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of EFFICTS Cr FALLOUT RADLATION

ON MARSHALLESE CHILDREN

Wataru W. Sutow** and Pobeart A. Conardi**

On Merch 1, 1954, native inhabitants of several atells in the Marshal

Islands were exposed accidentally to fallout radiation following the experi-

mental detonation of a lerge thermonuclear device at Bikini Island. The

heaviest fallout occurred on Rongelap Island, downvind and about 100 miles

east of Bikini. Since that time the exposed people have undergone regular

and intensive medical exaininations, the results of which have been documented

in a number of publications!”4 .rhe present report will summarize the find-

ings on the exposed Rongelap people who were children at the time of exposure.

in particular, these findings will be compared to those noted dn the exposed

_ adult population, a | , BEST COPYAVAILABLE

¢Fallout and Radiaticn Doses

At the time of the atomic bomb test, the fireball touched the surfaces

of the earth and ocez Tremendous amounts of incinerated particulate matter
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clezl. Enenus:s ofWeee suctad up

tion, redloactively contaminated fallout was deposited on Ronyolap,

and Utirik atolls.

On Rongelep, the

ground aud vegetation and forned depos

_Less dense "mist-like" fallout was noted

miles south of Rongelap, wes

more out of the line of the cloud passzrue.

was observed on Utirik, 250 miles

Fallout comnenced on Rongelap

ation of the bomb. The

the explesion. Evacuation of the contamin

proximately 48 hours after the commencemont of fallout

3

fallout was deseribed ag

dts on the hair

on Ailingnae.

actually closer to Bikini but it was situated

and Ailingnae 4

radioactive cloud reached Utirik

‘ 4 ar
,an vapvodicted shift in wind direc:

Allingnus

“snow-like" which coated the

anc skin of the peopl:.

Ailingnze, some 49

No visibls evidence of fallout

from Bikini.

about 22 hours after

ated islands was accomslishad ap-

5,

Exposure to radiation involved whole body gemma dose from environment-

ally depos ited radioactive fission products, superficial dos es from beta and

soft ganna radiation and doses frou internal absorption (through inhalation

and ingestion) of radionuclides.

The extern

Rongelap, 69 rad on Ailingnac and 14 rad on Utirik

culations from radiochemical

. thyroid gland

2

lived isotopes, 121, 1337 ond 135), added

most proebeble dose to the thyroid gland of

.
than 4 years of been calevlated toage has

rad>»6, Except for the thyroid gland, the

material oopears to have been minimal with
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urine analyses

aceunulated about 11.2 uCi of 131, , In

al whole body pamna dose has been computed to be 175 rad on

(Tabie I). Based on

» it has been estimated that the

ddition, the shorter-

considerably to the dese. The

Rongelap Island children “Less

be in the range of 700 to 1400

dose from absorbed radioactive

,7,no discernible biclocies!] effects

to 6 hours after the deton=



Subsequent to the return of Rougelsp people to their home island, the

1237 c

body burdens of 13765, 6575 and 9°sr yose to lov levels, but these reached

equilibriua with environmental sources by 1961. No effects from these iso-

topes have been datected?s9,

Populations Under Study

A total of 64 men, women and children were present on Rongelap Island.

The 18 who were exposed to fallout on Ailingnae were Rongelap inhabitants

who had gone to the edjacent atoll for fishing. On Utirik Island, 157 Maz-

Shallese people received fallout radiation. In addition, 28 American ser-

vicemen on Rongerik Island and 23 Japanese fishermen on the boat, “Lucky

Dragon," were subjected to sublethal doses of radiation from the fallout

(Table II).

In the Rongelap group, 12 of the 64 were under 5 years of age, 18 were

between 5 and 16 ycars, and 34 were over 16 years of age. Among these

children, 19 were under the age of 10 years. Four fetuses were exposed in

utero on Rongelap. In the Ailingnze group, 6 of the 18 were children, all

under the age of 10 years. On Utirik, 63 of the 157 were children 15 years

of age and younser. Fifty-four of the 63 were under 10 years of age.

Rongelap was considered to be habitable in 1957. At that time the

people were transferred back to their home island. When repatriation toox

place, a group of about 200 unexposed people also moved to Rongelap.: This

non-exposed group, rostly relatives and former inhabitants of the islend,

has served as the comparison population for the continuing studies of the

exposed people, Awong ‘the non-exposed group, 48 wore under 10 years o£ ave

in Morch 1954 and 8 were between 10 end 15 years of agel®, , . -

5001338



Following the intensive medical studies initially, followup exeminations

of the Ronselap and Ailingnae people have been conducted eat 6 months and then

at annual intexvals in March. Systematic and comparable examinations of theoa le ok

Rorgelap uncxpoced population wore started in 1955 end have been conducted

at least biennially. People on Utirik hnve been seen at less frequent intere

vals. The pediatric surveys have also included examination of all children

born after Macch 1954 to parent or parents exposcd to the fallout and to

parents in the uncxposed control group. The children of exposed parents noir

number &8 end children of non-exposed perents number 121.

The acute early effects of fallout radiation involved primarily the

temtestinel gs1?skin, the heir, the gastro stein and the hematopoietic tissues.we
a

During the first 2-day period following exposure and before evecuation from

the island, itching and burning of the skin were noted. Anorexia and nausea

with some vomiting elso occurred. These symptoms subsided promptly within

a few days with no recurrence. A tebuletion of incidence of these symptoms

(Table III) suggests that the gastrointestinal manifestations were more fre-

quent and moze sevare among younge: children than among older children end
. at. ~

jiadults
a

x

Radiation burns resulting from deposits of fallout material on the shin

developed about 2 weeks after the exposure. Hyperpigmentation, cesquamation,

depigmantation, and, im severe cases

 

dng and replecantetion eceurred duving tha
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were pore contensive in the younsar children. Some variation in the anrtonal-

+ of . ' 1 12,15cal distribution of the burns was recovded among several ese groupings-*2-°?.

Epilnation, generally spotty in nature, began 2 to 3 weeks after exposure.

(9 & Ht g rt ct, o Ey os rair started at about 3 months end was completa by the sixth

1e now hair seemeed normal in color, texture and abundance. Both

the frequency end the ceverity of epilation were more marked among child:en

as comprred to those ameng adults (Table IV). Thus, 100% of children unde

3 years of ase showed sone degree of evilation, 90% of than modarate co :

severe degree. Cnly 274 of those over 16 ycars of age uanifested epilationt?.24,

In respect to hemetologic findings und particularly as they relate to

(Table V), the following observations have been eadel3s 14,

(a) At maxinun depression of lymphocytes (3rd day), the values were

. lower in those under 5 years of age (252% of normal) than in those

5 years of age (55% of normal). Recovery was more rapid inover

the younger age group and ase differencés becans less marked after

the fourth week.

(b) Platelet values (as percent of control values) during the first

12 months were consistently lower cmong those undex 10 years of

age as compared’ to those over 19 years of age, Maximnun depression
ve

eceurred by 30 days.

(c) Granulecyte values dropped during the second wzek and shevwed a

second drop during the 5th week. --By 12 weeks, the levels had re-
o

turned nearly to the control renge. Although the patterns: of

change were “the. some, the values for childrcn under 5 years of ase

were below those of the older aze groups throughout most of the
‘

, first ycar of observation.

5.001332



  (4) Cenplhete posevesy to noses

 

Was Shove bean levels for platelots, pranuleoytou ond Iyuohocybe:weed

renoined slishtly, but consistently, below the control levels

u
e

during the follevup surveys until the llth yeer (1965). These

“differences were statistically significant at varicus exandnations.

In 1965, the neen counts for all blood elements renched control

velucs. Inspection of the moan values calculated for children

ased 15 years or younzer at the tine of each exanination showed

essentially the sexe> pattern of variation frou the control velucs,

reaching contrel values in 19657,

Late Effects

The significant late effects of the fallout radiation have been the

retardation of growth and the development of thyroid abnormalitics awrong the

w
oooO .Ronselap children exposed at young ages

Toreitudinel anthropometric deta, including skeletal ace assessments,

.
have been accumulated on these childrcn. Analyses of these mersurenéents

showed, in the exposed boys enly, a slight bu c
r consistent retearcation in

body size (expressed as stature) during growth from the 4th through the 16th

year as compered to the statural growth curve of the unexposed boys. ‘This

differ.ace, however, was not statisticelly significant. No difference in
,

rist?
:

the growth curves was noted among gi . Further examination of the data
y

sugsested that the retardation noted in the boys was most marked arong those

who were 5 years of asa or youncer at the time of tha falllout?>, (Foe growth

and development ctusiies, bacauce of the relatively small numbers of chilere

jn the various aco groups, the Atlincncs and Rongelap populations have boon

conbined.)
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Vien this yourcge.: ese group wes considered separately CPisure 1), «

significant retardation in statural growth was shown among the boys. Thees

children were smélles thon both the contrel boys and those exposed at older

ages. Giris expesed ut similar young ages had normal ctatural growth curves.

teant a‘fference in waight curves were found betveca exposed and

contre] childron for both boys and girls

Althoush there were individval cases in which the skeletal matucation

lagsed- markedly behind expected norms. (particularly in the hypothyroi.4a sub~----

jects), the overall evrves for exposed and control children showed no stat~

isticelly sigmificant differences, | .

In 1963 a nodule was palpated in the thyroid gland of a 13-yeer old

girl who was exposed to fallout on Rongelap at the age of 3 year. 4 months.

A total thyroidectomy was done. The surgical specimen showed mulilpie

nodules with cystic and hemoryvhagic changes. The histolosical diagnosis

was adenonateid goiter. During the next 5 years, thyroid nodules have dev-

eloped in en additional 14 of the 19 Rongelap“chiléren who were under 10

years of aza at time of exposure to the fallout (Table VI). Two other chil-

Gren in this ease group manifested frenk hypothyroldisn, making

cidence of thyroid abnormalities 90% among this group of 19 children

Up to tha conclusion of the 1969 survey, eperative procecurecs have becn

‘carried out in 12 ehildren with thyroid nodules. In ell instances, multiple

benien adenoinatous lesions were fours. No. malignant cheanses have been noted
oe Ye

~. .

in any of the specimens,- - : . ’

The pattern of thyrold-nodule development suggested several relation-

ships to age-and developmental status of the exposed children. Almost all of

the tucors eppaared to ceavelap during the edoleseont peried (Fisuve 2). For

‘
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in the ége range conuparable to the 19 exposed children. Mo nodules have b2en

noted in the 4 children exposed in utero and in the 6 children exposed in

Ailingnac. Among the original 45 subjects exposed to fallout on Rongelap

at ages greeter: than 10 years, thrce abiormalities of the thyroid gland have

been found up through the 1969 cxaminstioa. These abnorealities consisted

ef mixed papillary and follicular carcinoma dn one, end adenonatecid goiter

iim two.

In the Atiinense group of 12 who were older than 10 years of age at ex-

posure, a tunorc (neurofibroms) lateral to the thyroid glend has been found

vo
Jn one adult. Among the 54 children exposed at Utirik to fallout at ages.

under 10 years, no thyroid abnormality bes occurred. Of the 59 Utirdk pecple

exposed at ages greater then 10 years cad in whom adequate palpatory thyroid
o

studies were done, two had nodules. Three of 133 unexposed Ronesclep inhabi--

tants, older than 10 years of age in March 1954, have nodular thyroid glands.
’

In the fali of 1965, the routine acdninistration of thyvoid hormone to

the Rengclap exposed people wes begun. This regimon was intended to decrease,

if possible, Che furthez development end progression of the thyroid nodules.

The dtaedicte effect of thyreld horrsne has bean the sudden narked spurt in

yand development of the hypothyroid childGLOr, manifested most dre-

vatically in statuval catn and accelerated sheletal ev? soxucl maturstion.
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ing exposure to radiation fallcut have been documented dn the Rongelcp popu

dation. Tho ceverity and frequcnacy cf several abnormal findings appearad

to be correlated inversely with chronolesical age, that is, wore cevere da

the youager subjects. The data, however, da not indieate whether the dir-

ferences ere du2 to increased biolosical sensitivity of the tissues of young

children or to dose differences.

Observations during the annual surveys indicate that the children wear

less clo thine end thet they spend considerably more time in the open, ovay

from houses and overhead protection, then do adults. Young children play

on the open ground with great frequency. Thus, during the two drys before

evacuation, they would have had greater and more prolonged contact with fall-

out watertal and would have been clos to the surface deposits than would

adults. Moreover, the physical siszes of the children were such thet they

greater dose at midline than adults receiving tha sane

air dose. These factors no doubt contributed to the skin lectons and greate:

cepression of blood elements in children compared to adults. The greater

incidence of thyroid abnormslities in the children vas probably

only to inerecsed radiation dese to the children's glands, but also to the

ror

greater proliferative activity of the growing gland with lack of replacement

w
a \of injured cell

:

Ciinical and laboratory data indicatad that total destruction of the

thyroid gland occurred in tvo youngsters. That pevtial destructioa cf tha

rc x o MH 0 [
H
e

mn a) G 3glends mey heave resulted in ot

lowered thyroxine velues, reduscd upteke of radtododinge cud the inability



a£ 5 to epeat hea - sacar? - Saye te ee ET Bat ay te Dees - 4 -. .of the thyroid slants to respond to furcher TS stinelation’? . tne tintny

of the nodulo

 

factor in nodule formation. However,

the nodules occurred early tn adolescence in the young?2r exposad children

 

those who vare older ct exposure.

tionThe finding co LYghyroid nodules in so many subjects raises the que:

of the existence cf goltrogenic factors unrelated to radiation. However,

the overwhelming concentration ef the nodules within a specific eze-exposure

environmental fectois other than fallout radiation. The lack of development

of thyroid cbnormelitics in children of seme ages of less heavily exposed

ta
d

groups (6 Addingnee and 54 Utirik children) as well as in 48 unexposed cali

dren all living in the sane or similar environment substantiates the cbhove

conclusion.

Althovshno thyroid cancer hes been dateciad es yat in the Rongelap

children, the risk of malignancy should be considered increased. It is now

15 years from time of exposure, well within the 3 to 27 year latent period

for cencer cevelopment reportee in the Literacuel®, 19, 20, The subjects

are fin the late teers and early twenties where the peak incidence of radia~

4 a + ta - 18, 19 mL alas Sy £tien-related thyroid cance has been noted . The physical deses of

rediation to which the thyroid glands of the Rongelap children were subjected

ere hisher than those doses which have been associated with late development

It is ponsible that in the Marshallese children the

vith reported ceses** since exposure

 

was loreely aus to vedietedines. Under conditions of tha fallout, the done

to the thyvotd ¢ nai wes received over so period of hours.



ae

bt
}Thyvold cancer hes duvelolped in one atuit. Although this singie oceur-

1
finitive evidence, tha possible relationship ofrence is not ce carcinorenasis

to fFaliout radiation must be seriously evaluated. The effect of exogenously

administered thyroid hormone on the risk of cancer of the thyroid gland Su

the drradgticted humcn is unknown. However, the suppression of nodule ferme-

s s ’ 3

tion in the divadiated thyroid gland of the rah has been reported”,

Thé early clinical and endocrinoloric evaluations hnd not ¢elineated

S
rn * : ws Jd

clearly the techanism for growth failure in soua of the Rongelav children!>,

Leter studies have deronstrated abnormalities that indicate, with increasing

probability, that the eroe wth retardation has been the result of hypofunction

6 . . .
ef the thyroid gland in these childrent®> 17 the sienifitean: grevth spurt

du the most retarded children following adwinistration of thyroid hovmore
we

eon be considercd ctrong corroborative evidence.
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Neutrophiles
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TABLA VI

THYPOIN LESTONS

  

.

Incidence of Thyroid Lesions*

 
  

, 7 7 oT "kee" «10 yrs7 | Age 10yrs
Cait 2054) (in 1954)

erecta tweenpeeteneton tpnene ame cmtaesnee - a

. ee aa
et Fa"

."

, Rongelep -- exposed 63.5 (17/39). 8.8 (3/34)
”

Ailingnaa -- exposed 0 (0/8) 12.5 (1/8)

Utirik -- expose 0 (0/40) | 3.4 (2/59)

>
c — g (0/48) | 2.3(8/123)DA — ee,tongelsp -~ unexpose    Oheee ae deere te Bakeeeere, a Dy CRE pi meen ce eereOeYoOE See 

“Calculated on basis of numbers of people

cxeminad for thyroid statuc,

hs

5007344



gee eee aaee
SP IY

In Maren 1954, 2 paople of Pongzlep Island in the Marshall Island: vere

a
yaecideatelly cxposed to sublethal doses of fallout reciation during the

atomle bomb testing program. Sixty-four of these people received evout 175«

ads whole-bocy gemun-ray osuve and 18 received ebout 69 reds, Additions!

 

radiation exposure occurred from radioactive material deposited on the skin

and hair and frou incested vadionuclides. This report sur:

 

findings in tha cdults.

Early nausce with voalting an? dinrrhon occurxvad in both children andfo

adults. The depression ef leukocyte and platelet levels thet develop2d was

3 ,
nore pronounces in the children. Eota burns of the skin end epilation were

more severe in the chiléren but in all ege groups healing was rapid with

minimal scerrin: 8 2 — 9 b
h

a > ba
de

s a 8 s complete. Growth and development

appeared to be clichtly retexded in some exposed children coupared to nom:

exrnocsed children, This growth les was perticulerly prominent in boys.whs

were loss than 5 years of eze at tire of exposurc. No acute effects vere

noted in connection with the intern] ahsorption of radionuclides.

It has been calculated that the thyroid gland had absorbed ebout Il

131y amicrecuries of end that the thyroid glands of young children |in the

heavily exposed group received doses of 700 to'1490 rads. In 1963, a thy-
i
i

eixl. During the next 5 years 17ontroid nodule wis foun’? in a li-year o ld

cases of thyroid ebnormalities (18 with necules, 2 with hypethyroidism) were

detected, all cmong e group of 19 children who were exposed at lecs than 10

hysold nodules hoya bara noted In 45 unenposed children
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adilated group of adcul ‘y on 12 children anc

two edults roverled toid goiter in all cases except for one 40-year

old woman who head

.
marked growth
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tvo hypethyzoid boys. It has becom: inex

vy associated with fallout exposure has resulted
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