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Abstract 

MEASURED PLUTONIUM RESUSPENSION AND RESULTING DOSE. FROM 
AGRICULTURAL OPERATIONS IN AN OLD FIELD AT THE SAVANNAH 
RIVER PLANT IN THE SOUTHEASTERN UNITED STATES 

Plutonium resuspensions, based on air-sample activity, were 
measured during field preparation and planting of winter wheat 
at .th~ Savannah River PlB.nt (SRP). · Plutonium was ·originally 
deposited in the field during the previous twenty years· as a 
result of atmospheric releases from _SRP 's· nuclear fuel processing 
facility located adjacent to the field, and from global fallout 
following nucl.ear weapons tests conducted at other sites. During 
soil cultivation.when.the prevaqing wind speed ranged from 0 to 
6.3 m/sec, airborne plutonium upwind of the_ field consistently 
averaged 1. 7 fCi ** /m . Al,rborne plutonium concentratipns during 
the various activities associated with site.preparation and 
planting averaged.210 fCi/m 3 at 7 .. 6 m and 10 fCi/m 3 at 30.S .m 
downwi~d from the edge of the field. The air at face level on 
the tractor contained 49 fCi/m 3

• Th_e average concentration of 
plutonium in the 0-5 cm soil layer following cultivation ~as 
3100 fCi/g. Dose calculations_ based.on measurements of resus­
pended plutonium indicated that the 70-year bone-dose commitment 
to an agricultural worker after·one hundred 8-hour days would be 
49 mrem, 210 mrem, or 1~8 mrem, depending on whether the worker 
remained in the tractor seat, 7.6 m downwind of the edge of the 
field, or 7.6 m upwind of the edge of the field. Resuspension 
factors for the agricultural activities were 10~ ~ lo- 0m- 1 at 
7. 6 m downwind, 5 x 10- 0m- 1 .at 30. 5 m downwind from the edge of 
the Held, and 24 x lo- 0m- 1 a~ the tractor location. 

* The information contained in this article was developed during 
the course of.work under Contract No, AT(07-2)~1-with the U. S. 
E~ergy Research and Development Administration. 

**I° fCi = 1femtocur_ie=1x10- 15 curie. 
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INTRODUCTION 

A comprehensive environmental studie.s program 'of plutonium 
behavior under humid conditions is being conducted at the u. s. 
Energy Research and Development Administration's Savannah River 
Plant (SRP) to evaluate the effects of twenty years of reprocessing 
of irradiated nuclear fuel on the distribution of plutonium in the 
nearby water, air, soil, and vegetation. Results of studies of 
the resuspension of plutonium from an old field.that was converted 
to agricultural production fc;>r research purpos'es are discussed in 
this paper. The field, which is located. adjacent to SRP's nuclear 
fuel reprocessing facility, covers approximately 0.75 hectares and 
is split into two sections, hereafter referred to as the north 
field and the south field. 

The field was selected using information obtained from.the 
environmental monitoring program [1] that indicated that the soil 
from this field has plutoniUm concentrations that are as high or 
higher than soils from any other field on SRP. The plutonium 
concentration of the soil on this field is approximately two hun­
dred times higher than the cqncentration of offplant soils. Off­
plant soils have plutonium concentrations that are similar to the 
concentrations expected in the coastal plain region from fa~lout 
of plutonium from atmospheric testing of nuclear devices.-

· Plutonium was deposited in the field fol lowing atmospheric 
releases from the adjacent reprocessing facility and also by 
global fallout folfowing nuclear weapons tests conducted at other 
sites. Atmospheric releases of plutonium from the reprocessing 
facilities have totaled 3.6 curies since operations began in 1955. 
Most of the plutonium was released either in 1955 or in 1969. 
The 1955 releases (rv2 curies) occurred prior to the installation 
of backup high.efficiency filters on exhaust air systems. The 
1969 release ('V0.8 curies) was the result of a partial breakthrough 
of the sand filter bed in April as a consequence of corrosion of 
the filter JJ1edia sµpport system.· The plutonium atmospheric 
releases for the calendar year 1974 were 8 mCi. With current 
technology and operating procedures, releases are expected to 
remain at.or below the 1974 level in future years. 

Total plutonium inventory in the field is approximately 4 mCi. 
Resuspension of plutonium was measured during the various opera­
tions required to prepare and plant a winter wheat crop. 

The sections that follow include an outline of the method of 
preparing soil and planting the wheat crop, methods of sampling 
air and soil before, during, and after field preparation, and a 
discussion of the estimated 70-year bone-dose exposure that.would 
be received by persons in or near the field under the conditions 
of the plutonium resuspension test. 
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METHOD 

During November 1974, the area beside· the irradiated-fuel 
reprocess.ing facil,ity was cleared of vofunteer pine trees: pium 
bushes, and other vegetation in preparation for planting agri­
cultural crops. On November 22, the north field was mowed, · 
disked, subsoiled, fertilized, and planted. On November 25, 
these same operations were performed on the south field. Measure­
ments of resuspended plutonium were made during each operation. 

The field was mowed by a large tractor-drawn rotary mower 
that chopped the old field vegetation into small pieces, thereby 

·facilitating incorporation of the v~getation into the soil dur~ng 
subsequent disking and subsoiling operations. Disking loosened 
and mixed the surface soil; the subsoil was then broken up to. 
assist root growth. Fertilizer and lime were applied to the 
fields with a tractor-mounted rotary spreader; grain was broad­
cast by hand, then covered with soil by light disking. W~ter 
content of the soil·was approximately 0.11 g per g of soil during 
field preparation and planting. 

To determine plutonium resuspension caused by field prep­
aration, airborne particles were collected.by high volume 
(2 m3/min) air samplers during the entire agricultural operation. 
The air samplers were arranged (Fig. 1) downwind, upwind, and on 
the tractor all at face height. The downwind array included two 
rows; the first row consisted of three ?amplers 7.6 m.out fro~ 
the edge of the field and 15.2· m apart, the second row consisted 
of three. samplers 30. 4 m out from the edge of the field and 15. 2 m 
apart .. The upwind sampler was 7. 6 m beyond the edge of the field. 
Airborne particles were retained in the sampler on 15 cm x 20 cm 
x 0.045 cm sheets of Hollingsworth-Vose HV-70 filter media. The 
filters were changed between each agricultural operation and 
analyzed for plutonium. 

To determine plutonium distribution in soil depth prior to 
and fol lowj.ng ti.llage operations, soil samples were· taken at 30 
locations on the field. Samples from each location included a 
vacuumed sample and a soil core that was segmented into 0 to 5 
and 5 to 15 cm portions. The purpose of the vacuumed sample was 
to obtain an estimate of the potential resuspendible plutonium. 
A portable vacuum cleaner and suction head were modified to.pick 
up the potential resuspendible material at a velocity of 6 m/sec. 
The suspended materials were collected in a filter bag and the 
entire sample was used for analysis. 

Meteorologicai data during land preparation were obtained 
using an instrumented, portable 10-m tower. Anemometers were 
placed at 1, 2, 4, 5, and 10 meters above the ground. Wind 
vanes were at the 5- and 10-m levels. Data were recorded on 
strip charts. 
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RESULTS 

The wind velocity during the agricultural operations varied 
as shown in Fig. 2. The average wind speed.on November 22,.1974 
was approximately 2.5 m/sec at the 2-m height on the north field 
during the cultivation and planting, but the wind direction was 
highly variable after 1400 hr. The average wind speed on 

·November 25, 1974 was approximately 5 m/sec at the 2-m height on 
the south field and was consistent in direction. 

The resuspended plutonium content upwind (Table I) averaged 
a consistent 1.7 fCi/m 3

• The average airborne plutonium concen­
tration at face height on the tractor was 49 fCi/m. 3

• Downwind 
from the field, plutonium concentrations (assumes same time period 
for each operation) averaged 210 fCi/m 3 at 7~6 m and:10 fCi/m 3 at 
30.5 ll\. The large means and standard deviations shown in Table I 
for the sampler locations 7.6 m downwind from the edge of the 
field were caused by 3 high measurements out of 27. · Individual 
sampler values at this distance·· from the north field ranged from· 
i.6 fCi/m 3 during fertilizing, to 1020 fCi/m 3 during .subsoiling, 
and 1580 fCi/m 3 during planting and light disking. ,Similarly the 
south :field values ranged from 3.6 fCi/m 3 durin'g planting and 
light disking io 2580 fCi/m 3 during mowing. · · · 

Table II shows the plutonium concentration in the resuspend­
ible layer and soil layers as well as the· 2 38Pu and 2 39 - 2

1+ 0Pu 
relationship. Before cultivation, there was a relatively high 
238 Pu concentration· gradient between the 0 to .15-cm layer of soil 
(25~% 238 Pu)* and the resuspendible layer (50a% 238 Pu). 

The steep 238 Pu concentration gradient provided an excellent 
tracer for determining transport mo~es. The 238Pu observed in 
the air samples downwind from·the cultivation operations generally 
reflect the average value observed in the soil of 25a% foll.owing 
cultivation and not that in the resuspendible fraction of 50a% 
prior to cultivation. 

Calculated atmospheric particulate loadings at the various 
locations on the field are listed· in: Table III. ·If a plutonium 
concentration of 3120 fCi/g (the average concentration in the top 
5 cm following cul ti vat ion) is .assumed, the particulate loadings 
ranged frol]l 560 µg of soi l/m 3 to 69, 000 µg of soi l/m 3 • Loadings 
in rural areas of various southeastern states average 30-45 µg/m 3 

[2]. 

* a% ~ 38 Pu = ( 238 Pu.a activity/total Pu a activity) x 100. 
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DISCUSSION 

Resuspension Measurements 

Erodibility and resuspension of soil particles under.natural 
environmental conditions have received considerable attention [3]. 
These studies have indicated that·resuspension is dependent upon 
particle size, particle size distribution, the area covered by 
nonerodible particles, surface cover, cohesiveness of surface 
particles, density and shape of individual particles, soil water 
content, antecedent weather effects on soil surface, and current 
meteorological conditions. Extensive resuspension studies have 
b~en conducted in relation to plutonium resuspension at the Nev~da 
Test Site [4,S,6]. Rocky Flats [7,8,9]. and in Spain C10J in' order 
to obtain. experimental i;nformatiori. on. the. plutonium content .. of \the 
atmosphere in the vicinity of increased levels of. p~utonium in •the 
soil.. Resuspensi.on studies from. agricultural operations under. 

- humid climatic conditions have no1: been conducted. to. :the authors' 
knowledge. 

Resuspension Factor 

. The term resuspension factor is frequently :used in.a dis­
cussion of airborne plutonium from sources, on the ground surface. 
Resuspension factor is defined as the 

R = Concentration of plutonium in air (Ci/m 3
) 

f · Ground· deposition (Ci of plutonium/m2 ) 

'. 
Engelman [ 11] states that this factor has physical validity oniy 
as one approximates an ·infinite plane of uniformly distributed .. 
contamination and the measured soil contamination ·should: be the 
resuipendible fraction. For the agricultural activities of ·th{5 
report, the need for an infinite plane is. removed because the 
contribution from the soil preparation is much greater than the 
contribution from tho upwind area. For di.si:-uc;c;inn purposes, one 
can assume that all the plutonium present in the top 5 cm 
(2. 03 x 10- 7 Ci/m 2

) is resuspendible and obtain resusp,ension · 
factors of 24 x 10-am- 1 , 103 x 10-om- 1 , and 5 x 10- 8m- 1 at the. 
tractor, at 7.6 m, and at 30.S m from the edge of the field 
respectively. The assumption of S cm is reasonabl.e because 
agrict.il tural activities generally disturb the soil ·to .this depth. 
These resuspensio~ factors are lower than the 10- 5 resuspension 
factor chosen in the Liquid Metal Fast Breedet Reactor Environ­
mental Impact Statement [12] as adequately representing·the 
initial'conditions for the average population in'the relatively 
well vegetated.area of interest in that report. 
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No attempt is made in thi$ paper to test existing models 
[12,13,14,15] for predicting resuspension or particulate behavior. 
The variation between samplers during a particular operation 
indicated that larger arrays as well as measurements at greater 

· distances are necessary before detailed testing of the models is 
possible. The data, however, can be used to calculate the dose 
that would be received by farmers working routinely in similar 
soils with similar plutonium concentrations. 

B~ses of Dose Calculations 

The radiation dose from inhalation of particulates is a· 
function of the particle concentration, size distribution;· and 
solubility in pulmonary fluid. 'The dose is delivered to the 
lungs from direct deposition by inhalation, tO the gastro­
intestinal (GI) tract from clearance by the lungs and ingestion, 
and to internal organs from dissolution of particles and subse­
quent transport via body fluids. A secondary pathway to internal 

·organs occurs from uptake in the GI tract followed by circulatory 
transport. For plutonium inhalation, the highest concentration 
occurs in lymphatic tissue. However, the rare occurrence of 
neoplasia has prompted recommc;mdation that lymphatic tissue not 
be considered limiting for dose calculation·of inhalation expo$ure 
to plutonium (16]. Consequently dose calculations were not made 
for this tissue. 

The Task Group on Lung Dynamics proposed a deposition-and~ 
retention model for inhalation of p'articulates Ll 7 J. The modei 
consists of three compartments; nasopharynx (N-P), tracheabron­
chial (T-B), and p~lmonary (P). The pulmonary compartment is the 
functional area (exchange space) of the respiratory system and 
the compartment for which radiation dose is greatest because of 
residence time. Material in the N-P and T-B compartments is 
cleared more rapidly by ciliary action, res~lting in lower doses 
to these compartments. 

Particulates are classed according to their pulmonary clearance 
times as D (days), W (weeks), or Y (years). Most common plutonium 
compounds are Class Y except for nitrates and citrates, which are 
Class W. 

The primary consideration for dose calculation from inhalatio~ 
of plutonium particulates is particle size. Pqrticles of plutonium 
dioxide larger than 2 µm in diameter are not transported to the 
pulmonary compartment, but are stopped in t~e N-P or T-B compart­
ment (18]. Particles larger than 4 µmare retained totally in the 
N-P compartment. Maximum pulmonary deposition.occurs at 0.5 to 
0.7 µm and below 0.02 µm. Radiation dose to lung and bone is 
calculated for the particle size range of 0.01 µm to 10 µm. 
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The radiation dose was calculated for the pulmonary compart­
ment of the respiratory systems, the bone, the liver and the GI 
tract. (The GI tract dose is minimal and will not be considered 
further.) Calculations were made for both Class Y and Class W 
clearance rates. All dose calculations are integral 70-year dose 
commitments, i.e.' the integral dose delivered to the organ in 
the 70 years immediately following the uptake. Dose calculations 
are based upon methods given in International Commission on 
Radiological Protection (ICRP} Publications 2 [19], 19 [16], and 
20 [20]. Anatomical and physiological data are from ICRP Publi­
cation 23.[21]. Lung doses were calculated from clearance rates 
given in ICRP Publication 19 [16]. The difference between the 
dose commitments for different clearance classes is as expected. 
A Class W clearance gives a lower dose to the lung than a. ~lass Y 
but gives a greater bone dose because a larger pottiort enters ~he 
circulatory system. 

.i 

.For dose calculations, it is generally as.sumed that plutonium 
that reaches the circulatory system is deposited equally in.two· 
primary sites, viz. , bon.e and liver. The distribution factor term 
of the effective energy causes the bone dose to be 2. 5 time"s th.at 
of the liver. i.e., the bone is the "critical organ.·" Th·e dose' to 
the bone is via two pathways. The direct route is. from.lung yia 
blood to bone. A second pathway results from transport of material 
from lung to GI tract with subsequent transfer to the Circulatory 
system. This route is minimal because the plutonium absorbed is 
3 x 10- 5 of the amount present in the GI tract. 

Seventy-Year Bone-Dose Commitment for Inhaled Plutonium 

A nomograph for dose commitment calculation for 239 Pu is 
shown in Fig. 3. The nomograph dose assumes a log normal particle 
size distribution with a median equivalent aerodynamic diameter of 
2 µm [22,23] because cascade impactor information was not available. 
Dose commitments in mrem to the bone can be obtained for combinations 
of radioactivity concentrations and exposure times. Dose commitments 
to the lungs a.re lower thau those to the bone by factors of 5 and 
130 for Class Y and Class W clearance rates, respectively. The 
dose from 238 Pu is 81% of that from 239 Pu, 

Fig. 3 was used to calculate the 70-year bone dose commitment 
an individual would receive from spending a selected number of 8-hr 
days in various environments. The environments selected (Table IV) 
include on the tractor,7 .. 6 iii upwind, 7.6 m downwind, and surface 
air averaging 0.050 fCi/m 3 [23]. For illustrative purposes the time 
perioc.l of exposure chosen was 100 days, a conservative time period 
for routine cultivation activities in the course of one year. The 
calculated dose received by the tractor driver, 49 mrem, compares 
with a nominal 7000 mrem from natural background during the 70-year 
time period. The downwind locations are not realistic for consider­
ing inhalation dose because normally individuals would not be in 
these locations for the exposure times used in the calculations. 
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TABLE I. SUMMARY OF PLUTONIJM AIR CONCENTRATIONS AND ALPHA PERCENT 
Pu MEASURED JURING AGRICULTURAL OPERATIONS 

Sampling 
Nwnl:P-r of Distanae Average Conaentration,a [Ci/m 3 

Filters from Edge 
Samp!e Eoaation Anal:yzed of Field, m North Field South Field Both Fields 

Upwind Ba.ckground ; 7.6 1.4 ±0.3 2.0. ±0.6 1.7±0.6 

Tractor E 0 7 .4 :!:8.6 91 ±81 49 ±69 

Agri::ultural Operations 2; 7.6 192 ±463 233 ±740 210 ±590 
(Downwind) 

2~ 30.5 11 ±18 9.1 ±13 10 ±16 

...... Average CL% 2 3 a Pua' b 
~ 

North Field South Field Both Fields 

Upwind Background 7.6 12 ±4 18 ±3 15 ±4 

Tractor .5 0 27 ±15 25 ±27 26 ±20 

Agricultural Operations 27 7.6 15 ±14 18 ±11 17 ±13 
(DOl·;nwind) 

2) 30.5 32 ±19 38 ±20 35 ±19 

a. Mean value and standard deviation 

b. 
238 Pu CL activity x 100 Total Pu CL activity 
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Soil prior to cultiva:ion 

1;_csuspen<lih lcs 
(0 to O.l cr_n) 

0. l to '.>- cn1 cores 

S to IS-cm cores 

Soi I following initia~ 

cultivation 

llcsuspen<l i hies 
(o to 0.1 cm) 

0.1 to '.>-cm cores 

:. to l'.>-cm cores 

20 .l8 

2S' ll3 

a. 
238 Pu a activity 
=--.,--,,-----,"--,-,--- x Hill 
Total l'u a activity_ 

. 28 :!:8 25 .t9 

30 :LIO 2ti :!:ll 

28 ±S 28 .!:ti 

23 :l8 24 :!.8. 

22 :!:9 23 :!: 11· 

.-. 

Total Pu Concentr>ation, f 1.:i/g 
Nor>th l'ield Douth Field ffolh Fiel /:; 

1600 ±900 13000 :_ J_!JIJIJO 8.>11u o.l-l!HJ!I 

hOO ±500 luOO 21:;110 I 2!111 j_ J.)l)(J 

90 ±60 120 .!:120 110 ±Lilli 

900 ±400 4800 ±2-IOO 

900 ±700 4uOO :!.2'..011 :; ](Ill "~ 7!HI 

200 ±100 900 :ti 500 bllll -'-l~llll 



,I' ,, .. 

TABLE III. CALCULATED PARTICULATE LOADINGS AT VARIOUS 
LOCATIONS ON THE FIELD 

Location Concentration,a µg/m 3 

On Tractor 

7.6-m Upwind 

7. 6-m Downw:lnd 

30.5-m Downwind 

Average for Rural b 
Southeastern U.S. 

16,000 

580 ;. .· 

67,000 

300 

30-45. 

a. Assumes a plutonium concentrati.on in particulate· of 
3120 fC:j,/g. 

b. Ref. [2]. 

TABLE IV. DOSE FROM SELECTED ENVIRONMENTSa 

Location 

On Tractor 26 

7. 6-m Upwind · 15 

7.6-m Downwind ii 

Average Environmental 15 
Plutoniwn Concentrationc 

Pu Concentra­
tion, fCi/m 3 

. 

49 

1.8 

:l!U 

0.05 

?0-Year·Dose cJmmitment for 
100 Day Exposure, mrem 
Bone Liver Lung. 

49 

1.8 

210 

0.05 

20 

o. 7 

87 ' 

0.02. 

7.8 

0.4 

~~ 

0.01 

a. 70-yea1 uu.;.:: commitmont from inh?latinn of measured p!~tonium concentrations in 
air during agricultural activities, assuming Class Y clearance rate a~~ assuming 
100 e.ight-hour woi:k days. · · 

b. 
238 Pu a activity 
Total Pu a activity x lOO 

a. Referem:e [2]. 

DP-MS-75-29. (IAEA-SM-199/83) 
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