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ABSTRACT

RELATIONSHIPS AMONG PLUTONIUM CONTENTS OF SOIL, VEGETATION,
ANU ANIMALS COLLECTED ON AND ADJACENT TO AN INTFGRATFD NUCLEAR
COMPLEX IN THE- HUMID SOUTHEASTERN UNITED STATES =~

Twenty-three representatlve sampllng locations on and adjacent to the
Savannah River Plant (SRP) site were selected to obtain information on plu-
tonium movement in the food chain under southeastern U. S. environmental
conditions. Soil, a resuspendible fraction of the soil, honeysuckle (Lonicera
Jjaponica), and camphor weed (Heterotheca subaxillaris) were collected at each
location. Grasshoppers and cotton rats (Sigmodon hispidus) were collected at
some locations. The plutonium concentrations in soil-at the selected locations
ranged from 1.5 fCi/g to 171 fCi/g, and alpha percentages of 238py ranged from
2 to 66. The concentration of plutonlum in the vegetation and on the leaves
ranged from 0.17-to 76.1 fCi/g, and thé alpha percentages of 238py, from 3 to
61. -The concentration of plutonium in cotton rats and grasshoppers ranged
from 0.07 to 3.58 fC1/g, and the alpha percentageq of 2°%pu ranged from 22
to 80.

The average ratio of plutonium concentration of vegetation to that of the
surrounding soil was 10 !; the corresponding ratio for cotton rats aud soil was
1072, These ratios appear to be independent of the plutonium concentration in
the soil. Deposition on the surfaces of leaves and stems was the principal
mechanism of plutonium contamination of vegetation. Comparisons among the plu-
tonium values of the vegetation, soil, and resuspendible fraction suggest the
use of a proposed resuspendible measurement technique as a monitoring method to
indicate subtle changes in the plutonium concentration of the soil surface that
are not detectable by routine soil sampling. Although the 23%py data in the.
various ecosystem components were not conclusive, they do support evidence pre-
sented in other studics that there is an aggarent increase in the biological
availability of 2%%pu relative to that of #3®°’2%%py in the environment. The
plutonium concentrations of all ecosystem components decreased as the distance
from the reprocessing plants increased.
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RELATIONSHIPS AMONG PLUTONIUM CONTENTS OF SOIL, VEGETATIbN,
AND ANIMALS COLLECTED ON AND ADJACENT TO AN INTEGRATED
NUCLEAR COMPLEX IN THE HUMID SOUTHEASTERN UNITED STATES

INTRODUCTION

Plutonium behavior in terrestrial ecosystems in the United States has been
studied principally in arid areas using plutonium from weapons tests [1,2].
Results of those studies are not directly applicable to the humid, heavily
vegetated climates of the southeastern :United States and to plutonium from an
operating nuclear fuel reprocessing. plant. :

The Savannah River Plant (SRP) provides a unique opportunity within the
humid southeastern United States to study the behavior of plutonium in the
environment. SRP is on a reservation of 77,830 hectares. Public access to
the reservation is controlled. The reservatlon consists of fresh-water streams,
old fields, and forests. Wildlife, including a deer herd of 6,000, abounds For
over 20 years this integrated nuclear complex has included nuclear reactors
(three of original five are operating at present), two nuclear fuel reprocessing
plants, a fuel fabrication facility, a heavy water production unit, and a
nuclear research laboratory The reprocessing plants, along with global fallout,
are the sources of the plutonium that enters SRP environs.  Each source releases
plutonium of unique 1sot0p1c composition: 95 and 25 a% 238py* from reprocessing.
plants, compared with 10 a% 238py from global fallout. These isotopic differ-
ences prov1de a convenient basis for studylng the origin and transport of plu-
tonium that is found in the SRP ecosystem.. .

An exten51ve environmental mon1tor1ng program at SRP. has provided informa-
tion on the plutonium content of soil [3]. This monitoring program was used to
establlsh a background concentration of plutonium in SRP soil.of approximately
2 mCi/km?. This concentration is well within the range reported for the south-
eastern United States [4]. Results of the monitoring program were used to con-
struct idealized isopleths showing plutonium deposition starting at the nuclear
fuel reprocessing areas and decreasing toward the plant perimeter (Figure 1).
These isopleths represent plutonium concentrations that range from a background
level of approximately 9 fCi/g to a high of 2740 fCi/g adJacent to one of the
nuclear fuel reprocessing facilities. ) .

" The obJectlve of the study dlscussed in thls paper was to establlsh re-
lationships among the plutonlum contents of soil, vegetation, and animals..
To obtain food chain information, sampling logations were selected by utilizing

238 - .
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the established isopleths. At each location,‘sgmples of soil and two types of
vegetation (camphor weed and honeysuckle) were taken. At selected locations,
grasshoppers and cotton rats were also collected. : : :

METHODS AND MATERIALS
Characteristics of Samp?ing.Locetions

Twenty-three sampling locations were selected: 5 within the 3-mCi/km?
soil isopleth, 8 within the 2-mCi/km? isopleth, and 10 at a 40-km radius sur-
rounding SRP (Fig. 2 and 3).° Each sampling location was chosen on‘'the basis
of its vegetation and animal habitat. The location criteria required a non-
forested, undisturbed area with a good vegetation cover. Locations were
selected with sufficient distances between them that cotton rat populations

‘would not overlap.

Sampling Methods énd‘Preparation E
Sl '

Composite soil samples of ten cores were taken at each of the 23 sampling
locations according to the procedures described by McLendon [3].

Resuspendible material was collected at the surface of each location with
a special sampler. - These samples represent the material on the 5011 surface
that could be dispersed in the atmosphere. The sampler had a 232- cm head
attached to a small, portable vacuum cleaner that produced an average wind speed
of 6 m/sec. The. resuspendlble material was oven-dried, ashed, and analyzed for
plutonlum accordlng to previously developed procedures [5,6 7]

Vegetation

Honeysuckle (Lonicera japonica) and camphor weed (Heterotheca subaxillaris)
were collected in July 1975, in the vicinity of the soil sampling locations to
determine plutonium content of vegetation. Honeysuckle was chosen because of
its acknowledged dietary preference by deer during the summer months. Camphor

weed was used as the second.type of vegetation because of its abundance and
because it has been shown to be extensively grazed by numerous insects [8].
Approximately 200 to 300 grams of dry weight for each species were taken by
clipping the vegetation at ground level. Each sample was oven-dried, ashed,
and analyzed for plutonium by the same method as used for the resuspendible
material. A

Insects and Animals
Grasshopper samples (approximately 30 g dry weight) were collected in

late August 1975 when the grasshopper population had peaked because sufficient
samples for analysis could not be obtained earlier. Because of the limited



time remaining for analysis, only three samples were.collected. Two were
from the areas immediately surrounding the nuclear fuel .reprocessing areas,
and one was at a distant location to serve as a control. Approximately 100
to 150 grams of grasshoppers were collected from each area. Each sample was
oven-dried, ashed, and analyzed by the same method as was used for analyzing
the resuspendible material. . -

Cotton rats (Sigmodon hispidus) were sampled at 9 locations. Distances
between these locations were sufficient to ensure that they represented dis-
tinct populations with a negligible chance of animal movement from one location
to another. Approximately 10 to 20 cotton rats were collected from each lo-
cation and divided into juvenile (<40 g dry weight) [9], immatures (40 to 90 g
dry weight), and adults (>90 g dry weight). Plutonium concentrations of rats
from each area were determined if sufficient sample was available. Cotton
rats were frozen upon capture and later thawed, dipped in paraffin to.reduce
mobility of surface-deposited plutonium, and skinned. The gastrointestinal
tract was removed from the remaining carcass. Tissues around any wound were
also excised. Plutonium concentrations of the rat carcasses (skin and gastro-
intestinal tract removed) were determined by the same technique as was used y
for analyzing the resuspendible material. Measured plutonium concentrations
should represent both uptake and lung contamination. '

RESULTS
Soil

The plutonium concentrations of the soil core samples (0-15 cm depth)
varied widely and generally reflected the sampling distance from plutonium
sources at SRP. The concentrations range from offplant lows of 0.2 fCi 238Pu/g*
and 1.3 £Ci 2°°Pu/g** to onplant highs of 46.4 £Ci 2*®Pu/g and 163.8 £Ci 2*%pu/g
(Table I).

The plutonium concentrations of the resuspendible materials showed the same
variation with distance from the sources (Table I) as the soil core samplecs.
However, the concentrations on a per gram basis were generally higher than those
of soil core samples.

The offplant concentrations are consistent with concentrations for fall-
out plutonium reported for this latitude band (30° to 40°) [4].
Vegetation

The plutonium concentrations of honeysuckle and camphor weed éamples de-

creased with increasing distance from the SRP sources (Table II). The concen-
trations for honeysuckle ranged from 0.03 fCi 238Pu/g and 0.27 £Ci 239Pu/g

* - All samples weights were dry weights.
** All 23%Pu analyses include 2“°Pu also.
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offplant to 10.9 fCi 2%%Pu/g and 15.1 fCi 2°°Pu/g onplant. The concentrations
for camphor weed ranged from 0.01 £Ci 2?®Pu/g and 0.16 fCi 23°Pu/g offplant to
18.5 fCi 2°%pu/g and 74.9 £Ci ?%°Pu/g onplant. Both species showed a wide
range in a% 2%%Pu reflecting the existence of one or more plutonium sources

in conjunction with global fallout. ' . -

Insects and Animals

The two grasshopper samples collected near nuclear fuel reprocessing plants
contained detectable plutonium concentrations (Table III), but the plutonium
concentration of the control sample was less than the analytical detection limit
(1 fCi per sample). ' ’ ‘

The plutonium concentrations of the adult rat samples ranged from less
than detectable 23%pu* and 0.05 fCi 23°Pu/g to 0.69 £Ci 2%%Pu/g and 0.96 £Ci
23%pu/g. Generally, the plutonium contents of the juvenile and immature samples
were similar to those of adult samples, and the a % 238y of all age classes
were similar. However, samples of all age classes were available from only four

' sampling locations.

DISCUSSION
Plant-Soil Relationships

Numerous.studies on the relationship between the plutonium contents of vege-
tation and soil have been reported. Most of the studies were conducted in the
laboratory and showed uptake factors** rarging from 10°° to 10™* [1,10,11,12].
Romney [13] and Buchholz [14] reported that the uptake factor increases with time
when Ladino clover is repeatedly harvested from the same soil; however, similar
‘cropping studies with alfalfd showed no obvious trends. A few studies have been
concerned with the relationship between the plutonium content of the vegetation
and the soil under field conditions. Hakonson, et al. [15] reported plutonium
concentration ratios (vegetation-to-soil) of 10 2 and 10 ' for plants grown on
plutonium-containing sediments under field conditions. Johnson, et al. [16]
reported similar plant/sediment plutonium concentration ratios for plants grown
in aquatic environments at Rocky Flats. From the data available for the vegeta-
tion and soil, a concentration ratio of l,()'1 can - be determined for the present
study (Table V). This ratio is not significantly affected by distance from the
reprocessing plants. o R o :

An examination of 0% 23%Pu data (Tables I and II) indicates that deposition
on the surfaces of vegetation is the principal mechanism contributing to the

* Analytical detection limit = 1 fCi/sample.

Pu concentration in vegetation, Ci/g of dry vegetation
Pu concentration in soil, Ci/g of dry soil

** Uptake Factor =
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plutonium content For example, at Sample Location 1 (0.5 km from source),
values of a% 2?%Pu were 57% in soil, 55% in resuspendible material, and 20%

in vegetation. Because the nearest SRP source for that area has an a% 23%pu
value of 25%, the vegetation, the youngest component of the sampling area,
shows the deposition of plutonium from the nearest SRP source along with fall-
out, and the soil and resuspendible material show the influence of earlier
releases. That deposition is the principal mechanism of plutonium entry into
vegetation is further established with the information obtained from Sample
Location 3 (1.3 km from source). The soil in this area has an a% 8pu of 21%
the resuspendible material, 66%é and vegetation, 60%. The source affecting
this area is approximately 95% “*°®Pu, Atmospheric partlculates in this area,
collected on tacky paper, show an a% 2°°Pu of 59 +19% indicating a dilution of
plutonium from the SRP source with global fallout [17]. Vegetation and re-
suspendible material for this area reflect the deposition of this fallout, and
the soil shows the accumulation of years of plutonium input from the source and
global fallout. If uptake were a principal mechanism, the a% 238%py, determined
for vegetation would reflect the plutonium composition of the soil.

Although at greater distances the advantages provided by the differences
in a% 2%%pu are no longer present, similar concentration ratios are calculated.
This observation supports the conclusion that surface deposition on vegetation
is the principal mechanism leading to the observed plutonium values.

Animal-Soil Relationships

Numerous investigators report the toxicity and behavior of plutonium in
laboratory animals [2], and a few report plutonium content in field animals [10].
However, little information is available for determining relative plutonium
contents of animals and soil. From the plutonium analyses available for the
three grasshopper samples and the eight adult rat samplés, a concentration
ratio of animal plutonium to soil plutonium of about 10 2 can be calculated
(Table VI). That ratio appears to be independent o6f the amount of plutonium
in soil and could therefore provide an approximation of the plutonium content
in animals where soil concentrations of plutonlum are known

.

Resuspendible Material

Ana1y51s of resuspendlble material is rapidly and easily conducted. The
a% 2%8pu varies more in resuspendible material than in any -other ecosystem
component analyzed. This variation suggests thc utilization of plutonium
analyses of resuspendibles as a monitoring method to detect small changes in
the plutonium concentration of surface soils not detectable by sampling soil
cores or vegetation. '



]
Biological Availability. of *°°Pu

Comparison of the{a% 238%py values for rat carcasses, soil, vegetation, and
resuspendible material suggests an apparent increase in the blologlcal avail -
ability of 23%pu relative to 23°Pu in the environment (Table VII). Although
these data are not statistically conclusive, they support evidence presented
in other studies. Hanson [18] postulated several theories to explain the
apparent increased availability of 2%®Pu. In his theory develogment he used
the data of Hakonson and Johnson [19], who have reported 8pu/23%%Pu ratios of
0.05 in soils, 0.10 in vegetation, and 1.0 in animal components of the Trinity
Site ecosystem At this time, further study of natural systems is needed to
provide a firmer statistical base for Hanson's hypothesis.

Plutonium Distribution With Distance From the Reprocessing Plant

Because the plutonium concentrations of camphor weed, honeysuckle, soil,
and resuspendibles are all higher near sources and decrease as the distance
from the source increases,- regression equatlons of the following form were
fitted to the data as shown in F1g 4 through 7, and the line is descrlbed by
the equatlon

InY=Db + b, Ind
¢] 1 .

where Y = total plutonium concentration in soil, resuspendible material or
vegetation; bo = concentration of plutonium at 1 km from the source; b, =

slope of linear relationship between In Y and In d; and d = distance from

the nearest source. These equations permit one to estimate the plutonium
concentration of the various ecosystem components out to 10 km with a high
degree of confidence. Total plutonium concentrations of samples from the 40-km
radius are not related to distance from the SRP sources. :

None of the slopes of the regression equations in Fig. 4 through 7 are

. significantly different from -1 (t test of slopes where P >0.05 [20]), indi-
cating that concentrations are approximately proportional to 1/d. A consider-
ation of simple diffusion processes from a single point source suggests that
concentrations should be proportional to 1/d?. The reason for this difference
is not known at Lhe‘pleseuL Lime,

Adult cotton rats that were collected from eight onplant study locations
also show a decrease in plutonium content as distance from the source increases.
The regression equation descrlblng this distribution has the coefficients
by = -0.72 and b1 = -0.78 (r? = 0.761; df = 6; P _<0.01), where b, and b; are
the least squares estimators of by and bj. The b1 estimate is not significantly
different from -1, indicating that the decrease in the plutonium concentration
observed for the cotton rats is similar to that observed for vegetation, resus-
pendible material, and soil.



N
The estimates of b; for the regression equations in Fig. 4 are not signifi-
cantly different from each other (Test of Homogeneity of Regression Coefficients:
F=0.84, df = 3.32, and P >0.05 [20]). Since by = -1, then a general equation
can be written for each ecosystem component i, as follows: ' .

In Conc(i) = a(i) + (-1) 1n d,

where a(i) changes for different ecosystem components. For any two components
i and j :

In Conc(i) - In Conc(j) = [a(i) - In d] - [a(j) - I1n d], which may be
simplified to _ . . ,

In (Conc(i) - 1n Conc(j) = a(i) - a(j)
Since a(i) - a(j) = Constant - k ”

Conc(i) _ ok
Conc (j)

This relationship is specific for the choice of i and j component. Thus, the
similarity of the 61 values implies that the plutonium concentration ratios be-
tween ecosystem components are nearly equal throughout the areas influenced by
SRP sources. This finding is unexpected because the two reprocessing plants at
SRP release plutonium of different isotopic composition. The similarity of con-
centration ratios between ecosystem components indicates that plutonium from the
various sources behaves in a similar fashion and that plutonium concentration
ratios calculated from the data are of wide applicability in the Southeast.

IMPLICATIONS FOR FUTURE STUDIES

If knowledge of the fallout and resuspension at each sampling location or
an equation relating fallout and resuspension to distance from the source were
available, it would be possible to develop a simple model for predicting pluto-
nium concentrations of ecosystem components. Because the geography, soil types,
and species sampled are typical of the southeastern United States, this model
would be of general applicability to the Southeast. Work currently under way
at Savannah River should produce the necessary information for such a model.

ACKNOWLEDGEMENT

The information contained in this article was developed duriné
the course of work under Contract No. AT(07-2)-1 with the U. S.
Energy Research and Development Administration.



REFERENCES

[1]
(2]
(3]
[4]

[5]

(6]
[7]

(8]

(9]
[10]
1)
[12]

[13]

[14]

FRANCIS, C. W., Plutonium mobility in'soil'énd uptake in’
plants: a review, J. Environ. Quality 2 1 (1973) 67.

PRICE, K. R., A review of transuranic -elements in soils,
plants, and animals, J. Environ. Quality 21 (1973) 62..

MCLENDON, H. R., Soil monitoring for plutonium at the
Savannah River Plant, Health Phys. 28 4 (1975) 347.

HARDY, E. P., KREY; P. W., VOLCHOK, H. L%, Global inventory
and distribution of fallout plutonium, Nature 241 (1973) 444.

BUTLER, F. E., Defermination of uranium,andvameficium—
curium in urine by liquid ion exchange, Anal. Chem 37 (1965)
340. ‘ » ' S ' :

SANDERS, S. M., LEIDT, S. C., A new procedufe for plutoﬁium
urinalysis, Health Phys. 6 (1961) 189.

.HOCHEL, R. C., Automated multispectra alpha spectrometér

and data reduction’ system, USERDA Rep. DP-1393 (1975).

WIEGERT, R. G., ODUM,”E. P;, Radionuclide tracer measurement
of food web diversity in nature, in Radioecology, Proc. of

. the 2nd National Symposium, p. 709—710'(1969){

CHiPMAN, R. K., Agé determination of the cotton rat :
(Sigmodon hispidus). Tulane Studies in Zoology 12 (1965) 19.

ROMNEY, E. M., DAVIS, J. J., Ecological aSpects of plutonium
in terrestrial environments, Health Phys. 22 (1972) 5S51.

CLINE, J. F,, Uptake of 2*'Am and 23°Pu by plants, USAEC Rep.
BNWL-714 (1967) 8.24. ‘

NEUBOLD, P., Abéorption of plutonium-239 by plants, U. K.
Agricuitural Research Council Roport ARCRI.-10 (1963),

ROMNEY, E. M., MARK, H. M., LARSON, K. H., Persistence of
plutonium in soil, plants, and small mammals, Health Phys.
19 (1970) 487.

BUCHHOLZ, J. R., ADAMS, W. H., CHRISTENSON, C. W., FLOWER, E.
Summary of a study vl the uptake of 239py by alfalfa from
soils, USAEC Rep. LADC-12897 (1971).



[15] HAKONSON, T. E., JOHNSON, L. J., PURTYMUN, W. D., The
distribution of plutonlum in 11qu1d waste dlsposal areas
at Los Alamos, LA-UR-73-1309, CONF-730907, 3rd IRPA
Internation Congress Sept. 9 14, 1973.

[16] JOHNSON, J. E., SVALBERG, S., PAINE, D., The Study of Plutonium
in Aquatic Systems of the Rocky Flats Environs, Final Tech-
nical Report for the Perlod January 1 1971 to June 1, 1974,
June 1974. ; | Y

[17} MILHAM, R. C., SCHUBERT, J. F., WATTS, J. R., BONI, A. L.,
COREY, J. C., '"Measured plutonium resuspension and resulting
dose from agricultural operations on an old field at the
Savannah River Plant in the southeastern United States."
Proceedings of the Conference Transuranium Nuclides in-the
Environment, San Francisco, CalifOrnia, November 17-21, 1975,

[18] HANSON, W, C., Ecological considerations of the behavior of
plutonlum in the environment, Health Phys 28 (1975) 529,

[19] HAKONSON,_T. E. and JOHNSON, L. J., Distribution of environ-
ment plutonium in the Trinty Site ecosystem after 23 years,
"Proc. Third Int. Cong. of the International Radiation
Protection Assoc1at10n (IRPA)," Washlngton D C

[20] STEEL, R. G. D., TORRIE, J. H., Pr1nc1p1es and procedures
of statistics. McGraw-Hill Book Co., *New York, (1960).

- 10 -



SAVANNAH RIVER PLANT

Pu Isopleths v= mCl/km?

[ ]
0 2 4 6 8
KILOMETERS

FIG. 1. PLUTONIUM DEPOSITION ON THE.SAVANNAH RIVER PLANT




: }Ré‘p'&oéesslnq Plants
d W i .

[+
K oo :
L tNuclear Reactors

R

0-Heavy Water Plant

M-Fusli Fabrication Piant ° -

A -Administration and
Ressaich Faclliitles

'

02 4 5 8
" KILOMETERS

i

FIG.. 2. - ONPLANT .SAMPLING LOCATIONS.




' O — Highways

"y
A%
AUGUST. /‘

WEXYNESBORO

GEORGIA

S

A — Sampling Location

{2
K/
R

WAGENER
9,

SPRINGFIELD Aﬁ .o

(9

WILLISTON -

%cowmam

@ .

woRTh?

ORANGEBURG

SOUTH
CAROLINA

¢

["=® < ® e =]
— 24 km—=|

FIG. 3. OFFPLANT SAMPLING LOCATIONS



Plutonium Concentration, fCi/g dry weight

3
10 | l
162— E N
hn¥=3.94-1.024nd
~ .,2:0f9Q4 o

10'— - o .

e— Bouckground ...

3
.. .. ' . ' 9

10° | | o

107! .00 ST o L o - 102

Distance from Nearest Reprocessing Plant, km

FIG. 4. RELATIONSHIP BETWEEN PLUTONIUM CONCENTRATION OF SOIL
AND DISTANCE FROM NUCLEAR FUEL REPROCESSING PLANT



104

, , |
[ ]
[ ]

IO3*—— ]
c
=y

Qo

z Uny=5,45-1.25bnd
LS ’ -
£ . . =0.839
§’|02_._
Q
'Vc"
]
B
‘E )

S a!

Q10! |—

S
(&)

£

3
‘£
e
3 _
a o .

®
' [ ]
ol | T .
o) ’ 10° 1o 02"

Distance from Nearest Reprocessing Plant, km

FIG '5 " RELATIONSHIP BETWEEN .PLUTONIUM CONCENTRATION OF
RESUSPENDIBLE MATERIALS AND DISTANCE FROM NUCLEAR
FUEL REPROCESSING PLANT



102 , :
I

=
o
2 °
-
© 10! {— ]
<
©
ha . . . .
3 bn. Y=1.37-1.08 bnd .
= ré= 0,722 ST
E :
"E .
0 "y
= %

) .
S10%— . ]
E . ..
E r—— Background .
$ e o
2 ® .
a

o) — I ' |

1o . ' ST U
" Distance. from- Nearest ‘Reprocessing ,-Pld-nf, km

FIG. 6 RELATIONSHIP BETWEEN PLUTONIUM--CONCENTRATION, OF HQNEY-

102

- *.-.SUCKLE "AND DISTANCE FROM.'NUCLEAR FUEL REPROGESSING PLANT

4



~ . | ‘
=
2
% [ ]
4
e
©
I Al |
s o Iry=1.92-1.35 tnd —
ey _ \ r?=0.847
C. .
2 e ° A
5 . .
<.
4] ®
Q
[ =
O
o -
A°l— —_
E 10
‘©
2
=2
a °
%o
{— Background ® .0
®
- °
O" L ]
o 100 10! 102
Distance from Nearest Reprocessing Plant, km
FIG. 7 RELATIONSHIP BETWEEN PLUTONIUM CONCENTRATION OF CAMPHOR

WEED AND DISTANCE FROM NUCLEAR FUEL REPROCESSING PLANT



TABLE I. PLUTONIUM CONCENTRATIONS OF SOIL CORES AND RESUSPENDIBLE MATERIAL

Distance Sotl Cores (0-15 cm depth) - " 'Reguspendible Matéridal (0-0.1 cm)
, - from ‘SRP 2380, ¢ 23%p,,d a7 £3%py, 238p,, 239, 4 o% 238p,
Sample Location® Source,b km fCi/g fCci/g e fci/ge fci/g e
Onplant : ’
Inside 3 mCi/km2 isopleth .
1 0.5 . 46.4 7.9 37.0 + 6.8 56 *12 387.9 12,4  311.8 #11.1 ' '55°% 2
2. 0.5 7.2 5.0 163.8 *21.8 e t3 118.1 * 7.2 1805.7 *28.0 2+0
3 1.3 23.4 ¥2.8 '89.9 * 5.8 21 £ 3 "1931.1 #32.2 - 996.8 $23.2 66 £ 1
4 0.3 13.4 4.7 101.2 £12.1 =4 50.9 £°3.,2 .106. £ 5. 32 £ 2
5 1.0 2.9 £1.9 33.6 £ 6.0 g =*5 45.9 * 2,6 100. £ 4, 3122
Inside 2 mCi/km? isopleth o _ ;
6 3.8 © 4.0 £1.8 6.9 2.3 . 37 ]9 1.9 *0.6 14.2 £ 1.6 12 + 4
7 8.4 0.8 #0.8 9.5 #1.8 38 2.9 0.4 7.1 1.0 14 £ 2
8 7.0 1.2 £1.4 - 8.2 2.6 13 #15 7.0 0.9 36.8 £ 2.0 18 + 3
9 7.5 0.7 0.4 7.1 #1.1 35 7.6 0.8 49.8 + 2,1 13 .+ 2
10 4.0 0.5 #0.4 5.8 1.1 36 7.2 *0.7 37.4 £ 1.5 16 £ 2
11 5.7 . 0.6 0.9 7.0 #2.2 3 %12 3.8 0.8 40.0 * 2.6 9 %2
12 4.2 0.8 %1 1 9.1 #3.5 3 12 1.8 0.4 33.9 + 1.9 5%1
13 3.5 .0.8 #1.2 9.7 #2.7 3 %12 1.7 #0.3 10.2 £ 0.7 14 + 3
‘Offplant - S ' ‘
At 40 km radius L
14 28 0.6 £0.5 4.4 *1.4 12 £10 0.4 0.2 0.3 0.2 57 £36
15 26 © 0.5 0.3 7.3 %0.9 5 %4 0.6 0.3 9.1 #1.3 6 £3
16 38 0.2 #0.2 1.3 0.4 14 11 0.2° 20.09 0.5 20.16 21.+14
17 38 0.8 0.8 7.1 *1.7 10 *10 . 0.8 0.2 2.0 0.4 29.+ 9
18 45 0.4 0.2 6.2 0.8 6 3 0.2 #0.09:- ..1.8 0.27 10 = 5
19 49 . 0.2 0.2 5.1 0.8 4 + 4 1.8 0.4 12.5 *1.2 12 £ 3
© 20 - 41 0.4 0.4 5.5 #1.0 7. £7 2.3 0.6 23.8 *2.0 9 £ 2
21 45 0.3 #0.2 6.5 0.8 4 3 0.7 0.2 1.7 0.3 28 + 9
22 ¢ -+ 40 0.5 0.4 8.6 *1.2 6 t 4 2.1 0.4 5.5 0.6 28 £ 5
23 35 0.7 £0.4 7.4 .9 9 %5 4.8 0.6 9.2 0.9 +5

.34

. See Figures 27and- 3.,
Fuel resprocessing plart.
Dry weight.

Includes 2*°Pu also.
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TABLE II. PLUTONIUM CONCENTRATIONS OF HONEYSUCKLE AND CAMPHOR WEED

Honeysuckle - Camphor Weed -~~~ o
238py 239py ¢ a% 238py 23%py 239Pubc a%
Sample Location® fCi/gh feijgb fei/gh feilg
Onplant _
.1 0.4 0.1 2.1 0.1 17 2 1.2 '£0.2 3.7 #0.3" 25 *4
2 1.2 #0.1 15.1 =0.4 7 #1 1.6 0.2 . 74.9 1.3 3 0.3
3 0.9 0.3 . 7.2 =0.3 60 *2 18.5 0.7 11.7 $0.5 61 3
4 2.7 #0.1 3.5 =20.2 - 43 %2 2.6 0.2 2.2 #0.2 54 %5
-5 2.8 0.2 3.1 =0.2 47 4 1.1 +0.2 2.6 0.2 30 5.
6 0.23 #0.04  0.53 =0.06 30 %5 0.3 +#1 0.9 *1 26 %7
"7 ~ 0.69 £0.0S 1.05 =0.06 40 3 0.29 *0.04 0.49 *0.06 37 £7
8 0.09 #0.02  0.16 =0.03 37 #10 0.18 #0.03 1.2 *0.1 12 £2
9 0.03 0,02  0.43 =0.06 7 %3 0.11 *0.04  0.30 *0.06 : 27 *I
10 0.08 +0.02 = 0.17 =0.03 31 #9 0.07 *0.1 3.1 0.2 19 +2
11 0.17 #0.03 0.8 =0.1 _ 16 *3 0.04 +0.02 - 0.30 *0.05 11 %5
12 0.07 #0.02 = 0.50 =0.04 12 *3 0.07 #0.02  0.29 *0.04 .19 %5
13 0.07 +0.03 0.6 =0.1 11 #5 0.04 $0.03 = 0.5. #0.1 7 45
Offplant f . '
“14 0.07 $0.02  0.45 =0.05 13 4 0.032%0.014 0.23 $0.04. 12 %6
.15 - . 0.06 %0.01 0.54 =0.03 10 *2 0.14 +0.03  2.27 +0.13 6 +1
16 0.03 #0.01 0.34 =0.04 8 13 0.15 £0.008 0.17 %0.03 8 +4
17 0.04 #0.01 ° 0.27 =0.04 12 #5 0.013+0.009  0.22 +0.04 6 *4
18 0.064+0.015 0.47 £0.04 12 #3 0.025%0.010. 0.22 +0.03  10.%4
19 0.04 #0.01 0.39 £0.04 10 4 0.006£0.006 0.31 %0.04 2 2
20 0.10 £0.02  0.38 20.03 22 *4 0.03 +0.01 0.27 +0.04 9 #5
21 0.04 20,01 0.37 #0.03 9 %3 0.028+0.011 0.18 +0.03 13 +6
22 '0.14 +0.04  0.58 20.09 19 %6 0.04 +0.01 0.36 +0.04 10 +4
© 23 0.05 +0.01 0.52 9 %3 0.01 £0.01 0.16 *0.03 7 %4

a. See Figures-2 and 3 and Table I.

b.
' C‘.

Dry weight.

Includes 2%°Pu also.

£0.05



TABLE III. PLUTONIUM CONCENTRATIONS OF ‘GRASSHOPPERS

238p,, 239p, ©C a% 238py
Sample Location® fCi/gé - ‘fCi/gé R
1 0.38 *0.10 "1.18 £0.16 25 7
3 1.36 %0.13 ,1.38vi0.13: 50 %6
13 (Control) <0.03 . <0.03 -

See Figure 2 and Table I.
Dry weight,
e. Includes 2*%pu also.
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TABLE IV. PLUTONIUM CONCENTRATIONS OF COTTON RATS“

Juveniles® 1 Immaturesd Adults®
5 zasPu, 239Pu,9 a% zaaPu 238Pu’ . 239Pu,9  a% zaepu 23§pu, 239Pu,9 oY 238p,
Sample Location fci/gf fci/gf fci/gT - feisgf o ' fci/gf fci/gf

1 . - . 0.44 £0.07  0.45 $0.07 49 *10 - - -

2 0.20 °%£0.006 0.41 +0.09 33 %12 - - " 0.22 *0.08 -0.61 #0.13 27 *]1

3 1.62 £0.15 1.96 *0.17 45 + 5 0.64 £0.12 1.04 *0.15 39 £ 8 0.69 *0.10 0.96 *0.12 42 * 7

4 0.26 *0.08 h - 0.16 20.04 0.15 +0.04 51 #*15 0.11 %0.08 0.39 *0.15 22 £17

5 - - L _ T - - -

6 - - - - - - 0.06 £0.03 0.01 *0.01 80 %54

7 - - - - - - - -

8 - - - - - - - - - -

9 - - - - o - . h 0.08 *0.04 -
10 - - - - - - ’ 0.15 +0.07 0.12 £0.06 56 *36
11 0.54 *0.15 0.17 %0.08 76 *28 - 0.13.$0.05 ~ - 0.08 *0.03 0.05 #0.02 58 *28
12 - - - - - - -

+0.04  0.05 *0.03 62 36

Skinned and gastrointestinal tract removed.

See Figure 2 and Table I.

<40 g dry weight.

40 to 90 g dry weight.

>90 g dry weight . R
* Dry weight . o :

Includes 2*%py also. : ) ) '

Less than 1 fCi/sample.
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TABLE V. AVERAGE CONCENTRATION'RATIOS® FOR CAMPHOR
- WEED AND HONEYSUCKLE *

Average Concentration Ratio

Onplant .+ Offplant
Camphor Weed/Soil 0,218 = 0.069
Honeysuckle/Soil 0.093 o 0.077

pCi of plutonium/g dfy w¢ighf 4
* pCi of plutonium/g dry weight

TABLE VI. AVERAGE CONCENTRATION RATIOS@ BETWEEN
_ VARIOUS COMPONENTS OF THE ECYSYSTEM

h _‘.Average
Componente of the Ecosystamu4 ”HLCOnéentration Ratio
Cotton Ratsb/soil =~ f;;;O.Qi4
' Grasshopfersc/soil o t i0.0éZ
~ Cotton Ratsb/vegetation l0.14
Grassﬁéppéréc/vegetatibn; . .O.zé

pCi of plutonium/g dry weight
pCi of plutonium/g dry weight

b. Skinned and gastrointestinal tract removed.

e. Whole



TABLE VII. ~PLUTONIUM CONCENTRATIONS "AND ALPHA PERCENTAGES IN ECOSYSTEM COMPONENTS

Onplant Locations } : ~ __ _Offplant Locations
Ecosystem No. of . Pu Concentration, fCi/gd@ =~  o% 23%Pu ) = No. of Pu Conecentration, fCi/ga a% 238py
Component - Samples  Mean Std. Dev. Mean =~ Std. Dev.- Samples Mean - Std. Dev.- Meano Std. Dev.
Soil i 13 45.5 55.8 14.8 15.0 10 - 6.40 2.16 7.8 3.3
Resuspendibles 13 295.4 561.7 22.2 19.3 - 10 8.03 8.21 23.4 . 15.3
Camphor Weed - 13 9.9 21.5 - 25.6 17.3 o 10 - 0.44 0.70 8.4 3.4
Honeysuckle 13 4.2 6.1 . 27.6 17.2 - 410 0.49 : 0.12 12.3 4.6
Adult Cotton Rats 8 0.4 C . o

6 0.55 43.4 25.8

a. Dry weight.
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RELATIONSHIPS AMONG PLUTONIUM CONTENTS OF SOIL, VEGETATION,
AND ANIMALS COLLECTED ON AND ADJACENT TO AN INTEGRATED
NUCLEAR COMPLEX IN THE HUMID SOUTHEASTERN UNITED STATES:

INTRODUCTIONA

Plutonium behavior in terrestrial ecosystems in the United States has been
" studied principally in aridnareaé using plutonium ffom weapons tests [1,2].
- Results of those studies are not directly applicable to the humid,'heavily
vegetated climates of the southeastern United States and to plutonium from an
operating nuclear fuel reprocessing plant.

The Savannah River Plant (SRP) provides a unique opportunity within the
humid southeastern United States to study thé'behavior of plutonium in the
" environment. SRP is on a reservation of 77,830 hectares. -Public access to the

reservation is controlled. The reservation consists of fresh-water streams,

old fields, and forests. Wildlife, including a deer herd of 6,000,-abound. For

over 20 years this integrated nuclear complex has included nuclear reactors
- (three of original five are operating at present), two nuclear fuel reprocessing
plants, a fuel fabrication facility, a heavy water production unit, and a
nuclear research laboratory. The reprocessing plants, alqﬁg with global fallout,
are the sources of plutonium that enters SRP environs. Each source releases
plutonium of unique isotopic composifion: 95 and 25 a% 238Pu*_from_ reprocessing
plants, éompared with iO a% 238pu from global faliout. These isotopic differ-
- ences provide a convenient basis for Studying the origin and transporf of plu-
4'tonium that is found in the SRP ecosyStem.

An extensive environmenfal monitoring program at SRP has provided informa-
tion on the plutonium content_of soil [3]. The monité}ing program was used to

establish a background concentration of plutonium in SRP -soil of approximately

238p, A At
%o % 238p, = Pu alpha activity x 100

Total Pu alpha activity

——
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' grasshoppers and cotton rats were also collected.

L

2 mCi/km?. This concentration is well within the range reported for the south-

eastern United States [4]. Results of this monitoring program were used to con-

~ struct idealized isopleths showing plutonium deposition starting at the nuclear:

fuel reprocessing areas and decreasing toward the plant perimetér (Figure 1).
Thesetisopleths represent plutonium concentrations that range from the background
level of approximately 9 £Ci/g to a high of 2740 fCi/g adjacent to one of the
nuclear fuel reprocessing facilities.

The objective of the study discussed in this paper was. to-establish re-
lationships among the plutonium contents of soil, yegetation,_énd animals. ~
To obtain food chain information, sampling locations were selected by utilizing

the established isopleths. At each location, samples of soil and two types of
. s i

vegetation (camphor weed and honeysuckle) were taken. At selected 1$cations,

i
!
1
!
1

METHODS AND MATERIALS

!
- Characteristics of Sampling Locations - T ' - o l
i

-Twenty-three'locations were selected'using information from the soil monitor-
ing program: 5 within the 3-mCi/km? isopleth, 8 within the 2-mCi/km? isopleth,
and 10 at a 40-km radius surrounding SRP (Fig. 2 and 3). Each sampling location

was chosen on the basis of its vegetation and animal habitat. The location

. criteria required a non-forested, undisturbed area with a good vegetation cover. :

Locations were selected with sufficient distances between them that cotton rat

populations would not overlap.

Sampling Mé%hods and Preparation

Sotl |

Composite soil samples of ten cares were taken at each of fhe 23 sampling
locationns accordipglpg the'proéedures described by McLendqn.(i975) [31.
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Resuspendible matériai was collected at the surface of eaéh location:with ‘ R
a special sampler. These saﬁples represent the material.on the soil surface
’that could be disperséd in the atmosp;ere. The sampler had a 232-cn? head
attached to a small, portable vacuum cleaner that produced an average wind speed

of 6 m/sec. The resuspendible material was oven-dried, ashed, and analyzed for
. : \

. plutonium according to previously developed procedures [5,6,7]. ' :

Vegetation
Honeysuckle (Lonicera japonica) and camphor weed (Heterotheca subaxillaris) were
collected in July 1975, in the vicinity of the soil sampling‘locationslto deter-
mine plutonium content of vegetation, Honeysgckle was chosen because of its
" acknowledged dietary preference by deer during the summer months. Camphor weed
was used as the second type of vegetation because of its abundance and because
it has been shown to be extensively grazed by numerous insects [8]. Approxi-
mateiy 200 fo 306 grams of dry wqight for each species were taken by clipping

the vegetation at ground level. Each sample was oven-dried, ashed, and analyzed -

for plutonium by the same method as used for the resuspendible material. F”
Insects and Animals
- Grasshopper samples (approximately 30 g dry weight) were collected in late
August 1955 when the grésshOpper population had peaked because sufficient éamples
for analysis éould not Be obtained eaflief. Eecause.;f the 1imiféd time reﬁaiﬁ—
ing for analysis, only three samples were collected. Two were from the areas
~ immediately surrounding the nuclear fuel repfocessing areas, and one was at a - : s

~,

distant location to serve as a control. Approximctely 100 to 150 grams of grass-
.hoppers were collected from each area. Each sample was oven-dried, ashed, and
analyzed by the same method as was used for analyzing the resuspendible -

material,

'.f'!

1
i
f



Coptme

-

AL}

Cotton rats (Sigmodon hispidus) were sampled at 9 locatipns. Distances
betweeh these locations were sufficient to ensuré that they réprésented dis-
tinct populations with-a ncgligible'zhance of animal movement from one location
to another. Approximately 10 to 20 cotton'fats were'coilected from:éach location
_aﬁd divided into juvenile (S4ng dry weight) [9],:immatures (40“fo.90 g dry weigﬂt),
.and édults (>90 g dry wgight). Plutonium concentrations of rats from gach area were
determined if sufficient sample was available. Cotton fats were frozen upon capture
and.iater thawed, dipped‘in paraffin to reduce mobility of éurface—deposited pluton-
ium, and skinned. Tﬁe gastrointenstinal tract wds removed from the remaining carcass.
Tissues around any wound were also excised. Plutonium concentrations of the rat car-
casses (skin and gastrointestinal tract removed) were determined by the same tech-

nique as was used for analyzing the resuspendible material. Measured plutonium con-

centrations should represent both uptake and lung contamination.

RESULTS
Soil
The plutonium concentrations of the soil core samples (0-15 cm depth) varied
Qidely and generally reflected the sampiing distance from plutonium sources af
SRP, The concentrations range from offplant lows of 0.2 £Ci 238py/g* and 1.3
£Ci 2%°pu/g** to onplant highs of 46.4 fCi 2°%Pu/g and 163.8 £Ci 2*°Pu/g (Table 1).
The plutoﬁium concentrations of the resuspendible‘materials showed the same
variation withAdistance from the sources (Table 1) as the soil core samples. How-

‘éver, the concentrations on a per gram basis were generally higher;thén those of

soil core samples.

*-All sampleé‘weights were dry weights. : -

A ** All 23%9py analyses include 240%py also. _ . . -

© e emas e e v

-



The-offplant concentrations are consistent with concentrations for

’ fallout plutonium reported for this latitude band (30° to‘40°) [4].

Vegetation

" The plutonium concentrations of honeysucklz and camphor weed samples

decreased with increasing distance from the SRP sources (Table IIB. The con-

centrations for honeysuckle ranged from 0.03 £Ci 238Pu/g and 0.27 £Ci 239Pu/g
offplant to 10.9 fCi 2*"Pu/g and 15.1 £Ci 23°Pu/g onplant. The concentrations
for éamphor weed rénged from 0.01 £Ci 2%%Pu/g and 0.16 £Ci 23%py/g offplant to
18.5 £Ci 238Pu/g and 74.9 £Ci 239Pu/g onplant. Both species showed a wide
range in a% 238py reflecting the existence of one or more plufonium soufces

in conjunction with global fallout.

Insects and Animals
~The. two grasshopper samples collected near nuclear fuel reprocessing plants

contained detectable plutonium concentrations (Table III), but the plutonium

~concentration of the control sample was less than the analytical detection limit

(1 £fCi per sample).

The plutonium concentrations of the adult rat samplés ranged from less
than detectable ?3%Pu* and 0.05 fCi 23°Pu/g to 0.69 fCi 238Pu/é and 0.96 fCi
239Pu/g.v Generally, the plutonium contents of the juvenile and immature samples
were similar to those of adult samples, and the o % *°°Pu of all age classes

were similar. However, samples of all age classes were available from only four

sampling locations,

~

* Analytical detection limit = 1 £Ci/sample.

o



DISCUSSION |

Plant-Soil Relationships
Numerous studies on the relationship between the plutonium contents of vege-
tation and soil have been rgportéd.. Most of thg‘studies were conducted in the
laboratory and shéwed uptake factors*ranging from 107 ° to 10"“[1,10,11,12].
Romney [13] and Buchholz [14] repofted that the uptake factor increases with
time when Ladinc clover is repeatedly harvested from the same soil; however,
"similar cropping studies with alfalfa showed no obvious trends. A few studies
have been concerﬂed with the relationship between the plutonium content of the

vegetation and the soil under field conditiops. Hakonson, et al. [15] reported

plutonium concentration ratios (vegetation-to-soil) of 10"% and 10-% for plants grown

ﬂ on plutonium-containiﬁg sediments.under field cqnditions. Johnson,;et al, [16]
repqrted similar plant/sediment plutonium concentration ratios for p&ants grown
in aqdatic environments at Rocky Flats. From theAdéta a&ailab1e for;the vegeta;
tion aﬁd soil, a concentration ratio of 10~! can be determined for t%e'present
study (Table V). This ratio is not significantly affected by distaﬁce from the
reprobessing plants, .

" An examination of a% 238py data (Table I and II) indicates that déposition
on the surfaces of vegetation is the priﬁcipal mechanism contributing to the .
. plutonium content. For example, at Sample Location 1 (0.5 km from sourée), values
of &% 238py were' 57% in soil, 55% in resuspendible material, and 20% in vegetation.
' Because the nearest SRP source for that area has an a% 23%Pu value of 25%, the
~

vegetation, the youngest component of the sampling area, shows the deposition

of plutonium from the nearest SRP source along with fallout, and the soil and

resuspendible material show the influence of earlier réleases. That deposition .

Pu concentration in vegetation, Ci/g of dry vegetation
Pu concentration in soil, Ci/g of.dry soil

* Uptake Factor =

-8 -

-

oy,



is thé priﬁcipal méchanism of pluténium entry into vegetation is further estab-
liéhed with the information obtained_§rom Samble Location 3 (1.3 km from source).
The soil in-this area has an a% 23%Pu of 21%; the resuspendiblé material, 66%;
and yégetation, 60%. The source affecting this area is approximately 95% é3éPu;
Atmospheric parficulates in this area, collected on tacky paper, show an a% 23%pu
of 59 *19% indicating a dilution of plutonium from the SRPAsource with global
fallout [17]. Vegetatién and resuséendible material for this a?ea reflect the ¢
depositibn of this fallout, and the soil shows the accumulation of years of
plutonium input from the source and global fallout. If uptake were a prihcipal
mechanism, the a% **°Pu determined for vegetation would reflect the plutonium
composition of the soil. ’

Although at greater distances the advantages provided by the differences
.in 0% 2%%pu are no longgr present, similar concentration ratios are calcu}ated.

This observation supports the conclusion that surface deposition on vegetation

'is the principal mechanism leading to the observed plutonium values.

‘Animal-Soil Relationships - ' ' | L
Numerous investigators report the toxicity and behavior of plutonium in
1356ratory animals 2], and a few report plutonium content in field animals [10].
However, little information is available for determining relative plutonium con-
tents of énimals and soil. From the plutonium analyses available for the three
'grasshOpper samples and the eight adult rat samples, ‘a concentrafion-ratio of animai

plutonium to soil plutonium of about 1072 can be calculated (Table'VI). That ratio : .‘

appears to bé independent of the amount of plutonium in soil and could therefore
provide an approximation cf the plutonium coatent in animals where scii concentra-

tions of plutonium are known.



Resuspendib]e'Mate}ial

Analysis of resuspendible material is rapidly and easily conducted. The ,
a% 238Pu.vari.es more in resuspendib?e material than in any other ecosystem
component analyzed. This variation suggests the utilization of plutonium analy-
ses of resu;pendiblesAas a monitoring method to detect smail chaﬁges in the

plutonium concentration of surface soils not detectable by sampling soil cores

or vegetation.

Biological Availability of 23%Pu

Comparison of the a% ?3®Pu values for rat carcasses, soil, vegetation, and
-resuspendible materiai suggests an apparent increase in the biological avaii—
. ability of 23%pu relative to 2°%Pu in the environment (Table VII). Although these
data are not statisticaliy cdnﬁlusive, théy éupport.evidence preséﬁted in bfher
studies. Hanson [18] postulated several theories to explain the apparent in-
creased évaiiability of 2*¥pyu, In his theory development, he used the data of
Hakonson and Johnson [19], who have reported 238py/23%py ratios of 0.05 in soils,
0.10 in vegetation, and 1.0 in animal components of the Trinity Site ecosfstem.
- .At this time, further study -of natural systems is needed to provide a firmer

statistical base for Hanson's hypothesis.

-Plutonium.Distributién With Distance From the Reprocessing Plant

Because the plutonium concentrations of camphdr weed, hoﬁeysuckle, soil,
and resuspendibles are all higher near sources‘and decrease as the distance
from the sdurce increases, regression equations of the following form were
fittsed to the date as:shown in Fig. 4 tihvough 7, and the line is described by.

the equation




InY=b_ +b, In d
o) 1 |

where Y = total plutonium concentration in soil, resuspendible material or

'yegetation; bo = concentration of plutonium at 1 km from the'source; by = slope
of linear relationship between In Y and 1n d; and d = distance from the nearest
source, ‘Thése equafions permit one td estimate the plutonium concentration of
the Various ecosystem components out to 10 Rm with a high degree of confidence.
Total plutonium concentrations of samples from the 40-km.radius are not related
to distance from the SRP sources. ~

None of the slopes of the regression equations in Fig. 4 through 7 are

’ significantly different from -1 (t test of slopes where P >0.05 [20]), indicating
: ’ i

that concentrations are approximately proportional to 1/d. A consideration of

simple diffusion processes from a single point source suggests that concentrations

: : ;
should be proportional to 1/d?. The reason for this difference is not known at

the present time. |
" Adult cotton rats that were collected from eight onplant study locations

i

also show a decrease in plutonium content as distance from the source increases.
I
N ¥

Thé regression equation describing this distribution has the coefficients
%o = -0.72 and’Bi = -0.78 (r? = 0.761; df = 6; P <0.01), where b andlgl are the
least squares estimators of b0 and bl.' The b1 estimate is not significantly

different from -1 indicating that the decrease in the plutonium concentrations

observed for the cotton rats is similar to that observed for vegetation, resus-

- pendible material, and soil.

- A

The estimates of bl for the regression equations in Fig. 4 are not signifi-
cantly different from each other (Test of Homogeniety of Regressiuvn Coeflicients;
F =0.84, df = 3.32, and P >0.05; [20]). Since b1 =.-1, then a general equation

can be written for each ecosystem componcnt i, as follows: -



In Conc(i) = a(i) + (-1) 1In d,
where a(i) changes for different ecosystem components. For any two components

i and j

In Conc(i) - 1n Conc(j) = [a(i) - 1n d] - [a(§) - 1n. d], whiqh may be simpli-

fied to : W
In Conc(i) - 1In Conc(j) = a(i) - a(j)

Since a(i) - a(j) = Constant = k
Conc(i) _ _k
Conc(3)

This relationship is specific for the choice of i and j component. Thus, the

) N
similarity of the b, values implies that the plutonium concentration ratios be-

v 1
tween ecosystem components are nearly equal throughout the areas influenced by
SRP‘;ources. This finding is unexpected because the ‘two reprocessing-plants at
SRP release plutonium of different isotopic composition. The similarity of con-
cent?ation ratios between ecosystem components indicates that plﬁtonium from the

various sources behaves in a similar fashion and that plutonium concentration

ratios calculated from the data are of wide applicability in the Southeast .

iMPLiCATIONS FOR FUTURE STUDIES

If knowledge of the fallout and resuspension at each sampling location or an
equation relating fallout and resuspension to distance from the source were avail-
able, it woﬁld be possible to develop a simple model for predicting plutonium con-
centrations of ecosystem components. Because the geography, soil typés, and
spécies sampled are typical of the southeastern United States, this model woﬁld
be of general appiicability to the Southeast. Work currently under Qay at Savan-

nah River should produce the necessary information for such a model.

— e

Aty e

—————

e
{

o

s

-



REFERENCES o ‘ o

(1]
[2]
151
[4]

(5]

(6]

(9]
(10]
(11]
[12]

[13]

[14]

FRANCIS, C. W., Plutonium mobility in soil and uptake in
plants: a review, J. Environ. Quality 2 1 (1973) 67.

PRICE, K. R., A review of transuranic elements in soils,
plants, and animals, J. Environ. Quality 2 1 (1973) 62.

MCLENDON, H. R., Soil monitoring'fdr plutonium at the
Savannah River Plant, Health Phys. 28 4 (1975) 347.

HARDY, E. P., KREY, P. W., VOLCHOK, H. L., Global inventory
and distribution of fallout plutonium, Nature 241 (1973) 444.

BUTLER, F. E., Determination of uranium and americium-

~curium in urine by liquid ion exchange, Anal. Chem 37 (1965)

340.

SANDERS, S. M., LEIDT, S. C., A new procedure for plutonium
urinalysis, Health Phys., 6 (1961) 189. ¢

HOCHEL, R. C., Automated multispectra alpha spectrometer
and data reduction system, USERDA Rep. DP-1393 (1975).

WIEGERT, R. G., ODUM, E. P., Radionuclide tracer measurement
of food web diversity in nature, in Radioecology, Proc. of
the 2nd National Symposium, p. 709-710 (1969).

CHIPMAN, R. K., Age determination of the cotton rat

(Sigmodon hispidus). Tulane Studies in Zoology 12 (1965) 19.

ROMNEY, E. M., DAVIS, J. J., Ecological aspecté of plutonium
in terrestrial environments, Health Phys. 22 (1972) 551.

CLINE, J. F., Uptake of 2“'Am and 23°Pu by plants, USAEC Rep.
BNWL-714 (1967) 8.24. '

NEUBOLD, P., Absorption of plutonium-239 by plants, U. K.
Agricultural Research Council Report ARCRL~10 (1963).

ROMNEY, E. M., MARK, H. M., LARSON, K. H., Persistence of
plutonium in soil, plants, and small mammals, Health Phys.’
19 (1970) 487.

BUCHHOLZ, J. R., ADAMS, W. H., CHRISTENSON, C. W., FLOWER, E.
Summary of a study of the uptake of 23%py by zlfalfa from
soils, USAEC Rep. LADC-12897 ({1971].



(15]

[16]

4

[17]

18]

[19]

[20]

JOHNSON, J. E., SVALBERG, S., PAINE, D., The Study of Plutonium

HAKONSON, T. E., JOHNSON, L. J., PURTYMUN, W. D., The
distribution of plutonium in liquid waste disposal areas
at Los Alamos, LA-UR-73-1309, CONF-730907, 3rd IRPA
Internation Congress, Sept. 9-14, 1973.

in Aquatic Systems of the Rocky Flats Environs, Final Tech-
nical Report for the Period January 1, 1971 to June 1, -1974, . Cosam
June 1974, '

MILHAM, R. C.,, SCHUBERT, J. F., WATTS, J. R., BONI, A, L.,
COREY, J. C., "Measured plutonium resuspension and resulting
dose from agricultural operations on an old field at the
Savannah River Plant in the southeastern United States."
Proceedings of the Conference Transuranium Nuclides in the
Environment, San- Francisco, California, November 17-21, 1975.

HANSON, W. C., Ecological considerations of the behavior of
plutonium in the environment, Health Phys. 28 (1975) 529.

HAKONSON, T. E. and JOHNSON, L. J., Distribution of environ-
ment plutonium in the Trinty Site ecosystem after 23 years,
"Proc. Third Int. Cong. of the International Radiation
Protection Association (IRPA),'" Washington, D.C.

STEEL, R. G. D., TORRIE, J. H., Principles and procedures
of statistics. McGraw-Hill Book Co., New York, (1960).



————

TABLE 1. PLUTONIUM CONCENTRATI'ONS OF SOIL CORES AND RESUSPENDIBLE MATERIAL

Distance Soil Coves ¢(0-15 ¢m depth) =~~~ s " Resuspendible Material (00,3 cm)
Sample Location® Source,” km fCi/g fci/g = ' fci/ge fCi/g ¢
Onplant - '
Inside 3 mCi/km® isopleth ‘
1 0.5 46.4 +7.9 "3770 £6.8 7777756 212 T 7387.9 *12.4 311.8 *11.1 55 2
2 0.5 £ 7.2 5.0 163.8 +21.8 4 3 118.1 £ 7.2 1805.7 *28.0 2 +0
3 1.3 23.4 2.8 89.9 + 5.8 21 £ 3 1931.1 #32.2  996.8 *23.2 66 * 1
4 T0.3 13.4 4.7 101.2 #12.1° 12 + 4 50.9 £ 3.2 106. * 5. 32 =2
5 1.0 2.9 £1,9 33.6 * 6.0 8 5 1 45.9 £ 2.6 100. * 4. 31 =2
Inside 2 mCi/km® isopleth ,
| 6 3.8 ' 4.0 *1.8 6.9 *2.3 37 +19 L1.9 0.6 - 14.2 * 1.6 12 + 4
7 8.4 0.8 %0.8 9.5 *1.8 8 + 8 2.9 0.4 17.1 + 1.0 14 = 2
8 7.0 1.2 £1.4 8.2 *2.6 13 #15 " 7.0 £0.9 30.8 £ 2.0 18 + 3
9 7.5 0.7 0.4 7.1 #1.1 9 +5 7.6 0.8 49.8 + 2.1 13 + 2
10 4.0 0.5 0.4 5.8+ 1.1 8 6 7.2 $0.7 37.4 + 1.5 16 + 2
11 5.7 0.6 0.9 7.0 2.2 8 212 3.8 *0.8 40.0 + 2.6 9 + 2
12 4.2 0.8 %1.1 9.1 +3.5 3 $12 1.8 0.4 33.9 £ 1.9 5 %1
13 "3.5 0.8 #1.2 9.7 #2.7 8 *12 1.7 *0.3 10.2 + 0.7 14 %3
Offplant %
At 40 km radius
14 28 0.6 *0.5 4.4 *1.4 12 10 0.4 0.2 0.3 *0.2 57 36
15 26 0.5 *0.3 7.3 *0.9 6 4 0.6 0.3 9.1 #1.3 6 +3
16 - 38 0.2 #0.2 1.3 0.4 14 11 0.2 *0.09 0.5 #0.16 21 *14
17 38 0.8 #0.8 7.1 *1.7 10 *10 0.8 0.2 2.0 0.4 29 £ 9
18 45 0.4 £0.2 6.2 0.8 6 +3 0.2 %0.09 1.8 #0.27 10 £ 5
19 . .49 0.2 0.2 5.1 +0.8 4 % 4, 1.8 #0.4 12.5 #1.2 12 + 3
20 : 41 0.4 *0.4 5.5 #1.0 7.7 2.3 0.6 23.8 £2.0 9 + 2
21 45 0.3 £0.2 6.5 0.8 4 %3 0.7 0.2 1.7 #0.3 28 £ 9
22 40 0.5 0.4 8.6 1.2 6+ 4 2.1 *0.4 5.5 0.6 28 5
23. 35 0.7 0.4 7.4 0.9 9 %5 4.8 0.6 9.2 0.9 34 £ 5.

See Figures 2 and 3.
Fuel reprocessing plant.
Dry weight.

Includes 2*°Pu also.

QO R



3

TAELE Ii. PLUTONIUM CONCENTRATIONS OF HONEYSUCKLE AND CAMPHOR WEED

Honeysuckle Camphor Weed -~~~ R .
S 238Pu, 239y, ¢ .o 23%py 238py A»za?PubC a% 23%py
Sample Location® fCi/gP fei/gb o f'C’i/g6 fCi/g

1 0.4 =#0.1 2,1 #0.1 17 £2 1.2 0.2 3.7 *0.3 25 #4

2 1.2 0.1 15.1 0.4 7 %1 1.6 0.2 74.9 1.3 3 0,
3 .10.9 0.3 7.2 *0.3 60 *2 18.5 0.7 11.7 0.5 61 *3
4 2.7 0.1 3.5 0.2 43 *2 2.6 0.2 2.2 0.2 54 #5
5 2.8 0.2 3.1 *0.2 47 %4 1.1 0.2 2.6 0,2 30 %5
6 ©0.23 *0.04 0.53 +0.06 30 *5 0.3 #1 0,9 *1 26 *7
7 0.69 %£0.05 1.05 +0.06 40 *3 0.29 +0.04 0.49 0,06 37 %7
8 0.09 %0.02 0.16 +0.03 37 %10 0.18 #0.03 1.2 0.1 : 12 #2
S 0.03 £0.,02 0.43 £0.06 7 %3 0.11 +0.04 0.30 £0.06 1 27 =1
10 0.08 *0.02 0.17 *0.03 31 9 0.07 0.1 3.1 0.2 . 19 %2
11 0.17 *0.03 0.8 0.1 16 %3 0.04 £0.02 0.30 £0.05 = 11 25
12 0.07 *0.02 0.50 +0.04 12 %3 0.07 %£0.02 0.29 *0.04 19 5
13 0.07 £0.03 0.6 £0.1 11 %5 0.04 %0.03 0.5 0.1 7 %5
Offplant o .
14 0.07 £0.02 0.45 #0.05 13 #4 0.032+0.014 0.23 +0.04. 12 %6
15 0.06 x0.01 0.54 *0.03 10 2 0.14 20.03 2.27 x0.13 - 6 1
16 s 0.03 0.01  0.34 #0.04 8 +3 0.15 #0.008 0.17 #0.03 -8 #4
17 0.04 %#0.01 0.27 *0.04 12 5 0.013%x0.009 0.22 *0.04 6 *4
18 0.064%0.015 0.47 *0.04 12 *3 0..025%£0.010 0.22 +0.03 10 4
19 0.04 #0.01  0.39 #0.04 10 #4 © 0.006+0.006 0.31 *0.04 2 2
20 0.10 *0.02 0.38 %0.03 22 4 0.03 %0.01 0.27 *0.04 9 %5
21 0.04 +0.01°  0.37 %0.03 9 3 0.028:0.011 0.18 #0.03 13 %6
22 0.14 £0.04 0.58 £0.09 19 %6 0.04 %0.01 0.36.%£0.04 10 4
23 0.05 *0.01 0.52 £0.05 9 £3 0.01 #0.01 0.16 %0.03 7 %4

a. See Figures 2 and 3 and Table I.
o. Dry weight.
c. Includes 2*°Pu also.
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TABLE III. PLUTONIUM CONCENTRATIONS OF GRASSHOPPERS

Sample Location®
1
3
13 (Control)

-7

238p,,
fCi/gB
0.38 +0.10
1.36 x0.13
<0.03

a. See Figure 2 and Table I.

b. Dry weight,

e. Includes **%Pu also.

B

23 9Pu c
Fci/gh
1.18 +0.16

1.38 +£0.13

<0,03

o5 peoe

Wy
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ARLE IV. PLUTONIUM CONCENTRATIONS OF COTTON RATSa

JuvenilesC Tmmaturesd Adultse _
238p,, zsspu g a% 238py 2338p, 239Pu,9 a% 238p,, 238Pu, 239Pu g oo 238py,
' ) ) 0 3, o q LN ° . -
mple Location? fei/gf fei/gr fci/gd fci/gf fci/gf fei/gr
1 - - - .44 £0.07 0.45 £0.07 49 *.0 - - -
2 0.20 *0.06 0.41 +0.09 33 +12 .- - - ‘ 0.22 #0.03 * 0.61 %£0.13 27 #11
3. 1.62 %0.15 1.96 %0.17 45 = 5 0.64 #0.12 1.04 +0.15 39 £ 8 0.69 iO.lD 10,96 £0.12 42 = 7
4 0.26 £0.08 h - C.16 £0.04 0.15 x0.04 51 =25 0.11 #0.03 0.39 *0.15 22 %17
5. - - - - : - - - ’ - -
6 - - - - - - 0.06 %0.03 0.01 *0.01 80 #54
7 - - - - - - - - -
8 - - - - - - - . - -
9 - - - - - - " h © 0.08 =0.04 -
10 ; - - - - - - 0.15 #0.07 0.i2 20.06 56 %36
11 0.54 +0.15 0.17 *0.08 76 +28 - 0.13 +0.05 - 0.08 #0.063 0.05 =0.02 '58 *28
12 - - - - - - - - -
13 - - - - - - 0.08 *0.04 0.05 0.03 62

. - Skinned and gastrointestinal tract removed.

See Figure 2 and Table I.
<40 g dry weight.

40 to 90 g dry weight.
>90 g dry weight

Dry weight

Includes 2*%Pu also.

Less than 1 fCi/sample.

v
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TABLE V. AVERAGE CONCENTRATION RATIOS? .FOR CAMPHOR

‘WEED AND HONEYSUCKLE

Average Concentration Ratio

Onplant Offplant
~ Camphor Weed/Soil 0.218 0.069

Honeysuckle/Soil 0.093" 0.077

pCi of plutonium/g dry weight
" pCi of plutonium/g dry weight

TABLE VI, AVERAGE CONCENTRATION RATIOS# .BETWEEN
VARIOUS COMPONENTS OF THE ECYSYSTEM

: Average

Components of the Ecosystem Concentration Ratio
.Cotton Ratsb/soil . 0.014
Grasshoppers®/soil | . B 0.022
Cotton'Rapsb/vegetation 0.14
Grasshoppers€/vegetation 0.28

pCi of rlutonium/g dry weight

@ pCi oz plutonium/g dry weight
b. Skinned and gastrointestinal tract removed.

e, Whole



ABLEvMII. PLUTONIUM CONCENTRATIONS AND ALPHA PERCENTAGES IN ECOSYSTEM COMPONENTS

Onplant Locations Offrlant Locations
cosystem " No. of . Pu Concentration, fCi/q2 0% *38py No. of Pu Concentration. fCi/gqa of% 238pPy
cmponent Samples  Mean Std. Dev. Mean  Std. Dev. Samples Mean 'S*d. Dev. Mean Std. D¢
cil 13 45.5 55.8 0 14.8 15.0 - 10 6.40 , 2.16 7.8 3.3
esuspendibles 13 295.4 561.7 22.2 19.3 10 8.03 8.21 23.4 15.3
amphor Weed 13 ‘ 9.9 21.5 25.6 17.3 10 - 0.44 . 0.70 8.4 3.4
oneysuckle 13 ‘/4.2 6.1 , 27.6 17.2 10 0.49 0.12 12.3 4.6
dult Cotton Rats 8 < 0.4 4 25.8 ‘ ‘ -

6 0.55 43.

Dry weight.

EN
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