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ABSTRACT 

Follow-up medical examinations were made of the Marshalksl' Inhabitants nf Hongl'Llp 
Atoll 6 months aftC'r they had been exposed to atomic' bomb fallout radt1tm11 during tht• Op1•r;1-
tion CASTLE test series in March, 1954. During the early arutt> period following Pxpo::;ur1'. 
these people had shown systemic effects and marked hematolti~ic;tl changt·i; rt>sultlng frnrn 
penetrating gamma radiation; extensive supt•rflcial skin lesions and Ppilat1nn .1ssoclated prin­
cipally with beta and soft gamma radiation from fallout matenal deposlted on uncnvt>red skm 
areas; and minimal internal contamination with fission products. re11u1t1ni.: prinrtp;tlly fro111 
ln~est1on of fallout material. At the time of the 6-month resurvt>y th<' 1nd1v1duah-<. in ge1wral, 
appeared healthy and normally active, and no deaths had occurred In the intt•rim period. Three 
babies had been born Hince exposure; none of whom displayed detectable atmormalilll'S. One 
miscarriage at 3 months occurred during the interim period. No specimen was available for 
study. The skin lesions previously prominent had healed complf'tt>ly, and only occas1onal lly­
perpigmentation of depigmented scars was seen in a few 1nd1ndu;tls who had seven· ear 1 :, skin 
damage. Regrowth of hair had commenced during the third month following exposure and was 
essentially complete at the 6-month examination. RPsidu;ll of the ftn!!"ern:ul discoloration pre­
v10usly noted was found in three individuals. No additional findings on physical examination 
could bt ascribed to radiation exposure, and most had gained weight durmg !ht• interim period. 
A measles epidemic was in progress during the examh1ations. The severity of the disease in 
the Rongelap people was no greater than in a control unexposed populatwn. and the incidence 
was no higher. Chest X-rays of all individuals re\"ealed no abnormalities ascribable to tht· 
fallout radiation. Analysis of hematological data obtained failed to demonstrate a significant 
effect of measles on the peripheral blood count. Neutrophile, lymphocyte. and platPlet counts 
were not significantly different from counts taken on the 74tn post-exposure day. ;ind nom· of 
these values had returned to control levels. Studies of bo1H' m.irrow spt'cin1ens obtained on 20 
adult lndividua ls revealed no significant abnormalities. M1111 ma l ;1111ount s of n·s ldua 1 r;.idrn­
actlv!ty were detectable in the urine of approximately onP-th11d 1•f th1· l'xpwwd indlvldual:--i. 
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CHAPTER 1 

INTRODUCTION 

1.1 OBJECTIVES 

The present medical resurvey was organized as the first of a contemplated series de­
signe:d to pro\'lde long-term medical examinations. of the Marshallese people exposed to radia­
tion from fallout during Operation CASTLE. 

1.2 BACKGROUND 

Following the detonation of a thermonuclear device on Bikini Atoll on 1 March, 1954, 28 
Americans on Rongerlk Atoll and 239 Marshallese (64 on Rongdap, 18 on Atllng111ae, ancJ 157 
on Utirik) were exposed to significant amounts of radiation from fallout These individuals 
were evacuated to Kwajalein, where they were cared for dur111g tht• acute pt'riod following ex­
posure by a 8pecial medical team composed of individuals from the Naval Mt•d1ca l Research 
Institute (NMRIJ in Bethesda and in the U.S. Naval Radiologic.ti Defense Ltl>llratory INRDLI in 
San Francisco. A report of medical findings has been issued as an Oµeratwn CASTLE report. 1 

The present report 1s concerned with the medical status 6 months later of the Marshallese 
people who received the highest estimated dose of gamma radiation, the Rongelap and Ailinglnae 
groups.• 

The Rongelap group was exposed to an estimated 175 r of gamm<1 radiation, calculated 
from dose rates measured free in air, over a period of approximately 46 lu. The Allinginae 
group received an estimated 69 r of. gamma radiation over approximately 54 h-. Both groups 
received additional beta radiation to exposed skin areas. All findings were mo1 e severe in the 
Rongelap than in the Ailinginae group. These flndings are reviewed later in the report. 

Because of the continuing hazard from radiation on their home atolls, the Rongelap and 
Ailinginae people were not returned to their homes after observation at Kwajalein. Instead, 
they were mo.,,ed to Majuro Atoll, the Trust Territory Headquarters for the Marshall Islands. 
Housing was furnish<'d tht>m on Ijij Island (pronounced "edgit "), 10 mi nut es by boat from the 
TruHt Territory Ht>adquartcrs, where they wt•re residing at the tim<' of lht' present examina · 
tions. 

•The Utirik people, who received comparatively slight exposure, were returned to their 
home atoll following observation at Kwajalein and were not examilfed during the present re­
survey. The exposed Americans had been returned to their duty stations in the United States. 

9 

... 



1.3 GENERAL METHODS; CONTROL POPULATION 

The facilities of the Marshall Island Memorial Hospital in the Trust Territory Head· 
quarters were made avatlalJ!e fur the clinical and laboratory examinations. Tht• n·sur·\•t•y ln­
cludt>d the es!A.blishment of a control group of unexposed Marshalit'Sl', in addltlt111t111>hf.trnini.: 

interval hlstorlf'f!, n1mplete physical examinations. hematological !ltudil'H, and rad1oat't1,·1tv 

excretion studies on all the expoRect Individuals. Similar examinations Wl're co11dut"l1·d on this 
control group for Immediate rumparlson of findings and lo serv1· as a ba8t' lint' for ro111p.1r111.,:­
growth and other future rhanges In the two groups. 

The rontrol patH•nts werr• obtained prlnrlpally from among the residents of tlw \"lllai.:r ol 
Rita, located about 2 miles from the hospital. This population waR rhost•n on th1· l>;1Mls 11f 1tN 
similarity with respert to the living conditions of tht• exposed })('<>pie. ltr; ret1th·1· 1wrmam•11c1>, 
and its accessibility to the Memorial Hospital. The Individuals were selt'rted on tht' li;11:ils of 
age and sex to be paired with the members of the exposed group. Thus, t'arh lndl\'1ctu;ll ,,r tlw 

exposed group waH aRsigned a control individual of the same sex and approxlmatt>ly tlw s.11111· 
age. The age distribution of the exposed and control populations 18 given with lht' hen1.1t.il11~1c.tl 
results in Chap. 4. The age distribution of the exposed and control l{roups was tht• .salllt'. ex­
cept that suitable controls were not found for two women of reported ages 60 and 100, nor were 
controls established for the three babies born to members of the exposed group since M;1rch. 
1954. Numbers were assigned to the controls by adding 1000 to the number of the correspond­
ing member of the exposed group. For example, Labnir, number 1011, was the control for 
Antak. number 11. 

REFERENCE 

1. E. P. Cronkite et al., Study of Response of Human Beings Accidentally Exposed to Si!-:nif1c.i.nt 
Fallout Radiation, Operation Castle final report of Project 4.1. 
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CHAPTER 2 

CLINICAL EXAMINATION 

2.1 PREVIOUS FINDINGS 

WitlJin hours of exposure to radiation, approximately two-thirds of the Rongf'lap peoplf' 
fell nauseated and one-tenth of the group had vomiting and diarrhea. One Ailtni.:tnae tnd1ddual 
rep(Jrted nausea. Itching and burning of the skin and eyes during this period urcurrect In over 
onl'- quartC'r of the Ron!{e lap residents and In a smalln number of the Atl t1111:lnaC' population. 
With the except10n of skin lesions and epllatlon reported in Chap. 3. there were no further 
symptoms nor findings on physical examination that could l>e attributed with certainty to radLt­
tion exposure. All individuals were normally active throughout tile pt>r1od of observation. The 
variou8 clinical conditions encountered in the highest expo8ed Rongelap and AilinginaP groups 
were not remarkably different In type or extent from those seen In the least exposed Utirik 
group. Although a number of individuals were markedly neutropen1c, no 1nfect10ns attributable 
to neutropenia per se were observed. No external evidence of hemorrhage was observed, al­
though platelet counts in 20 per cent of the Rongelap group fell to 90,000 mm1 or lower al· the 
time of maximum depression. Antibiotics were used in a few individuals where indicated for 
incidental infections. However, no prophylactic or therapeutic drugs wer ~ necessary or given 
because of whole-body radiation exposure alone. 

2.2 PROCEDURES 

The following procedures were carried out routinely on both exposed and control groups: 
(1) b~ief past history,• (2) complete interval history, (3) skin examination (including biopsies 
and photographs in selected cases), ('4) complete physical examination (including ophU1almo­
scopil', rectal, and pC'lvic examinations), (5) chest X-ray, and (6) hi>matolo11:tcal studil'!l (111-

clud!nl( bone marrow aspirations In ec>leclrd raaes). Serolo~y waN dvnt' 011 some of tlw t>xposed 
Individuals. SpPrlal nwasuremenh1 wcrf' taken on chllclren to providt• a ball(' !Inf' for futur(' 
growth and development studies. 

2.3 CLINICAL FINDINGS 

Past ;listories revealed little of note, with the exce:>tion of a high incidence of yaw~ (ex­
posed group, 23; control group, 17) and gonorrhea (exposed group, 21; control group, 19). One 

•Interval and past histories were taken by Dr. John Iaman, a Gilbertese physician who 
spoke excellent English as well as Marshallese. English-speaking Marshallese nurses aided 
in the physical examinations. 
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control patient gave a history of syphilis for which she had been treated twlre. lntttval hlit· 
tories were esst>ntially ne1ative. Nu deaths had orcurred in the exposed population. and thr1•e 
apparently healthy infants11l.d been born In the interim period. Their i11 11t1:·ru a~l'S al thl' timf' '>·· 
of exposure were approximately 3, 6, and 7 months. Three other prel{nancies were nnlt•tf durin~ 

the present examinatwns, in one <'f which conception had ocrurrt'cl at auouitht• tinw or 1•xpo-
surP a!ld in the -1"emalnln..: two, 2 to 4 m9hs after exposurf'. • 

TABLE: 2.1-PosJUvt• FindlntE!! on Phyi;fral Ex;1mlnat1on 

of Ex~I and Control Poµulatlona 

c~rrllova~f'lli<tr ,;y.~11'"1; 

<..i1•n1•ral1z .. d artl'rlnsrl•·rosl~ --... 

wlllt h1»1rt rlls .. aM' 

Hyp ... rten ~Ion 
Wfth ht•<fft dhl'.tSe 

Luelle licart disease (?l,g._ .,
1
,, 

HGl't dls~a:W. etle~ \lbown . · 
Arthritis: · ,.,--:; -

lfpertropbtc ·. .:~~ 
ltheumattc. 

Parkinsonism 
DiabctP" mcllttus 
Gyncc•:iogical system: 

Pregnancy 

Flbromyoma of utcrui; 
. Cc~al f'roslon 

CeMical cyst 
Cf'rvlcal polyp 
Urethr'4l curuncle 

(?) 

~.~--~,... 

l-'urunclc of labium ., .. 

SiyphWs (clinl.ca.~-dlllpOais). acUvJt1J.n 

~-.r-culosis~.-nary, arrC'stltd.;'!: ;,_;;ifs 
Lllp,!'osy, urest;p?) .:, . :. -._ '1'Jlf 

. ~,pC9io ..,;i.,;;.~' , . ---· -

:~·1,\{onc111us ~·): ,;· -· · ~. 
: -~is cxterna 'Ii . ' · • -£~~ 

Ottus media <f., · :·~.~ 
Pyorrhea ~· .. it 
Blindness, traumatic _. • 
Hernia, 1ngu1Ul, direct ;;~ 

·;. 

"" 

No. uf 
1•xprn«'d 

icroup 

J 

2 
I 
I 
0 

0 
0 
0 

3 
0 
l 
0 

...,._o 
2 
1 

·•J 0 
I 

6 
0 
I 
0 
7 
0 
0 

• .1"· ' 

No. or HI LI 

l'Olll l"ol 

1p·,•u1 1 

:1 
0 

0 
0 

0 

l 

7 
., 

() 

0 

I 

0 

I 

I. 

0 

~ <· 

~ 

Table:i~.,,ummlrlzes the p~inl."ipal findings from history and physical examinations, anct 
additional data on Individuals are given ln Appendices A and B. Dermatoloi?ical findings are 

de ..... tJ.,ri'~,?_sed and cQAtrol po __ . -~ o no findings, with the exception of those re-
reporte. d }.·n_,d_ p~_p,.in Chap.~- There ~.1.r~.?-e no signif--lcant difference in d1sease 1nci-

pQtted in t\Jap. 3, could ~ ascribed tb r _ ;:; . ff!ect~~ ._e~~lHJ,P..,_ic":',Ml!Jtl'.QIP'ess in , ~ 
both populations during tt!e" examinatiGaafhiiicl ~n to ~Ine_:~~;onttol.~ but was ' 
still at its ... in: .the &~~ed group at the completion of this stUdy. ;4ibe time mterval between -
the peak incidence of measles in the two popt.Iations was probably due to ttie relative isolation 
of the exposed group. 

Body Weights of the exposed patients were compared with their weights in March, 1954. 
Although there were a few instances of significant weight loss in individuals, the onr-all popu-

12 
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.!'.!:at. iu!l,~.s. howe.d an inc.rease. Th:Mt: was probably becaue.lative lnaC"tlvlty-Ju addition-to h;tv\n,:: 
lfnple ttupphes of food. Weight chan1tes an· shown ln . ~es A 1tnd D. The sperlal nwa1-1-
drements taken _on rhildren llt(e 19 or less showed no sij{ntfft;ant abnormal ltk•s . 

.. Cheftt X-ray examinations revealed only long-standlntt rhanttes a8l'!llMbh.• to pr('vlous 
disease~• Estimates of bone age from wrist X-rays1 wer£_ _In ket•plnK •ltb,µit' stalt.>d. attt'. )k 
rays of Ion!( txmes ldtowed no abnormalltlcR ascribable to"tadiaUon dfel'IS. 0( 40 •11 lt•11ht 
ttlven to exposed rndlvlduals, three werP 3•. Two of lhf'se gavt> ;1 history o!, or h1td ph~k;tl 
fipjllni;r;s conslfltent with, late syphilis. Previous yaws p,., .o;1· did not rt'l'IUTI In a posltlvr Kahn 
t~. 

REF~RENCE 

c'i. 
1. John Caffey, Pediatric X-ray Diagnosis, Year 'Book PubUahers, 1950. 

,. ·f!f'' 
··~ 

. -·r 
-~'.f;_·".~~'.'··_·.; ' 

--·' """ J ~ ·~ s 

• '•<'' 
-··~-.,..., 

, 

•The authors are indebted to CDR C. D. Burroughs for Interpreting the X-ray films. 
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CHAPTER 3 

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION 

3.1 PREVIOUS FINDINGS 

The Rongelap and Aillnginae groups observed the fallout as a powdery material that fell 
for several hours and clung to their skin and ljjJr. 

Thorough decontamination•• not accomplished until evacuation occurred one tu two days 
later. The doaaae to~ ~ .. SJlting from ao~t beta and soft gamma radlat10n, could not be 
calculated due to the com • ie-~ the falout· material. Initial symptomatology related 
to the skin consisted of b and itclrtng tn;:a large number of people, and irritation of the 
eyes with la~rimation in a amall::&Umber, the firaltwo days after exposure. The early symp­
toms were followed by pronounced lesions of the skin and epilation of the head, which first 
appeared about the 12th to the 14th day post-exposure in the Ronj.?;elap group and after the 20th 
day in the less-exposed Ailinginae group; the lesions occurred primarily on the exposed parts 
of the body which were not protected by clothing. Those persons who remained undn shelter 
in their homes developed less severe lesions or no lesions. Also, there was some protection 
to those who bathed or remained in ~.lif hoatlit'iftnc,the fal- .~ 't 

The development of the skin le•lOQsdld not conflStln ln alf respect.-tcairbE'ta
2
skin lesions 

described in the literature. No primary 9r eec6fidato; ety&ma was obSC'r~ed; howPvl'r. the 
dark skins of these people may have obseured this phenomenon. The lesions showc>d difkrences 

-~ .,..._ .. -
in the latent period and appeared_on~.dlffer-...:_· .~ t•<411'='.1tn.,..r,oia:hly the follnwin11: se.q~en­
tial order: scalp, nerk, axillar)'"~on,-~l.16IJl~~rms. le~b. and trunk. Ep1Lt-

tlon and scalp and neck lesions ft!:.-.· •.• ~ .. ,.·, -.. · ·E·-· ·- ¥> '1' per c6t oi th. c. ~t.mgel.ap i.:-r. oup, and 
foot lesions were also common. , . __ , ....,,.,;:, c'.Z~.., · · ,.. . _ . _ ; ..,.. ~ .. _,) 0 .. - ~· · _ 

The fir st indication of a ~J·~~. . -_ •nearance of pfgmenfed marules, 
papules, and raised plaques. ~Jy, ihe:ee dark pigmented'lesione tr.1d a dry, thickened, leath­
ery feel. However, some areas de~~iopetl only-pie hyperpigmentation of the skin over ex­
tended areas. The majority of le&iou were superficial without vesic;_ie formation, which, after 
several days, showed dry, scaly d~&CUJ41nationof the ptgment•JI skin from the center of the 

·~-. .. . -· 
lesion outward. Desquamation leJ.ldePt&m_ ented pink-to-'White. l!pithel. ium not rezn.~rkedly dif-
fennt in texture from the surr~-'!lkin. During the--.xt*w we_t~s the lesions gradually 
became repigmented, resulting,_in a re=a, normal a~~ce .. ., · 

Approximately 20 per cent of tne ··~op le de~. i.s~O!Jfcof ,a deeper nature, 
which occurred primarily on the feet.,¥> eome extent on theiieel"a.ndsc:alp, and, in one case, 
on the ear. These lesions also began with hyperpigmentation, followed in a few days by wet 
desquamation with weeping and crusting ulcer formation. In sor1e of the f9ot lesions bullae 
formation occurrej, followed by a breaking of the bullae with ul.:eration. Many or the lesions 
were accompanied by symptoms of pruritus and a burning sensation, and some of the deeper 
lesions were painful during the acute stage. The a pp! ication of bland anti Jruritic lot ions and 
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ointmPnt8 was the only treatmPnt nect'ssary, l'XC'ept In a fpw lt>flillllH wh\1'11 l>1·1·a1111· ,;1•1·ombrllv 
inf Pcted and which w1•r£' tri•;1trct with ant1lllol l1· ointmt•nts. 

Essentially, all IP8ions hralect rapidly a11ct re-epithellalir:ed in a Wt't'K or 10 days. H1·pli.:­
mentation µ:radually took placl' in most of th1• lesions, and In 1wnw. notalil~· on th1• lll'l'k, hvpt•r­
pi(!mt'nla~ion of a ~rayish, dusky rulor dPvt•l11µed with thlt'kt•ntng, resultln~ In an "11ra11i.:t'­
pel'l" appt•;1ran('e. ThP deeper foot lesions, howevt'r, did not show repii.:n1t•11tat1u11. 

An unexpected finding in nearly all the Hungelap and Aillnginae peopk w.:ts tlw devt•loµmt>nt 
of a bluish-brown semicircular band of pii;mPntation of the fingernails and toenails which was 
first noted about the 23rd day. The pigmentation band started In thf' sen11lunar area and pn>­
gressed distally with ~rowth of the nail. Sinre all the Aml'rlran Nc~roes hut norw of the white 
Amer irans exposed developed this pigmentation, It appeared that this phenunwnrn1 was rha rac­
terisltc of dark skinnPd races. It also was probably due to whole-hody irradiation anct rwt loc;tl 

skin Irradiation, since> some individuals without skin lesions devt>loµPd \ht' pi11:n11'11l.1tlon an<l 
vire Vl'rsa. 

B10psies taken from active lesions showed spotty transeptderma\ dama~~l' with atrophy anct 
flattc>ning of tll(· retE>pc•gs. Areas of relallvE>ly normal skin lntt'rverw<l. emphasl7.in1< tht• particu­
late nature> of the ractloactl\·1· material. CC'lls of the malpll{hlan \ayt'r sl1t>WPd pl1•.,morµhlt' nu­
ckl, pyknosi!l, and 1·ytoplasmic halos. Foeal d!1rnrganizatlon of the ma\p1ghla11 a11d basal layers 
was present in extensively damaged areas. In the dermis, telanglectatlr VL'HBels were nott>d in 
ari·aH whc·re the overlyln11: epidermis showed greatest damage, and therl' was conHidE>rablP 
lyrnphocytw infiltration surrounding these telanglectatic spaces. An outsL111ding feature of thf' 
early histolo~ical chan1Ces was the pronounced damage to thf' cpithE>lium, with relattvPly mrnl­
mal damage in the dermis. 

Biopsies taken at six weeks post-exposure showed, in general, that the epidermis had made 
a definite recovery, except for a few pers1stent areas of atrophy and finger-like downgrowths 
of stratum maloighii, with cells showing rather prominent pigment content. Thert' were many 
outward epidermal excrescences covered by thickened stratum corneum. The dermis shnwed 
less cellular infiltrat10n of the papillary layer but still some sligLi degree of telangiectasi~ of 
the capillaries. 

3.2 PROCEDURES 

In addition to an examination of the skin and its appendages of the exposed people, 80 con­
trol Marshallese living on Majuro Atoll were also examined. Color pictures were taken of the 
skin where indicated, and attempts were made to take pictures of lesions magnih1·d 20 times. 
Biopsies were taken al the site ('f former lesions In 12 exposed lndividu;lls. Must were repeat 
biopsies from individuals who had been studied in this manner durinl{ lhl' lnltbl examinations. 
Several skln hiopsies from control indivldual1:1 were also taken. 

3.3 PRESENT FINDINGS 

Healing of all the early superficial leslonu was essentially complete. The skin had repig­
mented to normal color, appeared to be of normal texture, and gave no remainin~ gross evi­
dence of previous injury. Plates 1, 2, 8, and 9 show the early lesions as compared with their 
appearance at 6 months. Those lesions which had been deeper, and particularly those which 
showed evidence of transepidermal injury, continued to show slight evidence of previous dam­
age, largely in the form of pigment alterations. Most of the neck lesi'Jns, which at 10 to 11 
weeks after exposure had shown the thickened skin with grayish, dus~y pigmentation, showed 
much less thickening and less marked pigmentation at 6 months. It was observed that the skin 
of the necks of many of the control population, particularly of the 1<omen, showed slightly in­
creased pigmentation. Hence it was frequently difficult to determine whether there was remain­
ing hyperpigmentation in this area or whether the degree of pigmentation was in the normal 
range. There were, however, 10 cases out of an original 1 '3 in which tht' amount of pigmf'nla · 
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tion of the neck appeared to be definitely increased at the site of previous leAlnns. Howev!'r, 
little thickening, if any, was apparent and the skin appeared otherwlsr normal. It 11' 11<1ll'Worth,· 
that none of the neck lesions showed depi~nu·ntallon. Small arPa!I of hypt'rplp11t•ntatlu11 
persisted also at the site of two a.x!llary, four antecubltal fossa1', onP arm, and our l>;1rk lt•sion. 

In conh::ast to the nc('k Hnd other lesions ml'ntioned, the dt•e1>t'st fool lt>Hlon" showl'll 1111 

hyperplgmentatiun but, on the contrary, pC'r!ll&tlng depigmentatlon. Plates 3 and 4 Nhnw dt't'!H'l' 

foot lesions early and at 6 monU1s post-exposurP. ThP sktn texture In thes!' dt>Pit'lllt'nlt•d lt•­
sions appeared essentially normal on a gross scale. Howevt'r, plcturl'A ma~nlflPd 20 times 
showed that there was SC'attered, blotchy, faded pigmentation with snme !lll~hl atrophy (flatten­
ing of skin ridges). Deplgmented foot lesions were observed In six case!I. Ont> antel'ullllal 
fossae lesion also showed a small area of depi~mentatlon. 

The persistent lesion of the ear, noted In the initial examination, had ~radually hl'aled with 
considerable scarring and atrophy and some scaling of the epidermis. Plates 5. 6. and 7 shuw 
this lesion early and at 6 months post-exposure. Telanglectatlc vessels can also be seen In 
Plate 7 (magnified 20 times). 

In every case, there appeared to be a complete regrowth of hair, with normal rolor. tex­
ture, and distribution. Plates 5, 6, 8, and 9 show epilation and regrowth of hair. 

The bluish-brown pigmentation of the nails, noted In most of the MarshallPse 1n the initial 
examinations, had disappeared, apparently with growth of the nails, In all but three cases. The 
pigment in these individuals remained at the distal end of the nail (Plate 10). It was evident in 
these cases that the pigment was not in the nail plate but between it and the nail bed, closely 
adherent to the underside of the nail. 

Biopsies showed some residual damage to the epidermis, as well as to the dermis. In the 
epidermis the following changes were present: ( 1) focal atrophy of the stratum granuhsum; 
(2) slight focal pigmentary disturbances ln cells of the basal layers; (3) sli11;ht-to-moderate 
hyperheratinization; and (4) in some cases persistent, but minimum cellular, changes as man­
ifested by the presence of paranuclear Cytoplasmic halos and Slight dlSlurbanCt'S in polar lty of 
epithelial cells in the basal capillary projections. In the dermis a slight-to-moderate degree 
of telanglectasls was evident. Some of these changes are shown In Plates 11 and 12. 

NOTE 

Color plates (Plates 1 through 12) numbered with 
letters a, b, c, and dare considered to be pages 
17 through 24. 

, 
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CHAPTER 4 

HEMATOLOGY 

4. 1 PREVIOUS FINDINGS 

Hematological determinations employed In the initial post-exposure period Included total 
leukocyte, neutrophile, lymphocyte, and platelet counts and hematocrlt determinations. When­
ever possible, an entire exposure group was studied in a single day. In order to estimate the 
severity of the hematological response, findings were comparable to a phase of a control r,roup 
similar, where possible, with respect to race, age, sex, background, and habits. 

Depression of the total white, neutrophile, lymphocyte, and platelet counts was marked in 
the Rong<>lap group and less severe in the Aillnginae group. The total white cowtt was consist­
ently lowest during the sixth and seventh post-exposure weeks, followed by an upward trend 
with levels remaining below that of the control population at the end of the observation period. 
The drop m lymphocytes was early and profound, with little or no evidence of recovery during 
the period of observation. Fluctuations in the total white count were due to changes in the neu­
trophile count. Neutrophile counts in 10 per cent of the Rongelap group fell to below 1000 
cells; mm 3 at the time of maximum depression. Platelet counts showed le!ls fluctuation than 
did the total white and neuti·ophile counts and reached lowest values on the 30th post-irradiation 
day. At this time, cou:its in 20 per cent of the Rongelap group were below 90,000 mm3

• A 
secondary fall in platelets, with greatest depression on the 55th day, was observed, and reC"ov­
ery to control levels was not complete at 6 months. 

4.2 METHODS 

Determinatior.s made on peripheral blood included total white, neutrophile, lymphocyte, 
and platelet counts, as well as hematocrit determinations. Techniques employed were idcnllcal 
with those used during the initial observation period. 1 Two determinations were made on each 
individual approximately one week apart (date of all counts taken as the 185th post-Irradiation 
day). In addition to peripheral blood, bone marrow from the anterior or posterior Iliac crest 
was obtained on 21 exposed and 20 control 1ndlviduals. Approximately 1 ml was aspirated, and 
cover slip preparations were made from the small particles of marrow thus obtained. Differ­
ential counts were taken on these preparations. Part of the marrow was allowed to clot on a 
glass slide and was then fixed in formalin-sublimate solution for later examination of histologi­
cal structure and degree of i:ellularity. 

4.3 PRESENT FINDINGS 

Peripheral blood count data for the exposed and control populations are given in Tables 
4.1 to 4.3, Figs. 4.1 to 4.4, and in Appendices A and B. To obtain valid comparisc•ns within 
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TABLE 4.1 -Hematological Data for Control Populations by Age and by Sex 

No. al Neutrophile Lymphocyte Platelet 
Individuals WBC x 10' x 101 )( 101 "10' Rematocr1t, l 

Majuro Rtta Ma)laro R1U Majuro Rita flbjur.> Rtta Majuro Rita M.ajuro RI~ 

Age M F .. F .. F .. F .. F .. F .. F .. F .. r M r M r M r 
-- ---------------- - ----------------·--· --

5 10 14 9 7 13.9 12.8 12.2 8.8 4.3 4.11 6.4 4.0 8.4 6.6 5.0 4.3 42.2 35.9 35.0 31.7 38.5 37 .4 35 9 37.8 
6·10 6 4 4 8 11.8 9.6 12.8 9.3 5.5 3.9 6.6 5.2 5.1 5.1 4.3 3.9 39.7 38.7 35.0 36.2 41 2 39.2 3~.5 37. 7 

! •-15 1 3 2 4 28.0 38.3 24.5 33.7 42.0 42.J 3~.o 39.2 

N 11-20 10.8 8.9 9.6 9.3 5.1 4.6 5.6 5.2 4.7 3.8 3.4 3.4 
a> 16-20 5 3 3 5 27.6 43.3 37.0 32.6 41\.4 3~.7 42 3 38.2 

21-30 17 10 5 7 8.9 10.6 7.5 9.8 4.3 5.8 4.3 5.6 3.8 4.2 3.3 3.7 23.6 34.2 25.4 29.3 46 9 38.9 46.2 4-0. 1 
31-40 4 9 2 4 7.1 9.3 H.4 12.9 3.8 4.7 7.8 7.9 3.3 4.1 6.2 4.4 25.0 39.2 26.5 30.0 47 2 41.2 46 0 42.5 
41-50 3 12 8 2 7.5 9.4 8.9 7.3 4.5 4.7 4.6 3.0 3.6 4.0 3.7 3.6 21.3 35.4 27.4 23 5 42.3 41.~ 44.l 42.0 

50 10 4 7 8 9.1 10.2 8.1 9.3 4.9 5.1 4.9 4.6 3.5 4.2 2.6 3.9 30.2 32.2 25.3 27.6 43. 7 41. 7 4-0.6 41.0 
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TAD LE 4.2 - Mellll Valu<'~ for Pl'rlph<'ral Blood Df>l<'rmlrulllons on 
the Ronitelap Group 1811 Day• Po1t-upoaun• 

·------~ 

Delermt'latlon &x .\ic, LoWHt 1811th M11.jurt• 
year• oount1• day control 

WBC 
Combined 

<5 5.6 8.6 1:1.2 
(in thousands) >5 11.5 6.ti 8.7 

Ne:.itrophlles 
Combined 

<5 2.3 4.6 4.8 
(in thousands) >5 2.4 4., 4.8 

Lymphocytes 
Combined 

<5 2.5 3.ti ?.4 
(ln thousands) >5 2.2 !.2 4.1 

Platelets Male r10 136 244 412 
>10 126 203 258 (ln thousands) 

Female All ares 114 232 365 

Monocytes 
Combined 

<5 1.2 1.4 2.0 
(ln thousands) >5 1.2 1. l 2.0 

Eosinophlles 
Combined 

<5 0.9 2.5 9.6 
(in thousands) >5 0.7 1.6 4. 7 

Hematocrtt, % Male r111 311.3 38.0 39.6 
>15 41.6 41. 7 46.0 

Female All a1e1 36.~ 38.2 39.!i 

•Approximately post-exposure days 39 to Ill for WBC, neutrophlles, lymphocytes, monocytes, and 
eosinophlles; days 26 to 30 for platelets; and days 28 to 33 for hematocrlt. 

Determination 

WBC 
(in thousands) 

Neutrophlles 
(in thousands) 

Lymphocytes 
(in thousands) 

Platelets 
(in thousands) 

Monocytes 
(in thousands) 

Eosinophlles 
(in thousands) 

Hematocrit, % 

TABLE 4.3-Mean Values for Peripheral Blood Determinations on 
the Ailinginae Group 185 Daye Post-exposure 

Approx. 
Sex A1e, lowea! 185th 

yea re counts• day 

Combined 
<II 7.6 7.7 
>5 6.4 6.5 

Combined 
<6 3.2 4.8 
>5 3.8 3.9 

Combined 
<5 4.0 2.7 
>II 2.4 2.2 

Male r10 198 252 
>10 133 142 

Female All a1ee 178 239 

Combined 
<5 2.2 1.1 
>6 1.9 1.4 

Combined 
<5 2.3 1.5 
>5 1.0 2.2 

Male {<15 35.5 37.5 
>15 43.8 40.1 

Female All ages 36.8 I 37.3 

Majuro 
control 

13.2 
9.7 

4.8 
4.8 

7.4 
4.1 

412 
258 
365 

2.0 
?.O 

9.5 
4.7 

39.6 
46.0 
39.9 

•Approximately post-exposure days 39 to 51 for WBC, neutrophlles, lymphocytes, monocytes, ancl 
eosinophlles; days 26 to 30 for platelets; and days 33 to 39 for 1ematocrtt. 
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;rnd arnnnv: th!' l'XJHl8un· 11:roups, the j.!'roupl'I WC'rt' suhdlvlded as to ap:1· Rnd Hl'X as was c111111· 111 

tlw inll1;1J rt'J>"rl 1 Control data for both tht' Hll.i i;croup and for tht' Maturo 1·ontr1il 1<1·nup uh 

Ltlncd durln>! th1· ln1ti;1l pPriod l•f obl'IPrvatton an• shown In Tahlt- 4.1. Tht· H11;1 1·1111tr1il val111·:-; 
did n"t dlff1·r .1pprl'ciablv fro111 th1• Majuro lt·v1·lH and W!'re UHl'd for Honw 1·11111p;i1·l1"<1111s with 
the expm<•·d population. 1i11w1·v1•r. bf'l'aU!H' of the po1t!ilhl1· eflt•1·t of tilt' 111t'~lslt·s 1·pld1·111tr, tltt' 

value;; for tf11· twu control !{!'<>ups wert' m1t <'Omlitned. lnMlead, tht• Majuro c1111tnil v.tl11P1< .1!11111· 

Wl'rt' takl'n :1s till' "norm;1l" fo1· thP population 111 most consl!1t•rutlons throui.:hout tht• rt•p11rt. 
From the control data given In Table 4.1. it Is SN'n that the totll whit!' and m•utruphlk 

counts wPre indt>pendent of agt> and SPX, that tht> lympho<'ytP count was dependt•nt c111 a~P but not 
on sex, and that the platelet count and hematocrit were dt>pendent on both a~e ;iml sex. The 
values given in Tables 4.2 and 4.3 are prest>nted in accordanct> with this dependency t1i allow 
valid comparisons. In addition. the total white. neutrophile, monocyte, and eosinophlle counts 
are presC'nted for ages less than, and greatt>r th:in, five to allow a comp~1riso11 of rl'sponse in 
children and ;1dults. 

TABLE 4.4-Mi·an Blood Counts for tht• l::xposl'd and Control Populations, with and wlthoul MP;1slt•i-

--------------·- -- ---------

UetPrmlnalion 

WUC (In thousant11q 
NPut rophJks (ln thousands) 

Lymµhoeyt~·s On thou!landi;) 

M0not')1cs (in thousands) 

Eosinoph.i lcs (In thousands) 

Platelets (In thous;.inds) 

Hl'matocrlt, % 

With 
m1·nslcs 

6.7 
4.1 
2.2 
0.2 
0.2 

246 
38.3 

HongC'lap 

Without 
mcasll'S 

7.3 
4.5 
2.5 
0.1 
0.2 

206 
38.9 

l"on!rol 

With Without 
meas ks m<'aslt-s 

10.7 9.1 
5.6 5.0 
4.3 3.5 
0 ') •M 0.2 
0.(i 0.4 

332 274 
39.2 41.5 

It is apparent from the tables and figures that, while all peripheral blood elements had 
shown definite recovery from the peak depression observed earlier, none of the values had re­
turned to control levels at 6 months. 

In order to investigate the possible effects of the measles epidemic on the peripheral blood 
count, values for those Individuals with and without measles were averaged separately (T:.-.ble 
4.4). No significant effect of measles on any of the determinations could be demonstrated in 
this manner. Since these averages were taken without regard to the time relation between or.set 
of symptoms and the date of the determination, counts were tabulated with rf'!atlon to onset of 
symptoms and averaged. It was not possible, however, to demonstrate changes in any of the 
peripheral elements at the time of onset of the disease by this approach. 

The results of bone marrow differential counts on exposed and control individuals are 
given In Tabll• 4.5. No consistent signif cant abnormalities were found In the control and ex­
posed groups In the character of the differential count nor In the degrPe of cellular!ty or his­
tological structure. In a few Instances In both groups of patients. variations In cellular distrl­
but Ion w<· re found which were consistent with systemic Infections, such as ruhl'lla. These mar­
rows are Indicated in tht• table. Considerable variability in the degrct' of cellularity was ob­
served, attributable in a large measure to inherent variability in the amount of peripheral blood 
in the aspirated marrow specimen. 

REFERENCE , 
1. E. P. Cronkite et al., Study of Response of Human Beings Accide11tally Exposed to Significant 

Fallout Radiation, Operation Castle final report of Project 4.1. 
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Cell type 

Myeloblut 
Promyelocyte 
Myelucyie: 

Neut rophill c 
Eostnophillc 
BuophJlic 

Metamyelocyte: 
Neutrophilic 
Eollillopb.11 I c 
BasophlUc 

PolymorpbC1111.1clear 
band: 

Manire 
Eo&1.DophJJ I c 
Ba&oplUUc 

Lym phobia st 
Prolymphocyte 
Lymphocytes 
Pluma cells 
Mooocytes 
Proerythroblast 
Erythroblast 
Norm ob last 
Mepkaryocytl'! 
Unclassified 
Myl'loid-erytbrotd 

ratio 

lOOlt 

5.3 
1.0 

6.(1 
2.6 

10.6 
32.3 
3.6 
0.3 

29.0 
3.3 
0.6 
1.0 
4.0 
1.3 
0.3 

14. 1 

" 
1010 

2.5 

5.5 
2.3 

5.5 
2.0 

12.0 
31.8 
3.5 

14.5 
0.7 
1.3 
0.7 
5.3 

12.3 

3 l 

0.2 

'; ~~ 

l022t 

0.2 

6.5 
0.5 

10.5 
1.0 

17.8 
30.3 

2.3 
0.2 

23.7 
0.2 
0.7 
0.2 
0.7 
5.5 
0.2 

10 11 

0.2 

1018 

0.2 
0.5 

3.5 
Z.5 

10.0 
1.3 

20.0 
20.8 

12.0 
4.5 
1.0 

4.0 
16.3 
0.5 
3, 1 

0.2 

1082 1077t 

1.3 

5.0 
0.5 

8.6 
28.5 

2.5 
0.7 

14.5 
3.3 
1.8 
0.5 
3.8 

22.3 

2, 1 

1.3 

0.5 
0.5 

2.3 
1.0 

3.0 
1.3 

15.5 
17.5 

1.3 
0.5 

9.5 
4.0 

2.3 
9.8 

28.5 
1.0 
1 1 

1.2 

107!t 

0.2 

0.5 

4.3 
0.5 

10.5 
37 .8 
2.!i 
0.2 

0.5 
29.2 

l.5 
2.2 

2.0 
7.S 

5 1 

• Numbere bl'lo ... 100 lDdlcate exposed l.ndlvidual1; numbers above 100, controls. 
t Diluted •1th blood (?). 

t Measles; paill'nt ion de'l'elopt'd measles in August 1954. 
I Rectal biel'dlng 1?). 

t Bypocellular smear. 
••Palpable ih'er. 
ft Mast cells. 1.5 per ceDt. 

1()46 105'.>+ 

0.5 

1.3 
3.5 

2.0 
3.0 

12.3 
35.0 

9.5 

3 5 
1.3 
1.3 
1.3 
4.B 

l i. ~ 
0.2 
3 j 

0.2 

61.C 

!.O, 

25.L 

8.C 

3.f• 

., 
'..; 

1024f 

4.5 
1.5 

11.0 
36.5 
1.0 
0.5 

31.0 
1.0 
6.5 

3.5 
7.0 
0.5 

0.5 

1080 

1.0 
0.7 

4.3 
2.3 

'i{ 

1073 1079 

4.0 
1.0 

a.o 
0.3 

07 
0.3 

2.7 
0.7 

1.0 

5.7 11.0 11.0 
28.0 111.3 21.7 
6.3 0.7 1.7 
0.7 1.3 

0.7 0.3 1.0 
32.3 51.0 151.3 

0.7 2.3 4.0 
2.3 4.0 5.3 
2.0 0.7 

13.7 5.0 1.7 
31.3 13.0 

0.3 
3;1 13/l 2,1 

jH 

TABLE 4.5-Bon"\tarrow Dl!fl'n!ntlal Count! on £xp<,, 

1066 1011 

2.3 
0.3 

5.3 
0.7 

1.7 
0.7 

8.:1 

2.0 

1014 

0.3 

2.3 
1.0 

5.7 
1.31 

14.7 7.3 9.n 
26.7 28.0 31.7 

2. 7 4.3 3. 7 

0.3 0.3 0.3 

0.3 1.0 
20.3 19.3 15.0 

1.3 3.0 3.3 
1.0 3.0 3.0 
0.3 0.3 
4.7 6.0 2.7 

18.3 15.0 19.0 
0.3 0.7 0.7 
2 l 2.5. 1 25 l 

0.3 

1009 

2.7 
0.7 

5.0 
1.3 

9.3 
19.3 

0.7 

0.3 
11.3 

2. 7 
3.3 
2.0 
6.i 

34.3 

0.3 
l l 

1.3 

Patwnt So. 

1025t 

0.7 

2. 7 

51.3 
37.5 

0.7 

27.7 

l.O 
6.0 

2.7 
J.4.3 

3. 1 

ioos: 

0.3 

4.3 

0 7 

7.7 
0.7 

8.7 
20.0 

3.0 

0.3 
!1.3 
2.7 
3.3 

7. 7 
28. j 

I ; 

l I 

0.3 

33-34 

IO:i 

l.I) 

0. 7 
' 

2.3 

f.7 

1.3 
.o 

7.7 
0.3 

l.; 

2.1.3 
l.O 
5.3 
J.3 
z.o 

12. 7 

0.3 
3 I 

0.3 

~'.i 



Hrov. oureren11a1 counts on £xpog~:a."ld Coatrol Marshalltfe" . ~· . 
• 'If I . r.a~ •. ,., ... :, ~If' 

": • - r;~ .{ , .. ·., ¥ .t. .~ ·;tf · +. . . ~,. . . . II - . , 
•.1, • PaU('V.Hft>. ·.v· ·· .. iii ' . • dil 

1009 J025t 

::!.7 
0.7 

5.0 

J.3 

9.3 
19.3 

0.7 

0.3 
I 1.3 

2.7 
3.3 
2.0 
6 -.. 

34.3 
0.3 
I I 

I.3 

o. 7 

2. 7 

9.3 
37.5 

0.7 

27. 7 
l.O 

6.0 

2.7 
14.3 

3. I 

l O<iSI 

0.3 

4.3 
0.7 

7.7 
0.7 

8.7 
20.0 
3.0 

0.3 
9.3 
2.7 
3.3 

7.i 
28.7 
). ; 

I I 

0.3 

33-34 

1055 

I.I) 

0.7 

2.3 
J.7 

10.3 
30.0 

7.7 
0.3 

I. j 
21.3 

1.0 
5.3 
J.3 
2.0 

12. 7 

0.3 
3 I 

0.3 

5J• 

1.0 

6.0 
25.0 
2.0 
1.0 

53.0 
,3.0 
2.0 

1.0 
7.0 

4 I 

~:! 7'S 

0.3 

6.7 
I 3 

67 

0.3 
l.0 

4.0 
1.0 

3.0 11.3 11.7 
0.5 1.7 2.0 

63 

1.7 
0.7 

7.3 
0.3 

. ' ,_ 

1.3 

0.3 

3.0 

9.0 25.0 16.0 i.3 6.7 

3~.3 

6. 7 
44.5 26.7 25.7 44.3 

?.5 2.3 3.7 3.3 

0.5 

20.0 

1.0 
3.5 
0.5 
2.0 

13.0 

n ~ 
0.3 1.7 
6.7 17.3 
2.7 4.0 
2~ 2~ 

2.0 2.3 
10.0 6. 7 

0.3 

17.3 32.7 
0.7 
4.0 1.7 
0.7 0.3 
1. 7 2. 7 

11.7 6.3 

24 

0.7 

7.7 
~.O 

5.7 
o.a 

73t 

3 0 
0.7 

6.7 
1.0 

16.0 13.7 
19.0 36.0 
4.7 1. 7 
0.3 0.3 

12.0 11.0 
3.0 7.0 
3.7 6.3 

0.3 
4 0 0.7 

19.7 11.7 
0.3 0.3 

4 I 7. I 6 I 4.5 l 5 I 2.5. 1 4,'l 

1.0 

14 

2.3 

7.0 
0.7 

15.0 
32.3 
2.1 

16. 7 

0.7 
2.0 

2.3 
18.3 
3,1 

II t 

2.0 

11.3 
0.3 

6.3 
70.7 

1. 7 

5.7 

0.3 

0.3 
7.3 

.w: 

0.5 

2.5 

0.7 

7.8 
0.2 

10.0 
38.5 

2.5 
0.2 

2U 
1.8 
2.0 
0.5 
3.3 
7.0 
0.5 

JO, l 3.5, I 

0.5 

66 

6.3 

0.7 

5.5 
0.7 

19.0 
19.3 

LO 

0.5 

18.0 
1.3 
1.8 
1.5 

-l.8 
19.5 

0.2 
2 l 

79•. 

•) .? 

4.3 

l.O 

9.0 
0.2 

9.8 

f-0.5 

10.5 
~-. :! 
J. 9 
0.7 
3.3 

12 ~ 

o.s 
:• l 

0.2 

80tt 

O . .? 

3 ~ 
1.3 

4.5 
1.5 

6.8 
42. 9 

2.5 
0.2 

13.5 

l.O 

3.3 
15.0 

0. 7 
3 1 

9 7 13 

0.2 0.2 
0.2 0. 7 

3.5 3.9 3.8 

O . .? 0.2 1.9 

3.5 7.5 3.3 
0.2 0.5 0.2 

16 0 6.5 11.5 
37.0 36.5 15.8 

2.3 1.3 1.3 
0.7 0.2 

16.0 25.0 18.3 
0.7 1.5 12.3 
2.0 4.5 1.3 
0.7 0.7 0.2 

6.3 3.3 4.5 
13.0 6.3 22.0 

0.2 0.2 
3 1 5 l 1.5; l 

0.2 0.2 2.3 

I 

3!1~ 

0.2 

2.3 

0.5 

4.5 
0.2 

22 

0.2 

2 ~ 

1.0 

5.5 
0. 7 

3', 

0.3 

6.6 

0.3 

7.3 
l 0 

17.5 12.8 8.0 
18.3 31 0 33.3 

' 
.. 

. .. 

r:·.1 

.. """· m. 

2.5 2.3 1.0 •;$'. 
o. 7 0.2 

-~ 21.3 17.0 13.3 lfi,~ 
4.8 3.8 9.0 
1.0 6.5 2.3 
1.0 4.5 0.5 
6.0 4.3 3.0 

18.S 11.0 12.3 
0.5 0.3 

1.7 I 3.6, 1 3,1 

0.2 0.2 
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CHAPTER 5 

INTERNAL RADIOACTIVE CONTAMINATION 

5.1 PREVIOUS FINDINGS 

Following the contaminating event, high levels of activity were found in drinking wat~r and 
on the external surface of plants on the contaminated atolls. Gross beta activity was found in 
the urine of the majority of Rongelap and Ailinginae inhabitants, with an average of 1208 
dis/min/24 hr for the Rongelap and 553 dis/min/24 hr for the Ailinginae groups 6 weeks after 
exposure. The excretion rate of radioactivity was found to be three times as great in adults as 
was found in the 0 to 5 year old age group. Strontium, barium, and the rare earth group to­
gether contributed 75 per cent of the total beta activity of the urine at this time. The degree of 
internal radiation hazard was considered too low to have contributed significantly to the acute 
effects observed following exposure. 

5.2 METHODS 

Twenty-four hour urine specimens were obtained for analysis by the U.S. Naval Radio­
logical Defense Laboratory (NRDL), Chemical Technology Division. and by the New York 
Operations Office of the Atomic Energy Commiasion. Methods of analysis have been described 
previously. 1 

5.3 RESULTS 

Of 53 urine specimens obtained from the Rongelap and Allinginae groups and analyzed by 
the NRDL Chemical Technology Division, detectable gross beta activity was found only in six 
patients, all of whom were in the Rongelap group, and only one of whom was over 12 years of 
age. Counts ranged from 6 to 90 dis/min/24 hr. Barely detectable radioactivity was found in 
23 urine specimens analyzed by the New York Operations Office. 

REFERENCE 

1. E. P. Cronkite et al., Study of Response of Human Beings Accidentally Exposed to Significant 
Fallout Radiation, Operation Castle final report of Project 4.1 . 
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CHAPTER 6 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

6.1 DISCUSSION • 
It would not have been possible, from physical examination alone at the time of the resur­

vey, to conclude that the Rongelap and Ailinginae groups had been exposed to penetrating gamma 
and external beta radiat10n. The people were in average good health on physical examinat10n. 
The residual pigment changes from previous skin lesions were not prominent. The mean pe­
ripheral blood counts were within the range of normal for individual counts, although definitely 
below the mean values for the control groups. The bone marrow findings were in no way diag­
nostic, and thus a diagnosis of previous exposure would be difficult, if not impossible, without 
a medical history. 

The marked improvement in the appearance of the skin of most of the exposed individuals 
is in c-onformity with the superficial nature of the> earlier lesions that rt'sulted principally from 
l' xposurc> to soft radial ion. E vPn the deeper skin lesiorui showC'd hea II nit in a I. cases. with only 
minimal rem;ilnln~ evidPnce of damaire in the form of srarrini.: and pii.:mt>n1 ;1brrraflons. 

The <'ontrastln!{ residual C'hanfe ol hyperplgmentatlon in the neck lesions and d{'pigmenta­
tlon in lh1• fool ksions is worthy of comment. In general, the foot lesions were more se\ere 
than thP neck lesions. It might be assumed that the chromatophores were dPstroyed; ronse­
quently, repigmentatlon was impossible. On the other hand, the chromatophort's of the neck 
apparently were not completely destroyed, and thus repigmentation resulted. 

It is significant that no secondary br"eakdown of tissue had occurred in either the superfi­
cial or deep lesions, although there was suggestive evidence of atrophy in the deep foot lesions 
and of atrophy and telangiectasis in the persistent ear lesion. It is possible that the deep le­
sions, particularly that on the ear of one individual, may still break down. requiring considera­
tion of excision and repair. With res-ard to prognosis over the next several years, lhe!'e are 
factors for and against the future development of further lesions, or cancer of the skin in these 
people. A favorable prognosis is suggested by (1) the superficial nature of most of the lesions 
with rapid healing and little scarring, (2) lack of gross telangiectasls or extensive vascular 
changes that would portend chronic radiodermatitis, (3) the lack of marked histologic changes 
after 6 months, and ( 4) the fact that the Negroid skin is reported to be less prone to develop 
malignancy. The prognosis still must be guarded, however, when one considers that ( l) the 
large number of young people exposed w~th long life expectancy probably exreed the Induction 
period of cancer development, (2) '.he continuous exposure to tropical sunlight, (3) the possll>IP 
influence of the sublethal whole-body exposure, and (4) the persistent aberrations in pigmenta-

tion. " 
The apparent delay in recovery of mean peripheral blood counts to normal values has been 

disC"ussed 1 in Chap. 4 and, apparently, is in keeping with previous experi1 nee on human expo­
sures. Depression appears more protracted in human beings than in large animals . 
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The radioactivity in the urine of the exposed individuals had derreaRt'ci rupldlv with l!mt> 
and was barely detectablt• at 6 months. This rate of elimination, couplt•ct with Ult' initl;ll esti­
mates of a low degree of internal contamination, 1 minimizes the possibility that <'hrunlc irra­

diation effects from this source will occur. 

6.2 CONCLUSIONS 

Re-exammation of the Rongelap and Allinginae people 6 months aftl'r exposure to fallout 
radiation revealed the following: 

l. Skin lesions were completely healed, and only a f<'W hyperpigmentl."ci or dt•pigmentt>d 
scarred areas remained at th<' sites of the most severe early lesion11. Thl•re waH no t•vldt•nc·t· 
of secondary breakdown of any lesions. 

2. Regrowth of hair was essentially complete. No rhang<'S in hair r11lur or h'xture Wt'rt' 

noted. 
3. Residual bluish-brown discoloration of the Hniternaila w1111 obsPrvC'ct In three Individ­

uals. 
4. No other findings on physical examination or X-ray examination of the chest were as­

cribable to radiation exposure. 
5. The total white, neutrophile, lymphocyte, and platelet counts remained depressed below 

control levels. 
6. No significant abnormalities were detected ln bone marrow samples aspirated from 22 

exposed and 20 control individuals. 
7. Minimal amounts of residual gross beta activity were detectable in the urine of approxi­

mately one-third of the exposed individuals. 

6.3 RECOMMENDATIONS 

It is recommended that the following procedures be considered !or future medical resur­
veys: (1) complete serological studies on all exposed and control individuals, (2) stool examina­
tions for parasites, and (3) complete ophthalmological examinations with photographs of lenses. 

Also, when additional X-ray pictures are contemplated, consideration should be ~lven to 
Including a portable X-ray machine in the equipment. The machine nt thP Majuro hospital at 
present Is old and badly in need of repairs. 

In summary, information of considerable Importance can be obtained by rontinued obser­
vation of the exposed Marshallese people; however, possible late effects cannot IJe properly 
evaluated in the absence of an adequate control population. The lack of suitable runtrols in the 
Nagasaki-Hiroshima data has been a most serious difficulty in evaluating l'hanges that have 
appeared. During the present resurvey a control population thought to be adequate was estab­
lished and examined. It is strongly recommended that consideration be given to the adequacy 
of this population and, if it ls felt to be adequate, that measures be taken to ensure continued 
observation of the control individuals. Consultation with Dr. Hardin Jones in relation to radia­
tion and longevity is recommended. 
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APPENDIX A 

TABLt: A I - Expo•rd Populellon: Comparl"on with lnltlel Flndlnir~ of Individual Wrlitht~ and Hrmatolur;lrwl V~lu•'' 

C,.H(' 

No. 

2 
3 
4 

5 
7 

9 
10 

JI 

I~ 

1:l 

14 

t:J 
17 
l M 

l!J 

20 

lti 

27 
:so 
32 

33 
34 
35 
36 
37 

38 
39 
40 
42 

46 

47 
49 
52 
54 

55 

A&•'. 
year~ 

1.8 
I 

38 
1.8 

37 

23 
30 
50 
19 

62 

26 
7 
4 

24 

5 

7 

3.5 
17 

4 

15 

4.1 
12 

28 
59 

4.5 

I 
15 

14 
6 

19 

70 
15 
30 

3 

76 

8 
16 
56 

1.6 
75 

Wul1ht, lb 

March S.-pt 

22 
22 

148 
20 

120 

134 
124 

123 
96 
91 

118 

37 
30 

101 
32 

43 
211 

120 
37 
116 

152 
86 

145 
115 
29 

22 
113 
98 
50 

128 

132 
104 

25 
132 

55 
120 
114 

22 
149 

26 
25 

152 
25 

128 

137 
131 
114 
112 

91 

122 
37 
32 

105 
32 

43 
30 

116 
37 

100 

151 
104 

132 

29 

25 
120 
94 
51 

132 

138 
102 
122 

27 
132 

54 
123 
116 

22 
145 

Parlphrral blood OOWIU, In thouaanda 

Neut ruphJ lt•e 

April Sept 

2.ll 
2.8 
2.7 
2.8 
2.5 

2.7 
2.8 
1.8 
3.3 
2.4 

2.8 

1.5 
3.4 
4.3 
3.1 

3.2 
2.7 
2.5 
4.1 

3.6 

4.1 
3.5 
3.1 
3.8 
2.6 

1. 7 
3.7 
2.7 
2.5 
3.1 

2.9 
2.5 
2.5 

2.4 

4.7 
4.1 
3.0 
2.6 
1.5 

3.4 
5.7 
3.1 
5.6 
3.5 

8.6 
4.2 
5.5 
5.0 
5.1 

5 8 
4.7 
4.0 
6.0 

5.0 

2.9 
6.5 
4.8 
4.8 
3.8 

4.2 
3.ll 
IS.I 
4.1 

4.5 

4.2 
3.7 
15.4 
4.3 
3.7 

3.0 
3.8 
S.2 
tl.O 
2.1 

tl.l 
3.6 
3.6 
2.6 
l.9 

Lymphu<·ytt'S 

April Sept 

4.1 

4.2 
3.8 
2. 7 
2.5 

2.4 

l.6 
1.4 
1.3 
1.5 

I. 7 

2.3 
2. 7 
I. 7 

2.4 

2.0 
2.0 
1.9 

2.8 
2.0 

2.1 

:l.:' 
J.r. 
1.6 
2. 7 

3.6 
2.4 
2.2 
2.5 

2.6 

1.6 
2.9 

2.9 
2.1 

2.3 
2.2 
2.5 

2.0 
2.7 

38 

3.7 
5.8 
4.5 
3.8 
1.5 

2.3 
1.6 
1.5 
1.8 
2.3 

I.I 
2.1 

3.0 
l.2 
2.3 

1.5 
2.2 
I. 7 
2.9 

1.5 

1.4 
1.8 
3.8 
1.7 
3.0 

8.5 
2.8 
2.1 
3.3 
1.2 

1.5 
1.4 
2.1 
3.7 
1.8 

2.5 
2.0 
2.1 

4.2 

3.2 

March &-pt 

110 
155 
130 
115 
195 

125 

105 
85 

150 

105 

55 
200 
105 

45 
115 

120 

85 
130 

19~ 

195 

110 
145 
110 

85 
95 

85 
125 
140 

130 
130 

165 
140 

80 

135 

120 
180 
ltlO 

145 
135 

240 

3!10 
285 

247 

2110 

190 
202 
215 

2115 
275 

160 

270 
170 

155 
26~ 

275 
22R 
182 
142 
280 

260 
210 

187 
205 
167 

162 
237 
270 
195 
145 

2QI 
267 
220 

160 

152 

Ht·matorrlt. 't 

Marl'h S<>pt 

37 
38 

46 
35 
41 

43 
45 
41 

32 
3~ 

3h 

36 
311 

34 
34 

311 

3R 

;J!I 

39 
44 

42 

36 

33 
38 
39 
36 

34 

38 
33 
42 

33 
33 

32 
39 
38 
36 
37 

37 
38 
42 
37 
40 

43 
46 
37 
38 
37 

36 
37 
:15 
J(I 

40 

:1~ 

41 

40 
3~ 

41 

36 
37 
43 
41 

39 

35 
36 
40 
38 

•o 
42 
38 
37 
38 
35 

35 

39 
39 
34 
34 

Ditt•· of 
Meiill~lt·!-> 

9/4 

5/54° 

9i3t 

t 
9/1 

91 I 

91·• 

9;2 

9,3 

9/1 

9/3 
8/16 

1/2 



•• 

•• 

• 

Can Age, 
No. ~ar11 Sex 

56 
157 
58 
60 
tll 

tl2 
tl3 
64 
65 
66 

67 
68 
69 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 
82 
83 
114 
KS 

l 

6 
8 

16 
28 

29 
31 
41 
'63 
44 

415 
48 
so 
151 
153 

58 
70 
81 

78 
100 
60 
n:i 

6 

30 
38 
28 

30 

14 
49 

3 
25 

7 

18 
18 
12 

II 
22 

37 
45 
46 

60 
0.25 
0.33 

154 
1 
2 

38 
69 

65 
32 
44 
86 

4 

33 
6 

39 
23 

8 

34 
17 

8 

• O..llvt!red. 
t P ·•gnant. 

TAB LE A .1 - (Contlnu<><i I 

Perlphrral blood cowit•, ln tho1111a.od• 

Wt!lihl, lb Nt!utrophllc• • 

April &pl March &pt 

108 
104 
100 
160 

66 

113 
122 

21 
Jl6 

1115 
1"6 
33 

100 
44 

160 
128 

711 
83 

117 

1215 
138 

132 

144 
u 
22 

124 
911 

124 

126 

99 
32 

116 
41 

164 
101 

48 

112 
116 
43 

102 
107 
170 
70 

118 
123 

23 
116 

3.15 
l.O 
2.11 
4.1 
2.15 

15.2 
2.8 
3.2 
2.5 
2.8 

117 3.0 
1110 2.'6 

35 1.4 
109 15.0 
40 1.8 

1158 2.8 
134 7.3 

62 ! 2.3 
64 2.8 

1315 
133 
132 

115 
1'6 

166 

35 
125 
107 

124 

1215 

32 

107 
43 

168 
H 
46 

112 
104 

48 

3.4 
15.1 
2.11 
2.8 

3.6 
3.15 
3.5 
2.2 
3.7 

4.1 
3.0 
3.1 
3.7 
2.4 

4.2 
3.0 
4.0 
4.8 
3.7 

8.1 
3.0 
2.3 

15.4 
:u 
3.3 
15.2 
7.11 

3.~ 

3.7 
2.8 

4.0 
3.7 

4.3 
2.7 
8.0 
7.15 
'6.2 

2.7 
3.5 
4.'6 
4.2 
4.2 

3.15 
15.4 
4.0 
3.2 
2.15 
2.8 

8.7 
3.15 
7.1 
1.8 
3.2 

3.9 
3.7 
3.8 
'6.l 
3.15 

3.1 
1.2 
4.15 
11.2 
4.15 

5.8 
3.3 
3.7 

.. 

Lymphocytc>N 

April l!lrpt 

1.8 
2 7 

1.11 
2.15 
3.0 

2.8 
1.11 
2.1 

2.• 
3.1 

1.2 
3.8 
2.2 
3.0 
3.2 

2.6 
1.8 
2.15 
3.3 
3.1 

I.II l.2 
2.0 ; 1.8 
3.2 2.2 
2. 7 2.0 
2.0 2.2 

1.3 1.4 
2.6 2.0 
1. 7 1.2 
2.11 :u 

2.0 
2.11 
2.15 
2.11 

1.5 

1.3 
3.1 
l.7 
2.1 
3.0 
6.5 

AllJllJ1nat' 

2,4 
15.6 
4.1 
2.3 
2.3 

2.2 
2.5 
2.3 
2.0 
2.1 

1.15 
3.2 
2.8 
3.0 
2.15 

39 

3.7 
1.8 
:?.2 

2.2 
3.5 
3.0 
1.5 
3.8 

2.4 
2.'6 
2.6 
2.0 
1.6 

1.8 
z.o 
1.5 
2.0 
3.4 

Z.l 
l.8 
1.6 

Platt'lt'I~ 

March &-pl 

125 
115 
110 

180 
106 

110 
6~ 

70 
106 
1411 

115 
120 
115 
105 
185 

80 
1155 
110 
150 

85 
70 

100 
130 

175 
215 
185 
195 
115 

115 
145 
110 
215 
180 

180 
210 
85 

170 
240 

105 
187 
240 

,, 

2116 
202 
lfl(J 

2~1\ 

236 

'667 
:.!6:! 

1110 
200 
175 

ZlSO 
127 
130 
200 
430 

127 
262 
337 

235 
180 

250 
140 
250 
235 
~7 

440 

185 

235 
250 
212 
187 

177 
245 
175 
180 
270 

217 
205 
152 
230 
502 

197 
207 
285 

Hrnilllurrll, % 

M11rr h !lrpt 

41 

41 

37 
38 
38 

41 
'3 
36 
41 
33 

49 
35 
38 
38 
151 

39 
47 

"" 40 

41 
37 
35 
47 
39 

42 
415 .... 
41 
35 

32 
36 
41 
40 
M 

37 
2H 
36 

.. 

37 
3:1 

:n 
3K 
40 

!19 
41 
39 
34 
'60 

41 
41 
36 
38 
41 

46 
38 
40 
38 
47 

38 
40 
43 
40 

38 
37 
37 
43 
39 

3Y 
42 
40 
38 
38 

3a 
38 
43 
38 
37 

33 
32 
37 

1>111c· or 
mc>a•lt•• 

8, 1 

811 

8/31 

8/31 

9/2 
9/2 

8/4 

9/15 

8/30 

8/25 



APPENDIX B 

TABLE B.1-Control PopulaUon: Jndividual Weights and Hematolo(lcal Valuf's 

Peripheral blood counts, in tbo11Banda 

Case Age, years Weight, Neutrophiles Lymphocytes Platt'lets H<'matocrtt, DatC' or 
No. Sex lb % measles 

1001 54 F 113 2.8 3.8 170 
1002 M 16 9.2 9.5 362 32 8/23 
1003 2.6 M 26 8.0 7.5 377 35 8/17 
1004 52 M 4.2 4.3 250 40 
1005 M 111 8.4 5.4 37:.! 31 8/27 

1006 1 M 22 9.8 3.1 310 38 
1007 36 M 148 7.2 6.2 307 46 
1008 2.9 •• 27 2.9 3.1 "45 41 Bil 7 
1009 26 M 160 3.8 3.2 320 46 
1010 30 M 130 4.5 4.0 235 49 

1011 50 M 143 5.8 3.5 200 46 
1012 19 F 114 4.9 2.4 377 42 8/23 
1013 62 F 133 4.7 2.7 265 39 
1014 25 F 116 4.0 3.3 310 35 
1015 7 F "" 4.9 3.4 275 ·36 8/24 

1016 42 M 140 4.2 I. 7 240 47 
1017 4 F 31 7.3 3.5 360 36 8/19 
1018 24 F 146 3.7 3.9 385 38 
1019 5 M 42 8.2 3.1 397 39 8/25 
1020 7 M 52 3.6 3.5 350 40 8/17 

1021 3 F 32 3.6 4.4 262 34 8/30 
10~2 18 F 112 8.8 4.5 240 40 
10;!3 4 M 37 8.1 6.1 410 38 8/30 
1024 15 F 107 8.3 4.3 375 39 8/26 
1025 43 M 143 4.8 4.9 205 47 

1026 12 M 51 4.8 3.4 247 40 8/24 
1027 28 M 130 3.3 2.4 265 42 
1028 70 F 86 8.0 4.5 2o5 38 
1029 65 M 135 3.6 3.8 302 42 
1030 59 F 131 2.1 2.8 220 42 

1031 35 M 155 215 47 
1032 4 M 32 5.1 3.2 300 38 
1033 l.8 F 20 :?.l 4.4 26ir 40 
1034 50 F 139 :!.O 3.5 287 42 
1035 14 M 113 ;j.8 3.8 240 36 8/15 

~ 

• 40 



TABLE B.1-(Contlnued) 
----·----~---• Peripheral blood oount•, 1D lhou1&nd• . 

• Case A,e, years Wet1ht, Nf'utrophllc11 Lymphoc ytl'l'I Pl11.tclot1< Ht-matocrlt, Oi1t1• or .. No. Sex lb 't mna•lf'll 

1036 7 M 118 11.7 4.3 '40 311 lli 17 

1037 19 M 96 10.6 3.1 600 •o 8/:.::1 
1038 60 M 134 3.1 1.9 24l! '° 1039 15 F 95 4.8 3.8 3117 31'1 
1040 19 M 6-3 3.8 227 ... 8/1~ 

1041 " M 1159 4.0 3.9 292 "5 
1042 4 F 33 3.4 3.8 2112 35 !l/24 
1043 li.3 11.4 305 '5 
1044 4 M 31 4.4 3.1 285 34 9/2 
1045 30 F 130 6.3 4.7 207 41 

1046 60 M 172 8.3 2.7 195 36 
1047 8 M 67 8.5 7.6 300 37 8/17 
1048 6 F 41 6.1 11.0 370 39 8/17 
1049 16 F 91 4.0 3.8 280 38 8/30 

1050 35 M 162 9.2 5.9 340 48 
1051 211 F 8.5 4.li 2911 37 8/27 
1052 80 F 4.9 8.8 320 411 
1053 8 F 71 5.3 3.11 liOli 37 8/21 
10114 l M 19 4.1 4.1 340 36 9/5 
1055 711 M 110 8.4 3.1 272 36 

1056 75 F 8.4 5.2 190 44 
1057 5.2 1.8 280 50 
1058 80 F 2.4 3.1 3150 42 
1069 3' F 113 12.8 4.9 275 39 
1060 60 F 128 11. 7 4.2 242 38 

1061 7 F 56 3.8 3.6 297 36 8/25 
1062 47 F 179 4.2 3.7 195 42 
1083 38 F 100 5.3 3.5 305 40 
1064 28 F 101 9.4 3.8 312 44 
1065 1.3 F IT 5.8 'f.4 390 37 

1066 30 F 138 3.3 2.8 232 43 
1087 14 F 81 8.2 3.8 315 39 e/15 
1068 49 M 130 4.1 2.7 2112 41 
1069 2.5 F 28 3.3 3.2 315 42 
1070 16 F 133 4.8 4.7 445 38 8/18 

1071 29 F 98 4.1 3.2 425 43 
1072 T F 48 5.5 3.8 425 36 8/27 
10'11 l'f M 4.5 3.0 280 42 8/17 
1074 15 F 118 8.8 1.7 350 33 8/19• 
lOTli 13 F 18 3.li 2.1 305 41 

1078 9 M 72 8.8 3.7 310 42 8/15 
1077 22 M 128 3.4 3.3 350 47 8/18 
1078 37 F 234 4.4 Ui 275 43 
1079 45 M 108 li.3 4.1 275 41 
1080 46 M 125 3.6 3.7 245 41 
1081 9 F 58 5.8 4.9 310 41 8/24 
1082 80 M 156 5.5 2.1 272 40 

• Pregnant. 

• 
• 

41-42 
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