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PiUfONIUMfCONTAHINATION OF VEGETATION4

1 J i > rV IN DUSTY FIELD ENVIRONMENTS

,V. L. M. Roraney and A. U'allncc '

Laboratory of Nuclear Medicine and Radiation Biology
University of California, Los Angeles

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 nost of the
activity present in vegetation of such areas at the Nevada Test Site
(NTS) is superficial contamination resulting from the attachment of
particles to foliage surfaces during resuspenslon. 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 assignment for tjiis symposium is the consideration of the problem
of plutoniura 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 at. 1976; Francis 1973; Hakonson 1975; Hanson 1975; Healy
1974; Mullen and Mosley 1976; Price 1973; Romney and Davis 1972;
Stannard 1973). We shall address the problem of vegetation-carrier
transport of plutonium in relation to certain radionticlide cycling
processes at work in the desert environment 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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.AIRBORNE FALLOUT DEPOSITION * St *
•* < .. • ~ t ^ x!3f *•

Earlier studies of fallout from nuclear weapon tests disclosed the
biological significance of superficial contamination on plant surfaces
resulting from radioactive airborne particle deposition (Fowler- (ed)
1965; Larson et al. 1966; Romncy et al. 1963; Russell (eU) 1966). %
Radioactive materials may reach the tissue of plants in two principal
ways: First, airborne materials may be deposited 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) J966). The significance of the root uptake— pathw.iy is governed
largely by the biological availability of each given radionuclide
during its interactions in soil. Thus, if radioactive materials are
insoluble they will most likely contaminate plant tissues only
superficially (Romncy et nl. 1963; Martin 1965).

• • • . " ' ' • \•'
Early studies done by the UCLA groups on vegetation 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 paniculate movement
occurred primarily through processes governing rcsuspension. Vegetation
contamination could he prevented or markedly reduced by protective
covering during the unstable and quasi-stable periods after fallout had
been deposited (Rhoads et a1. 1971; Romncy ct nl. 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 ct al. 1966).

More recent studies by the NAEC 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 reflected in the superficial contamination of the
indigenous vegetation (Romncy et nl. 1974, 1975, 1976a, 1976b). The
vegetation-to-soil inventory ratios determined in the various activity
strata within several different fallout patterns seem to show that a
greater proportion of the deposited 239-240pu 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 resuspcndable 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 Area 13 in
1976 showed that the activity present on vegetation was still in
discrete particles of suspcndablc size range nearly 20 years after
fallout had occurred (Wallace, unpublished data).
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Table 1. Estinated Inventory of 239-240p

—Activity
strata

' — '
NTS AREA 1

! 1

1 32

; Total

1 NTS ARE.A 1

i r
i 4
; Total

i NTS AREA 1

i 2
3
4
5

Total

NTS AREA 1

2
3
4

I 5
! Total

«
1, SITE ,

12
18
6
36

1, SITE 1

11
14
19
44

1, SITE

12
14
«
5
48

1, SITE

12
13
20
11
56

•̂™̂ ™̂ ™«

Mean t S.E.
<n Ci/g dry)

V (1956)

.0015 ± .00057

.00064i .000099

.0010 : .00038
'

3 (1956)

.10 i .024

.19 r .053
..57 ± .087

: (1956)

.1- r .026

..'f r .054
1.1 ± .41
1.2 s .38

!

D (1956)

.17 ± .033

.24 r .079

.72 ± .14
1.3 = .21

Mean3 r S.E.*>
(n Ci/n2)

.76 ± .35

.33 ± .11

.54 = .24
•

.
•
60 z 40
110 = 31
330= 52

•
:
61 t 12
160 : 25
490 r 180
530 : 170'

72 = 14
99 r 33
300 r 58
550 ± 89

r • '- -.
Inventory » S.E.
(nillicuries)

.095 ± .045

.0026 2 .00082

.00026 : .00011

.098 r .045
'

.58 z .14

.78 ± .23
1.0 = .16
2.4 ± .31

.

1.2 - .23
1.0 = .16
1.9 r .72
.21 : .069
4.3 : .78

2.5 = .48
1.4 : .46
1.7 : .32
1.7 : .28
7.3 = .79

'

Percent
"

95
3
0.3

100.3

24
33
43
100

"•-•

27
24
44
5

100

35
19
23
23
100

1 1 IB^̂ M*̂ «n*IMMB̂ M̂MM

Veg. invent. •» r
Soil invent. 4 S>E*

^̂ riV-r

.0029 i .0018****

.0050 s .0020w*.

.00031 t .00033 .

.0028 ± .0017

..'• ', • ' ... "~",

.0020 •'* .00085̂

.00049 * .00019
. .00023 ••. 000055 ™
.00039 s .000058'

. • • - ' «5"t4P*
• ' • • . ' . : • vr̂ Ŝ e.

.0018 * .0014<*wF

.0018 * .00052-̂

.00035 '*• '.OOOW'1**'

.000088 * .000049

.00048 r .000089,

.0016 - .00034

.00045 r .00025

.00031 s .00011

.00020 ± .000088

.00039 r .000084

3 Mean (n Ci/r»2) « (mean biooass in g/a*) x Bean * Pu concentration in n Ci/g
S.E. » "(mean g/a ) x Var (nean n Ci/g) + (nean n Ci/g)2 x Var (=ean g/a ) - Var (nean n Ci/g) x-

Var (mean g/nr)~ ^
C 2 2 L r 'S.E. « Rr °__x , £v 2r?x7y' *. where R « x/y; r » estimated correlation between x, y

41 ~2 2 "'x y xy
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"f N,w|M.m|i,bjc n«,t,.r//,I !„' f,,,in,, hrtwt'on ,* '" ' , MlMll

r°
r

(Rr r t l lmi iP r ' c t ;,1. J97/,- Shi,,,, LA 'l1
l>"TH'">rfl °r °- i« nm ,,„
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associated with the coarse silt (20-53 IJB) fraction. ;Ten percent or',
less usually is associated with the soil fraction less than 5*Mm '< $ '~
diameter. Highest activities also are associated with heavy mineral!;;
fractions (> 2.9 g/rm̂ ), suggesting the presence of oxides.

Fallout particles Intercepted by'plant foliage are principally of sizes
smaller than 44 urn diameter (Romney ct al. 1963). The foliage of
vegetation nt NTS selectively traps these small-sized particles In••• .̂ '̂h.'f.
the matted hairs and crevices and on resinous glands off the leaf A .7
surfaces. The capacity for retaining fallout particles largely depends
upon the meclianlcal-trnppir.g characteristics of plant surfaces. We
believe that most of the pliitonium contamination now found on vegetation
sampled from these aged pliitonium fallout areas at NTS is superficial
contamination from participate material. This mechanism of contamination
is presently the most important route through which pliitonium enters the
food chain of grazing animals. However, the relative importance of
superficial contamination compared to the root uptake route may diminish
with passing time for reasons to be discussed shortly. Fortunately
tin? resiispension factors and vegetation biomass are not great at these
sites*. The undisturbed desert soil remains quite stable partly because
most of the suspendable surface material was removed by wind and wat.er
•erosion ages; ago. Resuspension problems now arise* particularly when
the st.ilil I Ixi'il soil surface crust is mechanical ly disturbed. -That
is one of the reasons that recommendations have been made to avoid ,
disturbing these aged- fallout areas (Wallace and Romney 1.975; Rhoads
19/6). The purpose for this caution is evident from the data in
Table 2, which summarizes values for the estimated Inventory of

Table .2. Summary of Estimated Inventory of 239-240,1,, for Vegetation in
Aged Fallout. Area?: (Komney et al. 1976)

Fallout

NTS Area
NTS Art-a
NTS Area
NTS Area
NTS Area
NTS Area
TTR I)T
TTR CS1
TTR CS2
TTR CS3

Area

5
1IA
Hit
lie
11D
13

n

113
36
44
48
56

141
48
53
63
41

Inventory I S.E.'1

(mil 1 icuries)

.86 »

.098 '
2.4
4.3 »
7.3 >
26.4 •

.62 .».

.67 t
4.3 .'
4.6 '

.14

.045

.31

.78

.79
3.5
.19
.34

> Soil inventory

.00034 » .

.0028 • .

.00039 • .

.00048 t .

.00039 ' .

.00060 ' .

.00012 »- .

.00013 • .
.63 .00015 ' .
1.2 .00016 • .

"1- , c ,.- n.1 • *>*!«•

000046
0017
000058
000089
000084
000076
000036
0000/8
000030
000037

Time plntonium was dispersed by chemical explosive: NTS Area 5, 1954-
1955; NTS Area 11, 1956; NTS Area 13, 1957; TTK Areas, 1963.

See note c Table 1.
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pliitonlua for vegetation in these fa l lou t areas. Only small amounts of
the total quantity u fp lu ton lum or iginal ly deposited presently appear
In move to tlw uttinding vegetation from fenced-in fallout contaminated
soils which are now undlttturbed, except for natural wind conditions.
Advantage can be Rained from keeping these sites an l i t t l e disturbed
as poHHlbK'. Thli* Includes nurf.ice emsion by water (Hakonson et al.
1976; llaKoitKon and Nylun I97fc).

Ni' or 1'i.rMMCM ut VKtihTAiioN

Must of the standing biomans of vi-getat Inn in the aged f a l l o u t areas
.it f.TS It. 4 01,1 rl tint itl by deciduous shrulis <.',()()() to b, 000 kg/lu-i tare)
which U4irm>i l ly yield about IO p«-ri cut of I l u - l r tot.il weight as new *
annu.ll foliage. The proiluctlon of j-i.i.sscs, forhs .in<l aniiu.il plant
NpecieN Is spaxaodir friHa year to year, depend I UK upon r a i n f a l l and
f l f i M t i r roiHilt long. Seldom, liowever. does the proilur t Ivl t y of these
annual HpefieH exceed 1 percent of the Mtaiul l i iK shruh l>lnru.iss. As
Hie ri-sult, only from 20(1 to MM) Kg/bet-tare ol ix-w pl.int tuli.i^i- is
potent l.il ly available to undergo the processes ol I H l i - r I. i l l ,
decomposit ion ami mineralization. Most of tin- f a l l e n Mi t e r is moved
about by wind action In Indge underntv-iih shelleriiiK .••hrub clumps where
much of tlM* Initial breakdown IH carried out bv • .•n.siiin<-r organisms.
Very I It lie IN known about the impact of soil arthropods and micro-
orK.anisaM on plutoniiia In these areas at NTS, but ileduri ions f rom wel l
known effects of surli org.inlsas on inorganic n u t r i e n t elenienlN t lurlng
mineral f jMt ion priM-enseH wiNild Indii'ale th.il they rihould help i^Tease
tlM> biologlial avai labi l i ty ( M o l u b l l l t v ) of p lu to i i lum w i t h (MsKing t ime.
The re l i t ionshlpH of mlcroblal proiesHeH to the l a te of transuranic
elements In soil IN dliu-usHeU by Ullilung et nl. (l '>7/, this volume)."

Klrtit glaut-e at the data In Table 2 glV4-s the impression of an Insigni-
ficant amount of plutonlum in vegetal Ion of the fa l lout area. However,
when one considers tluit this conlamln.-ite<l pl.int fol iag<* goe» through
annual cycles of l lMer tal l ami decomposition and mineral isat ion in
com cnttateil an-. IN unilernealh shrubs, .oxl thai the p l u t o n i u m w i l l
per.sl.'.l tot tens ol IhiMisands of yeaiii, one must t ecognl/e t in- p o s s i b i l i t y
of an in* leasing sl>;nlf icanee t h i s i -yc l ing pro<-i-ss w i l l h.ive on
Increasing r«H»t uptake w i t h passing time. The s i > > n l l Ir.im e of t h i s
4'oni i -ntrat ion priH-ess Nboulil |M> s«-i-ii f i r s t w i t h -'^'Am tiec.iuse of Its
greater blolo)»ieal aval lahl 1 1 1 v (KiM»in-y «-t .il . I'j/hh). Studli>s on the
difference in •••laphlc properties uiiilermMlh shrub 4- lumps and in
ail|ai-enl Uui- soil areas at .MS I.!M>W thai highly r i lgnl l icant i oiv-enl rat Ion
proi-enties II.IVP been at work In t r casing Jin- li-vel.s ol pl.int nut r ien ts
and organic matter In the root 7on«- iiin.lcriii'.il h shriibn (Romney ••! nl.
l'*7li, I'l/lb). llanson (I07'*) n-ci-nl I i t is< nssfil what appe.irH<ii» he
d i f f e r e n t i a l biological a v a i l a b i l i t y and <-oiu 4-nl r.il ion between ?)Nl'n and
2^''l'u In soils, vegetation arnl anlm.il « om|n»nenl s of the T r i n i t y Site
econyriten. He eltitl tin* data of llakonson ami .lolinson (1971) showing
th.il 2 M|>u/?19pu r.itloti Increased from O.O', ( f io i ls) to 0. JO (p l an tH) to
1.0 (rkina.1 1 H ) , renpect Ively.
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Once radioactive mnterlal ban been deposited upon mil l , the mnln ronrern
In to control stil»8Pf|uent renunpennion, especially In dry, diinty areas.
Whether or not the contaminating rmllnnncl file remains i n ' an original
participate form or undergoen chemical and physical t rnnnformatlonn
which remiit In itn being carried by noil p/irtlcle.i may have no
particular biological con«e»piewp. Either form'deport I led. upon tbo
nnrfacen of plantn bf>t:omen a nource of '•onlnmln/tl Ion In the diet »f • .}

.. anlmaln. The mecbnnlnrnn of reantipenNlon ami Its con«ef|iieiirp" . 4
dlnconned by otb»>r p a r t I r l p n n t n In t h i n nymponlnm.. The »nb|»T|. of . f

t rnninrnnl« reniiRppnnlon and tbp need for nt / ind/ i rdn for control 1 Ing ;
health e f fec tn from plntonlnm In p:<l|n In dlnrnnf lpd In n recput I rent l« t«- ;
by llealy (]VM).

- . ' • - i
' . . . ' - . * •

Opt Imnm condlt li»nn for renimppriftlnn nminl ly nre found In arid, dusty I
environment.*, but niwli movement of conlnmln/ilfd pert l.rolatf mater Inl
In not necennnrlly l imi ted to thoap nrenn. In foilow-n|i ntndlen 'illcr .
thp accident at Pn|om/ire«i, Hpaln, lrnn?.'» (I'KiM) rnl l r>i l nl fni l»n lo i hi* • :
erilrapmpnt «if p l n t o n l n m by "xtern/il foll/i(;i> of nf,i l i -nl l nr/il i r«ipn '•
barvpntp>l from ronfnmln/ i rcd noil . Abunl one bu l l of tin* ronlnmlnnni
ronld be removed by wanblr iR I IIP f o l l n R e of tom.-ito p l ; rn ln compareil lo'
from /I to ')** ppr cent mmoved by w/inbhiK f r n l l . l ieponlt ton on fbe
nnrfarpn of leavpn .IIK! ^ti.-m«» IUIH be>rn I d e n t i f i e d nn l l n> . p r i n c i p a l
mechnrilmn fif plnlonlnm ronlnmlnnl Ion of vei;et/it Ion col|pcl»*d From
nampl Ing lornflnnn around nnd ad)/i«-piit lo tbp .'!/ivnnn;ili Klver I'l'inl wbl t b
In nltnated In a bnmlil ;ir»*n (Ifr l.f>ndori et nt. 19/ft). Some of I b l H
contamination could arlup elthpr from dlr«-»'l fallont ' dep»nlle»l down-
wind of the <ionrce <*la«-k or from nnbni>fjnf>nt 're>iiirii»i»ri<*lon of roniamlnai «>d
noil. A nfody to mpnnnre rpnnn|n>nnlo>i dur ing f i e l d prep/irnt Ion nnd

of winter wbpat nt tin- fJKI* 'n.He w/in reported by M l l h n m ft t i t .
Rmal l , bnl dp tor lab le nmonritn f i f a l r b o r i n > p l i M o n i i m nverniti-il

fCl/m' at /.ft m nnd 10 fCI/m 1 nt 10. *» m d ln tn tn -en ilownwlnd from Mi"
pfljtp of | bo f lp l i l under col t Ivnl Ion. Ibp nlr »il the t r a c t o r o| t i>r»ilor 'H
fni-t* IPVP! rontnlriPtl f>'> f':I/m^. Tin* av»-r/»K»* ronrpnt r/il Ion ol p l n t o n l n m
In Ibp 0-*» »-m -layer of.noil wni JMHJ I C I / R j •••it Imnl «>il rcinnpi>ns|oi>.
fncforn were of'. HIP. ord«-r of 10"". m- ' ' .

Work by the \j»ft Al/tmot group nt the T r i n i t y f t l l n In tl'-w t l n x l f r i <tb«>wd
Ibal the iKir lxontal d l n t r Unit Ion of p l t i lon lnm In no i l cont Iniml lo !•«>
In rgp ly (l^tnrmln^d by tb>> orlgin.il f n l l o o l dr-po<t|||on p ; i f l « > i n . f lu*
T r in i t y wil l namplnn contnliipd eleval«*d nmonnln of p ln lon lnm In
f-onrwr nlxe Tract lonn (> K)1* iim) npnr gronnd xpro mid r H n t l y p l y
larger nm»inntn In f ln^r f rar t lonn /it Inrren'iliig dlM|nnci>q from j;rmmi!
»!pro (llnkonomi nnd riyb/tii IV/fi) . Contnmliml Ion of ftr/inn^i w l l b l n ( I n * .
fallont p a t f p r n , nn a func t ion of d ln lnnrn downwind From ••rotntd xero,
generally followed the p a t t e r n observed In MIP 0-5 rm no i l core f r a c t i o n .
The (.'III I on lorn concent rat lonn In grannen, I Ichenn and monnes were
ronnln tenl ly elevated nbov«» lln» levoln ohnprvpd l i r f o r b , nbrnb nnd l r» '» -
nampfen. Thin wan fonnldered lo r e f l e r l higher entrnpmenl e f f l c l e w y
for grnwnen hecnnne of grnnl.<>r I I««JIIP nnr facp nre/ifl (Itakonnon anil
.lobnnon IV/1: llnkonion and 'fyhnrt
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Most soll-plnni Html IPS fix-using upon plntoiilnm mnvpinpiil through pi /ml
rooi» Ititlli .I(P rpl;«t IVP) v Jt»w uptake through this pnthwiy. Coin-put i At ion
rnt Ion fur plnntti grown In pottPtl noil ifliiRpd from JO*" to 10" 3
(Plnnt Pmipl I"/',). HOWPVPI-, In view of HIP long linlf-l'lT* of plutonltim,

''one \ft plngtipil with img^Jnc »jnpst Ions font'eming the pute«»t to which
HIP I rnnmirnnlrn will hpcomp morp hloloKlf-nl ly nvn 1 lulilo lliroiiuli thin
pnthwny wi th pns«li»R » Imp. Som«> PVhlentrP alrpAily hns rtppnarpil ftullent
nn lnrr«»n«p«l ri»lnllvp nvnllnhlllly (or moMlltv) of 'J"l'».nnil ^'il/ym |n
Klvpii nit tint loti«« (FwnliiRloti ut fi I . l-^/ftj : llnl«on«ftii ntul Johnson 19/3;
Humiu-y et ill. I'J/'i).

II IH (l l ff l iul l to ill F fprpnt inl «» l»'lwt'i-n I h>» nmonnl « of p|iilt>nlnm in
voj>«-Mf |on nil r Hint ;iltl i> M> IDMI nptnk'' mid snpi»r f li- Inl ronl (imlnfil f IMI.
Allr-mpt'*, 'thprpfnrp, h.-ivn !n>»>n m;ith» to nrrompl l«h t.hln hv pot nplnko
p.xpprimMotH coiHlnct .P«|- iitnlpr n li -( 1 1 tprpti, H|»IBH|M»«IMP roinllt ionn.
Tal'lp 3 Hiimmiir l?p« riomp »'pnnll« 'olitn liipit from «iollfi ro 1 1 PI- t. »-t} from Ihp
nn«><f fallout nicn<4 nt NTS. U«p Is mn«|p of I IIP I'ti/Am rnt l«» In Roll mnl
phnif srimpli-'i Mini n I to I IIP rofirpnt r«t Ion rnl lo (I!H) for «'ompnr'li»R tlntii
i i-|>i <><ri-iil lii|> "f |p|tl ,-ui>l (• Inoulioonf* i:on«ll t IOIIR. . Th.p Iprm, I.'M, H »i
Mlrnpli. rout >>nt nil. I'M) ml lo i n )i nl ill fil from Ihp nrt Ivll y/R. pi nut
illvlth'il hy ;trt Iv i tv /g. qolT. For I IIP flplil iliitrt I IIP m»ll ni- l lvl ty Is
I lull, ••onto liii-il In I IIP '1~'> rm atirfm-p Inypr; I IIP jjlnsnlniiisp noil
m- i lv l ly IH hnqml mi |hotoiif>hly hlpinlpil, (Nil tPil noil. Wo orp not,
I ln-r«'l MI M, i nm|':ii hit; I IIP NMinp i-Ktnl 1 1 lon.'i In I IIP Iwo Mysl'tttn liPi-rinnp flip
tt iots of f |p|il-f>i .-own |> I. -tills ^hoiili] ffpil mnrh <Jpppi.tr In l IIP wo 1 1;
fprl.iltily IIP low t IIP top "i «'m IIIVIT. Wh.-il m,ikp« thlr tTlpl t l ihiln immt
•ispfnl In T:ih)p 1 In thnt I IIP. Or1} rm soli To/Am rnl lo mor** HP'irly
H'(l«'«-tn I tin I rnt In fi.»r I IIP tPRiiMppinl/iiilp mntprliil Jppo«i 1 1 PI.| tin lht»
l«vif «i(iffni-pM. ro)i«lt|prfih|p tllffprpncp pxlnts hplwppii flip plitlonltim
ctitilPiitn In thp iHff-pi-put- nollH tPRtPil. WP shonltl nlso point out I lint
I IIP flpltl ilnln nrp OV«M 'il I r;it los niitl i.:R vnlnpn ohtnlnpil from mnny
•t.-implfvi ;MI;I| V7fl from I IIP f IpM (n >'10) wh 1 1 p I. IIP f*l>innhoiiHp vnlups nrP
m«';io« of Mix rc.pl toil P'R. Thp Imporlnnt f linl liif.M from I IIPMP tlntii nrp '
tli»' sfmfli ir ll IPS of thp I'u/Am ff t l !»>«» for fl.plil ?»i»l l ninl vp>»plat l«»n
s:impl»-«» whli-h WP h«-llpv nhown pr tin- lp;i I ly n nnppi f !<• Inl smirrp of
i tinl iimln.-tl Ion on vpRntnt fun IIM<|PI f Iplil rontlll lon-i. to (iihlltlon, I lip
••nlnilnlPtl «:H vnlnPH for ptnlonlnm In HIP I Iplil rniiRpil from I0~' to M)"
i-ompnrpd to IO~'> to |0~' o|i|,-ilni>i| from our pot itplnkp rpsl.s through flip
tool nptnkp p;ithw>iy. Thp I.'ii/Am r.-il los In pol ->»rown v«»RPtnl Ion .-UP
mnrh IOWPI t h.-in I ho'ir- hi I. IIP |iotfpij soil, linllc.il IIIR nptnltp of ' ' 'Am
In Wirh >»rp;il,pr .imotint n t h.-in '''-'">•' ''"PH. Oilier ilntn f rom Ihpsp lofltft
(Womiipy gt al . l97M)-h;ivp nhown i lint, nynthpt.ir rhplnl Inp compounds
Mini ;ir Idtilnl Ion .-if-piit «i oddivl iii soil H|RII| f lc:nnl I y (I' .Or») ' lnr.rpnsp
r«»ot upl.ikn of . thpRp t rnnsnrnnirn.
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1
j Soil Source

NTS Area 11B

NTS Area 11C
i

NTS Area 11D

NTS Area 13

TTR DT.
1
TTR CS1

TTR CS2

TTR CS3
'

Field Conditions ' i Glasshouse Conditions
Soil Pu/An

7.7 i 0.14

6.0 = 0.08

5.8 ± 0.15

9.4 : 0.15

23.5 : 0.73

26.0 : 0.76

22.2 * 0.41

22.0 i 0.28

Plant Pu/An

8.5 i 1.0

5.2 ± 0.1

4.1 ± 0.18

7.9 i 0.2

15.8 i 1.4

16.2 ± 0.52

11.6 i 0.64

17.0 ± 0.93

Pu CR**

1.3E-2 to 1.6E-1

4.5E-2 to 3.4E-1
'

2.7E-2 to 1.7E-1

7i8E-2 to 4.4E-1

1.1E-2 to 9.4E-2

7.4E-3 to 4.2E-2

1.4E-2 to 9.2E-2

3..9E-2 to 5.3E-2

Soil Pu/Aa

6.5 ±0.17

5.3 * 0.17
•
5.2 : 0.12

5.6 ± 0.27
.

21 i 0.67

19 t 0.33

21 ± 1.9

19 ± 0.67

Plant Pu/An>

0.83 i 0.11.

0.35 t 0.13

0.34 ±0.12

0.19 ± 0.03

0.97 ± 0.72

0.57 ± 0.36

6.3 i 1.3

1.9 ±0.26

Pu CR*

1.5E-4

1.8E-4

1.1E-3

1.1E-4

2.6E-4

4.3E-4

7.6E-4

5.5E-4

* -6
Data given are for soybean foliage. Seed CR values ranged from 10 to
from Roaney et al. (1975, 1976).

** - , ~~~"~~ •
Range of mean CR values calculated for activity strata in fallout area.
collection sites ranged from 10"3 to 10°.

10 ". Data are summarized

CR values for individual



CONCLUSIONS

Two principal Incorporation mechanisms are involved in the vegetal ion-
carrier transport of plutonium tn the diet of grazing animals and
mankind: (I) Ruperficial entrapment of particiilnte material will)
possibilities of foliar absorption of soluble contaminant, and (2) root
uptake of the contaminant entering soil. It is Important to reduce
this transpnrtof plutonium as murli as possible. Findings from
studies In dusty field environments at NTS indicate that iiiipiTtIfi.il
contamination is presently the most important route, However, crrtain
natural cycling and concentration processes are underway which. In
term* of the long half-life of plutonitin, should gradually increase
the importance of the root uptake pathway. We suspect that even now
the mot uptake pathway has increasing importance relai ive to super-
ficial contamination In humid ecosystems, except at sites subject to
local fallout material from such sources as emission -it.'irks of
processing facilities. The aged plutonium fallout areas at NTS w i l l
continue to lie of value HH Sites in which to make periodic as.sc.ssmcntn
to detect changes in the cycling and concentration ol plutonium in
various component ft of the ecosystem. Because of its greater solubility.
241Am at these sites may show an earlier indication of .such rh.ingcs.
We believe It always will be important to avoid d1sturbat.ceK that will
Increase resuspennton and erosion in plutonium contaminated sites at
NTS and elsewhere. In their present natural states we believe that
the plutonium contaminated sites at NTS and TTK present no radiological
'vizard to grazing animals anil mankind so long as resltVnce within the
•need exclusion areas.is prohibited.
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