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nil EFFICYTS CF FALLOUT RADIATIOHN

ON MARSHALLESE CHILDREN

Vataroe W. Sutow®® and Peobert A. Conardiis

On Mzrch 1, 195%, native inhabitants of several atells in the Mavshall
Islands were exposed accldentally to fallout radiation following thz experi-
mental detonation of a large thermonuclear device at Bikini Island. The
heaviest fallout occurred on Rongelap Island, downwind and about 100 miles
east of Bikini. Since that time the exposed pqu_e have undergone regular
and intensive medical exzininations, the results of which have been docurented
in a number of puklichL10151 4, _The present report will summarize the finc-

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

In particular, these findings will be compared to thosc noted in the expoced

~adult population, o | ' BEST COPYAVA'LABLE

Fallout and Radizticn Doses

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

of the earth and ocezn. Tremendous amounts of incinerated partliculate matter
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On Rongelep, the

grouud and vegetation and formed depos
~Less dense "mist-like" fallout was noted

miles south of Rongelap, was

more out of tha line of the cloud passcye.

was observed on Utirik, 250 miles
Fallout commenced on Rongelap
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the explesion. Evacuation of
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fellout was described as
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Exposure to radlation involved whole body gemma dose from environment-

ally depo

sited radicactive fission products, superficial do

es fronm beta and

soft gamma radlation and doses frou intﬂrﬂ“l absorption (through inhalation

and ingestion) of radionuclides.

The external

Rongelap, 69 rad on Aillingnae and 14 rad on Utirik

culaticns from radiochemical

. thyroid gland =

lived isotopes, ]321 1331 nd 1351, added

wost probeble dose to the thyroid gland of

-

than 4 yesrs of veen calcuvlated to

aze has

rad?»0, Except for the thyroid gland, the
~materizl eppears to have been minimal with
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urine analyses

ccumuleted about 11.2 uCi of Y311, 1In

wnole body gemna dose has been couputed to bz 175 rad on

(Table I). Based on

, 1t has been estimsted that the

déition, the shortez-

considerably to the dese.. The

Rongelap Island children loss

be in the range of 700 to 1400

dose from absorbed radioactive

7,

no discernible biclogicel ef cct

to 6 hours after the deton-



Subseguent to the return of Rengalus people to thelr home dglond, the
1 ) T
body burdens of "3/Cs, 6520 end 90sr yose to low levels, but these reached
equilibriuva wlith environmentsal sourcaes by 1961. MNo effects from these iso-

topes hava bezan datected® 9,

Populations Under Study

A total of 64 men, vomen and children werc pr;senf on Rongclap.lsland.
The 18 who were ecxposed to fallout on Allingnae wa:e‘Roﬁgelap irhabitants
who had gone to the esdjacent atoll for fishing. On Utirik Island, 157 Mar-
shallese people received fallout radiation. 1In addition, 28 American ser-
vicemen on Rongerik Island and 23 Japanese fishermen on the boat, "Lucky
Dragon,’ were subjected to sublethal doses of radiaticn from the fallout
(Table I1).

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 thesc
children, 19 were under the age of 10 years. Tour fetuses were exposced in
utero on Rongelap. In the Ailingnze group, 6 of the 18 were children, all
undér the age of 10 years. On Utirik, 63 of the 157 were childgen 15 yearé
of age and youncger. TFifty-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 dsland. When repatriation'took
place, a group of about 200 unexgééed people also wmoved to Rongelap.r This
non-exposed group, moétly relatives andvformer inhaL;tants of thz 1island,

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

exposed people, Awong the non—-exposed group, 48 were under 10 yesrs of age
_dn Meoweh 1954 and 8 were between 10 and 15 yeays of agelo. ' h .

RN
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Follewing the intensive medical studies initially, followup exeninations
of the Rongelap and Ailingnae people héve Leen conducted at 6 months and then
at annual intewvals 1n March; Systematic and compareble exaninatlons of the
Roiigelap uncuposcod population weve started in 1838 end hove been conducted

at least blennially. People on Utirik h-ove been seen at less frequent inter-

vals. The pediatric surveys have also Included examination of all chdldrexn
born after March 1954 to parent or parents enposcd to the fallout and to
parents In the uneiposed control grovp. The children of exposed pavents noy

number &6 and children of non-cuposed pavents nuwber 121,

The acute early effects of fallout radiation involved primarily the

e

nel s

N

ntest

9]

skin, the heir, the gastro ster and the hewmatopoietic tissues.

«

During the first 2-day pericd following exposure and before eveacuatlon from
the island, itching and burning of the skin were noted. Anorexla and navsea
with some vomiting also occurred. These syuptoms subsided prowmptly within
a few days with no recurreuce. A tebulatlion of Incidence of these symptonms
(Table IIY) suggests that the gastrointestinal manifestations were more fre-
quent and more seveve among younger childrsn than among older children and
T 5 ,
11

adults

.
v

Radiation burns resulting from deposits of fallout material on the skin
developed about 2 weeks after the exposure. Hyperpigmentation, desguamation,

depigmantation, and, in severe cases

ing and replguentaticn oceurred duving the next few weesks., Tha shin locions
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were 1ore ewtensive in thoe youngow children, Soma variestion In the
21 41 - £ ¥} bur o vacordled nme vers 12,13
cal distribution of the burns was recorded among several e >

egrowth of halr st
wonth. The
the frequency and the ceverity

es comprred to those among

Cnly 27%

In respect tn hemztologic

(Table V), the followlng observations

(a)
lover in those under

[ 4

over 5 years of age (
the younger age group
the fourth week.

()

Platelet values (as p
12 months were consis
age &s coupared to th
cccurraed by iO dayu.

(c¢) Granvlocyte values dr

second drop during th

turned nearly to the
chmg.tnetm'zmm

were beloy those of t

. first ycar of cobservai
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adults
degree of

of those

At maxinun depression of lymohe

arted at about 3 months and was cempleta by the sixth
nzy hair seems d noa.al in color, texture and sbundance. Both

of epllation were more markad among childien

(Table 1IV). Thus, 100% of children undex

erilation, 907 of them moderate to

.

2
of ege nanifested epilcz 12,14,

over 16 years tdion

findings and particularly &s they relate to

13, 14,
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ocytes (3rd day), the vzlues weore

years of age (25% of normal) than in those

55% of mormal). Recovery was more rapid in

and age differencés beca marked after

mna less

ercent of control values) during the first

tently lowver emong those under 10 years of

osze over 10 years of age. Maximum depression

opped duzing the second wzek and showed a

e 5th week. By 12 weeks, thes levels had re-

Y

control range. Although the patternssof

the values for children under 5 years of sge

he oldex groups throughout wost of the

\



(8)  Conmplota vocesary Lo

was tlowe  Peon levels for platelels, granulocytes and lyaphooybor

e

remainzd slightly, but conslstently

2

balow the control levels
dvring the fellewup surveys until the 11lth year (1965). These
“differences were statistically significont at varlcus exaumdnations.
In 1955, the nezn counts for all blood elements vesched control
valucs., Ins “;tioﬂ of the moan values calculated for children
aged 15 years or youngzer at the tinme of each examination showad
cosentially the same patiern of variation frowm tha control x(Jb~J,

reachling control values in 19657,

Late Effacts

The significant late effects of the fallout radiation have been the

retardation of growth and the developmaat of thyroid abnormalitiecs awong thz

)

o
o .

Rongelap children exposzed at young ages
Lorsitudinel anthropometric deta, including skeletal age assessments,

-

have boeen accumulated on these children. Anzlyses of these nmessurenants

showed, in the exposed bo;s cnly, a slight bu

or

consistent retaydaticn in
body zize (cupressed as stature) during growth from the 4th through the 16th
year as compered to the statursl growth curve of the unexposed boys. This

differince, however, was not statisticslly significant. No difference in

1}

rls15

»

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

v

suggested that the retardation noted in the beys was most marked emong those
vho were 5 years of aga or younger et the time of the fall lout!d, (Foxr growih
and developrent stuiles, bacaune of the relatively smoll nunbers of childre

in the verious zoo groups, the Aflincoes and Rongelap pepulations hove bonn

coizhined.)
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age group wou considered sepaveiely (Fisuve 1), o
significant retardation in statural growth was shown among the boys. Thegen
children were smaller thon both the contrel boys and those euxposed at older
ages.  Glvis expeosed ¢t similar youno ages had norimal ctatural growth curves.
teant dflerence in welght curves were found betveon exposed and
contrel childron for both bojs and girls

Althoush theroe were individual cases in which the sgeletal maturation
lageed markadly behind expected norms (oar;~culgr3y in the hypothyroid sub-- -
jects), the overall curves for exposed and control children showed no stat-
“istieally signtficant differences. | ' :

In 1963 a nodule was palpated in the thy: coid gland of & 13-ycar old
girl vho was exposced to fallout on Rongelsap at the age of 3 year:s & months.
A total thyroidectomy was done. The surgical speclmen showed multipie

nodules with cystic and hemorvhagic changes. The histologicel diagnosis

was adenciatold goiter., Dur

SN
t
o
0]
=)
]
™
rt
U

-
o
£
ad
9]

3, thyroid nodules have dev-
eloped in an additional 14 of the 19 Rongelap cthozon who werc uvnder 10
years of age at time of exposure to the fallout (Table VI). Two other chil-
dren in this age group manifested frenk hypothyroidism, wmaking the total in—
cldence of thyroid abnov malities 90% among this group of 19 children™
Up to the conclusion of the 1963 survey, eperative procedures have been

"carried out in 12 children with thyroid nodules. 1In 2ll instances, multiple

benign adenomatous lesions were found Yo malignant chonses have been noted
[ Q
- .

In any of the specluens.- - - : : _ ’
The pattern of thyroid-nodule development supgestced sevoral relation-
ships to age-znd developmental status of the exposed childveu. Almost 2ll of

the tumors appoaved to develap during the adolescomt peried (Figuwe 2). Tor

.

-
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cen dn glels. The "Matout parded! botveld rediation wuposuze

vaant for 13 of the 15 iootons twvus 10 to 13 years.

1 to f£21Jout on Rongelan
at ages grecter thean 10 years, thzrce gbuormalities of the thyvoid gland havz

been feound up through tha 1969 examinztion. T

cf mixed papillary and follicular carciwoma in one, and adenomatol

(29

in two.

In the Ailingnae group of 12 who were older than 10 years of age at ex-
posure, a tunor (neurpfibroma) lateral to tho thyrold gland has been found
in one adult. Among the 54 children exposed at Utirik to fallout at agesr
uvnder 10 years, no thyrold abnormzlity hes occurred. Of the 55 Utdrik pecple

3

exposed 2t azes greater than 10 yeare end in vhon adequate pelpatory thyroid

[

studies werce done, two had nodules. Thres of 133 unexposed Rongelep jnhabi-

tants, older than 10 years of age in March 1954, hava nodular thyroid glands.
In the fall of 1965, the routine edninistration of thywoid hormone to

the Rengelap cxposed people was begun., This regimen was Intendsd to decreasc,

if possible, €Che further development end progression of the thyrold nodules.

The dmmedicte effect of thyreld horrone has beon the sudden rmorked spurt in
1 and development of the hypothyroid children, manifested most dre-

patically in statural gain and zecelerated sheletal end soxucd matuvetion.
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hge diffevences in the acute and lete mnn
“Ing enposure to radietion falleout have been documented dn the Rongulen popus~
lation. Tha ceverity and frequoency of several abnowmal £indinga appearad
to be correlated inversely with chronoleglcal ase, tnir is, wore covers in
the youagex subjects. The data, however, do not indicate whethzr the dif-
ferences are dv2 to increased biologlcal sensitivity_of.the tissues of young
children or fo dosaidifferences‘

Observations during the "nrual surveys Indicate that the children wear
less clothiuj end that they spend considarablybmore time in the opza, ovay
from houses and overhead protection, than do adults. Young children play
on the open ground with great frequency. Thus, dﬁring the two dzys beforg
evocuation, they would have had greater and more prolonged contact with fall-
out material aud would have been clos to the surface deposits than would
adults. loreover, the physical sizes of the children were such that they
would have veceived a greater dose at nidline than adults recgeiving tha sane
2ir dosz. These factors mo doubt contributed to the skin lections and greate:
depression of blood'elemants.in children compaved to adults. The greaterw
incicdence of thyroild ebnormzlities in the children was probably
only to increased radiation dese to the children's glands, but also te the

s
greater proliferative sctivity of the growing gland with lack of rveplacenent

U)‘
I

of injured cecll
.
Clinical end laboratory data indlcated that totzl destruction of the

thyrold gland coceurred in two younziters. That poviial dectructlon ¢f tha

peet
=
)
=
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glands wey hove resulted in ot

lowered thyroxlne values, reduszd upla
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r~ -1 3 ~4 4 oY e - o oy - Fau ST
of the thyvodd glands to responad te fur THil & < tho tiain
T fod YT NN > o -~ B 2l ! -
of tihe nodule sugzests thet growth stresses zascciatel with zdo-

thie nodules occurred early in adolescence in the younz2r exposcad children

those vho wore older zt exposure.

tion

The finding ¢

N

¢

hyrodd nodulss in so many subiects raices the gques

of the existence c¢f goitvogenic factors unrclated to radiation. However,

factor din nodule formaticon. However,

the cverevhelning corcentration of the nodules within e spacific sje-exposure

envirenmental faetovs other than foalloutl radietion. The lack of developmen

1

ef thyroiad

briormalities in childzen of same ages of less haavily exposed

fo

grouns (6 Allipgnze and 54 Utirik children) as well as in 48 unexposcd chi
dren 211 living in the szne or similarrenviroxment substantiates the cbove
conclusion.

Altbough.no th““owo cancer has béen dateci2d zs yet in thé.RO.gL]dW
chilldren, the risk of malignancy should be considered increased. It is now
15 years ffom time of exposure, well wilithin Lue 3 to 27 year lztent period

for cencer development reported in the 11Leratur»18 19, 20 The subjects
P 3

are in the late teens end early twentles vhere thﬁv aak incidenca of radia-

notedlg’ 19. Th2

tien-~z e]a;eu thyroid cancers has been physiczl deses of

rzdiation to which thz thyroid glands of the Ronjelap children were subjected

erc higher than thoze doses which have been associated with late developmoen

It is poscible that in the Marshzollese childyen the

. .

with reporied ceses®t since exposura
was largely due to wadiciedines., Undew co~diti s of tha fellout, tha douss
to tuo lﬂ*"d nd wos veceived ovar o peoriod of hours,

t



Tnyvoild cencer has dzvelopad in one adulit, Altheugh this single occus-

finitdve eovid £

reaco 1s not de

[s]

ence, the poasible roletionship
to fallout radintion must be serlously evaluated. The effect of exogenously
adiministered thyroid hormone on the risk of concer of the thyroid gland in

the irradizted humen is unkoown. Hewever, the suppression of nodule forme-

. ! . q
tion in the drradizted thyroid gland of the rah has beean reportedﬁ'.

The early clinical and endocrimnclozic evaluztions had not delineated

[ o4
r . . o . S }
clearly the nechanisn for grewth failure in sowa of tho Rongelap cnlldrenl

Later studies have demonstrated abnormalities that indicate, wlith increacing

probebility, thet the growth re*;rouLJOL has becn the result of hyvpofunction

o*

of the thjrojo gland in these children

lo’ 17, The glondffcant growyth spurt

in the rost retarded chilldren following administratlon of thyroid houmone

vl

czn be considercd clrong coruoborative evidence.

50071338
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TABLY I
ESTIMATED RADIATTION DOSH
17 MARSHALTRSE POTULATIONS )
Populntion Gomna doce Thyroid cdasz
(rads) (1, rads;
RONGELAP
Aze <10 yro. 175 700-1.400
Age 210 yro, 175 160
Lty
fia <10 yusi 65 275-550
Ase >0 yrs. 69 55
UTIRIK
Age <10 yis. L4 55--110
Lee 10 yus, 14 = 15
! s
“_ ‘
A
5001334 . ‘




Aze dn 1954

+
e ‘ . . - et < b e
. TALLY T1
MARSILLL ISLA POPULATIONS

Undeyr 10 yrs [10-15 yrs |16+ yis
Rongelap exposed 1° 11 34
tongelep cxposed (dn utoro) L, 0 0
Aildingnse exposed 6 0 12
Utdeih coporad L2 g g4
L & 325
2
o i
L '

5001340



TABLE IIX
SuA ARD VOHITILG
RONGELAP CROUP .
Incidence
Ame at Luposurc Fumboew Nausesn Vomd ting
5 years 13 85% KHYA
rand youvngcw
Over 6 yesvo .51 bty L7
I
. .
. A ’ /
R
%
\‘Q
.(
\
1
/“ -
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Sevenity of

VAT T T
TADLE IV

EPILATION

RONGELAY CROUP

’”

Epdlation

Incidanna (

Aze

0-5 yrs

RO

) 7.6

~
?\'J
-
~r’
w
[l
o

p g
tn
[¥5)
(o]
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Age
6-15 yvs
A3

38

.ae

16+ yrs

tn
t

160.0

-1

7.6
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FEFEUAN

MEAY BLODD COUNTSs AT TEAN DICDISSICH

ROXGE

. S s e B e o -

Neutrophlles 55% - 6
Lymphocoytaes 257 35%

i3

Platelets ‘ S 23¥ : 30

"

5001343



O

e e et e i ‘ ot

TARLY VI

THYROID LESIONG

Incidence of Thyroid Lesions®

Rongelep —— exposced 85.5 (17/193 8.8-(3/34)
Alingnaz —- cuposed 0 (0/8) 12.5 (1/8)
Utirik -~ cuposed : 0 (0/40) 3.4 (2/59)

Rongelsp - unexposed .0 (0/48) 2.3 (3/123)

+

#Calculated on basis of numbers of people
cxaninad fou thywold statu-,

5007344
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In March 1854, 82 people of Pongalap Tsland dn tha Marshzall Islands wewo
aceicdentelly ewposad to sublethal doses of fallout readiation during the
atemic bomb testing program. Sixty-four of these peodle received about 175

zds whole-~body gan exmosure and 18 vaceived about 69 reds. litdonal
radiation exposuvre ccourred from radicactive material deposited on the skin
and hair and frow ingested vadionuclides. This report sum
~cal flnﬁiﬁ”b>lﬁ the cxposed children ovar o 15-year periced es compared with
findings in the sdulis.

Early nausce vwith vomiting ern disrrhoea occuryad in both childraen and

2dults. The deprescion of ieuhmbyte and pdu.cl t levels thot developad was
morc proa_gub ed in the children. ZFota burns of the skin and epilation were

_more severe in the children but in all age groups healing was rapid with
minimal scarring and regrowi h of hair wvas compleie. Growth and development
appearcd to be slightly’“ﬂtcwc 2 din some expused children compared to non-

Ld ey . 1 * /A
expocad childwen., This growth ley was particularly prominent in boys.who
vere less than 5 yesvs of &aze at timz of exposurs, No acute effects weore
noted in connection with the intern-l abéorption of radionuclidesz.

It has becn calculatad that

microcuries of 23 T &

heavily e: ejved

rold nodule was foun?! in
'd
cf thyrcid ebnormalities
detectod, all cmong @ group of
years of asze. o thyaodd noln

P9

avd that ti

1?~ye

t thic hzd abzorbed ebout 11

thyroid gland

12 thyrold glands of young chllorcn in the

&

doses of 700 to 1400 rads

i
i

In 1606 3,

ar 0ld glxl, During the next 5 years

(15 with nodules, 2 with hypothy:

19 children vho were exponed at less than 10
e
'/ 1. o 1 1. . . S
les howe becn noted In 485 uvncuprsed children



fl

n 12 children and

the heavily irzvadiated group of adults, Thyrold suvgary o

two adults rzvesled edenonztodd goiter iu all cases excapt for one 40-year
old wowman vho hod a malignant tumor. Atrophy of the thyroid. gland and

~

rarxed growth rotevdacion with growth spurts cudbsequent to thyroid hormions

administyation were sczn in the twvo hypothyroid boys. It has become increas-

hat thyroid dnjury zssociated with fallout exposure hzs resultied

5001340
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