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a patch test (Mylanvarapu and Sun, 1991). To protect the most sensitive individuals, a
cleanup level to 5 Mg/nv on surfaces would have to be achieved (Symms, 1991).

Based on exposure via inhalation, the EPA has classified inhaled chromium (VI) in Group
A - human carcinogen (EPA, 1992a). Chronic exposure to chromium-bearing dusts via
inhalation has been associated with lung cancer in occupationally exposed workers in a
number of studies (ATSDR, 1989b; 1992b). Exposure data have not been sufficient to
clearly establish the form(s) of chromium responsible for the increases in lung cancer
(ATSDR, 1989b; 1992b). However, it has been generally accepted that chromium (VI)
compounds are likely to be the key etiologic agents. This is consistent with the findings that
in vitro chromium (VI) compounds can enter cells readily, while,chromium (III) compounds
are largely excluded (ATSDR, 1989b; 1992b). Chromium (VI) is effective at low
concentrations in induction of chromosome aberrations and sister chromatid exchanges
(SCEs), gene mutation, and cell transformation (reviewed in Bianchi and Levi, 1985). A few
studies have measured increases in chromosome aberrations and SCEs in the peripheral
lymphocytes of workers exposed to soluble chromium (VI) compounds (reviewed in ATSDR,
1989b; 1992b).

The EPA has concluded that there is inadequate evidence that chromium compounds are
carcinogenic via ingestion (EPA, 1992b). Chronic oral exposure to chromium (VI)
compounds did not cause an increased tumor incidence in rats (Mackenzie et al., 1958).
This result, combined with the lack of evidence for cancer following oral exposure in humans
has led the EPA to the conclusion that chromium (VI) is not likely to be carcinogenic via
this route.

1.4.2 Quantitative Description of Health Effects.

The EPA (1984b) based its quantitative risk assessment for inhaled hexavalent chromium
on a study by Mancuso (1975). Mancuso's study showed excess risks of lung cancer in
workers exposed to chromates between 1931 and 1937 and followed until 1974. Lung cancer
risks increased with duration of exposure and with age. Estimates of cumulative exposure
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to soluble, insoluble, and total chromium were derived from a single set of industrial hygiene

measurements taken in 1949. Smoking habits of the workers were not determined or
discussed. For lifetime exposure the "unit risk" was calculated to be 1.2 x 10"z (/ig/m3)'1.
Expressed in terms of total intake via inhalation, the cancer potency factor was calculated
as 41 (mg/kg-day)-1 (EPA, 1984b, 1992a).

Confidence in the EPA's unit risk is attenuated by several factors. Although results of
studies of chromium exposure are consistent across locations and investigators, and a dose-
response relationship has been established, the Mancusco study based its exposure
calculations on the assumption the ratio between chromium (III) and chromium (VI) was
6:1. This was the assumed minimum chromium (VI) content and could underestimate risks.
The 1949 hygiene data may have underestimated actual exposures which could lead to
overestimation of risk. Finally, the study's implicit assumption that smoking rates were
similar in the worker and general populations may cause an overestimation of risk, since
smoking rates are often higher among industrial workers (EPA, 1992a).

An RfC for inhalation of chromium (VI) has been established by EPA (1992a). The value
is based on a human study (occupational) that established a LOAEL of 0.7 /xg/m3 for
production of atrophy in the nasal mucosa. An uncertainty factor of 300 was applied to

convert the LOAEL to a NOAEL to protect sensitive subpopulations and to account for
less-than-chronic exposures in the worker population studies. The resulting RfC is 2E-06
mg/m3. An RfD of 6E-07 mg/kg-day is generated by multiplying the RfC by the inhalation
rate (20 m3/day) and dividing by body weight (70 kg).

The interim MCL for total chromium under the National Interim Primary Drinking Water
Regulations is 0.05 mg/L. A proposed MCL of 0.12 mg/day is proposed for total chromium,
based on an Adjusted Allowable Daily Intake (AADI) of 0.17 mg/L with exposure by other
routes (0.10 mg/day via the diet and 0 mg/day via air) factored in (EPA, 1985p).
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SUMMARY OF CHROMIUM CRITERIA
EPA Carcinogenic Classification
(inhalation of Chromium VI only)

Maximum Contaminant Level (MCL)
(Total Chromium)

Maximum Contaminant Level Goal (MCLG)
(Total Chromium)
Inhalation SF

Oral RfD (Chromium VI)

Inhalation RfC (Chromium VI)

Group A

0.1 mg/L

0.1 mg/L

42 (mg/kg-day)"1
0.005 mg/kg-day

3.0E-04 /jg/m3

SOURCE
EPA, 1992a

EPA, 1992a

EPA, 1992a

RBCT, 1993*
EPA, 1992a
EPA, 1992a

EPA Drinking Water Health Advisories (HA)

Lifetime HA

Long-term HA
Child
Adult

Short-term HA
Ten-day HA (Child)
One-day HA (Child)

0.1 mg/L

2 mg/L
0.8 mg/L

1 mg/L
1 mg/L

EPA, 1991b

EPA, 1991b
EPA, 1991b

EPA, 1991b
EPA, 1991b

Risk Based Concentration Table, First Quarter 1993.

1.4.3 Fate and Transport.

Most of the chromium in surface water may be present in paniculate form as sediment.
Some of the particulate chromium would remain as suspended matter and ultimately be
deposited in sediments. The exact chemical forms of chromium in surface waters may be
present as Cr(VI); a small amount may be present as Cr(III) organic complexes. Hexavalent
chromium is the major stable form of chromium in seawater; however, Cr(VI) may be
reduced to.Cr(III) by organic matter present in water and may eventually deposit in
sediments (HSDB, 1992).

Uptake is greater from ultrabasic soils by a factor of 5-40 than on calcarious or silica-based
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soils (HSDB, 1992).

1.5 3,3'-Dichlorobenzidine.

The Human Health Assessment Group in EPA's Office of Health and Environmental
Assessment has evaluated 3,3'-dichlorobenzidine for carcinogenicity. According to their
analysis, the weight-of-evidence classifies 3,3'-dichlorobenzidine as a group B2. No human
data is available. As a group B2 carcinogen, 3,3'-dichlorobenzidine is considered to be a
probable human carcinogen. Dermal exposure to a 3,3'-dichlorobenzidine has caused
dermatitis in dye workers (HSDB, 1993). The LDM value in rats is in the range of 5000
mg/kg (Patnaik, 1992).

There are no known cases in which 3,3'-dichlorobenzidine has been associated with the
occurrence of cancer in humans. However, 3,3'-dichlorobenzidine may have contributed to
cases of bladder cancer attributed to benzidine, as both substances may be prepared in the

same facility (HSDB, 1993).

t>

In one study, the health records of 59 workers at a dyestuff plant in Great Britain, who were
exposed to 3,3'-dichlorobenzidine from 1953 to 1973, were examined and compared to those

working with both benzidine and 3,3'-dichlorobenzidine, and to unexposed populations. It
was calculated that the 3,3'-dichlorobenzidine process worker was actually exposed to 3,3'-
dichlorobenzidine for a maximum of 10 hours per work week. Men whose total 3,3'-
dichlorobenzidine exposure was less than 245 hours (six months of full-time work) were
excluded from the study, leaving 35 segregated 3,3'-dichlorobenzidine workers. These 35

workers representing a total of 68,505 hours of 3,3'-dichlorobenzidine exposure, had no
urinary tract tumors, no other tumors, and two deaths from other causes (coronary
thrombosis, cerebral hemorrhage). In contrast, among 14 mixed benzidine and 3,3'-
dichlorobenzidine workers with 16,200 hours of exposure (approximately 60% worked with
benzidine, 40% worked with 3,3'-dichlorobenzidine), three men developed tumors of the
bladder, and one man developed a carcinoma of the bronchus. One death from coronary
thrombosis was noted (HSDB, 1993).
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Another study presented the results of a survey of the incidence and type of neoplasms
which developed in men exposed to 3,3'-dichlorobenzidine while working in a manufacturing
plant in the United States. The results included lung cancer (2 workers), leukemia bone

marrow (1 worker), lipoma (6 workers), rectum papilloma (3 workers), sigmoid colon
carcinoma (2 workers), prostate carcinoma (1 worker), breast muscle myoblastoma (1
worker), and skin basal cell epithelioma (1 worker). A total of 17 workers of the 207
workers surveyed had developed neoplasms. It was unclear from the HSDB reference
whether the potential for exposure to benzidine existed (HSDB, 1993).

A urine cytology surveillance of occupational bladder tumor incidence was evaluated by
reviewing the clinical history of 9 bladder tumor cases found in dyestuff plant workers. A
bladder tumor surveillance system was organized for workers (179 active and 65 retired) who
were exposed to benzidine or beta-naphthylamine in the plant. The urine cytology
surveillance was found to be useful for two reasons: first, it detected tumors in five out of
six cases surveyed by the system, and second, four cases screened by cytology had tumors
curable by transurethral operation, while other cases underwent cystectomy. Calculated

average latent periods from the first and last exposure was 26.4 years (SD=6.0) and 14.0
years (SD=6.2) (HSDB, 1993).

Further information (i.e., noncarcinogenic effects) was not available in HSDB or IRIS.

1.6 Pofychlorinated biphenyls.

Hepatic, dermal, and ocular effects are relatively well-established in case studies of PCB
exposure. There are also reports of respiratory, gastrointestinal, hematological, muscular
and skeletal, developmental, and neurological effects related to PCB exposure, but the
effects can not be positively attributed to PCBs.

Hepatic effects include an increase in serum levels of enzymes and cholesterol,
hepatocellular damage, neurosis, and lipid accumulation in humans and animals. Dermal

lesions including skin irritation, chloracne, and pigmentation of nails and skin have been
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observed in humans following occupational exposure to relatively low-levels of PCB. Eye
irritation, burning sensation, conjunctivitis, and eye discharge were also reported by
occupationally exposed individuals.

Case studies of exposed workers have reported respiratory effects of tightness in the chest,
impaired lung function and upper respiratory tract irritation; gastrointestinal effects of loss
of appetite, nausea, epigastric distress and pain and intolerance to fatty foods; and
neurological effects of dizziness, headaches, depression and fatigue. Human developmental
effects are seen in lower birth weights and a shortened gestational age. Evaluations of blood
samples from women who aborted, miscarried, or delivered prematurely showed associations
between those effects and concentrations of PCBs (ATSDR, 1992).

Occupational studies suggest possible PCB-related liver, gastrointestinal tract, hematopoietic
system, and skin carcinogenicity. In animal studies, PCB exposure caused cancerous liver
tumors. PCBs as a group have been classified as probable human carcinogens by IARC and
by EPA. These classifications are based on sufficient evidence of carcinogenicity in animals,
and as evaluated by IARC, limited evidence of carcinogenicity in humans. NTP has
concluded that PCBs are reasonably anticipated to be carcinogenic in humans based on
sufficient evidence of carcinogenicity in animals. Because there is insufficient information
about which constituents of the PCB mixtures are carcinogenic, it is assumed that PCB
mixtures of any composition are potentially carcinogenic. This assumption has uncertainty
since it can not be verified with present knowledge (ATSDR, 1992).

1.7 Pofynuclear aromatic hydrocarbons.

Polycyclic Aromatic Hydrocarbons (PAHs) are generally categorized into two groups:
carcinogens and non-carcinogens. Those that have been shown to be carcinogenic to animals
by the oral route are: benzo(a)anthracene, benzo(a)pyrene, and dibenzo(a,h)anthracene.

Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene have been shown to be carcinogenic by the
dermal route. For many of the carcinogenic PAHs, it would appear that the site of tumor

i
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induction is generally the point of first contact, i.e., stomach tumors are observed following
ingestion, and skin tumors following dermal exposure.

i

Evidence exists to indicate that certain PAHs are carcinogenic in humans. PAHs express
their carcinogenic activity through biotransformation to chemically reactive intermediates
which then covalently bind to cellular macromolecules (i.e., DNA) leading to mutation and
tumor initiation. The evidence of carcinogenicity in humans comes primarily from
occupational studies where workers involved in such processes as coke production, roofing,
oil refining or'coal gasification are exposed to mixtures containing PAHs (e.g., coal tar,
roofing tar, soot, coke oven emissions, soot, and crude oil). PAHs have not been clearly
identified as the causative agent, however. Cancer associated with exposure to PAH-

containing mixtures in humans occurs predominantly in the lung and skin following inhalation
and dermal exposure, respectively. Some ingestion of PAHs is likely due to swallowing of

particles containing PAHs subsequent to mucociliary clearance of these particulates from the
lung.

Noncancer adverse health effects associated with noncarcinogenic PAHs (acenaphthene,

acenaphthylene, anthracene, fluoranthene, fluorene, phenanthrene,and pyrene) exposure
have been observed in animals, but (with the exception of adverse hematological and dermal
effects) generally not in humans. Animals studies demonstrate that PAHs tend to affect
proliferating tissues such as bone marrow, lymphoid organs, gonads and intestinal epithelium.
Thus, although PAHs are distributed extensively throughout the body, their major target
organs appear to be the hematopoietic and lymphoid systems in animals.

The lymphoid system, because of its rapidly proliferating tissues, is susceptible to PAH-
induced toxicity. The mechanism of action for this effect is most likely inhibition of DNA
synthesis. No adverse effects on this system associated with PAH exposure have been
reported in humans, but several accounts of lymphoid toxicity in animals were observed.
Lymphoid effects in animals from PAH exposure include an increase in reticulum cells,
accumulation of iron, reduced lymphoid cells, and dilated lymph sinuses.
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The skin is susceptible to PAH-induced toxicity in humans. Regressive verrucae were
reported following subchronic application of benzo(a)pyrene to human skin. Although
reversible and apparently benign, these changes were seen to represent neoplastic
proliferation. Benzo(a)pyrene application also apparently exacerbated skin lesions in
patients with pre-existing skin conditions (pemphigus vulgaris and xeroderma pigmentosum).
Workers exposed to substances that contain PAHs (e.g., coal tar) experienced chronic
dermatitis and hyperkeratosis.

Anthracene has been associated with gastrointestinal toxicity in humans. Humans that
consumed laxatives that contained anthracene (anthracene concentration not specified) for
prolonged periods were found to have an increased incidence (73.4%) of melanosis of the
colon and rectum as compared to those who did not consume anthracene-containing
laxatives (36.5%).
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Introduction:

The objective of Ecological Risk Assessment (ERA) is to answer the
question: "is there actual /potential ... ecological risk as a
result of exposure to site-associated stressors?"1?. The Eco-
logical Risk Assessment is a formal part of the Remedial Investi-
gation and is based upon technical information contained in it.
Specific RI sections are not referenced.

There are three general approaches used in ERA, referred to as
'tiers'. Tier 1 involves identification of stressors (or contain
inants of concern) ; ecological characterization of the site; fat
& transport, identification of receptors., and receptor impacts.
Tier 2 (tier 1 leads to tier 2) involves the uncertainties due to
data gaps, data quality imperfections, variability in data (due to
limits of study and time & space considerations — when, where, and
how sampling was done, methodologies, location of sampling points,
etc.), and assumptions used in all aspects of the work (including
selection of methodologies, analyses, etc. See footnote 1, below.).

Tier 3 involves site-specific sampling to refine exposure assess-
ment, receptor characterization, and ecological effects charac-
terization, ecological surveys (as opposed to mere characteriza-
tions) and in site toxicity testing to refine exposure/ risk (see
footnote 1, below) .

This ERA uses a conservative approach closer to a Tier 1 & 2
assessment than a Tier 3, since in-depth, site-site specific sur-
veys were not carried out. The RI report did not include the kinds
of information and details needed for a Tier 3 assessment. EPA
Region III believes that the time and funds required to carry out
the in-depth surveys, bioassays, and thorough chemical analyses of

1 See: Framework for Ecological Riak Assessment. 1992.
[EPA/630/R-92/001] & Risk Assessment Guidance for Superfund;
II Environmental Evaluation Manual (Interim Finals. 1989. EPA
540/1-89/001.



all media to complete a rigorous ERA may be unwarranted. Sufficient
information is available through the RI effort to satisfy the needs
of the quotient approach risk assessment. As a result, this
conservative approach is an efficient and ecologically protective
approach..

The approach involves the following 10 section items:

1) Problem definition.

2) Source characterization & exposure pathways.
3) Exposure assessment.

4) Ecological receptor characterization.

5) Ecological effects characterization.

6) Risk characterization.

7) Limitations. ' *.
t

8) Interpretation.
9) Risk Assessment (Conclusions).
10) Recommendations

Problem Definitign:

Problem definition is intended to identify the areas of greatest
concern and the goals are to characterize contamination and eco-
system (s) , habitats, and the physiological responses of ecological
receptors. This is followed by identification of the potential for
impacts to specific species (if available or if possible to
calculate). The assessment of the potential for risk, all media,
except air, are included.

Actual species specific impacts are not included as the RI did
not include such work. As a result, the bases for the risk
assessment are ambient water quality criteria (chronic values) and
literature-derived values. Species specific assessments are often
difficult to consider since the efforts needed to carry out such
studies relative to the site and receptors are both time consuming
and costly. Where appropriate information gathered for the assess-
ment of human health risks is also used.

The ERA is based upon the most conservative Environmental Effects
Quotient (EEQ) defined as the chronic toxicity value, derived from
literature, AWQC or other sources, divided into the reported envi-
ronmental concentration (EEQ - Reported concentration / Criterion).
The RI falls short with respect to impact endpoints, making it dif-
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ficult or impossible to select site-specific organisms to serve as
subjects in the risk assessment. The only reasonable approach is
to evaluate the potential for impact by using habitat and media
values reported in the RI as the basis.

In general, EEQ's exceeding 1.0 indicate risk potential. Using
this screening level approach, no specific receptor organism will
be used. Rather, the occurrence of contaminants in media will be
the focus. Any EEQ that exceeds 10 is considered an extreme
potential for risk2.

Stressors of serious nature identified at the site are: aluminum,
cadmium, chloride, chromium (VI), copper, lead, mercury, zinc, 2-
butanone (methylethyl ketone), Di-n-butylphthalate, DDT-related
compounds, Endosulfan, Heptachlor, PCBs, and several PAHs.

High levels of aluminum and iron are often discounted since their
elevated levels may be attributable to soil sources. In this case,
the levels of both in groundwater are at levels that would be con-
sidered in the toxic range, but are difficult to distinguish from
soil background levels. In this case, it is assumed that the
source is on-site soils rather than the wastes at the site and,
therefore, these two contaminants are being ignored for this risk
assessment.

The results of soils analyses from samples taken inside the court"
yard show PCBs (reported as Aroclor-1242) at levels considered to
be of negligible concern for ecological receptors.

Soils sampled outside the courtyard show high levels of aluminum
(which has been preferentially eliminated), copper, lead, 2-buta-
none, and Di-n-butylphthalate. These are contaminants at levels
that are potentially of ecological concern.

The mudflats near the site show several organic compounds at levels
that are of potential ecological concern: 4,4-DDD, benzo(a)anthra-
cene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluoran-
thene, phenenthrene, and pyrene. Dioxins and furans may also be of
concern at the site, but are not included in this assessment. The
aquatic risk assessment, however, has included them and concern on
the part of the reader may be at least partially satisfied on a
reading of that document.

Sediment samples from mudflats beyond the site show levels of aro-
clor-1248, 4,4-DDD, and 4,4-DDE at levels that are of potential
risk to ecological resources.

2 The literature and file notes used in this risk
assessment can be accessed at the Region III office and library

m
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The sediment associated with riprap show the following contaminants
at levels that are considered to be potentially harmful to ecologi-
cal resources: Aroclor 1260, acenaphthene, anthracene, benzo(a)an-
thracene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluor-
anthene, fluorene, 2-methylnaphthalene, naphthalene, and phenen-
threne.

Groundwater along with the courtyard soils are the only media con-
taminated with metals. However, the groundwater is much more con-
taminated with metals than is the courtyard. Groundwater is con-
taminated with cadmium, chromium, copper, lead, mercury, and zinc
(both aluminum and iron contaminants have been preferentially
eliminated). The maximum reported for selenium also shows levels
that are above those of potential risk to ecological resources.
Organic contaminants include endosulfan, heptachlor, and phenan-
threne. Chloride has also been identified in quantities that
exceed threshold levels of potential ecological risk.

Source Characterization A Exposure Pathways;

The report entitled "Background Data Report for the Metal Bank/
Cottman Avenue RI/FS, by HMM Assoc., Inc. Sept. 1993 (BOR) des-
cribes the site and surroundings as well as the uses of the site,
pathways, and the ecological/geological features. Please refer to
that report for specific information on this issue.

Contaminants have been released into the groundwater as a nonaque-
ous phase liquid and have moved via the groundwater, mainly, to the
mudflat and river. Soils are also a pathway by which ecological
receptors can encounter contaminants.

The contamination picture is straight forward, as all of the con-
taminants are associated with the site and appear in more than one
medium. Section 1.2 of the above referenced report, BDR, describes
the character of the basic materials of which the site is comprised
and the questions raised regarding attributable sources. It ap-
pears that no question is raised regarding the source of PCB, but
some question exists as to the source of PAHs. However, if the
site is comprised of "urban brown", a material that may contain as-
phalt among other kinds of materials, the site is likely to be the
source of either all or at least the substantial percentage of,
contaminants reported in the sampling analyses.

Exposure Assessment;

Terrestrial and avian species are exposed via direct contact and
incidental ingestion of the contaminants of concern. Exposure
occurs throughout the food chain when aquatic systems are under
consideration, for those organisms that allocate portions of their
time to media in both habitat settings. Ingestion, direct contact,
and the food chain are the means of exposure.



All organisms from the base of the food chain (heterotrophic and
autotrophic plants, oligochaetes, insect instars, crayfish) through
the top are subject to exposure. In addition, avian and nonaquatic
foragers and predators are exposed, both as members of the food
chain and as water consumers.

Observation of ecological effects has been limited to reconnais-
sance without benefit of any tissue analyses or bioassays (either
acute or chronic). Without this level of information, a specific
target organism ecological risk assessment is impossible, there-
fore, the best recourse is a conservative approach using an en-
vironmental effects quotient (EEQ) based on the 95% upper confi-
dence limits (UL). Exposure assessment cannot be verified without
a much more specific sampling effort than was carried out. That
is, sampling of tissues of a variety of organisms (as was done for
the aquatic portion of the risk assessment done by NOAA) would
justify a risk assessment focused upon specific organisms in the
ecosystem. Since this level of study was not carried out for the
terrestrial or mudflat areas, a species specific risk assessment is
out of the question and is not justified.

4 '

The main routes of exposure are soil, sediments of the mudflats and
riprap areas, and groundwater. Neither groundwater discharge
points nor the air pathways are considered. Groundwater seeps
would be expected to occur in the periphery of the site, i.e., i
the steep banks along the Delaware, especially during periods c
heavy and lengthy precipitation events. (The aquatic,ecological
risk assessment carried out by NOAA should be consulted for
additional specifics regarding seeps.) This would be most notable
in the riprap area, but none was reported in the RI and, in fact,
was not a major concern of the RI. The systematic investigation of
the air pathway was also not a focus of the RI. Therefore, only
the soil and sediments of the mudflats and riprap areas along with
ground- water are the pathways of major interest. The groundwater
is included because it was studied as an integral part of the
remedial investigation and because it carries contaminants in high
quant i- ties and can be expected to discharge both to the river and
along the periphery of the site.

Exposure appears to be general in all media mentioned above and not
likely to be limited to any time of the year. Given the lack of
site specific data on the site, it is not appropriate to assume any
surrogate species can represent the extent and degree of ecological
exposure. Therefore, this assessment uses the most conservative
media contamination numbers in establishing a basis for assessing
the potential for impacts.

Ecological Receptor Characterization;

Ecological receptor characterization is de-emphasized in this
assessment because the level of detail in the RI is insufficient
support the higher levels of risk assessment. To carry out a tier
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3 risk assessment, for example, more site-specific studies would be
needed than provided in the RI and a phased study to determine the
stressors carried by pathways to various media would be required.
A list of species found at the site can be found in the appended
tables covering those species found in terrestrial and wetland
areas.

Ecological Effects Characterization;

The ecological effects of the site-related contaminants of concern
for this ERA are developed from both published criteria documents
and literature reviews. The information developed was then used in
calculating environmental effects quotients (EEQ). Little if any
uncertainty exists with regard to the ecological potentials of the
contaminants, as both literature and the water quality criteria
development publications show that a great deal of research has
been done to document adverse impacts.

The contaminant, 2-Butanone (methylethyl ketone), found in sub-
soils outside the courtyard, is mainly of interest as a contam-
inant of groundwater. Soil degradation of this contaminant is un-
known, but a portion is lost to the atmosphere and some leaches
into groundwater. Adsorption onto soil particles is not well
understood.
While the maximum values for soils (see Table 6) show elevated
levels of copper, lead, and Di-n-butylphthalate, these contaminants
are not considered in the risk assessment because the 95 UL values
appear to be realistically low.

The sediment in the mudflats contains one chlorinated hydrocarbon,
4,4-DDD, and 7 PAH contaminants at levels considered to be poten-
tially hazardous to ecological receptors. The chlorinated hydro-
carbon, 4,4-DDD, has a high BCF and, therefore, a high potential
for bioaccumulation as well as magnification through the food
chain. Its impacts upon birds and amphibian eggs are well known
and need not be enumerated here. Implications of the contaminant
in the food chain are also inherent in light of its insecticidal
properties.

PCBs have also been a major focal point of the investigations and
are one, if not the main, reason for the site's listing on the NPL.
While they are of minor concern for surface soils outside the
courtyard area, they are of major concern in the remainder of the
area and play a major role in the assessments.

The PAH compounds listed in Table 7 are'all potentially damaging to
ecological receptors. They are of particular concern to macroin-
vertebrates found in depositional areas, such as those represented
by the rip-rap and mudflat areas.



PAHs cause tumors, and hyperplastic disease, but these conditions
are generally not of great concern to macro invertebrates receptors,
due to short life span. But other qualities of these compounds are
of interest. For example, the higher molecular weight PAHs are
more bioaccumulative than the lower; they are accumulated in aqua-
tic organisms from water, sediment, and diet; lower forms of aqua-
tic life tend to bioaccumulate PAHs more than higher forms because
of limited degradative capabilities (mussels, scallops, snails,
etc.); PAHs have a long half-life in sediments and comparably long
in soils; PAHs can cause skin darkening, hyperplasia, skin papil-
lomas, coarsening and localized pigmentation in brown bullhead.

Invertebrate terrestrial receptors are equally as susceptible to
PAHs as aquatic invertebrates. The literature search carried out
for this assessment failed to discover sub-lethal impacts to ver-
tebrates that might result from bioaccumulation in predatory
species that prey on such organisms. It is presumed that impacts
are comparable.

Risk Characterization;

A list of ecological receptors exposed via all pathways has not
been completed for this site, therefore, the types of effects,
extent and severity of contamination cannot be calculated.
example, the types of habitats have been characterized, but
evaluated for the impacts from contamination using
tissue residue evaluations, productivity, fecundity, population
dynamics, etc. Without this level of information, the exposure of
the ecological receptors cannot be evaluated in any way other than
using the EEQ approach. This approach does not specify endpoints
because, again, the appropriate level of investigation was not
carried out at the site. No environmental testing other than pre-
sence/absence of contamination was carried out. No productivity
tests or food chain tests, were carried out. the absence of these
kinds of tools render difficulty with characterizing risk beyond
the media level.

Some other factors, however, are available. As an example, sea-
sonal variations in precipitation (and subsequent infiltration) are
expected, resulting in cyclical increases in contaminants released
from the primary source to receptors and secondary sources. Speci-
fically, there would be an expected increase in leachate and the
flow of groundwater, and consequent discharge to the off site
streams, and mudflat areas. Seasonal increases in the release and
migration of contaminants may correspond with the species migration
and breeding activity. Contaminated standing water may become
attractive to migratory birds, or may attract amphibians, but
impacts are not expected to be influenced by diurnal/nocturnal
cycles of receptors.
Exposure to contaminants is both direct through ingestion,
incidental contact, etc. or indirect through the food chain. Ex-
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posure is not limited to any class or kind of organisms, as both
flora and fauna are receptors.

With regard for surface water contaminants, exposure to terrestrial
and avian species is possible in areas of mudflats standing or
'ponded' water onsite in the neighborhood of the mudflats and rip-
rap sediment. Exposure is likely through ingestion of water and
suspended particulates, as well as incidental ingestion of sedi-
ment .

Amphibian species are exposed in the same areas and, possibly,
through any ponding that may result from ponding .of water from
seeps. Also of concern is exposure to species using the. area
either opportunistically or seasonally.

Exposure is possible to species which reside or forage on the site
property or predators preying on species living and foraging on the
site; exposure also via direct contact and incidental ingestion, an
exposure route also considered. Plants can also be impacted by up-
take of contaminants via their root systems and at the same time
act as secondary or tertiary sources to fauna that utilize both
roots and above ground parts as forage.

Amphibian species residing in mudflats and sediment areas in
seasonally inundated areas are exposed when contaminated soil
runoff brings contaminants with it. The sediment in runoff
constitutes a pathway and is a secondary source and pathway for
both aquatic plants and organisms found in the mudflats.

Groundwater contaminants can also impact aquatic and semi-aquatic
species. Exposure is likely through the ingestion of water and
suspended particulates, as well as incidental ingestion of sedi-
ments. A broad range of terrestrial, amphibian, and aquatic life
routinely come into contact with contamination via this route of
exposure.

Leachate Contaminants may affect a broad range of organisms, from
terrestrial plants and animals through aquatic. The range of
plants that invade such areas range from microscopic through trees
and can be those that are obligate uplands through obligate wet-
lands species. In addition to plants, a wide variety of fauna des-
cribing a range similar to plants may also find leachate an attrac-
tive area. For example, seeps in the rip-rap and contaminants in
the sediment of the mudflats are habitat for insects, making it an
attractive area, as well, for insect predators, e.g., the eastern
king bird. Exposure is also possible through ingestion of water at
leachate and seep outfalls and discharge points.

Plants that invade such areas may have an attraction for foraging
species and root-eating animals may be especially drawn to such
areas.
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earthworms that are foundational in the food chain. Many animals,
especially birds, use this organism as a basic food item. This
risk assessment does not cover this route of contamination because
of the lack of data in the RI and the paucity of information in the
refereed literature.

Since nothing was done in regard to ecological surveys or insitu
toxic effects for the flora and fauna identified in the site habi-
tats, it is inappropriate to select any individual species for ex-
pression of a potential for risk. As a result, the environmental
effects quotient is used in an effort to describe the potential for
risk to organisms found in the habitats on site.

Limitations;

The following data gaps and limitations have been identified:

• Terrestrial surveys have not been conducted on or around
the site. Thus, information regarding habitat descrip-
tions for the site and surrounding areas, and identifi-
cation of terrestrial receptor species located on the
site, are confined to characterizations only.

• From the habitat/receptor view point, reference areas1
were not selected and described.

• Chemical data are the sole basis for the ecological risk
and as such the conservative approach may necessarily
ignore specific ecological impacts or lack of impacts.

• The EEQ does not take endangered species into consider-
ation in the hope that the conservative approach will be
adequately protective.

• Surrogate receptors were not used nor were extrapolations
made to on-site receptors. On the other hand, this may
not be drawback, as the conservative approach will pro-
tect the habitat of the most sensitive species.

• Basing discussions and findings on either EEQ or the 95%
UL is founded upon the risk assessor's view of the
relative toxicity of the various contaminants.

Background soils were located in New Jersey and_may not
be representative of the area where the site is located.

In most cases, the data shows generally an adequate
sample population, but different sampling activitie
demonstrate-! different detection limits. The result i
that some contaminants appear twice for the same media at
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differing quantities. This risk assessment used the
highest levels reported for calculating the 95% UL.

• The number of samples collected for some contaminants
made use of the 95% UL unrealistic, as the calculated
figure exceeds the maximum. In these cases, the maximum
was used.

• The lack of congener-specific toxicity data makes any
conclusions uncertain with regard to specific PCB con-
geners .

• The toxicity of PAHs in soils is not complete. The same
can be said for furans and dioxins. Furthermore, the
breakdown products of all these contaminants cloud the
picture even more.

Interpretation;

The following discussion is an interpretation of the risk. As
stated above, a conservative approach is used because of the lack
of information on individual species and the fact that no tests
were done on-site to establish toxicity to ecological receptors
found in any of the habitats or media. In addition, the conserva-
tive approach considers any EEQ above 1 as representative of a
potential for risk. The contaminants are discussed below in light
of the hazards represented by the levels found in the particular
media discussed.

Soils:

The values derived for courtyard soils are EEQs based upon the most
conservative criteria available, primarily the lowest acute toxi-
city available; little information was found beyond laboratory rats
and only one citation for plants. The only contaminant of concern
in soil is Aroclor 1242; the LD(SO) for rats was used in calculating
the EEQ. Some information is available indicating impacts to
ostrich ferns at 26 ppm.

Soils from outside the courtyard are contaminated with copper,
lead, methylethyl ketone,and a phthalate. The calculated EEQs are
all above the threshold of one for the maximum levels reported, but
since the EEQs used here are based upon the 95% UL, none but
methylethyl ketone is used.

Groundwater and leachate:

Since the RI did not include any information regarding groundwater
discharge points (other than possibly that seeps are assumed to be
groundwater discharge points), the conservative approach assumes
that the worst case prevails and that impacts to water quality and
sediment in the rip-rap sediment and the mudflats can be adverse
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(as a result of groundwater discharge through seeps, springs,
etc.). Organisms that use these seeps opportunistically may be
subject to contaminant concentrations up to thousands of times
higher than the toxicity reference dose. Predators would be com-
parably exposed via the food chain.

It is assumed that the rip-rap and mudf lat sediment is contaminated
with groundwater expressed as leachate. Since leachate is associ-
ated with seeps from groundwater sources, it can be assumed that
the contaminants in groundwater will eventually be found in lea-
chate and surface waters as well. Seep areas are regularly used by
a broad range of ecological receptors that feed and propagate at
such locations. All the contaminants of concern are potential
sources of risk to those found in the habitat niches found at seeps
and springs.

The metals identified in groundwater are present at levels that ex-
ceed the chronic toxicity AWQC. Assuming no attenuation, any seeps
in the area from the site's groundwater will impact ecological
receptors through either direct contact or indirectly through the
food chain. The metals considered individually show exceedance'of
threshold risk levels.

The organic contaminants of groundwater show the same trends. Or-
ganic contaminants that are in the range of potential risk are th«J
chlorinated hydrocarbons endosulfan and heptachlor and the PAH,
phenanthrene.

Sediment:

^̂ P»

The sediments of the mudflats (also covered in the NOAA efforts,
but supplemented here) and the rip-rap area are known to be
contaminated with PAHs. Contamination of these areas is serious
due to the potential for impact to benthic and intertidal zone
organisms found there that play a crucial role in the food chain.
In addition, many opportunistic birds and mammals use the area on
either a diurnal or seasonal basis. The investigation covered two
areas of mudflats separated by an artificially determined dividing
line. The two areas are called 'mudflats near the site' and
'mudflats beyond the site'. The area near the site shows higher
levels of PAHs than the area beyond the site while the area beyond
the site shows no PAHs, but elevated levels of PCB. Both areas are
contaminated with chlorinated hydrocarbons associated with DOT.

Ecoreceptors (including a full range of species from macroinver-
tebrates through avian and mammalian receptors) are exposed to
several PAHs and a chlorinated hydrocarbon. A concern arises over
the impacts of PAHs on macro invertebrates, as they have no known
mechanism for degradation of them. These organisms are a highl "
important part of the food chain for such terrestrial receptors a
raccoons, muskrats, herons (and other avian predators), as well as
amphibians.
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Sediments such as those found in the two mudflats areas are gener-
ally associated with zones of deposition where contaminants may
accumulate to very high levels. Such areas can be either contin-
uing or secondary sources of contamination to streams for several
years even after the primary source is cleaned up. In addition,
they serve as quiet areas that some organisms seek for refuge or
feeding and reproduction, thus acting as areas where exposure is
proportionately elevated above other areas associated with the
site.

Surface Water:

The ecological risk assessment for surface water is assumed to be
adequately covered in the NOAA effort, entitled "Draft Aquatic
Ecological Risk Assessment for Metal Bank of America/Cottman Avenue
NPL Site."

Risk Assessment (Conclusions):

On the individual contaminant basis, the ecological risk assessment
shows that the potential exists for impact to ecological receptors.
This assessment, based upon literature-derived values and calcula-
tions of EEQ concludes that the site is a source of contamination
at levels that pose a potential risk to ecological receptors.
These receptors are the resident flora and fauna as well as any
migratory fauna using these media for habitat and opportunistic
resting/feeding and propagation.

Some risk assessment procedures (see RAGS I) include the additive
affects calculations. While literature references for the mix of
contaminants and impacts to specific organisms on and near the site
are unavailable, the risk assessor believes it is appropriate to
include the potential for additive risk to the risk assessment.
This is done by adding the EEQ values without consideration for
proportionate impact levels, i.e., the values are added according
to the formula:

Total Risk - Risk (COC*) + Risk (COC*) + Risk (COC6) + ...
Where COC is 'contaminant of concern' and *, b, etc. is
specific contaminant level used the risk assessment,
i.e., the 95% UL.

The calculations are carried out for each medium discussed below.
If the additive risk exceeds 10 (except for chlorinated hydrocar-
bons — due to their high BCF and food chain implications) the risk
is considered to be potentially high. All calculations use the 95%
UL levels found in the appropriate tables attached.
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Ground Water:

No specific data is offered by the RI for discharges from ground-
water to the streams, but the RI shows elevated site-related con-
taminants in the areas where seeps are expected, in the vicinity of
riprap sediment sampling stations. (Aluminum and iron are not
included because they are considered to be derived from the natural
soils of the area.)

Contaminants EEQ Contaminants EEQ

Cd 3.61E+00 DOT 2.69E+01
Pb 1.15E+02 DDE 4.87E+02
Hg 2.51E-t-02 Endosulfan 4.91E+00
Cl 1.25E+00 Phenanthrene 4.43E-I-00
Cr(VI) 2.69E+01 Heptachlor 4.26E+01
Cu 7.47E-t-00
Zn 6.66E+00

The potential for risk from any of these contaminants is recognized
as high for ecological receptors.

Summing the EEQ values shows an additive risk of nearly 1000, ex-
clusive of aluminum and iron. Therefore, the additive risk i
above the factor of 10 and the potential for risk exists.

Soil:

The potential additive risk for soils inside the courtyard is not
calculated because no contaminant exceeds an EEQ of one. The soils
outside the courtyard, however, are contaminated with methylethyl
ketone at a level exceeding an EEQ of one, but that is the only
contaminant exceeding this risk level, at 9.66 (an acute value).
In addition, the risk is associated with soils deep in the profile
and would likely be an exposure route only for deeply rooted
vegetation.

Surface Water:
The additive potential for risk is also not calculated because the
ecological risk assessment for this habitat was carried out by
NOAA.

Mudflats:

Mudflats beyond the site are contaminated with PCB (Aroclor -
1248), and DDT-related contaminants. The only EEQ calculated is
for the acutely toxic level.
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Contaminants EEQ

PCB 13.04 (Aroclor - 1248)
4,4-DDD 114.77
4,4-DDE 32.50

The potential for additive risk in this area is calculated to be
over \i-5tii. This is based upon the calculated risk to benthic fauna
found in the sediment and not terrestrial receptors. The logic
here is that impacts upon the lowest members of the food chain will
be visited upon predators higher in the food chain. The loss of
feeding opportunities (due to the reduction in productivity of the
system) is a result of the contamination and, therefore, and ecolo-
gical impact.

Mudflats near the site are contaminated with a variety of PAHs and
a DDT-related compound. As with the other mudflats area, the only
EEQ calculated is for the acute values.

Contaminants EEQ Contaminants EEQ
4

4,4-DDD 235.0 Dibenz(a,h)anthracene 38.11
Benzo(a)anthracene 2.78 Fluoranthene 2.0
Benzo(a)pyrene 2.94 Phenanthrene 2.44
Chrysene 1.70 Pyrene 3.14

The potential additive risk is nearly 300.

Rip-rap sediments: i-3

One PCB mixture and several PAHs are identified at risk levels
greater than one.

Contaminants EEQ Contaminants EEQ

Aroclor-1260 1.11B+02~ Ditxmz(a,h)anth'cana 2.90E+02
Acenaphthene 1.60E+03 Fluoranthene 4.62E+02
Anthracene 2.91E+03 Fluorene 6.75E+03
Benzo(a)an'cene 9.50E+02 2-me'naphathalene 1.67E+03
Benxo(a)pyrene 4.19E+02 Naphthalene 7.06E+02
Chrysene 5.10E+02 Phenanthrene 2.43E+03

The potential for additive risk approaches 20,000.

Conclusion:i '
A clear potential is demonstrated by the above calculations for all
media used in the risk assessment. It is also clear from the
assessment that Rip-rap sediment, and mudflats near the site show
the greatest potential for immediate risk on the basis that, a wide
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distribution of contamination to ecoreceptors is possible. In the
case of rip-rap sediment contamination, it is considered to be
serious from the view point that stationary flora are subject to
impacts and resident as well as opportunistic fauna easily contact
the medium.

It may be argued that groundwater risk is exaggerated because the
RI fails to identify discharge points. But it was not readily
apparent in the RI that either discharge points or attenuation have
been demonstrated and in fact results from analyses of the rip-rap
sediment (the most likely source is groundwater) show elevated
levels of site related contaminants.

It is concluded that all media used in this risk assessment show a
potential for risk as a result of the contamination associated with
the site.

Recommendation;

The remediation plans should include consideration of all media for
clean up, except surface soil unless removal of the in-place
storage tank located in the open filed is carried out. All media
except the surface soil outside the courtyard are contaminated to
levels that are of potential risk and control of the sources of
this contamination is needed. If tank removal is planned, then
dedicated assessment of the release of contaminants along with the
restoration of the area should be planned as well. Both source
control as well as remediation of contaminated media should be the
subjects of the feasibility study.

1). Surface soils outside the courtyard should receive remedial
attention only if soils are disturbed at a result of either
remediation or construction activities. If remediation causes
the subsurface soils to become accessible to terrestrial
organisms, a 'spot-check' risk assessment should be completed.

2.) 'Hot spot' remediation along the river periphery should
alleviate the potential for risks in this 'hot-spot' area.
Prior to remediation, intensive sampling should be carried out
to assure that remediation will remove or otherwise isolate
all potentially toxic contamination.

If, on the other hand, either 'hot spot' removal or
remediation is not carried out, then intensive monitoring
(both chemical and biological) should be designed. This
monitoring program should involve indiginous, opportunistic,
and seasonal organisms.
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TABLE 1
METAL BANK - COTTMAN AVENUE
INSIDE COURTYARD SURFACE SOILS

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SOILS
COMPARISON WITH ECOTOXICOLOGICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aroclor-1242

EEC <A>

(ppm)

23.348

ACUTE
VALUE W
(ppm)

8650 <l>

EEQ
ACUTE^

2.70E-03

(A) EEC - Expected Environmental Concentration
(B) Toxicological effect criteria concentration; appropriate chronic values not reported.
(C) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

<l> Acute dermal LD(S<n for rats (USEPA, 1980).
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TABLE 2
METAL BANK - COTTMAN AVENUE
INSIDE COURTYARD SURFACE SOILS

MAXIMUM VALUES FOR SOILS
COMPARISON WITH ECOTOXJCOLOGfCAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aroc lor— 1242

EEC<A>

(ppm)

70.00O

ACUTE
VALUED
(ppm)

8650 <l>

EEQ
ACUTE*0)

8.09E-03

<A) EEC - Expected Environmental Concentration
(B) Toxicological effect criteria concentration; appropriate chronic values not reported.
(C) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

<l> Acute dermal lD(Stn for fats (USEPA. 1980).
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TABLES
METAL BANK - COTTMAN AVENUE

OUTSIDE COURTYARD SURFACE SOILS

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SOILS
COMPARISON WITH ECOTOWCOLOCUCAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aluminum
Arsenic
Beryllium
Cobalt
Mercury
Nickel
Zinc
Fluoranthene

EECW

(ppm)

18.398
O.OO6
O.OO1
0.018
O.OO02
0.025
0.103
0.073

ACUTE
VALUED
(ppm)

ac1)
sowso P>
25 (S)
250 W
80 «
500 <*>

3180<«>

EEQ
ACUTETO

9.20E+00
1 .20E-04
2.00E-05
7.16E-O4

* 7.04E-07
3.11E-04
2.08E-04
2.3OE-05

(A> EEC - Expected Environmental Concentration
W Toxicological effect criteria concentration; appropriate chronic values not reported.
<°> EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

W Growth supression noted in very sensitive plants (USEPA, 1983).
<*> Corresponds to the soil accumulation levels when the upper limit of recommended

concentration in irrigation water is applied; level at which phytotoxic effects are noted (USEPA. 1983).
(*> Lowest concentration at which phytotoxic effects are noted

(USEPA. 1983).
<<> Reduced yield of oat (Avena sativa) (USEPA. 1983).
O Level at which yield reduction was noted in select species (USEPA. 1983).
<«> Acute dermal LD(yn for rabbits (USEPA. 1980).

AR300861*



TABLE 4
METAL BANK - COTTMAN AVENUE

OUTSIDE COURTYARD SURFACE SOILS

MAXIMUM VALUES FOR SOILS
COMPARISON WITH ECOTOX1COLCK3ICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aluminum
Arsenic
Beryllium
Cobalt
Mercury
Nickel
Zinc
Fluoranthene

EECW

(ppm)

20.6OOO
O.OO68
0.0011
0.0198
0.0002
0.0272
0.1415
2.7000

ACUTE
VALUE »
(ppm*

2W
sow
50 W
25 W
250 W
sot3)
500 O
3180<*>

EEO
ACUTEW

1 .03E+01
1 .36E-04
2.20E-05
7.92E-04
8.80E-07
3.40E-04
2.83E-04
8.49E-04

(A) EEC — Expected Environmental Concentration
<•> Toxicological effect criteria concentration: appropriate chronic values not reported.
(°) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

W Growth supression noted in very sensitive plants (USEPA. 1983).
<*> Corresponds to the soil accumulation levels when the upper limit of recommended

concentration in irrigation water is applied; level at which phytotoxic effects are noted (USEPA. 1983).
<*> Lowest concentration at which phytotoxic effects are noted

(USEPA. 1983).
<<> Reduced yield of oat (Avena satrva) (USEPA. 1983).
<*> Level at which yield reduction was noted in select species (USEPA, 1983).
<*> Acute dermal LD,m for rabbits (USEPA, 1980).

AR300865



TABLE 5
METAL BANK - COTTMAN AVENUE

OUTSIDE COURTYARD SUBSURFACE SOILS

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SOILS
COMPARISON WITH ECOTOXICOLOG1CAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aluminum
Arsenic
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Nickel
Zinc
Acetone
Aroclor-1242
2— Butanone
4,4' -DOT
Di-n-butylphthalate
Endosulfan I
Ethylbenzene
Fluoranthene

EEC*.

(ppm)

15.4390
0.0114
0.0017
0.0092
0.4949
0.0845
15.1327
30.4373
1 .3570
0.0016
0.2049
2.3672
7.80O7

219.4475
96.5833
0.5561
10.4427
0.0585

200.1648
73.8484

ACUTE
VALUE <")
(ppm}

2W
sow
SOW

30 W
25 W
70 W
200 W
65 W

250 C*>
80 «
5000>

20000 W
8650 W

10̂ )

ssoooC")
15415 <">

EEQ
ACUTE^

7.72E+00
2.27E-04
3.35E-05
9.17E-03
1.65E-02
3.38E-03
2.16E-01
1.52E-01
2.09E-02
6.58E-06
2.5CE-03
4.73E-03
3.90E-04
2.54E-02
9.66E+OO
1.85E-03
5.22E-01
1.67E-06
1.30E-02
2.32E-02

(A) EEC - Expected Environmental Concentration
<*) Toxicological effect criteria concentration; appropriate chronic values not reported.
(c> EEQ - Ecological Effects Quotient s EEC/Toxicological Effect Criteria Concentration

W Growth supression noted in very sensitive plants (USEPA, 1983)..
O Corresponds to the soil accumulation levels when the upper limit of recommended

concentration in irrigation water is applied; level at which phytotoxic effects are noted (USEPA, 1983).
<*) Lowest concentration at which phytotoxic effects are noted (USEPA, 1983)
W Lowest acute dermal LDj, value reported for rabbits (ATSDR. 1991).
<s> Reduced yield of oat (Avena sativa) (USEPA, 1983).
<*) Level at which yield reduction was noted in select species (USEPA. 1983).
<?) Acute dermal LD̂  for rabbits (Little, 1987).
<*) Acute dermal LD̂  for rats (USEPA, 1980).
P> Acute dermal LD, for rabbits (ATSOR, 1990).
(10> Acute dermal LO^for rabbits (Cameron and Burgess, 1945).
<u) Acute dermal LD̂ for rabbits (USEPA. 1980).
<"> Lowest reported level at which phytotoxic effects are noted (WHO, 1984).
C") Acute dermal LD^for rabbits (ATSDR, 199O).
<") Acute dermal LD^for rabbits (USEPA, 1980).
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TABLE 6
METAL BANK - COTTMAN AVENUE

OUTSIDE COURTYARD SUBSURFACE SOILS

MAXIMUM VALUES FOR SOILS
COMPARISON WITH ECOTOXICOLOQICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aluminum
Arsenic
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Nickel
Zinc
Acetone
Aroclor-1242
2-Butanone
4,4'-DDT
Di-n-butylphthalate
Endosulfan I
Ethylbenzene
Fluoranthene

EECC*>

(ppm).

37.5000
0.0211
0.0082
0.0310
2.7300
0.5670
88.3000
227.0000
5.01OO
0.0105
0.7050
11.8000
6.0000

503.0000
74.0000
O.9SOO
23.50OO
0.2280

150.0000
220.0000

ACUTE
VALUE <*>
(ppm)

2 W
sow
50 W
1«*>
30 W
25 W
70 W
200 C*>
65 W

250 <*>
80 W
500 W

20000 W
8650 W

10<*)
300 C*>
20<">

35000 TO
15415 C")
3180<w>

EEQ
ACUTE<C)

\

1.88E+01
4.22E-04
1.63E-04
3.10E-02
9.10E-02
2.27E-02
1.20E+00
1.13E+00
7.71 E-02
4.20E-05
8.81 E-03
2.36E-02
3.00E-04
5.82E-02
7.40E+00
3.17E-03
1.1SE+00
6.51 E-06
9.73E-03
6.92E-02

(A) EEC - Expected Environmental Concentration
<") Toxicological effect criteria concentration; appropriate chronic values not reported.
(C) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

W Growth supression noted in very sensitive plants (USEPA. 1983).
W Corresponds to the soil accumulation levels when the upper limit of recommended

concentration in,irrigation water is applied; level at which phytotoxic effects are noted (USEPA. 1983).
W Lowest concentration at which phytotoxic effects are noted (USEPA, 1983)
(4) Lowest acute dermal LDn value reported for rabbits (ATSDR. 1991).
<s> Reduced yield of oat (Avena sativa) (USEPA. 1983).
<*> Level at which yield reduction was noted in select species (USEPA, 1963).
f) Acute dermal LD̂  for rabbits (LJttie. 1987).
<?) Acute dermal LD<3m for rats (USEPA. 1980).
« Acute dermal LD* for rabbits (ATSDR. 1990).
(I0) Acute dermal LO^for rabbits (Cameron and Burgess. 1945).
<u) Acute dermal LD̂ for rabbits (USEPA. 1980).
C2) Lowest reported level at which phytotoxic effects are noted (WHO, 1984).
<") Acute dermal LD̂  for rabbits (ATSDR. 1990).
(") Acute dermal LD^for rabbits (USEPA. 1960).
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TABLE 7
METAL BANK - COTTMAN AVENUE

MUDFLATS NEAR THE SITE

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SEDIMENT
COMPARISON WITH ECOTOXICOLOGICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

4,4-DDD
Benzo (a) anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Phenanthrene
Pyrene

EEC <A>

(ppb)

£̂ 470
-] > 640

T, LH^ 1,177
ô* 680

-2 -T-G ̂-2,286
•r̂ i 1,200
VK-^I 550
IM** 1,100

ACUTE
VALUE <B>
(ppb)

2(0
230 <l>
400 <l>
400 C1)
60̂
600 W
225 (J>
350 <l>

EEQ
ACUTE^

235.00
2.78
2.94
1.70

38.11
2.00
2.44
3.14

(A) EEC - Expected Environmental Concentration
<B) Toxicological effect criteria concentration.
(̂  EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

(l> NOAA ER-L, NOAA 1990.

(£,000/60)
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TABLES
METAL BANK - COTTMAN AVENUE

MUDFLATS NEAR THE SITE

1

MAXIMUM VALUES FOR SEDIMENT
COMPARISON WITH ECOTQXICOLOGICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

4,4-DDD
Benzo (a) anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Phenanthrene
Pyrene

EEC <A>

(ppb)

470
640
540
680

7,000
1,200
550

1,100

ACUTE
VALUE <B>
(ppb)

2(D
230 W
400 (*>
400 <l>
60 (l>
600 (*>
225 <l>
350 M

EEQ
ACUTE<°>

235.00
2.78
1.35
1.70

116.67
2.00
2.44
3.14

EEC _ Expected Environmental Concentration
<B) Toxicological effect criteria concentration.
(C) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

<l> NOAA ER-L, NOAA 1990.
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TABLE 9
METAL BANK - COTTMAN AVENUE

MUDFLATS BEYOND SITE

UPPER 95% CONRDENCE INTERVAL VALUES FOR SEDIMENT V
COMPARISON WfTH ECOTOX1COLOGICAL VALUES ^

CONTAMINANT
OF POTENTIAL
CONCERN

Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc
Aroclor-1248
4.4-DDD
4.4-DDE

EECW

(ppb)

0.826
1.64
35.8
68.1
160

0.554
22.6
367

yivt} 652
1̂ 0-229.5
+0* 65

ACUTE
VALUE<*>
(ppb)

130 <̂
5.000 <*>
80,000 W
70.000 <*>
35,000 W
1500

JO.OOOCT
120.000 <*>

50 M
2«
2(*>

CHRONIC
VALUED
(ppb)

5<W)
— —
__
— —
— —
——
__
— —
__
——
™~ ***

EEQ
ACUTÊ >

0.01
0.00
0.00
O.OO
0.00
0.00
0.00
0.00

4 4" 13.04
|o*» 114.77
j u ̂ 32.50

EEQ
CHRONIC^

0.16
— _
— —
_ —
— _
--
— —
— —
_ _
--

""

I

(A) EEC _ Expected Environmental Concentration 1 ? T
(*> Toxicological effect criteria concentration.
(°> EEQ - Ecological Effects Quotient = EEC/Toxicotogical Effect Criteria Concentration

W The concentrations of a chemical in the sediment and water column are assumed to be in
equilibrium and the concentrations of chemicals noted for sediment are reflective of chemical
concentrations in interstitial spaces. Thus, sediment analytical data have been directly compared
to published aquatic criteria and ecotoxicological values. This approach was utilized as it would be
protective of sessile benthic invertebrates which would be in direct contact with and exposed to
contaminants found in both the sediment and the water column.

<*> IRIS lowest effect level (LEL) value.
<J> NOAA ER-L. NOAA 199O.
(<) Value for Total PCBs.

AR300870



TABLE 10
METAL BANK - COTTMAN AVENUE

MUDFLATS BEYOND SITE

MAXIMUM VALUES FOR SEDIMENT
COMPARISON WITH ECOTOXICOLOOCAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc
Aroclor-1248
4.4-DDD
4.4-DDE

EEC<A>

(PPb)

0.826
1.64
35.8
68.1
160

0.554
22.6
367

1.200
310
65

ACUTE
VALUE W
(PPb)

5.000 <*>
80.000 P>
70.000 <*>
35,000 W

ISO*5)
30.000 <̂
1 20.000 ̂

50 <**>

2«-

CHRONIC
VALUE W
(PPb)

—

— —
"~ —

™ ™ ~ ̂

EEQ
ACUTÊ

0.01
O.OO
0.00
0.00
O.OO
0.00
0.00
0.00
24.00
1 55.0O
32.50

EEQ
CHRONIĈ

0.16

—
•~ ̂

———t M>

(A) EEC - Expected Environmental Concentration
W Toxicological effect criteria concentration.
(°> EEQ — Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

The concentrations of a chemical in the sediment and water column are assumed to be in
equilibrium and the concentrations of chemicals noted for sediment are reflective of chemical
concentrations in interstitial spaces. Thus, sedument analytical data have been directly compared
to published aquatic criteria and ecotoxteological values. This approach was utilized as it would be
protective of sessile benthtc invertebrates which would be in direct contact with and exposed to
contaminants found in both the sediment and the water column.

(*> IRIS lowest effect level (LEL) value.
<s> NOAA ER-L. NOAA 1990.
W Value for Total PCBs.
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TABLE 11
METAL BANK - COTTMAN AVENUE

RIVER SEDIMENTS

————————— . ———— - ————————————————— ————————————————————————————————————————————— . ————————————————————————— ̂ BB

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SEDIMENT B̂
COMPARISON Wrm ECOTOXICOLOGICAL VALUES ^

CONTAMINANT
OF POTENTIAL
CONCERN

Beryllium
Mercury
Aroc lor- 1248
Aroc lor- 1254
4.4-DDD
4.4-DDE
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h) anthracene
Di— n— octylphthalate
Fluoranthene
Fluorene
2— methyl naphthalene
Naphthalene
Phenanthrene
Pyrene

EECW

(ppb)

1.347
0.459
1.541

2484.144
242
243

7.825
7,887
10.039
7.161
8,967
758

2,452
23.391
12.745
8.283
1.199
4O.044
29,814

ACUTE
VALUE <">
(PPb)

130<w>
150 W
50 (̂
50 (̂
2O
2<s)

150 <*>
85<*>
230 <*>
400 <*>
400 <*>
60 &
60-5)

600 «
35<*>
CSCT
34O<*>
225 <*>
350 O

CHRONIC
VALUE^
(PPb)

5(W>
— —
__
— —
— —
— —
- —
— —
— —
— •—
— —
——
——
——
— —
——
——
——
•̂̂

EEQ
ACUTÊ

0.01
O.OO
30.82
49.68
120.86
121.38
52.17
92.79
43.65
17.90
22.42
12.63
396.79
38.99
364.13
127.13
3.53

177.97
85.18

EEQ
CHRONIC^

0.25
—
— —
__
— _
__
__
— —
—
— —
— —
— —
- —
— —
—
—
—m

<A) EEC - Expected Environmental Concentration
<*> Toxicological effect criteria concentration.
(°) EEQ - Ecological Effects Quotient = EEC/Toxjcotogical Effect Criteria Concentration

<r> The concentrations of a chemical in the sediment and water column are assumed to be in
equilibrium and the concentrations of chemicals noted for sediment are reflective of chemical
concentrations in interstitial spaces. Thus, sedument analytical data have been directly compared
to published aquatic criteria and ecotoxicological values. This approach was utilized as it would be
protective of sessile benthic invertebrates which would be in direct contact with and exposed to
contaminants found in both the sediment and the water column.

<*> IRIS lowest effect level (LEL) value.
<s> NOAA ER-L. NOAA 199O.
W Value for Total PCBs.
<*) Lowest reported LCX for fish (7-day LCa for Redear sunftsh)(Birge, 1980).
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TABLE 12

METAL BANK - COTTMAN AVENUE
RIVER SEDIMENTS

I MAXIMUM VALUES FOR SEDIMENT

CONTAMINANT
OF POTENTIAL
CONCERN

Beryllium
Mercury
Aroclor-1248
Aroc lor- 1254
4,4-DDD
4,4-DDE
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo (a) py rene
Chrysene
Dibenz(a,h)anthracane
Di- n-octylphthalate
Fluoranthene
Fluorene
2-methyl naphthalene
[Naphthalene
EPhenanthrene
jPyrene

COMPARISON WITH ECOTOX1COLOGJCAL VALUES

EECW

(Ppb)

0.50
0.220
2,300
2,595
315
315

9.200
9,100
11.0OO
7.900
10,000
750

2,150
26.000
15.000
9.800
1,200
48,000
34.000

ACUTE
VALUE <*>
(PPb)

130̂
150 &
50 ̂
sot*-4)
2(3)

2(J)
150<s>
SS^

230 <*>
400 «
400 <*>
60 <s>
60-*)

6OO<*)
35(5)
65 «
3400
2250
350 <*>

CHRONIC
VALUED
(PPb)

5<U)
— —
— —
— —
__
— _
_ — .
— —
__
— —
— —
——
——
— _
— —

. ——
——
——
*~— •

EEQ
ACUTE*6'

0.00
0.00
46.00
51.90
157.50
157.50
61.33
107.06
47.83
19.75
25.00
12.50
347.90
43.33
428.57
150.77
3.53

204.44
97.14

EEQ
CHRONIC^

0.09
__
— —
__
__
__
— —
— _
_ _
— —
— —
—
— —
—
— —
——
— —
__
•~ —•

(A) EEC - Expected Environmental Concentration
(*> Toxicological effect criteria concentration.
(C) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

<:> The concentrations of a chemical in the sediment and water column are assumed to be in
equilibrium and the concentrations of chemicals noted for sediment are reflective of chemical
concentrations in interstitial spaces. Thus, sedumertt analytical data have been directly compared
to published aquatic criteria and ecotoxicotogtcal values. This approach was utilized as it would be
protective of sessile benthic invertebrates which would be in direct contact with and exposed to
contaminants found in both the sediment and the water column.

W IRIS lowest effect level (LEL) value.
<3> NOAA ER-L. NOAA 199O.
<*> Value for Total PCBs.
(̂  Lowest reported LCM for fish (7-day LCX for Redear sunftsh) (Birge, 1980).
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TABLE 13
METAL BANK - COTTMAN AVENUE
RIVER SEDIMENTS - LESS THAN 6*

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SEDIMENT ^

CONTAMINANT
OF POTENTIAL
CONCERN

Beryllium
Mercury
Aroc lor- 1248
Aroctor-1260
4.4-DDD
4.4-DDE
Acenaphthene
Anthracene
Benzo (a) anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
2- methyl naphthalene
Naphthalene
Phenanthrene
Pyrene

COMPARISON WITH ECOTOX1COLOG1CAL VALUES ^

EEC<*>

(PPb)

1.35
0.46

2154.00
2369.70
241.71
242.76
7825.37
7887.03
10038.58
716O.99
8967.22
757.72
34OO.OO
690.00
8263.21
1198.93
40043.65
29814.41

ACUTE
VALUE«
(PPb)

iso.oof1̂
1 50.00 O
50.00 t*-4)
50. OO <*•«>
2.000
2.000

1 50.00 O
85.000
230.00 O
40O.OOO
400.00 O
60.000
600.00 O
35.00 O
65.000
34O.OOO
225.00 O
350.000

CHRONIC
VALUE^
(PPb)

S.3QW
— —
_ —
— —
— —
__
— —
— —
——
——
— —
— —
— —
— —
——
——
— —
™ •••

EEQ
ACUTÊ

1 .04E-02
3.06E-03
4.31 E+01
4.74E-HJ1
1.21E+02
1.21E+02
5.22E+01
9.28E+01
4.36E+01
1 .79E-MJ1
2.24E+01
1.26E+01
5.67E+00
1.97E+01
1.27E+02
3.53E+00
1.78E+02
8.52E+01

EEQ
CHRONIĈ ^

2.54E-01
_ —
__
__
__
__
— —
— —
— —
—
— —
— —
— —
— —

•i

t

(A) EEC — Expected Environmental Concentration
<*> Toxicological effect criteria concentration.
(c) EEQ - Ecological Effects Quotient = EECHoxicotogical Effect Criteria Concentration

(1> The concentrations of a chemical in the sediment and water column are assumed to be in
equilibrium and the concentrations of chemicals noted for sediment are reflective of chemical
concentrations in interstitial spaces. Thus, sedument analytical data have been directly compared
to published aquatic criteria and ecotoxicological values. This approach was utilized as it would be
protective of sessile berrthtc invertebrates which would be in direct contact with and exposed to
contaminants found in both the sediment and the water column.

O IRIS lowest effect level (LEL) value.
O NOAA ER-L. NOAA 1990.
W Value for Total PCBs.
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TABLE 14
METAL BANK - COTTMAN AVENUE
RIVER SEDIMENTS - LESS THAN 6"

MAXIMUM VALUES FOR SEDIMENT
COMPARISON WrTH ECOTOXICOLOGICAL VALUES ,

CONTAMINANT
OF POTENTIAL
CONCERN

Beryllium
Mercury
Aroctor-1248
Aroctor-1260
4,4-DDD
4.4-DDE
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a) pyrene
Chrysene
Dibenz(a.h) anthracene
Fluoranthene
Fluorene
2— methyl naphthalene
Naphthalene
Phenanthrene
Pyrene

EECW

(PPb)

0.50
0.22

4600.00
315O.OO
315.OO
315.00
9200.00
9100.00
110OO.OO
79OO.OO
1OOOO.OO
750.00
3400.00
690.00
980O.OO
12OO.OO
46000.00
34000.00

ACUTE
VALUE^
(ppb)

1 30.00 M
150.000
50.00 <*•«>
50.00 t**4)
2.000
2.000

150.00 0
85.000
23O.OQO
400.00 O
400.00 O
60.000
600.000
35.000
65.00 O
340.00 O
225.000
350.000

CHRONIC
VALUE <*>
(PPb)

5.30 (̂
__
__
__
— _
— —
— —
__
— —
— —
— —
__
— —
__
— —
— —
— —
"•"•"

EEQ
ACUTÊ

3.85E-03
1.47E-03
9.20E+01
6.30E+O1
1.58E+02
1.58E+O2
6.13E-M)1
1.07E+02
4.78E-H>1
1.98E+O1
2.50E+01
1.25E+01
5.67E+OO
1.97E+01
1.51E+02
3.53E+OO
2.04E+02
9.71E-K)!

EEQ
CHRONIĈ

9.43E-02
— _
__
_ «.
«...
__
__
_ —
__
__
— _
— —
— —
__
—
— —
— —
••~ •"•

<A> EEC - Expected Environmental Concentration
(*> Toxicological effect criteria concentration.
(C) EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

<*> The concentrations of a chemical in the sediment and water column are assumed to be in
equilibrium and the concentrations of chemicals noted for sediment are reflective of chemical
concentrations in interstitial spaces. Thus, sedument analytical data have been directly compared
to published aquatic criteria and ecotoxicological values. This approach was utilized as it would be
protective of sessile benthic invertebrates which would be in direct contact with and exposed to
contaminants found in both the sediment and the water column.

O IRIS lowest effect level (LEL) value.
O NOAA ER-L, NOAA 1990.
W Value for Total PCS*.
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TABLE 15
METAL BANK - COTTMAN AVENUE
RIPRAP SEDIMENTS - LESS THAN 6'

UPPER 95% CONFIDENCE INTERVAL VALUES FOR SEDIMENT
COMPARISON WITH ECOTOXICOLOGICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aroclor-1260
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo (a) pyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
2- methy (naphthalene
Naphthalene
Phenanthrene

EEC <A>

(PPb)

5566.28
239973.25
247283.23
218556.61
167439.70
204109.17
17383.75
276970.22
236318.23
108393.26
239973.25
547214.50

ACUTE
VALUE <B>
(PPb) '

50.00 (̂
1 50.00 W
85.00 <l>
230.00 <l>
400.00 «
400.00 W
60.00 <l>
600.00 <l>
35.00 W
65.00 <l>
340.00 ̂
225.00 «

EEQ
ACUTE'0)

1.11E+02
1.60E+03
2.91 E+03
9.50E+02
4.19E+02
5.10E-I-02
2.90E+02
4.62E+02
6.75E+03
1.67E+03
7.06E-I-02
2.43E+03

(A) EEC - Expected Environmental Concentration
(B> Toxicological effect criteria concentration.
<°> EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

<l> NOAA ER-U NOAA 1990.
(2) Value for Total PCBs.
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TABLE 16
METAL BANK - COTTMAN AVENUE
RIPRAP SEDIMENTS - LESS THAN 6'

MAXIMUM VALUES FOR SEDIMENT
COMPARISON WITH ECOTOXICOLOGICAL VALUES

CONTAMINANT
OF POTENTIAL
CONCERN

Aroclor-1260
Acenaphthene
Anthracene
Benzo (a) anth racene
Benzo (a) pyrene
Chrysene
Dibenz (a, h) anthracene
Fluoranthene
Fluorene
Methy (naphthalene, 2—
Naphthalene
Phenanthrene

EEC W

(PPb)

6500.00
67000.00
69000.00
60000.00
46000.00
56000.00
6100.00
76000.00
66000.00
31000.00
67000.00
150000.00

ACUTE
VALUE <*>
(PPb)

50.00 <w>
1 50.00 ̂>
85.00 <x>
230.00 «
400.00 <l>
400.00 <l>
60.00 W
600.00 ̂
35.00 W
65.00 <l>
340.00 «
225.00 W

EEQ
ACUTETO

1.30E+02
4.47E+02
8.12E+02
2.61 E+02
1.15E+02
1.40E+0&
1.02E+02
1.27E+02
1.89E+03
4.77E+02
1.97E+02
6.67E+02

(A> EEC - Expected Environmental Concentration
(B) Toxicological effect criteria concentration.
(^ EEQ - Ecological Effects Quotient = EEC/Toxicological Effect Criteria Concentration

W NOAA ER-L, NOAA 1990.
<2> Value for Total PCBs.
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TABLE 17
METAL BANK - COTTMAN AVENUE

UPPER 95% CONFIDENCE INTERVAL VALUES FOR GROUNDWATER ^Bf
cottpAwsoRwrrH EPA WATER QUALITY CRITERIA (FRESHWATER)

CONTAMINANT
OF POTENTIAL
CONCERN

Acenaphthene
Aluminum
Arsenic(lll)
Benzene
Beryllium
Cadmium
Chloride
Chromium (VI)
Copper
DOT
ODE (DOT metabolite)
Dimethyl phenol. 2,4-
Endosulfan
Ethylbenzene
Fluoranthene
Heptachlor
Iron
Lead
Mercury
Naphthalene
Nickel
Phenanthrene
Phenol
Selenium
Tetrachloroethylene
Zinc

EEC<*>

(ufl/l)

11.8270
1 5483.4600

24.8080
18.3130
2.2350
4.0960

287329.1560
82.1530
317.7760
0.4870
5.0340

171.3520
0.2750

211.2590
1 7.7660
0.1620

62355.7850
365.7080
3.0170
75.1870
69.0160
27.9390
57.1800
2.4290
56.4280
708.4010

ACUTE
CRITERIA <*'

(ug/0

1 700.00 W
- —

360.00
5300.00 <'>
1 30.00 <l)
3.92 <*>

860000.00
16.00
17.73<J>
1.10

1 050.00 W
21 20.00 W

0.22
32000.00 (1)
3980.00 ̂

0.52
— —

81.65<s>
2.40

2300.00 <l>
141 8.24 W
30.00 P>

1 0200.00 W
20.00

5280.00 <l>
117.02<*>

CHRONIC
CRITERIA <«

luO/D

520.00 <l>
87.00

1 90.00
— —

5.30 W
1.13<s>

230000.00
11.00
11.82«
0.001
--
--

0.06
— —
— —

0.004
1000.0O

3.18 «
0.01

620.00 W
1 57.67 <*>
6.30 W

256O.OO ̂
5.00

840.0O (l>
1 05.99 ̂

EEQ
ACUTE

6.84E-03
— —

6.84E-02
3.46E-03
1.72E-02
1.04E + 00
3.34E-01
5.13E+00
1.79E+01
4.43E-01
4.79E-03
8.08E-02
1.25E+00
6.60E-03
4.46E-03
3.12E-01

— —
4.48E+00
1.26E+00
3.27E-02
4.87E-02-
9. 31 E -01
5.61 E-03
1.21E-01
1.07E-02
6.05E+00

EEO
CHRONIC

2.24E-02
1.78E+02
1.30E-01

— —
4.22E-01
3.61E + 00
1.25E + 00
7.47E + 00
2.69E + 01
4.87E + 02

__
--

4.91 E + 00
--
__

4.26E+01
6.24E+01
1.15E+02
2.51 E+OJ^

121E~M^4.38E-̂ W
4.43E + 00
2.23E-02
4.86E-01
6.72E-02
6.6SE + 00

CA) EEC — Expected Environmental Concentration

(1) Toxicological effect criteria concentration. Values are EPA Water Quality Criteria
for the protection of aquatic life and their uses.

<*> Insufficient date to develop criteria. Value presented is the LO.E.L-Lowest Observed Effect Level.

(I) Proposed criterion

(]) Hardness dependent criteria (100 mg/L CaCO, used)

(*> pH dependent criteria (7.8 pH used)
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TABLE 18
METAL BANK - COTTMAN AVENUE

MAXIMUM VALUES FOR GROUNDWATER
COMPARISON WITH EPA WATER QUALITY CRITERIA (FRESHWATER)

CONTAMINANT
OF POTENTIAL
CONCERN

Acenaphthene
Aluminum
Arsenic(lll)
Benzene
Beryllium
Cadmium
Chloride
Chromium (VI)
Copper
DOT
DOE (DOT metabolite)
Dimethyl phenol, 2,4 —
Endosutfan
Ethylbenzene
Fluoranthene
Heptechlor
Iron
Lead
Mercury
Naphthalene
Nickel
Phenanthrene
Phenol
Selenium
Tetrachloroethylene
Zinc

EECW

(Ufl/0

38.0000
60400.0000
184.5000
78.0000
4.3000
9.9000

781000.0000
288.0000

1 1 60.0000
3.5500
59.0000
880.0000
3.5500

1100.0000
61.0000
1 .8000

389000.0000
1 380.0000
22.2000
310.0000
172.0000
96.0000
290.0000
7.5000

125.0000
2200.0000

ACUTE
CRITERIA <*>

(ua/D

1 700.00 <l>
— —

360.00
5300.00 0
1 30.00 <J>
3.92 0

860000.00
16.00
17.730
1.10

1 050.00 <l>
21 20.00 W

0.22
32000.00 <l>
3980.00 O

0.52
— —

81.65O
2.4O

2300.00 <*>
1418.240
30.00 0

10200.000
20.00

5280.00 O
117.020

CHRONIC
CRITERIA <*>

(uo/D

520.00 <l>
87.00
190.00

— —
5.30 <l>
1.130

230000.00
11.00
11.820
0.001

— _
— —

0.06
— -
— —

0.004
1000.00

3.18 0
0.01

620.00 <*>
157.670
6.300

2560.00 O
5.00

840.0O O
105.99O

EEQ
ACUTE

2.24E-02
- —

5.13E-01
1.47E-02
3.31 E-02
2.52E+00
9.08E-01
1.80E+01
6.54E+01
3.23E+00
5.62E-02
4.15E-01
1.61E+01
3.44E-02
1.53E-02
3.46E+00

— —
1.09E+01
9.25E+00
1.35E-01
1.21E-01
3.20E+00
2.84E-02
3.75E-01
2.37E-02
1.88E+01

EEQ
CHRONIC

7.31E-02
6.94E+02
9.71E-01

_ _
8.11E-01
8.73E + 00
3.40E + 00
2.62E + 01
9.81 E+01
3.55E + 03

_ _
- —

6.34E+01
— —
— —

4.74E+02
3.89E+02
4.34 E+ 02
1.85E+03
5.00E-01
1.09E+00
1.52E+01
1.13E-01
1.50E+00
1.49E-01
2.08E+01

(A) EEC - Expected Environmental Concentration

(*> Toxicoiogical effect criteria concentration. Values are EPA Water Quality Criteria
for the protection of aquatic life and their uses.

(1) Insufficient date to develop criteria. Value presented Is the LO.E.L-Lowest Observed Effect Level.

O Proposed criterion

O Hardness'dependent criteria (100 mg/L CaCO, used)

(*> pH dependent criteria (7.8 pH used)
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METAL BANK • COTTMAN AVENUE

SPECIES LIST.
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METAL BANK - COTTMAN AVENUE SITE

SPECIES LIST

Terrestrial Flora

Horseweed (Conyza canadensis)
Plantain (Plantagro spp.)

Common Mullein (Verbascum thapsus)
Senna (Cassia spp.)
Vetch (Vicia spp.)

Orchard Grass (Daccylis glomerata)
Hawthorn

Queen Anne's Lace (Daucus carota)
Poplar (Populus spp.)

Honeysuckle (Lonicera spp.)
. Pokeweed (Phytolacca americana)

Goldenrod (Solidago spp.)
Aster (Aster spp.)
Dock (Ruxnex spp.)

Reed Canary Grass (Phalaris arundinacea)
Sycamore (Platanus occidentalis)

Red Maple (Acer ruJbrum)
Silver Maple (Acer saccharinum)

Black Willow (Salix nigra)
Buckwheat (?)

Reed (Phragmites communis)
Black Locust (Robinia pseudoacacia)

• Staghorn Sumac (Rhus typhina)
Mulberry (Aforus spp.)

Black Cherry (Prunus serotina)
Tree-of-heaven (Ailanthus altissima)

Ash (Fraxinus spp.)
Norway Maple (Acer platanoides)
Nightshade (Solanum dulcamara)
Bush-Clover (Lespedeza spp.)
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Terrestrial Fauna

Eastern Cottontail (Sylvilagus floridanus)
Double-crested Cormorant (Phalacrocorax auritus)

Great Cormorant (Pnalacorocorax)
Canada Goose (Branta canadensis)

Black Duck (Anas rubripes)
Sharp-shinned Hawk (Accipiter striatus)

Killdeer (Charadrius vociferus)
Spotted Sandpiper (Actitus aiacularia)
Great Black-backed Gull (Larus marinus)

Herring Gull (Larus argrentatus)
Ring-bill Gull (Larus delawar ens!s)
Laughing Gull (Larus atricilla)
Foster's Tern (Sterna rbrstera)

Rock Dove (Columba 11 via)
Downy Woodpecker (Picoides pubescens)
European Starling (Sturnus vulgaris)

Northern Mockingbird (Minus polygrlottos)
Northern Cardinal (Cardinalis cardinalis)

Song Sparrow (Afelospiza melodia)
Dark-eyed Junco (Junco hyemalis)
House Finch (Carpodacus mexicanus)
American Goldfinch (Spinus tristus)
House Sparrow (Passer domesticus)
Barn Swallow (Hirundo rustica)

Coomon Crow (Corvus Jbrachyrnynchos)
Ringneck Pheasant (Pnasianus colcnicus)

r Mallard (Anas platyrnynchosj
American Kestrel (Falco sparverius)

Yellow-shafted Flicker (Colaptes auratus)
Rough-Winged Swallow (Stelgridopteryx ruficollis)

American Crow {Corvus Jbrachyhynchos)
Common Yellow Throat (Geothlypis tricfaas)
Red-winged Blackbird (Agelaius pnoeniceus)

Brown-headed Cowbird (tfolotnrus ater)
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Common Grackle (Quiscalus guiscula)
Northern Oriole (Icterus sralJbula)
Mourning Dove (Zenaida macroura)

American Goldfinch (Carduelis tristis)
Great Blue Heron (Ardea herodias)
Canvasback (Aythya valisineria)

Ring-necked >Duck (Aytnra collaris)
Common Goldeneye (Bucephala clangrula)

Bufflehead (Bucephala alJbeola)
Red-tailed Hawk (Buteo jamaicensis)
Great Horned Owl (Bubo virgrinianus)
Belted Kingfisher (Afegaceryle alcyon)
Hairy Woodpecker (Picolides villosus)

Blue Jay (Cyanocitta cristata)
Black-capped Chickadee (Parus atricapillus)
Carolina Chickadee (Parus carolinensis)

Brown Creeper (Certhia faniiliaris)
Tufted Titmouse (Parus bicolor)

White-breasted Nuthatch (Sitta carolinensis)
Carolina Wren (Thyrothorus ludovicianus)

Cedar Waxwing (Bombycilla cedroruzn)
Golden-crowned Kinglet (Regulus satrapa)

White-throated Sparrow (Zonotricnia albicollis)
Chipping Sparrow (Spizella passerina)
Belted Kingfisher (Megaceryle alcyon)
Gray Catbird (Duyetella carolinensis)
American Robin (Turdus aiigxatorius)

Aquatic species

Peltandra spp.
Potamogreton spp.

snails
amphipods
flatworms

freshwater clams (Corbiculae spp.)
scuds (Gammarus spp.)
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METAL BANK - COTTMAN AVENUE

COMPOUNDS FOR WHICH APPROPRIATE
ECOTOXICOLOGICAL DATA HAS UNAVAILABLE
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Positively identified compounds for wnich ecotoxicological data appropriate
for evaluating sediments have not been identified:

Barium
Calcium
Cobalt

Magnesium
Manganese
Potassium

Acenaphthylene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(g,g,i)perylene

Bis(2-ethylhexyl)phthalate
Carbazol

Dibenzofuran
2,4 -Dichlorophenol
1,2,3,4,7,8,9-HPCDF

Indeno(1,2,3-cd)pyrene
4-Methylphenol

OCDF
Total HPCDD
Total HPCDF
Total HXCDD
Total HXCDF
Total'PECDD
Total PECDF
Total TCDD
Total TCDF
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Positively identified compounds for which ecotoxicological data appropriate
for evaluating soils have not been identified:

Antimony
Barium
Calcium
Iron

Magnesium
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium

Acenaphthene
Acenaphthylene

Aldrin
Anthracene

Arochlor 1221
Arochlor 1232
Arochlor 1248
Arochlor 1254
Arochlor 1260

Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo (JO f luoranthene

Benzole Acid
Benzo(g,h,i)perylene

Benzo(a)pyrene
Bis(2-chloroethyl)ether

Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Carbon disulfide

Crysene
4,4'-ODD
4,4'-ODE

dibenz(a,h)anthracene
3,3-dichlorobenzidine

diethylphthalate
Fluorene
2-Hexanone
Methoxychlor

4-Methyl-2 -Pentanone
Naphthalene
Phenanthrene

Pyrene
Toluene
Xylene
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National Oceanic and Atmospheric Administration
Office of Ocean Resources Conservation and Assessment
Hazardous Materials Response and Assessment Division
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7600 Sand Point Way N.E. — Bin C15700
Seattle, Washington 98115

March 15, 1994
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U.S. EPA
Region TJI
841 Chestnut Street
Philadelphia, PA 19107

Dear Mr. Lee:

Enclosed are two copies of the Final Draft Aquatic Ecological Risk Assessment for the Metal Bank
Cottman Avenue NPL site.

An additional copy was sent directly to HMM Associates.
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y /
L. Jay Field

cc: Peter Swinick, HMM Associates, Inc.
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Executive Summary

This document presents an ecological risk assessment for aquatic resources near the Metal
Bank of America (MBA), Cottman Avenue site, located on the Delaware River in Philadelphia,
Pennsylvania.

Receptors

The habitats of primary concern include surface waters, tideflats, and associated bottom
substrates-of the Delaware River. The Delaware River is a freshwater tidal system near the
Metal Bank site, providing resident and seasonal habitat for numerous species of anadromous,
catadromous, estuarine, and freshwater fish.

The shortnose sturgeon, a Federal- and State of Pennsylvania-designated endangered species,
is a receptor of primary importance. Shortnose sturgeon live their entire life cycle in the
Delaware River and are known to be present hi the river reach that includes the site during
summer after spawning in upstream areas.

Other fish species considered in the assessment include channel catfish, silvery minnows, and
white perch. Important considerations hi selecting other receptors of concern included the need
to evaluate species that represented different trophic levels and food-web pathways, species
that were likely to be present near the site for at least part of the spring-summer-fall feeding
period, and the availability of data.

Channel catfish serve as a representative of a benthic freshwater fish species that feed on a
variety of prey types and are likely to live hi the river near the site for some time. Channel
catfish are also used as a surrogate species for the shortnose sturgeon. Silvery minnow are an
important forage fish species that feed in shallow water areas, such as the mudflat next to the
site. White perch are an anadromous fish species that is abundant near the site and
recreationally important

Benthic invertebrates, such as Asiatic clams (Corbicula fluminea), are present in the mudflat
and Delaware River next to the site. The invertebrates were considered as a single group for
the purposes of this assessment. Benthic invertebrates may provide an important exposure
pathway for higher trophic level fish and wildlife species that feed hi the intertidal and
nearshore Delaware River habitats.
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Contaminants of Concern

PCBs were identified as the contaminants of primary concern because of their presence at
elevated concentrations in groundwater, non-aqueous phase layer (NAPL), and sediment
Other contaminants were screened for consideration in the risk assessment using chronic
ambient water quality criteria (AWQC) for surface water and groundwater and Effects-Range
Low (ER-L) values determined by Long and MacDonald (1992) for sediment Other
contaminants of concern included polycyclic aromatic hydrocarbons (PAHs), phthalates, DDT
and its metabolites DDE and DDD, and cadmium.

Exposure Pathways

Exposure-pathways included surface water, direct exposure to NAPL, and contaminated
sediment in the mudflat next to the site and the Delaware River. The accumulation of PCBs hi
the tissues of fish species was considered as a means to integrate all the exposure pathways
near the site.

Exposure-point concentrations hi surface water of the Delaware River from groundwater
discharge were estimated from dilution factors calculated using a 15-meter dilution zone and
river-flow volumes for average- and low-flow discharges.

Exposure-point concentrations for NAPL were estimated from the concentrations of PCBs,
PAH, and phthalates in one sample collected from monitoring well (MW)-6 hi 1991 and
historical values for PCBs. The volume of NAPL currently discharging into the intertidal and
nearshore areas of the Delaware River is unknown and may be small. Subsequent attempts to
sample or locate this layer have been unsuccessful. The existence of a NAPL in the subsurface
of the riprap area has been observed but not sampled directly. No active NAPL seeps on the
surface of the riprap or mudflat were observed during the 1993 sampling. Groundwater seeps,
which have been observed recently, have resulted hi "oily sheens" on the surface as opposed to
a distinct oil layer. Thus, it appears that any direct seepage of oil to the surface of the riprap or
mudflat is probably highly localized, if it occurs to any significant extent

Mean (arithmetic) and upper 95 percent confidence limit values were determined for sediment
concentrations, using one-half detection limit for values below detection if at least one sample
had concentrations above the detection limit for that contaminant. Because the pattern of
sediment contamination for PCBs, PAHs, and the phthalate DEHP showed a clear decrease in
concentration with distance from the site boundary (Tables 4-3,4-5, and 4-6), sediment
samples for these contaminants were grouped into three separate zones for risk characterization:

i
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samples from the riprap area; samples from the mudflat and Delaware River within 30 meters
of the site boundary; and samples from the mudflat and Delaware River greater than 30 meters
from the site boundary. No similar gradient was apparent in sediment concentrations of DDTs
or cadmium; therefore, the risk evaluation for these contaminants was based on the combined
values for all sediment samples.

Tissue residue PCB concentrations in fish species integrate all the above exposure pathways,
since fish accumulate most of their PCB body burden through the food web. Whole body
concentrations in silvery minnow and channel catfish collected in the fall of 1993 from the
Delaware River next to the site were used to estimate concentrations in other fish species.

Toxicity

Toxicity reference values were determined for exposure to surface water, sediment and the
tissue residue concentrations (for PCBs only). For surface water, toxicity reference values
were based on chronic AWQC for the protection of freshwater organisms. For PCBs, the
toxicity reference value was based on maximum acceptable toxicant concentrations (MATC) for
fathead minnow. Because of the endangered species status of the shortnose sturgeon, the
limited amount of available chronic toxicity data for fish species, and the lack of species-
specific toxicity information, a safety factor of 100 was applied to the toxicity reference value
for sturgeon.

Toxicity reference values for NAPL were based on AWQC acute toxicity values for PCBs,
PAH, and the phthalate DEHP.

Toxicity reference values for sediment were based on Long and MacDonald (1992) ERL and
ERM values, or Apparent Effects Threshold (AET) values if ER-L or ER-M values were not
available. As suggested by Long et aT. (1994), adverse effects were considered unlikely at
concentrations below the ER-L and probable at concentrations above the ER-M.

Toxicity reference values for tissue residue PCB concentrations were derived from a
compilation of published studies linking adverse effects to PCB tissue concentrations in a
variety of fish species. The tenth percentile of the lowest observed effect levels and the median
effect level were 0.2 and 7.0 mg/kg (wet weight), respectively.

xu
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Risk Characterization

The risk characterizations were based on the toxicity quotient approach, using exposure point
concentrations for each media and toxicity reference values.

Surface water exposure from groundwater discharge is reduced rapidly with dilution from
Delaware River. Only PCBs were considered a contaminant of concern for surface water.
Any exposure to PCB concentrations exceeding toxicity reference values would be confined to
a 15-meter-wide band of the river next to the site. The risk of adverse effects is expected to be
low. The highly conservative toxicity reference value for the shortnose sturgeon exceeded the
estimated mean exposure concentration for PCBs in the dilution zone under low flow
conditions by less than a factor of two, indicating possible risk. However, it is highly unlikely
that individual shortnose sturgeon would remain in the exposure area long enough to receive
chronic exposure.

Any exposure to NAPL, if it occurs, is likely to be highly localized in the immediate vicinity of
the riprap area. However, because measured concentrations of PCBs, PAHs, and phthalate hi
NAPL exceeded toxicity reference concentrations by as much as five orders of magnitude,
toxic effects to exposed organisms are highly probable. Any discharge of NAPL would also
contribute to PCB accumulation hi nearshore organisms and food webs.

The primary route of exposure for benthic organisms in the nearshore areas of the Delaware
River and mudflat near MBA is through contact with sediments (and/or sediment interstitial
water). Mean sediment concentrations of PCBs, PAHs, and the phthalates bis (2-ethylhexyl)
phthalate (DEHP), di-n-butyl phthalate (DBP) and di-n-octyl phthalate (DOP) greatly exceeded
probable effects levels (ER-M or high AET) in the riprap area, indicating that adverse effects to
benthic invertebrates exposed to these contaminated sediments are highly likely.
Concentrations of PAHs and phthalates decreased in a steep gradient away from the site,
resulting in hazard quotient values that were one or less in the mudflat and Delaware River
greater than 30 meters from the site boundary. Hazard quotients for PCBs exceeded 1 for all
three zones, ranging from over 400 hi the riprap to less than 5 in the outer zone. No spatial
pattern was observed in the concentrations of DDT, DDD, DDE, and cadmium, based on
limited sampling. Samples with detectable concentrations exceeded probable effects levels
(ER-M or high AET) by about an order of magnitude.

Because of limited sampling of Delaware River sediment, the extent of PCB contamination was
not adequately defined and could extend both downstream and upstream of the site, although
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concentrations appear to decline rapidly with distance from the site boundary. Limited data are
available for contaminants other than PCBs and PAHs. Problems with data quality (high
detection limits for PCBs and other contaminants) further increase the uncertainty in the
exposure-point concentrations and the size of the exposure area. The minimum exposure area
includes intertidal and nearshore sediment hi the Delaware River next to the site. The lack of
consistent increase in incidence of effects with increasing PCB concentrations in the data used
to derive the toxicity reference value adds an additional source of uncertainty to the risk
characterization.

The limited information available in the literature suggests that benthic invertebrates can
accumulate high tissue concentrations of PCBs without adverse effects, although invertebrates
may experience direct toxicity from exposure to contaminated sediments. Tissue PCB
concentrations hi Asiatic clams in the mudflat, however, demonstrate that PCBs in the area are
bioavailable and are likely to be accumulated hi benthic food webs. The bioaccumulation factor
(B AF) (lipid-normalized tissue to organic carbon-normalized sediment ratio) observed for
Asiatic clams was consistent with literature values. Congener-specific PCB analysis showed
very similar patterns for the mudflat sediment (and one groundwater sample) and clam tissue
residues, suggesting that PCBs from the site were a probable source for the PCBs hi the clam
tissue.

Mean whole body PCB concentrations hi tissue of silvery minnows and channel catfish
collected hi the Delaware River next to the site exceeded the tenth percentile of the lowest
observed adverse effect concentrations associated with tissue residues in fish species, but not
the median value. The silvery minnow is considered representative of non-migratory forage
fish species that feed hi the immediate nearshore area. Exposure to site-related PCBs in this
species is likely. Channel catfish are probably less restricted hi their movements than the
silvery minnow, so the degree of exposure to site-related contaminants is less certain. Based
on the mean PCB concentration hi the samples collected more than 30 m from the site
boundary, the observed B AF for silvery minnow was comparable to literature values, while the
B AF for channel catfish was less than expected for similar trophic level fish species reported hi
the literature. The fact that the silvery minnows have a larger B AF than the channel catfish
further suggests that they are exposed on average to sediments containing higher levels of
PCBs than are the channel catfish. Utilizing these species as representative of other fish
species with similar extent of exposure to the nearshore PCB-contaminated sediments
immediately adjacent to the Metal Bank site or to nearshore food webs, the results suggest a
potential risk of reproductive effects in sensitive fish species.

xiv I
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Channel catfish were also used as a surrogate species for estimating the exposure to site-related
contaminants and the accumulation of PCBs hi the endangered shortnose sturgeon.
Considerable uncertainty exists in estimating the extent of exposure for the sturgeon, and
nothing is known about its relative sensitivity to adverse effects from accumulated PCBs.
Although they occupy a lower trophic level than the channel catfish, the shortnose sturgeon
may be particularly prone to accumulating and transferring high concentrations of PCBs to their
developing offspring (considered the most sensitive toxic endpoint for PCBs to fish) due to
their benthic feeding habit longevity, late age of sexual maturity, and high lipid content of their
eggs. Thus, the potential risk to shortnose sturgeon resulting from accumulation of PCBs
from all exposure pathways near the site may be greater than for other fish species because of
these life-history characteristics.

xv
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1 INTRODUCTION

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA), calls upon
the U.S. Environmental Protection Agency (EPA) to protect human health and the environment
from releases or potential releases of contaminants from hazardous waste sites. The proposed
revision of the National Contingency Plan (NCP) calls for identifying and mitigating the
environmental impact of these sites and selecting remedial actions that are protective of the
environment. In addition, numerous Federal and State laws and regulations are potentially
"applicable or relevant and appropriate requirements" (ARARs). Compliance with these laws
and regulations may require evaluating a site's ecological impacts and the measures needed to
mitigate those impacts.

This document presents an ecological risk assessment for the aquatic component at the Metal
Bank of America (MBA) Superfund site. The primary objective of the aquatic ecological risk
assessment is to provide a qualitative and quantitative assessment of the potential risks to
aquatic receptor species in the Delaware River and the mudflats next to the site. Specific goals
of the assessment are to:

• identify receptor species in the Delaware River and mudflats next to the site that
may be exposed to site-related contaminants;

• identify pathways of exposure by which aquatic receptor species may be exposed to
site-related contaminants;

• estimate exposure-point concentrations;

• collect information on the toxic effects of the chemicals of concern and select
endpoints of concern;

• characterize risks to aquatic receptor species associated with exposure-point
concentrations;

• discuss uncertainties associated with the assessment; and

• discuss ecological significance of the findings.

1.1 Organization of the Aquatic Ecological Risk Assessment

The remainder of the aquatic ecological risk assessment is organized hi the following sections:

• Section 2: Habitats and Aquatic Species of the Delaware River - This section lists
the habitats and the major aquatic species that use the Delaware River near the site.
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• Section 3: Contaminants of Concern - This section lists the contaminants nf
concern hi surface waters, sediments, and aquatic biota of the Delaware River and
mudflats.

• Section 4: Exposure Assessment - This section discusses exposure pathways and
estimates exposure-point concentrations for the contaminants of concern in surface
water, sediments, and tissues.

• SectionS: Toxicity Assessment - This section discusses the toxicity of the
contaminants of concern and derives toxicity reference concentrations.

• Section 6: Risk Characterization: - This section presents the qualitative and
quantitative characterization of risk.
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2 HABITATS AND AQUATIC RECEPTORS

The Delaware River provides important habitat for fishes, migratory waterfowl, and shore
birds. Habitats of primary concern include surface waters, tideflats, and associated bottom
substrates of the Delaware River.

Near the site, the river is characterized as a low gradient, tidal freshwater system. The
Delaware River maintains a variable flow velocity dependent on the tide and freshwater
discharge and a tidal amplitude of 0.5 to 2.0 meters. The river is approximately 1.0 km wide at
the site and has a mean depth of 4.5 meters with the greatest depth (14 meters) centrally located
in a dredged shipping channel. Salinities in the Delaware River near the site commonly range
from 0 to 3 parts per trillion (ppt) and fluctuate throughout the year depending on rainfall,
saltwater intrusion, and urban runoff (Kaufmann, personal communication 1993). Seven
tributaries enter the river within 15 river km of the site. Substrate composition at this reach of
the river is primarily silty sand, gravel, and mud. The water quality of the Delaware River,
particularly dissolved oxygen concentration, has improved substantially since municipal waste
treatment was required by the City of Philadelphia in 1985 (Lupine, personal communication
1992; Miller, personal communication 1993). The site is approximately 174 kilometers
upstream from Delaware Bay (USGS 1976).

2.1 Aquatic Species Using the Delaware River

The Delaware River has historically been identified as a spawning site for over 60 species of
fish (Daiber 1988). Near the site, the river supports diverse and abundant natural resources
(Table 1; Kaufmann, personal communication 1993; Miller, personal communication 1993;
Lupine, personal communication 1992; Daiber 1988). Numerous species migrate close to the
site and live in the area for extended periods during sensitive life stages. Eight species of
anadromous fish use the Delaware River as a migratory corridor. Species of special interest
due to theh: commercial importance or abundance in the area are alewife, American eel,
American shad, blueback herring, blue crab, striped bass, and white perch. The reach of the
Delaware River near the site also supports populations of the federally endangered shortnose
sturgeon and the New Jersey state-protected Atlantic sturgeon (O'Herron, personal
communication 1993; Kaufmann, personal communication 1993). A fish inventory study
conducted by the Pennsylvania Fish Commission from 1984 through 1986 identified a total of
53 species of fish in Zones 2, 3, and 4 of the Delaware River. Of the 53 species identified, 36
occurred in Zone 3, the stretch of the Delaware River that includes the MBA site (Table 2-2).
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Table 2-1. List of major species and their habitat use of the Delaware River near the
Metal Bank site (Kaufmann, personal communication 1993).

Species

Common Name Scientific Name

ANADROMOUS /CATADROMOUS SPECIES
Shortnose sturgeon Acipenser brevirostrum
Atlantic sturgeon Acipenser oxyrhynchus
Blueback herring Alosa aestivalis
Alewife Alosa pseudoharengus
American shad Alosa sapidissima
American eel 2 Anguilla rostrata
White perch 2 Morone americana
Striped Bass Morone saxatilis
Sea lamprey Petromyzon marinus

ESTUARINE SPECIES
Atlantic menhaden Brevoortia tyrannus
Banded killifish Fundulus diaphanus
Mummichog .Fundulus heteroclitus
Hogchoker Trinectes maculatus

FRESHWATER SPECIES
White catfish Ictalurus catus
Brown bullhead Ictalurus nebulosus .
Channel catfish 2 Ictalurus punctatus
Largemouth bass Micropterus salmoides
Yellow perch Perca flavescens

INVERTEBRATE SPECIES
Blue crab Callinectus sapidus

Habitat
Adult

Spawning Nursery Forage

4 4

* *

* *

* *

4 4 4

4 4

4 4 4

4 4 4

*

4 4-

4 4 4

4 4 4

4 4

4 4 4

4 4 4

4 4 4

4 4

4

4 4

Fisheries

Comm. Recr.

1 *
1 *
1 *

4

4

4

4

4

4

4

4

4

1: Commercial fishing of these species commonly occurs 16 km upstream from the site.
2: The Pennsylvania Bureau of Water Quality has an advisory in effect on human consumption of these species caught

in the Delaware River due to high levels of PCBs and chlordane.
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Table 2-2. Fish species collected from three zones of the Delaware River estuary
during a three-year inventory beginning in July 1984 (DRBC 1987).

Species

Blueback herring
Bay anchovy
White perch
Silvery minnow
Spottail shiner
Banded killifish
Pumpkinseed sunfish
Inland silverside
Alewife
Mummichog
American shad
Channel catfish
Blue crab
Tessellated darter
Bluegill
Gizzard shad
Atlantic menhaden
Hogchoker
Brown bullhead
Redbreast sunfish
Largemouth bass
White catfish
Grass shrimp
Striped bass
Spot
Black crappie
Spotfin shiner
Smallmouth bass
Carp
White sucker
Yellow perch
American eel
Tiger muskellunge
White crappie
Swallowtail shiner
Golden shiner
Green sunfish
Naked goby
Atlantic Croaker
Shortnose sturgeon
Atlantic needlefish
Walleye
Rock bass
Fallfish
Chain pickerel
Redfin pickerel
Atlantic sturgeon
Goldfish
Bowfin
Smallmouth flounder
Striped mullet
Bluntnose minnow
Margined madtom
Individuals

Zone
2 3 (MBA)

22405 (93%) 3933
,0 24

2664 1969
225 (87%) 1334 (93%)
347 (95%) 100 (93%)
373 (94%) 332 (94%)
480 194
142 145 (99%)
62 (99%) 367
96 (97%) 240 (96%)
136 66
177 139
29 (99%) 22
120 (98%) 30 (96%)
275 15
169 (90%) 12 (97%)
0 17
4 47

115 45
190 2
177 7
81 (99%) 42
0 3
24 16
0 2
66 13
46 (99%) 2
38 0
15 (83%) 8 (90%)
27 (80%) 4 (97%)
24 0
15 (92%) 5 (90%)
12 3
14 3
0 15
13 (90%) 1 (99%)
13 0
0 1
0 0
5~ 0
0 0
4 0
4 0
2(98%) 0
1 1
1 0
1 0
1(97%) 0
1 0
0 0
0 0
1 0
1 0

28596 9159

4
2075
6790
1318
2042
938
504
13
275
78
169
175
57
281
162
12
•71
219
182
40 (99%)
0
0
25
120
59
89
0 ,
2 (99%)
0
12 (99%)
3
3
4 (94%)
3
0
0
1
0
8
8
0
4
0
0
0
0
0
0
0
0
1
1
0
0

15744

Total
Number
28413
6814
5951
3601
1385
1209
687
562
507
505
377
373
332
312
302
252
236
233
200
192
184
148
123
99
91
79
50
38
35
34
27
24
18
17
15
15
13
9
8
5
4
4
4
2
2
1
1
1
1
1
1
1
1

53499
*The number in parenthesis represents the percentage of sites where individuals of the species were counted
(e.g., 93% means that individuals were counted at 93% of the sites
7% of the sites sampled). If no percentage is specified, the value

sampled and observed but not counted at
is based on 100% of the sites samplec

Table does not include 3 species that were observed but not counted at 1% of sites.
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Blueback herring is one of the most abundant fmfish found in the Delaware River system.
This species is an important component of the forage base for larger predators such as striped
bass (Kaufmann, personal communication 1993; Soldo, personal communication 1992; Daiber
1988; Delaware River Basin Commission [DRBC] 1988). Spawning blueback herring are
present throughout the estuary into the tidal freshwater zone up to Chester Island,
approximately 38 km downstream from the site. Juveniles are known to frequent reaches of
the river upstream from Philadelphia. Alewife move into the vicinity of the site from March to
August and congregate in reaches approximately 13 km downstream from the site. This
species occurs in greatest abundance during May and early July. Juvenile alewife are
commonly present in the same area through October (Kaufmann, personal communication
1993; Soldo, personal communication 1992; Daiber 1988)."

The Delaware River shortnose sturgeon population is estimated at 10,000 individuals. This
species uses the reach near the site as a forage area and a migratory corridor on a year-round
basis. Shortnose sturgeon tend to be found hi the deeper central channels of the river;
however, field investigations have tracked individuals by radio telemetry into nearshore
habitats similar to those associated with the,site. Shortnose sturgeon may periodically use
these shallow water habitats for foraging during adult and juvenile stages of its life history.
Spawning activities typically occur in surface waters of the Delaware River near Trenton,
approximately 45 km upstream of the site (O'Herron, personal communication 1993).
Shortnose sturgeon were caught approximately 11 km downstream and 16 km upstream from
the site in 1987 (DRBC 1988).

Atlantic sturgeon occur in lesser numbers and primarily use surface waters near the site for
juvenile rearing. Adult Atlantic sturgeon enter the Delaware River estuary and congregate near
Pea Patch Island, approximately 75 km downstream from the site, in late April and early May
for spawning. Following their emergence from gravel, young-of-the-year Atlantic sturgeon
migrate into non-tidal portions of the "Delaware River upstream from the site near Trenton
(O'Herron, personal communication 1993).

The semi-anadromous white perch and striped bass live throughout the estuary. White perch
typically migrate upstream past the site to spawn; while some striped bass use surface waters
near the site for spawning in late-April and early May (Kaufmann, personal communication
1993; Daiber 1988). The run size of American shad in the Delaware River has steadily
increased over the past 10 years to approximately 800,000 individuals (Miller, personal
communication 1993). Adults are commonly present during April and May with some
spawning beginning near the Memorial Bridge, approximately 15 km downstream from the

'2-4 - - - - - ' . " : • - • - - " • . • -
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site. However, the majority of shad spawning activity has been recorded farther upstream
beyond tidal effects. Following spawning, the adult shad leave the estuary for marine
environments by the end of June. Out-migrating juveniles are present throughout the lower
Delaware River basin, with the largest numbers present near the site during August and
September (Kaufmann, personal communication 1993; Soldo, personal communication 1992;
Daiber 1988).

Blue crabs are present during spring, summer, and fall and are reportedly abundant. Male blue
crabs are more tolerant to low salinity than are females and likely predominate in this reach of
the Delaware River. Adult and juvenile blue crab are likely to use the intertidal habitats near the
site for foraging (Kaufmann, personal communication 1993; Soldo, personal communication
1992).

The Delaware Estuary is the world's largest freshwater port (DRBC 1988). High levels of
marine traffic near the site limit commercial fishing activity. Except for small harvests of blue
crab, American shad, and blueback herring, minimal commercial fishing occurs hi the reach of
the Delaware River near the site. Most commercial fishing occurs approximately 85 km south
of the site where the river begins to widen into Delaware Bay and brackish conditions
predominate (Lupine, personal communication 1992).

A significant sport fishing effort occurs in the Delaware River. Species of recreational
importance include striped bass, American shad, herring, catfish, largemouth bass, white
perch, yellow perch, American eel, and blue crab (Lupine, personal communication 1992).
Blue crabs are harvested near the site by recreational crabbers from March through November
(Kaufmann, personal communication 1993; Soldo, personal communication 1992; DRBC
1988). Fishermen use a boat launching ramp located at the yacht harbor directly downstream
of the site, and fishing tournaments for largemouth bass are based out of this ramp. A very
popular location for shore-based fishing is located approximately 1.6 km upstream of the site at
the mouth of the Pennypack River (Kaufman personal communication 1989).

The Pennsylvania Bureau of Water Quality currently has an advisory on the human
consumption of several dominant species that are fished for recreational purposes hi the
Delaware River due to excessive tissue concentrations of PCBs and chlordane. The advisory
covers the area from Burlington Island to Tinicum Island, and includes the portion of the river
of the Metal Bank site. White perch, channel catfish, and American eel are among the
resources included in the advisory (Soldo, personal communication 1992; Kaufmann,
personal communication 1993).
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2.2 Receptors of Concern

The habitats of primary concern include surface waters, tideflats, and associated bottom
substrates of the Delaware River. The Delaware River is a freshwater tidal system near the
Metal Bank site, providing resident and seasonal habitat for numerous species of anadromous,
catadromous, estuarine, and freshwater fish.

The shortnose sturgeon, a Federal and State of Pennsylvania designated endangered species, is
a receptor of primary importance. Shortnose sturgeon Uve their entire life cycle in the Delaware
River and are known to be present in the river reach that includes the site during summer after
spawning in upstream areas.

Other fish species considered in the assessment include channel catfish, silvery minnows, and
white perch. Important considerations in selecting other receptors of concern included the need
to evaluate species that represented different trophic levels and food web pathways, species that
were likely to be present near the site for at least part of the spring-summer-fall feeding period,
and the availability of data.

Channel catfish serve as a representative of a benthic freshwater fish species that feed on a
variety of prey types and are likely to be resident in the river next to the site for some time.
Channel catfish are also used as a surrogate species for the shortnose sturgeon. Silvery
minnows are an important forage fish species that feed in shallow water areas, such as the .
mudflat next to the site. White perch are an anadromous fish species that is abundant near the
site and recreationally important.

Benthic invertebrates, such as Asiatic clams (Corbiculaflumined), are present in the mudflat
and Delaware River next to the site. The invertebrates were considered as a single group for
the purposes of this assessment. Benthic invertebrates may provide an important exposure
pathway for higher trophic-level fish and wildlife species that feed hi the intertidal and
nearshore Delaware River habitats.

2.3 Life Histories of Selected Fish Species in the Delaware River

The following section, much of which was directly excerpted from Menzie-Cura (1993b),
presents life history information for selected fish species present in the Delaware River. The
profiles focus on the movements, preferred habitats, and feeding ecology of these species in
order to understand their habitats and potential exposures in the Delaware River as they relate to
the MBA site.
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2.3.1 Shortnose Sturgeon (Acipenser brevirostrum)

The shortnose sturgeon is the only federally designated endangered fish near the Metal Bank
site. Sturgeon populations within the Delaware River are thought to have declined in number
due to overfishing and slaughter of fish caught in shad nets. In addition, shortnose sturgeon
experience slow growth and late maturation. The historic area of low levels of dissolved
oxygen in the Delaware River may have also hindered their recovery several years ago,
although this no longer seems a limiting factor (Schick, personal communication, as cited in
Menle-Cura, 1993b). Presently, the adult population hi the Delaware River is estimated
between 6,000 to 14,000 shortnose sturgeon (Hastings, et al. 1987 as cited in Menzie-Cura,
1993b).

Delaware River shortnose sturgeon generally use the river from Lambertville into the
Philadelphia area in a cyclic pattern (O'Herron, et al. 1993 as cited in Menzie-Cura, 1993b).
They overwinter in a dense, sedentary aggregation from Burlington Island to Duck Island. The
channel area off Duck Island (approximately 32 km upstream of the Metal Bank site), in
particular, appears to be an important overwintering site (Brundage 1988; O'Herron, et al.
1993 as cited hi Menzie-Cura, 1993b). From late March to April, spawning sturgeon are
found hi aggregations between Scudders Falls and Trenton Rapids, approximately 49 km
upstream of the Metal Bank site. The post-spawning males and females move rapidly
downstream into the Philadelphia area from April to May. During this period, some
individuals have been captured as far downstream as Delaware Bay. Some sturgeon remain in
the Philadelphia area throughout the summer, many return upriver within a few weeks, while
others gradually move upriver over the course of the summer. By November the aggregation
of shortnose sturgeon has again formed near Duck Island (O'Herron, et al. 1993 as cited in
Menzie-Cura, 1993b).

Shortnose sturgeon feed indiscriminately upon bottom organisms. Food items of juvenile and
adult fish include polychaete worms, mollusks, crustaceans, aquatic insects, and small bottom-
dwelling fishes (Gilbert 1989). Adult shortnose sturgeon feed off benthic or plant surfaces.
They generally feed in shallow water at night or when turbidity is high. Shortnose sturgeon
appear to prefer feeding in freshwater with shallow, muddy bottoms and abundant
macrophytes. In the summer, adults feed in deeper water, possibly in response to water
temperature, in areas of little or no current. Larval and juvenile shortnose sturgeon appear to
prefer deep channels. Juveniles may prefer a sand-mud or gravel-mud substrate.

A study conducted on the Connecticut River (Buckley and Kynard 1985; as cited by Gilbert
1989) suggests water velocity and depth may be more critical than substrate in determining

: 2-7
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spawning locations. Spawning typically occurs in deep areas where wat;er velocities are
between 0.4 and 1.3 meters per second (m/s) and the substrate is a combination of gravel,
rubble and cobble. Female sturgeon in Connecticut begin spawning between ages 8 to 12, and
males slightly earlier (Gilbert 1989). The interval between successive spawnings by the same
individual sturgeon may range from 4 to 12 years. Shortnose sturgeon are a long-lived
species, with oldest reported ages from individuals from northern rivers ranging between 34
and 67 years.

The release of the eggs in the proper water velocity may be critical to egg deposition and
survival. If the water velocity is too great, the eggs may not adhere to the substrate before
losing their adhesiveness. If the velocity is too low, the eggs may clump and result in
increased mortality from respiratory stress, fungus growth, or potential egg predation.

2.3.2 White Perch (Morone americana) excerpted from Menzie-Cura, 1993b

White perch is an important fisheries species and is present near the site. White perch thrive in
a variety of habitats. They are found throughout the Delaware River (from the mouth north to
the Musconetcong River); however, they are uncommon in the lower part of the estuary. Most
of the tidal tributaries of the Delaware River contain white perch populations; some may
support discrete populations.

The average lifespan of white perch is 5 to 7 years. In the Delaware River, the maximum age
is 8 to 10 years. Males reach sexual maturity between 2 and 3 years; females between 2 and 4
years.

In the Delaware River, items most commonly eaten by white perch are the aquatic invertebrates
Neomysis americana, Gammarus, and copepods. Adults may also eat other fish. Young-of-
the-year eat microplankton, and as they grow eat aquatic insects. White perch move nearshore
at night to feed, returning to deeper water at dawn. '

White perch are anadromous and migrate upstream in the spring to spawn hi fresh water and
oligohaline areas, returning to deeper brackish water in the fall and whiter. White perch spawn
at water temperatures of 16- to 24-degrees C (average of 21°C). In the Delaware River, this
occurs from late March to early June when the fish move into spawning areas upstream of
Newbold Island to as far north as Lambertville. This range is approximately 10 to 32 km
upstream of the MB A site. Spawning also occurs in tributary creeks.

2-8
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Spawning usually takes one to two weeks, and the female does not release all her eggs at once.
Spawning usually occurs in shallow water with gravel shoals or sparse submerged vegetation.
Males and females release sperm and eggs together. The eggs then become attached to
vegetation and rocks. The number of eggs released can vary from 20,000 to greater than
300,000.

The incubation period for the eggs is inversely related to temperature. The hatched larvae are
planktonic and can drift downstream or up and downstream with the tide. Development from
the larval to juvenile stage takes approximately six weeks. During this time, the young white
perch move to shallow water nursery areas where they spend the summer. In the fall, they
leave the tributary and nursery areas for deeper more saline waters. Many of the young-of-the-
year overwinter north of Salem, New Jersey, 65 km downstream of Philadelphia.

2,3.3 Channel Catfish (Ictalurus punctatus)

The reported home range and movement of channel catfish vary by investigator. McCammon
(1956) as cited hi Menzie-Cura, 1993b, reported highly restricted movements by most catfish
tagged in the lower Colorado River. However, Hubley (1963) as cited in Menzie-Cura,
1993b, observed that only 24 percent of tagged channel catfish were characterized as "local"
(within 3.2 km of release site) in the upper Mississippi River. Hubley observed one catfish
travel 180 km over a 36-day period. The differences in movement may be in response to
available habitat and food.

Young-of-the-year channel catfish feed predominantly on plankton and aquatic insects. The
adults are opportunistic feeders; their diet includes: terrestrial and aquatic insects, detrital and
plant material, crayfish, and mollusks. Fish may be a significant part of the diet for large
catfish.

Feeding is conducted usually at night through vision and chemosenses. The channel catfish
may feed both off the bottom and hi the water column, although the former is more
characteristic. They typically move into the shoreline at night to feed. Optimum riverine
conditions have been described as locations with warm temperatures and a diversity of
velocities; depths; structural features such as debris, logs, cavities, and boulders that provide
cover. The largest populations of channel catfish in the Delaware were found in moderate- to
slow-flowing pools and backeddies over bottoms of gravel, rubble, and bedrock (Mihursky
1962 as cited in Menzie-Cura, 1993b).
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Channel catfish probably spawn in the Delaware River from May through July, as evidenced
by the occurrence of small young. Most, if not all, spawning occurs in nontidal fresh water
since small young (less than 30 millimeters [mm]) were extremely scarce in the tidal waters of
the Delaware (Wang and Kernehan, 1979 as cited in Menzie-Cura, 1993b).

Spawning is greatly inhibited if suitable nesting cover is unavailable. Dark and secluded areas
are required for nesting. Males build and guard the nests in a variety of protective covers. In
large rivers such as the Delaware, channel catfish are likely to move into shallow, flooded areas
to spawn. Newly hatched fry remain at the nest for seven to eight days, then they move to
shallow arms containing cover.

2.3.4 Eastern Silvery Minnow (Hybognathus regius) (from Menzie-Cura, 1993b)

The silvery minnow is primarily a year-round resident of the tidal freshwater portion of the
Delaware estuary, although some specimens have been taken from salinities as high as 8.3 ppt.
Young and adults were found in the shore zones of tidal creeks and mainstem of the Delaware
River (Walton and Patrick 1973 as cited in Menzie-Cura, 1993b); only larger individuals were
found in deeper channel waters (Wang and Kernehan 1979 as cited in Menzie-Cura, 1993b).

Spawning occurs in shallow inshore waters usually over sand and gravel hi tidal creeks. The
eggs are nonadhesive. Approximately two weeks after hatching, the young congregate into
small schools near shore among emergent vegetation. Fast growing individuals may mature at
age 1 (Raney 1942). In the Delaware River estuary, large schools of adults are found on
spawning grounds in the upstream areas or tidal creeks during April and May at water
temperatures of 12 to 20 °C (Wang and Kernehan 1979 as cited in Menzie-Cura, 1993b).

The total length of individuals hi September is approximately 41 to 71 mm at age 0,64 to
89 mm at age 1, and 76 to 97 mm at age 2 (Raney 1942 as cited in Menzie-Cura, 1993b).

*•/ - -

Examinations of stomach contents indicate that the diet of the silvery minnow consists
primarily of bottom ooze and algae (Flemer and Woolcott 1966 as cited hi Menzie-Cura,
1993b).

2-10
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3 CONTAMINANTS OF CONCERN

The initial step in a site-specific ecological risk assessment is to identify the potential
contaminants of concern (COC) to be evaluated in the assessment. This section presents the
methodology used to accomplish this step. Including a chemical as a potential COC does not
imply that the chemical is posing a risk to ecological receptors in the Delaware River and the
mudflat next to the site, but only that it is being considered as part of the evaluation process.

3.1 Selection Criteria for Contaminants of Concern

COCs for this risk assessment were selected by evaluating the data from the Metal Bank site for
sufficiency and by comparing the data to existing criteria relating to aquatic environmental
health. Contaminant levels hi water were compared to freshwater chronic ambient water
quality criteria (AWQC; EPA 1992b). Because aquatic organisms would not be directly
exposed to groundwater, contaminant concentrations were reduced by an appropriate dilution
factor, based on groundwater and river flow, prior to this comparison.

There is very little information regarding the toxicity of contaminated sediments. No criteria
similar to the AWQC are available. Long and Morgan (1991) assembled data from a large
number of different studies on the concentrations of inorganic and organic contaminants in
sediments associated with a variety of adverse effect endpoints. The studies included the
results from synoptically collected sediment chemistry and biological data, spiked sediment
bioassays, interim equilibrium partitioning (EP) values, and Apparent Effects Threshold (AET)
values. Using the effects concentrations observed or predicted by these various methods, the
lower tenth percentile (Effects Range-Low or ER-L) and the median concentrations (Effects
Range-Median or ER-M) were calculated. After the initial effort, additional studies were added
to the Long and Morgan database resulting in changes to some of the ER-Ls and ER-Ms (Long
and MacDonald 1992). The ER-L and ER-M concentrations were proposed as weight-of-
evidence based guidelines for determining contaminant-specific sediment concentrations below
which adverse biological effects would be unlikely (ER-L) and above which effects would be
probable (ER-M; Long and Morgan 1991; Long and MacDonald 1992).

The AET approach to developing sediment criteria was developed by EPA Region 10 for Puget
Sound (Washington) and is currently the basis for sediment quality standards for the State of
Washington. The AET approach relates the chemical concentrations in field-collected
sediments to at least one biological indicator of injury (e.g., sediment bioassays or altered
benthic infauna abundance) to determine the concentration of the contaminant above which
biological effects were always observed (PTI1988).

It should be noted that, by definition, the AET is a less conservative estimator of risk than the
ER-M because above the AET, effects were always observed; above the ER-M, effects are
probable but not assured. The exact degree of probability varies with each contaminant.
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A tiered approach was used to select the COCs. Analytes were eliminated from further
consideration as a COC if:

• There was insufficient data to make an evaluation.

• An analyte was not detected in the medium being evaluated, or was detected only
once.

• In groundwater: following dilution by the Delaware River, the maximum analyte
concentration would result in surface water concentrations less than the chronic
AWQC for the protection of freshwater organisms (EPA 1992b).

• In surface water: the maximum analyte concentration was less than the chronic
AWQC for the protection of freshwater organisms (EPA 1992b).

• In sediment: the maximum analyte concentration was less than the ER-L (Long and
MacDonald 1992).

3.2 Contaminants of Concern in Groundwater and Surface Water

Within the scope of this aquatic ecological risk assessment, groundwater becomes a concern
when it enters the Delaware River and becomes surface water. Therefore, prior to evaluation
as potential COCs, the maximum concentration for each analyte (Table 3-1) was divided by a
dilution factor representing the estimated groundwater discharge rate and low-flow conditions
in the Delaware River. Comparison of the estimated concentrations of the COCs in surface
water, based on groundwater input, to the freshwater chronic AWQCs (EPA 1992b) indicates
that none of the COCs exceed their respective chronic AWQC. Based on this analysis the
contribution of site related groundwater to surface water exposure to polynuclear aromatic
hydrocarbons (PAHs), 4,4'-DDD, 4,4'-DDE, bis (2-ethylhexyl) phthalate (also known as
di (2-ethylhexyl) phthalate or DEHP), butylbenzyl phthalate, diethyl phthalate, dimethyl
phthalate, di-n-butyl phthalate (DBP)̂ di-n-octyl phthalate (DOP), arsenic, cadmium,
chromium, copper, lead, mercury, silver, and zinc is expected to be negligible due to
concentrations of these COCs in groundwater and their dilution upon entering the Delaware
River. While total polychlorinated biphenyls (PCB) concentrations were also well below their
chronic AWQC concentration, because they are of major concern at the site it was thought
necessary to evaluate their contribution from groundwater. Therefore PCBs will be treated as a
COC in groundwater.

Because surface water analysis was restricted to PCBs and pesticides from pooled water hi the
mudflats, surface water concentrations for potential organic and inorganic contaminants were
estimated based on dilution of groundwater concentrations (see above). Based on these
calculated concentrations and the measured concentrations for PCBs and pesticides (the vast
majority were below detection) only total PCBs will be considered (Table 3-1).
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Table 3-1.Concentrations and frequency above detection limits (DL) of the potential
contaminants of concern in groundwater, surface water (fig/1) and non-aqueous
phase liquid (NAPL) (mg/1) at the Metal Bank site (HMM 1993b) compared to the
chronic AWQC for the protection of freshwater organisms (EPA, 1992b).

Chemical

Total PCBs

Total PAHs

Acenapthene

Fluoranthene

Naphthalene

Phenanthrene

Pyrene

Pesticides

DDT

DDE

ODD

Phthalates
Bis
(2-ethylhexyl)

phthalate
Butylbenzyl

phthalate
Diethyl

phthalate
Dimethyl

phthalate
Di-n-butyl

phthalate
Di-n-octyl

phthalate

Groundwater
Min-

Ug/1
<0.5-
<1
6
1

(<10)
2

(<10)
1

(<10)
2

(<10)
2

(̂ 10)

<0.5

<0.5

<0.5

0.13

I
(<10)

7

<10

1

0.014

Max

Ug/1

26

2100

110

200

1500

240

160

0.52

59

23

240

8

22

ND

11

4

Freq
Above
DL

3/30

22/35

16/35

19/35

17/35

17/35

20/35

2/16

9/16

8/16

21/36

16/36

6/36

0/36

9/36

4/36

Groundwater Seep
Min

Ug/1
<0.5-
<1
NT

<0.2

<0.1

<0.1

NT

Max

Ug/1

3.7

NT

ND

2.3

0.68

NT

Freq
Above
DL

1/3

0/3

1/3

1/3

Freq
Above
AWQC

1/1

0/1

1/1

Surface Water
Min

Ug/1
<0.5-
<1
NT

<0.1

«U

<0.1

NT

Max

Ug/1

ND

NT

ND

0.02

ND

NT

Freq
Above
DL

0/4

0/4

1/4

0/4

Freq
Above
AWQC

0/1

Oil

Ug/1
<36-
<71
NT

<7.1

<7.1

<7.1

NT

AWQC

Ug/1

0.014

NA
520*

3980*

620*

6.3p

NA

0.001

1050*

0.6*

360p

3*c

3*c

3*c

3*c

3*c

NAPL

mg/1
•

1100

87

<750

<750

<750

<750

1<48

<48

<48

590

AR300925 3-3



MB Aquatic ERA March 1994

Table 3-1. Continued.

Chemical

Trace Elements

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury
Nickel

Silver

Zinc

• Groundwater
Min

0.9
(<10)
<2.8-
<5

<K>
9.6
(<25)
<3

<0.2

<40
<2.3-

3.2
(<20)

Max

370

11

290

1200

1400

22

172

ND

2200

Freq
Above
DL

27/38

6/16

26/28

26/27

25/35

17/44

22/32

0/31

41/41

Groundwater Seep
Min

NT

Max

Ug/1
NT

Freq
Above
DL

Freq
Above
AWQC

Surface Water
Min

ug/i
NT

Max

NT

Freq
Above
DL

Freq
Above
AWQC

Oil

US/1
NT

AWQC

190

1.1+

11

12+

3.2+

0.012

160+

0.12

110+

NAPL

mg/1

<0.18

NT

NT

NT

NT

<0.1

NT

NT

NT

ND: Not detected AWQC Notes
NT: Not tested p: Proposed
NA: No criterion available c: Value for chemical class
Less than value in () indicates a detection *: Insufficient data to develop criteria, the listed
limit higher than the lowest reported concentration is the acute lowest observed effect level
detected concentration +: Hardness dependent criteria (based on 100 mg

CaCOs/1)

3.3 Contaminants of Concern in Non-Aqueous Phase Liquid (NAPL)

The NAPL layer at the site is of concern as a potential continuing source of contamination for
adjacent sediments and surface waterif it is permitted to migrate off the site. A sample of the
NAPL layer was taken from Monitoring Well (MW) 6 during October 1991 and analyzed for
total PCBs; total PAHs; DEHP; 4,4'-DDT; 4,4'-DDE; and 4,4'-DDD. Total PCBs, a single
PAH (18 individual PAHS were analyzed for), and DEHP were detected hi high
concentrations. While the remaining individual PAHs; phthalates; 4,4'-DDT; 4,4'-DDE; and
4,4'-DDD were all below the detection limits, the detection limits were extremely high.
Because of the excessively high detection limits and lack of a method for estimating the
concentrations of the other phthalates; 4,4'-DDT; 4,4'-DDE; and 4,4'-DDD, they were
excluded from consideration as COCs hi the NAPL. Therefore, the COCs hi the NAPL layer
that will be addressed hi this risk assessment are total PCBs, total PAHs, and DEHP.
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3.4 Contaminants of Concern in Sediments

The potential COCs for the Delaware River, mudflat, and riprap sediments are PCBs, PAHs,
polychlorodibenzo-p-dioxins (PCDDs), polychlorodibenzofurans (PCDFs), DDT, phthalates
and trace elements (Table 3-2).

Two riprap sediment samples were analyzed for PCDDs and PCDFs (Table 3-2). The
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxicity equivalency (TEQ) concentration for each
PCDD and PCDF were calculated (EPA 1989a) and summed to produce a maximum total TEQ
of 0.303 ng/kg. The TEQ was below the concentration of 60 ng/kg in sediment reported by
EPA (1993) to present low risk to fish. PCDDs and PCDFs were eliminated as potential
COCs.

Total PCBs, total PAHs, 4,4'-DDE and 4,4'-DDD were found at elevated concentrations in
numerous sediment samples, while 4,4'-DDT was only detected hi one of 21 samples.
However, the single detection of 4,4'-DDT exceeded both the ER-L (1 jig/kg) and the ER-M
(7 |ig/kg), and the detection limits for the other samples were extremely high (19-4000 jig/kg).
Because of the high detection limits, there is no justification hi considering that because 4,4'-
DDT was not detected it was not present at elevated concentrations. The phthalates, DEHP,
DBP and DOP were detected in several sediment samples hi concentrations above their
respective AET concentrations. Therefore, the organic COCs hi sediment that will be
addressed in this risk assessment are: total PCBs; total PAHs; 4,4'-DDT; 4,4'-DDE;
4,4'-DDD; DEHP; DBP; and DOP.

Only seven stations (two in the river and five in the mudflat) had sediment samples analyzed
for the trace elements arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and
zinc. Two river-station samples (US1 and US2) and one mudflat station (DS1 with a
duplicate) sample from the June 1991 sampling round (Round 1) were analyzed for trace
elements. All trace elements, except silver, were detected in all four samples; silver was
detected in only one sample. Samples from four mudflat stations (MF3, MF9, MF10 and
MF11 with a duplicate) collected during the October 1991 sampling round (Round 2) were
analyzed for trace elements. Only cadmium was reported as being above detection; however,
the detection limits for each trace element exceeded their respective ER-Ls and often their ER-
Ms. Because these excessively high detection limits resulted in all of the trace elements, with
the exception of cadmium, being detected only at the extremes of the study area (US 1 &2,
DS1) there is no way to evaluate the potential risk of trace elements hi the intervening area nor
does the data permit relating trace element concentrations to the Metal Bank site. Therefore,
cadmium will be the only trace element to be treated as a COC hi sediments for this risk
assessment. This does not mean that other trace elements do not pose a risk it just means their
risk cannot be evaluated.
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Table 3-2. Concentrations of the potential organic and inorganic contaminants of concern reported in
mudflat, riprap, and Delaware River sediments (HMM 1993b) compared to their respective
ER-L, ER-M, or AET concentrations (PTI 1988; Long and Morgan 1991; Long and
MacDonald 1992).

Chemical

Oreanic Chemicals

Total PCBs
(mg/kg)

Total PAHs
(mg/kg)

Pesticides
<Ug/kg)

DDT

DDE

DDD

PCDD/PCDF
(ng/kg)

2,3,7,8-TCDD
Total TCDD

m Total PeCDD
W Total HxCDD

Total HpCDD
OCDD
2,3,7,8-TCDF
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
OCDF

TEQ

Phthalates
(mg/kg)

Bis(2-ethylhexyl)
phthalate

Butylbenzyl
phthalate

Diethylphthalate

Dimethylphthalate

Di-n-
butylphthalate

Di-n-
octylphthalate

fe.

1993 Sampling Data

Min

<0.25-
<8.1

0.62

NT

NT

0.067
(<0.45-

<8

<8

<8
0.15

•0.28
(<0.45-

Max

16

240

NT

NT

1900

0.11

ND

ND

2.5

130

Freq
Above
Dl

9/11

15/15

NT

NT

14/17

1/17

0/17

0/17

2/17

4/17

Freq
Above
ER-L

9/9

11/15

•

Freq
Above

ER-M or AET

6/9

5/15

6/14

1/1

1/2

1/4

1991 Sampling Data

Min

<0.095
-<6.3

0.46

<19-
<4000
<19-
<630
<19-
<630

<0.015
0.01
<0.042
0.11
0.18
1.602
0.061
0.12
0.5
0.4
0.59
0.249
0.009

0.19
<0.6-<5

<5

<5

<5
0.054
«0.6-

0.19
(<0.48-

Max

14

920

16

500

470

ND
1.826
0.06
0.52
1.91
4.33
0.403
1.11
6.94
15.08
22.83
6.14
0.303

8.5

ND

ND

ND

0.098

0.64

Freq
Above
Dl

22/44

8/8

1/40

13/40

14/40

0/2
2/2
1/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2

6/10

0/10

0/10

0/10

4/10

2/10

Freq
Above
ER-L

22/22

5/8

1/1

13/13

14/14

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

• NA
NA

NA

NA

NA

NA

NA

NA

Freq
Above

ER-M or AET

21/22

2/8

1/1 '

11/13

14/14

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0/2

2/6

0/4

0/2

Screening Values

ER-L

0.023

4

1

2.2

2

NA

ER-M
/AET

0.18/

45/

11

211

20/

60*

/1. 3

/0.063

/0.2

/0.071

/1.4

/6.2
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Table 3-2. continued.

Chemical

Trace Elements
(mg/kg)

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Silver

Zinc

1993 Sampling Data

Min

NT

Max

NT

Freq
Above
Dl
NT

Freq
Above
ER-L
NT

Freq
Above

ER-M or AET
NT

1991 Sampling Data

Min

1.1
(11-
<59)
(<1.55
-<26)
21

(<23-
<120)
(<11-
<59)
<110-
<590
0.13
«23-
<120)
20

<590)
<0.69-
<59
201
(<230-
<1200)

Max

290

330

36

695

2030

0.55

35

490

1110

Freq
Above
Dl

4/9

6/8

4/9

4/9

4/9

4/9

4/9

1/9

4/9

Freq
Above
ER-L

1/4

6/6

0/4

4/4

4/4

3/4

3/4

1/1

4/4

Freq
Above

ER-M or AET

1/4

5/6

0/4

0/4

2/4

0/4

0/4

1/1

1/4

Screening Vaî HI

ER-L

8.2

1.2

81

34

47

0.15

21

1

150

ER-M
/AET

'

70/

9.6/

370/

270/

223/

0.71/

52/

3.7/

410/
^

—— •

NT: Not tested
NA: No ER-L, ER-M, or AET have been developed for PCDDs and PCDFs
PCDD: Polychlorinated dibenzo-p-dioxins
PCDF: Polychlorinated dibenzofurans
TCDD: TetraCDD
PeCDD: PentaCDD
HxCDD: HexaCDD
HpCDD: HeptaCDD
OCDD: OctaCDD
TEQ: 2,3,7,8-TCDD toxic equivalency concentration (EPA 1989a)
* Value reported by EPA as a low risk to fish (EPA 1993)
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4 EXPOSURE ASSESSMENT

This section determines the routes and magnitudes of exposure to the COCs present at or
migrating from the Metal Bank site. Results of this exposure assessment are combined with
chemical-specific toxicity information developed in the toxicity assessment to characterize risks
to ecological receptors. In general, concentrations will be reported to two significant figures.

The key components of the exposure assessment include:

• Identifying potential exposure pathways; and
• Estimating exposure-point concentrations and identifying important exposure

contact areas.

4.1 Exposure Pathways at Metal Bank of America

Transformer salvage operations were conducted at the MBA site between 1968 and 1973.
Transformers were disassembled on a concrete pad and PCB-contaminated oil from the
transformers was drained into a 37,850-liter underground storage tank (BCM 1988). Spills of
oil and rupture of the underground storage tank contaminated soils and groundwater on the
site. It is estimated that between 44,000 and 175,000 liters of PCB-contaminated oil infiltrated
groundwater beneath the site (ICF Clement 1987). NAPL was detected hi monitoring wells as
early as 1977 with a PCB concentration of 1,080 mg/kg and as late as 1991 with a PCB
concentration of 1,090 mg/kg (Weston 1978; HMM 1992). Subsequently, contaminated
groundwater and oil product seeped into the intertidal and nearshore areas of the Delaware
River, contaminating sediments and surface water (BCM 1988). Oil seeps discharging from
the site to the Delaware River were reported as early as 1972 (HMM 1993). A sample collected
from an oil slick on the Delaware River hi 1973 was reported to have a PCB concentration of
800 mg/kg (Weston 1978).

An oil recovery and treatment system operated at the site from 1983 until April 1989 and
recovered approximately 16,000 liters of oil by January 1987 (ICF Clement 1987; COM
1989). In 1989 EPA determined that, though the system as designed had collected all
recoverable oil, underground oil was still present at the site (CDM 1989).

The elevated concentrations of PAHs, phthalate esters, and the trace elements copper, lead,
mercury, and zinc reported hi soil and groundwater from the site may be attributable to
combustion products from the burning of the insulation on electrical wke as part of the metal
refabrication activities from 1968 to 1972. (HMM 1993).
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The primary pathways of transport of site-related contaminants from the MBA site to the
mudflat and Delaware River are through discharge of contaminated groundwater and NAPL.

4.1.1 Fate and Transport Analysis of COCs at MBA

This section discusses the fate of COCs from MBA after their discharge to the environment.
The chemical and physical characteristics of the COCs as well as those of the environment hi
which they exist will determine their action hi the environment as well as their availability to
receptor organisms.

4.1.1.1 PCBs
As a result of their highly lipophilic nature and low water solubility, PCBs are generally found
to have low concentrations hi water and relatively high concentrations hi sediments. Individual
PCB congeners have different physical and chemical properties based on the degree of
chlorination and position of chlorine substitution, although differences hi the degree of
chlorination are usually more significant (Phillips 1986). Vapor pressure and water solubility
are inversely related to degree of chlorination (Erickson 1985; Phillips 1986). Octanol-water
partition coefficients, which are often used as estimators of the potential for bioconcentration,
are highest for PCB congeners with the highest degree of chlorination. Solubilities and
octanol-water partition coefficients range over several orders of magnitude. Due to their higher
water solubility, lower-chlorinated PCBs may show greater dispersion from a point source,
while the higher-chlorinated components of a PCB mixture may remain hi the sediments closer
to the source (Phillips 1986).

The mobility of PCBs in sediment is also a function of the chlorine substitution pattern and
degree of chlorination and is generally quite low, particularly for the higher chlorinated
biphenyls (Fisher et al. 1983). As a result of this low mobility, without disturbance of the
sediment or bioaccumulation, even low rates of sedimentation may prevent PCBs hi the
sediment from reaching the overlying water via diffusion (Fisher et al. 1983). The
measurement of PCB concentrations hi sediment is complicated by their non-uniform
distribution on both vertical and horizontal scales.

PCB concentrations are also affected by physical characteristics of the sediment such as grain
size and total organic carbon content (Pavlou and Dexter 1979; Lynch and Johnson 1982).
Fine sediments generally contain higher concentrations of PCBs than coarser sediments,
probably as a result of larger surface area on the finer sediments (Phillips 1986). The amount
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of PCBs sorbed to sediments is also a function of the total organic carbon content of the
sediment (Chou and Griffin 1986; Sawhney 1986).

The persistence of PCBs in the environment is a result of their general resistance to
degradation. The rate of degradation of PCB congeners by bacteria decreased with increasing
degree of chlorination (Furukawa 1986); other structural characteristics of the individual PCBs
also affected susceptibility to microbial degradation to a lesser extent. Photochemical
degradation, via reductive dechlorination, is also known to occur hi aquatic environments; the
higher chlorinated PCBs appear to be most susceptible to this process (Sawhney 1986). In
addition, reductive dechlorination of the higher chlorinated PCB congeners by anaerobic
bacteria in sediments has been reported (Brown et al. 1987). The overall significance of the
different degradation pathways hi terms of reduction of environmental PCB concentrations is
not clear at this time.

PCBs hi sediments can provide a significant source of contamination for aquatic organisms
(Larsson 1984 aind 1986; Lake et al. 1990; Connolly 1991; Ankley et al. 1992; Pruell et al.
1993). Bioaccumulation of PCBs from contaminated sediments may result from uptake from
the interstitial or overlying water (via respiration), direct dermal sorption, ingestion of
sediment, or indirectly through the food web (Rubenstein et al. 1984; Swartz and Lee 1980).
The availability of PCBs in sediments to aquatic organisms depends on the concentrations of
the specific PCBs present, physical properties of the sediment, environmental factors, and
characteristics of the organisms. The presence of other contaminants may also influence the
availability of PCBs (Shaw and Connell 1982). In higher trophic-level fish species, PCB
exposure through the food web may serve as the major source of observed tissue
concentrations (Thomann and Connolly 1984; Oliver and Niimi 1988).
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The empirical relationship between PCB concentration hi sediments and the resulting levels in
resident biota has been investigated hi a number of studies (Table 4-1). Bioaccumulation
factors (BAF; biota [PCB]/sediment [PCB]) hi freshwater invertebrates ranged from 1 to about
24, whereas BAFs hi field-collected freshwater fish ranged from 0.13 to as high as 30 based
on data normalized for lipids and TOC (biota [u.g PCB/g lipid]/sediment [u.g PCB/g TOC];
MacDonald et al. 1993). The BAF appears to increase with each increase hi trophic level
(MacDonald et al. 1993).

Table 4-1. Summary of bioaccumulation factors (ratio of the concentration of PCB hi the
organism to that in the sediment) from PCB-contaminated sediments.

Organism
Invertebrates
Chironomid larvae

Oligochaete
Clam

Corbicula
Crayfish
Prawn
Zooplankton
Fish
Bluntnose minnow
Golden shiner
Silvery minnow
Silvery minnow
Channel catfish
Channel catfish
Lake trout
Perch
Smallmouth bass
Yellow perch

Location

Artificial ponds
Field
Niagara River
Laboratory
Field
Field
Field
Laboratory
Field

Field
Field
Field
Field
Field
Field
Field
Laboratory
Field
Field

BAF (Range)

4.2
2.9
3
2.4
6.1 (2.7-10.4)*
1.6 (0.52-4.13)*
11 (2.0-23.7)*
1.1
5.0 (1.0-9.1)*

6.5 (1.6-13.8)*
2.7 .(0.13-7.3)*
0.35 (0.07-0.58)*
0.92 (0.19-1.5)*
0.25 (0.07-0.73)*
0.66 (0.18-1.9)*
6.9 (3.8-10.7)*
2.7(1.5-3.9)*
7.9 (3.8-15.5)*
14.2 (4.4-30)*

Source

Larsson 1984

Fox et al. 1983
Tatem 1982
MacDonald et al. 1993**
Metal Bank
MacDonald et al. 1993
Tatem 1982
MacDonald et al. 1993

MacDonald et al. 1993
MacDonald et al. 1993
Metal Bankt
Metal Banktt
Metal Bankt
Metal Banktt
MacDonald et al. 1993
Seelye et al. 1982
MacDonald et al. 1993
MacDonald et al. 1993

* Biota PCB concentration (lipid-based)-to-sediment PCB concentration (organic carbon- based).
** MacDonald et al. (1993) refer to these ratios as BSF (biota sediment factor) rather than BAF.
t Based on nearfield PCB concentrations
tt Based on farfield PCB concentrations (see text).
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4.1.1.2 Polynuclear aromatic hydrocarbons
Because of their relatively low water solubility, most PAHs are strongly adsorbed to particulate
matter in aquatic systems and can accumulate in sediments and biota (Clement Associates
1985). As a result, PAHs can be found at considerable distances from their source, with fine
particles containing PAHs transported by prevailing water currents (PTI 1988b).

PAHs are relatively insoluble hi water, but the dissolved portion may undergo rapid, direct
photolysis. Singlet oxygen is the oxidant, and quinones are the products in these reactions.
Oxidation by chlorine and ozone may be an important fate process when these oxidants are
available hi sufficient concentrations (Clement Associates 1985).

Although PAHs are rapidly bioaccumulated, they are also quickly metabolized and eliminated
from most organisms (shellfish are a known exception). Bioaccumulation, especially in
vertebrate organisms, is usually short term, so it is not considered an important fate process in
multicellular organisms. Biodegradation and biotransformation are probably the ultimate fate
processes for PAHs. The available data suggest that the PAHs with high molecular weights
are degraded slowly by microbes and readily metabolized by multicellular organisms.
Biodegradation probably occurs more slowly in aquatic systems than in soil (Clement
Associates 1985).

Because of the relatively low aqueous solubility of PAHs and their strong affinity for
particulate matter in aquatic systems, sediments are the primary reservoir for PAHs. Once in
the sediments, PAHs are subject to burial, resuspension, and degradation. The lower-
molecular weight PAHs (three aromatic rings or less), because of their greater aqueous
solubility and degradability, will tend to be lost in the weathering process so that the less labile,
higher-molecular weight PAHs tend to predominate in sediments.

4.1.. 1.3 DDT and Metabolites
4,4'-DDD (DDD) and 4,4'-DDE (DDE) are metabolites of 4,4'-DDT, a chlorinated
hydrocarbon pesticide. DDD and DDE are highly persistent hi the environment because of their
low vapor pressure and resistance to degradation and photooxidation. Soils and sediments act
as a primary reservoir for DDD and DDE. Estimates of the half-life for DDT biodegradation in
soil range from 2 to > 15 years (Clement 1992) These compounds are highly lipophilic,
resulting hi accumulation in tissue of aquatic organisms and biomagnification through the
aquatic food web, so that the highest residue concentrations are often found hi carnivorous
predators at the top of the food chain. (Clement Associates 1985).

4-5
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Sorption and bioaccumulation are the most important transport processes for DDT and its
metabolites. Although it occurs slowly, the ultimate fate process for DDT and DDD is
biotransformation to form bis (2-chlorophenyl) methanone. For DDE, direct photolysis is the
most important ultimate fate process in the environment, although biotransformation may also
be important (Clement Associates 1985).

4.1.1.4 Phthalates
Relatively little information is available on specific phthalate esters, but the environmental fate
and transport of DEHP, DBP, and DOP can be largely inferred from data for phthalate esters as
a group. Of the phthalate esters, DEHP is the most thoroughly studied. All three probably
hydrolyze in surface waters, but at such slow rates that this process would not be significant
under most conditions. Photolysis, volatilization, and oxidation do not appear to be important
environmental fate processes, especially in aquatic systems (Clement Associates 1985).

Adsorption onto suspended solids and particulate matter, and complexation with natural
organic matter are probably the most important environmental transport processes for DEHP,
DBP and DOP. The high-log octanoywater partition coefficients for DEHP, DBP, and DOP
(5.3, 5.2 and 9.2, respectively) suggest that these substances would readily adsorb onto
particulate matter high in organic carbon. This contention is supported by the fact that phthalate
esters are commonly found in freshwater and marine sediment samples. DEHP, DOP and,
probably, DBP readily interact with fulvic acid present in humic substances in water and
sediment, forming complexes that are very soluble in water (Clement Associates 1985).

Bioaccumulation by aquatic organisms is considered an important fate process for the phthalate
esters. Biodegradation is also an important fate process in aquatic systems. DEHP, DBP, and
DOP are biodegraded under most environmental conditions, and they can be metabolized by
multicellular organisms. Long-term bioaccumulation and biomagnification are not likely to
occur (Clement Associates 1985).

4.1.1.5 Cadmium

Cadmium, like most naturally occurring metals, is insoluble hi water, however, its chloride and
sulphate salts are readily soluble, cadmium exists hi the aquatic environment as a divalent
cation (+2 valence), and as the free dissolved cation it is readily bioavailable. The
concentration of dissolved cadmium, and therefore its bioavailability is regulated in aerobic
systems by the divalent cation's sorption to hydrous iron and manganese oxides, clay minerals,
and organic matter. The efficiency of these materials hi removing cadmium from solution

4-6
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varies according to their compositions and concentrations; the pH and salinity of the water; the
concentrations of complexing ligands; and the concentration of cadmium (Eisler 1985).
Concentrations of cadmium hi suspended and bed sediments always exceed concentrations in
ambient water. In reducing environments, precipitation of cadmium sulfide limits the mobility
of cadmium (DiToro et all990). While the principal source of bioavailability of cadmium is
the dissolved cation in surface and pore water, cadmium can also become available from
ingested sediment particles, to which it is bound, by the reduced pH levels in the guts of some
organisms (Green et al. 1993).

4.1.2 Summary of Exposure Pathways.

Routes of exposure for PCBs that were identified for aquatic organisms in the Delaware River
next to MBA include direct contact with NAPL, contaminated sediments and surface water, and
ingestion of contaminated prey species with subsequent transfer through the food web.
Because of the limited data available for the non-PCB contaminants of concern, direct exposure
to the contaminated sediments and NAPL were the only pathways of exposure evaluated for
PAHs and phthalates. Direct exposure to the contaminated sediments was the only pathway of
exposure evaluated for DDT and its metabolites and cadmium.

4.2 Receptor Populations

Aquatic species hi the Delaware River are the primary receptor species that are potentially
impacted by COCs discharging to habitats in the river. Of particular concern are benthic and
epibenthic species that spend a substantial portion of their life histories feeding and h'ving in
and on the sediments, which act as a sink for many contaminants. The Asiatic clam, channel
catfish, and shortnose sturgeon are examples of benthic and epibenthic species that are found
near MBA. Of special concern in the Delaware River is the federally-endangered shortnose
sturgeon.

4.3 Exposure-Point Concentrations

Exposure point concentrations have been calculated for sediment, surface water, and NAPL.
Figures 4-1 and 4-2 show the sampling station locations for the various rounds of sampling
from which data was used to make these calculations. Of the three scenarios, exposure to
contaminated sediment is expected to predominate in terms of duration and extent of exposure.
Exposure to oil seeps could result hi localized exposures to relatively high concentrations of
PCBs or PAHs of short duration for mobile species such as fish, but less mobile species may

. 4-7
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experience extended periods of contact with high concentrations of PCBs in the oil. Exposure
by accumulation through the ingestion of contaminated food is discussed, but, because direct
measurements are available for the concentrations of PCBs in receptor organisms, this route
will not be quantified.

4.3.1 PCBs

PCBs were detected hi samples from all environmental media tested (groundwater,
groundwater seeps, NAPL and sediments) with the exception of surface water. No PCBs
were detected in four surface water samples. However, the detection limits were relatively
high, about two orders of magnitude above the AWQC (EPA 1992b) for PCBs.

4.3.1.1 PCBs in Groundwater and Surface Water
Only limited data are available regarding the concentrations of PCBs in surface water at MBA.
PCBs have been reported in oil slicks from the Delaware River as early as 1972 and from oil
slicks in the mudflat since 1977 (Table 4-2). The Pennsylvania Department of Environmental
Resources sampled water hi the Delaware River 1.6 km below MBA in 1974 and 1975 and
reported concentrations of PCBs as high as 0.33 p.g/1 (Cottman Avenue PRP Group 1992).
None of the site investigation studies have examined PCBs in Delaware River surface water.
Surface water samples collected from pooled water on the mudflat at ebb tide hi 1991 were
reported to contain no PCBs, but elevated detection limits (up to 71 jig/1) precluded detection of
low concentrations of PCBs in those samples (Table 3-1). A sample from a groundwater seep
collected along the riprap wall bordering the mudflat in 1991 was reported to contain 3.7 (ig/1
of PCBs (Table 3-1).

Concentrations of PCBs in the water column of the Delaware River resulting from groundwater
discharge are expected to be negligible. The estimated groundwater discharge to the Delaware
River is between 0.45 and 1.22 liters/second (ys; HMM 1993). According to the Delaware
River Basin Commission, the average discharge of the Delaware River is between 311,500 and
339,800 ys. In all but the most extreme drought conditions, a minimum flow of approximately
85,000 ys is maintained to prevent the migration upstream of salt water to a point where it
threatens public groundwater supply (Swinick 1993).

4-8
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Mudflat

Metal Bank
of America

D e l a w a r e R i v e r

MF137

Figure 4-2. 1993 sediment sampling locations (HMM 1993a). -
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For the purposes of estimating dilution of groundwater discharge, it was assumed that dilution
would occur in a 15-meter wide envelope of the river surrounding the site. Since the Delaware
River is approximately 900-meter wide near MBA, this represents 1.7 percent of the river
width. In calculating dilution, for simplicity, it was assumed that the section of the river bed
will hold the same portion of the river flow (Swinick 1993).

I
For estimating dilution, average and low-flow discharge conditions hi the Delaware River will
be used. The volume of the dilution water during average discharge conditions would be:

0.017 (311,500 ys) = 5,295 1/s

The dilution factors for average and maximum groundwater discharges would be 1 1,688 and
4350, respectively. Under low-flow conditions with a minimum river discharge of 85,000 1/s
and average groundwater discharge of 0.45 1/s, the dilution factor would be 3,125 (Swinick
1993). It is expected that low-flow conditions would occur only occasionally and that average
conditions would prevail most of the time.

Final estimated exposure-point concentrations for use in the risk characterization are based on
contributions from PCBs discharged to the Delaware River via the groundwater and from
NAPL seeps. Groundwater data collected in 1991 and 1992 reported detectable concentrations
of PCBs from a total of two wells (out of approximately 15 wells sampled during each
episode), monitoring wells MW-6 and MW-7 in the 1991 sampling episode and MW-6 in 1992
(HMM 1991 and 1992). The highest concentration of total PCBs (26 |ig/l measured as
Aroclors 1242 and 1260) was detected in MW-6 in 1991. If it is assumed that the other
Aroclors were present at half of their respective detection limits, then the total PCB
concentration in MW-6 would be 27 ug/1. Mean and upper 95 percent confidence limit
concentrations were calculated for total PCBs by combining the 1991 and 1992 groundwater
data. Samples hi which PCBs were reported below the detection limit were treated as if PCB
was present at half the reported detection limit. The mean and upper 95 percent confidence
limit concentrations for PCBs hi groundwater are 4.18 and 6.17 (ig/1, respectively. Under
average discharge conditions hi the Delaware River, a dilution factor of 5,295 would result in
PCB concentrations in the Delaware River ranging between 0.79 and 1.2 ng/1. Based on the
groundwater dilution factor of 3125 for low flow conditions in the Delaware River (Section
4.3.1), the corresponding estimated concentrations of total PCBs in the water column of the
Delaware River adjacent to the site would be between 1.3 and 2.0 ng/1. These values would
represent the maximum expected concentrations of PCBs contributed to Delaware River water,
in the immediate vicinity of the site, from site groundwater and are considered to be extremely
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Table 4-2. Summary of early analytical data from sampling at Metal Bank of America
(Weston 1978).

Date
1972
1977

*
1978

Location
Delaware River
Delaware River
On site
Mudflats
Intertidal Area
On-site
On-site
Delaware River

Media Sampled
Oil Slick
Oil Slick
NAPL
Sediment
Oil on Water
NAPL
Groundwater
Sediment

Concentration (ppm)
800
980

1100-1600
620
1100

780-1600
ND-0.21
0.54-32

conservative estimates. The resulting final concentrations of PCBs in Delaware River water is
unknown due to lack of data on background concentrations in the river.

4.3.1.2 Exposure to PCBs in NAPL
During the most recent round of sediment sampling, while no NAPL was observed seeping
from the site and attempts to sample the NAPL from groundwater were unsuccessful, a
subsurface NAPL layer was observed in the lower riprap during low tide. As the tide rises,
raising the groundwater elevation, this NAPL layer may be brought to the surface, making
direct exposure to biota a possibility. Direct exposure to the NAPL, and the associated
extremely high concentrations of PCBs, would be expected to occur in only localized areas,
presenting the greatest risk to species with reduced mobility in the area of release. Earlier
analytical data reported total PCB concentration in the NAPL ranging from 780 to 1,600 mg/1
(mean = 1,200 mg/1) (Table 4-2) (Weston 1978), while the most recent data report the total
PCB concentration to be 1,100 mg/1 (Table 3-1) hi the one sample of NAPL collected from
monitoring well MW-6 (HMM 1992). Based on the recent data, it appears that the PCB
concentration in the NAPL has changed little, if at all. Therefore, a conservative exposure
point concentration of 1,200 mg/1 will be used, a concentration that will be assumed to be
representative of the PCB concentration hi NAPL that may be currently released from the site.

4.3.1.3 Exposure to PCBs in Sediments
PCBs have been reported in sediments from the mudflat as early as 1977 and from the
Delaware River as early as 1978 (Table 4-2; Weston 1978). The most recent sampling
episodes (1991 and 1993) found PCBs in sediments from the mudflat and Delaware River
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(HMM 1992 and 1993). These data are summarized in Table 3-2. Sampling of Delaware
River sediments has been confined to the mudflat and nearshore area immediately adjacent to
the MBA site (Figures 4-1 and 4-2). The majority of the sediment samples collected hi the
mudflat and river during the 1991 and 1993 sampling episodes had detectable concentrations of
PCBs, with concentrations as high as 16 mg/kg (Table 3-2). Because of the restricted area of
sampling in the Delaware River (all river sampling stations were within about 40 meters of the
site), the precise extent of PCB contamination in the river originating from the site has not been
determined. .

One of the most likely routes of exposure for fish and aquatic invertebrates using the Delaware
River and the mudflat is through contact with PCB-contaminated sediments. Asiatic clams
collected from the mudflat in 1992 and the sediments hi which they were buried had elevated
concentrations of PCBs, suggesting that the clams accumulated PCBs from the sediments.
Several studies have demonstrated that benthic invertebrates, including the Asiatic clam; fish;
and zooplankton accumulated PCBs when exposed to PCB-contaminated sediments (McLeese
et al. 1980; Larsson 1986; Tatem 1986).

Calculation of an exposure-point concentration for sediment was based on sediment data
collected in 1991 and 1993. After examination of the data it was decided to divide it into three
areas: the riprap, nearfield mudflat and river, and farfield mudflat. The reasons for this
division were two-fold: (1) there appeared to be a trend of decreasing PCB concentrations with
increasing distance from the site; (2) all the reported river data and the majority of the mudflat
data were from within 30 meters of the site; therefore, any overall mean would be biased by the
near-site data and would not be representative of the mudflat as a whole. The 30-meter
dividing line between nearfield and farfield was somewhat arbitrary; it included almost all of
the 1993 mudflat and river data (except MF-129 and MF-130) and the first row of mudflat
stations from 1991 in the nearfield. The 30-meter dividing line roughly corresponded to the
drainage swale in the mudflat. To calculate the mean sediment concentration for the three areas
(Table 4-3), sediment data were combined based on sampling station location, not station
designation, and included all data from 1991 and 1993 sampling (including that generated by
congener analysis). Where concentrations were reported as below detection then half the
detection limit was used in the calculations. All other values used were as reported, whether or
not they had qualifications associated with them. The quality of the available sediment data
from the Delaware River was compromised by high detection limits for individual Aroclor
mixtures. Of 23 sediment samples collected in the Delaware River, the quantification limits for
Aroclors 1248 and 1254 in 11 of the samples hi which no PCBs were detected ranged between
0.74 and 6.3 mg/kg.
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Exposure point concentrations for PCBs in sediment are based on total PCBs. The patterns of
PCBs in sediment were most frequently measured as Aroclors 1248, 1254, and 1260. When
detectable concentrations were determined for one or more of these Aroclors in a single sample,
the concentrations were summed to arrive at the total PCB concentration in a sample. Since
Aroclors 1016, 1221, 1232, and 1242 were not detected in any of the sediment samples, total
PCB concentrations were calculated by summing the concentrations of Aroclors 1248, 1254,
and 1260. Samples in which PCBs were not reported above the detection limit were treated as
if the PCBs were present at half of the detection limit and this concentration was included hi
calculating the total PCB concentration of a sample. For the samples that underwent analysis
for individual PCB congeners, the total PCB value was calculated by the lab and did not
represent the sum of the individual congeners reported.

Four exposure point concentrations were calculated for sediments in each of the three areas:
the arithmetic mean and the upper 95 percent confidence limit normalized to dry weight and
TOC. TOC concentrations affect the bioavailability of PCBs and it is the TOC normalized
concentrations that are used in BAF calculations. The resulting mean and upper 95 percent
confidence limit concentrations for total PCBs in sediments are presented in Table 4-3. All sets
of values show a clear trend hi decreasing PCB concentrations with increasing distance from
the site.

The limited extent of the highest concentrations of PCBs in sediments is further demonstrated
by an examining the average total PCB concentrations of the individual riprap stations along the
western edge of the site and the nearfield mudflat stations. These concentrations are plotted
against the distance of the individual stations from the station with the highest total PCB
concentration,MF-107 (distance from MF-107 = distance measured parallel to the western site
boundary + the distance measured from and perpendicular to the site boundary). Total PCB

Table 4-3. Mean and upper 95 percent confidence limit (CL) concentrations
(mg/kg) of total PCBs in die sediments near the Metal Bank site
normalized to dry weight and total organic compound (TOC).

Dry Weight
Normalized

TOC Normalized

Area Mean Upper 95 Mean Upper
percent 95percent
CL CL

Riprap

Nearfield (< 30 meters)

Farfield (> 30 meters)

5.9

3.8

0.87

9.4

5.0

1.2

150

79

30

240

110

44

Number
of

Samples
13

24

16
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concentrations appear to drop off rapidly towards the Delaware River but more gradually away
from the river with respect to MF-107 (Figure 4-3). When a regression analysis was
conducted only on those stations increasingly farther from both the river and MF-107 (stations:
MF-107, RR-3, MF-124, RR-2, MF-5, MF-101, RR-1, and MF-1) there was a strong
negative correlation between total PCB concentration and distance with an R2 of 0.71. When
the analysis was conducted on only the corresponding riprap stations (stations: MF-107, RR-3,
RR-2, MF-101 and RR-1) the R2 increased to 0.96 (Figure 4-3). This pattern of decreasing
concentrations resembles that of a point source gradient. ~

20 -i

15-

Total PCBs
mg/kg 10H

5-

Towards
River

MF-107 Away From. River

rMF-9
0
100 0 100 200 300 400 500

Distance from MF-107 hi meters

Figure 4-3. Average total PCB concentrations for the western riprap and nearfield mudflat stations
plot against their distance from riprap station MF-107 (distance = distance along riprap +
perpendicular distance from riprap). The sloping line represents the regression line for
just the riprap stations (R̂O.96).

4.3.2 PAHs

After dilution, the contribution of PAHs to surface water was considered to be negligible so
exposure to PAHs was only evaluated for NAPL and sediments.

4.3.2.1 Exposure to PAHs in NAPL
As discussed above, aquatic organisms in the Delaware River and hi the mudflat could
potentially experience direct, localized contact with NAPL adjacent to the site. Only one
individual PAH (pyrene) was above its detection limit in the single NAPL sample (MW-6)
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analyzed. The reported pyrene concentration was 87 mg/1, while the detection limits for all the
other individual PAHs was 750 mg/1. Because of this extremely high detection limit, it was
decided that a total PAH concentration based on half the detection limit would be unrealistically
high. Therefore, another method was devised to determine the concentrations of the individual
PAHs in the NAPL before summing them. The ratios of each individual PAH concentration to
the pyrene concentration was calculated for the two groundwater samples with the highest
number of detectable PAHs (MW-1 and MW-1D had only four non-detected PAHs). The
ratios for each individual PAH were averaged and the average ratio for each PAH was
multiplied by the concentration of pyrene hi the NAPL. Since pyrene is one of the less soluble
PAHs, the resulting values would tend to err on the high side, resulting hi a conservative but
reasonable estimate (based on the available data) of the individual PAH concentrations in the
NAPL. The resulting concentration of total PAHs hi the NAPL was 1,200 mg/1. The
estimated concentrations for the individual PAHs with AWQC are shown hi Table 4-4.

Table 4-4. Estimated concentrations (mg/kg)of four PAHs in
NAPL and their respective AWQC values (* indicates
an LOEL, p-indicates proposed).

PAH

acenapthene

fluoranthene

napdialene

phenanthrene

Estimated
Concentration

43

73

590

134

AWQC

520*

3980*

620*

6.3p

4.3.2.2 Exposure to PAHs in Sediments
Calculating an exposure-point concentration for sediment was based on sediment data collected
in 1991 and 1993. After examining the PAH data, it was decided to divide it into the same
three areas as those for PCBs: the riprap, nearfield mudflat and river, and farfield mudflat. The
calculation of the mean sediment concentrations for the three areas (Table 4-5) used the
combined PAH data from 1991 and 1993 based on sampling station location, not station
designation. Four exposure-point concentrations were calculated for sediments hi each of the
three areas: the arithmetic mean and the upper 95 percent confidence limit normalized to dry

4-16
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weight and TOC. The resulting mean and upper 95 percent confidence limit concentrations for
total PAHs in sediments are presented in Table 4-5. All sets of values show a clear trend in
decreasing PAH concentrations with increasing distance from the site. >

Table 4-5. Mean and upper 95 percent CL concentrations (mg/kg) of total PAHs
in the sediments near the Metal Bank site normalized to dry weight
and TOC.

Area

Riprap

Nearfield (< 30 meters)

Farfield (> 30 meters)

Dry Weight
Normalized

Mean

310

52

4.1

Upper
95% CL

980

88

4.3

TOC normalized

Mean

3900

1100

200

Upper
95% CL

9400

1800

410

Number
of

Samples

,4

15

4

4.3.3 Phthalates, DDTs, and Cadmium

The remaining COCs (DEHP, DBP, DOP, DDT, DDD, DDE and cadmium), with the
exception of DEHP, will only be evaluated with regard to potential risks associated with
sediments. Potential risks due to DEHP will be evaluated with respect to NAPL and
sediments.

4.3.3.1 Exposure to DEHP in NAPL
DEHP was the only phthalate with a concentration above the detection limits hi the single
sample of NAPL analyzed. Therefore the exposure point concentration for DEHP in NAPL is
as reported (HMM 1993b) 590 mg/1.

4.3.3.2 Exposure to Phthalates, DDTs, and Cadmium in Sediments
Sediment exposure-point concentrations for the three phthalates of concern (DEHP, DBP, and
DOP) were calculated in the same manner as the calculations for PCBs and PAHs. Table 4-6
presents these exposure-point concentrations showing a similar trend of decreasing
concentrations with increasing distance from the site. However, because of the reduced sample
size involved, these numbers must be viewed with caution.

4-17
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Because of the high number below detection limit values and the lack of any apparent pattern of
pesticide concentrations, exposure concentrations for 4,4'-DDT; 4,4'-DDE; and 4,4'-DDD
were calculated based on the entire sediment data set (i.e., the data set was not subdivided by
proximity to the site). The same was true for cadmium because of the very limited size (six
samples) of the data set and the lack of any apparent pattern. Table 4-7 gives the exposure
point concentrations for 4,4'-DDT; 4,4'-DDE; and 4,4'-DDD as a mean and an upper 95
percent confidence limit normalized for dry weight and TOC. Since TOC has little effect on
cadmium concentrations or availabilty, exposure values were only calculated on a dry weight
basis. The resulting mean concentration was 73 mg/kg, while the upper 95 percent confidence
limit was 173 mg/kg.
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Table 4-6. Mean and upper 95 percent CL concentrations (mg/kg) of DEHP,
DBP, and DOP in the sediments near the Metal Bank site normalized
to dry weight and TOC.

DEHP (Bis (2-ethylhexyl) pthalate)

Area

Riprap

Nearfield (< 30 meters)

Farfield (> 30 meters)

Dry Weight
Normalized

Mean

290

2.5

0.28

Upper
95% CL

810

5.0

0.53

TOC normalized

Mean

3100

66

13

Upper
95% CL

8500

120

33

Number
of

Samples

7

13

2

DBP (Di-n-butyl pthalate)

Area

Riprap

Nearfield (< 30 meters)

Farfield (> 30 meters)

Dry Weight
Normalized

Mean

2.0

0.45

0.16

Upper
95% CL

2.8

0.67
0.65

TOC normalized

Mean

42

13

9.0

Upper
95% CL

65
18
51

Number
of

Samples

7

13
2

DOP (Di-n-octyl pthalate)

Area

Riprap

Nearfield (< 30 meters)
Farfield (> 30 meters)

Dry Weight
Normalized

Mean

20

0.97

0.25

Upper
95% CL

56
1.6
0.34

TOC normalized

Mean

220

24

12

Upper
95% CL

590

40

37

Number
of

Samples

7
13
2
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Table 4-7. Mean and upper 95 percent CL concentrations (|ig/kg) of 4,4'-DDT;
4,4'-DDE; and 4,4'-DDD in the sediments near the Metal Bank site
normalized to dry weight and TOC.

Chemical

4,4'-DDT

4,4'-DDE

4,4'-DDD

Dry Weight
Normalized

Mean

110

140

140

Upper
95% CL

131

170

170

TOC normalized

Mean

2500

3300

3500

Upper
95% CL

3200

4000

4400

Number
of

Samples

40

40

40

4.3.4 PCB Tissue Residue Levels in Invertebrates and Fish

Data on PCB concentrations in invertebrate and fish tissue near the site integrates all exposure
pathways. While tissue residue levels in sessile invertebrates such as Corbicula can be
estimated from sediment concentrations using an EP approach, higher trophic level species
(e.g., fish) accumulate a substantial percentage of their PCB body burdens from food.

To estimate PCB body burdens in fish from a food web model requires considerable
information, much of which is unavailable. A more direct approach, using tissue-to-sediment
ratios derived from matching tissue and sediment data from other areas, allows estimation of
tissue concentrations in fish from observed sediment concentrations based on available tissue
data and knowledge of the biology of the target species.

4.3.4.1 Corbicula
Asiatic clams (Corbicula flumined) were collected from five stations in the mudflat hi the fall of
1992. PCB concentrations were determined in whole-body composites by congener-specific
analysis (44 individual congeners or congener pairs) and by standard Aroclor analysis (EPA
CLP method 8080; citation). Based on the congener analysis the total PCB concentrations
ranged from 0.2 to 1.0 mg/kg wet weight and 17.4 to 75.8 mg/kg lipid (Table 4-8; Hermanson
1992). When the lipid weight values are compared to their respective TOC normalized
sediment values the BAFs range from 0.5 to 4.1 with an average of 1.6. The range of BAFs
for benthic infauna reported in the literature is between 1 and 10 with the majority slightly
higher than 1 (MacDonald et al. 1993). Total PCBs determined by the Aroclor method were
all below detection; however, the detection limits ranged between 2 and 5.2 mg/kg.
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Table 4-8. Total PCB concentrations in sediments and tissues (based on congener analysis
(Hermanson 1992)) and bioaccumulation factors (BAFs, tissue lipid normalized
PCB/sediment TOC normalized PCB concentrations) for Corbicula from five stations
in the mudflats of the Metal Bank site.

PCBs in Sediment
Total PCBs mg/kg
Percent TOC
Total PCBs mg/kg TOC

Corbicula tissue
Total PCBs mg/kg ww
Percent Lipid
Total PCBs mg/kg lipid

PCBs Tissue Lipid/PCBs Sediment
TOC

MF-5

7.16
4.9
146.2

1.03
1.35
75.8

0.52

MF-7

0.67
3.7
18.0

0.23
1.32
17.4

0.97

MF-9

1.26
7.0
18.0

0.95
1.29
74.2

4.13

MF-10

0.92
2.4
38.3

0.70
1.27
54.8

1.43

MF-11

1.16
2.8
41.4

0.80
1.68
47.8

1.15

Mean

1.64

4.3.4.2 Silvery minnow and channel catfish

Thirteen Eastern silvery minnows (Hybognathus regius) and 19 channel catfish were collected
in the Delaware River adjacent to the site (Figure 4-4) hi late September 1993. The silvery
minnows were reported to have whole body total PCB concentrations (measured as Aroclors
1242 + 1260) ranging from 0.55 to 2.8 mg/kg wet weight (5.7 to 46 mg/kg lipid; Table 4-9).
Channel catfish collected from the Delaware River adjacent to the site had whole body tissue
concentrations ranging from 1.1 to 4.0 mg/kg wet weight (5.4 to 57.5 mg/kg lipid) and fillet
concentrations from 0.4 to 1.5 mg/kg wet weight (12.0 to 84.7 mg/kg lipid; Table 4-9; HMM
1993b). The overall average lipid-normalized mean concentration for catfish (whole body and
fillet samples combined) of 28.2 mg/kg-lipid was comparable to the 27.5 mg/kg-lipid observed
for the silvery minnow. '

Based on the estimated TOC normalized mean PCB sediment concentration for the nearfield
(79 mg/kg TOC) for the Metal Bank site, the BAFs for whole body channel catfish ranged
from 0.07 to 0.73 with a mean BAF of 0.25. BAFs for silvery minnows ranged from 0.07 to
0.58 *with a mean BAF of 0.35. However, when the BAFs are calculated based on the farfield
TOC normalized mean sediment concentration (30 mg/kg), the catfish BAFs range from 0.18
to 1.9 with a mean of 0.66, and the BAFs for minnows range from 0.19 to 1.5 with a mean of
0.92. When compared to BAFs reported in the literature (Table 4-1), the nearfield values
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appear low for both catfish and minnows; while the farfield BAFs are in the expected range for
a lower trophic level fish species such as the silvery minnow, but still appear low for the
catfish. These results suggest that the minnow, which has a relatively small range of
movement, are exposed, on average, to sediments containing the mean farfield concetration of
PCBs. While the channel catfish, with its larger range of movement, are exposed, on average,
to sediments containing less than the mean farfield concentration of PCBs. Furthermore, it is
generally recognized that PCBs biomagnify resulting in increasing BAFs with increasing
trophic level (MacDonald et al. 1993). The fact that the silvery minnows have a larger BAF
than the channel catfish further suggests that they are exposed on average to sediments
containing higher levels of PCBs than are the channel catfish.

4.3.4.3 Delaware River data

The presence of PCBs in Asiatic clams from the mudflat indicates the potential for transfer of
PCBs through the food web in aquatic organisms of the Delaware River, especially for those
species that feed predominantly on benthic or epibenthic organisms. A number of studies have
demonstrated PCB contamination in fish throughout the main stem of the Delaware River
(DRBC 1988; USFWS 1991; EPA 1992a).

PCBs have been detected in fish tissues in numerous studies at limited locations throughout the
Delaware River system, some from as early as 1969 (Cottman Avenue PRP Group 1992).
Recent data (1987 to 1992) have shown PCBs to be present in fish collected from all locations
studied, ranging from 122 km above the site to 160 km below the site in Delaware Bay. Of the
species sampled, the channel catfish (Ictalurs punctatus) and the white perch (Morone
americand) were sampled most frequently and with the most consistency. Table 4-10
summarizes PCB data for these species for the years 1987 through 1992 and for the area 122
km above MBA to 64 km below the site. Figures 4-5 and 4-6 depict PCB concentrations on a
wet weight and lipid normalized basis, respectively, in the tissues of channel catfish collected at
locations above and below the site.
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Figure 4-5. PCB concentrations (mg/kg wet weight) in channel catfish collected in the Delaware River

above and below the Metal Bank site (river kilometer 175; DRBC 1988 and unpublished;
Greene 1991; USFWS 1991; EPA 1992; HMM 1993b).
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Figure 4-6. Lipid normalized PCB concentrations (mg/kg lipid) hi channel catfish collected in the
Delaware River above and below the Metal Bank site (river kilometer 175; DRBC 1988
and unpublished; Greene 1991; USFWS 1991; EPA 1992; HMM 1993b).
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Table 4-9. Total PCB concentrations (sum of Aroclors 1242 + 1260) in the tissues of
channel catfish and silvery minnow collected near the Metal Bank site (HMM
1993).

Species
Sample Type

Channel catfish
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Fillet
Fillet
Fillet
Fillet
Fillet
Fillet
Fillet
Fillet
Fillet
Fillet

Silvery minnow
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body
Whole Body

Sample
No.

1
2
3
4
5
6
17
18
19
7
8
9
10
11
12 .
13
14
15
16

1
2
3
4
5.
6
7
8
9
10
11

Whole Body 12
Whole Body 13

Length

cm

40
43
44
45
45
42
46
42
41
48
51
40
38
52
45
38
38
48
43

10
11
10
10
11
10
10
11
10
10
9.5
9
10

Weight

oz

19
24
24
24
25
26
35
30
24
29

• 49
20
17
51
31
23
26,
33
28

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

Sex

M
M
M
F
M
M
F
F
M
M
F
M
M
M
M
M
F
F
M

Lipid

%

20.1
7.8
2.8

..13.5
"11.9
22.2
18.0
16.5
19.2
1.7
2.4
7.7
3'.6
8.3
3.0
1.7
5.3
0.85
2.3

8.8
2.3
9.7

9.3
8.5
6.5
,6.7
6.8
7.8
11.3
5.7
7.1

Total
PCBs

|ig/g ww

1.08
1.38
1.61
4.00
1.91
1.21
2.40
2.60
3.00
0.79
1.48
0.92
1.35
1.04
0.87
0.41
1.43
0.72
0.56

2.40
1.05
0.55
1.52
2.10
2.70
1.71
2.00
1.50
2.80
2.40
1.62
2.40

Lipid
Normalized
|ig/g lipid

5.37
17.7
57.5
29.6
16.1
5.45
13.3
15.8
15.6
46.5
61.7
11.9
37.5
12.5 .
29.0
24.1
27.0
84.7
24.3

27.3
45.7
5.67

22.6
31.8
26.3
29.9
22.1
35.9
21.2
28.4
33.8
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Table 4-10. Summary of PCB concentrations in muscle tissue of channel catfish and white
perch collected hi the Delaware River from 1987 through 1992. Concentrations
are listed by wet weight (mg/kg) and as lipid normalized (mg/kg lipid).

River
Kilometer

298
240
215

211
194

191
188
180

175 (MBA)
173

168
165

160
154
149

144

138

130
110

Channel Catfish
Wet
Weight
0.99
0.55
1.40
0.17
1.13
4.20
0.83
2.5
1.55
3.60
1.96
1.93
0.41-4.00*
2.34
0.75
0.94
4.43
2.86
0.49
NA
NA
3.54
2.97**
3.00
0.73
0.89
0.68
NA
NA
4.41
3.0
1.7
1.5
0.23
0.23
0.69
NA

Lipid
Norm.
13.75
13.55
12.61
3.1
10.9
NA
14.6
45
NA
NA
25.8
31.1
5.37-84.71
NA
14.1
18.6
NA
NA
13.8
NA
NA
NA
24**
37.4
60
74.8
NA
NA
NA
37.7*
37.4
23.2
16.7
3.1
3.2
39
NA

White Perch
Wet
Weight
NA
NA
0.95
NA
NA
0.41
NA
3.84
<0.1
0.285
NA
NA
NS
1.12
0.59
NA
0.74
0.99
0.77
1.73
1.2
1.19
NA
NA
1.2
NA
1.51
1.25
1.41
NA
0.86
0.84
0.87
0.11
NA
0.62
0.67

Lipid
Norm.
NA
NA
50.53
NA
NA
NA
NA
36.5
NA
NA
NA
NA
NS
NA
28.1
NA
NA
NA
20.4
NA
NA
NA
NA
NA
41.4
NA
NA
NA
NA
NA
38.2
30.7
25
8.9
NA
44
41

Collection
Year

1990
1990
1990
1989
1989
1987
198~9
1990
1987
1987
1987
1989
1993
1987
1991
1991
1987
1987
1990
1987
1987
1987
1987
1989
1991
1991
1992
1992
1987
1987
1989
1990
1990
1991
1991

. 1992
1992

Reference

USFWS 1991
USFWS 1991
USFWS 1991
Greene 1991
Greene 1991
DRBC 1988
Greene 1991
USFWS 1991
DRBC 1988
DRBC 1988
EPA 1992a
Greene 1991
HMM 1993
DRBC 1988
DRBC unpublished
DRBC unpublished
DRBC 1988
DRBC 1988
USFWS 1991
DRBC 1988
DRBC 1988
DRBC 1988
EPA 1992a
Greene 1991
DRBC unpublished
DRBC unpublished
DRBC unpublished
DRBC unpublished
EPA 1992a
EPA 1992a
Greene 1991
USFWS 1991
USFWS 1991
DRBC, unpublished
DRBC, unpublished
DRBC, unpublished
DRBC, unpublished

t

NA: No data available
NS: Not sampled
* Concentrations based on fillets and whole body
** Concentration is based on whole body rather than on only muscle tissue
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Tissue samples from ten shortnose sturgeon, a federally listed endangered species, collected in
1982 at a location approximately 32 km upstream of MBA had PCB concentrations ranging
from 0.016 to 0.14 mg/kg wet weight (mean: 0.07; Menzie-Cura 1993c).

4.4 Upstream and Downstream Transport of COCs from MBA

Contaminants of concern entering the Delaware River from MBA will most likely be
transported downstream from MBA due to current flow past the site. However, because the
stretch of the Delaware River along which MBA is located is tidally influenced, it is also
possible that upstream transport of COCs may occur during flood tide conditions. During the
summer of 1974 a dye study was conducted at Philadelphia's Northeast Wastewater Pollution
Control Plant (NEWPCP), located approximately 6.5 km below MBA on the Delaware River.
The dye study involved a four-day release through the NEWPCP effluent. Dye was detected
more than eight km upstream of the plant discharge, although at concentrations less than where
the dye entered the river at NEWPCP. Dye was reported to be detectable at a distance of 24 km
downstream of NEWPCP (Ambrose 1986).

The results of the dye study indicate that COCs from MBA may be transported upstream as far
as eight km. However, in the dye study the dye was dissolved in the water column. The
majority of the PCBs discharging from MBA are most likely sorbed to suspended particulate
matter in the water column, with only a fraction of the discharge being dissolved in the water
column. Some of the particulate-bound PCBs will settle out of the water column into the
sediments.

4.5 Uncertainty Analysis
4.5.1 General

There are basically two types of uncertainty, analytical and non-analytical. Analytical
uncertainty is the uncertainty resulting from the reliability and accuracy of the analytical
methods employed in data collection and analysis. To a certain degree analytical uncertainty
can be quantified by performing replicate measurements, by detenmning the method detection
or quantification limits, in general by good QA/QC procedures. Non-analytical uncertainty
results from the type of data collected, for example, the location of sampling stations, the type
of organism sampled, or the chemicals analyzed for, as well as human error. Non-analytical
uncertainty can be only poorly quantified, if at all.
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Exposure consists of two components: the concentration (or dose) of a chemical to which an
organism is exposed and the duration of exposure. No data were available describing how fish
and aquatic invertebrates in the Delaware River use the river near the site and therefore, the
possible duration of exposure that might be expected for these organisms is unknown. This
uncertainty discussion will be limited to the uncertainty in determining the exposure
concentrations.

Uncertainty in the PCB concentrations are the result of the Aroclor methods of analysis that do
not take into account the differences between the composition of the PCBs found in
environmental samples and commercial Aroclor mixtures. These differences are the result of
physicochemical and biological processes that differentially affect individual congeners (Safe et
al. 1987). The solubility and volatility of PCB congeners range over several orders of
magnitude and greatly affect the partitioning between sediment-water and water-air interfaces.
Analysis by the Aroclor method and reporting the results as total PCBs do not take into account
this differential behavior of the individual congeners. Resulting errors in PCB concentrations
derived by Aroclor analysis can be greater than 200 percent in either direction (Eganhouse and
Gossett 1991). Also the reporting of PCB concentrations as total PCBs does not indicate the
relative concentration of individual congeners.

..„._ ~...j_ .....-. - - - - - - - - - - .

No samples of Delaware River water were analyzed; therefore, nothing can be said about the
actual concentrations of COCs in Delaware River surface water. Four samples from pooled
water in the mudflats and three samples from groundwater seeps were the only surface water
samples collected. The only contaminants tested for in these samples were PCBs and DDTs.
Out of the seven samples, PCBs were detected once and 4,4' DDE was detected twice
(Table 3-1). Because of this very limited database, concentrations of PCBs in surface water in
a 15 m band adjacent to the site were estimated from groundwater concentrations. Only data
from the two wells (MW-6 and MW-7) where PCBs were detected were used. These two
wells are the closest wells to the riprap/mudflat area with the highest PCB concentrations and
where groundwater seeps have been observed. If this is the only area of groundwater
discharge, PCB concentrations from these wells may actually represent groundwater
concentrations just before discharge; however, if groundwater discharges elsewhere around the
site, the overall contributions of PCBs to the river from the groundwater might be expected to
be lower than indicated by these values.
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Other contributing factors to the uncertainty of the surface water exposure point concentrations
for PCBs include the partial estimates of groundwater concentrations, because non-detects
were factored into the calculations by using one-half of the detection limits, and the estimates of
groundwater and river flow rates that were the basis for the dilution factors. Because of the.
conservative nature of most of these estimates, the PCB concentration in the groundwater
discharge may be overestimated.

4.5.3 NAPL Concentrations

The extent and even the existence of a NAPL on site is uncertian. The single NAPL sample
analyzed was from MW-6 in 1991; since then, while attempts have been made, no sampleable
NAPL has been found in connection with the groundwater. During the most recent round of
sediment sampling, while no NAPL was seen seeping from the site, a subsurface NAPL layer
was observed in the lower riprap during low tide.

The suite of chemicals analyzed for in the single NAPL sample from 1991 included: PCBs,
PAHs, DDTs, pthalates and only two metals (arsenic and mercury) (HMM 1993b). While the
reported value for PCBs in NAPL might be considered reasonably accurate because it agrees
with earlier reported values (Weston 1978) detection limits for many of the other contaminants
tested for were exceedingly high. Only one PAH (pyrene) and one pthalate (DEHP) was
detected; the detection limit for the others was 750 mg/1 (Table 3-1). Because of these high
detection limits, the concentrations of the non-detected PAHs had to be estimated based on
there concentrations in groundwater relative to pyrene. Different PAHs have different
solubilities so the relative concentrations in groundwater would be expected to be different than
the relative concentrations in NAPL. However, since pyrene has a relatively low water
solubility compared to other PAHs, the estimated PAH concentrations are expected to err on
the high side. A similar calculation could not be performed on the non-detected pthalates due to
insufficient data. DDTs had detection limits so high (48 mg/1) that no conclusions could be
drawn about their presence in NAPL.

4.5.4 Sediment Concentrations

The exposure-point concentrations estimated for sediment of the Delaware River are based on
limited data collected over a restricted area of the mudflat and adjacent nearshore Delaware
River. Much of the Delaware River analytical data for PCB concentrations in sediments were
of poor quality due to high detection limits, possibly caused by matrix interference. High and
variable detection limits were also a problem for DDTs and trace elements in the
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mudflats (Table 3-2). The exposure-point concentrations for sediments calculated from these
data may under- or over-estimate the actual concentrations aquatic organisms may be exposed
to in areas outside those sampled. Furthermore, nothing is known of the bioavailability of
PCBs in sediments of the mudflat and Delaware River, but PCBs were detected in Asiatic
clams collected from PCB contaminated sediments of the mudflats. Silvery minnows and
channel catfish collected near the site also contained PCBs hi their tissues indicating that PCBs
are available to biota using the mudflat and Delaware River.

4.5.5 Tissue Concentrations

As mentioned in Section 4.5.1, biological processes alter the-pattern of congener distributions
in tissue residue samples. Differences between uptake/depuration, metabolism, and efficiency
of assimilation of individual congeners may result in large differences between the PCB
mixtures in samples and commercial Aroclor mixtures, and these difference would be expected
to increase with increasing trophic level. For example, an analysis of NOAA Status and
Trends data from the Gulf of Mexico indicated that oysters preferentially accumulated penta-,
hexa-, and tetrachlorobiphenyls compared to sediment PCBs (Sericano et al. 1990). The
differential accumulation of the highly toxic coplanar PCBs in aquatic biota, which results in an
enrichment of coplanar PCB concentrations in biota, also has been reported (Kannan et al.
1989; Smith et al. 1990). Therefore, the analysis of tissue samples by the Aroclor method is
prone to even more error than that for water and sediment samples, and the results indicate little
about the potential toxicity of the concentrations. Furthermore, since PCBs were analyzed for
by individual congener analysis in clam (Corbicula) tissue, while Aroclor analysis was used for
the fish tissue sampled, the comparability of the resulting data is questionable.

4-30
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5 TOXICITY ASSESSMENT

To assess the risks to receptor populations due to exposure to contaminants in the mudflat and
the Delaware River near MBA, we need to determine toxicity criteria or guidelines against
which the environmental concentrations can be compared. As described hi Section 4, we will
evaluate three exposure pathways to assess the potential effects of contaminants of concern on
aquatic organisms. These three routes will require identifying appropriate toxicity reference
concentrations for water, sediment, and tissue accumulation (PCBs only). Because no toxicity
testing or other direct assessment of biological effects was conducted for any of the potential
exposure media, the toxicity assessment will be based entirely on a review of published
information on the toxicity of PCBs and other contaminants of concern to aquatic organisms.

5.1. Toxicity Reference Concentrations for Water
5.1.1 Toxicity Reference Concentrations for Surface Water

PCBs are the only identified contaminant of concern for surface water exposure at the MBA
site. AWQC, which were derived to be protective for most aquatic organisms in an area of
exposure, provide appropriate toxicity reference concentrations for most substances.
However, the AWQCs for PCBs are based on "Final Residue Values," which were calculated
to protect wildlife and human consumption of aquatic organisms contaminated with PCBs and
are not based on toxicity to aquatic organisms. Nevertheless, the data compiled by EPA on the
toxicity of PCBs in developing the AWQC can be used to determine appropriate toxicity
guidelines for the risk characterization for water exposure.

The majority of the information on the toxicity of PCBs to aquatic organisms resulting from
exposure to PCBs in water has been generated from laboratory tests exposing animals to PCBs
dissolved in water. Many of the published studies were reviewed in the AWQC document
(EPA 1980). The mean acute toxicity values for different freshwater and marine invertebrate
and fish species reviewed in the AWQC document ranged from 2.0 to 283 |ig/l.

Toxicity reference levels for effects of PCBs in water were derived from chronic limits values
hi the AWQC document for PCBs (Table 5-1; EPA 1980). These concentrations represent the
range of no observed adverse effect level (NOAEL) to lowest observed adverse effect level
(LOAEL) concentrations that were reported in chronic exposures (full or partial life-cycle or
early life stage tests) for organisms exposed to a variety of commercial Aroclor PCB mixtures.
These chronic limits are often referred to as maximum acceptable toxicant concentrations
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(MATC). The lowest chronic limit is the highest test concentration in an acceptable chronic test
that did not cause an unacceptable amount of adverse effect on any of the specified biological
measurements, and below which no tested concentrations caused an unacceptable effect
(Stephan et al. 1986). The lowest of these MATC values for freshwater organisms is 0.1 |ig/l,
the no effect concentration for second generation fathead minnows exposed to Aroclor 1248 for
30 days (DeFoe et al. 1978). Exposure concentrations of 0.4 |ig/l and higher resulted hi
increased mortality of the larvae (most mortality occurred soon after hatching) as well as
decreased growth of the survivors after 30 days.

The application of a MATC value of 0.1 (ig/1 for PCBs, which was derived from a laboratory
toxicity test on a single species, to species within different genera and in different classes under
natural conditions results in some uncertainty. Although a concentration of 0.1 fig/1 may be
protective of the majority of biota hi the Delaware River hi the vicinity of MBA, it may not be
protective of sensitive species. The use of interspecies extrapolation factors in ecological risk
assessment is a way to account for variability in sensitivity between species when extrapolating
toxicity values to a species with no available data. Of particular concern hi the Delaware River
is protection of the endangered shortnose sturgeon. Calabrese and Baldwin (1993) recommend
an uncertainty factor of 100 when comparing between species within different orders of the
same class. Both the fathead minnow and shortnose sturgeon are in the same class
(Osteichthyes), but are in different orders: fathead minnow, Cypriniformes; shortnose
sturgeon, Acipenseriformes. Based on these considerations, a toxicity reference concentration
of 0.1 (J.g/1 will be used for water exposure for all organisms except the endangered species,
shortnose sturgeon. For the sturgeon, 0.001 fig/1 will be used as the toxicity reference
threshold for PCBs in water.

5.1.2 Toxicity Reference Concentrations for NAPL

Freshwater AWQC acute toxicity values or lowest observed effect levels, if AWQC are
unavailable, will be used for toxicity reference values for evaluating risk due to direct exposure
to NAPL. For PCBs, the acute toxicity value is 2.0 jig/1. For acenaphthene, fluoranthene, and
naphthalene the lowest observed effects level values are 1,700, 3,980, and 2,300 jig/1,
respectively. For phenanthrene and DEHP, the proposed acute toxicity values are 30 and
400 jig/1, respectively.

t

5-2 ftR30Q969



March 1994' " " _ . MB Aquatic ERA

Table 5-1. MATC and chronic values for PCBs Qig/1) based on exposure for life-cycle,
partial life-cycle, or early-life stage tests (from EPA 1980).

Species

Invertebrates

Cladoceran
(Daphnia magna)

Scud
(Gammams pseudolimnaeus")
Midge
(Tanytarsus dissimilis)

Fish

Brook trout
(Salvelinus fontinalis)

Fathead minnow
(Pimephales promela)

Sheepshead minnow (saltwater)
(Cyprinodon variegatus)

Type of PCB
(Aroclor)

1248
1254
1254

1248

1254

1254

1248
1254
1260
1254

MATC
(Chronic Limits)

0*9/0

2.5 - 7.5
1 .2 - 3.5
10-24

2.2 - 5.1

0.5-1.2

0.7-1.5

0.1 - 0.4
1.8-4.6
1 .3 - 4.0
0.06-0.16

Chronic Value
(ug/l)

4.3
2.1
15

3.3

0.8

1.0

0.2
2.9
2.3
0.098

5.2. Toxicity Reference Concentrations for Sediment

The ER-L and ER-M concentrations of Long and MacDonald (1992) will be used as toxicity
reference concentrations for characterizing the potential risk to receptors exposed to
contaminated sediments in the mudflat and the Delaware River. The percent incidence of
adverse effects below the ER-L value for a chemical in the studies reviewed by Long and
MacDonald indicate the relative protectiveness of the ER-L value. Similarly, the percent
incidence of adverse effects at concentrations exceeding the ER-M value indicates the reliability
of the ER-M in predicting adverse effects (Long et al. 1994). If ER-L and ER-M values are not
available for the contaminant of concern, the lowest and highest AET values will be used. AET
values, derived from effects data from Puget Sound sediments, are defined as the concentration
above which effects were always observed for a given endpoinL Because effects may be
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observed at concentrations below an AET value, AETs are not considered to be highly
protective and are usually more comparable to ER-M rather than ER-L values.

5.2.1 PCBs

The ER-L and ER-M concentrations for PCBs are 0.023 and 0.18 mg/kg dry weight,
respectively (Long and MacDonald 1992). Of the studies reviewed by Long and MacDonald,
less than 20 percent reported adverse effects at PCB concentrations below the ER-L and over
50 percent at PCB concentrations greater than the ER-M.

Limited data are available from laboratory spiked-sediment bioassays on sediment-associated
PCBs with aquatic organisms. Significant mortality was-reported for the meiobenthic copepod
Microarthridion littorale exposed to Aroclor 1254-contaminated sediments at concentrations of
83 mg/kg, whereas lower concentrations (4 mg/kg) resulted in impaired reproduction (DiPinto
et al. 1993). Swartz et al. (1988) determined that a lethal concentration (LC)so of 10.8 mg/kg
for the marine amphipod Rhepoxynius abronius exposed to Aroclor 1254-contaminated
sediment.

5.2.2 PAH

PAHs vary substantially in their toxicity to and bioaccumulation by aquatic organisms. In
general, toxicity increases as molecular weight increases and with increasing alkyl substitution
on the aromatic ring. In most fish, PAHs are rapidly metabolized and excreted so that
concentrations found in edible tissue are generally low. Invertebrates such as molluscs do not
metabolize PAHs as efficiently and may accumulate high levels of PAHs hi tissue (Eisler
1987).

A laboratory study in which the freshwater amphipod Diporeia sp. was exposed to sediments
dosed with a mixture of PAHs reported mortali ty at total PAH concentrations in the range of
100 mg/kg (dry weight) after 26 days of exposure (Landrum et al. 1991). The study also
reported that the PAH action appears to be additive, with no evidence of synergism or
antagonism. The rate of PAH accumulation depended upon the concentration of PAHs in the
sediment and was not predictable through measured partitioning between interstitial water and
sediment particles.

Estuarine fish collected from PAH-contaminated areas in the Elizabeth River (Virginia) showed
reduced abundance (reduced total biomass, total numbers of individuals, and abundance of
selected species) and increased prevalence of several gross abnormalities that correlated with
PAH contamination in the sediments (24.4 to 154.4 mg/kg). Abnormalities observed included
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fin erosion in hogchoker and toadfish, and cataracts in spot, gray trout, and croaker (Huggett et
al. 1987).

The ER-L and ER-M concentrations of 4.0 and 44.8 mg/kg (Long and MacDonald 1992) will
be used as sediment reference concentrations for total PAHs. Below the ER-L concentration
14.3 percent of the studies reviewed by Long and MacDonald reported adverse effects and 85
percent at concentrations above the ER-M.

5.2.3 DDT and Metabolites

The ER-L and ER-M concentrations of 1 and 7 (ig/kg will be used as sediment reference
concentrations for p,p'-DDT (Long and Morgan 1991).

Spiked sediment bioassays with the freshwater amphipod Hyalella azteca resulted hi an LC50
value for DDT of 11 mg/kg at 3 percent organic carbon (Nebeker et al. 1989). LCso values for
spiked sediment bioassays with the marine amphipod Rhepoxynius abronius, ranged from
11.2-125.1 }ig/kg at 1 percent organic carbon (Word et al. 1987).

The ER-L and ER-M concentrations of 2.2 and 27 jig/kg will be used as sediment reference
concentrations for p,p'-DDE (Long and MacDonald 1992). Below the ER-L concentration,
5 percent of the studies reviewed by Long and MacDonald reported adverse effects and
50 percent at concentrations above the ER-M.

The ER-L and ER-M concentrations of 2.0 and 20 jig/kg will be used as sediment reference
concentrations for p,p'-DDD (Long and Morgan 1991).

The limited amount of data available and the fact that the incidence of effects did not show a
consistent increase with increasing sediment concentration for any of the DDTs results hi low
confidence in these values.

,5.2.4 Phthalates

Very h'ttle information is available on the sediment toxicity of phthalate esters. In a laboratory
study, the number of successfully hatched frog eggs exposed for 60 days to sediments spiked
witii DEHP was reported to decline with increasing concentrations of DEHP. Only 50 percent
of the eggs hatched when exposed to a concentration of 150 |ig/g of DEHP (Larsson and
Thurdn 1987).
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Since no ER-L or ER-M concentrations are available for any of the phthalate esters, the upper
and lower AET concentrations (PTI, 1988) for DEHP, DBP and DOP will be used as reference
concentrations. The AET concentrations are 1.3 and 3.1 mg/kg (dry weight) for DEHP , 1.4
and 5.1 mg/kg for DBP, and 0.4 and 6.2 mg/kg for DOP.

5.2.5 Cadmium

The ER-L and ER-M concentrations of 1.2 and 9.6 mg/kg will be used as sediment reference
concentrations for cadmium (Long and MacDonald 1992). Below the ER-L concentration
6.6 percent of the studies reviewed by Long and MacDonald reported adverse effects and
65.7 percent at concentrations above the ER-M. The ER-L and ER-M values for cadmium
must be used widi caution because there are many factors, in addition to concentration, that can
affect the bioavailability and toxicity of cadmium. In particular, cadmium bioavailabilty has
been shown to be strongly influenced by the concentration of acid volatile sulfides (AVS)
present in the sediment (DiToro et al. 1990; DiToro et al. 1992; Ankley et al. 1991). Excluding
other factors, the higher the concentration of AVS the more cadmium is bound with a
corresponding reduction in its apparent toxicity. AVS concentrations are highly variable both
temporally and spatially (Howard and Evans 1993). Therefore, even if cadmium
concentrations stayed relatively constant, cadmium toxicity could vary with varying AVS
concentrations.

Several investigators have conducted 10-day bioassays with sediment spiked with cadmium
using the amphipod Rhepoxynius abronius ; LCso values range from 6.9 to 11.5 mg/kg
(Swartz et al. 1985; Kemp et al. 1986; Mearns et al. 1986; Robinson et al. 1988). No
mortality or behavioral affects were observed in the polychaete Nereis virens in a 28-day
bioassay at 20 mg/kg (Olla et al. 1988).

«

5.3. Toxicity Reference Concentrations for PCBs in Tissues

As is the case for sediments, no criteria exist for protective tissue concentrations of chemicals
in aquatic organisms. A number of field and laboratory studies provide evidence of chronic
sublethal effects on aquatic organisms at low PCB concentrations hi tissues (Table 5-2). Of
particular note are the studies reporting chronic toxicity, primarily reproductive effects, to
several fish species at PCB tissue concentrations of less than 1 mg/kg wet weight and as low
as 0.1 mg/kg wet weight. Other studies (e.g., Monod 1985; Mac and Schwartz 1992) have
reported a significant relationship between PCB concentrations hi tissue and reproductive
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endpoints in fish but were not included in the table because an lowest observed effect
concentration could not be determined from the data available.

Table 5-2. Tissue concentrations of PCBs (mg/kg) associated with adverse effects in
freshwater and marine fish species.

SPECIES

Baltic flounder

Starry flounder

Lake trout

Coho salmon

Rainbow trout

Striped bass

Rainbow trout

Chinook salmon

Lake trout

Sheepshead
minnow
Winter flounder

Fathead minnow

Rainbow trout

Spot

Cyprinid minnow

Sheepshead
minnow
3-spined
stickleback
Fathead minnow

Fathead minnow

TISSUE

Ovaries

Eggs

Eggs

Liver

Whole
body
Gonads

Eggs

Eggs

Whole
body
Eggs

Eggs

Unknown

Liver

Whole
body
Whole
body
Whole
body
Liver

Unknown

Unknown

PCB TYPE

Total PCB

Total PCB

Total PCB
(as 1254)
1254

1254

1254

1242

Total PCB

1254

1254

1254

1254

Clophen
A50
1254

Clophen
A50
1016

Clophen
A50
1254

1242

EXPOSURE

FIELD

FIELD

LAB

LAB

LAB

FIELD

LAB

FIELD

LAB

LAB

FIELD

LAB

LAB

LAB

LAB

LAB

LAB

LAB

LAB

EFFECT
CONC.
(mg/kg)
0.12

0.2

0.31

1.1

1.3

1-4

2.7

3.5

4.5

7

7.1

13.7

31

46

170

200

289

429

436

EFFECT ENDPOINT

Reduced viable hatch

Reduced reproductive
success; MFO induction
Reduced egg hatchability
and fry survival

Mortality and delayed
saltwater adaptation
Kidney nephrosis

Reproductive failure

Larval mortality and
abnormality
Hatching success

Larval mortality

Post-hatch survival

Reduced growth in length
and weight
Reduced fecundity

Liver enlargement

Mortality

Inhibition of reproductive
development
Fry mortality

Reduced spawning success

Reduced spawning

Reduced egg hatchability

REFERENCE

Von Westernhagen et
al. 1981
Spies et al. 1985

Mac and Edsall 1991

Folmar et al. 1982

Nestel and Budd 1975

Ray et al. 1984

Hogan and Biauhn
1975
Ankley et al. 1991

Mac andSeelye 1981

Hansen et al. 1974

Black et al. 1988

ACOE 1988

Lidman et al. 1976

Hansen et al. 1971

Bengtsson 1980

Hansen et al. 1975

Holm et al. 1993

Nebeker et al. 1974

Nebeker et al. 1974

Aquatic invertebrates appear to be much less sensitive than fish and other vertebrate species to
effects of PCBs. Concentrations of PCBs in fish tissues in the range of 0.1 to 1 rag/kg wet
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weight have been reported to result in impaired reproductive success, whereas tissue
concentrations hi Daphnia magna as high as 130 mg/kg dry weight (approximately 13 mg/kg
wet weight) have been reported to have no effect (Dillon et al. 1990).

To evaluate the risk presented by tissue concentrations of PCBs hi tissues of fish collected
from the Delaware River near the MBA site and estimated for other species, an approach was
followed similar to that used by Long and Morgan (1991) for sediments. A cumulative
frequency plot of fish tissue PCB concentrations associated with adverse effects was prepared
from the fish data presented hi Table 5-2 (Figure 5-1). The studies included both laboratory
and field data with a variety of endpoints measured. The values presented are the lowest
observed effect values. Table 5-3 lists effect values for other effects endpoints such as enzyme
induction, which may not necessarily represent "adverse" effects. Enzyme induction by itself,
though associated with the toxicity of chlorinated hydrocarbons, is not generally considered to
be an "adverse" effect The data in Table 5-3 provides additional evidence of the effects of
PCBs on fish species at tissue concentrations less than 1 mg/kg.

Table 5-3. Tissue concentrations of PCBs (mg/kg) associated with miscellaneous effects in
freshwater fish species.

SPECIES

2arp

Carp

Rainbow trout

Rainbow trout

Coho salmon

Channel catfish

Rainbow trout

Bluegill

Brook trout

Channel catfish

TISSUE

Liver

Muscle

Liver

Muscle

Thyroid

Thyroid

Liver

Muscle

Muscle &
(Liver)
Edible
carcass

PCB TYPE

1254

1248

1254

1254

1254

1254

1254

1242

1254

1242

LAB
EXPOSURE

Single
injection
Food exposure
for 7 or 20 d

Single
injection
Injection

Food exposure
for up to
260 d.
Food exposure
for up to
193 d.
Single
injection
Lab study

Food exposure
for 18 d
Food exposure
for 20 wks

EFFECT
CONC.
(mg/kg)
0.1

0.1

0.2

0.25

0.28

0.3

0.32

0.6

39

62.2

EFFECT ENDPOINT

[nduced enzyme activity

Blood glucose content &
bematocrit values elevated;
enzyme activities increased
significantly.
Induced enzyme activity

Induced enzyme activity

Stimulated thyroid activity

Stimulated thyroid activity

Induced enzyme activity

Inhibits oligomycin-
insensitive Mg++ ATPase
Induced enzyme activity

Weight loss & liver
hypertrophy

REFERENCE

Melancon and Lech
1983
Ito 1973

Melancon and Lech
1983
Melancon et al.
1989
Mayeretal. 1977

Mayor et al. 1977

Melancon et al.
1989
Desalah et al. 1972

Addisonetal. 1978

Hansen et al. 1976
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Figure 5-1 illustrates the wide range of concentrations of PCBs in tissues that have been
associated with adverse effects. It should be noted that the PCB concentrations included hi the
table were from a variety of different tissues (i.e., eggs, liver, muscle, whole body). Although
differences in tissue concentrations within the same fish can often be standardized by lipid
normalization (Parkerton et al. 1993), the lack of lipid data for many of the studies precluded
that approach. Impacts on reproductive success are sensitive indicators of toxicity and can
have potential population-level effects. Because of the uncertainties in these data, 0.2 fig/kg
wet weight of tissue (the lower tenth percentile of the tissue effects concentrations listed hi
Table 5-2b) and the median concentration of 5.8 mg/kg will be used hi this risk assessment as
the toxicity reference concentration for PCBs in tissues for all fish species.
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Figure 5-1. Cumulative percentile plot of the tissue concentrations of PCBs (mg/kg, wet
weight) associated with adverse effects in fish species.
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5.4 Uncertainty Analysis
5.4.1 General

5.4.1.1 Use of toxicity data

Extrapolating from data gathered from literature sources or from laboratory tests can be
complicated by a number of factors:

• Data usually exist for only relatively few representative species exposed to single
chemicals under laboratory conditions. Currently, no widely accepted protocols are
available to evaluate the complex chemical, physical, and biological interactions that
occur under natural conditions.

• Interspecies extrapolation from laboratory data generated for species other than the
important receptor species is required. The data available suggest a wide range of
sensitivity to PCBs between species.

• Few studies have examined the toxicity of simultaneous exposure to multiple
contaminants. In the event such data are available, it is highly unlikely that the
specific conditions and chemicals present at the site of concern would be duplicated
in a laboratory setting.

• Most literature information on the toxicity of chemicals is based on fixed-time
exposures of less than ten days, frequently 48 to 96 hours. These tests do not
consider exposure to critical life stages over one or more generations of a
population.

A wide variety of environmental parameters can influence both the nature and extent of effects
of a contaminant on receptor organisms. These factors interact with each other, with
contaminants, and with receptor organisms to affect the toxicity of the contaminant through a
number of mechanisms:

• chemically changing the contaminant to make it more or less toxic;

• affecting the bioavailability of the contaminant; and

• making the organism more or less tolerant to the contaminant
Among the many environmental factors that can affect the toxicity of a contaminant hi the
environment are temperature, pH, salinity, water hardness, and soil or sediment composition
(e.g., TOC).
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5.4.1.2 Use of total PCBs

Reporting environmental PCB concentrations as Aroclor equivalents or total PCBs provides
limited information about the potential toxicity of the mixture of congeners in a sample, since
the toxicity of individual congeners varies considerably (EPA 1988b; McFarland and Clarke
1989). The coplanar PCBs —a group of PCB congeners that are similar in structure and
biological activity to the highly toxic polychlorinated dioxins and dibenzofurans (Safe 1984) —
are considered to be the most toxic PCBs. Although these coplanar PCBs are found at
relatively low concentrations hi the commercial Aroclor mixtures, several have been identified
as important components of PCB tissue residues in aquatic biota and may be preferentially
accumulated, particularly by higher-trophic-level organisms (Safe 1984; Hansen 1987; Kannan
et al. 1988; Smith et al. 1990). Thus, PCBs in higher-trophic-level organisms may be more
biologically active than the commercial mixtures (Parkinson and Safe 1987; Smith et al. 1990).

Most of the available PCB data from the MBA site and the Delaware River were derived from
Aroclor determinations. Congener specific PCB analysis was conducted on a small number of
samples (five Corbicula tissue samples, seven sediment samples, and one groundwater
sample). About 40 individual congeners or congener pairs were quantified, but several of the
most toxic coplanar PCBs were not quantified in this analysis.

5.4.2 Surface Water Toxicity

Most of the water toxicity data are derived from laboratory studies using commercial PCB
mixtures. Because of the differences between commercial (e.g., Aroclor) PCB mixtures and
environmental PCBs, the toxicity may be underestimated. For example, PCB-contaminated oil/
that was salvaged from used transformers, as at the Metal Bank site, may have higher PCDF
concentrations than the original Aroclor mixture (EPA 1988b).

Considerable uncertainty is associated with the toxicity reference values for exposure of aquatic
species and the shortnose sturgeon to PCBs in surface water, primarily due to the lack of
adequate chronic toxicity data. The toxicity reference value for PCBs hi surface water were
based on a limited number of chronic (life-cycle or early life stage) tests and exposure to
different Aroclor mixtures. The NOAEL concentrations for fish species showed over an order
of magnitude difference between species, ranging from 0.1-5.4 |j.g/l. The lowest MATC value
was from a life-cycle study with fathead minnow, a species not considered to be highly
sensitive. Because of the complete lack of information on the relative toxicity of PCBs to
shortnose sturgeon compared to other species, a 100-fold safety factor was applied to the
\. . . .
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toxicity reference value for other aquatic organisms. This was based on inter-species
extrapolation and the need to protect individuals of an endangered species population.
Consequently, the value used for the sturgeon may be overly protective.

5.4.3 Sediment Toxicity

The uncertainty associated with the use of ER-L and ER-M concentrations as toxicity reference
values for sediment exposures has both general and chemical specific aspects. The ER-L and
ER-M values for PCBs and DDTs have a higher degree of uncertainty, since the relationship
between sediment PCB and DDT (and metabolites) concentrations and the incidence of adverse
biological effects was weaker than for most other contaminants evaluated (Long et al. 1993).

ER-L and ER-M values, although derived from a number of different studies, are based
predominantly on acute toxicity test endpoints. Consequently, concentrations less than the ER-L
would be unlikely to result in acute toxicity to most species of aquatic organisms, but may not be
protective for chronic effects. However, if the incidence of effects for a contaminant is high
(i.e., greater than 75 percent) for concentrations exceeding the ER-M, adverse effects would be
expected to occur at concentrations exceeding the ER-M.

Most of the data are derived from field studies matching sediment chemistry and biological
effects measurements that may be complicated by the presence of multiple contaminants. Toxic
effect levels for a specific chemical determined from studies with high concentrations of several
contaminants may tend to overestimate the toxicity of individual contaminants. This may be
part of the explanation for the lack of a strong positive relationship between the concentration
of a contaminant and the incidence of effects, such as described for PCBs and DDTs above.

5.4.4 Toxicity Associated with PCB Tissue Residues

The database for determining a fish tissue residue PCB effects concentration has a number of
limitations: 1) Few studies were available that evaluated the post-hatch survival of larvae from
eggs contaminated with PCBs via maternal transfer, which is most likely the chronic endpoint
of most concern for PCBs. 2) Toxicity observed hi field studies may have involved the effects
of other contaminants as well as PCBs. 3) Laboratory studies used a variety of commercial
PCB mixtures that may not accurately reflect the toxicity of environmental samples, which may
be particularly important for higher trophic level fish species. 4) Concentrations of PCBs
were measured in different tissues in different studies, and without lipid data for most studies, <̂ —:>
it was impossible to lipid-normalize the tissue concentrations, which might have provided
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greater consistency between studies. 5) Differences in methods of PCB analysis probably
resulted in undetermined but significant inconsistencies between the different studies.

Reproductive and early life stage effects (e.g., reduced larval survival) from contamination of
the eggs is one of the most sensitive toxicity endpoints for PCBs, as is the case for dioxin and
dibenzofurans. The most sensitive endpoint for fish species to PCBs, as for dioxin and
dibenzofurans, is most likely the post-hatch survival of larvae from eggs contaminated with
PCBs via maternal transfer. Maternal transfer of PCBs from female fish to their offspring is
known to occur (Ankley et al. 1991). Because of the lipophilic behavior of PCBs and the high
lipid content in eggs of many fish species, maternal transfer of accumulated PCBs may be an
important source of reproductive toxicity. ConsequendyrPCB concentrations in the ovaries of
mature female fish may be the most useful measurement for estimating potential reproductive
effects in the species of concern.

The tissue residue concentrations in fish species associated with adverse effects range over
several orders of magnitude, implying a high degree of inter-species differences hi sensitivity
to the effects of PCBs. Very few studies were conducted that examined the endpoint of most
concern. No information was available on the relative sensitivity of important receptor species,
including the shortnose sturgeon, to the reproductive toxicity of PCBs.
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6 RISK CHARACTERIZATION

The risk characterization is the summary output of the risk analysis. The principal component
of the risk characterization is the integration of the results of the exposure assessment and
toxicity assessment to obtain an estimate of the level of effects that will result from the
exposure (Suter 1993). As defined hi the U.S. EPA guidance for evaluating environmental
risks at hazardous waste sites under CERCLA (EPA 1989 b,c), unless the risk assessment can
be strictly limited to comparisons with existing ecological quality criteria, characterization of
ecological risk should consist of a weight-of-evidence evaluation. Ecological risk assessments
are seldom probabilistic in nature, since the probability of an adverse effect is difficult to
quantify. Hence, the risk component of the assessment is.usually defined by either the
presence of an adverse impact based on actual measurements, the likelihood of an impact ba'sed
on extrapolation from field and laboratory measurements, or the scientific literature. Field and
laboratory measurements of impacts at the site provide site-specific information designed to
reduce the uncertainty in predicting impacts to other habitats and receptor organisms.

The only information available for the weight-of-evidence approach at MBA are analytical
chemistry data for sediment, surface water, and tissues of fish and invertebrates from the
mudflat and Delaware River. With the exception of a qualitative benthic community survey
conducted in the mudflat next to the site, no ecological surveys or direct effects assessments
were performed to support the ERA. Therefore, the toxicity quotient approach (EPA 1989a)
will be used to assess the significance of concentrations of chemicals in environmental media
and tissues from the mudflat and Delaware River. The method compares the exposure-point
concentrations developed hi Section 4 to the toxicity reference concentrations developed in
Section 5. Potential risk to receptor organisms is presumed to exist if the exposure-point
concentration exceeds the toxicity reference concentrations (i.e., the value of the ratio
"exposure concentration/toxicity reference concentration" is greater than one). However, it is
also necessary to evaluate the frequency and duration of exposure to receptor organisms to
fully characterize risk.

6.1 Water Exposure
6.1.1 Exposure to Surface Water

As noted in Section 4, a toxicity reference concentration for PCBs in water of 0.1 }ig/l was
selected as appropriate for most aquatic organisms within the Delaware River. Because of the
endangered species status of the shortnose sturgeon and the necessity of extrapolating between

6-1
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different taxonomic orders, a more conservative reference concentration of 0.001 jig/1 was
selected to be used for the sturgeon. Hazard quotients were calculated for shortnose sturgeon
and other aquatic organisms in a 15-meter band of the Delaware River next to the MBA site
under average- and low-flow discharge conditions of the Delaware River. Under low-flow
conditions, which represents a worst-case scenario, PCB concentrations in this area of the
Delaware River were estimated to be between 1.34 and 1.97 ng/1, considerably below the
toxicity reference concentration of 100 ng/1 (Table 6-1). Therefore, most aquatic species in the
Delaware River are not at risk from exposure to waterborae PCBs contributed by way of the
groundwater from MBA during either average- or low-flow conditions of the river.

The average and upper 95 percent confidence limits estimated exposure-point concentrations
for low-flow conditions and the upper 95 percent confidence limit for average-flow conditions
slightly exceeds the toxicity reference concentrations used for the sturgeon. However, the
toxicity reference concentration is based on life-cycle tests that presume chronic exposure (e.g.,
240-day life-cycle exposure) of adults and larvae to the test concentration. While it is known
that some adult shortnose sturgeon are found in the section of the river including the MBA site
for extended periods during summer feeding following spawning (O'Herron et al. 1993), it is
highly unlikely that any individual sturgeon would spend extended periods.in the 15-meter
band of the river next to the MBA. site.

6.1.2 Exposure to COCs in NAPL

The contaminant concentrations of a distinct NAPL were derived from the 1991 groundwater
sampling from station MW-6. Subsequent attempts to sample or locate this layer have been
unsuccessful. The existence of a NAPL in the subsurface of the riprap area has been observed
but not sampled directly. No active NAPL seeps on the surface of the riprap or mudflat were
observed during the 1993 sampling. Groundwater seeps, which have been observed recently,
have resulted in "oily sheens" on the surface as opposed to a distinct oil layer. Thus, it appears
that any direct seepage of oil to the surface of the riprap or mudflat is probably highly localized,
if it occurs to any significant extent.

Organisms inhabiting the mudflat and the Delaware River immediately adjacent to the site may
experience localized exposure to NAPL with high concentrations of PCBs. Species with
limited' mobility, such as clams, that occupy the mudflat may experience long-term exposure to
elevated PCB concentrations in NAPL discharging to the mudflat. The PCB concentration in
NAPL at monitoring well MW-6 was 1,090 mg/1 in 1991. This concentration exceeds by a
factor of 0.5 million the reference concentration of 2 (ig/1 for PCBs for most aquatic
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organisms. Estimated concentrations of individual PAHs exceeded toxicity reference
concentrations by factors ranging from 20 to 4,500. The concentration of 590,000 jig/1 for
DEHP in NAPL is nearly 1,500 times the toxicity reference concentration. Localized exposure
to the high concentrations of PCBs, PAHs, and phthalates hi any NAPL seep is likely to result
in acute toxicity to organisms located in the path of these seeps.

Table 6-1. Hazard quotients for exposure to water-borne PCBs in the Delaware River
under low-flow and average-discharge conditions for aquatic organisms and
shortnose sturgeon.

Delaware River Flow Conditions
Aquatic Organisms

Average flow
Low flow

Shortnose Sturgeon
Average flow
Low flow

Hazard Quotients
Mean

(0.79 ng/l)/100 ng/l = 0.0079
(1.34ng/i)/10Qng/! = 0.0134

(0.79 ng/l)/1 ng/1 = 0.79
(1.34ng/])/1 ng/l = 1.34

ULo.95

(1.2ng/l)/100ng/l = 0.012
(1.97 ng/l)/1 00 ng/l = 0.0197

(1.2ng/l)/1 ng/l = 1.2
(1.97ng/l)/1 ng/l = 1.97

6.2 Exposure to COCs in Sediments

The primary route of exposure for benthic organisms in the nearshore areas of the Delaware
River and mudflat near MBA is through contact with sediments (or sediment interstitial water).
Based on comparisons the mean and upper 95 percent confidence limit concentrations of PCBs
in sediments of the mudflat and Delaware River to the toxicity reference values discussed in
Chapter 5, hazard quotients were calculated for exposure of receptor organisms to
contaminated sediments near MBA as follows:

Hazard Quotient = Mean (or ULo.95) PCB Concentration in Sediments/TRV

The calculated hazard quotients are summarized in Table 6-2. The most protective of the
hazard quotients, which was calculated by dividing the ULo.95 by the ER-L (or the lowest AET
if no ER-L are available), represents the worst-case risk estimate associated with exposure to
sediments; the least protective hazard quotient was calculated using the mean sediment
concentration and the ER-M.
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Because the pattern of sediment contamination for PCBs, PAHs, and the phthalate DEHP
showed a clear decrease in concentration with distance from the site boundary (Tables 4-3. 4-5.
and 4-6), sediment samples for these contaminants were grouped into three separate zones for
risk characterization: samples from the riprap area; mudflat and Delaware River samples within
30 meters of the site boundary; and mudflat and Delaware River samples greater than 30 meters
from the site boundary. No similar gradient was apparent hi sediment concentrations of DDT
and metabolites or cadmium; therefore, the risk evaluation for these contaminants will be based
on the combined values for all sediment samples.

6.2.1 Total PCB in Sediment

Average sediment PCB concentrations ranged from almost 6 mg/kg in the riprap to less
1 mg/kg in samples collected from more than 30 meters beyond the site boundary. All PCB
samples exceeded the ER-L value and 27 of 31 samples above detection limits exceeded the
ER-M. Hazard quotients for PCBs exceeded 1 for all three zones, ranging from over 400 in
the riprap to less than 5 in the outer zone (Table 6-2).

6.2.2 Total PAH in Sediment

Hazard quotient values for total PAH showed a steep gradient from the site, ranging from 7 to
246 in the riprap, 1.2 to 22 in the nearfield zone, and 0.1 to 1.1 in the farfield zone (Table 6-
2). ,

6.2.3 Phthalates

Concentrations of phthalates in the sediment also were much higher in the riprap area than in
the mudflat sediments. Hazard quotient values for DEHP were much higher hi the riprap (93-
623) than in the nearfield samples (1.0-3.8), but were less than 1 in the farfield samples (Table
6-2). Hazard quotient values for DBP exceeded 1 only for the low AET hi the riprap area, with

*
a maximum value of 2.0. Hazard quotient values for DOP ranged from 3.2 to 140 in the riprap
area, 0.2 to 4.0 in the nearfield samples, and less than 1 in the farfield samples.

6.2.4 DDT and Metabolites

Sediment concentrations of DDT, DDE, and DDD showed no clear pattern. Hazard quotients
were similar for DDT and metabolites, ranging from 15 to 131 for DDT, 5 to 76 for DDE, and
7 to 84 for DDD. Almost all samples that had detectable values exceeded the ER-M value
(Table 6-2).
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Table 6.2. Hazard quotients for sediment exposure based on toxicity reference values
(TRY) for COC hi sediment and the mean and upper 95 percent confidence limit
of sediment COC concentrations.

COC

PCBs
ER-L
ER-M

Total PAH
ER-L
ER-M

DEHP
AET-Low
AET-High

DBP
AET-Low
AET-High

DOP
AET-Low
AET-High

TRY

(us/kg)
22.7
180

(ug/kg)
4000
45000

(mg/kg)
1.3
3.1

(mg/kg)
1.4
>5.1

(mg/kg)
>0.4
6.2

RIPRAP
Mean

260.8
32.9

77.3
6.9

220.8
92.6

1.4
0.4

50.0
3.2

UL 0.95

414.3
52.2

245.8
21.8

623.1
261.3

2.0
0.5

140.0
9.0

<30 METERS
Mean

168.1
21.2

13.0
1.2

_
2.3
1.0

0.3
0.1

2.4
0.2

UL 0.95

220.6
27.8

22.0
2.0

3.8
1.6

0.5
0.1

4.0
0.3

>30 METERS
Mean

38.2
4.8

1.0
0.1

0.2
0.1

0.1
0.0

0.6
0.0

UL 0.95

52.4
6.6

1.1
0.1

0.4
0.2

0.5
0.1

0.9
0.1

All Samples Combined

DDT
ER-L
ER-M

DDE
ER-L
ER-M

DDD
ER-L
ER-M

Cadmium
ER-L
ER-M

(M-g/kg)
1
7

(ng/kg)
2.2
27

(ng/kg)
2
20

(mg/kg)
1.2
9.6

Mean

106.0
15.1

62.7
5.1

70.0
7.0

60.4
7.6

UL 0.95

131.0
18.7

75.9
6.2

83.5
8.4

144.2
18.0

6.2.5 Cadmium

Hazard quotient values for cadmium ranged from 7.6 to 144 (Table 6-2). Of the six samples
with concentrations above detection limits, five exceeded the ER-M value.
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6.2.6 Benthic Community Survey

In July 1991 the Philadelphia Academy of Natural Sciences conducted a benthic
macroinvertebrate survey of the mudflat next to the Metal Bank site (HMM 1993a). Qualitative
sampling was conducted at mudflat stations MF-1 through MF-12, while more quantitative
sampling was conducted at six of the stations (MF-1, -3, -4, -6, -10, and -11). The Academy
assigned the following descriptions to the sampling results for each taxa: not found, rare,
occasional, or abundant. To better compare the 12 stations, the subjective descriptors used by
the Academy for each taxa were given numerical values from 0 to 3 respectively. These
numerical values were summed for each station and the stations ranked by the total scores
(Table 6-3). Greater abundance of an individual taxa or the number of different taxa would
result in a higher station score.

Table 6-3. Total score, density of organisms, total PCB concentrations in
sediments (mg/kg, dry weight (DW), and TOC normalized) and
distance from the MB site boundary for mudflat stations. Total
score is based on qualitative benthic survey data. (HMM 1993a
and 1993b)

Station
ID

MF-1
MF-6
MF-5
MF-2
MF-8
MF-9
MF-7
MF-11
MF-3
MF-4
MF-10
MF-12

Total
Score
6
6
7
10
10
11
12
12
13
13
13
18

Density/
1000 cm3
1614
1203

643
1300
1193
,1204

•

Total PCB
mg/kg DW

365
198
4080
350
745
290
315
2300
1220
470
1080
1490

Total PCB
mg/kg TOC
10429
5809

143662
6533
23281
4545
11842
44487
26638
13128
105882
60324

Meters
fr.om Site
21
45
21
46
143
27
85
104
85
143
52
158

A comparison of the total PCB concentrations (normalized to dry weight or TOC) in the
sediments at the station and the station score, based on the May 1991 sediment sampling
(HMM 1993b), showed no apparent correlation. This is not surprising since the samples for
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chemical analysis and benthic organisms were taken at different times; thus, the reported PCB
concentrations may not have been representative of the sediments from which the organisms
were sampled. No relationship was apparent between total density of organisms at a station
and either PCB concentrations or distance from the site; although, total density was determined
for only a limited number of stations. There was, however, a correlation between increasing
distance from the western site boundary and higher station scores, based on the qualitative
benthic survey. These results suggest that productivity in the mudflat in the immediate vicinity
of the Metal Bank site may be reduced.

6.3 PCBs in Tissues

Concentrations of PCBs in the tissues of fish species represent an integration of all exposure
pathways. PCBs were found in the tissues of Corbicula, channel catfish, and silvery minnows
collected from the Delaware River next to the MBA site (Tables 4-8,4-9, and 4-10). Because
invertebrates appear to be much less sensitive to PCB tissue residues than fish species, the
PCB concentrations in the Corbicula were not evaluated for potential toxicity due to tissue
residue effects. To estimate the potential risk to channel catfish and silvery minnows, and
indirectly to other fish species including the shortnose sturgeon, the mean and upper 95 percent
confidence limit PCB tissue concentration of whole body samples (2.1 and 2.9 mg/kg, wet
weight) measured hi catfish collected from the Delaware River next to MBA were compared to
the toxicity reference concentrations for tissue (0.2 and 7.0 mg/kg, wet weight) (Table 6-4).

Similar comparisons were made for the silvery minnow collected at the site. Silvery minnows
most likely forage in shallow water at high tide and thus may be feeding directly over the
mudflat and nearshore areas next to the site where exposure to site-related contaminants would
be highest. In addition, silvery minnows are likely to have a more restricted feeding area than
larger, more mobile species such as the catfish and sturgeon. Silvery minnows collected in the
Delaware River next to the site in 1993 had a mean whole body PCB concentration of 1.9
mg/kg wet weight.

The calculated hazard quotients, based on the tenth percentile tissue residue risk reference value
exceeded 1 by an order of magnitude for both the channel catfish and silvery minnow
(Table 6-4). The hajzard quotients based on the fiftieth percentile value, however, were less
than 0.5 for both species. About one-third of the 19 studies listed hi Table 5-2 reported
adverse effects associated with fish tissue PCB concentrations less than the mean tissue
concentrations for channel catfish and silvery minnow. These results indicate potential risk to
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both fish species from elevated PCB concentrations in their tissues and by implication, to any
sensitive fish species with comparable or greater exposure.

Table 6-4. Hazard quotients for tissue residue concentrations of PCBs in channel
catfish and silvery minnow collected from the Delaware River near the Metal
Bank site.

Species

Channel Catfish
1 0 percentile (0.2 mg/kg)
Median (7.0 mg/kg)

Silvery Minnows
1 0 percentile
median

Hazard Quotients
Mean

2.1 mg/kg
10.5
0.3

i

1.9 mg/kg
9.5
0.27

ULo.95

2.87 mg/kg
14.3
0.4

2.23 mg/kg
11.2
0.32

Channel catfish were selected as an indicator species for the endangered shortnose sturgeon
because of their similar habitat needs and feeding strategies. If one assumes a lipid content of
20 percent in the ovaries of mature female sturgeon and applies the mean lipid normalized
concentration for the channel catfish (28.2 mg/kg lipid), the equivalent wet weight
concentration in the ovaries of female shortnose sturgeon would be 5.6 mg/kg. This level
exceeds the concentration associated with adverse effects in 9 of the 19 studies included in
Table 5-2. Based on the assumption that shortnose sturgeon would have a comparable
exposure to PCBs, and thus tissue PCB concentrations equivalent to those of the channel
catfish collected next to the site, shortnose sturgeon may be adversely affected by PCB
contamination.

6.4 Uncertainty Analysis
6.4.1 General

Relatively little information was available describing the ecosystem in the Delaware River and
mudflat next to the site. The frequency and duration of exposure of specific life stages of
species of concern are key elements in determining the degree of risk associated with site-
related contaminants. The lack of information regarding species use of the areas near MBA
increases the level of uncertainty in the risk characterization.
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Risk to aquatic organisms in the Delaware River due to exposure to contaminants of concern
from MBA may result from simultaneous exposures to multiple contaminants in sediments,
water, and food. The risk characterization assessed the risk due to exposure to individual
contaminants within a given medium and did not consider simultaneous exposure to multiple
contaminants in water, sediment, and prey. Furthermore, background concentrations of
contaminants in Delaware River water were not considered when assessing exposure, so that
species within the river may be exposed to higher concentrations than those presented in this
assessment.

6.4.2 Surface Water Risk Characterization

There is a high degree of uncertainty associated with the risk characterization for surface water
due to the number of assumptions involved in the exposure and the toxicity assessments. The
exposure-point concentrations for PCBs in surface water were derived from limited
groundwater monitoring data from two monitoring wells with measured PCB concentrations
above detection limits. Using data from these wells alone probably overestimates the overall
average groundwater discharge concentration from the site.

The toxicity reference values for aquatic organisms were derived from the lowest chronic limit
value reported in the AWQC document (EPA 1980). The limited amount of chronic toxicity
data available for the effects of PCBs on fish species make it difficult to determine whether the
toxicity reference value would protect most fish species. To take a conservative approach to
estimating risk for the endangered shortnose sturgeon, a safety factor of 100 was applied to
account for the inter-species extrapolation, the lack of information on the sensitivity of the
sturgeon to PCBs, and the need to protect individuals of an endangered species population.

The exposure area was limited to a 15-meter-wide band of the Delaware River next to the site.
Very little information is available on the distribution of shortnose sturgeon, and although it is
known that individual sturgeon may remain within 5 km of the site during the summer feeding
period, the duration and frequency of exposure to the area of concern are not likely to be for
extended periods. As a consequence of the conservative nature of most of these assumptions,
the characterization of risk due to surface water probably overestimates the actual risk to
shortnose sturgeon and other aquatic species.

6.4.3 , NAPL Risk Characterization

The major uncertainty for the NAPL risk characterization concerns the extent of exposure to
NAPL. No recent, direct evidence of active NAPL seeps is available, and recent efforts to
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collect samples of NAPL from the groundwater monitoring well where NAPL had been
sampled in 1991 were unsuccessful. The level of exceedance of toxicity reference values based
on acute toxicity by the concentrations of PCBs, PAHs, and phthalates in previously collected
NAPL samples suggests that any exposure to NAPL would result in acute toxicity to benthic
organisms.

6.4.4 Sediment Risk Characterization

The lack of data on the extent of sediment PCB contamination in the Delaware River near the
site, including both downstream and upstream areas that could reasonably be assumed to have
been impacted by releases from the site, makes for uncertainty, in determining the exposure area
and exposure-point concentrations. This is compounded by problems with data quality (i.e.,
high detection limits and samples of relatively coarse-grained sediment) for some of the
existing information.
1 f

The uncertainty associated with the use of ER-L and ER-M values for estimating risk varies, to
some extent, with the individual contaminants of concern. For PCBs and the DDTs, the lack
of a consistent pattern of increasing incidence of effects with increasing concentration, indicates
a higher degree of uncertainty in predicting adverse effects for these contaminants. For
example, the incidence of effects observed at PCB concentrations exceeding the ER-M was
51 percent compared to 85 percent for total PAH (Long et al. 1994).

• * .

The benthic community assessment provides some evidence of reduced abundance and/or
diversity at mudflat locations closest to the site boundary, which is consistent with observed
pattern of sediment contamination.

6.4.5 Tissue Residue Risk Characterization

The major sources of uncertainty for the tissue residue risk characterization are the
determination of the toxicity reference values for PCBs and inter-species extrapolation to
estimate the potential exposure to species of concern.

An important assumption in the evaluation of risk was that toxicity information developed for
one species would be directly applicable to species of concern in the Delaware River. In
particular, the risk to shortnose sturgeon was assessed based entirely upon toxicity data for
other aquatic species. Because of the endangered status of the shortnose sturgeon, a
conservative approach was taken in assessing risk to this species; however, there is substantial
uncertainty as to whether the risk characterization under- or over-estimated the actual risk
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presented to this species due to exposure to site-related contaminants in the mudflat and
Delaware River.

Another major source of uncertainty was the selection of the channel catfish as a surrogate
species for the shortnose sturgeon, which was based upon assumed general similarities in
habitat use and trophic level. Thus, it was assumed that the exposure to the shortnose sturgeon
would be comparable to the exposure to the channel catfish, as measured by the tissue PCB
concentrations in the catfish. Differences in trophic level, life span, age at sexual maturity, and
migratory behavior between the two species are variables that can affect exposure. The
shortnose sturgeon may be particularly vulnerable to the accumulation of PCBs due to their
benthic feeding habit, their longevity, and relatively late age of maturity. Shortnose sturgeon
are known to live as long as 67 years (Gilbert 1989). The fact that female sturgeon may spawn
only once every several years (Gilbert 1989) may be an additional factor leading to increased
accumulation of PCBs, since transfer of maternal PCBs to their eggs is thought to be an
important mechanism hi reducing the PCB body burden in female fish. Large channel catfish
may feed on fish to a greater extent than shortnose sturgeon (Menzie-Cura 1993b), which'
indicates that catfish occupy a higher trophic level than the sturgeon and consequently would be
expected to have a higher bioaccumulation factor. Both species spawn in the non-tidal
freshwater section of the Delaware River and are known to have seasonal movement patterns.
However, it is not known how long the catfish collected near the Metal Bank site had been in
the area.

The size of the channel catfish collected in the immediate site vicinity indicates that they were
young adult fish. Since PCB concentrations generally show an increase with age (Sloan et al.
1985; Connell 1987), the levels observed in the catfish used in this risk assessment may
underestimate the concentrations hi older individuals.

No data were available on shortnose sturgeon tissue PCB concentrations from the Delaware
River near the site, but limited data were available on tissue PCB concentrations from six
shortnose sturgeon collected in 1982 from the Delaware River 32 km upstream from the Metal
Bank site (New Jersey Department of Environmental Protection data, provided by Menzie-Cura
1993c). These fish had PCB concentrations ranging from less than 0.05 mg/kg in fillets to
0.14 mg/kg in the ovary of one fish. However, most of these fish were collected in July when
some other adult sturgeon are known to remain in the tidal portion of the river that includes the
Metal Bank site (O'Herron et al. 1993).
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6.5 Conclusions

Surface water exposure from groundwater discharge is reduced rapidly with dilution from the
Delaware River. Only PCBs were considered a COC for surface water. Any exposure to PCB
concentrations exceeding toxicity reference values would be confined to a 15-meter-wide band
of the river next to the site. The risk of adverse effects is expected to be low. The highly
conservative toxicity reference value for the shortnose sturgeon exceeded the estimated mean
exposure concentration for PCBs in the dilution zone under low-flow conditions by less than a
factor of two, indicating possible risk. However, it is highly unlikely that individual shortnose
sturgeon would remain in the exposure area long enough to receive chronic exposure.

Any exposure to NAPL, if it occurs, is likely to be highly localized in the immediate vicinity of
the riprap area. However, because measured concentrations of PCBs, PAHs and phthalate in
NAPL exceeded toxicity reference concentrations by as much as five orders of magnitude,
toxic effects to exposed organisms are highly probable. Any discharge of NAPL would also
contribute to PCB accumulation in nearshore organisms and food webs.

The primary route of exposure for benthic organisms in the nearshore areas of the Delaware
River and mudflat near MBA is through contact with sediments (and/or sediment interstitial
water). The highest levels of PCB and PAH contamination in sediments is restricted to a
relatively small area immediately adjacent to the site. Mean sediment concentrations of PCBs,
PAHs, and the phthalates bis (2-ethylhexyl) phthalate (DEHP), di-n-butyl phthalate (DBP) and
di-n-octyl phthalate (DOP) greatly exceeded.probable effects levels (ER-M or high AET) in the
riprap area, indicating that adverse effects to benthic invertebrates exposed to these
contaminated sediments are highly likely. Concentrations of PAHs and phthalates decreased in
a steep gradient away from the site, resulting hi hazard quotient values that were one or less in
the mudflat and Delaware River farther than 30 meters from the site boundary. Hazard
quotients for PCBs exceeded 1 for all three zones, ranging from over 400 in the riprap to less
than 5 in the outer zone. No spatial pattern was observed in the concentrations of DDT, DDD,
DDE, and cadmium, based on limited sampling. Samples with detectable concentrations
exceeded probable effects levels (ER-M or high AET) by about an order of magnitude.

Because of limited sampling of Delaware River sediment, the extent of PCB contamination was
not adequately defined and could extend both downstream and upstream of the site, although
concentrations appear to decline rapidly with distance from the site boundary. Limited data are
available for contaminants other than PCBs and PAHs. Problems with data quality (high
detection limits for PCBs and other contaminants) further increase the uncertainty in the
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exposure-point concentrations and the size of the exposure area. The minimum exposure area
includes intertidal and nearshore sediment in the Delaware River next to the site. The lack of
consistent increase in incidence of effects with increasing PCB concentrations in the data used
to derive the toxicity reference value adds an additional source of uncertainty to the risk
characterization.

The limited information available in the literature suggests that benthic invertebrates can
accumulate high tissue concentrations of PCBs without adverse effects, although invertebrates
may experience direct toxicity from exposure to contaminated sediments. Tissue PCB
concentrations in Asiatic clams hi the mudflat, however, demonstrate that PCBs in the area are
bioavailable and are likely to be accumulated hi benthic food webs. The BAF (lipid-normalized
tissue to organic carbon-normalized sediment ratio) observed for Asiatic clams was consistent
with literature values. Congener-specific PCB analysis showed very similar patterns for the
mudflat sediment (and one groundwater sample) and clam tissue residues, suggesting that
PCBs from the site were a probable source for the PCBs in the clam tissue.

Mean whole body PCB concentrations in tissue of silvery minnows and channel catfish
collected hi the Delaware River next to the site exceeded the tenth percentile of the lowest
observed adverse effect concentrations associated with tissue residues in fish species, but not
the median value. The silvery minnow is considered to be representative of non-migratory
forage fish species that feed hi the immediate nearshore area. Exposure to site-related PCBs in
this species is likely. Channel catfish are probably less restricted in their movements than the
silvery minnow, so the degree of exposure to site-related contaminants is less certain. Based
on the mean PCB concentration in the samples collected more than 30 meters from the site
boundary, the observed BAF for silvery minnow was comparable to literature values, while the
BAF for channel catfish was less than expected for similar trophic-level fish species reported in
the literature. The fact that the silvery minnows have a larger BAF than the channel catfish
further suggests that they are exposed on average to sediments containing higher levels of
PCBs than are the channel catfish. Using these species as representative of other fish species
with similar exposure to the nearshore PCB-contaminated sediments immediately adjacent to
the Metal Bank site or to nearshore food webs, the results suggest a potential risk of
reproductive effects in sensitive fish species.

Considerable uncertainty exists in estimating the extent of exposure for the sturgeon, and
nothing is known about its relative sensitivity to adverse effects from accumulated PCBs.
Channel catfish were also used as a surrogate species for estimating the accumulation of PCBs
in the endangered shortnose sturgeon. Although they occupy a lower trophic level than the
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channel catfish, the shortnose sturgeon may be particularly prone to accumulating and
transferring high concentrations of PCBs to their developing offspring (considered the most
sensitive toxic endpoint for PCBs to fish) due to their benthic feeding habit, longevity, late age
of sexual maturity, and high lipid content of their eggs. Thus, the potential risk to shortnose
sturgeon resulting from accumulation of PCBs from all exposure pathways near the site may be
greater than for other fish species.
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