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Executive Summary

Sediment and small mammal samples were col-
lected from the exposed sediments of Par Pond in
early 1995, shortly before the reservoir was refilled
after a 4-year drawdown. Sampling was confined
to elevations between 58 and 61 meters (190 and
200 feet) above mean sea level, which includes
the sediments likely to be exposed if the Par Pond
water level is permitted to fluctuate naturally. Both
soil and small mammal samples were analyzed for
a number of radionuclides and metals. Some of
the soil samples were also analyzed for organic
contaminants. The objective of the study was to
determine if contaminant levels in the Par Pond
sediments were high enough to cause deleterious
ecological effects.

None of the metals or organic constituents mea-
sured in the Par Pond exposed sediments exceeded
the U.S. Environmental Protection Agency, the Na-
tional Oceanographic and Atmospheric Adminis-
tration, or Canadian ecological screening criteria
for contaminants in terrestrial soils. However, the
maximum total mercury concentration (485 pg/kg,
-geometric mean of 62 pg/kg) slightly exceeded the
U.S. Environmental Protection Agency screening
criterion for ecological effects in submerged (i.e.,
aquatic) sediments. These results suggest that
mercury may pose a problem when the Par Pond
sediments are submerged and mercury
bioavailability increases but not when the sedi-
ments are exposed and acting as terrestrial soils.

A number of radionuclides were detected in the
Par Pond secdiments, but only cesium- 137 occurred

consistently and at levels well in excess of levels
at the control sites. The geometric mean cesium-
137 concentration was 7.2 pCi/g; the maximum
was 56.7 pCi/g. Cesium-137 was nonuniformly
distributed on both small and large spatial scales,
but usually higher downslope (58-59 meters [190-
195 feet] above mean sea level) than upslope (59-
61 meters {195-200 feet] above mean sea level).
Cesium-137 concentrations were higher in sedi-
ments with high organic content, and the patchy
distribution of these sediments probably contributed
to the patchy distribution of cesium-137. The spatial
distribution of total mercury and cesium-137 in the
exposed sediments was significantly correlated, but
the correlation was relatively weak (R? =0.25).

Cotton rats were the most commonly collected
small mammal on the exposed Par Pond sediments.
Cotton rats bioaccumulated cesium-137; the geo-
metric mean total body burden of cesium-137 in
Par Pond cotton rats was 57.0 pCi/g, and the maxi-
mum was 181.0 pCi/g. Cesium-137 levels in Par
Pond exposed sediments and in cotton rats were
strongly correlated (R? = 0.57 to 0.90). Other ra-
dionuclides occurred in Par Pond cotton rats but
inconsistently or at comparatively low levels when
compared to cotton rats from control sites. There
was no evidence that mercury bioaccumulated in
Par Pond cotton rats.

The total radiation dose (internal and external) to
cotton rats residing on the exposed sediments of
Par Pond was approximately 0.003 rad/day, well

“under the 1.0 rad/day standard set by the U.S. De-

partment of Energy for the exposure of native or-
ganisms to radiation.
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In summary, cesium-137 and mercury are the prin-
cipal contaminants in the Par Pond sediments at
the elevations likely to be exposed if the Par Pond
water level is permitted to fluctuate naturally. Nei-
ther contaminant is present in concentrations likely
10 produce deleterious effects on terrestrial organ-
isms that may utilize the sediments when they are
exposed by lowered water levels. However, mer-
cury concentrations are high enough to be of pos-
sible concern when these sediments are inundated
and mercury bioavailability has the potential to
increase within the aquatic environment.

Introduction

Par Pond is a 1012-hectare (2500-acre) reservoir
on the Savannah River Site (SRS) that formerly
received cooling water from P and R Reactors.
Radionuclides leaking from R Reactor contami-
nated Par Pond from 1954 to 1964. The water level
of Par Pond was artificially maintained at 61 meters
([m] 200£1 feet) above mean sea level (msl) by
pumping water from the Savannah River until 1991
when it was reduced to 55 m (181 feet) above msl
because of a defect in the Par Pond dam. The draw-
down resulted in the exposure of sediments con-
taminated with radionuclides, especially cesium-
137. The defect was repaired and Par Pond was
refilled in early 1995 to its previous level, thus
shielding people and other terrestrial organisms
from exposure to the radionuclides in the sedi-
ments. The potential human health risks posed by
these radionuclides has been the subject of studies
that indicated a significantly increased cancer risk
to permanent human residents on the exposed sedi-
ments (WSRC 1992; Whicker et al. [993).

Because the nuclear reactors on SRS no longer
operate, the river water distribution system that was
used to supply them with cooling water, and that
maintains the constant water level in Par Pond, may
be shut down. Hydrological models indicate that
the watershed of Par Pond is large enough to main-
tain the average water level near historical levels
without input from the Savannah River, but fluc-

tuations of several feet could be expected (COE
1994). These fluctuations would result in the ex-
posure of contaminated sediments, which could
pose human health and ecological risks.

Just before Par Pond was refilled, soil and small
mammals were collected from the exposed sedi-
ments and analyzed for a number of radioactive
and nonradioactive constituents. Sampling was
confined to the upper elevations of the lake bed
(approximately 58 to 61 m {190-200 feet] above
msl) where sediments would likely be exposed if
water levels fluctuate naturally.

The objectives of this study were to:

» determine what contaminants are present and
assess their concentrations in the sediments
likely to be exposed if the Par Pond water level
fluctuates

* assess levels of contamination in small mam-
mals that lived and fed on the exposed sedi-
ments during drawdown and that could serve
as vectors of contaminant transfer up the food
chain

* determine the relationships between levels of
contamination in the sediments and in small
mamrnals.

Methods and Materials
Field Methods

Field work was conducted between January and
March 1995. At the start of the sampling period,
the surface elevation of Par Pond was approxi-
mately 58 m (190 feet) above msl, approximately
3 m (10 feet) higher than the lowest level reached
during drawdown and 3 m (10 feet) lower than full
pool.

Soil samples and small mammals were collected
from 15 sites on the exposed sediments of Par Pond
and from 2 reference sites (Figure ). Within each
of the four major arms of Par Pond (North Arm,
South Arm, Middle Arm, and Main Body) sample
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lower transects were located at each sample site.

sites were randomly selected by measuring the
length of the predrawdown shoreline in the arm
(using aerial photographs), randomly selecting with
a random number generator numbers less than the
total length of the arm, and marking the point that
corresponded to that length within the arm on a
map. This procedure ensured coverage of the en-
tire lake and avoided the bias associated with sub-
jective selection of sample sites. The 15 sample
sites were apportioned among the 4 regions on

Soil and small mammal sampling sites on the exposed sediments of Par Pond. Upper and

the basis of the total length of shoreline among the
regions. The two reference sites were located near
Lost Lake and Road D; both areas are uncontami-
nated with the exception of fallout from airborne
releases.

Visual cues (e.g., shoreline contours) from aerial
photographs of Par Pond were used to locate each
sample site marked on the map- At each site, two
100-m (328-fool) transecls were established run-
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ning approximately parallel to the original shore-
line (Figure 1). The lower transect (A) was lo-
cated near the water line at the time of sampling
(approximate elevation of 58-59 m [191-195 feet]
above msl) and the upper transect (B) was located
near the old full pool water line (approximate el-
evation of 60-61 m [197-200 feet] above msl). The
A and B transects usually were offset to maximize
spatial separation.

Soil samples to a depth of approximately 10-15
centimeters (4-6 inches) were collected at five lo-
cations spaced at 20 m intervals along each transect.
This depth corresponds to the root zone of many
of the herbaceous plants that colonized the Par
Pond sediments after the drawdown. A spade with
the blade wrapped with polyethylene was used to
collect each sample. The plastic was discarded and
replaced after each sample to prevent inter-sample
contamination. Each soil sample was homogenized
by mixing it thoroughly by hand on a sheet of clean
polyethylene plastic, then transferred to appropri-
ately labeled jars and placed on ice for shipment
to the analytical laboratory.

In addition to the individual soil samples, a com-
posite soil sample was collected from each of the
four arms of Par Pond and from one of the refer-
ence sites. Each composite sample consisted of
several randomly collected subsamples of soil from

each transect in the arm or at the reference site. .

The subsamples were thoroughly mixed together
before compositing the sample.

Small mammals were collected from Par Pond
between January 16 and 20, 1995. Two 100-m
(328-foot) trap lines were established at each sam-
pling site. These usually corresponded to the lower
(A) and upper (B) transects, although at several
sites the transects and the trap lines were separated
by 25-50 m (8-15 feet) because of increases in lake
waler level between the times of trapping and soil
sampling. Two Victor snap traps and one Sherman
live trap were set at cach trapping point for a total
ol 30 traps along cach transect. Snap traps were

baited with peanut butter and Sherman (raps with
bird seed and rolled oats. All traps were checked
each morning for four consecutive days and
rebaited as necessary. Trapped animals were iden-
tified; placed in appropriately labeled, individual
plastic bags; and then conveyed to the laboratory
where they were weighed and frozen. The proce-
dure for collecting small mammals at the reference
sites was similar except that there was a 250-m
(820-foot) trapline rather than a 100-m (328-foot)
trapline with trapping points at 10 m intervals. The
longer trapline was necessary to collect sufficient
numbers of small mammals, which were less abun-
dant at the reference sites.

To prepare small mammal tissue for the labora-
tory, sufficient numbers of individuals from each
species at each transect (or trapline where transects
and traplines did not overlap) were composited to
attain the minimum sample mass needed for ra-
diological and chemical analyses. The individu-
als were homogenized in a blender to produce a
whole-body composite sample (hereafter referred
to as a transect sample). In addition, randomly
selected individuals of one species from transects
in each arm of Par Pond were composited to cre-
ate a composite sample on a larger spatial scale
(hereafter referred to as lake arm samples).

Descriptive information about each site was re-
corded. These included Munsell soil color of each
soil sample, a general site description emphasiz-
ing floristic composition, and the Global Position-
ing System coordinates corresponding to the be-
ginning and end points of each transect.

Laboratory Methods

Each of the individual soil samples was analyzed
for total mercury, gamma emissions (gamma pulse
height analysis), gross alpha emissions, and beta
emissions from nonvolatile radionuclides (non-
volatile beta). The composite soil samples were
analyzed for the preceding constituents plus target
compound list (TCL) volatile organic compounds,
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TCL semivolatile organic compounds, pesticides/
polychlorinated biphenyls (PCBs), and target analyte
list (TAL) metals. Specific constituents within
cach of these categories are listed in tables in
this report.

Each of the transect tissue samples was analyzed
for total mercury, gamma emissions (gamma pulse
height analysis), gross alpha emissions, beta emis-
sions from nonvolatile radionuclides (nonvolatile
beta), and a number of metals including total mer-
cury. Each lake arm sample and one of the refer-
ence site transect samples was analyzed for all of
the preceding constituents, strontium-90, pluto-

nium-238, plutonium-239/240, and several other-

constituents. Detailed information on analytical
methods and QA/QC procedures can be found in
quality control summary documents for Par Pond
risk assessments (WSRC 19954, b).

Data Analysis

The results of the sediment and tissue analyses are
presented as arithmetic means, geometric means,
maxima, and percentage of samples with concen-
trations above the detection limit for each variable.
Geometric means were calculated by back trans-
forming the average value of the log transformed
(i.e., X =log10(X+1)) data (Sokal and Rohlf 1981).
Geometric means were presented with arithmetic
means because environmental contaminant data are
often logarithmically distributed (Gilbert 1987).
When calculating means, values below the detec-
tion limit were assumed to be one half the detec-
tion limit following U.S. Environmental Protec-
tion Agency (EPA) guidance (Gilbert 1987). Stan-
dard errors of arithmetic means and confidence
intervals were calculated for geometric means as
is customary and shown in Sokal and Rohlf
(1981). Standard errors and confidence inter-
vals were not calculated for a constituent unless
the majority (>50%) of its measurements were
above detection limits. Protocols for handling
soil sample duplicates arc as described in Koch
ct al. (1996).

Analysis of variancc (ANOVA) was used to as-
sess the differences among elevations (i.e.,
transects), sample sites, and lake arms on soil ce-
sium-137 concentrations. Residual error (i.e., the
variation among individual soil samples within
transects) was used (o test the significance of dif-
ferences among elevations and the interaction be-
tween sample site and elevation. The variation
among sample sites within lake arms was used to
test the significance of differences among lake
arms. Variance component estimates for sample
sites within arms and replicates within transects
were calculated as shown in Sokal and Rohlf
(1981). Cesium-137 concentrations were
log10(X+1) transformed to better meet the assump-
tions of ANOVA for homoscedascity and normal-
ity (Sokal and Rohlf 1981).

A one-way factorial ANOVA tested for differences
in cesium-137 concentrations among different soil
types. Three basic soil types (clay, organic, sand)
were identified based on field observations and
Munsell soil color. Soil samples were assigned to
each category based on the predominant compo-
nent.

-Cesium-137 small mammal tissue concentrations

were regressed on cesium-137 soil concentrations
to determine if concentrations in small mammal
tissues could be predicted from soil concentrations.
Two models were constructed. One was based on
average small mammal tissue concentrations and
average soil concentrations at each station (n = 17;
|5 Par Pond sample sites and 2 reference sample
sites) and one was based on average concentra-
tions in small mammal tissues and average soil
concentrations at each transect (n =32). Both small
mammal tissue and soil concentrations were
log l0(X+1) transformed for this analysis.

Contaminant levels in the Par Pond sediments were
compared with various soil and sediment criteria
for contaminants compiled by several organiza-
tions. These critena included: _

+ National Occanographic and Atmospheric Ad-
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ministration (NOAA) (Long and Morgan

1990), EPA (1995), and Canadian Council of

Ministers of the Environment (CCME) (1995)
criteria for contaminants in aquatic sediments, and
+ soil contamination criteria derived from a num-
ber of sources as summarized in Beyer (1990).

Criteria for both aquatic sediments and soils were
used because the substrate sampled during the
drawdown could be aquatic sediments or terres-
trial soils in the future, depending upon reservoir
level. NOAA and CCME aquatic sediment crite-
ria are expressed as probable effect levels (PEL)
and threshold effect levels (TEL). The PEL is the
concentration above which adverse effects-are ex-
pected frequently; the TEL is the concentration
below which adverse effects are expected infre-
quently; and the concentrations between the PEL
and TEL are expected to cause adverse biological
effects occasionally. The EPA aquatic sediment
criteria are expressed as screening levels below
which adverse effects are unlikely. The soil contami-
nation criteria summarized in Beyer (1990) are usu-
ally expressed as soil cleanup criteria; that is, levels
below which no remediation is required since they
probably do not pose a significant environmental risk.

The methods of Baker and Soldat (1992) were used
to calculate the radiation dose to a hypothetical small
mammal residing on the exposed sediments of Par
Pond. Internal dose was calculated as follows:

N
Rcz Zbi E., where

i=1

R_ = the internal dose rate to the whole body
(rad/day),

E = the effective absorbed energy rate for nu-
clide [ given the radius of the organism, and
b, = the body burden of nuclide i in the organism.

External dose was calculated as follows:
N

R - Fsud Flul' ECI DF

5

, where
gnd i

i=1

R = the external dose rate (o the whole body
(rad/day), '

F_,= the sediment deposition transfer factor,

F ;= the geometry roughness factor,

DF, , = the ground irradiation dose factor for
nuclide i, and

C, = the concentration of radionuclides in the
sediments.

Baker and Soldat (1992) also included a term for
decay rate in their external dose computations.
However, this term was not used in the present
calculation since the life span of a typical small
mammal is very short compared with the half-lives
of the radionuclides occurring in the Par Pond sedi-
ments. Total dose was the sum of the internal and
external doses.

Results and Discussion

Potential Constituents of Concern in Par Pond
Exposed Sediments

Of the 26 radionuclides screened by gamma pulse
height analysis, 12 were never detected and 4 were

~ detected very infrequently ( in fewer than 3% of

the samples) in Par Pond soils (Table 1). How-
ever, actinium-228, cesium-137, and lead-212 were

-detected in 100% of the soil samples; and cobalt-

60, manganese-54, potassium-40, thorium-234, eu-
ropium-1355, and zirconium-95 were detected in ap-
proximately 30-80% of the samples. Neptunium-
239 was detected in 9% of the samples. Cesium-
137 and cobalt-60-concentrations averaged ap-
proximately 10-30 times higher in the Par Pond
soils-than in the reference site soils. Differences
in europium-155, manganese-54, neptunium-239,
and zirconium-95 concentrations between Par Pond
and reference site soils were relatively small (ap-
proximately two fold).

Element-specific analyses were not conducted for

_alpha and beta emitting radionuclides, although

gross alpha and nonvolatile beta emissions were
analyzed. Gross alpha levels were slightly higher




Table 1. Concentrations of radionuclides (pCi/g)! and mercury (1g/kg)? found in Par Pond sediments and reference soils. 1995.

Par Pond Reference locations
Geometric Geometric

Percent mean mean

Constituent Average above ) o ) _ confidence Average Percentt confidence
detecton DL3 Arithmetic Arithmetic Geometric fimit: detection above DL Arithmetic  Arithmetic *3eometric limit:

(n=149) Max  mean meanSE  mean Lower Upper | limit (n=10) mean SE  mean Lower Upper
o T e e e P o) e ooeee 0901
Antimony-124 | 0.021 0 0.010 0.010 0.005
Antmony-125 | 0062 0 0.031 0.031 0.012
Banum-133 0.024 0 0012 0.012 0.005
‘Cenum-144 0.108 0 0.148 0.054 0.053 0.028
Cesium-134 0.014 1 0.027 0.007 0.007 I . 0.004
‘Cesium-137 0.016 100 56.7 10912 0.960 7.231 6.198 8411 0.009 100 0.662 0.306 0.046 0299 0204 0402
Cobait-57 0.014 0 0.007 0.007 0.007 0 0.004 0.004
Cobalt-58 0.012 2 0.032 0.006 0.006 0.009 [4} 0.004 0.004
“Cobalt-60 0.009 [52] 0.319 0.040 0.005 0.038 0.029 0.047 ) 0.007 0 0.004 0.004
“Europium-152 | 0.03 0 0.027 0.027 0.023 0 0.012 0.012
“Europium-154 0.084 0 0.042 0.042 0.066 0 0.032 0.032
“Europiurn-155 0.055 40 0.163 0.053 0.053 0.03 2 0.04 0.024 0.024
Gross alpha 38 B 25.7 8.9 0.4 79 73 86 3.8 100 21.0 . 7.6 1.874 6.2 3758 9.999
Lead-212 0.029 100 24 1.042 0.035 0.998 0931 1.066 0.014 100 1.33 0.756 0.095 0.734 0538 0955
‘Manganese-54 | 0.010 83 0.047 0.018 . 0.001 0.018 0017 0020 0.008 40 0.03 0.009 0.009
“Neptunium-239 | 0.097 9 0.185 0.055 0.1 0.053 10 0.06 0.028 0.029
Nonvolatle beta] 6.7 & /1.3 17.2 1.1 13291 118 150 6.5 40 10.8 5240 4.7
“Potassium-40 0.086 44 433 0442 0.346 0.07 60 1.51 0.649 0.183 0554 0192 1.025
“Promethium-
144 0.010 0 0.005 0.005 0.008 0 0.004 0.004

]
' picoCuries per gram.
2 micrograms per kilogram or ppb.
3 DL=detection limit.
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Table 1 (continued). Concentrations of radionuclides (pCi/g)! and mercury (ug/kg)? found in Par Pond sediments and reference soils.

1995.
Par Pond Reference locations
Geometric Geometric
Percent mean mean
Constituent Average above . confidence Average Percentt confidence
detection pL3 Arithmetic Arithmetic  Geometric limit: detection above DL Arithmetic Arithmetic '3eometric limit;
limit (n=149) Max mean meanSE  mean Lower Upper | fimit (n=10) Max mean mean SE  mean Lower Upper
Bromathiam-
146 0.032 1 0.016 0016 0.011 0 0.006 0.006
Ruthenium-106 0.4 1 0.073 0.07 0.07 0 0.03% 0.036
Sodium-22 0.009 0 0.005 0.005 0.008 0 0.004 0.004
Thorum-234 0.633 & 2.41 1.035 0.039 0979 0.505 1.056 0.336 0 559 1.642 0516 130470582 2358
Tn-113 0.030 0 0016 0.016 0.011 0 0.007 0.007
Yttnum-88 0.012 0 0.006 0.006 0.009 0 0.005 0.005
Zinc-65 0.020 0 0.010 0.010 0075 0 0.008 0.008
Zirconium-985 0.025 2 0.07 0.021 0.021 0019 0 0.010 0.010
Mercury (Lg/kg)| 25829 &5 5480 7682 453 8211 T6.13 08.72 1842 o0 TaZ00 6752 557 6119 4487 8333

picoCuries per gram.
micrograms per kilogram or ppb.
DI =detection limit.
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in the Par Pond soils than in the reference sites
soils but not significantly so (as indicated by over-
lapping confidence intervals; Table 1). Plutonium-
241 and americium-244 have previously been de-
tected in very low concentrations in Par Pond ex-
posed sediments (Whicker et al. 1993) and prob-
ably contributed to the alpha radiation observed in
this study.

Nonvolatile beta emissions were approximately
three times higher in the Par Pond soils than in the
reference site soils. Specific constituents that prob-
ably contributed to elevated beta emissions in Par
- Pond include cesium-137, which emiits beta as well
as gamma radiation; stroatium-90, which occurs
at very low concentrations in Par Pond exposed
sediments (Whicker et al. 1993); and possibly tri-
frum.

Of the 23 metals included in our study, mercury
was of greatest interest because Par Pond has been
contaminated with mercury from Savannah River
~water that was pumped into Par Pond (Newman
and Messier 1994). Mercury was detected in 85%
of the soil samples from Par Pond, and in all of
the soil samples from the reference sites (Table 1).
Further, mean mercury concentrations in Par Pond
soils were quite similar to concentrations in refer-
ence site soils. Of the other metals (which were
measured only in the four lake arm composite
samples and at the two reference sites), none were

significantly higher in Par Pond soils than in ref-

erence site soils (Table 2).

Of the extensive list of organic compounds
screened for, only two were present at concentra-
tions exceeding detection limits (Table 2). Acetone
was present in similar concentrations in both Par
Pond and reference site soils and xylene exceeded
detection limits in only two of four Par Pond
samples. There is no historical evidence that Par
Pond was contaminated with either material. Both
are common laboratory chemicals, and it is prob-
able that their occurrence represents laboratory
contamination.

Comparison of the Par Pond soil data with soil
contamination criteria indicated that all of the met-
als for which there are criteria occur at concentra-
tions below those likely to cause environmental
harm. Mercury, the metal of greatest interest, was
characterized by geometric mean and maximum lev-
els (62 and 485 micrograms per kilogram [ug/kg],
respectively; Table 1) below even the compara-
tively restrictive Canadian criteria for agricultural
soils ( 486 pg/kg; Table 3). None of the organic
compounds exceeded soil contamination criteria.

The contamination criteria for aquatic sediments
(Table 3) are often more restrictive than those for
soils.- The maximum mercury level in Par Pond
(485 pg/kg) exceeded the EPA screening level (100
png/kg) and the CCME TEL (174 pg/kg) but not
the CCME PEL (490 pg/kg) for mercury in sedi-
ments. The average mercury concentration in Par
Pond soils (62-77 ng/kg, depending upon whether

- geometric or arithmetic means are used) was be-

low EPA and CCME screening levels for sedi-
ments.

Of the other constituents in Par Pond sotls, several
were characterized by detection limits that ex-
ceeded either the TEL or PEL for sediments. Con-
stituents with detection limits that exceeded the
CCME TEL but not the PEL were arsenic and en-
drin. Constituents with detection limits that ex-
ceeded both TEL and PEL were silver, dieldrin,
lindane, and DDT-related compounds. While there
is no indication that these constituents were el-
evated in Par Pond compared to reference site con-
centrations, their relatively high detection limits
makes it impossible to eliminate them as possible
constituents of concern.

In summary, cesium-137 is the radionuclide of
greatest ecological concern, reaffirming the find-
ings of Whicker et al. (1993) in their human health
risk assessment of the Par Pond sediments. While
several other radionuclides, especially cobalt-60,
also were elevated, their activity was much lower
indicating their lesser contribution to the total dose.
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Table 2. Concentrations of metals (mg/kg) and organics (uig/kg) in Par Pond sediments and reference soils. 1995.

Par Pond Reference locations
Number Number
Average of detects Geometric Average of detects Geometric
Analyte Units? {DL2 (n=4) Max Average SE mean LcP® uck |oL (n=11) Max Average SE  mean Lci ucl
Silver mgkg | 36 0 2 1.7 1.7 0 2.3 14 1.4
Aluminum makg | 7.1 4 2100 161881658 15956 1225 10 11600 6456 10366 55191 3628.7 8394.2
Arsenic mg’kg | 7.1 1 4 34 34 0 46 25 28
Barium mg/kg 3.6 4 24.7 17.2 3.1 16.4 9.7 10 89.8 434 8 34.8 20.7 581
Beryllium mghkg | 36 4 0.1 0.1 0 0.1 0 10 03 0.2 0 02 0.1 02
Calcium mgkg | 142 4 2349 2115 186 2087 159.6 10 1150 568.7 1345 3482 1508 8024
Cadmium mg/Kg 3.6 0 2 1.7 1.7 1 2.3 1.5 14
Cobalt mgkg | 36 4 0.7 05 0.1 0.5 04 10 1 0.6 0.1 0.6 0.5 0.7
Chromium mg/kg | 36 4 32 24 0.3 2.3 1.7 10 122 6.6 1.1 5.7 35 8.8
Copper mghkg | 36 4 24 1.8 0.3 1.8 1.1 10 6.3 33 0.6 29 1.8 4.4
Iron mg/kKg 3.6 4 2435 18613 29834 17883 1131 10 3700 222( 3225 2010.3 14603 2767.4
Potassium mgkg | 355 4 81 615 9.3 59.3 385 10 26 % 19 110.7 757 1615
Magnesium mg/kg | 36 4 566 454 3.9 45 359 10 303 1344 2.7 117.7 814 1701
“‘Manganese mg/kg | 36 4 10 218 1374 147 129 992 1678
Sodium mgkg | 714 1 4 46.1 237 34 213 152 298
Nitrogen mg/kg | 36 4 3.3
Lead mg/kg | 7.1 4
Antimony mg/kg | 7.1 1
Selenium mg/kg | 7.1 1
thallium mg/kg | 7.1 2
Vanadium mg/kg | 36 4
7
2
Tetrachloro-m-xylene
alpha-Benzene
hexachloride ug/kg 2 0 0 14 10 10
alpha-chlordane ug/kg 44 0 0 27 20 19
Aldrin ng/kg 2 0 0 14 10 10
beta-Benzene
hexachloride ug/kg 44 0 0 i 20 19
Restneide surrogate ngkg - - 0 0

I thg/kg = milligrams per kilogram or ppm; ug/kg = micrograms per kilogram or ppb.

DL = detection limit. -

LCI = lower confidence interval.

UCI = upper confidence interval. ‘
Detection limit not given.

Could not be calculated because detection limit not given.
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Table 2 (continued). Concentrations of metals (mg/kg) and organics (ug/kg) in Par Pond sediments and reference soils. 1995.

Par Pond Reference locations
Number, Number
Average of detects . Geometric Average of detects Geometric

Analyte Units® |DL2 (n=4) Max Average SE mean LCI® ucH [oL (n=11)  Max
delta-Benzene
hexachloride ugkg 44 0 2% 2 2 9 0 7
Dieldrin ug/kg 44 1 5 19 18 S 0 27
Endnn ketone 1g/kg 87 0 49 44 43 78 0 %5
Endnn ug/kg 4 0 25 2 22 29 0 g
Endosulfan | ug/kg 44 0 25 2 2 3 0 27
Endosulfan 1l ugkg 83 0 49 44 44 79 0 53
Endosuifan sultate ug/kg 8 0 49 44 44 79 0 5
gamma-chlordane . Lg/kg 44 0 25 2 2 Y] 0 27
Heptachior ugkg | 4 0 5 2 22 2 0 - 27
Heptachior epoxide ug/kg 44 0 5 2 2 ] 0 27
Undane ngkg | 2 ) 21 77 20 0 A
Methoxychlor Hg/kg 440 0 245 219 218 1393 0 275
PCB 1016 ug/kg 877 0 491 440 437 789 0 550
PCB 1221 ug/kg 877 0 491 440 437 789 0 550
PCB 1232 ug/kg 882 0 491 440 437 789 0 550
PCB 1242 ug/kg 877 0 491 440 437 789 0 550
PCB 1248 Ug/Kg 877 0 491 440 437 789 0 550
PCB 1254 ug/kg 877 0 491 440 437 789 0 550
PCB 1260 ug/kg 877 0 491 440 437 789 0 550
p,p -DDD ug/kg 438 0 246 20 219 | 334 0 275
p,p -DDE ugkg 44 0 25 2 2 3 0 7
5.p-0DT no/kg | 44 0 246 219 218 304 0 775
Toxaphene ug/kg 869 0 487 436 433 782 0 545
1,1,1-Tnchloroethane ug/kg 0.13 0 008 007 0.07 0.12 0 008
7.1,2-1 ichloroethana ng/kg | 0.13 0 008__0.07 007 012 0 0.08
Dichloroethylene-1 ng/kg 1.34 0 " 0.01  0.75 0.75 1.21 0 0.85
7.1-Dichloroethane ng/kg 0.13 0 0.08_ 0.07 0.07 0.12 0 0.08 ] X
Dichloroetnylena-2 Ug/Kg 027 0 095 0.3 0.13 0.24 0 017 0.12 0.12
1,2 Dichloroethane-1 ug/kq 0.13 0 0.08 007 0.07 0.12 0 0.08  0.06 0.06
1,2 Dichloropropane ug/kg 0.13 0 0.08 007 0,07 0.12 0 0.08 0.06 0.06
cis-1,3-Dichloropropene  pg/Kg 0.13 0 008 0.07 0.07 0.12 0 008 006 0.06

‘mg/kg = milligrams per kilogram or ppm; pg/kg = micrograms per kilogram or ppb.
DL = detection limit.

LCI = lower confidence interval.

UCI = upper confidence interval.

Detection limit not given.

Could not be calculated because detection limit not given.
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Table 2 (continued). Concentrations of metals (mg/kg) and organics (1g/kg) in Par Pond sediments and reference soils. 1995.

Par Pond Reference |ocations
Number Number
Average of detects Geometric Average of detects Geometric
Analyte Units' |DL2 (n=4) Maxi Average SE mean Lci® uct b (n=11) Max Average SE mean Ll Uci
trans-1,3-Dichloropropene  ug/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.06 0.06
“2-Hexanone ug/kg 2.69 0 152 134 1.34 242 0 1.7 1.21 12
Acetone ug/kg 13.45 4 206 1696 188 1585 115 218 12.06 10 253 18.71 147 18.12 1498 2189
Bromodichloromethane ug/kg 0.13 0 008 007 0.07 012 0 0.08 0.06 0.06
“Chioroethene 1g/kg 0.27 0 015 013 0.13 0.24 0 0.17 0.12 0.12
"Chloroethane 1g/kg 027 0 015 013 0.13 024 0 0.17 012 0.12
Benzene ug/kg 1.34 0 089  0.75 0.74 1.21 0 0.85 0.6 0.6
Carbon tefrachlonde ug/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.06 0.06
Dichloromethane ug/kg 1.34 0 0.76 0.67 0.67 121 0 0.85 0.6 0.6
‘Bromomethane ug/kg 027 0 015 013 0.13 024 0 0.7 0.2 0.12
Chloromethane LUg/Kg 027 0 0.15 0.13 013 0.24 0 0.17 0.12 0.12
‘Bromotorm ug/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.06 0.06
Chioroform _pa/kg 0.13 0 008 007 0.07 0.12 [ 0.08 0.06 0.06
“Chlorobenzene pg/kg 0.13 0 0.52 0.18 0.7 0.12 0 0.08 0.06 0.06
Carbon disulfide ug/kg 2.68 0 162 1.4 1.34 242 0 1.7 121 12
1,4-Dichlorobenzene-d4 ug/kg - - Q Q 0 - 0 0 0 [¢]
Dibromochloromethane ug/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.06 0.0
Dibromofluoromethane ug/kg 0 4 0.01 0 0 - 0 0 0 Q
Ethylbenzene ug/kg 0.13 0 008" "~ 0.07 0.07 0.12 0 0.08 0.06 0.06
“Toluene-d8 ug/kg - - 0 0 0 - 3 0.02 0 0
Toluene ug/kg 1.34 1 239 116 1.06 1.21 0 0.85 0.6 06
Methyl ethyl ketone ug/kg 2.69 0 152 134 134 242 2 2.75 123 018 117 0.86 1.55
“Methyl isobutyl ketone ug/kg 269 0 152 134 1.34 242 0 17, 1.21 12
Styrene 1g/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.05 0.06
1,1,2,2-Tetrachloroethane ~ ug/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.06 0.06
“Tetrachloroethylene ug/kg 0.13 0 008 007 0.07 0.12 0 0.08 0.06 0.06
Thchoroetnylene nokg | 0.3 0 048 0.7 0.18 . 032 0 008 0.06 0.06
Vinyl acetate ug/kg 2.68 0 152" 134 1.34 242 0 17 1.21 12
Kylene ug/xg 04 2 046 028 006 028 01 05 0.36 Q0 025 0.18 0.18
1,2,4-Tnchlorobenzene Hg/kg 4.38 0 249 22 2.2 8.88 0 10.95 444 362
1,2-Dichlorobenzene ug/kg 43.85 0 249 2205 21.95 88.93 0 109.5 44.45 34.5/

I mg/kg = milligrams per kilogram or ppm; Ug/kg = micrograms per kilogram or ppb.

DL = detection limit. :
LCI = lower confidence interval. ' '
UCI = upper confidence interval.

Detection limit not given.

Could not be calculated because detection limit not given.
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Table 2 (continued). Concentrations of metals (mg/kg) and organics (g/kg) in Par Pond sediments and reference soils. 1995.

Par Pond Reference locations
Number Number
Average of detects Geometric Average of detects Geometric
Analyte Units? |DL2 (n=4) Max Average SE mean LC® uci4 |DL (n=11) Max Average SE mean LCl UG

1,3-Dichlorobenzene 1ng/kg 43.85 0. 249 2205 21.95 88.93 0 1095 44.45 34.57
1,4-Dichiorobenzene ug’kg 43,85 0 249 2205 21.95 - 88.93 0 109.5 44 45 3457
2,4,5 -Trichlorophenol ug/kg 4.38 0 249 2205 21.95 88.87 0 109.5 44.45 34.57
2,4,6-Tnbromophenol mgkg | - 1 0.01 0 0 - ~ 1 0.01 0 0
2.,4,6-1 richiorophenol ugkg | 438 0 243 22 22 888 0 70.95 444 362
2,4-Dichlorophenol ng/kg 4438 0 249 2205 2195 88.93 0 109.5 4445 34.57
2,4-Dimethyl phenol ng/kg 44,38 0 249 2205 21.95 88.93 0 109.5 4445 34.57
2,4-Dinitrophenol Ug/Kg 44325 0 249 220.34 219.28 888.2 0 1085 443.93 343.29
2, 4-Dinitrotoluene ig/kg | 443 0 249 22 ~ 22 8.85 7 10.55 202 331
2,6-Dinitrotoluene ugkg | 443 0 245 23 22 888 [ Y 362
Z-Chlorophenal ugkg | 4385 0 249 205 21.95 8887 i 715 309 0.65
2-Chioronaphthalene ug’kg 43.85 0 249 2205 21.95 88.93 0 109.5 4445 A5/
“2-Fluorobiphenyl mgkg | - 1 0.01 0 0 - 0 0 0 0
2-rluoropheno! mg/kg | - 0 0 0 4] - 3 0.01 0 0 .
2-Methyinaphthalene ug’kg 44,38~ 0 249 2205 21.05 88.93 0 109.5 44.45 3457
o-Cresol (2-Methylphenol}) ug/kg 4438 0 248 2205 21.95 38.87 0 109.5 4445 34.57
o-Nitroaniline ugkg 44.38 0 249 2205 21.95 88.87 0 109.5 44.45 3457
2-Nitrophenof ug/kg 4382 0 249 205 21.95 88.837 0 1095 4445 3457
-3,3-Dichlorobenzidine pg/kg 43.82 0 249 2205 21.95 88.8/ 0 108.5 44.45 34.5/
m/p-Cresol ug/kg 0.44 0 025 = 022 0.22 0.89 0 1.1 0.44 0.41
m-Nitroaniline ug/kg 43.85 0 249 2205 21.95 £8.93 0 109.5 4445 34.5/
“2-Methyl-4,6-dinitrophenol  pig/kg 4385 0 249 22053 21948 889.3 0 1095 4445 343.65
4-Bromophenyi phenyl
ether ug/kg 43.85 0 24.9 22.05 21,95 88,93 0 109.5 44.45 34.57
4-Chloroaniine nokg | 4385 0 249 205 21.95 88.93 0 7095 44,45 3457
4-Chloro-m-cresol pg/kg 43.85 0 249 2205 21.95 8887 0 109.5 4091 .47
4-Chlorophenyl phenyl
ether ugkg | 4382 0 249 . 2205 21,95 8387 0 1095 44.45 3457
p-Nitroaniline pg/kg 4382 0 249 2205 21.95 8837 0 109.5 4445 34.57
Z-Nitrophenol agkg | 4.8 ~ 0 248 205 2195 B847 i T005 20,63 2.0
Acenaphthene ngkg 4385 0 249 2205 21.95 88.87 0 109.5 403/ 2

" “Acenaphthylene ug/kg 4385 0 249 2205 21.95 8893 0 1095 4445 34.57
Anthracene ug/Kg 43.82 0 249 2205 21.95 88.87 0 109.5

1

[0 WAV, EEEE LRSI

mg/kg = milligrams per kilogram or ppm; llg/kg = micrograms per kilogram or ppb.

DL = detection limit.

LCI = lower confidence interval.
UCI = upper confidence interval.
Detection limit not given.

Could not be calculated because detection limit not given.

4445 34.57
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Table 2 (continued). Concentrations of metals (mg/kg) and organics (ug/kg) in Par Pond sediments and reference soils. 1995.

Par Pond Reference locationsg
Number Number
Average of detects Geometric Average of detects Geometric
Analyte units? |{DL2 (n=4) Max Average SE mean Lcl® ucié joL (n=11)  Max  Average SE mean LCI uct
Bis (2-chloroethoxy)
methane ug/kg 4382 0 249 2205 2195 88.87 0 109.5 4445 34,57
Bis (2-chloroethyl) ether —ug/kg 43.82 0 249 2205 21.95 88.87 0 109.5 44.45 34.57
Bis (2-ethylhexyl) Y - _
phthalate 1gkg 4438 1 269 2255 238 88.87 0 1095 4445 3457
Benzog] anthracene ug/kg 443 0 249 22 22 8.87 0 10.95 4.44 362
Benzo [of pyrene ng/kg 443 0 249 22 22 8.87 0 10.95 444 3.62
Benzo [B] fluoroanthene uglkg | 438 0 249 22 22 8.88 0 10.95 4,44 3.62
Butyibenzyl phthalate ugkg | 4385 0 249 2205 21.95 88.87 0 109.5 44.45 34.57
Bis (2-chloroisopropyl)
ether 1g/kg 44.38 0 249 2205 21.95 88.87 0 109.5 4445 34.57
Benzoic acid ug/kg 4438 0 249 205 21.95 88.93 3 247 9599  24.01 66.86 345912839
B3enzo [g,h,/ | peryiene ug/kg 44.38 0 249 2205 2195 88.87 0 109.5 44.45 34.57
Benzo [A] fluoranthene ug/kg 4.43 0 249 22 2.2 8.83 0 10.95 4.44 3.62
Benzyl alchohal ug/kg 44.38 0 249 2205 21.95 88.87 0 1095 4445 3457
Chrysene -~ ugkg 443 0 249 22 2.2 8.87 0 10.85 4.44 3.62
Hexachlorobenzene ugkg | 443 0 249 27 2.2 8.88 0 10.95 427 362
Hexachlorocyclopenta-
diene 1g/kg 4438 0 249 2205 21.95 83.87 0 109.5 44.45 34.57
Hexachloroethane pgkg | 4.38 0 249 22 22 887 0 1095 444 362
Dibenz [a,h] anthracene ugkg 4.38 0 249 22 22 8.87 0 10.95 4.44 382
Diethyl phthalate ug/kg 43.85 0 249 ~ 205 21.95 88.87 0 109.5 44.45 34.57
Dibenzofuran ug/kg 4385 0 249 2205 2195 88.93 0 109.5 4445 34.57
Dimethyl phthalate ug/kg 44.38 0 249 205 21.95 88.93 0 109.5 4445 34.57
Di-n-butyl phthalate no/kg 44.38 0 249 2205 21.95 88.93 0 109.5 4445 3457
Di-n-octyl phthalate ng/kg 44,38 0 249 2205 21.95 8833 0 1095 4445 34.57
Fluoranthene wg/kg | 44.38 0. 549 205 21.05 88.93 1 1095 4582 ~36.39
Fluorene 1ng/kg 43.85 0 249 2205 21.95 88.93 0 1095 4445 34.57
Hexachlorobutadiene ng/kg 43.85 0 249 2205 21.95 88.93 0 109.5 4445 34.57
Indeno {1,2,3-c,d pyrene  ng/kg 4.38 0 249 22 2.2 8.88 0 10.95 4.44 362
Isophorone 1g/kg 43.82 0 249 2205 21.95 88.93 0 109.5 4445 3457
Naphthalene ugkg | 44.38 0 249 2205 21.95 8393 0 1095 44.45 34.57
Nitrobenzene 1g9/kg 44.38 0 249 2205 2195 88.93 0 109.5 4445 34.57

mg/kg = milligrams per kilogram or ppm; pg/kg = micrograms per kilogram or ppb.
DL = detection limit.

LCI = lower confidence interval.

UCI = upper confidence interval.

Detection limit not given.

Could not be calculated because detection limit not given.
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Table 2 (continued). Concentrations of metals (mg/kg) and organics (lg/kg) in Par Pond sediments and reference soils. 1995.

) Par Pond Reference locations
Number Number
Average of detects Geometric Average of detects Geometric
Analyte units? |pL2 (n=4) Max Average SE mean LCi® ucl |oL (n=11) Max Average SE mean LCl  UCl

B AR HRERERRARS e B e EBSREe RR2RR38 RERERREARARERRS PR RARRRRG BR3AR3RRa8RS BERERRERERERIRRS RERERERRREARBESS SRR AR ARARRARRRERERS
N-Nitroscdipropylamine jig/kg 43.82 0 249 2205 21.95 88.93 0 109.5 4041 32.04
N-Nitrosodiphenylamine . ng/kg | 49.82 0 249 2205 2195 8857 51095 4235 57
Pentachioropnencl ngkg | 4362 0 245 2206 295 5087 ) 4027 .86

Phenanthrene ugkg | 43.82 0 289 205 2105 88.93 0 1095 4425 3457

“Phenol g6 mokg |- 1 o010 0 - 200 0 D

Phendl gk | 4.8 0 249 2205 21.95 2893 0 1095 40,69 5228

p-Terphenyl-d14 mgkg | - 1 0.01 0 0 - 1 0.01 0 0

Pyrene igky | 4438 ] 249 2205 21.05 093 0 1095 41 2

I mg/kg = milligrams per kilogram or ppm; Lg/kg = micrograms per kilogram or ppb.

2 DL = detection limit. ‘

3 LCI = lower confidence interval.

4 UCI = upper confidence interval.

5 Detection limit not given.

6 Could not be calculated because detection limit not given.
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Potential Ecological Effects of Contaminants in the Zxposed Par Pond Sediments

Table 3. Probable effects levels and threshold effects levels for common constituents found in Par
Pond and reference soils.

Soil Sediment
NOAA CCME EPA NOAA CCME
Constituent Units' PEL? PEL® screening TEL® TEL

Acenaphthylene pbb

Benz(a)anthracene ppb 385 330 31.7
Benz{a)pyrene ppb 782 : 31.9
Chlordane _ppb 8.9 4.5
Chrysene ppb 862 330 57.1
DDT ppb 3.3

DDT, total _ ppb 4450 v - 6.98
Dieldrin ppb 6.67 2.85
Endrin ’ ppb 62.4 . 2.67
Fluoranthene ppb 2355 330 ’ 111
Fluorene ppb 330

Heptachlor epoxide ppb 2.74 0.6
Lindane : ppb 1.38 0.94
Naphthalene _ppb 330 v
p,p'-DDD _ppb 8.51 - 3.54
p,p'-DDE ppb 6.75 1.42
PAHSs, High Molecular Weight _ppb 330 '

PAHs, Low Molecular Weight ppb . 330

Phenanthrene ppb 515 41.9
Pyrene ’ _ppb 875 53
Total PCBs ppb

‘A‘nﬁmoy ppm 12

Arsenic ppm 41.6 17 7.24 5.9
Cadmium ppm ' 3.53 1 0.596
Chromium ppm 160.4 90 52.3 37.3
Copper ppm 106.2 197 28 18.7 35.7
Lead ppm 112.2 91.3 30.2 35
Mercury " ppb 486 100 174
Nickel ppm 35.9 - 18
Silver - ppm 2

Zinc _ppm 315 123

1
2

ppb=parts per billion or pg/kg; ppm=parts per million or mg/kg.

NOAA PEL-National Oceanographic and Atmospheric Administration Probable Effects Level
(1990). :

3 CCME PEL-Canadian Council of Ministries of the Environment Probable Effects Level (1995).
4 EPA screening (1995).
> TEL-Threshold Effects Level.
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Potential Ecological Effects of Contaminants ir; the Exposed Par Pond Sediments

Of the nonradioactive constituents, mercury con-
centrations in the sediments should have little or
no impact on the environment when the lake bed
1s exposed and the sediments become terrestrial
soils. When the sediments are submerged and
mercury bioavailability increases (Manahan 1994),
maximum mercury concentrations are high enough
to possibly produce deleterious effects but not so
high that such effects are certain. Other nonradio-
active constituents in Par Pond soils were not el-
evated in relation to the reference site soils nor did
‘they exceed existing aquatic sediment contaminant
criteria. However, some organic compcunds were
not measured with-sufficient resolution to defini-
tively eliminate them as constituents of concern.

Spatial Distribution of Cesium-137 in Exposed
Sediments

Because cesium-137 may be the most important
contaminant in Par Pond soils, its spatial distribu-
tion was investigated closely. Differences in ce-
sium-137 concentration among lake arms were not
significant (Table 4). In contrast, there were highly
significant differences among elevations and
sample sites. Concentrations were usually higher at
the 57-58-m (190- 195 feet) above msl elevation (geo-
metric mean of 8.56 pCi/g) than at the 58-61-m
(195.1-200 feet) above msl elevation (geometric
mean of 4.86 pCi/g). However, this was not al-
ways the case as indicated by the significant inter-
action between elevation and site (3 of the 15 sta-
tions had lower cesium-137 concentrations at the
57-58 m [190-195 feet] elevation). In summary,
cesium-137 concentrations were generally higher
downslope, in areas that should remain submerged
during natural water level fluctuation cycles. (See
Appendix A for a comparison of upslope and
downslope concentrations of all radionuclides.)
However, the distribution of cesium-137 in Par
Pond sediments was quite patchy on both large and
small spatial scales. Large scale patchiness is in-
dicated by significant differences among sample
sites. Small scale patchiness is indicated by the
variance component estimate for individual soil

measurements, which was more than three times
greater within transects than the variance compo-
nent estimate for sites within arms (Table 4).

The spatial distribution of cesium-137 on the ex-
posed sediments was related to sediment type.
Analysis of variance indicated that cesium-137
concentrations significantly differed among the three
sediment categories identified (ANOVA, P<0.001).
The highest cesium-137 concentrations occurred in
sediments that were primarily organic (geometric
mean of 10.71 pCi/g), followed by sediments that
were predominantly sand (5.85 pCi/g), and sediments
that were predominantly clay (1.86 pCi/g). Sediment
type could be very heterogeneous on a scale of sev-
eral meters or less as a result of erosion following
the drawdown and possibly biological and physi-
cal processes operating when the reservoir was full.
The association of cesium-137 with certain types-
of sediments combined with the heterogeneous
distribution of these sediments undoubtedly con-
tributed to the spatial variation in cesium-137 con-
centrations observed in Par Pond.

The arithmetic mean cesium-137 concentration
(approximately 11 pCi/g; Table 1) measured in the
Par Pond exposed sediments during 1995 is sub-
stantially lower than the cesium-137 concentrations
(in excess of 30 pCi/g) reported by Whicker et al.
(1993). The higher average concentration reported
by Whicker et al. (1993) may reflect the occur-
rence of relatively high cesium-137 concentrations
at elevations below the 58 m (190 foot) contour
where samples were not collected (Whicker et al.
sampled between the 55 and 61 m [180 and 200
foot] contours) since cesium-137 concentrations
tend to be higher in the deeper parts of Par Pond
(Winn 1993). It is also possible that cesium-137
concentrations were- higher within the 58-61 m
(190-200 foot) contours during 1993 than during
1995. Erosion and downslope transport of sediments
containing cesium- 137 may have occurred after
1992, resulting in reduced cesium-137 concen-
trations within the 58-61-m (190-200-foot) con-
tours by 1995.
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Table 4. Analysis of variance of cesium-137 concentrations in the exposed sediments of Par Pond
between the elevations of 58 and 61 m (190 and 200 feet) above mean sea level. 1995.

Variance
estimate
Source of variation Mean square F ratio P component
Elevation? 3.19 36.52 <0.001
Sample site x
Elevation interaction 0.66 7.55 <0.001
Lake arm? 0.11 0.32 <0.812
Sites within lake arms 0.35 4,04 <0.001 0.027
Residual 0.09 0.087

B

58-59 m (190-195 feet) above meai sea level (msl) vs 59-61 (195.1-200 feet) above msl. "

2 North Arm, South Arm, Middle Arm, and Main Body.

The spatial distributions of cesium-137 and total
mercury were investigated to determine if they
were similar, since this information could be im-
portant if remediation of Par Pond sediments be-
came arequirement. Regression analysis indicated
a significant relationship (P<0.001) between sedi-
ment mercury and cesium-137 concentrations;
however, the R? of this relationship was compara-
tively low (0.25; Figure 2). Cesium-137 and mer-
cury exhibited some similarity in distribution pat-
terns, but much of the variability of each was un-
related to the variability of the other.

Constituents in Small Mammal Tissues

Although other species of small mammals were
collected from Par Pond, cotton rats (Sigmodon
hispidus) were selected for detailed analysis be-
cause they were most abundant, most widespread,
and had the greatest tissue mass. There were 29
tissue transect samples from individual sample sites
in Par Pond (including several duplicate samples
from the same station), 4 composite lake arm
samples, and 2 samples from reference sites. Other
small mammal species were not collected in suffi-
cient quantities from each site for tissue analysis.

Twenty-three nonradioactive constituents were
examined in cotton rat tissues. Metals were gen-

erally analyzed in all of the samples while other
constituents were measured only in the composite
lake arm samples. Eighteen constituents were
present in detectable concentrations.  Several of
these including calcium, potassium, magnesium,
and sodium are macronutrients normally found in
animal tissues in large quantities. Others, such as
zinc and selenium, are micronutrients that can be
toxic at high levels but are necessary in small quan-
tities for good health. Lack of replication at the
reference sites precluded statistical comparisons
of these constituents between cotton rats from
Par Pond and from the reference sites. How-
ever, there is no evidence that any of these com-
pounds were.present in toxic concentrations in
Par Pond soils. None exceeded the soil screen-
ing criteria (Table 3) and many were present in
comparable or higher concentrations in the ref-
erence site soils.

Mercury was present in detectable concentrations
in 37% of the 29 cotton rat samples from individual
sample sites at Par Pond (Table 5). The maxi-
mum and geometric mean concentrations were
30 and 11 pg/kg, respectively. These concen-
trations were lower than the mercury concen-
trations in the soil (Table 1), indicating that
mercury was not bioconcentraied in cotton rats
from Par Pond.
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Table 5. Concentrations of radionuclides (pCi/g), mercury (1g/kg), and other metals (mg/kg) in cotton rat tissue from Par Pond and
reference transect samples. 1995.

Constituent

Average
DL?

Percent
detects
(n=29)

Par Pond

Arithmetic
mean

SE

Geometric
mean

Average
DL

Percent
detects
(n=2)

Reference locations’
Arithmetic Geometric
Max mean

Actimum-228 056 0 0.50 028 0.28 0.65 0 0.59 0.33 0.32

AnBmony-124 210 0 .79 1,05 T02 785 0 T35 0.08 097

Antimony-125 0.87 0 0.76_ 0.44 0.43 0.33 0 0.3 0.20 020

Banum-133 0.30 0 0.25 0.15 0.15 017 0 0.30 0.08 0.08

Cenum-144 756 0 142 0.78 0.76 108 0 0.60 0.54 0.54

Cesium-134 0.20 0 0.20 010 0.10 0.16 0 0.70 0.08 0.08

Cesium-137 0.17 0 18700 71.99 B.72 5607 4297 1544 014 9] 0.78 0.42 0.8

Cobalt-57 0.0 0 0.18 010 010 0.14 0 0.08 0.07 007

Cobat-58 0.93 0 087 048 045 137 0 053 0.68 0.68

Cobalt-60 0.5 0 017 007 0.07 0.18 0 0.10 0.09 0.03

Europium-152 0.66 0 057 033 K 037 0 0.21 019 D18

Europium-154 T23 0 T35 0.62 060 150 0 0.87 0.76 0.76

Europium-155 0.52 0 048 028 0.5 035 0 0.19 0.17 017

Gross alpha Z03 55 T020 251 039 212 162 272 217 0 7.39 7.3 111

[ead-212 041 21 047 025 025 026 20 053 0.33 0.2

Manganese-54 0.19 3 0.19 0.10 0.10 021 0 013 0.1 0.1

Neptunium-239 0.88 0 0.84 0.44 0.43 0.59 0 0.34 0,29 0.29

Norvolatle beta 2.40 T00 T50.00 70.30 582 6143 4006 7547 256 T00 T340 1264 . 0.76 1262 571 26.67
Potassium-40 1735 3 1270 967 047 8.08 733 1097 120 700 1250 17.08 052 T7.96 6.73 2074
Promethium-144 0.18 0 0.78 0.0 008 021 0 012 0.30 0.10

Promethium- 146 0.43 0 0.8 021 0.2 0.7 0 097 0.08 0.09

Radium-226 0.38 14 053 024 0.24

Radium-228 0.59 0 060 0.9 0.20 _

Ruthenum-106 237 0 241 119 114 165 0 T0 085 085

Sodium-22 0.15 ] 07 0.08 0.08 0.20 ] 0.0 0.10 0.0

Thonum-234 502 3 T390 350 080 3.7/ 700 485 3.30 100 6.04 475 785 385 0.96 55.71
Tin-113 714 0 00 0.57 055 063 0 035 0.30 0.30

Yrium-88 054 0 045 027 027 0.78 0 048 0.39 0.38

Zinc-65 050 0 043 05 0.5 065 0 037 0.3 0.31

Zirconium-95 2.08 0 1.88 1.04 1.01 277 0 156 1.39 1.38

B U S

These data are repeated in Table 6.
DL = average detection limit.
LCI = lower confidence interval.
UCI = upper confidence interval.
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Table 5 (continued). Concentrations of radionuclides (pCi/g), mercury (ug/kg), and other metals (mg/kg) in cotton rat tissue from
Par Pond and reference transect samples. 1995.

Par Pond Beference locations’
Percent . . Percent
Average  detects Arithmetic Geometric Average  detects Arithmetic Geometric
Constituent pLZ (n=29) Max mean SE mean Lcr  ucK [pL (n=1) Max  mean SE  mean LCl ucl

"'r.otal siiver

7789 3 &5 R < < N 1'-) 190 ) LG
ol arsenic 28023 0 30850 127207 2498 TI048 3717 22808 T5800 0 7900
Total barium 1079 100 30900 21312 608 21074 19919 2229 306 100 9800
Total cadmum a0 0 765 0 % 145 19 186 1420 0 710
Total chromium 1871 87 505 1447 126 7307 7106 1545 5160 0 3080
Total mercury 057 37 29.70 1347 102 703 815 1483 1565 0 845
Total manganese 7318 3 14741 013 705 10712 2247 35438 | 3750 700 1950
Total nickel o565 3 1258 741 53 654 282 1514 5420 0 2710
Total lead 4737 7 500 2187 &1 2156 2012 2310 3470 0 2205
Tot selenium 767 7 35850 16077 2446 12430 6179 25011 58300 ] 29150

These data are repeated in Table 6.
DL = average detection limit.

LCI = lower confidence interval.
UCI = upper confidence interval.

W N —
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Figure 2. Relationship between cesium-137 and total mercury concentrations in Par Pond exposed

sediments.

Nine radionuclides plus gross alpha and nonvola-
tile beta were present in detectable concentrations
in tissue samples from Par Pond, and six radionu-
clides plus gross alpha and nonvolatile beta were
present in detectable concentrations in tissue
samples from the reference sites (note that stron-
tium and plutonium were only analyzed for in the
~ lake arm composite samples; Table 6). Three of
the radionuclides in the Par Pond cotton rats (lead-
212, manganese-54, and radium-226) were de-
tected infrequently and barely exceeded detection
limits (Table 5). Potassium-40 and thorium-234
were detected more frequently or in slightly higher
concentrations in the tissue composites from the
reference sites than in those from Par Pond. Gross
alpha exceeded the detection limit in approximately
50% of the samples from both Par Pond and the
reference sites but occurred in higher concentra-
tions - in Par Pond (Table 5). Reasons for this dif-

ference are uncertain, although the small number
of reference site samples renders this comparison
problematical. Of specific alpha-emitting radio-
nuclides measured in Par Pond and reference site
soils, plutonium-238 concentrations were slightly
higher in Par Pond than at the reference sites and
plutonium-239/240 concentrations were approxi-
mately comparable in both areas. Concentrations of
strontium-90, a beta-emitting radionuclide, were also
comparable between the Par Pond and reference sites.

Only two radioactive constituents were present in
Par Pond cotton rat tissues in concentrations well
in excess of detection limits and much higher than
in reference site cotton rat tissues: cesium-137 and
nonvolatile beta. The geometric mean cesium-137
specific activity in Par Pond cotton rats (57 pCi/g)
was more than 100 times higher than in reference
site cotton rats (0.38 pCi/g). The geometric mean
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Table 6. Concentrations of radionuclides (pCi/g), mercury (ug/kg) and other metals (mg/kg) in comp051te tissue samples from Par Pond
lake arm and reference locations.

Consmuent

Percent

Average defects

DL

(n_3 or 4)

Par Pond

Arithmetic
mean SE

Geometric
mean

Ler®

uer?

Average
DL

Percent
detects

(n=2)

Max

Reference locations'
Arithmetic Geometric
mean ucl

mean LCI

e

ACTnium-220 . 0 0.35 028 0.28 0 0.39
Antmony-124 75 0 155 125 T2 195 0 116 0.8 097
Antmony-125 092 3 067 0.46 0.45 0.39 0 0.23 02 02
Banum-120 030 0 021 046 036 0.16 0 0 0.08 008
Cenum-144 75 0 059 08 0.79 T08 0 08 054 054
Cesum-134 02 0 0.12 T 0.1 0.6 0 o] 0.08 008
Cesium-137 0.8 T00 15 [5%) 2488 7329 T358 3776 0.4 N 3.78 042 0.35
Cobar-57 027 0 0.13 (0] 0. 0.14 0 0.08 0.07 0.07
Cobalt-b8 706 0 073 053 052 137 Y 083 058 [53
Cobal-60 0.15 0 009 007 0.07 018 0 01 0.09 0.09
Europium-152 067 0 043 0.4 033 037 0 C21 0.19 0.18
Europium-154 124 0 0.82 062 0.61 15 0 087 0.76___ 0.76
Europium-155 051 [ 03 0.5 025 0.35 0 ((§E) 0.7 017
Gross apha 207 3B 221 147 T4 247 8 139 113 T
Tead-212 043 <) 082 035 0.4 027 59 053 0.33 032
Manganese-54 027 0 015 0.1 0.1 021 0 ¢13 0.11 0.11
Nepunium-239 086 0 053 043 043 059 0 034 0% 029
Nonvolatle Beta 258 T00 25 . 792 2843 65.88 3.05 45342 2.55 100 134 264 006 1262 B/1 2067
Plutonium-2. 0.05 5 009 004 004 0.06 0 003 0.03 003
PlUtonum-2ao/240 050 ] 00T 00 0 001 001 002 051 00 001 001 0 0.0 D07 04
Potassium-40 729 0 119 27 0.5 77,26 958 1264 12 700 125 1708 052 7. A
Promethium-144 32 ] 043 Od [ 021 4 02 (3%} [*X]
Promethium-146 044 0 03 02 02 0.7 0 031 0.08 003
Ruthenium-106 DA% ] 151 T2 ] 155 0 1 0.85 085
Sodum-22 0.16 0 011008 _ 0.08 0.19 [ 5 'Kl 0.1
Strontum-o0 0.07 100 219 121 XY 709 0.1 387 0.4 700 150 142 057 T35 089 4987
ThoRum-234 357 7 862 564 164~ 523 706 7.8 325 0 6.04 219 385
Tin-113 125 0 0.35 0.62 0561 0.63 0 0.35 03 03
VHAum-68 082 4 043 0.1 0.a1 0.77 0 046 0.39 033
Zinc-65 05 (] 02 025 025 067 0 0.37 031 051
Zircomum-95 253 0 185 T3 128 2l 0 156 153 138

(n=1) .
Total sIver 1153 0 B0 577 576 7710 0 555
Total aluminum 8470 700 18500 12447 4055 10463 196 74657 o070 00 5640

These data are repeated in Table 5.

DL = average detection limit.

1
2
3 LCI = lower confidence interval.
4 UCI = upper confidence interval.
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Table 6 (continued). Concentrations of radionuclides (pCi/g), mercury ((g/kg) and other metals (mg/kg) in composite tissue samples

from Par Pond lake arm and reference locations.

Par Pond Reference locations!
Percent Percent
Average defects Arithmetic Geometric Average detects Arithmetic Geometric
Constituent DL (n=3 or 4) Max  mean mean Ler UCI4 DL {n=2) Max  mean mean LCl UcCl
Total arsenic
Total banum 598 100
Total berylium X0 0 Py 183 T80
Total calcium 4538 100 5. /708407 530E+07 At 5008407 4.00E+07 7.00E+07
Total cadmium 1054 0 705 527 0
Total cobalt D504 T00 1370 1278 BT 1270 0% 1564
Total chromium 4637 3B 3325 2592 2422
Total copper 5757 700 5630 403 3 43877 3565 6072
Total iron 2407 100 191000 1 4
Total mercu 20 ) 1587 12.56
T‘Er“_Lo fassium | 50333 100 8310000 7925538 225102 B.OOE+T06  7.00E+06 O,00E+06
T‘EFL'—'O magnesium | aeoa 1001470000 Tooensd 71250 1.00E+0B_ 1.00E+06 2.00E+06
' Total manganese | 2744 700 12500 7803 315 7250 2267 A
mﬂ—o Sodium 000 110151 4.006+08  3.00E+06 4.00E+06
ol Aickel 327 33 5 2110 1783 . 5420 0 2710
Total lead 2587 57 3770 2665 259 2641 1760 3062 4410 0 2205
Total antimony 250 [ 2315 1875 7960 340 0 7745
Total selenium 24500 0 Kil 18456 B0 0 29150
Total thallilum 10450 0 6050 5220 5100 ] 0 32555
Total vanadium T334 0 570 697 555 T80 0 0
Total zinc 510 70 70000 67100 1907 67048 50445 /502 200 T00 25800
' These data are repeated in Table 5.
2 DL = average detection limit.
3 LCI = lower confidence interval.
4 UCI = upper confidence interval.
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Potential Ecological Effects of Contaminants in the Expose2 Par Pond Sediments

specific activity of nonvolatile beta-emitting radjo-
nuclides in Par Pond cotton rat tissue (61 pCi/g) was
approximately five times higher than in reference site
cotton rat tissues (13 pCi/g). The relatively high level
of cesium-137 in Par pond cotton rats probably ac-
counts for most of their nonvolatile beta activity.

Geometric mean cesium-137 specific activity in
Par pond cotton rats (57 pCi/g) was approximately
eight times higher than in Par Pond soils (7.2 pCi/g;
Table 1), reflecting bioaccumulation of this con-
stituent. Bioaccumulation of cesium-137 has been
observed in cotton rats from Oak Ridge (TN) as a
result of consumption of cesium-137 contaminated
vegetation (Garten 1979) and in large herbivorous
mammals (moose, sheep, etc.) in areas contami-
nated by Chernobyl fallout (Rosen et al. 1995;
Johanson et al. 1994). Comparison of soil to tis-
sue ratios for the other radionuclides indicated that
only potassium-40 exhibited similar tendencies to
bioaccumulate (although definite conclusions were
impossible for radionuclides that were below de-
tection levels). However, potassium-40 specific
activity was as high in reference site soils as in Par
Pond soils (Table 1), suggesting that its occurrence

each sample site (for which there was at least one
rat tissue sample) was regressed on the average
soil cesium-137 concentration at each correspond-
ing sample site (n = 12, including a control sample
station). The R? for this relationship was 0.90
(P<0.0001) (Figure 3).

‘The average cotton rat tissue cesium-137 concen-

in Par Pond was unrelated to releases of contami- -

nated water from P or R Reactors.

Cesium-137 specific activity is generally as high
or higher in the forage of terrestrial herbivores than
in the herbivores themselves (Rosen et al. 1995;
Johanson et al. 1994). Whicker (1993) reported
relatively high cesium-137 specific activity levels
(approximately 60 pCi/g) in vegetation (species
unknown) collected from the exposed sediments
of Par Pond. Consumption of contaminated veg-
etation was undoubtedly responsible for the ce-
sium-137 body burdens observed in cotton rats,
which are largely herbivorous.

Because cesium-137 in the plants consumed by
herbivores is derived from the soil, cesium-137
levels in cotton rat tissue may be related to cesium-
137 levels in the soil. To test this hypothesis, the
average cotton rat cesium-137 concentration at

tration at each transect within each sample site was
regressed on the average soil cesium-137 concen-
tration at each transect within each sample site.
The R? for this relationship was lower, 0.57, but
still significant (P<0.0001) (Figure 4). Because
cotton rats are mobile, they integrate cesium-137
concentrations cver their entire foraging range.
Therefore, cesium-137 concentrations in rat tissues
should be more strongly correlated with the aver-
age cesium-137 soil concentrations in their forag-
ing range than with cesium-137 soil concentrations
in areas smaller than their foraging range (approxi-
mately 1 hectare [2.5 acres] L. D. Wike, personal
communication). It is likely that the scale repre-
sented by the sample sites rather than the scale rep-
resented by the transects within the sample sites
was nearer to the size. of the cotton rat foraging
range, resulting in the higher R? for the regression
at the sample station scale.

The tendency of cotton rats to bioaccumulate ce-
sium-137 and the strong relationship between ce-
sium-137 concentrations in cotton rat tissues and
the ambient soil suggest that this species is an ap-
propriate sentinel for detecting environmental ce-
sium-137 contamination. Other advantages of the
cotton rat in this respect are its commonness in a
wide range of habitats and its restrictive home
range. Because of a restrictive home range, ce-
sium-137 contamination in cotton rats is indica-
tive of local soil contamination; identifying the
source of contamination in a more wide-ranging
animal is difficult. Also, cotton rats are relatively
short-lived (approximately one year on average)
and the biological half-life of cesium-137 in cot-
ton rats is relatively short (Garten 1979). There-
fore, cesium-137 levels in cotton rat tissue should
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Figure 3. Relationship between cesium-137 levels in Par Pond sediments and in cotton rat tissues.

be indicative of current soil contamination rather than
contamination levels associated with past conditions.

Radiation Dose to Small Mammals

The preceding analyses indicate that cesium-137
probably poses the greatest threat to terrestrial or-
ganisms residing on the exposed sediments of Par
Pond. To determine the magnitude of this threat,
the radiation dose to a cotton rat residing on the
sediments was calculated. The cotton rat is com-
mon, representative of small organisms that live
close to the substrate, and has a limited home range.
Small organisms with a limited home range may
spend all of their time in a contaminated area of

limited size (e.g., the exposed sediments); hence
they may be more likely to suffer detrimental ef-
fects than larger animals that wander over a large
area. The total dose (internal and external) was
0.003 rad/day. This estimate was based on the
maximum cesium-137 concentration in Par Pond
sediments (57 pCi/g) and the maximum body bur-
den in cotton rats (181 pCi/g). This level is well
below the 1 rad/day limit for native organisms set
by the U.S. Department of Energy suggesting that
cesium-137 levels in the Par pond sediments be-
tween the elevations of 58 and 61 m (190 and
200 feet) above msl are unlikely to have detect-
able population-level effects on terrestrial organ-
isms.
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Figure 4. Relationship between cesium-137 levels in Par Pond sediments and in cotton rat tissues.
Average data from each transect are shown.
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Appendix A

Elevation-Related Differences in Radionuclide (pCi/g) and
Mercury (ug/kg) Concentrations in Par Pond Sediments, 1995

Average
detection Percent :
: fimit above DL Geometric Confidence limit
Constituent {(pCi/g) {n=74) Max Average SE mean Lower Upper

. Downslope: 58-59 m (190-195 feet) above mean sea level

Actinium-228 0.033 100 1.98 0.99 0.038 0.963 0.89 1.04
Antimony-124 0.022 0 0025 0.011 0.012

Antimony-125 ' 0.067 0 0.084 0.033 - 0.033

Barium-133 0.025 0  0.03 0.013 0.012

Cerium-144 0.113 0 0.116 0.057 0.057

Cesium-134 0.015 1 0.018 0.008 0.007

Cesium-137 0.016 100 56.7 13.771 1.445 9.965 8.173 12.106
Cobalt-57 0.015 0 0.015 - 0.007 0.007

Cobalt-58 0.012 3 0.011 0.006 0.007

Cobalt-60 . 0.009 84 0.303 0.052 0.007 0.05 0.036 0.063
Europium-152 0.057 0 0.067 0.029 0.028

Europium-154 0.085 0 0.087 0.042 0.042

Europium-155 0.058 38 0.163 0.053 0.052

Gross alpha ’ 3.201 97 25.7 9.188 0.536 8.29 7.407 9.265
Lead-212 0.031 100 2.06 1.04 0.039 1.014 0.938 1.092
Manganese-54 0.01 85 0.039 0.018 0.001 0.019 0.017  0.02
Neptunium-239 0.102 14 0.185 0.061 0.062

Nonvolatile beta 6.529 92 71.3 20.768 1.67 16.906  14.45 19.752
Potassium-40 0.087 54 4.38 - 0.622 0.09 0.486 0.354 0.63
Promethium-144 0.01 0 0.009 0.005 ' 0.005

Promethium-146 0.035 0 0.042 0.017 0.016

Ruthenium-106 0.154 1 0.23 - 0.078 - 0.076

Sodium-22 0.009 0 - 0.009 0.005 0.005

Thorium-234 0.66 82 2.14 1.027 0.052 0.977 0.875 1.085
Tin-113 0.033 0 . 0.039 0.017 0.016

Yitrium-88 0.012 0o . oon 0.006 0.007

Zinc-65 0.02 0 0.019 0.01 0.009

Zirconium-95 0.026 26 0.058 0.021 0.021

Mercury (ug/kg) 22553 93 244 70.43 6.85 54.38 4623 63.94

Upslope: 59-61 m (195-200 feet) above mean sea level

Actinium-228 - 0.03353 100 2.35 0.99485 0.057 0.935 0.828 1.049

Antimony-124 0.01903 0 0.03765 0.00961 0.01 -

Antimony-125 0.05764 0 0.124 0.02891 0.029
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Appendix A (continued)

Average

detection Percent

limit above DL Geometric onfidence [imit
Constituent (pCi/g) {(n=74) Max Average SE mean Lower

Upper

éarium—1 33

0.02212 0 0.04485 0.01119 0.011
Cerium-144 0.10217 0 - 0.1475 0.05052 0.05
Cesium-134 0.01381 0 0.0271 0.00693 0.007 :
Cesium-137 0.01552 100 51.7 8.091 1.181 5.196 - 415 6.454
Cobalt-57 A 0.01296 0 0.01895 0.00649 0.006
Cobalt-58 0.01176 3 0.0323 0.00659 0.007
Cobalt-60 0.00964 ..55 0.319 0.02716  0.006 0.026 0.c15  0.037
Europium-152 0.05072 0 0.098 0.02543 0.025
Europium-154 0.08278 0 0.099 0.04116 0.041
Europium-155 0.05281 43 0.138 0.0542 . 0.054
Gross alpha 4.44267 89 18.7 8.57469  0.495 7.561 6.637 8.597
Lead-212 0.02702 100 2.4 1.04447  0.059 0.983 0.873 1.1
Manganese-54 0.01024 77 0.047 0.01787  0.001 0.018 0.015 0.02
Neptunium-239 0.09116 5 0.134 0.04878 0.049
Nonvolatile beta 7.07107 77 53.8 13.63216 1.361 10.439 8.775 12.387
Potassium-40 0.08688 35 1.26 0.26365 0.222
Promethium-144 0.0104 0 0.01105 0.0052 0.005
Promethium-146 0.0294 1 0.0645 0.01475 0.015
Ruthenium-106 0.1364 0 0.281 0.0687 0.068
Sodium-22 0.00944 0 0.00995 0.00472 0.005
Thorium-234 0.61231 81 2.41 1.04176  0.057 0.981 0.871 1.098
Tin-113 0.0291 0 0.0575 0.01436 0.014
Yitrium-88 0.01198 0 0.0126 0.00622 0.006
Zinc-65 0.02005 0 0.0256 0.01007 0.01
Zirconium-95 0.02489 37 0.0701 0.02193 0.022
Mercury (ug/kg) 237.23 77 484.8 82.99 6.81 70.35 6199 79.82




