4031031
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 accidentally to fallout radiation following the experi-
mental detonation of a large thermonuclear device at Bikini Island. The
heaviest fallout occurred on Rongelap Island, downwind and about 100 miles
ezst of Bikini. Since that time the expcsed peovle have undergone regular
and intensive medical exaainations, the results of which have been docuzmented
in a number of public.L10151 4, _The present report will summarize the finc-

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

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

~adult population, o | ' BEST COPYAVA'LABLE

Fallout and Radizticn Doses

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

of the earth and ocean. Tremendous amounts of Incinerated particulate matter
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inte the cloud. Eaocnuse of an vapredicted shift in wind ciree-

tion, rodloactively contanluated falleut was dapostted on Rongelap, Allingnus
and Utirlk atolls.
On Rongelep, the fellout was described 23 "snow-like" which coated the
grouid and vegetotion and formed deposit:z on the hair end skin of the pecopla.
~Less dense "mist-like" fallout was noted on Ailingnae. Ailingnze, some 40

5]

miles south of Rongelap, wes actually closer to Bikini but it wes situated

frd

more out of tha line of the cloud passrye. No visible evidence of falleut

was observed on Utirik, 250 miles from Bikind.
Fallout commenced on Rongelap and Ailingnaz 4 to 6 hours after the deton-
ation of the bomb. The radioczctive cloud reached Utirik ebout 22 hours after

the explesion. Evacuation of the contaminated islands was accomplishad op-

proximately 48 hours after the commencement of fallouts.

Exposurs to radiation involved whole body gemma dose from environment-
ally deposited radicactive fission products, superficial doses fiom beta and
soft gamma radlation and doses frou internzl absorption (through inhalation

and ingestion) of radionuclides.

The external whole body gammnz dose has been computed to be 175 rad on

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

. thyroid gland accunulated about 11.2 uli of 1311. In addition, the shorter—

. . B
lived isotopes, 1321, lJBI and 1351, added considerably to the dese.. The

rwost probeble dosc to the thyroid gland of Rongelap Island children less

-

than 4 yesrs of aze has been calcuvlated to be in the range of 700 to 1400

r2d>»0, Except for the thyroid gland, the dose from absorbed radloactive

~materizl eppesrs to have been minimal with no discernible bilclogilcel effects’.

Ed :
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Subseguent to the return of Rengalus people to thelr home dglond, the

hy T
body burdens of l3/Cs, 6524 end 9%z 1ose to lov levels, but these reached
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equilibriva wlith environmentsal sourcss by 1961, MNo effs

topes have bz:an datected

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 radiation 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 islend,
has served as the comparison population for the continuing studles of the
exposcd people. Awong the non-exposed group, 48 were under 10 yeérs of age

10

Cdn Moweh 1954 and 8 wers between 10 and 15 years of age™.
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Follewing the intensive medical studies initially, followup exeninations
of the Rongelap and Ailingnae people have lLeen conducted at 6 months and then
at annual intesvals dn March. Systematlc and comparedble examinations of the

Rorzgelap unciposad population wove started in 1935 end have been conducted

0‘\

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 primexily the

skin, the heir, the gastrointestinael systen and the hewm aL0p01etLﬂ tissues.
During the first 2-day pericd following exposure and before eveacuatlon from
the island, itching and burning of the skin weve noted. Anorexla andrnavsea
with some vomiting also occurred. These syuptoms subsicded promptly within

- a few days wilth no recurreuce. A tebulation of incidence of these symptoms
(Table IIY) suggests that the gastrointestinal manifestations were more fre-
quent and more severe among younger childran than among older children and

. Jd -
11 '

adults™. ' ~

.
v

Radiation burns resulting from deposits of fallout material on the skin
developed about 2 weeks after the exposure.’ H}peTchm :ntation, desquamation,
depigmantation, and, in severe cases, ulcervation followad, Spqu ancous hzal-

ing and replguentaticn oceurred duving the next few weesks., Tha shin locions
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czl distribution of the burns was recovded among several e
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wecks after exposure.

Regrowth of hailr started at about 3 wmonths and was complete by the sixth

ronth. Th

e now hair seems d noa.hl in color, texture and sbundance. Both

the frequency and the ceverity of epllation were more markad among child:en

gs comprred to those ameng adults (Table IV). Thus, 1007 of children undey

5 years of

“.)

.

e showed sone degree of eprilation, 907 of them moderate to

w*

- 2
~severe degrez. Only 277 of thosce over 106 years of age nanifested api’ationlz’l’.

In respect tn hemetologic {indings and particularly as they relate to

(Table V), the following oorﬁl\@tjoxs have been mnde13’ 14:

(a)

()

(c)

5001332

At maminmun depression of lymphoeytes (3rd day), the vzlues weore
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 younger age group and age diffarencés becars less marked after
the fourth week.

Plyielcb values (as percent of control values) during the first

12 months were consistently lower gmong those under 10 years of

age as couwpared” to thoze over 10 years of age., Maximum depression

O 133

cccurrad by 30 days.

Granuleeyte values dropped during the second woek and showed a

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

Y

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

change were the same, the values for child ¢n under 5 yc; a of sge
vere below those of the cldex ag gruupq tl*ouwhou- wost of the

\

.

first ycar of cobservaiion.



(8)  Complots vicesary Lo nosenl dlovels

m il
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was tlowe  Peon levels for platelels, granulocytes and lyaphooybor

w

remoinzd slightly, but consistently, below the controel 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 .;tion of the moan valués calculated for children
aged 15 years or youngzer at the tinme of each examination showad
cseentially the gane patLe*n of variation fron tha control waluven,

reaching control veluves in 1965

Late Effacts

The significant late effects of the fallout radiation have been the

retardation of growth and the developmant of thyroid abnormalitics awong thz

)

.

Rongelap children exposzed at young ages

or
o
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 sli nsistent retardaticn in

=
o
=
or
0
0

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
differcnce, however, was not statlisticslly significant. No difference in

1}

»

1815. Further examinztion of the data

the growth curves was noted among girl
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, (Tor grouth

and developnent stuiles, bacaune of the relatively small numbers of children

in the verious zo

groups, the Ailinceos end Rongeleap pcﬂu?azwohu have boon

Vi .

coizhined.)
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Vieen thls youngoit age group won considered ceparlely (Fim

significant retavdaticen in statural growth was showa among the boys.

children were smaller thon both the control boys and those enposed at older

ages.  Givis expesed wt similar young ages had normsl ctatural growth curves.

leant dfference dn weight curves vere found betvesn exposcd and

contrel childron for both bovo and girls.
Althoush theroe were individuval cases in which Lhc s“elec 1 maturation

1

lageed markadly behind expected norms (part 'cularly in the hypothyroid sub-- -
jects), the overall curves for exposed and control chiidren showed no stot-
“istieally sign"icant differences. ' :

In 1963 a nodule was palpated in the thyroid gland of & l3-ycar old
girl vho was exposced to fallout on Rongelsap at the age of 3 year:s & months.

A total thyroidectomy wes done. The surgical speclmen showed nulidple

u.
[}
0
e
&
3

nodules with cystic and hemorvhag es. The histological diagnosis

was adenomatold goiter. During the next 5 years, thyroid nodules have dev-
eloped in an additional 14 of the 19 Rongelap cuqlozon who werc uvnder 10
years of age at time of exposure to the fallout (Tahle VI). Two other chil-

.

dren in this age group manifested frenk hypothyroidism, wmaking the total in—

U
¢ a1 e . ; ; 17
cidence of thyroid abnormalities 90% among this group of 19 child .enl6

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 leslons were found o malignant chonges .ha e been noted
in any of the specimens.,- - - - - : _ :

The pattern of thyrold-nodule development suggested sevoral velation-
ships to age-znd developmental status of the exposed childreu. Almost 21l of

-

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

.
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ared Gt oGiposuroy toe btloons wero

savldier s ons cuony olell, consdlstant with the

[E IS

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

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

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

the original 45 subjecis exposed to fallout on Rongelapn
at ages grecter thean 10 years, thzrce gbuormalities of the thyvoid gland havz

been found up through the 1969 examinztion. These abnorcalities consisted

cf mixed papillary and follicular carciwoma in one, and adenomatol

(29

in two.

In the Aildngnae group of 12 who werc older than 10 yesrs of age at ex-
posure, a tunor {(necurofibroms) lateral to thz thyroid gland has been found

in one adult. Among the 54 children expozed at Utirik to fallout at ages.

under 10 years, no thyrold abuormzlity hes cccurred. Of the 55 Utdrik pecyple

o]

exposed &t azes greater than 10 years znd in whon adeguate pelpatory thyroic
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,

2nd progression of the thyrold nodules.

rt

if possible, the furthsr developmen

The dmacdicte effect of thyrold hormone has beon the sudden marked spurt in

: ...t

1 and development ¢f the hypothyrold children, manifected most dre-

patically in statural gain and zecelerated sheletal end soxucd matuvetion.

5001339 | - |
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Lze differences dn the acute
‘dng exposure to radiation fallcut have been documented in the Rongelap popu-~
lation. Tha ceverity and frequoency of several abnowmal £indinga appearad
to be correlated inversely with chronoleglcal ase, that is, wore covere in
the youager subjects. The data, however, d¢o not indicate whathsr the &
ferences are dv2 to increased biologlcal sensitivity_of.the tissues of young
children or fo dosaid.fn erences.,

Observations during the "nrual surveys dndicate that t
less clcthiug end that they spend considerad 1y rore time in the opzn, 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. larsover, the physical sizes of the children were such that they
would heve ryeceived a greater dose at nidline then adults receiving the sanz
2ir dosz. These factors mo doubt contributed to the skin lecions and greates

depression of blood elements in children compaved to adults. The greatex

o]
o

incicdence of thyroid abnorm=lities in the children was probably related n

A

only to increased radia

=3 3

tion dese to the children's glands, but also te the
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reater proliferative activity of the growing gland with lo
” < [&) i.
of injured cells. ‘ -

end laboratory dota Indlczted that totzl destruction of the

lte
e
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i

Clin

thyrold gland occurred in two younzsters. That povt

glands wey hove resulted in others is suggested by increased TSE levels,
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of the thyvcid glands to

of the nodule davel it suo

C'\
I

lescence could have been a precipitating factor inm nodule forwmation. However,

thie nodules occurred early in adolescence in the youﬂ'“r exposad childyren

and late in adolescence dn those vho ware older zt exposure.

he finding c¢f thyvoid nodules in so many subjects raises the question
of the existence c¢f goitvogenic factors unrclated to radiation. However,

the cvervhaluing concentration o

enviremnental factors othew than folloutl radietion., The lack of developmant
of thyroid zbrormalitics in childzen of same ages of less haavily exposed

,
[N
fo

grouns (6 Allipgnze and 54 Utirik children) as well as in 48 unexposecd
dren 211 living in the szne or similar envirox ent substantlates the chbove
conclusion.

Altbough.no th““owo cancer has béen dateci2d zs yet in thé.RO.gL]dW

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

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

18, 19, 20,

for cencer cdevelopment reported in the 1iterature The subjects

are in the late teens end early twentles vhere th peak incildence of radia-

tien-v e]a;eu thyroid cancevrs has been notedlg’ 19. The

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

erc higher than tnv>e doses which have besn associated with late developmoant

. .

& with reported ceses®* since exposune
vas lareely due to vediciedinez., Undoew co~diti s of tha fallout, tha dose
to tho thyrold glend wes veceived over o period of hours,



Tnyvoild cencer has dzvelopad in one adulit, Altheugh this single occus-
renca 1s not definitive evidence, the possible relationship of carcinogenzsis
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 unknown. Hewewver, the suppression of noduie forme~
tiop in the drwadizted thyrold gland of the rah has been reportedﬁg.

The early clinical and endocrimnclozic evaluztions had not delineated
cleariy the mechanian for grewth failure in sow2 of the Rongelap childrent®.
Later studies have demonstrated abnormalitiles that indicate, wilith dncreasing
probebility, thet the growth re*drouLJOL has becn the result of hyvpofunction
of the thjrojo gland in these c}i]dchlo’ 17, The glondffcant growyth spurt
in the rost retarded children following administration of thyroid houmore

0}

czn be considercd clrong coruoborative evidence.
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TADLY IV

EPILATION

RONGELAY CROUP

’”

[oE

Epdleation

o}

CIncidenze (%

)
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Aze Age .oe
0-5 yrs 6-15 yis 16+ yra
e 0 b A 3%
‘:") 706 380[: 13'8
(24 35.6 30.7 5.5
53.6 23.0 8.3
TOTAL | 160.0 87,1 7.6
’fl
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TABLL VI

EBT0E6

Incidence of Thyroid Lesion

Rongelep —— euposad

Utivik -~ cxpozed

o

Rongelrp - unexpose

Pa

e e ey

0

§5.5 (17/19)-
0 (0/6)
0 (0/40)

¢ (0/48)

*Calculated on basis of nmumbevs of
craninad for thyrold stotu-,
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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



the heavily izradis group oi adults. Thywoild suvgery on 12 children and

~

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

rarked growth retardation with growth spurts subsaquent to thwroeid horuwens

adminictwation were scen in the tvro hypethyroid boys. Tt has becomz increa

5001340
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