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Medical Survey of JaPanese Exposed to Fall-out Radiation in 1954

A Report after 10 Years

1. Introduction

on 1 Niarch 1954 a thcrrno-nuclear test explo-

sion was performed at Bikini lagoon b)’ L’, S.

authorities. .-it ttmt time, one Japanese fishing
boat, the 5th “ Fukuryu-tnaru” (Lucky Dragon)

was about 90 miles cast of tile explosion centre.

The twenty t~rce Japanese fisllermctl on board

aged 18-39, saw a htsgc red Iigllt in the ~vest

and heard a detonation sound several minutes

later while tl]ey t\erc fisllitlg for tunas. :~fter

this explosion, a large ~mount of’ radio-active

substance fell on dlc ncighbouring al’ea. .1 t

about 7:00 a. m. \vl~iLe matter bc,gan to fall,

which continued for approximately 5 hours.

They gave up fishing and returned to their

harbour on 14 Xlarch 1954.

After landing, all the fisllertnen were found

to have been injured by the radioactive materials.

Seven of them were hospitalized to the Tokyo

University Hospital, and the other sixteen to

the First National Hospital of Tokyo b> 28

March. They were discharged from both hos-

pitals in May 1955, except one fatal case who

died on 23 September 1954.

After being discharged, they took rest at their

home for some period. Although some of them

continued to work as fishermen, most of them

gave up fishery and got netv jobs. Because of

their varied status in occupations, financial situa-

tions and of the widely distributed addresses, it

was not always possible to get all of them

together for the annual examinations as planned.
‘“.-+ ‘

Il. SU~WY of the post Findings

We have reported medical data Of these people

several times’’-”. The i’ollo~vi~]g is a brief sum-

mary of the p~st findings.

A. State of Irradiation and tile Estimnted Dose

The persons were irradmtcd in the following

●

three ways:

(1) From the radioactive materials adhering

to the body surface.

(2) Externally from the radioactive materials

deposited in the cabins, on the deck, etc.

(3) Internally from the radioactive materials

entering various organs.

The diameter of the fall-out materials ranged

19-MOP, mainly 1OO-4OOP’1. The radiochernical

analysis of the materials was performed at several

laboratories. According to data from Prot’.

h-s laboratory”, on 26 March rare-earth

elements contributed about 50?6 of the total
t

radioactivity and uranium contributed about

20?~. The specific activity of the material was

0.37 mCi/g on 23 April. By extrapolation of tilis

data, a value of 1.4 Ci/g was obtained as the

specific activity at 7:00 a. m. on 1 March. The

estimation of irradiation dose, especially that

from body surface and internally deposited

radioactive materials, was difficult. However,

externally irradiated dose for 14 days was esti-

mated as 170-700 R, about halI or more being

irradiated on the 1st day (Table 1). This estima-

tion was based on the results of the experimental

reproduction of ash-fall, and on detailed inves-

tigation of each patient’s behaviour on the boat.

The dose to each person differed depending on

his behaviour and the position of his cabin.

The integrated dose to the thyroid from ‘“I

was inferred as about 20-120 rad on 4 persons

who were examined 2-3 times for external count-

ings of radioactivity in the thyroid region during

the 4–7 weeks after the initial exposure.

Urine samples of patients were collected and

transferred to the Health and Safety Laboratory

of U. S. A. E. C. for radiochemical analysis several

times.’”’ Significant amounts of radioactivity

~ves-e found in the urine samples collected at

about 4 \veeks after the explosion. Radiochcmical

analysis of these samples indicated that O’Sr and
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Table 1. Estimated Qose of }Vhole Body Gamma

Radiation

Subject No. , 1st Day ~ Total ~

T- 1
T_ ~

T- 3

T- 5

T- 6

T- 7

“I- 8

K- 1
~_ ~

Ii- 3

K-+

K- 5

Ii- 6 I
K- 7

——
240-2901t~ W-WOK!

210-200 ~ 390-+40 !
[50-WO
4X)-43(I
130’-180

1+0-190

310-360
190-220

130-180
140-1(90

1W- I70
140-190
180-W
23(J-2W

%O-31O*

Wo-b!lo

X()- 25(I

2!0-270
3?0-570

31O-3H)
200%Zjo
~jo-jxo

190-240
220-270

300-330

340-WI

380-+30

5.-XI- 600

(360-410)

K-1o ! 140-190 ) ‘JJf)-ylo ;

K-II ~ 1?0-170 I 70-220
K-n! I lW-15(J ; 170-220:
~-f3 I 250-303 37”-*2O
K-14 i J20-IKI / 5[0-390 ~

K-13 ~ 140-1 [90 ‘210_2ti(J
f.-t(j ~ [y(J-j70 ] [(90%’)40

* T-3 put the fall-out material close to his bed.

Thcrcfurc, about 100 R should be added in total,

“’’Bacrmtributed 4-207~ of radioactivity at that

time. The radioactivity decreased extremely

rapidly, e.g. at about 6 months after the detona-

tion, the activity in the urine was barely de-

tecmblr. .\fter 8! years, the levels of ‘“CS in

urine/24 hrs. \vere the same to t]la[ ~~’ nurm~l

persons.

Radiochemical analysis of several organs from

the fatal case, Jvhich died on 23 September 1954,

sllo~ved that, comparing with the controls, radio-

activity of these organs was clearly higllcr, al-

tl]oug-h it was not extremely high.”)

\Vhole body counting was ptrformed cm three

persons 8j years after the initial exposure. NO

siyni[icant clifrerence was found between the

curves of tile three irradiated persons and tllc

curve of the control.

B. Clinical Ot)servations

1. Symptoms and Signs
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Fig. 1. Syrnpto]ls and Signs in the Early Stage

Soon after the initial exposure most of the

patients experienced anorexia, fatigue and lach-

rymation, etc. These symptoms and their

changes are illustrated in Fig. 1.

The diseases occurred bet~veen 1955 and 1963

are listed in the following.

T- 3 eczema (1957-1960), pneumonia (1963)

K- 4 erosion of r. external ear (1962), im-

petigo (1%3)

K- 8 r. pulmonary phthisis (1955)*

K-10 r. exudative pleuritis (1959)’, Furun-

culosis (1960)

K-lti acute appendicitis (1957)

2. Skin Lesions

Skin lesions occurred due to beta radiation.

An estimate of the radiation dose to the skin

was difficult. Shortly after the exposure, they

sui~ered from erythema which was followed by

edema, vesicle, erosion, ulceration or necrosis.

+ These tvere diagnosed by Dr. Kumatori. The

others were due to complaints of the patients.
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These signs reached the peaiein about the 3rd-

4th Jveck and subsided gradually. These skin

lesions including epilation were observed on

parts uf tile body not covered by clothing and

on the na~”el re~ion \vhere radioactive dusts

from ntck \vere deposited, Histolugiclilly, these

skins ir{re similar to ordinary radiodermatitis.

I{en]atk<iljle epilation \vas observed in20 pdtients.

Two p:ltients}vho did not \vear hats at the time

01’ the accident revealed complete epilational

necrosis. Xficroscopically, coagulation necrosis

and cell infiltration in the necrotic scalp ~v~s

observed at al]out the -lth week. These skin

lesions ,I!covcred gradually. Tl]in and delicate

hairs ljc.q<m to grow again at t}le beginning of

\Iuy, atlcl in 2-3 mont}ls they gre!v back almost

Complclcly. But, T-2 and T-7 have alopecia

even no,.. In some persons, capillary dil~tation,

depigrrl,ntation and pigmentation 01’ skin m-e still

observed in the navel re,gion. For tile skin

lesions c~cry possible treatment was applied.

For dec,mtamination, mechanical washings with

Xa-EDl’.\ or \varm water \vere done. The hair

of llcad. .ixilla and pulses Jvas shaved off. Tile

nails ~icre cut off. In one md half months

superficial contamination was almost removed.

The distribution of surface radioactivity and

skin lesions is shown in Fig. 2.’”

3. Haematological Observations

Leucor]tes

Total number of Ieucocytes decreased gradual-

ly, sho~ving minimum count at about 4-8 weeks

after the exposure. Five cases revealed a count

of less th~n 2,(JW;’mnl’, thirteen Itss than 3,000,

and five less than 4,000. In one ctise, the ieucocyte

level depressed to 800. A correlation \vas found
bet~veen these minimum count and the doses of

individual external irradiation.

Neutrophil level also depressed. Bet\veen the

4th-8th weeks all of the cases got minimum

values, ivhicb were proportional to the dose of

radiation received (Fig. 3). In most cases a shift

to the left of the nucleus was observed.

Lymphopenia was noted between the 2nd-8th

weeks in all cases.

Leucocyte count began to increase since 8tb

week. At ●that time, metamyelocytes and my-

elocytes ~ppeared in peripheral blood of some

cases.

In most cases eosinophilia and in some cases

monocytosis \vere remarkable, especially with

the indication of recovery. Eosinophilia con-

tinued in some cases for several years without

proof of parasite.

Neutrophil and lymphocyte levels recovered

gradually. However, cumulative distribution

curve of total leucocyte count at the Gth year

was still slightly displaced to the left of normal

J~panese, and in several cases, number of lym-

phocytes was below 2,000/mm’.

Xlotility and phagocytosis of neutrophils de-
I

II
1>

.-

1

,1

pressed remarkably. -Ilthough they recovered

gradually, after one year these functions in some

cases were still lower than in normal persons.
Erylhroc~tes

At the time of hospitalization, a few patients

were slightly anaemic (RBC 3,000,000 ~mm’). NO

!1

i
I

I

reticulocyte was observed in them at the critical

stage. The cumulative percentage curves chang-

ed as in Fig. 4.

Colour index was higher than 1.0. The Price-

Jone’s curves of erythrocytes diameter were

displaced to the right of normal one at first,

.,

,[

,,
!,
‘,
,!

,,,

1
,’and returned to almost normal after one year.

These changes corresponded to changes of ery -
I’lg. ?. D]strlbut,un of Radiodcrmatitis’2’ throblasts diameter in bone marrow.
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Platelets

Platelets counts showed increasing depression,

reuliing minimum at the 4th-7th weeks. The

recovery began during the following severul

weeks. The cumulative percentage curve still

displaced to the left of normal curve after one

year.

T}le results of other tests related to haemor-

rhaqe showed depression at the early stage in

rgtmrr~l znd recovered by the 10th \veck.

BOII, marrmt

‘1’lie bone marrow was aplastic at the critical

stage in severe cases, \vhich showed remaining

and proliferation of plasma cells and reticulum

cells. }Vith the beginning of recovery, aplastic

marrow changed to hypoplastic and then turned

into a type of maturation arrest. Recovery was

not complete even after one year. In the cases

not so severe as these, the bone marrow was

not aplastic but hypoplastic or a type of matura-

tion arrest even at the critical stage.

.Morp}lological abnormalities

Se\’eral morphological abnormalities, e. g. ab-

normal granules in lymphocytes or neutrophils,

vacuoles in various leukocytes and megakaryo-

cytes, giant nuclei and hyper-segmentation of

neutrophils, binucleated lymphocytes, abnormal

mitosis of erythroblasts, etc. were observed for

about one year, especially at the critical and

the recovering stages.

Erytlirocyte sedimentation rate was accelerated in

the early stage in some cases.

4. Spermatopoiesis

The examinations of spermatopoiesis \vere per-

formed on 18 patients several times.

Numlwr of spermatozoa decrcmed about 2

months after tile initial exposure, and azoo-



spermia was found in 16 case~in N’ovember 1954,

e. g. about 8 months after the detonation. Both

lowerin~ o!’ motility and morphological abnor-

malities ol’ spermatozoa were also observed.

The testicle of the fatal case, which died

206 da}’s after the explosion, was remarkably

atrophic. possessing the interstitial tissue composed

of loosely arranged connective tissue. Sper-

matogonia were greatly decreased in number,

and in some areas they were completely lacking.

\’o sperm was encountered \vithin the lumen

of either seminiferous tubules or epididymis.

Indications of recovery were observed at about

one year after the explosion in some patients,

but number of spermatozoa was still far below

normal vnlue in all the cases. Most of them

began to reveal a sign of regeneration about 2

years afrcr the exposure, and got children (Fiq.

5 and T:ible 2).

lW

- lV
‘k

< ,01

8
g 1P

~ 10

ii
20

I9s4 1955 I9s6 19s I9s I959

Fig. 5. Changes in the \’umber of Spermatozoa

5. Liver’ Function

Slight disturbances of the liver function were

found in a few cases about 4 weeks after the

initiml exposure. Later it became more obvious,

i.e. the repqated appearance of jaundice in several

cases, an increase of serum gamma-globulin con-

Table 2. Marriaqe and Childbirth of the Patients

LhIe
1954 1955 1956 1957 ; 1958 i 1959 1960 ~ 1961

1
1962

case - ‘ .

T- 1

2

3

5
6

7

8

K- 1

2

3

4

5

6

7

8

9

10

11

12

13

+14

15

16

M (2)

M (3)

M (2)

M (4)

M (3]

A

M;

M]

M

‘“lm

M

I
I

if I I

1
I

I

f,
(

II
I I

m m,

‘M

M,

m

f

M

m

M m

M

M

f

M

f

f

u (2) f

MA

f

[

M

f

f

m
f

m

f

f

f

If

M

f

m

M ... ...hfarriagc ( )...-.No. Of children at the time of exposure

1963

x

m

(

m

-—

Age in
March 19.54

27

38

28

30

28

27

26

22

25

25

24

22

26

18

23

22

24

23

18

22

39

27

20

I
,/

m- .. . ..kfale - f . .. . .. Female A . . . ... Abortus + .. . . .. Fatal case

I
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tent, and increased retention of RSP, etc. \vere

ol)st. t-veal in most cases. One of tile patients,

!~’llo \vas pmcytopenic-at about the 4-71b !vetk,

died from liver damage 206 days after the
,.

exposure. In other patients, liver function gradu-

ally recovered. and clinically significant liver

disturbances have not been found. For example,

CCF test Ivls positive in most of the patients

in 1955 survey (1 ~ years), \vhile CCF test in

1957 examinations JVaSnegative in all the cases.

& Other Studies

The study of Ieucocyte chromosomes was made

\vith peripheral blood culture method. The

results of the study, however, were not sufficient

en,)uqh to be presented.

ophthalmological examinations sho~ved slight

lcnticular opacities in several cases, but, these

llnf’e not been related to the former exposure yet.

Content of Na, K, P and Ca in serum was normal.

Ill, 1964 Medical Survey

.\s filready mentioned, we have tried to per-

form medical survey on these irradiated persons

On :]n annual basis. However, sufficient examina-

tif~n was impossible by several reasons.

This 1964 survey was carried out as follows :

Thirteen persons were examined at the

National Institute of Radiological Sciences,

and one person at the Tokushima Univer-

sity Hospital, under hospitalization.

Four persons were examined by Dr. Ku-

matori, et al. at the Yaizu City Hospital as

outpatients.

The period of hospitalization was 3-6 days.

Tl]e 1964 survey Tvas performed from the end

of January and finished at the beginning of

“May. During this period, Dr. & & Co_na~d from

Brookhaven Nati~nal Laboratory, the Head of

U. S. A. E. C. ,Medical Survey Team on .Mar-

shallese exposed to fallout on 1 March 195.+,

visited Japan to be on hand for the examinations

of Japanese fishermen. Dr. T. Kumatori, National

Institute of Radiological Sciences, went to the

,Marshall Islands with Dr. Conard, and coope-

rated with U. S. Medical Survey Team for about

3 weeks. This exchange visit was \’aluable for

understanding of radiation effects on both Japa-

nese and Marshallese exposed people.

A. Interval Histories

Their occup~tions in

Fisllcries, includiug

Seaman ..

Labourers .

Farmer .

Personal business

Telegraph operator

.Tecllnical oficial

1964 were as follows:

pelagic fisheries5
. .. . . . . . . . . 1

. . . . . 8

1
., ..,,. ... .,,, 4

1

. . . . 1

Occupation unknown 1

The intetn,al medical histories tvere summarized

in pa,qe 2 and Tab[e 2. Several diseases contracted

after the release from the hospitals did not seem

to be late effects. Since tile 1963 survey no

significant disease has occurred. Their children
are healthy, but detailed medical cxamitmtions

of the children have not been carried out yet.

B. Physical Examinations

The routine physical examinations revealed

the fallo~ving:

In 10 cases among the 18 examined, livers were

palpable 3-2 finqer breadth belo!v r. costal margin

at mid-clavicular line, but they \vere soft and

not cirrhotic.

Case K-8 det’eloped r. pulmonary phthisis in

1955 and received chemotherapy. .4t present,

only small fibrotic foci are observed in r. subcla-

vicular area on chest X-ray film.

Systolic murmurs were heard at the apex of

heart in K-10, and r, bundle-branch block was

proved by ECG. No medical treatment was

required.

Case T-7 was proved glucosuria. Detailed

medical examinations are to be done at Yaizu

City Hospital.

Cases T-2, K-1, and K-6 showed slightly

elevated minimum blood pressure (94, 98, 98,

respectively).

C. Skin Lesions

Residual skin changes in areas previously ex-

hibiting beta burns were still observed in some

cases.

.Most remarkable residual changes were shown

in abdominal wall (T-6, K-2, 4, 5, 7, 11, 12, 13).

Pigmentation, depigmentation and teleangiectasia

were observed microscopically (Plate 1). His-



tological section of these area revealed p~tclly

10ss of pigment cells at tile base of tllc epidermis

and sli~h(ly edern; ttous upper dermis and p:l[)illac.

The blood vessels showed slight vacuolation of

the media of the muscular arteries, hut no

evidence nf infl~mmation or neoplasm Jvas found

as \vell as chronic dermatitis fDrs. \l, Scki ~nd T.

Yoneyama) (Plates 2 and 3). These findings

are similitr to those obser~, ed in the \farshallesei3>.

In t!vo cases who s}]o~ved complete epil~tion,

small :llopccias were still observed (T-2 and 7).

Thin }I:lirs qre~v in the area. In T-7, gri=y l]~irs

seemed to be much comparing \vith n,qe.

Besides those area, residual beta burns tvere

ohservrd in small area of \\,rists (T-6 and K-7),

external mrs (T-2, 7, 8 and K-6), foot and leq

(K-8).

D. O[)l]tlmlmological Examinations

Oplltll:]llll(,logicnl examirmtion’i \vere carriccl

out on 1+ l]ospitalized persons and 3 nutp~ticnts

by Dr. > -n, >-ational Hospital of Cllilxt,

Yaizu City Hospital, respect-

il.ely. The results are presented in Tal)le 3.

Table 3. Ophthalmological Examinations

Ptcrygium and pinguccula . . . ...9 (T-3, T-fl, K-2, K-4,

K-5, K-8, K-11, K-13,
K-16)

Corncal piqment . .. . . . .. . . . . .. . . . . ...3 (K-2, K-4, K-10)

VasculalisaIiOn .. . . .. . .. . .. . . . . . . ...2 (K-4, K-13)

Kcratitis diffuse . .. . .. . . . . . . . . . . . . . . 2 (T-3, K-5)

Arcus senilis . .. . . . . .. . . . . . . .. . . . . ...1 (K-n)

Lcnticularopacitics .. . . . . ..-...-..7 (T-2, T-3, T-6, T-7,

K-5, K-11> K-16)
Vitrcus upacitics . .. . .. . . . . .. . . . ...1 (K-8)

Macular degeneration .. . ..--....3 (T-3, K-2, K-5)

Retinal arteriosclerosis . .. . . . ...5 (T-2, K-4, K-5. K-6,

K-9)

Strabismus .. . . . . . . . .. . . .. . . . . ....-.-2 (K-4, K-10)

Ptervgium and pinquecula were observed in

9 persons. Corneal pigmentation ~~’as proved in

3 cases.

Len[icular opacities tvere noted in 7 cases; i. e.

Cases T-2 and T-7 showed sli<ht opacity of

posterior cnpsule, cases T-3. K-5 and K-11 had

opacities of subcortices. Case K-16 shmved

slight opacities of posterior cortex. Cataract2

7

punctata ivas noted in T–6 \vho \vas examined

in TiJkushinl~ University Hospital.

:1s to the neuroretisml findings, slight opacities

and pigmentation of macula were found in 3

cases, and slight arterio-sclerosis \vere observed

in 4 cases.

In gcnetml, it is still early to decide t)”hcther

these abnormalities in the exposed persons }vere

l~te effects of the exposure in 195-! or not. Precise

observations should be continued.

E. Hacmatological Examinations

The results of haernatological

nrc presented in Table 4.

a. Peripheral blood

examinations

Ltwrmyter : Leucocyte numbers \,!ere dis-

tributed het~vcen 4,!200 and 9,400.

:$’rtttmphil.<: N-umbers of neutrophils \vere

in nort’tml ranqc in all the cases except Case

T-3. Obvious shift to the left of nuclei ~vm

not found.

Lyrnp/m~l,te~: N’umbers of lymphocytes ~vere

over 2,000 in all the cases except Case T-6

which showed lymphocyte level belo~v 2,000

in every examination.

Eo.~inophils: Case K-2 showed eosinophilia

which had continued since acute stage. No
sign of parasite was proved.

Basophils: As to basophils, the rate to 3,000

Ieucocytes was calculated (Table 5). Com-

paring with that of normal persons, slightly

high percentage of basophils was obser~’ed in

Case K-2 and Case K-9. The latter showed

similar rate in 1961 survey.

kfonocy[es: No pathological data was obtain-

ed on these cells.

T-3, K-5 and K-4 were chosen as represent-

ing cases at the acute stage with si,gns and

symptoms of marked degree, of moderate

degree, and of minimal degree, respectively.

The changes of WBC, neutrophils and lympho-

cytes are illustrated in Fig. 6-A, B and C.

T-3 showed slightly decreased values. Con-

sidering the myelogram of T–3, ~ slight mat-

uration arrest of myeloid cells might exist.

Plf7felrts: Platelets counts (130-.510 x 10’)

were normal.

Ery!hropoietic elements: Between the exposed

1
)

I

I

I
1

I
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-Table 4. Individual Haematological Findings

I .>

29 9.~’43 3 45;2’0 6! 4480

30 4,~~ 42 4 29 (,4!0 4 ~ 59 48 1’30” 9’30’’-IW’W

13 5,200 105 b6~0232 2’30” g,~,,

py 6,500 45 11 4012\Ol ] 46 93 1.

45 , 6,2130 48 5 49 2’0~8i36 30 2’20” 10’00”-12’40”

44 7,1WI 47 7 42i310’345]5 3’00” 14’00’’+16’50”

45 6,60d 44 7 +0117+ 1313257 2’30” 3’(W-]0’]5”

44 7,100 45 5 ~8~2:o~~;50 60 2’lo” 6*301’-]5~oo)>

T- 2 13.3 482 0.92 4

3 15.3 491 1,04 3

6 16,8 533 0.98 8

7 15,3 477 1.08 6

8 16,6 571 0,9 14
K- 1 15.2 488 1.0 6

2 13.4 457 1.0 7

4 14.9 485 1.0 11

5 13,6 438 1,05 6 22 8,~i41.4168’1; l14 ;25

6 17.4

38 2’00” 9~2(1’~-]3w3,1

517 1.1 11 40 5,W; 47 4 51 6’00”- 17’(XY

7 15.7 523 1.0 11 34 5,600 49 7 52

8 i6.1 515 1,05 7 30 6>100 49 9 49 7’20”- I 3mOJI

9 15.3 498 1.0 19 47 7,10q 45 945 7’30”-16’00”

10 533 0,9 5 51I5.4 6,800 50 7 49 6’30”- ] 1W“

It 16.4 477 I.1 10 ~ 39 8,W1 46 7 51

]~ 12.9 457 0,9 7 42 5,100 44 3 43

13 16.5 526 1.05 8 36 9,80t) 48 5 68 qo
16 14,9 498 1.0 6 31 5,w~ 47 3 48~2i0

5! 016134 69 2’00”
0~012~3953

310 4 \ 33 42 ‘3’00”
610
20

4’8

7,(I

Table 5. Basophil Determinations

i ~~ Base, /3,0C4) cdl Count

Subject No. — —.—
;;%ll- 1964

T– 2
T– 3

T— 7

T– 8

K— 1

K– 2

K– 4

K– 5

K— 6

K— 7

K– 8

K– 9

K–1o

K–11
~—1~

K–13

K–15

K–16

0.30

0.30

0.50

0.27

0.10

0.37

.-

0.13

0.90

0.50

0.90

0.63

0,48

0.12

0.39

0.24
0.04

0.80

0.36

0.55

0.13

0.22

0.12

0.89

0.09

0.16

0.47

0.12

0.08

b.

9 normal person9 I 0-0.63

2 ~ 38 99 2’30”

7 I 35 40 ~!oo,t

persons and the corresponding normal persons,

no difference was shown in the levels of

erythrocyte, hemoglobin, and haematocrit.

Colour indices were nearly 1.0.

Alkaline ~hosphatase of neutrophils:

N. AP-ase score of M’BC was slightly low

in Case K-1. Other cases showed normal

scores.

It is necessary to continue this study period-

ically.

Bone marrow

Bone marro~v punctures of sterna were

carried out on 14 exposed and 4 normal

persons. Bone marro~v smears, histological

sections, were observed.

Case T-3 revealed slight increased per-

centage of myeloblast (6?6). High M/E ratio

was observed in Case K-12 (M/E= 5.5). “Mi-

totically Connected .Abnormalities (M. C.

Abn.)””) were examined. The results are

summarized in the Table 6, In Cases T-3,

K-4 and K-9. karyomeres were increased,

comparing \vith normal and other exposed

persons.
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Table 6. Xlitoticallmonnectcd .Abnorma[itics

(per I,MQ Erythroblasts)

) I .Abcrrti,,t
‘U b.kct ~Binuclcatcd, Karyomerei Chromo- Giant

so. Erbl.II some in .Xeutrophils
; Xlltosis ~

~– 3 4

“T–8 4

K—1’ 3.3

K– 2 1.3

K– 4 0.67

K— 3 1,3

K- 6 I .3

K– 8 0

K–9 2

K–1o 1.3

k–l] 4
~-]~ 0.67

Ii–13 2
~ .lfj 2.7

.\(lr Ill’11

1 ~
) 4

3 0

4 0

5 ~

11.3

0

2
..’ ~

7.3

5.3

0
~

0.67 +

o —

o —

o —

2 —

1.3 —

o —

o —

‘:”~ ~ + -
1.3

0 0.67 ;

o u —

0.67 0 —

0.67 1.3 —

L2
4, —

In the histological sections, all showed nor-

mal cellular marrow.

c. Hemorrhagic diathesis

AS to the haernorrhagic diathesis, no abnor-

malities were found.

F. Chromosome Studies

Chromosome studies succeeded on 13 of the

exposed persons. _The observation of chromo-

somes was made by cultures of peripheral leuco-

cyccs prepared in accordance \vith the method by

Afoorhead, et al. with a slight modification.

Samples were obtained 72 hours after initiation

of culture, and 200 metaphrases were examined

in each culture for all the cases except one

case, The control obser~’ations \vere based on 11

normal males, aged 28-53. Tile results of the

observations are shown in Table 7.

.1s sl)oivn in the table, frequencies 0[’ cllrtJnltj-

s{)tne al)errations in the exposed I)ersons \rere

much higher than those in the normal. Further,

dicentric chromosomes and monocentric abnormal

chromosomes, chromosome-type abnormalities

which ha~e never been observed in normal

persons, occurred in them. Dicentrics were found

in 7 cases, and monocentric abnormal chromo-

somes were present in all of the cases examined.

.-IIso, aneupluid cells occurred in a high frequency.

In view of the importance of these findings,

long term observations arc to be made. The

chromosome abnormalities of t!lese patients tvere

reported elsewhere together with those of other

radi.ition-exposed people, i. e. atomic bomb sur-

vivors, Thorotrast-injected patients, etc.”)

G. Other Lal)oratory Studies

Several Iahoratory studies were made on the

subjects. The results of these examinations were

mostlv \vitllin normal range. However, some
of tlwm indicated slight abnormalities.

ZIT: A’ormal.

Tf~tnol lurbidity ie~t :

Cases I--5, 6, 8 and 9 revealed high val-
ues (7~10).

!cteric index: Cases K-8, 11, 13 and 16 show-

ed slight increase (nearly 9).

Serum aikuline /rhosphatase:

Cases K-6, 7, 10 and 11 indicated in-

creased values (12-18 King-Armstrong

unit).

GOT: No pathological data was obtained

except for T–7 (70 Frankel unit).

GPT: All data were within normal range.

Paper eleclro pfloresis: No abnormal findings were

obtained.

TotcIl cholesterol: .411 were normal.

B3’P ted: Cases T-6 ( 12.5%), K-b (5-7.5%) and

K-13 (5 -7.5%) revealed slight high

retention (45 min.).

Erythrocytes sedimentation rate:

.411 were normal.

Tc>ts for ~@ylis: All were negative.

A?outirlcuriue unutj)e~ :

.i sample from Case T-7 was positive

for sugar (1/10 -l/4~0). others were

normal.

Ft’(-(.f: No parasites ~vere observed.

PBI : Five cases \vere measured for pill con-

tent by courtesy of Dr. Tachibana (St.
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Table 7. Chromosome Aberrations

-\ I
No of Chromatid 1 Total ~ Cells with

.%ncuploid!
,,

Aberra- .\centric
Case ~ Age Ce”l[s ~+ Dicentrics Rings t OthersCeils*** ~ Fragments : ~.

,Chromosome Chromosome
Abnormai- ~ Abnormal-

: Irxarr’’n=dl “%s ~ ‘6 i ‘b I ‘0 ! ‘b I ‘o I ‘9 1 %
ities

I I

3.-I4 2.14
—-— J—

C(JIl[l(Jl+2U-5% 2,300
0,18 o

(0-6.()) 0’0’ I (lo%
23~-

(0-4.5) (0-LI.5)——-.—.— —— (1.0-5.0)
.l. _ ~ 39 200 4.() 3.5 1.5 0.5 0 ! 0.5 I 6.0 5.5

T– 8 37 ~ 100 ?,0 :}.() o 0 0 2.0 4.0 4.0

Ii-1 32: 203 4.0 3.0 0.5 ; o 4.0
~-.~ 35 ;I::i ;:: i fj~

i ~~
3.5 6.0 0 0

K– 4 35 +.5 4.5 I
o 0.5 0 1.5 6.5 6.0

K– 5 33 1 2W 2.5 3,5 ~ 0.5 0.5 0
K- 6 36 ~ 200 ?.0 3.5 1 0.5 0.5
K932/ 200

::l:; 6.:;

9.0 3,0 0.5 0.5 : i 1.5

1

5.5 5.5

K–1(J 35 I 200 3,0 4.5 ! o 0.5 0 i ~. 7.0 : 7.0

K-l] 33 I ZOO 4.5 3.0 1.0 0 0 1 I.O I 5.0 5.0
~—]~ 29 I ml 4.5 2.0 I .0 0 0 ! 0.5 3.5 3.5
K-i J 28 i 200 2.0 2.0 (J..5 o 0 1.0 3,5 3.5

K- 16 30 I 200 5.5 2.0 0.5 1.0 ● o i 1.5 i 50 50——
I’u[t[ ! 2,500 3.9 3.3 I 0.5 I 0.3 0 ~ ,3 ~ 53 ; 5.1

* Consisting of eleven healthy male.
‘+ Xot being included in “ Tutdl chromosome abnormalities ‘“ and ‘< Cells >vith chromosome abnormalities “.

‘+* .i chromowrne or chromosomes being missing fron] or ~ddi[lona] to one or more of the seven chromosome
groups : the di~tribution in the remaing groups being normal.

Luke’s Hospital). N-o abnormal value
was obtained.

B.IIR : Cases T-8, K-2 and K-12 were meas-

ured. Data tvere + 996, —2?~, and -296,

respectively. As Case K-2 was suspect-

ed of a slight enlargement of thyroid,

‘“I uptake, PBI conversion rate and

Triosorb tests were added. No abnormal

result was obtained.

H. Internal Exposure

a. “7CS

1) \Vhole Body Counting

Gammaspectrometric analyses by whole

body counting on the 13 exposed people

indicated no significant increase of “’CS. No

difference was recognized between the curves

from the exposed persons and those from

tile controls.

2) Radiochemical -~nalyses of LTrine

“;Cs anmlyses \rere c.lrriecl out on 24-hour

urine samples from 10 t=xposcd people and

14 normal persons. The “7CS content of

urines from the exposed people was distribut-

ed between 23.3& 0.6 and 129.6L2.3 pCi/24

hrs. and the mean ‘S7C5 contents were 79

pCi124 hrs. urine. On the other hand, the

“7Cs content from normal urine samples was

distributed between 57.8& 1.7 and 191.1*2.6

pCi/24 hrs. and the mean “7CS contents were

112 pCi,24 hrs.

Considering the results of whole body
counting and urine analyses, ‘“Ch content of

the exposed people is not different from that

of the present normal Japanese.

b. ‘OSrt ‘“Y

‘“Sr analyses were done on the pooled urine

samples collected from 3-5 exposed persons.

.% the control, 3 normal samples were analys-

cd. N-o significant increase was found on

the samples from the exposed persons.

Summary

Nlcdica] examinations were carried out from

middle of January to middle of klay 1964 on 18

persons exposed to l’all-out in tile middle Pacific

‘!
‘1

,1
1’

I

i
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Ocean in 1954. Four=en of

under hospitalization, and
-\ treated as outpatients. .4t

them ~vere examined

the other four were

first we planned to

examine all the exposed persons (twenty -t}~o in

total), however, mainly krr reasons ot’ their o~tn,

tve could not include four of them in the 1964

survey.

In general, these persons had been in good

health during the past years. .AIthouqh se~,eral

diseases occurred in some of them, there ~vas no
definite reason to relate the radiation exposure

to SUCh diseases. Since most of them got child-
ren after being discharged from hospitals, it

i~ould seem evident that permanent sterility did

not occur in them.

TIIe routine ph}sical examinations of 1964

revealed that liver was palpable in ten cases.

H{]}rever, it was not cirrhotic, and did not seem

to lx related to liver disturbances. The routine

pll} sical examination had no observation to be

rclatoble to the radiation exposure.

Residual beta burns of the skin tvere noted in

13 people of the 18 examined. The burns Ives-e

ol)wrvcd in tvrists, external ears, abdominal walls,

f,wt and leg. host remarkable ones !vere those

seen in abdominal walls. Skin biopsies of tile

abdominal walls were performed in six cases.

Histological diagnosis as well as macroscopic

ex~mination of these lesions indicated no malig-

nant change, In one case that showed complete

e[)ilation at the time of the accident, a small al-

opecic area was still noted in the scalp.

Ophthalmological studies revealed lens opaci-

ties in 6 cases, in which 2 cases sho~ved opacities

of posterior capsules. However, these changes

had not characteristic features described about

progressed cataratts of atomic bomb survivors

in Hiroshima, although lens opacities of 2 cases

were found in posterior. Further ophthalmolo-

gical survey should be needed.

Haematological survey showed that the results

of peripheral blood examinations were almost

normal, although neutropenia, Iymphopenia, eo-

sinophilia and slight basophilias were observed in
one or two cases respectively. IS. .AP-ase-score

decreased in one case. Bone marrow exami-

nations reve~led slight increase of myeloblasts

and hfl E ratio in Cases T–3 and K-12 respect-

ively. “ Ilitotically Connected Abnormalities “

were found in a few cases. In view of these

findings, it could be indicated that there is some

residual effect of radiation exposure on haema-

topoiesis on these persons.

Chromosome observations of peripheral leuko-

cytes were made in 13 cases. The average rate

of chromosome aberrations was much higher than

that in the normal. The frequency of aneuploid

cells Ivas higher, and chromosome-type abnor-

malities such m dicentric chromosomes and mo-

nocentric abnormal chromosomes were frequently

obseped. Cells with dicentric chromosomes oc-

curred in 7 cases, and those with mom.rcentric

abnormal chromosomes were present in all of the

cases. To trace the fate of such CCIISwith chro-

mosome abnormalities persisting in them seems

to be necessary in the succeeding annual inves-
tigations.

There were some abnormal findings in different

laboratory studies. However, it was not proved

that radiation exposure was related to these re-

sults.

}Vhole body counting and determination of

urinary excretion of ‘“CS and ‘“Sr were carried

out, No significant increase of ‘“Cs or 9“Sr was

found on the exposed persons by the examina-

tions.

In general, the results of 1964 medical survey

on Japanese fishermen did not indicate clinically

significant late effects of the fall-out exposure in

1954. Ho\vever, it seems to be very important

as well as necessary to conduct further medical

survey to detect the significance of subtle changes

such as observed in haematological, chromosomal

or ophthalmological examinations.

I
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Explanation of Plates .

Plate 1. Residual “ beta burn “ on abdominal wail of Case K-5 in 1964.
,,, .

,,

Plate 2. Section of skin from “ beta burn” area shown in Plate 1 (1OOX ).

Plate 3. Section of skin from “ beta burn “ area of abnominal wall of Case K-12 in 1%4
,’.

(loo X).

Plate 4. Section of skin from non-exposed area of abdominal wall of Case K-12 in 1%4i: ~, “,
.-.:, ,

... . pax ).
.-

Compared with Plate 4, Plate 2 and 3 reveal atrophy of epidermis with -,
.:.. =..,.

‘$, ,..) ...
XIV

narrowed stratum granulosum and elongation of rete pegs. Fibrosis and collapsed;....,: ,,J ,.
:’.-$$]~~;~;. bl~ ~Pill~ies are seen subepidermall y. .,. ”

:*:i’ +.’ ,.,

Pla~.5.. A metaphase from Case K-4. ii dicen tric chromosome is observed.
;. ., <-f””... ,t

plate a. $$ karyotype from Case ‘&-16.’ It revea]s an unusual acrocentric chromosome.
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