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7. RISKS TO TERRESTRIAL WILDLIFE

Risks from radionuclides and nonradionuclides (e.g., organic and inorganic chemicals) were
estimated for small mammals and wide-ranging wildlife species within the WOCW. Because the
methods for risk estimation differ between radionuclide and nonradionuclide contaminants, each is
addressed separately. Risks from exposure to radionuclides are discussed in Chapter 9.

7.1 EXPOSURE ASSESSMENT

Wildlife may be exposed to contaminants through ingestion of food, soil and water. In this
assessment, exposure through ingestion of food, soil, and water was estimated using exposure
models (described in the following paragraphs). Exposure through water for terrestrial wildlife was
assessed by comparing unfiltered water concentrations to water benchmarks for wildlife (see Sect
7.2.1). Contaminant exposure through ingestion was estimated for small mammals (short-tailed
shrew and white-footed mouse) and wide-ranging species (white-tailed deer, wild turkey, red-tailed
hawk, red fox, and mink). Soil-related ingestion exposures and combined watershed-wide water-
and soil-related exposures for mink are addressed in this section; water-related ingestion exposures
for mink are addressed with the other piscivores in Sec. 8. Exposure estimates were calculated using
soil and soil-biota uptake factors for small mammals, earthworms, and plants. Uptake factors for
small mammals and plants were derived from data from 15 locations within the Bear Creek
watershed (four within BCOU1 and 11 within the Bear Creek floodplain). Uptake factors for
earthworms were derived from data from Bear Creek, WAG 5 and 2 locations within WAG 2. When
measured data on uptake factors were unavailable, values were derived from available literature.

7.1.1 Oral Ingestion Exposure Model

Oral exposure to contaminants experienced by terrestrial wildlife may come from multiple
sources. They may consume contaminated food (either plant or animal), drink contaminated water,
or ingest soil or sediment. Soil or sediment ingestion may be incidental while foraging or grooming
or purposeful to meet nutrient needs. The total oral exposure experienced by an individual is the
sum of the exposures attributable to each source and may be described as:

Eiat ® Efood T Eqr + Egt 1)
where: ’
E,n = total exposure from all pathways
Eg = exposure from food consumption
E.u: = exposure from water consumption

soil exposure from soil consumption

For exposure estimates to be useful in the assessment of risk to wildlife, they must be expressed
in terms of a body weight-normalized daily dose or mg contaminant per kg body weight per day
(mg/kg/d). Exposure estimates expressed in this manner may then be compared to toxicological
benchmarks for wildlife, such as those derived by Sample et al. (1996a), or to doses reported in the
toxicological literature. Estimation of the daily contaminant dose an individual may receive from
a particular medium for a particular contaminant may be calculated using the following equation:
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where: .
E; = total exposure to contaminant (j) (mg/kg/d)
m = total number of ingested media (e.g., food, soil, or water)
IR; = consumption rate for medium (i) (kg/d or L/d)
px = proportion of type (k) of medium (i) consumed (unitless)
C; = -concentration of contaminant (j) in type (k) of medium (i) (mg/kg or mg/L)
BW = body weight of endpoint species (kg)

Exposure estimates were calculated for all contaminants detected in soil or water from the WOCW.
Because wildlife are mobile, their exposure is best represented by the mean contaminant
concentration in media. To be conservative, the lower of the 95% upper confidence limit (UCL) and
the maximum detected concentration was used in exposure estimates. These data were used in the
initial exposure estimates. Exposure estimates for contaminants that may potentially present a risk
to wildlife (based upon comparisons to LOAELSs) were reevaluated using Monte Carlo simulations.

7.1.2 Uptake Factors

Contaminant concentrations in biota were not available for the WOCW. To estimate
contaminant concentrations in biota, soil-to-tissue uptake factors developed as part of the Bear Creek
Valley RI were used. Uptake factors for small mammals and plants were developed exclusively with
data from the Bear Creek assessment. In addition to the Bear Creek data, data from two samples in
WAG 2 and 6 from WAG 5 were used to develop the earthworm uptake factors Uptake factors for
plants are available in Efroymson et al. (1996b); uptake factors for earthworms and small mammals
are available in Sample et al. (1996b). When ORR-specific uptake factors were available from
Efroymson et al. (1996b) or Sample et al. (1996b), contaminant concentrations in biota were
estimated by multiplying the biota type-specific uptake factor by the soil concentration:

tissue UF, i Csail ] (3 )
where:
UF; = Soil-to-tissue uptake factor for plant, worm, or wildlife receptor (unitless)
Coi Concentration of chemical i in soil (mg/kg)

When ORR-specific soil-to-tissue uptake factors were unavailable, literature-derived uptake
factors were used. For plants and soil invertebrates, equation 3 was used to estimate tissue
concentrations. However, literature-derived uptake factors for small mammals were food-to-tissue
uptake factors, not soil-to-tissue. Therefore, small mammal tissue concentrations were estimated by
multiplying the food-to-tissue uptake factor by the concentration in plant or invertebrate food
consumed by the small mammal: .

C = BAF, (C; P, + Cyy Py C))

tissue

BAF, = Food-to-tissue uptake factor for chemical i. (mg/kg tissue over mg/kg food)
Concentration of chemical 7 in food type j (mg/kg)

Proportion of food typej in small mammal's diet (unitless)

Concentration of chemical 7 in surface soil.
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P,y = Proportion of soil in small mammal diet. (unitless)

Uptake factors used in this assessment are provided in Table 7.1. It was assumed that
contaminant uptake from ingested food and soil was similar.

7.1.3 Contaminant Concentrations in Media

Soil and water data were aggregated into subbasins within the WOCW. Subbasins were
identified based on drainage patterns and relation to potential sources. Figure 1.1 portrays the
relative location of all identified subbasins within the watershed. Summary statistics for
contaminants detected in soil from each subbasin in the WOCW are presented in Table 5.2 and in
Attachment A of Appendix B of this RI report. Surface water data are also presented in
Attachment A of Appendix B.

7.1.4 Exposure Modeling using Point-Estimates

Initial estimates of exposure of terrestrial wildlife to contaminants were performed for each of
the subbasins using point estimates of parameters in the exposure model. Species-specific
parameters necessary to estimate exposure using Eq. 2 are listed in Tables 7.2 through 7.8.

To estimate contaminant exposure experienced by short-tailed shrew, the following
assumptions were made:

body weight =0.015 kg :

food consumption = 0.009 kg/d (fresh weight)

soil consumption = 0.00117 kg/d (dry weight)

water consumption = 0.033 L/d

diet consists 100% of earthworms or soil invertebrates.

contaminant concentration in earthworms is representative of that in other invertebrate prey.

To estimate contaminant exposure experienced by white-footed mouse, the following
assumptions were made:

body weight = 0.022 kg

food consumption = 0.0034 kg/d (fresh weight)

soil consumption = 0.000068 kg/d (dry weight)

water consumption = 0.0066 L/d

diet consists 50% of earthworms or soil invertebrates and 50% herbaceous plant material.
contaminant concentration in earthworms is representative of that in other invertebrate prey.

To estimate contaminant exposure experienced by white-tailed deer, the following assumptions
were made:

body weight = 56.5 kg

food consumption = 1.74 kg/d (fresh weight)
soil consumption = 0.0348 kg/d (dry weight)
water consumption = 3.7 L/d
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To estimate contaminant exposure experienced by red fox, the following assumptions were

made: '
e  body weight=4.5 kg

e food consumption = 0.45 kg/d (fresh weight)

e  soil consumption = 0.0126 kg/d (dry weight)

e water consumption = 0.38 L/d

diet consists 80.8% of small mammals and birds, 10.4% plant material, and 8.8%
earthworms or other invertebrates

*  contaminant concentration in small mammals is representative of that in other vertebrate prey.

e  contaminant concentration in earthworms is representative of that in other invertebrate prey.
To estimate contaminant exposure experienced by red-tailed hawk, the following assumptions

were made:

e  body weight=1.126 kg

e  food consumption =0.109 kg/d (fresh weight)

e soil consumption = 0 kg/d (dry weight)

e  water consumption = 0.064 L/d

e  diet consists 100% of small mammals and other vertebrates

e  contaminant concentration in small mammals is representative of that in other vertebrate prey.
To estimate contaminant exposure experienced by mink, the following assumptions were made:

e  body weight=1kg

e  food consumption =0.137 kg/d (fresh weight)

e  water consumption = 0.099 L/d

e  diet consists 54.6% of fish or other aquatic prey and 45.4% small mammals.

[ ]

contaminant concentration in small mammals is representative of that in other terrestrial
vertebrate prey.
contaminant concentration in fish is representative of that in other aquatic prey.

To estimate contaminant exposure experienced by wild turkey, the following assumptions were
made:

body weight = 5.8 kg

food consumption = 0.174 kg/d (fresh weight)

soil consumption = 0.0162 kg/d (dry weight)

water consumption = 0.19 L/d

diet consists 90.3% of plant material, and 9.7% invertebrates

contaminant concentration in earthworms is representative of that in other invertebrate prey.

Using Equation 2 and the assumptions and data described above, point estimates of exposure

to contaminants within each of the subbasins within the watershed were estimated for each endpoint
(Tables 7.9 through 7.15).

7.1.5 Exposure Modeling using Monte Carlo Simulations

Employing point estimates for the input parameters in the exposure model does not take into

account the variation and uncertainty associated with the parameters and therefore may over- or
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underestimate the contaminant exposure that endpoints may receive. In addition, calculating the
model using point estimates produces a point estimate of exposure. This estimate provides no
information concerning the distribution of exposures or the likelihood that individuals within the
watershed will actually experience potentially hazardous exposures. To incorporate the variation
in exposure parameters and to provide a better estimate of the potential exposure experienced by
wildlife in the WOCW, the exposure model was re-calculated using Monte Carlo simulations.

Monte Carlo simulation is a resampling technique frequently used in uncertainty analysis in
risk assessment (Hammonds et al. 1994). In practice, distributions are assigned to input parameters
in a2 model, and the model is recalculated many times to produce a distribution of output parameters
(e.g., estimates of contaminant exposure). Each time the model is recalculated, a value is selected
from within the distribution assigned for each input parameter. As a result, a distribution of
exposure estimates is produced that reflects the variability of the input parameters.

For all endpoints, Monte Carlo simulations were performed for the entire WOCW area. The
percentiles of the resulting exposure distributions represent the likelihood that an individual within
the modeled area will experience a given exposure level. It was assumed that each subbasin
contributed equally to the overall mean exposure (i.e., individuals within the watershed do not
preferentially forage at any one location within a subbasin). While this assumption is not likely to
be ecologically correct (foraging effort and therefore exposure is likely to be biased toward those
locations with the most abundant food), data were not available to estimate preferential use among
subbasins. For short-tailed shrews and white-footed mice, species with small home ranges for which
an individual subbasin is a relevant scale to address populations, Monte Carlo simulations were
performed for individual subbasins.

Simulations were performed for each contaminant where comparison of point estimates of
exposure to LOAELSs produced HQs21 for at least one subbasin (LOAELS are discussed in Sect 7.2.;
results of screening of exposure estimates against LOAELS are discussed in Sect. 7.3.).

Distributions were used for the following parameters in the exposure model: contaminant
concentrations in soil and soil-biota uptake factors. Distributions for soil contaminant
concentrations were identified as normal or lognormal using the UNIVARIATE procedure in SAS
(SAS 1990). When sample sizes were adequate (>6 observations), the Shapiro-Wilk test (Shapiro
and Wilk 1965) was used to determine whether a normal or lognormal distribution provided the best
fit of the data. For small sample sizes or data with no variation, a normal distribution was assumed.
Distributions for soil-to-biota uptake factors were obtained from Efroymson et al. (1996b) and
Sample et al. (1996b).

Monte Carlo simulations were performed using Crystal Ball software (Decisioneering 1996).

Samples from each distribution were selected using latin hypercube sampling. The number of model
iterations performed for each exposure estimate was set at 1000.

7.2 CHEMICAL EFFECTS ASSESSMENT FOR WILDLIFE

7.2.1 Single Chemical Toxicity Data

Single chemical toxicity data consist of no observed adverse effects levels (NOAELSs) and
lowest observed adverse effects levels (LOAELSs) of toxicity studies reported in the literature.
NOAELs and LOAELS: for wildlife endpoints were estimated from these data using the allometric
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methods outlined in Sample et al. (1996a). This methodology for toxicity extrapolation is equivalent
to that the EPA uses in their carcinogenicity assessments and Reportable Quantity documents for
adjusting from animal data to an equivalent human dose. Using the allometric scaling factor
recommended in EPA (1995), the equation for estimating mammalian LOAELSs was:

b |
' ] (5)

bw,

LOAEL,, = LOAEL,

where LOAEL, and LOAEL,, represent LOAELS for a mammalian test species and a wildlife species,
respectively. Toxicity values for birds were estimated using the scaling factor derived from Mineau
(1996) where:

bw,

1]
[ ow,’
LOAEL, = LOAEL,[ w’) = LOAEL, (1) = LOAEL, 6)

To evaluate the potential risk that contaminants in water may present, water benchmarks were
derived according to the methods outlined in Sample et al. (1996a). Water benchmarks represent
the concentration of a contaminant in water (C,, in mg/L) that would result in a dose equivalent to
aNOAEL,, or LOAEL,,. NOAEL's and LOAEL's and water benchmarks were derived for all seven
endpoints. Experimental information used to estimate avian and mammalian benchmarks and
NOAEL's and LOAEL's for avian and mammalian endpoints are available in Sample et al. (1996a).

Toxicological profiles for analytes of concern are provided in the attachment of this appendix.
7.2.2 Biological Surveys
7.2.2.1 Mink survey

Stevens (1995) investigated bioaccumulation of mercury in mink on the ORR in 1993 through
1995. The methods used in the mink survey, while indicating that mink are present on the
Reservation, cannot be used to estimate abundance or density of mink on the ORR. A total of four
male mink were live-trapped over the course of 6073 trapnights (trapnight=1 trap set for 24 h). One
Jjuvenile was captured along East Fork Poplar Creek, two adults were captured along Bear Creek, and
one adult was captured along WOC. Captured mink were fitted with an intraperitoneal radio
transmitter (to monitor movements and home range) and released. Prior to release samples of hair
were collected for metals analysis. An additional 8 roadkilled mink (5 male and 3 female) were
collected from the ORR and surrounding areas of Roane and Anderson counties. While one roadkill
sample (a male) was collected on a bridge over Bear Creek and was assumed to be a resident of Bear
Creek, all others were collected off the ORR and were used as references. Results of metals analysis
are presented in Table 7.16.

Radiotelemetry data on home ranges and movements were obtained for 3 mink - one each from
the East Fork Poplar Creek, Bear Creek, and WOC watersheds. Mean (& standard deviation) home
range for these three individuals was found to be 7.5+3 km of stream. The home range of the WOC
mink included all of WOC from the headwater tributaries to the Clinch River, including the X-10
facility. This individual was observed to use dens within the X-10 facility and moved through the
facility on several occasions.
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7.3 CHARACTERIZATION OF CHEMICAL RISKS TO WILDLIFE

Risk Characterization integrates the results of the exposure assessment (Sect. 7.1) and effects
assessment (Sect. 7.2) to estimate risks (the likelihood of effects given the exposure) based on each
line of evidence, and then applies a weight of evidence inference logic to determine the best estimate
of risk to each assessment endpoint. In an ideal risk assessment there are three lines of evidence:
literature-derived single chemical toxicity data (which indicate the toxic effects of the concentrations
measured in site media); biological surveys of the affected system (these indicate the actual state of
the receiving environment); and toxicity tests with ambient media (these indicate the toxic effects
of the concentrations measured in site media). With the exception of the biosurvey data for mink
(Sect 7.2.2), only one line of evidence, single chemical toxicity data, was available to assess risk to
wildlife in the WOCW.

7.3.1 Single Chemical Toxicity Data

Exposure estimates generated by the exposure model (see Sect. 7.1) produced by both point
estimates of parameter values and Monte Carlo simulation represent exposure at the individual level.
The exposure estimates using point estimates of parameter values at each subbasin are used to
identify COPECs and locations that contribute significantly to risk. In contrast, the WOCW-wide
exposure distributions generated by Monte Carlo simulation represent the likelihood that an
individual within the watershed will experience a particular exposure.

Two types of single chemical toxicity data are available with which to evaluate wildlife
contaminant exposure: NOAELs and LOAELSs. In this baseline assessment, the evaluation is based
on comparison to LOAELs. LOAELSs are compared to the exposure distribution generated by the
Monte Carlo simulation. If the LOAEL is lower than the 80th percentile of the exposure
distribution, there is a>20% likelihood that individuals within the modeled location are experiencing
contaminant exposures that are likely to produce adverse effects. By combining measured or
literature-derived population density data with the likelihood or probability of exceeding the
LOAEL, the magnitude of population-level impacts may be estimated.

7.3.1.1 Screening point estimates of exposure

To determine if the contaminant exposures experienced by wildlife in each subbasin and
throughout the WOCW are potentially hazardous, the dietary contaminant exposure estimates
(generated using point estimates of parameter values) were compared to estimated NOAELSs and
LOAETLSs for these species (Sample et al. 1996a). To quantify the magnitude of hazard, a hazard
quotient (HQ) was calculated where: HQ = exposure/LOAEL. Hazard quotients greater than 1
indicate that individuals may be experiencing exposures that are in excess of LOAELs. While
exceeding the NOAEL suggests that adverse effects are possible, exceeding the LOAEL suggests
that adverse effects are likely. Hazard quotients for all endpoints are presented along with the point
estimates of exposure in Tables 7.9 through 7.15 for all instances where the NOAEL- or LOAEL-
based HQ was greater than 1.0.

Mercury was the dominant contaminant presenting risks to terrestrial wildlife in the WOCW.
Mercury exposure in the WOCW exceeded LOAELS for all endpoints within at least one subbasin
and in as many as six subbasins for the shrew (Tables 7.17 through 7.23). The next most important
contaminants presenting risks were PCBs, presenting risks to shrews, mice, and fox (Table 7.17
through 7.19). Other analytes presenting likely risks were chromium (shrew, mouse, fox); barium
(shrew, fox, deer); arsenic (shrew and mouse); zinc (shrew, hawk); nickel (shrew, mouse, fox, hawk,
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deer, turkey, and mink); and cadmium, copper, molybdenum, and selenium (shrew). With the
exception of short-tailed shrews, only one to at most five contaminants were identified as presenting
risks to any endpoint. In the case of shrews, 12 contaminants resulted in potentially significant risks
(Table 7.17). ‘

Tables 7.17 through 7.23 display the sum of the LOAEL-based HQs (e.g., sum of toxic units
or HI) for those contaminants where at least one LOAEL-based HQ>1 was obtained. For all
endpoint species, the greatest risks were identified in the mainstem of WOC. The highest HIs are
in the Intermediate Holding Pond subbasin. The WOC and Lower WOC subbasins also result in
relatively high HIs, all primarily due to mercury contamination. The HF-2 subbasin in the HFIR
basin along Melton Branch results in high HIs due to chromium, barium, and zinc. HIs decline with
increasing distance downstream in the mainstem of WOC (Intermediate Holding Pond > WOC >
Lower WOC). The high HI for SWSA 4 Main is caused by the extremely high nickel concentrations
at WAG 4 Seep 6 and probably represents a hot spot rather than widespread contamination.

The following paragraphs in this subsection provide a subbasin by subbasin description of risk
results for exposure of terrestrial wildlife to contaminants in surface soil.

HFIR BASIN

HF-2 Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
HF-2 subbasin. Likely risks were identified for short-tailed shrews, white-footed mice, red fox,
white-tailed deer, and red-tailed hawk (Tables 7.17 through 7.21). Inorganics contributed 100% of
the HI for all receptors. HQs exceeding one were estimated for four (chromium, barium, zinc, and
molybdenum) for shrews, two (chromium and barium) for foxes, and one for mice, deer, and hawks
(chromium, barium, and zinc, respectively). With the exception of chromium, most exceedances of
toxicological benchmarks were relatively low (less than a factor of 3.8). This subbasin was not a
major contributor to the estimated watershed-wide population effects for shrews exposed to
molybdenum.

Chromium was the primary risk driver for shrews, mice, and foxes, contributing 51-99% of the
HI for each. Chromium was detected in both of the soil samples collected at HF-2, but at levels
higher than background in only one, and then at a concentration only about twice as high (168 mg/kg
for HF-2 versus 78 mg/kg background). The analytical data did not specify the valence state of the
chromium. Chromium (VI) is more toxic and bioavailable than chromium (III) (Will and
Suter 1995b), but in most soils chromium (VI) is likely to be reduced to chromium (III) (Will and
Suter 1995b). However, the toxicological benchmark used to estimate effects of chromium is based
on chromium (VI) studies. The use of the benchmark for the more toxic and available
chromium (VI) when exposures may be predominantly from chromium (III) may lead to
overestimation of the risks of adverse effects. Terrestrial wildlife exposures to chromium were
below the NOAEL for chromium (III) for all receptors.

SWSA § Seep A Basin

Seep A Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
Seep A subbasin. Likely risks from nonradionuclides were identified for short-tailed shrews
(HI = 6.9), but no risks were identified for any other receptors (HIs < 1). Inorganics contributed
>90% of the HI for all receptors. HQs exceeding one were estimated for two analytes (selenium and
zinc) for shrews (Table 7.17). This subbasin was the major contributor to the estimated watershed-
wide population effects for shrews exposed to selenium. :
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HRE

Risks to terrestrial biota were evaluated for exposure to nonradionuclides in soil in the HRE
subbasin. Likely risks were identified for shrews and mice (Tables 7.17 and 7.18). HQs exceeding
one were estimated for three analytes for shrews (barium, chromium, and PCBs) and one for mice
(chromium). Barium and PCBs were not predicted to result in population level effects within the
subbasin for shrews or mice, but chromium was predicted to result in population level effects on
shrews and mice within the subbasin and in watershed-wide effects on shrews. However, while
chromium was the primary risk driver in this subbasin, it was detected at only 1.3 times background.
The analytical data did not specify the valence state of the chromium. Chromium (VI) is more toxic
and bioavailable than chromium (IIT) (Will and Suter 1995a), but in most soils chromium (VI) is
likely to be reduced to chromium (II). The toxicological benchmarks used in this assessment were
based on chromium (VI) studies. The use of benchmarks for the more toxic and available chromium
(VI) when exposures may be predominantly from chromium (III) may lead to overestimation of risks.
Exposures were below NOAELs for chromium (III) for all receptors. Therefore, while risks to
individuals are possible in this subbasin due to barium, chromium, and PCBs, these analytes
probably do not represent a significant concern at the population level.

SWSA 5 Seep B Basin

Seep B West Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil
in the Seep B West subbasin. Likely risks from nonradionuclides were identified for short-tailed
shrews, white-footed mice, red fox, red-tailed hawk, and mink (Table 7.17 through 7.19, 7.21, and
7.23). Inorganics contributed >99% of the HI for all receptors. HQs exceeding one were estimated
for three analytes for shrews (mercury, selenium, and molybdenum) and one (mercury) for mice, fox,
hawk, and mink. While not as significant as the Intermediate Holding Pond, this subbasin was a
significant contributor to estimated watershed-wide risks to shrews and foxes from exposure to
mercury. It is also a contributor to estimated watershed-wide risks to shrews from exposure to
selenium.

Seep B East Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil
in the Seep B East subbasin. Likely risks from nonradionuclides were only identified for short-tailed
shrews (Table 7.17). While PCB-1260 contributed >72% of the HI for the shrew and was the only
analyte resulting in a HQ exceeding one, this subbasin was not a major contributor to estimated
watershed-wide risks to shrews from exposure to PCB-1260.

SWSA 5 Drainage D-2

SWSA S Drainage D-2 Subbasin. Risks to terrestrial biota were evaluated for
nonradionuclides in soil in the SWSA 5 Drainage D-2 subbasin. Likely risks were identified for
short-tailed shrews, white-footed mice, and red fox from exposure to nonradionuclides (Table 7.17
through 7.19). The organic PCB-1260 was the risk driver for all three receptors, contributing >90%
of the HI. The PCB-1260 HQ for the shrew was 19.0. This subbasin was the primary contributor
to the watershed-wide risks estimated for shrews from exposure to PCB-1260. PCB-1260 was
detected in 2 of 5 samples within the subbasin.

SWSA 5 Seep C Basin

Seep C Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
Seep C subbasin. Likely risks from nonradionuclides were identified for short-tailed shrews
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(Table 7.17). Inorganics contributed >99% of the HI. HQs exceeding one were estimated for three
inorganics for shrews (molybdenum, barium, and selenium). This subbasin was the primary
contributor to estimated watershed-wide risks to shrews from exposure to molybdenum.

MWOC/East Basin

SWSA 5 Tributary 1. Risks to terrestrial biota were evaluated for nonradionuclides in soil
in the SWSAS Trib-1 subbasin. Likely risks from nonradionuclides were identified for short-tailed
shrews and red fox (Table 7.17 and 7.19). Inorganics contributed >84% of the HI for both receptors.
HQs exceeding one were estimated for two inorganics for shrews (mercury and selenium) and one
for red fox (mercury). Mercury was the primary risk driver for all receptors, accounting for 40% of
the shrew HI, and 73% of the fox HI.

SWSA 5 WOC. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
SWSA 5 WOC subbasin. Likely risks were identified for short-tailed shrews (Table 7.17) from
exposure to nonradionuclides. Inorganics contributed >86% of the HI. HQs exceeding one were
estimated for two inorganics (mercury and selenium) for shrews. Exceedances of tox1cologlcal
benchmarks were relatively low (less than a factor of 1.2).

SWSA 5 N WOC. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
SWSA 5 N WOC subbasin. Likely risks were identified for short-tailed shrews from exposure to
nonradionuclides (Table 7.17). Inorganics contributed >99% of the HI. Only selenium resulted in
a HQ exceeding one for the shrew, and the exceedance of the toxicological benchmark was low (HQ
= 1.8), but this subbasin was an important contributor to the estimated watershed-wide risks to
shrews from exposure to selenium in soil.

MWOC/West Basin

Intermediate Pond. Risks to terrestrial biota were evaluated for nonradionuclides in soil in
the Intermediate Pond subbasin. Likely risks from nonradionuclides were identified for short-tailed
shrews, white-footed mice, red fox, white-tailed deer, red-tailed hawk, wild turkey, and mink (Tables
7.17 through 7.23). Inorganics contributed >98% of the HI for all receptors. HQs exceeding one
were estimated for four inorganics for shrews (mercury, molybdenum, nickel, and zinc) and one
(mercury) for mice, fox, deer, hawk, turkey, and mink. The organic, PCB-1260, was an additional
risk driver for shrews with a HQ of 4.6. The Intermediate Holding Pond was the primary contributor
to estimated watershed-wide risks to shrews and foxes from exposure to mercury. It is also an
important contributor to estimated watershed-wide risks to shrews from exposure to PCB-1260 and
molybdenum.

SWSA 4 Main. Risks to terrestrial biota were evaluated for exposure to nonradionuclides in
soil in the SWSA 4 Main subbasin. Likely risks were identified for all receptors (Tables 7.17
through 7.23). HQs exceeding one were estimated for three analytes for shrews (barium, nickel, and
selenium) and one for all other receptors (nickel). Barium, nickel, and selenium were all predicted
to result in population level effects on shrews within the subbasin, and nickel was predicted to result
in within basin population level effects for mice. This subbasin was the primary reason for a
predicted watershed-wide effect on shrews from exposure to nickel and an important contributor to
predicted watershed-wide effects on shrews from exposure to selenium.

While nickel was the primary risk driver for wildlife in the subbasin, it should be noted that the
results are driven by the high nickel concentration (7860 mg/kg) at one sample location
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(WAGA4Seep6). The highest concentration at two other locations in the subbasin was 49.6 mg/kg,
suggesting that risks from nickel are spatially limited within the subbasin. Therefore, watershed-
wide effects on shrews from exposure to nickel are not likely.

WAG 7 WOC. Risks to terrestrial biota were evaluated for exposure to nonradionuclides in
soil in the WAG 7 WOC subbasin. No risks were identified for wildlife receptors; estimated
exposures were below LOAELSs for all receptors.

WOC Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
WOC subbasin. Likely risks from nonradionuclides were identified for short-tailed shrews, white-
footed mice, red fox, red-tailed hawk, wild turkey, and mink (Tables 7.17 through 7.19 and 7.21
through 7.23). Inorganics contributed >89% of the HI for all receptors. HQs exceeding one were
estimated for five inorganics for shrews (mercury, zinc, molybdenum, copper, and selenium), two
for red-tailed hawks (mercury and zinc), and one (mercury) for mice, fox, turkey, and mink. This
subbasin was second to the Intermediate Holding Pond in contribution to estimated watershed-wide
risks to shrews and foxes from exposure to mercury. Mercury accounted for >65% of the HI for
wildlife receptors. The organic, PCB-1260, was an additional risk driver for shrews with a HQ of
4.1 and accounting for 11% of the shrew HI.

West Seep Basin

West Seep Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in
the West Seep subbasin. No analytes resulted in HQs >1.0 for any receptors, thereby indicating that
risks to wildlife are negligible in this subbasin.

East Seep Basin

East Seep Subbasin. Risks to terrestrial biota were evaluated for exposure to nonradionuclides
in soil in the East Seep subbasin. Likely risks were identified only for shrews (Tables 7.17). HQs
exceeding one were estimated for three analytes for shrews (barium, selenium, and thallium).
Although HQs were low (<1.5), selenium and thallium were predicted to result in population level
effects on shrews within the subbasin. This subbasin was a minor contributor to predicted
watershed-wide effects on shrews from exposure to selenium. Watershed-wide effects were not
predicted for thallium or barium.

SWSA 6 BASIN

W6MS3 Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
WAGG6MS3 subbasin. Likely risks from exposure to nonradionuclides were identified for short-
tailed shrews (Table 7.17). Inorganics contributed >99% of the HI. Only arsenic resulted in an HQ
exceeding one for shrews. Exceedance of the toxicological benchmark was relatively low
(HQ=1.8).

W6MS1 Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the
W6MSI subbasin. Likely risks from exposure to nonradionuclides were identified for short-tailed
shrews (Table 7.17). Inorganics contributed >99% of the HI. HQs exceeding one were estimated
for only two analytes for shrews (arsenic and nickel). The nickel HQ was only 1.2 while the arsenic
HQ was 4.3.
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White Oak Lake, Creek, and Floodplain Basin

Lower WOC Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil
in the Lower WOC subbasin. Likely risks from nonradionuclides were identified for short-tailed
shrews, white-footed mice, red fox, red-tailed hawk, wild turkey, and mink (Table 7.17 through 7.19
and 7.21 through 7.23). Inorganics contributed >95% of the HI for all receptors. HQs exceeding
one were estimated for five inorganics for shrews (mercury, chromium, zinc, molybdenum, and
selenium), two for mice and foxes (mercury and chromium), and one (mercury) for hawks, turkeys,
and mink. The organic, PCB-1260, was an additional risk driver for shrews with a HQ of 2.3. This
subbasin was third behind Intermediate Holding Pond and WOC subbasins in contribution to
watershed-wide risks to shrews and foxes exposed to mercury. Hazard quotients for mercury were
as high as 23.2 for shrews. Chromium was a significant risk driver for shrews, mice, and foxes, but
the UCL95 of the chromium concentration only exceeded background by 1.1x. The analytical data
did not specify the valence state of the chromium. Chromium (V1) is more toxic and bioavailable
than chromium (III) (Will and Suter 1995b), but in most soils chromium (V) is likely to be reduced
to chromium (IIT) (Will and Suter 1995b). However, the toxicological benchmark used to estimate
effects of chromium is based on chromium (VI) studies. The use of the benchmark for the more
toxic and available chromium (VI) when exposures may be predominantly from chromium (III) may
lead to overestimation of the risks of adverse effects. Terrestrial wildlife exposures to chromium
were below the NOAEL for chromium (IIT) for all receptors.

SWSA 6 South Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in
soil in the SWSA 6 SOUTH subbasin. Likely risks from exposure to nonradionuclides were
identified for short-tailed shrews and white-footed mice (Tables 7.17 and 7.18). Inorganics
contributed 100% of the HI for both receptors as benchmarks were unavailable for the three organics
detected in the single sample from the subbasin. Only arsenic resulted in a HQ exceeding one for
shrews and mice. The shrew HQ of 8.1 was the highest HQ for arsenic for any wildlife receptor at
any of the subbasins.

SWSA 6 East Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil
in SWSA 6 East subbasin. Likely risks from exposure to nonradionuclides were identified for short-
tailed shrews (Table 7.17). Inorganics accounted for >99% of the HI. HQs exceeding one were
estimated for only two analytes for shrews (nickel and cadmium). Exceedances of toxicological
benchmarks were less than 1.2 for both analytes. Relative to other subbasins within the watershed,
the SWSA 6 East subbasin presents a minor risk of adverse effects.

Pit 4 South Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil
in the Pit 4 South subbasin. Likely risks from exposure to nonradionuclides were identified for
short-tailed shrews (Table 7.17). Inorganics contributed >99% of the HI. HQs exceeding one were
estimated for three inorganics for shrews (molybdenum, selenium, and barium). Exceedances of
toxicological benchmarks were low (less than a factor of 1.8) for all analytes.

NHF Basin
NHF Subbasin. Risks to terrestrial biota were evaluated for nonradionuclides in soil in the

NHF subbasin. No risks were identified for exposure of terrestrial biota to nonradionuclides in soil.
Exposures for all receptors were below toxicological benchmarks for all analytes.
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7.3.1.2 Screening Monte Carlo simulation estimates of exposure

To incorporate the variation present in the parameters employed in the exposure model, Monte
Carlo simulations were performed for the exposure estimates of each species to analytes where at
least one LOAEL-based HQ>1 was observed. For all endpoints, simulations were performed only
at the watershed-wide level.

By superimposing NOAEL and LOAEL values on the exposure distributions generated from
the Monte Carlo simulation, the likelihood of an individual experiencing potentially hazardous
exposures can be estimated and the magnitude of risk may be determined. An interpretation of the
comparison of exposure distributions to NOAELSs and LOAELSs is given in Table 7.24.

To evaluate the likelihood and magnitude of population-level effects on wildlife, literature-
derived population density data (expressed as number of individuals/ ha or km of stream) were
combined with hectares of suitable habitat (within the WOCW) to estimate the number of individuals
of each endpoint species expected to be present in the watershed. For the terrestrial species (shrew,
mice, deer, fox, turkey and hawk) habitat preferences follow those reported in the Preliminary
Reservation-wide Ecological Risk Assessment (Sample et al. 1995). These habitat preferences were
compared to the habitat types identified in WAGs within the WOCW in Washington-Allen et al.
(1995) and extrapolated to address the entire Melton Valley area of the WOCW. Because streams
are the preferred habitats for mink, the length of WOC was assumed to represent suitable habitat.
The estimated abundance of wildlife endpoint species is reported in Table 7.25.

The number of individuals within the WOCW likely to experience exposures >LOAELs can
be estimated using cumulative binomial probability functions (Dowdy and Wearden 1983).
Binomial probability functions are estimated using the following equation:

b(y;mp) = C) pY (1-p)y™? ©)
where:
y = the number (or percent) of individuals experiencing exposures > LOAEL
n = total number (or percent) of individuals within the watershed
p = probability of experiencing an exposure in excess of the LOAEL

b (y; n; p) = probability of y individuals out of a total of n, experiencing an
exposure > LOAEL, given the probability of exceeding the LOAEL=p.

By solving Equation 8 for y=0 to y=n, a cumulative binomial probability distribution may be
generated that can be used to estimate the number of individuals within the WOCW that are likely
to experience adverse effects.

Binomial probability distributions were generated only for contaminant-endpoint combinations
where the percent of the exposure distribution exceeding the LOAEL was 20% to 80% (these values
are reported in Table 7.26). If the percent of the exposure distribution exceeding the LOAEL was
<20%, it was assumed that no individuals within the area of interest were experiencing adverse
effects. Conversely, if the percent of the exposure distribution exceeding the LOAEL was >80%,
it was assumed that all individuals within the area of interest were experiencing adverse effects.
Exposure estimates for 5 contaminant-endpoint combinations met the 20% to 80% exceedance
criterion at the watershed level: PCB, mercury, molybdenum, and selenium exposure to shrews, and
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mercury exposure to fox. The total numbers of individuals for each endpoint species estimated to
be experiencing adverse effects within the WOCW are summarized in Table 7.26.

Based on the Monte Carlo analysis and binomial distribution analysis, the following

conclusions may be made:

1.

Because < 20% of the WOCW populations are estimated to be experiencing exposures
>LOAEL, the following contaminants do not present significant risks:

Endpoint Analytes

Short-tailed shrew As, Ba, Cd, Cu, Tl, and Zn

White-footed mouse Aroclor 1260, As, Cr, Hg, and Ni

Red fox Aroclor 1260, Ba, and Ni

White-tailed deer Ba, Hg, and Ni

Red-tailed hawk Hg, Zn, and Ni

Wild turkey Hg and Ni

Mink Aroclor 1260, Hg, and Ni (soil-related exposures only)

Because >20% of the WOCW shrew population is estimated to be experiencing exposures
>LOAEL, Aroclor-1260, chromium, mercury, molybdenum, nickel, and selenium present
significant watershed-wide risks to shrews;

Because >20% of the population was estimated to be experiencing exposures >LOAEL,
mercury presents a significant watershed-wide risk to red fox.

Because >20% of the population within some subbasins was estimated to experience exposures
>LOAEL, arsenic, barium, chromium, mercury, molybdenum, nickel, PCBs, selenium, and zinc
present significant risks to shrews at the subbasin scale. Table 7.27 identifies the
subbasin/analyte combinations presenting significant risks.

Because >20% of the population within the subbasins was estimated to experience exposures
>LOAEL, chromium at the HF-2 subbasin, mercury at the Intermediate Pond and WOC
subbasins, and nickel at SWSA 4 Main present significant risks to white-footed mice at the
subbasin scale (Table 7.27).

Because <20% of the individuals in the mink population were likely to experience combined
water- and soil-related exposures >LOAELSs, mercury and PCBs are not expected to present

significant watershed-wide risks to mink.

While significant watershed-wide and withjn subbasin population-level risks to shrews were

predicted for chromium, it should be noted that chromium risks are based on comparison to the
benchmark for chromium (VI). The analytical data did not specify the valence state of the
chromium. Chromium (VI) is more toxic and bioavailable than chromium (III) (Will and
Suter 1995b), but in most soils chromium (VI) is likely to be reduced to chromium (IIT) (Will and
Suter 1995b). The use of the benchmark for the more toxic and available chromium (VI) when
exposures may be predominantly from chromium (III) may lead to overestimation of the risks of
adverse effects. Terrestrial wildlife exposures to chromium were below the NOAEL for
chromium (III) for all receptors. In addition, chromium was detected above background in only two
subbasins (HF-2 and Lower WOC/WHITE OAK LAKE) and then at a concentration only about
twice as high.
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Watershed-side effects on shrews from exposure to nickel may also be overestimated bacause

. a single sample location, WAG 4 Seep 6, in the SWSA 4 Main subbasin drives the analysis. The

concentration at WAG 4 Seep 6 is two orders of magnitude higher than at other locations in the
subbasin, suggesting the area of high contamination is spatially limited.

7.3.1.3 Screening point estimates of exposure: surface water

To evaluate the potential risk that contaminants in surface water present to wildlife, the 95%
UCLs for concentrations in unfiltered water were compared to LOAEL water benchmarks for all
species. Surface water data for this comparison included both mainstem and seep/small tributary
data. HQs (water concentration/benchmark value) were calculated for all species.

Potential risks to white-tailed deer exposed to thallium by drinking surface water were
identified for three subbasins (WOC, HF-2, and SWSA 5 Trib-1). Risks were not identified for any
other receptors, and thallium was the only analyte which exceeded the LOAEL for deer. However,
it is unlikely that thallium in drinking water poses a risk to deer. The thallium benchmark is
conservative, based on a reduction in sperm motility, and was derived using a subchronic to chronic
uncertainty factor of 10. In addition, the frequency of detection was low (3 of 8, 1 of 9, and 1 of 8
samples) in all three subbasins.

7.3.2 Effects of Retained Contaminants
Chromium

For the purposes of this assessment, it was assumed that 100% of the chromium to which
wildlife are exposed consists of chromium (VI). This is a very conservative assumption. The
mammalian NOAEL for chromium was based on a study of rats fed Cr* in water for one year
(Mackenzie et al. 1958). No adverse effects were observed at the highest dose of 3.28 mg/kg-d. The
3.28 mg/kg-d exposure was considered to be a chronic NOAEL. The mammalian LOAEL for
chromium was based on a study of rats fed Cr* in water for 3 months (Steven et al. 1976). Mortality
significantly increased among rats consuming 131.4 mg/kg-d. The study was considered to represent
a subchronic exposure, therefore a 0.1 subchronic-chronic correction factor was employed. The
13.14 mg/kg-d exposure was considered to be a chronic LOAEL. Based on the results of Steven et
al. (1976), shrews experiencing exposure > LOAEL are likely to display increased mortality.

Mercury

For the purposes of this assessment, it was assumed that 100% of the mercury to which wildlife
are exposed consists of methylmercury. The fox and mink NOAELSs and LOAELS for mercury were
derived from a study of mink fed methyl mercury for 93 d (Wobeser et al. 1976). While
consumption of 0.247 mg/kg-d methyl mercury resulted in significant mortality, weight loss, and
behavioral impairment, no effects were observed at the 0.15 mg/kg-d exposure level. The 0.15
mg/kg-d exposure was considered to be a NOAEL and the 0.247 mg/kg-d exposure was considered
to be a LOAEL. Because the study was subchronic in duration (<1 yr), a subchronic-chronic
correction factor was applied NOAEL=0.015, LOAEL=0.025). Based on the results of Wobeser
et al. (1976), shrews and fox experiencing exposures > LOAEL are likely to display increased
mortality, weight loss, and behavioral impairment.
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Molybdenum

The mammalian NOAEL and LOAEL for molybdenum were derived from a study of mice
given molybdate in water and food for three generations (Schroeder and Mitchner 1971). Total
exposure of 2.58 mg/kg/d resulted in reduced reproductive success and a high incidence of runts.
This dose was considered to be a chronic LOAEL. A chronic NOAEL was estimated by multiplying
the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. Based on the results of
Schroeder and Mitchner (1971), shrews experiencing exposures > LOAEL are likely to reduced
reproductive success.

PCBs

The mammalian NOAEL and LOAEL for PCBs were derived from a study of mink fed Aroclor
1254 for 4.5 mo. (Aulerich and Ringer 1977). While consumption of 0.69 mg/kg-d Aroclor 1254
reduced kit survivorship, no effects were observed at the 0.14 mg/kg-d exposure level. The 0.14
mg/kg-d exposure was considered to be a chronic NOAEL; the 0.69 mg/kg-d exposure was
considered to be a chronic LOAEL Based on the results of Aulerich and Ringer (1977), shrews
experiencing exposure > LOAEL are likely to display reduced survivorship of young.

Selenium

The mammalian NOAELSs and LOAELSs for selenium were derived from a study of mice fed
Se for 3 generations. (Schroeder and Mitchner 1971). Consumption of 0.76 mg/kg-d selenium
resulted in reduced reproductive success, increased incidence of runts, and failure to breed. Only one
dose level was tested. The study was considered to represent a chronic exposure. A NOAEL was
estimated using a LOAEL-NOAEL correction factor of 0.1. The 0.076 mg/kg-d exposure was
considered to be a chronic NOAEL; the 0.76 mg/kg-d exposure was considered to be a chronic
LOAEL Based on the results of Schroeder and Mitchner (1971), shrews experiencing exposure >
LOAEL are likely to display impaired reproduction.

7.3.3 Biological Surveys
Mink survey

Results of the mink survey (see Sect. 7.2.2) indicate that mink are present on the ORR and
within the WOCW, have large home ranges, and do not avoid the industrial facilities on the ORR.
The methods employed in the study do not allow numbers or density of mink to be determined.
Concentrations of metals in hair of the single mink collected from the WOCW were comparable to
that from mink collected offsite.

7.3.4 Weight of Evidence
7.3.4.1 Short-tailed shrews

One line of evidence, literature toxicity data, was available to evaluate potential risk to short-
tailed shrews in the WOCW. Point estimates of exposure indicated that 15 contaminants detected
above background concentrations exceeded NOAELSs with 12 also exceeding LOAELs (Table 7.9).
Monte Carlo simulation of exposure and comparison of these estimates to NOAELs and LOAELSs
(Table 7.26), and calculation of binomial probability distributions suggest that Aroclor 1260,
chromium, mercury, molybdenum, nickel, and selenium present significant watershed-wide risks to
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the shrew population in the WOCW. In addition, arsenic, barium, chromium, mercury, molybdenum,
nickel, PCBs, selenium, and zinc present significant population-level risks within at least one
subbasin (Table 7.27).

7.3.4.2 White-footed mice

One line of evidence, literature toxicity data, was available to evaluate potential risk to white-
footed mice in the WOCW. Point estimates of exposure indicated that 10 contaminants exceeded
NOAELSs with 5 also exceeding LOAELs (Table 7.10). Monte Carlo simulation of exposure and
comparison of these estimates to NOAELs and LOAELs (Table 7.26), and calculation of binomial
probability distributions suggest that no analytes present a significant watershed-wide risk to the
mouse population in the WOCW. However, chromium at the HF-2 subbasin, mercury at the
Intermediate Pond and WOC subbasins, and nickel at SWSA 4 Main present significant risks to
white-footed mice at the subbasin scale (Table 7.27).

7.3.4.3 Red fox

One line of evidence, literature toxicity data, was available to evaluate potential risk to red fox
in the WOCW. Point estimates of exposure indicated that 10 contaminants exceeded NOAELSs with
5 also exceeding LOAELs (Table 7.11). Monte Carlo simulation of exposure and comparison of
these estimates to NOAELs and LOAELSs (Table 7.26), and calculation of binomial probability
distributions suggest that only mercury presents a significant risks to the fox population in the
WOCW.

7.3.4.4 White-tailed deer

One line of evidence, literature toxicity data, was available to evaluate potential risk to white-
tailed deer in the WOCW. Point estimates of exposure indicated that 5 contaminants exceeded
NOAELs with 3 also exceeding LOAELs (Table 7.12). Monte Carlo simulation of exposure and
comparison of these estimates to NOAELs and LOAELSs (Table 7.26), and calculation of binomial
probability distributions suggest that no analytes present a significant risk to the deer population in
the WOCW.,

7.3.4.5 Red-tailed hawk

One line of evidence, literature toxicity data, was available to evaluate potential risk to red-
tailed hawk in the WOCW. Point estimates of exposure indicated that 5 contaminants exceeded
NOAELSs with 3 also exceeding LOAELs (Table 7.13). Monte Carlo simulation of exposure and
comparison of these estimates to NOAELSs and LOAELSs (Table 7.26), and calculation of binomial
probability distributions suggest that no analytes present a significant risk to the hawk population
in the WOCW.

7.3.4.6 Wild turkey

One line of evidence, literature toxicity data, was available to evaluate potential risk to wild
turkey in the WOCW. Point estimates of exposure indicated that 4 contaminants exceeded NOAELSs
with 2 also exceeding LOAELs (Table 7.14). Monte Carlo simulation of exposure and comparison
of these estimates to NOAELs and LOAELS (Table 7.26), and calculation of binomial probability
distributions suggest that no analytes present a significant risk to the turkey population in the
WOCW.
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7.3.4.7 Mink

Two lines of evidence, biological survey data and literature toxicity data, were available to
evaluate potential risks to mink within The WOCW. The biological survey data indicate that mink
are present within the WOCW, but due to the sampling methods employed, estimates of the
abundance of the mink population cannot be made from these data. Residue analysis indicates that
mink in the WOCW have contaminant concentrations in hair similar to that in mink from offsite.

Point estimates of exposure indicated that 3 contaminants exceeded NOAELs with 2 also
exceeding LOAELs (Tables 7.15). Monte Carlo simulation of exposure and comparison of these
estimates to NOAELs and LOAELs (Table 7.26), and calculation of binomial probability
distributions suggest that no analytes present a significant risk to the mink population in the WOCW.

7.3.5 Summary of Risks to Terrestrial Wildlife

Ecological risks were evaluated for terrestrial wildlife exposed to nonradionuclide
contaminants in surface soil within each subbasin in the watershed for which surface soil data were
available (radionuclide exposures are discussed in Chapter 9). Nonradiological data were available
from 22 subbasins. Only one formal line of evidence, single chemical toxicity data, was available
to evaluate potential risks for terrestrial wildlife receptors with the exception of biological surveys
for mink.

Likely risks to short-tailed shrews were identified for 20 subbasins, 9 for white-footed mice,
10 for red fox, 3 for white-tailed deer, 6 for red-tailed hawks, 4 for wild turkeys, and 5 for mink
(Table 7.17 through 7.23). The Intermediate Pond resulted in the highest risks for all receptors due
to high soil mercury concentrations.

LOAELS: for at least one wildlife receptor (short-tailed shrew, white-footed mouse, red fox,
white-tailed deer, red-tailed hawk, wild turkey, or mink) were exceeded in at least one subbasin as
a result of arsenic, barium, cadmium, chromium, copper, mercury, molybdenum, nickel, selenium,
thallium, zinc, and PCB-1260 (Tables 7.17 through 7.23). However, only mercury, molybdenum,
nickel, selenium, and PCB-1260 for the shrew and mercury for the fox were predicted to result in
potential watershed-wide effects. Fewer than 20% of the individuals in populations within the
watershed were likely to exceed LOAELS for all other receptor-contaminant combinations. The
Intermediate Pond was the primary contributor to mercury exposures; the average mercury
concentration there was an order of magnitude higher than in any other subbasin. The WOC, Lower
WOC/White Oak Lake, and Seep B subbasins were also major contributors to high mercury
exposures. The SWSA 5 Drainage D-2 subbasin was the primary contributor to PCB-1260
exposures, followed by the Intermediate Pond and WOC subbasins. Seep C subbasin was the most
significant contributor to molybdenum exposures. Selenium exposures were highest in the Seep A,
Pit 4 South, and SWSA 5 N/WOC subbasins. Significant population-level risks within at least one
subbasin from exposure to arsenic, barium, chromium, mercury, molybdenum, nickel, PCBs,
selenium, and zinc were identified for short-tailed shrews (see Table 7.27 for list of subbasin/analyte
combinations). Chromium at the HF-2 subbasin, mercury at the Intermediate Pond and WOC
subbasins, and nickel at SWSA 4 Main present significant risks to white-footed mice at the subbasin
scale (Table 7.27).
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7.4 UNCERTAINTIES CONCERNING RISKS TO WILDLIFE
7.4.1 Bioavailability of Contaminants

Bioavailability of contaminants was assumed to be comparable between soil and water from
the WOCW and the diets used in the literature toxicity tests. Because bioavailability may not be
comparable, exposure estimates based upon the contaminant concentrations may either under- or
overestimate the actual contaminant exposure experienced.

7.4.2 Extrapolation from Published Toxicity Data

While published toxicity studies are available for mink, there are no published data for the
other endpoints. To estimate toxicity of contaminants at the site, it was necessary to extrapolate
from studies performed on test species (i.e., mallard ducks, ring-necked pheasant, and rats). While
it was assumed that toxicity could be estimated as a function of body size, the accuracy of the
estimate is not known. For example, hawks may be more or less sensitive to contaminants than
ducks or pheasants, due to factors other than metabolic rate.

Additional extrapolation uncertainty exists for those contaminants for which data consisted of
only LOAELSs or tests were subclironic in duration. For either case, an uncertainty factor of 10 was
employed to estimate NOAELSs or chronic data. The uncertainty factor of 10 may either over- or
underestimate the actual LOAEL-NOAEL or subchronic-chronic relationship.

Toxicity of PCBs to piscivorous wildlife was evaluated using toxicity data from studies on
Aroclor 1254. Because toxicity of PCB congeners can vary dramatically, the applicability of data
for Aroclor 1254 is unknown.

7.4.3 Variable Food Consumption

While food consumption by wildlife was assumed to be similar to that reported for the same
or related species in other locations, the validity of this assumption cannot be determined. Food
consumption by wildlife in the WOCW may be greater or less than that reported in the literature,
resulting in either an increase or decrease in contaminant exposure.

7.4.4 Single Contaminant Tests vs Exposure to Multiple Contaminants in the Field

While wildlife in the WOCW are exposed to multiple contaminants concurrently, published
toxicological values only consider effects experienced by exposures to single contaminants. Because
some contaminants to which wildlife are exposed can interact antagonistically, single contaminant
studies may overestimate their toxic potential. Similarly, for those contaminants that interact
additively or synergistically, single contaminant studies may underestimate their toxic potential.

7.4.5 Inorganic Forms or Species Present in the Environment

Toxicity of metal species varies dramatically depending upon the valence state or form (organic
or inorganic) of the metal. For example, arsenic (II), chromium (VI), and methyl mercury are more
toxic than arsenic (V), chromium (III), and inorganic mercury, respectively. The available data on
the contaminant concentrations in media do not report which species or form of contaminant was
observed. Because benchmarks used for comparison represented the more toxic species/forms of
the metals (particularly for arsenic, chromium, and mercury), if the less toxic species/form of the
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metal was actually present in media from the WOCW, potential toxicity at the sites may be
overestimated.

7.4.6 Uptake Factors

Soil to biota uptake factors specific to the WOCW were unavailable. Therefore it was assumed
that the uptake factors developed as part of the Bear Creek assessment were applicable. Due to the
differing geologies and histories between the WOCW and Bear Creek, the Bear Creek uptake factors
may over- or under estimate the actual biota concentrations in the WOCW. Uncertainties associated
with literature-derived uptake factors may also result in over- or underestimates of actual biota
concentrations.

7.4.7 Contaminant Concentrations in Unanalyzed Food Types

Uptake factors were not available for all food types consumed by the endpoint species. It was
assumed that the uptake factors for food types for which we had data were representative of that for
those without data. Due to different life histories among food types, contaminant burdens are likely
to differ from the measured data. Therefore, assuming comparability among food types may either
over- or underestimate exposure.

7.4.8 Monte Carlo Simulation

To perform Monte Carlo simulations, distributions must be assigned to parameters.
Distributions for uptake factors and soil concentrations were determined using available data, but
sample sizes within some subbasins were limited. The distributions used may or may not accurately
reflect the actual distribution of these parameters within the WOCW.
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Table 7.1 Célita_miihal’lt biotransfer factors for selected ecological receptors in the White Oak Creek watershed'

Analyte Log Kow Soil-plant - Soil-invertebrate Food-bird Food-mammal Soil-mammal
' (kg/kg) {kg/ke) (kg/d) (kg/d) (kg/kg)
1,1,1-Trichloroethane 25 347E01 og 5.00E-02 m 7.94E-06 i 7.94E-06 fj
1,1,2,2-Tetrachloroethane 24 397E-01 fg 5.00E-02 m 631E-06 i 6.31E-06 ]
1,1,2-Trichloroethane 2 6.76E-01 fg 5.00E-02 m 251E-06 i 2.51E-06 fj
1,1-Dichloroethane 1.8 8.82E-01 fg 5.00E-02 m 1.58E-06 i 1.58E-06 fj
1,1-Dichloroethene 1.8 8.82E-01 fg 5.00E-02 m 1.58E-06 i 1.58E-06 fj
1,2-Benzenedicarboxylic acid 5.00E-02 m
1,2-Dichloroethane 1.5 1.32E+00 fg 5.00E-02 m  7.94E-07 i 7.94E-07 £
1,2-Dichloroethene 0.48 5.11E+00 fg 5.00E-02 m 7.59E-08 i 7.59E-08 £
1,2-Dichloropropane 2 6.76E-01 fg 5.00E-02 m 251E-06 i 2.51E-06 fj
24-D 25 347E-01 fg 5.00E-02 m 4.79E-06 i 4.79E-06 f
2,4-Dichlorophenol 33 120E-01 fg ~ 5.00E-02 m S501E-05 i 5.01E-05 fj
2,4-Dimethyl-2-pentanol 5.00E-02 m
2,4-Dimethyl-3-heptanone 5.00E-02 m
2,4-Dinitrophenol 1.5 1.32E+00 fig 5.00E-02 m  7.94E-07 i 7.94E-07 ]
2,4-Dinitrotoluene 2 6.76E-01 fg 5.00E-02 m 251E-06 i 2.51E-06 £
2,5-Hexanedione 5.00E-02 m
2,6-Dinitrotolucne 1.7 1.01E+00 fg 5.00E-02 m 126E-06 i 1.26E-06 fj
2-Butanone 0.27 6.76E+00 fg 5.00E-02 m 4.68E-08 i 4.68E-08 £
2-Chlorophenol 22 5.18E-01 fg 5.00E-02 m 398E-06 i 3.98E-06 £j
2-Cyclohexen-1-one 5.00E-02 m
2-Heptanol acetate 5.00E-02 m :
2-Hexanone 1.4 1.50E+00 fg 5.00E-02 m 631E-07 i 6.31E-07 fj
2-Methylnaphthalene 39 5.39E-02 fg 5.00E-02 m 2.00E-04 i 2.00E-04 fj
2-Methylphenol 1.9 7.72E-01 fg 5.00E-02 m 2.00E-06 i 2.00E-06 fj
2-Nitroaniline 1.4 1.50E+00 fg 5.00E-02 m 631E-07 i 6.31E-07 £
3,3"-Dichlorobenzidine 35 9.18E-02 fg 5.00E-02 m 7.94E-05 i 7.94E-05 fj
3-Methylpentane 5.00E-02 m
4,4-DDD 5.8 430E-03 fg 5.00E-02 m 126E-02 i 1.26E-02 f
4,4-DDE 5.7 2.62E-02 f 5.00E-02 m 4.90E-02 i 4.90E-02 f
4,4-DDT 6.36 3.96E-03 f 5.00E-02 m 282E-02 i 2.82E-02 f
4-Chloro-3-methylphenol 5.00E-02 m
4-Chlorobenzenamine 2.8 2.33E-01 fg 5.00E-02 m 1.58E-05 i 1.58E-05 fj
4-Chlorophenylphenylether 5.00E-02 m
4-Hydroxy-4-methyl-2-pentanone 5.00E-02 m
4-Methyl-2-pentanone 12 1.96E+00 fig 5.00E-02 m 3.98E-07 i 3.98E-07 £
4-Methylphenol 1.9 7.72E-01 fg 5.00E-02 m 2.00E-06 i 2.00E-06 £j
4-Nitrophenol 1.9 7.72E-01 fg 5.00E-02 m  2.00E-06 i 2.00E-06 £
5.00E-02 m

5-Methyl-2-hexanone
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o Table 7 1 Contanimaﬂt Bio'tfaﬁsfér factors for selected ecbloglcal receptors in the Whlte Oak Creek watershed'

’ Analyte SR Log Kow * Soil-plant Soil invertebtate Food-bird Food-mammal Soil-mammal
e e (kg/ke) (kg/kg) (kg/d) (ke/d) (ke/ke)

5-Methyl-5-hexen-2-oﬁe 5.00E-02 m
6- (Acetyloxy)-Z-hexanone 5.00E-02 m
Acenaphthene 433 3.04E-02 fg° 5.00E-02 m S537E-04 i 5.37E-04 fj
Acenaphthylene 4.07 430E-02 fg 5.00E-02 m 295E-04 i 2.95E-04 fj
Acetone -0.24 1.33E+01 fig 5.00E-02 m 145E-08 i 1.45E-08 fj
Aldol Condensation Product 5.00E-02 m
Aldrin 3 5.34E-03 f 5.60E+00 k 851E-02 i 8.51E-02 f
alpha BHC 38 9.73E-02 f,o0 2.60E+00 n 1.66E-02 io0 1.66E-02 f,o
alpha-Chlordane 5.5 3.87E-03 fp 5.00E-02 m 741E-03 i,p 7.41E-03 f,p
Aluminum 3.00E-02 b 1.18E-01 a 1.50E-03 i 1.50E-03 e 1.40E-02
Anthracene 4.4 2.77E-02 fg 5.00E-02 m 631E-04 i 6.31E-04 fj
Antimony 1.00E-02 d 1.00E-03 i 1.00E-03 e
Arsenic 320E-02 b 8.11E-01 a  2.00E-03 i 2.00E-03 e 8.00E-03
Barium 237E01 b 1.60E-01 a 9.00E-03 c 1.50E-04 6.10E-02
Benz(A)Anthracene 5.7 491E-03 fg 4.32E-02 1 1.26E-02 i 1.26E-02 fi
Benzene 2.1 5.92E-01 fg 5.00E-02 m 3.16E-06 i 3.16E-06 fj
Benzenemethanol - 1.1 224E+00 fg 5.00E-02 m 3.16E-07 i 3.16E-07 fj
Benzidine 13 1.72E+00 fg 5.00E-02 m 5.01E-07 i 5.01E-07 fj
Benzo(A)Pyrene 6 1.41E-02 f 5.44E-02 | 2.51E-02 i 2.51E-02 fj
Benzo(B)Fluoranthene 5 125E-02 fg 3.36E-02 I 2.51E-03 i 2.51E-03 £3
Benzo(ghi)peryline 6.6 148E-03 fg 5.00E-02 m  1.00E-01 i 1.00E-01  fj
Benzo(K)Fluoranthene 5 1.25E-02 fg 3.36E-02 1 2.51E-03 i 2.51E-03 fi
Benzoic Acid 1.9 7.72E-01 fg 5.00E-02 m 2.00E-06 i 2.00E-06 fj
Beryllium 4.00E-02 b 1.18E+00 a 1.00E-03 i 1.00E-03 e
beta BHC " 3.8 9.73E-02 f,o 2.60E+00 n 1.66E-02 i,o0 1.66E-02 f,o
Bis(2-Chloroethyl)ther 1.3 1.72E+00 fig 5.00E-02 m S5.01E-07 i 5.01E-07 fj
Bis(2-Chloroisopropyl)Ether Technical 2.1 5.92E-01 fgh 5.00E-02 m 3.16E-06 i 3.16E-06 fj
Bis(Z-Ethylhexyl)Phthiilaie 5.1 1.09E-02 fg 5.00E-02 m 3.16E-03 i 3.16E-03 fj
Boron 1.00E+00 e 8.00E-04 i 8.00E-04 e

- Bromodichloromethane 2.1 5.92E-01 fg 5.00E-02 m 3.16E-06 i 3.16E-06 £j
Bromoform 24 397E-01 fg 5.00E-02 m 631E-06 i 6.31E-06 fj
Bromomethane 12 ° 1.96E+00 fg 5.00E-02 m 3.98E-07 i 3.98E-07 fj
Buty! 2-methylpropyl phthalate 5.00E-02 m
Butylbenzylphthalate ) 49 142E-02 fg - 5.00E-02 m 2.00E-03 i 2.00E-03 fJ
C14H220 o 5.00E-02 m ~
Cadmium o 1L1I2E+00 b 6.41E+00 a  8.00E-01 c 5.50E-04 e 1.32E-01
Calctum L 387E+00 b 1.90E+00 a 4.00E-02 ¢ 7.00E-04 e 9.38E+00

" Carbazole " 38 6.16E-02 fg 5.00E-02 m  LS8E-04 i 1.58E-04  fj
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Table 7.1 Contam‘ihaflﬁbit_)‘traﬁs'fé‘r_facfors for selected ecological receptors in the White Oak Creek watershed'

e .
ER I 1N

Soil-mammal

Analyte Log Kow  Soil-plant Soil-tiavertebrate Food-bird Food-mammal
. (ke/kg) (ke/ke) (kg/d) (kg/d) (kg/kg)
Carbon disulfide 22 5.18E-01 fg 5.00E-02 m 398E-06 i 3.98E-06 fj
Carbon tetrachloride - 2.8 233E-01 fg 5.00E-02 m 1.58E-05 i 1.58E-05 fj
Cerium 2.00E-03 d 400E-03 ¢ 7.50E-04 e
Cesium - 530E-02 ¢ 1.00E+01 c 2.00E-02 e
Chlordane 55 3.87E-03 f 5.00E-02 m 741E-03 i 7.41E-03 f
Chlorobenzene 2.8 2.33E-01 fg 5.00E-02 m 1.58E-05 i 1.58E-05 fj
Chloroethane 14 1.50E+00 fig 5.00E-02 m 631E-07 i 6.31E-07 fj
Chloroform 2 6.76E-01 fg 5.00E-02 m 251E-06 i 2.51E-06 fj
Chloromethane 0.91 2.88E+00 fg 5.00E-02 m 2.04E-07 i 2.04E-07 £
Chromium 6.70E-02 b 8.33E+00 a 5.50E-03 i 5.50E-03 e 2.21E-01 a
Chrysene 5.7 491E-03 fg 5.00E-02 m 1.26E-02 i 1.26E-02 b
cis-1,3-Dichloropropene 1.6 1.15E+00 fig 5.00E-02 m 