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Body Burdens of Cesium-137 and Potassium-40 in the Japanese Population

Haruo Katsunuma and Yasuo Yoshizawa

Department of Radiological Health, Faculty of Medicine, University of Tokyo
BAAEANDH ) U 5—408 KT+ & v 5—137H OHIE

SRS 0 O MR i
BoE W OME EF R OB M

(FRFnd56512 A16 A =)

HAAK 2,0008%0WE L L, o —<v P B, g/g-LBM ) L 1L TRkw, wvwa— 1378
TR BEROR Y 7 A—408 L O o A W PEEE (8/ke—fhHE, g/g—HVwa) kL

— 137OERE Lic. $iEHE0FE4S1L 6 ~87F
TR X O, FE470 O N2 ER L TERL
fo. BIEWEIRE 2 AERD b O T ileh hico
T, FOMD x>y A— 13TENORDEERED
5z, BDELMIERTIROT.

F— 2%, TR - R E LTEb L.

TRDT,

WEZ X > TEBR b, 5 Y v a—40
B L Oy ya— 1372 X AEEEES TSR
(19674F 8 BIREM D thidk a2 L L ©) %3
HL, ThZh, 20.61 mrem/4E, %5X100.49
mrem [4EOE %147z,

A YT AR, HERE (2) B (8 /ke—f&

The radioactive nuclides in human body are roughly classified into two groups. The one is na-
turally existed raclioactive nuclides, and the other is radioactive nuclides of fallout from the nuclear fission
of large scale such as tests of nuclear weapon. The quantitative estimation of these nuclides is not only
indispensable for the practice of whole-body monitoring, but also essential in the field of radiological science,

In the present study, body burdens of cesium-137 and potassium-40 in the Japanese population were
measured with a whole-body counter. The size of sample measured has been about 2000 persons overing
the age distribution. Cesium-137 was selected as a presentative of long-lived gamma-emitting nuclides
in radioactive fallout. Potassium-40 is one of four naturally existing elements (226Ra, 235U, 232Th and
#0K) which contribute to natural background radiation,

Since the gamma-rays of 137Cs can readily be measured in human body by use of the whole-body
counter, many data have been adduced on the level of 187Cs in order to ascertain its distribution in the world
and its attendant potential radiation hazard 29910,

Naturally existing *’K is normally the most abundant gamma-emitting radioisotope in human body,
and always shows up as a distinct peak in the whole-body counter. Because natural potassium contains
#K in a constant ratio, 0.01199%, potassium content in human body can be measured by means of
whole-body counting of *°K. Statistical survey on whole-body 4K content in the population make a

valuable contribution to the field of physiology as well as radiological health.
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There exists a considerable literature on ¥7Cs or #°K body burdens in the population, but little work
has been done to measure to body burdens on a large number of Japanese. The present study was designed
to measure 137Cs and 49K bedy burdens on the subjects which were selected with due consideration for age
and sex. In addition to the primary objective above mentioned, considerable attension is denoted to

the genetically significant dose from these radioactive nuclides.

Method
The subjects, ranging in age from 6 to 87 years, had already lived in Tokyo district for more than
three years before being measured. It can seen in Table 1 that sex and age evently distributed among
the subjects measured. These people are all in good health and have not been exposed to radioactive con-
tamination in the course of their normal work or medical treatment.
Each subject was inquired on personal history (occupational history, social history, habits etc.)
using a check-sheet in advance of the whole-body counting. ~Biometrics were made on height, body weight,

abdominal thickness, and others.
Body-burdens of 137Cs in the population reflect the variable level of fallout from previous nuclear

weapon tests. It is necessary to make a correction because the whole-body counting of the subjects com-

Table 1. Number, age and of subjects

Number of
Age Sex Subjects

6— 8 yr. M (Male) 53
. F (Female) 52
9—11 M 61
F 61
12—14 M 80
F 63
15—17 M 66
F 54
18—20 M 60
F 60
21—23 M 98
F 62
2429 M 65
F 60
30—3%9 M 66
F 84
40—49 M 56
¥ 90
50—59 M 56
i 60
60—69 M 62
r 58
70— M 38
F 54
M 761
Total ¥ 758

M-+-F 1519
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Fig. 1. Change of whole-body content of cesium-137, Jan. 1967-Sept. 1968
The bars indicate 2 S.D.
menced in January, 1967 and completed in September, 1968. Each measured value was corrected to
estimated level in August, 1967. To obtain correction factors, the decreasing rate of body burdens of
187Cs, periodically repeated measurements were made on 15 subjects with a narrow range of height
and body weight. As indicated in Figure I the ¥7Cs body burdens decreased by 499, from January
1967 to September, 1968.

Measurements of 1#7Cs and #°K in the subjects were obtained with the whole-body counter of the Uni-
versity of Tokyo®. The counter is equipped with sodium iodide and plastic scintillation detectors.
In this study, four 50 x 50 x 15 cm plastic scintillation detectors were used. The two channels used on
the plastic system for analysis encompassed energy bands of 0.11-0.66 Mev for 187Cs and 0.66-1,72 Mev
for 40K,

The skinfold measurements were made with a skinfold caliper of Keys'type. Fat content and lean
body mass, LBM, were calculated from skinfold-thickness by Keys and Brozek’s formula®, and Suzuki
and Nagamine’s formula®.

The physical structure of the subject has a great influence on the efficiency of whole-body counting.
In order to avoid the influence, the measured value was corrected by means of the factor which is quanti-

tatively related to body weight and chest thickness.

Results and Discussion

The potassium content was expressed in terms of the following three ways: whole body content, graras
per body weight, and grams per lean body mass. These values have been plotted against the age of the
subjects in Figures.

As indicated in Figure 2 the whole-body content of potassium reached a peak at the age of 18-21
years and is followed by a slight decline. The relation between potassium content per kilogram body
weight and age is given in Figure 3. The difference in potassium concentration, gr/Kg-bocly weight, be-
tween male and female is smaller than in whole body content. As shown by the solid line in Figure 3 the
increase in the potassium concentration of male exhibits from 12 years old till 20. On the other hand,
the result of female does not show the same trend as in male. The discrepancy between male and female
seems to have arisen from the difference in body fat content. The marked difference of body fat content
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Fig. 2. Average potassium content in human
body as a function of age Vertical bars ind-
icate 2 S.D.

Horizontal bars indicate the range of ages.
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LBM) as a function of age
The bars indicate 2 S.D.

between male and female is presented in Figure 5.
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Fig. 5. Average fat content as a function of

age The bars indicate 2 S.D.

It is clearly evident from the figure that the fat content

affects in directly the measured value of potassium per body weight. In order to avoid the effect of the

fat content value, the potassium concentration is recorded as grams potassium per kilogram lean body mass.

The result obtained with this method are illustrated graphycally in Figure 4. It was found that there was

little difference between both sexes about the values of potassium per kilogram lean body mass.

The body burdens of 187Cs were expressed as radioactivities per kilogram body weight (pCi/Kg-hody

weight) and per gram potassium (pCi/gr-K). Figure 6 and 7 are the histograms to illustrate the frequency

distribution of 187Cs concentration. What is evident from these figures is considerable variation among

individuals in the concentration of 137Cs.

The frequency takes a maximum value in 41-45 pCi/Kg-body

weight or 21-25 pCi/g-K. The correlations of 187Cs concentration with age and sex are given in Figures 8
g PLi/g g
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and 9. Figure 8 shows that the amount of 7Cs per kilogram body weight differs with sex in adult age.
On the other hand, Figure 9 represents little or no dependence of the amount of 137Cs per gram potassium
upon sex. The significant correlation was not observed between 137Cs concentration and age within the
limits of the results shown in these figures.

It is a important problem to calculate genetically significant dose delivered from 4'K and 137Cs body
burdens in groups of population. The genetically significant dose is calculated using the formulal®:

Pl (('F) (F) (F) n (M) (M) (M)
Nk wk dk T Nd wk dk )
= (@@ ooy
£ Nk wk T Nk wk

G.S.D.

Where
G.S.D. = (annual) genetically significant dose, mrem/yr,

Nk = (annual) number of individuals of age-class k,
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wk = future number of children expected by an individual of age-class k,

dk = gonad dose of an individual of age-class k, mrem/yr,

(F) and (M) denote “female” and “male” respectively. In order to solve this equation, Nk and wk
quoted from Vital Statistics in 19652,

The following assumptions have been made in calculation of annual gonad dose, dk.

(a) Potassium-40 and cesium-137 distribute uniformly in whole body.

(b) The dose to gonads is equivalent to the whole body dose.

(c) The total body burdens of these nuclides are constant throughout the year.

(d) The concentrations of K and 1¥7Cs in children under five years old are equal to the valudes in

six to eight years old.

(e) The values in August, 1967 are used for the calculation of the dose from *7Cs bocy burdens.

(f) The regional differences of the body burdens are negligible, and the values estimated for Tokyo
district residents are regarded as the mean value of the Japanese.

The values of dk are obtained from the following equations:

dk(*K) = 9.4 Qi(**K) mrem/yr

dk(187Cs) = 11.0 x 10-% Qi(*¥7Cs) mrémfyr

The value of effective absorbed energy per disintegration, & (Mev/decay), is indispensable to calcu-
lation of whole body dose. In this study, the value, &, given in Report of ICRP Committee IT was used
without consideration of age®. The genetically significant doses delivered to Japanese population from
40K and 187Cs body burdens were calculated as 20.61 -+ 0.50 mrem/yr and 0.49 4- 0.05 mrem/yr respec-

tively.

Acknowledgement
Grateful acknowledgement is made to our many colleagues for their constant collaboration in this
investigation. This investigation was supported by a grant from the Rockfeller Foundation in its
preparatory stage, and the survey was done by a grant in aid for Developemental Scientific Research

from the Japanese Ministry of Education.

References

1) Cohn, S.H., Gusmano, E.A. and Love, R.A.: Nature 205: 537-339, 1965.
2) Hanson, W.C. and Palmer, H.E.: Health Physics 11: 1401-1406, 1965.
3) Iinuma, T.A., Uchiyama, M., Nagai, T., Ishihara, T., Saiki, M. and Yamagata, N.: Nature 214: 133-135,
1967.
4) Izawa, M. and Tsubota, H.: Journal of Radiation Research 3: 120-129, 1962.
5) Katsunuma, H., Yoshizawa, Y., Maeda, K., Takeuchi, Y., Imahori, A., Anzai, I., Kusama, T. and Kaneko,
M.: J. Nucl. Sci. Technol. 3: 114-117, 1966.
6) Keys, A. and Brozek, J.: Physiol. Rev. 32: 245-325, 1933.
7) Miettinen, J.K.: Assessment of Radioactivity in Man, Vol. II, p. 115. TAEA, 1964.
8) Nagamine, S. and Suzuki, S.: Human Biology 36: 8-9, 1964.
9) Recommendations of the International Commission on Radiological Protection, ICRP Publication 2. Report
of Committee II on Permissible Dose for Internal Radiation, 1959. Pergamon Press
10) United Nations Scientific Committee on the Effects of Atomic Radiation, Report to the General Assembly,
Thirteenth Session, Suppl. No. 17 (A/3838) 1958.
11) Yamagata, N. and Iinuma, T.A.: Health Physics 12: 901-907, 1966.
12) Vital Statistics 1965 Japan: Health and Welfare Statistics Division, Ministry of Health and Welfare, 1968.



