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RESPONSE OF HUMAN BEINGS ACCIDENTALLY EXPOSED TO 
SIGNIF1CANT FALL-OUT RADIATION 

Commander Eugene P. Cronkite (MC), U. S. N., Victor P. Bond, M.D., San Francisco, 
Commander Robert A. Conard, Lieut. N. Raphael Shulman, Luut. Richard S. Farr, (MC), U.S. N., 

Stanton H. Cohn, Ph.D., San Francisco, Charles L. Dunham, M.D., Washington, D. C. 
and 

Ueut. Col. L. Eugene Browning (MC) ll. S. Army 

After detonation of a nuclear device in the Marshall 
Islands during the spring of 1954, radioactiyc material 
fell upon several neighboring inhabited atolls.1 The fall­
out material consisted of pulverized and incinerated coral 
(calcium oxide) coated with radioactive fission products, 
forced high into the atmosphere by the violence of the 
explosion. The particulate matter was thcn''distn'buted 
over a wide area by the wind structure. The field of 
radiation resulting from the deposition of thiS::radioactive 
material on the islands was sufficiently inten·se to result 
in significant whole-body irradiation of the ~nhabitants. 
In addition, the skin was contaminated with the material, 
and some of it was inhaled and ingested. Tile calculated 
whole-body dose of radiation in roentgens as.measured in 
·air and the amount of fall-out observed forl each of the 
island groups is shown below. The exposdd American 
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servicemen we~ returned to duty after exte°*ive medical 
examinations at Kwajatein and at the Triater General 
Hospital, Honolulu, T. ff. The Utirik people were re­
turned to their native atoll after the initial period of ob­
servation. The Rongelap and Ailinginae reaidents were 
moved to Majuro Atoll for temporary ~pation of 
dwellings built for them. These gamma ra~ dose1 were 
cakulated from field instrument readings 'taken at the 
time of evacuation and decay schemes apj>1opriate for 
the estimated times of exposure. For the sa~ of brevity, 
details will be presented only on the more'· Jeverely ex­
posed Rongelap group and the other groupl will be re­
ferred to only for comparative purposes. 

The detonation of the device was observed in the early 
morning, and hours later the exposed individuals noticed 
a snow-like·materiaJ falling from the sky; this continued 
for several hours. The material was visible on the ground 
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and sifted into the lightly constructed thatched-roof 
houses. The material whitened the hair and clung to the 
skin. During the night following the explosion and for 
the next two days, about two-thirds of the population de­
veloped nausea and 10% vomited and had diarrhea. 
During this period also, many developed itching and 
burning of the skin and some reported burning of the 
eyes with lacrimation. Supervised decontamination and 
medical care was not possible until the exposed individ­
uals were evacuated to the nearby naval base at Kwaja­
Jcin. By this time, initial symptoms bad completely 
subsided. 

An emergency medical team, composed largely of 
naval personnel from the Naval Medical Research In­
stitute and the U. S. Naval Radiological Defense Labo­
ratory, was organized and sent to the area, arriving on 
the ninth day after exposure. Complete initial histories 
and physical examinations and frequent follow-up exam­
inations and treatment for medical conditions were car­
ried out on all penonnel. In addition, hematological 
studies to assay the degree of radiation damage and uri­
nary excretion studies for radioactive materials were 
performed. It was apparent from initial blood studies 
that significant radiation had been received, and by 12 to 
14 days further evidence of radiation injury was appar­
ent in the form of skin lesions and cpilation. With the 
exception of the development of skin lesions and cpila­
tion, physical examinations at no time revealed findings 
in arr/ group that could be attributed with certainty to 
radiation. 

CLINICAL OBSERVATIONS, THERAPY, AND HEMA· 
TOLOOICAL PINDJNOS 

Since the degree of depression of peripheral blood 
elements is believed to be the best index of severity of 
radiation injury, l)'ltematic serial determinations were 
carried out. These determinations consisted of total 
leukocyte, neutrophil, lymphocyte, and platelet counts 
and bematocrit determinations. Control gro~ as com­
parable u possible to the exposure groups in respect to 
age, race, ~ and background, were selected. Findings 
are expressed in terms of percentage of control values. 
Significant age and sex difference in blood cell counts 
were noted in the control groups, and the data are pre­
sented in accordance with the differences noted. 

The absolute neutrophil count (fig. 1) of both younger 
and older age groups fell to a value of approximately 70 
to 80% of that of the controls during the second week, 
followed by a period of ftuctuation until the fifth week. 
At this time the beginning of a second depression was 
noted for both age groups, and a low value of approxi­
-m•tdw ~~ of that of the controls was reached. The 
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that significant ndiation bad been received, and by 12 to 
.14 days further evidence of ndiation injury was appar­
ent in the form of skin lesionl and cpilation. With the 
exception of the development of skin lesions and cpila­
tion, physical examinations at no time revealed findings 
in arr/ group that could bo attributed with certainty to 
radiation. · 

CLINICAL OBSEllVATIONS, THERAPY, AND HEMA• 
TOLOGICAL FINDINGS 

Since the degree of depression of peripheral blood 
elements is believed to be the best index of severity of 
radiation mjury, systematic serial determinations weie 

carried out. Tbele detenninations consisted of total 
Jcukocytc, neutropbil, lymphocyte, and platelet counts 
and bcmatocrit determinations. Control groups, u com­
parable .u possible to the exposure groups in respect to 
age, race, -. and background, were selected. Findings 
are cxprased in terms of percentage of control values. 
Significant age and sex difference in blood cell counts 
were noted in the control groups, and the data are pre­
sented in accordance with the differences noted. 

The absolute neutrophil count (fig. 1) of both younger 
and older age groups fell to a value of approximately 70 
to 809' of that of the controls during the second week, 
followed by a period of ftuctuation until the fifth week. 
At thil time the beginning of a second depression was 
noted for both age groups, and a low value of approxi­
mately 509' of that of the controls was reached. The 
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level w8i ~ at appn)Sfmite]J 75,.: Of die cca­
trol values from the 7th week to the cad Of-the· critical 
period of oblerYation (lOlh week).· .The ftlues for the 
lower age group were below thole Of the older age group 
throughout most of the~ of obserYation. The abso­
lute lymphocyte count (fig. 1) of tho older age group hid 
fallen by tho third day to a ftlue of approximatdJ 559' 
of the control ftlue. Thia ftlue was maintained through-
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out tho lllldy, with DO dellaite evldcni:e !: upwud 
trend. The values for tho _yoimger age · also fell 
before the third day to a ftlue of ~11 259' 
of the CODllol value, after which there ~·a 1igniftcant 
upward CleDd, reccniery beiilg more rapid ;a tho JOUDaer 
age group. Since. the mean lJmphocyte ~ mn•ined 
essentially comtant througbaat the. study, tho llUctuation 
In total white blood cell c:oant wal a re* of dwlges 
In tho neutrophil compoaeat (fig. 1). J, · 

'Ibo seqaelae of depreaioa of hemopoteUs are gener­
ally comJdered u the major IOUl'CO of morbidity and 
mortality from whole-body ndiation lnjurf.• Therefore, 
In view of the low leukocyte coanu that ckWloped In tho 
Rongelap people, tho me of propby1actJc admlnlltrat1on 
of ant11>lotlca was given careful c:omideradosi. T1mltJ· 
seven individuals had absolute aeatiopbll cC>unts of 2.500 
per cubic mDlimeter or lea at somo timo during the pe­
riod of observation. Tempowy depreulona u low u 

' 700-1,000 were observed. Proph)'lactJc ~iDJatratlon 
of antiblotlca WU not imtituted bccaUIO Ill individuals 
were under continuous mtA!kal oblervatlon and it W.. 
felt that such drup might obscure ~ lndJcadon of 
treatment and Jead to the development ~( drug-resistant 
organisms. An epidemic of upper respiratory Infection 
developed between -tho 27th. and 47th ~ after ex· 
posurc in all of the exposed &roups. Flfty~ight per =it 
of the llongelap people were inwlvcd. ·Tho discus did 
not appear to be· more severe in this than in tho other 
1eu exposed groups. There was no correlation between 
leukopenia and incidenco of fnfectioil., .. ; ·-.~ ' - . -
·.Platelets were fint counted•IO dayl:after expormo 

(fig. 2),·at which time tho level in the females Wero ap­
proximately 609' of 1hc appropriato c0ntiol group. 
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After ~ tbe platelet count feD. rachina a low of 
appro"mitelJ 309' of tbe coatroi ftlue durina the 
toanh Wet. (At dlll time coantl in 209' of the Roage­
llp people were ~low 90,000 platelets per cubic milli­
meter.) The platelet lcftl rose darin1 the fifth and sixth 
week and bad JaChed tho ftlae noted for the initial 
COUD11 OD tho 10th day. A lecoad decrcuo .in platelets 
dcftloped daring tho scmltb and efgh1h week, IDd vaJ. 
ues · mn•incxl at approximately 709' of tho control 
ntuea during tbe rem11nder of tho observation period. 
The pattem of the platelet counts ID the maJe groups wu 
.similar to that noted for tho fcmaJel. Counts of the lower 
age group, males, were consistently higher than those of 
tbe adult group ID absolute ~ but comistcntJy lower .. pcn:eu•• of control. 

Then wu no evidenc:o · of hemoabage into tissues, 
even though in 11 indivldua11 platelet count lewis 
racbed between 35,000 and 65,000 per cubic milli­
meter. Two women mcmtruated when their platelet 
counts were 150,000 and 130,000 per cubic millimeter 
respecthcly. Both experienced excessive menstrual 
bleeding, insufficient to cause them eonccm, which sub­
sided without thcnpy. 

Six months after tho accident, blood ceJJ counts 
abowcd only slight increase over previous ones during 
tho last week (10th) of the initial observation period and 
were ltil1 below control levels. Follow-up studies at one 
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year after: the accident showed that the neutropbll counts 
of the exposed individuals were back to the control level; 
however, the lymphocytes, monocytes, eosinophits, and 
platelets were still below control levels, though they were 
higher than after six months. Hematocrit determinations 
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ftrst done on the 22nd day were llighdy L 1{ow those of 
the control population. A lignificult trend 1f values after 

·this time- could not be detected IWistically. The Jeu.. 
exposed island groups showed similar, but iii most cases 
less prono~, hematological chanp ' t was con­
sistent with the lower doses calculated for sroups. 

Fis. 3.-A, epllatioll 19 7.,ar-old s1r1 al 21 dll:JS. aJ .• -.dll laecr, 
lhow1D1 complele rqnnrdi ol balr. l 

The time course of hematological ch nges corre­
sponded most closely with the low-dose J a ·, ese groups 
exposed. to radiation from the Hiroshima t.• d Nagasaki 
bombs • in which definite signs of re radia­
tion expos~ we~ present in some indi uals but in 
which no mortality occumd. Com~ with hema-. "~ ;- ... - . - fl 
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tological data in Japanese groups in which !fatalities oc-
curred make it probable that exposure ( '. the highest 
expo~ure group of Marshallese was mod ' te1y severe, 
proba~ly within SO to.100 r of the leYel where some fa-
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talities """1d haw resulted. The skin and internal radio­
acthe contamination were CODlidered not to have con­
tnbured Jilnificandy to the depression of the hematologi­
cal elements. 

The body weight of individuals in the ROnptap and 
Ailinginae groups was followed routinely. Adults . u 
wen u children lost some weight during the period of ob­
servabon in spite of the fact that they lived inactive livea 
and ate heartily. Whether the failure to gain weight wu 
connected with radiation or change in environment is 
open to question. Four women in the Rongelap group 
were pregnant when brought to Kwajalein. None of 
these women had abnormal symptoms referable to ra­
diation. AD of the pregnancies have since terminated in 
deliwry of apparently normal babies. 
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SICIN LESIONS AND EPJLATION 

Irradiation of the skin resulted largely from beta radia­
tion from the fall-out material deposited on the skin. 
Due to the complex composition of the radioactive ma­
terials, and because of other uncertainties, it wu impos­
sible to calculate the skin dose accurately. The dose wu 
sufficiently large, however, to produce epi1ation and 
widespraid Jeiioal of the ·lkiD ID '909' ·of this' Ronplap 
group~ begbmfna about 12to14 daJI after t11e exposure. 
In tbe·Jea .. beavily exposed arouP1 ·(ADinginao ad 
Ronierit>• the leaiom did. not appear until- app1oxi-. 
matdy. 20 dayl"after tbO bldeat.. In tho Udrit group, · 
ndiatioD JCliom of the akin. did not appear.· !Jbe lellom: 
oc:amed primarily OD.the npmed putl of tho bodt· not 
prorecred .. bJ dCJdtlni·~-.'lbalo..'who .rem•hled,;.ander 

. shelter ,darina tho. fall.oat ;dnelopecl lea . .,_ .ot DO 

Jaiam..Scae protecdoD Wll dordecl dlOle wbo.~. 
dmiDa tbil period. AJmoit aimaltlDeomly with dm1op-. 
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... ............ ... prealded.,, baDoul formadon 
(e,.:5A)-.. Sc1D1 ..... became llCDGdarily lafecled; 
howewer, ellledaas acept me ear~ healed rapidly 
IDd ~lied ID a week or .10 daJs. The ear Jeaioa 
toot .. foar moatlil to bell.· ReplpleatadoD ..... 
allJ foot. Pia ia IDOlt leliom, Del IOIDI of tho bcaliq 
laia, p.rticaladJ Oii die nect. tbowed deYllopmcDt 
Of ~11cioq .of a 11'8)'Jlb,;~. ~·aad a 
thkk ...... °',.. ,lkba: 1'idl .. ona,.,eer, appearance. 

. ·BiaplJ specimem ... from leliaal ~~third 
to bath week m:ealed hiltopathoJoaic ....-·~ 
.,_._~ ndi1tio1( dlmqe. (~: 1>· · SpoaJ tnm­
epidermal ...... with atrophy and llaUaillls of tho . 
rcte pep·wu a colilmoa finding,~ iieas ol ~ 
DOl'lllal skin betweaa, empbuizini Cho ·puticulale· nature­
of tbo ndioKthe material. Cel!I of die malpigbiln layer 
mowed ~·nuclei. pylalolil, and cytoplasmic 
halos. Focal dilorpnization of tho lnalpighian and basal 
layen wa pteaent In ·e:itensiwly damaged areas. In the 
dermis, telangiectatic vessels were noted where the owr­
lying epidermis showed greatest damage. There WU mild 
edema of the pan papillarit with lymphocytic infiltration, 
particularly around ~ telangiectatic vessels. Atrophy 
of blir follldea WU obaened. 

. . ·,::··, .. 

Follow-ue studies at six months and one year showed 
"' that tbo byperpigmentatioli bad In most cases disap­

pearrd. At die lite of deeper fool'lesions and the ear lc­
liom, there were pink-to-white areas that bad not re­

.pigmented (lg. 5B). In these mas the skin appeared 
lligbtly .atrophic. Treatment of the skin lesions con­
lilted of daily cleansing and symptomatic therapy. with 
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~he exception of locally applied antibiotic ~pttments for Iese and Americans were accidentally exposed on islands 
infc:cted lesions and in one case parenteralJY. given pcni- in this area, receiYing whole-body gamma radiation, beta 
cilhn. ;; radiation injury to skin, and minimal internal contamina-

The possibility that cancer might devefop at the site lion. The lµghest dose (an estimated 17.S r) was received 
of some of these lesions must 'Je considered. Favoring by a group of 64 Marshallese. The dose of radiation re-
sucb development are the long life ex~ of the ceiml proved to be subletbal. Though there was signifi-
numerous children in the exposed group, '.:constant ex- cant. depression of bemopoiesis, no clinical signs or 
posure to tropical sunlight, and the possibldtinJluence of S)'llQ'tOml developed that could be attnDuted with cer-
additional sublethal whole-body exposure. ;~gainst such tainty to this effect. Prophylactic administration of anti-
development are the superficial nature ofl the lesions, biotic.I or ocher specific therapy was not found to be 
rapid healing with little in d.1e way of residUal gross de- mdicaled. 
fects, and only minimal evidence of histolopcal damage Skin lesions and epilation developed in 90% of the 
by six months. 1:; group beginning aboul two weeks after the exposure. 

Pigmentation of the semilunar area of t}je fingernails The lesions occurred largely on exposed parts of the 
and toenails was observed aboul the 23rdi:C:lay in most body not protected by clothing, and varying degrees of 
of the Marshallese in the higher exposure sroups and in protection were also afforded those who remained in-
the five American Negroes bul in none ~ the white doon or bathed during the fall-oul period. Most of tho 
Americans. The pigmentation was bencatff ~ nail and skin lesions were superficial and cxlubited pigmentation; 
progressed distally with growth of the n~ A similar dry, scaly desquamation; and rapid bcaling with 1ittJo 
phenomenon has been observed in a Negro',jioman after pain. Some lesions were dccpcr, exhibiting wet desqua-
local therapeutic irradiation.• ,[11 mation, and a few became secondarily infected. Trcal-

INTERNAL RADIATION HAZAR~t ment was largely palliative except for use of antJDiotics 
· for secondarily infected lesions. Histopathological ex-

Radiochemical analysis of numerous ~ samples of amination •of lesions showed changes consistent with 
exposed personnel showed that the degree' of internal radiation damage. Bluish-brown pigmentation was noted 
absorption of radioactive materials was rouJbJy propor- in the fingernails and toenails of the dark-skinned people 
tional to the calculated external dose and, therefore, bul not in the white Americans. Minimal amounts of 
to the concent.rations of air-borne fission p@ducts. The radioactive material were detected in the urine. The in-
degrec of internal radiation hazard was tod11ow to have temal deposition was insufficient to contnbutc signifi-
contnbuted si~cantly to the acute radiati0n syndrome candy to the acute reaction, and it is belicml there is no 
observed. The concentration and type of °*mal radio- long-term hazard. Examinations conducted one year 
active contaminants minimiz.e the probab~ty of ~ after the exposure revealed these people to be in gen-
significant long-term effects from the inte~ radiation. erally good bcaltb. Slight depression of lymphocytes and 

. SUMMARY AND CONCLUSIO*sl
1! platelets persisted. A few pigment aberrations and mini-

After detonation of a thermonuclear ·1 ·ce in tho mal atrophy remained at the site of the deeper skin lc-
Marshall Islands in the spring of 1954, 

1
.'.. 've fall- sions. 

oul occurred. over an area of thousands of uare males 6. SaUoa. a. L.. Jr.: TralllTCnl Bud r111111ca1auoa of FIDscnWll 
beyond the range of thermal and blast injufy. Marshal- After x-aa, nera"', J. A. M. A. uo1210 (Sept. 20> ttsl. 
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RADIOIODINE TREATMENT OF EUTHYROID CARDIAC DISEASE 
;;1 
•;I 

FOUR YEARS OF EXPERIBNa wrre TWO HUNDRED TIIJRTY-ONE PATIENTS 
'. 
11 

Henry L. Jafie, M.D., Maurice H. Rosenfeld, M.D., Frederick W. Pobir1, M.D. 
and 

Laurence 1. Stuppy, M.D., Loi Angele1 

Two hundred thirty-one culhyroid, serioµ.ly ill car­
diac patients have been treated with radio¥live iodine 
(1111 ) since February, 1950, in the department of radia­
tion therapy and the cardiac oulpatient ~&rtmcnt of 
the Cedars or Lcban_on Hospital _in Los 1p~e~~s. Of 
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angina pectoris. Stuppy,• Jaffe,• Pobin,• and Rosen­
feld• reported upon 95 treated patients in November, 
1951, and upon end-results in 100 patients in June, 
1952.' In 1952, Chapman• described 23 treated cases. 
Serber and his group• reported 24 cases in February, 
tO<i nL .. ~, .. -,.-•" .,..r 1 '' ,,, 


