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Summary

This memo discusses the basis tor the ecologically-protective soil PCB clean up goals (CUGs) for terrestrial wildlife
in the recreational use areas in the floodplain of the Little Mississinewa River (LMR), and a revised analysis of the
effectiveness of various alternative remedial action levels (RALs) in reducing ecological risks in the floodplaia

Table 1. Summary of the Effectiveness of Alternative Remedial Action Levels on Reduction of Risk in
Robin Fledgling-stage Foraging Areas in Recreational Use Floodplains Along the Little Mississinewa
River, Randolf County, IN
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The effectiveness of different RAL selections in reducing terrestrial ecological risk in the recreational use LMR
floodplain is summarized in Table 1. The first column under the LOAEL-based CUG shows the number of
fledgling-stage areas that would exceed the CUG after remedial action at different RALs (including no action). The
second column shows the percentage of the areas formerly at risk that would no longer represent a potential risk
following remedial action, and the third column shows the percentage not at risk out of the total number of
fledgling-stage foraging areas considered (53 areas total). The same information is given under the NOAEL-based
CUG.

The data show that a RAL of 10 ppm is required to reduce potential risk to less than LOAEL levels in all of the
areas under consideration, and a RAL of 5 ppm is necessary to reduce potential risk to NOAEL levels in all areas.
Other RAL options are shown to assist in selection of an appropriate RAL that satisfies the nine criteria for remedy
selectioa

The CUGs are based on modeled reproductive effects in robins (Twdiis migratoriiis) feeding on a mixed diet of
earthworms, beetles, other soft-bodied insects, and fruit or seeds over the mean foraging area when the young have
fledged Robins serve as a proxy for a variety of birds, mammals, amphibians, reptiles, and invertebrates that feed
on similar prey, and therefore share similar exposure pathways. Many species of birds include earthworms in their
diets (vermivores). Mammalian vermivores include shrews, moles, skunk, opossum, raccoon, and, surprisingly,
fox. Other important vermivores include species of salamanders, toads, frogs, snakes, ants, beetles, and
centipedes. All of these animals would be expected to show elevated exposure to PCBs in areas with high soil PCB
levels as a result of feeding on earthworm and other soil invertebrate prey that accumulate PCBs from the soil.

The RALs are calculated for robins feeding equally over the mean foraging area utilized after the young have
fledged Robins forage over a much smaller area during the nestling stage, less than one-fifth of the fledgling-stage
foraging area This means that the fledgling-stage-based RALs are probably not protective for robins while they are
caring for nestlings. This would apply only to robins that build their nests near the LMR, because soil PCB
concentrations decline with lateral distance from the river. However, the RALs are fully protective for robins that
nest away from the river, but expand their foraging to include the area up to the river when their young have fledged

The toxicity reference values (TRVs) used for characterizing risk to robins are based on studies of chicken, which is
the most sensitive species to the effects of PCBs of the relatively few bird species tested This conservative
approach is balanced by the non-conservative use of fledgling-stage foraging area for calculating the RALs. Also,
there are indications that the bioavailability of soil PCBs to earthworms and other soil invertebrates may be higher at
LMR compared to the site from which the CUGs are derived

CUG Source and Applicability to the LMR Site

Soil PCB CUGs developed at another Superfund site are applied to the LMR site because site-specific
investigations of terrestrial ecological risk were not performed at the LMR site (ecological risks were assessed at
LMR for PCB-contaminated instream sediments, but not for contaminated floodplain soils). The rationale for not
performing a terrestrial ecological risk assessment (TERA) at LMR was that soil PCB CUGs protective of human
health (HH) would be protective for terrestrial ecological receptors as well. This is a reasonable assumption for
residential scenarios with prolonged exposure durations, but not for recreational scenarios with intermittent
exposures to humans. This issue was identified after the field sampling was completed for the remedial



investigation (Rl). To address the question whether the HH-based RALs developed for recreational scenarios are
protective for terrestrial wildlife, ecological RALs are calculated for LMR by combining the wildlife soil PCB
CUGs derived at Sheboygan with the soil PCB distribution data collected in the LMR floodplain for the Rl..

A range of soil PCB CUGs of 1.5 ppm no observed adverse effect level (NOAEL) to 4 ppm lowest observed
adverse effect level (LOAEL) are adopted from the Sheboygan River and Harbor Floodplain Terrestrial Ecological
Risk Assessment Shebovgan. Wisconsin, November 15, 1999, prepared by James Chapman for USEPA Region
5. The rationale for applying the Sheboygan soil PCB CUGs to the LMR floodplain is that the sites share the same
contaminant of concern (PCBs), transport pathway (release of PCBs to rivers and deposition in floodplains during
flood events), habitat types (mix of fields, shrubs, and deciduous woods), and potential key receptors (birds,
mammals, and other animals that teed on earthworms and other terrestrial invertebrates that accumulate PCBs
from contaminated soils). Another similarity between the sites, related to the transport pathway, is that soil PCB
concentrations are highest near the respective rivers and decline significantly with distance away from the river.

A key assumption for applying the Sheboygan CUGs to LMR is that the soil-to-earthworm bioaccumulation factors
(BAFs) measured at Sheboygan are reasonably representative for LMR, because the exposure and risk models are
translated to soil CUGs via the soil-to-earthworm BAFs. An important factor affecting bioaccumulation is the total
organic carbon (TOQ of the soil. Bioaccumulation of PCBs in earthworms is inversely related to soil TOC
(Connell and Markwell 1990). Based on a comparison of soil TOC at the two sites, earthworm PCB
bioaccumulation may be higher from most of the LMR soils compared to Sheboygan soils, which means that the
Sheboygan CUGs are not overprotective for LMR

The TOC of the soil samples used to determine the earthworm BAF for the Sheboygan TERA ranged from 3.6 to
5.4 % (mean = 4.4 %, standard deviation = 0.6, n = 9). TOC was not reported for the LMR floodplain soil
samples, but the likely range of values can be calculated based on the type of soils in the LMR floodplain. The
soils at the LMR site include the Glynwcwd-Pewarno-Morley association and the Eel-Sloan-Fox association
(Remedial Investigation Report Revision 1, Sept 24, 2003, prepared by SECOR InternaL Inc. for United
Technologies Corp. and VIACOM, Inc.). The organic matter contents in approximately the upper foot of the soil
profile range from 1 - 3 % in Eel, Fox, Glynwood, and Morley soils, 2 - 5 % in Sloan soil, to 3 - 10 % in Pewamo
soil (USDA 1987). These values may be converted to approximate TOC by dividing the organic matter content by
1.724 (USDA 1996). The estimated TOC values are 0.6 - 2 % in Eel, Fox, Glynwood and Money soils, 1 - 3 % in
Sloan soil, and 2 - 6 % in Pewamo soil. Most of the LMR soils have lower TOC compared to the Sheboygan soils,
with the sole exception of Pewamo soil which has similar TOC as the Sheboygan soil samples. This indicates that
the BAF for LMR earthworms may be higher than for Sheboygan earthworms, which would result in greater
uptake of PCBs at LMR compared to Sheboygan (at the same soil PCBs concentrations).

The LMR soil TOC values are estimated not measured so firm conclusions regarding the relative bioavailability of
soil PCBs between LMR and Sheboygan cannot be made with confidence. However, the available information
indicates that bioavailability is likely to be higher for LMR soils than at Sheboygan, and the converse (LMR
bioavailability less than at Sheboygan) is unlikely. This in turn indicates that the Sheboygan CUGs are unlikely to
be overprotective when applied to LMR floodplain soils, but possibly might be underprotective. The Sheboygan
CUGs are not adjusted downward to account for the potential difference in soil PCB bioavailability because the
LMR TOC is estimated not measured
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RAL Calculation

A CUG range corresponding to NOAEL- and LOAEL-based risk estimates is provided consistent with USEPA
Superfund guidance on ecological risk assessment (Section 7.3.1 in USEPA 1997). RALs are calculated for 53
robin fledgling-stage foraging areas, as delineated by Gradient Corp. for the responsible parties (RPs). The RPs
declined to perform RAL calculations for a NOAEL-based CUG, inconsistent with SF guidance, so the information
is presented in this memo. The effectiveness of selected RAL options is shown in Table 1.

The LMR recreational-use floodplain areas were divided into 53 areas representing a foraging range of
approximately 295 ft on a side by adult robins and their young during the fledgling stage (the nestling-stage
foraging area is much smaller, about 126 ft on a side). Existing LMR floodplain data were used to calculate
surface-weighted average concentrations (SWAQ for each of the fledgling-stage foraging areas. Since soil
samples were not collected as far as 295 ft from the LMR in the recreational-use areas, the unsampled portion of the
fledgling-stage foraging areas were assumed to not have detectable PCBs, as was observed in agricultural fields at
equivalent distances from the LMR Accordingly, the unsampled portions were assigned a soil PCB
concentration of 0.165 ppm ('/2 detection limit). The SWAC calculations are shown in Table 4.

RAL calculations are shown in Table 5 for the !3 fledgling-stage foraging areas with SWACs that equaled or
exceeded the LOAEL-based CUG of 4 ppm, and in Table 6 for the 33 areas with SWACs that exceeded the
NOAEL-based CUG of 1.5 ppm. The LOAEL-based RALs differ somewhat from those calculated by Gradient
Corp. for two reasons: Gradient started with the highest of three LOAELrbased CUGs calculated through three
approaches, while the central value is used in this memo (consistent with the selection at the Sheboygan River and
Harbor Superfund site from which the CUGs are borrowed), and Gradient used a rounded value for the size of a
robin fledgling-stage foraging area, but the unrounded value is used in this memo.

Summary of Sheboygan River and Harbor Floodplain Terrestrial Ecological Risk Assessment November
15,1999, prepared by James Chapman, USEPA Kcologist, for USEPA Region 5.

Only the poitions of the Sheboygan risk assessment directly related to the soil PCB clean up goals (CUGs) are
included in this sumrnary. In addition to the approaches described in this summary (robin egg PCB and congener
models), other risk assessment approaches were also performed (adult robin PCB and dioxin toxic equivalent
(TEQ) doses, and robin egg TEQ models), but were not used for calculating Sheboygan soil CUGs. Most
approaches gave broadly similar results, but variability was less for the robin egg PCB and congeners models,
which, for that reason, were selected for calculation of the soil PCB CUGs.

Site Background

The Sheboygan River and Harbor Superfund site, Wisconsin, includes about 14 river miles from above Sheboygan
Falls Dam to the harbor at Lake Michigan. Elevated PCB concoitrations were detected in floodplain soils along the
Sheboygan River, deposited in portions of the floodplain by episodes of flooding. Discrete sampling revealed a
pattern of elevated soil PCB concentrations within approximately 100 ft of the nearest river bank, and much
clirninished levels at greater distances, along about a 2-mile section of the river. The riparian habitat includes a mix
of deciduous woods, scrub-shrub, and grassy fields.



Terrestrial Wildlife PCB Exposure and Ecological Risk Assessment

A terrestrial ecological risk assessment (TERA) was performed to assess the potential risks to terrestrial ecological
receptors associated with PCB contamination in floodplain soils, and to calculate ecotogjcaUy-protective preliminary
soil clean up goals (CUGs). The assessment endpoint for the TERA was reproductive performance in terrestrial
vermivorous and insectivorous species (feed on earthworms and insects, respectively). The measurement endpoint
was modeled reproductive performance in robins. Robins feed predominantly on insects, earthworms and other
invertebrates during the breeding and nesting season, and therefore serve as a proxy for a variety of birds, mammals,
amphibians, reptiles, and invertebrates that feed on similar prey. While no other species would have exactly the
same level of risk as robins-because of differences in dietary composition, foraging behavior, metabolism,
susceptibility, and so forth-a finding of risk to robins indicates that other vermivorous species may be potentially at
risk as well.

The basis of the TERA was reproductive effects in robins extrapolated from site-specific earthworm contaminant
data Reproductive effects were assessed by modeled uptake of PCBs in robin eggs, which were compared to the
results of egg injection studies or to feeding studies in which egg concentrations were measured The results of the
risk assessment were translated to soil ecologically-protective preliminary clean up goals (CUGs) by use of site-
specific soil-earthworm bioaccumulation factors (BAFs).

Co-located earthworm and soil samples were collected in the sections of the Sheboygan River floodplain
previously shown to have high levels of PCB contamination Earthworm samples were not depurated, that is, gut
contents were not expelled Undepurated worm data may be considered more realistic for estimating exposure to
higher trophic levels because vermivores consume undepurated worms (Beyer and Stafford 1993). An uncertainty
with this approach is the bioavailability of the gut content contaminants is usually unknown. In contrast, depurated
worm data is useful for estimating the bioavailable component, under the simplifying assumptions that tissue
absorbed contaminants are bioavailable and gut content contaminants are unavailable (Stafford and McGrath 1986).
Neither assumption holds in all cases-absorbed contaminants may be sequestered in an unavailable form, and some
studies have shown increased bioavailability of contaminants in earthworm casts, that is, following excretion from
the worms (Ireland 1983).

PCB congeners were analyzed by Axys Analytical Services by two methods: high resolution for 3 non-o/t/io
substituted congeners (77, 126 and 169), 8 monoo/tAosubstituted congeners (105,114, 118,123, 156,157,167,
and 189), and 2 di-ort/;osubstituted congeners (170 and 180) (draft EPA Method 1668, 10/4/95, high resolution
gas chromatographyhigh resolution mass spectrometry); and low resolution for 101 congeners, singly or in
combination Total PCBs were calclulated as the sum of detected PCB congeners.

The robin dietary composition presented in the Wildlife Exposure Factors Handbook (USEPA 1993) was based on
young (3 - 35 d) robin gut content analyses reported by Howell (1942). It included 19.5 % grass, which is
probably not a food item (the author stated "its presence is accidental"). If grass is indigestible by robins, it should
not be included in the dietary composition (unless the ingestion rate derivation includes non-food components). The
robin ingestion value described below was based on laboratory feeding studies that did not include extraneous non-
food items (Levey and Karasov 1989). So the grass component was subtracted from Howell's Table 8, and the
percentage composition of the remaining dietary items were recalculated 'Traces of animal matter" (5 %) were
added to the earthworm category (18.6 %) to partially compensate for the likely under representation of soft-bodied



worms in gut analysis, for a final earthworm value of 23.6 % of the diet excluding grass. Similarly, the beetles
category became 14.4 %. The percentage soft-bodied invertebrates (other than earthworms) was calculated by
subtracting the earthworm and beetle values from the total animal matter (872 % excluding grass), for a value of
49.2 % (all wet weight percentages).

PCB dietary exposure to robins feeding in the contaminated floodplain was calculated for consumption of three
broad categories of prey: earthworms, hard-bodied invertebrates (beetles), and soft-bodied invertebrates (other than
earthworms) (Figure 1). Several other potential exposure pathways were not included in the model as discussed
below.

Figure 1. Robin PCB Exposure Model, Sheboygan River Floodplain, WI.

Hard-bodied Invertebrates (14 %)
s **

Floodplain Soil PCBs •*• Earthworms (24 %) •*• Robin Diet •*• Robin Egg
** S

Soft-bodied Invertebrates (49 %)

Measured values: soil and earthworm PCB concentrations (congener-specific and total PCBs).
Modeled values: PCB concentrations in hard- and soft-bodied invertebrates, and in robin eggs.
Conttibution to robin diet in parentheses (percentage of total food mass).

'Incidental" soil ingestion, the soil consumed along with prey, was not separately estimated because the
earthworms were not depurated (gut contents were not emptied before performing chemical analyses).
Earthworm gut contents account for roughly 30 % of the total undepurated dry weight (Stafford and McGrath
1986). The estimated dry-weight fraction of soil in the diets of birds that feed on soil invertebrates ranges from
10 % in the highly vermivorous woodcock to 7 - 30 % in insectivorous sandpipers (Beyer, et al. 1994). Since these
values are not higher than the gut content fraction of the earthworms analyzed for PCBs, the "incidental" soil term is
likely included in the undepurated earthworm data and therefore was not separately (and redundantly) estimated

The 13 % contribution of fruit and vegetable matter in the robin diet was not included in the PCB exposure model.
Plants do not as a rule absorb PCBs directly from soil or translocate PCBs from roots to aboveground tissues. This
does not mean that aboveground plant parts have no exposure to soil PCBs. The exposure pathways include
volatilization of soil PCBs to the air followed by absorption or adherence on plant surfaces, and direct transfer of
PCB-containing soil particles to plant surfaces through wind-borne dust (Puri, et al. 1997). PCB concentrations in
plants are usually orders of magnitude lower compared to the PCB concentrations in animals. This is reflected in
large differences in PCB accumulation in animals that feed on plants (herbivorous) or seeds (granivorous) versus
animals that prey on other animals for part (omnivorous) or all of their diet For example, omnivorous mammals
accumulated about 20 times more PCBs in their fat tissue compared to herbivorous mammals in the same area, and
omnivorous or predaceous birds accumulated 90 to 1000 times more PCBs in their livers compared to granivorous
birds (Hoshi, et al. 1998). This demonstrates that terrestrial PCB exposures through feeding on plants are minor
compared to the exposures associated with animal prey.



Three potential exposure pathways were excluded from the dose model because they are expected to account for
only a small fraction of the total dose: water ingestion, dermal uptake, and inhalatioa

The ingestion rate was based on laboratory studies that determined robin ingestion rates separately for frugivory and
insectivory, feeding on fruit and insects, respectively (Levey and Karasov 1989). The normalized ingestion rate for a
did: of crickets (0.3 1 g/g^-d) is much lower than the trugivorous ingestion rates given in the Wildlife Exposure
Factors Handbook (0.89-1 .52 g/g .̂-d) (USEPA 1 993). An uncertainty associated with laboratory studies is that the
ingestion rate may be lower than in wild birds because laboratory birds are less active. However, the ingestion rate
in the Levey/Karasov study for a banana mash diet (0.99 g/gbw-d) falls within the tower range of the other
frugjvorous studies (all wet weights), which lends credence to the approach and results of the Levey/Karasov study.

The details of Levey and Karasov (1989) were as follows: n = 10, initial robin bodyweight = 77.8 g, feeding period
= 3 d (after acclimation), cricket ingestion = 6.8 gj^/d cricket moisture content (me) = 72 %, banana mash ingestion
= 1 1 .6 gj^/d banana mash me = 85 % (ingestion values are dry weight (dw)). On a ww basis, the ingestion values
were: cricket = 24.3 g^Jd and banana mash = 77.3 g^/d The comesponding bcdywdght-normalized ingestion
rates were 0.3 1 and 0.99 g /̂g .̂-d respectively.

After removi; >g the grass component from the robin dietary composition (Howell 1 942), the overall diet was 1 3 %
fruit and seeds, and 87 % animal matter. The overall ingestion rate based on Levy and Karasov (1989) was
calculated as:

[1]

where IR is the ingestion rate and fd the fraction of diet for animals (a) and fruit (fr).

Equation 2 was solved as (0.31 gjg^-d) (0.87) + (0.99 g.Jg .̂-d) (0.13) = 0.398 gjg^-d, which should be
reasonably representative for the breeding/nesting period

Concentrations of PCB congeners in soft-bodied invertebrates (other than earthworms) were estimated from the
measured earthworm values using the ratio of soft-bodied invertebrate/earthworm concentrations of dioxin
measured in field studies of paper sludge applications in pine plantations (equation 2). Martin, et al. (1987)
reported undepurated earthworm concentration (mean 35.8 ppt), and ThieL, et al. (1988) reported undepurated soft-
bodied invertebrate concentration (mean 2.7 ppt). The soft-bodied invertebrates included crickets, cockroaches, tent
and other caterpillars, larvae, and spiders. Based on these studies, soft-bodied invertebrates were assumed to have
0.08 of the PCB concentration in earthworms at any particular sample locatioa

[2]

where C is the ww PCB or congener concentration in soft-bodied invertebrates (si) and earthworms (ew), and
is the concentration ratio between earthworms and soft-bodied invertebrates (0.08).

The same approach was followed for estimating concentrations in hard-bodied invertebrates (beetles) (mean
imdepurated dioxin concentration of 6.2 ppt) (Thiel, et al. 1988). Based on these studies, hard-bodied
invertebrates were assumed to have 0. 1 7 of the PCB concentration in earthworms.



[3]

where C is the ww PCB or congener concentration in hard-bodied invertebrates (hi) and earthworms (ew), and CR,,,
is the concentration ratio between earthworms and hard-bodied invertebrates (0. 1 7).

These equations were applied to earthworm data for total PCBs and individual congeners to derive the respective
soft- and hard-bodied invertebrate concentrations. The main uncertainty is to what degree relative dioxin
bioaccumulation among different categories of terrestrial invertebrates reflects relative PCB bioaccumulation
among the same groups. The estimates were based on dioxin studies because studies of relative PCB
bioaccumulation were not located for terrestrial invertebrate exposures.

The overall concentration of PCBs in the robin diet was calculated as:

(Q,

where C is ww PCB or congener concentration and fd the fraction of diet for earthworms (ew), hard-bodied
invertebrates (hi) and soft-bodied invertebrates (si).

An empirical approach was used to estimate concentrations of PCBs in robin eggs. PCB diet-to-egg BMFs were
taken from two sets of studies of piscivorous (fish-eating) birds and their prey in the Great Lakes: spottail shiner
(Notropis hudsonius) to Forster's tern (Sterna forsten) eggs (Kubiak, et al. 1989), and alewife (Alosa
pseudoharengus) to herring gull (Lams argentatus) eggs (Braune and Norstrom 1989; Norstrom pers. comm. in
Hoffman, et al. 1996). The values are listed in Table 2.

Table 2. PCB Diet-to-Egg Biomagnification Factors (BMF) (wet weight basis).

PCB Congener

77

105

126

Total PCBs

Alewife to Gull Egga

1.8

20

29

31.7

Spottail Shiner to Tern Egg b

0.17

-

64

-
a) Braune and Norstrom (1989); Norstrom pers. comm. in Hoflrnan, et al. (19%)
b) Kubiak, etaL( 1989)

Modeling of dioxin-like congener egg uptake was limited by the availability of congener-specific diet-to-egg BMFs
and congener-specific egg toxicity values. Although only 3 of the 1 2 PCB congeners with dioxin-like toxicity were
modeled the selected congeners accounted for most of the dioxin-like toxicity due to the PCBs. For example, just
congeners 77 and 126 contributed 98 % of the total dioxin toxic equivalents (TEQ) in the worm samples.

The toxicity reference value (TRY) for total PCBs was based on a study of chicken (Callus domesticus) fed field-
contaminated common carp (Cyprinns aiipio) collected from the Sagjnaw River, Lake Huron, MI (Summer, et al.



1996a, b). Different treatment doses were obtained by diluting the carp with chicken feed Egg TRVs were
selected on the basis of reproductive effects reported in Summer, et aL (1996b). Hatchability decreased by 18 % in
the high-dose treatment relative to the control (weeks 4 -8 post-exposure), and total embryo/chick deformities
increased 2.3 times (over the entire experimental period including the 2-week acclimation). Deformities increased
1.4 times in the low-dose treatment relative to the control, but hatchability was unaffected The overall deformity
rates were 17, 24, and 40 % for the control, low-, and high-doses, respectively. The data were not statistically
analyzed by the authors, but the increases in deformity rates were statistically discernible for both the low- and high-
dose treatments (Kathy Patnode, WDNR pers. comm). For the purposes of the risk assessment, the high-dose
treatment was selected as the lowest observed adverse effect level (LOAEL), that is, the lowest dose in which a
toxic effect was detected This was based on the decrease in hatchability and the large increase in deformities. The
low-dose treatment was selected as the no observed adverse effect level (NOAEL), the highest dose in which toxic
effects woe not detected This was based on the lack of effect on hatchability and the comparatively tow increase in
deformities. In other words, despite the statistical "significance" of the tow-dose deformity rate compared with
controls, the effect was not considered to be biologically significant, especially since hatchability was unaffected In
contrast, the more than doubling of deformity rates accompanied by decreased hatchability in the high dose
treatment was considered a biologically significant effect Eggs were analyzed weekly for total PCBs (sum of
Aroclors 1242, 1248, 1254 and 1260) for each treatment (Summer, et al. 1996b). The highest egg concentration of
the last 3 weeks of the experiment (when levels appear to have reached a plateau) was selected for the no observed
adverse effect concentration (NOAEQ: 5 mg PCB/kg egg in the low-dose treatment. The lowest egg concentration
of the last 3 weeks of the experiment was selected for the lowest observed adverse effect concentration (LOAEQ:
24 mg PCB/kg egg in the high-dose treatment Both concentrations are wet weight (ww).

The apparent toxicity of PCB congener 126 injected into chicken egg yolks was shown to be inversely related to
the injection volume. The lethal concentration to 50 % of the embryos (LC^) was 0.6 ug 126/kg egg (ww) for an
injection volume of 1 uL/g egg (Powell, et al. 1996a), but was 2.3 ug 126/kg egg (less toxic) for an injection
volume of 0.1 uL/g egg (Powell, et al. 1996b). The latter study was used for deriving the egg TRY. Nine doses
were injected from 0 to 12.8 ug 126/kg egg. Statistically discernible increases in developmental abnormalities and
in embryo mortalities occurred at 3.2 ug 126/kg egg (22 % abnormalities vs. 0 in controls, and 92 % mortality vs. 6
- 9 % in controls), which was selected for the LOAEC. The next lowest dose was selected for the NOAEC (3 %
abrrarnalities and 22 % mortality).

Powell, et al. (1996a) also investigated the effects of PCB congener 77 in chicken eggs at the higher injection
volume, but did not repeat the study with the lower injection volume. Six doses were injected from 0 to 81 ug
77/kg egg (ww). Embryo abnormalities increased 3-fold at 9 ug 77/kg egg, but were not statistically discernible
from controls. Abnormalities increased 4-fold at 27 ug 77/kg egg compared with controls (a statistically discernible
increase). Mortality was statistically elevated for doses 9 ug 77/kg egg (67 % mortality) and 27 ug 77/kg egg (100
%) compared with the vehicle control' (40 %). Under the assumption that the toxicity of congener 77 would have
been lower if the study have been repeated with a smaller injection volume, as was shown for congener 126, the
LOAEC was set at 27 ug 77/kg egg and the NOAEC at 9 ug 77/kg egg (shifted one dose level upwards from the
results based on mortality).

1 Vehicle control refers to eggs injected with the solvent (the vehicle) by itself, that is, without the addition of the chemical under
investigation.
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The PCB congener 105 egg TRVs were based on the same study used for congener 77 (Powell, et aL 1996a). Six
doses were injected from 0 to 8100 ug 105/kg egg (ww). Embryo abnonnalities increased 4- to 7-fold at 8100 ug
!05/kg egg, but were not statistically discernible from controls. Mortality was statistically elevated at 8100 ug
105/kg egg (84 %) compared with the vehicle control (40 %). The LOAEC was set at 8100 ug 105/kg egg and the
NOAEC at 2700 ug 105/kg egg. The results were not shifted to account for the injection volume effect because the
LOAEC was the highest dose in the study.

Risk to robins was evaluated by calculating hazard quotients (HQs):

HQ= Modeled egg concentration / TRY [5]

where TRY is the toxicity reference value for either the NOAEC or LOAEC in eggs for the chemical under
consideration (total PCBs or specific congeners). HQs less than 1 indicate that modeled egg concentrations are
below levels of concern, therefore adverse effects are considered unlikely. HQs equal to or greater than 1 indicate
that modeled egg concentrations are at or above levels of concern, therefore robins are at risk of adverse effects.

Three congener-specific risk estimates were made (congeners 77, 126, and 105) for eggs. Under the assumption
that the congener-specific effects are additive, the congener-specific HQs were summed to an overall hazard index

(HI):

H^HQ^ + HQ.^ + HQ^ [6]

Clean Up Goals

Egg-based risk estimates were less variable than oral dose-based estimates (not described in this summary), so the
egg models were used to back-calculate soil ecologically protective clean up goals (CUGs). CUGs were
calculated on the basis of total PCBs, and two congener-specific models that differed in the biomagnification
factors used to estimate egg congener concentration from the robin dietary concentratioa

The procedure for calculating ecologically protective soil CUGs on the basis of total PCBs began with the total PCB
TRVs for eggs corresponding to the NOAEC and LOAEC. Ecologically protective robin dietary concentrations
were calculated by dividing the egg PCB TRVs by the diet-to-egg biomagnification factor (BMP). Ecologically
protective earthworm concentrations were calculated by combining and rearranging equations 2 through 4:

EPCTO, = EPCfe/[fd,v + (CRa.*fdsj) + (CRhi*fdhl)] [7]

where EPC is ecologically protective concentration, fil is fraction of robin diet, and CR is the concentration ratio
between earthworms and other invertebrates, for earthworms (ew), robin diet (diet), soft-bodied invertebrates (si),
and hard-bodied invertebrates (hi).

Ecologically protective soil CUGs were back-calculated from protective earthworm concentrations by dividing the
earthworm concentration by the soil-earthworm bioaccumulation factor (BAF) (equation 8). The BAF, calculated
from site-specific data, represents the ratio of earthworm wet weight concentration to soil dry weight concentratioa
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Cm(ww)/Cs(dw) . [8]

where C is the concentration of total PCBs or specific congeners in earthworms (ew) (wet weight) and soil (s) (dry
weight).

Soil CUGs were also back-calculated on a congener-specific basis. The procedure was similar to the one
described for total PCBs with two modifications. First, the TRY of a designated congener had to be adjusted so
that, after calculating the soil CUG, the sum of congener-specific HQs would equal a HI of 1. Three congeners
were included in the congener-specific HI (congeners 77,126, and 105). If the TRY of one congener was used to
back-calculate the soil CUG, the HQfor that congener would then equal 1, but the HI would be greater than 1
because of the contribution of the other two congener-specific HQs to the overall HL To avoid this problem, the
TRY of the congener making the greatest contribution to the HI was adjusted by multiplying the TRY by the ratio
of that congener's HQ to the HI:

TRVM=TRVj*(HQ,/HI) [9]

where TRV.̂  is the adjusted toxicity reference value of the individual congener (1) making the greatest
contribution to the HL For example, if the congener 126 HQ accounted for 80 % of the HI, the adjusted TRY
would be 0.8 times the TRY for congener 126. The adjusted TRY would then be used to back-calculate the soil
CUG.

The second modification was to add an additional step to convert the back-calculated soil CUG from a congener
concentration to a total PCB concentratioa This was accomplished by dividing the back-calculated congener CUG
by the site-specific ratio of that congener to the total PCB concentration in soil:

Congener.PCB Ratio = Congener concentration /Total PCB concentration [10]

The results were checked by calculating the soil concentrations of the other two congeners corresponding to the total
PCB CUG by use of their respective congenerPCB ratios, rerunning the egg bioaccumulation model, recalculating
the three congener-specific HQs, and verifying that the HI (sum of the congener-specific HQs) equals 1.

The calculated soil PCB clean up goals are shown in Table 3. The CUGs are similar for the 3 approaches (total
PCBs, and two congener-specific approaches with different congener-specific diet-to-egg BMFs for the modeled
congener uptake to eggs). The central values (shown in bold-NOAEC-based CUG of 1.5 ppm, and LOAEC-
based CUG of 4 ppm) were selected as best representing the soil CUG at Sheboygaa The central values were the
basis for additional calculations to account for site-specific area use at Sheboygan (foraging over both heavily
contaminated areas bordering the river and less contaminated land farther from the river), which served a similar
purpose as the remedial action level (RAL) calculations at LMR
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Table 3. Ecologically Protective Soil Clean Up Goals (CUGs),
Sheboygan River Floodplain, \VL

Toxicity Basis

Total PCBs a

Congener-specific b

Congener-specific c

NOAEC-based CUG LOAEC-based CUG

(ppm total PCBs)

1

1.5

2

4

3

5
a) Modeled with gull diet-to-egg BMP (Braune and Norstrom 1989).
b) Modeled with tern BMP (Kubiak, et al. 1989).
c) Modeled with gull BMP (Norstrom pers. comm in Hoffman, et al. 1996).

Robin Foraging Areas

The foraging range of robins varies according to the life stage. Parental looins forage over a smaller area while
feeding nestlings (1472 m2) than while caring for fledglings (8080 m2) (mean values, n = 24 pairs) (Weatherhead
and McRae 1990).2 For the purposes of the risk assessment, the foraging range was assumed to be square (compare
with Figure 3 of Weatherhead and McRae 1990). Converted to feet, the nestling and fledgling foraging ranges are
15,845 and 86,972 ft2, respectively. For square ranges, this is equivalent to 126 x 126 ft for a nestling-stage range,
and 295 x 295 ft for a fledgling-stage range. Note: the nestling-stage range refers solely to the adult foraging area,
the fledgling-stage range refers to both adult and fledgling foraging area

The nestling-stage and fledgling-stage foraging areas of a single breeding pair have been shown to overlap, that is,
the fledgling-stage area is an expansion of nestling-stage area, not displaced to a different location (Weatherhead and
McRae 1990). Robins have been reported to utilize different portions of their foraging area "on a fairly regimented
schedule'', roughly every hour in one example (Swihart and Johnson 1986). The investigators speculated that cyclic
use of territory may be related to renewal of prey items. The main point for risk assessment purposes is that robins
are expected to receive integrated exposures from throughout their foraging area (except for differences in habitat
quality that markedly alter prey availability).

2 Several studies of robin foraging and territory size were considered Wealherhead and McRae (1990) was selected because it
provided information on foraging and not just territory, showed changes in foraging areas as development of young progresses, and showed
the geometry of the areas. All adult robins in the study area were caught and color-banded. Foraging observations were made by
researchers who 'regularly walked through the study area and mapped the location and identity of every robin they saw". These
observations were made "nearly every day of the study", which ran from late April to mid-August in 1987 and 1988, and were collected
"over all daylight hours". Home ranges were calculated for 24 parents with sufficient observations for both nestling and fledgling stages.
The resulting estimates have high precision; mean nestling-stage foraging area of 1472 ± 205 nf, and mean fledgling-stage foraging area of
8080 ± 1319 nf (± SE). Nearly 90 % (21 out of 24) of the individual comparisons showed a consistent difference between the nestling- and
fledgling-stage foraging areas. The territory sizes given in four other robin studies summarized in USEPA (1993) are 0.11,0.12,021,0.21
and 0.42 ha, compared with 0.15 ha for nestling-stage foraging area and 0.81 ha for fledgling-stage foraging area based on Weatherhead and
McRae.
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There are several uncertainties associated with the foraging area assumptions. Much smaller robin foraging areas
(7900 ft2) have been reported (Howell 1942) than the ones used in the ERA (about one-half and one-tenth of the
aforementioned nestling-stage and fledgling-stage foraging areas, respectively), which, if applicable to the site, would
increase exposure and risk estimates. The assumptions of square foraging geometry and equal use of all portions of
the foraging area are also of uncertain applicability to the site if robins preferentially forage closer to the river.
Preferential foraging in floodplain areas closer to the river might occur because of differences in soil moisture,
overstory vegetation, and/or soil organic matter accumulations that favor earthworms in comparison with more
distant floodplain habitats, for example, under a tree line near the river bank compared with open fields further from
the river.

Uncertainty

All risk assessments require that judgements be made on the choice of exposure pathways and species to evaluate,
the studies to utilize, and the additional parameter values and extrapolations needed to calculate exposures and risks.
The alternative would be to pursue open-ended investigations to reduce all uncertainties. At seme point, cost, time,
and manpower constraints limit all such efforts. All risk assessments (and field investigations) therefore
unavoidably have uncertainties, that is, unresolved questions that could be addressed with further research.

Several factors may have resulted in overestimation of risk. One is that the TRVs were derived from studies of
chickens. Chickens are the most sensitive to the reproductive effects of PCBs of the relatively few species of birds
investigated The sensitivity of robins, or other likely vermivorous species, relative to chicken is unknown, but is
presumably less than for chickens. However, the egg LOAEC based on chicken used in the TERA is higher than
those reported for bald eagles and several species of terns in field studies.

Another issue is the Summer, et al. (1966) study relied on naturally contaminated Saginaw Bay carp for dosing
chickens with PCBs. This means that other contaminants may have contributed to the observed toxicity in addition
to PCBs. Again, the total PCB TRY from this study is higher than those reported from field studies, but other
contaminants may have also contributed to the effects observed in the field studies. However, this is not an issue for
the studies used for the TRVs for PCB congeners 77, 105, and 126, because the congeners were injected into the
eggs (Powell, et al. 19% a and b). Since both approaches resulted in similar risk estimates, this indicates that other
contaminants did not significantly contribute to the observed toxicity in the Summer, et al. (1996) study.

The insectivorous robin ingestion value used in the TERA is much lower than the frugivorous ones reported in the
Wildlife Exposures Factor Handbook (USEPA 1993). The decrease is expected because insects are more
nutritious than fruit, but part of the decrement may also be due to the fact that the study used for the insectivorous
value was performed in a laboratory setting. Captive birds are less active than wild birds, and do not have to cope
with weather extremes, and therefore require less food than wild birds to maintain bodyweighL However, captive
birds might eat more than wild counterparts because of easy food availability and boredom. In any case, the
frugivorous ingestion rate estimate from the same laboratory study used for the insectivorous ingestion rate
corresponds to the lower range of the frugivorous rates given in USEPA (1993), which increases confidence in the
insectivorous rate derived from the same study.

Some potential exposure pathways were omitted: incidental soil ingestion, water consumption, inhalation, and
fruits and seeds. The latter three were considered insignificant The former was not modeled separately because the
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earthworm data were for undepurated worms. If any of these assumptions are incorrect, the exposures would be
underestimated

The TRVs were not always the lowest values reported in the literature, based on judgements regarding the quality or
applicability of the studies. Also, no uncertainty or conversion factors were used These factors are often applied to
decrease the TRVs to account for possible differences in species sensitivities, or to compensate for study limitations.
Such factors woe not applied in the TERA because the lexicological studies were performed with a species known
to be highly sensitive to PCBs.

The size of the robin fledgling-stage foraging area used for the RAL calculations is substantially larger than other
robin foraging areas reported in the literature (USEPA 1993). If robins utilize smaller foraging areas, their exposure
and risk levels would be higher than estimated in the TERA RAL calculations were not performed for robin
nestling-stage foraging area, which is less than one-fifth of the fledgling-stage foraging area This means that the
RALs are probably not protective for robins that nest close to the river (during the nestling stage). However, the
RALs are fully protective for robins that nest away from the river, but expand their foraging to include the area by
the river when their young have fledged

The lower TOC of most of the LMR soils compared to the Sheboygan soils indicates that bioaccumulation of
PCBs from soil to earthworms and other soil invertebrates may be higher at LMR than at Sheboygan. If so, the
Sheboygan CUGs would be underprotective when applied to the LMR floodplain. This is uncertain because TOC
was estimated for LMR soils (not measured), and earthworm bioaccumulation studies have not been performed at
LMR
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Little Mississinewa River Floodplain PCB Surface-weighted Area Concentration in Recreation Land and
Remedial Action Level (RAL) Calculations

Table 4 Robin Fledgling-stage Foraging Area-based Surface-weighted Area Concentration (SWAQh Recreational Land Along the Litde
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

FEG13-S

FEG14-S

FEGI5-S

FEGI6-S

FEG17-S

FEG18-S

FEG38-S

FEHSA2-S

FEHSA3-S

FEHSA4-S

Total or Mean

% Foraging area

FEHSA5-S
% Foraging area

FEHSA6-S

% Foraging area

FEG19-S

FEG20-S

FEG21-S

FEG22-S
FEG23-S

FEG24-S

FEG25-S

FEG26-S

FEHSA7-S

FEHSA8-S

Total or Mean

% Foraging area

FEHSA9-S

% Foraging area

FEHSA10-S

% Foraging area

FWG12-S

FORAGING
AREA

ID

1
I

1
I

1

1
1
1

1

1
1

1

2

2

3

3

4
4

4
4
4

4

4
4
4

4
4

4

5
5

6

6

7

SOIL PCB

ppm

13
24
36
54
84

61
47
35

0.17

10
36.42

2.9

1.4

53
68

91
150

15

31

110
17
66

39
6400

8.2

1.6

AREA PER
SAMPLE

ff

1268

1268

1268

1174

1174

1174

1184

9386

14608

26267

58771

6757

17750

2041

16840

19.36

1252

1252

1252

1252
1076

1076

1076

1076

8015

20261

37588

43.22

23775

2734

22440

25^0

4.2 1334

SAMPLE
PCB*AREA

ppm'ft2

16484

30432

45648

633%

98616

71614

55648

328510

2483.36

262670

975501.36

51475

23576

66356

85136

113932

187800
16140

33356

118360

18292

528990

790179

1958541

194955

35904

5602.8

PARTIAL SWAC
SOIL PCB

ppm

16.60

2.90

1.40

5111

8.20

1.60

FULL SWAC SOIL
PCB

ppm

Fledgling slage
foraging area -86972 ft2

Unsampled PCB -
0.165 ppm

11.27

0.72

0.40

22.61

2.36

0.54
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Table 4. Robin Fkdgfing-sJage Foraging Area-based Surface-weighted Area Concentration (SVVAQ hi Recreational Land Along the Little
Mississinewa River, Randolf County, UN

SOIL SAMPLE
ID

FWG13-S

FWG14-S

FWG15-S

FWG16-S

FWG40-S

FWG41-S

FWG42-S

FWHSA5-S

Total or Mean

% Foraging area

FWHSA6-S

% Foraging area

FWHSA7-S

FWG17-S

FWG18-S

FWG19-S

Total or Mean

% Foraging area

FWG20-S

FWG2I-S

FWHSA8-S

Total or Mean

% Foraging area

FWHSA10-S

FWHSA9-S

Total or Mean

% Foraging area

GEHSA1-S

% Foraging area

GEHSA2-S

% Foraging area

GEHSA3-S *

% Foraging area

GEHSA4-S

FORAGING
AREA

ID

7
7
7
7
7
7

7
7
7

7

8

8

9
9

9

9
9
9

10
10
10
10
10

11

11
11

11

12

12

13

13

14

14

15

SOIL PCB

ppm

16
16

31
15

4.1

22
57
2.6

18.66

5.4

7.9
18

21

9.5
14.10

60
59
50

56.33

1.6
37

19.30

2.1

10

12

1 1

AREA PER
SAMPLE

fr'

1334

1334

1143

1143

1360

1360

1360

18288

28656

3195

24966

28.71

23639

1239

1239

1239

27356

31.45

1089

1089

23788

25966

29.86

21939

18989

40928

47.06

8287

953

23344

26\84

24168

27.79

21854

SAMPLE
PCB* AREA

ppm*!*2

21344

21344

35433

17145

5576

29920

77520

47548.8

261433.6

134816.4

186748.1

22302

26019

11770.5

246839.6

65340

64251

1189400

1318991

35102.4

702593

737695.4

17402.7

233440

290016

240394

PARTIAL SWAC
SOIL PCB

ppm

9.12

5.40

9.02

50.80

18.02

2.10

10.00

12.00

11.00

FULL SWAC SOIL
PCB

ppm

3.12

1.67

2.95

15.28

8.57

0.35

2.80

3.45

2.89
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Table 4 Robin Fledgling-stage Foraging Area-based Surface-weighted Area Concentrator (SWAQm Recreational Laiid Along the Little
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

% Foraging area

GEG1-S
GEG2-S
GEG3-S
GEG4-S

GEHSA5-S
Total or Mean

% Foraging area

GEG17-S
GEG18-S
GEGI9-S
GEG20-S
GEG22-S
GEG5-S
GEG6-S

GEG7-S
GEG8-S

GEHSA6-S
Total or Mean

% Foraging area

GWGI7-S
GWG18-S
GWG19-S
GWGI-S
GWG20-S
GWG21-S
GWG2-S
GWG3-S
GWG4-S
GWG5-S
GWG6-S

GWHSA4-S
Total or Mean

% Foraging area

GWHSA3-S

% Foraging area

GWHSA2-S

FORAGING
AREA

ID

15

16

16

16

16

16

16

16

17

17

17

17

17

17

17

17

17

17

17

17

18

18

18
18

18

18

18

18

18

18

18

18

18

18

19

19

20

SOIL PCB

ppm

5.4

I I

13

19

2.1

10.10

I I

16

19

140

7.1

13

20

23

20

2.5

27. 16

19

62

52
18

13

11

13

15

25

39

47

1.6

26.30

0.15

AREA PER
SAMPLE

tf

25.13

1209

1209

1209

1209

17784

22620

26.01

1268

1268

1268

1475

1367

1267

1267

1267

1267

24840

36554

42.03

1227

1227

1227
1251

1136

1136

1251

1251

1251

1242

1242

13856

27297

3139

15998

1839

0.0581 17055

SAMPLE
PCB*AREA

ppm*^

6528.6
13299
15717

22971

37346.4

95862

13948

20288

24092

206500

9705.7

16471

25340

29141

25340

62100

432925.7

23313

76074

63804
22518

14768

124%

16263

18765

31275

48438

58374

22169.6

408257.6

2399.7

989.19

PARTIAL SWAC
SOIL PCB

ppm

4.24

11.84

14.%

0.15

O.Of

FULL SWAC SOIL
PCB

ppm

1.22

5.07

4.81

0.16

0.14
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Table 4 Robin FledgKng-stage Foraging Area-based Surface-weighted Area Concmtration(SWAQ in Recreational Land Along the LJttfe
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

% Foraging area

GWHSAI-S

% Foraging area

HEGI-S

HEG25-S

HEG2-S

HEG3-S

HEG4-S

HEG5-S

HEG6-S

Total or Mean

% Foraging area

HEG10-S

HEG11-S

HEG26-S

HEG27-S

HEG28-S

HEG38-8

HEG7-S

HEGS-S

HEG9-S

Total or Mean

% Foraging area

HEG12-S

HEG13-S

HEG29-S

HEG30-S

Total or Mean

% Foraging area

HEG14-S

HEG15-S

HEG16-S

HEG17-S

HEG18-S

HEG3I-S

HEG32-S *

FORAGING
AREA

ID

20

21

21

22

22

22

22

22

22

22

22
22

23

23

23

23

23

23

23

23

23

23

23

24

24

24
24

24

24

25

25

25
25

25

25

25

SOIL PCB

ppm

15

14

4.3

3.3

3.1

7.9

1.2

5.4

5.60

5.4

I I

2.4

2.5

5.9

0.023

4.8

11

7.1

5.57

10

10

0.3

1.1

5.35

40
•>2

4.3

l.f

3.5

6.7

6.6

AREA PER
SAMPLE

ff

19.61

15405

17.71

5692

8637

5692

4903

4903

7660

7660

45147

51.91

5843

8145

6455

6455

9028

4670

6253

6253

5843

58945

67.77

8145

8705

9028

8804

34682

39.88

8705

6606

6606

8237

8237

8804

6710

SAMPLE
PCB* AREA

ppm*fr'

231075

7%88

37139.1

18783.6

15199.3

38733.7

9192

41364

240099.7

31552.2

89595

15492

16137.5

53265.2

107.41

30014.4

68783

41485.3

346432.01

81450

87050

2708.4

%84.4

1808918

348200

14533.2

28405.8

13179.2

28829.5

58986.8

44286

PARTIAL SWAC
SOIL PCB

ppm

15.00

5.32

5.88

5.22

FULL SWAC SOn.
PCB

ppm

179

2.84

4.04

2.18
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Tabte 4. R(jbmFledgfir^s«age Foraging Area-has^
Mtssissmewa RK'er, Randolf County, IN

SOIL SAMPLE
ID

Total or Mean

% Foraging area

HEGI9-S

HEG20-S

HEG21-S

HEG22-S

HEG33-S

HEG34-S

HEG35-S

HEG39-S

HEG40-S

Total or Mean

% Foraging area

HEG23-S

HEG24-S *

HEG36-S

HEG37-S

HEHSA3-S

Total or Mean

% Foraging area

HEHSA1-SSUB*

HEHSA2-S

HEHSA4-S

Total or Mean

% Foraging area

HWHSAI1-SSUB*

HWHSA13-S

Total or Mean

% Foraging area

HWHSA10-S

HWHSA12-S

Total or Mean

% Foraging area

HWG30-S

HWG31-S

FORAGING
AREA

ID

25

25

26

26

26

26

26

26

26

26

26

26

26

27

27

27

27

27

27

27

28

28
28

28

28

29

29

29

29

30

30

30

30

31

3

SOIL PCB

ppm

9.27

1.2
3.7

7.3
8.7

1.9
1.5
5.7
1.3
1.9

3.69

7.6

5.3

6.7

7.9

10

7.50

31

18
21

23.33

54

0.2

27.10

21

6.2

13.60

9.3
4

AREA PER
SAMPLE

tf

53905

61.98

8576

8576

4951

9164

7154

7154

8193

7427

7427

68622

7a90

9164

6870

8193

7999

15424

47650

54.79

18978

19200

9030

47208

5428

37199

59507

%706

111.19

22563

18077

40640

46.73

7479

8698

SAMPLE
PCB* AREA

ppm*fr'

536420.5

10291.2

31731.2

361413

79726.8

13592.6

10731

46700.1

%55.1

14111.3

252681.6

69646.4

36411

54893.1

63192.1

154240

378382.6

L 588318

345600

189630

1123548

200874C

11901.4

2020647.4

473823

112077.4

585900.4

69554.

3479

PARTIAL SWAC
SOIL PCB

ppm

9.95

3.68

7.94

23.80

20.89

14.42

FULL SWAC SOIL
PCB

ppm

6.23

2.94

4.43

12.99

20.89

6.82
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Table 4. Room Fkdgfeig-stage Foraging Area-based Surface-weighted Area Concentration (SWAQ in Recreational Land Along the LHtle
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

HWHSA9-S

Total or Mean

% Foraghig area

HWG27-S

HWG28-S

HWG29-S

HWHSA8-S

Total or Mean

% Foraging area

HWHSA7-S

% Foraging area

HWG24-S

HWG25-S

HWG26-S *

HWHSA6-S
Total or Mean

% Foraging area

HWG20-S

HWG21-S

HWG22-S

HWG23-S

HWHSA4-S

HWHSA5-S

Total or Mean

% Foraging area

HWG18-S

HWG19-S

HWHSA3-S

Total or Mean

% Foraging area

HWG14-S

HWG15-S

HWGI6-S

HWG17-S

HWHSA1-S

FORAGING
AREA

ID

31

31

31

32

32

32

32

32

32

33

33

34

34

34

34

34

34

35

35

35

35

35

35

35

35

36

36

36

36

36

37

37

37

37

37

SOIL PCB

ppm

2.8

5.37

4.7

6.8

15

0.97

6.87

1.8

5.4

9.7

3

3.5

5.40

7.6

8

3.2

5.5

0.83

21
7.69

1.4

2

0.19

1.20

16

6.9

10

3.3

0.042

AREA PER |
SAMPLE j

ff

18%7

35144

4041

7102

7102

7479

27406

49089

56.44

15099

1736

7582

7582

3935

22340

41439

47.65

6682

6682

7216

7747

26436

16865

71628

8236

7040

7040

19930

34010

39.10

6359

5033

5033

7397

18041

SAMPLE
PCB* AREA

ppm*tf

53107.6

157454.3

33379.4

48293.6

1 12185

26583.82

220441.82

27178.2

PARTIAL SWAC
SOIL PCB

ppm

4.48

4.49

1.80

40942.81

73545.4i

11805]

78190:

204483.2 4.93

50783.2'

53456 !

23091.2;

42608.5

21941. 88j

354165!

546045.78

9856

14080

3786.7

277217

7.62

! 0.82
i

i

1017441

34727.7 j

5033C

24410.1
757.7Z

FULL SWAC SOIL
PCB

ppm

1.91

2.61

0.45

2.44

6.31

0.42
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Table 4. Robin Fledgling-stage Foraging Area-based Surface-weighted Area Concentration (SWAQ BI Recreational Land Along the LMe
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

HWHSA2-S
Total or Mean

% Foraging area

HWGIO-S

HWG1 1-S

HWG12-S

HWG13-S

HWG9-S

Total or Mean

% Foraging area

HWG5-S

HWG6-S

HWG7-S

HWG8-S
Total at Mean

% Foraging area

HWG1-S

HWG2-S

HWG3-S

HWG4-S

Total or Mean

% Foraging area

IEG11-S

IEG12-S

IEG1-S

IEG2-S

IEG3-S

IEG4-S

IEG5-S

IEG6-S
Total or Mean

% Foraging area

IEG7-S

IEG8-S

IEG9-S
Total or Mean

FORAGING
AREA

ID

37

37

37

38

38

38

38

38

38

38

39

39

39

39

39

39

40

40

40

40

40

40

41

41
41

41

41

41

41

41

41

41

42

42

42

42

SOIL PCB

Ppm

1.6

6.31

18

10

0.85

1.5

12

8.47

10

0.019

2.9

14

673

2.4

2.9

0.69

0.69

1.67

1.2

0.51

2.3

3.8

1.3

1.1

1.6

9.9
277

0.97

AREA PER
SAMPLE

fr'

9553

51416

59.12

6305

7373

7373

6359

6305

33715

38.77

7835

7835

7272

7272
30214

34.74

6664

6664

6585

6585

26498

30.47

10064

10064

8029

8029

5278

5278

8870

8870

64482

74.14

SAMPLE
PCB* AREA

ppm* ft2

15284.8
227254.322

113490

73730

6267.05

9538.5
75660

278685.55

78350

M'-865

21088.8

101808

201395.665

15993.6

19325.6

4543.65

4543.65

44406.5

12076.8

5132.64
18466.7

30510.2

6861.4

5805.8

14192

87813

180858.54

5910| 5732.7

2.1 1 5910 1241

2.1 i 725li 15227.

1.72: 190711 33370.8

PARTIAL SWAC
SOIL PCB

ppm

4.42

8.27

6.67

1.68

2.80

FULL SWAC SOIL
PCB

ppm

168

3.31

2.42

0.63

2.12

1.75| 0.51
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Table 4. Room Fledgftig-stage Foraging Area-based Surface-weighted Area Concentration (SWAQ m Recreatnnal Land Along the Little
Mfasissnevva River, Randolf County, IN

SOIL SAMPLE
ID

% Foraging area

IEG10-S

IEHSA1-S

1EHSA2-S

Total or Mean

% Foraging area

IEHSA3-S

% Foraging area

IWG15-S

IWG16-S
Total or Mean

% Foraging area

IWGI 1-S

IWG12-S

IWG13-S

IWG14-S

IWHSA2-S

IWHSA3-S
Total or Mean

% Foraging area

1WG10-S

IWG6-S

IWG7-S

IWG8-S

IWG9-S

IWHSA1-S

Total or Mean

% Foraging area

IWG1-S

IWG2-S

IWG3-S

IVVG4-S

IWG5-S

Total or Mean

% Foraging area

FORAGING
AREA

ID

42

43

43

43

43

43

44

44

45

45
45

45

46

46

46

46

46

46

46

46

47

47

47

47

47

47

47

47

48

48

48

48

48

48

48

SOIL PCB

ppm

13

4.3

1.4

2.33

4.9

1.1

1.3
1.20

1.9

1.9

2.8

3.2

1.9

1.1

2.13

6.9

1.4

1.5

1.6

1.1

9

155

0.31

0.31

3.1

6.1

0.92

2.15

AREA PER
SAMPLE

ft2

21.93

4764

15223
17254

37241

42£2

26955

30.99

9255

9255
18510

21.28

8640

8640

6746

6746

16127

15804

62703

72.10

5541

8212

8212

6126

6126

22684

56901

65.42

7340

7340

4885

4885

5536

29986

34.48

SAMPLE
PCB* AREA

pptr^ft2

6193.2

65458.9

24155.6

95807.7

132079.5

10180.5

12031.5
22212

16416

16416

18888.8

21587.2

30641.3

17384.4

121333.7

38232.9

1 1496.8

12318

9801.6

6738.6

204156

282743.9

2275.4

2275.4

15143.5

29798.5

5093.12

54585.92

PARTIAL SWAC
SOIL PCB

ppm

2.57

4.90

1.20

1.94

4.97

1.82

FULL SWAC SOIL
PCB
ppm

1.20

1.63

0.39

1.44

3.31

0.74
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Table 4. Robin Fledgling-stage Foraging Area-based Surfactyvveighted Area Concentration (SVVAQ in Recreational Land Along the Little
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

JWG2I-S

JWG22-S

JWG23-S

JWG24-S

JWG25-S

JWG26-S

JWG17-S

JWHSA4-S

JWHSA5-S

JWHSA6-S

JWHSA7-S

JWHSA8-S

Total or Mean

% Foraging area

JWG15-S

JWG16-S

JWG17-S

JWGI8-S

JWG19-S

JWG20-S

JWHSA3-S

Total or Mean

% Foraging area

JWG9-S

JWG10-S

JWG11-S

JWG12-S

JWGI3-S

JWGI4-S

Total or Mean

% Foraging area

JWG1-S

JWG2-S

JWG3-S

FORAGING
AREA

ID

49

49

49

49

49

49

49

49

49

49

49

49

49

49

50

50

50

50

50

50

50

50

50

51

51

51

51

51

51

51

51

52

52

52

JWG4-S 52

JWG5-S 52

JWG6-S 52

SOIL PCB

ppm

16

2.9

2.9

43

46

34

4.2

2.6
1.4

0.48

0.75

0.13

2.52

2.4

1.3

2.5

0.%

2

AREA PER
SAMPLE

ft2

1245

1245

1245

1245

1294

1294

1294

15252

15761

18842

17903

22019

98639

113.41

1263

1263

1274

1274

1274

1.5; 1274

I.I 14971

1.68 22593

25.98

3.2! 1338

5.1 1338

3.3 1338

6.3' 1338

1.8 1263

2.9 1 1263

177 7878

9.06

8.9 1211

8.1; 1211

9.4 1211

3.9| 12n

0.03: 1348

0.461 1348

SAMPLE
PCB*AREA

ppm*ft2

3237

3610.5

3610.5

5353.5

5952.4

4399.6

5434.8

3%55.2

22065.4

9044.16

13427.25

2862.47

118652.78

3031.2

1641.9

3185

1223.04

2548

1911

16468.1

30008.24

4281.6

6823.8

4415.4

8429.4

2273.4

3662.7

29886.3

10777.9

9809.1

11383.4

4722.9

40.44

620.08

PARTIAL SWAC
SOIL PCB

ppm

1.20

1.33

3.79

FULL SWAC SOIL
PCB

ppm

1.20

0.47

0.49
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Tabfc 4 Robin Ftedgting-s&ge Foraging Area-based Surface-weighted Area Concentration (SWAC) in Recreational Land Along the Little
Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

JVVG7-S
JWG8-S

JWHSA2-S
Total or Mean

% Foraging area

JWHSA1-S
% Foraging area

FORAGING
AREA

ID

52

52

52

52

52

53

53

SOIL PCB

ppm

0.97

42

0.022

4.00

0.085

AREA PER
SAMPLE

ff

1348

1348

21637

31873

36.65

17906

2059

SAMPLE
PCB*AREA

ppm*ft2

1307.56
5661.6

476.014
44798.994

1522.01

PARTIAL SWAC
SOIL PCB

ppm

1.41

0.08

FULL SWAC SOIL
PCB

ppm

0.62

0.15

Robin fledgling-stage foraging area is the area over which adult robins and their fledged young search for food (8080 m2, equivalent to 86,972 ft2) based
on Weatherhead and McRae (1990). The dimensions of a square-shaped fledgling-stage foraging area are about 295 ft on a side.

Unsampled PCB concentration (0.165 ppm) is set equal to one-half of the detection limit for soil PCB sampling at the LMR under the assumption that
PCBs are not at detectable levels beyond (he areas sampled for the site investigations.

Total or Mean - total values are given for AREA PER SAMPLE and SAMPLE PCB*AREA and mean (average) values for SOIL PCB.
% Foraging area = (Total AREA PER SAMPLE / Fledgling-stage Foraging Area) * 100. It represents the percentage of a robin fledgling-stage foraging

area in which soil PCB data are available.
PARTIAL SWAC = SAMPLE PCB*AREA / Total AREA PER SAMPLE. It represents the surface-weighted average concentration of soil PCB

solely in the portion of a robin fledgling-stage foraging area in which soil PCB data are available.
FULL SWAC = (PARTIAL SWAC * (Total AREA PER SAMPLE / Fledgling-stage Foraging Area)) + (Unsampled PCB * ((Fledgling-stage

Foraging Area - Total AREA PER SAMPLE) / (Fledgling-stage Foraging Area)). It represents an estimated surface-weighted average
concentration of soil PCB over an entire robin fledgling-stage foraging area assuming soil PCB concentrations are below detection limits in
unsampled portions of the foraging area This is accomplished by weighting the PARTIAL SWAC by the fraction the Total AREA PER
SAMPLE represents out of the total foraging area, and adding the Unsampled PCB concentration weighted by the fraction the unsampled
area represents out of the total foraging area
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Table 5. Lowest Observed Adverse Effect Level (LOAEL)-based Remedial Action Levels (RAL) for Robin Fkdgfing-stage Foraging Areas m
Recreational Land Along the Little Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

FEGIJ-S

FEG14-S

FEGI5-S

KEGIfrS

I-T-GI7-S

rcGis-s
FEG38-S

FEHSA2-S

FE1ISA3-S

FEHSA4-S

Total or Mean

FKH9-S
FEG20-S
FEG2I-S

I-TJG22-S

FEG23-S

n-:G24-s
FEG25-VS

FEG26-S

EEIISA7-S

FERSA8-S

Total or Mam

FWC20-S

FWG2I-S

(••WHSA8-S

Total or Menu

FWHSA10-S

FWHSA9-S

Total or Mean

GEG17-S

GEG18-S

GEG19-S

GEG20-S

GEG22-S

GEG5-S

GEG6-S

GEG7-S

GEG8-S

GEHSA6-S

Total or Mean

FORAGING
AREA

ID

1

1

1

' 1

1

1

1

1

1

1

1

4

4

4

4

4

4

4

4

4

4

4

10

10

10

10

11

11

11

17

17

17

17

17

17

17

17

17

17

17

SOIL PCB
and RAL

ppm

13

24

36

54

84

61

47

35

0.17

10

36.42

53

68

91

150

15

31

110

17

66
39

64.00

60

59

50

56.33

1.6

37

19.30

11

16

19

140

7.1

13

20

23

20

2.5

POST-ACTION
SOL PCB

ppm

13

24

ii
fife
m
W&
m
<SB
0.17

10

4.73

m
WE
0.02
0.02

15

31

00!

17

oaz
0.02
6.31

0.02
6&
OXE
0.02

1.6

0.02
0.81

11
16
19

0.02
7.1

13
20

23

20

2.5

27.I6\ 13.16

AREA PER
SAMPLE

ff

1268

1268

1268

1174

1174

1174

1184

9386

14608

26267

58771

1252

1252

1252

1252

1076

1076

1076

1076

8015

20261

37588

1089

1089

23788

25066

21939

18989

40928

1268

1268

1268

1475

1367

1267

1267

1267

1267

24840

36554

SAMPLE
PCB 'AREA

ppm* IF

16484

30432

25.36

23.48

23.48

23.48

23.68

187.72

2483.36

262670

312376.56

25.04

25.04

25.04

25.04

16140

33356

21.52

18292

1603

405.22

684752

21.78

21.78

475.76

51932

35102.4

379.78

35482.18

13948

20288

24092

29.5

97057

16471

25340

29141

25340

62100

2264552

PARTIAL SWAC
SOIL PCB

ppm

532

1.82

FULL SWAC SOIL PCB

ppm

Fledgling stage foraging
aei-86972ft:

UnsamptedPCB
0.165 ppm

Soil 1.OAEL Clean Up
Goal-4ppm

3.65

0.88

002

0.87

620

0.12

0.50

2.70
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TabteS Lowest Observed Adverse FJTect Level (LOAEL)-based Remedial Action Levels (RAL) for Robin FkdgBng-stage Foraging Areas in
Recreational Land Along the Little Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

GWG17-S

GWG18-S

GWG19-S

GWG1-S

GWG20-S

GWG21-S

GWG2-S

GWG3-S

GWG4-S

GWG5-S

GWG6-S

GWHSA4-S

Total or Mean

HEG10-S

HEGII-S

HEG26-S

HEG27-S

HEG28-S

HEG38-8

HEG7-S

HEG8-S

HEG9-S

Tolal or Mean

% Fledgling area

HEG14-S

HEG15-S

HEG16S

HEG17-S

HEG18-S

HEG31-S

HEG32-S *

Total or Mean

HEG23-S

HEG24-S *

HEG36-S

HEG37-S

HEHSA3-S

Total or Mean

HEHSA1-SSUB*

HEHSA2-S

HEHSA4-S

Total or Mean

FORAGING
AREA

ID

18

18

18
18
18
18
18
18
18
18
18
18
18

23
23

23
23
23

23

23

23

23

23

23

25

25

25

25

25

25

25

25

27

27

27

27

27

27

28

28

2

2

SOIL PCB
and RAL

ppm

19

62

52
18

13

11

13

15

25

39

47

1.6

26.30

5.4

11

2.4
2.5
5.9

0.02

4.8

11

7.1

5.57

40

22

4.3

1.6

3.5

6.7

6.6

9.27

7.6

53

6.7

7.9

10

7.50

3

18
2

23.3

POST-ACTION
SOIL KB

ppm

19

0,02
52
18

13

I I

13

15

25

39

47

1.6

21.14

5.4

0.02

2.4
2.5
5.9

0.023

4.8

0.02
7.1

3.13

0.02
22

4.3

1.6

3.5

6.7

6.6

3.56

7.6

5.3

6.7

7.9

0.02

5.5G

0.02

0.02

0.0
6.0

AREA PER
SAMPLE

tf

1227

1227

1227

1251

1136

1136

1251

1251

1251

1242

1242

13856

27297

5843

8145

6455

6455

9028

4670

6253

6253

5843

58945

8705

6606

6606

8237

823^

8804

6710

53905

9164

6870

8193

7999

15424

47650

18978

SAMPLE
PCB* AREA

ppm*^

23313

2454

63804

22518

14768

124%

16263

18765

31275

48438

58374

22169.6

332208.14

315522

162.9

15492

16137.5

532652

107.41

30014.4

125.06

41485.3

188341.97

67.77

174.1

145332

28405.8

131792

28829:5

58986.8

44286

188394.6

69646.4

36411

54893.1

63192.1

308.48

224451.08

37936

19200J 384

TOC

4720^

180.6

944.16

PARTIAL SWAC
SOIL PCB

ppm

12.17

320

3.49

4.7

0.02

FULL SWAC SOIL PCB

ppm

3.93

222

223

2.66

0.09
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Table 5. Lowest Observed Adverse Effect Level (LOAEL>based Remedial Action Levels (RAL) for Robin Fledgling-stage Foraging Areas in
Recreational Land Along the Little Misstssinewa River, Randotf County, IN

SOIL SAMPLE
ID

HWHSAI1-SSUB*

HWHSA13-S

Total or Mean

HWHSA10-S

1WHSA12-S

Total or Mean

HWG20-S

HWG2I-S

HWG22-S

HWG23-S

HWHSA4-S

HWHSA5-S

Total or Mean

FORAGING
AREA

ID

29

29

29

30

30

30

35

35

35

35

35

35

35

SOIL PCB
and RAL

ppm

54

02

, 27/0

21

62

1360

7.6

8

32

5.5

0.83

21

7.69

POST-ACTON
SOIL PCB

ppm

0.02

02

Oil

002
6.2

.?.//

7.6

8

3.2

5.5

0.83

0.02
4.19

AREA PER
SAMPLE

ft-'

37199

59507

96706

22563

18077

40640

6682

6682

7216

7747

26436

16865

71628

SAMPLE
PCB*AREA

ppm*r¥

743.98

11901.4

1264538

45126

1 12077.4

112528.66

507832

53456

230912

42608.5

21941.88

3373

192218.08

PARTIAL SWAC
SOIL PCB

ppm

0.13

2.77

2.68

FULL SWAC SOU. PCB

ppm

0.13

138

224

POST-ACTION SOIL PCB - The PCB concentration of fill brought into remediated areas is assumed to be 0.02 ppm. Areas to be remediated are shown in gray.
RAL - The remediation action level for each foraging area is shown in bold type It rrepresents the lowest PCB concentration that needs to be remediated in a particular

foraging area so that the surface-weighted average concentration over die entire tbraging area (FULL SWAC SOIL PCB) is less than the LOAEL-based clean up
goal (CUG) of 4 ppm
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Tablet No ObsmedAoVerse Effect Levd(NOAELH>asedReine^
Recreational Land Along the Uttfe Mississinewa River, Randolf County, IN

SOILSAMPl£
ID

FEG13-S

FEG14-S

FEG15-S
FEG16-S

FEGI7-S
FEGI8-S

FEG38-S

FEHSA2-S
FEHSA3-S
FEHSA4-S

Total or Mean

FEGl^S
FEG2O5
FFG21-S

FEG22-S
FEG23-S

FEG24-S
FEG25-S

FEG26-S

FEHSA7-S
FEHSA8-S

Total or Mean

FERSA9-S

FWG12-S
FWG13-S

FWG14-S

FWG15-S
FWG16-S

FWG40-S

FWG41-S
FWG42-S

FWHSA5-S
Total or Mean

FWHSA6-S

FWHSA7-S

FWG17-S

FWG18-S
FWG19-S

Total or Mean

FORAGING
AREA

ID

1

1

1

1

1

1

1

1

1

1

1

4

4
4

4

4

4

4

4

4

4

4

5

7

7

7

7

7
7

7

7

7

7

8

c

9

SOIL PCB
and RAL

ppm

13
24

36
54

84

61

47

35
0.17

10

36.42

53

68
91

150

15

31

110

17

66

39

64.00

8.2

42

16

16

31

15

4.1

22

57

2.6

18.66

5.4

7.9
1

2

9.5
1 4.1

POST-ACTION
SOIL PCB

ppm

m
"i (MB
;• oJe

am
om
m
om
0.02
0.17

0.02
0.04

0.02
0.62
ola
0.02

15
31

0.02
17

0.02
0.02
6.31

0.02

42

16

16

0.02

15

4.1

0.02
0.02

2.6

6.44

0.02

0.02
0.02
0.0
0.02
0.0

AREA PER
SAMPLE

ft2

1268

1268

1268
1174

1174

1174

1184

9386
14608
26267
58771

1252

1252
1252

1252
1076
1076

, 1076

1076

8015

20261

37588

23775

1334

SAMPLE
PCB*AREA

ppm*ft2

2536
2536

25.36
23.48

23.48
23.48

23.68
187.72

248336
525.34

3366.62

25.04
25.04
25.04

25.04

16140

33356

21.52

18292

1603

40522

68475.2

475.5

5602.8
1334! 21344
1334J 21344

1143 22.86
1143

1360

1360

1360

18288

28656

24966

23639

123?

123?

123?

2735C

17145

5576
272

272

47548.8

118637.86

49932

472.78

24.78

24.78
24.78

547.12

PARTIAL SWAC
son. PCB

ppm

0.06

1.82

0.02

4.14

0.02

0.0

FULL SWAC SOIL.
KB

ppm

Tedgfing stage foraging
area -86972 fr"

Unsampled PCB -
0.165 ppm

Soil NOAB. Clean Up
Goal- 1.5 ppm

0.09

0.88

0.13

1.47

0.12

0.12
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Table 6. No Observed Adverse Effect Level (NOAEL)-based Remedial Action Levels (RAL) for Rottn Fledgling-stage Foraging Areas in
Recreational Land Along the Little Mississinewa River, Randolf County, IN

soa. SAMPLE
ID

FWG20-S

FWG21-S

FWHSA8-S

Total or Mean

FWHSAIO-S

FWKSA9-S

Total or Mean

GEHSA2-S

GEHSA3-S*

GEHSA4-S

GEG17-S

GEG18-S

GEG19-S

GEG20-S

GEG22-S

GEG5-S

GEG6-S

GEG7-S

GEG8-S

GEKSA6-vS

Total or Mean

GWG17-S
GWG18-S

GWG19-S
GWG1-S
GWG20-S
GWG21-S

GWG2-S

GWG3-S

GWG4-S

GWG5-S

GWG6-S

GWHSA4-S

Total or Mean

GWHSA1-S

HEG1-S

HEG25-S

HEG2-S

FORAGING
AREA

ID

10

10

10

10

11
11
11

13

14

15

17

17

17

17

17

17

17

17

17

17

17

18

18

18
18

18

18

18

18

18

18

18

18

18

21

22

22

SOIL PCB
and RAL

ppm

60

59

50

56.33

1.6

37

19.30

10

12

11

11

16

19

140

7.1

13

20

23

20

2.5

27/6

19
62

52
18

13
I I

13

15

25

39

47

l.(

26.30

15

14

POST-ACTION
SOL PCB

ppm

$&

' .•••'*»
. »

0.02

1.6

Offi
0.81

"" "-:M

(MB

ojii

11
16

002
'' 0$

7.1

13

OS
0.02
0.02

2.5

4.97

om
0.02

0.02
18
13

11

13
15

OJ02
6.02
0.02

1.6
5.98

0.02

0.02
4.3 j 43

22 3.3 1 33

AREA PER
SAMPLE

ft2

1089

1089

23788
25966

21939

18989

40928

23344

24168

21854

1268

1268

1268

1475

1367

1267

1267

1267

1267

24840

36554

1227
1227

1227
1251
1136
1136

125

1251

1251

1242

1242

13856

27297

15403

5692

8637

5692

SAMPLE
PCB* AREA

ppm*ft2

21.78

21.78

475.76

51932

35102.4

379.78

35482.18

466.88

483.36

437.08

13948

20288

2536

29.5

9705.7

16471

25.34

25.34

25.34

62100

122643.58

24.54
24.54

24.54
22518

14768

124%

16263

18763

25.02

24.84

24.84

22169.6

107127.9

308.

113.84

37139.1

18783.6

PARTIAL SWAC
SOIL PCB

ppm

0.02

0.87

0.02

0.02

0.02

336

3.9.

0.0

FLU. SWAC SOIL
KB

ppm

0.12

0.50

0.13

0.12

' 0.13

1.51

135

0.14
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Table 6. No Observed Adverse Effect Level (NOAEL)-based Remedial Action Levels (RAL) for Robin Fledgling-stage Foraging Areas in
Recreational Land Along the LJtde Mississinewa River, Randolf County, IN

SOILSAMP1J:
ID

FORAGING
AREA

ID

HEG3-S i 22

HHG4-S

HEG5-S

HEG6-S

Total or Mean

HEG10-S

HEG1I-S

HEG26-S

HEG27-S

HEG28-S

HEG38-8

HEG7-S

IIEG8-S

HEG9-S
Total or Mean

HEG12-S

HEG13-S

HEG29-S

HEG30-S

Total or Mean

HEGI4-S

HEG15-S

HEG16-S

HEG17-S

HEG18-S

HEG31-S

HEG32-S *

Total or Mean

HEG19-S

HEG20-S

HEG21-S

HEG22-S

HEG33-S

HEG34-S

HEG35-S

HEG39-S

HEG40-S

Total or Mean

HEG23-S

HEG24-S *

HEG36-S

22

22

22

22

23

23

23

23

23

23

23

23

23
23

24

24

24

24

24

25

25

25

25

25

25

25

25

26

26

26

26

26

26

26

26

26

26

27

27
27

SOIL PCB
and RAL

ppm

3.1

7.9

1.2

5.4

5.60

5.4

I I

2.4

2.5

5.9

0.023

4.8

11

7.1
5.57

10

10
03
1.1

5.35

40

2.2

43

1.6

3.5

6.7

6.6

9.27

12

3.7

73

8.7

1.9

1.5

5.7

1.3

1.9

3.69

7.6

5J

67

POST-ACTION
SOIL KB

ppm

3.1

0132
12

5.4

2.48

5.4

m
2.4

2.5

0.02
0.023

4.8

; OXE
0,02
1.69

0.02
0.02
0.3
1.1

0.36

0.02
22

4.3

1.6

3.5

0.02
0.02
1.67

12
3.7

0.02
0.02

1.9

1.5

0.02
13
1.9

1.28

0.02
53

6.7

AREA PER
SAMPU-:

ft2

4903

4903

7660

7660

45147

5843

8145

6455

6455

9028

4670

6253

6253

5843
58945

8145

8705

9028

8804

34682

8705

6606

6606

8237

8237

8804

6710

53905

8576

8576

4951

9164

7154

7154

8193

SAMPli
KB * ARE-TV

ppm*ft2

151993

98.06

9192

41364

121889.9

31552.2

162.9

15492

161 37.5

180..%

10741

30014.4

125.06

116.86
93888.89

162.9

174.1

2708.4

9684.4

12729.8

174.1

14533.2

28405.8

131792

28829.5

176.08

1342

85432.08

102912

317312

PARTIAL SWAC
SOIL PCB

ppm

2.70

1.59

037

1.58

99.02

18328

13592.6

10731

163.86

7427 9655.1

7427

68622

9164

6870

8193

141 113

90558.56 ! 132

183.28|

3641 l l

54893. 1 i

FULL SWAC SOIL
PCB

ppm

1.48

1.13

025

1.05

1.08



33

Tabte6.NoC)rjsmedAo\erseFJredl^d(NOAEL
Recreational Land Along the Little Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

HEG37-S

HEHSA3-S
Total or Atom

HEHSA1-SSUB *

HB1SA2-S

HEHSA4-S
Total or Mean

HWHSA1I-SSUB*
I-TWHSA13-S

Total or Mean

HWHSA10-S
HWHSA12-S
Total or Mean

HWG30S

HWG31-S

HWHSA9-S

Total or Mean

HWG27-S
HWG28-S

HWG29-S

HWHSA8-S
Total or Mean

HWG24-S

HWG25S
HWG2frS*

HWHSA6-S

Total or Mean

HWG20S
HWG21-S
HWG22-S

HWG23-S

HWHSA4-S

HWHSA5-S
Total or Mean

HWG14-S

HWGI5-S

HWG16-S

HWG17-S

FORAGING
AREA

ID

27

27

27

28

28

28

28

29

29

29

30

30

30

31

31

31

31

32

32

32

32

32

34

34
34

34

34

35

35

35

35

35
35
35

37

37

37

37

SOIL. KB
and RAL

ppm

7.9

10

7.50

31

18
21

23.33

54
02

27/0

21

62

13.60

93
4

2.8

5.37

4.7

6.8

15
0.97

6.57

5.4

9.7
3

3.5

5.40

7.6

8
32

5.5

0.83

21

769

16

6.9

10

3_

POST-ACTION
SOIL PCB

ppm

OXK
OXB
2.41

m
0.02
0.02
0.02

0.02
0.2

0.11

r,' 0.02

6.2

3*11

0.02
4

2.8

2.27

4.7

6.8

0.02

0.97

3.12

O.02

0.02
3

3.5

1.64

0.02
OXK
32

5.5

0.83

0.02

1.60

0.02

6.9

10
33

AREA PER
SAMPLE

tt2

7999

15424

47650

18978

19200

9030
47208

37199
59507

96706

22563
18077

40640

7479

8698

18967
35144

7102

7102

7479

27406
49089

7582

7582
3935

22340
41439

6682

6682
7216

7747

26436

16863
71628

6359

503.
5033
739

SAMPLE
KB*AREA

ppm*ft2

159.98

308.48
91955.84

379.56
384

180.6
944.16

743.98
11901.4

1264538

45126

112077.4

112528.66

14958
34792

53107.6

88049.18

33379.4

48293.6

14958

26583.82

108406.4

151.64

151.64

11805
78190

9029828

133.64

133.64

230912

426085

21941.88

3373

88246.1

127.1

34727.

5033

24410.

PARTIAL SWAC
SOIL PCB

ppm

1.93

0.02

0.13

2.77

251

221

2.18

123

FULL SWAC SOIL
PCB

ppm

1 13

0.09

0.13

138

1 1 1

132

1.12

1.04
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Table 6. No Observed Adverse Effect Level (NOAEL)-based Remedial Action Levels (RAL) for Robm FkdgBng-stage Foraging Areas n
Recreational Land Along the Little Mississinewa River, Randolf County, IN

SOIL SAMPLE
ID

HWHSAI-S

HWHSA2-S

Total or Mean

HWG10-S

HWG11-S

HWG12-S

HWGI3-S

HWG9-S

Total or Mean

MWG5-S

HWG6S

HWG7-S

HWG8-S
1 btal or Mean

IEG11-S

IEG12-S

IEGI-S

IEG2-S

IEG3-S

IEG4-S

1EG5-S

IEG6-S

Total or Mean

1EHSA3-S

rwcio-s
IWG6-S

IWG7-S

IWG8-S

IWG9-S

IWHSA1-S

Total or Mean

FORAGING
AREA

ID

37

37

37

38

38

38

38

38
38

39

39

39
39
39

41

41

41

41

41

41

41

41

41

44

47

47

47

47

47

47

47

SOIL KB
and RAL

ppm

0.042

1.6

6.31

18
10

0.85

15

12

8.47

10

0.019

2.9

14
6.73

1.2

0.51

23

3.8

13

1.1

1.6

9.9

2.71

4.9

6.9

1.4

15

1.6

I.I

9

3.58

POST-ACnON
SOIL KB

ppm

0.042

1.6

3.64

0.02
10

0.85

15

OXB
2.48

10

0.019

2.9

0.02
3.23

1.2
051

23

3.8

1.3

I I

1.6

0.02

1.48

0.02

6.9

1.4

'l5

1.6

1.1

0.02

209

AREA PER
SAMPLE

(12

18041

9553

51416

6305

7373

7373

6359

6305

33715

7835

7835

7272

7272
30Z14

10064

10064

8029

8029

5278

5278

8870

8870

64482

26955

5541

8212

8212

6126

6126

22684

56901

SAMPLE
PCB 'AREA

ppm*H2

757.722

15284.8

125637.502

126.1

73730

6267.05

95385

126.1

89787.75

78350

148.865

21088.8

145.44
99733.105

12076.8
5132.64

18466.7

305102

6861.4

5805.8

14192

177.4

93222.94

539.1

38232.9

11496.8

12318

9801.6

6738.6

453.68

7904158

PARTIAL SWAC
SOIL PCB

ppm

2.44

2.66

330

1.45

0.02

139

FULL SWAC SOIL
KB

ppm

151

1.13

1.25

1.11

0.12

0.97
POST-ACTION SOIL PCB - The PCB concentration of fill brought into remediated areas is assumed to be 0 02 ppm. Areas to be remediated are shown in gray.
RAL - The remediation action tevel for each foraging area is shown in bold t>pe. It rrepresents the lowest PCB concentration that needs to be remediated in a particular

foraging area so that the surface-weighted average concentration over the entire foraging area (FU1L SWAC SOIL PCB) does not exceed the NOAEL-based
clean up goal (CUG) ofl 5 ppm.


