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SCIENCE 

The problems of widespread, low-level 
rdioacrive contamination from nuclear 
reapom tating h v e  ken incrcuinglg 
=fore the public durhK thc past year. 
I h e  pMcipal concern is the fallout md 
may into rbs biaphae  of mroatium.90. 

mL d nmntium-90 io fooctrtuffr and 
n the human body are far below rhe 
man consmvdve pmnimible amounts; 
bwevu, the human burden of m n -  
ium-90 may be apected to rise u a 
result of deponition of stratospheric 
rfcbrir from wapom already (and sub 
Kquently to be) tested. Predictionr based 
on convrvptive aaumptions indicate 
k t  h a c  remains a conudcrable mar- 
fin of safety. If the rate of weapons 
tating continua to increase, however, 
this miusin m a y  eventually dmppear. 

Although the permissible levels con- 
tain inherent safety facmrs, it is esKn- 
t i l l  that clorc attention k devotcd to 
111 upecta of the fallout problem during 
the next levcrrl ye=. Only in this way 
can advancc notice of the p i h l c  ap- 
prouh to pennivible Lmh bc obtained 
and lyurance g i ~ m  that they will not 
k exceeded inadvertently. Recent re- 
poru of the Natiod Academy of Sci- 
ences-National Ratuch  Council Corn- 
mittcc on the Biological l%cu of 
Atomic Radiition ( 1 )  support the im- 
porunce of IYIVSZUOC measurements of 
general levels of radioactivity in o r d a  
that infomution on the nu of accumu- 
htion of atnneour radioactivities m a y  
be obuined while the latter are still bc- 
low natural levels. 

bere u g a l d  yermart that present 

Lrge-rulc  production of nuclear 
power wil l  crratc probkmr of a similar 
nature. A 100-mcgawatt (heat) reactor 
will, in one year of operation, producc 
the aamc quantity of long-lived fimion 
ptoducu u h e  daorntiocl of a l - m v -  
ton h s i m  bomb. The a b n r t e  of tbc 

1975 i~ ?o,oaO to 40,OW megawacta, and 
the United Kingdom apecu to be pro- 
ducing 6OOO mcgrwrtu by 1965. R a c -  
tor-produced Fulion products conrtitute 
a much l e p  immediate problem than 
t h w  from a bomb tat, since morc con- 
trol can bc exercised over their iiiimc- 
dime fatc, but disposal of thc fission 
produco must evcntually be made. 

If duposal is to bc simple enough io 
make nuclear power economically com- 
petitive, dispersal by natural rncans such 
as ocean burial or other mum may have 
to be rcarted to. This will increase the 
possibility that reactor-produced fivion 
pmducu may ultimately enter the f d  
cycle and reach maa. The b i c  pmb- 
lcms of permissible b o d y  burdau and 
distribution mechanism in the b i e  
sphm, therefore, are similar for bomb 
and reactor debris, and information 
garhered in the study of the former 
problem should prove valuable in h e  
latter. 

An extensive survey of Itrontium-90 
levclr (Project Suruhkse) hrr k e n  un- 
derway for several y u ~  and the raults 
have heen reported by Libby ( 2 4 )  a d  
by Kulp ( 5 ) .  Becaw strontium-90 and 
its daughter yttrium-90 emit only beta 
rays, analysis r q u i r u  time-consuming 
and destructive chemical =pantiow. 
Detailed mdiu of the temporal and 
spacial distribution of long-range fallout 
would be aricr if thy could be baxd 
on a gamma.emitting nuclide. The dir- 
covery of the presence of the h i o n  

U.S. nudear p e r  producdon mtc by 

product cesium-137 i a ~  human beings 
and in f&&r by Miller and Mari- 
neIIi ( 6 )  prwida  a pwibiIity of such an 
'PP-Cb- 

simikrity of the d a y  &rim of the 
finion producu of man 90 and rmu 137 
indicatra that distribution of &urn-137 
and strontium-90 in bomb debris will be 
similar: 

33 scc 2.7 min 

2.6 min 
Ba'"" - Ba"'(rtab1e) 

Both nuclida have KWO gaseous or 
volrlile predecmrs with appciable  
half-livsr Strontium-90 and &urn-137 
are fwmcd at rektively late h u  after 
bomb dctoorrion and arc not propor- 
tionally i#luded in the kgn and more 
rcfruttny puticla which fall out lo. 
d l y .  Stntorpheric storage and distant 
dcpolitiolr will bc high for both nuclides, 
and heit ratio in dirrvrt fallout should 
be approximately that ulcuhted from 
the known b i o n  yields. Once snon:ium- 
90 mten the biosphere, its behavior bc- 
coma vey complex. Its concrntratiom 
along the ecologic chain change slowly 
and reflect a summation of a11 part fall- 
out. In addition, it entcn plants both 
through the soil (in some relationship 
with available calcium) and by foliate 
absorption from direct fallout. 

One very important and difficult prob- 
lem is to determine the fnctioii of 
ruontium-90 entering the ecologic chain 
by way of the mutes. Cuium-137, how- 
ever, b apparently poorly taken up from 
the roil by plants (7)  and iu biologlcal 
half-tima ( 8 )  are compntivcly shorr 
(110  days in man (9 )  and 20 days in thc 

cuium in people and in milk and other 
foodstuffs may be a direct and relatiwly 
simple measure of fallout mte. One 
should be able, therefore, to mate a di- 
rect determination of fallout n t c  a s  a 
function of geographic location and 
rime, u well as of changer in strato- 
spheric rtomge fohving test opentiom. 
by m a w i n g  cesium-137 in bioloeical 
maretiah. cesium-I37 measurements on 
roil8 might provide a more convenient 
mehod &an strontium-90 musuremenu 
for atinuting intepced fab0130772 001 

cow ( l o ) ] .  Thex facton ruggat that 
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Cuium- i 37 and raontium-93 1Lo are 
r i d -  in &at thy wc d u b l e  d 
closely rdated to p o u i ~ m  u l c i ~ m ,  
mpcctivdy, which are n o d  bue a- 
change utionr in mil and euencial con- 
rituenti of living matter. In thk they dif- 
fer from other high-yield b i o n  p d u c u  
such as zirconium-niobium-95, ruthe- 
nium-rhodium-106, and cerium- 144, 
which have been obervcd in rug dirt by 
Miller and Muinelli at hrgonne Nn- 
t i o d  Iaboratory ( J I )  but which arc 
nppuentiy not eeologiully ccmcmtnred 
and have not km detected in the gen- 
ml population and in foodstuffs. 

Potassium-40 md Chiurn- 137 in 

People and Foobtu& 

After the announcement by Miller 
and M h e l l i  of the presence of caium- 
157 in pople (6), an intensive program 
of study of thir nuclide in people and 
in fbodnufh was begun at the La 
Alamor Scientific Laboratory, Some I500 
rneaJUremencs were made; preliminary 
ruulu have turn r e p o ~ e d  previo~uly 
( 1 3 ) .  Thir anide ( I 3 )  mmmrrira the 
data collected during 1956. A compila- 
tion of dl tbe p- data u being pre 
p a d  as an uncldfied wborntoy rqmtl 
which will include detailed a n a l p  of 
procedurq source, of emr,  and other 
infonnarion. 

Mcwremcn~l wer; made with the 
L a  Aamos “hhumur counter” ( I I ) ,  a 
Iage liquid scintillation detector that is 
capable of counting gamma nys from 
human ntbjectc and from samples of 
foodstuffs up to several hundred p o u n b  
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in weight with 100 percent geometrid 
efficiency. Although the energy resolu- 
tion of t h i s  detector ir quite limited corn. 
pared with that of P d u m  iodide (rhrl- 
lium] crystal. it u adquare to pennit 
the JimJcamour detcrmirvtion of the 
cuium-137 (0.661 Mcv) and potwium- 
40 (1.46 Mev) gamma rays. IU ultimate 
sensitivity u 0.0005 microcurie of 
gamma activity (20 dlintegrrtiow pez 
second) tor only 100 won& of count- 
mg time. If a iOO-kilogrpm lunple is 
counted, h i a  comrpoads to a specific 
activity of 5 x I@*’ curia pa gnm, 
which is far belaw the =hurl ndioac. 
tidy of most mater t l  The I U C ~  po- 
w d u m 4  ndimcti6ty of nun (about 
0.013 miemcurie PI gamma nys) an 
be musured to a precision of better than 
5 percent in la, than 2 minuts. The 
caium-I37 determination has a preci- 
sion of 0.001 m’awurie for rhe lune 
counting time. 

Potwium-lO Ir, p#oplr. The .VU%@ 

poudum con:mt of the adult male is 
d l t U t C d  tO be about 133 (6, 15, 
t b )  (0.19 percrnt of grorr body weight 
of the standard man), which is equiva- 
lent to about (00 potassium-40 gamma 
disintegrations per second 

Figure 1 dva the M t d  pWrium- 
40 g.mm rctivity of 162 feem+nulive 
subjects, 81 of which wert reponed 
arlk (171, planed 4Pil=t v= bodl 
weight. These &u rbow a pronawed 
scatter of the poha to the right of a 
limiting Line and a definite difference 
benvecn mala  and f e d a  Conelatioa 
of potassium-20 activity with the fat-free 
body weight of a select group of thrr  
subjects indicated the amount of fat ro 
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Fig. 1. Pouuium40 gunnu activity in people u II fuMlion of pwu body weight 
in4 

be chr principal factor  cawing ariation 
in apparent porassrum content of the 
body ( 1 7 ) .  The tool body ptwiumu. 
pr& as percentage of grosr bodr 
weight will show considerable variabq 
therefore+ depending on sa, age, weight, 
body type and physical activity, but it 
can be accurately ulculatcd from a de- 
termination of toul  body water. 

In Fig. 2 rhe specific activity of 
tassium-40 (gamma disintegration, pa 
second and pound) u plotted a- 
subject age. Thue data confirm the gm. 
~ r r l  d e c w  of p o u s d ~ m  With age 
paned by Sicvert (16) .  The d i d  lina 
indicate the probrble uppu r i m  for 
uncantaminated d e  and female 

. j w q  rapectively. Not enough childrm 
have been muruml for w to k certain 
of the trend below age 15. T h e  drrhcd 
linm, therefore, are estimates over &a 
region. Deviation from hue cutva i q  

an indication of possible aurface ap 
tamination of individuals during pertodr 
of loul fallout, since only 0.002 micro- 
curie of hard gamma contamination u 
nrficimt to raise the average adult from 
the lower ro h c  upper limit of the spe. 
cihc acuvlty distribution. 

Cerium-137 in people. Libby (2) 
adopted die procedure of reporting smut= 
tium-90 r d u  u suontium-9O/coldmn 
ntioa kuuv of the metabolic simihriv 
of strontium md calcium and to fa& 
tate the corn- of ditiamt typa d 
rmteriils. O u r  cmium-137 rauitr are re- 
poned Y c 4 u m - l 3 ? / p ~ u m 4  m- 
cior for similar masons. The principd 
diffcrcnca in the Uoiogiul behavior of 
rhc two clcments u a  be accounted for 
in terms of the appropriate bioloqid 
half-times. Thc ntior arc rcportcd u the 
n t i o  of caium- 137/potauium-40 ga~~~m 
dirintcgrationr ( 1 8 ) .  

Figure 3 summarizes the mcuuremcntr 
of ccsium-I3?/pot~uium-40 ratio8 in 
pcoplc far 1956. The rrirngla rep-t 
raults in pcopk fmm variour p~ of 
thc Unitd Stater (the distribution L in- 
diutcd on the map, Fig. +), Each point 
is an avenge for IO to 20 penonr, 
the range of vlluu before avenging - 
0.1 to 0.9. Tbe cirda arc of 
mePmremenu on a ioul coaml group 
of 10 labontoy pmonnel. The sat- 
tered high valuer during the period fmm 
June to September are probably the re- 
sult of surface contamination from tlop 
spheric fallou: during Operation Red- 
wing. That thy were c a d  by surfam 
urnumiartion WI indicated by hcif 
udden riu and fait, by abnormdly hish 
apparmt potassium4 valua during *e 
same period, and by the fact chat 
high apparent poUpium4 mlua W H e  
reduced to normal after bathing in thorn 
wa in which maruruncnt was pot 
riblc 

Because of this evidence of c x t d  
contamination, a line through the mure 
reproducible lower limit of the dbmi- 

00130772 OD2’0L. 1’23 
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Fig. 3. Ccrium-137/porurium-4!l g-a ratio in people during 1956 

Fig. 4. Geographic distribution of cesiwn/pot.uium r a h  in people. 

buuon is regarded u representing the 
trend of internal activity. The data from 
the two pup agree in that thy indi- 
a t e  a slight rLt during the spring fol- 
lowed by a slow dedine during the fall. 
The control group was apparently some- 
what Iowa in the spring, but in the fall 
the w o  pup were indistinguishable. 

General 1936 avenges of caium-137/ 
pocauiurn-40 ntia for people from vari- 
OUI suta arc pruenred in Fig. t T h e  
r u u h  are surprisingly uniform in view 
of the linble vrukrioru among indi- 
VidUrL from the m e  state. Uncertainty 
in the a v e r q a  due to mall vmple size 
prcduda any deduction of fine s m c -  
turc until more &a are a&e. Within 
the range 05 * 0.2. the c a i u m - l 3 7 / p  
tissium-40 mrio ia eJKntidly uniform 
owr the United S u t a .  except during 
periods of tropospheric fallout. 
The f r e q u a q  distribution of potas- 

riwn-40 and Caium.137 in l e  popula- 
tion umple b aent i i l ly  normal. T h e  
p o u u i u m 4  frequency curve is given in 
Fq. 5 PI a hogram with a n o d  m o r  
cum fitted to ir Tbc standard drvia- 
cion of the nornu1 a w e  L 18 percent. 
The aubdiary pak ouuide the noma1 
curve ia c a d  by vlrfacr conmmination 
d u r i q  paiodc of tmppher i c  fallour. 

quency cuwe of the d u m - 1 3 7  dau lor 
the plllc p o p t k h  IMpLe. Distribu- 
tion U ~ormal, hut the width ir 
twice aa vat aJ tb.1 of pouuium-40, 
the rundrrd deviation being 36 percent. 
The d l u  dwhtioa of the potassium- 
40 dru probably dccu c o m l  of the 
pouriurn-40 1 4  of the body by a 
hometantic mechanism char i1 not hiqhlv 
dependent QI h a k c  T h e  caium-137 
burden, b o m w ,  my v a y  with the dic- 

habiu of the subject and the concen. 
tntion of ccdum-137 in his foodstuffs. 

Libby (IO) hu &om, that other trice 
cicmcnu, such ;LI stable strontium, stron- 
tiurn-90 and rrdium.226, show normal 
frequency dirtributiw curves with de- 
viarion, comparable to that observed 
for caium- 137. 

The abnormal mhsidiuy peak shown 
in the potUrium4 distribution curve is 
not pracnt in the cairn data. Thii in- 
&uta m d y  that the d a c e  cantami- 
nation distorting the pournum.40 level 
was praent in the caium-137 channel to 
a proponionrl extent and left the 
caium/pouriuol ntio d e c r e d .  

Cerium-137 k milk and other food- 
s~&. Figure 7 amuauka the m e w e -  
meats of c e 1 i ~ - 1 3 7 / p ~ i u m 4  ratios 
in milk duriog 1956. A peak in cesium- 
137 activity during July, presumably 
owing to troppheric fallout from 
0Pa;ltioa Redwing, is d a r l y  visibIe in 
W d  and New Maico umpia ,  but 
u abuat from Kentucky milk Thii ob 
m t i 0 a  b e t  with the path of 
the cloud u &red in the US.  Pub- 
lic Kulth service air nmpling network. 

F e n  6 rbw C& ~ 0 m p 0 4 h g  I=- 
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Fig. 5. Frequency diatribution of potu- 
rium-40 specific activity. 

A p e d  in the activity in Wisconsin milk 
in Octobcr is indiated also; it may be 
the mult of a foreign tad. 

Data M geographic di#ribudon of rbt 
c&um-l37/potassium4 ratio in milk 
arc as y t t  scanty, but arc wunmrrizcd in 
Fig. a As with the rnensurcmmt~ of peo- 
pie, o w  concluda that distribution is 
cumtially d o n u  withirr rhe limits of 
tbe &u. ThC u a b i t y ,  of anuu, ap- 

tclcRing t&t the n * ~  A d i a n  milk 
ampla (Fy. 7) are in ngrcemen~ with 

po” to the wumption that the g e n a l  
lev& M derived from the atntorphcric 
rammu.  A sample of Amcrican dry 
milk produced in 1942 showed no de- 
tectable coium-137, the caium-l37/po. 
tasium-40 ratio being lem than 0.02. 

Some preliminary measurements of 
cesium-137 in foodstuffs other t h n  milk 
arc given in TaMe I. During the spring 
of t956, beef and lamb showed n ratio 
comparable to that of prople but con- 
siderably higher than similar ~ M P I C S  
collected in the winter of 1956-57. Dur- 

plia only to tbc periods in which t r o p b  
rpheric dwdr .re mot pment. It is in- 

the @??led us. avcrylc, 1ead;rY rup 

Fa. 6. Frequency dirtrihtion of C a i d  
potuaium rado. 

mg both periods, beef and lamb consisr. 
endy r+n higher than pork, which mxght 
bc expected from the diAcrenca in graz- 
mg and feeding habits. One sample of 
dried blood collected in April 1952 
showed a ratio l a s  than one-third that of 
samples collected during rhP wlnrcr of 
1956-57. 

DrsuaJoD 

M a s u r ~ e n u  of plcyent levels of 
cairn-137 in people indicate that it b 
of little dpifiunce in the p t M r i j  hu- 
a d  of ndioactivc fallout from waponr  
taring progrunr. T b e  present a w w  
~cs ium-137/p1~ium-40 total disintc- 
gation ratio is about 0.05. Taking into 
consideration their rapa t ive  rncgin. 
rhc radialion dole from present levels of 
caium-137 is only me-twentieth of that 
from natud potWium40, or about I 
millimentgcn per year. This is about 1 
percent of the average total n a t ~ ~ - ~ l  radi. 
ation dmc and Ia3 than IO-’ of thc d w  
of caium-137 given in the Recommm- 
dationr of &e Intemriional Commission 
for Radiobg id  Protection as thc maxi- 
mum pumirrible level far the p e d  
population (20). Interat  in caium.137, 
therefore, centen OII its potential UID 
fulncs in the study of fallout mecha- 
oimu 

A rough quantitative comporiran of 
the praent average ~mntium-90 pod 
c ium-137 lHeL in people is of intemt. 
Accordiag to Libby (3). the strontium-90 
level in children i a  about 0.001 micro- 
curie. A fmct iona tk  factor of about IO 
against strontium between primary fall- 
out and human bone ir indicated by thc 
stablc strontium data (21)  ( t b t  is to 
say, thc strontium/calcium ratio in soil 
is 10 t imu the strontium/alcium ratio 
in bone), but cesium can be assumed to 
be quantitativcly a b r b c d  by both cow 
and man. Although strontium will con- 
tinue to accumulate bccausc oi its long 
biolagical half-time. the eficctivc ac- 
cumulation time for mium wil l  Le lim- 
ited to some 200 day. It stratogpheric 
fallout u vRlmed to have begun with 
Operation h l f t  (19541, strontium-90 
h u  been accumulating for somr 2 yean, 
and this factor will caw it to r x c d  
cerium-L37 by 2 x365/200, or 3.6. Fi- 
nally, rhc relative activity yield in che 
Fusion procas is 1.27 in favor of cesium 
(auurning hrdbn yields of 0.0510 a d  
0.0620 for the mur-90 and maut37 
chains, and half-lives of 27.7 yun for 
attontiurn-90 and 26.6 y a n  for cesium- 
137). The mer-all factor ia rhcn l o x  
1.27/3.6, or about 3 for cesium-137, and 
thc cstimatrd level b w d  on a strontium 
level of 0.001 microcurie b 0.W3 micro- 
curie. Considering the crudity of the s ~ .  
d approxinutiom, this b in mpns 
ingly good agreement with the ohserved 
average of 0.005 microcurie. 

. 

1 able Radrowtivitv in fmdstuRi. 
_ .  --- --- 

K’ 
S p e c i k  
activity C P & *  
(dbinte- ratio 
gnrtionl 
sec Ih) 

Sample 

- 
M e a t ,  spring 1956 - 3.83 0.8 I 

Pork.f&hama 3.52 0.90 
Pork, loins 3.29 0.19 

Beef m u d  3.64 0.53 
Lamb, drwred 

Mml, wini#r 1956-57 
kf. l i r l o h  2.75 0.15 
h u b ,  d r d  
ueuy 3.67 0.16 

Pork, loins 3.26 0.07 

Illin&,Apr. 1952 9.2 < 0.07 
California, winter 

1956-57 7.3 0.25 
Minaaata, winter 

195657 5.4 0.25 
Tezm, winter 

1956-57 5.9 0.18 
Flour, spring 1956 

( C o b d o )  I .30 0.09 

Pork, loim 3.55 0.10 

D&d blood 

High-altitude wheat 

Bk.cbed, enriched 

B l a c h d ,  enriched 

whale wheat, 

(A) 1.70 0.32 

(a) I .49 0.27 

7.00 0.1 1 

coIocado 7.82 < 0.06 
ldaho 6.52 < 0.06 

Lettuce 2.3+ € 0.07 

P6rUlO#S, S p I k g  1956 
d- 

Veptablrs .  ~ p r i q  I956 

cabbamc 3.20 0.12 
Carrots 6.82 < 0.03 
Tomatoa 5.8 I 0.09 
Oranlffa 2.10 0.38 
Grapefruit 3.30 0.25 
Watermelon 3.75 < 0.03 

30.00 < 0.M 

Fruits, rprinc 1956 

Coflrr, spring 1956 

- 

T.bk 2. Chkulated cesium-137 in* 
hred 011 per apiu f a d  cocuumpti~. 

in the United Statu, Suppkmcnt for 19% 
(22) : N.D., not detected. 

Da w u  baaed on ‘Conrump& of Ioai 

c 

Can- c p  
‘“mp a n a .  intake 
'ion (mW/ ( m ) ~ c /  Sourcc 
mo) (‘b/ 100%) mo) - 

Ddry pmductl 
( u dry-milk 
Aids) 5.8 I4 0.81 

11.4 3.5 0.38 MUU 
FburMdcercal . 
Produ- 

Vegetables 
19.0 1.0 0.13 
16.8 N.D. ? 

Ciaw h i t s  3.2 2.4 0.21 
Foutoa 8.8 N.D. 

1.5 To& 00130772 004-- 
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Fig. 8. Ccogriphic distribution of ccriurn/potrssium in milk. 

Mcanurcmcnts of ccrium-I 37/pur 
sium40 ratios in milk during 1956 (Fig. 
7 )  indicated peak activities rcrultiq 
from priods of tropospheric fallout. The 
reIativc cffcct of such i n m s  in food- 
atUffS on thc caium-137 k v e l  in p p l c  
can bc estimated from the rimple d e l  
shown in Fig. 9. A step function change 
in the fwdstull levd will be followed 
by a ( I  -e-") change in the population 
level (where A is the biological elimiaa- 
tion rate), and a new equilibrium value 
will be rcached only after an elapsed 
time of the ordcr of 1 year. If the food- 
stuffs rctum to thcir previous value be- 
fore equilibrium L attained, the ppula-  
tion lwei will c e w  ruing and will decay 
back to its previow d u e  with a haif- 
time corresponding to the biologiul 
elimination rate. 
28 JUNE 19S7 

This modcl can be applird to thc ritu- 
ation during July and August. when the 
level of cerium.137 in milk row by about 
P factor of 3. Since not enough data are 
available KO define compietcly the shape 
of the pcnk, and since milk valuec are 
rued as rcpreaenutive of all foodstuffs, 
the actual peak can be replaced with a 
5tep function of the same approximate 
area. This givca a riK of about two t ima  
"normal" for a period of 50 days. In 
this caw, thc maximum rise in the p p u -  
lation level, predicted on the by is  of the 
model in Fig. 9, ir 20 percenr. Using the 
average value of the cuium-l37/potu- 
Gum40 ratio for the control subjects in 
the spring of 1956 (Fig. 3 )  of 0.4, their 
4 c u l . t e d  ratio 6 months l a t a  ia 05. 
The obscrvcd summer maximum avenge 
was 0.48, in agreement with the model. 

An estimate of the biological half-time 
of cnium-137 in dae chronically exposed 
m e  was obtained by counting a large 
urine nrnple representing 52 man-hvs 
of excretion. Tbe sample showed 408 dit- 
intcptionr per second of p&om-M 
(136 gram of potassium) and 40 dish 
tegratiom per second of cnium-137. As- 
suming an avenge body burden of 0.005 
microcurie of ce~ium.137 for the six sub- 
jecu who contributed urine arnplsr, the 
acreuon race is 0.004 per day, which 
corresponds to a half-time of some 18n 
days if the a a e t i o n  is aponenlkl and 
m M y  urinuy. If f e d  excretion is 25 
percent of urioyr, &e Wf-time would 
bc 145 day. T U  is in apcemcnt with 
the biological half-time of 140 days o b  
served on volunteen who ingated 1 mi- 
crocurie of ndiocaium (9) .  

Using Bureau of Agriculture statistics 
for food consumption per capita in the 
United States (22)  and our preliminary 
valua for the avenge cerium-137 con- 
cent of foodstuffs, the dietary intake of 
cesium-137 un be atimated {Table 2 ) .  
On  the buir of the dam, it appears 
that milk contributa about 50 perccnt 
and meat about 25 percent of rhe caium- 
137 found in the body. T h e  excretion rate 
of ccsium-137 GUI rL0 k utimaced from 
chae intake &a. This method ia only m 
appmximation b&rw of unccrtaintia 
in diet and in the average caium-137 
level in the varioiow diemy components. 
According to the data in Table 2, the 
turnover rate h of the order of 1.3 milli- 
micracuria per month, mmpared with 
the obscrvcd value of 0.6 millimicco- 
curic. Part of the d i c p a n c y  may result 
from using retail weights in computing 
rhc did with 00 allowance for wastage 
and lo- of minerals in cooking, but the 
principal source of e m r  is probably the 
inadcquacy of our knowledge about 
ccsium in foadstufls. For comparison, a 
similar computation was made for po- 
tassium (Tablc 3 ) .  The calculated po- 
tasnium iiitakc is about 3 gram per day, 
whilc dic obrcrvcd urinary cxcretiotr was 
2.6 grams pcr day. Elkinton and Dan- 
owski (23) rcportcd potassium turnover 
as falling in h e  nnge of 2 to 6 grams 
PEr &Y. 

Wkilc the spring 1956 avcragc value 



Id& 3. Cd~ul.ted pauuium k u k e  
baud on per capita fuod CONumptiOn. 

Potmiurn 
con- 

Source i u m ~  COD- In- 
tion teat take 

(Ib/mo) (d lb)  W m o )  

~ ~ i y  producu 5.8 6.0 35 
Meau 11.4 1.2 14 
Flour andcereal 13.0 0.5 6 
Vcgetabla 16.8 1.0 17 
Ciirua fruiu 3.2 1.0 3 
Potacca 8.8 2.0 18 

Toul 9s 
- 

previous operations. This would imply a 
30-percent incroue in the fallout rate 
from the stratospheric (umrld-wide) 
component after the tropospheric corn- 
pnmt i~ gone. A comparkn of the 
spring and aumm milk avcnga in&- 
uta no detectable inu- in the fall- 
out rare. T h e  ipring sampling waa inadc- 
quatc; hence there is considerable un- 
cenainty about the proper ac~engc. How- 
wer, it would appear that. if anything. 
the cmium levels in the fall r\.erc lower. 
This may be a seasonal variation rcrult- 
ing from the change from pasture to hay 
feeding of the dairy M, which would 
conceal parible small increases. 

for the ccsium-137/potusium-M ratio in 
milk w u  0.25, thc avcragc in p p l c  for 
thr corresponding pcriod was 0.4. This 
differencc may be Mplrinrd on thc basis 
of the longcr hold-up timc of cciium in 
the body as compared with pouuium. If  
qw-lm., is the amount of cerium in thc 
rvcngc daily dicl, and qlnurl.r. is rhc 
concsponding amount of potassium, thcn 
q,,.iuJ?p.i.uiniu i s  Lhc crsium/potas- 
sium ratio for the avcngc dirt. Thc milk 
ratio can bc wcd since it is thc most im- 
portant single factor and is thc only onc 
known with any accuracy. The cquilib- 
rium amounu of caium and p o u i u m  
in the body, on the bvi of thc implat 
model, will be given hy the product of 
'IT for n c h  clement, where I t ihc mean 
lifc of the clcmcnt in thc body ( 2 4 ) .  For 
cerium. 7 has bnn detcnnincd to bc 200 
days; 7 lor polrssium can bc crtimatrd 
from our data on rhc pmuiu in  runtcnt 
of normal urinc as a k u c  58 days. Thrrr-  
forc, ccsiutn should bc concentrated rrln- 
tivc to potassium by a factor of 200/58, 
or 3.4. If thc rvcrage dirt nitio iq 0.23, 
the prcdictrd ratio in p p l r  i s  nlmut 0.8. 

Lilhy ( 4 )  has utimatcd rlmcosphcric 
injrcrion I>!, Opcrntion R c d u i n ~  at ahout 
6 rnqatons of fijsion products in addi- 
tion IO thc 18 mrgntons lrfr from thc 

- I  
I 
, Thi5 i s  too high by a factar of 2. 

! 

Mcasurcmcnts of thc cesiuni-137 con- 
tent of pcoplc and of foodstuffs indicatc 
that this nuclidc b unlikcly to IIC a dc- 
cisivc factor in thc long-tcmi hwrds 
from weapons tating and rcactor WPIIC 

disposal. Thc amount of ccrium-137 now 
prCscnK in the population of rhc Unitcd 
Swtcr avcragcs 0.006 rnirrocuric and 
sliows no markd dcprndrocc on gm- 
graphic location. Thc avnngc ndintinlr 
dmc rcccivcd from crsiuin-13; is o i w  
trenticlh of chat rcccivcd from natural 
rndioporwium and 1 percent of thc 
avcragc total dor from all natural 
murccs. Becaw of thc ihon biolosical 
half-life of caium of about 140 L y a  it 
doer not accumulate in thc body as dari 
strontium-90. Thc study of thc dirtribu- 
tion of caium-137 is k i n g  rontinurd IO 

fumilh information on thr mcrhairirrn. 
of thc fallout proccu and providi: n 
mcnsurc of thc rnic ol fallout ;id id 
,tratoqphrric storrgc. 


