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The results of our measurements of 
the cesium-137 level in 1000 individuals 
living in Germany were reported in an 
earlier publication (1). We made these 
measurements in Landstuhl, Germany, 
during the period June through Decem- 
ber 1959, with the aid of the two-7r 
liquid scintillation whole-body counter 
designed by Anderson and his co- 
workers (2). The program was con- 
tinued, and by 1 September 1961, levels 
in more than 6000 individuals living in 
Germany, whose average diet is shown 
in Table 1, had been measured. The 
large number of measurements makes 
possible a thorough study of the influ- 
ence of age and sex, as well as diet, 
on the cesium-137 content in the human 
body. Because cesium and potassium 
are chemically similar, and because 
earlier work (1, 3) had revealed that 
the concentration of potassium in the 
human body is dependent on age and 
sex, we expected to find that levels of 
cesium-137 are age- and sex-dependent. 
Our studies also enabled us to follow 
the cesium-137 content of the general 
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population up to the time that atmos- 
pheric testing of nuclear weapons was 
resumed by the Soviet Union. Various 
investigators (4-6) have reported a 
relatively steady increase in the cesium- 
137 levels during the period 1956 
through 1959. This was to have been 
expected, since testing of fallout-pro- 
ducing nuclear weapons continued until 
the latter half of 1958. It was realized 
that, pending the resumption of testing, 
fallout, and consequently the cesium- 
137 content in the human being, would 
eventually begin to decrease. The fac- 
tor primarily responsible for determin- 
ing the rate of decrease is the length of 
time the fission products remain in the 
stratosphere. In a recent article, Rundo 
(6) reported that the cesium-137 con- 
tent in the human being has been de- 
creasing since December 1959. His 
study was based on regular measure- 
ment levels in 11 individuals. No con- 
clusions were reached regarding the rate 
of the decrease. 

With our more voluminous material, 
an attempt was made to follow the 

changing concentration of cesium-137 
in man by studying the average findings 
in the general population. It was neces- 

sary to establish correction factors for 
sex and age, since the average cesium- 
137 values were found to be dependent, 
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to a certain extent, on sex and age as 
well as on time. Figures 1 and 2 dem- 
onstrate the relationship of levels of 
cesium-137 to age for males and females 
of our study, as indicated by measure- 
ments made between 1 July 1959 and 
1 September 1961. These results are 
not corrected for variations in the 
cesium-137 content in man which oc- 
curred over this long period. This may 
account for the distance of some of the 
points from the curves. 

It is evident from Fig. 1 that the 
cesium-137 content per kilogram of 
body weight is age-dependent. Since the 
ratio is much lower for children than 
for adults, the dose rate from this iso- 
tope is correspondingly lower for 
children. 

Assimilation, by the body, of cesium 
and of potassium differs with sex and 
age, as indicated in Fig. 2. The fact 
that the ratio of cesium-137 to potas- 
sium is much lower in children than in 
adults indicates that children discrimi- 
nate against cesium in favor of potas- 
sium, whereas, as other workers have 
found (5), adults discriminate against 
potassium in favor of cesium. At an 
age of about 22 years, the ratio of 
cesium-137 to potassium reaches a con- 
stant figure; thereafter it is independent 
of age. However, the ratio remains 
lower in females than in males. We 
investigated the possibility that this vari- 
ation could have been caused by a 
systematic error in our measurements 
or calculations but found no discrep- 
ancies. Since the findings are statistically 
valid, it must be concluded that the 
ratio of cesium-137 to potassium varies 
with sex and varies between child and 
adult. Since potassium, and presumably 
cesium, are primarily intracellular con- 
stituents of the human body, it may be 
said that certain groups of cells keep 
changing their discrimination patterns 
with respect to these two elements until 
the individual is 22. This conclusion, 
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however, presupposes that the resorp- 
tion of potassium and cesium from the 
gastrointestinal tract is identical for all 
age groups, and that the cesium-to- 
potassium ratio is the same in the diets 
of children and of adults. Ott (7) 
showed that the biological half-life of 
cesium-137 varies considerably in ani- 
mals of different species, and our find- 
ings suggest that, within a single species, 
biological half-life is dependent on age. 

The difficulties encountered in deter- 
mining the monthly changes in the 
cesium-137 content of the general popu- 
lation are evident in Figs. 1 and 2. If 
the monthly average for all subjects 
studied were plotted, the picture would 
be inaccurate because of differences in 
age. Furthermore, the ratio of men to 
women in the study would also influence 
the average. In order to overcome these 
difficulties, the following procedures 
were followed. In determining monthly 
averages of cesium-137 in micromicro- 
curies per gram of potassium, only the 
data for subjects 22 or older were con- 
sidered. All results for females were 
multiplied by a factor of 1.145, since, 
as shown in Fig. 2, the average values 
for females were lower by this factor 
than the average values for males. 
Determination of the monthly averages 
for cesium-137 in micromicrocuries per 
kilogram of body weight presented an 
additional problem, since this ratio is 
not constant after the age of 22, but 
decreases with increasing age. As Fig. 1 
reveals, the age-dependence of the ratio 
may be considered to be linear after 
the age of 22. By calculating a straight 
line for the slope and applying correc- 
tion factors to all the results, it was 
possible to correct all results on the 
basis of ratios for a 22-year-old male. 

The corrected monthly averages for 
cesium-137 (in micromicrocuries per 
kilogram of body weight and per gram 
of potassium) are plotted semilogarith- 
mically in Fig. 3. In these curves, varia- 
tions in the cesium-137 concentration 
which result from differences in age and 
sex are eliminated. As one would ex- 
pect, the curves are similar. From the 
time of our first measurements in June 
1959 until March 1960, neither an in- 
creasing nor a decreasing trend is 
detectable. However, beginning in 
March 1960 and continuing thereafter, 
there is an obvious decrease in both 
curves. On the semilogarithmic graph, 
the lines, which were calculated by the 
least-square method, represent the con- 
stantly decreasing level of cesium-137. 
The half-life for this decrease in cesium- 
137 was found to be 11.3 months for 
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Table 1. The average diet of subjects of the study. 
[Statistisches Jahrbuch fiter die Bundesrepublik 
Deiitschland, 1960] 

Amount 
Component (kg per yr per person) 

Bread 82.5 
Vegetables 189.1 
Fruits 97.2 
Meat 53.3 
Pork 28.9 
Beef 17.7 
Poultry 3.1 
Other 3.6 

Milk 122.9 
Dairy products 14.5 
Eggs 12.5 
Fish 6.5 

the ratio of cesium-137 to body weight 
and 12.7 months for the ratio of cesium- 
137 to potassium. These findings are 
in good agreement with one another, 
despite the necessity for making the 
corrections discussed previously. 

The question of the significance and 
exact meaning of such a half-life for 
cesium-137 in man arises. It has been 
shown (8) that, after a single admin- 
istration of cesium-137, the rate of 
elimination from the human body is 
exponential, the effective half-life being 
approximately 140 days. If we assume 
that the cesium activity in man's food 
also decreases exponentially, we can 
estimate the daily changes in the cesium 
content in man from the following 
formula: 

dN- Ke --NX () 1 dt 

where N is the cesium-137 content in 
man; K is the daily uptake of cesium- 
137 in food when the cesium-137 con- 
tent in man is maximal; XA is 0.693/ 
(T%) i, where (T,7) is the half-life for 
the decrease in cesium-137 in food; and 
X2 is 0.693/(T1,)2, where (T.)2 is the 
effective half-life for cesium-137 in man. 

Integration of Eq. 1 gives: 

N = No e-t + ( e -t e ) (2) 

where No is the period when the 
cesium-137 content in man was maxi- 

mal (1 July 1959 to 1 September 1961). 
Since, at the time of maximum ce- 

sium-137 content, the amount present 
in the human body remained constant 
for several months, the following rela- 
tionship also exists: 

dNo 
-NoK- NoX2=0 (3) dt 

where No = K/X2. 
Insertion of Eq. 3 into Eq. 2 gives: 

N K e- - K e-X2t (4) 
X - X,i X2(X2. - ,X) 

Since, in our case, A2 > A, and K/ 
(A2 - X,) > K/x~ (2 - Ak), a good 
approximation of the cesium-1 37 con- 
tent in man a few months after the 
beginning of the decrease in cesium-137 
can be expressed as follows: 

N 
K e-XMt 

X2 - X 

Therefore, the half-life, as determined 
by our measurements, represents the 
rate of decrease of cesium-1 37 in the 
human diet. 

By measuring levels in animal food- 
stuffs, Pfau and Kallistratos (9) proved 
that the portion of plants which grows 
above ground contains more cesium-137 
than the portion which grows below the 
surface. This is explained by the fact 
that, above ground, plants take up 
cesium through absorption or adsorp- 
tion or both. This explanation is in 
agreement with findings of Nishita 

(10), who determined that the cesium 
uptake through the roots of a plant is 
of minor importance. It appears, there- 
fore, that the cesium-137 in human 
food comes mainly from the cesium-137 
in plants exposed to fallout during their 
period of growth. Cesium-137 enters 
the human body directly from these 
plants, or indirectly through meat and 

dairy products. 
Since the cesium-137 in plants comes 

directly from fallout rather than through 
uptake through their roots, and since, 
as reported by Hood and Comar (11), 

the effective half-life of cesium-137 in 
cows is less than 1 month, it can be 
assumed that only a few months elapse 
between the time fallout products reach 
the earth's surface and the time cesium- 
137 enters the human body. 

Therefore, the results of our measure- 
ments of the cesium-137 content in man 
indicate that, as of 1 September 1961, 
fallout in Western Europe was decreas- 
ing, and had a half-life of approximately 
12 months. Martell and Drevinsky 
(12) estimate a fallout half-life of a 
few months for debris injected into the 
polar stratosphere, and of 3.5 to 7 years 
for debris from the higher equatorial 
injections. The half-life found by us is 
an average value; this half-life would 
have been expected to lengthen as the 
fallout from the higher equatorial strato- 
sphere became predominant. This phe- 
nomenon will not be observed, however, 
since atmospheric testing of nuclear 
weapons has been resumed. Seasonal 
fluctuations, as reported recently by 
Parker and Crookall (13), are not evi- 
dent, because the time, even though 
brief, required for the passage of 
cesium-137 through plants and animals 
to man does tend to obscure sharp varia- 
tions in the rate of fallout. 
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