
BR-M

558 with R. abronius LC50

Sheboygan River, Wisconsin bioassays COA
Torch Lake, Michigan bloassays COA

Lake Union, Washington bioassays COA
DuPage River, Hlinois species richness COA
Black Rock Harbor, Connecticut bioassays COA
Southern California bipassays COA
Commencement Bay, Washington bioassays COA
Pugei Sound, Washington - benthic
Hudson-Raritan Bay, New York bioassays COA
Phillips Chain of Lakes, Wisconsin bioassays COA
58B with K. abronius

Puget Sound, Waahhgon bloassays COA .
Palos Verdes Shelf, California "ma!l?agegmdnﬁon" COoA
EP marine chronic threshold @ 4%

Puget Sound, Washington AET - amphipod
Commencement Bay, Washington bioassays COA
Puget Sound, Washington AET - amphipod
Puget Sound, Washington AET - oyster

Puget Sound, Washington AET - Microtox™

Baltimore Harbor, Maryland bioassays COA
EP mmnugu::_mmznld @ 4%

ezl 4,;:.@;;5?;-5_-..-_.%,,...7_‘,.,f‘,%%w%gWg:,ww_,,;‘,",-wquww_,.,.:...,. v
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Other Major and Trace Elemento

~ Data with which measures of biological effects could be related to the concentrations of
o aluminum, fron, manganese, silicon, um, and selenium were not found, Thereford, no ER-
g 11& s?&r mms were determined for these analytes that are quantified in sediments by the

BCha

Acute toxicity of PCBs in water to freshwater aquatic organisme probably occurs at
concentrations above 2.0 ppm and above 10 for saltwater speclea (U.S. BPA, 1906). LC50s

for Avoclor 1242 tested in 96-h bloassays with Palaemonetes pugio ranged from 15 to 57 ppm
{Mayer, 1987) ‘

A considerable amount of data exist with which PCB concentrations in sadiments and
measures of biological effects can be related (Table 21). Most of these data are from field
studies and were evaluated with co-occurrence analyses. Matching biological and chemical -
Cata are available from Puget Sound, Commencement Bay, San Francisco Bay, southern
California, San Diego Eay, DuPage River, Kishwaukee River, Waukegan Harbor,
Mississippt River, Trinity River, Massachuset!s Bay, Baltimore Harbor, Hudson-Raritan
estuary, and other areas. AET were listed for Puget Sound and San Francisco Bay. An EP

chroric marine threshold was available, along with marine and freshiwater SLCs and resulis
of two s85B experiments.

Data from the Trinity River indicated no gradient in PCB concentrations among stations,
Most of the Mississippt River data indlicated no concordance between toxicty and PCB
concentrations. No gradient in PCB concentrations among Massachusetts Bay stations was
apparent. There was very little concordance between bivalve larvae bioassay resulis and

B concentrations in San Francisco Bay., Data from southern California indicated no
concordance batween total abundance of benthos and PCB concentrations. There was no
concordence between maoderately and highlgr toxic samples and PCB concentrations in data
from Commencement Bay. There was very litle difference in PCB concentrations in samples
from Puget Sound that were moderately toxic versus those that were highly toxic. No
concordance was apparent between toxicity and PCB concentrations in tests of southern
California sediments. San Diego Bay sediments were not higsh'l?r toxic. These data were not
considered in the estimation of ER-L and ER-M values (Table B-11).

It appears that biological effects may begin in association with PCB concentrations above:
about 3 ppb (Table 22). The ER-L suggested by the data is 50 ppb PCB (54 rounded to 50
ppm), rguivalem to the lower 10 percentile value of the avallable data. This value is
supported only by the two marine SLCs (36.6 and 42.6 ppb) and a San Francisco Bay AET for
bivaive larvae (based upon data that indicated weak concordance~54 ppb). The data suggest
an ER-M of about 400 gsb; a value supported by Commencement Bay samples highly toxic to
oyster larvae (mean 3 rlp b) and the mean concentration in southern California sediments
with moderate species richness (400 ppb). With very few exceptions, efiects were almost
always associated with PCB concentrations of 370 ppb or more (Table B-11).

The degree of confidence in these values should be considered as moderate. There are
data from all of the major approaches, the overall apparent effects threshold is roughly
ﬂulvnlent to the ER-M concentration, and consistent clusters of data support the ER-L and BR-

values. However, much of the data available from the various approaches are not
consistent. The highest and lowest Puget Sound AETs differ by over an order of magnitude;
the data from the only single-chemical SSB indicate reiatively low acute toxicity and a
value {(LCS0 of 10,800 ppb} inconsistent with much of the other data; PCB concentrations in
Waukegan Harbor sediments determined to be toxic in Microtox™ tests differed by four orders
of magnitude from those determined to be toxic in Puget Sound with the same tes; and the
marine and freshwater SLCs are much lower than the concentrations associated with benthic
effects in other studies. Since the only data from a SSB unexpectedly indicated an LC50
much higher than the PCB concentrations nesoclated with measures of effects in the field,
PTBs in field-collected sediments may be highly particle-bound and not bioavailable and for

61
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they ma‘ have a refatively minor role in causing biological effects such as acute mortali
relative t% other oo-ocmrd:’l’g contaminants, v

Table 21, Summary of sediment effects data available for PCBs.

References Riological Approaches

Concentrations (ppb)

Appaorent Etfects Threshold

1

1986 PUGET SOUND AET

- R. abronius amphipod bioassay

- oyster larvae (C. gigas) bioassay
-benthic community composition

~ Microtox™ bloassay &

1988 PUGET SOUND AET

~ R. abronius amphipod bicassay
~ oyster larvae (C. gigus) bioassay
~benthic community composition

~ Microtox™ bioassay

PSDDA GUIDELINES (based upon Puget Sound AET
- screening level concentration
- maximum level criterion .

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassngr
- R. alronius amphipod bioassay

Co~Occurrence Analyses

80

26

29

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.74£3.9 dead/20) to R, abronius

- moderately toxic (5.2+1.1 dead/20) to R. abronius
- Teast toxic {2.540.9 dead/20) 10 R. abronius

- highly toxic (44.5£19% abnormal) to oyster larvae
~ moderately toxie (2342.3% abnormal) to oyster larvas
- least toxic (15.143.1% abnormal) to ayster larvae

PUGET SOUND, WASHINGTON

~ highly toxic (<85% LPL to R. abronius)

- moderately toxic (<87.5% to >95% LPL to R. abronius)
- non-toxic (287.5% survival of R. abronius)

LAKE UNION, WASHINGTON
- 95% mortality to H. aziecs

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67  11.8% mortality) to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
« least toxic (18 & 6.6% mortality) to R. abronius

- significantly toxic (42.9 1 19.2% mortality) to R. abroniys
- not toxic (18.4 + 68% mortality) to R. abronius

- highly toxic (32.4 * 4.5% abnormal) to bivalve larvae

- moderately toxic {59.4 & 11.3% abnormal) to bivalve larvae
- least toxic (23.3 1+ 7.3% abnormal) to bivalve larvae

62

1100
1100
130

3100
1100
1000
130

38132
251 + 556
61 £ 88

368 + 695

140 + 262
28427

276 + 365
259 £ 407
99 + 120

4300

169 £ 171
151 £.260
94 1147

146+ 218
101 £ 153

L1 100

165 232
26416
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Table 21, ¥YCBs {continued)

References Biological Approaches

Concentrations (ppb)

Co-Occurrence Analyses

24

69

75

- slgnlﬂcant:l*y toxde (§5.7 £ 22.7% abnormal) to bivalve larvae
1.9 £ 158% abnormal) to bivalve larvae

- not toxic (

- sediment quality trlad mintmura or no bloeffects
- sediment quality triad significant bioeffects

SOUTHERN CALIFORNIA

- significantly toxic (51.7% mortality} to G. japonica
- not toxie (23.2% mortality) to G. gponim

- low echinoderm abundance (6.1 + 7.2/0.1 sq, m.)

- moderate echinoderm abundance (56,2 £ 23/0.1 sq. m.)

- high echinoderm abundance (1913 + 70.1/0.} 5q. m.)

- low arthropod abundance (35.3 + 15.8/0.1 sg m.)
abundance (72.6 + 6.8/0.1 5G. m.)

- moderate arthropod

- high arthropod abundance (148 £ 58/0.1 sq. m.)
- low species richness (512 + 8.6/0.1 sg. m.)

« moderate specles richness (72 + 3.3/0.1

5G. m.)

- high specles richness (96.3 + 22.3/0.1 sq. m)

- low tota} abundance (57.6 £ 13.6/0.1 sg. m.)
.;’0.1 . L)

- moderate tolal abundance (75.6 £ 12

- high total abundance (88.9 + 354/0.1 sq. m.

SAN DIEGO BAY, CALIFORNIA

- 282% survival of C. stigmacus, A. sculpts, A. tonsa

- 286% survival of A. sculpia, N, arenacaedentata, M, nasuta

DUPAGE RIVER, ILLINOIS

- least nuinber of benthic macroinvertebrate taxa (6.7 £ 2.5/site)
« highest aumbar of benthic macroinvertebrate taxa (15.8 £+ 2/site)

KISHWAUKEE RIVER, ILLINOIS

- least nuinbes of benthic macroinvertebrate taxa (8.4 £ 0.5/site)
- highest number of benthic macroinvertebrate taxa (16.3 + 4.6/site)

WAUKEGAN HARBOR, ILLINOIS

~ high Microtox™ toxicity (average EC50 of 47.7 £ 15.2)
- moderate Microtox™ toxicity (average EC50 of 128.7 - 49.3)
- low Microtox™ toxicity (average BC50 of 368.1 + 101.7)

MISSISSIPPI RIVER

- 80 to 100% survival (92 £ 6.3) of G. jreudolintnacus
- 25% survival of mayfly (Hexagenia sp.; n=1}

- 80-100% survival of mayfly (Hexagenia sp.)

- 53% * 10% survival of mi (fes (C. tentans)

« 90% % 5.8% survival of mi

TRINITY RIVER, TEXAS
- gignificant mortality to D. magna
= low mortality to D. magna

ges (C. tentans)

127 £171
216+ 376

5100
2160

272+ 217
480+ 724

1300 + 2700
30+ 50
20120

1000 + 2400
6070
80 + 100

1110 + 2610
400 £ 600
220 £ 540

160 + 430
8+ 140
2260 4 3530

25
25

190 + 214
31+19

128 £ 264
7x6

355,080 + 6,598,300
1,141,300 + 2,229,700
ND-174

60

<1.13
12420
G¢74+03
15122

0.005 + 0
0.005 0
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Table 21. PCHs (continued)

References Blological Approaches

Concentrations (ppb)

Co-Occurrence Analyses

82 MASSACHUSETTS BAY, MASSACHUSETTS o
- low benthos specles richness (31 + 6.5/0.1 sq. m.) 545 .
- moderate benthos species richness (58.2 £ 10.5/0.1 sq. m.) 545 o
~ high benthos species richness (93.6 1 9.4/0.1 sq. m.) 2%1
58 BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A, abdita in 10-day bloassay 1700
7% HUDSON-RARITAN BAY, NEW YORK
- negative rate of growth in nematode, C.germanica 638 + 512
- positive rate of growth in nematode, C.germanica 290 1 502
4 NEW YORK HARBOR
- <10% mortality to N. virens, M. mercenaria, P. pugic 7280
62 BALTIMORE HARBOR, MARYLAND
= most toxic to mummichoge (TLm5.1 £ 3.5), spot (TLm5.9 . 3.4) 1100 + 800
= least toxic to mummichogs (TEm&3.2 + 31.1), spot (TLm24 + 5.6) 180 £ 160
64 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL SITE,
SOUTH CAROLINA
~ no effects upon benthos species richness or aburvlance 50
National Screening Level Concentrations
5  Freshwater sediments @ 1% TOC 28
Marine sediments @ 1% TOC 426
14  Marine sedisnents @ 1% TOC 36.6
Equilibrium Partitionirg
4 EPA chronic marine EP threshold (@4%TOC) (hexa-CB) 280
Spiked Sediment Bloassays '
18 LC50 for R. abronius in 10-d bicassay 10800
65  significant toxicity to R. abronius in 10-¢ bicassay 1000 + 300
References Background Approach Concentrations (ppb}
68  Great Lakes Harbors
~ Clasgification of heavily polluted sediments 210000
43  New England interim high contamination level for dredge material 1000
12 EPA on V guideline for pollution classification of sediments 1000-10000
USGS alert levels to ﬂaﬂ&m% of samples analyzed 20
Ontario Ministry of the Environment Dredge Spo{ Guidslines 50
2 EPA/ACOE Puget Sound Interim Criterin (central basin background) 380

64
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Table 21, PCBs (continued)

References Background Approaches Conceniraticns (ppb)
23 Rotterdam Harbor sediment quality classifications
= Class 1 (slightly contarninated) <100
« Class 2 (moderately contaminated) 100-250
= Class 3 (contaminated) 250-500
- Class & (heavily contaminated) >500
References:
1. Belleretal., 1986 24, Ross et al., 1988 64. Van Dolah er 2l., 1984
2. PTI Environmenta! Services, 1988  26. DeWitt et ol., 1988 65. Plesha &7 al., 1988
4. Bolton ef al., 1985 29. Yake et al., 1986 66. Salazar und Salazar, 1985
S. Neff et al., 1986 43, NERBC, 1980 -68. Balmick et al., 1981
7. Chapman et af., 1987 44. Rubensioin ¢t al., 1983 69, Marking ef al., 1981
12. Paviou and Weston, 1983 36. Anderson ef of., 1988 75. Qusim et al,, 1980
- 14, Neff et al., 1987 , 58. Rogerson ef al,, 1985 79. Tictjen and Les, 1964
18. Swarz et al., 1988 60, Ilinois EPA, 1988a £0. Tetra Tech, 1985
20. U.S. ACOE, 1988 61. HHnois EPA, 1988b B2, Gilbert et al, 1976
23, Jansen, 1987 62. Taai et al., 1979 83. Wond end Mearng, 1979

* -Various, pleass sce text

Table 22, Effects range-low and effects range-median values for PCHBs and 34
concentrations used to determine these vaives arranged in aacending order,

Concentrations (ppb) End Point
29 Preshwater SLC
36.6 Marine SLC
426 Marine SLC
50 ER-L
54 " San Francisco Bay, California AET
<100 San Francisco Bay, California triad minimum bioeffects COA
128 Kishwaukee River, illinois benthos COA
130 Puget Sound, Washington AET - Microtox™
140 Commencement Bay, Washington bloassay COA
146 San Francisco Bay, Callfornia, bioassay COA
151 San Francisco Bay, California bicassay COA
2160 San Francisco Bay, California triad significant bloeffects COA
. 165 San Franclsco Bay, California bioassay COA
190 DuPage River, lllinois benthos COA
259 Puget Sound, Washington bioassay COA
200 San Prancisco Bay, California AET
280 EP chronic marine @ 4% TOC
368 Commencement Bay, Washington bloassay COA
420 ER-M
400 Southern Californda benthos COA
638 Hudson-Raritan Bay, New York bioassay COA
1000 Puget Sound, Washington AET - benthic
1000 Southern California arthropod abundance COA
65
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Table 22. {continued)

Concentrations (ppb) End Point
_ 1000 SSB with R. abroniug (PCBs mixed with hydrocarbons)
® 1w Puget Sound, Washington AET - oyster
‘ 1100 Puget Sound, Washington AET - benthic
1110 Baltimore Harbor, Maryland bioassay COA
1100 Southern California species richness COA
1300 Southern California echinoderm abundance COA
1700 Black Rock Harbor, Connecticut bicassay COA
2500 Puget Sound, Washingtonr AET - amphipod
3100 Puget Sound, Washington AET - amphipod
4300 e Union, Washington toxicity COA
10800 SSB with R, abronius LC50
355050 Waukegan Harbor, Illinois bloassay COA
1141300 Waukegan Harbor, lllinots bloassay COA
Eeaticldes:

DDT and Metabollies

Data and estimates of threshold concentrations have been reported as the concentrations
for each of the six isomers (p,p-DDT, %#-DDT, pp-DOD, 0,p,-DDD, p,p-DDE, 0,p-DDE); as
the total of the two isomers each of DDT, DDD, and DDE; and as the concentration for the
total of all six of these isomers of DDT. Therefore, within the limits of data availability,
the data are treated separately here for each of the isomers and for the total. However,
this approach has the unfortunate effect of recucing the amount of data available for any
oneg oF the isomers and for the total of the ispmers.

The criterion to protect freshwater aquatic organisms is 0.001 ppm as a 24-h average and
the concentration should not exceed 1.1 ppm at any time; the criterion to protect saltwater
species is also 0.001 ppm as a 24-h average and the concentration should not exceed 0.13 ppm
at any time (1.S. EPA, 1986), Avallable data indicate that acute toxicity of DDE occurs at
concentrations as low as 1,050 ppm in freshwater and 14 ppm in saftwater (U.S. EPA, 1986).
The LC50s for p,p-I2DT, p,p-DDD, and p,p’-CDE were 0.45 ppm for a mysid (96-h test); 20
ppm for spot (48-h test); and over 100 ppm for spot (48-h test), respectively.

Data are avatlable for either p,p'-DDT or the sum of 0,pDDT and p,p-DDT from Puget
Sound AET, San Franclsco Bay bioassays, Palos Verdes bloassays (with very amall sample
sizes), benthlc effecto at the Georgetown disposal site, S§B with R. abronivs, and various
afpllcatlons of EP a;gmaches {Table 23). The seven LC508 determined in the spiked
bioassays averaged 4%.5 ppb and ranged from 11.2 to 125.1 ppb, assuming 1 percent TOC
content. The data for p,p-DDT and the sum of the two isomers were freated as equivalent,
since o,p-DDT was rarely reported at high concentrations. There was no concordance
between DDT concentrations in San Francisco Bay sediments and effects to bivalve larvae
exposed to the sediments; neither the co-occurrence nor the AET data were used further.
Likewise, there was no appreciable gradient in DDT concentration between samples least
toxic to amphipods versus those moderaiely toxir to amphipods among 5an Francisco Ba
sediments. Two of the Puget Sound AETs were not definitive, These data and the small
amount of Palos Verdes data were not used to estimate ER-L and ER-M values (Table B-12).
The rematnh_;%ddata suggest an ER-L of about 1.0 PK:) DDT, the lower 10 percentile of the data
{Table 24). s value is supported by EP-based thresholds of 0.7 and 1.6 prb (assuming 1%
TOC content). The data sugl%lest an ER-M of about 7 ppb, roughly equivalent to the 50

rcentil. value of the data. This value is supported by moderate toxiclty to bivalve larvae
6.6 ppb) and significant toxicity to amphipods (7.5 pﬁl exposed to San Francisco Bay
sediments. With several exceptions, effects were usually observed at concentrations of about. 6
ppb or greater (Table B-12).
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end of the b
than:over a broad

xhy Qgee of confidence in the p,p'-DDT ER-L and ER-M values should be mmidered as
low, The data points do not cluster about the ER-L or ER-M values, especially at the u_%ﬁ:r
H

of areas. However, except for

fects range, .Also, the values are based upon data from a few areas ra
EP-derived values, the highest

andlowest threshold values differ by about an order of magnitude (3.9 to 49.5 ppb).

~ Table 23. Summary of sediment effecis data available for p,p-DDT.

References

Biological Approaches

Concenirationa (ppb)

Appurent Efferts Threshold

1

- 1986 PUGET SOUND AET

- R. abronfus amphipod bioassay
- oyster larvae (C. glgas) bicassay
- benthic community composition

1988 PUGET SOUND AET

= R, abronius amphipod bicassay
- vyster larvae {C, gigss) bioassay
- benthic community composition

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioussagr
- R. abronjus amphipod bioagsay

Co-Occurrence Analysey

49

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 £ 6.6% mortality) to R, abronius

- significantly toxic (42.9 + 19.2% moriality) to R. abronius
- not toxic (184 + 6.8% mortality) to R. abronius

~ highly toxic (924 + 4.5% abnormal) to bivalve larvae
- moderately toxic (594 + 11.3% abnormal} to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal} to bivalve larvae

- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae

- not toxie (31.9 + 15.5% abnormal) to bivalve larvae

PALOS VERDES, CALIFORNIA
- significantly toxic to R. abronius (n = 2)
- not toxic to R. abronius (n=1)

GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- np effects upon benthos species richness or abundance

Equilibrium Partitioning

17

4

EPA acute marine EP threshold (@ 4% TOO)
EPA chronic marine EP threshold (@ 4% TOC)

EPA chronic marine EP threshold (@ 4% TOC)

67

12£25
2%2
1+3

8118
1+3

0602
7118
24

5+15
3té

83
74

8412

oo oin oS o S




Table 23, pyp~DDT (continued) -

Riferances Blological Approaches Concentrations {ppb)-
Equilibglum Parfitioning
25 Sediment safe Jevel based upon sediment/water partitioning .
coefficiont and acute water quality criteria (@ 1% TOC) 210
Sediment safe Jevel besed upon sediment/water partitioning
coefficient and chronic water quality criteria (@ 1% TOC) 1.6
13 95 percentile cironte marine permissable (sediment/water
partition coefficlent) 0.7
99 percentile chronic marine permissable (sediment/water
pertition coefficlent) 0.4

Splked Sediment Bloassays

16 Overall mean LCS0 for R. abrorius in Puget Sound, Washington
sediments (@ 1% TOC) (LC50s ranged from 11.2 1o 1251 ppb) 485

References:

1. Beller 2t al., 1986 9. Swartz et al., 198516, 25. Pavion, 1987

2, PYI Environmenta! Services, 1988 16, Word et al., 1987 64, Van Dolah et al., 1984
4. Bolton et al, 1985 17, Lyman et al,, 1987 * -Various, please ses text

Table 24, Bffects range-low and effects range-median values for p,p“DDT and 15
concetitrations used to determine these values arvanged in  ascending order.

Concentrations (ppb) End Point
0.4 EP 99 percentile chronic marine
0.7 EP 95 percentlle chronic marine
1-0 BR’L
1.6 BEP chronic safe level @ 1% TOC
3.9 Puget Sound, Washington, AET - amphipod
6.0 EP chronic marine @ 4% TOC
6.4 EP chronic marine @ 4% TOC
6.6 San Francisco Bay, California, bicsssay COA
7.0 ER-M
7.5 San Francisco Bay, California, bionssay COA
9.6 San Franclasco Bay, Californda, AET
11.0 Puget Sound, Wachington, AET - benthic
12.2 San Francisco Bay, California, bicassay COA
34.0 Puget Sound, Washington, AET - benthi¢
49.5 SSB with R. abronius: overall mean LC50
210.0 EP acute safe level @ 1% TOC
B840.0 ‘ : EP acute marine @ 4% TOC
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For the pp~DDE isomer or total DDE, data are available from Puget Sound AET, San
e mﬂl loassays and AET, Palos Verdes bioassays and betithic commu::ii? analyses,
ppl River bioassays, benthic coramunity an;lgm at the Georgetown disposal site,
_ jois uses of the EP approaches (Table 25). No effects upon benthos at the
Geotgétown site were observed at concentrations below the limits of detection of %0 ppb;
thero'wag mo concordance between DDE concentrations in San Francisco Bay and significantly ,
toxde wversus nonstoxic samples tested with bivalve larvae; nor for sediments that were E
highly versus moderately toxic to bivalves or moderately versus least toxic to amphipods. -
Low survival of Hexagenia sp. exposed to Missisylppl River sediment was observed in only ‘T
one sample and there was a very small gradient in DDE concentration mung'aampies; -
therefore, these data were not used in estimating ER-L and ER-M values (Table B-13). The
rerniiliiing dats (Table 26) suggest an ER-L of about 2 ppb, the lower 10 percentile value of
the available data. This value is su AET and bioassay data from San Francisco
Bay sediments tested with R. abroniys amphipods and bivalve larvae (2.2, 2.2, 2.1, 2.2
{: ). Effects were almost always seen in association with concentrations exceeding 2 ppb

able B-13). The 50 percentile value of the data suggest an ER-M of about 15 ppb, a value
supported by relatively few data points: Puget Sound AETs of 9 and 15 ppb.

The degree of confidence in the p,p'-DDE ER-L and ER-M values should be considered as
moderate and low, respectively. There are few data points available and no measures of
effects based upon 5SBs. An apparent effects threshold could not be determined due to the
lack of sufficient data. The ER-L value is supported by a small cluster of data from San
Prancisco Bay.

Table 25. Summary of sediment effects data available for DDE,

References Blological Approaches Concenirations (ppb)
Apparent Effects Threshold -
1 1986 PUGET SOUND AET
"= R. abronius amphipod bioassay 15
- benthic community composition ' 9

2 1988 PUGET SOUND AET

= R, abronivs amphipod bioassay 15
- benthic community composition 9

* 5AN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassag 2.2
- R. abronius amphipod bioassay 2.2

Co-pceurrence Analyses.

* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius 3x5
- moderately toxic (33.8 & 4.7% mortality) to R, abronius 11
- least toxic (18 % 6.6% wortality) to R. gbromius 1
- significantly toxic {(42.9 + 19.2% mortality) to R. abronius 24
- not toxic (184 £ 6.8% mortality) to R, abronius 11
- highly toxic (924 £ 4.5% abnormal) to bivalve larvae 1x1
- moderatély toxic (59.4 + 11.3% abnormal} to bivalve larvae 2+4
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 11
- significantly toxc (55.7 & 22.7% abnormal) to bivalve larvae 2+3
- not toxic (31.9 + 15.5% abnormal} to bivalve larvae ‘ 111

&9
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Table 25. DDER (continued).

References

Blological Approaches

Concentrations (pph)

Co-occorzence Analyses

49 PALOS VERDES, CALIFORNIA
- significantly toxic to R. abronius 5157 + 1065
- not toxic to R. abronius 3374 + 3158
- major degradation” of macrobenthios (20.2 sp./0.1 m. sq.) 5157 & 1065
69  MISSISSIPPI RIVER
- 80-100% survival (92 + 6.3) of G. pseudolimnaeus,
4-d blosssay 0.28
= 25% (n w 1) survival of mayﬂ! {Hexagenia sp.), 4-d bloassay <0.2
- 80-100% survival (90 £ 7.5) of mayfly (Hexagenls sp.)
4-d bioassay 0,12 £ 0.06
- 55% & 10% survival of midges (C, fentans), 4-d bicassay 0140
« 90% + 5.8% survival of midges (C. tentons), 4-d bioassay 013 % 0.07
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos spectes richness or abundance <50
Hquilibrlum Pariitioning
4  EPA chronic marine EP threshold (@4% TOC) 28000
17  EPA acute marine EP threshold (@4% TOC) 28000
25  Safe level based on sediment/water partitioning coefficient,
acute water quality criteria 7000
13 99 percentile chronic marine permissable (sediment/water
tlon coefficient) 27
95 percentite chronic marine permigsable {sediment/water
partition coefficent) 60
References:

1. Bellerer al., 1986
2, PTI Envirgnmentaf Services, 1988  17. Lyman ¢f al., 1987
4, Bolton et al., 1985
5. Neff et al., 1986

13. Paviou ef al., 1987

25. Paviou, 1987
49, Swartz et al,, 1985

50. Swartz et al., 1986
69. Marking ef al., 1981
64, Van Dolah et al., 1984
* -Various, pleass see text
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Tible 26, Hffects range-low and effects nme-medlm values for p,p'-DDE and 13
concentrations used to determine these vaives mrranged in ascending order.

Concentrations {pph) End Point
20 ER-L
2.1 San Francisco Bay, Californie, bloassay COA
22 San Francisco Bay, Calliornia, AET
22 San Francisco Bay, Californda, bionssay COA
2.2 San Francisco Bay, California, ABT
34 San Francisco Bay, California, bivassay COA
9.0 Puget Sound, Washington, AET - benthic
}gﬁ E‘;I’I:R“M und, Washington, AET hipod
t 50 F (! on.r -~ 4T
220 EI’%GQ percentile chronic marine @ l‘g TOC
60.0 EP 95 tile chronic marine @ 1% TOC
5157.0 Palos Verdes, California, bloassay COA
5157.0 Palos Verdes, California, major benthic degradation COA
7000.0 EP acute safe level @ 1% TOC .
280000 BP poute marine @ 1% TOC

Puget Sound and San Francisco Bay ART, San Francisco Bay bioassay data, Palos Verdes
bloassay data, and EP-basged thresholds are available foi FP,p'- DD (Table 27). There were
very small differences in DDD concentration in San Francisco Bay samples that were
significantly toxic to bivalve larvae versus those that were not toxic, so these data were not
used to estimate ER-L and ER-M values (Table B-14). Also, there was no concordance between
DDD concentration and toxicity with the sediments that were highly and moderately toxic
to bivalve larvae—these date were not used further (Table B—liﬁ The Palos Verdes data
were from a relatively snwil number of samples (n=6) and were not used to estimate ER-L/
ER-M values, although they indicated no toxicity at a mean concentration two orders of
mugnltude higher than the concentrations in Puget Sound and San Francisco Bay. Lyman ef al,
{1987) listed the EP criterion for DDD es 13,000 ppb for acute effects. Bolton &f al,, (1985) also
listed the EP-based DDD threshold as 13 mg/kg (equivalent to 13,000 ppb dry weight), but
did not {dentify this as a threshold for acute or chronic effects {the text implied that it was
for chronic effects). The concentration identified by Lyman et al. (1987) was uzed to determine
the ER-L and BR-M values. The lower 10 percentile value of the remaining data (Table 28)
suggest an ER-L of about 2 ppb; a value also supported by a Puget Sound AET of 2 ppb. The
data suggest an ER-M of about 20 ppb; a value supported by a Puget Sound AET (16 ppb).
There were too little data to justify the idendfication of an apparent effects threshold. A
small amount of data were available for o,p'-DDD and indicated no relationship with
measures of biol:gical effects, thereby precluding estimation of ER-L and ER-M values. Thus,
the degree of confidence in the p,p'-DDD ER-L and ER-M values should be considered as fow.
A small amount of data are available from only two areas. There are no 55B data.

TYable 27, Summary of sediment effects data avallable for DDD,

References Blological Approaches Concentrations (ppb)
Apparent Effects Threshold
1 1986 PUGET SOUND AET
- R. abroning amphipod bicassay : 43
~ benthic community composition 2
71
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Table 27. DDD {(continued}

‘References Blologiul Approaches E - Concentrations {ppb)

Apparent Rifects Threshold
2 1988 PUGET SOUND AET

- R. abronius amphipod bloassay 43
- benthic community composition 16
» SAN FRANCISCO BAY, CALIFORNIA, AET :
- bivalve larvae bloaamg 16
- R. abronius amphipod bloassay 16
Co-Occurrence Analyses
* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic {67 £ 11.8% mortality) to R, abronius 1£2
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius 141
- least toxic {18 :t 6.6% mortality} to R. abronius 141
- significantly toxic (42.9 % 19.2% mortality) to R. abronlus 1£2
- not toxic (18.4 + 6.8% mortality) to R. abronius 2201
- highly toxic {(92.4  4.5% abnormal} to bivalve larvae 1+03
- moderately toxic {(5%.4 & 11,3% abnormal) to bivalve larvae 16+23
- least toxic ¢23.3 + 7.3% abnormal) to blvalve larvae 107
- significantly toxic (55.7 & 22.7% abnormal) to bivalve larvae 13 %21
- not toxic {31.9 # 15.5% abnormal) to bivalve larvae 139
49 PALOS VERDES SHELF, CALIFORNIA
- significantly toxic to R. abronius {n = 3) 1080.7 573
~ not toxic to R, abronius _ 324 43873
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon. benthos species richness or abundance <50
Hquilibrlum Partitionlrg
17 EPA acute marine EP threshold (@ 4% TOC) 13000
4 EPA chronic marine EP threshold (@ 4% TOC) 13000
13 99 percentile chronic marine permissable (& 1% TOC) 6
95 percentile chronic marine permissable (@ 1% TOC) 2
25 Sediment safe level based upon sediment/water partitioning
coefficients and acute water quality criteria (@ 1% TOC) 3250
References:

1, Beller e al., 1986 13, Paviou et al., 1987 49, Swartz et al., 1985
2. PTiEnvisonmental Services, 1988 17, Lyman et al., 1987 64. Van Dolah ef of,, 1984
4. Bolton et al., 1985 25. Pavlon, 1987 * -Varipus, please see texL
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Table 28, Effects range-low and effects range-median values for p,p-DDPD and 7
concentrations used to detexmine these values arranged in ascending order.

Concentrations {(ppb) End Point
2.0 ER-L
2.0 Puget Sound, Washington, AET - benthic
6.0 EP 99 ntile chronic marine @ 1% TOC
16.0 Puget SBound, Washington, AET - benthic
20,0 ER-M
220 EP 95 dtﬂe chronic mArénTg @ l%h'IiUC
43.0 Puget Souti], Washington, - amphipod
3250.0 EP Acute Safe Level @ 1% TOC
13000.0 EP Acute Marine @ 1% TOC

Data avatlable with which to evaluate total DDT (a summation of all the quantified
isomers) include those from southern California bicassays and benthic communities; DuPage

. River benthic communities; Trinity River blosssays; S5Bs performed with Nerels virens,

Crangon septemspinosa, Hyallella azteca, and R. abronius; and various gpplications of EP
approaches (Tabie 29). e DDT LC50 for the C. sepiemsﬂnosu sediment bioassays was
reported as ug/L in the data table and ug/kg in the text (Mc and Metcalfe, 1980); it was
assumed that the units of u&/kg were cotrect and they were used in the present document,
There was no concordance between mean DUT concenirations and both high and moderate
total abundance and high and moderate species richness among southern California benthic
communities, s0 these data were not used in the estimation of ER-L and BR-M values (fable B-
15). The lower 10 percentile of the remaining data (Table 30) suggest an ER-L value of about
3 pﬁ , & value poorly supported by two EP-derived thresholds (1,58 and 3.29 ppb) and a
freshwater SLC (1.9 p%b)- The ER-M value equivalent to the 50 percentile of the avallable
deta is about 350 ppb, a value ;t(xipported by observations of moderate abundances of
anthropods in southemn California sediments (mean 350 ppb) and low taxa richness in DuPa
River macrobenthos (mean 222 ppb). The series of 55Bs with H, aztecs demonstrate the
Lg\cl:ortance of o;ganic carbon In regulating bioavailability, and, therefore, toxicity of
iment-associated DDT. There was no overall apparent threshold in concentration of total
PDT above which effects were usually or aiways observed (Table B-15), The degree of
confidence in the ER-L and ER-M values should be considered as moderate. A moderate
amount of data are available and they are from all the major approaches, however, there is
very little clustering of the data. '

Table 29, Summary of sediment effects data avallabie for total DDT.

References Biologlcal Approaches Concentrations (ppb)

Co-Occurrence Analyses

20 PSDDA GUIDELINES (based upon Puget Sound AET)

- screening level concentration 69
- maximum level criterion 69
56 SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica 68172
- not toxie (23.2% mortality) to G. japenica
{includes Palos Verdes sample) 101842424
- not toxic (21.3% mortality) to G. japonica :
(excludes Palos Verdes sample) 286
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Table 29, DDT {cornued)

Refezences

Biological Approaches

Concentrations (ppb)

83

Co-Occurrence Analyses

« high echinoderm abundance (191.3£70.1/0.1 sg. m.)
- moderate echinoderm sbundance (56.2423/0.1 sq. m.)
- low echinoderm abundance (6.1 £ 7.2/0.1 aq. m.}

- high arthropod abundance (148 £ 58/0.1 sq. m.)
- moderate arthropod abundance (726 £ 6.8/0.1 sq, m.)
- low arthropod abundance (35.3 £ 15.8/0.1 sq. m.

~ high species richness (96.3 4 22.3/0.1 sq. m)
- moderate species richness (72 £ 3.3/0.1 BCS m.)
m.

- iow species richness (51.2 £ B.6/0.1 sq.

- high total abundance {(88.9 + 35.4/0.1 ;3 m,)
- moderate total abundance (75.6 + 12.7/0.1 sq. m.)
- low total abundance (57.6 2 13.6/0.1 sq. m.)

DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa (6.7 £ 2.5/slte)
~ highest number of benthic macroinvertebrate taxa (15.8 + 2/site}

TRINITY RIVER, TEXAS
~ slgnificant mortality to D. magna
- Jow mortality to D. magna

National Screening Level Concentrations

5

14

15

35

42
34
35

Por freshwater sediments & 1% TOC
For marine sediments (81%T0C)

For marine sediments (@1%TOC)

Bquilibrium Partitionlng

Sectlment-w?ter partitioning coefficient/marine chronic criteria

1% TOC

Sediment-biota partitioning coefficient/marine chronic criteria
(1% TOC)

EPA interim marine sediment quality criteria based upon EP @
1% TOC

Lethal threshold in freshwater based on Kot coefficients

Spiked-Sediment Bioassays

LD50 for cricket nymph, G. pennsylvanicus in 18-h biozssay
LC50 for N. wvirens in 288-h bicassay {no deaths)

LC50 for C. septemspinosa in 97-h bicassay
Lethal threshold for C. seplemspinosa

74

50 + 60

90 & 130

18260 + 43080 -
1001 130

350 1+ 710
13420 + 37670
2170 £ 7190
250 620
14190 £ 40200
35300 59540

210 + 490
1410 + 5440

222 & 282
20118

31120
710

1.58
3.29

B.28
459

67232
16500

31
20
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Table 29. DDT (continued)

References Blological Approaches Concentrations {pph)

8piked-Sediment Biloassays

89  LC50 for Hyallella axteca @ 3% organic carbon | 11,000
LC50 for Hyallella azteca @ 72% organic carbon 19,600
LCH0 for Hyallellz azteca @ 10.5% erganic carbon 49,700
References Background Approach  Concentrations (ppb)
12 USGS alert levels to flag 15-20% of samples analyzed 0

20 BPA/ACOE Puget Sound Interim Criteria (central basin background) 5
23 Rotterdam Harbor sediment quality classifications

- Class 1 {slightly contaminated) <200
= Class 2 (moderately contaminated) 200-2000
= Clags 3 (contarninated) 2000-10000
- Clags 4 (heavily contaminated) >10000
Referencen:
5. Neff ot al., 1986 20. U.5. ACOE, 1988 43. NERBC, 1980
6. HPA, 1988 23. Jansen, 1987 . 56. Anderson et al., 1988
12. Paviou end Weston 1983 34. Mcl.ecse ef al,, 1982 75. Qasim ¢ af., 1980
13. Pavlou e al,, 1987 35, Mcleese and Mewalfe, 1980 §3. Word and Mearns, 1979
14. Neff es al,, 1987 42, Harris, 1964 89. Nebeker et al., 1989
15. IRB Associates, 1984 “ .Various, piease see text.

Table 30. Effects range-low and effects range-median values for total DDT and 21
concentrstions used to determine these values arranged In ascending order.

Concentrations (ppb) End Point
1.58 EP marine chronde @ 1% TOC
19 Freshwater SLC @ 1% TOC
3.0 ER-L
3.29 EP’ marine chronic @ 1% TOC
B.28 Inierim EP marine criteria @ 1% TOC
200 SSB lcthal threshold with Crangon
310 S5B 97-h LC50 for Crangen bioassay
314 Trinity River, Texas, bioassay COA
459 Calculated freshwater EP threshold
900 Southern California echinoderm: abundance COA
217 DuPage River, Nlinois benthos COA
350 ER-M
3500 Southern California arthropod avoidance COA
4280 Marine SLC @ 1% TOC
505.0 Marine SLC @ 1% TOC
4950, Overall LC50 for R. abronius bioassay
110000 $8B LC50 H. azteca bioassay @ 3% TOC

75
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Table 30, {(continued)

Concentrations (ppb) End Point
" 134200 Southern Californis arthropod abundance COA
141900 ' Southern California species richneas COA
18260.0 Southern Califorria echinoderm abundance COA
19600.0 8SB 1.C50 H. azteca bioassay & 7.2% TOC
497000 S5B LC50 H, azteca bioassay @ 10.5% TOC
62732.0 SSB LD50 cricket nymph bloassay

Some of the DDD concentrations {1 to 16 ppb) in Puget Sound and San Francisco Bay
Y sediments assoclated with toxicity were at the low end of the range and relatively similar to
Bk some of the thresholds predicted by the EP mmuch, however, they differed considerably
from the mean DDD concentrations (324 to 1090 ppb) observed off Palos Verdes, California,
There are relatively large dispdrities among the available data for total DDT from the
game and different approsches. Values derived for total DDT from BP approaches (1.58 to
45.9 ppb} differ considerably from those derived from 5SBs with marine animals (31 te 16,500
b). No deaths were observed in N. virens exposed to 16,500 ppb total DDT; whereas, an
EESO'OE 31 ppb end & lethal threshold of 20 ppb were calculaied for bloassays performed
with C, septemspinose. Freshwater and saltwater SLCs for total DDT differed by over two
orders of magnitude. Chronic thresholds predicted by the BP approach differed by about four
orders of magnitude from mean concentrations associated with low echinoderm abundance off
southern California, an area well documented to be highly contaminated with DDT and
metabolites (Word and Mearns, 1579), Some of the BP-dertved thresholds for the DDE
isomers exceed those derived for total DDT. Overall, the d?rce of confidence in the ER-L
and ER-M values for DDT and metabolites should be considered as relatively low, mainly
since there are relatively large inconsistencies in the data derived from different approaches
and different uses of some of the same approaches. These differences may be largely due to
differences in organic carbon content of test sediments or other physical /chemical tactors,

Lindane

In bioassays of marine flsh and macroinvertebrates, 96-h LC508 of 0.077 to 190 ug/L
{ppm) have been observed for lindane in saltwater (Mayer, 1987). Data with which to
assoclate lindane concentrations in sediments with measures of effects are restricted to
predictions based upon the EP approach (Table 31). A few samples tested with amphipod
and bivalve larvae bioassays in Francisco Bay had measurable amounts of lindane (up
to 1.9 ppb Jry weight), but most of the samples were not tested for this pesticide or had non-
detectable roncentrations, chluding use of the data to determine ER-L and ER-M wvalues,
The PSDI}.4 screening levet concentration was based upon analytical capabilities, not on AET
or other measures of effects. Mo effects among benthic commwunities at lKe Georgetown, South
Carolina dumpsite were observed in samples that had less than the detection limits of 50
ppb lindane. The remaining data from the EP approach predict that effects would occur at
concentrations ranging from 1.57 to 12 ppb dry weight (Table 31). These data are insufficient
to determine ER-L. and ER-M values.

76
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Table:S1. Summery.of-sedimvent effects dsta svallable for lindene.

4. Bolton et al., 1985
6. EPA, 1988 25, Paviou, 1987

12. Paviou and Weston, 1983

f References Biological Approaches Concentrations (ppb)
Co-Qccurrence Anslyses
*  SAN FRANCISCO BAY, CALIFORNIA
- highly toxic {67 + 11.8% mortality) to R. abronius 06+ 08
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius not detected .
- least toxic (18 £ 6:6% mortality) to R. abronius not detected
- significantly toxic (£2.9 + 19.2% mortality) to R. abromius 033 £ 0.65
- not toxde (184 + 6.8% mortality) to R, abronine not detected
- highly toxic (924 + 4.5% abnormal) to bivalve larvae not detected
- moderately toxic {594 1 11.3% abnormal) to bivalve larvae 04 2 0.7
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae not detected
- significontiy toxde (85.7 + 22.7% abnonmal) to bivalve larvae 03107
- not toxic {318 £ 15.5% abnormal) to bivalve larvae not detected
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance <5
Bquilibriem Partittioning
6  EPA interim marine sediment qualily criteria @ 1% TOC 157
4  EPA chronic marine EP threshold (@ 4% TOC) 12
25  Sediment safe level based upon sediment/water partitioning
Coefficients and acute water quality criteria (@ 1% TOC) 33
References Background Approach Concentrations {pph)
12 USGS alert level to flag 15-20% of samples analyzed 20
20 PSDDA guidelines (based upon analytica! capabilities) 5.0
References:

20. U.S. ACOE, 1988 64, Van Dolab er gl., 1984
* -Various, please see text
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The chlordane water quaiity criteria are 0.0043 ppm as a 24-h average and not to exceed
24 ppm in freshwater at angr time. In saltwater they are 0:.004 ppm and 0.09 ppm,
regpectively (LS, EPA, 1986). EC50s-for estuarine organisms range from 24 to 260 ppny tented
in 48-h blosssays (Mayer, 1987). Data with which to evaluate measures of effects and
chiordane in s nts are avallable from EP methods, S5Bs, and analyses of matching field-
eollected Biological and chemical anallgnes {Table 32). The field-collected data are from San
Francisico Bay, Trinity River, and DuPage River. No effects upon the benthic communities
were observed at the Georgetown disposal site at chlordane concentrations below the Hmilts of
detection (<50 ppb). San Francisco Bay sediments that were highly toxic to bivalve larvae
were 1ot tested for chlordane concentrations sc these data {and the AET for bivalve larvae)
wete not used to determine BR-L and ER-M values. Among the 20 San Francisco Bay sediments
that were moderately toxic to amphipods, only 4 were tested for chlordane concentrations; no
chilordsne was detected in those 4 samples. Likewise, among the 22 samples that were least
toxic to argphlpods, 4 were tested for chlordane concentrations; and one had 2 ppb and the
others had no detectable amount. These data were not consldered further in the
determination of ER-L and ER-M values (Table B-16). Eifects are predicted by EP methods to
occur at concesttrations as low as 0.3 ppb (Table 33). The ER-L suggested by the data is 0.5
ppb, supported by two EP-derived concentrations (0.3, 0.6 ppb), The 50 percentile value in the
available data is 6 ppb, an ER-M supported by San Francisco Bay bloassay data (means of 4.1
and 6.4 ppb). Effects were usually observed at concentrations of 2 ppb or greater (Table B-16).

B et & P P e ST

The degree of confidence in these values for chlordane should be considered as low. Two
of the EP-derived chronic thresholds are very low compared to the co-wecurrence and 85B
data; 85Bs have not been performed with sensitive infaunal organisins such as amphipods;
and the abundance of data from San Francisco Bay where chlordane concentrations are not
particularly high may have biased the determination of the ER-L and ER-M values.

Table 32, Summary of sediment effects data avallable for chlordane.

- R. abronius amphipod bioassay : 2.0

o References Biological Approaches - Concentrations (ppb}
Apparent Bffects Threshold

*  SAN FRANCISCO BAY, CALIFORNIA AET

3 - bivalve larvae bioassay 2.0

Co-occurrence Analyses

* SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius 64375

- moderately toxic (33.8 & 4.7% mortality) to R. abronius Not detected
- least toxic {18 & 6.6% mortality) to R. abronius Not detectad
- significantly toxic (42.9 + 19.2% mortality) to R. abronius 35163

- not toxic (184 + 6.8% mortality) to R. abronius 1414

- highly toxic (924 + 4.5% abnormal} to bivalve larvae No data

- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae 411686

- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 0511

- significantly toxic (55.7 & 22.7% abnormal) to bivalve larvae 35¢63

- not toxic (31.9 + 15.5% abnormal} to bivalve larvae - 1414
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Tablesz. Chlordane (cortinned)

References Blulogical Approaches Concentxations (ppb)

Co-occusrence Analyses

7 T nificant moriality t D 313 £294
. nt mortality to D, ma *
- low mortality to Dt.ymagna o 17+23

60 DUPAGE RIVER, ILLINOIS
- least number of benthic macroinvertebrate taxa
(6.7 £ 2.5/ site) 254223
- highest number of benthic macroinvertebrate taxa
(15.8 & 2/site) 83143

64 GBORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos spedes richness or aburkdance «50

Equilibrium Partitioning
13 _ 95 percentile chronic marine permissable
e ptr o
(sediment/water partition coefficient) 0.3
35 Lethal threshold in freshwater based on Koc coefficients 174
Spiked Sediment Bioassays |
34 LC50 for N. pirens <5800

3 LC50 for C. septemspinosa 120

References Background Appreach Concentrations (ppb)

20 PSDDA guidelines (based on analytical capability)
screening Jevel concentrations 5.0

12 USGS alert levels to flag 15-20% of samples analyzed 20

References:

12. Paviou and Weston, 1983 60. Hlinois EPA, 1988a

13. Paviou ef al, 1987 64. Van Dolah et al., 1984 -
20, US, ACOE, 1988 75. Qasim &t al., 1980

34. Mcleese ¢ al, 1982 *  Various, please see text.
35. McLeese and Metcalfe, 1980
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Eanigelow anil ¢ffects zange-median values for chlordane and 12

determine these vilues arranged in gscending order.

Concetdrations (ppb) End Point

0.3 EP 99 percentile chronic marine

0.5 ER-L
0.6 EP 95 percentile chronic marine
2.0 San Prancisco Bay, California, ABRT

3.5 San Francisco Bay, Callfornia, bloassay COA
35 San Francisce Bay, California, bicassay COA
4.1 San Francisco Bay, California, bioassay COA
6.0 HER-M
6.4 San Francisco Bay, California bloassay COA

17.4 EP freshwater lethal threshold

250 DuPage River, Illinois, benthos COA

513 Trinity River, Texas, bicassay COA

120.0 5SB LC50 for C. sfrtemspinom
<5800.0 S5B LCS0 for M. virens
Heptachlor

The 96-h. LC50a for heptachlor in water range from 0.03 to 3.8 ug/L (ppm) for estuarine
organisms (Mayer, 1987). The LC50 for heptachlor epoxide, a degradation product of
heptachler, was 0.04 ppm in a bicassay with pink shrimp (Mayer, 198%?

Sediment effects data are available only from one SLC, one S5B (with a cricket nymph),
and two uses of the EP approach (Table 34). The PSDDA screening level is based upon

_ assumed analyticah capability, not an AET or some other measure of effects, The freshwater

SLC (0.8 ppb dw) and the two EP thresholds {0.04, 0.06 ppb dw} are roughly within an order
of magnitude of ench other. The results of an 18-d hioassay of muck soil with cricket nymphs
(of questionable applicability to marine and estuarine sediments) indicated an LD-50 of 4192
prb dw, four orders of magnitude hicher than the other concentrations, Because of the lack
of sufficlent data, ER-L and ER-M values cannot be determined,

Table 34, Summary of sediment effects data avallzble for heptachlor,

References Biological Approzches Concentrations (ppb)

National Screening Level Concentratlons

5 For freshwater sediments @ 1% TOC _ 0.8
Equilibrium Partitioning
13 95 percentile chronic marine permigsable
(sediment/water partition coefficient) 0.06
99 percentile chronie marine permissabla
(sadiment/water partitton coefficient) 0.04

Spiked«Sediment Bioassays
42 LD50 for cricket nymph (G. pennsylvanicus) 4192

8425



RERRE

=y

DOt

Tabledt, nary-of sediment effects data availible for heptachlor.

References Background Approsch Concentrations {ppb)
20 PSDDA guidelines (based on analytical capability)
screening level concentrations 5.0
12 USGS alert levels to flag 15-20% of samples analyzed 20
3 Rotterdam Harbor sediment quality classifications .
- Class 1 {slightly contaminated; organic carbon) <200
- Class 2 {moderately contaminated; ppb orpandc carbon) 200-2000
- Class 3 (contaminated; ppb wnic carbon 2000-10000
= Class 4 (heavily contaminated; ppb organic carbon) >10000
References:
5. Neff et al., 1985 20, US. ACOE, 1988
12.  Pavlou and Weston, 1983 23, Jansen, 1987
13. Pavlou &f al., 1987 42, THarrls, 1964,
Dieldrin

The 96-h LC50s for dieldrin range from 0.7 ug/L to 10 ug/L as determined with estuarine
organisms tested in waier (Mayer, 1987),

Sediment-related effects data are available from San Francisco Bay bioassays, Trinity
River biocassays, DuPage River benthos studies, Kishwaukee River benthos studies, a
freshwater SLC, the EP approach, and 8§SBs with two species (Table 35). The four San
Francisco Bay samples that were highly toxic to bivalve larvae were not tested for dieldrin
concentrations, There was little or no gradient in dieldrin concentrations among other San
Francisco Bay samples. - There also was no gradient in dieldrin concentration between Trinity
River sediments that were highly toxic to Daphnia versus those that were not toxic. These
data were not considered furtﬁer (Table B-17). The lower 10 percentile of the remaining data
su_ggest an ER-L of about 0.02 ppb, a value sug];orted by two EP threshelds (0.01 and 0.G2 ppb)
(Table 36), The dato suggest an ER-M of about 8 ppb, a value supported by Kishwauzae
River benthic data (mean 7.4 ppb), and San Francisco Bay bicassay data (mean 8.2 ppb). No
overall effects threshold is apparent.

The degree of confidence in the ER-L and ER-M values for dieldrin should be considered as
low. A small amount of data are available; much of the co-occurrence data are from San
Francisco Bay where the range in dieldrin concentrations is low; different uses of the EP
approach resulted in predicted concentrations that differ by five orders of magnitude; and
two independent spiked sediment bloassays resulted in LC50s that differed by four orders of
magnitude, In additdon, the ER-L is supported only by theoretical EP~derived concentrations
and not verified by empirical evidence.
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A o
Tille 95, Summary of sediment effects data avallable for-diélirin.
Referénces Blological Approaches Concentrations (ppb)
Apparent Bifects Threshold
* SAN FRANCISCO BAY, CALIFORNIA AET
- blvalve larvae bioassagv 66
- R. abronius amphipod bioassay 6.6
Co-occurrence Analyses
* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abromius 13 £94
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 4423
- least toxic (18 £ 6.6% mortality) to R. abrenius 52112
- gignificantly toxic (42.9 = 19.2% mortality) to R, abronius 76%7.5
« not toxie (184 + 6.8% mortality} to R, abronius 6.2+06
~ highly toxic (92.4 + 4.5% abnormal) to bivalve larvae no data
- moderately toxie (594 £ 11.3% abnormal) to bivalve larvae 8.2+8.1
« least toxic (23.3 + 7.3% abnormat) to bivalve larvae 52112
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 7675
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 6.2 0.6
75 TRINITY RIVER, TEXAS
- significant mortality to D. magna 25.5 + 33.2
- low mortality to D. magna 255+ 61.1
60 DUPAGE RIVER, [LLINOIS
- least number of benthic macroinvertebrate taxa (6.7 + 2.5/site) 161121
- highest number of benthic macroinvertebrate taxa (15.8 + 2/slte) 5.6 +2.2
61 KISHWAUKEE RIVER, ILLINOIS
- least number of benthic macroinertebrate taxa
(8.4 £ 0.5/slte) 741448
- highest nunber of benthic mecroinvertebrate taxa
(16.3 * 4.6/site) 43 £ 2.1
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CAROLINA
- no effects upon benthos species richness or abundance <50
Natlonal Screening Level Concentrations
5 For freshwater sediments @ 1% TOC 0.21
Equilibrium Partitioning
13 95 percentile chronic marine permissable
(sediment/water partition coefficient) 0.02
9% percentile chronic marine permissable
(sediment/water partition coefficient) 0.01
's
35  Lethal threshold in freshwater based on Koe coefficients 119
6 EPA interim mean marine sediment quality criteriz @ 1% TOC 57.7
EPA interim mean freshwater sediment quality criteria @ 1% TOC 199
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Table 35. Dieldrin (continued)

Reéferences Blological Approaches Concentrations (ppb)

Spiked Sediment Bioassays

34 LCS0 for N, virens 13000
35  LC50 for C. septemspinosa 4.1
References Packground Approach Concentrations (ppb)
20 PSDDA guidelines (based on analytical capability) 5.0
12 USGS alert levels to flag 15 to 20% of samples analyzed 20

43 New EBngland interim high contamination levels for dredge material 100

REFERENCES
5. Neff et af.,, 1986 35, McLeese and Metcalfe, 1980
6. EPA, 1988 _ 43. NERBC, 1980

12. Paviou and Weston, 1983 60. Illinois EPA, 1988a

13, Pavlou et al,, 1987 o1, Mllinois EPA, 1988b

20. U.5. ACOE, 1988 64. Van Dolah et gl., 1984

3. McLleese et al., 1982 75. Qasim et al., 1980

* WYarious, please see text

Table 36, Effects range-low and effects range-median values for dieldrin and 14
concentzations used to determine these values arranged in ascending order.

Concentrations {ppb) End Point
0.01 EP 9% percentile chronic marine
0.02 ER-L
0.02 EP 95 percentlle chronic marine
0.21 Freshwater SLC @ 1% TOC
4.1 SSB LC50 for C. sepltemspinosa
6.6 San Prancisco Bay, California AET
6.6 San Francieco Bay, California AET
74 Kishwattkee River, Illinois benthos COA
8.0 ER-M
8.2 San Francisco Bay, California bioassay COA
10.3 San Francisco Bay, California bioassay COA
119 EP freshwater lethal threshold
16.0 DuPage River, lilinois benthos COA
57.7 EP interim marine criteria
199.0 EP interim freshwater criteria
13000.0 SSB LC50 for N, virens
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Aldrin

The 48-h EC50s for aldrin tested with pink shrimp (Penaeus duorerum) and blue crab
(Callinectes sapidus) were 032 and 23 ug/L, respectively; and the 48-h LC50s for spot
(Lefostornus xanthurus) and mullet (Mugll cephalus) were 3.2 and 2 ug/L, respectively (Mayer,
1987). The criteria to protect freshwater and marine aquatic life are 3.0 and 1.3 ug/L,
respectively (US, EPA, 1986).

A rolatively small amount of data are available with which to assess the effects of
aldrin in sediments (Table 37). These data are restricted to San Francisco Bay bicassay
results and uses of the EP approach. Of the 53 San Francisco Bay sediments tested for
toxicity with bivalve larvae, only 17 were analyzed for aldrin concentrations, and amon,
those samples only 3 had detectable amounts (0.7, 1.1, and 1.9 ppb). Similarly, of the 3
samples tested with the amphipod bioassay, 15 were anatyzed for n?drin contentt, and among
those samples only the same 3 samples had detectable amounts. Thess Jate ure insufficlent
to use in the determination of ER-L and .ER-M values, as are the ART concentrations
determined from them. The remaining data from four uses of the EP approack indicate a
range of thresholds from 4.3 to 21 ]ppb dw. The EPA chronic marine concentration of 21 ppb
would have been 5.2 ppb (equal to the concentration reported by Pavlou, 1987), if an
assumption of a 1 percent TOC content had been made in the calculation. There do not appear
to be any empirical data to compare with these predicted concentrations, so ER-L and Ef-M
values were not determined.

Table 37, Swamary of sediment effects data avallable for aldrin.

References Biological Appronches ~ Concentrations (ppb)

Apparent Effects Threshold
I SAN FRANCISCO BAY, CALIFORNIA AET

- bivalve larvae bioassag >1.9
~ R, abronius amphipod bloassay >1.9

Co-ovcurrence Analyses

* SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius 03+05
~ moderately toxic (33.8 + 4.7% mortality) to R. abronjus not detected '
- least toxic (18 £ 6.6% mortality) to R. abronius detected in one sample
- significantly toxic (42.9 + 19.2% mortality) to R. abronius 0104
- not toxic (18.4 * 6.8% mortality) to R. abronius 10£13
- highly toxic (92.4 * 4,5% abnormal) to bivalve larvae not detected
- moderately toxdc (594 + 11.3% abnormal) to bivalve larvae C2x04
- least toxic {23.3 £ 7.3% abnormal) to bivalve larvae 0.5 £ 1.0

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 0.1 + 0.4
- not toxic (319 £ 15.5% abnormal) to bivalve larvae 1.0£13

Equllibrium Partitioning
13 95 percentile chronic marine permissable (sediment/water

partition coefficient) 84
99 percentile chronic marine permissable (sediment/water
partition coefficient) ' 4.3
4 EPA chronic marine EP threshold @ 4% TOC . 210
| 84
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Tible 37. Aldrin (continued)

References Biological Approaches | Concentrations (ppb)

e R T K e T

Equilibrium Partitioning
25 Sediment safe levels based on sediment/water partitioning

- S coefficients and acute water quality criteria @ 1% TOC 5.2
‘ References Backgre : Approach Concentrations {ppb)
20  PSDDA guidelines (based on analytical capability) 5.0
12 USGS alert levels to flag 15 to 20% of samples analyzed 200
o References: o
R 4. Bolton ef al,, 1985 20. U.S. ACOE, 1988
S 13. Pavlou et al., 1987 25. Paviou, 1987
;) * Various, please see text : ‘

Endrin

The 96-h LC50s for endrin tested with a variety of estuarine organisms ranged from 0.037
to 1.2 ug/L ‘(Maiter, 1987). The concentration should not exceed 0.18 ug/L in freshwater or
0.037 ug/L in saltwater at any time (U.S. EPA, 1986).

A relatively small amount of data is available for this pesticide in secdiments (Table 38),
however there are data from most of the major approaches to the development of criteria.
Matching chemical and toxicity data from the Trinity River are available. Data from
various uses of the EP approaches and from two 55Bs are avallable, None ware eliminated
from consideration in the determination of the ER-L and ER-M values (Table B-18). Effects
I are predicted at concentrations of 0.01 to 323 ppb by the EP approach. Spiked sediment
e _ bioassays performed with three species, indicated LC50s that differed by nearly three orders
BRI of magnitude. The ER-L and ER-M values are 0.02 and 45 ppb, respectively (Table 39). The

BR-L value is supported by two EP-predicted concentrations, (.01 and 0.02 ppb, and the ER-M
value is supported by an LC50 for Crangon septemspinosa in spiked bioassays (47 ppb).

The ER-L value (0.02 ppb) is not supported by any empirical biological evidence from
laboratory or fleld studies and the degree of confidence in the value should be considered as
low. The ER-M value {45 ppb) is supported only by the LC50 from a S5B (47 ppb) and not by
evidence from tests of mixtures, as would be experienced in the field; therefore, the degree of
confidence in the ER-M ghould also be conaidered as low,

8430



TdBle:38. Summary-of sediment-efects dataavillable for endiin.

References

Bivlagical Approaches

Concentrations (ppb)

CosOccurrence Analyses

75 TRINITY RIVER, TEXAS
- significant mortality to D. magne 183+20
- low mortality to D. magna 3.8+31
64 GEORGETOWN OCEAN DREDGED MATERIAL
DISPOSAL SITE, SOUTH CARCLINA
- no effects upon benthos species richness or abundance <50.0
Equilibrium Partitioning
15 Sediment-water partitioning coefficient/marine chronic critetia
(1% TOC) 174.0
Sediment-biota partitioning coefficient/marine chronic criteria
(1% TOC) 3210
13 95 percentile chronic marine permissable (sediment/water
partition coefficient) 0.02
99 percentile chronic marine permissable (sediment/water '
partition coefficient) oM
5 EPA interim marine sediment quality criteris 1% TOC 2.15
6  EPA interim freshwater sediment quality criteria 1% TOC 104
3% Lethal threshold in freshwater based on Koc coefficients 15.4
Spiked-Sediment Bloassays
34 LC50 for N. virgns 28000.0
35 LCS0 for C. septemspinosa $7.0
89 LC50 for H. azteca ® 3% TOC 4400
LC50 for H. azteca @ 6,1% TOC 4800
LC50 for H. azteca @ 11.2% TOC 6000
Reference Background Approach

Concentrations (ppb)

12 USGS alert levels to flag 15-20% of samples analyzed

200

References:

6,
12,
13
15,

EPA, 1988

Pavlou and Weston, 1983
Paviou & al., 1987

JRB Associates, 1984

35.
. Van Dolah ef af., 1984
75.
as.

Mcleese ¢t al., 1982
McLeess and Metcealfe, 1980

Qasim et al., 1980
Mebeker et af., 1989
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Table 39, Effects range-low and effects range-median values for endrin and 13
concentrations used to determine these values arranged in ascending crder.

Concentegtions (ppb} End Point

0.0t EP 99 percentile chronic marine
0-02 ) ER'L
0.02 ET 95 percentile chronic marine
2.15 EP interim marine criteria @ 1% TOC
10.4 EP interim freshwater criteria @ 1% TOC
154 EP freshwater lethal threshold
18.3 Trinity River, Texas, bicassay COA
435.0 ER~
47.0 : 838 LC50 C. seplemspinosa
174.0 BP chronic sediment/water marine @ 1% TOC
2190 EP chronic sediment/biota marine @ 1% TOC
4400 ' S5B LC50 with M, azfeca @ 3% TOC
4800 558 LC50 with H. azfeca @ 6.1% TOC
6000 SSB LCB0 with H, aziecr @ 11.2% TOC
- 28000.0 5SB LC50 with N. virens '
Mirex

They indicated very small differences in concentrations between highly and/or significantly
toxic samples versus least and/or non-toxic samples. Therefore, ER-L. and ER-M values could
not be determined.

Polynuciear Aromatic Hydrocarhons:
Acenaphthene

Only matching boassay and chemical data from San Franciseo B%Kl were found for mirex.

Puget Sound AET, several EP-derived concentrations, date from bioassays of dilution
series of Black Rock Harbor and Eagle Harbor sediments, and co-oceurrence concentrations are
aveilable for acenaphthene (Table 40). The co-occurrence data are from Commencem-mnt Bay,
Eagle Harbor (an area with documented high PAH concentrations), San Francisco Bay, and
gouthern California. The bicassay data from San Francisco Bay indicated very little
concordance with acenaphthene concentrations or a small gradient in concentrations, so
neither the co-occurrence analysis data nor the AET concentrations were used in the
determination of ER-L and ER-M values (Table B-19). Also, the southern California bioassa
data showed no concordance with the acenaphthene concentrations. Because of a small
gradient in the acenapthene concentrations in Black Rock Harbor sediments, those data also
were not used further, The sampies from both Commencement Bay and Eagle Harbor that
were moderately toxic to amphipods indicated a small elevation in acenaphthene

concentrations over those that were least toxic; thus the data were not used for ER-L and ER-
M determinations.

The lower 10 percentile of the remaining data suggest an BR-L of about 150 ppb (Table
41). This value is supported by observations of erate toxici&(;)f Commencement Bay
sediments to oyster larvae {mean 118.5 ppb)} and the predicted LC50 in amphipod bioassays
of a dilution series of Eagle Harbor sediments (150 ppb). Except for the observations of low
and moderate toxicity to amphipods ir. Eagle Harbor sediments, effects were usually
observed in association with acenaphthene concentrations of 150 ppb or greater. The data
suggest an EX-M of about 650 ppb, a value supported by a Puget gound &T for amphipod
bioagsays (630 ppij and observations of highly toxic Commencement Bay sediments tested
with amphipods {mean 654 ppb). The co-occurrence values from bicassays of Eaﬁe Harbor
and Commencement Bay sediments had very high standard deviations about the means,
indicative of the very high variability in these data. All of the concentrations predicted
by the EP method are in the high end of the range.
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The degree of confidence in the _..-L and BR-M values shonld be considered as low.
Widle an overall apparent effects threshold occurs at the ER-L concentration, there is
rélatively poor clustering of the data, the data are mostly from parts of Puget Sound, there
are no singte-chemical 5SB date, and the concentrations deri from the BP mathods are
not consistent with those determined in tests of fleld-collected sediments.

Table 40. Summary of sediment effects data available for acenaphthene,

References Biological Approaches Concentrations (ppb)
Apparent E{fects Threshold
1 1986 PUGET SOUND AET
= R, abronfus amgahipod bioagsay 630
- oyster larvae (C. gigas) bioassay 500
- benthic community composition 500
- Microtox™ bioassay 500
2 1988 PUGET SOUND AET
« R. abrorius amphipod bioassay 2000
- pyster larvae (C. gigas) bioassay 500
~ benthic community composition 730
- Microtox™ bioassay - 500
20 PSDDA guidelines (based upon Puget Sound AET)
- screening level congontration 63
= maximum level criterion 630
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bipassay 9
- R. abronius amphipod bioassay 56
Co-Occurrence Analyses
* SAN FRANCISCO BAY, CALIFORNIA
« highly. toxic (67 + 11.8% mortality) to R. abronius 76+ 216
- moderately toxic (33.8 + 4.7% mortality to R. abronius 54 £ 121
- least toxic (18 + 6.6% mortality) to R. gbronius 9.8+159
- significantly toxic (42.9 # 19.2% mortality) to R. sbronius 591168
- not toxic (184 + 6.8% morlality) to R. abronius 181168
- highly toxic (924 + 4.5% abnormal) to bivalve larvae 48 £ 184
- moderately toxic (594 £ 11.3% abnormal} to bivalve larvae 33139
- least toxic (23.3 £ 7.3% abnormal} to vivalve larvae 18+40
- significantly toxic (557 £ 22.7% abnormal) to bivalve larvae 94+ 179
- not toxic (31.9 & 15.5% abnormal) to bivalve larvae 3.0£52
80 COMMENCEMENT BAY, WASHINGTON
- highly toxic 15.7 3.9 dead/20) to R. abronius 654 + 1049
- moderately toxic (5.2 + 1.1 dead /20 to R. abronius 127 + 117
- least toxic (2.5 £ 0.9 dead /20} to R. abronius 8697
- highly toxic (4.5 * 19% abnormal) to oyster larvae 306 + 604
- moderately toxic (23 3 2.3% abnormal) to oyster larvae 119 £ 105
- least toxic {15.1 & 3.1% abnormal) to oyster larvae S7£70
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Table 40, Acenaphthene (continued)

References | Biological Approaches Concentrations {ppb)

Co<Occurrence Analyses
85 EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 % 1.7 dead /20) to R. abromius 39557 + 48678
- moderately toxie (3.2 + 1.8 dead/20) to R. abraniug 6522 + 8915
- least toxic (2.6 + 1.4 dead/20) to R. abronius 5599 + 24392
21 ~ predicted LCS0 for R. abromius in 10-d dilution series with
R Yaquina Bay, Oregon sediment _ 150
' 56 SOUTHERN CALIFORNIA
TN - significantly toxic (51.65% mortality) to G. japonica 4
oo - not toxic {23.2% mortality) to G. japonica 7
58  BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A. ebdita in 10-d bioassay 30
Equilibrium Partitioning

4

EPA chronic marine EP threshold (@ 4% TOC)

6 EPA interim freshwater sediment quality criteria based upon EP
@ 1% TOC) 7330

Sediment safe level based upon sediment/water partitionin
coefficients and acute water quality criteria (g 1% TOC 23000

Sediment safe fevel based upon sediment/water partitioning
coefiicients and chronic water quality criteria (@ 1% TOCQ) 16500

References - Background Approzches Concentrations (ppb)

43 New England interim high contamination level for dredge material 500

w p 12 USGS alert levels to flag 15 to Z0% of samples analyzad 20
: 20  EPA/ACOE Puget Sound interim criteria (central basin background) 5
23 Rotterdam Harbor sediment quality classifications

- Class 1 (slightly contaminated) <200
~ Class 2 (moderately contaminated) 200-2000
- Class 3 (contaminated) 2000-15000

» Class 4 (heavily contarinated)

References:

1.  Bellar ¢t al., 1986 25. Pavlou, 1987

2. P11 Environmental Services, 1988 56, Anderson ¢! al., 1988

4. Bolton et 4., 1985 58. Rogerson et al., 1985

6. EPA, 1988 80. Tetra Tech, 1985

20. U.S. ACOE, 1988 85. CH2M Hiull, 1989

21, Swartz ¢ al,, 1989 * Various, please see text

8434



Table 41. Rifects rangeslow and effects rangesmedian values for acenaphthene
mg 15 .concentrations useil to determine these values arranged in ascending
orders. .

Concentrations (ppb) End Point
119 Commencement Bay, Washington bloassay COA
150 ER-L _
150 Bagle Harbor, Washington bicassay COA
306 Commencement Bm Wastx‘g?on bioassay COA
500 Puget Sound, Washington - oyster
500 Puget Sound, Washington AET - benthic
500 Puget Seund, Washington ART - Microtox™
630 Puget Sound, Washington AET - amphipod
650 ER-M
654 Commencement Bay ,Washington bioassay COA
730 Puget Sound, Washington AET - benthic
2000 Puget Sound, Washington AET - amphipod
7330 EP freshwater interim criteria @ 1% TOC
16500 EP chronic marine threshold @ 1% TOC
23000 EP acute marine threshold @ 1% TOC
39557 Eagle Harbor, Washington bioagsay COA
66000 EP chronic marine threshold @ 4% TOC

Anthracene

Data available for anthracene are from studies involving Puget Sound AET; bioassays of
sediments from Commencement Bay, Eagle Harbor, San Francisco Bay, Lake Union, southern

California, and Elizabeth River; national SLCs; and several EP-derived concentrations

(Table 42). San Francisco Bay sediments that were moderately toxic to amphipods indicated
no concordance with anthracene concentrations. Also, San Francisco Bay sediments that were
significantly toxic to amphipods had anthracene concentrations similar to those that were
not toxic. Commencement Bay sediments that were moderately toxic to amphipods had
anthracene concentrations similar to those that were lcast toxic. Eagle Harbor sediments
moderately toxic to amphipods indicated little concordance with anthracene concentrations.
These data were not used in the determination of ER-L. and ER-M values (Table B-20).

Effects were associated with mean anthracene concentrations as low as 24 ppb (Table 43)
in bloassays of San Francisco Bay sediments. However, since 34 out of the 39 samples tested
there were significantly toxic, this concentration may not be of much significance. The lower
10 percentile of the data indicate an ER-L of about 85 ppb, a value supported by the
predicted LC50 for anthracene from bioassays of a dilution series of Bagle Harbor sediments
(70 pph) and the anthracene concentrations {mean 85.3 ppb) in San Francisco Bay sedimenis
that were moderately toxic to bivalve larvae. The 50 percentile value in the data is
equivalent to about 960 ppb and is supported by two Puget Sound AETs (both 960 ppb). With
the exception of bicassay data from Eagle Harbor, there appears to be an overall threshold
in the effects data at about 300 ppb. Effects are aimost always observed in assoclation with
anthracene concentrations exceeding 300 ppb (Table B-20).

The degree of confidence in the ER-L and ER-M values for anthracene should be
considered us relatively low and moderate, respectively. The ER-L value is not supported by
clustered, consistent data from multiple approaches. The ER-M is suppotted by a cluster of
toxicity and AET concentrations, but these data are derived from only two regions. There is
some evidence of an overall apparent effects threshold for anthracene at about 300 ppb in
sediments, a concentration that lies within the ER-L/ER-M range.
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Tible 42. Summary of sediment effects data available for anthracene.

References Biological Approaches

Concentrations (ppb)

Apparent Bffects Threshold

1

20

1986 PUGET SOUND AET

~ R. abronius amphipod bioassay
- oyster larvae (C. glgas) bloassay
- benthic community composition

- Microtox™ bicassay

1988 PUGET SOUND AET

- R, abronius amphipod bioassay
- oyster lorvae (C. gigas) bivassay
- benthic community composition

- Microtox™ bicassay

PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration
« maximum level criterion

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bipassay
- R, abronius amphipod bivassay

Co-Occurrence Analyses

8¢

21

29

COMMENCEMENT BAY, WASHINGTON

- highly toxde (15.7 & 3.9 dead/20) to R. abronius

- moderately toxic (5.2 + 1.1 dead/20) to R. abronius
~ least foxic (2.5 £ 0.9 dead/20) to R. abronius

~ highly toxic (44.5 + 19% abnormal) to oyster larvae
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae
~ leagt toxic (15,1 + 3.1% abnormal} to oyster iarvae

EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 * 1.7 dead/20) to R, abronius

- moderately toxic (8.2 + 1.8 dead/20) \o R. abronius

- least toxic (2.6 + 1.4 dead/20) to R. abronius

- pradicted LC50 for R. abronius in 10-d dilution series with
Yaquina Bay, Oregon sediment

LAKE UNION, WASHINGTON
- 95% mortality to H. azleca

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abromius

- moderately toxic (33.8 + 4.7% mortality) to R. abronius
- least toxic (18 & 6.6% mortality) to R. abronius

- significantly toxi¢ (42.9 1 19.2% mortality) to R. abronius
- not toxic (18.4 + 6.8% mortalily) to R, abronius

- highly toxic (%2.4 % 4.5% abnormal) to bivalve larvae

- maderately toxic (59.4 + 11.3% abnormal} to bivalve larvae
- least toxic (23.3 i 7.3% abnormal) to bivalve larvae

%1

1900

1300
960

13000
060
4400

130
1300

24
1100

476 £ 549
265 4 228
227+ 198

363 + 353
282 £ 207
148 + 148

7597 £ 7264
1177 1+ 1582
1490 + 5389

70

“120000

237 1 455
63172
110 & 257

1191 277
120 £ 265

923 + 558
851 119
15%75
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Tible 42, Antheacene continued).
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References Blological Approaches Concentrations (ppb)

Co-Ocourrence Analyses
- significantly toxic (55.7 4 22.7% ebnormal) to bivaive larvae 184 + 347

- not toxic (31.9 + 15.5% abnormal) to bivalve larvae 34 % 41
56  SOUTHERN CALIFORNIA

- significantly toxic (51.65% morlity) to G. japonica 25

- not foxic (23.2% mortality) to G. japonica 36

47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100%
Elizabeth River sediment 264000

- LC50 (24-hr) for L. xanthurus exposed to 56%
Blizabeth River sediment 147840
- LCS0 (28-d) for L. xnthurus exposed to 2.5% .
Elizabeth River sediment 6600
National Screening Level Cancentrations
14 Marine sediments @ 1% TOC 163
Equilibrium Partitioning
4 EPA chronic marine EP threshold (@ 4% TOQC) ' 44000
13 99 percentile chronie marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC 190
13 95 percentile chronic marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC - 380
References:
1. Beller et al,, 1986 20. U8, ACOE, 1988 56. Anderson er al., 1988
2. PTI Environmenial Services, 1988 21, Swanz et al., 1989 80, Tetr Tech, 1985
4, Bolton ¢t al., 1985 29. Yake er al., 1986 85. CHM Hill, 1989
13. Pavlou et al., 1987 47, Robens ef al., 1989 * Various, please see text

14, Neff et al,, 1987

Table 43. Effecis range-low and effects range-median values for anthracene and 26
concentrations used to determine these values arxanged in ascending order.

Concentrations {ppb) End Point

24 7 San Francisco Bay, California ART
it 70 Eagle Harbor, Washington bioassay COA

o 85 ER-L

g 85 San Francisco Bay ,California bioassay COA
e 163 Marine SLC & 1% TOC

) 184 San Francisco Bay, California bicassay COA
; 190 99 percentife EP chronic marine @ 1% yl‘OC
52
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Table 43, {eontinued)

Concentrations (ppb) End Point

225 Southern California bicassay COA
237 San Francisco Bay, California bioassay COA
282 Commencement Bay, Washington bicassay COA
363 Commencement Bay, Washington bioassay COA
380 95 percentile EP chronic marine @ 1% TOC
476 Commencement Bay, Washington bloassay COA
923 San Francisco Bay, California bioassay CYOA
960 Puget Sound, Washington AET - oyster
96D ER-M
960 Puget Sound, Washington AET - Microtox™
1100 San Francisco Bay, California AET
1300 Puget Sound, Washington AET - benthic
1500 Puget Sound, Washington AET - amphipod
4400 Puget Sound, Washington AET - benthic
6600 Elizabeth River, Virginia bioassay COA
7597 Eagle Harbor, Washington bioassay COA
13000 Puget Sound, Washington AET - amphipod
44000 EP chronic marine @ 4% TOC
120000 Lake Union, Washington toxicity COA
147840 ' Elizabeth River, Virginia bioassay COA
264000 Elizabeth River, Virginla bicassay COA
Benzo(a)anthracene

Data available for this aromatic hydrocarbon include those from Puget Sound AET; San
Francisco Bay AET and bioassay data; bjoassay data from Commencement Bay, Eagle
Harbor, Lake Union, Columbia River, southern California, and Elizabeth River; national
SLCs; 55Bs performed with R. abronius exposed to mixtures of hydrocarbons; and many EP-
derived values (Table 44). There were small gradients in benzo(alanthracene concentrations
between San Francisco Bay sediments that were least toxic and moderately toxic to
amphipods, between San Francisco Bay sediments that were not toxic and significantly toxic
to amphipods, and between Commencement Bay sediments that were least toxic and
moderately toxic to amphipods (Table B-21). In bioassays of lower Columbia River
sadiments, no toxicity to the amphipod H. azteca was observed in sediments that had up to
?.200Mpp¥:i benzo(a)anthracene. These data were not used in the determination of ER-L and
ER-M values.

Effects are sugpgested in association with benzo(a)anthracene concentrations as low as 60
to B0 ppb in sediments (Table 45). The lower 10 percentile value of the data is equivalent to
about 230 ppb, the ER-L value. This value is supported by San Francisco Bay bicassay data
(mean 232 ppb). The 50 percentile ER-M value in the data is equivalent to 1600 ppb; a
concentration supported by a San Francisco Bay AET (1100 ppb), three Puget Sound AET
concentrations (1300, 1600, 1600 ppb), and a threshold predicted by EP methods (1600 ppb).
With the exception of Columbia River and Eagle Harbor bicassay data, effects were usually
observed in association with concentrations above about 550 ppb (Table 8-21). Severe acute
toxicity was observed or predicted with concentrations of 10 ppm or greater (Table 45).

The degree of confidence in the ER-L value should be considered as moderate, since that
value is not strongly supported by a convergence or cluster of data. However, the ER-M
value is supported by data from at least two geographic areas and from the predictive EP
approach, and there are few contradictory data at concentrations exceeding the ER-M. Also,
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the apparent effects threshold lies within the ER-L/ER-M range. Therefore, the degree of
confidence in the ER-M value should be considered as moderate, :

Table 44. Summary of sediment effects data available for benzo(a}anthracene,

Referenses Biological Approaches Concentrations (ppb)
Apparent Effects Threshold
i 1986 PUGET SOUND AET
- R. abronius amphipod bioassay 1600
- oyster larvae (C. gigas) bioassay - 1600
- benthic community composition : ' 4500
- Microtox™ bioassay 1300
2 1988 PUGET SOUND AET
- R. abronius amphipod bioassay 5100
- oyster larvae (C. gigas) biocassay - ‘ 1600
- benthic community composition 5100
- Microtox™ bioassay 1300
20 PSDDA GUIDELINES (based upon Puget Sound AET) _
- screening level concentration 450
- maximurm Jevel criterion 4500
. SAN FRANCISCO BAY, CALIFORNIA AET |
- bivalve larvae bioassay 60
- R. abronius amphipod bicassay 1100

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 % 3.9 dead/20) to R. abronius 931+ 1323
- moderately toxic {5.2 & 1.1 dead/20) to R. abronius 520 + 523
- least toxic (2.5 £ 0.9 dead /20) to R. abronius 476 + 437
- highly toxic (44.5 + 19% abnormal) to oyster larvac 801 1 B66
- moderately toxic (23 % 2,3% abnormal) to oyster larvae 549 1 384
- least toxic {15.1 + 3.1% abnormal) to oyster larvae 235+ 247
85  EAGLE HARBOR, WASHINGTON
- highly toxic (19,1 + 1.7 dead /20) to R. wbronius 11088 + 8941
- moderately toxic (8.2 + 1.8 dead /20) to R. abronius 7370 £ 9984
- least toxic (2.6 £ 1.4 dead/20} to R. abronius 2496 1 4157
21 - predicted LC50 for R. abronius in 10-d dilution series '
with Yaquina Bay, Oregon sediment 80
29 LAKE UNION, WASHINGTON
- 85% mortality to H. azteca 170000
52 COLUMBIA RIVER, WASHINGTON/OREGON
- not toxic (0-13% mortality) to H. azteca 2200
* SAN FRANCISCO BAY, CALIFORNIA ‘
- highly toxic (67 + 11.8% mortality} to R. abronius 300 + 398
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 187 + 156
- leagt toxic (18 £ 6.6% mortality) to R. abronius 168 % 324
94
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Table 44, Benzu(a)anthracene (continued),

References Biological Approaches Concentrations (ppb}

Co-Occurrence Analyses

- significantly toxic (42.9 + 19.2% mortality) to R. abronius
- not toxic (184 + 6.8% mortality) to R. abronius

- highly toxic (924 t 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal} to bivalve larvae
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 &+ 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae

56 SOUTHERN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica
- not toxic (23.2% mortality) to G, japonica

47  ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River
sediment

« LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment

- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment
National Screening Level Concentrations
5 Marine sediments @ 1% TOC
14  Marine sediments @ 1% TOC
Bquilibrium Partidoning
4 EPA chronic marine EP threshold (@ 4% TOC)
17  EPA acute marine EP threshold (@ 4% TOO)

13 99 percentile chronic marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC

13 95 percentile chronic marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC

6 EPA interim mean freshwaler sediment quality criteria based
upon EP @ 1% TOC

25  Sediment safe levels based upon sediment/water partitioning
coefficients and acute quality criteria @ 1% TOC

Splked-Sediment Bioassays

65 Significant toxicily to R. abronius with mixtures of aromatic
and chlorinated hydrocarbons

2361313
187 + 359

919 +433 .
122 £ 126
56+ 26
232 + 337
41120

310 £ 180
60 % 129

350000
1960{0
8750

261

261

220000
220000

1600

21000

13200

55000

10000
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Table 44, Benzo(a)anthracene {comtinued)

References:

R

4 1. Beller e al, 1986 17. Lyman et al., 1987 52. Johnson and Norton,, 1988
N 2. PTIEnvironmenial Services, 1988 20, U.5, ACOE, 1988 56. Anderson et al., 1988
4,  Bolton ef al., 1985 21, Swartz e al., 1989 65. Plesha ¢t al., 1988
5. Neffetal., 1986 25, Paviou, 1987 80, Tetra Tech, 1985
6. EPA, 1988 29. Yake eral.. 986 85. CHZM Hill, 1989
13,  Pavivu ef al., 1987 41. Robents ef al., 1989 *-Various, please see (2xt

14, Neff et al., 1987

Table 45. Effects range-low and effects range-median values for benzo{a)anthracene and
30 concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) End Point
60 San Francisco Bay, California AET
80 Eagle Harbor, Washington bicassay COA
122  San Francisco Bay, California bioassay
230 ER-L
237 San Francisco Bay, California bioassay COA
261 Marine S5LC
300 San Franciaco Bay, California bioassay COA
310 Southern California bioassay COA
549 Commencement Bay,Washington bloassay COA
801 Commencement Bay, Washington bioassay COA
- 919 San Prancisco Bay, California bioassay COA
931 Commencement Bay, Washington bioassay COA
1100 San Francisco Bay, California AET
1300 Puget Sound, Washington AET - Microtox™
1600 Puget Sound, Washington AET - amphipod
1600 ER-M
1600 Puget Sound, Washington AET - oyster
1600 99 percentile EP chronic marine @ 1% TOC
4500 Puget Sound, Washington AET - benthic
5100 Puget Sound,Washington AET - amphipod
5100 Puget Sound, Washington AET - benthic
7370 Eagle Harbor, Washington bioassay COA
8750 Elizabeth River, Virginia bicassay COA
10000 SSB with R. abronius: mixtures
11088 Eagle Harbor, Washington bioassay COA
13200 EP freshwater interim criteria @ 1% TOC
21000 95 percentile EP chronic marine @ 1% TOC
55000 EP acute marine threshold @ 1% TOC
170000 Lake Union, Washington toxicity COA
196000 " Elizabeth River, Virginia bicassay COA
220000 EP acute marine threshold @ 4% TOC

350000 Elizabeth River, Virginia bioassay COA

8442




Benzol(i)pyrene

Data are available for benzo(a)pyrene from Puget Sound AET, San Francisco Bay AET
and bioassay data; bioassay data from Commencement Bay, Eagle Harbor, Lake Union,
southern California, and Elizabeth River; national SLCs for marine sediments; concentrations .

redicted by EP methods; and SSBs performed with R. abronius exposed to a mixture of
hydrocarbons (Table 46). Small gradients in benzo{a)pyrene concentrations were observed in
bicassays of a dilution series of Eagle Harbor sediments, in San Francisco Bay sediments
that were highly and moderately toxic to amphipods versus those that were least toxic, and
in San Francisco Bay sediments that were significantly toxic versus those that were not toxic -
to amphipods. Those data were not used to determine the ER-L and ER-M values (Table B-
22). The data from Eagle Harbor sediments that were highly toxic to amphipods also were
not used, since they did not indicate concordance with benzo(a)pyrene concentrations.

Effects were observed in association with benzo(a)pyrene concentrations as Inw as 396
ppb (the national SLC for marine sediments) (Table 47). The lower 10 percentile value of
the available data is equivalent to about 400 ppb, an ER-L value supported by marine SLCs
of 396 and 397 and observations of significantly toxic San Francisco Bay sediments tested
with bivalve larvae (mean of 404 ppb). With the exception of Eagle Harbor bicassay data,
effects were usually observed in association with benzo(a)pyrene concentrations of roughly
700 ppb or more (Table B-22). The ER-M suggested by the data is about 2500 pob, a value
supported by a Puget Sound AET (2400 ppb) and the LC50 derived from bivassays of a
dilution series of Elizabeth River sediments tested with spot (2462 ppb).

The degree of confidence in the ER-L and ER-M values should be considered as moderate,
Although data are available from several areas and several approaches, and these values
are supported by some convergence or clustering of the data, the clusters of concentrations
cover a relatively wide range. The overall apparent effects threshold (about 700 ppb) lies
within the ER-L/ER-M range. With very little conflicting evidence, it appears that effects
are almost always associated with concentrations of about 700 ppb or more.

Table 46. Summary of sediment effects data available for benzo(alpyrene,

References Biological Approaches Concertrations (ppb)

Apparent Effects Threshols

1 1986 PUGET SOUND AET
- R. abronius amphipod bioassay 2400
- oyster larvae (C. gigas) bioassay 1600
- benthic community compaosition 6800
- Microtox™ bioassay 1600
2 1988 PUGET SOUND AET
- R. abronius amphipod bioassay 3000
- oyster larvae (C. gigas} bioassay 1600
- benthic community composition : 3600
- Microtox™ bioassay 1600
20 PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration : 680
- maximum level criterion 6800
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay >1800
- R. abronius amphipod bioassay 1300

ney
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Table 46. Benzolalpyrene (continued)

References Bislogical Approaches Concenirations (ppb)

Co-Oceurrence Analyses

80

85

21

29

56

47

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 £ 3.9 dead/20) to R. abronius

- moderately toxic (5.2 & 1.1 dead/20) to R. abronius
- least toxic (2.5 t 0.9 dead/20) to R. abronius

- highly toxic (44.5 + 19% abnormal) to oyster larvae
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae
- least toxic (15.1 £ 3.1% abnormal) to oyster larvae

EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 * 1.7 dead/20} to R. abronius

- moderately toxic (8.2 £ 1.8 dead/20) to R. abronius

- least toxic (2.6 & 1.4 dead/20) to R. abronius

- predicted LC50 for R. abronius in 10-d dilution series
with Yaquina Bay, Qregon sediment

LAKE UNION, WASHINGTON
- 95% mortality to H, azteca

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius

- moderately toxic (33.8 % 4.7% mortality) to R. abronfus
- least torie {18 + 6.6% mortality) to R. abronius

- significantly toxic (42.9 £ 19.2% mortality) to R. abronius
- not toxic (18.4 ¢ 6.8% mortality) to R, abronins

- highly toxic (924 t 4.5% abnomal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 + 7.3% abnormal} to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxie (31.9 £ 15.5% abnormal) to bivalve larvae

SOUTHERN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

ELIZABETH RIVER, VIRGINIA _

- 100% mortality to L. xanthurus exposed to 100% Elizabeth
River sediment

-~ LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment ,

- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment

National Screening Level Concentrations

5
14

marine sediments @ 1% TOC

marine sediments @ 1% TOC

1192 + 1643
890 £ 1322
596 + 593
1261 21620

684 + 464
329 £ 385

3485 + 2475
5335 € 6488
1959 £ 1993

10

220000

486 + 484
432 + 344
400 + 447

429 + 382
423 + 465

1091 + 338
404 £+ 428
129 + 61
465 4 471
210 & 237

509 1+ 354

63 396

98500

2462

396

397
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Table 46. Benzofa)pyrene (continued)

References Biological Approaches Concentrations (ppb)

Equilibrium Yartitioning

4 EPA chronic marine EP threshold (@ 4% TOC) 1800060
17 EFA acute marine EP threshold (@ 4% TOC) 1800000
13 99 percentile chronic marine permissable contaminant
derived from chronic water quality criteria @ 1% TOC 18000
13 95 percentile chronic marine permissable contaminant
derived from chronic water quality criteria @ 1% TOC 45000
6 EPA interim mean freshwater sediment quality criteria based
upon EP @ 1% TOC 10630
25 Sediment safe levels based upon sediment/water partitioning
coefficients and acute water quality criteria- 450000
Spiked Sediment Bioassays
65 Significant toxicity to R. abronius with mixtures of aromatic
and chlorinated hydrocarbons 4100 1 600
Reference Backgraund Approach Concentrations (ppb organic carbon)
23 Rotterdam Harbor Sediment Quality Classifications
- Class 1 (slightly contaminated) _ <03 OC
- Class 2 (moderately contaminated) 0.3-0.6 OC
- Class 3 (contaminated) 0.6-20C.
- Class 4 (heavily contaminated) >20C
References:
1. Belier et al., 1986 1'7. Lyman ef gl., 1987 56, Anderson ef al., 1988
2. PTI Environmenial Services, 1988 20. U.S. ACOE, 1988 65. Plesha et al., 1988
4. Bolton ef al., 1985 21, Swarntzerf al., 1989 86, Tetra Tech, 1985
5. Neff er al., 1986 23. Jensen, 1987 85. CH2M Hill, 1989
6. EPA, 1988 25. Pavioun, 1987 * Various, please see lext
13. Pavlou et al., 1987 29, Yakeetal, 1986
14. Neff er al., 1987 47. Robens et al., 1989




Table 47, Effects range-low and effects range-median valuzs for benzolalpyrene
and 28 concentrations used to determine these values arranged in ascending

oxder,

Concentrations {ppb) End Point
396 Marine SL.C
397 Marine 5LC
400 ER-L
404 San Francisco Bay, California bioassay COA
465 San Francisco Bay, California bioassay COA
509 Southern California bioassay COA
684 Commencement Bay, Washington bioassay COA
890 Commencement Bay, Washington bioassay COA
1091 San Francisco Bay, California bioassay COA
1192 Commencement Bay, Washington bioassay COA
1261 Commencement Bay, Washington bivassay COA
1300 San Francisco Bay, California AET
1600 Puget Sound, Washington AET - bivalve
1600 Puget Sound, Washington AET - Microtox™
2400 Puget Sound, Washington AET - amphipod
2462 Elizabeth River, Virginia bioassay COA
2500 ER-M :
3000 Puget Sound, Washington AET - amphipod
3600 Puget Sound, Washington AET - benthic
4100 5SB with R. abronius: mixtures
5335 Eagle Harbor, Washington bioassay COA
© 6800 Puget Sound, Washington AET - benthic
10630 EP interim freshwater criteria @ 1% TOC
18000 99 percentile EP chronic marine @ 1% TOC
45000 95 percentile EP chronic marine @ 1% TOC
55160 Elizabeth River, Virginia bioassay COA
98500 Elizabeth River, Virginia bioassay COA
220000 Lake Union, Washington bioassay COA
450000 EP acute sediment safe level
1800000 EP chronic marine @ 4% TOC
Benzo(e)pyrene

The data available for benzo(elpyrene are restricted to bioassays of sediments from San
Francisco Bay, southern California, and Elizabeth River (Table 48). The amount and
variety of data are insufficient to warrant the determination of ER-L and ER-M values. In
San Francisco Bay, observations of effects were associated with mean concentrations of
benzo(e)pyrene ranging from 194 £ 228 ppb to 624 + 234 ppb. In southern California the mean
concentration associated with high toxicity was 434 £ 318, within the range observed in San
Francisco Bay. Toxicity to L. xanthurus was recorded at higher concentrations in bipassays of
Elizabeth River sediments. Additional data are nceded to determine a preponderance of
evidence of the benzo(e)pyrenc concentrations ageociated with adverse biological effects.
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Tdble 48, Summary of sediment effects data avallable for benzole)pyrene,

References Blological Approaches Concentrations {(ppb)

Apparent Effects Threshold

* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay 92
- R, abronius amphipod bioassay 650

Co-Ocourrence Analyses

. SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius 366 + 346
- moderately toxic (33.8 1 4.7% mortality) to R. abronius 166 + 130
- Jeast toxic (18 & 6.6% mortality) to R. abronius 153 1 184
- significanfly toxic (42,9 t 19.2% mortality) to R. abronius 268 + 276
- nor toxic {18.4 + 6.8% mortality) to R. abronius 157 + 206
- highly toxic (92.4 + 4.5% abnormal) to bivalve larvae 625+ 234
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae 194 + 228
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae 92 4 44
- significantly toxic (585.7 & 22.7% abnormal) to bivalve larvae 250 + 263
- not toxic (31.9 £ 15.5% abnormal) to biva. ve larvae 65+ 27
56 SOUTHERN CALJFORNIA
- significantly toxic (51.65% mortality) to G. japonica 434 £ 318
- not toxie (23.2% mortality) to G. japonica 69 + 106

47 ELIZABETH RIVER, VIRGINIA
- 100% wmortality to L. xanthurus exposed to 100% Elizabeth

River sediment 78100
- LCB0 (24-h) for L. xanthurus exposed to 56% Elizabeth
River sediment 43736

- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth

River sediment 1952

References:

47. Roberts ef al., 1989
56. Anderson et gl., 1988
* Various, please see text.

Biphenyl

Data for bipheny! are available from bicassays of sediments from San Francisco Bay,
southern California, Black Rock Harbor, and the Elizabeth River (Table 49). These data
are insufficient to determine the ER-L and ER-M values in sediments associated with effects.

" Mean concentrations ranging from 6.6 £ 9.0 to 26.3 + 9.0 ppb were associated with measures of

toxicity in San Francisco Bay sediments. In southern California sediments, significant
toxicity was associated with a mean concentration of 443 ppb. Elizabeth River sediments
that were highly toxic to L. xanthurus had very high biphenyl concentrations.
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Tible 49, Summary of sediment effects data available for biphenyl.

References Biological Approaches Concentrations {ppb}

Apparent Effects Threshold
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay 7
- R, abronius amphipod bioassay ~ 27
Co-Ovcurrence Analyses

* S5AN FRANCISCO BAY, CALIFORNIA

- highiy toxic (67 + 11.8% mortality} to R. abronius 10+£13
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 7£9
- least toxic (18 1 6.6% mortality) to R. abronius 6£8
- significantly toxic (42.9 + 19.2% mortality) to R. abronius 7+11
- not toxic (18.4 1 6.8% mortality) to R. abronius 718
- highly toxic (924 1 4.5% abnormal) to bivalve larvae 2619
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 616
- least toxic (23.3 £ 7.3% abnormal} to bivalve larvae 113
- significantly toxic (85.7 + 22.7% abnormal} to bivalve larvae 8110
- not toxic (31.9 + 15.5% abnormal} to bivalve larvae 214
5  SOUTHERN CALIFORNIA
- sigmificantly {oxic (51.65% mortality) to C. japonica 443

- not toxic (23.2% mortality) to G. japonics 6 .

47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River

sediment 85000
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment _ 47600
- L.C50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth Rive .
sediment ‘ 2125
58 BLACK ROCK HARBOR, CONNECTICUT
- - significant toxicity to A. abdita in 10-d biocassay 13.5
References:
47. Roberts et al., 1989 58. Rogerson et al.,
56. Anderson ef al,, 1988 * Various, please see text
Chrysene

Data for chrysene are available from studies in which Puget Sound AETs were calculated;
bioassays of sediments from Cormmencement Bay, Eagle Harbor, Lake Union, Columbia River,
San Prancisco 'B?z, southern California, and Elizabeth River were performed; national SLCs
were determined; and various EP-derived thresholds were calculated (Table 50). Small
gradients in chrysene concentrations were observed in bioassays of a dilution geries of Eagle
Harbor sediments and in amphipod bioassays of San Francisco Bay sediments. Also, a small
gradient in chrysene concentrations was observed between Commencement Bay sediments that
were moderately versus least toxic to amphipods. No toxicity was observed in Columbia
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River sediments that had up to 4100 ppb chrysene. These data were not used to determine
ER-L and ER-M values (Table B-23).

The lower 10 percentile value of the remaining data suggest an ER-L concentration of
about 400 ppb (384 rounded to 400 ppb), a valuc supported by a marine SLC of 384 ppb (Table
51). Some measures of effects were observed in asscciation with chrysene concentrations as
low as a mean of 368 ppb. With the exceptions of Eagle Harbor and Columbia River bioassay
data, effects almost always were observed or predicted at concentrations of about 300 ppb or
more. The 50 percentile value of the data suggest an ER-M of about 2800 ppb, a value -
supparted by two Puget Sound AETs {both 2800 ppb). '

The degree of confidence in the ER-L and ER-M values should be considered as moderate.
Data are available from a variety of geographic arcas and approaches, but are not tightly
clustered around the ER-L and ER-M values. There is an overall apparent effects threshold

at about 900 ppb, supported by a variety ot observed and predicted concentrations assoctated
with cffects and within the ER-L/ER-M range.

Table 50. Summary of sediment effects data available for ciiryséne.

References Biological Approaches Concentrations {pph)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay 280X}
- oysier larvae (C. gigas) bicassay 2800
- benthic community composition 6700
- Microtox™ bioassay 1400
2 1988 PUGET SOUND AET :
- R. abronius amphipod bicassay 9200
- oyster larvae (C. gigas) bioassay : 2800
- benthic community composition 9200
- Microtox™ bioassay 1400
20 PSDDA guidelines (based upon Puget Sounag AET) :
- screening level concentration 670
- maximum level criterion ' 6700

* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay _ 1700
- R, abronius amphipod bioassay 2100

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 % 3.9 dead/20) to R. abronius 1363 2 1970
- moderately toxic (5.2 + 1.1 dead/20) to R, abronius 821 £ 732

- least toxic (2.5 £ 0.9 dead/20) to R. abronius 748 + 773

- highly toxic (44.5 £ 19% abnormal) to oyster larvae 1218 + 1286
- moderately toxic (23 £ 2.3% abnormal) to oyster larvae 9012 + 691

- Jeast toxic (15.1 ¥ 3.1% abnormal) to oyster larvae 358 & 365

85  EAGLE HARBOR, WASHINCTON

- highly toxic (19.1 £ 1.7 dead/20) to R. abronius 10574 + 7337
- moderately toxic (8.2 + 1.8 dead/20) to R. abronius 9203 £ 10972
- least toxic (2.6 + 1.4 dead/20) to R. abronius 3165 + 4535
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Tajle 50. Chrysene (continued)

References Biological Apprnacheé Concentrations (ppb)

Co-Oc¢currence Analyses

21 - predicted LC50 for R. abronius in 10-d dilution series
g _ with Yaquina Bay, Oregon sediment 80
29 LAKE UNION, WASHINGTON
- 95% mortahty to H. azteca 170000
52 COLUMBIA RIVER, WASHINGTON/OREGON
not toxic (0-13% mortality) to H, azteca 4100
§ *  SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius 517 £ 729
g - moderately toxic (33.8 + 4.7% mortality) to R, abronius 413+ 385
- least toxic (18 £ 6.6% mortality} to R. abronius 478 £ 549
; - significantly toxic (42.9 + 19.2% mortality) to R. abronius 423 512
« not toxic (18.4 1 6.8% mortality) to R. abronius 405 + 571
- highly toxic (92.4 * 4.5% abnormal) to bivalve larvae 1679 + 847
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 368 + 466
- least toxic (23.3 & 7.3% abnormal) to bivalve larvae 82+ 37
- significantly toxic (55.7 ¢ 22.7% abnormal) to bivalve larvae 500+ 671
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae 198 + 276
56  SOUTHERN CALIFO#NIA
- significantly toxic (51.7% mortality) to G. japonica 524 + 284
- not toxic (23.2% mortality} to G. japonica 127 1 226

47  ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 103% Elizabeth

River sediment 317000
- LC50 (24-hr} for L. xanthurus exposed to 56% Elizabeth

River sediment 177520
~ LCBO (28-) for L. xanthurus exposed to 2.5% Elizabeth

River sediment ' 7930

National Screening Level Concentrations
5 Marine sediments @ 1% TOC _ ‘ 384
14 Marine sediments @ 1% TOC 384
Equilibrium Partitioning

4 EPA chronic marine EP threshold (@ 4% TOQC) 460000

17 EPA acute marine EP threshold (@ 4% TOC) 460000

13 99 percentile chronic marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC 1200

¥ 13 95 percentile chronic marine permissable contaminant derived
8 from chronic water quality eriteria @ 1% TOC 4400
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Table 50. Chrysene {continued)

References Biological Appraaches Concentratlons (ppb)
Equilibrium Partitioning
25  Sediment safe levels based upon sediment/water partitioning
coefficlents and acute water quality criteria 115000
References:
1. Beller et al., 1986 17. Lyman er ai., 1987 52. Johnson and Nortan, 1988
2. PTI Ewnvironmenal Scrvices, 1988 20. U.8. ACOE, 1988 36. Anderson ef al,, 1988
4, Bollon et al., 1985 2], Swartz et al,, 1989 B0. Tetrs Tech, 1985
5. Neff et al., 1986 25. Paviou, 1987 85. CHZM Hill, 1989
13, Paviou e al., 1987 29. Yake efal., 1986 *  Various, please see text
14. Neff et al,, 1987 4.7 Robens et af., 1989

Table 51, Effects range-lnw and effects range-median values for chrysene and 27
concentrations used to determine these values arranged in ascending order.

Concentrations {ppb)

End Point

80

368
384
400
500
524
%02
1200
1218
1363
1400
1679
1700
2100
2800
2800
2800
4400
6700
7930
9200
9200
9203
10574
115000
170000
177520
317000
460000

Predicted Eagle Harbor LC50—amphipod COA
San Francisco Bay, California bicassay COA
Marine SLC ‘ :

ER-L

San Francisco Bay, California bicassay COA
Southern California bioassay COA
Commencement Bay, Washington bicassay COA
99 percentile EP chropic marine @ 1% TOC
Commencement Bay, Washington bioassay COA
Commencement Bay, Washington bioassay COA
Puget Sound, Washington AET - Microtox™

Sen Francisco Bay, Celifornia bicassay COA
Sar: Francisco Bay, California bloassay COA
San Francisco Bay, California bioassay COA
Puget Sound, Washington AET - bivalve

ER-M

Puget Sound. Washington AET- amphipod

95 percentile EP chronic marine @ 1% TOC
Puget Sound, Washington AET - benthic
Elizabeth River, Virginia bioassay

Puget Sound, Washington AET - amphipod
Puget Sound, Washington AET - benthic

Eagle Harbor, Washington bioassay COA
Eagle Harbor, Washington biocassay CCA

EP acute sediment safe level

Lake Union, Washington bioassay COA
Elizabeth River, Virginia bicassay COA
Elizabeth River, Virginia biocassay COA

EP chronic marine threshold @ 4% TOC
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Dibenz(a,hlanthracene

Data are available for this aromatic hydrocarbon from determinations of Puget Sound
and San Francisco Bay AETs, EP-derived thresholds, and evaluations of bioassay data from
Commencement Bay, Eagle Harbor, and southern California (Table 52). There was ~.ther a
small gradient or no concordance between dibenz(a,h)anthracene concentrations ~.a toxdeity to
amphipods exposed to San Francisco Bay sediments. Commencement Bay and Eagle Harbor
sedimants that were highly toxic to amphipods had lower dibenz(ah)anthracene
concenirations than those respective samples that were moderately toxic. Therefore, these
data were not considered in the determination of ER-L and ER-M values (Table B-24).

Effects in sediments were observed in association with mean dibenz{ahanthracene
concentrations as low as 42 1 46 ppb (Table 53). The lower 10 percentile of the data is
equivalent to an ER-L value of about 60 ppb, a value supported by bivassay data from San
Francisco Bay (mean 63 £ 80 ppb) and from southern California (mean 66 + 46 ppb). The 50
percentile of the data suggest an ER-M of about 260 ppb, a value supported by three Puget
Sound AETs {230, 230, 260 ppb), a San Francisco Bay AET (260 ppb), and Commencement Bay
sediments that were highly toxic to oyster larvae (mean 263 t 413 ppb). Except fer
amphipod bipassay data from Eagle Harbor and a San Francisco Bay AET for amphipod
bioassays, effects were usually observed in association with concentrations of about 100 »pb or
more (Table B-24). The threshold concentrations predicted by EP inethods were considzrabiy
higher than thos¢ observed with measures of effects in field-collected samples.

The degree of confidence in the ER-L and ER-M values for dibenz(a hjanthracene should
be considered as moderate. A relatively small amount of data exist with which tu relate
chemical congcentrations to measures of effects; therc are no 55B data; and there was
relatively poor concordance or small gradients in concentrations among samples that were
toxic and those that were nontoxic. However, there was a doegree of converpence amoag the
" data and there appears to be an effects threshold within the ER-L/ER-M range at about 100
ppb with few contradictory data.

Table 52. Summary of sediment effects datz available for dibenz{a, h)anthracene,

References Biclogical Approaches Concentrations (npb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R, abronius amphipod bicassay 260
- oyster larvae (C. gigas) bioassay 230
- benthic community composition 1200
- Microtox™ bioassay 230
2 1988 PUGET SOUND AET
- R. abronius amphipod bioassay - 540
- pyster larvae (C. gigns) bioassay 230
- benthic community composition 970
- Microtox™ bioassay 230
20  PSDDA guidelines (based upon Puget Sound AET)
"« screening level concentration ’ 120
- maximum level criterion 1200
* SAN FRANCISCO BAY, CALIFORNIA AET
' - bivalve larvae bioassa 260
- R. abronius amphipod bioassay . 300
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Table 52, Dibenz(a,h)anthracene (continued)

References Biologicai Approaches

Concentrations (ppb)

Co-Oceurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 72 £ 139
- moderately toxic {5.2 & 1.1 dead /20) to R. abronius 183 + 344
- least toxic (2.5 + 0.9 dead/20) to R. abronius 73+71
- highly toxic (44.5 &+ 19% abnormal) to oyster larvae 263 + 413
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 101 % 58
- least toxic (15,1 £ 3.1% abnormal) to oyster larvae 55 + 41
85 EAGLE HARBOR, WASHINGTON '
- highly toxic (19.1 + 1.7 dead/20) to R. abronius 399 £ 252
- moderately toxic (8.2 + 1.8 dead/20) to R. abronius 797 £ 723
- least toxic (2.6 + 1.4 dead/20) to R. abronius 360 + 298
SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius 80 + 88
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 4432
~ least toxic (18 + 6.6% mortality) to R. abronius 57177
~ significantly toxic (42.9 £ 19.2% mortality) to R. abronius 55 £ 58
- not toxic (18.4 1 6.8% mortality) to R. abronius 62+ 80
- highly toxic (924 + 4.5% abnormal) to bivalve larvae 217 + 88
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvac 42 1 46
- least toxic (23.3 + 7.3% abnormal) to bivalve larvac 15415
- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae 63 + 80
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 21422
56 SOUTHERN CALIFORNIA ‘
- significantly toxic (51.7% mortality) to G. japonica 66 46
- not toxic (23.2% mortality) to G. japonica 24 £ 36
Bquilibrlum Partitioning
13 99 percentile chronic marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC 12000
95 percentile chronic marine permissable contaminant derived
from chronic water quality criteria @ 1% TOC 35000
25 Sediment safe levels based upon sediment/water partitioning _
coefficients and acute water quality criteria 240000
References:
1. Beller et al,, 1986 20. U.5. ACOE, 1988 80. Tetra Tech, 1985
2, PTIBnvironmental Services, 1988 25, Pavlou, 1987 85, CHZM Hill, 1989
13, Paviou et al,, 1987 56. Anderson et al., 1988 * Various, please see text
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ta rangesdow and effects rangesmedian values for dibenz(nh)-
18.cohceritrations used to determine these values. arranged in

Conrentrations (ppb}

End Point

%
&
10
183
217
230
230
260
260
260
263
540
797
; 970
1200
12000
35000
240000

San Francisco Bay, California bicassay COA
ER-L

San Francisco Bay, California bioassay COA
Southern California bicassay COA
Commencement Bay, Washington bioassay COA
Commencement Bay, Washington bioassay COA
San Francisco Bay, California bioassay COA

- Puget Sound, Washington AET - oyster

Puget Sound, Washington AET - Microtox™
l;liget Sound, Washington AET - amphipod
-M ,
San Francisco Bay, California AET
Commencement Bay, Washington bioassay COA
Puget Sound, Washington AET - amphi
Eagle Harbor, Washington bioassay COA
Puget Sound, Washington AET - benthic
Puget Sound, Washington AET - benthic
99 percentile EP chronic marine @ 1% TQOC
95 percentile EP chronic marine @ 1% TOC
EP acute sediment safe level

2,6-Dimethylnaphthaiene

concentrations (
those in sediments spik

. c¢hemical.

Very few data are available with which to relate the concentrations of 2,6-
dimethylnaphthalene to measures of effects in sediments (Table 54). The San Francisco Bay
bioassay data indicated relatively high toxicity to bivalve larvae in samples with 53 + 29
ppb 2,6-d:imet-!zlna‘ hthalene; whereas in southern California,

t 10 ppb) were not toxic to amphipods, Southern California sediments that
were h-igsllig toxic to amphipods had concentrations (115 £ 278 ppb) that were simllar to
i with hydrocarbon mixtures that were toxic to amphipods (150 £ 20

ppb). There are too few data to warrant determination of ER-L and ER—&

sediments with simllar

vilues for this

Table 54, Summary of sediment effects data available for 2,6-dimethylnaphthaiene.

References

Biological Approach

Concentrations (ppb)

Co-Occurrence Analyses

*  SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% meortality) to R. abronius 18128
- moderately toxic (33.8 £ 4.7% mortality) to R. abronius 10+ 15
- least i.-xic (18 £ 6.6% mortality) to R. abronius 10419
- significantly toxic (42.9 £ 19.2% mortality) to R. abronius 1322
- not toxic (184 + 6.8% mortality) to R. abronius 12420
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Table 54, 2,6-dimethyinaphthalene (continued)

References Biological Approach Concentrations (ppb)

Co-Occurrence Analyses

- highly toxic (924 + 4.5% abnormal) to bivalve larvae 53+29
- moderately toxic (59.4 £ 11.3% abnormal) to bivalve larvae G+ 14
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae 3+4
- significantly toxic (55.7 + 22.7% abnormai) to bivalve larvae 14+ 22
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 5+5
56 SOUTHERN CALIFORNIA :
- significantly toxic (51.7% mortality) to G. japonica 115+ 278
- not toxic (23.2% mortality) to G. japonica 56 £ 110

Spiked Sediment Bioassays

65  Significant toxicity to R, abronius with mixtures of aromatic
and chlorinated hydrocarbons 150 £ 20

Feferences:

56. Anderson et al, 1988
65. Plesha ef al,, 1988
* Various, please see text

Fluaranthene

Data are available from studies in which Puget Sound AETs were determined; toxicity
thresholds were predicted using EP methods; national SLCs were calculated; 55Bs were
rformed; and bioassays were performed with sediments from Commencement Bay, Eagle
arbor, Lake Union, Columbia River, San Francisco Bay, southern California, Palos Verdes,
and Elizabeth River (Table 55). Only three of the Palos Verdes samples were analyzed for
fluoranthene concentrations. There was either a small gradient or no gradient in fluoranthene
concentrations between San Francisco Bay sediments that were least, moderately, and most
toxic to amphipods and significantly toxic versus not toxic to amphipods, There was no
gradient in fluoranthene concentrations between Commencement Bay sediments that were
icast and moderately toxic to amphipods. Moderately toxic Eagle Harbor sediments had a
lower mean fluoranthene concentration than those that were least toxic. These data were not
used to determine ER-L and ER-M values (Table B-25).

Effects in sediments were observed in association with mean fluoranthene concentrations
as low as 382 t 617 ppb (Table 56). The lower 10 %ercentile value in the data suggest an ER-L
of about 600 ppb, a concentration supported by the predicted LC50 derived from amphipod
bioassays of a dilution series of Eagle Harbor sediments (600 ppb) and a marine SLC
concentration assuming 1 percent TOC content (644 ppb). The 50 percentile value in the dawn
suggest an ER-M of about 3600 ppb. This value is supported by a chronic marine EP-derived
concentration (3100 ppb), an LC30 determined in a SSB (3300 ppb), an EP-derived chronic safe
level (3600 ppb), a Puget Sound AET (3700 ppb), and a San Francisco Bay AET (3900 ppb).
Effects were almost always observed in association with fluoranthene concentrations of about
1000 ppb (1 ppm) or more. There were two exceptions to this apparent threshold: bioassay
data from the Columbia River, in which no effects were observed in sediments with up to
2100 ppb fluoranthene; and bicassay data from Eagle Harbor, where there was no toxicity in
sediments with a mean concentration of 12080 ppb (Table B-25).
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The degree of confidence in these ER-L and ER-M values should be considered as
relatively high. Data are available from all of the major approaches; clusters of data
support the values; and the overall apparent effects threshold lies within the range of ER-L
and ER-M values. '

.‘I‘able 85. Summary of sediment effects data available for fiuoranthene,

References

Biological Approaches

Concentrations (ppb}

Apparent Effects Threshold

1

20

1986 PUGET SOUND AET

- R. abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composttion

- Microtox™ bioassay

1988 PUGET SOUND AET

« R. abronius amphipod bioassay

- oyster larvae (C. gigas) bioassay
- benthic community compasition

- Microtox™ bicassay ‘

PSDDA GUIDELINES (based upon Puget Sound AET)
- screening level concentration
- maxitnum level criterion

S5AN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay
- R. abronius amphipod bic sy

Co-Qccurrence Analyses

80

85

21

29

52

COMMENCEMENT Tt A
- highly toxic (15.7 1 +d/20) to R, abronius

- moderately toxic (5 Jead/20) to R. abronius
- laast toxic (2.5 £ 0.%  +u/20) to R. abronius

- ASHINGTON

- highly toxic (44.5 + 19% abnormal) to oyster larvae
- moderately toxic (23 + 2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

EAGLE HARBOR, WASHINCGTON

- highly toxic (19.1 + 1.7 dead /20) to R. abronius

- moderately toxic (8.2 + 1.8 dead/20) to R. abronius

« lpast toxic (2.6 + 1.4 dend/20) to R. abronius

- predicted LC50 for R. abronius in 10-d dilution serics
with Yaquina Bay, Oregon. sediment

LAKE UNION, WASHINGTON
- 95% mortality to H, azleca

COLUMBIA RIVER, WASHINGTON/OREGON
- not toxic (0-13% mortality) to H. azleca

3900
6300
1700
30000

24000
1700

630

6300
2000
>3700

2360 + 3330
925 + 864

. 923 + 865

1635 + 2029
M6 £ 685
489 + 492

71988 x 95713
8895 + 10337
12080 + 51889
600

570000

2100
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Table 55. Fluoranthene {(contimued)

References

Biological Approaches

Concentrations (ppb)

Co-Occurrence Analyses

»

56

4%

47

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality} to R. abronius

- moderately toxic (33.8 & 4.7% mortality) to R. abronius
- least toxic (18 £ 6.6% mortality) to R. abronius

- significantly toxic (42.9 ¢ 19.2% mortality) to R. abronius
- not toxic {18.4 £ 6.8% mortality) to R. abronius

- highly toxic (92.4 + 4.5% abnormal} to bivalve larvae
- moderately toxic (594 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 * 7.3% abnormal} 1o bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal} to bivalve larvae

SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

PALOS VERDES SHELF, CALIFORNIA
- significantly toxic to R. abronius
- not toxic to R. abronius

ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River
sediment
~ LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment
- LC50 (28-d} for L. xanthurus exposed to 2.5% Elizabeth River
sediment

National Screening Level Concentrations

5

~

4

Marine sediments @ 1% TOC

Marine sediments @ 1% TOC

Equilibrium Partitioning

17
13

13

6

25

EPA acute marine EP threshold (@ 4% TOC)

99 percentile chronic marine permissable contaminant derived from
chronic water quality criterie @ 1% TOC

95 percentile chronic marine permissable contaminant derved from
chronic water quality criteria @ 1% TOC

EPA interi mean freshwater sediment quality criteria based upon
EP @ 1% TOC

Sediment safe levels based upon sediment/water partitioning,
coefficients and acute water quality criteria

794 1 1210
509 + 481
539 4 842

584 + 789
572+ 880

2737 + 1617
451 £ 562
136 + 107
68241043
382 £ 617

382 241
153 £ 307

193 + 143
98

2370000
327200

59250

432

36000

1600

3100

18800

2000
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Table 55, Fluoranthene {(continued)

References Biological Approaches Concentrations (bl

Equilibrium Partitioning

25 Sediment safe levels based upon sediment/water partitioning -
coefficients and chronic water quality criteria 3600

Spiked Sediment Bicassays

65 Significant toxicity to R. abronius with mixtures of aromatic

and chlorinated hydrocarbons 15000
16 LCS50(10-d) for R. abromius | 4200
19 LC50 for R. gbronius @ 0.2% TOC 3300
LC50 for R, abronius @ 0.3% TOC 6200
LC50 for R, abronius @ 0.5% TOC _ 10800
Reference Background Approach Concentrations

(ppb organic carbon)

23 Rotterdam Harbor Sediment Cuality Classifications

- Clags 1 (slightly contaminated) <04 OC

- Class 2 (moderately contaminated) 04-10C

- Clasgs 3 (contaminated) 1-4.5 OC

- Class 4 (heavily contaminated) >45 OC
References:
1. Beller et al., 1986 19, Swanz ¢ al,, 1987 49, Swartz et al., 1985
2. PTI Environmental Services, 1988 20. U.5. ACOE, 1988 52, Johnson and Norton, 1988
5. Nefferal., 1986 21. Swartz ot al., 1989 56. Anderson ef al., 1988
6. EPA, 1988 23. Jensen, 1957 65. Plesha et al., 1988
13. Pavlou et af., 1987 25, Pavlou, 1987 80. Tetra Tech, 1985
14, Neff ¢t al., 1987 29. Yake ei al., 1986 85. CHZM Hill, 1989
17, Lyman ¢t al., 1987 47. Robents et al., 1989 * Various, please sce text

18 Swartz et al., 1988

Table 56. Effects range-low and effects range-median values for fluoranthene and 33
concentraations used to determine these values arranged in ascending order.

Concentratlons (ppb) End Point
382 Southern California bioassay COA
432 Marine SLC
451 San Francisco Bay, California bioassay COA
600 ER-L
600 Eagle Harbor, Washington bioassay COA
644 Marine SL.C
682 San Francisco Bay, California bivagssay COA
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Table 56. (continued)

Concentrations (ppb) End FPoint
1046 Commencement Bay, Washington bioassay COA
1600 99 percentile EP chronic marine @ 1% TOC
16535 Commencement Bay, Washington bioassay COA
1700 Puget Sound, Washington AET - Microtox™
2000 San Francisco Bay, California AET
2360 Commencement Bay, Washiﬁon bloassay COA
2500 Puget Sound, Washington AET - oyster
2737 San Francisco Bay, California bioassay COA
3100 95 percentile EP chronic marine @ 1% TOC
3300 SSB LC50 for R. abronius @ 0.2% TOC -
3600 ER-M
3600 EP chronic sediment safe level
3900 Puget Sound, Washington AET - amphipod
4200 SSB LC50 for R. abronius
6200 SSB L.C50 for R, abronius @ 0.3% TOC
6300 Puget Sound, Washington AET - benthic
9000 EP acute sediment safe level
10500 55B LC50 for R. abronius @ 0.5% TOC
15000 SSB with R. abronius: mixtures
18800 EP interim freshwater criteria @ 1% TOC
24000 Puget Sound, Washington AET - benthic
30000 Puget Sound, Washington AET - amphipod
36000 EP acute marine threshold @ 4% °
59250 Elizabeth River, Virginia bicassay COA
71988 Eagle Harbor, Washington bioassay COA
327200 Elizabeth River, Virginia bioassay COA
570000 Lake Union, Washington bioasgay COA
2370000 Elizabeth River, Virginia bicassay COA
Fluorene

Data for fluorene are available from studies in which Puget Sound AETs were calcuisted;
national SLCs were determined; EP-derived thresholds were predicted; effects upon fish were
determined in S5Bs; and bioassays were performed with sediments from Commencement Bay,
Eagle Harbor, Lake Union, San PFrancisco Bay, southern California, Elizabeth River, and
Black Rock Harbor (Table 57). Data from SSBs with winter flounder (Pseudopleyronectes
americanus) are available, The winter flounder were exposed to Venezuelan crude mixed into
sediments placed in a layer in large aquaria for 4 months (Payne ef al., 1988). There was
little or no concordance between fluorene concentrations and toxicity to amphipods in San
Francisco Bay. There was a small gradient in fluorene concentrations between Commencement
Bay and Eagle Harbor sediments that were least and moderatelir toxic to amphipods. These
data were not used to determine the ER-L and ER-M values (Table B-26).

Effects determined with bivalve larvae bioassays of San Francisco Bay sediments were
observed in association with very low levels of fluorene (Table 58). These data influenced
the determination of the ER-L value of 35 ppb. The 50 percentile value in the data suggest
an ER-M of 640 ppb, a value supported by three Puget Sound AETs (all 540 ppb), a Puget
Sound AET for benthic communities (640 ppb), and high toxicity in Commencement Bay (mean
707 ppb). Except for the Eagle Harbor amphipod bicassay data, there is an overall apparent
effects threshold at about 350 ppb. However, this apparent threshold is highly influenced
by only Puget Sound and Commencement Bay data and not by other supporting data.
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The degree of confidence in the ER-L and ER-M values for fluorene should be considered as
low and moderate, respectively. Although there are data from: several approaches and
matching effects and chemical data from many geographic areas, the data rndicate poor
convergence around the ER-L value. The ER-L is supported by data only from San Francisco
Bay and the ER-M is supported by data only from Puget Sound (including Commencement
Bay). Some of the concentrations derived from the EP and SSB approaches suggest that the
gxre&ho!d for effects occirs at much higher concentrations than E\dicated by the ER-L and

R-M values. '

Table 57. Summary of sediment effecis data available for fluorene,

References Biological Approaches.

Cancentrations (ppb)

Apparent Effects Threshold

1 1986 PUGET SOUND AET
- R. ahronius amphipod bioassay 540
- oyster larvae (C. gigas} bioassay 540
- benthic community composition &40
~ Microtox™ bioassay 540
2 1988 PUGET SOUND AET
- R. abronius amphipod bioassay 3600
- oyster larvae (C. gigas) bioassay 540
- benthic community composition 1000
- Microtox ™ bicassay 540
20  PSDDA guidelines (based upon Puget Sound AET)
- sereening level concentration 64
- maximum level criterion 640
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassay 11
- R, abronius amphipod bioassay 210
Co-QOccurrence Analyses '
80  COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9 dead/20) to R. abronius 707 4 1341
- moderately toxic (5.2 £ 1,1 dead/20) to R, abronius 147 £ 131
- least toxic (2.5 & 0.9 dead/20) to R. abronins 117 £ 113
- highly toxic (44.5 £ 19% abnormal) to oyster larvac 353 * 746
- moderately toxic (23 1 2.3% abnormal) to oyster larvae 143+ 119
- least toxic (15.1 & 3.1% abnormal) to oyster larvae 75176
85 EAGLE HARBOR, WASHINGTON _
- highly toxic (19.1 + 1.7 dead /20 to R. abronius 22811 1 65559
- moderately toxic (8.2 £ 1.8 dead /20) to R. sbronius 187 4 234
- least toxic (2.6 + 1.4 dead/20) to R. abronius 1017 & 4679
21 - predicted LC50 for R, abrenius i 10-d dilution series
with Yaquina Bay, Oregon sediment 210
29 LAKE UNION, WASHINGTON
- 95% mortality to H. azteca 40000
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Table 57, FPluorene {confinued)

References Biological Approaches Concentrations (ppb)

Co-Occurrence Analyses

* SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius 33177

- moderately toxic (33.8 + 4.7% mortality) to R. abronius 30+21

- least toxic (18 + 6.6% mortality) to R, gbronius 39149

- significantly toxic (42.9 + 19.2% mortality) to R. abronius 29 + 48

- not toxic (18.4 + 6.8% mortality) to R. abronius 43 1. 51

- highly toxic (92.4 + 4.5% abnormal} to bivalve larvae 162 + 105

- moderately toxic (59.4 i 11.3% abnormal) to bivaive larvae 19+ 30

- least toxic (23.3 * 7.3% abnormal) to bivalve larvae 6+5

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae IS+ 64

- not toxic (31.9 + 15.5% abnormal) to bivalve larvae 164 23
56 SOUTHERN CALIFORNIA

- significantly toxic (51.7% mortality) to G. japonica 11

- not toxic (23.2% mortality) to G. japonica 8

47 ELIZABETH RIVER, VIRGINIA _ ‘
- 100% mortality to L. zanthurus exposed to 100% Elizabeth River

sediment 1250000
~ LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River

sediment 700000
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River

sediment 17500

58 BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A. abdifa in 10-d bioassay 93

National Screening Level Concentrations
14 Marine sediments @ 1% TOC 1

Equilibrium Partitioning

4 EPA chronic marine EP threshold(@ 4% TOC) 28000
13 99 percentile chronic marine permissable contaminant derived from

chronic water quality criteria @ 1% TOC 59
13 95 percentile chronic marine permissable contaminant derived from

chronic water quality criteria @ 1% TOC 160

25 Sediment safe levels based upon sediment/water partitioning
coefficients and acute water quality criteria @ 1% TOC 7000

Spiked-Sediment Bloassays

59 Liver somatic condition indices elevated in winter flounder 220550
MFQ induction in winter flounder liver significantly elevated 176510
MFO induction in winter flounder kidney significantly elevated 285290
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Table 57. Fluorene {continued)

References:

1. Beller ef 2!, i986 21, Swartz et al,, 1989 58. Rogerson et al., 1985
2. PTI Environmental Services, 1988 25, Pavion, 1987 59. Payne ¢t al., 1988

4. Bolton et al,, 1985 29, Yake ef al,, 1986 80. Tetra Tech, 1985

13. Pavloy er al,, 1987 47. Roberis er al., 1989 85. CH2M Hill, 1989

14, Moff ez al., 1987 56, Anderson et al., 1988 ¥ Varlous, pleass see text

20. U.S. ACOE, 1988

Table 58, Effects range-low and effects range-median values for fluotene and 28
concentrations used to determine these values arranged in ascending order,

Concentrations (ppb) End Point
11 San Francisco Bay, Callfornia AET
19 San Francisco Bay, California bioassay COA
35 ER-L
35 San Francisco Bay, California bioassay COA
59 99 percentile EP chronic marine @ 1% TOC
93 Black Rock Harbor, Connecticut bioassay COA
101 Marine SL.C :
143 Commencement Bay, Washington bioassay COA
160 95 percentile EP chronic manne @ 1% TOC
162 San Francisco Bay, California bioassay COA
210 Eagle Harbar, Washington bloassay COA
353 Commencement Bay, Washington bioassay COA
540 Fuget Sound, Washington AET - amphipod
540 Puget Sound, Washington AET - oyster
540 Puget Sound, Washington AET - Microtox™
640 ER-M
640 Puget Sound, Washington AET - benthic
707 Commencement Bay, Washington bioassay COA
1000 Puget Sound, Washington AET - benthic
3600 Puget Sound, Washington AET - amphipod
7000 : EP acute sediment safe level
17500 Elizabeth River, Virginia bioassay COA
22811 Eagle Harbor, Washington bicassay COA
28000 EP chronic marine @ 4% TOC
40000 Lake Union Washington bioassay COA
176510 5SB with flounder
220550 ' S5B with fiounder
285290 558 with flounder
700000 Elizabeth River, Virginia bioassay COA
1250000 Elizabeth Rive:, Virginia bioassay COA
I-methylnaphthalene

The data available for 1-methylnaphthalene are from biocassays of sediments from San
Francisco Bay and southern California and amphipod biocassays of sediments spiked with
mixtures of hydrocarbons. Many of the San Francisco Bay samples were not analyzed for 1-
methylnaphthalene; the small amount of data available indicated poor concordance between
toxicity and chemical concentrations. The mean concentration in southern . alifornia samples
that were significantly toxic to amphipods was 192.8 + 461.1 ppb versus 36.2 £ 65.6 ppb in

114
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non-toxic samples, The concentration of 1-methylnaphthalene was 500 ppb in a mixture of
hydrocarbons that was toxic to amphipods. There are too little data to determine ER-L and
ER-M values for this hydrocarbon. _

2-methylnaphthalene

There are somewhat more data available for 2-methylnaphthalene (Table 59) than for 1-
methylnaphthalene, They are from determinations of Pu%:zt Sound AET; bioassays of
sediments from Commencement Bay, San Francisco Bay, southern California, and Elizabeth
River; and amphipod bloassays of sediments spiked with hydrocarbon mixtures. There was a
small gradient in 2-methylnaphthalene concentrations between San Francisco Bay samples
that were least and moderately toxic to bivalve larvae. There was no concordance between
toxielty to amphipods and 2-methylnaphthalene concentrations in San Francisco Bay.
Commencement Bay sediments that were moderately toxic to both blvalve larvae and
amphipods had 2-methylnaphthalene concentrations similar to those that were least toxic,
These data were not used to determine the ER-L and ER-M values (Table B-27). :

The lower 10 percentile of the data suggest an ER-L of about 65 ppb, a value supported by
high toxicity in southern California sediments {mean 65 * 154 ppb) (Table 60). The 50
percentile of the data suggest an ER-M of about 670 ppb, a value supported by four Puget
Sound AETs (all 670 ppb). There appears to be an overall effects threshold at about 300 ppb,
but it is supported by relatively few data and data mainly from Commencement Bay and
other parts ot Puget Sound (Table B-27).

The degree of confidence in the ER-L and ER-M values for 2-methylnaphthalene should be
considered as low and moderate, respectively. They are supported by small clusters of data.
There are no single-chemical, spiked-sediment data, no thresiolds predicted by EP methods,
and the matching biological and chemical data are from only a few peographic areas.
However, the apparent effects threshold lies within the ER-L/ER-M range and is not
contradicted by observations of no effects at greater concentrations.

Table 59. Summary of sediment effects data available for 2-methylnaphthalene.

References Biolegical Approach Concentrations (ppb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay 670

- oyster larvae (C. gigas) bioassay 670

- benthic community composition 670

- Microtox™ bioassay 670
2 1988 PUGET SOUND AET

- R. abroniys amphipod bioassay 1900

- oyster larvae (C. gigas) bioassay _ 670

- benthic community composition 1400

- Microtox™ bioassay 670
20  PSDDA guidelines (based upon Puget Sound AET)

- screening level concentration ' 67

- maximum level criterion 670
* SAN FRANCISCO BAY, CALIFORNIA AET

- bivalve larvae bioassay 27

- R. abronius amphipod bioassay >130

17
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Table 89, 2-methylnaphthalene (continued).

References

Biological Approach Concentrations {ppb)

Co~Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9 dead/20) to R. abronius 546 + 490
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius 2134129
- least toxic (2.5 £ 0.9 dead/20) to R. abronius 168 1 169
- highly toxic (44.5 £ 19% abnormal) to oyster larvae 326 £ 313
- moderately toxic (23 + 2.3% abnormal) to oyster larvae 207 + 169
- least toxic (15.1 + 3.1% abnormal) to oyster larvae 165 1 121
* SAN FRANCISCO BAY, CALIFORNIA :
- highly toxic (67 + 11.8% mortality) to R. abronius 32441
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 3427
- least toxic (18  6.6% mortality) to R. abronius 34+33
- significantly toxic (42.9 £ 19.2% mortality) to R. abronius 31433
- not toxic (18.4 + 6.8% mortality) to R. abronius 39135
- highly toxic (92.4 t 4.5% abnormal) to bivalve larvae 98 + 41
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae 26 + 22
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 2047
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 35436
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 4+4
56 SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica 651 154
- not toxic (23.2% mortality) to G. japonica 16433
47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth
River sediment 31800
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth
River sediment 1788
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth
River sediment 795
Spiked-Sediment Bioassays
65  Significant toxicity to R. abronius with mixturee of aromatic
and chlorinated hydrocarbons - 500
References:
1. Beller et al., 1986 47. Roberts er al., 1989 80. Tetra Tech, 1985
2. PTI Environmental Services, 1988 56. Anderson et al., 1988 * Various, please sco text
20. U.8. ACOE, 1988 65. Plesha er al., 1988
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Table 60, Effects range-low and effects range-median values for 2-methylnaphthalene
and 15 concentrations used to dztermine those values arranged in ascending order.

Concentrations (ppb) End Point

27 San Francisco Bay, California AET
65 ER-L
65 Southern California bioassay COA
98 San Francisco Bay, California bicassay COA
326 Commencement Bay, Washington bioassay COA
500 SSB with i, abronius: mixtures
546 Commencement Bay, Washington bicassay COA
670 Puget Sound, Washington AET - amphipod
670 Puget Sound, Washington AET - oyster
670 Puget Sound, Washington AET - benthic
670 ER-M
670 Puget Sound, Washington AET - Microtox™
795 Elizabeth River, Virginia bicassay COA
1400 Puget Sound, Washington AET - benthic
1788 Elizabeth River, Virginia bioassay COA
1900 Puget Sound, Washington AET - amphipod
31800 Elizabeth River, Virginia bioassay COA
l-methylphenanthrene

There are no data available with which to relate effects in sediments to the
concentrations of this hydrocarbon in sediments.

Naphthatene

Puget Sound and San Francisco Bay AET concentrations, freshwater and saltwater 5LCs,
and three EP-derived concentrations are available for naphthalene (Table 61). Also, co-
occurrence analyses were performed with bicassay data gom Commencement Bay, Eagle
Harbor, Puget Sound, San Francisco Bay, Lake Union, southern California, and benthic
community data from the Trinity River. Concentrations predicted or:projected to co-occur with
toxicity in dilution series of sediments from Black Rock Harbor and Eagle Harbor are
available. Data from $5Bs with winter fiounder and spot (Lefstomus xanthurus) are also
available. The winter flounder were exposed to Venezuelan crude mixed into sediments
placed in a layer in large aquaria for 4 months (Payne et al., 1988). The spot were held for 28
days in cages that were placed upon and slightly immersed in Elizabeth River sediments
added to large aguaria (Roberts ef al., 1989). .

Naphthalene represented a small proportion of the totat PAH in Black Rock Harbor and
Eagle Harbor sediments that were tested in dilution series. There was cither no concordance
or a small gradient in naphthalene concentrations among San Francisco Bay sediments tested
with amphipods. Moderately toxic Eagle Harbor sediments had lower naphthalene
concentrations than least toxic samples. These data were not used to determine the ER-L and
ER-M values (Table B-28).

The available data (Table 62) suggest an ER-L of about 340 ppb (the lower 10 percentile
of the data), a value supported by moderate toxicity in Puget Sound. There i3 an overall
apparent threshold in the data at about 5X) ppb; cffects have been almost always observed
above that concentration in sediments. The 50 percentile value in the data (the ER-M) is
about 2100 ppb, a value supported by four Puget Sound AETs (2100 ppb) and an LC50 from a
sories of bioassays of Elizabeth River sediments tested with spot (2375 ppb).

There is a relatively large amount of data and they are from all the major approaches.
There i8 a consistent cluster of data from two approaches supporting the ER-M value, but not

119

8465



the ER-L value. The ER-L and ER-M values were influenced mainly by San Francisco Bay and
Puget Sourd data, respectively. The degree of confidence in these values shouid be considered
as moderate and high, respectively. Except for the Commencement Bay samples least toxic to
amphipods and the Trinity River bioassay data, the majority of the data indicate that
effects almost always occur at concentrations above about 500 ppb (0.5 ppm! napthalene, This
overall apparent effects threshold is suggested by an EP-derived concentration (500 ppb} and

moderately toxic Commencement Bay samples (mean 593 £ 505 ppb) and lies within the ER-
L/ER-M range

Table 61. Summary of sediment effects data available for naphthalene,

Reference Biological Approach Concentrations (pph)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

= R, abronius amphipod bioassay 2100
- oyster larvae (C. gigas) bioassay 2100
- benthic community composition 2100
- Microtox™ bioassay 2100
2 1988 PUGET SOUND AET
- R. gbronius amphipod bioassay 2400
- oyster larvae (C. gigas) bioassay 2100
- benthic community composition 2700
- Microtox™ bioassay 2100

20 PSDDA guldelines (based upon Puget Sound AET)

- screening level concentration : 210
- maximum level criterion 2100
* SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bipassay : >160
- R. abronius amphipod bioassay >160
Co-Occurrence Analyses
571 PUGET SOUND WASHINGTON |
- highly toxic (15-minute EC50; 0.31 + 0.13) to P. phosphoreum 3934 + £864
- moderately toxic (15-minute EC50; 2.1 t 0.8) to P. phosphoreum 343 + 348
- least toxic (15-minute EC50; 8.9 + 3.3) to P. phosphoreum 36 + 50
8¢ COMMENCEMENT BAY, WASHINGTON
- highly toxic (15.7 + 3.9 dead/20) to R. abronius 1564 £ 1735
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius 594 + 424
- least toxic (2.5 + 0.9 dead/20) to R. abronjus . 510 + 499
- highly toxic (44.5 + 19% abnormal) to oyster larvae ' 973 = 1041
- moderately toxic (23 + 2.3% abnormal) to oyster larvae o 593 + 505
- least toxic (15,1 % 3.1% abnormal) to oyster larvae 358 £ 326
85 EAGLE HARBOR, WASHINGTON
~ highly toxic (19.1 * 1.7 dead/20) to R. abronius 1501 + 2064
- moderately toxic (8.2 + 1.8 dead/20) to R. abronius ' 288 t 201
- least toxic (2.6 t 1.4 dead/20) to R. abronius . 456 1 682
21 - predicted L:.50 for R, abronius in 10-d dilution series with
Yaquina Bay, Oregon sediment 30
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Table €1. Naphthalene (continued).

Reference Blological Approach Concentrations (ppb)}

Co-Occurrence Analyses

29 LAKE UNION, WASHINGTON
- 95% mortality to H. azteca

*  SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius
- moderately toxic (338 * 4.7% mortality) to R. abronius
- least toxic (18 + 6.6% mortality) to R, abronius

- significantly toxic (42.9 % 192% mortality) to R. abronius
- not toxic (184 + 6.8% mortality) to R. abronius

- highly toxic (924 £ 4.5% abnormal) to bivalve larvae
- moderately toxic (594 * 11.3% abnormal) to bivalve larvae
~ least toxic (23.3 & 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31,9 + 15.5% abnorma}) to bivalve larvae

56 SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. japonica
- not toxic (23.2% mortality) to G. japonica

51  TRINITY RIVER, TEXAS
- low benthic species richness (28.2 + 2.9)
- high benthic species richness (333 + 4.0)
47 ELIZABETH RIVER, VIRGINIA :
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River
sediment
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment ‘
- L.C50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment

58 - BLACK ROCK HARBOR, CONNECTICUT
- significant toxicity to A. abdita in 10-d bioassay

National Screening Level Concentrations
5 Marine sediments @ 1% TOC
14  Marine sediments @ 1% TOC
Equilibrium Partitioning
4 EPA. chronic marine EP threshold (@ 4% TOC)
17 EPA acute marine EP threshold (@ 4% TOC)

13 99 percentile chronic marine permissable contaminant derived from

chronic water quality criteria @ 1% TOC
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Table 61. Naphthalene (continued).

Reference Blological Approach Concentrations {(ppb)

HEquillbrium Partitioning

13 95 percentile chronic marine permissable contaminant derived from
chronic water quality criteria @ 1% TOC 720

Spiked-Sediment Bioassays

59  Liver somatic condition indices elevated in winter flounder 7370

MFO induction in winter flounder liver significantly elevated 6200
MFQ induction in winter flounder kidney signivicantly elevated 10710

1 Total concentration includes sum of naphthalene, 1-methylnaphthalene, 2- '
methylnaphthalene, 2,6-dimethylnaphthalene, and 2,35-trimethylnaphthalene.

References:

1. Beller ef al., 1986 17. Lyman er al,, 1987 56. Anderson et al., 1988
2. PTI Environmental Services, 1988 20, U.S. ACOE, 1988 57, Schiewe et al., 1985
4, Bolton et al,, 1985 21, Swartz ¢ al., 1989 58. Rogerson et al,, 1985
5. Neff et al., 1986 29, Yake et al., 1986 59, Payne et al., 1988
13. Pavlou ef al., 1987 : 47, Robenis e al., 1989 80. Tetra Tech, 1985

14, Neff et al., 1987 S1. Armstrong efal., 1979 85, CH2M Hill, 1989

*  Various, please see text

Table 62. Effects range-low and eifects range-median values for naphthalene and
28 concentrations used to determine these values arranged in ascending order.

Concentrations (ppb} End Point
77 Southern California bioassay COA
127 San Francisco Bay, California bioassay COA
340 ER-L
343 Puget Sound, Washington bioassay COA
414 Marine SLC
500 99 Percentile EP chronic marine @ 1% TOC .
593 Commencement Bay, Washington bioassay COA
594 Commencement Bay,Washington bicassay COA
720 95 percentile EP chronic marine @ 1% T
973 Commencement Bay, Washington bioassay COA
1501 Eagle Harbor, Washington bioassay COA
1564 Commencement Bay, Washington bioassay COA COA
2100 Puget Sound, Washington AET- amphipod
2100 Puget Sound, Washington AET - oyster
2100 ER-M
2100 Puget Sound, Washington AET - benthic
2100 Puget Sound, Washington AET - Microtox™
2375 Elizabeth River, Virginia bioassay COA
2400 Puget Sound, Washington AET - amphi
2700 Puget Sound, Washington AET - benthic
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Table 62. {continued)

Concentrations (ppb) End Point
3670 Marine SLC
3934 Puget Sound, Washington bioassay COA
6200 SSB with flounder
7370 8SB with flounder
10710 S5B with flounder
11500 Trinity River,Texas benthos COA
40000 Lake Union, Washington bioassay COA
42000 EP acute marine threshold @ 4% TOC
53200 Elizabeth River, Virginia bioassay COA -
95000 Blizabeth River, Virginia bioassay COA
Perylene

Data available for perylene are from studies in which bioassays of San Francisco Bay,
southern California, and Elizabeth River sediments were performed (Table 63). There are too
little data to warrant determination of ER-L and ER-M values, however, some of the
available data suggest a degree of convergence. The San Francisco Bay AET for amphipod
bioassays, San Francisco Bay sediments highly toxic to amphipods and bivalve larvae, and
southern California sediments significantly toxic to amghipods had similar perylene
concentrations (230, and means of 173, 212, and 175 ppb, respectively). The perylene
concentrations in Elizabeth River sediments that were toxic to L. xanthurus were much higher
{means of 1677 ppb and greater). '

Table 63. Summary of sediment effects data available for perylene.

References Blological Approaches Concentrations {ppb)

Apparent Effects Thresholds

* SAN FRANCISCO BAY, CALIFORNIA AET
~ bivalve larvae bioassa g5
- R. abronius amphipod bioassay 230

Co-QOccurrence Analyses

* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% mortality) to R. abronius 173 £124
- moderately toxic (33.8 + 4.7% mortality) to R. abronius 139 £43
- least toxic (18 + 6.6% mortality) to R. abronius 98 + 68
- significantly toxic (42.9 + 19.2% moriality) to R. abronius 159+ 92
- not toxic (18.4 + 6.8% mortality) to R. abronius 85 + 68
- highly toxic {92.4 * 4.5% abnormal) to bivalve larvae 212439
- moderately toxic (594 + 11.3% abnormal) to bivalve larvae 132£92
- least toxic (23.3 + 7.3% abnormal) to bivalve larvae 81+78
- significantly toxic (55.7 £ 22.7% abnormal) to bivalve larvae 146 £ 86
- not toxic (31.9 £ 15.5% abnormal) to bivalve larvae 32455
123
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Table 63. Perylene (continued)

References Biological Approaches Concentrations {ppb)

Co-Occurrence Analyses

56 SOUTHERN CALIFORNIA
- significantly toxic (51.65% mortality) to G. japonica 175+ 120
- not toxic (232% mortality) to G. japonica 82+ 118

47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River sediment 50700
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River sediment 28392
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River sediment 1677

Referencen:

47. Roberts et al., 1989
86. Anderson et al., 1988
*  Varlous, please see text

_ Phenanthrene

Data availeble for phenanthrene are from studies in which Puget Sound AETs were
determined; 5SBs were performed with amphipods and winter flounder; national SLCs were
calculated; EP-derived thresholds were predicted; and bioassays of sediments from
Commencement Bay, Eagle Harbor, Lake Union, San Francisco Bay, southern California,
Columbia River, and Elizabeth River were crerformed. (Table 64). San Francisco Bay
sedimentz that were least, moderately, and highly toxic to amphipods had similar

henanthrene concentrations. San Francisco Bay sediments that were significantly toxic to
Eivalve larvae had similar concentrations of phenanthrene compared to those that were not
toxic. Eagle Harbor sediments that were mecderately toxic to amphipods had a lower mean

phenenathrene concen! n than those that were least toxic. These data were not used to

determine ER-L and 7alues (Table B-29).
The lower 10 _ule‘ value of the data suggests an ER-L of about 225 ppb, a vaiue
supported b‘zr sC" California and San Francisco Bay bicassay data {means of 222 + 136
d 224 t ‘b, respectively) (Table 65). The 50 percentile of the data suggest an

D an
EE-M of about :.uu ppb, a value supported by highly toxic Commencement Bay samples
(mean of 1379 & 2546 ppb) and an EF-derived criterion of 1390 ppb. There is an overall
apparent effects threshold at about 260 ppb, but there are data from Commencement Bay,
Eagle Harbor, and the Columbia River that contradict that observation, -

The degree of confidence in the ER-L and ER-M values for phenanthrene should be
considered as moderate. There are data from all of the major approaches and there is
convergence within this range, but the data from a 55B with an amphipod suggest that the
effects threshold among sensitive species may occur at concentrations much greater than the
ER-L/ER-M range. The AET lies within the ER-L/ER-M range, but is contradicted by
observations of no effects at higher concentrations determined in three study areas.
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Table 64, Sunumary of sediment effects data available for phenanthrene,

References

Biological Approaches

Concentraticns (ppb)

Apparent Effects Thresholds

1

20

1986 PUGET SO'IND AET

- R, abronfus ampiupod bioassay
~ oyster larvae (C. gigas) bloassay
- benthic community composition

=~ Microtox™ bioassay

1988 PUGET SOUND AET

- R. abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic community composition

- Microtox™ bioassay

- PSDDA guidelines (based upon Puget Sound AET)

- screening level concentration
- maximum level criterion

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae bioassagr
- R. abronius amphipod bioassay

Co-Occurrence Analyses

80

85

21

29

52

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 £ 3.9 dead/20) to R. abronius

- moderately toxic (5.2 + 1.1 dead/20) to R. abronius
- least toxic (2.5 + 0.9 dead/20) to R. abronius

- highly toxic (44.5 + 19% abnoima., tc oyster larvae
- moderately toxic (23 1 2.3% abnormal) to oyster larvae
- least toxic (15.1 £ 3.1% abnormal)} to oyster larvae

EAGLE HARBOR, WASHINGTON

- highly toxic (19.1 £ 1.7 dead /20) to R. abronius

- moderately toxic (8.2 + 1.8 dead/20) to R. abronius
- least toxic (2.6 + 1.4 dead/20) to R. abronius

~ predicted LC50 for R. abronius in 10-d dilution series
with Yaquina Bay, Oregon sediment

LAKE UNIONM, WASHINGTON
~ 95% mortality to H. azleca

COLUMBIA RIVER, WASHINGTON/OREGON
- pot toxic (0-13% mortality) to H. azteca

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 £ 11.8% mortality) to R. abronius

- moderately toxic (33.8 £ 4.7% mortality) to R. abronius
- least toxic (18 £ 6.6% mortality) to R. abronius

- significantly toxic (42.9 % 19.2% mortality) to R. abronius

- not toxic (18.4 + 6.8% mortality) to R. abronius

5400
1500
3200
1500

6500

. 1500

5400
1500

320

3200

510

2838 + 4603
597 + 513
478 + 367

1379 t 2546

593 1 365
207 + 263

33603 + 84430
2142 + 2404
2600 = 10009

950
410000
580

242 1203
228 +146
188 + 197

220 £ 163
199 + 205
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Table 64, Summary of sediment effects data available for phenanthrene.

References Blological Approaches Concentrations (pph)

R

]

-
3
11 .
-

Co-Occurrence Analyses

- highly toxic (924 + 45% abnormal) to bivalve iarvae 475 160
- moderately toxic (69.4 1 11.3% abnormal) to bivalve larvae 224 + 203
- least toxic (23,3 £ 7.3% abnormal) to bivalve larvae 65130
- gignificantly toxic (55,7 + 22.7% abnormal) to bivalve larvae 233+ 208
- nor oxic (31.9 t 15.5% abnormal) to bivalve larvae 159 + 216
5  SOUTHERN CALIFORNIA
- significantly toxic (51.7% mortality) to G. jeponica 222 £ 136
- not-toxic (23.2% mortality) to G. japonica 119 + 242
47 ELIZABETH RIVER, VIRGINIA
- 100% mortality to L. xanthurus exposed to 100% Elizabeth
River sediment 220000
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment 2363200
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River:
sediment 105500
Natlonal Screening Level Concentrations
5 Marine seciments @ 1% TOC 259
14 Marine sediments @ 1% TOC 368
Equilibrium Partitioning
4 EPA chronic marine EP threshold (@ 4% TOC) 56000
17 BPA acute marine EP threshold (@ 4% TOC) 56000
13 99 percentile chronic marine pemﬁss#bie contaminant derived
from chronic water quality criteria @ 1% TOC 110
13 95 percentile chronic matine permissable contaminant derived :
from chronic water quality criteria @ 1% TOC 240
25 Sediment safe levels based upon sediment/water partitioning
coefficlents and acute water quality criteria @ 1% TOC 14000
6 EPA interim mean freshwater sediment quality criteria :
@ 1% TOC 1390
EPA interim mean marine sediment quality criteria
@ 1% TOC 1020
Spiked-Sediment Bioassays
65 Significant toxicity to R. abronius with mixtures of aromatic
and chiorinated hydrocarbons - 500
59 liver somatic condition indices elevated in winter {lounder 30
MFCQ induction in winter flounder liver significantly elevated 270
MFO induction in winter flounder kidney significantly elevated 429

-~
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Table 64. Phenanthrene (continued).

References Biological Approaches Concentrations {ppb)

Spiked-Sediment Bioassays

Al LC50 (10-d) with R. abronius 2 3680
References:
1. Beller et al., 1986 17, Lyman et al., 1987 56. Anderson e al,, 1988
2. PTI Bnvironmental Services, 1988  20. 11.8. ACOE, 1988 59. Payne et al., 1988
4. Bolton et al., 1985 21, Swanw et al., 1989 65. Plesha e al,, 1988
5. Noff ef al., 1986 25. Paviou, 1987 85. CH2M Hill, 1989
6. EPA, 1988 29, Yake et al., 1986 80. Tetra Tech, 1985
13, Pavlou er al., 1987 47. Roberts et al., 1989 *  Various, please see text
14, Neff ¢t al,, 1987 52. Johnson ef al., 1988

Table 65. Effects range-low and effects range-median values for phenanthrene
and 34 concentrations used to determine these values arranged in ascending
order,

Concentrations (ppb) End Point

88 San Francisco Bay, California AET
110 99 percentile EP chronic marine @ 1% TOC
222 Southern California bioassay COA
224 San Francisco Bay, California bicassay COA
225 ER-L '
240 95 percentile EP chronic marine @ 1% TOC
259 Marine S5LC
270 S5B with flounder
340 SSB with flounder
368 Marine SLC
429 58B with flounder
475 San Francisco Bay, California bloassay COA
500 SSB with R, abronius: mixtures
510 San Francisco Bay, California AET
593 Commencement Bay, Washington bioassay COA
597 Commencement Baﬁ, Washington bioassay COA
950 Eagle Harbor, Washington bioassay COA
1020 EP interim marine criteria @ 1% TOC
1379 Commencement Bay, Washington bioassay COA
1380 ER-M
1390 EP interim freshwater criteria @ 1% TOC
1500 Puget Sound, Washington AET - oyster
1500 Puget Sound, Washington AET - Microtox™
2838 Commencement Bay, Washington bioassay COA
3200 Puget Sound, Washington AET - benthic
3680 SSB with R. gbronius LChQ
5400 Puget Sound, Washington AET- amphi
5400 Puget Sound, Washington AET - benthic
6900 Puget Sound, Washington AET - amphipod
14000 EF acute sediment safe level
177
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Table 65. (continued)

33603 Eagle Harbor, Washington bioassay COA
56000 EP chronic marine @ 4% TOC
105500 Elizabeth River, Virginia bioassay COA
220000 Elizabeth River, Virginia bicassay COA
410000 Lake Union, Washington bipassay COA
2363200 Elizabeth River, Virginia bicassay COA

Pyrene

Data available for pyrene are from studies in which Puget Sound AETs were determined;
national SLCs were ca{;ulated; EP-derived thresholds were predicied; 55Bs with winter
flounder were conducted; and bioassays of sediments from Commencement Bay, Eagle Harbor,
Lake Union, San Francisco Bay, southern California, and Elizabeth River were performed
(Table 66). San Francisco Bay sediments that were significantly toxic to both amphipods and
bivalve larvae had pyrene concentrations similar to the samples that were not toxic. San
Francisco Bay sediments that were highly toxic to amghipada had pyrene concentrations
similar to those that were least toxic. Commencement Bay sediments that were moderately
toxic to amphipods had mean pyrene concentrations lowsr than those that were least toxic.
Columbia River sediments with up to 2500 ppb pyrene were not toxic to amphipods. One each
of the Puget Sound and San Francisco Bay AETs was not definitive. These data v ere not used
to determine ER-L and ER-M values (Table B-30).

The lower 10 percentile of the data suggest an ER-L of about 350 ppb pyrene, a value
supported by a predicted LC50 (350 ppb) for Eagle Harbor sediments tested with amphipods |
and observations of altered liver somatic condition in winter flounder exposed to petroleum
{360 ppb) (Table 67). The 50 percentile value in the data suggest an ER-M of about 2200 ppb,
a value supported by San Francisco Bay bicassay data (mecan of 2188 ppb). Except for the
Columbia River bicassay data, most of the data suggest an overall effects threshold at about
1000 ppb (1 ppm) pyrene. However, as with the other aromatic hydrocarbons, this apparent
effects threshold s highly influenced by the Puget Sound AET values,

The degree of confidence in the ER-L and ER-M values should be considered as moderate.
Data are available from a number of approaches and geographic areas, an apparent effects
threshold lies within the ER-L/ER-M range, and there is consistency and clustering of the
available data. However, there are ne data from single-chemical 55Bs and most of the

thresholds predicted by EP methods are much higher than the concentrations within the
ER-L/ER-M range.

Table 66. Sumumary of sediment effects data available for pyrene.

References Biological Approaches Concentrations (ppb)

Apparent Effects Threshold
1 1986 PUGET SOUND AET

- R. abronius amphipod bioassay 4300

- oyster larvae (C, gigas) bioassay 3300

- benthic community composition >7300

- Microtox™ bioassay 2600
128
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Table 66, Pyrene (continued),

References

Bielogical Approaches

Concentrations (ppb}

Apparent Effects Threshold

2

20

1988 PUGET SOUND AET

- R. abronius amphipod bioassay
- oyster larvae (C. gigas) bioassay
- benthic commurity composition

- Microtox™ bioassay

PSDDA guidelines {based upon Puget Sound AET)
- screening level concentration
- maximum level criterion

SAN FRANCISCO BAY, CALIFORNIA AET
- bivalve larvae biocassay
- R, abronius amphipod bioassay

Co-Occurrence Analyses

80

21

29

52

COMMENCEMENT BAY, WASHINGTON

- highly toxic (15.7 + 3.9 dead/20} to R. abronius

- moderately toxic (5.2 + 1.1 dead/20) to R. abroniuy
- least toxic (2.5 £ 0.9 dead/20) to R. abronius

- highly toxic (44.5 + 19% abnormal) to oyster larvae
- moderately toxic (23 + 2.3% abnormal) to oyster larvae
- least toxic (15.1 + 3.1% abnormal) to oyster larvae

EAGLE HARBOR, WASHINGTON
- predicted LC50 for R. abronius in 10-d dilution series
with Yaquina Bay, Oregon sediment

LAKE UNION, WASHINGTON
- 95% mortality to F. azteca

COLUMBIA RIVER, WASHINGTON/OREGON
- not toxic (0-13% mortality) to H. azfeca

* SAN FRANCISCO BAY, CALIFORNIA
- highly toxic (67 + 11.8% muortality) to R. abronius

- moderately toxic (33.8 £ 4.7% mortality) to R. ebronius

- least toxic (18 & 6.6% mortality) to R. abronius

- significantly toxic (429 + 19.2% mortality) to R. abronius

- not toxic {184 + 6.8% mortality) to R. abronius

- highly toxic (92.4 £ 4.5% abnormal} to bivalve larvae
- moderately toxic (59.4 £ 11.3% abnormal) to bivaive larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivalve larvae
- not toxic (31.9 + 15.5% abnormal) to bivalve larvae

56 SOUTHERN CALIFORNIA

- significantly toxic (51.7% mortality) to G. japonica

- not toxic (23.2% mortality) to G. japonica

16000

16000
2600

430
7300

>3400
2600

1820 & 2252
865 £ 719
978 + 996

1538 = 1501

1076 + 806
434 1 442

350

750000

2500

777 £ 908
1110 + 904
701 + 866

896 £ 870
743 1 902

2188 £ 776
724 £ 939
216 + 102

806 + 975
719 + 1123

532 + 372
184 £ 318
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Table 66. Pyrene (continued).

T ——

References Biological Approaches

Concentrations (ppb)

CosOccurrence Analyses

47 ELIZABETH RIVER, VIRGINIA -
- 100% mortality to L. xanthurus exposed to 100% Elizabeth

1350000

River sediment
- LC50 (24-hr) for L. xanthurus exposed to 56% Elizabeth River
sediment 756000
= LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
sediment 33750
National Screening Leve! Concentrations
5 Marine sediments @ 1% TOC 434
14 Marine sediments @ 1% TOC 665
Equilibrium Partitioning
4  EPA chronic marine EP threshold (@ 4% TOC) 198000
17 EPA acute marine EP threshold (@ 4% TOC) 198000
13 99 percentile chronic marine permissable contaminant
derived from chronic water quality criteria @ 1% TOC 850
13 95 perccnﬁle'chronic marine permissable contaminant
derived from chronic water quality criteria @ 1% TOC 1900
6 EPA interim mean freshwater sediment quality criteria
based upon EP@ 1% TOC 13100
25 Sediment safe levels based upon sediment/water partitioning
coefficients and acute water quality criteria 49500
Spiked Sediment Bioassays
59 Liver somatic condition indices elevated in winter flounder 360
MFQ induction in winter flounder liver significantly elevated 300
MFO induction in winter flounder kidney significantly elevated 182
References: _
1. Beller eral., 1986 14, Neff et al., 1987 47. Roberts et al., 1989
2. PTI Environmental Services, 1988 17. Lyman et af,, 1987 52. Johnson et al., 1988
4. Bolton et al., 1985 20. U.S. ACOE, 1988 56. Anderson et al., 1958
5. Neffetal, 1986 21, Swartz et al,, 1989 - 59. Payne et al., 1988
6. EPA, 1988 25. Pavlou, 1987 80. Tetra Tech, 1985
13. Pavlou et al., 1983 29, Yake et al., 1986 *  Various, please see text
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Table 67. Effects range-low and effects range-median values for pyrene and 28
concentrations used to determine these values arranged in ascending order.

Concentrations (ppb) : End Point
182 S5B with flounder
00 55B with flounder
350 Eaple Harbor, Washington bioassay COA
350 ER-L
360 SSB with flounder
434 Marine SLC
532 Southern California bioassay COA
665 : Marine SLC
724 San Francisco Bay, California bioassay COA
850 99 percentile EP chronic marine @ 1% TOC
1078 f.ommencement Bay,Washington bioassay COA
1110 San Prancisco Bay, California bioassay COA
1538 Commencement Bay, Washington bioassay COA
1820 Commencement Bay, Washington bicassay COA
1900 95 percentile EP chronic marine @ 1% TOC
2188 San Francisco Bay, California bioassay COA
2200 ER~-M
2600 Puget Sound, Washington AET - Microtox™
2600 San Prancisco Bay, California AET
3300 Puget Sound, Washington AET - oyster
4300 Puget Sound, Washington AET - amphi(%d
13100 EP freshwater interim criteria @ 1% T
16000 Puget Sound, Washington AET - amphipod
16000 Puget Sound, Washington AET - benthic
33750 Elizabeth River, Virginia bicassay COA
49500 EP acute sediment safe level
198000 EP chronic marine @ 4% TOC
750000 Lake Union, Washington bioassay COA
756000 Elizabeth River, Virginia bicassay COA
1350000 Elizabeth River, Virginia bioassay COA
23,5~trimethyinaphthalene

No data were located with which to relate 2,3 5-trimethylnaphthalene concentrations in
sediments to measures of blological effects.

Total Polynuclear Aromatic Hydrocarbons (PAH)

The data available for total PAH include those from SSBs and co-occurrence analyses of
matching bioeffects and chemical data from various investigations in the field (Table 68).
The SSBs were performed with amphipods, bivalve larvae, and the fish L. xanthurys, The
matching data are from San Francisco Bay, southern California, Eagle Harbor, Puget Sound,
Commencement Bay, Mississippi Sound, Forth Estuary (Scotland), Hampton Roads, Lower
Columbia River, ¥lassachusetts Bay, and Hudson-Raritan Bay. In addiiion to the COA, the
Mississippi Sound data from two types of bioassays {amphipod Gammarus mucronatus and
mysid Mysidopsis almyra) were evaluated to determine AET concentrations.

Some of the data were not used to determine the ER-L and ER-M values (Table B-31).
Some of the data from San Francisco Bay bioassays performed with amphipods, from studies
of meiofauna in Forth Estuary, from bioassays of Mississippi Sound performed with mysids
and with amphipods, and from moderately toxic Hampton Roads sediments tested with
shrimp were not used because they either lacked a pradient in concentration or lacked

m
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concordance between the blological and the chemical data. One each of the San Francisco
Bay and Mississippi Sound AETs were not definitive,

The aat%ory of total PAH is difficult to evaluate since different individual PAHs have
been guantitied by different investigators and reported as total *AH (Table B-31). Therefore,
the data avaflable for evaluation are not necessarlly equivalent. For example, some of the
data were ragarted as total PAH or total hydrocarbons and the identity and number of

uantified hydrocarbons were not apecified. ng the data sets evaluated, a minimum of 4

AHs and a maximum of 21 PAlHs were quantified. However, there is enough similarity
among the data to warrant a cautious review of the concentrations associated with measures
of effects In sediments. Most investigators reported the sums of 13 to 18 individual
hydrocarbons. Mo Puget Sound AET has been reported for the category of total PAH. Also,
since the Commencement Bay data were reported as sums of these two categories (low
molecular weight and high molecular weight PAH), COA were performed with sums of the
two mean concentrations as an approximation of total PAH. The AET concentrations
determined with the Mississippi Sound data also were of questionable value. No definitive
AET for the amphipod biorssay could be determined; the sample with the highest PAH
concentration that was significantly toxic had 205,000 ppb PAH. y one other sample that
was significantly toxic to mysids exceeded the AET concentration of 99,400 ppb PAH in the
sample. ‘ .

- Effects were associated with total PAH concentrations as low as 870 ppb, the AET
determined for San Francisco Bay sediments tested with bivalve larvae bivassays (Table 69).
The lower 10 percentile value of the data is equivalent to about 4000 ppb (3800 rounded to
4000 ppb), the ER-L concentration. This value is supported by observations in San Francisco
Bay of the concentration assoctated with minimum measures of bipeffects (3800 ppb) and
significant toxicity to bivalve larvae (mean 4022 ppb). With several exceptions, effects were
usually observed in association with total PAH concentrations of about 11000 ppb or preater.
There is an apparent effects threshold among the data at about 22000 ppb; effects were
usually observed at higher total PAH concentrations. The 50 percentile value in the data
suggests an ER-M concentration of about 35000 ppb. This concentration is supported by the
observations of low Massachusetts Bay species richness (mean of 35000 ppb) and high toxicity
in Hampton Roads sediments (mean of 3% ppb).

The majority of the data are available from matching biological and chemical analyses
of field-collected samples, and, therefore, are subject to the weaknesses outlined earlier in
this document. The data from the few 5SBs in which individual PAH were quantified
indicated very high LC50s (e.g., »180,000 ppb). The individua! PAH that were quantified
and the number of PAH that were ?uantified and summed differed among investigators,
There are no effects thresholds predicted by EP methods available for a category of total
PAH. Small clusters of data supported the ER-L and ER-M values. The total data set had
an extremely wide range in concentrations, Because of these problems, the degree of
confidence in the ER-L and ER-M values for total PAH should be considered as relatively
low. However, there did appear to be a relatively clear overall threshold in the data, A
much more standardized method of reporting resuits and more data are needed to determine
the total PAH concentrations associated with measures of effects in sediments,

Table 68. Summary of sediment effects data available for total PAHs,

References Biological Approaches Cuncintrations {(ppb)

Apparent Effects Threshold
i 1986 PUGET SOUND AET FOR LOW MOLECULAR WEIGHT PAH

- R. abronius amphipod bioassay 5200
- oyster larvae (C. gigas) bioassay 5200
- benthic community composition , ‘ 6100
- Microtox™ bioassay 5200

R et
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Table 68, Total PAHs (continued)

References Biological Approaches Concentrations (ppb)

. Apparent Effects Threshold _
1 1986 PUGET SOUND AET FOR HIGH MOLECULAR WEIGHT PAH

- R, abronius amphipod bioassay- 18000

- pyster larvae (C. gigas) bioassay 17000

-~ benthic community composition >51000

- Microtox™ bioassay 12000
2 1988 PUGET SOUND AET FOR LOW MOLECULAR WEIGHT PAH

- R. abronius amCPhlpod bicassay 24000

- oyster larvae (C. gigas) bioassay 5200

- benthic community composition 13000

- Microtox™ bioassay 5200
2 1988 PUGET SOUND AET FOR HIGH MOLECULAR WEIGHT PAM

- R, abronius amphipod bioassay 69000

- oyster larvae (C. gigas) bioassay 17000

- benthic community composition 69000

- Microtox™ bioassay 12000
20 - PSDDA screening level ~ low molecular weight PAH 610

- PSDDA screening level - high molecular weight PAH 1800

- PSDDA maximum level - low molecular weight PAH 6100

- PSDDA maximum level - high molecular weight PAH 51000
* SAN FRANCISCO BAY, CALIFORNIA AET

- bivalve larvae bioassay 870

~ R, abronius amphipod bioassay >15000
84  MISSISSIPPI SOUND, MISSISSIPPI AET

- AET for amphipod bioassay = >205000

- AET for mysid bloassay : 99400

Co-Occurrence Analyses

80 COMMENCEMENT BAY, WASHINGTON: LOW MOLECULAR

. WEIGHT PAH ‘ .
- highly. toxic (15.7 £ 3.9 dead/20) to R. abronius 6977 4 8437
- moderately toxic (5.2 £ 1.1 dead /20) to R. abronius 2031+ 1316
- lecst toxic (2.5 * 0.9 dead /20) to R. abronius : 1602 + 1411
- highly toxic (44.5 + 19% abnormal) to oyster larvae 3835 + 4852
- moderately toxic (23 £ 2.3% abnormal} to oyster larvae 2003 & 1405
« least toxic (15.1 + 3.1% abnormal) to oyster larvae - 1019 £ 943
80 COMMENCEMENT BAY, WASHINGTON: HIGH MOLECULAR
WEIGHT PAH

- highly toxic (15.7 £ 3.9 dead/20) to R. abronius 9794 1 12821
- moderately toxic (5.2 + 1.1 dead/20) to R. abronius : 6178 £ 6438
- least toxic (2.5 £ 0.9 dead/20) to R. abronius 4865 + 4800
- highly toxic {44.5 = 19% abrormal) to oyster larvae 9042 £ 9573
- moderately toxic (23 £ 2.3% abnormal) to oyster larvac 5838 + 4042
- least toxic (15.1 £ 3.1% abnormal} to oyster larvae 2686 + 2631

133
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Table 68. Total PAHs (continued)

References

Biological Approaches

Concentrations (ppb)

Co-Occurrence Analyses

»

57

26

52

G

81

SAN FRANCISCO BAY, CALIFORNIA

- highly toxic (67 + 11.8% mortality) to R. abronius

- moderately toxic (33.8 & 4.7% mortality) to R. abronjus
- least toxic (18 * 6.6% mortality) to R. abronius

- significantly toxic (42.9 £ 19.2% mortality) to R. abronius
- not toxic (184 + 6.8% mortality) to R, abronius

- highly toxic (92.4 £ 4.5% abnormal) to bivalve larvae
- moderately toxic (59.4 + 11.3% abnormal) to bivalve larvae
- least toxic (23.3 £ 7.3% abnormal) to bivalve larvae

- significantly toxic (55.7 + 22.7% abnormal) to bivaive larvae
- not toxic (31.9 * 15.5% abnormal) to bivalve larvae

- sediment quality triad significant bioeffects
~ sediment quality triad minimum biocffects

PUGET SOUND, WASHINGTON

- highly toxic in Microtox™ bioassay

- moderately toxic in Microtox™ bicassay
- least toxic in Microtox™ bioassay

- highly toxic (95% LPL) to R. abronius
- moderately toxic (<87.5% survival to <95% LPL) to R. abronijus
- least toxic (<87.5% survival) to R. abronius

COLUMBIA RIVER, WASHINGTON
- low toxicity (0-13% mortality) to H. azieca

MISSISSIPPI SOUND, MISSISSIPPI

- highly toxic (90 + 11.7% mortality} to mysid M. almyra

- moderately toxic ( 53.5 + 7.4% mortality) to mysid M. almyra
- least toxic (8 + 8.8% mortality) to mysid M. a[‘r,nym_

« significant mortality (71.8 £ 21.4%) to mysid M. almyra
- low mortality (8 + 8.8%) to mysidd M. almyra

- highly toxic (76.9 & 24.1% mortality) to amphipod G, mucronatus
- least toxic (144 * 5.9% mortality) to amphipod G. mucronatus

- significantly toxic (80.7 + 23.2% meriality) to amphipod

G. mucronatus
- not toxic (16 + 9.4% mortality) to amphipod G. mucronatus

HUDSON-RARITAN ESTUARY, NEW YORK
- negative growth in nematode bioassay
- positive growth in nematode bioassay

FORTH ESTUARY, SCOTLAND

- low meiofaunal density (112.4 £ 122/sample)

- moderate meiofaunal density (1334 % 396/sample)
- high meiofaunal density (3542 1774/sample)

134

[

4227 + 5025
3966 + 3524 -
3323 +4337

3832 + 3927
3527 +4520

11735 £ 5499
3343 £ 4039
941 1 429

4022 + 4908
2557 & 3816

29500
=3800

55630 + 112530
13533 £17427
763 £ 727

11752 4 14548
7627 + 7065
4201 + 4612

16000

11400 + 14100

-+ 66100 + 83300

8550 + 23000

AT790 £ 66160
8550 + 22990

47760 £ 74890
9730 122390

21600 + 31000
18600 1+ 47000

42769 + 46084
21467 + 31160

83800 + 57900
11800 & 3700
10200 + 9950
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Table 68, Total PAHs (condnued)

References

Biological Approaches

Concentrations (ppb)

Co-Occurrence Analyses

82 MASSACHUSETTS BAY, MASSACHUSETTS
- low macrofaunal species richness (31 t 6.5) 35000 + 25400
- moderate macrofaunal species richness (58.1 + 104) 23100 £ 15400
- high macrofaunal species richness (93.6 + 9.4) 8700 + 12600
31 HAMPTON ROADS, VIRGINIA
- highly toxic (70 £ 20.3% mortality) to P. pugio shrimp 35700 + 42181
~ moderately toxic (8.8 + 1.8% mortality) to P. pugio shrimp 12325 + 10425
- least toxic (2.2 & 1.8% mortality) to P. pugio shrimp - 16921 + 20976
- ELIZABETH RIVER, VIRGINIA
37 - 56% overall mortality among spot L. xanthurus 3500000
- 100% fin erosion among spot L. xanthurus 3900000
47 - 100% mortality to L. xanthurus exposed to 100% Elizabeth River
gediment 11872000
- LCS0 (24-h) for L. xanthurus exposed to 56% Elizabeth River
sediment 530000
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth River
 sediment 21200000
56 SOUTHERN CALIFORNIA '
- significantly toxic (51.7% mortality) to G. japonica 8363
~ not toxic (23.2% mortality) to G. japonica 24
58 BLACK HARBOR, CONNECTICUT
- projected concentrations significantly toxic to A. abdite amphipod 11273
21 EAGLE HARBOR, WASHINGTON
- predicted LC50 concentration toxic to R, abronius 2590
Spiked-Sediment Bioassays
59 - elevated liver/somatic indices in winter flounder P. americanus = 228722
- elevated liver MFO induction in winter flounder P. antericanus 183060
- elevated kidney MFO induction in winter flounder P, americanus 295860
28 - Bunker C oil LC50 for R. gbronius 2240000
30 - low (7.4%) abnormality in oyster larvae (C. giges) exposed
to petroleum products 10000
References;
1. Beller et al., 1986 31. Alden and Butt, 1987 59, Payne et al., 1988
2. PTIEnvironmental Services, 1988 37, Hagis ef al., 1984 79, Tietjen et al., 1984
7. Chapman e! al., 1987 47. Roberts et al., 1989 80. Tetra Tech, 1985
20. U. 8. ACQE, 1988 52. Johnson and Norton, 1988 81. Long, 1987
T 21, Swanz et al., 1989 56. Anderson e/ al., 1988 82. Gilbert es al,, 1976
T3¢, DeWitt er al., 1988 57. Schiewe et al., 1984 84. Lytle and Lytle, 1985
28, Kemp et al., 1986 58. Rogerson ef al., 1988 *  various, ses text

30, E. V. 8. Consultants, 1988
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Tdble:69. Effectsxangesdow and effects: range-median values for total PAHs and
S3concentzations msed 1o determine these values arranged in-ascending order.

Concentrations (ppb) End Point

870 San Francisco Bay AET--bivalve

2590 Predicted LC50 Engle Harbor-amphipod COA

3343 San Francisco Bay moderately toxic—bivalve COA

3500 San Francisco Bay triad minimum bioeffects COA

4000 ER-L

4022 San Francisco Bay significantly toxic--bivalve COA

7627 Puget Sound moderately toxic—amphipod COA

7841 Commencement Bay moderately toxic—oyster COA

8363 Southern California significantly toxic—amphipod COA

9500 San Francisco Bay triad significant bioeffects COA

11273 Black Rock Harbor significantly toxic~amphipod COA

11735 San Francisco Bay highly toxic—bivalve COA

11752 Puget Sounu highly toxic--amphipod COA

12877 Commencement Bay highly toxic—oyster COA

13933 Puget Sound moderately toxic~Microtox™ COA

16771 Commencement Bamic{;hly toxic-amphi&)d COA

23100 Massachusetts Bay erate species richmess COA

35000 Massachusetts Bay low species richness COA

35000 ER-M

35700 Hampton Roads highly toxic—shrimp COA

41790 Mississippi Sound significantly toxic—mysid COA

42769 Hudson-Raritan highly toxic--nematode COA

47760 Mississippi Sound highly toxic--amphi od COA

55630 Puget Sound highly toxic—-Microtox™ COA

66100 Mississippi Sound moderately toxic~mysid COA

83800 Forth Estuary low meiofauna density COA

99400 Mississippi Sound AET-mysid bicassay

183060 SSB with winter flounder liver MFO .

228722 S5B with winter flounder liver condition

295860 S5B with winter flounder kidney MFO

530000 LC50 2.5% Elizabeth River--spot COA

2240000 SSB with LC50 Bunker C ofl--amphipod

3900000 56% mortality Elizabeth River--spot COA

3500000 100% fin erosion Elizabeth River--spot COA

11872000 LC50 56% Elizabeth River--spot COA

21200000 LC100 100% Elizabeth River--spot COA
DISCUSSION

Review of ER-L and ER-M values

The ER-L and ER-M concentrations for each chemical and chemical group are summarized
and listed in Table 70. Also, the ratios between the respective ER-L and ER-M values for
each chemical are listed as a measure of the sprecad or range in the chemical concentrations,
This ratio was generally lowest (average of 4.2 to 1) for the trace metals (especially
cadmium, chromium, arsenic, nickel, end zinc) and highest (average of 8.1 to 1) for the
organic compounds (excluding total DDT, endrin, and dieldrin).

The available data for some chemicals indicate agreements among the various
approaches and the various data sets that were evaluated. For example, there is a
relatively large amount of data avaitable for cadmium generated from a variety of methods.
The Puget Sound AET concentrations range from 5.1 ppm to 9.6 ppm; the 10-d LC50
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concentrations from many 55Bs with amphipods range from 5.6 to 11.5 ppm; and significant
toxicity to amphipods and reduced echinoderm abundance in Southern California sediments
occurred in samples with mean cadmium concentrations of 5.3 and 6.2 ppm, respectively.
Effects were not observed in sediments with cadmium concentrationz of less tﬁan about 4 ppm.
With some exceptions, biological effects were usually observed in association with cadmﬁtm
concentrations of 5 ppm or greater. The preponderance of evidence from these data suggest
that effects are likely or expected as cadmium concentrations in sediments reach about 5 n;:Fm.
Also, the effect of adding or deleting data upon the ER-L and ER-M values for cadmium
would likely be relatively small.

For some other chemicals, there was less agreement among the data from various
approaches and the degree of confidence in the accuracy of the resulting ER-L and ER-M
values was relatively low. For example, the Puget Sound AET concentrations for chromium
are 260 and 270 ppm, whereas effects were observed elsewhere in association with mean
concentrations as low as 61 ppm and as high as 1646 ppm. Many of the biological measures of
effects were not in concordance with chromium concentrations, suggesting that chromium had a
minimal role or no role in causation. In another example, the SLCs for total PCBs range from
2.9 ppb to 42.6 ppb based upon a relatively large amount of data; whereas, the Puget Sound
AET concentrations range from 130 ppb to 3100 ppb, the San Francisco Bay AET range from 54
to 260 ppb, the chronic marine threshold predicted by EP methods is 280 ppb, and the LC50
from a SSB performed with amphilaod,s is 10800 ppb. The effect of adding or deleting data

- upon the ER-L or ER-M values could be significant for some of the chemicals for which there
is little consistency or clustering in the data. Obviously, for many chemicals there is yet
much to be learned as regards the chemical concentrations in sediments that cause biological
effects.

The chemical concentrations associated with no effects often were as informative as the
concentrations associated with measures of effects. Sediment bioassays performed with
relatively highly contaminated sediments from San Diego Bay, New York Harbor, and Eagle
Harbor indicated low toxicity; whereas, sediments from other areas or tested with other
approaches with similar or lower chemical concentrations were very toxic, Assuming that
these tests were conducted with proper methods, the data may suggest different degrees of
availability of the sediment-sorbed chemicals. Based upon the met%lods described, we had
no reason to eliminate these data.,

Overall, the degree of confidence in the accuracy of the ER-L and ER-M values should be-
considered as moderate for the metals group and PCBs and low for the pesticide and PAH
groups. Much more data are needed to support or refute the ER-L and ER-M values for all
groups and for individual analytes within the groups.

Also included in Table 70 is a summary of the subjectively determined, overall apparent
effects threshold for each chemical; the concentrations at and above which biological effects
were usually or always observed. The ER-L and ER-M values were established objectively
with a priori selection criteria, i.e., the lower 10 percentiles and 50 percentiles of the
available data, They were not established following review and evaluation of the data for
each chemical. However, foliowing a review of the available data for each chemical,
apparent effects thresholds were often observed and noted. These thresholds were established
with a subjective approach. Therefore, they were identified and listed as evidence to support
the accuracy of the ER-L/ER-M values and as hypotheses to be evaluated ‘with additional
data, They were not used to rank the NS&T Program sites. For several chemical analytes
(e, chromium, total DDT, dieldrin), there was no apparent effects threshold. For many of
the pesticides and arvomatic hydrocarbons, there were insufficient data to determine a
threshold, noted as not sufficient data (NSD) in Table 70. For many of the analytes, e.g.,
mercury, there were inconsistent data at concentrations above the apparent effects thresholds,
i.e, data from some studies indicated no effects at relatively high concentrations of the
analyte. The apparent effects thresholds for most of the trace metals, PCBs, DDT, and some
of the aromatic hydrocarbons were very similar to the respective ER-M values or within the
ER-L/ ER-M range. However, the apparent threshold was outside the ER-L/ER-M range for
antimony and lead. The apparent eftects threshold for antimony was 25 ppm, a concentration’
equivalent to the ER-M concentration. The apparent effects threshold for lead (300 ppm) on
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Table 70. Bummary of RR-L, ER-M, and oversll apparant sffects throsholds toncahirations for selecisd chemicals

In sedimeri: (dry welght).

Shemical ER-L ER-M ER-L:ER-M  Overall Apparent Subjective Degree

Anstyte Conoantration Concentration Ratlo Effecta Threshold of Confidence In
ER-L/ER-M Valuss

Trace Elements (ppm)

Antimony 2 25 12,6 25 Modarato/moderate

Arsenio a3 8s 2.6 80 Low/moderate

cadmium 5 L 1.8 5 Higlvhligh

Chromium 80 146 i.8 No Moderate/modarate

Copper 70 ano . 5.8 300 High/high

Lead as 110 3.1 200 Moderate/high

Meroury 0.46 1.4 8.7 1 Moderate/high

Nlzkal 30 50 1.7 NSD* Modarate/maderata

Blivar 1 2.2 2.2 1.7 Mcderate/modorate

Tin NA NA NA NA NA

2ino 120 270 2.2 280 High/high

Polyehiorinated Biphenyls (ppb)

Tota] FCBa 50 400 7.6 370 Madarata/moderate

DDT and Metaholites (ppb)

ooT t 7 7 [ Low/low

CoD 2 20 10 NSD Moderate/low

noe 2 15 7.5 NSO Low/iow

Total DDT 2 aso 117 No Moderato/moderate

Other Pasticider {ppb)

Lindane CBeA NA NA NSO HA*®

Chlordane 0.5 8 i2 2. Low/low

Heptachler NA NA NA NsD NA

Digddrin 0.02 8 400 No Low/low

Aldrin NA NA NA N3O NA

Endrin 0,02 48 22580 NED Low/low

Mirax NA NA NA N3D NA

Polynuclear Aromatic Hydrocarbons (ppb)

Acenaphthens 150 650 4.3 180 Low/low

Anthracene 85 980 11.8 300 Low/modegrala

Benzo(a)anthracone 230 16800 7 550 Low/modarale

Benzo(rn\pyrene 400 2500 8.2 700 Moderate/modarate

Benzo{e)pyrene NA NA NA NsD NA

Bipheny! NA NA NA N3D NA

Chrysatie 400 2800 7 800 Moderate/modorate

Dibanz{a,hyanthracene &0 260 4.3 100 Moderate/moderata

2 6-dimethylpaphthylene NA NA MNA, NSO A

Fluoranthene 600 3600 [ 1000 Higihvhigh

Fluorene 35 £40 18.0 350 Lowiow

1-methyinaphthalane NA NA, NA NsD NA

2-methylnaphthaleno (13 670 10.3 3o0 Low/modaraie

1-mathylphenanthrene NA NA NA NSD NA

Naphihalene 340 2100 6.2 500 Modarate/high

Perylene NA NA NA NSD NA

Phananthfene 226 1380 8.1 260 Modoeratelmodoralo

Pyrene 350 2200 8.3 1000 Modarate/moderate

2,3,5-rtmathytnaphthalent NA NA NA NSO NA :

Total PAH 4000 35000 8.0 22000 Low/low

* NSD = not suficlent data
* NA = nhet avallable
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the other hand, was considerably higher than the respective ER-M concentration (110 ppm),
resulting tn a somewhat lower degree of confidence in the ER-M value for lead.

Evaluation of NS&T Program Data

The ER-L and ER-M concentrations were compared with the ambient concentrations
measured by both the Benthic Surveillance Project (3-letter stie location codes) and Mussel
Watch Project (4-letter site description codes) of the NS&T Program. The data from the
NS&T Program were assembled from {usually) 2 successive years of measurements at numerous
sites around the coastal United States. Overall average concentrations were calculated for
each analyte measured in sediments from each site. Those sites in which the average
analyte concentrations exceeded the respective ER-M values are listed in Table 71. Those

sites in which the average analyte concentrations exceeded the respective ER-L values, but
not the ER-M values, are listed in Table 72.

The ER-L and ER-M values for arsenic were not reached or exceeded at any NS&T

samling gite. The average ambient concentrations of antimony, cadmium, copper, and total
PAH did not exceed the respective ER-M values at any of the sites,

Among the trace metals, the ER-M value for chromium was exceeded by sediments from
the most sites (25 out of about 200 sites). The average chromium concentration of 2114 ppm
observed in the sediments from site SAL (located in Salem Harbor, Massachusetts) was the
highest, exceeding the ER-M value by over an order of magnitude. Chromium concentrations
also were very high at sites PAB (in San Pablo Bay, California) and HMB (in Humboldt
Bay, California), Average lead concentrations were highest in gite OEIH (in the Oakland
estuary, California), exceeding the ER-M by about twofold, The ER-M of i.3 ppm for mercury
was exceeded by the average concentrations at six sites, including an average of 3.3 ppm at
site HRUB (located in the Hudson/Raritan estuary, New Jersey}. The average nickel
concentrations at 21 sites exceeded the ER-M value for nickel. The average silver
concentration of 7.2 ppm at site BOS (located in Boston Harbor, Massachuseatts) exceeded the
ER-M by about threefold. All but one of the sites that exceeded the silver ER-M were located
in Northeast estuaries or bays.

The ER-M concentrations for many of the aromatic hydrocarbons were either not exceeded
by the average ambient concentrations or exceeded at only one or two sites, Site HRUB
exceeded many of the ER-M values for individual PAH and nearly exceeded the ER-M value
for total PAH. Site BOS also had relatively high concentrations of some PAHs.

The average PCB concentration in site BOS was about 20 times higher than the ER-M for
PCB. PCB concentrations also were high at site SAWB (located in Saint Andrew Bay in
western Florida). The ER-M for total DDT was exceeded by four sites in southern California
located near each other (PVRP, SPFP, 5PB, SPC) and a site (CBSP) in Choctawatchee Bay,
Florida. Chlordane concentrations at site CBSP and at site OEIH, located in the Qakland
Inner Harbor, California, were over two-fold higher than the ER-M value.

The ER-L concentration for arsenic was not exceeded at any of the sites, The ER-L values
for many of the metals, notably, chromium, copper, lead, mercury, nickel, and zinc, were
exceeded by the ambient concentrations at many of the sites (Table 72). The average
cadmijum concentrations and acenaphthene concentrations exceeded the respective ER-L values
at only two sites each. Average ambient concentrations of dieldrin, total DDT, anthracene,
benzo(a)anthracene, fluoranthene, phenanthrene, and pyrene at many sites exceeded the
respective ER-L values. The ER-L concentrations were sufficiently low for dieldrin and total
DDT, that the average concentrations at the majority of the NS&T Program sites exceeded
them. The dieldrin and total DDT data from the NS&T Program suggest that the ER-L
values for these two contaminants are possibly unrealistically low, since the concentrations at
such a large number of sites exceeded them.

Tables 73 and 74 summarize and rank the sites in which the average analyte
concentrations exceeded the most ER-M and ER-L values, respectively. Those sites that had
the greatest numbers of exceedances were those in which the potential for adverse effects
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were ‘assumed o Se the highest. The sediment collected at the OEIH and HRUB sites
exceaded 21" most ER-M concentrations (Table 73). Sites HRRB and NYSH (both in the
Hsi2ion/keritan estuary), LITN (western Long Island Sound), and BOS also exceeded many of
the ER-M concentrations.

Sites BHDI (Boston Harbor), LISI, LIMR, LIHH (all Long Island Socund), and CBMP
{Chesapeake Bay) exceeded the most ER-L concentrations (Table 74). As expected, the
sediments from many more sites exceeded the ER-L concentrations than exceeded the ER-M
values. :

Overall cumulative ranks of the top 30 sites are listed in Table 75. These ranks were
determined by considering exceedances of both the ER-L and ER-M concentrations. One point
was assigned for each ER-L concentration exceeded by the sediments at each site. The
average ratio of the ER-L. vaiues to the ER-M values in Table 70 was 4.2 for the metals and
8.1 for the organics {excluding tutal DDT, dieldrin, and endrin). Using these average ratios,
4.4 points svere assigned for each metal ER-M that was exceeded at a site and 8.4 points for
each organic ER-M that was exceeded. Then, the sum of the points for the ER-L and ER-M
exceedances at each site was determined and used to formulate an overall rank of the sites.

Based upon this approach, site HRUB ranked highest in overall potential for inducing
sediment-related effects (Table 75), followed by sites BOS, OEIH, and LITN, Sites LIS and
LIMR sediments exceeded 20 ER-L concentrations each, but exceeded none of the ER-M
concentrations. Sites PVRP, SPFP, SPB, and SPC, all located near Los Angeles, California,
exceeded relatively few ER-L values, but exceeded some of the ER-M concentrations for DDT,
its derivatives, and other organics. Only one site along the Gulf of Mexico coastline, site
CBSP in Choctawatchee Bay, Florida, ranked among the top 30 sites. It had high
concentrations of pesticides.

The sampiing sites with the highest potential for adverse effects are located within the
Hudson/Raritan estuary, western Long Island Sound, Boston Harbor, Chesapeake Bay, New
York Bight, Oakland Inner Harbor of San Francisco Bay, St. Andrew Bay, Salem Harbor, and
in parts of southern California near Los Angcles and San Pedro. Out of a total of 212
sampling sites, 172 sites exceeded at least one ER-L value. Most of the sites that did not
exceed ER-L values were located along the Gulf Coast and along the outer coastal regions of
the Pacific Coast. Site UISB, located in a very remote portion of Alaska and assumed to be a
relatively pristine area, exceeded the ER-L values for antimony, chromium, and nickel.

CONCLUSIONS AND RECOMMENDATIONS

Effects-based national sediment quality criteria are not currently available for all of the
NS&T Program analytes. Three major approaches to the determination of effects-based
sediment quality standards have been u to generate an estimate of the concentrations of
selected toxicants in sediments that may be associated with or the cause of biological effects.
The three approaches involve the use of equilibrium-partitioning rrinciples, spiked-sediment
bioassays, and various methods of evaluating matching biological effects and chemical data
from analyses of field-collected samples. The resulting sediment quality values derived from
all three approaches were used in the present document and treated as equal. A
preponderance of evidence from the various approaches was used to establish informal
guidelines for use in the evaluation of NOAA NS&T Program sediment chemical data. By
using a preponderance of evidence, the influence of any single value in setting guidelines was
minimized. These guidelines were in two forms: concentrations at the low end of the range
and equivalent to the median of the range within which biological effects were observed.

ER-L values were determined as the concenirations equivalent to the lower 10 percentile
of the available data in which effects were detected. These values represent an
approximation of the concentrations at which adverse effects were first detected. The ER-M
values were determined as the concentrations equivalent to the median (50 percentile) of the
available data in which effects were detected. These values represent an estimate of the
concentrations at or above which effects were often detected. Both the ER-L and ER-M values
were established objectively by determining the lower 10 percentile and 50 percentile points
in the data. This approach followed that of Klabow and Lewia (1979) in whirh marina
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water guality standards for California were established. In that effort, Klapow and Lewis
{1579) evaluated only spiked water bioassay data, i.e., they compared apples with apples.
in the present effort, data from a variety of t:rpronches and from studies performed in areas
with significantly different pollution histories were evaluated, equivalent to comparin
grapes and watermelons. The necessity to compare grapes and watermelons is symptomatic of .
the current status of knowledq: regarding the degree of sediment contamination that is
associated with measures of biological effects. :

ER-L and ER-M guidelines were identified for most (31) of the chemical analytes that are
quantified by the T Program. However, no guidelines could be established for some
analytes due to a lack of sufficient data. For some analytes, there was a very low degree of
confidence in the accuracy of the guldelines, due mainly to relatively poor consistency among
the data from the various approaches and/or due to a lack of data from multiple
complimentary a ches. For a few analytes, such as cadmium, there was good consistency
among the data. Data from many approaches converged upon a relatively small range in
concentrations and an overall apparent effects thres%xold agreed with or was within the
effects range, and, therefore, there was a relatively hifh degree in confidence in the
informal guidelines. Except for these latter few analytes, it is very obvious that more data
are needed to reduce the uncertainty in the data.

Table 71. ER-M concentrations for each NS&T Program analyte, NS&T Program sites
that exceed the ER-M concentrations, geographic locations of those sites, and the
average concentrations (dry weight) of the analyte at the site, :

Site Description " Location Concentration

Antimony (225 ppm) *
Arsenic (285 ppm) *
Cadmium (29 ppm) *

Chromium (2145 ppm) ppm
BBSM Bellingham Bay, Washington 203.0
BHDI Boston Harbor, Massachusetts 190.7
BHDB Boston Harbor, Massachusetts 186.7
HRLB Hudson-Raritan Estuary, New Jersey 1472
HRRB Hudson-Raritan Estuary, New Jersey 170.0
LITN Long Island Sound, New York 1614
NYSH New York Bight, New Jersey 166.7
PVRP Palos Verdes, California - 156.7
PYMC Port Valdez, Alaska 156.7
SFDB San Francisco Bay, California 170.0
SFEM San Francisco Bay, California 178.3
SFSM San Francisco Bay, California 1675
spPsp " San Pablo Bay, California 185.0
TBSR Tomales Bay, California 2183
YHSS Yaquina Bay, Oregon 176.7
OEIH : Oakland Estuary, California 186.7
BOD Bodega Bay, California 349.7
BOS Boston Harbor, Massachusetis 263.3
HMB Humboldt Bay, California 453.7
HUN San Francisco Bay, California 269.7
OAK Oakland Estuary, California 196.0
PAB San Pable Bay, California 5218
RAR Raritan Bay, New Jersey 188.9
SAL Salem Harbor, Massachusetts 2114.7
SHS San Francisco Bay, California 259.2
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Lead (2110 ppm)

. BHDI
- BHDB
= HRLB
HRUB
HRRB
LIMH
LITN
| NYSH
. OEIH
O | SAL

e i Mercury (21.3 ppm)

HRLB
HRUB
HRRB
NYSH
OEIH
RAR

Nickel (z5¢ ppm)

BBSM
BPBP
CBHP
CBMP
OEIH
PYMC
SFDB
SFEM
SFSM
SPFP
Spsr
TBSR
WIPP
BOD
HMB
HUN
OAK
PAB
SHS
UCB

Sliver (2.2 ppm)

BHDI
BHDE
HRJB

HRLB

Copper (2390 ppm) *

Boston Harbor, Massachusetts
Boston Harbor, Massachuseits
Hudson/Raritan Estuary, New jersey
Hudson/Raritan Estuary, New Jersey

" Hudson/Raritan Estuary, New Jersey

Long Island Sound, New York
Long Island Sound, New York
New York Bight, New Jersey
Oakland Estuary, California
Boston Harbor, Massachusetts
Long Beach Harbor, California
Raritan Bay, New Jersey
Salem Harbor, Massachusetts

Hudson/Raritan Estuary, New Jersey
Hudson /Raritan Bstuary, New Jersey
Hudson/Raritan Estuary, New Jersey
New York Bight, New Jersey
Oakland Estuary, California
Raritan Bay, New lersey

Bellingham Bay, Washington
Barber's Point, Hawaii
Chesapeake Bay, Maryland
Chesapeake Bay, Maryland
Oakland Estuary, California
Port Valdez, Alaska

San Francisco Bay, California
San Francisco Bay, California
San Francisco Bay, California
San Pedro Bay, California
San Pablo Bay, California
Tomales Bay, California
Whidbey Island, Washington
Bodega Bay, California
Humboldt Bay, California
San Francisco Bay, California
Oakland Estuary, California
San Pablo Bay, California
San Francisco Bay, California
Chesapeake Bay, Maryland

Boston Harbor, Massachusetis
Boston Harbor, Massachusetts
Hudson /Raritan Estuary, New Jersey
Hudson/Raritan Estuary, New Jersey

ppm

1100
1323
143.7
1373
196.7
140.0
172.2
154.5
206.7
12790
1263
182.3
167.2

ppm

3.3
2.4
1.8
2.3
2.3

ppm

1683
58.3
550
64.7

133.3
65.7

- 90.8

110.0

1125
55.0

121.8

166.7
56.4
54.8
60.1

100.3

104.0

87.8
721
62.2

ppm

31
24
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Table 71. (continued)

Site Description Location Concentration
Silver (continued) ppm
HRUB Hudson/Raritan Estuary, New Jersey 34
HRRB Hudson /Raritan Estuary, New Jersey 4.8
LIHH Long Island Sourd, New York 49
LITN Long Island Sound, New York 57
NBMH Narragansett Bay, Rhode Island 2.2
NYSH New York Bight 4.0
PVRP Palos Verdes, California 2.8
BOS Boston Harbor, Massachusetts 72
RAR Raritan Bay, New Jersey 4.7
Zine (270 ppm) ppm
CBHP Chesapeake Bay, Maryland 300.0
CBMP Chesapeake Bay, Maryland 385.0
HRRB Hudson/Raritan Estuary, New Jersey 366.7
LIHH Long Island Sound, New York 2833
NYSH New York Bight, New Jersey 2817
OEIH Oakland Estuary, California 330.0
RAR Raritan Bay, New Jersey 4215
SDA San Diego Bay, California 3242
PCBs (2380 ppb) pPb
BBAR Buzzards Bay, Massachusetts 451.2
BHDB Boston Harbor, Massachugetts 642.2
HRRB Hudson/Raritan Estuary, New Jersey 393.7
LITN Long Island Sound, Connecticut 499.2
NYSH New York Bight, New Jersey - 4312
PVRP Palos Verdes, California 568.6
SAWB Saint Andrew Bay, Florida 940.8
BQOS Boston Harbor, Massachusetts 7852
ELL Elliott Bay, Washington 415
RAR Hudson/Raritan Bay, New Jersey 529
SAL Salem Harbor, Massachusetts 403
SDA San Diego Harbor, California 399
Dieldrin (28 ppb) ppb
BHDB Boston Harbor, Massachusetts 12.9
OQEIH Qakland Estuary, California 12.0
‘LITN Long Island Sound, New York 9.6
DODT {p,p' + o,p"-DDT) (27 ppb) ppb
CBSP Choctawatchee Bay, Florida 182.0
HRLB Hudson/Raritan Estuary, New Jersey 9.1
MBTP Matagorda Bay, Texas 9.6
MBTH Moriches Bay, New York 14.9
QSBJ Oceanside, California , 7.6
OEIH Oakland Estuary, California 101
'VRP Palos Verdes, California 556.0
SPEP San Pedro Harbor, California 7.1
SAWB Saint Andrew Bay, Florida 8.3
RAR Raritan Bay, New Jersey 8
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Table 7i. {(continued)

Site Description Location Concentration
Chiordane (26 ppb) ppb
CBSP Choctawatchee Bay, Florida 18.9
LI Long oland Sourd, New York. 73
O Cong sland Sound, New vork 85
Acenaphthene (2630 ppb) * ppb
Anthracene (2960 ppb) ppP
HRUB Hudson/Raritan Estuary, New Jersey 1983.3
SAWB Saint Andrew Bay, Florida 1082.3
SAL Salem Harbor, Massachusetts 1100.6
Benzo(a)anthracene (21600 ppb} ppb
HRUB Hudson/Raritan Estuary, New Jersey 3258.3
Benzo(a)pyiene (22500 ppt*
Chrysene (22800 ppb) *
Fluoranthene (23600 ppb} ppb
HRUB Hudson/Raritan Estuary, New Jersey 4616.7
- Fluorene (2640 ppb) * |
MNaphthalene (2100 ppb) *
Phenanthrene (21380 ppb) ppb
HRUB Hudson /Raritan Estuary, New Jersey 2505.8
Pyrene (22200 ppb) ppb
HRUB Hudson/Raritan Estuary, New jersey 6096.7
2-methylnaphthalene (2670 ppb) ppb
HRUB Hudson/Raritan Estuary, New ersay 830.0
BOS Boston Harbor, Massachusetts 37743
Dibenz(a h)anthracene (2260 ﬁpb) ppb
BOS Boston Harbor, Massachusetts 385.6
Total PAH (235000 ppb)* prb

* Ambient concentrations at none of the sites exceeded or equaled the ER-M for these

chemical analytes.
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Table 72. ER<L and ER-M concentrations for each NS&T Program analyte, NS&T Program
sites at which the average concentrations exceeded the ER-L concentrations but not the

ER-M concentrations, geographic locations of those sites, and the average concentrations
(dry weight) of the analyte at the site,

Site Description Location Concentration

Antimony (=2 <10 ppm) ppm
BBSM Bellingham Bay, Washington 3.6
BHDI Boston Harbor, Massachusetts 6.5
BHDH Bogton Harbor, Massachusetts 74
BHHB Boston Harbor, Massachusetts 3.9
CBMP Chesapeake Bay, Maryland 3.9
CBTP Commencement Bay, Washington 4.6
EBFR Elliott Bay, Washington 6.4
HRJB Hudson/Raritan Estuary, New Jersey 3.3
HRLB Hudson/Raritan Estuary, New Jersey 3.6
HRUB Hudson/Raritan Estuary, New Jersey 5.0
HRRB Hudson/Raritan Estuary, New Jersey 6.0
LIHH Long Island Sound, New York 3.2
LITN Long Island Sound, New York 14
NBMH Narragansett Bay, Rhode Island 24
NYSH New York Bight, New Jersey 5.5
PYMC Port Valdez, Alaska 29
S5B1 South Puget Sound, Washington 4.4
SIWP Sinclair Inlet, Washington 9.7
UISB Unakwit Inlet, Alaska 2.5
WIPP Whidbey Island, Washington 34
BOS Bostor Harbor, Massachusetts 7.7
RAR Raritan Bay, New Jersey 3.2
SAL Salem Harbor, Massachusetts 3.2
ucB Upper Chesapeake Bay, Maryland 2.1

Argenic (233 <70 ppm) *

Cadmium (25 <9 ppm) ppm
PVRP Palos Verdes, California 6.7
SAL Salem Harbor, "fassachusetts 6.2

Chromium (280 <145 ppm) ppm
CBHP Chesap2ake bay, Maryland 113
CBRP Coos Bay, Oregun 89.2
DBAP Delaware Bay, Oclaware 90.7
DBBD Delaware Bay, Delaware 87.0
EBFR Elliott Bay, Washington 89.7
HRJB Hudson-Raritan Estuary, New Jersey 113.7
HRUB Hudson-Raritan Estuary, New Jersoy 90.3
HMB]} Humboldt Bay, California 98.3
LIS} Long Island Sound, Connecticut 81.7
LIHH Long Island Sound, New York 131.7
LIHU Long Island Sound, New York 80.6
LIME ~ Long Island Sound, New York 109.6
BUZ Buzzards Bay, Massachusetts 85.6
CHS Charleston Harbor, South Carolina 81.1
COO Coos Bay, Oregon 814
CsC Casco Bay, Maine 92.6
ELL Elliott Bay, Washington 91.8
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Table 72 (continued)

Site Description Location Concentration

Chromium (continued)) pPpm
FREN Frenchman Bay, Maine 90.1
GRB Great Bay, New Jersey 1153
MOB Mobile Bay, Alabama 91.7
NAR Narrag;nsett Bay, Rhode Island 1016
NIS Puget Sound, Washington 114.9
PEN Pensacola Bay, Florida 102.1
PNB Penobscot Bay, Maine 106.1
NBMH Narragansett Bay, Rhode Istand 140.
PBSI Penobscot Bay, Maine 93.8
PRPR Point Roberts, Washington 89.5
SPFP San Pedro Harbor, California 1233
SIWP Sinclair Inlet, Washington 135.0
TBHP Tillamook Bay, Oregon 1343
UISB Unakwit Inlet, Alaska 1283
WIPP Whidbey Island, Washington - 105.1
YBOP Yaquina Bay, Oregon 107.3
JENB Neah Bay, Washington 1147
SDA San Diego Bay, California 129.8
SEA Seal Beach, California 1083
5PB San Pedro Bay, California 93.0
spC %an Pedéﬁ Canyo‘t\, California 4 106.5
ucs r Chesa e Bay, Marylan 125.2 -
WLI V\Fegte Long 1815:3 Scmng, Nea;y‘{ork 1342

Capper (270 <310 ppm) ppm
BHD!I Boston Harbor, Massachusetts 103.3
BHDYH Boston Harbor, Massachusetts 118.0
HRLB Hudson /Raritan Estuary, New Jersey 1153
HRUB - Hudson /Raritan Estuary, New Jersey 101.0
HRRB Hudson /Raritan Estuary, New Jersey 1500
LINR Long Island Sound, Connecticut 167.0
LIHH Long Island Sound, New York 160.0
LIHU Long Island Sound, New York 78.0
LIMR Long Island Sound, New York 95.8
LITN Long Island Sound, New York 178.8
NBMH Narragansett Bay, Rhode [sland 82.3
NYSH New York Bight, New Jersey 126.7
PVRP Palos Verdes, California 75.0
SPFP San Pedro Harbor, California 181.7
S5IWP Sinclair Inlet, Washington 725
QEIH Oakland Estuary, California 1733
BOS Boston Harbor, Massachusetts 157.1
ELL Elliott Bay, Washington 93.0
NAR Narragansett Bay, Rhode Island 79.2
OAK Oakland Estuary, California 7.7
RAR Raritan Bay, New Jersey 1780
SAL Salem Harbor, Massachusetts B23
SDA San Diego Bay, California 207.3
SrB San Pedro Bay, California 80.4
WLI West Long Istand Sound, New York - 109.2
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Table 72 (continued)
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Site Description Location Concentration

Lead (235 <110 ppm) ppm
ABW] Anaheim Bay, California 36.2
BHHB Boston Harbor, Massachusetts 35.5
BBAR Buzzards Bay, Massachusetts 48.5
CBHP Chesapeake Bay, Maryland ?2.2
CBSP Choctawatchee Bay, Florida 86.7
HR]B Hudson/Raritan Estuary, New Jersey 953
LICR Long Island Sound, Connecticut 39.2
LISI Long Island Sound, Connecticut 53.8
LIHU Long Island Sound, New York 60,7
LIMR Long Island Sound, New York 82.2
MBTH Moriches Bay, New York 44.8
NBMH Narragansett Bay, Rhode Island 0.7
NBCI Narragensett Bay, Rhode Island 40.7
PVRP Palos %!erdes, California 49.7
SAWB Saint Andrew Bay, Florida 40.9
SFDB San Francisco Bay, California 38.7
SFEM San Francisco Bay, Caiifornia 35.0
SFSM San Prancisco Bay, California 35.8
SPFP San Pedro Harbor, California 48.8
SIWP Sinclair Intet, Washington 61.8
SSBI South Puget Sound, Washington 352
TBHBE Tampa Bay, Florida 62.8
GRB Great Bay, New Jer 366
NAR Narragansett Bay, Rhode Island 60.0
OAK Oakland Bstuary, California 435
PEN Pensacola Bay, Florida 41.7
SDA San Diego Bay, California 86.9
SPB San Pedro Bay, California 471
UCB Upper Chesapeake Bay, Maryland 511
WLI M}?ast Long Island Sound, New York 71.1

Mercury (20.15<1.0 ppm) ppm
BBSM Bellingham Bay, Washington 0.23
BHDI Boston Harbor, Massachusetts £H9
BHDH Boston Harbor, Massachusetts 83
BHHB Boston Harbor, Massachusetts 21
CBHP Chesapeake Bay, Maryland 21
CBMP Chesapeake Bay, Maryland 22
DBBD Delaware Bay, Delaware 15
HHKL Honolulu Harbor, Hawaii 16
LICR Long Island Sound, Connecticut 16
LIS Long Island Sound, Connecticut 31
LIHH Long Island Sound, New York 60
LIHU Long Island Sound, New York 27
LIMR Long Island Sound, New York 37
MBGP Matagorda Bay, Texas 22
MBTH Moriches Bay, New York 29
NBDI] Narragansett Bay, Rhode Island 15
NBMH Narragansett Bay, Rhode Island .81
NBCI Narragansett Bay, Rhode Island 16
PVRP Palos Verdes, California 40
PBSI Penobscot Bay, Maine 21
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Tible 72 {continued)

Site Description Location Concentration
Mercury (continued) ppm
SAWB Saint Andrew Bay, Florida 32
SDHI - San Diego Bay, California 34
& SFDB San Francisco Bay, California - 28
SFEM San Francisco Bay, California 32
L SFSM San Francisco Bay, California 30
SPSP San Pablo Bay, California 27
b SPFP San Pedro Harbor, California 46
& SIWP Sinclair Inlet, Washington 80
SSBI South Puget Sound, Washington 21
: TBSR Tomales Bay, California a7
DAN Dana Point, Califoruia 18
ELL Elliott Bay, Washington 43
GRB (sreat Bay, New Jersey A2
HUN San Prancisco Bay, California .18
LUT ' Lutak Inlet, Alaska 24
NAH . Nahku Bay, Alaska 23
NAR Narragansett Bay, Rhode Island 30
NIS Puget Sound, Washington 17
OAK Oakland Estuary, California 50
OL1 Oliktok Point, Alaska 27
PAB San Pablo Bay, California 37
Nickel (=30 <50 ppm) ppm
BHDH Boston Harbor, Massachusetts 30.8
CHF] Charleston Harbor, South Carolina 33.0
DBAP Delaware Bay, Delaware 30.3
DBBD Delaware Bay, Delaware 32.0
HRLB Hudson/Raritan Estuary, New Jersey 33,5
HRUB Hudson/Raritan Estuary, New Jersey 353
HRRB Hudson/Raritan Estuary, New Jersey 40.3
LIHH Long Island Sound, New York 41.2
LIMR Long Island Sound, New York 38.7
LITN Long Island Sound, New York 43.4
PRPR Point Roberts, Washington 39.8
SIWP Sinclair Inlet, Washington 47.0
$SBI South Puget Sound, Washington 49.0
TBHP Tillamook Bay, Oregon 42.7
BOS Boston Harbor, Massachusetts 334
ELL Elliott Bay, Washington 36.5
FRN Frenchman Bay, Maine 31.9
LNB - Long Beach, California 41.7
MOB Mobile Bay, Alabama 353
NIS Puget Sound, Washington 335
OLI Oliktok Point, Alaska 36.5
FNB Penobscot Bay, Maine 326
RAR Raritan Bay, New Jersey 39.3
SPB San Pedro Bay, California 39.0
WLI West Long Island Sound, New York 33.3
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Table 72 (continued)

Boston Harbor, Massachusetts

Site Description Location Concentration
Silver 1.0 <2.2 ppm) ppm
BHHB Boston Harbor, Massachusetts 1.1
CBSP Choctawatchee Bay, Florida 10
LIMR Long Island Sound, New York 14
MDS] Marina del Rey, California 1.0
SPFP San Pedro Bay, California 10
OEIH ' Oakland Estuary, California 13
NAR Narragansett Bay, Rhode Island 1.2
SAL Salem Harbor, Massachusetts 1.8
WLI West Long Island Sound, New York 16
Zinc (2120 <260 ppm) ppm
BBSM Bellingham Bay, Washington 1283
BHD1 . Boston Harbor, Massachusetts 1452
BHDH Boston Harbor, Massachusetts 182.8
DBAP Delaware Bay, Delaware 139.0
HRJB ‘ Hudson/Raritan Estuary, New Jersey 143.7
HRUB Hudson/Raritan Estuary, New Jersey 204.7
LICR Long Island Sound, Connecticut 127.2
LISI Long Island Sound, Connecticut 161.5
LIHU Long Island Sound, New York 1813
LIMR Long Island Sound, New York 213.3
NBMB Narragansett Bay, Rhode Istand 190.0
PVRP Palos Verdes, California 193.3
PVMC Port Valdez, Alaska 150.0
SDHI San Diego Bay, California 1243
SFDB San Francisco Bay, California 136.7
SFSM San Francisco Bay, California 1275
SPSP San Pablo Bay, California 131.7
SIWP Sinclair Inlet, Washington 132.7
5581 South Puget Sound, Washington 1233
TBSK Tomales Bay, California 120.0
ELL Elliott Bay, Washington 1768
GRB Great Bay, New Jersey 159.0
HUN San Francisco Bay, California 1273
LNB Long Beach, California 195.7
LUT Lutak Inlet, Alaska 180.8
MOB Mobile Bay, Alabama 159.2
NAH Nahku Bay, Alaska 191.3
NAR Narragansett Bay, Rhode Island 1434
QAK Oakland Estuary, California 171.7
PEN Pensacola Bay, Florida 1382
SAL Salem Harbor, Massachusetts 2185
SEA Seal Beach, California 125.0
SPB San Pedro Bay, California 155.0
UCB Upper Chesapeake Bay, Maryland 240.8
WLI Waest Long Island Sound, New York 234.2
Acenaphthene (2150 <650 ppb) ppb
HRUB Hudson/Raritan Bay, New Jersey -368.3
BOS 158.8
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Table 72 (continued)

Site Description Location Concentration

Anthracene (285 <300 ppb) ppb
BHDI Boston Harbor, Massachusetts 970
BHDH Boston Harbor, Massachusetts 160.7
CBHP Chesapeake Bay, Maryland 145.0
CBMP Chesapeake Bay, Maryland 168.3
HRB Hudson/Raritan Estuary, New Jersey 160.0
HRLB Hudson/Raritan Estuary, New Jersey 4417
LICR Long Island Sound, Connecticut 113.1
LIHR Long Island Sound, Connecticut 140.0
LISI Long Island Sound, Connecticut 262.0
LIHH Long Island Sound, Connecticut 125.5
LITN Long Island Sound, Connecticut 458.7
MSBB Mississippi Sound, Mississippi 153.0
NBMH Narragansett Bay, Rhode Island 85.7
NYSH New York Bight, New York 2283
PBPI Penobscot Bay, Maine 93.3
PBSI Penobscot Bay, Maine 89.7
SIWP Sinclair Inlet, Washington 116.7
OEIH Oakland Estuary, California 170.0
BOS Boston Harbor, Massachusetts 8049
BUZ Buzzards Bay, Massachusetts 1434
CHS Charleston Harbor, South Carolina 1356
CcsC Casco Bay, Maine 152.2
DEL Delaware Bay, Delaware 1100
BLL Elliott Bay, Washington 156.7
GRB Great Bay, New Jersey 1208
HUN San Francisco Bay, California 100.2
NAR Narragansett Bay, Rhode Island 187.9
RAR Raritan Bay, New Jersey 2600
SDA San Diego Bay, California 830.7
uCB Upper %.shesapeake Bay, Maryland 974
WLI Woest Long Island Sound, New York 3544

Benzo(a)anthracene (2230 <1600 ppd) ppb
BHDI Boston Harbor, Massachusetts 470.0
BHDH Boston Harbor, Massachusetts 816.7
BBAR Buzzards Bay, Magsachusetts 3970
CBMP Chesapeake Bay, Maryland 3083
CBsP Choctawatchee Bay, Florida 398.2
HRJB Hudson/Raritan, New fersey 2617
HRLB Hudson/Raritan, New Jersey 993.3
LICR Long Island Sound, Connecticut 462.1
LIHR Long Island Sound, Connecticut 4433
LIMR Long Island Sound, New York 3350
LISI Long Island Sound, Connecticut 530.7
LIHH Long Island Sound, Connecticut 3700
LITN Long Island Sound, Connecticut 1107.9
NYSH New York Bight, New Jersey 468.3
PRP! Penobscot Bay, Maine 369.7
PBSH Penobscot Bay, Maine 238.3
SAWB Saint Andrew Bay, Florida 962.0
SESM San Francisco Bay, California PROD
SIWP Sinelaie Tl wers v
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Table 72 {continued)

Concentration

Site-Description Location

Benzo(a)anthracene(continued)) ppm
QOEIH Oakland Estuary, California 356.7
BOS Boston Harbor, Massachusetts 971.7
ELL Elliott Bay, Washington 3083
HUN San Francisco Bay, California 2300
RAR Raritan Bay, New Jersey 4285
SAL Salem Harbor, Massachusetts 635.7
SDA San Diego Bay, California 361.7
WLI West Long Island Sound, New York 2464

Benzola)pyrene (2400 <2600 ppb) ppb
BBAR Buzzards Bay Massachusetts 4343
BHDH Boston Harbor, Massachusetts B38.3
BHDI Boston Harbor, Massachusetts 4333
CBSP Choctawatchee Bay, Florida 620.1
HHEKL Honolulu Harbor, Hawaii 4133
HRLB Hudson/Raritan Estuary, New Jersey 1005.0
HRUB Hudson/Raritan Estuary, New Jersey 2958.3
LICR Long Island Sound, Connecticut 477.9
LIHR Long Island Sound, Connecticut 446.7
LiIHH Long Island Sound, New York 505.0
LIMR Long Island Sound, New York 4188
LISI Long Island Sound, Connecticut 551.7
LITN Long Island Sound, Connecticut 1205.0
NYSH New York Bight, New Jersey 513.3
SAWSB Saint Andrew Bay, Florida B48.1
OEIH Qakland Estuary, California 763.3
BOS Boston Harbor, Massachusctis 555.2
HUN San Francisco Bay, California 436.7
RAR Raritan Bay, New Jersey 514.5
SAL " Salern Harbor, Massachusetts 504.8
SDA San Diego Bay, California 935.0
WLI West Long Island Sound, New York 405.2

Chrysene (2400 <2800 ppb) ppb
BBAR Buzzards Bay, Massachusetts 422.7
BHDI Boston Harbor, Massachusetts 545.0
BHDH Boston Harbor, Massachusetts 660.0
CBMP Chesapeake Bay, Maryland 4833
HRLB Hudson/Raritan Estuary, New jersey 1000.0
HRUB Hudson /Raritan Estuary, New Jersey 2653.3
LICR Long Island Sound, Connecticut 5100
LIHR Long Island Sound, Connecticut 563.3
LIMR Long island Sound, New Y ork 4900
LISi Long Island Sound, Connecticut 683.8
LIHH Long Island Sound, Connecticut 5617
LITN Long Island Sound, Connecticut 1244.2
NYSH Long Island Sound, Connecticut 541.7
OEIH Qakland Estuary, California 566.7
SAWB Saint Andrews Bay, Florida 419.8
BOS Boston Harbor, Massachusetts 7771
ELL Elliott Bay, Washington 653.3
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Table 72 (continued)

Site Description Location Concentration
Chrysene (continued)) ppm
RAR Raritan Bay, New Jersey 519.8
SAL Salem Harbor, Massachusetts 595.0
SDA San Diego Bay, California 9200
Fluoranthene (2600 <3600 ppb) ppb
BHDI Boston Harbor, Massachusetts 7233
BHDH Boston Harbor, Magsachusetts 1031.7
CBMP Chesapeake Bay, Maryland 1338.8
CBSP Choctawatchee Bay, Florida 646.7
HRLB Hudgon /Raritan Estuary, New Jersey 1481.7
LICR Long Island Sound, Connecticut 7783
LIHR Long Island Sound, Connecticut 121687
LI51 Long Island Sound, Connecticut 1323.3
LIHH Long Island Sound, Connecticut 8350
LIMR Long Island Sound, Connecticut 846.7
LITN Long Island Sound, Connecticut 1576.2
NYSH New York Bight, New Jersey 698.3
PBPL Penobscot Bay, Maine 926.7
SAWBH Saint Andrew Bay, Florida 1503.7
OQEIH Qakland Estuary, California 826.7
BOS Boston Harbor, Massachusetts 14014
ELL Elliott Bay, Washington 618.3
RAR Raritan Bay, New Jersey 615.7
SAL Salem Harbor, Massachusetts 1031.9
Fluorene (235 <540 ppb) ppb
BHDI Bostorn Harbor, Massachusetts 370
BHDH Boston Harbor, Massachusetts 54.8
CBHP Chesapeake Bay, Maryland 1345
CBMpP Chesapcake Bay, Maryland 1450
HRJB Hudson/Raritan Estuary, New Jersey 55.7
HRLB Hudson/Raritan Estuary, New Jersey 114.8
HRUB. Hudson/Raritan Estuary, New Jersey 3583
LISI Long Island Sound, Connecticut 130.0
LIHH Long lsland Sound, Connecticut 66.8
LITN Long Island Sound, Connecticut 109.9
MSBB MississipEi Sound, Mississippi 68.8
NYSH New York Bight, New Jersey 68,3
SAWB Saint Andrew Bay, Florida 1095
BOS Boston Harbor, N&ssachusetta 246.0
ELL Elliott Bay, Washington 83.8
RAR Raritan Bay, New jersey 49.2
SDA San Diepo Bay, California 129.0
8JR Saint Johns River, Florida 43.2
UCB Upper Chesapeake Bay, Maryland 87.8
Naphthalene (2340 <2100 ppb) ppb
CBMP Chesapeake Bay, Maryland 4150
HRUB Hudson/Raritan Estuary, New Jersey 698.3
SAWB Saint Andrew Bay, Florida 459.3
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Table 72 (continued)

R

TR

Site Description Location Concentration
Naphthalene (continued) ppb
BOS Boston Harbor, Massachusetts 1415.7
ucCe Upper Chesapeake Bay, Maryland 403.2
Phenanthrene (2225 <1380 ppb) ppb
BBSM Bellingham Bay, Washington 2850
BHDI Boston Harbor, Massachusets 353.3
BHDH Boston Harbor, Massachusetts 543.3
BBRH Buzzards Bay, Massachusetts 310.0
CBHP Chesapeake Bay, Maryland 5117
CBMP Chesapeake Bay, Maryland 6117
CBSP Choctawatchee Bay, Florida 247.0
HRJB Hudson/Raritan Estuary, New Jersey 2690
HRLB Hudson/Raritan Estuary, New Jersey 683.3
LICR Long Island Sound, Connecticut 3558
LIHR Long Island Sound, Connecticut 600.0
LISI Long Island Sound, Connecticut 872.7
LIHH Long Island Sound, Connecticut 391.7
LIMR Long Island Sound, Connecticut 345.0
LITN Long Island Sound, Connecticut 7533
MSBB Mississippi Sound, Mississippi 295.8
NBDI Narragansett Bay, Rhode Island 303.7
NYSH New York Bight, New Jersey 366.7
PBPI Penobscot Bay, Maine 398.0
PBSI Perwobscot Bay, Maine 261.7
S5AWB Saint Andrew Bay, Florida 4488
QEIH Oakland Estuary, California 3267
BOS Boston Harbor, Massachusetts $79.0
ELL Elliott Bay, Washington 461.7
HUN San Francisco Bay, California 2z
RAR Raritan Bay, New Jersey 3104
SAL Salem Harbor, Massachusetts 6059
SDA San Diego Bay, California 295.8
UcCs Upper Chesapeake Bay, Maryland 367.6
Pyrene (2350 <2200 ppb) ppb
BBMB Barataria Bay, Louisiana 357.2
BPBP Barbers Point, Hawail 417.0
BIBI Block Island, New Jersey 356.7
BHDI Boston Harbor, Massachusetts 670.0
BHDH Boston Harbor, Massachusetts 9628
BBAR Buzzards Bay, Massachusetts 458.3
BBRH Buzzards Bay, Massachusetts 3900
CBHP Chesapeake Bay, Maryland 575.0
CBMP Chesapeake Bay, Maryland 1038.3
CBSP . . Choctawatchee Bay, Florida 5728
HRJB Hudson/Raritan Estuary, New Jersay 450.9
HRLB Hudson/Raritan Estuary, New Jersey 1726.7
LICR Long Island Sound, Connecticut 822.9
LIHR Long Island Sound, Conneclicut 1516.7
LISI Long Island Sound, Connecticut 1226.7
LIHH Long Island Sound, Connecticut 841.7
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Table 72 {continued)

T

Site Description Location Concentration
Pyrene (continued; ppb
LIMR Long Island S¢.nd, Connecticut 781.7
LITN Long Island Sound, Connecticut 1927.1
NBDI Narragansett Bzy, Rhode Island 4517
NBMH Narragansett Bay, Rhode Island 426.7
NYSH New York Bight, New Jersey - 8200
PBPI Penobscot Bay, Maine 6733
PBSI Penobscot Bay, Maine 416.7
SAWB Saint Andrew Bay, Florida 1659.0
SFDB San Francisco Bay, California 543.3
SFSM San Francisco Bay, California 617.5
SPFP San Pedro Harbor, California 986.7
SIWP Sinclair Inlet, Washington 590.0
QEIH Oakland Estuary, California 1026.7
BOS Boston Harbor, Massachusetts 1076.9
EBLL Elliott Bay, Washington 781.7
HUN San Francisco Bay, California 7733
OAK Oakland Estuary, California 386.7
RAR Raritan Bay, New lersey 8211
SAL Salem Harbor, Massachusetts 1760.0
SDA San Diego Bay, California 8033
WLI West Long Island Sound, New York 7915
2-methylnaphthalene (265 <670 ppb) ppb
BHDI Bogton Harbor, Massachusetts B7.7
BHDX Buston Harbor, Massachusetts 107.8
BBAR Buzzards Bay, Massachusetts 79.0
CBHP Chesapeake Bay, Maryland 253.3
CBMP Chesapeake Bay, Maryland 256.7
CBBP Commencement Bay, Washington 760
HR]B Hudson/Raritan Estuary, New Jersey 96.7
HRLB Hudson/Raritan Estuary, New Jersey 195.0
LISI Long Island Sound, Connecticut 66.7
LIHH Long Island, Sound, Connecticut 67.5
LITN Long Island Sound, Connecticut 258.8
NYSH New York Bight, New Jersey 1783
PBS1 Penobscot Bay, Maine 1425
SAWB Saint Andrew Bay, Florida 203.5
SPFP San Pedro Harbor, California 1207
COM Commencement Bay, Washington 80.0
ELL Elliott Eay, Washington 79.3
OLY Oliktok Point, Alaska 142.7
RAR Raritan Bay, New Jersey 116.3
uCB Upper Chesapeake Bay, Maryland 243.0
Dibenz(a,h)anthracene (260 <260 ppb) Ppb
BAR Barataria Bay, Louisiana 1017
ELL Elliott Bay, Washington 66.2
PEN Pensacola Bay, Florida 85.8
RAR Raritan Bay, New Jersey 1115
SAL Salem Harbor, Massachusetts 76.4
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Tiable 72 (continued}

Site Description Location

Concentration
Dibenz(a/hanthracene (coatinued) ppb
SDA San Diego Bay, California 162.0
WLI West Long Island Sound, New York 716
"Total PAH (24000 <35000 ppb) ppb
BHD! Boston Harbor, Massachusetts 4054
BHDH Boston Harbor, Massachusetts 6603
CBMP Chesapeake Bay, Maryland 5950
HRLB Hudson /Raritan Estuary, New Jersey 9388
HRUB Hudson/Raritan estuary 29324
LICR Long Island Sound, Connecticut 4000
LIHR Long Island Sound, Connecticut 5573
LISI Long Island Sound, Connecticut - 5660
LIHH Long Island Sound, Connecticut 4592
LITN Long Island Sound, Connecticut 10395
NYSH New York Bight, New Jersey 5070
OEIH Oakland Estuary, California 5065
SAWB Saint Andrew Bay, Florida 5233
BOS Boston Harbor, Massachusetts 15045
ELL Elliott Bay, Washington 4477
EAR Raritan Bay, New Jersey 4649
SAL Salem Harbor, Massachusetts 7180
SDA 5an Diego Bay, California 5915
Chlordane (20,5 <6 ppb) ppb

ABW] Anaheim Bay, California

BHDB Boston Harbor, Massachusetts

BHDI Boston Harbor, Massachusetts
BHHD Boston Harbor, Massachusetts
BBRH Buzzards Bay, Massachuseits

CABI Cape Ann, Massachusetts

CHF] Charleston Harbor, South Carolina
CBHP Chesapeake Bay, Maryland

caMmpP Chesapeake Bay, Maryland

CBIB Chesapeake Bay, Maryland

DBAP Delaware Bay, Delaware

DBKI Delaware Bay, Delaware

GBYC Galveston Bay, Texas

HRRB Hudson/Raritan Estuary, New Jersey
HRLB Hudson /Raritan estuary, New Jersey
HRUB . Hudson /Raritan Estuary, New Jersey
LICR Long Island Sound, Connecticut
LIHR Long Island Sound, Connecticut

LISI Long Island Sound, Connecticut
LIHU Long Island Sound, Connecticut
LIMR Long Island Sound, Connecticut
MDS5] Marina del Rey, California

MSBB Mississippi Sound, Missigsippi
MSPB Mississippi Sound, Mississippi
MBTH Mariches Bay, New York
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Table 72, (continued)

S

3 ite Description : Location Concentration
g
I? Chlordane (continued) ppb
NYSH Mew York Bight, New York 3.8
NBNB Maples Bay, Florida 1.2
i NBCI Marragansett Bay, Rhode lsland 0.7
NBDI Narragansett Bay, Rhode Isiand 0.9
NBMH Narragansett Bay, Rhode Island 0.9
OSBJ Oceanside, California 0.6
PVRP Palos Verdes, California 1.9
PBPI Penobscot Bay, Maine 0.8
PBSI Penpbacot Bay, Maine 06
SBSB Point Santa Barbara, California 1.0
RBHC Rookery Bay, Florida 0.6
SPSM San Pablo Bay, California 1.0
SPSP San Pablo Bay, California 0.6
SPFP San Pedro Harbor, Californla 2.6
SAWSB Saint Andrew Bay, Florida 22
SJCB Saint Johns River, Florida 0.9
TBMK Tampa Bay, Florida 1.6
TBPB Tampa Bay, Florida 25
DDT (p,p’ + 0,p"-DDT) (21 <7 ppb) ppb
BHDB Boaton Harbor, Massachusetts 2.2
BHDI Bogton Harbor, Massachusetts 4.2
CBHP Chesapeake Bay, Maryland 18
CBMP Chesapeake Bay, Maryland 1.3
CBSR Choctawatchee Bay, Florida 6.6
CRYB Columbia River, Qregon 14
DBAP Delaware Bay, Delaware 1.2
DBFE Delaware Bay, Delaware 5.6
HRRB Hudson/Raritan Estuary, New Jersey 2.6
HRJB ‘Hudson/Raritan Estuary, New Jersey 53
HRUB . Hudson/Raritan Estuary, New Jersey - 58
LICR Long Island Sound, Connecticut 5.0
LIHR Long Island Sound, Connecticut 69
LIHH Long Island Sound, Connecticut 55
LIHU Long [sland Sound, Connecticat 1.6
LIME Long Island Sound, Connecticut 2.2
LITN Long Island “ound, Connecticut 6.1
MDS) Marina del Rey, California 2.0
MBSC Monterey Bay, California 15
NYSH New York Bight, New York 4.6
NBMH Narragansett Bay, Rhode Island 12
PBSI Penobscot Bay, Maine 1.2
PLLH Point Loma, California 28
5BSB Point Santa Barbara, California 1.5
SFDB San Francisco Bay, California 3.3
SFEM San Francisco Bay, California 4.9
SPSM San Pablo Bay, California 46
SPSP San Pablo Bay, California 2.0
SIWP Sinclair Inlet, Washington 5.3
S5BI South Puget Sound, Washington 3.2
TBHB Tampa Bay, Florida 1.5
TBPR Tampa Bay, Florida 2.0
wIPP Whidbey lstand, Washington 3.0
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Table 72. (continued)

Site Description Location Concentration

DDT (p,p' + ¢,p"-DDT) {continued) ppb
BOS Boston Harbor, Massachusetts 21
GRB Great Bay, New Jerse 13
LNB Long Beach Harbor, California 2.7
SAL Salem Harbor, Massachusetts 26
SMB Santa Monica Bay, California 1.0

DDD (p.p' + o,p-DDD) (22 <20 ppb) ppb
ABW] Anaheim Bay, California 4.6
BBAR Buzzards Bay, Massachusatts' . 2.1
BBSM Bellingham gay, Washington 24
BHDI Boston Harbor, Massachusetts 126
BHHB Boston Harbor, Massachusetts 33
CBHP Chesapeake Bay, Maryland 8.5
CBMP Chesapeake Bay, Maryland 8.0
CBSR Choctawatchee Bay, Florida 2.6
CRYB Columbia River, Oregon 23
DBAP Delaware Bay, Delaware 7.5
DBFE Delaware Bay, Delaware 63
DBKI Delaware Bay, Delaware _ 39
BCSP East Cote Bianche, Louislana 20
HRJB Hudson/Raritan Estuary, New Jersey 19.0
HRUB Hudson/Raritan Estuary, New Jersey 13.2
LIHR Long Island Sound, Connecticut 19.7
LISI Long Island Sound, Connecticut _ 4.7
LIHU Long Island Sound, Connecticut 7.7
LIMR Long Istand Sound, Connecticut 13.7
MDSJ Marina de} Rey, California 13.2
MBLR Matagorda Bay, Texas 5.5
MBTD . Matagorda Bay, Texas 2.8
MSBB Mississippi Sound, Mississippi 2.5
MBCP Mobile Bay, Alabama 3.5
BMTH Moriches Bay, New York 9.2
NBCI Narragansett Bay, Rhode Island 35
NBMH Narragansett Bay, Rhode Island 51
NBBC Narragansett Bay, Rhode Island 37
Osp) Oceangcide, California : 148
PBSI Penobscot Bay, Maine 2.6
5B5B Point Santa Barbara, California 10.1
SDHI San Diego Bay, California 4.7
SFDB San Francisco Bay, California 8.4
SFEM San Francisco Bay, California 18.0
SFSM San Prancisco Bay, California 3.4
SPSM San Pablo Bay, California 14,7
SPSP San Pablo Bay, California 6.9
SIWYP Sinclair Inlet, Washington - 2.8
58B1 South Puget Sound, Washington 20
SAWB Saint Andrew Bay, Florida 16.2
S]CB Saint Johns River, Florida 5.8
TBHB Tampa Bay, Florida 5.0
TBPB Tampa Bay, Florida 3.1
WIPP Whidbey Island, Washington 3.4
COM Commencement Bay, Washington 2.7
CsC Casco Bay, Maine 2.0
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Table 72. {continued)

Site Description Location Concentration
PDD {p,p' + op-DOD) (continued) ppb
ELL Eiliott Bay, Washington 8.2
GRB Great Bay, New Jersey 3.8
HUN San Francisco Bay, California 30
MRD Mississippi Delta, Missiesi 38
NAR Narragansett Bay, Rhode Island 24
OAK Oakland Estuary, California 3.7
RAR Raritan Bay, New lersey 19.3
SDA San Diego Bay, California 5.6
SEA Seal Beach, California 5.1
SIR Saint Johns River, Florida 2.2
%Mg %&ntn I\g‘nica Bal{e, galifonﬂah 4.9
CB | r Chesa ay, M nd 3.1
WLI erl:te Long Is!g!e{:l Souncyi, NeaerYork 3.7
DDE (p,p’ + o,p"-DDE) (22 <15 ppbi ppb
APDB Apalachicola Bay, Florida 3.2
BBAR Buzzards Bay, Massachusetts 6.1
BBRH Buyzzards Bay, Massachusetts 2.8
BHDI Boston Harbor, Massachusetts 7.3
BHHB Boston Harbor, Massachusetts 2.1
CBHP Chesapeake Bay, Maryland 3.7
CBMP Chesapeake Bay, Maryland 42
CBSR Choctawatchee Bay, Florida 33
DBAP Delaware Bay, Delaware 6.5
DBBD Delaware Bay, Delaware 3.1
DBFE Delaware Bay, Delaware 1.1
DBKI Delaware Bay, Delaware 3.8
HRJB Hudson/Raritan Estuary, New Jersey 14.0
HRUB Hudson /Raritan Estuary, New Jersey 6.5
LJLj La Jolla, California 65
LICR Long Island Sound, Connecticut 5.2
LIHR Long Island Sound, Connecticut 28
L1SI Long Island Sound, Connecticat 2.0
LIHH Ling Island Sound, Connecticut 111
LIHU Long lsland Sound, Connecticut 3.9
LIMR Long Island Sound, Connecticut 5.3
MBT? Matagordo Bay, Texas 2.1
MBYVB Mission Bay, Callifornia 4.3
MBCP Mobile Bay, Alabama 53
MBTH Moriches Bay, New York 24
MBSC Monterey Bay, California 38
NBMH Narrn%ansett Bay, Rhode Island 3.9
PLLH Point Loma, California 120
S5FDB San Francisco Bay, California 49
SFEM San Francisco Bay, California 5.1
SFSM San Francisco Bay, California 31
SPSM San Pablo Bay, California 6.3
apPsy San Pabio Bay, California 38
SAWEB Saint Andrew Bay, Florida 14.7
TBPB Tampa Bay, Florida 5.4
wIrr Whidbey lsland, Washington 33
APA Apalachicola Bay, Florida 2.1
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Table 72, (continued)

Site Description Location Concentration
DDE (p,p' + 0,pDDE) (continued) ppb
SDHI San Diego Bay, Califormia 3.7
GRB Great Bay, New Jersey 2.3
— MOB Mobile E};y, Alabama 3.0
NAR Narragansett Bay, Rhode Island 2.6
RAR " Raritan Bay, New Jersey 8.6
SAL Salem Harbor, Massachusetts 7.3
SDA San Diego Bay, California 3.5
SDF San Diego Bay, California 13.6
- WLI West Long Island Sound, New York 24
Total DDT (23 <350 ppb) ppb
ABW] Anaheim Bay, California ' 25.8
APDB Apalachicola Bay, Florida 5.2
' ~ ABOB Atchafalaya Bay, Louisiana 4.1
BBAR Buzzards Bay, Massachusetis 82
BBSM Bellingham Bay, Washingion 4.5
BHHB Boston Harbor, Massachusettz 59
BHDI Boston Harbor, Massachusetts 241
BHDB Boston Harbor, Massachusetts 444
CASI Cape Ann, Massachusetis 33
CBMP Chesapeake Bay, Maryland 13.5
CBHP Chesapeake Bay, Maryland 13.9
CBSR Choctawhatchee Bay, Florida 12.5
f CRYB | Columbia River, Oregon - 49
DBBD Delaware Bay, Delaware 59
DBKI - Delaware Bay, Delaware 7.8
DBAP Delaware Bay, Delaware 15.2
DBFE Delaware Bay, Delaware - 17.2
ECSP East Cote Blanche, Louisiana 32
HRRB Hudson/Raritan Estuary, New Jemsey 45.6
HRUB Hudson/Raritan Estuary, New York 254
HRJB Hudson/Raritan Estuary, New York 383
HRLB Hudson/Raritan Estuary, New Jork 45.6
Ll La Jolia, California 8.6
LISI Long Island Sound, Conneclicut 70
LICR Long Island Sound, Connecticut 1200
LIHR Long Island Sound, Connecticut 2904
LIHU Long Island Sound, New York 132
LIMR - Long Island Sound, New York 212
LIHH Long Island Sound, New York 413
LITN Long [sland Sound, New York 756
MDG] Marina del Rey, California ‘74
MBLR Matagorda Bay, Texas 79
MSTP Matagorda Bay, Texas 14.5
MBVB Mission Bay, California 5.1
MBCP Mobile Ba% Alabama 9.4
MBSC Monterey Bay, California 74
MBTH _ Moriches Bay, New York 26.5
NYSH _ New York Bight, New Jersey 45.5
NBDI Narragansett Bay, Rhode island 4.0
NBCI Narragansett Bay, Rhode Island 5.1
NEMH Narragansett Bay, Rhede Island 10.2
NBBC Newport Beach, California 249
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Table 72. (continued)

Site Description Location Concentration

Total DDT (continued) ppb
OEIH Qakland Estuary, California 88.5
OSB) Qceanside, California 50.1
PBF} Penobscot Bay, Maine 37
PBSI Penobscot Bay, Maine 4.5
PLLH Point Loma, California 172.7
SBSB Point Santa Barbara, California 329
SDHI San Diego Bay, California 9.0
SFSM San Francisco Bay, California 6.8
SFDB San Francisco Bay, California 16.6
SFEM San Francisco Bay, California 38.0
SPSP San Pablo Bay, California 12.6
SPSM San Fablo Bay, California 156
SIwe Sinclair Injet, Washington 9.3
SSBI South Puget Sound, Washington 6.4
SAWSB Saint Andre.y Bay, Florida 411
SICB Saint Johns River, Florida 8.2
TBHB Tampa Bay, Florida ‘ 8.4
TBPB Tampa Bay, Florida 10.
WIPP, Whidbey Island, Washington 2.6
BOS Boston Harbor, Massachusctts 15
CHS Charjeston Harbor, South Carclina 3.5
COM Commencement Bay, Washington 3.5
ELL Elliott Bay, Washington 91
GRB Great Bay, New Jersey 74
HUN San Prancisco Bay, California 3.8
LNB Long Beach Harbor, California 110.0
MOB Mobile Bay, Alabama 3.2
MRD Migsigsippi Delta, Mississippi 4.7
NAR Narraganseit Bay, Rhode lsland 5.2
OAK Qakland Estuary, California 5.3
RAR Raritan Bay, New Jersey 35.9
SAL Salem Harbor, Massachusetts n.2
SAP Sapelo Sound, Georgia 3.2
SDA San Diego Harbor, California 9.3
5DR San Diego B.gr, California 14.6
SEA Seal Beach, California 276
5MB Santa Monica Bay, California 249
uCB Upper Chesapeake Bay, Maryland 58
WLI West Long Island Sound, New York 6.6

PCBs (250 <380 ppb) ppb
BBGH Buzzards Bay, Massachusetts 513
BBRH Buzzards Bay, Massachusetts 2310
BHDI Boston Harbor, Massachusetts 2314
CBHP Chesapeake Bay, Maryland 1114
CBMP Chesapeake Bay, Maryland 90.1
CBSF Chesapeake Bay, Maryland 1098
HRJB Hudson /Raritan Estuary, New Jersey 3z7.7
HRLB Hudson /Raritan Estuary, New Jersey 3705
HRUB Hudson/Raritan Estuary, New Jersey 177.7
LICR Long Istand Sound, Conmecticut 137.7
LIMH Long Island Sound, Connecticut 229.2
LIHR Long Island Sound, Connecticut 1905
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Table 72, (continued)

Site Description

ABWJ
APCP
APDB
ABOB
BEMB
BBSD
BIBI
BHBE
HBDI
BHHB
BSBG
BSSE
BBAR
BBGN
BBRH
CLCL
CLSj
CKBP
CBBI
CBHP
CBMP
CBDP
CBIB
CB(I
CBSP
CBSR
CRYB
CBRP
DBAP

Anaheim Bay, California
Apalachicola Bay, Florida
Apalechicola Bay, Florida
Atchafalaya Bay, Louislana
Barataria Bay, Louisiana
Barataria Bay, Louisiana
Block Isiand, Rhode sland
Bodega Bay, California
Boston Harbor, Massachusetts
Postan Harbor, Massachusetts
Breton Sound, Louisiana
Breton Sound, Louisiana
Buzzards Bay, Magsachusetts
Buzzards Bay, Massachusetts
Buzzards Bay, Massachusetts
Cailiou Lake, Louisiana
Calcasien Lake, Louisiana
Cedar Key, Florida
Charlotte Harbor, Florida
Chesapeake Bay, Maryland
Chesapeake Bay, Maryland
Chesapeake Bay, Maryland
Chesapeake Bay, Maryland
Chincoteague Bay, Virginia
Choctawatchee Bay, Florida
Choctawaichez Bay, Florida
Columbia River, Oregon
Coos Bay, Oregon

Delaware Bay, Delaware

Location Concentration
FCBs (continued) ppb
LIMR Long Island Sound, Connecticut 1199
1181 Long Island Sound, Connecticut 63.6
MBTH Moriches Bay, New York 81.7
OEIH Oakland Estuary, Califomia 3615
SDHI San Diego Bay, California 998
SFDB San Francisco Bay, California 719
SFEM San Francisco Bay, California 749
SFSM San Francisco Bay, California 70.7
BUZ Buzzards Bay, Massachusetts 192
CsC Casco Bay, Maine 58
DEL Delaware Bay, Delaware 131
GRB Great Bay, New Jersey 79
LNB Long Beach, California 205
NAR Narragansett Bay, Rhode Island 221
OAK Oakland Estuary, California 61
SIR Suint Johns River, Florida 093
SPB San Pedro Bay, California 194
SPC San Pedro Canyon, California 159
UCB U‘Jper Chesapeake Bay, Maryland %
WLI est Long Island Sound, New York 174
Dieldrin (20,02 <B pph) ppb
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Table 72. {continued)

Site Description Location Concentration
Dieldrin (continued) ppb
DBBD Delaware Bay, Delaware 0.6
PBFE Delaware Bay, Delaware 2.2
DBKI Delaware Bay, Delaware 0.7
ECSP East Cote Blanche, Louigiana 03
ESBD Espiritu Santo, Texas 0.03
ESSP Egpiritu Santo, Texas Q.1
GBCR Galveston Bay, Texas 0.2
GBTD Galveston Bay, Texas 0.3
GBYC Calveston Bay, Texas 04
BHW] Gray's Harbor, Washington 0.05
HHKIL Honolulu Harbor, Hawali 0.1
HRRB Hudson/Raritan Estuary, New Jersey 7.9
HR)B Hudson /Raritan Estuary, New Jersey 5.6
HRLB Hudson/Raritan Estuary, New Jersey 5.4
HRUB Hudson/Raritan Estuary, New Jersey 3.3
HMB) Hudson /Raritan Estuary, New Jersey 0.3
THIH Joseph Harbor Bayou, Louisiana 0.3
LjL) Point La jolla, California 02
LEMP Lake Borgne, Louisiana 0.1
LICR Long Istand Sound, Connecticut 3.5
LIHR Long Island Sound, Connecticut 3.0
LISI Long Island Sound, Connecticut 1.1
LIHH Long Istand Sound, Connecticut 7.1
LIHU Long Island Sound, Connecticut 15
LIMR Long Island Sound, New York 3.0
MDSJ Marina del Rey, California 05
MBEM Matagorda Bay, Texas 0.03
MBGP Matagorda Bay, Texas 0.1
MBLR Matagorda Bay, Texas 0.3
MBTP Matagorda Bay, Texas 0.03
MBAR Mesquite Bay, Texas .1
MBYB Mission Bay, Texas 0.1
MSBB Mississippi Sound, Mississippt 0.2
MSPC Mississippi Sound, Mississippi 0.2
. MBCP Mobile Bay, Alabama 0.4
MBSC Monterey Bay, California 0.3
MBTH Moriches Bay, New York 0.5
NYSH New York Bight, New Jersey 68
NBNB Naples Bay, Florida 0.6
NBC! Narragansett Bay, Rhode Island 0.7
NBDI Narragansett Bay, Rhode Island 0.9
NBMH Narragansett Bay, Rhode Isiand 2.8
NBBC Newport Beach, California 0.2
OS5B] Oceanside, California 0.5
PGLY Pacific Grove, California 02
PVRY Palos Verdes, California 6.2
PBPI Penobscot Bay, Maine 0.2
[g:1:14 Penobscot Bay, Maine 05
PLLH Point Loma, California 0.5
PRPR Point Roberts, Washington 0.3
SBSB Point Sants Barbara, California 05
QIUB Quinby Inlet, Virginia 0.5
RBHC Rookery Bay, Florida 0.3
5LDB Sabine Lake., Texas
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Tible 72 {rortinued)

Site: Disscription

Location Concentration
Dleldsin {continved) ppb
SAMP San Antonio Bay, Texas 0.03
SpHI Sen Diego Bay, California 1%
SFDB San Francisco Bay, California 2.8
SFEM San Francisco Bay, California 1.5
SFSM San Francisco Bay, California 04
SLSL San Luils Obispo, California 0.1
SPSP San Pablo Bay, California 08
SPFP San Pedro Harbor, Californja 2.4
SRTI Savannah Rivey, Georgia 0.2
§SBI South Puget Sound, Washington 02
SAWB Saint Andrew Bay, Florida o6
SICB Saint Johns River, Florida 1.5
TBCB Tampa Bay, Florida 0.1
TBHB Tampa Bay, Florida 0.2
TBMK Tampa Bay, Florida 0.2
TBPB Tampa Bay, Plorida 0.3
THBLF Terrebonne Bay, Louisiana 0.1
TBSR Tomales Bay, California 0.2
VBEP Vermillion Bay, Louisiana 0.3
B80S Boston Hasbor, Massachusetts 3.2
BUZ Buzzards Bay, Massachusetts 0.07
COM Commencement Bay, Washington 0.33
DEL Delaware Bay, Delaware 0.7
HUN . San Franciscoe Bay, California 0.27
LCB Lower Chesapeake Bay, Virginia 0.12
LNB Long Beach Harbor, California 1.30
MOB Mobile Bay, Alabama 0.21
MRD Mississippi Delta, Mississippi 1.16
NAR Narragansett Bay, Rhode lsland 1.68
PAB San Pablo Bay, California - 0.33
RAR Raritan Bay, New Jersey 1.72
WLI West Long lsland Sound, New York 0.15

¢ Ambient concentrations at none of the sites exceeded or equaled the ER-L for these chemical

analytes.




T A

Table 73. The NS&T Program sediment sampling sites in which the average chemical
concentrations exceeded the respective ER-M values, ranked in descending order of the
number of times exceeded.

Number of times exceeded Site Codes*
10 OEIH
9 HRUB
8 HRRB, LITN, NYSH, BOS
7 BHDB, HRLB, PVRF, RAR
5 CBSP, LIMH, SPFP, SAL
4 SPB, SPC
a BHDI, SAWE, LNB
2 BBSM, CBHP, CBMP, HRJB, OSB], PVMC, SFEM SFSM, SPSP, TBSR,

BOD, HMB, HUN, OAK, PAB, SDA, SHS, UCB
ABW], BBAR, BPBP, MBTH, MBTP, MDS], NBBC, NBMH, SFDB,
WIPP, YHSS, ELL, SEA, SMB

-

* Specific locations are listed in the glossary.

Table 74. The NS&T Program sediment sampling sites In which the average chemical
concentrations exceeded the respective ER-L values, ranked in descending order of the
number of times exceeded.

Number of times exceeded Site Codes*

21 BHDI
20 LIHH, LIMR, LISI

18 CBMP :

17 HRUB, LICR, HRLEB, SAWB, ELL, RAR, SAL

16 HRJB, LIHR, NYSH, BOS, SAL

15 CBHP, BHDB, LITN, WLI

14 NBMH, SDA

13 SIWP

12 OQEIH, PBSI, UCB

11 LIHU, SPeM

10 BBAR, SFDB, SFPFP, GRB, NAR

9 CBSP, BHHB, S§PSP, 55BI, HUN

B DBAP, MBTH, PBPI, SFEM, OAK

7 HRRE, MSBB, SDHI, TBPB, WIPP

6 DBBD, MDSJ, NBCI, NBDI, PVRP, SShl, SPB

5 ABhV%BBBSM, BBRH, CBSR, DBFE, DBKI, SBSB, SJCB, TEHB, LNB,

CRYB, MBCP, MBTP, MBSC, OSBj, PLLH, PRPR, SPSM, BUZ, C5C,
PEN, SEA '

APDB, ECSP, HHKL, LJL], MBLR, MBYB, NBBC, TBSR, CHS, COM,
NAH, NIS, OLI, SR, SMB

ABOB, BBGN, CASI, CBIB, CHFJ, EBFR, HMBJ, MBGP, NONB, PVMC,
RBHC, TBHP, TBMK, UISE, DEL, FRN, LUT, MRD, PNEB, SAT, SDF

1 APCP, BBBE, BBSD, BIBI, BBMB, BENR, BPBP, BSBG, BSSI, CBBI,

CBBP, CBDP, CBCl, CBMP, CBRP, CBTP, CBRP, CLCL, CLS], CKBP,

ESSP, ESBD, GBCR, GBTD, GBYC, GHW], MBAK, MSPC, MSFB,

PGLP, QIUB, SAMP, SLEE, SLSL, SRYI, TBCB, TBLF, VBSP, YBOP,

APA, BAR, COO, DBA, DAN, PAB, §PC ,

N

* Specific locations are listed in the glossary.
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The accuracy of the guidelines for metals often exceeded that for organic compounds.
Many of the metals are likely more water soluble than the organics, possibly resulting in

Eela vely higher and more consistent bioavailability, and, therefore, less variability in the
ata.

The ER-L and ER-M guidelines were used to evaluate and rank the relative potential for
biological effects at the NS&T Program sampling sites. Those sites in which the ambient
chemical concentrations exceeded the most ER-L and ER-M values were identified as having
the highest potential for adverse effects. The sites with the highest potential for effects
were sites HRUB, located in the Hudson-Raritan Estuary; site Ll’ﬂg, located in western Long
Island Sound; site BOS, in Boston Harbor; and site OEIH, in the Qakland Estuary of San
Francisco Bay. Sites with the highest potential for effects were generally located within
the Hudson-Rariten Estuary, Long Island Sound, Boston Harbor, Chesapeake Bay, New York
Bighé'a Sallegl Harbor, Saint Andrew Bay, and parts of southern California near Los Angeles
and San Pedro.

The potential for contaminated sediments causing adverse biological effects should be
verified by either an examination of available data or implementation of a survey at the
Egh- otentia! sites, Biological effects data are available for one of the highly ranked

&T Program sites: site OEIH in Oakland Harbor, California., Site OEIH was tested with
five sediment bioassays (Long and Buchman, 1989) and the benthic community was examined
at that site (unpublished data). Most of the bioassay end-points indicated relatively high
toxicity in the site OEIH sediments and the benthic community had lower total abundance
and crustacean abundance than at many other nearby sites in San Francisco Bay.

The data examined in the present document were the results of the use of widely varying
methods. Subsequent evaluations of data such as these would be facilitated if the data were
from the use of similar methods. That is, spiked-sediment bioassays should be performed
with one species or, at least, with species from the same taxonomic groups (such as
amphipods). Bioassays of field-collected sediments should be performed with multiple
species, but at least one of the species should be used universally, The use of standardized
methods is recommended. :

Sediment quality values from EP, AET, and SLC methods usually are presented as
absolutes, i.e., 2 chemical concentration not accompanied by any measure of uncertainty or
variability. Values generated in spiked-sediment bioassays often are accompanied by the 95
percent confidence interval. The data reviewed in this document and with which the co-
occurrence analyses were performed often indicated relatively high variability in analyses of
field-collected samples (i.e., the standard deviations frequently equalled or exceeded the
means). While these indications of variability may be discouraging, they do provide a
suggestion as to the degree of confidence currently available for attributing biological effects
to sediment-sorbed contaminants without using a preponderance of evidence from multiple
approaches, _

The data assembled and reported hercin were evaluated by objectively determining the
lower 10 percentiles and the medians in the data and by subjectively determining the overall
apparent effects thresholds in the data. The same data could be evaluated using many other
approaches, derending upon study objectives. For example, the screened sorted data could be
used to identify the contaminant concentrations below which effects have wever been
observed. Also, percentiles in the data other than the lower 10 and 50 percentiles could be
determined, For example, the lower 5 percentile value of the data could be examined and
assumed to be analogous to a level that may protect 95 percent of the species. The ER-L,
ER-M, and overall apparent effects thresholds (ferived from the available data could be used
as hypotheses to be tested in empirical toxicity experiments. The present evaluation siould
be updated with additional data as they become available and should be supplemented with
an evaluatiun of the chetsical data normalized to TOC, AVS, and any other appropriate
parameters in addition to dry weight.
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Table 75, Overall cumulative ranks of NS&T Program sites, based upon exceedances of
ER-L and ER«M values, One point was assigned for eack ER~L exceeded, 4.2 points for
each metal ER-M exceeded, and 8.1 points for each organic ER-M exceeded.

No. of BR-L ER-M values ER-M values

values exceeded for metals  exceeded fororganics  Total  Overall

Bite exceeded No. x 4.2 = points No. x 8.1 = points " points rank
HRUB 17 3 13 6 49 79 1
BOS 16 3 13 5 i1 70 2
LITN 15 3 13 5 41 69 3
OEIH 12 6 25 4 32 69 3
NYSH 16 5 21 3 24 61 5
BHDB 15 3 13 4 R 60 6
HRLB 17 4 17 3 24 - B8 7
PVRP 6 2 8 5 11 55 8
RAR 17 5 21 2 16 54 9
HRRB 7 5 21 3 24 52 10
CBSP 9 0 0 5 41 50 11
LIHH 20 3 13 2 16 49 12
SAL 16 2 8 3 24 48 13
SPFP 10 1 4 4 32 6 14
SAWB 17 0 0 3 24 41 15
SPB .6 0 0 4 32 a8 16
BHDI 21 3 13 0 0 M 17
spC 0 0 0 4 32 32 18
HRJIB 16 1 4 1 8 28 19
SDA 14 1 4 1 8 26 20
ELL 17 0 4 1 8 25 21
LNB 5 1 4 2 16 25 21
CBHP 15 2 8 0 0 23 23
LISI 20 0 0 0 0 20 25
OSBj 4 0 0 2 16 20 25
LIMR 20 0 0 0 0 20 25
SFSM 11 2 8 0 0 19 27
SPSP 9 2 8 0 0 17 28
OAK B 2 8 0 0 16 29
SFEM 8 2 8 ) 0 16 29
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Appendix A

Description of Data Sets Used In Co-occurrence Analyses

The data sets in which biological measures of effects and concentrations of chemicals in
sediments were made with the same samples are described in this appendix, along with the
description of how the data were manipulated and analyzed for use in this document.

Gilbert et af. (1976) sampled sediments at 37 stations in Massachusetts Bay and performed
chemical analyses of portions of the samples that were also examined for benthic community

composition. The samgles were collected with a 0.1 m2 Smith-Mclntyre grab sampler and
sieved with 2.0 and 0.5 mm screens. Data from quantification of trace metals an? selected
or%&nlc groups were reported. Their data suggested the occurrence of three modes in species
richness among the stations: High (mean 93.6 + 9.4 SD, range 81-106), intermediate (mean
58.1 + 104 SD, range 40-78), and low (mean 31 + 6.5 SD, range 22-37), The means and
sialmdlarc;d deviations in chemical concentrations that co-occurred with these modes were
calculated,

McGreer (1979) observed burrowing time in the bivalve Macoma balthica exposed to five
samples (one of which was used as a control) collected in the Fraser River estuary, British
Columbia. The samples were also enalyzed for the concentrations of various trace metals.
The 95 percent confidence limits for effective burrowing time (ETS0) for Sample C were
outside the 95 percent coafidence limits of the ET50 for the control. The chemical date for
Sample C were used in this document. McGreer (1979) also examined evoidance behavior of
M. balthica exposed to these sediment samples. A statistically significant avoidance response
was found for Sample A, therefore, the data for Sample A were used in this document.

McGreer (1982) sampled 23 sites along the Strait of Georgia, British Columbia and
determined the presence and abundance of M. balthica and the concentrations of various trace
metals. The means and standard deviations of concentrations in samples devoid of M, balthica
and in samples with M, balthica present were compared.

Yake, ef al. (1986) sampled three sites in Lake Union, Washington and tested for toxicity
with the amphipod Hyalella azteca and determined the concentrations of many chemicals in
an area known to have high PAH concentrations. Undiluted sediment from one of the sites
(GWT) caused an average of 95 percent mortality; the chemical data for that site were used
in this document.

Anderson et al. (1988) sampled 12 sites in southern California and tested for toxicity with
the amphipod Grandidierella japonica and for the concentration of hydrocarbons and trace
metals. Half of the sites was significantly toxic (mean 48.3 + 14.6 percent survival); and
half were not significantly toxic (mean 76.8 £+ 11.1 percent survival) relative to controls. The
chemical concentrations were compared between toxic and non-toxic samples.

Kraft and Sypniewski (1981) sampled 15 sites each in the north and south regions of the
Keweenaw Waterway, Michigan and determined macroinverterbrate taxa richness and copper
gontent in the sediments in all 30 sites. The mean copper concentrations in the northern sites
(average of B.4 taxa per site) were compared with those in the southern sites (average of 19.8
taxa per site).

The lllinois Environmental Protection Agency (1983a) sampled 21 sites in the DuPage
River Basin and determined benthic taxa abundance and concentrations of hydrocarbons and’
trace metals. Concentrations in 18 sites with relatively high abundance (mean 15.8 + 2.0 SD
taxa per Hester-Dendy artificial sampler) were compared with those in 3 sites (mean 6.7 &
2.5 SD taxa) with relatively low abundance. !
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The Illinois Environmental Protection Agency (1983b) sampled 25 sites in the Kishwaukee
River and determined the number of benthic taxa and concentrations of hydrocarbons and
trace metals, The chemical concentrations in 20 sites associated with relatively high
numbers of taxa (mean 16.3 = 4.6 SD per site) were compared with concentration in 5 sites
with relatively low numbers of taxa (84 + 0.5 per site).

Tsal et al. {1979) sampled nine stations in Baltimore Harbor, Maryland and determined
toxicity to mummichogs (Fundulus heteroclitus), spot (Leiostomus xanthurus), and soft-shell
clams (Mya arenaria) and the concentrations of PCBs and trace metals. Five of the stations
were relatively highly toxic (mean 48-h TLm of 5.1 £ 3.5) to mummichogs and four were
relat-ivceal?v less toxic (mean TLm of 43.2 + 31.3). The means and standard deviations of
chemical concentrations among the most and least toxic samples were compared.

VanDolah ef al. (1984) sampled 15 stations in and near a dredged material disposal site
off Georgetown, South Carolina and determined benthic community composition and
concentrations of PCBs and trace metals. The maximum sediment concentrations of chemicals
at sit¢s in which no demonstrable effects upon summer benthic community species richness and
total abundance was observed were used in this document.

Tatem (1986) determined bioaccumulation of PCBs and trace metals in the prawn
(Macrobrachium rosenbergii) exposed to Sheboygan River, Wisconsin sediments. He observed
that the sediments were toxic to the prawns after 22 days' exposure. The concentrations of
chemicals in the toxic sediments were used in this document.

Lee and Mariani {(1977) reported results of sediment toxicity tests and chemical analyses
for many prospective dredge areas throughout the United States. The chemical
concentrations reported associated with the observations of relatively high toxicity to the
grass shrimp Palaemonetes pugio were used in this document.

Zagatto et al. (1987) reported results of toxicity tests with D. similis and chemical
concentrations in sediments from 18 stations in Cubatao River Basin, Brazil. Minimum
chemical concentrations associated with samples that were reported as significantly toxic
were used in this report. )

Malueg et al. (1984a) sampled sediments from six sites in Phillips Chain of Lakes,
Wisconsin, one site in Torch , Michigan, and ten sites in the Little Grizzly Creek system,
California and tested for toxicity to Daphniz magna and Hexagenia Iimbata and the
concentrations of trace metals. The chernical concentrations in the one site in Phillips Chain
of Lakes that was significantly toxic were compared with those in the five other samples
that were reported as not significantly toxic. The chemical concentrations in the toxic Torch
Lake sample also was listed and used in this document. The chemical concentrations in the
eight samples from the Little Grizzly Creek system that were reported as significantly toxic
were compared with those that were not toxic and used in this document.

Malueg ¢t al. (1984b) sampled live sites cach in the northern and southern reaches of the
Keweenaw Waterway, Michigan and determined toxicity to D. magna and Hexagenin limbata
and the concentrations of trace metals. The chemical concentrations in highly toxic norihern .
sediments were compared with those in less toxic southern sediments. '

Long and Buchman (198%) sampled 15 stations in San Francisco and Tomales bays and
determined toxidity to the amphipod Rhepoxynius abronius and mussel embryos (Mytilus
edulis) and -concentrations of trace metals and organic compounds, US, Navy (1987) sampled
22 stations in San Franciseo Bay and performed many of the same analyses, except-they used
the embryos of the oyster C. gigas. Chapman ef al. (1987) sampled nine stations in San
Francisco Bay and performed the same analyses as Long and Buchman (1989). Word et 4l.
(1588)sampled 22 'stations in the Oakland Inner Harbor of San Francisco Bay an e
the ‘same analyses.as US. Navy (1987). The data from these four studies were <o
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three types of analyses were performed. First, AET values were caiculated using SedQual
software developed by PTI Environmental Services (1988) and a sorting routine on Microsoft
Excel spreadsheets on a Macintosh computer. Second, the mean concentrations of chemicals
associated with relatively highly toxic ;s;mﬂp!es {mean 67  11.4 percent mortality among R.
abronius, mean 924 * 4.5 percent abno bivalve embryos) were compared with those that
were moderately toxic (33.8 £ 4.7 percent mortality among R. abronius, 59.4 + 11.3 percent
abnormal bivalve embryos) and least toxic (18 & 6.6 percent mortality among R. abronius, 23.3
i 7.3 percent abnorma! bivalve embryos). Third, the chemical concentrations in sampies
reported as significantly toxic were compared with those that were reported as not
significantly toxie, however, since most of the samples were significantly different from
controls, this last approach appeared to be the least satisfactory of the three.

Tetra Tech (1985) sampled 55 sites in the Commencement Bay, Washington waterways
and vicinity and determined toxicity to R. abronius and C. gigas embryos and concentrations of
trace metals and organic compounds. The mean concentrations in samples that were most toxic
(15.7 £+ 3.9 dead R. abronius out of 20, 44.5 = 19 percent abnormal C. gigas embryos) were
compared with those in samples that were moderately toxic (5.2 + 1.1 dead R. abronius out of
20, 23 + 2.3 percent abno C. gigas embryos) and least toxic (2.5 + 0.9 dead R. abronius out
of 20, 15.1 # 3.1 percent abnormal C. gigas embryos).

Word and Mearns (1979) sampled 71 sites along a 60-m depth contour off southern
California and determined benthic community composition and concentrations of trace metals
and selected hydrocarbons. The chemical corcentrations associated with samples that had
relatively high, intermediate, and low abundances of echinoderms and arthropod were
compared. The chemical concentrations associated with relatively high, intermediate, and
low species richness and total abundance were also compared. They were compared, for
example, between sites with high echinoderm abundance (mean 191.3 = 70.1/0.1 square
meters), intermediate abundance (56.2 + 23.0/0.1 square meters), and lowest abundance (6.1
7.2/0.1 square meters). : :

Schiewe et al. (1984) sampled 18 sites in Puget Sound, Washington. and determined
toxicity to Phofobacterium phosphoreum in a Microtox™ test of organic extracts of sediments
and concentrations of petroleum hydrocarbons. Chemical concentrations in highly toxic
samples (mean EC50 0.31 £ 0.13), moderately toxic samples (mean BC50 2.14 + 0.83), and least
toxic samples (mean EC50 8.9 + 3.3) were compared for use in this document.

Swartz ef al. (1985 and 1986) sampled seven sites in 1980 and six sites in 1983 in the
Southern California Bight off Palos Verdes and determined toxicity with a R. abronius
bioassay, macroinvertebrate community composition, and concentrations of trace metals and
selected organic compounds. The data from the two surveys were combined for use in this
document. The chemical concentrations in samples that were significantly toxic to R abromius
were compared with those that were not toxic. Also, the chemical concentrations in sites
reported as having "major degradation” to the macrobenthos were listed and used in the
present docurnent.

Rygg (1985) reported the relationship between sediment copper concentrations in
Norwegian fiords and benthic community composition sampled at 71 stations. He reported
that a b0 percent reduction in Hurlbert's diversity index was correlated with 200 ppm copper
in the sediments.

Johnson and Norton (1988) sampled 12 sites in ports along the lower Columbia River,
Washington and determined toxicity to the amphipod H. azfeca and concentrations of trace
metdls and organic compounds. PAH concentrations differed the most among sampling sites,
No significant toxicity was observed, therefore, the maximum PAH concentration in which o
toxicity was observed was listed and used in this document.

Armstrong et al., (1979} sampled 15 stations in Trinity Bay, Texas in a grid associated
with an vilfield brine effluent and determined benthic community composition and PAH
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concentration. The PAH concentrations in 10 stations with relatively high species richness
(mean 33.3 per station) and total abundance (mean 5178 per station) were compared with
thoge in 7 stations with relatively low species richness (mean 28.2 per station) and abundance
{mean 1285 per station). ' :

Qasim et al. (1980) sampled 13 sites in the Trinity River, Texas and tested for toxicity
with D, magna and for the concentrations of hydrocarbons and trace metals. The chemical
concenirations in five sites in which significant mortality (mean 92.5 + 11.6 »urcent 8D} was
observed were compared with those from eight sites in which lower (nonsignificant)
mortality {mean 16 + 8.9 percent SD) was observed,

Ingersoll and Nelson (in press) sampled three sites and a control in Waukegan Harbor,
llinois and vicinity and determined toxicity to H. azfeca and concentrations of trace metals
and hydrocarbons. Chemical concentrations in the least contaminated of two samples that
were significantly toxic (mean 13.8 percent survival) were compared to those with higher
survival (mean 88.8 percent survival),

Simmers ef al. (1984) reported 100 percent mortality in N. virens exposed for 14 days to
Black Rock Harbor, Connecticut dredged material. The bioassays were performed with
mixtures of 25 percent dredged material and 75 percent clean material and chemical analyses
were performed with the diluted material. Therefore, the reported concentrations were
multiplied by a factor of four for use in this document.

Salazar and Salazar (1985) and Salazar (1980) reported results of toxicity tests and
chemical analyses of various numbers of samples in San Diego Bay, California. A variety of
ar.maly weore used; all indicated relatively high survival (generally, over 82 percent
survival). For this document, the highest concentrationy in which these high degrees of
survival were observed were listed and used.

Rogerson et al. (1985) reported the results ol toxicity tests of Black Rock Harbor,
Connecticut sediments performed with the amphipod A. abdita and chemical data for PAH.
The projected concentrations of PAH in undiluted sediments that caused significant mortality
- were listed and used in this document.

Tietien and Lee (1984) sampled 17 sites in the Hudson-Raritan Bay estuary and
determined toxicity in 14-d tests of growth of the wematode Chromadoring germanica and
concentrations of hydrocarbons and trace metals. The chemical concentrations in samples that

caused a negative intrinsic rate of growth were compared with those that caused a positive
rate of growth.

Long (1987) determined PAH concentrations in mudflat sediments and densities of
meiofaunal organisms in 10 square centimeters cores at 28 stations in the Forth estuary,
Scotland, The chemical concentrations associated with high meiofaunal densities (mean 3741
+ 1773) were compared with those that had intermediate densities (mean 1335 t 396) and
lowest densities (mean 112 £ 123),

CH2M-Hill (1989} sampled 86 stations in Eagle Harbor, Washington during June 1988 and
determined toxicity to R. abronius and concentrations of PAH in bulk sediments. Chemical
concentrations in 49 least toxic samples (mean of 17.4 + 1.4 survivors out of 20) were compared
with those in 7 moderately toxic samples (mean of 11.8 £ 1.8 survivors out of 20) and 12
highly toxic samples (mean of 0.3 + 1.7 survivors out of 20).

8528



T L)

APPENDIX B
SEDIMENT EFFECTS DATA

1
]

8529



Table B-1. Sediment effects data avallable for ANTIMONY arranged in ascending order
with remarks regarding use of the concentrations to determine ER.L and ER-M values.

Concentration (ppm dw) Biological Test Remarks
0941 Commencement Bay least toxic~amphipod No effect
1414 Commencement Bay least toxic—oyster No effect
>1.9 San Francisco Bay AET-bivalve Not definitive
2 ER-L 10 percentile
2%5 Commencement Bay moderately toxic—amphipod *
2155 Commencement Bay moderately toxic—oyster * '
23165 San Francisco Bay significantly toxic~amphipod No concordance
26 PSDDA screening level No effect
27267 San Franclsco Bay moderately toxic—amphipod No concordance
»2.9 San Francisco Bay AET—amphipod No concordance
32 1986 Puget Sound AET-benthic N
5+112 San Francisco Bay least toxic—bivajve No effect
53 1986 Puget Sound AET-amphipod * ‘
661 San Francisco Bay moderately toxic-bivalve *
67123 San Francisco Bay not toxic-bivalve No effect
B6+119 San Francisco Bay significantly toxic—bivalve *
2+116 San Francisco Bay least toxic—amphipod No cffect
494113 San Francisco Bay not toxic-—ampgjpod No effect
25 ER-M 50 percentile
250 San Francisco Bay highly toxic—bivalve *
26 1986 Puget Sound AET-oyster *
26 1986 Puget Sound AET-Microtox™ »
275 £ 1015 Commencement Bay highly toxic—oyster *
915+ 184 Commencement Bay highly toxic—amphipod *
150 1988 Puget Sounid AET--Microtox™ »
200 1988 Puget Sound AET—-amphipoed *
ND San Francisco Bay highly toxic—amphipod No concordance

* 13 concentrations used in ER-L and ER-M estimates.

ND = not detected
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Tabje B-2. Sediment effects data available for ARSENIC arranged in ascer:iing order
with remarks vegarding use of the concentrations to determine ER-L and ER-M values.

22571+ 42137

Commencement Bay highly toxic—amphipod

Concentration (ppm} Blological Test Remarks

1 Stamford not toxlc--shrimp No effect
1.3 Duwamish River nontoxc—shrimp No effect
1.36 Georgetown benthic community No effect
19 Black Rock Harbor toxic—Nereis Small gradient
22+1.2 Trindty River not toxic—Daphnia No effect
27402 Sheboygan River significantly toxdc--prawn Small gradient
28 Newrport not toxic—shrimp No effect
34418 Trinity River significant toxic--Daphnia Small gradient
34 Norwalk not toxic~shtimp No effect
3711 Kishwaukee River least taxa No effect
5%1.8 Kistiwaukee River most taxa Small gradient
585+64 Southern California not toxic—amphipoad No cffect
591+1.1 DuPage River most taxa Small gradient
74+22 DuPage River least taxa Small gradient
832452 Soutilern California significantly toxic—amphipod Small gradient
104134 San Francisco Bay moderately toxic—amphipod No concordance
12.8 Los Angeles Harbor toxic—shrimp Small gradient
1372148 San Francisco Bay least toxic—bivalve No cffect
1464138 San Francisco Bay significantly toxic—amphipod No concordance
175 ¢ 14,1 San Francisco Bay highly toxic—amphi No concordance
24187 San Francisco Bay not toxic—bivalve No effect
214194 San Francisco Bay moderately toxic~bivalve v
2264281 Puget Sound non-toxic—amphipod No effect
22.8422.1 San Francisco Bay significantly toxic—bivatve No gradient
2514231 Puget Sound moderately toxic—amphipod ~ Small gradient
2784308 Commencement Bay least toxic—~oystar Mo effect :
284215 San Francisco Bay least toxic—arrphipod No effect
285 4 26.6 Commencement Bay least toxic--amphipod No effect
3034224 San Francisco Bay not toxic—amphipod No effect
321143 Baltimore Harbor least toxic—-ﬁsﬁ No effect
33 ER-L 10 percentile
1 EP chronic marine *
<47.2 Waukegan Harbor highly toxic—amphipod Below detection
50.7 + 293 San Francisco Bay highly toxic—bivalve "
54 San Francisco Bay AET-—bivalve .
57 1988 Puget Sound AET-benthic .
58,7 £ 148.1 Commencement Bay moderately toxic—oyster *
63.2+ 148 Comnencement Bay moderately toxic—amphipod i
64 EP acute marine *
70 PSDDA screening level No effee.
70 San Francisco Bay AET--amphipod Neo concordance
85 ER-M 50 percentile
B85 1986 Puget Sound AET~benthic *
919786 Baltimore Harbor most toxic—fish v
93 1986 Puget Sound AET—~amphipod *
689.9 1 2350.9 Commencement Bay highly toxic—oyster *
700 1586 Puget Sound AET~oyster *
700 1986 Puget Sound AET-Microtox™ .
1005 2777 Puget Sound highly toxic--amphipod *

»

* 16 concentrations used to determine ER-L and ER-M values
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Table B3, Sediment effects duta available for CADMIUM arranged in ascending order
with remurks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm) ‘Biological Test Remarks

<0.04 Fraser River feral clams present no effects
0.05+0 Kishwaukee River least taxa Below detection
0.1 Georgetown no benthic effects No effects

02 Cubatao River highly tox'<—Daphnia Small gradient
03+08 Kishwaukee River most taxa Below detection
04 Macoms burrowing bloassay Small gradient
04201 San Prancisco Bay least toxic~bivalve No effect
04403 Southern California high echinoderm sbundance No effect
A0 Massachusetts Bay high species richness No eoffect

<0.5 Duwamish River low toxicity~shrimp No effect
0503 San Francisco Bay moderately toxi~ amphipod No gradient
054043 Southern California moderate echu~ derm abundance No pradient

05 Keweenaw Waterway least toxic—Daplinia No effect

<0.5 Newport not toxic-shrimp No effect
DESOR San Francisco Bay least toxic—amphipod No effect
0604 San Francisco Bay significantly toxic—amphipod No gradlent
D603 San Prancisco Bay not toxie—~amphi No effect
06404 San Francisco Bay significantly toxic-bivalve No gradient
06403 San Franclsco Bay not toxic~bivalve No effect

0.64: 0.7 Southern California moderate species richness No concordance
06+03 Keweenaw Waterway not toxic—Daphnia No offect
0.7£03 San Francisco Bay highly toxic—hivalve No gradient
07+05 San Francisco Bay moderately toxic—bivalve Small gradient
0707 Southern California moderate arthropod abundance No concordance
0706 Massachusetts Bay moderate species richness Small gradient
0805 San Francisco Bay highly mxic--amlphipod Small gradient
08+1.1 Southern California moderate total abundance No concordance
09£1 Southern California high arthropod abundance No effect

0.9 San Diego Bay low toxicity—various No effect

09 San Diego Bay low toxicity-—-various No effect-

0.96 PSDIA screening level No effect
111 R. abronius LC50—~spiked biopssay Sand

11£2 Southern California low total abundance No concordance
1.1£11 Massachusetts Bay least species richness Small gradient
1.2+1 Fraser River feral clams absent Small gradient
1.2 Sun Prancisco Bay AET-—-amphipod Mo concordance
12203 Little Grizzly Creck high toxicity--Dephnir Small gradient
1.3+0.6 DuPage River least taxa ne concordance
1.4 Macoma avoidance bioassay Srmall gradient
1544 Southern Callfornia high specles richness No offect
15409 DuPage River most taxa No effact

1.5 Kewecnaw Waterway most toxic—Daphnia Small gradient
16 Black Rock Havbor highly toxic--Nereis Small gradient
1.7 San Francisco Bay AET-—-hivalve Small gradient
1.7+ 0.3 Keweenaw Waterway significantly toxic—Daphria Small gradient
19411 Commencement Bay least toxic—-oyster o offect

1.98 Lake Union toxic~amphiped Small gradient
2 Baltimore Harbor least toxic--fish No effect
=313 Commencement Bay least toxic—-amphipod o offect

25 Waukegan Harbor high toxicity-amphipod Singdl gradient
25 Torch Lake significantly toxic—Daphnia Small gradient
2712 Commencement Bay moderately toxic—-oyster

Small pradient
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Table B-3. {continued)

Concentration (ppm) Blological Test Remarks
28405 Sheboygan River high toxicity—prawn Small gradient
28 Stamford Jow toxicity--shrimp No e _
29423 Commencement Bay moderately toxic—~amphipod Small gradient
3 Los Angeles Harbor high toxicity~shrimp Small gradient
3108 Phillips Chain low toxicity--Daphnia No effect
32%6 Southern California not toxic—amphipod No effect
4.1 Norwalk low toxicity-shrim No effect
43+114 Southern California low artg.ropod abundance »
4.7 £12.2 Southern Californda low species richness »
48+ 56 Trinity River not toxde—Daphnia No effect
4.9 Phillips Chaln high toxicity—Daphnia Small gradient
] ER-L 10 percentile
5.1 1988 Puget Sound AET-benthic b
53114 Southern California significantly toxic—amphipod *
56 R. abronius—~spiked bicassay : *
58 1986 Puget Sound AET-benthic *
58 R. abrontus--spiked bioassay *
62+13.1 Southern California low echinoderm abundance *
65 R, abronius EC50—spiked bioassay *
6.7 1986 Puget Sound AET--amphipod *
69 R. abromug LC50~spiked bloassay *
82 R. abronius LC50--spiked Boassay *
. 84 E. sencillus LC98- spiked bloassay *
85 R. abranius LC76~spiked bioassay ¥
87 R, abronius LC50--spiked bioassay *
8.8 R. abronius LC50~spiked bioassay *
89192 Palos Verdes not toxic-amphipcxg No effect
8.9 R. abronius overall LC50--spiked bioassay *
9.0 ER-M 50 percentile
9.1 R. abronius EC50-spiked Licassay * :
941173 Southern California high total abundance No effect
96 1986 Puget Sound AET—oystey ¢
5.6 1986 Puget Sound AET--Microtox™ *
a7 R. abroniug EC50~splked bioassay .
98 R. abronius LUS0—splked bloassay *
10 R, abronius LC50-spiked bioassay .
106 + 8.7 Trinity River significantly toxic—~Daphnia *
11 P r;/zinis Iethality -spiked binassay *
11.5 R. avronius LC50—~spiked bicassay *
118+ 6.6 Hudson-Raritan least toxic—nematode No effect
1532 453 Commencement Bay highly toxic—oyster *
1864 89 Hudson-Raritan highly toxic—nematode *
20.8 R. ahroniug BECS0~upiked bioassay *
2.7 San Diego Bay low taxicity~polychaete No effect
2281198 Baltimore Harbor most toxic—fish ¢
258 R. abromius LC50--spiked hicassay *
28 San Diego Bay low toxicity--mysid No effect
8.7 +31 Palos Verdes significantly toxic—amphipod *
287+3.1 Palos Verdes major benthic degradation *
31 EP chronic marine *
3z.5 San Diego Bay low toxicity—clam o effect
325 San Diego Bay low toxicity—various No effect
38.6 New York Hatbor low toxicity--various No effect
40 N. virens—spiked bivassay No effect
416+ 79.8 Commencement Bay highly toxic-amphipod *
96 EP acute marine *

* 36 concentrations used to determine ER-L and ER-M values
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Table B-4, Sediment effects data available for CHROMIUM arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm)

Biologlcal Test Remarks
25 Georgetown benthic community No effect
118£3.7 Commencemment Bay least toxic—oyster No effect
15.3 Duwamish River low toxicity No effect
1621 8.1 Commencement Bay least toxic—amphi No effect
17.7£73 Commencement Bay moderately toxic--amphipod No gradient
177273 Commencement Bay moderately toxic—oyster smalilr adient
18.1£16.8 Trinity River not toxic—Daphnia No effect
197+ 113 Commencement Bay highly toxic—amphipod Small gradient
199 Newport low toxicity~shrimp ' No effect
20 Lake Union highly toxic--amphipod Sma)l gradient
22%9 Commencement Bay highly toxic-oyster Small gradient
25 San Diego Bay low toxicity—various No effect
26 San Diego Bay low toxicity—various No effect
274111 Massachusetts Bay high species richness No effect
29 Keweennw Waterway least toxic—Daphnia No effect
292+ 9.1 Kishwaukee River most taxa No effect
296+156 Southern California high echinoderm abundance No effect
3231175 Southern California moderate echinoderm abundance No gradient
3459 DuPage River most tuxa No effect
3631219 Keweenaw Waterway not toxic—Daphnia No effect
3814363 Southern Caltfornia moderate species richness Ne concordance
38,5 Waukegan Harbor highly toxic~amphipod Small gradient
40.7 £ 309 Southern California high arthropod abundance No effect
42411 Fraser River Macoma present No effect
42+398 Southern California moderate total abundance No concordance
4341225 Kishwaukee River feast taxa Small gradient
463+ 433 Southern California moderate arthropod abundance Small gradient
47.6 Los Angeles Harbor high toxicity Small gradient
54+835 Southern California low total abundance No concordance
59.7 + 28.7 DuPage River least taxa Weak concordance
60 Macoma burrowing bloassay Small gradient
609+ 275 Massachusetts Bay moderate species richness *
623 %139.2 Southern California high species richness No effect
67.5 Norwalk low toxicity—shrimp No effect
7261 60.6 Trinity River significantly toxic—Daphnia *
73 %1244 Sonzinern California not toxic—amphipod No effect
B0 tR-L 10 percentile
814293 Massachusetts Bay low species richness ¢
81.4 835 Southern California signlE::ntly toxic—amphipod .
86 Stamford low toxicity-—-shrimp No effect
87 +47 Little Grizzly Creek high toxicity—Daphnia »
873% 221 Braser River Macoma absent *
B8.2 % 827 San Prancisco Bay least toxic—bivalve No effect
%0 Maecoma avoidance bioassay .
9751 66.7 San PFrancisco Bay highly toxic—~bivalve No concordance
101.6 Keweenaw Waterway highly toxic—Daphnia *
108.7 + 19.6 Keweenaw Waterway significantly toxic—Daphnia »
12844 Sheboygan River significant toxicity~prawn * :
133.7 £ 94.2 San Francisco Bay significantly toxic-bivalve No effect
141.8 £ 86.5 San Francisco Bay highly toxic—amphipod No ctoncordance
144.6 & B8.6 Hudson-Raritan least toxic~-nematode No effect
145 ER-M 50 percentile
1458 £ 307.9 Southern California low arthropod abundancs *
150.2 & B5.9 San Erancisco Bay not toxic~bivalve : No effect
1549 £ 102.1 San Francisco Bay significantly toxic -amphipod No concordance
156.6 £ 320.9 Southern California Jow species richness ¢
1603 + 85.4 Hudson-Raritan most toxic—nematode *

B-5
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Table B-4.

(conﬂhued)

Concentration (ppm)

Blological Test

Remarks

1633 £ 116.7
164 + 91.4
180

195+ 939
201.3 £ 349
2026 £97.3
548

315 41 236
335+ 1797
369.2

370

6693

980

1645 £ 1628

San Francisco Bay moderately toxic-amphipod
San Francisco Bay moderately toxic—bivaive
Torch Lake significantly toxic—Daphnia

Sen Francisco Bay least toxic—~amphipod
Southern Callfomia low echinoderm abundance
San Francisco Bay not toxic—amphipod

San Diego Bay low toxicity—shrimp

1988 Puget Sound AET--benthic

1988 Puget Sound AET-amphipod

San Francisco Bay AET--bivalve

Southern California high total abundance
San Diego Bay low toxicity~-clam

San Diego Bay low toxicity-polychaete

San Diego Bay low toxicity—fish

Phillips Chain least toxic—-Daphria
Baltimore Harbor least toxic—fish

Black Reck Harbor high toxicity

San Francisco Bay AEgT --amphipod

Palos Verdes ms.)or benthic degradahon
Philtips Chain significantly toxic—Daphnia
Baltimore Harbor most toxic—fish

No concordance
No concordance

-

No effect
*

No effect
No effect
»

%

No conwordance

No effect
No effect
No effect

‘No effect

No effect
No effect
L

No concordance
-

-
[}

* 21 concentrations used to determine ER-L and EP ' values
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Table B-5. Sediment effects data available for COPPER amranged in ascending order with
remarks regarding use of the concentrations to determine ER-L. and ER-M values.

Concentration (ppm) Biological Test Remarks
1.02 Georgetown benthic community No effect

413 Misgsissippt River high toxicity--midge No concordance
52 Massachusetts Bay high specles richness No effect
7945 Mississippi River low toxicity No effect
89+4 Mississippi River low toxicity No effect
1246 Southern California high echinoderm abu.adance No effect

12.2 Newport low toxicity-shrimp No effect

134 £14 Southern California moderate echinoderm abundance  No gradient
1547 Massachusetts Bay moderate speries richness *

1617 Massachusetts Bay low species richness No gradient
17.8 Mississippi River low toxicity No effect

17.8 ET50 burrowing time bioassay—clam *

18415 - Trinity River nontoxic--Daphnia No effect

19.5 Waukegan Harbor highly toxic--amphipod *

195 %6 Kishwaukee River high number of taxe Small gradient
23.6 Keweenaw Waterway least toxiclty No effect '
275116 Feral Fraser River Macoma present No effect

33 Keweenaw Waterway high number of taxa No effect
3451+ 17 San Francisco Bay least toxic~bivalve No effect

428 Duwamish River nontoxic—shrimp No effect

43 + 49 Keweenaw Waterway nontoxic--Daphnia No cffect

454 + 53 Kishwatikee River low number of taxa *

46.9 £ 26 San Francisco Bay not toxic~bivalve No effect
621425 DuPage River high number of taxa No effect

62.3 £ 78 Southern California nontoxic—~-amphipod No effect

64 £ 40 n Francisco Bay moderately toxic--amphipod Mo concordance
67 Macoma burrowing bioassay *

68.2 4 48 San Francisco Bay significantly toxic—bivalve *

68.4 & 62 Trinity River significant toxicity--Daphniq "

70 , ER-L 10 percentile
70+ 47 San Francisco Bey significantly toxic—amphipod Small gradient
72,1t 41 San Francisco Bay least toxic~amphipod No effect
72678 Commencement Bay least toxic—oyster No effect

74.6 + 43 San Francisco Bay not toxic—amphipod No cffect

76 % 51 San Francisco Bay moderately toxic—-bivalve *

77.3 1 39 DuPage River low number of taxa Small gradient
81 PSDDA screening level No efteet

84.6 £ 63 San Francisco Bay highly toxic~amphipod *

85.1 + 69 Commencement Bay least toxic—-amphipod No effect
87.7 2 33 San Francisco Bay highly toxic—-bivalve *

96.7 £ 177 Suuthern California low echinoderm abundance *

98 + 90 Puget Sound nontoxic-amphi No effect
1063+ 9% Commencement Bay moderately toxic~oyster *

110 San Francisco Bay AET-bivalve *

117.8 2 98 Commencement Bay moderately toxic—amphipod *

134.6 £ 57 Feral Fraser River Macoma absent *

1352+ 118 Phillips Chain nontoxic—-Daphnia No effect

136 EP chronic marine @4% T *

138 + 124 Puget Sound moderately toxic—amphipod *

145+ 2 Sheboygan River toxic—prawn *

147 Los Angeles Harbor toxic—shrimp *
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Table B-5, (continued)

Concentration (ppm) Biological Test Remarks
150 Macoma avoidance bioassay .

156 Lake Union high toxicity--amphi *

15751 29 Baltmore Harbor least toxic—fis No effect
180 San Francisco Bay AET—amphipod "

181,34 173 Southern California significant toxicity--amphipod *

200 Norwegian benthos species diversity *

210 San Diego Bay nontoxic--various No effect
216 EP acute marine 4% TOC *

217.8 Stamford nontoxic—shrimp No effect
223.7 Norwalk nontoxic—shrimp No effect
250.5 £ 232 Hudson-Raritan nontoxic—nematode No effect
251 £227 Palos Verdes nontosde--ampht No effect
310 1986 Puget Sound AET-benthic *

312.3 San Diego Bay nontoxic--mysid No effect
390 ER-M 50 percentile
350 1986 Puget Sound AET-oyster *

3%0 1986 Puget Sound AET- Microtox™ *

453 1+ 311 Hudson-Raritan highly toxic--nematode *

530 1988 Puget Sound AET--benthic *

540 Phillips Chain significant toxicity--Daphnia “

589 Kewesnaw Waterway least number of taxa "

591.7 £ 126 Palos Verdes major benthic degradation *

591.7 + 126 Palos Verdes significant toxicity—amphipod *

612 Plack Rock Harbor highly toxic *

612 Keweenaw Waterway highly toxic--Daphnia *

681 LC50 Daphnia spiked bicassay—Soap Creek *

730 Keweenaw Waterway significant toxicity—-Daphnig  *

810 1986 Puget Sound AET--amphipod *

857 LC50 midge spiked bioassay-Soap Creek *

917.8 £ 2750 Commencement Bay highly toxic~oyster *

937 LC50 Daphnia spiked bioassay-—-Tualatin River .

964 LC50 amphipod spiked bicassay- Scap Creek »

995 San Diego Bay nontoxic—clam No effect
995 San Diego Bay nontoxic—polychaete No effect
1071 1 948 Baltimore Harbor most toxic-fish *

1078 LC50 amphi splked bioassay—Soap Creek *

1260 % 3251 Puget Sound highly toxic-amphipod *

1300 1988 Puget Sound AET--amphipod .

1374 + 809 Little Grizziy Creek toxic~Daphnia *

1800 Torch Leke highly toxic—Daphnia *

229 LC30 midge spiked bicassay—Tualatin River *

2820 + 4881 Commencement Bay highly toxic~amphipod *

* 31 concentrations used io determine ER-L and ER-M values
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Table B<6. Sediment effects data available for LEAD arranged in ascending order with
remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm} Bioiogical Test Remarks
<0.5 Georgetown disposal site benthos No effect
959 Southern California moderate echinoderm abundance No concordance
95 Keweenaw least toxic--Daphnia - No effect
107+ 10 Keweenaw nontoxic—Daphinia No effect
113+8 Southern California moderate species richness No concordance
117+ 13 Southern California high echinoderm abundance No effect
124£9 Southerr. California high arthropod abundance No effect
125+ 4 Massachusetts Bay high benthhic species richness No effect
125+ 10 Southern California moderate arthropod abundance No gradient
126+ 10 Southern California moderate total abundance No concordance
1419 Feral Praser River Macoma present No effect

16.6 24 Southern California low total abundance Mo concordance
18 Cubatao River Brazil high toxicity--Daphnia Small gradient
198+ 34 Southern California hgh species richness No effect
212+ 11 Kishwaukee River high number of taxa No effect
252417 San Prancisco Bay least toxic—bivalve No effect

26.6 Keweenaw Waterway highly toxic—-Daphnia »

27.1 Duwammish River nonloxic-sKrimp No effect
20+8 Keweenaw significantly toxic~Daphnia *

30.6£26 Kishwaukee River least number of taxa *

32118 Little Grizzly Creek significant toxicity No conocordance
32 Macoma burrowing bioassay *

<324 Waukegan Harbor highly toxic—-amphipod Detection limits
35 Norway benthos diversity *

25 ER-L 10 percentile
35122 Trindty River least toxiclty--Daphnia No effect

41.3 Los Angeles Harbor >50% mortality—shrimp *

42,1 £27 San Francisco Bay moderately toxic~amphipod *

424 % 26 Massachusetts Bay moderate species richness *

43.1+33 San Francisco Bay nontoxic--bivalve No effect

45.6 + 59 Southern California nontoxic--amphipod No effect

467 + 17 Massachusetts Bay low benthic species richness *

469 £ 31 Puget Sound nontoxic—amphi No effect

47.8 + 103 Southern California low arthropod abundance *

<50 San Francisco Bay triad minimum bioceffects *

51+ 4 San Francisco Bay least toxic—amphipod No effect

51+ 111 Southern California low species richness *

537427 Trinity River significantly toxic-—-Daphnia *

54.4 + 36 San Prancisco Bay nontoxic--amphipod No effect
571420 DuPage River high number of taxa Nuv effect

58.3 + 61 San Francisco Bay significantly toxic-amphipod Small gradient
589+ e63 San Francisco Bay significantly toxic—-bivalve *

>60 FWPCA heavy: benthos absent *

634 £ 63 San Francisco Bay moderately toxic--bivalve *

644+ 118 Southern California low echinoderm abundance *

66 PSDDA screening level No effect
73.1+42 Southern California significantly toxic--amphipod *

74 Macoma avoidance bioassay * :
776175 Commencement Bay Jeast woxic—amphipod No effect

78.6 + 34 Phillips Chain low toxicity--Daphnia No effect:
81.7 £ 49 Feral Fraser River Macoma absent *
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Tible B<6. (continued)

Concentration (ppm)

Biological Test

89.6

94.9 4 154
1045 £ 87
104.7 £ 173
110

110

113.1 £ 123
120

1229

2130

132

136.6 + 140
140

143.7 + 110
145.2 4 132
160

1708 + 192
213 1 131
253 £ 47
276.9

300

300

3123+ 23
3209 + 195
450

512+ 213
530

570.1 + 1489
660

660
750.2 £ 1763

1613.2 + 2628

3360

Black Rock Harbor 100% mortality—Nereis
Southern California high total abundance
San Francisco Bay highly toxic~amphipod
San Francisco Bay highly toxic—bivalve
Commencement Bay least toxic~oyster
ER-M

Torch Lake significantly toxic
Commencement Bay moderately toxic—~oyster
San Francisco Bay AET amphipod

Stamford nontoxic~shrimp

San Francisco Bay triad significant bioeffects
EP chronic marine @4% TOC

Puget Sound moderately toxic—~amphipod
San Francisco Bay AET--bivalve

DuPage River low number of taxa
Hudson-Raritan not toxic-nematode

Phillips Chain significantly toxic
Commencement Bay moderately toxic~amphipod
Baltimore Harbor least toxic--fish
Sheboyian River significantly toxic

Norwalk nontoxic—-shrimp

1986 Puget Sound AET-benthic

Like Union 95% mortality—amphipod

Palos Verdes major benthic degradation
Hudson-Raritan highly toxic--nematode
1288 Puget Sound AET-benthic

Baltimore Harbor most toxic~fish

1986 Puget Sound AET-Microtox™
Commencement Bay highly toxic—oyster
1986 Puget Sound AET—-amphipod

1986 Puget Sound AET-oyster

Puget Sound highly toxic—amphipod
Commencement Bay highly toxic—-amphipod
EP acute marine @ 4% TOC

*
No effect
»

*

No effect

50 percentile
*

o effect

o effect

o effect

o effect

I AL LI R S A AL I S AL B N AR S A

* 47 concentrations used to determine ER-L and ER-M values
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Table B-7, Sediment effects data available for MERCURY arranged in ascending oxder
with remarks regarding use of the concenirations to determine ER-L and ER-M values.

Concentration (ppm) Blological Test Remarks
0.026 Newport not toxie~shrimp No effect
0.032 EP chronic marine @4% TOC *

04035 Mississippt River low toxicity No effect
0.05 Duwamish River not toxic—shrimp . No effect
0.06 Massachusetts Bay high benthos f{pecies richness No effect
0.08 Waukegan Harbor highly toxic-—-Hyalella *

0.08 £ 0.1 Kishwaukee River high number ot taxa No effect
0.09 + 01 Kishwaukee River low number of taxa No gradient
<0,1 Sheboggan River significant toxicity—prawn Below detection
0.1+0.1 Feral Fraser River Macoma present No effect
011+ 002 Massachusetts Bay low benthos species richness No gradient
0.13 £ 0.1 Keweenaw Waterway not toxic—-Daphnia No effect
0.13 Keweenaw Waterway leas! toxic—-Daphnia No effect
0.147 Los Angeles toxic (>50% mortality)—shrimp .

0.15 ER-L 10 percentile
0.162 Stamford not toxic-—-shrimp : No effect
0.173 Lake Union 95% mortality—amphips *

018 0.1 Massachusetts. Bay moderate benthos species ricluiess  No gradient
0.18 Macoma burrowing time bioassay *

0.18 Keweenav' Waterway most toxic—-Daphnia No gradient
0.2+0.1 Commencement Bay least toxic—amphipod No effect
02101 Commencement Bay moderately toxic—oyster No gradient
02+0.1 Commencement Bay least toxic—ot{ster No effect
0.2+£01 Keweenaw Waterway significantly toxic--Daphnia No gradient
0.21 PSDDA screening level No effect
0.28 + 0.2 DuPage River high number of taxa No effect
0.29 Torch Lake significant mortality--Daphnia *

03£0.2 Comraencement Bay moderately toxic—amphipod No gradient
03£02 San Francisco Bay least toxic—~bivalve No effect
0.3+0.1 Trinity River significantly toxic--Daphnia No concordance
0.3 Norwalk not toxic—shrimp No effect
033101 Southern California significantly toxic--amphipod No gradient
0.34 £ 0.02 Southern California not foxic--amphipod No effect
038 £ 0.1 Baltimore Harbor least toxic--fish No effect
0.41 1986 Puget Sound AET--Microtox™ *

042 £ 0.2 Feral Fraser River Macoma absent ¢

047 £ 05 Puget Sound nontoxic—amphipod No effect
0.48 Macoma avoidance bioassay *

05104 San Francisco Bay least toxic-amphipod No effect
05£03 San Prancisco Bay not toxic—bivalve No effect
0.59 1986 Puget Sound AET—oyster *

0.6+ 04 San Francisco Bay not toxic—amphipod No effect
046+ 04 San Prancisco Bay highly toxic—bivalve * No concordance
0607 Trinity River low toxicity—Daphnia No effect
6.6 EP zcute marine @4% TOC .

0.61 Georgetown benthic communi No effect
0.65-1.15 Pontoporeia activity not significantly decreased No effect
07+08 San Francisco Bay moderately toxic--amphipod No gradient
0.7+ 08 San Francisco Bay significantly toxic~amphipod No gradient)
0.7 £ 0.9 San Francisco Bay significantly toxic—bivalve No gradient
0.88 1986 Puget Sound AET—-benthic *

B-11
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“Tible Bs7. (continued)

Concentration {ppm)

Blological Test

Remarks

091
09

9% +1
102 %13
1.3

1.3

138 + 4.6
15
1509
L6t 11
1.6+2

ll

[ ey

15-3.35
+ 125
6.7
041148
8975
9.4

112+ 228
13.1

3.9

58.2

66.5

254!4

¥

Crn RN N
H Wn~3

San Francisco Bay moderately toxic—-bivalve
Cubatao River EC50 toxicity~Daphnia

San Francisco Bay highly toxic—-amphipod
Phiilips Chain not toxic—-Daphnia

ER-M

San Francisco Bay AET-amphipod

Puget Sound intermediate toxdcity~amphipod
San Francisco Bay AET-bivalve

L. Grizaly Creek significantly toxic~Daphnia
Baltimore Harbor mast toxic~fish

DuPage River low number of taxa

1986 Puget Sound AET--amphipod

1988 Puget Sound AET—benthic

Pontopareia actvity sign decreased

San Diego Bay not toxic~various
Commencement Bay highly toxic—oyster
Hudson-Ratitan not toxic-nematode

Puget Sound highly toxic

Hudson-Raritan highly toxic--nematode
Phillips Chain significantly toxic
Commencement Bay highly toxic—-amphipod
LC50 amphipod bivassay

New York nontoxic, 100-d, various species
San Diego Bay not toxic—-mysid

Sar. Diego Bay not toxic—clam

San Diego Bay not toxic~fish

»
L]

%

No effect
50 percentile

¥ % X X x F & B

&
&
&

No effect

x4 5 %

*

No effect
No effect
No effect
No effect

* 30 concentrations used to determine ER-L and ER-M values
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Table B8, Sediment effects data avallable for NICKEL arranged in ascending order with
remarks regarding use of the concentrations to determine ER-L and ER-M values,

<31.8
39412
34414
35+14
36429
38

a9
40116
41:£32
43
4443
49

50

52
70x14
78+42
88
93:+3
9445
97453
99435
100£35
100
10244
105236
106474
108£25
106427
109419
11040
112431
113443
»120
>140
>140
150
>170
>170
350

Cubatao River toxicity-Daphn
Georgetown benthic community

Massachusetts Bay high species richness
Newport not toxic~shrimp

Commencement Bay least toxic—oyster
Commencement Bay least toxic—amphi
Commencement Bay moderately toxic-oyster
Duwamish River nontoxic~shrimp
Commencement Bay moderately toxic-amphipod
Southern California not toxic—amphipod
Massachusetts Bay moderate species richness
Southern Callfornia A&I#nlﬂcanﬁy toxic—amphipod
1986 Puget Sound AET-Microtox™ :
PSDDA screening level

Kewseenaw lpast toxic~Daphnia

’l‘rin:‘ty River significantly toxic—Daphnia

ER-

Commencement Bay highly toxic—oyster

Los Angeles Harbor (>60% mortality)—shrimp
Waukeian Harbor significantly toxic—amphipod
Massachusetts Bay low species richness

Feral Fraser River Macoma present

Keweenaw Waterway not toxic—Daphnia

Trinity River not toxic—Daphnia

B rd not toxic

1986 Puget Sound AET-oyster

Little Grizzly Creek significantly toxic—~Daphnia
Commencement Bay highly toxic~amphipod
Norwalk not toxic~shrimp

. Feral Fraser River Macoma absent

1986 Puget Sound AET-benthic

ER-M

Black Rock Harbor 100% mortality~Nereis
Baltimore Harbor least toxic~fish

San Francisco Bay least toxic—bivaive

Lake Union higgly toxdc—-amphi

San Francisco Bay highly toxic~bivalve

Palos Verdes major benthic degradation
Paltimore Harbor most toxic—fish

San Francisco Bay moderately toxic-amphipod
San Francisco Bay significantly toxic—bivalve
Keweenaw Waterway highly toxic —Daphnia
San Francisca Bay not toxic~bivalve

San Francisco Bay significantly toxic~amphipod
Phillips Chain least toxic ~Daphnia

San Francisco Bay least toxic—~amphinod

San Francisco Bay not toxic-amphipod
Keweenaw Waterway significantly toxic—Daphnia
Sheboygan River significant mortality—-prawn
San Francisco Bay moderately toxic—~bivaive
San Francisco Bay highly toxic-amphi

1986 Puget Sound Algi‘ ~amphipod phipod

1988 Puget Sound AET--amphipod

1988 Puget Sound AET-~benthic

Torch Lake significant toxicity—Daphnia

San Francisco Bay AET-bivalve

San Francisco Bay AET—amphi

Phillips Chain significant toxicity—Daphnia

No concordhnce
No effect
No effect
No effect
No effect
glo effect
maill gradient
gn(: effect
all gradient
No eff%Zta

L

§mall gradient

No effect

No effect

No concordance
10 percentile
»

»

below detection

No effect
No effect
No effect

No effect

L3
*

No effect
E‘:mall gradient

fo percentile

No effect
No effect
L]

?mall gradient

*
No gradient
'l;\lo gradient

;I‘o effect
o gradient
No effect
No effect
No cffect

[ ]

Poor concordance
Small gradient

No definitive value
No definitive value
E*Io definitive value

Not definitive
Not definitive

* 18 concentrations used to determine ER-L and ER-M values
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Table B-9, Sediment effects data avallable for SILVER arranged in ascending order with
remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm) _  Blological Test

0.2+0.1
0.3 £0.1
03101
03+01
03101
0.3 0.1
0.3+01
05+ 04
=6
>0.6
0.6%1
.e+05
06108
06107
0711
0.7:08
08 %04
0.8

o<
oo

oiow
M H H
M=o
— o

o

R R AR AR AN X R g SR
=]

P R el e et e el e e e e el ek e 2 DO

HoH o H 2 d o
D2 pat B N e ed i e e
scwiaroenmdy o

CECRFENS)
it
H H
-
—

31145
3.2+£56
>3.7

5.2

>4.1

6
69125
>B.6

Commencement Bay highly toxic—amphipod
Commencement Bay moderately toxic—amphipod
Commencement Bay least toxic—amphi
Commencement Bay highly toxic—oyster
Commencement Bay moderately toxic-oyster
Commencement Bay least toxic—-oyster

Puget Sound jeast hmdc—-am)ghi

San Francisco Bay least toxic—~bivalve

1986 Puget Sound AET-—oyster

1986 Puget Sound AET-Microtox™

Puget Sound highly toxic—-amphipod

San Francisco Bay not toxic--bivalve

Southern California high echinoderm abundance

Southern California moderate echinoderm abundance

Southern California moderate arthropod abundance
Southern California moderate species richness
Feral Fraser River Macoma present

San Diego Bay high survival--various

San Diego Bay high survival--various

San Francisco Bay moderately toxic--amphipod
Southern California high arthropod abundance
Southern California high species richness
Macoma avoidance bicassay

ER-L

San Francisco Bay moderately toxic--bivalve
Southern California moderate abundance

San Francisco Bay AET--bivalve

Southern California not toxic--amphipod
PSDDA screening level

San Francisco Bay significantly toxic~amphipod
San Francisco Bay least toxic~amphipod
Southern California significantly toxic--amphipod
Southern California low abundance

San Francisco Bay not toxic—~amphipod

San Francisco Bay highly toxic—amphi

San Francisco Bay significantly toxic—- bivalve
Feral Fraser River Macoma absent

Southern California low arthropod abundance
ER-M

Southern California low species richness
Macoma burrowing bioassay

Southern California low echinoderm abundance
Southern California high abundance

1986 Puget Sound AET-amphipod

1986 Puget Sound AET~benthic

1988 Puget Sound AET--benthic

1988 Puget Sound AET-amphipod -

5an Francisco Bay hi%_hly toxic~bivalve

San Francisco Bay AET~amphipod

. Remarks =

No gradient

No gradient

No gradient

No gradient

No gradient

No gradient

No effect

No effect

No definitive vatue
No definitive value
)

No effect

No effect

No gradient
No concordance
No concordance
No effect

No effect

No effect

No concordance
No effect

No effect

]

10 percentile
L]

No concordance
L

No effect

No effect

No concordance
No effect

No gradient
No concordance
No effect

No concordance
"

L
»

50 percentile
L]

s
"

No effect
No definitive value
[ 3

No definitive value
L ]

»
Not definitive

* 13 concentrations used to determine ER-L and ER-M values
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Table B-10. Sediment effects data available for ZINC arranged in ascending order with
remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppm) Blological Test Remarks

11 Georgetown benthic community No effect _
20 Cubztao River highly toxic—Daphnig No concordance
32+7 Massachusetts Bay high species richness No effect

50+ 13 Southern California high echinoderm abundance No effect
50422 Southern California moderate species richness No concordance
51+ 24 Southern California high arthropod abundance No effect

51 Amphipod avoidance bioassay ' *

52+28 Southern California moderate arthropod abundance  No gradient

53 + 28 Southern California moderate abundance No concordance
55+ 34 Southern California moderate echinoderm abundance = No gradient

55 Newport lew toxicity—shrimp No effect

58 + 41 Trinity River low mortality—Daphnia No effect

59 to 124 Pontoporeia bioassay *

62 Keweenaw Waterway low toxicity—~Daphnia No effect
65119 Feral Fraser River Macoma present No effect
69124 Keweenaw Waterway not toxic~-Daphnia No effect
71£106 Southern California high species richness No effect
73181 Southern California low abundance No concordance
72 Duwamish River low toxicity--shrimp No effect

76 LC08 amphipod bioassay No effect

79 LCO5 amphipod bicassay : No effect

80 Norwegian benthic species diversity Poor concordance
8941 San Francisco least toxie—bivalve No effect

96 + 52 Kishwaukee River highest benthic species richness No effect

98 + 64 . Massachusetts Bay moderate species richness *

107 £ 122 Commencement Bay least toxic—oyster No effect
107 £ 31 Kishwaukee River least benthic species richness No gradient
108+ 79 Commencement Bay least toxic--amphipod No effect

109 Macoma burrowing time biocassa No concordance
114 £ 52 Puget Sound nontoxic—-amphi No effect

117 £ 42 Massachusetts Bay lowest species richness *

120 ER~L 10 percentile
121 4+ 100 Trinity River significant mortality~Daphnia *

127 Waukegan Harbor high toxic—~amphipod *

130 San Francisco Bay AET--bivalve *

136 78 San Francisco Bay not toxic—bivalve No effect

146 £ 73 San Francisco Bay moderately toxic—amphipod No concordance
154 + 91 San Francisco Bay significantly toxic--bivalve Small gradient
154 Keweenaw highly toxic--Daphnia .

158 & 87 San Francisco Bay significantly toxic--amphipod No concordance
160 PSDDA screening level No effect

168 + 52 Keweenaw Waterway significantly toxic—Daphnia *

169 £ 53 Feral Fraser River Macoma absent *

171 £ 91 San Francisco Bay least toxic~amphipod No effect

172 Macoma avoidance bioassay *

172+ 92 San Francisco Bay moderately toxic~bivalve *

177 £ 96 San Francisco Bay not toxic~amphipod No effect

182 £ 384 Southern California low arthropod abundance *

182 + 56 DuPage River highest benthic species richness No effect

185 + 335 Commencement Bay moderately toxic—-oyster >

187 £ 115 San Francisco Bay highly toxic--amphipod No gradient




Tabie B+10. {continued)

Concentration (ppb) Biological Test Remarks
188 Amphi&od avoidance bioassay *

195 + 166 Puget Sound moderately toxic—amphipod *

197 £ 415 Southern California low species richness *

205 + 90 San Francisco Bay highly toxic--bivalve *

211 £ 342 Commencement Bay moderatcly toxic—amphipod Y
2121243 Southern California not toxic--amphi No effect
216 £ 213 Phillips Chain low mortality—Daphnia No effect
223 Los Angeles Harbor >50% mortality—shrimp *

230 San Francisco Bay AET—amphipod *

230 + 444 Southern. California low echinoderm abundance *

245 £ 201 Hudson-Raritan positive growth—-nematode No effect
260 1986 Puget Sound AET--benthic *

267 + 298 Little Grizzly Creek significant mortality--Daphnia *

270 ER-M 50 percentile
276 LC50 for amphipod bioassay *
290%10 Sheboygan River significant mortality--prawn *

310 Torch Lake significant morlality--Daphnia *

320 Lake Union high mortality--amphipod *

327 + 162 DuPage River ieast benthic spectes richness *

334 Black Rock Harbor 100% mortality—Nereis .

340 Stamford low mortality—shrimp No effect
347 .. 592 Southern California high abundance No concordance
348 & 234 Southern California significantly toxic--amphipod *

387 £ 783 Commencement Bay highly toxic—-oyster »

410 1988 Puget Scund AET-benthic *

449 + 252 Hudson-Raritan negative growth—nematode *

570 Phillips Chain significant mortality .

613 54.7% mortality--Rhepaxyniu:, bioassay *

636 Norwalk 0% mortality--shrimp No effect -
707 £ 935 Puget Sound highly toxic-—amphiEod *

738 + 394 Baltimore Harbor least toxic--fis Mo effect
739 £ 139 Palos Verdes major benthic degradation .

760 EP marine chronic @4% TOC ' *

870 1986 Puget Sound AET-—-amphipod *

941 + 1373 Commencement Bay highly toxic—amphipod *

960 1988 Puget Sound AET—amphipod *

1600 1986 Puget Sound AET--oyster »

1600 1986 Puget Sound AET-Microtox™ ’

1804 £ 2098 Baltimore Harbor most toxic-figsh ¥

2240 EP marine acute @4% TOC .

* 44 concentrations used to determine ER-L and ER-M values
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Table B-11. Sediment effects data available for PCBs arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M

values,

Remarks

Concentration {ppL) Biological Test

0.005 %0 Trinity River significant mortalitz-«Daphnia No gradient
0.005%+0 Trinity River low mortality~Daphnia No effect
0.7+03 Mississippi River 55% survival-midges No corcordance
<113 Mlssissippi River 25% survival-mayfly No concordance
2%1 Magsachusetts Bay high species 1ichneas No effect

29 S5LC freshwater *

5x5 Massachusetts Bay moderate species richness No gradient
545 Massachusetts Bay low species richness No gradient
7x6 Kishwaukee River highest species richness No effect
12£20 Mississipi River high survival-mayfly No effect
15422 Missiseippi River %% survival--midges No effect
20120 Southern California high echinoderm abundance No effect

25 San Diego Bay high survival-various No effect

25 San Diego Bay high survival--various No effect
26416 San Prancisco least toxic—-bivalve No effect

28 £ 27 Commencement Bay least toxic—oyster Ne effect

30 & 50 Southern \Zalifornia moderate echinoderm abundance Small gradient
31£19 DuPage River highest species richness No effect

36.6 SLC marine : *

38432 Commencement Bay highly toxic-amphipod No concordance
426 SLC marine ‘ .

50 Georgetown benthic community No effect

50 ER~L 10 percentile
54 San Francisco Bay AET-bivalve .

60+ 70 Southern California moderate arthropod abundance No concordance
60 Mississippi River high survival No effect

61 + 88 Cornmencement Bay least toxic—amphipod No effect

80 £ 100 Southern California high arthropod abundance No effect

80 % 140 Southern California moderate abundance No concordance
94 + 147 San Francisco Bay least toxic—amphipod No effect

99 + 120 Puget Sound nontoxic—amphi No effect

s100 San Francisco Bay triad minimum bioeffects *

101 £ 153 San Francisco Bay not toxic—-amphipod No effect
127 £ 171 San Francisco Bay significantly toxic—-bivalve No concordance
128 £ 264 Kishwaukee River least species richness *

130 1986 Puget 3ound AET-Microtox™ M

130 PSDDA screening level No effect

140 £ 262 Comumencement Bay moderately toxic—oyster *

146 + 218 San Francisco Bay significantly toxic—amghipod *

151 % 260 San Francisco Bay moderately toxic--amphipod N

2160 - San Francisco Bay triad significant bioeffects. *

160 £ 430 Southern Caltfornia low abundance No concordance
164 £ 100 San Francisco Bay highly toxic~bivalve No gradient
165 + 232 San Francisco Bay moderately toxic--bivalve *

169 + 171 San Francisco Bay highly toxic—amphipod No gradient
ND-174 Waukegan Harbor least toxic~Microtox™ No effect
180 = 160 Baltimore Harbor least toxic—fish No effect

190 & 214 DuPage River least species richness *

216 = 376 San Francisco not toxic--bivalve No effect
220 % 540 Southern California high species richness No effect
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Table B-i1. {(continued)

Concentration {(ppb) Biological Test Remarks

251 % 556 Commencement Bay moderately toxic—-amphipod No concordance
259 + 407 Puget Sound moderately toxic--amphipod *

260 San Francisco Bay AET—amphi ' *

272 £ 217 Southern California significantly toxic--amphipod No concordance
276 £ 365 Puget Sound highly toxic—-amphipod Small gradient
280 EP chronic marine (hexa-PCB) ¥

290 £ 502 Hudson-Raritan positive growth--nematode No effect

368 + 695 Commencement Bay highly toxic—oyster *

400 ER-M 50 percentile
400 % 600 Southern California moderate species richnr.ss *

480 £ 724 Southern California not toxic—amphipod No effect

638 £ 512 Hudson-Raritan negative growth—nematode *

1000 1988 Puget Sound —~benthic *

1000 % 2400 Southern California low arthropod abundance *

1000 + 300 Significant toxicity~Rhepoxynins in mixtures *

1100 1986 Puget Sound AET~oyster *

1100 1986 Puget Sound AET-benthic "

1100 & 800 Baltimore Harbor most toxic—~fish *

1110 # 2600 Southern California low species richness *

1300 + 2610 Southern California low echinoderm abundance *

1700 Black Rock Harbor significantly toxic—amphipod *

2260 + 3530 Southern California high abundance No effect

2500 1986 Puget Sound AET-amphipod "

3100 1988 Puget Sound AET-amphipod *

4300 Lake Union significantly toxic--amphipod *

7280 New York Harbor low mortality—~various No effect
10800 LC50 Rhepoxynius 10-d bioassay *

355050 + 6598300 =~ Waukegan Harbor highly toxic—Microtox™ *

1141300 + 2229700  Waukegan Harbor moderately toxic—Microtox¥™

* 34 concentrations used o determine ER-L and ER-M values
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Table B-12, Sediment effects data available for p,p"-DDT arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Remarks

Concentration {ppb) Biological Test

D4 EP 99 percentile chronic marine *

0.6 San FPrancisco Bay highly toxic--bivalve No concordance
0.7 EP 95 percentile chronic marine *

1 ER-L 10 percentile
1.22 San Francisco Bay not toxic—~amphi No effect

1.3 San Francisco Bay least toxic—-amphipod No effect

1.6 EP chronic safe level @1% TOC .

2.1 San Prancisco Bay least toxic—bivalve No effect

2.4 San Francisco Bay moderately toxic--amphipod No gradient

3.2 San Francisco Bay not toxic-bivalve No effect

39 1966 Puget Sound AET—amphi .

5.1 San Francisco Bay significantly toxic—bivalve Small gradient
>6 1986 Puget Sound AET—oyster ‘No definitive value
6 EP chronic marine @4% TOC *

6.4 EP chronic ma-ine @4% TOC *

6.6 Sant Francisco Bay moderately toxic--bivalve *

7 ER-M 50 percentile
7.5 San Francisco Bay significantly toxic-amphipod *

9.6 San Francisco Bay AET~bivalve Poor concordance
9.6 San Francisco Bay AET--amphipod *

1n 1986 Puget Sound AET-benthic *

122 San Francisco Bay highly toxic--amphipod *

H 1988 Puget Sound AET—benthic ' *

49.5 Overall LC50 R, abronius spiked bioassay @ 1% TOC ¢

<50 Georgetown benthic communities Na effect -

74 Palos Verdes not toxic—amphipod (n=1) No effect

83 Palos Verdes significantly toxic~amphipod (n=2) Small sample size
210 EP acute safe level @1% TOC *

>270 1988 Puget Sound AET—-amphipod No definitive value
B40 EP acute marine @4% TOC ¥

* 15 concentrations used to determine ER-L and ER-M values
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Table B-13. Sediment effects date avallable for p,p’-DDE arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppb) Blological Test Remarks
0.110 Mississippi River 55% survival-midge No gradient
0.12+0.1 Mississippl River 80 t0100% survival—midge No effect
0.1320.1 Mississipi River 90% survival--midge No effect
<Q.2 Misstssippi River 25% survival~mayfly (n=1) Small sample size
0.28 Mississippi River 80 to100% survival-scud No effect
0.6:0.7 San Francleco Bay least toxic~amphipod No effect
0.7+0.7 San Francisco Bay not toxic~-amphi - No effect
0.7¢1 San Francisco Bay least toxic—bivalve No effect
140.5 San Francisco Bay highly toxic-bivalve No gradient
1.241 San Francisco Bay not toxic--bivaive No effect
1.241 San Francisco Bay moderately toxic—-amphilpod No gradient
1.7£34 San Francisco Bay significantly toxic—~bivalve No gradient
2 ER-L 10 percentile
2.134 San Francisco Bay moderately toxic—bivalve ¥

2.2 San Prancisco Bay AET-bivalve *

2.244 San Francisco Bay significantly toxic—amphipod *

2.2 San Francisco Bay Alg'll‘u—amphipod *

3.4:45.2 San Francisco Bay highly toxic—-amphipod *

9 1986 Puget Sound AET-benthic *

15 ER-M 50 percentlle
15 1996 Puget Sound AET-amphipod v

27 EF 99 percentile chronic marine @1% TOC *

<30 Georgciown benthic communities Nao effect

60 EP 95 percentile chronic marine @1% TOC "

33743153 Palos Verdes not toxic--amphipod No effect
5157£1065 Palos Verdes significantly toxic—~amphipod *

515741065 Palos Verdes major benthic degradation .

7005 EP safe acute @1% TOC "

28000 EP acute marine 84% TOC *

* 13 concentrations used to determine ER-L and ER-M values.
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Table B-i4, Sediment effects data avallable for p,p'-DDD arsanged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppb} Biological Test Remarks
0.6 0.7 San Francigee Bay moderately toxic~amphipod No gradieat
09 £1.6 San Francisco Bay significantly toxic—amphipod No gradient

2 ER-L 10 percentiie
13+03 San Francisco Bay highly toxic—bivalve No concordance
13+1.2 San Francisco Bay least toxic—-amphi No effect
1321 San Prancisco Bay highly toxic—amphipod No gradient

2 1986 Puget Sound —benthic * '
2301 San Franclsco Bay not toxic-amphipod No effect

6 EP 99 percentile chronic marine -

1074 San Francisco Bay least toxic—bivalve No effect
125185 5an Francisco Bay not toxic—bivalve No effect
123221 ' San Francisco Bay significantly toxic—-bivalve Small gradient
16 San Frandisco Bay —-bivalve No gradient

16 San Frarcisco Bay AET-amphipod No gradient

16 1988 Puget Sound AET--benthic »

16.1 £ 23.2 San Francisco Bay moderately toxic—bivalve Small gradient
20 ER-M 50 percentile
3 EP 95 percentile chronic tarine *

43 1986 Puget Sound AET--amphipod *

<50 Georgetown benthic communities No. effect

324 1 387 Palos Verdes not significantly toxic—-amphipod No effect
1090.7 + 573 Palos Verdes signficantly toxic—~amphipod Small sample size
3250 EP acute safe level @1% TOC *

13000 EP acute marine @4% TOC *

* 7 concentrations used to determine ER-L. and ER-M values

B-21
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Table B-15. Sediment effects data availlable for total DDT amanged In ascending order

with rematks regarding use of the concentrations to determine ER-L and ER-M values.

Concentration (ppb) Blologicat Test Remarks

1.58 EP saltwater chronic, assuming 1% TOC *

19 Freshwater SLC, assuming 1% TOC "

3 ER-L 10 percentile

3.29 EP saltwater chronic, assuming 1% TOC *

6.9 PSDDA screening level Nbo effect

6998 Trinity River low mortality—-Daphnia No effect

8.28 Interim EP saltwater criteria, assuming 1% TOC *

1961 18.4 Dul’age River highest taxa richness : No effect

20 Lethal threshold-Crangon bioassay *

286 ¢ 36.1 Southern California not toxic—amphipod No effect
texcludes Palos Verdes sample)

31 97-h LC50 Crangon spiked bioassay *

314 £ 204 Trinity River significant mortality--Daphnia *

459 Calculated EP threshold for freshwater *

50 £ 60 Southern California high echinoderm abundance No effect

68 x 71.7 Southern California significantly toxic--amphipod No concordance

90 £ 130 Southern California moderate echinoderm abundance  * :

100 + 150 Southern California high arthropod abundance No effect

210 4 490 Southern California moderate total abundance No concondance

221.7 + 2B1.6 DuPage River least taxa richness *

250 t 620 Southern California moderate species richness N coneordance

350 ER-M 50 percentile

[0+ 710 Southern California moderate arthropod abunuance *

428 Saltwater SLC, assuming 1% TCC .

505 Saltwater SLC, assuming 1% TOC *

1018.2 ¢ 2424 Southern California not toxic-amphipod No effect
(includes Palos Verdes sample

1410 1 5440 Southern California low total abundance No concordance

2170 % 7190 Southern California high species richness No effect

4950 Qverall LC50 for Rheporynius bioassay . :

11000 LC50 H. axtera bioassay @ 3% TOC .

13420 + 37670 Southern California low arthropod abundance *

14190 + 40200 Southern California low species richness "

16500 No deaths N. virens spiked bloassay No effect

18260 1 43080 Southern California low echinoderm abundance *

19600 L.C50 H. azteca bioassay @ 7.2% TOC *

35500 £ 59540 Southern California high totai abundance No effect

49700 LC50 H, azteca binassay @ 10.5% TOC *

67232 '

. LD5Q ericket nymph bioassay

* 21 concentrations used to dctermine ER-L and ER-M values
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Table B-16. Sediment effects data available for CHLORDANE arranged in ascending
order with remarks regarding use of the concentrations to determine ERX-L and ER-M

values.

Concentrations (ppb) Blological Test Remarks
ND San Francisco Bay moderately toxic-a.m;hipad No concordance
ND San Francisco Bay least toxic—-amphipo No effect :
ND San Francisco Bay highly toxic-bivalve No concordance
03 EP 99 tile chronic marine .

051 San Francisco Bay least toxic~blvalve No effect

0.5 ER-L 10 percentile
0.6 EP 95 percentile chronic marine *

114 San Francisco Bay not toxic-amphipod No effect
1114 San Prancisco Bay not toxic~bivaive No effect
1.7423 Trinity River not toxic—-Daphnia No effect

2 San Francisco Bay AET—-bivalve Poor concordance
2 San Franclsco Bay AET~amphi *

35463 San Prancisco Bay significantly toxic—amphipod =~ *

3563 San Francisco Bay significantly toxic--bivalve *

41+66 San Prancisco Bay moderately toxic~-bivalve v

6 ER-M 50 percentile
64 +75 fan Francisco Bay highly toxic—amphipod *
83143 DuPage River most benthic taxa No effect

174 EP lethal threshold freshwater *

25+ 223 DuPage River least benthic taxa »

3.3+ 294 Trinity River significantly toxic—Daphnia *

<50 Georgetown benthic communities Mo effect
E&m LCS0 Crangon bloassay *

B0 "

LC50 N. virens bioassay.

* 12 concentrations used te determine ER-L and ER-M values
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TibleB+1Y, Sediment effects data avallable for DIELDRIN arranged in ascending order

with:femurks vegarding use of the concentzations to determine

ER-L and ER-M values.

Blological Test

Concentrations (ppb) Remarks
ND San Francisco Bay highly toxic—~bivalve No gradient
0.01 EP 99 percentile chronic marine o
0.02 ER-L 10 percenitle
0.02 EP 95 percentile chronic marine *
ey L030 Crangon spived bioas :

. ' 8 OBBAN v
43121 Kishwaukee Ri\Pelr most benf.!;xtc taxa No effect
44223 San Franclsco Bay moderately toxic--amphipod No concordance
52%12 San Franclaco Bay least toxic—amphi No effect
52+1.2 San Francisco Bay least toxic~bivalve No effect
56422 DuPage River most benthic taxa No effect
62+ 06 San Francisco Bay not toxic-amphipod No effect
6.2+ 0.6 San Francisco Bay not toxie—~divalve No effect
6.6 San Prancisco Bay AET-bivalve »
6.6 San Francisco Bay AET-amphi : ’
TAL48 Kithwaukee River least benthic taxa »
7675 San Francisco Bay significantly toxic--amphipod Small gradient
76%735 San Francis:o Bay significantly toxic-bivaive Small gradient
8 ER-M 50 percentile
82481 San Francisco Bay moderately toxic--bivalve *
103 %96 San Fraiwisco Bay highly toxic~amphipod *
11.9 EP lethal freshwater threshold *
16+ 121 DuPage River least benthic taxa * :
25.5 % 33,2 Trinity River significantly toxic-~-Daphnin No gradient
255 M1 Trinity River not toxic—-Daphnia No effect
«50 Georgetown disposal site benthic communities No effect
57.7 EP interim ne criteria , .
199 EP interim freshwater criteria *
13000 LCS50 Nereis spiked bivassay .

* 14 concentrations used to determine ER-1. and ER-M values
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Table B418. Sedinent effects dita available for ENDRIN arranged in ascendling arder
’Wifh remarki x“m use of the concentrations to determine ER-L and ER«M values.

Concentrations {ppb)

Biological Test

Remarks

0.01
0.02
0,02
2.15
3831
104
154
183+2
45

47

<50

174

321
400
4800
6000
28000

EP 99 percentile chronic marine
ER~L

EP 95 percentile chronic marine

EP interim marine criterla @1% TOC

‘Trinity River low mortality-Daphnia

EP interim freshwater criteria @1% TOC
EP freshwater lethal threshold

Trinity River significant mortality~Daphnia
ER-M

LC50 Crangos spiked bioassay

Geo wn benthic communities

EP chronic sediment/water marine @1% TOC
HP chronic sediment/biota marine ®1% 'IUC
LC50 H, azteca @3% TOC

LC50 H. aziece @6.1% TOC

LC50 H, azieca @112 % TOC

LCB0 N. virens spiked bicassay

»

10 percentile
: .

{Qo effect

»

»

fo percentile
No effect

. 5 3 ¥ 3 n

* 13 concentrations used to determine ER-L and ER-M values

B-25
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Table B-19. Sediment effects data available for ACENAPHTHENE arranged in ascending

order with remarks

values.

regarding use of the concentrations to determine ER-L and ER-M

Concentrations (ppb) Biological Test Remarks

1.8+ 4 San Francisco Bay least toxic-bivalve No effect

3+52 San Francisco Bay not toxic—bivalve No effect

33159 San Prancisco Bay moderately toxic—bivalve Small gradient

& Southern California highly toxlc—ampm%od No corxordance

54121 San Francisco Bay erately toxic--amphipod No concordance

59+ 168 San Francisco Bay significantly toxic~amphipod No concordance

7 Southern California not toxic—mnph!ﬁod No effect

76+216 San Francisco Bay highly toxic—amphipod No concordance

9 San Francisco Bay AET--bivalve Small gradient

94179 San Francisco Bay significantly toxic~bivalve Small gradient

5.8+ 159 San “rancisco Bay least toxic—amphipod No effect

118+ 16.8 San Francisco Bay not toxic—amp No effect

30 Black Rock Harbor highly toxic~-amphipod Small gradient

48 + 184 San Francisco Bay highly toxic~bivalve Small gradient
San Francisco Bay AET--amphipod No concordance

5.7+ 70 Commencement Bay least toxic—oyster No effect

86497 Commencement Bay least toxic—amphipod No effect

118.5 + 105 Commercement Bay moderately toxic—-oyster v

127 + 117 Commencement Bay moderately toxic~amphipod Smail gradient

150 ER-L 10 percentile

150 Predicted LC50 amphipod bloassay-Eagle Harbor »

306 + 604 Commencement BXE highly toxic~oyster *

500 . 1986 Puget Sound AET—oyster *

500 1986 Puget Sound AET—-benthic .

500 1986 Puget Sound AET--Microtox™ *

630 1986 Puget Sound AET—amphipod *

650 ER-M 50 percentile

654 & 1049 Commencement Bay highly toxic—amphipod *

730 1988 Puget Sound AET—benthic *

2000 1988 Puget Sound AET—amphipod N

5599 & 24392 Eagie Harbor least toxic--amphipod No effect

6522 + 8915 Eagle Harbor moderately toxic--amphipod Small gradient

7330 EP freshwater interim criteria @1% "

16500 EP chronic marine level @1% TOC *

23000 EP acute marine level @1% TOC *

39557 £ 48678 Eagle Harbor highly toxic~amphipod *

66000 EP chronic marine @4% TOC v

*15 concentrations used to determine ER-L and ER-M values.
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Table B-20 Sediment effects data available for ANTHRACENE arranged in ascending
order with remarks regarding use of the concentrations to determine ER-L and ER-M

values.

Concentrations (ppb) Biological Test Remarks
154 £75 San Francisco Bay least toxic—bivalve No effect

23 San Francisco Bay AET-bivalve *

343 % 41.2 San Francisco Bay not toxic~bivalve No effect
359 Southern California not toxic—amphipod No effect
63£72 San Francisco Bay moderately toxic-amphipod No concordance
70 Predicted LC50 Eagle Harbor-amphi *

85 ER-L , 10 percentlle
85.3 + 119.3 San Franclaco Bay moderately toxic~bivalve *

110+ 257 San Francisco Bay least toxic—amphipod No effect
119.8 + 276.7 San Francisco Bay significantly toxic--amphipod No gradient
120.2 + 269.2 San Francisco Bay not toxic—-amphipod No affect

130 ' PSDDA screening level No effect
147.8 £ 148 Commencement Bay least toxic—-oyster No effect

163 Saltwater SLC €1% TOC : *

183.9 + 347.2 San Francisco Bay significantly toxic—-bivalve *

190 99 percentile chronic marine @1% TOC "

2245 Southern California significuntly toxic~amphtpod »

227.3 £197.6 Commencement Bay least toxic—amphi No effect
237 £ 455 San Francisco Bay highly toxic-—at:r pod *

264.6 £ 2278 Commencement Bay moderately toxic~amphipod Small gradient
2823 & 2069 Commencement Bay moderately toxic—oyster .

363 13534 Commencement Bay highly toxic—oyster »

380 95 percentile chronic marine @1% TOC *

476.2 £ 549.2 Commencement Bay hiﬁh!y toxic--amrhipod *

922.7 + 558.1 San Prancisco Bay highly toxic--bivalve *

960 1986 Puget Sound AET-oyster *

960 ER-M 50 percentile
960 1986 Puget Sound AET—~Microtox™ *

1100 San Francisco Bay AET-amphipod *

1177 + 1582 Eagle Harbor moderntely toxic—-amphipod No concordance
1300 1986 Puget Sound AET-benthic .

1490 + 5389 Eagle Harbor least toxic—-amphi No effect
1900 1986 Puget Sound AET-amphipod *

4400 1988 Puget Sound AET--benthic .

6600 28-d LC50 2.5% Elizabeth River--spot *

7597 + 7264 Eagle Harbor hig% toxic--amphipod *

13000 1988 Puget Sound AET-amphipod *

44000 EP chronic marine ®4% ’l& .

120000 Lake Union highly toxic—amphipod *

147840 24-h LC50 58% Elizabeth River—spot *

264000 LC100 100% Elizabeth River--spot *

*26 concentrations used to determine ER-L and ER-M values.
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Table B-21 Sediment effects dats avallable for BENZO(AJANTHRACENE arranged in

ascending arder with remarks regarding use of the concentrations to determine ER.L
and ER-M valuss,

Concantrations (ppb) Biological Test Remarks
40.7 20 San Francisco Bay not toxic—bivalve No effect
564 t 25.7 San Francisco Bay least toxic~bivalve No effect
§9.6 £ 129 Southern California not toxic--amphipod No effect

60 San Francisco Bay AET-bivalve ®

80 Predicted LC50 Eagle Harbor--amphipod *

122.1 £ 1259 San Francigco Bay moderately toxic—bivalve *

167.7 £ 3242 San Francisco Bay least toxic~amphipod No effect

187 £ 156.2 San Francisco Bay moderately toxie—amphipod Small gradient
187.2 + 359.2 San Francisco Bay not toxic—amphipod : No effect

230 ER-L 10 percentlle
2324 3368 San Francisco Bay significantly toxic—bivalve .

234.7 + 2468 Commencement Bay least toxic~oyster No effect
2363 + 313.2 San Francisco Bay significantly toxdc~amphipod ~ Small gradient
261 Saltwater SLC @1 % TOC *

300 & 398.3 San Francisco Bay highly toxic—~amphipod *

3101798 Southern California s Fniﬂcantly toxic--amphipod *

450 PSDDA screening leve No effect
4756+ 4371 Commencement Bay least toxic-amphipod . No effect

520 & 523.1 Commencement Bay moderately toxic~amphipod  Small gradient
5485 + 384 Commencerment Bay moderately toxic—oyster »

801 + 866.2 Commencement Bay highly toxic-oyster *

919.3 £ 432.7 San Francisco Ba hlghlgl toxic—-bivaive *

931 + 1322.8 Commencement gn highly toxic—amphipod *

1100 San Francisco Ba —amphipod *

1300 1986 Puget Sound AET-Microtox™ *

1600 1986 Puget Sound AET~amphipod *

1600 ER-M : 50 percentlie
1600 1986 Puget Sound ABT-oyster *

1600 EP 99 percentile chronic marine @ 1% TOC M

2200 Columbia River maximum~amphipod No effect
2495 £ 4157 Eg&le Harbor least toxic—~am Elpod No effect
4500 1986 Puget Sound AET--benthic .

5100 1988 Puget Sound AET--amphipod "

5100 1928 Puget Sound AET-benthic *

7370 + 9984 Eagle Harbor moderately toxic-~-amphipod *

8780 28-d LC50 2.5% Elizabeth River—spot *

10000 Spiked bioassay with mixture--amphipod .

11088 + 8941 Eagle Harbor highly toxic—-amphipod *

13200 _ EP freshwater interim ¢riteria @ 1% TOC *

21000 EP 95 percentile chronic marine @ 1% TOC *

55000 EP acute safe level @ 1% TOC - *

170000 Lake Union highly toxic-amphipod *

196000 24-h LC50 56% Elizabeth River—spot *

220000 EP acute marine @ 4% TOC *

350000 LC100 100% Elizabeth River—spot *

* 30 concentrations used to determine ER-L. and ER-M values.




2% Sedlment effecls date available for BENZO{AIPYRENE arranged in

g order with remarks regarding use of the concentrstions to determine ER-L

andERM values,

Congentrations (ppb)

Biological Test

Remarks

10
63496
139 + 61
210 4+ 237
329 £ 385
96

397

400 + 447
400

404 £ 428
423 + 465
420 + 382
432 £ 344
465 + 471
486 1+ 484
500 4 354
596 % 593
680

684 + 464
890 + 1322
1091 4 338
1192 1 1643
1261 1 1620
1300

1600

1600

1800

1959 x 1993
2460

2462

2500

3000

3485 + 2475
3600

4100 1 600
5335 4 6488

98500
220000
450000
1800000

Eagle Harbor predicted LCB0-—-amphipod
Southern Calitornia not toxic—-amphipod
San Francisco Bay least toxic—bivalve
San Francisco Bay not toxic—bivalve
Commencement Bay least toxic—oyster
Marine SLC @1% T}E)C
Marine SLC @1% TC™
San Francisco Bay least toxic—amphipod
ER-L
San Prancisco Bay moderately toxic-—-bivalve
San Prancisco Bay not toxic—amphipod
San Francisco Bay significantly toxic~-amphipod
San Francisco Bay moderately toxic-am E.ipod
San Prancisco Bay significantly toxic~bivalve
San Francisco Bay highly toxic—-amphi
Southern California significantly toxic--amphipod
Commencement Bay least toxic—-amphipod
PSDDA screening level
Commencement Bay moderately toxic—oyster
Commencement Bay moderately toxic—amphipod
San Francisco Bay highly toxic--bivalve
Commencement Bay highly toxic—amphipod
Commencement Bay highly toxic-oyster
San Franclseo Bay AET-amphipod
1986 Puget Sound AET-oyster
1985 Puget Sound AET--Microtox™
San Francisco Bay AET--bivalve
Ea&e Harbor least toxic-amphipod
1986 Puget Sound AET—amphipod
LC50 2.5% Elizabeth River—spot
ER-M
%‘:QBB Pu eﬁou&d AE’!‘—amphipo%

agle Harbor toxic—~amphi
1988 Puget Seunﬂg'r—henﬂﬂc phipod
Significantly toxic mixturcs--amphipod
Eagle Harbor moderately toxic--amphipod
1986 Puget Sound AET-benthic

_ EP interim freshwater criteria @ 1% TOC

99 percentile chronic marine @1% TOC
95 percentile chronic marine @1% TOC
LG50 56% Blizabeth River--spot
LC100 100% Elizabeth River—spot
Lake Union highly toxic-amphipod
EP acute safe level

EP chronic marine @ 4% TOC

Small gradient
No effect

No Effect

No effect

No effect

-

No effect
10 percentile
»

No_elfect
No gradient
Smail gradient

*

Small gradient
L]

No effect

No effect

4 5 2 ¥ F B =B

L]

Not deﬂnitive
1\}’0 effect

*

50 percentlle
*

No concordance

* 5 3 F 2% ¥ B ¥ 5 &%

*28 concentrations used to determine ER-L. and ER-M values.
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Table B-23, Sediment effects data avallable for CHRYSENE arranged in ascending order

with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentrations (ppb) Biological Test Remarks
BO Eagle Harbor predicted LC50-amphipod *

82137 San Francisco Bay least toxic—bivalve No effect

127 + 226 Snuthern California not toxic~amphipod No effect

198 £ 276 San Prancisco Bay not toxic-bivalve No effect

358 £ 365 Commencement Bay least toxic~oyster No effect

368 + 466 San Francisco Bay moderately toxic-bivalve *

378 £ 549 San Francisco Bay least toxic~amphipod ' No effect
384 Marine SLC @1% TOC »

400 ER-L 10 percentile
405 £ 571 San Francisco Bay not toxic~amphipod No effect

413 £ 385 San Francisco Bay moderately toxic—-amphipod Small gradient
423 £ 512 San Francisco Bay significantly toxic~amphipod Small gradient
500 + 671 San Francisco Bay significantly toxic—-bivalve *

517 £ 729 San Francisco Bay highly toxic—amphipod Small gradient
524 + 284 Southern California siFnlﬁcantly toxic--amphipod .

670 PSDDA screening leve . No effect

748 £ 773 Commencement Bay least toxic~amphipod No effect
821+ 732 Commencement Bay moderately toxic~amphipod Small gradient
902 + 691 Commencement Bay moderately toxic~oyster *

1200 99 percentile chronic marine @1% TOC *

1218 £ 1286 Commencement Bay highly toxic—oyster *

1363 + 1970 Commencement Bay highly toxic--amphipod *

1400 1986 Puget Sound AET~Microtox™ .

1679 + 847 San PFrancisco Bay highly toxic-bivalve *

1700 San Francisco Bay AET-bivalve *

2100 San Francisco Bay AET--amphipod "

2800 1986 Puget Sound AET--amphipod *

2800 1986 Puget Sound AET--oyster *

2800 ER-M ' 50 percentile
3165 ¢ 4535 Ea%le Harbor least toxic—amphipod No effect
4100 Columbia River bicassay—amphipod No effect
4400 95 percentile chronic marine @1% TOC *

6700 1986 Puget Sound AET-benthic *

7930 LC50 2.5% Elizabeth River-spot ¢

9200 1988 Puget Sourxt AET~amphipod *

9200 1988 Puget Sound AET--benthic *

9203 + 10972 Eagie Harbor moderately toxic--amphipod »

10574 + 7337 Eaglie Harbor highly toxic—amphipod *

115000 EP acute safe level "

170000 Lake Union significantly toxic—~amphipod *

177520 LC50 56% Elizabeth River—spot *

317000 LC100 100% Elizabeth River~spot *

460000 EP chronic marine @4% TOC *

* 27 concentrations used to determine ER-L and ER-M values.
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Table B-24, Sediment effects data available for DIBENZ(A H)IANTHRACENE arranged
in ascending order with remarks regarding use of the concentrations to determine ER-L

and ER-M values,

Concentrations (ppb) Biological Test Remarks
15+ 15 San Francisco Bay least toxic—bivalve No effect
21422 San Francisco Bay not toxic—bivalve No effect
24+ 36 Southern California not toxic—amphipod No effect
42 + 46 San Francisco Bay moderately toxic—~bivalve *

44 % 32 San Francisco Bay moderately toxic—amphipod No concordance
55 + 41 Commencement Bay least toxic—bivalve No effect

55 + 58 San Francisco Bay significantly toxic--amphipod No concordance
5777 San Francisco Bay least toxic~amphipod No effect

60 ER-L 10 percentile
26 + 80 San Francisco Bay not toxic—-amphipod No effect

63 + 80 San Prancisco Bay significantly toxic-—-bivalve *

66 + 46 Southern California !::Fnlﬂcantly toxic~amphipod  *

721139 Commencement Bay highly toxic--amphipod No gradient
73+71 Commencement Hay least toxic-amphirod No effect

B0 + 88 San Francisco Bay highly toxic—-amphipod Small gradient
101 £ 58 Commencement nmcierahely toxic—oyster *

120 PSDDA ncreeﬂn%aevel No effect

183 + 344 Commencement Bay moderately toxic—amphipod ¢

217 + 88 San Francisco Bay highly toxic~bivalve *

230 1986 Puget Sound AET-oyster *

230 1986 Puget Sount AET-—Microtox™ *

260 1986 Puget Sound AET-amphipod »

250 ER-M 56 percentile
260 San Francisco BaKnAET--bivqlve *

263 + 413 Commencement Bay highly toxic—bivalve *

300 San Francisco Bay AET--amphipod Poor concordance
360 & 298 Eagle Harbor least toxic~amphips No effect

399 + 252 Eagle Harbor h?% toxic—amphipod Small gradient
540 1988 Puget Sound AET--amphipod *

797 £ 723 Eagle Harbor moderately toxic—~amphipod *

970 1988 Puget Sound AET-benthic *

1200 1986 Puget Sound AET-benthic .

12000 99 percentile EP chronic marine @ 1% TOC *

35000 95 percentile EP chronic marine @ 1% TOC *

240000 EP acute safe level

* 18 concentrations used to determine ER-L and ER-M values.
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Table B.25. Sediment effects data available for FLUORANTHENE arranged in ascending
order with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentrations (ppb) Biotogical Test Remarks
98 Palos Verdes not to:dc-amphigod No effect
136 % 107 San Prancisco Bay least toxic—bivalve No effect
153 & 307 Bouthern California not toxic--amphi No effect
193 Palos Verdes sg’nlﬁcamly toxtc.-amphipod Small sample size
382 + 617 San Francisco Bay not toxic-bivalve No effect
382 241 Southern California significantly toxic~-amphipoed ?
432 Marine SLC @ 1% Tog" »
451 562 San Prancisco Ba%amoderntely toxic-bivalve ’
489 £ 492 Commencement Bay lnast toxic—-oyster No effect
509 %481 San Francisco Bay moderately toxic—amphipod No gradient
539 1 842 San Francisco Bay least toxic~amphipod No effect
572 + 880 San Franclsco Bay not toxic~amphipod No effect
584 + 789 San Francisco Bay significantly toxic~-amphipod Smal] gradient
600 ER-L 10 percentile
60 Predicted LCS0 Eagle Harbor—amphipod *
630 PSDDA ecreening level No effect
644 Marine SLC @ 1% TOC »
682 + 1043 San Francisco Bay significantly toxic—bivalve .
794 £ 1210 San Francisco Bay highly toxic--amphipod Small gradient
923 + 865 Commencement Bay least toxic-amphipod No effect
925 & 864 Commencement Bay moderately toxicamphipod No gradient
1046 + 6565 Commencement Bay moderately toxic—oyster .
1600 99 percentile EP chronic marire @ 1% TOC *
1655 + 2029 Commencement Bay highly toxic—oyster *
1700 1986 Puget Sound AET-Microtox™ ¢
2000 San Francisco Bay AET-bivalve *
2100 Columbia River bioassay~zmphipod No effect
2360 + 3330 Commencement Bay highly toxic-amphipod *
2500 1986 Puget Sound AET~oyster v
2737 £ 1617 San Francisco Bay highly toxie—bivalve ¢
3100 95 vercentile EP chronic marine @ 1% TOC ’
3300 ch spiked bioassays @ 0.2% TOC--amphipcxl v
3600 ER-M 50 percentile
3600 EP chronde safe iovel v
>3700 San Francisco Bay AET-amphipod Not definitive
3500 1986 Puget Sound AET~amphipod *
4200 LCS50 spiked bioassays—am, hiq‘od .
6200 LC50 spiked bioassays @ 0.3% TOC—amphipod .
6300 1986 Puget Sound ~banthic ¢
8895 + 10337 Eagle Harbor moderately toxic—amphipod No concordance
5000 EP acute safe level *
10500 LCS0 spikad bloassays @ 0.5% TOC—-amphipod .
12080 51889  Eagle Harbor least toxic—amphipod No effect
15000 Mixtures spiked bioassays—amphipod *
18800 EP interim freshwater ctiteria @ 1% TOC *
24000 1988 Puget Sound AET-~benthic *
30000 . 1988 Puget Sound AET-amphipod .
35000 E? acute marine @ 4% T *
59250 LC50 2.5% Elizabeth River—spot *
71988+05713  Eagle Harbor highly toxic—-amphipod v
327200 56% Elizabeth River—s *
570000 Lake Union slﬁ::ﬁ:antly toxic—-amphipod *
2370000 LC500 100% E v

beth River—spot

* 33 concentrations nsed tq determine ER-L and ER-M values.
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Table B-26. Sediment effects data available for FLUORENE arranged in ascending order
with remarks regarding use of the concentrations to determine ER-L and ER-M values.

Concentrations (ppb) Biological Test Remarks
6%5 San Francisco Bay least toxic—bivalve No effect
8 San Francisco Bay not toxic—amphipod No effect
11 San Francisco Bay AET—bivalve *
1623 San Francisco Bay not toxic—bivalve No effect
19+ 30 San Francisco Bay moderately toxic—bivaive *
2948 San Francisco Bay significantly toxic-nmEhlpod No concordance
3021 San Francisco Bay moderately toxic—amphipod No concordance
3177 San Francisco Bay highly toxic—-amphipod No gradient
s ER-L 10 percentile
BHL6d San Francisco Bay significantly toxic--bivalve *
39 + 49 San Francisco Bay least toxic--amphipod No effect
4t51 San Francisco Bay not toxic-amphipod No effect
59 9% tile EP chronic marine @ 1% TOC *
64 PSDDA screening level No effect
B5x£76 Commencemnent Bay least toxic—oyster No effect
93 Black Rock Harbo&s)igmﬁcant toxic~amphipod .
101 Marine SLC #1% TO *
117+ 113 Commencermnent Bay least toxic—amphipod No effect
143 + 119 Commencement Bay moderately toxic~oyster -
147 £ 13 Commencement Bay moderately toxic~amphipod  Small gradient
160 95 percentile BP chronic marine ® 1% TOE *
162 4 105 San Francisco Bay highly toxic~-bivaive .
187 + 234 Eagle Harbor moderatiey toxic—-amphipod No concordance
210 Eagle Harbor pradicted amphipod *
210 S5an Francisco Bay AET-amphipod Mo concordance
353 £ 746 Commencement Bay highly toxic—oyster *
540 1986 Puget Sound AET—amphipod *
540 1986 Puget Sound AET~oyster *
540 1986 Puget Sound AET-Microtox™ .
640 ER~-M 50 percentile
640 1986 Puget Sound AET-benthic »
707 11341 Commencernent Bay mﬁ{ toxic--amphipod *
1000 1988 Puget Sound AFT-benthic ’
1017 * 4679 Eagle Harbor least toxic~amphipod No effect
3600 1988 Puget Sound AET-amphipod *
7 EP acute safe Jevel *
17500 LC50 2.5% Elizabeth River--spot .
22811 £ 65559  Eagle Harbor highly toxic—amphipod .
28000 EP chronic marine @ 4% TOC *
40000 Lake Union significantly toxic-amphipod .
176510 Winter flounder liver—-MPQ- *
220550 Winter flounder liver—somatic condition *
285290 Winter flounder kidney~MFO .
700000 1.C50 56% Blizabeth River—spot .
1250000 Le100 100% Elizabeth River-spot .

« 28 concentrations used to determine ER-L and ER-M values.
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Table B-27. Sediment effects data available for 2-METHYLNAFPHTHALENE arranged in

ascending order with remarks regarding

use of the concentrations to determine ER-L am

ER-M values. -

Concentrations (ppb) Blological Test Remarks
16 + 33 Southern California not toxic--amphipod No effect
2027 San Francisco Bay least toxic—bivaive No effect
414 San Prancisco Bay not toxic—bivalve No effect
26123 San Francisco Bay moderately toxic—-bivalve Small gradient
27 San Francisco Bay AET—-blvarve *
31z San Francisco Bay significantly toxic—amphiped No concordance
Nt San Francisco Bay highly toxic~amphipod No gradient
Mx27 San Francisco Bay moderately toxic—amphipod No gradient
34133 San Francisco Bay least toxic—-amphi No effect
35136 San Francisco Bay significantly toxic—bivalve Smuall gradient
39135 San Francisco Bay not toxic—-amphipod No effect
&5 ER-L 10 percentiie
65+ 154 Southern California .-,ifniﬁcanﬁy toxic-amphipod  *

67 PSDDA screening leve No effect

98 & 41 San Prancisco Bay highly toxic—bivalve *

>130 San Francisco Bay AET—amphipod Not definitive
165 £ 121 Commencement Bay least toxic—oyster No effect

168 £ 169 Commencement Bay least toxic—amphipod Mo effect

207 £ 169 Commencement Bay moderately toxﬁ:—{)yuter Small gradient
213+ 129 Commencement Bay moderately toxic—-amphipod Smali gradient
326 313 Commencement Bay highly toxic~oyster *

500 Mixtures spiked bioassay-amphipod .

546 + 490 Commencement Bay highly toxic—amphipod »

670 1986 Puget Sound AET~amphipod ¢

670 1986 Puget Sound AET-oyster .

670 ER-M 50 percentlie
670 1986 Puget Sound AET—benthic * '

670 1986 Puget Sound AET-Microtox™ »

795 LC50 2.5% Elizabeth River—spot *

1400 1988 Puget Sound AET~benthic *

1788 LC50 56% Elizabeth River—spot *

1900 1988 Puget Sound AET~amphipod *

31800 LC100 100% Elizabeth River—-spot *

*15 concentrations used to determine ER-L and ER-M values,
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Table B-28. Sediment effects data available for NAPHTHALENE arranged in ascending
ordes with remarks regarding use of the concrntrations to determine ER-L and ER-M

values,

Concenirations (ppb) Blological Test Remarks
42 Black Rock Harbor projected highly toxic—-amphipod S5mal} gradient
B2 £ 16.1 Southern California not toxic-amphipod No effect
20 Predicted Eagle Harbor~amphipod bioassay LC50 Small gradient
36+ 50 Puget Sound least toxic—Microtox™ ECH0 No effect
43.1£ 262 San Francisco Bay moderately loxic—bivalve No concordance
48+ 24.7 San Francisco Bay moderately toxic—amphipod No concordance
53440 Sen Francisco Bay significantly toxic~amphipod Mo concordance
534+ 376 San Francisco Bay significantly toxic—bivalwe ' MNo concordance
58+ 50.6 San Francisco Bay least toxic--amphipod Mo effect
632+572 San Francisco Bay least toxic~bivalve Na sffect
641458 San Francisco Bay highly toxic—~amphi Small gradient
6521535 San Francisco Bay not toxic--amphi No effect
773+ 1806 Southern California significantly toxic—-amphiped .

887 San Francisco Bay not toxdc—bivaive No effect
1273+ 324 San Francisco Bay highly toxic—bivalve *

>160 San Francisco Bay AET-bivaive Mot definitive
»160 San Francisco Bay AET-amphipod Not definitive
210 PEDDA screening level No effect

288 + 201 Eagle Harbor moderately toxic—amphipod . No concordance
340 ER-L . 10 percentile
343 £ 368 Puget Sound moderately toxic—Microtox ™MECSK0 .

358 & 326 Commencemnent Bay lenst toxic—oyster Mo effoct

414 - Saltwater SLC "

456 1 682 Engle Harbor lesa toxic--amphipod No effect

500 99 percentile £P chranic marine 1% TOC *

510+ 499 Commencement Bay least toxic—amphipod No effect

593 + 505 Commencement Bay moderately toxic—oyster *

594 & 424 Commencement Bay moderately toxic—amphipod *

TN 95 percentile BEP chronic marine @1% TOC y

973 + 1041 Commencement Bay highly toxic—oyster '

1501 £ 2064 Eagle Harbor highly toxic—-amphipod .

1564 £ 1735 Commencement Bay highly toxic—amphipod *

2100 1986 Puget Sound AET-amphipod *

3100 1986 Puget Sound AET--oyster -

pATL ] 1986 Puget Sound AET-bonthic *

210 1986 Puget Sound AET--Microtox™ *

2300 ER-M 50 percentile
237 28-d LCSO for spot-2.5% Elizabeth River sediments *

2400 1988 Puget Sound AET-amphipod *

700 1988 Puget Sound AET~benthic .

3670 Saltwater SLC .

3934 £ 8864 Puget Sound highly toxic-Microtox™ EC5) .

5250 + 1500 Trintty River kigh species vichness No effect
6200 Wintor flounder spiked bicassays—-hepatic MFO *

7370 Winter flounder spiked bioassays--H51 ®

10710 Winter flounder spiked bivassays—kidney MFO *

11500 ¢ 5600 Trinity River low species richness *

40000 Lake Union highly toxic—Hyallella ‘

42000 EP acute marine threshold @4% TOC *

53200 24-h LS50 for spot-56% Elizabeth Hiver *

95000 ~ LCI00 for spot-100% Elizaboth River

)8 concentrations used to determine ER-L and ER-M values.
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Table B-29. Sediment effects data avalleble for FPHENANTHRENE arranged in

ascending order with remarks regarding use of the concentrations to determine
ER-L and ER-M values,

Concentrations {ppb} Biological Test Remarks

851 30 San Francisco Bay least toxic—-bivalve No gffect
88 San Francisco Bay AET-bivalve e
110 99 percentile chronic marine @1% TOC N
119+ 242 Southern California not toxic-amphipod No effect
159 £ 216 San Francisco Bay not toxic~bivalve . No effect
188 £197 San Franclsco Bay least toxic—amphipod No effect
199+ 205 San Francisco Bay not toadc—-ampgipod ' No effoct
220 + 163 San Francisco Bay significantly toxic-amphipod Small gradient
222136 Southern California significantly toxic—-amphipod *
24+ 23 San Francisco Bay moderatoly toxic—bivalve * :
228 ER-L 19 percentile
228 1146 San Francisco Bay moderately toxic—-amphipod Small gradient
233 £ 208 San Franclsco Bay significantly toxic—bivalve Smal gradient
240 95 percentile chrouic marine @ 1% TOC *
242 £ 203 San Francisco Bay highly toxic—amphipod Smali gradient
5 Marine SLC @1% TOC : *
22 Winter flounder Uver—MFO induction .
297 £ 263 Commencement Bay least toxic~oyster Mo effect
ky. ) PSDDA. screening level No eifect
LTl Winter flounder liver—somatic congition *
368 Marine SLC @1% TOC ' *
4% Winter flounder kidney--#FO induction *
475 + 160 San Francisco Bay highly toxic-bivalve .
478 & 357 Commencement Bay least toxic~amphipod No effect
500 Mixtures bicassays-amphipod *

- 510 San Francisco Bay AET—amphipod : .
80 Columbia River bicassays~amphipoed No effect
593 + 365 Commencement Bay moderately toxic—oyster * ‘
597 £ 513 Commencement Bay moderately toxic—amphipod N
950 Eagle Harbor predicted LCS0-—-amphipod *
1020 EP marine interim criteria @1% T(;’C .
1379 £ 2546 Commencement Bay highly toxic--oyster *
1380 ER-M 50 percentile
1390 HP freshwater interim criteria @1% TOC '
1500 1986 Puget Sound AET-oyster *
1500 1986 Puget Sound AET-Microtox™ *
2142+ 2404 Eagle Harbor moderately toxic—~amphipod No concordance
200 2 10009 Eagle Harbor least toxic—amphipod No effect

- 2838+ 4603 Commencement Bay highly toxic—-amphipod *
3200 1986 Puget Sound AET--benthic .
3680 LC50 spiked btoassag;amphipod .
5400 1986 Puget Sound AET—-amphipod *
5400 1988 Puget Sound AET--oyster *
6500 1988 Puget Sound AET--amphipod .
14000 EP acute safe level @1% TOC v

- 33603 £84430  Eagle Harbor highly toxic~amphipod *
56000 EP chronic marine @4% TOC .
10550¢) LC50 2.5% Elizabeth River-spot y
220000 LC100 100% Elizabeth River—spot .
410000 Lake Union significantly toxic—amphipod *
2363200 LCB0 56% Elizabeth River—spot *

*34 concentrations used to determine ER-L and ER-M values.
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Table-B+30. Sedlment sffecis data avatlable for PYRENE

arranged in ascending order
with fematks regarding use of the concentrations to determine ER-L and ER-M vilues,

Concentrations (ppb) Biological Test Remarks
182 Kidney MFO induction—winter flounder *
184 1. 318 Southern California not toxic--amphipod No effect
216 £ 102 San Francisco Bay least toxic—bivalve No effect
300 Liver MFO induction--winter flounder *
350 Eagle Harbor predicted LC50~-amphipod *
350 HR.L 10 percentile
360 Liver somatic condition—~winter flounder *
430 PSDDA screenin%alevel No effect
434 442 Commencement Bay least toxic—oyster No effect
43 Marine SLC @1% TOC *
5324372 Southern California significantly toxic--amphipod *
665 Marine SLC @1% TOC *
701 :: B66 San Francisco Bay least toxic--amphi No affect
719+ 1123 San Francisco Bay not toxle--bivalve No effect -
724 £ 939 San FPrancisco Bay moderately toxic—bivalve *
743 £ 902 San Francisco Bay not toxic—amphipod No effect
777 & 908 San Francisco Bay highl toxic—amrhigod Small gradient
BO6 + 975 San Francisco Bay significantly toxic—bivalve Small gradient
850 EP 99 tile chronic marine @ 1% TOC *
865 £ 719 Commencement Bay moderately toxic--amphipod No concordance
896 870 San Francisco Bagusi?rdﬁcmﬂy toxic~amphipod Small gradient
978 & 996 Commencement Bay least toxic—am hlpocf No effect
1078 + 806 Commencement Bay moderately toxic~oyster *
1110 + 904 San Francisco Bagamoderately toxde—-amphipod *
153841501  Commencement Bay highly toxic~oyster *
1820 £2252  Commencement Bay highly toxic—amphipod *
1900 EP 95 percentile chronic marine & 1% TOC ®
2188+ 776 San Francisco Bay highly toxic-~bivalve *
2200 ER-M 50 percentile
2500 Columbia River bioaasays—amphl.rod No effect
2600 1986 Puget Sound AET~-Microtox™ *
2600 San Francisco Bay AET-amphipod »
3300 1986 Puget Sound AET-oyster »
>3400 San Francisco Bay AET-bivalve Not definitive
4300 1986 Puget Sound AET--amphipod "
»7300 1986 Puget Sound AET-benthic No definitive value
13100 EP interim freshwater criteria @ 1% TOC *
16000 1988 Puget Sound AET-amphipod *
16000 1988 Pu%et Sound AEBT--benthic *
33750 LC50 2.5% Elizabeth River~spot v
49500 EP acute safe level *
198000 EP chronic marine @ 4% TOC .
750000 Lake Union significantly toxic—amphipod *
756000 LC50 56% Elizabeth River--spot *
1350000 LC100 100% Elizabeth River—spot *

"28 concentrations used to determine ER-L and ER-M values.
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Tible BS1, Sediment effacts data available for total PAH arran
regarding use of the concentrations to determine ER-L and ER.
PAH» thit were quantified to detexmine the totals,

od in ascending order with remarks
values and the number of the

PAH Reported

B-38

Concentrations Biological Test Remarks
(ppb)
763 £727 Puget Sound least toxic—Microtox™ No effect unspecified
8% San Francisco Bay AET--bivalve . e
941 £ 429 San Francisco Bay least toxic~blvalve No effect "
4 Southern Caitfornia not toxic-aﬁrhxpod No effect 18
285743816 = San Franclsco Bay not toxic~bivalve No effect e
2590 Predicted LC50 ?le Harbor~amphipod N 13
3322 + 4337 San Francisco Bay least toxic—amp:.\ird No effect b
3343+ 4039 San Francisco Bay moderately toxic—bivalve N .
3527 + 4520 Sais Francisco Bay not toxic—amphipod No effect e
3705 Commencement Bay least toxic--oyster No effect 16
3800 San Francisco Bay triad minimum bioeffects * §
3832+ 3927 San Francisco Bay significantly toxic~amphipod Small gradient  **
3966 + 3524 San Francisco Bay moderately toxic~amphipod Small gradient **
4000 BER-L 10 percentile
4022 + 4908 San Franclaco Bay s’itfniﬂmntly toxic—bivalve . b _
4201 + 4612 Puget Sound nontoxic—amphi No effect unspecified
4227 + 5025 San Francisco Bay highly toxic—amphi Small gradient 16
6467 . Commencement Bay least toxic--amphipod No eftect 16
7627 + 7065 Puget Sound moderately toxic—amphipod * ungpecified
7841 Commencement Bay moderately toxic--oyster * 16
8209 Commencement Bay moderately toxlc-—nmghlpod Small gradient 16
8363 Southern California significantly toxic—amphipod * 18
8550422990  Misslssippl Sound not toxic--mysid No effect unspecified
8550423000  Misslssippi Sount least toxic~mysid No effect unspecified
8700 £ 12600  Massachusetts Bay high specles richness No effect unspecified
9500 San Francisco Bay triad significant bioeffects " 18
8730 £ 22390 Missisaippi Sound least toxic~amphipod No effect unspecified
10000 Petroleum product spiked bloassay—-oyster larvae No effect unspecified
10200 : 9950 Forth Estuary high meiofauns density No effect unspecified
11273 Black Rock Harbor slﬁﬂmﬂc&nﬂy toxic—amphipod »
114004 14100  Missiosippi Sound highly toxic-mysid - No concordance unspecified
11735 3: 5499 San Francisco Bay highly toxic~bivalve * e
11752414548  Puget Sound highly toxic—amphipod * unspecified
1180049700  Forth Estuary moderate meiofauna density Small gradient  unspecified
12325110425  Hampton Roads moderately toxic~shrimp No concordance 16
12877 Commencement Bay highly toxic~oyster * 16
13933117427  Puget Sound moderately toxic—Microtox™ * unspecified
»>15000 San Francisco Bay AET—amphipod Not definitive 18
16771 Commencement Bay highly toxic—amphipod ¢ 16
16921:£20976  Hampton Roads least tmdc-shrimhi) Ne effect 16
18600:£ 47000  Mississlppi Sound not toxic—amphipod No effect unspecified
19000 Lower Columbla River bioassays—amphipod No effect 17
21467431160  Hudson-Raritan least toxic—-nematode No effect unspecified
21600:£31000  Miselssippi Sound significantly toxic-amphipod No gradient unspecified
23100£15400  Maseachusetts Bay moderate species richness * unspecified
35000+ 2540 Massachusetts Bay low species richness * unspecified
35000 ER-M 80 percentile ,
857000 £ 42181 Hampton Roads highly toxic~sheimp * 16
41790 + 66160 Misslusipﬂrslotmd significantly toxic~mysid * unspecified
42769 £ 46084  Hudson-Raritan mﬁlhl{l toxic—-nematode ’ unspecified
47760 £74890  Mississippi Sound highly toxic—am’ghupod * .unspecified
55630 £112530 Puget Sound highly toxie~Microto . unspecified
65100 £ 83300  Mississippl Sound moderately toxic—mysid * unspecified
83800457900  Forth Estuary low meiofauna density * unspecified




Tibile B:31 (Continued)

Concentrations

Biclogical Test

itr Remarks PAH Reported
{pph) .
25400 Missisaippi Sound AET-mysid bioassay » unspecified
183060 zrﬂ@d glpoanayn-wlnw flounder lver MFQ . 4 pct
>205000 dississippi Sound AET-.amphiJ:d biocassay Not definitive  unspecified
228722 Spiked bioassays—winter flounder liver condition * 4

35860 Spiked bioassays—winter flounder kidney MPO . 4
gooon LT %5% Ellé&bﬁhkivar-:pot ) M 21

240000 LC50 Bunker C oil spiked bloassay—amphly bt vimetric
3900000 56% mortality Elizabeth River~spot Phipod * g;a
3900000 100% fin erosion Elizabeth River—-spot * 20
11872000 LC50 56% Elizabeth River—spot . 21
21200000 LC100 100% Elizabeth River~spot * 2

* 34 concentrations used o determine ER-L and BR-M values,

* Long and Buchman, 1989, 18 PAH ; Chapman ! al., 1986, 18 PAH; Word et al, 1988, 16 PAH: U. S, Navy,
1987, 6 or 7 PAH
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NS&T Program Mussel Watch Sites

Code

AIAC
ABW]
APCP
APDB
ABHI
ABLR
ABOB
BBSD
BBTB
BBMB
BPBP
BIBL
BBSM
BBPC
BIBI
BBBE
BHDI
BHDB
BHHB
BHBI
BRFS
BSBG
BSSI
BBRH
BBAR
BBGN
CLCL
CLLC
CLS)
CAGH
CFBI
CKBP
CHFj
CHSF
CBB!
CBFM
CBMP
CBHP
CBHG
CBIB
CBCC
CBDP
CBCl
CBSP
CBSR
CRS])
CETP
CBCH
CBRP
CBCR
CCBH
CCIC
CCNB
DBFE

Genersl Location

Absecon Inlet
Anaheim Bay
Apalachicola Bay
Apalachicola Bay
Aransas Bay
Arxansas Bay
Atchafalaya Bay
Barataria Bay
Barataria Bay
Barataria Bay
Barbers Point
Barnegat Inlet
Bellingham Bay
Biscayne Bay
gLo;k Islg.nd

ega Ba
Bosto%al-lugor
Boston Harbor
Boston Harbor
Boston Harbor
Brazos River
Breton Sound
Breton Soundd
Buzzards Bay
Buzzards Bay
Buzzerds Bay
Caillou Lake
Calcasieu Lake
Calcasieu Lake
Cape Ann
Cape Fear
Cedar Key
Charleston Harbor
Charleston Harbor
Charlotte Harbor
Charlotte Harbor
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chesapeake Bay
Chincot. BaK
Choctawatchee Bay
Choctawatchee Bay
Columbia River
Commencement Bay
Coos Bay
Coos Bay
Copano Bay
Corpus Christi
Corpus Christl
Corpus Christi
Delaware Bay

Specific Location

Atlantic City
West Jetty
Cat Point Bar
Bar
DHflyrbor Island
Long Reef
Oyster Bayou
Bayou Saint Denis
Turtle Bay
Middle Bank
Barbers Point
Barnegat Light
Squalicam Marina
Princeton Canal
Block Island
Bodega Bay Entrance
Deer lsland
Dorchester Bay
Hingham Bay
Brewster Island
Ferrport Surfside
Bay Garderne
Sable Island
Round Hill
Angelica Rock
Neck
Caillou Lake
Lake Charles
Saint Johns Island
Gap Head -
Battery Island
Black Point
Fort Johnson
Shutes Folly Isiand
Bird ]sland
Fort Meyers
Mountain Point Bar
Hackett Point Bar
Hog Point
Ingram Bay
Cape Charles
Dandy Point
Chincot. Inlet
Shirk Point
Off Santa Rosa
Scuth Jetty
Tahlequah Point
Coos Head ‘
Russell Point
Copano Reef
Boat Harbor
Ingleside Cove
Neuces Bay
False Egg Island Point

State

New jersey
California
Florida
Florida
Texas
Texas
Louisiana
Louisiana
Louisiana
Louisiana
gawali

ew Jersey
Washington
Fiorida
Rhode Isiand
California
Massachusetts
Massachusetts
Massachusetts
Massachusetts
Texas
Louisiana
Louisiana
Massachusetts
Massachusetts
Massachusetts
Louisiana
Louisiana
Louisiana
Massachusetts
North Carolina
Florida
South Carolina
South Carolina
Florida
Florida
Maryland
Maryland
Maryland
Virginia
Virginia
Virginia
Virginia
Florida
Florida

n

Washington

Oregon

Texas
Delaware
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Code

DBBD
BKI
EBFR
SEP
ESBD
EVFU
FIEL
GBHR
GBSC
GBYC

GBCR
GBOB
GHW]
HHKL
HRJB
HRUB
HRLB
HMBJ
IBNJ
Iﬁf‘;}l}[
J
KAUI

29
LMSB
LMFI
LBNO
LBMP
LICR
LINH
LIHR
List
LIHU
LE’J
LIMR
LIHH
LITN
MDS]

MBDI
MBCB
MBTP
MBGP
MBLR
MRCB
MS5P
MBAR

MSPB
MSBB
MSPC
MBVB
MBHI

MBSC

~ General Location

Delaware Bay
Delaware Bay
Elliott Bay
Egpiritu Santo
Esplritu Santo
Everglades
Farallon Island
Galveston Bay
Galveston Bay
Galveston Bay
Galveston Bay
Galveston Bay
Galveston Bay
Gray's Harbor
Honolulu Harbor

Hudson/Raritar: Estuary
Hudson/Raritan Estuary
Hudson/Raritan Estuary

Humboldt Bay
Imperial Beach
Indian River

Joseph Harbor Bayou

Kauai
La Jolla Mad
Laguna re
EE:M Madre
Borgne’
Lake Borgne
Long lsland Sound
Long Island Sound
Long Island Sound
Long Island Sound
Long Island Sound
Long Island Sound
Long lsland Sound
Long Island Sound
Long Island Sound
Marina Del Rey
Matagorda Bay
Matagorda Bay
Matagorda Bay
Matagorda Bay
Matagorda Bay
Matagorda Bay
Matanzas River
Merriconeag Sound
Mesquite Bay
Mississippl River
Mississippi River
Mississippt Sound
Mississippi Sound
Mississippi Sound
Mission Bay
Mobile Bay
Mobile Bag
Monterey Bay

Specific Location

Ben Davis Point Shoal
Kelly Island
Four-Mile Rock
South Pass Reef
Bill Days Reef
Faka Union Bay
Bast Landin
Hanna Ree
Ship Channel
'?:d dt Club

‘s Dumy
Offats Bayou
Westport Jetty
Kee n
}Gmmﬂa y

r Ba
Lgxgr,BJ
Jetty _
North Je
Sebaslt‘ian veztl';a
Jo Harbor
N:?iliwill Harbgr
Point La Jolla
South Bay
Port Isabeill
New Qrleans
Malheureux Point
Connecticut River
New Haven
Housatonde River
Sheffield Island
Hun n Harbor
Port Jeferson
Mamaroneck
Hempstead Harbor
Throgs Neck

. South Jetty

East Matagorda
Dog Islan:
Carancahua Bay
Tres Palacios Bay
Gallinipper Point
Lavaca River Mouth
Cresent Beach
SAtoverI?oint

yres Point
Tiger Pass
Pass a Loutre
Pascagoula Bay
Biloxi Bay
Pass Christian
Ventura Brid

Hollingers Island Channel

Cedar Point Reef
Point Santa Cruz

State

Delaware
Delaware
Washington
Texas
Texas
Florida
California
Texas
Texas
Texas
Texas
Texas -
Texas
Washington
Hawaii
New York
New York
New York:
California
California
Florida
Louisiana
Hawaii
California
Texas
Texas
Louisiana
Louisiana
Connecticut
Connecticut
Connecticut
Connecticut
New York
New York
New York
New York
New York
California
Texas
Texas
Texas
Texas
Texas
Texas
Florida
Maine
Texas
Louisiana
Louisiana
Mississippi
Mississippi
Missiasippl
California
Alabama
Alabama
California

8572

!



General Location

Mariches Ba¥
New York Bight
Raritan Ba%
New York Bight
Naples Bay
Narragansett Bay
Narragansett Bay
Newport Beach
N Mié:m!
QOakland Bst
Oceanside e
Pacific Grove
Palos Verdes
Pamlico Sound
Panama City
Penobscot Bay
Penobscot Bay
Pensacola Bay
Pensacola Bay
Port Valdez

- Point Arena

Point Co! tion
Point Det;;%a

Point Dume

Point Loma

Point Roberts

Point $anta Barbara

Point Saint George

e

R Ba
sgﬁff _%tai‘i(na Island

South Juan de Fuca
South Puget Sound
Sabine Lake
Salem Harbor

San Antonio Bay
San Antonio Bay
San Diego Bay
San Francisco Bay
San Francisco Bay
San Francisco Ba
San Luis Obis

San Miguel Island
San Pedro Harbor
! an Francisco Bay
San Simeon Point
Santa Cruz Island
Sapelo Sound
Savannah River Egtuary
Sinclair Inlet
Saint Andrew Bay
Saint Johns River
Suwannee River
Tampa Bay
Tampa Bay

Specific Location

Tuthill Point
Loﬁ Branch

Sandy Hook Bay
Shark River

Naples Ba
Dugch Is!alrd

Dyer mm

Maule Lake
Inner Harbor
Beach Jetty
Lovers Point
Royal Palms State Park
Wysoching Bay
Municipal Pier
Sears Island
Pickering Island
Public bhor
Indian Bayou
Mineral Creek Flats
Lighthouse
Point
Shelter Cove
Point Dume
Lighthouse
Point Roberts
PointSanta Barbara
Point Saint George
Upshur Bay
Jonn Creek
Henderson Creek
gaird Rock

e Flatt
Bugd Inletery
Blue Buck Point
Folger Point
Mosquito Point
Pan Point Reef
Harbor Istand
Dumbarton Br.
San Mateo Bridge
Emeryville
Point San Luis
Tyler Bight
Fishing Pler
San Pablo Bay
San Simeon Point
Fraser Point
Saw Island
Tybee Island
Waterman Point
Watson Bayou
Chicopit Bay
West Pass
Mullet Key Bayou
Cockroach Bay

G3

State

New York
New Jersey
New Jersey

New Jersey
Florida

Rhode island
Rhode Island

California

Florida
California
California
California
California
North Carolina
Florida
Maine
Maine
Florida
Florida
Alaska
California
California
California
California
California
Washington
California
California
Virginia
North Carolina
Fiorida
California
Washington
Washington
Texas
Massechusetts
Texas
Texas
California
California
California
California
Callfornia
California
Catifornia
California
California
California
Georgla
Georgia
Washington
Florida
Plorida
Florida
Florida
Florida

8573




Code

TRHB
TBPB
TBOT
TBLB
TBHP
TBSR
U158
VBSP
WIPP
YBOP
YHSS
YHYH

o A s GRS A AR

Goneral Location

Tampa Ba
Tam; Ba;
Tampa Bay
Terrebonne Bay
Tillamook Bay
Tomales Ba
Unakwit Inlet
Vermillion Bay
Whidbey Island
Yaquina Bay
Yaguina Bay
Yaquina Head

Specific Location

Hillsborough Bay
Papys Bayou

Oid Tampa Bay
Lake Barre
Hobsonvilie Point
5 r's Res.
Siwash Ba
Southwest Pags
Possession Point
Oneata Point
Sally's Slough
Yaquina Head

NS&T Program Benthic Surveiliance Sites

Code

APA
BAR
BOD
BOS
BUZ
CAS
CCB
CHS

HMB
HUN
LCB

LNB

LuUT
MAC
MCB
MER
MOB
MON
MRD
NAH
NAR
NIS
OAK

Location

Apalachicola Bay
Barataria Bay
Bodega Ba
Boston r
Buzzards Bay
Corpus Chrit Ba
rpus sti Bay
Charleston Harbor
Columbia River
Commencement Bay
Coos Bay
Dana Point
Delaware Bay
Long Island Sound
Elliott Pay
Prudhoe Bay
Frenchman Bay
Galveston Bay
Great Bay
Heron Bay
Humboldt Bay
Hunters Point
Lower Chesapeake Bay

. Lower Laguna Madre

Long Beach
Charlotte Harbor
Lutak Inlet
Machias Bay
Middle Chesapeake Bay
Merrimack River -
mobﬂe Baga ,
onterey
Missiasi %elta
Nahku Bay
Narragansett Bay
Nisqually Reach
QOakland Estuary

G4

)%mvwg{%;%mﬁﬁwg@ﬁ‘ B

State

Florida
Florida
Florida
Louisfana

California

Alaska
ashington

Oregon

Oregon
Oregon

State

Florida
Louisiana
California
Massachusetts
Massachusetts
Maine

Texas

South Carolina

Oregon
Washington

Oregon
California
Delaware
Connecticut
Washington
Alaska
Maine
Texas

New Jersey
Mistissippi
Californla
California
Virginia
Texas
California
Florida
Alaska
Mazaine
Virginia
Massachusetts
Alabama
California
Louisiana
Alaska
Rhode Isiand
Washington
California

8574




Code

OL
PAB

PEN
PNB
RAR
ROU
SAB
SAL
SAP
SDA
SDF
SEA
SHS
SJR
SMB
SPB
$PC

UCB
WLI

Location

Otiktok Point
San Pablo Bay
Pamlico Sound
Pensacola Bay
Penobscot Bay
Raritan Bay
Rotnd Isiand
San Antonio Bay
Salem Harbor
Sapelo Island
San Dicgy Bay

Ba
Seal Bzggh Y
Southhampton Shoal
Saint Johns River
Santa Monica Bay
San Pedro Bay
San Pedro Canyon
Tampa Bay
w)per Chesapeake Bay

est Long Island Sound

rr

State

Alaska
California
North Carolina
Fiorida
Maine

New Jersey
Mississippi
Texas
Massachusetts
Geor,
California
California
California
California
Fiorida
California
California
California
Fiorida
Maryland
New York

8575




8576





