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in Human Organs 
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Ryuichi Sugai, JID, Niigata, Japan 

This is a report of the dynsmic aspects of lhe 
selective accurnu1ef:on of raoiozc:ive nuc!eidzs. . 
such as p:utoniurn 239. cesium 137, 2nd strontium 
90. Thz survey proceeding thn Jacanese atomic 
explosion has revealed consiterab:e increase in 
the anaunt of falloxt. The possible hazards and 
the need to evaluate the contamination are consid- 
ered. 

RADIOACTIVE contamination of the en- 
vironnient cased  by nuclear tests is now 
creating seriom hszardj to m3nkind.1 Ef- 
fccts of radiation have been studied in detail 
with reference to the contaminaticn of air, 
earth, and water, with the find purpose of 
estclblishing the degrce of environrr-ental 
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conhmination that is harmful to human 
beings. The most probable contamination of 
humans cccurs through food and water. 

Cer?erally, the effective dose is very com- 
plex in mture depcnding upon long- and 
short-lived fEsion prodacts. In addition, the 
relationship between the dose and biological 
efiects is aho complex, since the effect may 
develop rather late. taking the form of spe- 
cific neoplastic diseases, shortened life-span, 
m d  genetic abnormalities. The scientific 
evaluation of the hazard of radiation to 
humm beings is, therefore, quite dimcult. 

In any attempt to rexdve this difficulty, it 
is of primary importance to know the 
sources of radiation, the nature of the nu- 
cleides, and the distribution throughout 
various organs of the body.2 

In our study, the accumulations of radio- 
active plutonium ~ ~ ~ ~ i k )  , radioactive cesium 
('37Cs). and radioactive strontiuii (9%) in 
hmm tissues over L5e period of the kt ten 
years since 1SEO were measwe for compari- 
son with the pasible fluctuations of environ- 
mental pollution Our paper is a report of 
the s w e y  mzde *us iar. 

b5d.edriak and Methods 

The material selected for study consisted of 
brain, lung, liver, kidn?y., spleen. gonads, bones. 
and muscles from cadavers othined from the 
Hospital of X i i g ~ h  University School of l ied- 
ickc in northern Jrrpyl 

Tlic analytical procedure for measuring " ~ P u  
is illustrated i? Fig 1.3 Ench organ \vas weigh4 
and nshed bjj a wet method using ritric acid. 
and !he ash w ' 3 ~  dricd over a hot plate. Sep- 
aration of -;lPu was nccomphshed through ion- 
eschange resin chromatography, and the rate 
of recovery (masinurn value 96%. avenge v d -  
ue, SO:;) was uicu1n:ed after pzrt of the stan- 
dard solution of 2-9Pu was added to the sample. 
Plutonium 239 was used the sample aftc.: 
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390 NHIOH*HCI' in 0.3 HNO, solution 

Effluenr 

7 l  I Electroceposition from (NH,),SO, medwm 

I 
Counting I 

Fig l . -Ana ly t i ca l  procedure of T".Pu in human tissue. 

electrochemical displacement on a stainless 
plate. 
Using ammonium phosphomolybdate and di- 

picrylamine m e t h h .  13;Cs was separated and 
then measured with a low backg-rsund gas flow 
counter. Strontium 90 \vas separated by the 
fuming nitric acid method. The amounts of 
13;Cs and W5r were determined by the method 
given in Analyiical Slcttiod for Radimctive 
Cesium and Strontium published by the Sci- 
ence and Technology Agency of Japan in 1963. 

Results a d  Comment 

Since 1954, after the nuclear bomb explo- 
sions in Hiroshima and Xagas~~ki, w e  have 
been collecting data to arrive at an estimate 
of deposited radioactive idlout in Niirata 
City, Japan.'-'; The reccnt gross estimation 
of radioactivity (counts per minute) in the 
human body is slio\vn in Tdble 1. Thc result 
shows a &<rea= to 116, 1/40 of that noted 

'around 1957. rcflccting fluctuation of the 
fallout in rccerit ycnrs.7 

Thc most important I:oint, howvrr, is the 

evaluation of cumulative amounts of the 
Ion,?-lived nuclides, "''Sr, I:;TCs, and ",:'Pu. 
Since the reopening of nuclear tcsting in 
1961, the survey of the Japan Atomic Encr- 
gy Commission has f o m e d  on the amount 
of 3QSr found in human bone and that of 
13TCs found in urine. Vie accumulation 0: 
"̂Pu h s  become a world-wide concern in 

recent years. 
The cumulative amounts oi ~ " P U  found 

in the principal organs. as is evident from 
Table 3, was highest in bone, followed by 
the liver and spleen. The yearly variation of 
the a n i o u t  of - - T u  in the lung is shown in 
Table 3, \v.hich indicates some reccnt in- 
crease. The amount of -::nPu in the lunr! 
grxhnlly incrwcs until 1965, and rmchcs a 
pal; value in  1963. X similar trend was wen 
in bone. Thus. the amount of ZSL'Pu in l;u- 
m.m bone in Jai;m was ten times higher 
than that in !he Un:ted States ;IS repc~rtcd 
in 1%;. The obvious incrcxe in environ- 
mental cont.unination is attributed to nticie- 
ar teits. The cumulative fallout is alrc:iriy 

.- 
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Table 1.- Summary ot +RadioJcfivlfy in Human Organs, 1962 to 7966 
(Counts per Minute) 

Organs 1962 1963 19G4 19G5 1966 OverallMean 
n R 20 14 15 6 - _. 

Lung Mean 0.41 0.43 0.21 0.13 0.10 .0.25 f 0.05 

Liver M r a n  0.2s 0.25 0.23 0.12 0.07 0.19 5 0 . 0 2  

Kidney Mean 0.34 0.29 0.31 0.14 0.14 0.24 i 0.04 

Spleen Mean 0.19 0.22 0.25 0.24 0.22 0.22 i 0.02 

10 17 1 1  15 7 

6 16 13 13 7 n 

n 

n 9 29 1 1  ' 19 6 

9 21 15 16 6 

-. 

Genital Mean 0.21 0.27 0.32 0.33 0.26 0.28 ? 0.01 
I 7 17 17 19 4 _.  -. 

6onc Mean 0.18 0.18 0.27 0.26 0.31 0.24 5 0.03 

Muscle Mean .... 
n 18 15 7 

.... 0.14 0.11 0.09 0.11 C 0.01 

Tab!e P.-Piutonrum 239 in Human O r g a s .  1963 lo 790'8 (Curie X 70 I-/Wef gm) 
~- 1963 1964 1968 1069 

(M) 46 yr (F) 57 yr (F) 62 yr ( F )  70 yr (F) 59 Yr (M) 54 Yr 
0.03 0.10 ..... ..... 

0.02 0.19 0.13 0.10 0.26 
Cerebrum 0.05 ..... 
Lung ..... 
Liver 

Spleen 0.04 
Genital 
Bone 
Muscle ..... ..... 

0.12 0.12 0.63 0.03 0.05 0.05 

Kidney 0.19 0.05 0.09 0.20 0.11 ..... 
0.29 0.05 0.3 1 2.36 2.56 ..... 

..... 0.22 ..... 0.38 0.26 

0.05 0.37 0.64 6.30 0.66 1.78 
..... 1.80 2.90 1.50 

Tab:e 3.-Plutonium 239 in Hurnrn Lung, 7960 f0 
1969 (Curie X 70-1;/Vie! Em) 

21) Pu 23' Pu 

n Mean n Mean 
1960 5 0.0138 5 ndt 
1961 5 0.015' 5 ndt 
1964 2 0.012* 2 ndt 

3 0.032. 3 ndt 
1965 3 0.038' 3 0.084 

3 0.029. 3 0.020 
1966 3 0.031 ... .... 
1967 . 3 0.103 ... .... 
1968 3 0.193 ... .... 
1959 3 0.167 ... ... - 

Value in composite sample. 
t nd = Not detected. 

Tabie 4.-Sfion!ium 93 in Humsn Bcnes (Ribs), 
1962 lo 1968 I f .~ ;c romicroc l r r ia /~~  C3) 

Year 

1962 
1963 
1964 
1965 
1966 
1967 
1968 

~~ 

No. 
Cases 

32 
33 
26 
25 
21 
15 
19 

~~ 

Av Age 

35.2 
38.1 
37.5 
39.7 
37.9 
41.1 
37.0 

W Sr 

0.62 i 0.41 
0.64 = 0.08 
0.60 = 0.11 
0.65 5 0.11 
0.85 = 0.09 
1.07 z 0.45 

0.99 5 0.13 

Range 

1.47 - 0.01 
1.38 - 0.16 
1.40 -., 0.07 
1.53 - 0.07 
1.63 - 0.17 
1.82 - 0.57 
2.91 - 0.42 

Table S.-Cesrun 737 in Human Organs, 1,062 20 1966 
(;,!~cromrcrccurie/L;/et gm) 

Organs 1962 71953 1964 1985 1956 OwerallMean 

Lung Mean 0.06 0.14 0.14 0.14 0.13 0.12 C 0.012 

Liver Mean 003 0.10 0.11 0.03 0.10 0.10 z 0.003 

Kidney Mean 0 05 0.15 0.13 0.03 0 03 0.10 i 0 0 0 3  

Spleen Mean 0.07 0.11 0.13 0.12 0.14 0.11 5 0.002 

Genital Mean' 0.12 0.16 0.28 0.15 0.14 0.17 + 0.004 
Bone Mean 0.18 0.27 0.24 0.27 0.26 0.24 + 0 012 
MUKIO Mean 0.07 ..... 0.18 0.08 0.12 0.11 ? 0 007 

n 5 7 8 4 3 

n 8 7 6 4 3 

n 2 6 4 4 3 

n 6 8 6 9 2 

n 3 7 1 3 2 

n 4 3 10 12 3 

n 3 3 9 3 
- . -  

. .  

. . . . . . . . . . . . . .  
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presumed to be 0.9 milli- 
curie/sq Ian, eshibiting a 
tendency towards gradual 
i n c r w .  

I t  is of interest to note 
that ? J S P u  was detected oniy 
in the lung sample obtained 
in 1965. As an example of 
such fallout, the accident 
of the artificial atellite 
(SNAP-SA) hich burned in 
the stratosphere over the In- 
dian Ocean in 1964 may be 
considered.2~3 

The amount of Q@Sr in the 
adult rib is s h o ~ n  in Table 
4 and Fig 2. The average of 
the whole series was approx- 
imated to 0.7 strontium unit 
(SU) (micromicrocurie of 
9"Sr per gram of calcium). 
Exprecsswd yearly, a plateau 
of approximately 0.6 SU is 
seen up until 1965, followed 
by a slight tendency to in- 
crease in recent years, This 
probably reflects the influ- 
ence of r e ~ e a t t d  nuclear 
tests. According to hIiyake 
and Katsuragi,s the fallout 
of "Sr and l?TCs in Japan 
suddenly inmexed in 1963. 
In the folloning two years. 
the amount of ""Sr exceeded 
70% of the total fallout in 
the past. At tlie end of 1967, 
the presumptive cumulative 
fallout of ""3r in Akita dis- 
trict (northern Japan) was 
139 millicurie/sq km. far es- 
ceeding the secondary alarm 
value of 90 nuilicurie/sq Irm 
recommended by the Atom- 
ic Energy Section of the 
Bureau of Science and Tech. 
nology, J n p m  

5U microinicrocuiir cay 

1 0  - 

0.4 

P 
# 

L A 

1062 1963 196j 1965 !966 1967 isca 
Fig 2.-Relationship of *Cr in human >one to intaka c! total 

diet. Diamonds, " S r  in human bone: circles, *SI in standara ale:. 

Fig 3 . P e s i u m  137 of various kinds of human organs, 1962 to 19%. 

micromicrocurie/grn 

1 
I I I I I 

1962 1963 19m 1965 1966 

T6e amount of BOSr varied according to 
the age of the subjccb: thosc in their 20's 
showed the higl~est value of 1.3 SU, fol- 
lowed by 0.9 S U  for tho= in t!ieir 30's. and 
0.8 SU for the subjccts in tticir -10's. The 
estinmtrd amount in children bctwcn new- 
born to 9 ycnrj of agc W:IS ,as much as thrcc 
times the atcr:ige aniount for adults ovcr 

Bane 
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1 1  : .  : I W ~  t h m  from 1963 to 1933. Al- 
t!..r>;;:i1 wily n slight increase is notcd in 
ti::.:,* tir;:us, the gomds revc3lcd ;1 marked 
i : iLm*;q . -?-  

?\!. ::y rr;orts indicate an aflinity of 1siCs 
f 8  ,r i i i i i  a l n r  h e .  In our survey, however. 
..,. . I-:.. .+ not evident. The sipnifiwnt in- 
crt':!;? of 1nYCs in bone and gcnihl organs 
v:ou1d thus warrant attention to the possible 
(Li!i:, f ~ i  and. hence, to the neccssity for de- 
tcrmhiir,g t5e results of these hazards. 

It is evident from the facts dexribcd pre- 
' i iGW1y ?lint the effects of radiation on or- 
zxckrs hzs become a problem to the entire 
iiuri:nn rxc.  Corresponding to the environ- 
n:cntal pollution, the amount of :L;3Pu, 9OSr, 

I , . ,  . 

and *Ts in humans wm cIcar1y obsentcd to 
bc grcatcr in northern Japan, while mdioac- 
tive pollution of b h ,  SheIlfsh, and stxiweed 
was similarily grcqtcr on the Japan scaside. 
The olscrvcd regional variation in fallout 
shows that there is a gcncnl tendency for 
the fallout to be greater in the Japan Sea 
thnn in the region bordering the Pacific 
Ocean.3 The reglord distribution of the fdl- 
out inncrtticm Jnpm was considerably m a t -  
er in wintcr and less in the summer, directly 
reflecting nuciear testing dates. 

This study was supported bv grant-in-aids (1963- 
1969) for scienrific research from the J-try of 
Educatios Japanese government 
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