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Radioactivity of People 
and Foods 
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William R. Fisher, Wright Langham 

T h e  problems of midespread, lo\%-level 
radioactive contamination frorn nuclear 
weapons testing have been increasingly 
before the public during the past year. 
T h e  principal concern is the fallout and 
entry into the biosphere of strontium-90. 
There is general agreement that present 
levrls of strontium-90 in foodstuffs and 
in the hurnan body are far below thr 
most conservative permissible amounts; 
however, the human burden of stron-
tium-90 may be expected to rise as a 
result of deposition of stratospheric 
debris from weapons already (and sub- 
sequently to be) tested. Predictions based 
on conservative assumotions indicate 
that there remains a considerable mar-
gin of safety. If the rate of meapons 
testing continues to increase, however, 
this margin may eventually disappear. 

Although the permissible levcls con-
tain inherent safety factors, it is essen-
tial that close attention be devoted to 
all aspects of the fallout problem during 
the next scveral years. Only in this \vay 
can advance notice of the possible ap- 
proach to permissible levels be obtained 
and assurance given that they will not 
be exceeded inadvertently. Recent re-
ports of the National Academy of Sci- 
enccs-National Research Council Com- 
mittce on the Biological Effects of 
Atomic Radiation ( I )  support the im- 
portance of systematic measurements of 
general levels of radioactivity in ordrr 
that information on the rate of accumu- 
lation of extraneous radioactivities may 
be obtained while the latter arc still be- 
low natural levels. 

Dr. Anderson. Ah-. Schuch, and Dr. Langham 
are members of the biomedical research group at 
Los Alamos Scientific Laboratory. University of 
California, Los Alamos, N.M. Mr. Fisher. a former 
member of the group, is now a t  the University of 
Colorado School of Medicine, Denver. 

Large-scalc production of nuclear 
pomer will create problcms of a s im~lar  
nature. A 100-megawatt (heat)  reactor 
will, in one year of operation, produce 
the same quantity of long-lived fission 
products as the detonation of a 1-mega-
ton fission bomb. T h e  estimate of the 
U.S. nuclear power production rate by 
1975 is 20,000 to 40,000 megawatts, and 
the United Kingdom expects to be pro- 
ducing 6000 megawatts by 1965. Reac- 
tor-produced fission products constitute 
a much less immediate problem than 
those from a b o ~ n b  test, since more con- 
trol can bc exercised over their irnme- 
diate fate, but dlspoial of the fission 
products must evrntually be made. 

If disposal is to bc simple enough to 
make nuclear powcr economically corn-
petitive, dispersal by natural means such 
as ocean burial or other means may have 
to be resorted to. This will increase the 
possibility that reactor-produced fission 
products may ultimately enter the food 
cycle and rcach man. T h e  basic prob- 
lrms of pernlissible body burdens and 
distributiorl rncchanisrns in the bio-
sphrre, thrrefore, are similar for bomb 
and reactor debris, and information 
gathered in the study of the former 
problems should prove valuable in the 
latter. 

An extensive survey of strontium-90 
levels (Project Sunshine) has been un-
derway for several years, and the results 
have been reported by Libby (2-4) and 
by Kulp (5 ) . Because strontium-90 and 
its daughter yttrium-90 emit only beta 
rays, analysis requires time-consuming 
and destructive chemical separations. 
Detailed studics of the temporal and 
spatial distribution of long-range fallout 
would be easier if they could be based 
on a gamma-emitting nuclide. T h e  dis- 
covery of the presence of the fission 

product ccsium- 137 in human brings 
and in foodstuffs by Irliller and Sfari- 
nclli ( 6 ) provides a possibility of such an 
approach. 

Similarity of the decay chains of the 
fission products of mass 90 and mass 137 
indicates that distribution of ceslum-I37 
and strontium-90 in bomb debris \\ill bc 
similar : 

33 sec 2.7 min 
Kr""--j Rb""---f 

25 yr  6-1hr 
Sr""-4 YOo--+ Zrq0(stable) 

19 src  3.4 min 27 yr
I"' -jXc' - -+ cs13--+ 

2.6 min 
Bal""' ---+ Ba'"'(stab1e) 

Both nuclides have two gaseous or 
volatile predecessors with appreciable 
half-lives. Strontium-90 and cesium-137 
are formed at relatively late times after 
bomb detonation and are not propor-
tionally included in the larger and more 
refractory particles lvhich fall out lo-
cally. Stratospheric storage and distant 
deposition will be high for both nuclides, 
and their ratio in distant fallout should 
be approximately that calculated f r o ~ r ~  
the known fission yields. Once strontiurn- 
90 enters the biosphere, its behavior be- 
comes very complex. Itc concentrations 
along. the ecologic chain change slowly 
and reflect a summation of all past fall- 
out. I n  addition, it enters 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 fraction of 
strontium-90 entering the ecologic chain 
by way of these routes. Cesium-137, ho~v-  
ever, is apparently poorly taken up frorn 
the soil by plants ( 7 )  and its biolo_gical 
half-times (8)  are comparativcly short 
[I40 days in man ( 9 )  and 20 days in the 
cow ( l o ) ] .These factors suggest that 
cesium in people and in milk and other 
foodstuffs may be a direct and relatively 
simple measure of fallout rate. Onc 
should be able, therefore, to make a di- 
rect determination of fallout rate as a 
function of geographic location and 
tirnr, as well as of changes in strato. 
sphcric storage following test operations, 
by measuring cesium-137 in biological 
materials. Cesium-IS7 measurements on 
soils rnight provide a more convenient 
method than strontium-90 measurements 
for estimating integrated fallout. 



Cesium-137 and strontium-90 also are 
similar in that they are soluble and 
closely related to potassium and calcium, 
respectively, which are normal base ex-
change cations in soil and essential con-
stituents of living matter. In  this they dif-
fer from other high-yield fission products 
such as zirconium-niobium-95, ruthe-
nium-rhodium-106, and cerium-144, 
which have been observed in rug dirt by 
Miller and Marinelli at Argonne Na-
tional Laboratory (11) but which are 
apparently not ecologically concentrated 
and have not been detected in the gen-
eral population and in foodstuffs. 

in weight with 100 percent geometrical 
efficiency. Although the energy resolu-
tion of this detector is quite limited com-
pared with that of a sodium iodide (thal-
lium) crystal, it is adequate to permit 
the simultaneous determination of the 
cesium-137 (0.661 Mev) and potassium-
40 (1.46 hlev) gamma rays. Its ultimate 
sensitivity is 0.0005 microcurie of 
gamma activity (20 disintegrations per 
second) for only 100 seconds of count-
ing time. If a 100-kilogram sample is 
counted, this corresponds to a specific 
activity of 5 x 10-15 curie3 per gram, 
which is far below the natural radioac-
tivity of most materials. The natural po-
tassium-40 radioactivity of man (about 
0.013 microcurie as gamma rays) can 
be measured to a precision of better than 
5 percent in less than 2 minutes. The 
cesium-137 determination has a preci-
sion of 0.001 microcurie for the same 
counting time. 

Potassium-40 in people. The average 
potassium content of the adult male is 
estimated to be about 133 grams (6, 15, 
16) (0.19 percent of gross body weight 
of the standard man),  which is equiva-
lent to about 400 potassium-40 gamma 

be the principal factor causing variation 
in apparent potassium content of the 
body (17 ) .  The total body potassium ex-
pressed as percentage of gross body 
weight will show considerable variation, 
therefore, depending on sex, age, weight, 
body type and physical activity, but it 
can be accurately calculated from a de-
termination of total body water. 

In  Fig. 2 the specific activity of po-
tassium-40 (gamma disintegrations pea 
second and pound) is plotted against 
subject age. These data confirm the gen-
eral decrease of potassium with age re-
ported by Sievert (16) .  The solid lines 
indicate the probable upper limits for 
uncontaminated male and female sub-
jects, respectively. Not enough children 
have been measured for us to be certain 
of the trend below age 15. The dashed 
lines, therefore, are estimates over this 
region. Deviation from these curves is 
an indication of possible surface con-
tamination of individuals during periods 
of local fallout. since onlv 0.002 micro-

Potassium-40 and Cesium-137 in 

People and Foodstuffs 

After the announcement by Miller 
and Marinelli of the presence of cesium-
137 in people ( 6 ) ,  an intensive program 
of study of this nuclide in people and 
in foodstuffs was begun at the Los 
Alamos Scientific Laboratory. Some 1500 
measurements were made; preliminary 

curie of hard gamma contamination is 
sufficient to raise the average adult from 
the lower to the upper limit of the spe-
cific activity distribution. 

Cesium-137 in people. Libby ( 2 )  
adopted the procedure of reporting stron-

results have been reported previously 
(12). This article (13) summarizes the 
data collected during 1956. A compila-
tion of all the primary data is being pre-
pared as an unclassified laboratory report 
which will include detailed analyses of 

disintegrations per second. 
Figure 1 gives the natural potassium-

40 gamma activity of 164 representative 
subjects, 81 of which were reported 
earlier (17) ,  plotted against gross body 
weight. These data show a pronounced 
scatter of the points to the right of a 
limiting line and a definite difference 
between males and females. Correlation 
of potassium-40 activity with the fat-free 
body weight of a select group of these 
subjects indicated the amount of fat to 

tium-90 results as strontium-90/calcium 
ratios because of the metabolic similarity 
of strontium and calcium and to facili-
tate the comparison of different types of 
materials. Our cesium-137 results are re-
ported as cesium-137/potassium-40 ra-
tios for similar reasons. The principal 
differences in the biological behavior of 
the two elements can be accounted for 
in terms of the appropriate biological 
half-times. The ratios are reported as the 
ratio of cesium-137/potassium-40 gamma 
disintegrations (18) .  

Figure 3 summarizes the measurements 
of cesium-137/potassium-40 ratios in 
people for 1956. The triangles represent 

procedures, sources of error, and other 
information. 

Measurements were made with the 
Los Alamos "human counter" (14) ,  a 
large liquid scintillation detector that is 
capable of counting gamma rays from 
human subjects and from samples of 
foodstuffs up to several hundred pounds 

results in people from various parts of 
the United States (the distribution is in-
dicated on the map, Fig. 4 ) .  Each point 
is an average for 10 to 20 persons, and 
the range of values before averaging was 
0.1 to 0.9. The circles are averages of 
measurements on a local control group 
of 10 laboratory personnel. The scat-
tered high values during the period from 
June to September are probably the re-
sult of surface contamination from tropo-
spheric fallout during Operation Red-
wing. That they were caused by surface 
contamination was indicated by their 
sudden rise and fall, by ab~lormallyhigh 
apparent potassium-40 values during the 
same period, and by the fact that these 
high apparent potassium-40 values were 
reduced to normal after bathing in those 
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cases in which remeasurement was pos-
sible. 

I3ecause of this evidence of external 
contamination, a line through the more 
reproducible lower limit of the distri-Fig. 1. Potassium-40 gamma activity in people as a function of gross body weight. 

SCIENCE. VOL. 125 



l l l l l l l l l l l l l ' l t ' 
0 10 20 30 40 50 60 70 80 

AGE IN YEARS 
Fig. 2. Potassium-40 specific activity in people as a function of age. 
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Fig. 3.  Cesium-137/potassium-40 gamma ratio in people during 1956. 
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Fig. 4. Geographic distribution of cesium/potassium ratios in people. 
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bution is regarded as representing the 
trend of internal activity. The data from 
the two groups agree in that they indi- 
cate a slight rise during the spring fol- 
lowed bv a slow decline durine the fall. 

u 


The control group was apparently some- 
what lower in the spring, but in the fall 
the two groups were indistinguishable. 

General 1956 averages of cesium-137/ 
potassium-40 ratios for people from vari- 
ous states are presented in Fig. 4. The 
results are surprisingly uniform in view 
of the sizable variations among indi-
viduals from the same stnte. Unc~rtainty 
in the averages due to small sample size 
precludes any deduction of fine struc-
ture until more data are available. Within 
the range 0.5 -fr 0.2, the cesium-137/po- 
tassium-40 ratio is essentially uniform 
over the United States, except during 
periods of tropospheric fallout. 

The frequency distribution of potas-
sium-40 and cesium-137 in the popula- 
tion sample is essentially normal. The 
potassium-40 frequency curve is given in 
Fig. 5 as a histogram with a normal error 
curve fitted to it. The standard devia- 
tion of the normal curve is 18 percent. 
The subsidiarv veak outside the normal , . 
curve is caused by surface contamination 
during periods of tropospheric fallout. 

Figure 6 shows the corresponding fre- 
quency curve of the cesium-137 data for 
the same population sample. Distribu- 
tion is again normal, but the width is 
twice as great as that of potassium-40, 
the standard deviation being 36 percent. 
The smaller deviation of the potassium- 
40 data probably reflects control of the 
potassium-40 level of the body by a 
homeostatic mechanism that is not highlv 
dependent on intake. The cesium-137 
buiden, however, may vary with the die- 
tary habits of the subject and the concen- 
tration of cesium-137 in his foodstuffs. 

Libby (19) has shown that other trace 
elements, such as stable strontium, stron- 
tium-90 and radium-226, show normal 
frequency distribution curves with de-
viations comparable to that observed 
for cesium-137. 

The abnormal subsidiary peak shown 
in the potassium-40 distribution curve is 
not present in the cesium data. This in- 
dicates merely that the surface contami- 
nation distorting the potassium-30 level 
was present in the cesium-137 channel to 
a proportional extent and left the 
cesium/potassium ratio unaffected. 

Cesium-137 in milk and other food- 
stuffs. Figure 7 summarizes the measure- 
ments of cesium-137/potassium-40 ratios 
in milk during 1956. A peak in cesium- 
137 activity during July, presumably 
owing to tropospheric fallout from 
Operation Redwing, is clearly visible in 
Wisconsin and New Mexico samples, but 
is absent from Kentucky milk. This ob- 
servation is consistent with the path of 
the cloud as estimated in the U.S. Pub-
lic Health Service air sampling network. 
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Fig. 5. Frequency distribution of potas-
sium-40 specific activity. 

A peak in the activity in IVisconsin milk 
in Octobcr is indicated also; it may be 
the result of a foreign test. 

Data on geographic distribution of the 
cesium-137/potassium-40 ratio in milk 
are as yet scanty, but are summarized in 
Fig. 8. As with the measurements of peo- 
ple, one concludes that distribution is 
esse~ltially u~liform Lvithin the limits of 
the data. The  uniformity, of course, ap- 
plies only to the periods in which tropho- 
spheric clouds are not present. I t  is in- 
teresting that the t ~ v o  Australian milk 
samples (Fig. 7)  are in agreement ~vi th  
the general U.S. average, le~ldi~lgsup-
port to the assumption that the general 
levels are derived from the stratospheric 
reser~roir.A sample of American dry 
milk produced in 1942 sho~ved no de-
tectable cesium-137, the cesium- 137/po- 
tassium-40 ratio being less than 0.02. 

Some preliminary measurements of 
cesium-137 in foodstuffs other than milk 
are given in Table 1. During the spring 
of 1956, beef and lamb showed a ratio 
comparable to that of people but con-
siderably higher than similar samples 
collected in the winter of 1956-57. Dur- 

Fig. 6. Frequency distribution of cesium/ 
potassium ratio. 
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ing both periods, beef and lanib consist- 
ently ran higher than pork, nhich might 
be expected from the differences in graz- 
ing and feeding habits. One sample of 
dried blood collected in .4pril 1952 
showed a ratio less than one-thlrd that of 
~amples  collected during the winter of 
1956-57. 

Discussion 

Lleasurements of present levels oC 
cesium-137 in people indicate that it is 
of little significance in the potential haz- 
ard of radioactive fallout from weapons 
testing programs. The  present averagc 
cesium-1 37/potassiuln-40 total disintc-
gration ratio is about 0.05. Taking into 
consideration their respective energies, 
the radiation dose from present levels of 
cesium-137 is only one-twentieth of that 
from natural potassium-40, or about 1 
milliroe~ltgen per year. This is about 1 
percent of the average total natural radi- 
ation dose and less than 1 0 - h f  the dose 
of cesium-137 given in the Recommen- 
dations of the International Commission 
for Radiological Protection as the maxi- 
mum permissible level for the general 
population (20) .  Interest in cesium-137, 
therefore, centers on its potential use-
fulness in the study of fallout mecha- 
nisms. 
h rough quantitative comparison of 

the present average strontium-90 and 
cesium-137 levels in people is of interest. 
According to Libby ( 3 ) ,the strontium-90 
level in children is about 0.001 micro- 
curie. A fractio~lation factor of about 10 
a ~ a i n s t  strontium betrveen primary fall- 
out and human bone is i11dicatc.d by thc 
stable strontium data (21)  (that is to 
say, the strontium/calcium ratio in soil 
is 10 times the stro~ltium/calcium ratio 
in bone], but cesium can be assumed to 
he quantitatively absorbed by both cow 
and man. Although strontium ~vill con- 
tinue to accumulate because of its long 
biological half-time, the effective ac-
cumulation time for cesium ~vill  be lim- 
ited to some 200 days. If stratospheric 
fallout is assumed to have begun rvith 
Operation Castlc ( 1954), strontium-90 
has been accumulating for some 2 years, 
and this factor .rvill cause it  to exceed 
cesium-137 by 2 x 365/200, or 3.6. Fi-
nally, the relative activity yield in the 
fission process is 1.27 in favor of cesium 
(assuming fission yields of 0.0510 and 
0.0620 for the mass-90 and mass-137 
chains, and half-lives of 27.7 years for 
strontium-90 and 26.6 years for cesium- 
137).  The over-all factor is then 10 x 
1.27/3.G, or about 3 for cesium-137, and 
the estimated level based on a strontium 
level of 0.001 microcurie is 0.003 micro- 
curie. Consideri~lg the crudity of the sev. 
cral approxirnations, this is in surpris-
ingly gootl agreement with the observed 
average of 0.005 microcurie. 

Table 1. Radioactivity in foodstuffs. 

activity Cs""/KLoSamplc (disinte- ratio 
gration/ 
src Ib) 

Meat ,  sfiring 1956 
Beef rounds 3.84 0.53 
Lamb, dressed 

carcass 3.83 0.8 1 
Pork. fresh hams 3.52 0.30 
Pork, loins 3.23 0.19 

Meot ,  winter 1956-57 
Beef, sirloins 2.75 0.15 
Lamb. dressed 

carcass 3.67 0.16 
Pork, loins 3.55 0.10 
Pork, loins 3.26 0.07 

Dried blood 
Illinois, Apr. 1952 9.2 < 0.07 
California, winter 

1956-57 7.3 0.25 
Minnesota, winter 

1956-57 5.4 0.25 
Tcxas, winter 

1956-57 5.9 0.18 
Flour, spting 1956 

High-altitude wheat 
(Colorado) 1.30 0.09 

Bleached. enriched 
( A )  1.70 0.32 

Bleached, enriched 
(B)  1.49 0.27 

Whole wheat, 
graham 7.00 0.11 

Potatoes, s p ~ i n g  1956 
Colorado 7.82 < 0.06 
Idaho 6.52 < 0.06 

Vegetables, spring 1956 
Lrttuce 2.34 < 0.07 
Cabbage 3.20 0.12 
Carrots 6.82 < 0.03 

Fruits, s p ~ i t l g  1956 
Tomatoes 3.81 0.03 
Oranges 2.10 0.38 
Grapefruit 3.30 0.25 
M'atcrmelon 3.75 < 0.03 

Co Bee, s p ~ i n g  1956 
30.00 < 0.06 

Table 2. Calculated cesium-137 intake 
based on per capita food consumption. 
Diet was based on "Consumption of food 
in the United States. Supplement for 1954 
(22 )  ;X.D., not detected. 

Con- Cs137 	 c ; S ~ ~ i  

sump- concn. 	 intakc
Source 	 tion (mpc/ (mpc/ 

(Ib' 100 1b) mo) 
mo ) 

Dairy products 
(as dry-milk 
solids) 5.8 14 0 81 


Meats 11.4 3.3 0.38 

Flour and cereal 
products 13.0 1.0 0.13 

Vegetables 16.8 N.D. ? 
Citrus fruits 3 2  2 4  0.21 
Potatoes 8.8 N.D. ? 

'Total 	 1.5 
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Fig. 8. Geographic distribution of cesium/potassium in milk. 

Measurements of cesium-137/potas-
sium-40 ratios in milk during 1956 (Fig. 
7) indicated peak activities resulting 
from periods of tropospheric fallout. The 
relative effect of such increases in food-
stuffs on the cesium-137 level in people 
can be estimated from the simple model 
shown in Fig. 9. A step function change 
in the foodstuff level will be followed 
by a ( 1 - e-") change in the population 
level (where h is the biological elimina-
tion rate),  and a new equilibrium value 
will be reached only after an elapsed 
time of the order of 1 year. If the food-
stuffs return to their previous value be-
fore equilibrium is attained, the popula-
tion level will cease rising and will decay 
back to its previous value with a half-
time corresponding to the biological 
elimination rate. 

This model can be applied to the situ-
ation during July and August, when the 
level of cesium-137 in milk rose by about 
a factor of 3. Since not enough data are 
available to define completely the shape 
of the peak, and since milk values are 
used as representative of all foodstuffs, 
the actual peak can be replaced with a 
step function of the same approximate 
area. This gives a rise of about two times 
"normal" for a period of 50 days. In  
this case, the maximum rise in the popu-
lation level, predicted on the basis of the 
model in Fig. 9, is 20 percent. Using the 
average value of the cesium-137/potas-
sium-40 ratio for the control subjects in 
the spring of 1956 (Fig. 3 )  of 0.4, their 
calculated ratio 6 months later is 0.5. 
The observed summer maximum average 
was 0.48, in agreement with the model. 

An estimate of the biological half-time 
of cesium-137 in the chroriically exposed 
case was obtained by counting a large 
urine sample representing 52 man-days 
of excretion. The sample showed 408 dis-
integrations per second of potassium-40 
(136 grams of potassium) and 40 disin-
tegrations per second of cesium-137. As-
suming an average body burden of 0.005 
microcurie of cesium-137 for the six sub-
jects who contributed urine samples, the 
excretion rate is 0.004 per day, which 
corresponds to a half-time of some 180 
days if the excretion is exponential and 
entirely urinary. If fecal excretion is 25 
percent of urinary, the half-time would 
be 145 days. This is in agreement with 
the biological half-time of 140 days ob-
served on volunteers who ingested 1 ini-
crocurie of radiocesium (9).  

Using Bureau of Agriculture statistics 
for food consumption per capita in the 
United States (22)  and our preliminary 
values for the average cesium-137 con-
tent of foodstuffs, the dietary intake of 
cesium-137 can be estimated (Table 2). 
O n  the basis of these data, it appears 
that milk contributes about 50 percent 
and meat about 25 percent of the cesium-
137 found in the body. The excretion rate 
of cesium-137 can also be estimated from 
these intake data. This method is only an 
approximation because of uncertainties 
in diet and in the average cesium-137 
level in the various dietary components. 
According to the data in Table 2, the 
turnover rate is of the order of 1.5 milli-
microcuries per month, compared with 
the observed value of 0.6 millimicro-
curie. Part of the discrepancy may result 
from using retail weights in computing 
the diet with no allowance for wastage 
and loss of minerals in cooking, but the 
principal source of error is probably the 
inadequacy of our knowledge about 
cesium in foodstuffs. For comparison, a 
similar computation was made for po-
tassium (Table 3 ) .  The calculated po-
tassium intake is about 3 grams per day, 
while the observed urinary excretion was 
2.6 grams per day. Elkinton and Dan-
owski (23) reported potassium turnover 
as falling in the range of 2 to 6 grams 
per day. 

While the spring 1956 average value 

, , , 
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Fig. 9. Calculated effect of increased 
cesium in diet on human level. 
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Table 3. Calculated potassium intake 
based on per capita food consunlption. 

Potassium 
Con-

Source sump- Con- In-
tion tent take 

(lb/mo) (g/lb) (g/mo) 

Dairy products 5.8 6.0 35 
&feats 11.4 1.2 14 
Flour and cereal 13.0 0.5 6 
Vegetables 16.8 1.0 17 
Citrus fruits 3.2 1.0 3 
Potatoes 8.8 2.0 18 

-
Total 	 93 

for the cesium-137/potassium-40 ratio in 
milk was 0.25, the average in people for 
t'le corresponding period was 0.4. This 
difference may be explained on the basis 
of the longer hold-up time of cesium in 
the body as compared with potassium. If 
q,,,,,, is the amount of cesium in the 
average daily diet, and qgotassiumis the 
corresponding amount of potassium, then 
qcesium/qpotnssiurn is the cesium/potas-
sium ratio for the average diet. The millc 
ratio can be used since it is the most im- 
portant single factor and is the only one 
knotm cvith any accuracy. The equilib- 
rium amounts of cesium and potassium 
in the body, on the basis of the simplest 
model, cvill be given by the product of 
q t  for each element, where z is the mean 
life of the element in the body (24). For 
cesium. t ha< bern determined to be 200 
days; t for potassium can be estimated 
from our data on the potassium content 
of normal urine as about 58 days. 'There- 
fore, cesium should be concentrated rela- 
tive to potassium by a factor of 200/58, 
or 3.4. If the average diet ratio is 0.23, 
the ~redicted ratio in people is about 0.8. 
This is too high by a factor of 2. 

Libby (4)  has estimated stratospheric 
injection by Operation Redwing at about 
6 megatons of fission products in addi- 
tion to the 18 megatons left from the 

previous operations. This would imply a 
30-percent increase in the fallout rate 
from the stratospheric (world-wide) 
component after the tropospheric com- 
ponent is gone. A comparison of the 
spring and autumn milk averages indi- 
cates no detectable increase in the fall- 
out rate. The spring sampling was inade- 
quate; hence there is considerable un-
certainty about the proper average. How- 
ever, it would appear that, if anything. 
the cesium levels in the fall were lower. 
This may be a seasonal variation result- 
ing from the change from pasture to hay 
feeding of the dairy herds, which would 
conceal possible small increases. 

Measurements of the cesium. 13 7 con-
tent of people and of foodstuffs indicate 
that this nuclide is unlikely to be a de- 
cisive factor in the long-term hazards 
from weapons testing and reactor waste 
disposal. The amount of cesium-137 now 
present in the population of the United 
States averages 0.006 microcurie and 
shows no marked dependence on geo-
graphic location. The average radiation 
dose received from cesium-137 is one-
twentieth of that received from natural 
radiopotassium and 1 percent of the 
average total dose from all natural 
sources. Because of the short biolopical 
half-life of cesium of about 140 days, it 
does not accumulate in the body as does 
strontium-90. The study of the distribu- 
tion of cesium-137 is being continued to 
furnish information on the mechanism3 
of the fallout process and provide a 
measure of the rate of fallout and of 
stratospheric storage. 
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