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Effects of Decreased Effluents lrom Nuclear Fuel Reprocessing
on "'Cs Concentrations in Wildlife

Abslract

Dur id l i  1975. addir ional  t lbergless pref ihers and l l l i l 'A f i l rers Nere acideci  to the exist ing ai r  I i l t r r ing
s_vsrcm t i ) r  atnosphef ic ef f l ( lents f ior  lhe lc laho Chemical  Processing l , l : ]nt  ( lCIrP) on the Idrho Na
tional Enginecrinll Leb()rxt()fy. Pfonlihorn (,.1ntllocaf)ra a1)lericdnd) nluscle and 1i!ef samples c(tlecled
ncxf  f ic  ICPP pf i (x to t i l tc f  ins la l la l ion contain€cl  Cesium lJ7 concenrra( ions lhrr  were 1J end l8
tincs. rcspcctjvcly, the c(nccntfati(xrs in tjssucs ()f c(nirol xnimals. Muscle an.1 Iiver samples coliected
afier filter i stelhtion lr:lcl onl) 2.5 times thcr"(ls c()nccnrrati()lls ln c(ntrol tisslrcs Thc porcnrial conr
mi(ed dose eqLr ivr lenl  ro f i reD consuming the musclc:rnd l ivcr  ofx pronghorn f r ( )m thc ICPP vic in i iy
!!as reduced by a factor of 10 b,v thc rcldition oI the filtcring system. Altl-r()ugh not stxristic:ill,v si:lnjfi
cenl (P > 0.05), '"?Cs concenrrarions in mourni,].gdores (.Zendidd ma.rorr?) v!ere reduced bv x flctor
ot' fbur afief ihe eddilional eifluenl filters at ICPP were insullecl.

Introduclion

The ldZho Nationel Engineering Laboratof,v (INEL) in southeastern Idaho contains
importart wilcl l i fe babitat. Several spccics occupving this habitat ere popular gar.ne
aninals in ldaho. Up to 6000 ofthe estimatecl 20,000 ro 23,000 pronghorn (,.1,t//o
cepra alnericana) in ldaho are on the INEL cluring winters (ReYnoids ancl Rose
1978). Sone pr(xr€lhorn fronl as t?r ai 'ay as Montana also winter on thc INEL
(Hoskinson and Tester 1980). Adalit ionallv, sonre pronghorn arc prcscnt on the
INEL throughout the vear. Thousands ofsa€lc Elrouse (ajenlracercus uropb.tsl.tnus)
also winter on thc .INEL (Connell,v and llarkham l98J). Many of these bjfds re
main on thc INEL and bleed on the various leks or strutting grouncls and subse
quently raise tireir young near the various nucicar facii i t ics. Mourning aloves
(Zenaida macl'ourd) are also nLrmerous during the summer and early tall (Trost
et al. 7976).

The Ialaho Chemical Pr()ccssing Plant (ICPP) on the INEL reprocesses spent
nuclear fuel f irr thc rccovcly of uranium. During this processing and the solidif ica
tion of the resultant l icluid, tracc amoullts of |acljonuclicles are rclcascd with the
atnrospheric effluents. As a rcsult of these eftluents, t issues of various I ' i ldl ifc
species sLrch as mourning dor.es (Markhan and Ilaiford 1982), sagc Eirousc (Con
nellv and Nlarkhal| l9B3), pronghorn (lvlarkhan et a/. 1979, N{afkham et al. 1980,
Markham et al. 1982), and raptors (.Cririg et al. 1979) in the vicinity of thc ICPP
contain higher radionuclicle conccntratiols than do tissues fiom animals residing
off the INEI-. Scvcral of these species are hunted ,. ldjacent to the INEL ancl are con
sume d bY sportsmen-
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In 1975 additional f iberglass prefi lters an.l IIEPA fi lters were added to the e\-
isting air f i l tering s,vstem at thc ICPP to more effectively capture radionuclicle par-
ticulates discharged with the atmospheric eftluents (Nelsun l ctrS;. The purposes
of t ir is paper are to prescnt thc cffccts of this additional f i l tering of atmospheric
effluents on thc radi()nuclide concentr:rt ions in edible tissues of game animals in
the ICPP vicinit l.and ro estimate the subsequent potential radiation dose to man
consurnins tissucs of s,' i ldl ife.

Materials and Methods

During September 1972 throngh December 1976, muscle and livcr samples were
collected froD pronghofn antelope occurri l]g within 10 km of thc ICPP and from
offsite control animals (Markham el l7/. 1982). Mourning dovc muscle samples were
collected near ICPP and offsite control areas during the summers ot 1974 7971
(Markham and Halfbrd 1982). Control animals were generall l '  collected in the
mountain valleys northwest of the INEL, which are not in the prealomirlate
northeast southwest $rind lratterns. Tissues were analyzed tbr gamma emitting ra
dionuclides with a 65-cm3 germanium lithium detector and a computer controlled
multichannel analvzer system. Ali data were log transformed bcfore statistical
analvses in ordcr to use normai distribution statistics. Dose calculation methods
have been previously described (Markham and Halfbrd 1982, Markham et al. 1982).

During August 1975 an improved filtration s,vstem for atmospheric eflluents
wes instelled at the ICPP. A separatc fi i tration system previousl). existed for f i l ter-
ing gases from the nitrogen oxide containing vessel, the nuclear firel dissolver,
and the wastc calcining facility which solidifies the resultant liquid after the nuclc
fr.rel is dissolvcd and the uraniun removed. Ho$'e1'er, all ventilation air fiom pro
cess cells was discharged directly into the atmospheric effluent stack. The new
svstem pfovided continlrous fi l tretion of venti lafion air and increased fi l tration
ofgasses previouslv being fi l tcrcd. Information concerning size, location and other
details of the fi l tering system has bcen published (Nelson 1976).

Results and Discussion

Although pronghorn musclc and liver t issues occasior.l: l l ly contained Cesium-13,i,
Collalt-60 and Zirconium-95, end mourning dovc n-ruscles occasionally contained
13oCs, 60Co ancl Chromium,51, the only radionuclidc that I 'as consistently detected
in bottr species was'37cls (Nlxrkham and Halford 1982, Markham et al. 1982).
Cesium 137 was detectable in all but one of thc l l luscle and liver t issues of prong
horn collected from both the ICPP and control areas (N : 7J). The minimunr
detectabie concentretions in pronghorn muscle ancl l iver was 0.01 pci/g (pci :

picocufie : 3.7 x to-'zdisintegrations/sccond). Seventy eigbt pcrcqnt uf thc
mourninll doves (N = 20) collected near the ICPP containecl dctectablc conccn
trations of 13?Cs in l lruscle tissues. Minimufi detecteble concentration for i3?Cs in
the dove tissues \a'ere 0.4pCi/gin 1.)i4-1975 ancl0.6pci/gin 1976I97i. Howcvcr,
onl), l7 pcrcent ofthe oftl i te nuscle samples (N : 24) contained detectablc '" 'Cs.

For thc pcriocl prior to jnstall:rt ion offi l ters, i3?cls concentr2tions in both mus
clc ancl l ivcr t issues trom pronghorn collected near the ICPP \1.ere signific2ntly
(P < 0.001 ) higher than conce ntrations in sinli lar t issue s collecte.l offsite (Table 1 ).
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TABLE 1.  Cesium 137 i f l  cdib le r issLres ofpfonghorn anrel(pe anci  mourning doves before xnd af . ter
installarion ofa.rdirional xrmospheric efflu€nr f rcrs al rhc I.taho c]renricar processing prant
0cPP).

Dite
Salnple

Size

] C P P

i+  sn 11engc

Pfonghor. Muscle (pci/g)

0  5 t+0 . : i 8  0 .03  1 .52  12
i1 .05+0 .04  0 .05  -  0 .14  5

Pronghorn Liver (pciig)

]  0 .1+  0 .83  0  06+ t . r t  t 0
0.07 + 0.08 BDC" O.20 5

i,fournilrg l)ove X{uscle (pCj/g)

sempte contro l  Arcx

51Ze X +SD Ranse

1972 Aug. 1975
Sept. 1975 19?6

i972  Aug .  1915
Scpt. 1975-1976

1971
19,16

0.04 + 0.02
0 .02  +  o .0 i

0.06 + 0 0.1
0 .0J  +  0 .01

0 02 0.09
0 .01  0 .03

0.02 0. r 4
0.02 0.01

BDC 0.8
IJDC

1 1
8

l 2

l 6 3  2 + 3 . 6  B D C  1 1 . 6
2  0 + 2 . 2  0 . 7  5  3

16  <0 . . i +0  l
8 L]L]C

'BDC B€lowdcrectabl .concentrat ion

After August 1975, 13'Cs concentrations ill pfon€lhorn muscle tissues trom the ICpp
remained significantly (p < 0.02) higher rhan concenrrations l iom offsire samplcs.
Although the137Cs average concentr2tion in pronghorn l iver samples fiolrr ICpp
during the 1975 1976 sampling periocl was 2.5 times the aver2qe c()rrccnrr2rron
i n  n i f . i r c  . : t m n l c \ .  t l t c  J t t f e r ( t ) c e  r \ J .  n o r  \ i g n j f i ( J r t r  1 p > 0  r r < 1 .

Cesium 137 concer.rtrations iI1 muscle ar.rd l ive r samples from ICpp pronghorn
in thc 1972 1975 period u'ere significantly (p > 0.001) highcr than sinri lar samples
collecteal during the 1975 1976 period. Conccntrations in ntuscle and livcr samples
from the control area duril lg 1972-19ji \.erc a factor of two higher and nere
significendy different (P<0.05) fiom the control samples collectcd jn 1c)75-1.)76.
Prior to the addition Of the ncrv efduent air filrerinEl s_vstenl, the 137Cs averaqe con
cenlrlrt ions in muscle and livcr s:rmples wcre l j anal 1B tintes, respectivcly, rhe
average concentfetioDs in tissues of control animals. Aftcf rhe adclition of the fiirers.
the 137Cs average concentrations in pronghorn musclc and liver from thc ICpp
were only about 2.5 rimcs that in control animals.

Concentrations in nloullt ing dovc muscle tissues collcctecl both bcfb.e and
after the additi(n of rhc ne$.' t'ilter system were siElnificantly higher (p < 0.001) rhan
control t issues. Altltough the ,37Cs concentrations in the l97l dovc tlssucs col
lected nc2r ICPP werc almost four times highet than thc 1976 lcpp samples, rhe
diflerencc *'as not significant (p > 0.05). Control data for both pcriocls u,ere gcner
ally bclor. minintum detecrable cot.rcentrations.

fhe total annual 137Cs emitted into the atmosphere from thc tcpp s,as con_
siderablv reduccd b]. rhe a.ldit ion of rhe ncw air f i lrerinEl system (Table 2). Srrbse
quent to this study, am.rual atmospheric releascs of '3.Cs from rhe lCpp for t lte
period 1977 1982 ranged from 0.2 to 0.008 Ci (U.S. Depefimenr ofEnergv 198J).

Big saElebrush (,1rtemisla trldentata) is an impoftant fbod item for pr-orrgirorn
on the INEL (fohr]son 1979). The prirnary roure of enrry of 13'Cs inro pronElhorn
is b), ingcstion (X4arkham et ql. 1982). The biobgical half i i fe of Cesium on bis
sagebrush is approximarel,v t5 da),s (Mi afd et .t l. 1993) and rhe bi,rloqicai
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':'Cs Releasecl
(c0

Before Addiiional filters

197J
1971

r975
1915

Alter Aciditional l_ilr ers

4 .6
5 .4
6 .7

0 .6
0 . 1

halflife for pronghorn is probably sinilar to the 2-week halflife in other ruminanrs
(Goldmar et qt. 1965, Hokanson and \vhicker 1969). Therefore, 137Cs on the forage
and in the tissucs of pronlihorn probably decreasecl rapidly when tlte 137Cs activ-
ity in atmosphcric ettluents was reduced.

Although'"'Cs concentrations in surface soil l ikely alid not decrease because
of its relatiYeiy long physical halfl i fe and slow r;rte of removal, less than 20 per
cent of the 13'Cs intake b], pronghorn was fiom soil ingestion (\tr. J. Arthur, un-
published data). The amount of137Cs incorporated into the body tissues from this
source compafed to othef sources of consumption is unknown.

Ifa person consumed the entire musclc mass from a mourning dove equivalent
to our sample having the highest coDcentration of137Cs, the potential wholebody
committed dose equivalent from the '"Cs woulcl be 0.02 mren]. tsecause of the
much iarger mass of the pronghorn, potential dose equivalents fiom a person cating
the muscle anal l;ver of a pronghorn would be higher. The close equivalent lo man
consuming the combined muscle ancl liver fiom onc pronghonl having the trrax-
imum and averagc concentration of 137Cs would have bccn 2.7 and l 0 mrem,
respectively, fbr the perio.ls prior to the addition of thc neN' f i l ters at ICPP and
0.2 and 0. I mrcm, respectively, for the period afier thc addition of the fi l ters. The
naximum and avcrage committed close equivalent to man consuming muscle and
liver fron the control areas du.ing these period prior to fi l ter adclit ion were 0.16
end 0.07 mrem, respective ly, and 0.05 and 0.03, lrrrclrr, respectively, for the pedod

beginning in Septclnber 1975.
The reduction in the'"'Cs concentration in the control pronghorn tissues and

the resultant Iowering of the potcntial committed dose equivelent to man is duc
to alecreasing "'Cs in worldwide iallout. Although there $'as a small and statistically
significant (P <0.05) dosc cquivalent recluction related to eafin€l a pronghorn fron
the control afeas cluring the tv'o periods, the much larger reduction in thc dose
equivalent fron cating pfonghorn tiom the ICPP area l ikclv |esr,rlted fi 'om the ad
ditional f i l ter svstem installecl at lhe ICPP. The radiation doses to both rnan and
pronghorn wcre v'eil below the doses of 132 13,i mrem per year that these
orgal]isms reccivc fiom natural sources (Markhan et al. 19A2).
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