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ABSTRACT .

Transport of plutonium in food chains of grazing animals and mankind
by vegetation carriers becomes an important avenue of contamination
‘in dusty field environments. Findings Indicate that most of the
activity present in vegetation of such areas at the Mevada Test Site
(NTS) is superficial contamination resulting from the attachment of
particles to foliage surfaces during resuspension. We suspect,
however, that the root uptake pathway eventually will become more
,significant as the result of natural concentration and recycling
processes at work in the field within the plant root zone.

INTRODUCTION

Our nsqignmcnt for ;his symposium is the consideration of the problem
of plutonium contamination’ of vegetation in dusty field environments..
In accepting this challenge, we acknowledge several timely reviews
“and discussions concerning various aspects of transuranic element
behavior in ecosystems which have appeared in recent literature
(Bernhardt and Eadie 1976; Brown 1976; Carfagno and Westendorf 1973;
Dahlman et_al. 1976; Francis 1973; Hakonson 1975; Hanson 1975; Healy-
19743 Mullen and Mosley 19763 Price 1973; Romney and Davis 1972;
Stannard 1973). We shall address the problem of vegetation-carrier
‘transport of plutonium in relation to certain radionuclide cycling
processes at work in the desert enviromment as illustrated in Fig. 1.
The pathways of ingestion and inhalation are included in this illustration
to give symmetry to the overall problem, but discussion of them is
‘assigned to other participants in this symposium. ‘
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Amnomz mu.ovr szosrno :

Barlier st fes of - allout from nugle _ capon tests ‘disclosed -
. blological significance of superficial contamination on plant surfaces.
. resulting from radjoactive airborne particle deposition (Fowler (ed)
1965; Larson et al. 1966; Romney gt _al. 1963; Russell (ed) 1966).
Radioactive materials may reach the tissue of plants in two principal:
ways: _First, airborne materials may be depusited upon the above-ground:
parts of plants .and either adhere to their surfaces or be absorbed. ~ :°
Second, materials which have entered the soil may be absorbed by roots -
along with the nutrients on which plants depend for growth (Russell -

(ed) 1966). The significance of the root uptake-pathway is. governed -
largely by the blological availability of each given radivnuclide

. during its interactions in soil. Thus, if radioactive materials are
“insoluble they will most likely contaminate plant tissues only '
superficially (Romney et al. 1963; Martin 1965)..

Early studies done by the UCLA groups on vogotatxon'in fallout contam-
inated areas at the Nevada Test Site indicated that several natural
processes influenced the fate and persistence of fallout debris both
from nuclear and non-nuclear contamination events. The period during
and shortly after particulate deposition was characterized by conditions
of instability largely controlled by wind activity. Rainfall, snow,

and periods of calm air movement near ground level hastened later
development of -a quasi-stable condition wherein particulate movement
occurred primarily through processes governing resuspension. Vcketatxon
contamination could be prevented or markedly reduced by protective
covering during the unstable and quasi-~stable periods after fallout had
been deposited (Rhoads et al. 1971; Romney et al. 1971). Measurements
of fallout particles on soil and plant material sampled within down-
wind fallout patterns showed that a partitioning into different sized
particles normally occurred during initial fallout deposition.. Thus,
the mean particle size generally decreased at greater distances down=
wind from ground zero (Larson et al., 1966).

More recent studies by the NAEG in aged fallout areas at NTS and
Tonopah Test Range (TTR)- where plutonium was dispersed by chemical
explosives, give evidence that this partitioning and patterning has
continued to be rcflected in the superficial contamination of the
~indigenous vegetation (Romney et al. 1974, 1975, 1976a, 1976b). The
vegetation-to-soil inventory ratios determined in the various activity
strata within several different fallout 53 terns seem to show that a
greater proportion of the deposxtcd Pu source material has moved

- onto vegetation at greater distances away from ground zero. = Examples

are given in Table 1. Inasmuch as the activity entrapped on plant

‘foliage primarily represents material in the resuspendable particle

size range, the amount of contamination on foliage is less in proportion. |

to the total amount of fallout activity deposited on soil at points - )
nearer to ground zero compared to points farther away. Autoradiographs : ,
of annual plant leaf tissues collected near ground zero at Arca 13 in v ' )
"1976 showed that the activity present on vegetation was still in

discrete particles of suspendable size range nearly 20 ycarq after

fallout had occurred (Nhllace, unpubliqhed data).
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Table 1. Es:ima:ed Inven:ory of 239-240py for Vegetation in Activity Strata of Ased Fallout Area at ts

(Eouney et al, 1976% Higher nunbered activity strata are nearer ground zero.

] ) -
|ACt1Vit? i } Mean = S.E. 'i Mean? = §.E.b Inventory = S.E. | Percent -
i Strata | g' (n Ci/g dry) (n Ci/a-) (nillicuries) .
NTS AREA 11, SITE A (1956) o o o
1 . 12 .0015 £ ,00057 | .76 = .35 | .095 & ,045 95 *
2 -; 18 .00064: .000099; .33 & .11 .0026 = .00082 3 - :
3 e .0010 = .00038 | .54 = .23 .00026 = .00011 { _ 0.3 -
Total "1 36 . o 098 = .045 .| 7100.3 , :
NTS AREA 11, SITE B (1956) o ' :
3 | i .10 £°,024 60 = 40 .58 = .14 24 - .0020 =
2. 114 .19 =.033 5 110 = 31 .78 = .23 kX - 400049 =
4 5 19 .57 .087° | 330= 52 1.0_= .16 L4 200023 =
NTS AREA 11, SITE C_(1956) ‘ - 2 o : By
2 12 e 2,026 1 61s 12 1.2 = .23 27 .0018 - &'
3 14 o .mé= ,05%  § 160 = 25 1.0 = .16 24 L0018 %
& ) 1.1 =.41 | 4902180 | 1.9 = .72 . 4% | .,00035 &
5 ‘ 5 1.2 .38 | 530 =170 .21 = .069 _5 .000088 2
Total 8 | - 2.3 = .18 10 00048 =
TS AREA 11, SITE D (1936) | _ | _
2,12 172,033 L o722 16 2.5 = .48 35 0016 =
3|13 .26 2,079 ¢ 99 = 33 1.5 = .46 19 00045 =
4 { 20 S 722,14 300 = S8 1.7 =z .32 23 .00031 =
s 11 1.3 :.21 | 5350 = 89 1.7 = .28 23 .00020 2
Total - 2 56 - , ‘73 = .79 100 . 00039 =
239-240 —

Mean (n Ci/n?) & : b
? S.E. ® 7 (mean g/n ) x Var (mean n Ci/g) + (mean n Cl/g)Z x Var (zean gla ) - Var (nean n Cilg) x

(nean biomass in gla')x mean

Var (mean g/m2)_ %

¢ SQEQ = R{ azx

2

X

%y

Pu concentration in’ 1 Ci/g

%3¢~ % yhere R = x/v; r = estizated correlation berween X, 'y




" Studles of atrborne particulates arouny a contaminated area at the
. Rocky Flats Plant yielded an average resuspension factor of lO'? m-1 o
" during an 8-month sampling perfod. This factor was near 1076 p=1 ryp -
particulate materfal collected upon sticky paper exposed to suspendable
“flne sol] particles from the sof} surface, Size distribution studies

of all suspended pnrllrlcs'runlnlulng plutontum Indicated a geometrlc
mean dlamoter of about 10 um (Volchok 1971, 1972). Results from

eyclone and elutricator samples Indlcated median diamecters of about
S5 um. Add It lona) peasurements by Sehmel and Orgill (1973) and Selme)
and Lloyd (1974, 1975) in the Rocky Flat ares Rave resuspension lactors
ranglog, from 10~? 1o 10~5 n-l, The kocky Flatn area tx subject to winds
which are occanionally very strong and gusty. Environmental surviel lance
data strongly Indfcate that the Rovement of contaminated sofl particivs
by wind was o mnjor force cousing the orfgingl disperston of plutonjum
from a barcel storage aves (Krey and Hardy 1970; whicker ot al. 1973),

_ = AL

The Inftial sonrce of most of the out lying contamination at Rocky ‘Flars
wan from leakage of cutting ofl] contalning plutonium, Sulqulwm
studles by anhunn:nullhﬂlnud‘(IOII) of the transformatfon from thin
pouree to sunpendable material led go the concept that the resunpendable
"hot" partleles ore iR lomerates of small plnlonlum-voutulnlng partfcles
and larper soj} pralns, Enviroumenta} sStudfes at Rocky Flata by the .
group at Colorado Stage University haye shown some movement of plutonium
Into neveral econyntem compartments withiy study plots. Data Indicate
nome 90 to M percent of the Plutontum In the veosyntem s annoc lated
with the 0-3 em depth of noll, About | to 3 percent appears to be |
Tannoe fated with root and Litrer samples, while the amountn In ntamling
vegetat fon and smal) mammals are renerally lesas than ! pereent, -
Findingn tadbcate thae most of the plutonium preseat in vegetat fon
snmplea In superffeinl contambnat fon reaulting trom the attachment

of particlen to blological nurfaces,  Thepe in alno nome Indicat fon

that grans spectes have higher concentratlon of playtonjum than other
npeclen, apaln probably as the result of the Rreater surface aren per
wnlt mang In the pgrasnen (Whicker 19773, Little 1976),

Healy (1974) coopleted | noble tank of Rynthealzing fnto o slpnificant
treat fse some of the carly afr gampling data obtaineg during the safety
shots ot NTS, where plutonfum wan Hapernog by éhemieanl explonives,

Pata wre given and Hteratore cited Which show resaspension factorn
ranglog from 1010 o [0=4 = for arid or semiar i envivonments,  The

higher values reprenent more unstable, outdoor conditions, Langlum

(1969) uned o value of 10-6 =1 4y, asnonning limien for a weapons

acelident ol the type simulated by the talety testn Iy whicl lutonium

wan dispersed at NTS. - A cont fnulnp study of resuspennion at NTS teut

arcan s underway by climents of the Nevada Appl ied Ecology Group
(Annpauph et al. 1974, 19744, 19741, 1974¢, 197%). Resuspenn fon

factor valuen caleulated from recent experiments now fall within the

range of 10~ to 109 m-) compared to valuen of 10-10 g, 10-6 p~1

measured about 20 years RO At nome NTS wites, Host of the total mins

of suspendable material g found botween diametors of 0,7 m and 15 up
(Bret thaver et al. 19745 Shinn and Anspaugh 197%), Studles by Tamurn
Y974, 1975, 1976), have nhown that from %0 to 7% pereent of the plutonium
t g0l namples collected from ap aped fallout areq at NTS fu prmlomlmmtly
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assoclatnd wlth the conrse silt (20-53 un) fraction. Ten percen o
less usually. §s associated with the sofl. fraction’ ‘Jess than S»um.
diameter.  Highest nctlvities also are assocjnted with heavy’ minera
fractions (> 2.9 glrm ), hnggestlng the prcqcnce of oxidas.

allout partirlos lntorxepted by plant foliage are’ prlncipﬂlly of aizes
"smaller than 44 um dlameter (Romney et al. 1963).- The follage of -
vegetatfon at NTS selectively traps these sma)l-sized particles in
the matted hairs and crevices and on resinous glands of the leaf -
surfaces,. The capaclty for retalning fallout pnrtlcles largely: dopenda
upon the mechanical=-trapping characteristics of plant surfaces. We :
helieve that most of the plutonium contamination now found on vcgetation
sampled from these aged plutonium fallout areas at NTS {s superficial
contamination from particulate materfal. This mechanism of contamination
{8 presently the most important route through which plutonium enters the
y food chaln of grazing anlmals. However, the relative importance of
superf icial contamination compared to the root uptake route may diminish : 5
with passing time for reasons to be dlscussed shortly. Fortunately
the resuspension factors and vegetation biomass arce not great at these
sttes.  The undisturbed desert soll remafns quite stable partly because
most of the suspendable surface material was removed by wind and water
erosion ages ago.  Resuspension problems now arise particuwlarly when
the stabilized soil surface crust is mechanically disturbed. That
fs one of the reasons thnt recommendat fons have been made to avold |
disturblng these aged fallout areas (Wallace and Romney 1975; Rhoads
1976). The purpose for this caution Is evident from the data in
Table 2, which summarizes vilues for the estimated Inventory of

Table 2. Summlry of Fstlmatvd lnvontory of. 259’240Pu for Vegetation In
’ "~ Aged !ulI0ut Areas (Romney ot al. 1976)

2al] on | j Inventory * S.E.% | “Vegetation invent. /o 2

Fallout Area ,“‘ (millicuries) o "§§ll_lhvonlory = L S.E.
- e i 2k -
NTS Area 5 113 . “J86 ¢+ 14 .00034 & ;000046
NTS Area 11A 36 S L0998 v 045 L0028 ¢+ L0017
NTS Area 111 " | 44 2.4+ 31 .00039 ¢+ ,000058
NTS Area 11C | 48 4.3 v .78 - 00048 + 000089
NTS Area 11D 56 .3y 79 - .00039 * ", 000084
NTS Area 13 14t - 26.4 0 3.5 ' L 00060 000076
TIR DT - . 48 62 v 1Y S L00012 v 000036
TR €§1 - -} 53 S .67 v L34 L0001 ¢ 000078
TTR €S2 - 1 63 A3t 63 ©L00015 1 .000030
TTR €S3 L b6 v 1.2 | .00016 * .000037

“Time plutonium was dlspersed by ih(mi(dl vxplosivv'- NTS Area 5, 1954-
1955; NTS Arca 11, l956° Nr9 Area 173, 10)7 TTR Arecas, 1963.

a-
See notc\c Tnblo I.
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‘plutonius for' \iq.uaﬂon in these tallout arcas. Ooly small, apounts of
~ the total quantity of plutosium originally deposited preseatly appear
. to move to the standing vegetation from fenced-in fallout contaminated’
" sofle which are now undisturbed, except for natural wind conditfons.

Advantage can be galned from keeping these sites as 1ittle disturbed
as possiblc. Thin includen surface crosion by water (Hakopson ot al,

19767 Mabonson and Nyhan 1976).

RECYCLING OF PLUTONIUM 10 VEGETATION

Mozt of the standing blomans of vepetation in the aged talloat arvas
Wt NIS s coutributed by decliduous shrubs (2,000 to 6,000 kg/hestare)
which noraally yield about 10 pereent of their total welght as new -
annssl toliage, The production o prasses,” torbs and ansual plant
upecies s spasmodic from year to year, dependiog upon rafntall and
climatie conditions. Seldom, however, does the productivity of these
anmssl specien exceed 1 percent of the standing shrub. blomass,  As

the resull, only from 200 to 600 kp/bectare of new . plant tollage In
potentially avatlable to undergo the processes ol Titter tall,
decomposit fon and mineralizatfon. Mot of the tallen Hiter Iy moved
alwmit by witid actlon to lodge underncath steltering shrub clumps where
much of the (nftial breakdown fs carrfed out by contumer organisas,
Very little i5 known ashout the impact of soll arthropods and micro-
orponisoas on plutonfum n these arcas at NTS, but Jdeduct fons from well
known effectys of -such organlsms on Inorganiec antricat clements during
wineral fzat fon processes wuld Indicate that they shousld help fnerease
the biological avallabil ity (solubility) of plutoniom with passing time.
The selatfonships of mlerobial processes to the fate of transuranie
elements In sofl) Is diicansaed by Wildung ot al, u-m. this volume),

Firnt glance a1 the data In Table 2 pives the fmpresuion of an Insigni-
fivant amount of plutonium {n vegetatfon of the falloat arva.  However,
when one consfders that this contaminated plant follage goes through
annual cyeles of Htter tall and decomponitfon and mineralfzation {n
cvoncentiated areas anderneath shrubs, and that the plutonium will

perstst tor tens ol thousamls of yeatn, one st secopnize the possibil ity
ol an b seasiop signit fcance this cycling process will have on
Increaslog root aptake with pansing time.  The sipndtfeamce of this
comentration process should be seen first with 0l Am hecanse of Jts
proeater blological availability (Remney ot _al. 1976b).° Studles on the
ditterence tn vdaphie properties anderneath ath nhrab o Tumps amd In

adjacent’ bate soll arcan at N15 show that highly sipnif lcant concentration
processes uve been ot work Increasiog the levels ot pl.mt nutrients

and organic matter fn the reot zone yinderneath shrubs. (Romney ot al,
197%, 19731%). Hapson (1979) ree ent]  discussed what appears to be
difterential blologleal avallabil ity and concentrat fon between 238py and
219 10 soils, vegetatlon and anisal. components of the Trinfty Site -
veonystem,  He elted the data of Bakonson and Johnson (1973) showing

that 2¥8pys2 "’Pn ratios Ipcreased from O, () (no0fls) to 0,10 (plants) to

l 0 (mammals), respectively,

293

N

il 2 A SO A4 GRARA BBA £4 SBb uA ki 1 8 S04 43 A8 Ld A4 b1 SR L8 BB 54 G0 48 4Bs




L o g A AR i e G

KP‘;U‘;PPN'{ION "l UDNTAHINMPD APPA“

Once: rndlonctlve mnterlnl hnn be»n deponltod upon soll, the maln concern
“1n to control subsedquent resuspennlon, especially In dry, dusty areas.
Whether or not the contaminnt fng rad lonueFide rematns fn an original
“particulate form or undergoes chemlcal and physlcnl. transformat fons
which result in fts being earried by anl) particies may have no
particular biologleal conseguencea, Efther form depnatied npon the _ ;
aurfacen of plants becomea a aource of rontambnnt lon fn the dlet of o 3
grazing animala. Thie mechnninma of reanapeanion and Its consequences ) o ) {
are dlscuynned by other parttelpanta In thig saympoafum. The subject. of . '
tranauranie resuspenslon and the need: for atandneds Tor controll lup . o
_henlth effocta from plutenium In sulla is discusaed fn a recent frent fa
by "only (1916).

I TOPTIR e

Opt Tmum comﬂtlmm for resuspenalon usunlly are found In arid, dusty T ¢
environments, tmt anch movement of contaminated perticulate materint ,
in not necesanclly Limited to those arens,  tn follow-up stmlies after ’
the accldent at Palomares, Spale, tranze (1968) cnlled attent fon to the :
mnll’npmmol of plutonbum hy external follage of aprlenltural crops

harvesated from contominated anil,. Aboent one half of the contaminant

conlidl he removed by waahlng the [oliage of tomato planta compared to

from 73 to 9% per cent removed by washing Tralt.,  Deposition op the

aurfacen of Jeavea and atema han been fdentifled ns the principnt

mechanlam of pintonium contaminat ton of vepetnt lon collected From

sampl ing Toeations aroumd nml ndjacent to the Savannnh River Plant whiel

In sltunted In-n hmid aren (Mebendon et nl, 1976),  Some of this

contaminat fon could arlre elther From diroet fallout’ depoaited dervin-

wind of the amree atack or from sabsiguent péduapension of contaminated

anil. A atwdy to measure resuspension during fleld preparat fon aml

planting of winter wheat nt the SRP site wna seported by Hilham et al.

(1976).  Small, but detectable amounts of alrborne plotoniom :wonu,ml

210 fC1/m? at 7.6 m and 10 £CH/mY at 0.5 m distances downwind from the

edge of the Tleld myler codtivation, The alr ot the tractor operator®s

fare Jevel contalned 49 FE5/m3,  The average concentral fon of platonlom

In the 0-5 em- tnyer of saol ) wna 31D 1CH/ ps wat imnt e} reaunpension.

factora wore of the order of 1078 m= T

Hork by the fos Alnmos gronp at the Trinity slte in Hew Hexieo ahowed
that the horlzoental diatr ibutton of platonlam In sofl cont Inned 1o he
Intgely determined by the original Fallowt deposition pattern,  The
Trinlty aol) asamplea contalned elevated amanta ol plutoniom in
roarser alze fractions (> 105 um) near growund zero and relatively
farger amounts o Tiner fractlons ot fncreasing distanens from groumd
© gere (Hakonadn and Hyban 1976),  Contamlont lon of graseea within the
“fallout pattern, ag n fonction of distance downwind from gromet zero,
genernlly followed the pattern oharryed In the 0-5 em aoil core fraction.
The plutontom concentratlona In grassea, Vichens aml mosars were :
consintent by elevated above the Jevels observed In forb, ahrab and tree
pnmples.  This was considered to reflect higher entrapment of flcicmy
for graasses hecanse of greater tlgaene anfmn areaa {(Hakenaon and
Jolmaon 197273 Hnkonaon amd Hybhan 1976),
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-.Mu-u qnll plnnl Mmllo-a lm nqlnp upun |\lulunlmn movement llnnugh plant
Croots fmdicate relatively Jow uptake through this pathwayv. (uncpn!lnllun
ratios fur plante grown In potted soll ranged from 1008 o 10-3 L
o (Plant Panel 1975).. lowever, in view of the long half-Jife of pluumlnm.
‘one 1n plagned with nagping gueat fons concerning the extent to which
the transuranien will become more blologieally nvnilable through thia
_pathwiny with paseing time, . Some evidence already has appeared Indieat fng
m Inceeaaed relative availability (or mobility) of Zjﬂru.nnq 200 Am in
plven aftunt fons (Faaington et nl. 19765 jakenami amdl Johnaon 19735
Rummv et al al 1975 ). S

H in cll”lc-n_lt to difforentinte between the amonnts of platondum in
vegetatlon attribntable te oot uptake aml aupes Flcial contaminat fon,
Attermpta, therefore, have been mude Lo pecompliah this hy pot uptake
ovperiments conductod under aly-fiitered, glasshouse comlitlons,

Table 3 cummir [7ea some resulta obtalned from aulla collected from the
aged fallont nrens at TS, Nae is made of the Pa/Am ratie In sol) and
plant samplen mwml nlan the concentrat fon rat{o (CR) for comparing datn
reproasent fop Tleld and pinanlvmar cond bt foma,  The term, CR, fa n
swimple concentration ratto onlentnted from the netfvity/g., plant
divided by activite/g, anil,  For the Tiehd Jdata the anil activity Is
that contnined In the -5 em aurface layer: the ginashonse aoil '
netivity Ia based on thoronpghly blended, potted aoif,  We are not,
therebore, comparing the same comdit tong dn the two systems hecanae the
tonta of [eld-prown plants abouwld feed mach decper in the solbls '
cortainly below the top 5 em Inver,  What makes this field data most
naefnl in Tabhle 3 §9 that the 0-5 ¢m anil Pu/Am rat {o more nenrly
teflocta that ratle for the resuspeidablio mntarinl depoaited on the
tenf surfnces,  Consldernhle difference exiats hetween the plutonim
contenta In the diFerent solls tested. We should alao point ot that
the field data are overal) ratioe amd CR values ohiained From many
anmmples analvzed from the field (0 > 10) while the glagshouse values are
cmenne of aix replivatea,  The tmportant fimlioga from hese data are
the similaritios of the Pu/Am tatioa For Field soll anl vegetat fon
anmplea which we helieve ahows privecipally o saperClcind snree of
rentaminat fon on vepetnt fon weler Fleld conditlong.  In addition, the

ealealatml CR valuen for platoniom in the field ranged from 10-3 to 1Y
vompared to 100 to 1073 o ained From our poot npiake tests lhnm;.h the
ramt uptake pathwiny,  The Pa/Am rat fes In pot-grown vepetation are
murh Tower than thoae fn Lhe 'mlu’d sobl, Inlfcatiog uptake of 750 A

I el greater amounts - than 439 28000, 0ther datn trom these teats
(Homney et al. 19760 bhave shown that qvnllwlh‘ chelnt lnr componmda
mnd ac bdindat fon agenta added 1o soll qlgnll’h.mlly (P .05) Tocrease
runt aptake of these trananranjes, ' B
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Table 3. Summary of '39-'*0Pu and 2 lAm Ratios and Pu CR Values for Vege:ation and Qoil Lndet Field

Conditions Compared to Root Uptake Expe'imen: tUnder Classhouse Conditians

ot Sounce [ Hel Cedlgions L Sl Conttt o
{NTS Area 1B | 7.7 0.6 | 8.5 1.0 | 1.32 to 1.6E-1 | 6.5+ 0,17 | 0,83 % 0.10. 1. sz—a;
| NTS area 11C 6.0 0.08 | 5.2 0.1 | 4582 to 3.4E-1 | 5.3 ¢ 0.17 0.35 £ 0,13 1.88-4" '
| NTS drea 11D - | 5.8 £0.15 | 4,12 0.18 2.7E-2 to 1.7E-1 "~ 5.2:0.12 0.34 : 0,12 .1.1;-3
NTS area 13 9.4 = 0.15 ] 7.9% 0.2 | 7.8E-2 to 4.4E-1 562 0.27 | 0,19 2 o;os?}fil;ié;_{
3 TR 0. 23.5 = 0.73 | 15.8 ¢ 1.4 | 1.1E-2 to 9.4E-2 | 21 2 0.67 0.97'£ 0;72"';.65-4
© {mrost 26.0 2 0.76 | 16,2 % 0.52| 7.483 to 4.26-2 | 119 £ 0.33 | 0.57 £ 0.36 | 4.3E-4
.rfa cs2 22,2 0.41: 11.6 + 0.64 | 1,4E-2 to 9.2E-2 21 219 |63 1.3 "iz;ssgk
TTR c$3 22,0 = 0.28 1‘17.0 + 0,92 | 3.9E-2 to 5.3E-2 .19 20,67 ] 1.9 £ 0,26 5;5254

Data given are for soybean foliage. Seed CR values ranged from 10‘6 to 10 . Data are suhmarizgd
-from Romney et al. (1973, 1976)., ) :

Range of mean CR values calculated for activity sttata in fallout area. CR values for ;ndividua1:1 ~
collection sites ranged from 103 to 100, : . :

k%




CONCLUSIONS -

TUU prlnrlpal In(orporation mochanlbmﬂ ard involved lu “the vepet a(ion-
carrjer transport of plutonium fn the dict of grazing anfmals and .
" mankind: (1) superficial entrapment of partfculate material with
pusslbllltlcq of foliar absorption of soluble contaminant, and (2) ruut
. uptake of the contaminant entering soll. -1t I8 fmportant to reduce
this transport of plutonium as much as possible. Fiundings from )
studies In dusty field ceavironments at NTS indfcate that supertleial
~contamination is presently the most fmportant route. However, certaln
natural eycling and concentration processes are underway which, in
terms of the long half=-1ife of plutonium, should gradually increane
the importance of the root uptake pathway. We suspect that even now
the root uptake pathway has Increastong Importance relative to super-
filcial contamination in humid ccosystems, except at sites subjoect to
local fallout material from such sources as emissfon stacks of .
processing facilities. The aged plutonfum tallout arcas at NTS will
cont fnne to be of value as sites Lo which to muke periodie assessments
to detect changes In the cycling and concentration of plutonfum In
varlous (Umponvn(s of the ccosystem. - Because of - its greater solubility,
Y'Am at these niten may show an carlier Indleatfon of such changes.
We bullvvv it always will be fmportant te avoid disturbateces that will
fncrease resuspennion and crosion in plutonfum contaminated sites at
NTS and elsewhere. In their present natural states we belfeve that
the plutonium contaminated sften at NTS and “TTR present. no radiological
“azard to grazing animals and mankind so long as rchi_.n(v within the
sneed  excluston areas in prohibited.
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