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an EFFICYS CF FALLOUY RADIATION

ON MARSHALLESYE CHILDREN®

Viatarae W. Sutow®® and Peobert A. Conaordsai®

On Mzrch 1, 195%, native inhaebitants of several atells in the Marshall
Islands were exposed accldentally to fallout radiation following tho experi-
mental detonation of a lzrge thermonuclear device at Bikinl Island. The
heaviest fallout occurred on Rongelap Island, downwind and about 100 miles
ezst of Bikini. Since that time the expcsed people have undergone regular
and intensiva medical exawinations, the results of which have been docuzented
in a number of pu blicationst ™4, .The present report will sunmarlze the find-

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 enpoced

' ad?ult pspulation. ' ) : . BEST COPYAVA'LABLE

Fallout and Radizticn Doases

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

of the earth and ocezn. Tremendous amounts of incinerated particulate matter

*The research was sujported by the Uni ted Stetes Atomic Energy Commission
and, in part, by Public Health Service Research Carser Award CA-02501 (to
W.¥W.8.) from the National Cancer Ingtitute. .
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¢ the cleul. Eocnven of an vaproedicted shift
tion, redloactively coentaminated felleouvt was dopostted on Rongelap, Atllagnso
and Utdrllk atolls,
On Rongelep, the fellout was described as "snow-like" which coated the
groui.d sud vegetztion and forued deposits on the hair and shin of the peoplz.
~Less dense "miszt-like" fallout was noted on Ailingnae. Ailingnse, some 40
miles south of Rongelap, wes tually closer to Bikini but it was situated
more out of tha line of the cloud passcye. No visible cvldence of fallout
wos observed on Utirik, 250 miles from Bikini.
Fallout comnenced on Rongalap and Ailingnaz 4 to 6 hours after the deton=
ation of the bomb. The radioactive cloud reached Utirik about 22 hours after
the explesicn, Evcocuation of the contamipated islands was accomplishad op--

proy4wately 48 hours after the commencemont of fallouts.

L]

Exposure to radiation involved whole body gemma dose from envivonment-—

ally deposited radiocctive fission products, superficial doses fiom beta and

soft gamwa radiation and cdoses frou internal absorption (through inhalation
and ingestion) of radionuclides.

The external whole body gemnz dose has been computed to bz 175 rad on

Rongelap, 69 rad on Ailingnac and 14 rad on Utirik (Table I). Bosed on cal-
culatiocns from radiochemical uvine analyses, it has been eatimated that the

. thyroid gland accunulated about 11.2 uli of 1311. In eddition, the shorter-

2 L
1321, lJBI and 1351,

lived 1sotopes, added considerably to the dese. The

wost probeble dose to the thyroid gland of Rongelap Island children loss

than 4 years of age has veen calcuvlated to be in the range of 700 to 1400

rad?»0, Except for the thyroid gland, the dose fiom absorbed radiocactive

materisl aosesr. to have bosn minimel with no discernible blologicel effects 7

&
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Subsequent to the return of Rongol:ws nzople to their home dulond,
- T
tody burdenz of 13/Cs, 6524 end 9%z yose to lov levels, but these reached
equilibriva wlth environzmentsl sourcaes by 1961, VYo effects from these igo-

18,9 -

topes hava bzesn dztected

Populations Under Study

A total of 64 men, vomen and children werc present on Rongelap Island.
The 18 who were cxposed to fallout on Ailingnae were Rongelap irhabtitants
vho had gone to the edjacent atoll for fishing. On Utirik Island, 157 Mar-
shallecse people recelved fellout radlation. In addltion, 28 Amevican ser-
vicemen on Pongerik Island and 23 Japanese fishermzn 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
betveen 5 and 16 ycars, and 34 vere over 16 years of age. Among these
children, 19 vere under the age of 10 years. TFour fetuscs were exposed dn
utero on Rongelap. In the Ailingnze group, 6 of the 18 were children, all
undei the age of 10 years. On Utirik, 63 of the 157 were children 15 yearé
of age and younser. Fifty-four of the 63 were under 10 years of age.

Rongelap vas consid;red to be habitable in 19537. At that time the
people were transferred back to their home disland. When rcpatriation took
place, a group of about 200 unexéosed people also moved to Rongelap.r This
non-e:xposed group, moétly relatives and former inhaL;tants of thz island,
has served as the comparison population for the continuing studies of the
exposcd people. Awong the non-exposed group, 48 wore undew jO yesrs of exe

Jdn Moweh 1954 and 8 were batween 10 and 15 years of age™. ' .
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Follewing the intensive wedical studies indtially, followup exeminations
of the Rongelap and Ailiungnac people have Leen conducted at 6 months and than
at ennual intesvals dn March., Systematlic and comparedble examlrations of the
Rorzgelnp uncipocod population were started in 1935 end haove been conducted

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

vals. The pediatric surveys havs 2lso Included examination of &1l chitdren

born after Macrch 1954 to parent or perents exposcd to the fallout and to
parents In the unciposed control grovp. The children of emposed pavents nou

Vgen 0N L
nuUmiaT o LN

D,

| chidldren of non~-zxposed parents nunber 121,

[y

The acute early effects of fallout radiation Involved primarily the

nel syste:n and the hematopoietic tissues,

e

skin, the heoir, the gastrointest

9]

During ghe first 2-day pericd followinz exposure and before evecuation from
the i1sland, itching and burning of the shin were noted. Angrexia and navsea
wvith some vomiting a2lso occurred. These sywptoms subsided prowptly vithin
a few days wlth no recurrence. A tebuleatlon of incidence of thoese sympioms
(Table ITX) suggests that the gastrointestinal manifestations werc more fre-

quent and nove seveve among younge:r childran than among older children and
N -

11

-

adults

.
1

Rediation burns reculting from deposiis of fallout material on tho skin
developed sbout 2 weeks after the exposure., Hyperpigmentatlion, cdesguamation,
depigmontation, and, in severe cases, ulcevation followzad., Spontancous hzal-

ing ond ropdgrontnticon oceursed during the neut fer wecke., Tha slin loclons
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czl discribution of the burns was recovded omung several e

Regrowth
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temisive dn tho youngoy children.  Soma variccion in the s lond-

potty in nature, began 2 to 3 wecks after exposusc.

.

of hair started at about 3 months #nd was completa by the sixth

wonttii.  The now hair seemad nermal in color, texture and zbundance. EBoth
1

the frequency snd the ceverity of epilation were more martad among childien

es comprred to those ameng adults (Table 1V). Thus, 100% of children unda:

5 yearg of

severe degrez. Only 277 of those over 16 ycars of age nznifested epilntdon

aze showed sore degree of erilation, 90% of them moderate to

.

12,14,

In respect to hemetologic {indings and partlecularly ¢z they rcelete to

{
ege (Table V), the following observations have been madel3s e,

()

(B)

(c)

5001332

At maminun depression of lymohocytes (3rd day), the vzlues wvere
lower in those under 5 years of age (257 of normal) than in those
over 5 years of age (55% of normal). Recovery was more rapid in
the youngexr age group and age differencgs becarz less marked after
the fourth week.

Plaﬁelct values (as percent of control values) durinp the first

12 months were cousistently lover emong those under 10 years of
age &s compared to thoze over 10 years of age. Maximum depression

cccurred by 30 daye.

Granulceyte values dropped during the second wrek and shoved a
Y il

sccond drop during the 5th week. - By 12 weelks, the levels had re-

.

turned nearly to the control roage. Although the patterns: of
change wore the same, the values for childroen under 5 years of ege

vere belouv those of the ¢ldaz: age groups throuchout wost of the
fidrst ycear of cbservaiion.
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(33, PR
was slowve oo levels for platelels, gronnloeyien end Jyuphoo, oo

renzinzd slightly, but consistently, below tho contrel levels

dvring the fellewup survevs until the 11th year (1965). These

4

"differences were stotistically significent at vericus exawdnsilons.
Ia 1955, the reen counts for all blood elements vexnched control
valucs., Ingpection of the moan values calculated for children
aged 15 years cor younrer at the tinz of each exnaination sho.ad

coscutfally the save patiern of voriation fron the control wvelucs,

aching contyol velues in 19657,

The significant late effects of the fallout radiation have been the

retardation of growth and the developmant of thyroid abnormalities among thz

)

.

Ronnelap children exposed at young ages
Toroitudinagl anthropometric deta, including skeletal age assessments,
have boen accumulatad on these children. Anslyses of these mersurencnts
showed, in the exposed bo;s only, a sligut but consistent reteidatica in
body size (cupressed as stature) during grovth from the 4th through the 16th
year as compzred to the staturzl growth curve of the unoxposed boys. This
differ: nce, however, was not statisticrlly significant. No difference in

the grovth curves was noted emong girls15

. Further examinztion of the data

1

sugcested that the retardation noted in the beys was most macked ewong those

vho weve 5 years of agz or youn

[}

cey et the time of the fallout:?, (Foxr greuth

end developrent ctulies, bocaune of the relatively smsll numbers of children

in the various g

5 groups, the Ailincoes end Rengelap populations huve booa

Py .

covbhined.)
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a this yowooIit age group woo considersd sepoiilets (Pgunc 1), o
ont retaldaticn in statural grouth was shova among the boys., Theeo
vere smaller thon both the control boys end those euposed at older

ages.  Givis expesed wt similar young ages had noramsl ctatural growth curved.
N> significant diflerence 1n weight curves were feound betueon exposed and
contrel childron for both boys and girls.

Althoush there were individual cas in which the skeletal maturation
lagoed marikadly behind expected norwms (particularly in the hypothyroid sub---
jects), the overall curves for exposed and contiol chilidren showed no state-
istically significent differances, ;

In 1963 a nodule vas palpated in the thyroid gland of & 13-ycor old

girl vio was exnosed to fallout on

-
- -OllA

r~
o

elsp at the age of 3 year.

4 months.

A total thyroidectomy wes done. The surgical specimen showed nuluiple
nodules with cystic and hemorvhagic changes. The histological diagnosis
was aderonatold goiter. During the next 5 years, thyroid nodules have dev-

¢ren in
cidence
Up

"carried

benign adenomatous lesions were fourd.
v

In any o

2c2 at time of expozure
this zece group nanifested frenk
of thyroid zbnormelities

to thie conclusion of the

out in 12 children with

f the gpecimens.- -

ttern of thyrold-nodule deivelopment

to ths

907 apong this

1868 suzvay,

thyroid nodules.

.

cpzrative

o malignant chenge

{2llout (Tahle VI).

hypothyroldisu, makin

procedur

T

o
U

group of 19 child

Ay

additional 14 of the 19 Rongelap children vho were uvnder 10

wo other
the total in—
16, 17

ren

have bezan

In 211 inctances, multiple

;2 been noted

ta

The pa gupsested sevoral velation-
ships to age-znd developumental status of the cxposed childeca., Alwost all of
the tvons epoaved to favelap during the adolescomt peried (Wiguwe 2). Tor
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eavldier ¢ a3 cooag sieln, conafcotoat with the pozial corlder cocurrenas ¢f

adolescent elicn- 4 glely. The "idteut pavied! betrend reddation woposure

“

end turse dovalopsaut for 13 of the 15 lostons vwuy 10 to 13 years.

AR B HORPIRTINS S PN SURE SRR U S I AANIE St Bt B o S PRt
in the age rarge counparable to the 19 exyosed childres, o nodules have ltoan
noted in the & children exposad in utero and in the 6 children exposed in
Ailingnac., Anoang the original 45 subjecis euposed to fallout on Rongelap

- .

at ager grectew thzn 10 years, threce chiormalities of the thywrold gland hav:z
(= L= 3

been feund up through the 1969 cuaninction. These abnornalities consicted

of mixed papillevy and follicular cevciwoma in oue, znd zdenomztzid

in two.

In the Allincenze group of 12 vho werz older than 10 yecrs of age at ex-

[

)

posure, &z tunor {(neurofibroms) lateral to tho thywoid glend has been found

[

1

e

in one adult. Among the 54 children exposed at Utirik to fallout at apes
vnder 10 yeors, ro thyrold abnormzlity hes occurred. Of the 55 Utdrik pecple
exposed 2t azes greater then 10 yeare end in whon adequate pelpatory thyroid

studies verc done, two had nodules. Three of 133 unexposed Rongelep dnhebi-

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

-

In the fall of 1965, the routine adundnlstration of thywoid horionze to

the Rongelap cxpocad people was bogun, This regimen was Intenda2d to decrease,

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

The Jwaedicte efifect of thyreld horrone has been the sudden rorked spuvt in

v ang dovelonmont of the hypothyroid cl']o -0, manifested nmost dre-
X Jt 5

vatically in statural sain and zecelerated gleletal ev? goxusl matursot’on.
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Discucsion
Age diffeicnces dn the acute ard late monifectsations of injury follow

ing euporure to radietion fallcout have been docunented in the Rongolip popu-

lotion, The ceverdty and frequency of several abnormol f£indinns appoar

to be correlated inversely with chronolepgical age, that is, nore covers ia

a0
]

thie youagey subjects. The data, bovever, do not indicate whethsr the dif

ferences are dez to increased biolosical sensitivity of the tissues of youne
childrcn or fo dosaidifferencns‘

Observations during the ennual suwrveys Indicate that the children wear
lzas clothing and thet they spend concideredly more time in the opza, ovay
froem houses ard overhead protection, thon do adults. Young children play
on the open ground vith great frequency. Thus, during the twe doye beforg
evacuation, they would have had greater and more prolonged contact with f£all-
out matericl and would hevae been clos to the surface deposits than would
adults. lbreover, the physical sizes of the childron were such thet they
would hove received a greater dose at nidline than odults receiving tha sane
2ir dosz. These factors no doubt contributed to the ckin leclons and greates
depression of blood elemen g in children compored to adults. The g%eater
Incidznce of thyrold abnormslities in the children was probobly related not
only to increosed radiation dese to the children's glands, but also to the
greater proliferative activity of the growing gland with lach of repleocenent
of injured cells. - .

Cilinical end laboratory data indleaied that toial destruction of tha
sters, That povilal destructdon of tha

thyrold glead occurzed in tuo youn

glends oy hove resulted in otherc is suggested by increased TSHE levels,
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of the ti,roid glan’s to recpont te fuzthing 150 stioolation™? . the tiain
S -1 -, .y s a ey N . ~ - 4= . —_ . -
of the nodule develepiiont sugoests thet erowth stressos azscclated with ado-

lescence could heve beecn a precipitaring factor in nodule formation. Howevern,
the nodules occurred early in adoleccence In the younper exposad children
gnd lote in adoloscence in those vho vore clder ot exposure.

The finding ¢f thyvoid nodulas in so many subjects raises the question
of the existence ¢l goitvogenic foctors unrclated to radlation. Howsver,
the cvervholning corcontrzation of the nodules within a specific eje-exinosure
catesory vould seeun te elinminate such possibilitier as familial goiter ou
environmental factois othey than falloul radizstion. The lack of development
of thyroid zbnmormalitice in childzen of ssue ages of less haovily euposed
groups (6 Adlinsnze and 54 Utdrik children) as weil s in 48 unewposcd chil-
dren 211 living in the szne or similar environment substantiates the cbove

conclusion.

Al thour h no thyroid caacer hes beon d

[

tec:2d &s yat in the Rongelap

i~
n v

p
[N

childcen, the risk of icy chould be considered increased. It is nov

r«

15 years from time of exposuve, well within the 3 to 27 yeaxr lztent period

[§
for cencer cevelopment reported in the 11Leratvr°18’ 19, 20. The subjects

are In the late teers and eccly twenties vhere th peak ircldence of rodia-

at€s 19

ticn-related thyroid cancors has been note Th2 physiczl desas of

rediation vhich thz thyroid glands of the Rongslap children were subjected
erc highes than thosze doses which have bean assocfated with late development

It 1s poasible that in the Marshallese childron the

vith reporte s“* gince (posurae

o
O
n
O]
{2
<

conditlors of tha fellout, th2 dooo




liyrold cancer hLias developed in one #7ult. Altheugh this single occur-
carcinopenzsin
to frllout radiation must be scrlously cvaluated. The effect of exozenocusly
adadnlstered thyrodd hormonz on the risk of concer of the thyroid gland
the drradicted humen is unlmown. Yewever, ths suppression of nodule formi—

tion in the jivadizted thyroid gland of the ran has beea reportedﬁg.

The ezvly clinical and endocrinclozic evalurtions hoad not delineated
. . - . . . . < 15
cleariy the nechanisn for grewth failure din sewz of the Rongelep children~ .
Later studics have denonstrated abnormalitics that indicate, with increasing
probebility, that the grovth '1*;rouLJ01 has becn the result of hypofunction
4 - -
of the thyroid gland in these childrenlo’ 17, The sinnificen: grovth spurt

in the most retarded chlldren follovwing adudnistration of thyxroid hovmore

czn bo considercd clrony corvoborative evidonce.
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TABLE 1

ESTIMATED RADIATION DOSXH

IN MARSHALTRSE POTULATIONS

Populution Gomuan doce Thyroid cdasz
(rads) (1, reds)
TONCELAY
Az < 10 yro. 175 700-1.400
Age 10 yie, 175 160
Jﬁi’,"i;‘f:‘ - 11
fie <10 yus: ] 275550
Ace 10 yrs. 69 55
UTIRIY
toe <10 yis. 14 55--110
Aee D10 yus, . 14 = 15
N
L ]

5001339 | .



MAT

Rongelap exposcd

Pongelep cxpused (in vtoro)

Allingn-e exposed

e s A ot B,

"3

SILIL ISLAYD POPULATIONS

Under 10 yrs

10-15 yrs

16+ yva

5001340

19 11 34
4 0 0
6 0 12

L y e

L & 125

*a
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TABLY IV

FPILATYON

RONGELAY CROUP

- .

) Incidenra (%)

Sevewity o Fnilotion

O“Shyrs 6-15 yuis 16+ yra
- SN ¢ ) TS €D SR 1<) N

Az Age ) Lge

Slight (1) 7.6 38,4 13.8
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TOTAL,  160.0
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TTABLI W
KEAY, BLOOD COUOTs A1 FE)3{ DLo0elsind
ROVGETAY GLLUY
Perccent of Control
Aoa under 5 yrs Loo over b oyrs
Neutrophlles 55% 647
d
Lymohooytes 257 55%
Pintelets 23% ' 347
<3
~
-
\\
.I‘
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TLRLL VT

THYPOID 1.FSTON0

o e

Populatic.
”, Rongelep -~ expocad

Allingnn2 —- cxposec
Utirvik -~ cupoced

Rongelrp - unexposc

Incidencs of

Thyroid Les

siong®

’ T hee” 10 yroT T TAze 7 10 yrs
(i 10380 (3w 1954)
L5 - L

5.5 (17/19)

A 0 (0/6)

0 (0/40) 3.4

4 L0 (0/49) 2.3

.

“Calculated on basis of munbers of

cranluad for thyrold ototu -,
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(1/6)
(2/59)

(~’1 1 3

S

“n



Qe ey
O

et
'

e

In March 1854, &2 peoople
sceideatelly exposzd to sublotd

¢]

£ Pong2lap Tsland din
ut

ty-—-four of these p

ads whole-boly ger-o-voy exrosave and 18 racaived
radintion exposure cozourred from radioactive mat
and hair ond fro. dncested vadionuclides T

in the oMDISe d chi

ul

LES.

Early rausce with vonitd

-

N
')

dren ovar o lb-yeny
art disrrhoa ocourny

thz Marchall 151

(=1

[
bt
ol )

m

(s}

ti

ﬁo

chout 69 ¢

2d 4dn

edults. The deprossion of levhocyte and platelet levels thrt &
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ninimal erring and regrowil of
appeared to be glichtly rotorxded

exnocod children., This growth
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pes healing was rapid with
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czres of thyreld ebnormalities (15 with nedules, 2 with hypothy:
detoctad, all cmong @ growp of 19 children vho were oxposcl at lo
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years of aze. Uo thysodd nolelen hova bena voted In 48 w
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ve been documented armong
the heavily irradiated group ol adults., Tnywroid surgery on 12 children and

two adults roverleg edenonztold goiter du all cases excapt for one 40-year

- )

old wowman vho hod a malignent tumow. Atrophy cof the thyroid gland end
rarred growth rotevdacion with grovth spurts sudsequent to thyroid horions

administiotion were gcon in the two hypethyroid boys. Tt has becomz incxons-—

hat thyreid dinjury esgsocistled with Fallout exposure hos resulted
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