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THE EFFECTS OF FALLOUT RADIATION

Ol MARSHALLESE CHILDREN M ﬁSTC“,

Wataru V. Sutow™" and Rotert A. Conard#®at

Cn March 1, 1954, nacive inkebitents of szveral atolls in the Marshall
Islands were exposad accidentally to fullout radiation following the experi-
nental detonation of a large thurmonuélear device at Bikini Island., <ha
heaviest fallout occurrad on Rongelen Island, downwind and ebout 100 milex
cest of Bikini, Since thet time the exposed people have underguza reznlac
end intensive medical exaninztions, tho results of which have been dacitmientoed
in o number of puhliqatioﬁsl"h. The present vepovet will swanarize tha flud-
in;s on the expos2d Pongelap pecple vho were chiildzen ot the tima of exposure
In particelor, thes: fipdires w313 be coupared te thoce notei In the erpoge?

cedelt popnldation,

Fallout end Radiation Doses

At tle tine of the steute boud test, the fizeball toushzd the suriar-g

el the earth and ocean. Tremaudeus arounts of incinerated poarticulats matter
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wvera svcked up into the cloud., Pocause of an unpredicted ghift in wind divec-
tion, radloactlivaly COntnanatudbfallout was deposited on Rongelop, Alldingnac
and Utirik atolls.

On Rongelap, the fallout was described aa "enow-1ike" which coated th2
ground a2nd vegetation and formad deposits on the hair and skin of the pcoplh.

_Less dense "mist-1like" fallout was noted on Ailinguae. Ailingnae, some 40
riles south of Rongelap, was actually closer to Bikini tut it was situatzd
rorve out of the Mne of the cloud passnge. No visible evidence of fallout
was observed on Utirik, 250 miles from Bikini..

Fallout ccumencad on Rongelap eud Ailingnee & to 6 houre after the dz2ton-
etion of the boub, The radioactive cloud reached Utirik about'zz hours after
the explocion. Fvacuation of the contaminated islands was accompliched ap~
proximafely 43 hours ofter the commancement of fallout>.

Exposure to radiation involved wnole body gamma doce from environment-
8lly depos?ted raodioactive fission products, superficial doses frouw beta znd
coft ganna rediztion and doses from internal atsorption (threugh inhalation

end ingestion) of radionuclides.

The external whole body gzmma dose has been computed to ba 175 rad on

Rongelrn, 69 rcd on Aflingnuae and L4 rad on Utirik (Tzble I). Bzced on cal-
culetions frou radiochemic;l urina conealyses, it has been estimated that ths
.thyfoid gland zccurmulated about 11.2 vCi of 1317, 1 eddition, tle ghortewx-
1321, 133

Jived Jcotopos, I and 135I, add:d-honsidcrably to tha dose, The

‘uost probable dose to the thyrold gland of Rongelsp Islend children legu

than 4 years of age has bezn czlculated to be in the range of 7C0 to 1400
radss 6, Excent Jor th2 thyroid gland, the dose frowm absorbtaed radicactiva

.. naterial cppears to hive beon minde-l with no discexnible bilologlcul effchuVQ
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Subsequent to the return of Rongelep people to their home island, the
body burdens of 137Cs, 6520 and 90sr rose to low levels, but these reached

equilibrium with environmental sources by 1961, Mo cffects from these iso-

topes have been datectedd9,

Populations Under Study

A total §f €4 men, vomen ard chiidren were present on Rongelop Icland.
Thae 18 who were exposed to fallout on Ailingzuae wcrevRohgclap inhabiteants
vho hod gona to the adjaceat atoll for f£ishing. On Utirik Islend, 157 Mav-
ghellese people raceived fallout radiation. Ia addition, 28 Americen ser-
vicemen on Rongerilk Islead and 23 Japancse fishermen on the boat, “Lucky
Dragon," werz subjected to cublethal doses of radiation froa the fallout
(Table 1I).

In the Rorgelsy grovp, 12 of the 64 were under 5 years of ege, 10 vere
betuezsa 5 and 16 yearc, end 34 were over 16 years of ege. Among theso
children, 19 were under the aze of 10 yeers. Tour fetuses tere exposed in

utero on Tongelap. In the Allingnse grovp, 6 of the 18 were children, 2ll

vnder the age of 10 years. On Utirik, 63 of tha 157 wera childdren 15 yaari

of ase and youn 2+, Fifty-four of the 63 vere under 10 yeats of ege.
Rongelap vas considerad to be habitshble in 1957, At that time the
poople wora trensferred tack to their homa island. When repatriation teok
placz, a group cf ebout 200 un:wéosed pconle also movad to Rongelap.. This
ron-cxposnd gLoup, maﬁtly relotlives erd formze drhebitants of the ielend,
hes served zs tha comparisen population for the continudng ctudics of the

! peopla.  Awong the non-cnposcd group, 48 were under )0 yeare of egn
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in March 1954 end 8 vere botueca 10 erd 15 ydors of agclo.



’ ixeminations

Following the intensive medical studies inftially, followup examinations
of the Rongelap and Ailinznae people have been conducted at 6 wonths and then
at annunl intervals in Morch. Systematic and cowpareble examinations of the
Longelap unexposed populaticn wore started in 1958 and have been ‘conducted
at least bignnially. People on Utirik have bzen scen at less frequent inter-
vals. The pediatric surveys have also incluled cxémination of all children
born cfter March 1954 to pareat or parents expoced to the fallout and to

perents in the unexposed control group. The children of exposed parents new

nunber 88 and children of non-z:posed parents number 121,

Eerly Effncts

The acute early effects of fallout radiation involved primarily the
ekin, the holr, the gastreintestinal systen and the hematonnietic tissués.
During ;hc firet 2-day period following exmposuze and bufore evacuation froam
the iclzud, itching and burning of the shkin vere noted. Anorexia and nausex
with som2 vomiting clso ogcu;rcd. There synptoms subsided promptly within
a few days vwith nc recurreace. A tcobulution of incidcnce of these gymptoms
(Teble IIX) sugzests that the gestroiatastinal nanifestations ware nmora fro-
quent end more gevere among younger children than emong older childrea ond
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Radiation burnc reosulting from deposits of fallout msterizl on the skin
c¢eveloped about 2 wecks after the exposura. Hyperpigmentation, desquamation,

depismuntation, ond, In govare casee, uvlecration followed, Spontanacus he-l-

ing rnd repignant.ition cscuvred during the next few woeks, Tha shin lesious
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vere more extensive in the younger children. Soma variation 4n the enatomi-

cal distribution of the burns was recorded among scveral cga groupihgslz,13.
Epilation, generally'spotty in nature, began 2 to 3 weeks after exposure.

Regrowtﬁ of hair started at about 3 months and was complete by the sixth

ronth. The new hailr ceemed normal in color, texture and sbundance. Beth

the frequancy and the aevérity of epilation were wmore marked among children

as compared to those emong cdults (Table 1IV), Thué, 160% of children under

5 yeecrs of zge chowed sonc depree of cpilation, 0% of them moderate to
cevere.dezree. Only 277 cf those over 16 yaars of age manifested epilationlz'lé.
In respect to hematologic findings and particularly as they velate to
oze (Table V), the following observations have been madclj' 14,
(a) At naxinua dcprc;sion of lymphocytes (3rd dey), the veluss werce
<" lowexr in those under 5 years of cge (25% of norizal) then in those
over 5 years of age (55% of normzl)., Recovery wes more rapid in
the younger age groun and ege differeuc;s becime lecs macled cftew
the fourth waek.
| (b) Platelet values (25 parcent of contiol values) durdng the flrst
12 conths were coasistently lower &mong those undar 10 yoovs of
age as compared’to those over 10 yoaxs of aze. Marximua dopression
'occurrcd by 30 days;

(e¢) Graruloeyte volues dropped Quring tha gecond week and ghewed o
second drop during the 5th weaek, --By 12 wecks, the levels Lad re-
turned nezsrly to the céntrcl rens2.  Althouch the patterns: of
chauge vare tia sare, the velues for childuen unler 5 yeorn of ope
wvere helew thos2 of the older gae grouvps throusliout rost of the

flrst yeor of olzzivotlion.



() Compleﬁe recovery to normal levels of peripheral blood elemeats
wan slows Mean levelu for plutelets, granulocytes and lympbucyteu
rewained slightly, but consistently, below the control levels
during the fol;owup gurveys until the 1lth y2eox (1955), These

‘differences wers staotistically significent st varicus exanmination:s.
. In 1965, the meon covats for cll blood eleneats reached control
s " values. Inspection of the mean velues caleulated for children
azed 15 years or younzer at the timz of each ;xamination showad
essentially the sanc pattern of var@ati;n from ths control values,

reaching centrol veluca in 19553,

Late Effcects

The eignificant late effects of tha fzllout radiation have beea the
retardation of growth end the developnent of thyroid ebnorivalities among thz
Rongelesn children exposed at young 2ges.

Longitudinel anthroponstric data, including skeletrl age assessments,
have beza accumulated on these children. Analyses of these messurements

showed, In the exposed beys only, & slight but consiZsteut retardation in

[a
™
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body size (cupresce sgteture) during grewth from the 4th througzh the 16th

year as cowpered to the staturcl growth crrve of thz unexposad boys. This

differencc, howover, was not statistically siznificrat, No diiffereace in
15 °
the growth curves weos notod ecuong girls™., Further excmiration of the data

sucoested that the votedation noted in the boys was mest marked améng those |
vho weve 5 yeave of cpe o younzer et tha tinme of tha folloutls, (Fo: growth
end devalopinent gtudies, bacause of the velatively sw:d) numbzra of childvcn

in the vaviovs age grovps, the Allingnee end Rongelzp papglnéions heve bacn i

e

cerbined,)
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Vhen this youngest age group was cousidered seperately (Figure I), o
significant retardation in staturel growth was showm grmong the buys., These
children vwere smaller thaa both the control boys and those exposed at older
ogea.  Cirls cxposed at simlilar youug cges had normal statural growth curves.
¥o significent difference in wcigét curves wvere found between exposed and
control children for both bdoys ard girls.

Although there were individual caeses in which the skeletal maturation
lﬁzgcd narkedly behind expected noums (pzriicularly in the hypsathyrold subh-
Jects), the overall curves for exposed and control children show:d no stat-
ictically significant differences.,

In 1963 & nodule was polpated In the thyroid gland of a 13-year ol
girl who was exposzd to fallout on Pongolap at the age of 3 years & wmonthe.
A total thyroldectouy was done. The surglesl specimen shoved multiple
nodules with eystic and hemorrhagic changes. The histolozical diazno:ds
vas edenomatsid goiter. Durdung the next 5 years, thyroid nodules have dev-
cloped in en edditional )4 of the 19 Ronsclap.childreu vho were veder 10
years of age at tine of exposure to the fallout (Toble VI). Tvo other chil-
dren dn this oge group‘manifestcd frea™ hypothyroidisa, making the totrl in-

cidence of thyroid sbnormalitics €0% cmonyg this group of 19 childrenlfs 17.

w

|5s

Up to th: conelusion of thz 1889 eusvay, cperative procedvvis have been

"carried evt in 12 chiidran vith thyrold nodules. In el insicnces, tnlticlo

benZzn adensiatous lesionc vere feurd. o malfuncnt cherzes hove been noted

In ¢uy of the spzclrons, - :
The pattera of thyrold-nodule devalopnsnt supsested sevar:l relatfcn--

ehips to ege rnd davolopnintol status of the exposcd childven, Alwnal all of

[ TP -

the turors sppearve? to devslep during tha adolescont pariod (I5pure 2),  You

v
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conparable ages at esposuce, the fuaota were flrst noted dat clironolozically
catlier ages anong pirls, consdstent uith the hotazl cariier o:cu;rcncu of
udolescant changaa iu glrls. Thae Yleteut perdod" botweoy tadlutfon capoaura
eind twimor developmant for 13 of thu 15 leziona was 10 to 13 yeoars.

it W p e e it B B e Emedin plH G
in the age renge compareble to the 19 exposed children. No nodules have becn
nated dn the 4 children exposed in utero and in the 6 childreﬁ exposed in
/ilingnae. Among the original 45 subjects cxposed to fallout on Rongelap
at oges greater than 10 years, three zbnormelities of the thyroid gland hava
Leen found up through the 1652 eramination. Thasa cbnornalitips cousisted
of nixed papillary end follicular carcinona iun one, and cdenozatoid goliter
Jn two.

In the Aflingnae group of 12 who were older than 10 yeors of cge et ex-
posure, a tumnr (ncurofibroma) laternl to tha thyroid gland has been found
in oue adult. Among the 54 children expsrcd at Utirik to fallout ot enes
under 10 years, no thyroid sbuorumality hes occurred. 0Z the 59 Utirik people
crposed ot eges greater than 10 yeors and in vhoa adequate palpatory thyroid
ctudies were done, two hgd nodules. Thrze of 133 unexposed Pongelay fnhabi-
‘tants, older than 10 yecars of aze i ¥Ncrch 1954; hava ?odular thyrofd glandn.

In thz fall of 1965, the routine administration ¢f thvroid hormoac to
the Nongalep exposed poople wae begun. This rezlimen ves inteaded to decreasd,

if possible, the further develepient zn? progression of the thyroid radules.
UInz demediate effect of thyrold hormone hzs been the sudden rarked spurt in
the grovth aad doevelopnent of the hypothyvold children, mrnifested vost dro-

1oties)ly Jn stotuze) gafn end accelerared ghelaial ond sexual naturstion.



Digcuscicn

Aga differences in tha acute and latas manlfestations of injury followr-

‘ing expocurc to radiation fallout have been documented in the Rongelap vpopu--

lation. Tha severity and frequency of several ebnormal f£indings ‘sppeared
to be correlated fnvereely with chronological age, that 1s, more severe in
the younger oubjects. The data, however, do not indicate whether the dif-

ferunces are ~due to increaced biOIOOicaJ sensitivity of the tissues of young
.ﬁ
children or to dose differcnces, 7

0; :1‘..

Observations during the annual surveys indicata that tha c\ildrcn weay

less clothing and Lhat they spend considerably moxe time in the open, avay

-
7o (SRS ]
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from housés and overhcad protection, than do adults. Youn~ children play

o

) f)»'»A";
on tha ‘open gxound with great frequency. Thus, during tha two days before

‘ <Y -

cvccuation, thcy would have had gzeater and nore prolon*ed contact with £fall-

. _IA -A-'l e

:\.4‘ ,"‘ i . -t

out materinl avd would have been cloeer to the surfaca deposits than would

cdultst horcover, the physical sizes of thc children wera auch thnt they
-{-f, fw‘f‘ N

vould have received a greater dose at midliua thcn adults receiving the ganz

e
elr dose, These factors no doubt contributed to tha ekin lesions and grezter
& x e ernn - #—,

depression of blood elexents in children conpared to adultg: Tha greatcr

. incidchca of thyroid ebnormalities in thn‘childreu was probably relsted not

i : ‘
cnly to incraased radiation dose to the children's glends, but 2lso to the

- -greater proliferative wetivity of the grouving glend with lack of replzcemart

of injured cells.
4

Clinicel) end lcboratory data indicated thet total destructidn of the
thyrold gland occurred In two youngeters. Thet partlal destruction of the
glonds nay have resulted in others is cuggested by increascd TSR lavels,

Jovezed thyromtns values, veducad uptaka of redloiodina end tha incbility
7 .

o
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of the thyroid glands to vespond to further TSH stimulationds 17, qhe timing
of tha nodvle development suzgests thzt growth stresses ascociated with ado-
lescence could have been a precipitating factor in nodule foriatlon. However,
the rodules occurred early in adolezcence ju the younéér expoeed ghildrcn

end late in edolescence in thosz who were older at euposure.

The finding of thyroid nodules in so many suljects raises the question
of the existence of goltvogenic factors unmuelated to rediation. Mowever,
the overvhelnming concentration of thz noduvles \ltnln a spcelfic age-ciposui:
category would seen to eliminate such possibilities es famllial goiter or

environmentol fuctors oLhcr than fu110Uu radiztion. The lack of developnent

of thyroid sbmormalities in childrén of same ages of less heavily exposad

e groups (6 Aflinznoz and 54 Utirik children) es viell ¢s in 48 unexposed chil.
c¢ren all living in the ecmz or oimilar envivonmzat substantiztes the above f
conclusion, E

Althovnb no thyroin cancer has been detected es yet in the Rongelan

children, the risl of malignaney sheuld bz considered increased. It is n

15 yeare from timz2 of exposure, well within the 3 to 27 year latent paricd

for cancesr davelopuent repor ad in the liternturels' 19, 20. The subjects

ere Iin the lata teens end carly twenties vhorc tha paak incidence of radian-
tion- .ated thyvold carcers hzs bzen noteql®s 1?. The physical doses of
radiation to which tha thyrold glands of the Rongelap children ware sgubjected

ere higher than those > dosc.s whiceh have been cssociated with late dﬁvclopnent

of carcoxls’ 20, ?7

- It is posuible thot i1 the Harvshzollesa chiluran Lthe
latent perlod nay be prolongad corpared with rcported cac2s?) gince crposura
wes Jargely duz to rodioledinez. VUader ecnditions of tha falloud, tha doze

to ‘h2 thyrold glond was zaenived ever o paclod of hours.
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Thyroid cancer has developed in on2 adult. Althovgh thic cingle oceu:-

rence 1s not definitive evidence, the possible relationship of carcinogennain

to fallout radiction must be scriously evaluated. The effeet of erepueaougly
administered thyroid hormone on tha risk of ecuncer of the thyrold gland in
the irrediated human 1s unknowm. MHowever, the guppresslon of nodule forr:-
tion in the irradiated thyrold gleaud of the rat has been reportcd23.

The early elirical arnd endocrinologic evaluations had not delineatsd
clearly the mechentex for growth failuve dn sowmz of the Rorgclap childien’o,

Lzter studias have deuonctrated chaomalities that indicate, vith dncwezagin

e,
o

'3

probability, that the growth veiordation hrg bean $he resul’ of hypesuneric.:
of tha thyrold glond in thoze childrenlfs L7 1ha sipnifdcent gravth gpunt

in the wost retexded children follewinr cdninteirition of thyreld hor o uus

cen be conzlderad strens corroborative evidznce,



- e - e - & ———— it "S- @ tnt A o — —— —

ity s W Ot ®

TABLY T

ESTILNNNED RADIATION LOSEH

I MARSILALLEST FOQULATTONS

- A b e em em e memme ) e e S ———— . —— G e o e ——— ce-——

Poprlotin. Ccirma doce . Tuyrold dose
(rads) (I, rads)

—— 41 s o =m0 —e - —— - - —— e e it b ey - — -

TOUGELAY

ey

boe <10 yrs,

[
~
v
-
<
(&)
t
'-J
KN
Y
o

loe >0 b A

L 3
-~
(&, ]
el
(=)
[}

fize <10 yuus co $75-550

Are D30 yis. . 62 _ 55
ULInY

Aze <10 yro, 14 55-110

Aze D10 yuu. /S 15

e e o ae et s cpmm e e et e e e el e

Ll




.
.
.o
’ i
- e e s ——— et s

r_s.——.- ..... e ——— ———— s 1 PEV P . B T w8 s 2} m——— - -

' TALLE 21
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TLYLE VI
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SUMMARY

In March 1954, 82 pzople of Pongelep Tsland in the Marsholl Islends werc
rccldentally exposed to sublethal docre of falleut radiation duriny the
atonic boad testing progrin. Sixty-four of thesz pecple received about 175

rods yhole=hody ganmo-vey exporvre oud 18 receilved about €9 reds., Additional

and hadr sud Lren dngested vadiowwelides, This zeport cvimarizes the medi-
-cal Tincirpgs Ju the expored childven over a 15-yerr peried ac coapsred vith
findings dn the adules,

Farly nourzc with vorttlng ond dityrhea occurred in both childuea end
ciules,  The depression of levreyie aud platelet Jevels that devaloped wuas
Lone yr;noun:&ﬂ in the childrens FPovo burnz of the shin oad epiiation YITQ
fa the erildwzu but o el ece grouns healing was vapid with
windund sezveing end rejrerth of hair vas completa., Grovth and davelopmont
eppecred to b slightly roterdcd 4n conn capored childucn conpared to non- .
exposed childrén. Tals greurth Lo voo pavticulerly puerlinent in boys.yﬁo
vere less then 5 yenrrs of &7 et tim» of enposvie., No scute cffcets wers
noted in counzction with the Jaternzal absorption of redionuclidss.,

Tt hea bccn.calculatrd thant the thyreid gla=? had whoorbed chout 11
ricrocurtes of Y311 and that the thyrold glardls oF young ehildyen ;n the
keavily exjosad group yecodvad dezes of 700 to 1400 w»ds.  In 1663, e tay-

vold nodule was found dn & A2-yior old gixd. Durdag the next 5 years 17

rd .

-

cages of tiyvodd elinvialitlaz (U5 with nodules, 2 with hyporhyseidisn) ware
cotreiad, 2l) cuong & oooup of 12 childron vho ware espocad at less thea 10

!
Yrers of rone Yo tigwedd neldulos boaa brooorsted dn A% veeyrosad childran



of the some éges living on thre san2 island and in 60 childran exposed to
lesser doses, Only thre: thyrold ebnormalitics heve been docunenied omon
the heavily irfadiatcd group ol zdelts., Thyrodd surgery on 12 children and
two adults revealed adencmztold gelter in 211 cases except for one 40--year
0ld wemnn vho had a malignzat tumor. Atrophy of the thyrold glan? and
rsrked growth rotardation with growth spurts subgcquint to thyrold horiaie

administration wers sean in the tuwo Lygothyvedd boys, It has becen2 incx:- s

irgly evident th-t thyroid injury azsoclztad uith folloge ergosvre Las resvltasd
Jn deficic ey of thyvo?s functicn.
, ) -
\\
. . A )
, -
' 4
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