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Tasecarch on the transuranic ruclides in the environment has gained
Corontwy in recent years because of the proposed increase in production

ud urilization of Pu in the nuclear fuel cycle. Because of high toxicity

3 1long walf-life of Pu, its health hazard to man should be evaluated.

beon considered the najor nathway by which
o roaches man (Bennett, 1975), ingestion of Pu-ceontaminated foodstuff

L4 Il
through the soil- plant pathway should be critically evaluated because of

vu's long porsistence and general immobility in the environment (francis,
1972). ‘tumercous studies have keen conducted to dstermine plant uptake of

Pu, both under field and controlled conditions (Francis, 1973; Price, 1972;

Eanson, 1975; Bennett, 1976). However, most of these covperiments were done

3
2
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0

piture and when experiments were done in the field only non-egri-~

cultural vegetation was involved. This general lack of information on field

crown crops is apparent from the procsedings of the 1976 International

osiwn on the Transuranium lwuclides in the Environment held in San
Francisco (IABA STI/PUB/410).°

e of this paper is to compare Pu contents of crops grown

1

The main purrpos

U

in two different natural environments in the southeastern United States con-
irncted by low levels of Pu. The fields at the Savannah River Plant near
{ken, South Carclina have koon receiving Pu at low chronic levels from an

crission stack of & reprocessing facility since 1855, while the field plots

U the Cak Ridge Hational Leboratory are located at the White Oshi Creck bed
Lol o vocwived Its Pu from Lhe loaanatien Project Coorations ain 1vd4,

s



R I R TRl o i b 2 AN
SN T ()

UL S L

.. Zavannah River Plant
The Savannah River Plant (SRP) site is located on the upper Coastal
sin in Aaixen, Allendale and Barnwell counties, 3Scuth Carolina. The site
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i bordered on the southw
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by the Savannah River, and
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s akou
divided between two distinct physiograpghic subregions: the Pleistocene
Coastal Terraces {(below 82 m in elevation) and the Aiken Plateau {akove 82
r and rising to 121 m on the southwest boundary). The Coastal Terraces
include the "low terrace" broad floodplain of the Savannah River covered
with a dense swamp forest and the "high terrace" having a level-to-gently
rolling topogravhy. The latter was extensively ;ultivated hafore the
establishment of SRP in those areas where soils and drainage were favorable.

The Aiken Plateau is guite hilly and deeply dissected by small streams.

Soils in the Aiken Plateau ar

In]
<

rostly sandy and/or gravelly and low in
fertility. The Ccastal Terraces subregion soil has more clay with greater

I
3

prcductivity potential.
SEP is on a reservation of 77,830 hectares, with public access cont-
tvolied since its acguisition in 1951. The reservation consists of fresh-

water streams, old fields, and forest with most of the old fields in the

uppor Coastal Terraces. Wildlife, including a dzer herd of about 6,000,

For over 20 vears, this integrated nuclear comrlex has included

-~

nucleay reactors (three of the original five are cporating at present), two

ruaclear fuel reprocessing plants, a fuel fabrication facility, a hecavy water
L J 1 ’ 3

-

v tootion unit, ond nuclear and envivonmontal rescoarch laboratories (Fidg. 1) .

49



T+ al:sn includes an ecolegical research laboratory to assess the c¢ffects of

conciear technology on the environment and its biota.  The re;

(¥ and ), along with global fallout, arve the sources of the tranzuranic

cler snts that enter the SRP envirens,  Each source releases Pu of unigue
b i gs s 238, 1/ . Lans
icoteple composition: 25 and 95 @ 2 bu— from the F and H plants, re-
. 238 . . .
crectively, and 10 G % Pu from global fallout. These isotopic differences

provida a convanient basis for studying the origin and transport of Pu in
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various S

A agricultural study area was estavlished adjacent to the H reprocess-—

ing

Pt

the South Field (145 m x 30 m) and the North Field (105 m x 30 m), with a
40 - m buffer zone between them. The fields lie northeast of a ¢2 - m high

emission stack, where small guantities of Pu (< 3.6 Ci) have bcen released

h

to the atmosphere since its operaticn bogan in 1955, The nearcas oint o

rr
e

the South Field is about 170 m away from the stack. The reddish soils are

well drained with textures ranging from sandy clay loam to sandy loam and

are slightly acidic, with pH gencrally bstween 5 and 6.

The climate of the SRP arca consists of mild winters and long, warm,

O .
an

@]

. . . o_ . . . .
humid swnimers.  Temperatures average about 9 C in the winter and 30
3 . o}

the curmmay.  The average annval tewrerature is 18 C. The average annual
moelative humidity and rainfall arce 700 and 120 com, rezpzctively.  The maxi-
romoannual proecipitation recorded was 187 cmoin 1922, the minimum 71 cm o in

ST T e R = 2
2232 {Langley and Marter, 1073).

X Lluw

>lant in 1975. The relatively flat field was divided into two sections,



wWiite Cak Crecek Floodplain, Cak Ridge:

Marhattan Project Operations in 1244 prodnced treated wastes contain-

vy

ing Pu, An and Cm. Following soda ash treatrent to precipitate various

ions, the liguid efflusnts were released to white Cak Creek (WOC). Trace

238 239p 241 244

guantitics of Pu, u, Am, and Cr were deposited along the

water course, in an intermadiale retention pond, and finally in White Oak

<

Lake. Deposit%n of these elements in sediments of a retention pond
occurrad over a 6-month period in 1944, From the time the pord was
drained in late 1944, no additional radioactivity is believed to have
been deposited at this location of the wWOC floodplain.
The alluvial soil of the floodplain is representative of bottomlands
of the Tennessee Ridge and Valley Province. &zonal characteristics pre-
dominate because of concurrent erosion and deposition of materials during
periodic floods. The soil profile remains relatively undoveloped al-
though accumulation of hunrus is evident from a dark brown coloration in
the 0- to 3- cm zone.

As a temporary holding basin 30 ycars ago, scdimentation during the
6 months of impoundmont contributed new sedimentary matoriéls. A Tennesseceo
Valley Authority (personal communicaticn, 7. C. Bounds) survey in 1951

3

reported that approximately 2,100 10 of sex

ey

{2

this leocality. Distributed uniformly over th2 rescarch site, this volume

roprosented an incremont of approximately © o oof new sedirent. However,
caual deposition was unlikely, and the coxact hictory cf sedimentation

associated with the 1944 impoundmont i1s unknown.

clay) containing alwost no sand or gravel (Tomu ra, 1976). While this



e 0% the £ isolated gravel lenses occur

roxwture 1s representative of
ivresularly across the fleodnlain and within the soil profile.
reaction is ncutral to mildly alkaline as pH ranges from ,
soda asﬁ method

alinity is probably caused by the
‘ore effluents were released from laboratory

~catrent employed bet
d on base exchange or soll fertil-

jd
.

the site

i

s Data have not beon obktain

opaerations.
~owth and crop performancea,

tha basis of plant grow

tility cotential.

TS AND

RESULTS
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The Savannah R
Ymeat: The South Field was divided into 18 equal plots and the Mo
.
he fall of 1875. The fields were lime

¥ield into 12 ecral plots in the

cultivat
P
tural metheds. Resuspendible and soil samples
and following land preparation. Foliage samples were collected in March
rvast in June, plants were separated into grain and
i The first

ving machine.

cach plot to

carafa
The second

Was

the grain.

the amount of dust that would adiere to
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s colloc
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yroach was to harvest the grain with a tractor-pulled combine. Grain

collected by this method was exposed to the usual seil and dust stirred

ur by harvest activities. 7Total biomass for the crop (grain plus hull

olus straw) was estimated as 3,615 and 3,545 kg/nectare for the South and
Yorth Ficlds, respectively. wheat was also grown 37 rm from the reprocess-
ing nlants, as a control.

Data from the Pu analyses are surmarized in Table 1. The results are
separately presented for the South and North Fields because of significant
differences in Pu concentrations in the resuspendible matter and top soil
and potentially different deposition patterns from emission stack on the

two fields. There appears to be no significant changes in the Pu concen-—

]

The Pu content averaged 4 x 10 pCi/g dry weight of foliage or straw.

The isotopic composition of the foliage, as indicated by the % Pu,

changed significantly with time (Table 1). In March the wheat plants were
J G b;

@0rt and the foliage not yet dense At this stage, it appecared that con-

tamination of the foliage prirmarily originated frem tha soil, as in rain
splash or resuspendible matter. BAs the plants ¢rew taller and the folizge
became denser they were able to intercept faellout rarticles more efficient-
1v. Also the dense folilage mininimed rainfell cencrgy voon inpact on the

crownd.  In fpril oand June the folilage had much hicher 77 Pu as compared

with March

, sugy s
. l
Coprrzat Stro ' )
D S ThrRy SR N EE S 2tk fopacnipmect TS G 1O 7 e

Straw was anproximately 300 times greater thaoe tie

—fy—



lower grain levels compared to the straw values indicate

trmospheric dopozition. The Pu

concentrations in foliage, straw, and grain sarples were slightly higher

4

in the South Field.
The straw from off-plant control site had only (3 + 2) x 10~ gCi/g
{(¢ata nct shown), about two ordzrz of magnituds lower than SED field
off-gite, Lowever, haos the same

The thrashed grain from the
Pu contents as the SEP thrashed samples. Howaever, the high & percentage
hould be roted, which is disparate

grain s

of 62 + 15 for off-site
from the straw value. This high value aprparently was caused by cross—
during thrashing of the SEP samples, since all thrashed

contamination

samples had sinmilar values.
' e - s I =2 3 -1 ,
R.'s for the Juno gstraw worxe 5 x 10 and 1 x 10 for the
-1
(1 x 10 7) were

The C.
Similar valuas

South and MNorth Fields, respectively.
optaired for off-vlant samzles. The C. R. for the combined grain averaged
- -3 . . ce - . . . . . -4
2 x 10 from the two fields, wihereas, the thrashed grain averaged 2 » 10 .
In Table 2, Pu contents of Zield- and glassiiouse-grown wheat plants
house study cama from the

ed in the gla

d. The soils us
Ci total Pu/g

wore compare
surface laver (0-20 cm} of the South Field and had 1.96 p
the Scuth Fiold data are present-

21 O 4 Pu. L
grovn plants had

dry welght and
The glasshe

~a
ed for compariscn with glasshouse data.
total Pu contonts one order of magnitude less than the field-grown plants.
Ticld-gro grain vas sifted using a seil sorcon, to evaluate
. L Fu ocontontis.
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sinilar. The sifted combined grain had a factor of two less total Pu

content than the unsifted grain.

e

4

n data from tne field and glasshouse are presented

+3
]
"
n
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N

¢
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in Table 2. Total Pu concentrations in glasshouse-growm plants were an
crder of magnitude less than field-grown plants. The C. R. for plants
grown in the glasshouse was a factor of 10 lower than plants grown in the
ficld. The glasshouse-plants (whole parts) were sampled when the bezan
rods were still green and bcfore the plants started doxfoliating.  The
field-grown plants were sampled approximately 1 month before the field was
corbined, the period when the plants had the maximum biowass. The combined
grain had two orders of magnitude lower Pu content than the vegetative
parts.
. . . -2 .
The bean plants had similar Pu concentrations (10 pCi/g dry wt.)

and « percentages as the wheat straw (whole plants without the grain).

Conseguontly, the two crops had similar concentration ratios. However,
the soybean grain had slightly lowar Pu contents than the wheat grain.

Corn: Plutonium contents of field- and glasshouse-grown corn arec present-
ed in Table 2. Corn leaves were sampled from the £icld when the plants
had their maximum bicmass. The leaves were sampled from two heights:

0-1 m from the ground and 1-2 m (or 1 m to the top). Plants in the glass-
house were sarpled when the ears had matured. Icaves of glasshouse-grown

PRSI SR S s . \ e e s P S I O - D .
oyt had total Pu ocontonts one oxdorr of magniiads lover

field-grown corn. Leaves from the 1-2 m section of the corn plants had Pu



contents alrost a factor of 2 higher than leaves from the lower section
(0-1 m). This suggests that the upper foliage partiélly filters and
retains Pu-bearing particles from atmospheric deposition.

gholled corn from the glasshouse study had slightly lower Pu con-
contrations than the field-corbined grain (Table 2). However, the grain

from tno glassiouse had a C. R. an order of magnitude lower than the

rt

ficld-combined grain. The unsifted combined grain had a factor of 2
highzr total Pu contents than did the sifted. Apparently, the sifting
separated approximately 50% of ru-bearing particles and/or foreign matter

from the grain.
o

Relative Contribution of Root Uptake to Plutonium Contents of

Field Crops: The comparison of the data on crops grown in the field
and in the glasshouse (Table 3) provides an estimate of the plutonium
uptake via the root pathway. The results indicate that Pu contamination
of the field crops is primarily external. For wheat and corn samples,
approximately 97% of the total contamination was external. For soybeans,
contribution from root uptake appeared greater than 10%. No plausible

explanation can be offered at this time for this discrepancy.

Tors e and Veaotoable Crops: Forage and vegetable crons harvested from a

-3 b P v - R A S P N U S
SiL1a =lab locared on Lho eontaninated flccodnlain corntained poasurable

237, 240

ios ©f ru. Concentraticns of Pu in foliace of bushboan,

~bean, tomato, letiuce, radish and millet ranged {rom 0.01 to 0.33



e

rCi/g dry weight (Table 4). Concentrations of Pu in Zruit of these species

were lower by at least an order of magnitude than the foliage concentra-

tions. Limited data on root crops indicated that the Pu concentrations

rt

of the edible portion were similar to that of foliage.

foliage and fruit appearced to ropresent

Hy

The Pu concentrations o

internally-bound Pu because surface contamination was removed prior to

radiochemical analysis. Samples o

bushbean, soyvbean and tomato were

[

wached and rinsed in a sonic bath. Lettuce was handwashed using repre-
sentative food preparation technigues. This procecdurs effectively removed
surface~bound Pu because, by microscopic examination, no particles were
obhserved on any sample except soyvbean pods wnhere hirsute structures
effectively retained surface contaninants. The Pu concentration of soy-

bean fruit, which included the pod, was an order of magnitud

W
0
I
O
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ot
0
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(4
&
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beans alone. liowever, concentraticns beiween whole snapbaans and the
shelled beans werc similar. Because surface contamination was deliberately

these vegetables is

+h

rermoved from foliage and fruit, the Pu centent o

£

ttributed to assimilation by the root pathway. Other results in suprort

f root assimilation are discussed elsewhere (Dahlman, et. al. 1976;
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analysis., The washing tochnigues wor
codures that would be employed prior to table preparation or cooking
of garden vegoibables. Concentration of PFu in wwese rodi-vegetables
ranaed from 0.31 to 0.41 »li/g. 1The conceatration in the reot of vege-

R I TR

Lles owas sitilar to that of Uive folicce.  Althou wrfaces of radish and

-lu-



carrot samples were not exaninad microscopically for the presence of
particles, the tissue contained Pu concentrations eguivalent to those cf
£ 1 .

-t AR ~ B SN s g o oyt - 1 5 3
feliaje which had been vigorously cleanad.  Hence, the root vegetables

were considered to he relatively free of scil varticles.

Peeling the skins of potatoes and beets removed most of the internally-

bound plutonium. Potato skin averaged 0.53 pCi/g as compared to

0.006 pli/g for poeled potatoes. This indicates that about 992 of the

Pu was removed by peeling. Beets skins had even greater concentrations of

ol

Pu, 1.3 pCi/g for skin versus 0.005 pCi/g for peeled beets. Thus, peel-

(

ing beet skin removed about 99.52% c¢f total Pu in the beet.
The uptake pattern for the soybean plants at the WOC Flocdplain is
presented in Table 5. The Pu concentration in the feliage after 8 weeks

£ oevos ne v - r reend -3 1
of growth was only 0.02 pCi/g dry weight. By the 12th week, the Pu con-

[0}

cntration had increased five times (0.10 pCi/g) andé increased ten times
(0.19 pCi/g) by the 16éth week. Thus, the increase in Pu concentration
is related to the extent of the root system and nutrient reguirement.
The foliage blomass was at maximum at around the 16th week; Correspond-
ingly, the C. R. of :the foliage increased by an oxrder of magnitulde Irom

the 8th to the 16th week.

Dose-to-Man from Ingestion of Plutonium-Contaminated Foodstuff: The dose

to a person from ingesting wheat or other foods (Tables 2 and 4) can be
estimated using the nomograph in Fig. 2. For example, if a person ate
2 x 105g of wheat grain containing 2 fCi Pu/g dry grain, the 70-year
bone dose commitment would be ~0.5 mrem. Likewise, if a person ate

2 x 105g of peeled Irish potatoes (approximately equivalent to 2,000 kg

._li..



wet potatoes) containing 6 £CL Pu/g dry weight, the 70-year dose-to-bone
would be ~ 1.0 mrem. These doses are low compared with the 130 mrem dose

from background radiation (XKlement, et. al., 1972). The basic data used

for these calculations come from ICRP publicaticns (ICop 2, 19 & 20).

The Savannah River Plant:
As with plant materials, the resuspendible matter and soils from

th

2 Scuth Field (closer to the stack) had higher Pu concentrations than
the North Field (Table 6). The differences in concentrations are more
pronounced in the resuspendible matter where the South Field had Pu levels
one order of magnitude higher than the MNorth Field. Soils (0~-5 c¢cm) from
both fields had Pu levels about three orders of nmagnitude higher than off--
plant soils. Cultivation of the fields result in more uniform Pu concen-
trations in the soil profile, increasing the Pu at the deepcr depths

(5-15 cﬁ). Cultivation also altered the isotopic corposition cf the
resusrendible portion to aporoach the soil values. After the initial
cultivation, the « percentage for the resuspendible natter decreased from

an average of 50 to an average of 27 for the two fields.

¥White Oak Creek Floodplain, Cak Ridge:

Concentrations of Pu in the floodplaiﬁ soil generally ranged from 10
to 150 pCi/g dry weight over a 3~-ha area (Fig. 3). The highest concen-
traticns occur kehind the feorer dike, along WOC and at the upnper end of
the floodplain. Concentrations of Pu are less than 25 pCi/g near the.

ale]

. . . 239 . .
margins of the floodplain. The Pu concentration cf soil at a garden

plot site (W35, S29¢5) was 63 + 0.4 (S.E.) pCi/g.

-12-



A typical profile distribution of Pu shows that the highest concen-
tration of Pu is observed in the uppzrmost zone of the profile (Duguid,
1975). Occasionally, however, where higher concentration of Pu occurs in
the subsoil, this atypical distribution is attributed to variable deposi-
tion of sediments over an initial Pu deposit rather than Pu cycling by
leaching processes.

Plutonium is not distributed uniformly between the silt and clay
fractions of the soil. Although 72% of the soil is silt, this fraction
contains 60% of the Pu; whereas the clay (24% of the soi»l) contains 40%
of the Pu. In this case, the high affinity of Pu for colloids, the clay
fraction, may be responsible for Pu enrichment in clay.

The results of various attempts to extract Pu from the soil indicate

milder HNO

that more than 95% of the Pu can be removed by hot 8 i HNOB; 3

treatments removed smaller amounts of Pu {Auerbach, 1975). These treat-
ments indicate that Pu recovery from the floodplain soil doss not reguire
rigorcus treatment such as HNO3—HF or carbonate fusicn.

Even milder treatment with 0.1 M citric acid will remove 16 to 24%
of the soil Pu. Contact with a CHELEX resin removes 11%. >Humic acid
solubilized by the presence of MNat from a Na-saturated CHELEX resin con-
tained-S% of the total Pu after 4 weeks. The carbonate treatment removed
54% of the soil Pu. Further analysis of the carbonate extract showed
that at least 90% of the Pu behaved as Pu(IV) (RBondicttl and Sweecton,

1977; Bondictti, et. al., 1970).




GEUERAL DISCUSSION
The various CP values for the agricultural vegaotation at SRP are
generally higher than those obtained with indocor-grown plants. Schulz,
are i . e .
et. al. (1976a, b) obtalnea valucs for barley in the ordarx of 10 for
vegetative material and grain was a factor of 20-100 lower. In wheat
. . . ~7 -6
grain, they obtained CR values ranging from 1.1 x 10 to 3.8 x 10 .
Lipton and Goldin (1976) obtained CR values for pea plants in the order
-4 . . Ve C s
of 10 . latural plant species not subject to contamination from atmo-
spheric releases or resuspension were observed to have CR in the order of
-6 -4 . i s .
10 to 10 (Francis, 1973; Hanson, 1975}, mucn lower than valuass obtained
at SRP. However, in arid, windy environments, dust and soil particles
can become airborne and may be deposited and retained in leaves causing
0 . .
Pu CR values to approach 10 (Romney, et. al., 1975). Earlier studies at
SEP indicated that deposition on the surfaces of the leaves and stems
was the principal mechanism of Pu contamination of natural vegetation
{(Adriano and Pinder, 1977; Mclendon, et. al., 1976). The Pu concentrations
of all ecosystem components decreased as the distance from roprocessing
plants increased (Mclendon, 1975; MclLendon, et. al., 1976). Thus, con-
siderable external contamination of plants through atmospheric release
and resuspension is a complicating factor in field data interpretation.
The CR values from the glasshouse studies at SRP are in the order
-4 -3 . . . 1 s . s
10 to 10 for the vegetative materials and, in goneral, are similar or
slightly higher than the values cobtalned by Schulz et. al. (1970) and
Linton and Goldin (197¢). Our glasshouse results sugjiest that Pu
239
ay P

peared to bo more available thar u, as indicated by relatively higher



233 . . .
Pu percentage values in the vegetative samples than in the soil. The

238 ,
percent Pu ranged from 33 + 6 for soybeans to 55 + 11 for corn. The

soils used for growing these crops had only 213 238Pu. This differential

availlability between the two radicnuclides has been obscrved also at the

tD

- . . . . 238 39 . .
Trinity Site ecosystem, where changing ratios of Pu/ Pu in soils,

ve

Xe

ctation, and animal components were obtained (Hansen, 1975). Although
2

3

e

tha Pu data in the various ccosystem components were not conclusive,
earlier studies by HcLendon, et. al. (1976) at SRP support evidence pre-
sented in other studies that there is an apparent increase in the bio-

. .  q s 238 . . 23¢ . .
logical availability of Pu relative to that of Pu in the environ-
ment. Eanson has already discussed the possible mechanisms causing this

ey
differential availability.

In general, Pu concentrations in vegetative parts of agricultural

plants at SRP, where the primary factor of contamination is exterxrnal, are

ol

similar to those of the forage and vegetable foliage cultured at the Oa
Ridge floodplain ecosystem, where contamination was caused primarily by
rcot uptake. However, the CR values of vegetative parts of crops at SEP
were about one order of magnitude higher than those frem Oak Ridge.
Plutonium data on the edibkle portions of root crops are almost non-

existent, Thus, it is difficult to compare the data from the Cak Ridge
floodplain with anyone. Pecled potatoss grown on scils receiving eonly

-4 C s ..
global fallout Pu had a CR of 3 x 10 {(Bannett, 1976). This is similar

to tho Cok Ridge data. The Oak Ridge

~15-
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SUMMARY

Agricultural cro

"3

evperiments at the Savannah River Plant conducted
adjacent to a reprocessing facility which releases approximately 2.4 nCi
of total Pu per year through an emission stack and at the Wihite Oax Creek
floodplain at Oak Ridge where Pu was deposited in 1944 from the MManhattan
Project weapon development revealed the following:

1. ©Pu concentrations and isotopic compositions in winter wheat grown
in 1975 at SRP were affected by distance from the stack, plant height, and
method of processing the grain. In general, vegetative materials closer to
the stack {South Field) have Pu concentrations a factor of 2 higher than
samples farther away (North Field). The straw from the wheat grown on-
plant had approximately two orders of magnitude higher Pu contents than the
off-plant straw. Grain harvested by a combine has an order of magnitude
higher Pu content than laboratory-thrashed grain. Whan the plant height
was short, as in March, the sources of contamination were the stack emission
and the resuspendible and soill materials, as indicated by an average 38 «

238 . <.
Pu. Later in the season as the plants matured and grew taller, emission

became the principal source of contamination as indicated by a higher
alpha percentage.

2. Pu concentrations of the foliage of soybeans and corm grown in the
South Field at SRP were sinilar to the Pu concentrations of the June wheat

-2 . .
straw (in the crder of 10 pCi/g dry wt.) collected from the same field.
. . ) 238, . . . :

However, the comrm foliage nad higher Qo % Pu than did the wheat and soy-
kean feliaga, reflecting the minimal contribution of resuspension to the

1

corn cancuy. Pu coutents of the corbined grain of the threoe crops wore

S



basically similar. Sifting the combined grain separated about 50% of the

o

Pu-bearing particles and/or foreign matter from the grain, resulting in

e

e e e e, . /
. . . - . -~ «
Du concentrations in the sifted grain or of 2 lower;than the unsifted
e ——'—"’"—’/

3. Prelininary results from the SRP glasshouse studies indicate that
approximately 3% of the total contamination of field-grown crops adjacent

-
-2

acility was contributed by root ustake. 2lso it appear:
239

h

to a reprocessing
- X 238 s, i
from glasshouse results that Pu was more available than Pu.

4. Cultivaetion of the fields at SRP prior to planting wheat caused
the Pu corcentrations in the soil profile to becom2 wmore uniform, increas-

ing the Pu concentrations at the deeper depths (5-15 cm). It also caused

the G percentage for the resuspendible portion to agpprecach tho soil valuss.
Subscquent cultivations causcd greater uniformity in Pu concentration in
the top soil.
. 239,240 . . PR - s
5. Concentrations of Pu in the foliage of forage and vegetable
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own at Cak Ridge White Oak Creek floodplain ranged from 0.01 to

0.33 pCr/g. This represents the of Pu taken up by »lants ex-
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clusively via the root pathway from soils with Pu concentrations ranging
from 10 to 150 pCi/g and averaging 63 pCi/q. 2¥E¥SNEm Pu concentrations
in fruit of these species were lower by at least an order of magnitude
than the foliag2 concentrations.

6. Peeling the skins of potatoes and beets grown at WOC floodplain
romaved approximately 99% of the internally-bound Pu.

7. Pu contoents of sovbean foliage was related to the maturity



8. At the WOC floodplain, silt constitutes 72% of the soil mass, and

clay only 24%. However, 40% of Pu is bound to the clay fraction, suggest-

ing the high affinity of Pu for colloids. At least 95% of this Pu can be

—

removed by

o

hot 6 I HRO,.

3
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9. In general, the CR valuass of vegetative parts of crops at SRpP

were about one order of magnitude higher than those at Cuak Rid

ing the influence of asrial deposition of Pu at the SRP =ite.
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Tanle 1 rlutonium cencentration and isotopic composition of wheat grown near a réprocessing facility (li-Arca) at SRP,
South Field NMorth Field
Sanmple Total Pu % Pu-238 CR Sample Total Pu % Pu-238 CR
n pCi/g n pCi/g

- -2 -2 -2 =2

Toliage, March 6 (5.2 + 1.0) =% 10 38 + 4 x 10 4 (2.0 + 0.60) x 10 38 + 2 6 » 10
oy . -2 -2 -3 -2

Faliage, April 18 (2.1 + 0.42) x 10 61 + 3 x 10 12 (9.8 + 1.2) x 10 66 + 3 3 x 10
-2 -2 ~2 -1

Straw, June 18 (8.8 + 1.5) x 10 58 + 2 x 10 12 (3.9 + 1.8) x 10 55 + 3 1 x 10
N . -3 -3 -3 . -3

Crain (combined) 8 (2.0 i_0.64) » 10 56 + 4 x 10 7 (0.9 + 0.19) x 10 55 + 5 3 » 10
. . -4 -4 -4 ~4

Crain (thrashed) 18 (3.0 + 0.52) % 10 60 + 3 x 10 12 (1.4 + 0,43) x 10 64 + 6 3 x 10

Jaluaes are means + 1 ostandard error



T:».e 2. Plutonlun concentration and isotopic composition of vegetative parts and grain of crops grown near a reprocessing
facility (il-hrea) and glasshouse at SRP, The soils used in the glasshouse were from the top layer of the
south ficld.

Sample South Fieldl Sample Glasxh0nﬂ02
n Total Pu, L Pu-~238 CR n Total Pu, % Pu-238 CR
pCi/g pCi/g
. -2 -2 -3 -3
Straw, June 18 (8.8+1.5)x10 58+2 610 10 (3.0+0.47)%10 41+2 2x10
Srain, conbine-unsifted 7 (3.0_110.98))(]_003 50+6 2:»(10"3 - - - -
. L. . -3 -3
Grolng combinz-siited 5 (1.6+0.86)x10 A7+4 1x10 - - - -
J - -
St -ANS
. . . -2 -2 -3 -2
Viecetative, whole plants 14 (5.2ip.45)x10 53+2 3x10 10 (5.6ip.51)x10 33+2 3x10
. » ' -4 -4
Sra2in, combine 9 (5.5+1.3)x10 41+3 3x10 -— - - -
Ccrn
. -2 -2 -3 -4
Lnoves, 0-1 m height 10 (2.5+0.35)x10 63+3 2190 6 (1.1+0.16) %10 55+4 6x10
.. N -2 ~2
Leaves, 1-2 m height 10 (4.243.57) %10 70+1 3x10 - -= - et
. . . -4 -4 -4 -5
Grain, combine-unsifted 5 (1.7+0.31)x10 63+2 1x10 6 (1.2+0.33)x10 76+2 6x10
. ‘ . . - -5 - =5
Grain, combine-sifted 5 (8.5+1.1)x10 78+4 5x10 - - -— -
1

The tobal Pu content of 1.61 pCi/g dry wt. of the 0-15 cm soil depth for the South Field for the wheat crop was used.
Thnis szame value was usaed for the soybean and corn calculaticns.

2, . . . A s : . :
e oglaschousce zoils had the following average contents: 1.96 pCl total Pu/g dry wt, (n=9) and 21% Pu-238 (n=9). From
“ivy glaschouse, the following samples were used: wheat = whole plant without grain, soybeans - whole plant without

“yriing and corn ~ leaves from the whole plant and hand-shelled grain.

(oo combinad grains were sifted through a coll screen.



Table 3. Comparison of total plutonium contents (fCi/g dry wt.) of

vegetative materials from creops grown on a field (South

Field) necar a reprocessing facility (H-Area) and in a glass-
house at SrP. 1The soils used in the glasshouse were from

the top laver of the South Field.

Vegetative Material South Field Glasshouse Difference $ Externa
Centent
Wheat straw 88.0 3.0 85.0 97
Soyboans, whole plants 52.2 5.6 46.6 89
2
Corn leaves 33.5 1.1 32.4 27

1 .
Calculated from the eguation:

Ficld content - Glasshouse content
Field content

x 1CO

2_. cq - .
Fiberglass mats were placed on top of the =oil in the corn pots in the

glasshouse to prevent plant contamination by resuspension.



from the Oak

ridge WOC Floodnlain.

Plutonium concentration and concentration ratio (CR) of field crops

Sarmple Total Fua b
Crop n pCi/g CR
Foliace:
Bushbean 8 (1.1 + 0.3) x 10:1 2 x 1o:§
Soybkean 24 (L.0 + 0.2) x lO__l 2 x lO_3
Tomato 3 (3.3 + 0.7) x 10_2 5 x lO__3
Lettuce 3 (8.0 + 2.0) x lO_l 1 x 10_3
Radish 7 (1.0 + 0.5) x 10_? 2 x 1o”ﬂ
Millet 14 (1.0 + 0.3) x 10 ° 2 x10 °
Fruit
Bushlean, -3 -4
Whole bean 7 (7.0 + 2.0) x 10_2 1 x lO—A
Shelled bean 5 (1.0 + 0.4} x 10_3 2 x lOﬁé
Toxato 5 (4.0 + 2.0) x 10 6 x 10
Sovbean, - A
Whole bean 7 (1.5 + 0.3) x 10} 2 % 10_,
Shelled bean 3 -7+ 1.2) % 10 3 x 10
Subterranean: 1 -3
Fadish 5 (4.1 + 0;§) x 10 6 x lO_3
Carrot 1 3.1 x 10 5 x 10
Irish Potato, - -3
whole 3 8.0 + 1.0} x lO__3 1 x lO__4
reeled 2 (6.0 + 1.0) x 10—‘1 1x 10_3
skin only 4 (5.3 + 1.2) x 10 8 x 10
Beet, -3 -5
peeled 3 (5.0 + 1.0} x 100 8 x lO_2
skin only 2 (1.3 + 0.5) x 10 2 x 10

on
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+ 1 standard erroxr which includes analyvitical error of

ased on scoil concontration of 63 + 0.4 (SE) pCi/g.



Table 5. Plutonium concentration and concentration ratio (CR) for
soybean foliage harvested at different stages of growth

(ORNL WOC Floodpliain).

Growth Sample Total Pu a
Stage n : oCi/qg CR

. -2 -4
8 weeks 8 (2.0 + 0.4) x 10 3 x 10

: ) -1 -3
12 weeks 8 (1.0 + 0.3) x 10 2 x 10

. -1 ~3
16 weeks 8 (1.9 + 0.4) x 10 3 x 10

a . . .
CR values are based on soil concentration of 63 + 0.4 (SE) pCi/g.
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Nomograph t
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calcula

O

e dose-to-bone from consumption of
Pu-contaminated foodstuff. The dose is that which will be
received by the bone during a 70-year lifespan. The following

assumptions from the ICEP publications were used: effective

e}

absorbed energy per disintegretion = 270 Mev (ICEP 2); fraction
. . -5 .

from gastrointestinzl tract to blood = 3 x 10 , fraction

from blood to bone = 0.45, half-life in bone z 100 yr. (ICR?

19); mass of bone = 5 x 103 g {ICRP 20).
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3.

Areal distribution of Pu at the contaninated Cak Ridge Floodplain.

-
Grid size is 30 m x 30 m (800 m™).
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