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Radiological Bioconcentration Factors for Aquatic, Terrestrial, and Wetland Eco-
systems at the Savannah River Site

Carol L. Cummins

Executive Summary

As a result of operations at the Savannah River Site (SRS), over 50 radionuclides have been released to the atmosphere
and to onsite streams and seepage basins (Cummins et al. 1991a). Now, many of these radionuclides are available to
aquatic and/or terrestrial organisms for uptake and cycling through the food chain. Knowledge about the uptake and
cycling of these radionuclides is now crucial in evaluating waste management and clean-up alternatives for the site.

Numerous studies have been conducted at the SRS over the past forty years to study the uptake and distribution of radio-
nuclides in the Savannah River Site environment. In many instances, bioconcentration factors have been caiculated to
quantify the uptake of a radionuclide by an organism from the surrounding medium (i.e., soil or water). In the past, it has
been common practice to use bioconcentration factors from the literature because site-specific data were not readily
available. However, because of the variability of bioconcentration factors due to experimental or environmental condi-
tions, site-specific data should be used when available.

.This report compiles and summarizes site-specific bioconcentration factors for selected radionuclides released at the

Savannah River Site (SRS). An extensive literature search yielded site-specific bioconcentration factors for cesium,
strontium, cobalt, strontium, plutonium, americium, curium, and tritium. These eight radionuclides have been the pri-
mary radionuclides studied at SRS because of their long half lives or because they are major contributors to radiological
dose from exposure. For most radionuclides, it was determined that the site-specific bioconcentration factors were higher
than those reported in literature. This report also summarizes some conditions that affect radionuclide bioavailablity to
and bioconcentration by aquatic and terrestrial organisms.
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1. INTRODUCTION

The Savannah River Site (SRS) was operated from 1952
to 1988 to produce materials (primarily trittum and pluto-
nium-239) used in the fabrication of nuclear weapons.
Throughout most of this period, five reactors, two chemi-
cal separation facilities, a heavy water extraction facility, a
nuclear fuel and target fabrication facility, waste manage-
ment facilities, and the Savannah River Technology Center
operated to fulfill the site mission. Since 1988, the primary
mission of SRS has shifted to waste management and
environmental restoration activities. However, the SRS
continues to handle nuclear materials for government and
some civilian purposes.

As a result of the site’s operations, over 50 radionuclides
have been released to the atmosphere and to onsite streams
and seepage basins (Cummins et al. 1991a). When these
radionuclides were released, many became available to
aquatic and/or terrestrial organisms for uptake and cycling
through the food chain. Knowledge about the uptake and
cycling of these radionuclides is now crucial in determin-
ing waste management and clean-up alternatives for the
site. Fortunately, the distribution of radionuclides in the
Savannah River Site environment has been studied for the
past forty years.

The uptake of a radionuclide by an organism from the sur-
rounding medium (i.e., soil or water) can be quantified by
calculating bioconcentration factors. Once calculated, bio-
concentration factors can be used for many different pur-
poses. They can be used to predict radionuclide
concentrations in whole organisms, or their tissues, from
the knowledge of the radionuclide concentration in the
surrounding medium. Bioconcentration factors can also be
used for dose assessment. Bioconcentration factors can
also be used as a means to predict ecological risk to organ-
isms in the environment.

In the past, it has been common practice to use bioconcen-
tration factors from the literature because site-specific data
were not readily available. However, because of the vari-
ability of bioconcentration factors due to environmental
and/or experimental conditions, this practice may inaccu-
rately estimate the true uptake and concentration of radio-
. nuclides. Site-specific bioconcentration factors.should be
used whenever available. : '

This report is a compilation of site-specific bioconcentra-
tion factors for selected radionuclides released from SRS.
Site-specific bioconcentration factors have been calculated
for cesium, strontium, cobalt, plutonium, americium,
curium, and tritium.

In addition to the site-specific bioconcentration factors, lit-
erature values are provided for comparison. This report
does not attempt to interpret the data presented; its pri-
mary purpose is to compile and establish a database for
site-specific bioconcentration factors.

Objectives

The objectives of this report are to:

1.  Provide site-specific bioconcentration factors for
selected radionuclides

2.  Establish a database which can be updated as new
information becomes available.

3. Compare SRS bioconcentration factors with pub-
lished literature values

4.  Summarize conditions affecting radionuclide bio-
availablity and bioconcentration

Format

This report is divided into seven chapters. Chapter II pro-
vides some discusses the concept of bioconcentration fac-
tors, including the definition and variability of the
bioconcentration factors and the bioavailability of radionu-
clides to biota from soil and water. Chapters III - VII sum-
marize the bioconcentration factors for cesium, cobalt,
strontium, transuranics (plutonium americium, and curi-
um), and tritium, respectively. Chapters III - VII are further
divided into sections which discuss aquatic and then terres-
trial and wetland bioconcentration factors. C

-
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Additional bioconcentration factors were obtained for sul-
fur-35, chromium-51, manganese-54, zinc-65, cerium-
144, and radium-226. However, due to the limited amount
of data, there is no chapter to discuss these factors. The
data are presented only in the Appendices.

Appendices A and B contain comprehensive tables, which
provide detailed information about how each bioconcen-
tration factor was calculated, the location and number of
samples, and the literature reference from which the bio-
concentration factor was obtained. Aquatic and terrestrial
and wetland bioconcentration factors are given in Appen-
dices A and B, respectively. Data in the Appendices are
sorted first by radionuclide and second by the organism for
which the bioconcentration factor is available.

The bioconcentration factors given in this report were cal-
culated from measured concentrations. In reporting each
bioconcentration factor, the tissue or tissues of the organ-
ism analyzed are specified. The bioconcentration factors
are based on a dry weight basis, unless otherwise noted. If
conversion factors were available in the publication for
conversion to wet-weight, the conversion factor is also
given.

The data presented within this report were collected by
searching the literature for site-specific bioconcentration
factors. All listed publications of Savannah River Ecology
Laboratory (SREL) were reviewed and the appropriate
documents obtained. A key word search of the PINT data-
base and a review of SRS environmental monitoring
reports yielded additional publications.
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II.

Definition of Bioconcentration Factor

The bioconcentration factor for an organism or tissue is
defined as the steady state ratio of radionuclide concentra-
tion in the ‘organism or tissue to that in the reference
medium (Vanderplog et al. 1975):

BCF = [Clorg / [Clipea
where, BCF is the bioconcentration factor

[Clog is the concentration of the radionuclide in the organ-
ism or tissue

[Clineq is the concentration of the radionuclide in the spe-
cific medium (e.g., water, soil)

For this report, aquatic bioconcentration factors were cal-
culated with water being the reference medium. Terrestrial
and wetland bioconcentration factors were calculated with
soil being the reference medium. Any deviations will be
noted in the comprehensive tables found in the Appendi-
ces.

The primary simplifying assumption (which will be used
in this report) in using the bioconcentration factor is that
the radionuclides are taken up directly from the reference
material. However, this may not be entirely true in all
cases. With aquatic bioconcentration factors, the organism
may take up radionuclides from the sediment and/or food
in addition to water. With terrestrial bioconcentration fac-
tors, uptake of radionuclides may occur from deposition or
from food (at higher trophic levels).

Before using a bioconcentration factor, it is important to
know if the bioconcentration factor chosen is appropriate
for its intended use. Certain elements have an affinity for
different tissues and these attributes will be reflected in the
bioconcentration factor. For example, in dose assessment
activities, bioconcentration factors for the edible portion
of the organism are most important. However, in terms of
ecological risk, whole-body bioconcentration factors may
be most important.

CONCEPT OF BIOCONCENTRATION FACTORS

Variability of Bioconcentration Factors

Bioconcentration factors can vary greatly depending on
environmental as well as experimental conditions. Each of
these conditions must be considered when choosing the
appropriate bioconcentration factor to use.

Environmental Conditions

There are numerous environmental conditions that will
affect the bioconcentration factor for an organism. Some
of these conditions, which are discussed below, include the
length of residence in a contaminated area, species and
individual uptake variations, the chemical state of the radi-
onuclide, and contributions from deposition.

The length of residence in a contaminated area is an envi-
ronmental condition that will affect both aquatic and ter-
restrial bioconcentration factors. Organisms, which are
confined exclusively to the contaminated area, tend to
have higher concentration factors than those organisms
that are free to enter and leave the area (Whicker et al.
1989).

There will also be variations in uptake among species and
among individuals within a species. The type of food
chain, as well as the metabolism of an organism, will have
an impact on uptake (Thompson et al., 1972). For terres-
trial organisms, soil-to-plant concentration factors can also
be expected to exhibit seasonal variation (Garten et al.
1975a).

The chemical state of the radionuclide will also affect the
bioconcentration factor. Radionuclides exist in different
chemical forms in aquatic and terrestrial systems, and their
different forms have different availabilities to different
organisms. In most cases, uptake of the radionuclide is
similar to that of the stable element analog. - -

" A major environmental condition to consider when deter- ~

mining a terrestrial bioconcentration factor is deposition.
Deposition must be considered because it overestimates
the bioconcentration factor and does not give a true indica-
tion of uptake. In experimental studies of plant-to-soil
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uptake, green house experiments are usually performed to
eliminate overestimates from deposition. However, green-
house results are difficult to extrapolate to field responses
because of differences in climate and root growing condi-
tions. Greenhouse experiments can, however, provide
information relative to the effect of environmental factors
on bioavailability which are often difficult to obtain from
field experiments (Adriano et al. 1981a). Several terrestrial
bioconcentration studies summarized in this report were
performed in a greenhouse after soil samples were col-
lected from the study area. If an experimental study was
conducted in the field, it is noted in the table. The field
experiments summarized in this document were not
affected by deposition.

Experimental Conditions

Experimental conditions which affect bioconcentration
factors are not dependent on the radionuclide or location.
These variations result from artifacts of analysis and eval-
uation and presentation of data. Some experimental fac-
tors, which are discussed below, include sampling error,
analytical error, and calculation methods.

Representative samples must be collected in order to
obtain appropriate bioconcentration factors. Samples that
are not representative will result in an inaccurate estimate
of the true bioconcentration factor. It is also important for
the organism and reference medium to have reached a
steady state at the time of sample collection and measure-
ment. If a steady state has not been reached, the biocon-
centration factor will not be appropriate. For aquatic
systems, collecting filtered or unfiltered water will also
affect the bioconcentration factor. A significant fraction of
some elements in water may be in the suspended phase
(90% in some cases); therefore, bioconcentration factors
in filtered water samples may be much larger than biocon-
centration factors in unfiltered water (Vanderplog et al.
1975).

When analyzing environmental samples, the concentra-
tions of radionuclides or stable elements in most environ-
mental samples are so low that serious problems can be
encountered with their measurement (Vanderplog et al.
1975). Many radionuclides are below detection limits and
can not be measured. In other cases, there may be a large
uncertainty associated with a particular measurement. In
most cases it is not possible to determine the analytical
errors of the measurements associated with particular stud-
ies. Therefore, it is assuified that the analytical error asso-
ciated with the measurements is negligible in relation to
variations due to environmental conditions.

The calculation method can also have a significant influ-
ence on the bioconcentration factor. For example, biocon-
centration factors expressed in terms of dry weight of the
organism are higher than those calculated using wet
weight concentrations. In this report the wet or dry weight
information is given in the tables in Appendices A and B.

It is also important to know for what tissue or tissues of
the organism the bioconcentration factor was calculated.
Some radionuclides have affinities for certain tissues and
the bioconcentration factor will vary depending on how it
is reported. Whole-body factors may not be the same as
tissue-specific factors.

Bioavailability of Radionuclides to Biota
from Water

Agquatic organisms can assimilate radionuclides from their
food, from direct uptake from water, or by both mecha-
nisms (Reichle et al. 1970). Radionuclides exist in a wide
variety of physiochemical forms in natural waters. Such
forms include dissolved ionic species, inorganic associa-
tions, complexes with organic molecules, adsorption to
and precipitation on solids, and incorporation in biological
materials or crystalline structures (Vanderplog et al. 1975).
These different forms have different availabilities to the
aquatic food chain. Algae (unicellular and multicellular),
for example, concentrate elements from the soluble phase.
Aquatic vascular plants accumulate elements from both
the soluble phase as well as from the interstitial water of
sediment. Aquatic animals, especially filter feeders, may
accumulate radionuclides from the suspended phase
(Vanderplog et al. 1975).

Radionuclides enter the food webs not only from water,
but also from bottom sediments; thus, the availability of
some radionuclides to the food web will vary with sedi-
ment type. Benthic invertebrates accumulate radionuclides
from bottom sediments. Fishes may accumulate radionu-
clides indirectly from bottom sediment by ingestion of
benthic invertebrates and also directly by incidental inges-
tion of sediment with prey (Vanderplog et al. 1975).

The chemical composition of water can also influence the
bioconcentration of radionuclides in biota. It has been
established that for cesium, strontium, and cobalt there is a
relationship between the bioconcentration factor and the
chemical composition of the water. The bioconcentration
of cesium is related to the concentration of potassium and
suspended solids in the water. For strontium, the concen-
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tration of calcium in the water affects uptake of strontium
in fish. The concentration of calcium does not appear the
affect strontium uptake in other aquatic organisms. The
uptake of cobalt appears to be affected by the eutrophy (as
defined by the nutrient content) of the water; Uptake tends
to decrease with increasing eutrophy of the water (Vander-
plog et al. 1975).

Bioavailability of Radionuclides to Biota
from Soil

The uptake of a radionuclide from soil by plants depends
on various interrelated soil properties including texture,
clay content, dominant clay mineral, cation exchange
capacity, exchangeable cations, pH, and organic matter
content. Uptake also varies with the chemical and physical
forms of the radionuclide, the plant species, plant part,
stage of growth, as well as with management practice and
the manner in which the radionuclide is introduced into
the soil (Ng 1982).

When a radionuciide is introduced into the soil in soluble
form, it can adsorb on clays, precipitate as an oxide or
hydroxide, chelate with sotl organic molecules, or remain
in solution. The manner in which the radionuclide is dis-
tributed among these various fractions will determine how
long it will remain at the site of deposition and the extent
to which it will be available for uptake by plants (Eisen-
bud 1973).

As a general rule, radioisotopes present in soil will pass
into the root system in the same manner as nonradioactive
isotopes of the same or analogous cations. The element
may or may not be required for normal metabolism, and
some elements like iodine, cobalt, uranium, and radium
are known to be present in plants although they serve no
metabolic function (Eisenbud 1973). Radioisotopes of ele-
ments ordinarily present in soil and normally utilized in
plant metabolism are absorbed in a manner independent of
their radioactive properties. According to Nishita (1961),
the relative uptake of radionuclides from soils is
Sr>>I>Ba>Cs, Ru>Ce>Y, Pm, Nb, Zr>Pu. Uptake of
fong-lived radionuclides by plants from the soil depends
on whether the radionuclide is within the reach of the
plant's roots and the extent to which the radionuclide is
chemically available.

Determining bioconcentration factors at higher trophic
levels introduces more variables which may affect the bio-
concentration factor. Terrestrial organisms can assimilate
radionuclides from any combination of their food, from
direct uptake from soil, or by deposition. Species compo-
sition and food preferences, as well as radionuclide assim-
ilation and turnover rates, will also influence trophic
transfer. At the top of the food chain, species can assimi-
late radionuclides through the respiratory tract, skin, and
gastrointestinal track (usually the most important)
(Reichle et al. 1970).

"4
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L CESIUM

Introduction

Cesium is one of the most important radionuclides to con-
sider at SRS because it is a primary radionuclide released
at SRS and is the major contributor to the maximum indi-
vidual dose from liquid releases (consumption of fish).
. Cesium is a minor contributor to dose (<1%) from atmo-
spheric releases (Carlton, et al. 1992a). Cesium-137 is a
gamma emitter, has a 30-year half-life, and is the primary
radioisotope of cesium that will be considered in this
report. :

Radiocesium at SRS originated primarily in the fuel and
targets that were irradiated during nuclear materials pro-
duction. The greatest releases of cesium occurred during
the early years of operation when cesium was released to
onsite seepage basins and site streams. The majority of
cesium was released from the separations areas which are
located in F and H areas of the site (Carlton, et al. 1992a).
Approximately 1,900 Ci of cesium has been released to
seepage basins and streams and 4 Ci of cesium has been
released to the atmosphere (Cummins et al. 1991a).

Aquatic Bioconcentration Factors

Cesium is one of the rarest alkali metals and exists prima-
rily as free ions in solution. Because of cesium's large size
and small charge, it does not tend to form complex ions in
solution. However, cesium is strongly adsorbed by sus-
pended materials, especially clays and can be removed
from the soluble phase to varying degrees (Vanderplog et
al. 1975).

The aquatic food chain accumulates cesium not only from
the soluble phase of water but also from suspended and
bottom sediments and from absorption from food. How-
ever, most of the uptake is expected to result from inges-
tion of sediment or ingestion of prey that has ingested
sediment. Differences in sediment type among water bod-
ies contribute to the vdriability in uptake of cesium-137 in
aquatic organisms.

The concentration of cesium in the soluble phase tends to
decrease with increasing suspended solids concentration
(Vanderplog et al. 1975). Organisms which accumulate
cesium from the soluble phase will usually have lower
bioconcentration factors at higher suspended solids con-
centrations than the same organisms at lower suspended
solids concentrations.

Because of the chemical similarities and relative abun-
dances of cesium and potassium, the bioconcentration fac-
tor for cesium in aquatic organisms (except algae) can be
related to the concentration of potassium in the water
(Vanderplog et al. 1975). Bioconcentration factors tend to
increase with decreasing concentrations of potassium in
water. Elevated concentration factors for cesium in aquatic
species at SRS have been associated with low concentra-
tions of potassium in water (Whicker et al. 1990).

Aquatic bioconcentration factors for cesium-137 are sum-
marized in Table 3-1. More detailed information about the
conditions for which the bioconcentration factor was cal-
culated is found in Appendix A.

Site-specific bioconcentration factors for algae ranged
from 1,200 to 4,500. Zooplankton had a bioconcentration
factor of 71,000. Bioconcentration factors for benthic
macroinvertebrates at SRS ranged from 8,000 to 12,000.
Whicker et al. (1989) reported that the elevated biocon-
centration factors for the zooplankton and benthic macro-
invertebrates were probably due to the high surface to
volume ratios of the organisms; thus allowing their sur-
faces, as well as their guts, to carry measurable cesium-
137 activity.

The maximum bioconcentration factor for aquatic macro-
phytes, 37,000, was found in Fanwort, a rooted vascular
plant. Bladderwort, a floating vascular plant, had a biocon-
centration factor of 17,000. The emergent wetland plants,.
knotweed and smartweed, had the lowest bioconcentration
factors, with a range from 716 to 3,420 in the leaves.

11
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Because fishes may accumulate cesium from bottom sedi-
ment by ingestion of benthic invertebrates and also by
ingestion of sediment with prey (Vanderplog et al. 1975),
fish were divided into categories in this report based on
their feeding habits, The maximum bjoconcentration fac-
tor for all fish (muscle) was 48,000 in the gizzard shad,
which feeds on detritus and plankton. For surface and mid-
water insectivores (shiners and mosquitofish), bioconcen-
tration factors ranged from 891 to 11,300. For insect and
bottom invertebrate feeders (bluegill, sunfish, pirate
perch), bioconcentration factors in the fiesh ranged from
691 to 1,330. For piscivores (bass and pickerel), biocon-
centration factors ranged from 1,200 to 39,000. For
benthic invertebrate and fish feeders (catfish), bioconcen-
tration factors ranged from 908 to 29,000.

Freshwater shrimp and crayfish had bioconcentration fac-
tors of 867 and 997, respectively. Bioconcentration factors
in the soft tissue of clams ranged from 220 to 300.

Wildlife species also had high bioconcentration factors.
Waterfowl (composite of 7 samples) had a bioconcentra-
tion factor of 19,000 in the muscle. A composite of 10 tur-
tles had a bioconcentration factor of 13,000 in the muscle.
Water snakes (composite of 2) had a bioconcentration fac-
tor of 2,600.

These site-specific bioconcentration factors are orders of
magnitude higher than values reported in the literature. As
stated earlier, the relatively high bioconcentration factors
of cesium-137 in fish flesh can be largely explained by the
low concentrations of potassium in the water.

12 ) -
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Table 3-1: Bioconcentration Factors for Cesium in Aquatic Ecosystems
SRS Calculated Values Non-SRS Values
Literature Vanderplog NRC
Cesium-137 Minimum Maximum  Mean®  \P Ranges® Recommendation |, alues®
Algae 1,200 4,500 2 }1,016-3,400 1,000
Beetles 480 1
. Clam, tissue 220 300 1 42 - 600
Clam, shell & bone 25 1
Detritus 938 |
Fish muscle (surface and 891 11,300 7,009 8 5,000/[K] ef 2,000
midwater insectivores) v
1,000/[K],,8
Fish muscle (Insect and bottom 691 1,334 911 4 410-9,500 5,000/[K] ef 2,000
invertebrate feeders) v
1,000/[K],,8
Fish muscle (Piscivores) 908 39,000 10,980 5 1400- 14,000 1 S,OOOI[KW]Cvf 2,000
’ 3,000/[K},,8
. Fish muscle (Benthic 1,200 29,000 2 11,200- 6,800 5,000/[K] ef 2,000
invertebrate and fish feeders) v
1,000/[K],,8
Fish muscle (detritus and 48,000 1 40- 510 5,000/[K} e,f 2,000
plankton feeders) v
1,000/(K],,8
Fish bone (Insect and bottom 600 1 430- 1,182 5,000/{K] ef
invertebrate feeders) ) v
, 1,000/(K],,8
Fish bone (Piscivores) 500 1 700 - 1,430 1 S,OOOI[K]we’f
3,000/K],8
Fish bone (Benthic invertebrate 800 1 40 - 9,500 5,000/[K] ef
and fish feeders) ’ v
1,000/[K],,8
a  Means not calculated for fewer than four data points
b - N =number of values

¢ Literature Sources: Blaylock (1982), Coughtrey and Thorne (1985), Jorgensen et al. (1991), Till and Meyer (1983), Vanderplog -
et al. (1975) .

d  NRC values - Factors provided by the Nuclear Regulatory Commission (NRC 1977, Table A-1) for freshwater fish and inver-
tebrates for use in calculating dose in the absence of site-specific data

e  [K],, = stable potassium concentration in water in ppm

clear water - suspended solids concentration less than 50 ppm

turbid water - suspended solids concentration greater than 50 ppm

e =

13
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Table 3-1: Bioconcentration Factors for Cesium in Aquatic Ecosystems (cont’d)

SRS Calculated Values Non-SRS Values
Literature Vanderplog ~ NRC
' Cestum-137 Minimum Maximum ~ Mean®  \® | Rapges’  Recommendation o o d

Insects (Dragonflies) 648 1
Macroinvertebrates, larvae 8,000 12,000 2 ] 830-11,000 1,000 1,000
Macrophyte (rooted vascular) 295 37,000 22,460 5 ] 130- 1,500 1,000
Macrophyte (Floating vascular) 17,000 1
Macrophyte (emergent wetland) 716 3,420 3 90 - 600
Mussels 300 1 42 - 600 1,000
Shellfish (crayfish and shrimp) 867 997 2 | 240-1,300
Snails 260 1 600 1,000
Snakes 2,600 1
Spiders 1,280 1
Turtles. muscle 13,000 1 1,000
Turtles, shell & bone 1,100 1 1,000
Waterfowl, muscle 19,000 1 | 1,000-2,200 3,000
Waterfowl, bone 290 1 3,000
Zooplankton 71,000 1 501-586

Means not calculated for fewer than four data points

N = number of values

Literature Sources: Blaylock (1982), Coughtrey & Thome (1985), Jorgensen et al. (1991), Till and Meyer (1983), Vanderplog
etal. (1975)

d NRC values - Factors provided by the Nuclear Regulatory Commission (NRC 1977, Table A-1) for freshwater fish and inverte-
brates for use in calculating dose in the absence of site-specific data

[~
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Terrestrial and Wetland Bioconcentration Factors

Table 3-2 summarizes the terrestrial and wetland biocon-
centration factors for cesium-137. Uptake of cesium-137
by plants from soil decreases with increasing concentra-
tions of exchangeable potassium in the soil. Elevated con-
centration factors for cesium have been associated with
soils of high organic matter content, low pH, or low clay
content (Ng 1982). In areas of high clay content, root
uptake of cesium is slight and folial absorption is the main
portal of entry of cesium-137 into the food web (Eisenbud
1973).

Native flora, including alder, arrowhead, fungi, myrtle,
pine, red maple, smartweed, turkey oak, water tupelo, and
willow, have been studied in the field to determine cesium-
137 uptake. Contributions from deposition were negligi-
ble. Individual bioconcentration factors for native flora
ranged from 0.39 in smartweed stems to 27.9 in smart-
weed roots. Both samples were collected from Steel
Creek. Uptake in the plant leaves ranged from 0.0053 in
pine trees to 20.8 in arrowhead.

Numerous greenhouse studies on grasses and agricultural
crops have also been performed. Cesium-137 uptake has
been determined for corn, soybeans, wheat, bahia grass,
and clover. Bioconcentration factors in the grasses ranged

from 0.8 in clover to 7.59 in Bahia grass. Mean bioconcen-
tration factors for agricultural crops were 0.56 for corn,
0.50 for soybeans, and 0.10 for wheat:

The site-specific bioconcentration factors determined for
plants and grasses are higher than values reported in the
literature (Table 2) and are probably due to the low clay
content of the soils at the SRS.

Anderson et al. (1973) studied the relationships between
the levels of cesium-137 in plants and arthropods in Steel
Creek. This has been the only site-specific study to deter-
mine cesium accumulation and movement throughout a
large wetland system. The results of this study produced
an average bioconcentration factor of 0.51 for primary
consumers to primary producers and an average biocon-
centration factor of 0.96 for secondary consumers to pri-
mary consumers.

Bioconcentration of cesium-137 in SRS deer has also been
studied. Bioconcentration factors for white-tailed deer
(muscle) on the SRS range from 0.22 to 4.8. These values
are comparable to literature values.
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Table 3-2: Bioconcentration Factors for Cesium in Terrestrial and Wetland Ecosystems

SRS Calculated Values Non-SRS Values

Literature NRC
Cesium-137 Minimum Maximum  Mean® £ Ranges® Values'
Alder, leaves 2.3 1 25-326
Alder, roots 3.2 1
Alder, stems 0.90 1 )
Aphids (pc/pp)° 0.33 0.52 3 0.20-0.48
Aphids (sc/pe)t 0.28 0.68 0.52 4 0.50- 1.11
Arrowhead, leaves 04 208 . 5.90 12
Arrowhead, roots . 0.54 13.7 2
Bahia Grass 1.6 7.59 531 5 1 0.000027 - 0.68 0.01

(nonsandy soils)

Beetles (pc/pp) 042 0.96 3 0.20-048
Beetles (sc/pc) 041 1.2 0.77 4 0.50-1.11
Clover 0.8 13 3 0.06 - 0.352
Corn, grain 0.01 1 0.029
Corn, leaves 0.062 2.53 0.807 6
Corn, stems 0.17 0.79 0.37 5 0.026
Crickets (pc/pp) 0.69 1.3 3 0.20-0.48
Crickets (s¢/pc) 0.66 2.1 4 0.50-1.11
Dry forage 3 1 | 0.00048 - 0.031

(coarse soil)
Fresh Vegetables 0.9 1 0.004 - 0471
Fungi 4.8 18.4 10.1 20
Myrtle, leaves 7.1 i 2.5-326
Myrtle, roots 7.6 1
Myrtle, stems 38
Pine Trees, leaves 0.0052 2.37 2 0.1-10
Red Maple 0.16 154 3.03 27

a  Means not calculated for fewer than four data points

b N = Number of values

¢ Literature Sources: Anderson et al. (1973), Crossley (1963 and 1969), Dahlman et al (1975), Evans and
Decker (1968), Hardy and Bennett (1977), Haselow (1991), Marei et al. (1972), Miller (1963), Nishita et
al. (1958), Ng (1982), Tili and Meyer (1983)

d  NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commission (NRC
1977, Table E-1) for use in calculating dose in the absence of site-specific data

e  pc/pp = primary consumer to primary producer bioconcentration factor

f  sc/pc = secondary consumer to primary consumer bioconcentration factor

16 .




Radiological Bioconcentration Factors for Aquatic and Terrestrial Ecosystems at the Savannah River Site

Table 3-2: Bioconcentration Factors for Cesium in Terrestrial and Wetland Ecosystems (cont’d)
SRS Calculated Values Non-SRS Values -
Literature NRC
Cesium-137 Minimum Maximum Mean® Nb Raugesc Valuesd
Rice, foliage 0.53 096 073 7
Rice, grain 0.36 0.70 0.53 4
Smartweed, leaves 0.60 11.8 349 4
Smartweed, roots 0.84 279 2
Smartweed, stems 0.39 12.2 2
Snakes 294 1
Soybeans, bean 0.26 1.66 0.70 5
Soybeans, stems 0.14 0.37 0.22 5
Spiders (pc/pp)© 0.45 0.92 3 0.20-0.48
Spiders (sc/pc)f 041 1.3 4 0.50- 1.11
Tree bark (maple, - 0.039 1
sweetgum, and poplar)
Tree leaf (maple, 0.27 1
sweetgum, and poplar)
Tree wood (maple, 0.11 1
sweetgum, and poplar)
Turkey Oak 79 25.7 3
Water Tupelo, leaves 0.41 0.85 2
Water Tupelo, roots 32 7.0 2
Water Tupelo, stems 0.72 4.0 2
Wheat, grain 0.06 0.18 0.1 4 0.0017 - 0.045
White-tailed Deer, muscle 0.22 48 1.56 8 06-33
Willow, leaves 3.8 1 25-326
Willow, roots 6.2 1
Willow, stems 1.3 1

a  Means not calculated for fewer than four data points

b N = Number of values

¢ Literature Sources: Anderson et al. (1973), Crossley (1963 and 1969), Dahlman et al (1975), Evans and
Decker (1968), Hardy and Bennett (1977), Haselow (1991), Marei et al. (1972), Miller (1963), Nishita et al.
(1958), Ng (1982), Till and Meyer (1983)

d  NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commission (NRC
1977, Table E-1) for use in calculating dose in the absence of site-specific data

e  pc/pp = primary consumer fo primary producer bioconcentration factor

sc/pc = secondary consumer to primary consumer bioconcentration factor

-
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Radiological Bioconcentration Factors for Aquatic, Wetland, and Terrestrial Ecosystems at the Savannah River Site

IV.  STRONTIUM

Introduction

Radiostrontium at SRS originated primarily in the fuel and
targets that were irradiated in the nuclear materials pro-
duction areas. The greatest releases of strontium occurred
during the early years of operation in the reactor facilities
when strontium was released to onsite seepage basins and
site streams (Carlton et al. 1992b). Approximately 104 Ci
of strontium has been released to seepage basins and
streams and 3 Ci of strontium has been released to the
atmosphere (Cummins et al. 1991a). Strontium-90 has a
half-life of 28 years and is the primary radioisotope that is
considered in this report. Strontium-89,90 is also consid-
ered, but it is assumed that all of the strontium present is
strontium-90 (half life of Strontium-89 is 52 days).

In 1992, radiostrontium contributed 18% of the total max-
imum individual dose from liquid releases and less than
1% from atmospheric releases (Carlton, et al. 1992b).

Aquatic Bioconcentration Factors

Strontium has physiochemical properties similar to cal-
cium and both appear mainly in ionic form in water.
Strontium is not strongly sorbed by suspended particulate
matter in water and is thus available in the water for
uptake.

The primary means of calcium and strontium uptake in
most aquatic organisms occurs directly from the water.

The gill membrane of fishes are the primary sites of cal-
cium and strontium uptake. Only about one-tenth of the
calcium and strontium taken up by fishes is through the
food chain. Therefore, trophic level appears to have little
effect on the bioconcentration factor of strontium (Vander-
plog et al. 1975). A negative correlation has been demon-
strated between the concentration of calcium in water and
the strontium uptake in fish (Blaylock 1982; Vanderplog et
al. 1975).

Table 4-1 summarizes the site-specific bioconcentration
factors for strontium. The site-specific bioconcentration
factor for strontium in blue-green algae was 600..For
strontium in macroinvertebrates, bioconcentration factors
were 520 in insect nymph larvae and 54,000 in gastropod
larvae.

For macrophytes, bioconcentration factors ranged from
2,100 in the white-water lily (rooted vascular plant) to
9,400 in bladderwort (floating vascular plant).

Because of strontium's similarity to calcium, the maxi-
mum bioconcentration factors for strontium in vertebrates
are found in the bone. Bioconcentration factors in fish
bone ranged from 1,700 in piscivores (large-mouth bass)
to 63,000 (also in the piscivores). Muscle bioconcentration
factors in fish were <48.

The strontium-90 bioconcentration factors calculated for
SRS aquatic systems are higher than those reported in the
literature (Table 4-1).
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Table 4-1:

Bioconcentration Factors for Strontium in Aquatic Ecosystems

SRS Calculated Values Non-SRS Values
Literature Vanderplog NRC
Strontium-89,90 Minimum Maximum  pfean® Ranges® Recommendation 4
Algae 600 120 - 2,300 2,000
Fish muscle (Insect and <48 1.7-92 5.18 - 1.21 In [Ca]y,® 30
bottom invertebrate feeders)
Fish muscle (Piscivores) <48 13-125 5.18-1.21 In [Ca]y, 30
Fish muscle (Benthic <48 5.18 - 1.21 In [Ca)y, 30
invertebrate and fish
feeders)
Fish bone (Insect and bottom 2,400 50- 8,810 5.18-1.21 In [Caly,
invertebrate feeders)
Fish bone (Piscivores) 1,700 2,400 5.18- 1.21 In [Caly
Fish bone (Benthic 2,100 2,400-8,000 5.18-1.21In{[Calyy,
invertebrate and fish
feeders)
Literature Vanderplog NRC
Strentium-90 Minimum Maximum  pMeap? Rang o5’ Recommendation v aluesd
Clam, shell 1,330 2,640 - 3,246 6.8E04/[Ca}yc
Fish muscle (Piscivores) 3,400 1.3-125 5.18- 121 In {Calyy 30
Fish muscle (Benthic 610 5.18 - 1.21 In [Caly 30
invertebrate and fish
feeders)
Fish bone (Piscivores) 63,000 2,400 5.18 - 1.21 In {Caly,
Fish bone (Benthic 57,000 50 -8,810 5.18 - 1.21 in [Calyy
invertebrate and fish
feeders)
Fish bone (detritus and 51,000 2,400 5.18- 1.21 In [Ca]y
plankton feeders)
Macroinvertebrates, larvae 520 54,000 27,300 300- 720 100
Macrophytes (Rooted 2,100 8,500 5,500 3-240
vascular)
Macrophytes (Floating 9,400 30-240
vascular)
Zooplankton 3,900 0.1-10
a  Mean not calculated for fewer than four data points
b N = Number of Values
¢ Literature Sources: Blaylock (1982), Coughtrey and Thorne (1985), Till and Meyer (1983), Vanderplog et al. (1975)
d  NRC values - Factors provided by the Nuclear Regulatory Commission (NRC 1977, Table A-1) for freshwater fish and invertebrates

for use in calculating dose in the absence of site-specific data

o

{Cal],, = stable calcium concentration in water in ppm

-
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Terrestrial and Wetland Bioconcentration Factors

Strontium is soluble in water, is poorly retained in SRS
soils, and is thus, subject to migration and uptake. The
exchangeable calcium in soil is the most important factor
in determining the extent of strontium absorption by plant
roots (Ng 1982). The bioconcentration factor for stron-
tium has been shown to be negatively correlated with the
exchangeable calcium in the soil. The bioconcentration
factor also decreases with increasing clay and organic
matter in the soil.

Russell and Squire (1958) made some general conclusions
about the physiology of strontium absorption and distribu-
tion in vegetation: 1) an equilibrium does not occur
between strontium in the shoots and in the roots, 2)
upward translocation appears to be an irreversible pro-

Table 4-2:

cess, 3) very little redistribution of strontium occurs in the
plant, and 4) the greatest accumulation of strontium occurs
in the leaves. -

Table 4-2 summarizes terrestrial and wetland site-specific
bioconcentration factors. Site-specific bioconcentration
factors for strontium-90 in agricultural crops ranged from
0.15 corn grain to 13.1 in corn leaves. In native flora, con-
centration factors ranged from 0.81 in tree wood to 11 in
the tree bark. Concentration factors for tree leaves ranged
from 0.88 in pine trees to 3.8 in a maple, sweetgum, and
poplar composite. These bioconcentration factors are com-
parable to those observed in other sandy, southeastern
soils.

Bioconcentration Factors for Strontium in Terrestrial and Wetland Ecosystems

SRS Calculated Values Non-SRS Values
Literature NRC

Strontium-90 Minimum Maximum  Mean® | Ran ges® Values®
Corn, grain 0.15 1 | 0034-0.11 0.017
Corn, leaves 13.1 1
Pine Trees, leaves 0.88 1.69 2 0.1-20
Soybeans 2.51 1
Tree wood (maple, 0.81 1

sweetgum, and poplar)
Tree bark (maple, 11 i

sweetgum, and poplar)
Tree leaf (maple, 3.8 1

sweetgum, and poplar)

Mean not calculated for fewer than four data points
N = Number of values

Qo o

Literature Sources: Coughtrey and Thorne (1985) and Ng (1982)
NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commis-

sion (NRC 1977, Table E-1) for use in calculating dose in the absence of site-specific data
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V. COBALT

Introduction

Two principal sources of radiocobalt in natural environ-
ments are the result of fallout from nuclear weapons detona-
tion and from nuclear reactor and fuel reprocessing
operations. At the SRS, cobalt-60 has been released prima-
rily to aquatic systems, and to a lesser extent to terrestrial
systems. Cobalt-60 is a negligible contributor to dose at
SRS (<1%) (Arett et al. 1993). Approximately 84 Ci of
cobalt-60 has been released to onsite streams and seepage
basins, while 0.1 Ci has been released to the atmosphere
(Cummins et al. 1991a). Cobalt-60 is a gamma emitter, has a
half-life of 5.3 years, and is the primary radioisotope of
cobalt considered in this report.

Aquatic Bioconcentration Factors

‘When in solution, cobalt tends to form complexes with dis-
solved organic matter, making the cobalt less available for
uptake. Vanderplog et al. (1975) noted that cobalt biocon-
centration factors tend to decrease with increasing eutrophy

(as defined by the nutrient content) of water. Cobalt is
an essential component of vitamin B, and is a nutri-
tional requirement for fish health. The highest concen-
trations of cobalt are found in the kidney and spleen;
cobalt does not concentrate in fish muscle (Poston and
Klopfer 1988). Cobalt is also an essential element for
some bacteria, fungi, several species of blue green algae
and several species of mammals. Therefore, uptake of
the radioisotope is expected in these organisms.

Harvey (1969) conducted the only study at SRS to
determine a bioconcentration factor for cobalt-60 in
aquatic systems. The bioconcentration factor for the soft
tissue of clams was 790. Although it is not known from
where these samples were taken onsite, the value can be
compared to the 10,000 bioconcentration factor for
cobalt in mesotrophic and oligotrophic waters or 400
bioconcentration factor for cobalt in eutrophic waters
(Vanderplog et al. 1975). The NRC-recommended bio-
concentration factor for freshwater invertebrates is 200
(NRC 1977, Table A-1).
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Terrestrial and Wetland Bioconcentration Factors

Cobalt is taken up by plants, although it is not an essential
element for higher plants. It is, however, an essential ele-
ment in animal nutrition (Adriano et al. 1977).

Table 5-1 summarizes terrestrial and wetland bioconcen-
tration factors for cobalt. Adriano et. al (1977) studied the
uptake of cobalt-60 by bush beans and corn in Dothan and
Troupe soils. The results indicated that uptake of cobalt-60
was affected by plant species and soil type. Bean leaves
preferentially accumulated cobalt-60 in comparison with
corn leaves. Concentration factors in the bush beans
ranged from 0.4 in the Troupe soil to 2.82 in the Dothan
soil. Bioconcentration factors in the corn ranged from 0.13
in the Troupe soil to 0.56 in the Dothan soil. Bioconcentra-
tion factors for the corn were highest in the leaf.

Murphy (1992) studied the uptake of radionuclides,
including cobalt-60, at the Savannah River Laboratory
(SRL) seepage basins and reports bioconcentration factors
of 0.61 and 0.018 in pine trees in the SRL Basin 4 and
around the basin edge, respectively.

Table 5-1: Bioconcentration Factors for Cobalt in Terrestrial and Wetland Ecosystems

SRS Calculated Values Non-SRS Values
Literature NRC

Cobalt-60 Minimum Maximum Mean N Rang esb Values®
Bush Bean, leaves 0.40 2.82 1.19 4

Bush Bean, stem 0.793 2.32 1.56 2

Com, leaves 0.209 0.563 0.386 2

Corn, stem 0.127 0.269 0.198 2

Pine Trees, leaves 0.018 0.61 0.31 2 001-1

a N = Number of Values
b  Literature Sources: Till and Meyer 1983

¢ NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commission
(NRC 1977, Table E-1) for use in calculating dose in the absence of site-specific data.
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VI. TRANSURANICS

Introduction

The transuranics, plutonium, americium, and curium are
man-made elements and have no stable isotopes. The
chemistry of these elements is generally complex because
they assume different valence states, depending on envi-
ronmental conditions. These elements have no known bio-
logical function.

Plutonium was produced at SRS during operations of five
production reactors and released in small quantities during
the processing of fuel and targets in chemical separations
facilities. Approximately 13 Ci have been released to
onsite streams and seepage basins, while approximately 4
Ci have been released to the atmosphere (Cummins et al.
1991a). Virtually all releases have occurred in the separa-
tions facilities located in F and H Areas (Carlton, et al.
1992b). Plutonium is a small contributor to the maximum
individual dose from both liquid (8%) and atmospheric
(5%) reieases (Arnett et al. 1993). Plutonium-238 and plu-
tonium-239 are the primary plutonium radioisotopes that
are considered in this report with half-lives of 87.4 years
and 24,000 years, respectively.

Other transuranics that have been released at SRS and will
be considered in this report include americium-241 and
curium-244. Approximately 0.28 Ci of americium-241 and
0.82 Ci of curium-244 have been released to streams and
seepage basins, and approximately 0.0052 Ci of ameri-
cium-241 and 0.091 Ci curium-244 have been released to
the atmosphere. These radionuclides are negligible con-
tributors to dose (<1%) (Arnett et al. 1993). Americium-
241 has a half life of 458 years and curium-244 has a half
life of 17.6 years.

Aquatic Bioconcentration Factors

Whicker et al. (1989) studied the distribution of various
radionuclides, including transuranics, in Pond B. Biocon-
centration factors were calculated for americium-241,
curium-244, plutonium-238, and plutonium-239. In ali
cases, the maximum bioconcentration factors were found
in macroinvertebrate larvae. The bioconcentration factors
reported by Whicker et al. 1989 are higher than those fac-
tors reported in the literature (Table 6-1).

Transuranic elements are known to be fixed by clay miner-
als and complexed by organic matter which may decrease
their availability. Zooplankton and benthic insect larvae
have high surface to volume ratios. This allows their sur-
faces as well as their guts to carry sediment and sestonic
particles, which adsorb transuranic particles; thus resulting
in higher bioconcentration factors. (Whicker et al. 1989).

Aquatic macrophytes also showed high concentration fac-
tors, which could have resulted from sediment adsorbing
to the leaves which were not cleansed of all periphyton
prior to processing (Whicker et al. 1989). Vertebrate bone
and muscle, which are not affected by transuranic adsorp-
tion, had lower bioconcentration factors. The lower bio-
concentration factors for waterfowl may be the result of
their short residence time on Pond B.

Americium-241 values ranged from 650 in waterfowl
muscle to 240,000 in macroinvertebrate larvae; curium-
244 values ranged from 84 in the water shield (floating
vascular plant) to 19,000 in macroinvertebrate larvae; plu-
tonium-238 ranged from 2,600 in fish muscle (piscivores)
to 840,000 in macroinvertebrate larvae; and plutonium-
239 ranged from 850 in waterfowl muscle to 190,000 in
macroinvertebrate larvae.
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Table 6-1: = Bioconcentration Factors for Transuranics in Aquatic Ecosystems
SRS Calculated Values Non-SRS Values
Literature NRC

Plutonium-238 Minimum Maximum Mean® Nb Rangesc Valuesd
Fish muscle (Piscivores) 2,600 1 25 35
Fish muscle (Benthic 12,000 1

invertebrate and fish

feeders)
Fish bone (Piscivores) 17,000 1
Macroinvertebrates, larvae 840,000 1
Macrophyte (rooted vascular) 17,000 78,000 45,250 4
Macrophyte (Floating 91,000 1

vascular)
Turtles, muscle 14,000 1
Turtles, shell & bone 19,000 1
Waterfowl, muscle 3,800 1
Waterfowl, bone 18,000 1

Literature NRC

Plutonium-239 Minimum Maximum — Mean® P Ranges® Values®
Fish muscle (Pisctvores) 5,600 1 04-25 35
Macroinvertebrates, larvae 190,000 1 § 587-30,600
Macrophyte (rooted vascular) 6,600 52,000 26,150 4 230-9,000
Macrophyte (Floating 100,000

vascular)
Turtle, muscle 6,600 1
Waterfowl, muscle 850 1
Zooplankton 23,000 1 122 - 5,600

a  Mean not calculated for fewer than four data points

b - N = Number of values

c Literature Sources: Blaylock (1982), Till and Meyer (1983), Vanderplog et al. (1975), Whicker et al.
(1989), Eyman and Trabalka (1980)

d NRC values - Factors provided by the Nuclear Regulatory Commission (NRC 1977, Table A-1) for
freshwater fish and invertebrates for use in calculating dose in the absence of site-specific data
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Table 6-1: Bioconcentration Factors for Transuranics in Aquatic Ecosystems (cont’d)
SRS Calculated Values Non-SRS Values -
Literature NRC

Americium-241 Minimum Maximum  Mean®* )P Ranges® Values®
Fish muscle (Piscivores) 2,500 1 50 25
Fish bone (Benthic 4,200 1

invertebrate and fish

feeders)
Macroinvertebrate, larvae 78,000 240,000
Macrophyte (rooted vascular) 1,400 21,000 3
Macrophyte (Floating 75,000 1

vascular)
Turtle, muscle 5,600 1
Waterfowl, muscle 650 1

Literature NRC

Curium-244 Minimum Maximum  Mean® )P Ranges® Values®
Fish muscle (Piscivores) 410 1 50 25
Fish muscle (Benthic 91 1

invertebrate and fish

feec}ers)
Fish bone (Piscivores) 1,400 1
Macroinvertebrate, larvae 1,400 19,000 2 25
Macrophyte (rooted vascular) 780 1
Macrophyte (Floating 84 370 3

vascular)
Turtle, muscle 110 1
Turtle, shell & bone 190 1
Waterfowl, muscle 110 i
a  Mean not calculated for fewer than four data points
b N = Number of values
¢ Literature Sources: Blaylock (1982), Till and Meyer (1983), Vanderplog et al. (1975), Whicker et al.

(1989), Eyman and Trabalka (1980)

d  NRC values - Factors provided by the Nuclear Regulatory Commission (NRC 1977, Table A-1) for fresh-

water fish and invertebrates for use in calculating dose in the absence of site-specific data
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Terrestrial and Wetland Bioconcentration Factors

Piant uptake of transuranic radionuclides is influenced by
soil pH, Eh (oxidation state), cation exchange capacity,
texture, organic matter, fertilizers, and other treatments.
Transuranic elements are fixed by clay minerals and com-
plexed by organic matter which may affect their availabil-
ity. Higher pH generally decreases metal uptake, whereas
chelate additions usually increase uptake (McLeod et al.
1981).

Plant properties also influence uptake of transuranic
nuclides. Plant roots excrete protons, organic and amino
acids, chelators, and other substances, all of which have an
effect on the uptake and translocation of many metals,
including transuranics. The depth of rooting is another fac-
tor that affects plant uptake. Nuclides in lower horizons of
soil may be mobilized by deep roots, but not mobilized by
shallow roots. Decomposition of plant residues influences
both uptake and recycling (Adriano et al. 1980b).

The sources of elements and particle size also affects
availability of transuranics. Small particles are more sub-
ject to weathering and they release nuclides faster than do
large particles. Oxides are less available than other forms.
The transuranic elements themselves differ in phytoavail-
ability (Pu<Am<Cm<Np) (Adriano et al. 1980b).

Although root uptake is generally small, transuranic ele-
ments that have been incorporated into plant tissues may
be chemically bound to proteins, lipids, and other organic

the vegetative parts, Very little is translocated to the grain
or edible portion (Adriano et al. 1981b).

Site-specific bioconcentration factors for americium-241
ranged from 0.03 to 0.12 for bahia grass and from 0.00014
to 0.00025 in pine trees. These values are comparable to
literature values (Table 6-2).

Bioconcentration factors for curium-244 in agricultural
crops ranged from 0.0031 in corn to 0.028 in soybean. In
native vegetation, concentration factors ranged from
0.0021 in trees to 0.0499 in clover.

The maximum bioconcentration factor for plutonium-
239,240 was in rice (0.025). A bioconcentration factor of
0.17 was calculated for plutonium-239 in corn.

Kirkham et al. (1979) studied total plutonium concentra-
tions in white-tailed deer from the Savannah River site.
Bioconcentration factors were calculated based on honey-
suckle to deer uptake. The concentration factors ranged
from 0.014 in the muscle to 0.175 in the bone. Concentra-
tion factors were also calculated based on soil to deer
uptake. These factors ranged from 0.001 in the muscle to
0.015 in the bone.
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Table 6-2: Bioconcentration Factors for Transuranics in Terrestrial and Wetland Ecosystems

SRS Calculated Values Non-SRS Values
Literature  NRC )
Total Plutonium Minimum Maximum Mean® Nb Rangae v aluesd
Com, grain 0.00006 1
Corn, leaves 0.0006 1
Soybeans 0.003 1
Wheat 0.002 1 ]3.8E-08-0.04 0.00025
White-tailed deer, bone 0.015 0.175 0.095 2 ]0.023-0.350
White-tailed deer, liver 0.013 0.148 0.081 2 }0.035-0.533
White-tailed deer, lungs 0.006 0.073 0.040 2 10.033-050
White-tailed deer, muscle 0.001 0.0014 0.0012 2 0.01-0.15
Literature NRC
Plutonium-238 Minimum Maximum  Mean® P Ranges® Values”
Bahia Grass . 0.00006 0.0056 0.0013 5
Clover 0.00015 0.067 0.013 5 HE-05- 1IE-4
Corn, leaves 0.00017  0.019 00042 7| g0
Corn, stalk 0.00021 045 3 0.01-10
Pine Trees, leaves 0.00015 0.0047 2 0.006 - 0.1
Rice, foliage 0.00026 0.00049 0.00033 4
Rice, grain 0.00009 0.00036 0.00021 4
Soybeans, beans 0.00052 0.26 3
Soybean, stems 0.00068 0.16 2
Tree wood (maple, sweet- 0.000033 i
gum, and poplar)
Tree bark (maple, sweet- 0.00027 i
gum, and poplar)
Tree leaf (maple, sweetgum, 0.00030 1
and poplar)
Wheat, grain 0.00037 0.035 3 1E-08 - 0.001
Wheat, stems 0.00024 0.0014 0.0032 S

a  Mean not calculated for fewer than four data points

b N = Number of Values

¢ Literature Source: Adams et al. (1975), Coughtrey and Thorne (1985), Kirkham et al. (1979), Ng
(1982), Romney et al. (1970), Shulz et al (1976), and Wallace (1976)

d NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commission

(NRC 1977, Table E-1) for use in calculating dose in the absence of site-specific data




WSRC-TR-94-0391

Table 6-2: Bioconcentration Factors for Transuranics in Terrestrial and Wetland Ecosystems (cont’d)

SRS Calculated Values Non-SRS Values
Plutonium-239 Literature  NRC )
Minimum Maximum — Mean® p® Rangesc Values®
Com, stalk 0.072 0.017 2
Literature NRC

Plutonium-239,240 Minpimum Madmum  pMean® Nb Rangesc Valuesd
Bahia Grass 0.000089 0.0044 3

Clover 0.00014 0.02 3

Corn, leaves 0.00021 0.014 3
Com, stalk 00016 0017 3

Pine Trees, leaves 0.00012 0.0073 2 30.006-0.1

Rice, foliage 0.0075 0.025 2

Rice, grain 0.0079 0.015 2

Soybean, bean 0.00056 0.074 3

Soybean, stem 0.00072 0.054 3

Wheat, grain 0.00042 0.029 3

Wheat, vegetation 0.00018 0.013 3

a Mean not calculated for fewer than four data points

b N = Number of Values

¢ Literature Source: Adams et al. (1975), Coughtrey and Thorne (1985), Ng (1982), Romney et al.
(1970), Shulz et al (1976), and Wallace (1976)

d NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commission

(NRC 1977, Table E-1) for use in calculating dose in the absence of site-specific data
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Table 6-2: Bioconcentration Factors for Transuranics in Terrestrial and Wetland Ecosystems (cont’d)
SRS Calculated Values Non-SRS Values
Literature NRC
Americium-241 Minimum Maximum  Mean® Nb Rangesc v alu&sd -
Bahia Grass 0.03 0.12 0.067 6 J23E-7-0.005 0.00025
Pine Trees, leaves 0.000i4  0.00025 2 } 0.0001 - 0.1
Literature NRC
Curium-242,244 Minimum Maximum  Mean® £"| Ranges’ Values®
Pine Trees, leaves 0.0052 0.021 0.013 2 1 IE06-1.7
Literature NRC
Curium-244 Minimum Maximum  Mean® \°| Ranges® Values®
Bahia Grass 0.0075 0.0115 3
Clover 0.0391 0.0499 3
Com, ear 0.0031 1
Com, leaves 0.011 0.0244 3
Corn, stalk 0.0097 1
Rice, foliage 0.0020 0.0023 0.0022 4
Rice, grain 0.0013 0.0045 0.0024 4
Soybean, bean ’ 0.0045 1
Soybean, stem 0.013 0.028 2
Tree wood (maple, sweet- 0.0036 1
gum, and poplar)
Tree bark (maple, sweet- 0.0021 1
gum, and poplar)
Tree leaf (maple, sweetgum, 0.0075 1
and poplar)
Wheat, stem 0.0035 0.0069 2
Wheat, grain 0.0033

a Mean not calculated for fewer than four data points

b N = Number of Values

¢ Literature Source: Adams et al. (1975), Coughtrey and Thore (1985), Ng (1982), Romney et al.
(1970), Shulz et al (1976), and Wallace (1976)

d NRC values - Factors for fresh-weight vegetation provided by the Nuclear Regulatory Commission
(NRC 1977, Table E-1) for use in calculating dose in the absence of site-specific data
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VII. TRITIUM

Introduction

Tritium has been released to the environment as a result of
many operations at the Savannah River Site. Releases
have occurred from reactor operations, recovery of transu-
ranic elements, recovery of tritium, laboratory research,
and heavy water rework. Over 24 million curies of tritium
have been released to the atmosphere, and approximately
1.5 million curies of tritium have been released to seepage
basins and streams (Cummins et al. 1991a). Tritium con-
tributes approximately 90% of the committed dose to the
maximum individual from atmospheric releases and

approximately 35% from liquid releases (Arnett et al.

1993). Tritium has a half-life of 12.4 years

Tritium is an isotope of hydrogen and behaves similarly in
the environment to the other isotopes of hydrogen, pro-
tium and deuterium. Hydrogen is the most abundant ele-
ment on earth in terms of the number of atoms. It forms an
enormous number of compounds, including its association
with carbon in almost all organic compounds. In terms of
abundance and mobility, water is the most important com-
pound of hydrogen (Murphy 1993).

Aquatic Bioconcentration Factors

Tritium enters aquatic systems in the form of tritiated
water (HTO). Tritiated water behaves like HOH and mixes
rapidly with the tissue water of aquatic organisms. The
observation that the ratio of tritium to hydrogen in organ-
isms is similar to that in their environment suggests that
there is no biomagnification up the food chain (Murphy
1993).

Vanderplog et al. (1975) concluded that the bioconcentra-
tion factor for tritium was approximately one. The biologi-
cal half-life of tritium in fish is <1 day; thus the
concentration of tritium in fish will follow closely the con-
centration of tritium in the water to which the fish have
been exposed to in the past day or less. A tritium uptake
study by Eaton and Murphy (1992) indicated that the tri-

tium activity of the tissue water of fish was approximately
equal to the activity of the source water.

Organic tritium is also present in aquatic systems. The
sources of organic tritium are from the incorporation of tri-
tiated water by photosynthesis (algae and other aquatic
plants) and from the uptake of detritus of either terrestrial
or aquatic origin. The transfer of organic tritium through
the food chain from photosynthetic or detritus inputs
depends on the nature of the organic material consumed
(Murphy 1993). However, once incorporated, the meta-
bolic turnover of organic tritium in fish are on the order of
months to years (Eaton and Murphy 1992). A tritium
uptake study by Eaton and Murphy (1992) determined that
the tritium activity of the organic matter of the fish was
approximately equal to the activity of the water measured
in the previous year.

Terrestrial and Wetland Bioconcentration
Factors

Tritium can enter terrestrial vegetation by two mecha-
nisms—vapor exchange with the atmosphere and root
uptake of soil water. Atmospheric tritium oxide reaches
equilibrium with vegetation in matter of hours and takes
place through the stoma on the leaf surface. Uptake of soil
water occurs through the roots and is influenced by the
capillary tension holding water in the soil, the root density,
and the root depth (Murphy 1993). Equilibrium is reached
in a matter of days. Once in the vegetation, tritium has a
high turnover rate, and concentrations in the vegetation
will lie between the concentration of the different sources
of water in the leaves.

There have been no measurements of tritium in soil water;.
thus, no bioconcentration factors have been calculated for
vegetation/soil. However, it has been determined that tri-
tium activity in the soil is similar to that in the rainwater
(Sweet and Murphy 1984). There have been bioconcentra-
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tion factors determined for vegetation exposure to atmo-
spheric tritium oxide. Murphy (1984) calculated a
vegetation/air ratio of 0.77. Hamby and Bauer (1993) cal-
culated a vegetation/air ratio of 0.54.

Tritium concentrations in animals is similar to that in veg-
etation in that the concentration results from tritium trans-
port to and from the animal through numerous paths
(Robertson 1973 and Yousef 1973). However, the two pri-
mary sources of exposure for animals are from drinking
water and from food. The water turnover time for most
species is less than 10 days, which suggests that most ani-
mal species, like vegetation, will respond to day to day
changes of tritium in their environment. However, unlike
vegetation, animals are mobile and will contain water that
is averaged over the area in which they range (Murphy
1993). There have been no site-specific studies performed
to calculate tritium bioconcentration factors for animals.
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Appendix A

AQUATIC BIOCONCENTRATION FACTORS

The following tables present bioconcentration factors that are specific to the Savannah River Site. The data were obtained
from articles distributed internally at the SRS as well as from articles published in technical journals. An attempt was
made to collect every available article that contained site specific bioconcentration factors, or data from which bioconcen-
tration factors could be calculated; however, all information was probably not obtained. These tables should provide suf-
ficient information to allow one to decide the whether or not a bioconcentration factor is appropriate for the intended use.
If more information is needed, the literature article should be reviewed. For reference, Figure 1 (Appendix C) shows the
SRS, its streams and areas. Each table is divided into the following columns:

[y
.

Medium - Organism or class of organisms for which the bioconcentration factor was calculated

2.  Organsim - More specific information (e.g., the scientific name, the common name, the tissue part) about the organ-
ism for which the bioconcentration factor was calculated

3. BCEF - The bioconcentration factor in scientific notation

N - the sample size - if "comp" is given, then a certain number of samples were. collected and composited before

analysis, so that only one analysis was performed. If a number is given, the bioconcentration factor was calculated

from the mean value of that number of analyses on the medium.

General - The general area onsite from which the sample was collected.

Specific - More specific information about where the sample was collected

Radionuclide - The radionuclide for which the bioconcentration factor was calculated.

Comments - Additional information about the experimental conditions for the study

Reference - The reference from which the data were taken

b

NN

Other abbreviations that are used in the tables include;

LTR - Lower Three Runs
Donora St. - Donora Station

A3
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Radiological Bioconcentration Factors for Aquatic and Terrestrial Ecosystems at the Savannah River Site

APPENDIX B

TERRESTRIAL AND WETLAND BIOCONCENTRATION FACTORS -

The following tables present bioconcentration factors that are specific to the Savannah River Site. The data were obtained

from articles distributed internally at the SRS as well as from articles published in technical journals. An attempt was

made to collect every available article that contained site specific bioconcentration factors, or data from which bioconcen-

tration factors could be calculated; however, all information was probably not obtained. These tables should provide suf-

ficient information to allow one to decide the whether or not a bioconcentration factor is appropriate for the intended use. .
If more information is needed, the literature article should be reviewed. For reference, Figure 1 (Appendix C) shows the

SRS, its streams and areas. Each table is divided into the following columns:

[y
.

W

e

Medium - Organism or class of organisms for which the bioconcentration factor was calculated

Organsim - More specific information (e.g., the scientific name, the common name, the tissue part) about the organ-
ism for which the bioconcentration factor was calculated

BCF - The bioconcentration factor in scientific notation

N - The sample size - if "comp" is given, then a certain number of samples was collected and composited before
analysis, so that only one analysis was performed. If a number is given, the bioconcentration factor was calculated
from the mean value of that number of analyses on the medium.

General - The general area onsite from which the sample was collected.

Specific - More specific information about where the sample was collected

Radionuclide - The radionuclide for which the bioconcentration factor was calculated.

Comments - Additional information about the experimental conditions for the study

Reference - The reference from which the data were taken

Other abbreviations that are used in the tables include:

Boiling Sp. - Boiling Springs

Burial Grnd - Burial Ground

Donora St. - Donora Station

E Boundary - Eastern Boundary of SRS, west of Barnwell Nuclear Fuel Pilant
FMB - Fourmile Branch

Martin Mill. - Martin Millet

NE SRS - Northeast Savannah River Site

Pat. Mill - Patterson Mill

SRL - Savannah River Laboratory

B-3




e

Radiological Bioconcentration Factors for Aquatic and Terrestrial Ecosystems at the Savannah River Site




Radiological Bioconcentration Factors for Aquatic, Terrestrial, and Wetland Ecosystems at the Savannah River Site

v1g61 'TE 1 oteupy astoyuoad ‘507=K8[0 ‘% | {1 yrg-wo| umidpooLi] gW.i/eary H ol €0-H05y uIBIn) J3utoqrels o
{861 '[8 13 OUBLDY asnoyuad ‘a0z=Keld ‘%1 1=11s yvz-wp) ureidpoold] EA/EIY H 9l _ €0-3007 23en0) JBUU0QIS a0
B[96] ¢ 1 OUBUDY asnoyuoaud ‘%0z=Aed ‘%1 1=UIs yrz-w)| ureidpoold) W/ENY H 9] €0-306'1 ureln ‘oleN Ry
B[86] ‘T¢ I3 OURLDY asnoyuasB ‘% 07=Ae[d ‘% | | =3I yvz-wo| ureidpoold| gneiresy H 9] __fo-HO0I'T 23eiio; ‘0N »Ry
®I86] ‘[8 13 OURLpY asnoyusd ‘g0z=Ae(d ‘%1 [RIS yrz-wp| ureidpooly] GWH/ENY H 9 £0-30¢'1 urn 1951-Y1 »py
21861 ‘[¢ 13 OUBLIDY asnoyuad ‘g07=Ke]0 ‘% | |=IIS yyz-w)) uredpoold] gy H 9 £0-30£2 deno) 1os1-91]" any
21861 ‘8 19 oueUpY asnoyusaB *g,07=Ae[ ‘% |=11s yhz-wp| ueidpoord) gWdeNY H 9 £0-90L'1 urlp ‘eued 3124 Ll
®186] '[8 13 OURLpY asnoyuaid ‘% 07=ARId ‘% | [=11lS pvz-w)| uredpoold] dWN4/ENY H 9 £0-902'C aderjof ‘vuled 3|12 I n]
QU861 '[¢ 13 oUBLpPY asnoyuaid ‘§0T=A8|0 ‘% | 1=111S ‘% 69=puBs] vyz-wD| ureidpoold] gNA/EMY H L £0-H0L'6 yng ‘skow vaz i)
41861 T8 12 OURLIDY ssnoyuoad ‘gz=AR[D ‘% | [=MIS ‘% 69=puEs ypz-w)| uredpoold] gi/eaIv H L Z0-30b'T s3AeY] ‘sow Iz wo)
9861 ‘[¢ 12 OURLIPY 1834 tp ‘osnoyuasB ‘g, 0z=Aeld ‘% 69=pues yyz-wo| ureidpoold| g /a1y H L] zogs01 saaea] ‘s{ow vz use)
9861 ‘I¢ 13 oueLpy K 151 ‘9snoyuaasd ‘o (7=AeI> ‘% 69=pues yyz-wD| ureldpoold) N /Y H Ll zoawe saaed] ‘s{ou 077 woy
Q1861 ‘e 13 oueLpy osnoquaad ‘g07=ABId ‘% | [=MIS ‘%69=PuEs ypz-w)| uredpoold| SNV H L £0-H01°E g ‘sdowoaz| v wop
qI861 ‘8 13 OUBLIDY! asnoyusasd ‘p0z=Aeld ‘% | |=)IS ‘%69=puns prz-w)| uredpoord] gWd/eMY H L 20-306F suadas uniofil] Jaa01)
9861 "[¢ 19 OURLIDY Juak wy *asnoyusad ‘9,07=Ae[d ‘%69=pues| yyz-wO| uredpooly| gl /ey H L z0-916'¢ suadas umpofis L 10401
9861 '[6 19 OURLIDY T3k 151 ‘9snoyuod ‘g507=Ae|d ‘% 69=puBs prz-w)] uredpoold| g /891 H L 20366t suadas wnyjofti] 124010
91861 ‘[ 39 OULLpY/| asnoyu3sd ‘BOT=AR[ ‘% [ [=3[I8 ‘%G69I=pues| prz-wol umidpoold| G-/ H L £0-305°L wnivjou uinodsod SSBID eryeq
9861 '[2 12 oueLpy Jeak yip ‘asnoyuasd ‘g 0z=Au]d ‘9 69=pues ppz-w| ureidpoold} gL /ey H L 20381l wmipiou_unjpdsog sSe1n) efeg
9861 '[8 19 oreLpy Teak 151 ‘Isnoyuod ‘g507=Ae|0 ‘%69=puBs ypy-w| ureidpoold| g eIV H L €0-ASL'L wnpiou_wnivdsvd ssedp) eiyeq
2661 Audmpy vhzzye-wo| o8pg uiseg TS 91 £0-80T°¢ soAeYy 1], duid
2661 Auydmp Ty wd|  puised T3S 7l 70901 $aAE] L suld
7661 Aydmpy| 1yg-uy] 28pg useg) TS 91 $0-308°T $2AL] g duid)
7661 Aydmiy 1wyl puiseg TdS 14| $O-30'1 saned] 2L wid
90861 [ 39 OUBLpY ssnotusas ‘oneumuuiag soye skep 081 ‘w0 adnosy 1wy 70-300°€ wntiou wnjodsod ssep) engeq
q0861 8 19 ouBLPY! ssnoyusard ‘voneuiuusd oy sKep og | ‘J10S 3dnoiy, 1p7-WwyY Z0-30S°L wnojou wnjpdspd ssei) Biqeg
40261 e 19 oUeLDY %snoyusasd ‘vopeupuuad saye sKep oo ‘o dnor | 1$7- WY _ 20300 wnypiou wnjodsod sselp) eryed
90861 [€ 13 oueLpy asnoquaad ‘oneuruued Jae sAep 081 ‘(108 Uepioq -y 20-306°S wniviow wnjodsvd sseap) elyeg
40861 [2 0 oueLIDY asnoyusard ‘voneufuuial Joiu sAep o€ | ‘10§ vewoq wzwy 20-300°8 wnpiou wnjodsod | sse1p enped
90861 [e 13 oueLpY osnoyue8 ‘vopeunuusd ayge sep 001 ‘Jiog reyoq 1¥7- Wy 10-30Z'1 wnipiou wnyodsod ssein) eryeg
NUAIYIY “RIOHYPUe) apipnuoipey aypadg [EJUD) _dod wsiuedaQ wnpan

uoneyo]

B-5




WSRC-TR-94-0391

3}

EL61 ‘T8 13 UOSISpUY rindoquo/eiadowoy - miqeH PRL-PIO LEI-SD| ureidpoold] Y3050 |98 dwoo 10-90€'y eiadowoy spydy
£L6] "¢ 13 Uosispuy ©131d09j00/RIRdoWOH - YeuqeH PIRII-PIO LEL-SD] ureidpooly]  Yseu) [9918 dwiod 10-30L'9 eindouwoy spiydy
£L61 'Te 39 uosIpuy Seouely resadowoy - 1uiqeH PIRII-PIO LEL-SD| ureidpood]  ¥3e1) 19918 dwod 10-908°9 eidowoy spiydy
¥CL61 8 W UNBD Wauuady play LEISD| ureidpootd]  ¥3er) 13918 91 10-500°6 WIS “DIDINLIAS SULY 3ply
BSL61 T8 12 ULBD Wwaupadxa play _L£1-50] umidpoord) %931 j5is 91} _ 00+301T e $3103dS “BDINLIIS SnulY 32pIY
¥SL61 ‘[B 12 UARD wawudxa play LE1-sQ] ureidpoor] ¥3010 RIS 91l oo+30T'c $1001 ‘DIDNILS Snupy #pIY
BSL61 T8 I9 USURDH wwuadys proy LE1-sD) ureidpoorg]  Yee1) 19318 o1] _ 00+d0ET SaAeo| ooy snupy| - 39p1Y
2661 Aydimpy 09-0D]{ 23pg useg TdS 91 70-308'[ SIAEYT 3arp auyd
7661 Aydimpy 0900|  vuised TS| 4 10-901°9 SIAET] 2ai], Aid|
LL61 ‘T8 12 OuBLpY ssnoyuoaid ‘iog sdnoay, ‘%7 1=Ae|d ‘%z8=pues 09-90 4 109421 walg ‘skow bz woy
LL61 ‘T8 19 ouRLpY asnoyusaud 1108 UeRO( ‘%0E=ABID ‘%EG=puRS 09-90 4 10-969°C was ‘skow vz wo)
LL6] T8 19 ouBLpY ssnoyuoad ‘jog 3dnal] ‘g7 [=Ae[0 ‘% zg=pues 09-0 14 107960C soAe] ‘sdou bz woy
LL6Y TB 19 OUBRLDY snoyusd TI0S UBHO( ‘%0E=AUId ‘% EG=PULS 09-00 14 10-9€9'S soaed] 'sXow vz woy
LL6T ‘T8 39 OUBLPY snoyuod ‘108 3dnai], ‘gz | =Kep ‘% 78=purs 09-00 2 00+920'1 soaed| Sunok ‘sup8na snojasoyd uedg ysng
LL61 TE 19 oueLpy osnoyuaaid ‘110§ 9dnosy ‘%z | =Ae|d ‘%T8=puts 09-00 14 103£6°L wa)s 's14p3fna snojsvy ueag ysng
LL61 e 13 oweLpy snoyuaaid ‘110§ Ueo ‘%0e=Ae|d ‘9 £9=pueg 09-90 Pl 00+IZET WNs ‘Sup3INA Snopasoyd ueag ysng
LLG1 T8 13 omeLpY ssnoquod ‘qiog odnaay, ‘gz | =Ae2 ‘%z8=pues 09-00 ¥ 10-900°y SIARI| PJO ‘S1D[MA SnOLSTY Y ueag ysng
LL6Y ‘I8 13 ouBLIDY snoquadid ‘J10g ueqioq *%0e=KBld ‘%EY=pULS 0990 4 10-907°S 243 PJ0 ‘S1DF N4 SnOjasTYS esg ysng
LL61 & 12 OURLIPY! ssnoyuaald ‘1108 vepoq .Mvomnb_—o ‘9, {O=pURS 09-00 2 00+H78°T s2A89] Junof ‘supdna snojasoyd . ueag ysng
Q1861 '[e 9 0UBLPY asnoyquod ‘g Oz=Ae[ ‘%1 [=1[IS ‘%69=P yye-wp] ureidpool] g /ey H L] €o-30s°€ WISIS 'WnANSID MNIULLL eoum
__9861 "¢ 1 oueLpy Jeak iy ‘osnoquedud ‘9 07=Ke[d ‘% 69=pues yyz-wy| ureidpooly) g ery H Ll £0-a889 WIS ‘WnANSID UNILL 1EUM
9861 '1¢ 13 ougpy 804 15 ‘osnoquaasg ‘9 02=Keld ‘% 69=pues prz-wp| ureldpool| gINg 221V H L £0-929'€ wong ‘wnapsav wnouu | 1M
91861 ‘T8 19 OUBLDY osnoyuaud ‘gz=AR[d ‘9 | |=1)Is ‘%G9=puLs yrz-w| urerdpooLy) g ey H L £0-30€°€ UIR1D) ‘WNALIS2D WnIlL ] M
#861 '8 39 10puld wxupadx? PRk yrz-w)| uridpoopd| WS eerv H 6 £0-309°€| poo ‘sejdod pue wndiooms ‘sidey L
#3861 Te 19 19puld WRULdYD PIL] ypg-w)| ureidpoord| g eIV H 6] €0d05 1] sanea ‘reydod pue ‘windiooms ‘Sidey o]
$861 T 10 I3putd suswpadxs plaLg yrg-wy| ureidpooldt G eIV H 6 €0-301°27]__ 3mg ‘reidod pue wndeoms Jideny L
91861 I8 12 oUBUpY! 95n0YUSaIS ‘g07=Ke[d ‘9 | I=UIIS ‘%69=pues yrr-w)| urmdpoold| g /earv H Ll zoH0Et w3Ag Xow upko ueaghog
9361 T8 13 0UBLDY Teof (py ‘osnoyuod ‘4 07=Ke}d ‘% 69=pues ypg-w)| ureidpoord| g AV H Ll zoa6LeT wang ‘xow sud1o) § uexqkog
9861 [¢ 13 OUBLIPY. 189K 15 ‘asnoquaasd ‘% 0z=Ke|d ‘969=pues yyz-w)| umdpoold| AN eIV H L 20-98€'1 walg xow 3upko weaqAog
41861 'TE 19 OURLPY osnoyuSAE ‘g0z =Ae[o ‘%1 [=HIS ‘%69=PirLs yyz-w)| ureidpoop| g /eosy H L £0-305'% ueaq ‘Yol 2upi)n ueaghog
UAIJIY Eo:_.wl.._oo apipnuoIpey agadg [LAETIET) N 404 wsiuedio wnlpdIN
uopje0]

B-6



i
'
¥
1

2 ) &
& ; foa]
S 861 ‘I8 19 OURLPY. 72k 151 ‘esnoyusesd ‘g 0z=ABI0 ‘%1 1=111S Lg1-so| urerdpoor| A /eIy H L 00+30€°L suadas wnyjofis] ) 101D
.nm £L6] ‘I8 12 UosIpUY| esidoquoesndodjod - 1eiqeH PIsLI-PIO g5} umidpood] g gssig]  dwos]  10-HOCS eindosio sonseg
3 £L61 '[® 10 UOSIPUY BOUA/eENdoa[0)) - 1BUGBH PIL-PIO Lg1-s0] uwmdpoopd] yearygeais|  dwodl  10-H06H m3idoso) R b
m £L6] 'T¢ 12 BOSIopUY snupy/esxdodjon - 1geH PRL-PIO Lg1-5Q] umdpood] yserpypeaig]  dwod]  10-309'6 edodo)] - sonRg
3 £L61 ‘I8 10 U0SISpUY eindowo/aIndos|o) - eiqeH PIALI-PIO Lg1-50} umidpooyd| yeaupjeais)  dwod]  00+HOZY exadosjon sopseg
M £L6] "[E 19 BOSIpUY vododospuy/essndosio) - 1iiqeH PRL-PIO g1-50] urdpood] weasppeaigl  dwos]  10-301'% wadosjoo] sspog
= £L61 ‘T8 13 U0LIPUY| swauryeindosioD - IIQRH PIS-PIO L£1-50] umdpood] yoaypoaigl  dwodl  10-A0E'6 : 133d02(0) sopog
———— s — - T
m £L61 I8 19 UosIpUY xqesyesndoaiop - 1UqeH PIRLI-PIO L€1-s0] umdpood| yeapppeas|  dwodl  10-30TY wadogiop] sapveg
3 #861 T¢ 12 OURLPY 1eak g *asnoyuard ‘q0z=Aepd ‘% |=)is Lg1-50] ureidpootd| N /easy H L] 00+g09'1 wnpiou wnjodsod | - sseiy enyeg
m, 361 I8 13 ousupy Jeah Qi ‘98NOYUIAIE ‘HOT=AUD ‘% | |=UIS L€1-5D) umeidpoold) g /%Y H L _ooHHIgY wmpiou wrfodsod |+ ssup eiyeg .
o #3861 'Te 19 ouBLpY o3k pig ‘asnoyuaaud ‘907=AEId ‘%1 [=1lts Lg1-sD) uredpooldf AN Y H (] 00+F6SL unyjou winyodsod sseip) eryeg
.lm. Y861 ¢ 13 ouvLpy Jeak pug ‘osnoyusasd ‘g 0z=Aeld ‘% =S LE1-50) umidpoold) g /esY H L] oovagse wnipiou wnjodsod sseI0 ey
W 361 '[8 13 ousLIpY __Jeak 18] *asn0yusaid ‘x,0g=Aelo ‘% 1 =11 L€1-80] ureidpoold| ging /easv H L] oo+a0T¢| wnijou wniodsvd |~ sseip eneg
w SL61 "8 1 WY : LEL-SD mpp] e [991g £l 1090%' s1001 ‘mij0fisn] puLIISDS pEAymoLy
3 $L61 I8 12 ZieyS LETSD aiep] 4991 19315 9sl __10+9LEY 51003 ‘vjofup) oMOMEVS| & pesymoury
N
m SL1 ‘[¢ 13 Teys LET-SD BRp| W10 [PAS £l 10-905°9 $9AR3] ‘D1j0fii) DLUDMEDS peaymoLy
N
=~ SL61 BN sﬁﬁ LE1-$D npp] . yeaso ;g 9l 10+980 SoAE3] ‘D1j0fiiy DLDMEDS peaymouy
g
m LL6] dureq pue uoLen H wdd £} ‘et p=1s0u 108 ‘g0 y=soneus 810 LEVSD 3391 19§ ov] _ oo+dOCE saaua| ‘vijofiiv] vuoISS|, peymoLTy
< LLG] 2ufed pue uspen 3 wdd ['Z ‘%gee=Isions 1105 ‘% | y=aane 310 LEI-SD AR [9N§ ovl _ 00+I06°L saAR3| ‘D110fl1] DLOISDS PEAYMOLIY
1
ros:. LLG] Sured pue usue) 3 wdd 60 ‘16z 1s10W 1108 ‘956 g=sonews 830 LEL-SD X331 [P oF 10+3L0'L soAea] ‘vijofito ouoindog| peaymolry
W .
m LL61 384 pUB USLTD N wdd 61 ‘%1 Ep=1SI0W fros ‘g p=1onww 810 LEI-SD AR 193§ ov| __oo+d0Sy saAe3] ‘v1j0fiv vLDYI8DS peaymory
nm. LLG) dufed puB LD 3 wdd g1 ‘gp° Le="1510W 1408 ‘g €"g=IouEW 10 LEISD A3300 1P3§ or]  oo+gort $9Aw3| ‘v1jofisv] DuUDIIEDS peaymoLry
8 — ,

N8 LL6) FUE PUR UIULD 3 wdd |7 ‘%8 6e="15[0u 1108 ‘¢ g=sonow 310 LE1-SD A3 [PAS ov] _ o0o+a09'E saave| ‘D110fiib] vuDYSVS pesyMOLTY
m LL6] Jured pu uauen > wdd ] ‘g¢ pz="1s10W [os ‘97 z=1ouew S10 LET-SD J puod or]__oo+doI’L saaeaj ‘v110flivy bUDISDS) pedymoLry
§ LL6] Surd pus U3LED 3 wdd 971 ‘96 "E8="1810Us 1108 ‘41 Zp=soueut 310 LE1-SD] svemyoeq] youelq udd ov}  10-900% __ saneay ‘piyofimy puomsog| pesymoLy
S £8=18
m LLE] MIRd PUE USUED N wdd 90 ‘9" y7="1510W 108 ‘9C" [=svuEul 310 LE1-sD] oaooisam)  puod 1ed o] 00vH00'L saaea] ‘o1jofisn) suvHISS peaysoLry
3 LLGT 3uled pue uaen W widd $°9 ‘951 €9="1810W JI0S ‘%1 "¢ |=1onvw 310 LEI-SD] Jaemyoeq] we( JoAeag or 10-300°¥ $aARD] ‘DIj0fiIv] DUDIISDS pESYMOLIY
2 £L61 '[B 119 UOSIOpUY xfjeg/usidowoy - 1E1qEH PI3L-PIO Le1-sD] urerdpoopt] warypeais)  duioo]  10-HOGE edowoy| spiydy
.m €L61 '[E 19 UOSIopUY eoukresndowoy - 1euqeH PIRLI-PIO Lg1-sD] umidpood] 3991 (991§ duiod 10-90€°€ eiadowoy spiydy
3 ££61 TE 13 uosispuy sauy xndowoy - 1eNqey PIL-PlO Lei-so] urdpoory] yeaspieas  dwod)  10-30T°€ wiaidowoy spiydy
& £LG1 [¥ 12 uosIopuy uogodospuyesadowoy - 1eNqUH PIRLI-PIO L£1-sD] ureidpoopy) yeoupeag)  dwod]  10-H08'T esaidowoyy spiydy

RUARY ..Eo_:v:eo IpjpnuoIpey yy1eds jeIIUID N J09 wsiuedi0 wnipap
:o:SS




WSRC-TR-94-0391

LL61 kel IMr1Aos LE1-SO 1A ted LT €l 10+350°f sy duny
WA
LL61 &vH youeaq usjref LE1-SQ) -unmn b8y L] 10+5001 duedy 1Bung
L6} feH youeaq u3lfey LET-SD) WA Yed p:h ] gl 10+arel ouredy 1Buny
! ‘N
LL61 AeH $30f suog LEI-SD]  -unmi L1 of] _oo+d0L9 ouedy Bung
LL6Y Aerd 530] suoid LEI-SD] I ted AT u| _1o+a0s1 ouedy fduny
I
LL61 AeH sdwmns Suipueig LEI-SD .L“_.ww ML £ 10+38'1 ouedy 13ung
LL61 keH sdwys Suppuers LEL-SO] TN Bd p:h iy | ¥l 00+H09'6 ouedy 13unyg
W
LL6Y Aol $I1BAISYNS (1Y LEI-SD -UnmN bR g 1z} 00+30€°6 opedy 1Buny
LL61 Aol $a1RAsqns 11y LEI-SD] IINALed L1 Zz] 10+3vEl ouedy 13ung
£661 ‘& 12 IDOMM LEL-SD puod 5ed 10-900'6 sa|qeiafan ysaug
£661 ‘& 13 INOTM LELSD puod Jed 00+900°€ 98e0f L3
£L61 T8 39 UosIopuy widowopyessdoquQ - wiqeH PIRI-PIO L€£1-sD) ureidpoopt) yeexypeeig|  dwodf 00+901T ridoquo L)
£L61 '[E W uossopuy esaidosjop/esndoqig) - IBIGBH PIFL-PIO LE1-sD| ureidpood] 3301 13318 dwoo|  00+H09'1 eadoyuo I
£L61 '[8 19 UosISpuy QeaUERIy/83dOYLO - 1BIGEH PILI-PIO Lg1-s0] uredpoory] Y9913 joaig dwoo]  00+309°1 eadoqy SIPLY
£L61 T8 19 uosISpUy x1peg/eIndoyuo - JeqeH PISL-PIO ££1-s0] umidpoord| y901) ot duwoo 10-H0t'8 eiadoyug RL Ol
£L61 'TE 1 BOSIFPUY eoukj/eINdoYUQ - 12IGeH PIA-PIO Lg1-s9] umidpoory] yeor) peaig|  dwoo 10-906°9 eindoqup sIPLD
£161 ‘& 12 uosIspuy snuy/esndoquQ - JeuqeH PIRLI-PIO Lg1-sD) umidpoopd) ysexpparg|  dwoo|l  00+d0€'l eiadoyquo SPLD
£L61 I8 13 uosiopuy uododospuy esaidoquQ - 1ENqeH PRL-PIO LE1-5D] uridpooldf ¥ |o3ig dwos 10-909'9 wadoyig sI242u)
¥861 '[E 13 oueLpY Jeaf yig ‘asnoyuacud ‘g 07=Ae|d ‘g1 1=]1S LE1-sD| ureldpoold] g /e3V H L 10-30£T swAg ‘showt vy woy
¥861 I8 19 OUBLDY Teok yip ‘9snoyu3oud ‘o 0z=Ae|0 ‘% | 1=111s Lg1-sQ| ureidpoord] AW /o3Iy H L 10-30L'1 Sworg ‘skow oag| . wo)
861 e 19 ousLpY Tea4 pag ‘asnoyuord ‘g oz=Ke[o ‘% [ 1=)1S L€1-5D] uredpoold| g eIV H L 10-408°€ swalg ‘skow oz wo)
861 "IE 12 ouRLpY Jeak pug ‘asnoyuoals ‘g07=Ae[ ‘% 1 [=3IS L£1-5D| ureidpoolt | gL eoIV H L 10-H08°T swarg ‘sow vz wop
861 T 10 oUBLDY Jeo4 151 ‘osnoyuaIs ‘gp0z=Ae[2 ‘% | =M1 LEI-SD| uredpool| GIN 2V H L 10-906'¢ suiaig ‘sous vog woy
¥861 ‘I8 19 ouvppy e (g ‘asnoyuacid ‘a0z=Ae|d ‘%[ {=1lIS L£1-s0] uredpood| g ey H L 10-30¥°S sarea] ‘svw oz woey
¥861 T8 33 ovelpy ek i ‘osnoyuasd ‘yo7=Aeld ‘% [1=11S L£1-sp| urerdpooty| g /ey H L 10-90b'T sonp] ‘sAow 07 woy
$861 T8 19 GUBLDY Jeak pig ‘asnoquaaid ‘o 0z=Keld ‘% I [=NIS ££1-50} ureidpoopd| gy eV H L 10-H0E'L saAea] ‘s{ow pag wop
$861 T2 19 oUeUpY Teak pug ‘osnoyuaai3 ‘o, 0z=Ae[d ‘% 1 [=)jIS Lg1-5D] ureidpoort| g feory H L 10-90b°L soARYT ‘skow D7 wo)
7861 ‘T¢ 12 ouRLDY Jeak 35| ‘asnoyuaid ‘g oz=Aep ‘% [ [=1Is LE1-sD] urerdpoo] g eV H L] 00+3EST saAeo] ‘Skow vaz{ . woy
7861 A& 9sem Jjenauad jou pIp 5100y LEV-$D pup reung €1 20-30T°9 saABY] wI0)
7861 Ae0 isem s1rnouad jou pip s100y LEI-SD puwi feung £1] _ z0-d00°1 uEIn wop
861 '[8 13 oueupy Teaf pig ‘osnoquonsd ‘a0z=48[d ‘% 1 1=A1iS L££1-5D} ureidpoold) g eV H L 10-900°8 suadad unofiil A0
7861 ‘¢ 10 oueUpy Jeak pug ‘osnogued ‘g0z=Aeld ‘%1 1= LE1-SD] ureidpoold] gg 2V H L 10-90€°6 suadas wnijofir 1 P
IUIIIY SUoHIpUo) apipnuojpey | aypeds. 181U N J04 wsiuedi0 wnipIA
| uopeso]

+—




Radiological Bioconcentration Factors for Aquatic, Terrestrial, and Wetland Ecosystems at the Savannah River Site

'
‘
¥

’

£L61 2anys pue opepsdey 1098URN W O LET-SD] 1S viouoq L1 dwod 00+d9'L 51003 ‘wniqni 133y side poy
€161 anys pue spepsdey 1oIsuen W 09 LEI-SD) 11§ elouoq VI dwod 00+3€°T S100J ‘wniqni 4122y odey poy
£L61 o.::—.ME oﬁvmuum 0suRn W Og Pmr_.‘nu “IS 'IOUOQ AL dwoo| 00+dE'8 $1001 ‘wniqns 130y sidely poy
£L61 9anyg puv oepsdey 1esuRn W 06 Le1-50} "ds w:Eo’m 11 dwod 00+41°2 1004 ‘WLIQNI 122V sdey pay
££61 3myg pue oepsdzy 1095UeD W 09 L£1-5D]_-dg Jugrog pihig | dwod 00+89'[ S1001 ‘wtiGis 499 sidepy pay
€161 nyg pue apssuy 1305URN W OF LE1-5Q) “dg Bumog UL dwod 10-35°8 S1001 ‘winignd 429y adey poy
€461 2IMYS pue Irepsdey 3asuen U 06 LET-SD) TIA-URIBI ik iy | dwod 1049L'S SIARI] ‘wnigns 129y ade poy
£L61 uyg pus spepsdey esuRa W 09 LE1-SO] HIW-unsmiy Ll dwod 104L'} SIARI] ‘wnignt 432y sjdey p3y
€L6] 2umys pue spepsdey 1005UBR W OF LE1-5O] IN-uRmEN ¥ dwod 10-99°1 saaea| ‘wnigns 122y| Jdep pay
£L61 2myg puu orepsdey 195UBN W 06 LE1-sD] 11§ BIouoQq __ 411 dwod 00+ASH'S SIABD ‘WILIGNL 433V Ide pay
€61 dmyg pue Jepsdey 1398UBL W (9 Le1-50] 18 viouoq i ig] duioo 00+92'1 SOARI] ‘winqn 120y aydey pay
£L61 330Yys pue apepsdey 10sUen W OF LE1-8D] 118 riouod 411 dwoo 00+ALY'€ SIAED| ‘winiqni 423y oide pay
€L61 JImys puw spepsisey 1995URn W 06 1e1-s0] 'ds m:Eolm 1T duwiod! oo+d1'T SOARI] ‘wniqns 430y Ipdep pay
€L61 2mys pue spepsdey Joosuen W 09| Le1-so] 'ds w:m._om bih il dwod 10-30'T SOARD[ ‘WnJqna 420y sdepy poy
€161 2mys pue depsdey 1305 W O LE1-sQ| -dg Suriog A1 duwios 10-9€°L SIARD] ‘WNIGNL 19TV odepy pay
7661 Aydimn Lg1-sD] 2%pg urseq TaS olf _ €0-30TS soaev] 3218 duid
2661 Aydmp LEI-SD p uiseg T3S Zl 00+3LET SIAEYY 931] suid
TSL61 T8 "W UAED awuadxs pioy LE1-5D| umidpoold] 9313 1o1s €] 00+H08'E WA ‘D43f1429 DILKW W
BgL61 [E 13 uNRD Juaupadxd proy LE1-50] umeidpoold]  ye91) 1S €1 00+307°9 weat §o100ds ‘DJafid20 VI SPAN
BSLG1 (8 19 USRD wowpsdy? pey LE1-5D] umidpoori| 991D 19918 g1l 00+309°L 51001 ‘8431432 DILKH| AUAW
BGL61 ‘T8 1 usuen wxuuadxd poy LE1-50] ureidpoold] 331D |9 ¢l 00+901'L S3AR| ‘D42/1420 DIULWN AW
‘]
LL61 AeH $80sqNs {1V LEL-SD -E%W““ ULl L 00+300°'8 [LIRAN 1duny
LL6Y ABH S9Iensqns 11y LEL-SD] WA ed LT oL _lo+gioTl oL 1uny
TN
LL61 AeH SBNSNS Youesq uafje.y LEL-SD -une 4L gzl 10+8STL wyoelg 13uny
LL61 AeH $ALNSQNS Youedq udfre.] LET-SO) 1IN 18d iR og| 81 00+305°L pug 13ung
hit}
LL61 KeH sayensqns s30] suaid LELSD .s_h_um 1] oll _ oo+d08¥ pypeg 1uny
LL61 keH sotensqns sdof duoid LE1-SD) 1A 18d Ay Ll 10+IEL'] ey 13ung
LL61 kel sarensqns sdwms Jupueig LELSD _s_k_.“n L1 LI} 00+30Y'9 Yydelg 13ung
LL61 Koy sanensqns sdums Surpuerg LE1-SDY 1IN ted L1 €1]  oo+dopL yoeg 13uny
MW
LL6T Kol $21e08G0S [ LE1sQ]  -umen p:A iy o} oo+dorL wyoeig 18uny
LL61 Ko sensqns ||y LEI-SD]  HIN IEd ALT 8 00+406'8 oyoeig 13ung
N
LL61 Aoy INrjios LEI-SD)  -unmp p:A g | 1} 1otagey ouedy 13uny
PUIIYIY SUORIPUO) spipnuolpey | dupads [B13UID) N 404 wsjued1Q wnpap

uopEO|




WSRC-TR-94-0391

¥861 ‘(¢ 13 OUBLDY 89K 151 ‘osnotusaad ‘%0g=Asio ‘% 1 1=y1s| LE1-50] uredpoord| AN eV H L 10-90¢°1 SWNG ‘Yow K19 sueaqhog
$861 '[¢ 19 OURLPY Jeok (g ‘osnoyusald ‘g oz=Aejd ‘%1 =i L£1-5D] _urerdpootd| g eV H Ll - 109097 Suedg “Xouw aupk1o suesqhog
Y861 T8 19 oUBHpY Teok iy ‘asnoyquad ‘g (z=AeI0 ‘%1 1=Is Lg1-sQf _urejdpoory] gLt /e2sv H Ll 10806 suedg xvit upho|. sueaqhog
#3861 I8 12 OIRUpY 23k pag ‘asnotusard ‘g 0z=Kepd ‘g 1 [=11s] -L€1-5D] _ureidpooyy| g parv H Ll 10306 Suedg X w1 sue3qhog
#8361 'I¢ 12 OUBLIDY Jeak pug ‘ssnoyusaid ‘g07=Kep0 ‘% 1 1=1Is L£1-5D) um[dpoold] g /easv H L 10-300°L sueaq ‘Yow 2upkln sueaqhog
7861 AeD 9)sem Nexsud J0u pIp K100y LEL-SD puwin feung o1l  00+399't sueag ‘Yol upf1o sreaqlog
PL6I ‘T8 1 uigspg S[ewurew [[Bus/soeus LEL-SD 00+3r6°7 sofeus
SL61 ‘I8 W ZIeyg LE1-50 8n0d poI< liog LE1-5D wepl A% pAIg 201 10-906'€ SWAS ‘wnjpound wnuodkjod pRMUTIUS
SL61 T8 12 DeyS L£1-8D 310d 001> 1log LELSD wep]  yoe1) 1o 81 10+922'1 Swalg ‘umpsound wniodhjod PROMUBLG
SL61 ‘T8 1 Tiueys L£1-D 810d 001< Jlog| LEI-SD aRpl Yo g 701 10-307°8 5100y ‘wmpsound wnuodfjod PRMUTIG
SL61 'I8 12 TIeYS LE£1-5D 310d 001> llog LELSD wiop] AN |98 81l 10+36LT $100Y ‘wnippound wnuodlod| ° PRMUTWS
SL61 Te 12 ALRYS LE1-5D 810d poI< Hiog LEI-SD wap] A (998 201 10-900°9 sanes] ‘wmipsound wnuo8<jod| | pRmUTLIS
SL61 T8 39 Ziuwys L€1-52 810d 001> 1108 LEL-SD wep] Y391 19918 81| 1o+asl’l sonvo wnyopound wmuosGod | prmewIg
6L6] USPPEID LET-SD 4L 10-302°6 wnpsound wnuo3fjod pRMLITIG
6L61 UppPRID LEI-SD AN 10-50€9 wnpsound uwnuo3fjod pRMUITLG
©1861 ‘[¢ 19 oUBLpY osnoyussd ‘%0z=AB[o ‘%] 1=1is LE1-SD| ureidpoor| gIAd /ey H 9 10-900°L Ure1n ‘1ouogrelg 20y
1861 T8 10 OUELPY asnoyuad ‘g oz=Aed ‘%1 I=1is L£1-sD] ureidpootd) gIAL] 233V H 9 10-901°L adefio) 1ouuoqug 20y
BIg61 B 19 OUCLPY osnoyuseud ‘g,07=Ke1d ‘% | 1=11S Le1-sD] ureidpoold) g /edIv H 9 10-909'% ureiqy ‘o1eN 04
B186] [¢ 19 OUBUPY ssnoyuaard ‘goz=Aep ‘%1 1=1]1s LE1-sD) ureidpoord] g revsv o 9 10-8300°L 28erj0) ‘oleN 0y
B1861 B 13 0UBLPY ssnoyusaid ‘g07=AE[0 ‘% | |=)|IS LE1-5D] ureldpoold] g eV H 9 10-301°9 UrRID ‘195 -1 20§
BI861 '[¢ 19 OUBLPY osnoyusald ‘g0z=Kerd ‘% | |=IIs LE1-5D] ureidpool| g /ey H 9 10-909°6 2321[0J ' 195 1-Y1 oy
€261 'T¢ 19 oUBLDY osnoyuod ‘g 0z=Aul> ‘% 11=111s ££1-sQ1 urerdpood| g 23V H 9 10-909°¢ urein ‘e afieg 2ny
21861 '[® 19 OUBLDY ssnoquaasd ‘g0z=Aed ‘% [ [=111s LE1-SD| ureidpooly] g /eI H 9 10-90€°S 23e1fo) ‘Buled 3¢ 20
£L61 33048 puv Hepsiey 138U W 0f LE1-SD] UN-unre ALY dwod]  00+H¢9'] 81003 Junok ‘wniqns 120y (eI PRy
| EL6135myg pue Spepsdey 1005Uwn W 09 LET-SO] IN-unlE ANy dwod 104919 $1001 Funok ‘unsqni J2oy odeiN p3y
| £161 3InYS pue ; SepsSey J305URn W O LEL-5D| IIN-URIRIN _uL1 dwos 10-3¢'9 $1001 unok ‘wniqgni 420y SdelN poy
£L61 amyg puv opepsdey 3308UR W 06 LE1-5D] 1S elouog AL dwod 104+31€°1 s1003 Junok ‘wniqni 120y oidelN poy
|___£L61 unyg pue oepsdey 130sun W 09 L£1-sD| 18 BIOUOQ R:A | dwod 00+3EYY 51003 3unok ‘wniqni 139y Jdely poy
£L61 3mYyS puv Sjepsdey 3308URD W ¢ LEL-SQ] 1§ mouog AR} dwoo|  1o+apsl 51003 Junok ‘wnigni 12oy| sjdepy pay
€161 aMyS pue JepsSey Isuen W 06 1£1-50] "ds u:ﬁom hidfg] dwod 00+IE0Y $1001 Sunok ‘wniqns 120y’ sjdey poy
£461 SI0YS pUB : Spepsdey J00suRI W (9 1£1-s0] -ds qum Pk duios 00+362°T 1001 Sunok ‘wnigni 125y Jdey poy
| £161 unyg pue epsdey 120sUen W Of Le1-s0} °ds Sunrog _uL1 dwod 00+IEY' 1 53003 Sunok ‘wrigni 122y sydey poy
£L61 2Inys pue d[epsdey Jodsues W.06 LEL-SD] IA-UBR hiAlg) dwod 10-30°6 S1003 ‘Wniqns 420y sidey poy
£L61 Amyg pus o[eps3ey 3sUen W (09 LET-SD| HN-UBRW L7 dwod 1090°€ 51004 ‘wniqns 13y sjdey pay
£L61 unyg pue Sjepsdey 10suRn W Of LEI-SD| WIN-URTB p:A g | dwod 10-30°¢ S1001 “wniqna 423y ddeN Py
UIPIY SUonIpUO) apidnuoIpRY oﬁu&m 1eIouds)y N gl wspuediQ wnpIAl
uone0}

B-10




Radiological Bioconcentration Factors for Aquatic, Terrestrial, and Wetland Ecosystems at the Savannah River Site

1661 MO[sBH (£Lip) suauos 5_:_.&%_3 o_umze_ LEL-$D [459 00+4CE'T AISNYN ‘sHuvyndNA SNal030pQ| 133 palfe] SIYM

G16] PRUS puB UIGSUY (£K1p) sjumuod =ﬂ=\=m>b3 Sjosnu LE1"SD 003127 JOSTN ‘SHUDUIGAIA SNAJ1020pO] 199 PITEL UM

8961 uoqey (£1p) sumuod UAWNYA1om) Ipsau LEL-SD 69¢ 10-300°L [9SON 7udia $1211020pQ]  333(] POIEL MM

SL61 Qs pue uiqsug (£1p) siuau0d Uy 1aM) aposni LELSD 10-308'9 SISO ‘snuvpupdaia snajoo0opo|  393(] pIlreL AINYM

1661 mojaseH (£1p) 51US1U0D UAUNY/(19M) d[osniu LEL-SD 96 10-308°¢ QQOSTN ‘SnuDIISHA Sa[1020pO|  195(T PRIfEL M

$86] 'J€ 19 OURLIPY Jeak g “osnoyuoad ‘% 07=Ke[d % 1 [=IIS Lg1-sQ| _ureydpooiy} g feasv H L 20-300°L Ureln) ‘winANsIv wnoli | : BaUM

Y861 T8 19 OUBLIDY o3k Py ‘Ssnoyuand .mwﬂu%_o ) ‘B T1=UIs Lg1-sp] ureidpooi| g feasy H Ll 20009 UIBIQ) WNA)ISaD WolLL Je M

¥861 'I¢ 19 oUELpY 22k pig ‘asnoyusasd ‘g07=Kelo ‘%1 1=1is LE1-sp| urerdpootd| G ey H L 103001 UIRID) ‘wndlsIy wnolu | /AIM

$861 '[¢ 13 ouelpy Jeak pug ‘ssnoyusad .&o«uaa_Eu.__u 1£1-5D] _urejdpool] g eery H L 10-308'1 UTBID) ‘wnANSIV Windyul | 1BAHM

0861 Uosme(] pue pOy o asnoyuaaId '{ios pareImEsun LEL-SD Sl 00+700'Y wa)g ‘poyonbo vss{y] - ofadn] Jaem

(0861 UOSME( PUR POYTOIN asnoyusad ‘j10s parepunul LET-SD S1 10-307°L wag ‘panonbo vssiy ofadny e pm

0861 uosme(] pus PO PN asnoyuod ‘jlos pajeamesun| | LE1°8D Sl 00+H0T € 100y ‘v21onbY VSSAN ojadn] Jarem

0861 BOSMe(g pue pOYION 3505—8.—& .~.—°u paepunuy him-—qmnv (9] v Es L 100y .c&:u:va Q.au..hz o_on---..—l e

0861 uosme(] pue pOYTON| ISNOYUIA3 ‘1108 pARITIESUN LELSD 4 10301t SIARY ‘Do1Onbo DSSAN opadn], 3oeM

0861 UOSMEQ pue POF oW ssnoyusd ‘1108 parepunuy LE1-5D Sl 10-905'8 $IABYT ‘Dojsonbo DSSAN ofadn] soem

8L61 W00 9==3{1s ‘g=KB[D ‘g | =pures ‘Ayununucd stimpues Le1-sy]  wase-s| Lwmpunog g ¥ 10+HLST $3ALD] ‘S1AID] SNOLING ¥eQ Aaymy|

8L61 Woos) =31s ‘g=Aefo ‘% 16=pues ‘Kyununuod s{ipuLs 1g1-s)] wWIST-0] Ampunog g ¥ 10+362°1 SIAED] 'SIAID) SHOINT) yeQ Aopng,

8161 Woory 9=111s ‘g=AR[2 ‘% [ 6=pues ‘A)ununuo0 S{IYPUBS LEI-SD g9 Ampunogg [ 00+a6'L SIARI ‘SIAID] SN2IINTY oo Aaany

$861 T8 13 39putd wouruadxo profy L£1-sD] utejdpoold| g /earv H 6 10-901'1] Ppoom ‘reidod pue ‘wndizams *adepy| UL

Y861 '8 19 J9puld WRupadys protg LE1-sD| ureidpooLt| g /sy H 6 10-H0L°Z] soaeT ‘rerdod pue ‘wadioams ‘ade JauL

861 ‘[¢ 13 Ioputd Wwauuadx? pL L£1-sD| - ureidpooly] GNA /sy H 6] z0o-g06€|  eg ‘serdod pue wndiooms ‘oidey L

£L61 I8 19 uosIspuy windosjop/eesuery - JeqeH PIIY-PIO L€1-50) _ureidpoory] 4313 [oaig! duiod 10-906'6 Juauery siopidg

£L61 '[B 19 UOSISpUY eydoyuQ/eesuery - 1eigeH PIL-PIO L£1-5D| urdpoory]  yeen) [aig dwod 10-00°9 seauery s1opids

£L61 T8 19 UOSIpUY XiTeg/Jesurty - 1BliqeH PIski-plo LEL-SD =.a_%8h AR [PAG dwod 10:300°¢ eIy ] ssopidg

€L61 TE I uosipuy e3a1dOUIOH BRIV - 181QRH PIVLL-PIO L£1-5D] urepdpoopd]  ¥%31) (a1 duioo 00+30¢°1 seauery s19p1dg

£L61 I8 19 uosipuy BIUKN/URTY - 1RIQEH PISLI-PIO L€1-s0] ureidpoold] yoa1) paig dwod 10-90¢' Rikvind 4 ssapidg

£L6] ‘B I3 VOSIOPUY voflodospuyyoeauery - JeNQEH PIPM-PIO L£1-sD) urerdpooly) ¥931) [PAIS dwoo 10901 svauery sipdg

£L6] T8 73 uosispuy SU[y/eRIy - 1EHIqeH PIR-PIO LEI-SD] ureldpoold)  3333) (3918 dwod 10-90T°6 Jeauely ssspdg

#861 '[E 19 OUBLDY 1834 WG *asnoyquaad ‘g07=Kelo ‘%1 [=3is| LE1-8D} urerdpoor] g fearv H L 10-30L°1 SWaAG X0 uPAIo| - v suesqhog

¥861 ‘T8 10 ouBLpY ok Yy ‘asnoquaosd ‘g 0z=Aef ‘%1 [=s L£1-5D] urerdpooly] i #YV H L 10-g90¢°1 SWAS ATW 2uiL10) suedqAog

¥861 '[¢ 19 ousupy Jeak pig ‘asnoyuoasd ‘op07=Ae(0 ‘% 1 1=111s LE1-sQ| urejdpoold) g ey H L 10-90L°¢ SWIAS ‘Xow UKo ' sue3qhog

$861 ‘T 12 oueLpy Teak pug “asnoyusaid ‘g 0z=Ae|0 ‘% [=11Is L1-sQl _urerdpoold| g /sy H L 10-308°C SWIAG ‘XoW JUIAID sueaqhog
3uIIIPRY suopipuo) pipauoipey uﬁm [e13usn) N _dod wisuedig wapa

uopeIey

B-11




WSRC-TR-94-0391

A ‘

8161 Ko pu yois;aH|  sAvp 0g soye “snoquaasd ‘g gz=Aefd ‘%o=1lls ‘%09=purs 8€z-1d S¥S AN ol 10-30¢°1 uoneaias Jurpuels ‘sow vaz ! wo)
8161 K210 pus yjo[s1oH sAep 0¢ 1oe ‘Isnoyusard ‘4 8z=AB|0 ‘% 0=1Is ‘%99=pues 8€T-1d S¥g AN 0l 10-905°y uoneadoa Surpuws ‘sdow vaz woy
1861 ‘¢ 12 PO O 25n0yu2a13 '9%07=ABI0 '95 | 1=WIS ‘%69=puULs 8£7-nd| urerdpoopy| gL eV | JA (1] 4 yeg ‘skou vz wo)
1861 & 12 POYPOIN, osnoyuaard ‘959 1=Aei ‘% g=IIs ‘% [ /=pUES 8€7-d TP w1y L] TOH09E Aiwg ‘skout iz uso)
1861 '[8 19 POy O snoyuard ‘g ez=Ku]d ‘g% L=)s ‘%0L=puss 8¢T-d 1 PIoKd vy 4 L} 30-908'9 g 'soow vag| * wo)
1861 °TE '3 POT P ssnouas ‘g 07=AeD ‘% 1 1=1S ‘%69=pues 8¢z-nd] ureidpoopi| g /eay Y L vo-mogt soavo ‘skowaz| wop
1861 '[8 12 POT PN asnoyuaaud ‘5,9 |=Ke[d ‘% g=1IIs ‘L L=pUES 8€2-0d Zpod LatL A L] zo-3061 s9ABY] ‘S{oM D7 )
1861 & W POYPW osnoyuas8 ‘g ez=Ae1o ‘% L=I0IS 950/ =puCs 8€2-0d 1Pt vy H Ll vo-H0SL $oAEY] ‘skoul vz woy
9861 Te 13 OUBLDY 2ok yuy ‘asnoyuoasd ‘9, 07=Au]0 ‘% 69=pues 8€7-nd] ureidpoord| AW eIV H L vosobE SaAeY] ‘sKou 0z wo)
9861 ‘I8 73 OURLPY Teak 15 “osnoquond ‘o, 0z=Av|0 ‘% 69=puBs gez-nd| ureidpoord) g eIV H L FOH0L'L soaed] ‘Skowivoz| | wap
9861 T8 10 OUBLDY 3224 Wy ‘osnoquaxB ‘9 07=Au1 ‘9 69=pires gge-nd| ureidpoold) g eIV H A 22 suads wmpofuay | 39401D
9861 TE 12 OUELPY e54 351 *a5moyu9asE ‘% 07=Au[0 ‘95 60=puTS 8€z-nd| _ureidpooty] g v H t| _ vo-go1y susdar wniiofiul A0
1861 T2 39 POYIN asnoyuaand 7=ABL0 ‘% | 1=I0S ‘%69=pues] gez-nd| ureidpooly] g /eIvV H Ll voHozy suaday wnijofisl 324015
1861 Te 19 POTPON ANOYURIS ‘90 1=AR[D ‘% g=IS ‘%1 L=pULs 8€z-nd A UCE w3y H Ll T0o30L9 suadas untiofiL 201D
1861 T8 39 PO O osnoyusiB ‘g e7=Auld ‘%=1 ‘%0(=puss| 8£7-1d 1 pIotd vy H Ll _v0-3019 suadas umipofuur| 301D
9861 '[¢ 13 oueLpY 1634 iy “osnoyuoasd ‘g 0z=Auto ‘9 69=pues 8€z-nd] ureidpoor| gL eV H L] $0-306'1 wmtow wnjodsod | ssmp ewyeg
9861 e 13 0uBLpY 124 351 "osnoyuaasd ‘9, 0z=Ae|0 ‘% 69=pures gge-nd| urerdpoo| g sessv H Ll €0-m009 wnipjou winjodsod ssesp) eiyeq
1861 Te 1 POYPI 2snoyuaosd ‘%0Z=Ae]D ‘%1 I=IIS ‘HE9=pUBS geg-nd) urejdpooly] gind feary H Ly $0-909'9 unioiou unjodsog sseip eiyeq
1861 '8 19 PO O Fsnoquoaid ‘99 1=KE[D ‘% g=1IS ‘% L.L=pues 8€2-1d TP %Iy H L} £0-709°¢ wnto1ou wnjodsod sseip) eiyeq
1861 '[¢ 19 POY W 95n0YUIAIY ‘9 e7=ARI0 ‘9 L= IS ‘% OL=PUES) 8€2-nd 1 pIotd vy H L] $0-300% umipioy wnypdsod sseID) efyeq
ESL61 T 1 Uouen waurnadya proy LE1-5D] urmdpoopy) 49910 19915 vzl 00+30¢'] swa)s ‘va8u xog| « MOIM
BS(61 T8 W usumn wawuadxa piay LET-SD| ureidpootd] ¥oa1) [oois vzl 00+308'¢ veow saoads ‘pufiu jog MO[IIM
¥SL61 T8 19 usiren wauydxa piy LE1-5D| ureidpood] ¥ee1) [eais yT| __ 00+3079 51003 ‘04811 1S mollIm
86161 ‘I8 10 UARD wawpadys iy L€1-sD) ureidpoory] yea1) jesig vz} 00+308€ S9AE3] ‘D481U 10g) MO[IM
1661 A0[seH (Asp) SWABO3 USWINIY(KIP) $1UFU00 NI LEISD us| __1oaors STUTIMBAA SAHOPO | - 130 pojrey, ST
$L61 IS pue uigsug uawnyApog sjoym LEI-SD 00+HZE'| SnupfuISaa sna)asopQ | ssaq palreL. UM
161 £3Iput] pue suryuaf 1Ip/(1om) Fjosnu LET-SD 00+H08'Y O[OS ‘snuppuiS.ia sn3)1000p0| 3390 AR UM
1661 Mojasel (43p) $302.1/(A1p) 3josnu LEI-SD 795] _00+gbIl 2SN ‘snuDiuISLA Sn2(1030p ] 1 333(] PaIEL UM
1661 mojosery (KIp) 5909:4/(19m) Dposnul LEL-SD 79§ 10-902¢ oyosnpy ‘snuorugas snaposopo)| . 39q poyey amum

NUIJIY suopIpuo) aplRnuopYYy agpadg [eIID 408 wsuedip walps|y

uoped0]

B-12




-

-

Radiological Bioconcentration Factors for Aquatic, Terrestrial, and Wetland Ecosystems at the Savannah River Site

1861 ‘I 12 pO¥ O asnoyusard ‘goz=Ae|0 ‘91 [=I18 ‘%69=PUes]  OpT'6€Z-Ndj Ureidpoord| G 35V H Ll sodory wmiou unudsod ssesd enpeg
1861 [8 13 pOrTON asn0yusaIs ‘99 L=Auld ‘9 8=101s ‘%L L=pURS] _ OT'6€T-Nd (4L B3y H L. £0-30£T wnipiow wnodsod ssedd eryeq
1861 T8 ‘13 pO¥ IO asnoyuaard ‘e eT=ARI0 ‘gLt ‘B0L=Pues]  ovT'6ET-nd 1 PIRY LA L] s03068 wnipjou wnjodsod | ssesd ereq
|___ 8161 230D puR Yojs3oH skep Qg 3ge ‘osnoyusasd ‘qg7=Keld ‘% 0=11Is ‘%99=pues 6£7-d S48 AN 0! 20-30T°L uoneiadaa Suipuels ‘sow vz woy
8161 2100 pue §ojsisH s4ep 0¢ e ‘Isnoyuad ‘9 g7=AB[D ‘% o=1|is ‘% 00=puEs 6£znd $¥S IN ol 10-goL't uoneiadaa Surpums ‘skow 7z 0y
1861 '[2 13 POITOW ssnoyussad ‘g07=A8I0 ‘% | [=MIS ‘%69=pues sez-nd}) ureidpoord] g resv H L] #0305 UONBIRBoA ‘WNANSID NIt L 1890 M
1861 1€ 19 POy O snoquad ‘9,9 |=ABID ‘% g=M1S ‘% LL=PUES gc7-d Z PP vy H Ll zoFort uonE1adaA ‘WnANSID WNDBLL eyM
1861 ‘¢ 10 POy O 8n0YuIB ‘g e7=AeID ‘% =118 ‘%HOL=PUES 8£7-0d 1 PP IV H L] 09089 UOREIRBIA ‘tnalissn wnditis L e
9361 '[E 19 OvBLDY ek yip ‘osnoyuacid ‘g 07=Ked ‘969=pues 8£7-d{ ureidpootd] g eV H L £0-3+0'1 WAG ‘wWHANSID mdtiL.] WM
9861 ‘[¢ 13 ouRLpY T34 151 ‘osnoyuand ‘907=Aeld ‘%69=puesi 8¢7-nd| urejdpoold] AL Y H L +O-H0r'T WIS ‘WNaNsID WIlLL M
1861 '[¢ 12 pOITON ssnoquowss ‘g 0z=AB[d ‘% |=UIS ‘%60=pues geg-nd| ureidpoold) g /e3V H L v0-30L'€ UreI0) ‘wRANSID WL ey
1861 '[B 19 POo PN ssnoyuadd ‘50 1=Ae[ ‘% g=1IS ‘%[ L=pUES 8€7-0d 4G vary H Ll __zod0se urel0 ‘wnaisaw wnuuL) 1BAM
1861 [¥ 19 POy P asnoyuoss ‘g ez=AB[D ‘g L=1(IS ‘%OL=PUBS 8€z-0d [ P vy L £0-908' URSD) ‘wnalisan UnL ey
¥861 '8 19 19puld Kjuo sxeidn Joy ps1oaLios quswipadxa piaLy gez-nd{ umreidpooly| G BRIV H 6 $0-30€'€] Poo ‘rejdod pue ‘wndizams ‘sdey sa1]
¥861 ‘{8 9 1opuld Auo ayeidn 105 p219a1100 uAuLIAdXD PL] gez-nd] umidpoort| g ey H 6 0-300'€] soaea ‘rejdod pue ‘windizams ‘aidey R
¥861 18 19 1puld £juo axye1dn Joy pdALICD UAULEXS PIALY gez-nd] urerdpoort| g /eIy H 6 po-goL'zl  req ‘repdod pue ‘wndizams ‘sidejy aly
1861 '8 19 PO N asnoyuaasd ‘50z=A8] ‘% [=1IS ‘%69=pues gez-nd| _ureidpooty) g eIV H Ll +0-3089 WG ‘XvU UKD uesqhog
1861 & 19 pO¥ IO 95004UadB ‘959 [=AU(D ‘4 8=1UIS ‘% L=pues] gez-nd (AL By H L 10-309'1 WG Xou Juidity uesqhog
1861 T8 19 PO T3N 28n0YuIS ‘% e7=Aeld ‘% /=MIS ‘%OL=pUeS| geT-nd 1 PR eIV H L €0H300'¢ WANG ‘XvUW JUAID uesqhog
9861 '[8 19 OuRLDY Jeak iy *osnoquoaid ‘a5 07=KBI0 ‘9 69=pues| 8¢7-nd] ureidpooly| GAL fe21v H L £0-H90°1 WS ¥pw U)o ueaqhog
9861 '[8 12 OUBLIPY Jeak 381 *asnoyuad ..mouuau—o ‘% 69=pues] gez-nd] umridpoord| g /ey H L $0-30€°8 wANg ‘xow aupk10 wexqhog
1861 T¢ 19 PO P asnoyuad ‘g07=A8[ ‘9% [ [=1[IS ‘%69=puLs 8€7-ndl ureidpoold| gL /eoIV H L ¥0-90T°S uedg ‘xoit 2upk10 ueaghog
1861 I8 19 pod P 95004uIaB ‘950 [=ABD ‘% 8=1{IS ‘% (=PULs] geend (A sy H L 10-909'¢, yeeg ‘row 21D uesghog
1861 I8 19 POy P asm0yuaud ‘peg=Aerd ‘g LIS ‘%0L=puus 8€7-0d [ Pl BaIy H L £0-HOP'T uesg ‘xoud Juik10 vexhog
®|361 ‘¢ 12 owRUpY asnoyusald ‘g 0z=AR[ ‘% | [=3S 8€2-nd] ureidpoold) S /e3IV H 9] vodopl uresn ‘Jeuuoqrels »n
©[g61 [¢ 13 oUeLpY snoyusasd ‘op07=Ae10 ‘% [ 1=MIS gez-ndl umdpoord] giNd ety H ol  $0H09T 23er10§ ounogrIg »nd
®186] [¢ 12 oUeLpY asnoyuaasd ‘g07=Ae}0 ‘% |=Is ge7-nd] ureidpood} gL /225 H 9] #0909 uresn) ‘oleN Kt
©[861 T8 19 ouBLpY astoyuaad *q07=Ae[0 ‘% [ {=1115) gez-ndj urerdpoord| G 69V H 9 $0-906°, derio] ‘01N »nd
2261 ‘[ 13 OURLPY asnoquaass ‘g 07=Aeld ‘B I=IS gez-nd)_umidpoord| g Y H 9l +0-409°¢ ureln ‘195 141}, o0y
B{g61 ‘[¢ ‘12 OUeLpY ssnoyuaas3 ‘g0z=Ae[ ‘% 1 =11 g¢z-nd| uridpooldf G /ey H 9 $0-309'C 238110 ‘195 1-U] 2oy
BI861 ‘I8 13 OWBLIDY asnoquad ‘g07=Ae|d ‘% 1 1= gez-nd] ureidpoord) G 2V H 9 $0-900°6 uren) ‘sujed 9[[og Y
BI861 T8 13 OWRLpY asnoyuad ‘g07=Aeld ‘% [ [=1iS 8£7-1d] uridpootd) G eV H o] vodole aderjo) ‘ewed (|3 2ny
7661 Aydimpy gez-nd| 33py uiseq 148 91 ¥0-H08°1 $3ABY] 311, uid
7661 Audmp gez-nd]  pumseg THS 41 £0-90L Y saney] 2341, uid
uo=o._u.~ow.— suonipuod) apipanuoipey oEuouw BI3u’3n) N ]%m Em_caw..o . WNIPIN
uonvoy i

B-13




WSRC-TR-94-0391

¥861 ‘{8 13 19puid JRwpdx3 Pty ozz-ey) URIdpooLT] §N eIV H 6 70-300°1| Ppoo ‘xejdod pue ‘wndioams ‘sidepy 3,
¥861 ‘I8 13 Jopurd| JuAudx? prary ozz-ed) uredpoold] g feary H 6] ___00+3007] soaeay ‘eidod pue wadiodms ‘ode L
¥861 °T¢ 13 J3puid wauuadx? pRLy ozz-ed| ureidpoold| g /ey H 6 10-300°t| g ‘seidod pue windyoams odep| Ry
31861 '[& 19 OUBUPY ssnoyusard ‘o5 07=Ke)d ‘g | (=i gzz-ey| wreidpoold| G 63V H 9] 00+3¢0'] ureln ‘1951-41 on)
EI861 ‘[& 19 OUBLpY snoquoaid ‘g6 07=Ae[d ‘% 1 [=I11S gzz-ed| ureidpoold] g /ey H ol oo+d08'1 a3e1j0 ‘1961-MI 20y
E[86] T¢ 12 OUrUpY 95noyu0ss ‘9 07=Aul0 ‘% | [=101S 9zz-ey] ureidpoors| g ey Y 9 10-906'9 upesn) ‘euied AlRH ony
1861 ‘¢ 19 OURLIpY 2snoyueald ‘9 07=ABI0 ‘% | =315 9zz-ey| ureidpootd| giA- eV H 9 10-300't o8etjoj ‘wuled 2119¢ 2y
1861 T8 19 POYTOW ssnoyuaaud ‘g07=Aei0 ‘%1 I=is ‘%69=pues| __ovz'6ez-nd| ureidpooidf G /v H 4 zo-F0gt UoneREIA ‘WnANSID WNIILL "M
1861 ‘I8 19 POSON ssnoyuaatd ‘g, 91=Aul0 ‘9% 8=11s ‘% LL=pues]  OvZ'6€ZNd (At vy L] go-gory UORBIRSIA ‘WnausID WNOULL wM
1861 T8 12 poy ol ssnoquaald ‘g eT=Ae]0 ‘% (=15 *%0L=pues]  OpT'6EL-0d 1 P wIy H Ll v0-H081 uoneIeBaA ‘unAlSeD wnoL | 1e3 M
1861 '[& 19 PO PN osnoyuaasd ‘g07=KElR ‘% | [=1]s ‘%69=pues ovz'6£¢-nd| ureidpoord| g ey H Ll zoH06T UIRID) ‘WNAJIS?D wndmL 1AM
1861 ‘T8 19 POYION asnoyquoasd ‘90 1=AvID ‘9 g=MIs ‘% LL=PUBS]  OFT'6ET-Rd z PRy vy | d 709001 UIBID) ‘HUnANSID WKL EYM
1861 I8 19 PO A5U0YUIS ‘9 e7=AEID ‘% /=11S ‘%OL=PUBS orT6ETnd 1 PISL] wuy H Ll yogoTy UTRID) ‘WnAJISD WndNL M
1861 T& 12 por || osnotuoaid ‘g 07=A8] % | =S ‘%60=pues] _ 0pz'6£7-nd] Lredpoolt] g 8V H L] zoHopS WG Xv Fudkin ueaqhog
1861 T¢ 19 PO O osnoyued ‘90 |=Aul0 ‘%8=MIs ‘% L=puus|  OvT'6€2-Nd ZpIRH vy H L] oHoLy WS xou UKD uesqhog
1861 ¢ 19 POl osnoqusaud ‘gpe7=Aeld ‘95 /=U1s ‘O =pues]  OPZ'6ET-Nd 1 pjeY vuy H L] voHo0TL wa1g o upLo Ue3qhog
1861 'I¢ 19 PO P osnoqusaid ‘qp0z=Aupo ‘% | J=as ‘p69=pues]  opz'6ez-nd| urmidpoold] gyl /oIy H Ll z0-H06€ uesq ‘xow supdin] ueqhog
1861 T8 13 POYPW osnoquoard ‘g9 [=ABID ‘9 8=1118 ‘% L=PUeS| _ QvT'6€TNd TPy vary H L zoHovL Ueag “xow 2utakln uesghog
1861 & 19 POy PN osnoyusaid ‘o c7=K81d ‘a5 L=A11S ‘0L =PUBS 0YT'6ET-0d 1 PR By H L] $0-909°S weog xvw 2uklo uesqhog
21861 '8 30 OUBLIDY osnoyuaond ‘a507=Kejo ‘9 [ 121 0pT'6€7-nd| ureidpoors| g /iy H ol 709061 ureIn) ‘195 1-H1 20y
Bi861 ‘e 19 OURLpY asnousard ‘g,07=Ael> ‘g1 =11 0vT'6€T-nd| ureldpoold| gNg eV H 9]  70-H0ST a3e1j0] *1951-41 0y
1861 ‘I8 19 OURLpY osnoquaal ‘o 0z=Ae10 ‘% 1 1=111S ovz'6ee-nd| ureidpootyf g /earv H 9] £0-306'L upIp ‘emied afeg ong
E1861 ¢ 19 OUeLpY asnoyuaead ‘o 0z=Ae[2 ‘%1 1=0018 0v7'6€2-nd| ureidpoold] gN- /earv H 9} €0-HO0SL 3eyj03 ‘Tuied 2l1og 20
2661 Aydinpy ovT'6£L-nd] -28py wiseg 148 9] $0-30Z 1 SATTY 2341 3uid
2661 Audmpy 0PT'6£2-0d y uiseq T3S 7l £0-H0£°L soALY] 341 uyd
1861 ‘[2 19 pOY O ssnoyusauB ‘gp07=AB[ ‘% [ I=)IS ‘%69=Pues| _ OvZ'6cz-nd| GrE[dpooLI| SN eIV H Ll__zoHOLT A[@rg ‘skow vag woy
1861 ‘T¢ ‘19 POYTON snoyuaasd ‘g0 1=Aul0 ‘pg=s ‘pLL=pUEs]  ObT'6ET-Nd TPl vy H Ll 708001 Aes ‘skow by wop
1861 T8 19 PO PN osnoyueald ‘yer=Auld ‘pL=uis ‘BoL=puest  gyT'6ez-nd 1P By H Ll ¥0-H09'1 Xms ‘sdow vz _wop
1861 T8 19 POT O osnoquonid ‘a0g=Aep ‘% | 1=1Is ‘%60=pues ovz'6¢-nd| ureldpooli| g MY H L] zo-3ovl $aARST ‘skow DIZ wo)
1861 '[¢ 12 POT PN snoyuosd ‘g0 1=Auld ‘%8=1lIs ‘%L L=purs]  Ovgi6Ee-nd Z P Y H Ll £0-9019 soAEY] ‘skpw D7Z w03
1861 T8 12 pPO¥ O ssnoyusoud ‘op e7=KB[D ‘o (=11s ‘%0L=PUES]  O¥L'6EL-Nd 1 pIvY LA L] vo-F01T saARw] ‘SKow D7 wo)
1861 ‘2 12 PO IO 2snoquaas ‘%07=Ae]> ‘9 [ [=Is ‘%69=pues ObZ'6€T-nd| ureldpoolt| g BV H L 70-900°T Suadas umijofiil JA015
1861 @ 19 porom| asnoquadnd ‘9pg [=Kul0 ‘=115 ‘% {=pues orT'6£L-Nd TPIvK w1V H L 20-5306'1 suadad umijofisf 33401
_1861 [¢ 19 pO¥ O 98N0YUIS ‘9 e7=Kel0 ‘% =W1s ‘%0L=PuUBS|  OPZ'6ET-Nd 1Py TV H Ll vodort suadad wmiofisl A0y
DUINY suoppuo) Ipjpnuoipey yadg [eJaUdny N __4od wsiuedlg wnipdy
uopedx0]

B-14




"

Radiological Bioconcentration Factors for Aquatic, Terrestrial, and Wetland Ecosystems at the Savannah River Site

6L61 'I2 12 wepry (3pyonskauoy) vonmadaprwiuy ydom Lig d [e10L BV H £ £0-30p'1 SIS ‘snupyuidia snapodopgl  195d PIIrEL MMM
GLEY T8 13wy lognewmy wiom g g [ei0], vy H £ £0-300'1 APSU ‘snupiaa snapodopol 1930 PIIRL AYM
6L61 T8 19 weyiny (3pianskauoy) uonsiadop rewy 9ydm L1g nd [e0y, BAY H [ Z0-30€°L sdun] ‘snupnndaa snaposopo] 199 PIfrRL AMMYM
6L61 'fe 10 urIry Jog/EumY ydom Lig g oy, vy H € £0-900'9 s3uny ‘snuppuidaa snapooopol  193(] pIEL MM
6L61 'TE 13 werny (appnskaucy) vonemadaa/rewiy Wydm g d [0y, BV H € 10-387' AT ‘SuptnI®iga snajosopg| 193] PIJIEL, M
6L61 T8 12 Wiy log/rewy “ysom Lg d [EI0] vy H £ 70-90¢'1 JIAT] ‘SHUDIUIZIA SN211020P0 wao Po[eL AAYM
6L61 T8 13 weyny (oppuskauoy) uonerRdaa/BwLY Wyaem Lg nd [B10L euY H £ 10-35L'1 auog ‘snuniuifna snapodopo| 133 pafrel Am
6L61 T8 10 Wweiny pogreumy qysm Lig g feloy vy H £ 20-905'1 auog ‘snupjuISa snapodopo| 1930 PaIrR] AR
©0Z61 '[8 19 OUBLDY ssnoyquaad .m,n:._ ‘[I0s a5n[oneA g [e10L| pRL] nog wIy H ot 8&&& MENG “URANSID WHILLL MM
20861 '[¢ 19 OUBLIPY ssnoyusas8 ‘gp=Hd ‘jjos ssnjoneA nd [E101]| PRI {inog By H ot £0-900'€ weid ajoypm xow Ju1dk1n sueaqhog
®0861 ‘T8 113 ouBLpY asnouuaasd ‘g'y=Hd ‘|ios ssnponeA nd o | pjaLd ynog vy H 91 +0-300%9 $3aea] ‘sow vy wop
B0O861 ¢ 19 OUBLDY asnoyuaaid ‘g'p=Hd ‘[fos ssmjoneA nd feto1] pi3Ld wnog BV H 9 $0-900°9 ureln ‘skows vaz woy
$861 ‘& 13 3opuld Judwuadxd PRty 06-35| ureidpoord] g feary H 6 10-901°8] _poom ‘redod pue ‘wndiooms ‘odepy] ¢ 1],
$861 ‘I8 ¥° .SE:M astadxd proty 06-15] ureidpoold| g Bl H 6 00+g08°¢} sareaq ‘sejdod pue ‘windizams ‘odey] 911
$861 1€ 12 Jopuid wawysdxa prsty 06-19| ureidpooly| gt /233 H 6l __10+301'1] red ‘rejdod pue ‘windisoms ‘3yde 21y,
7861 Aeo dsem Aenauad Jou pip 100y 06°3S no1n [euUng ol 00+318°T ‘xou aupdilo , sueaqhog
7661 Aydinpy 06-15| 28pg uiseq 48 91 10-308'8 $3ABY] a1l sutd
7661 Aydimpy 0615) b umseq o b 21 00+d69'1 $3ALY] 3], uld
7861 LD disem ajenauad j0u pIp 5100y 06738 pwy eung £l 10+1€' soAe] ‘sKou 07 wo)
7861 &en 91sem enauad 10u pip $100y 061§ puio) reung 41 10-908°1 ureln) ‘s{ow vI7! wo)

UIIIY suonipuo) IPIPNUOIPBY wypdads {BUIn Jod wsjuedao ¢ WP

uopes0]

B-15




WSRC-TR-94-0391

B-16




Radiological Bioconcentration Factors for Aquatic and Terrestrial Ecosystems at the Savannah River Site

APPENDIX C

MAP OF SAVANNAH RIVER SITE
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FIGURE 1. SAVANNAH RIVER SITE
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