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ABSTRACT 

Following the detonation of Shot 1 on Bikini Atoll on 1 March 1954, 28 Americans and 239 
Marshallese were exposed to fallout. One hundred fifty-seven of the ,\larshallese were on Utirik 
Atoll, 64 were on Rongelap Atoll, and 18 were ·on t~1e neighboring atoll of AilingiP.ae. The 28 
Americans were on Rongerik Atoll. The presence of significant fallout on these atolls was first 
determined by a recording dosimete1·, loc:ited on Rongerik, when this device went off scale at 
100 mr /hr shortly after the detonation. E rnergency surveys detected radiation on the i11h<i.bited 
atolls, and evacuation of inhabitants to the Naval Station at Kwajalein was promptly carried out. 
The dose of radiation to which the individuals were exposed was calculated from the intensities 
found or. the islands and the decay exponent of the fallout material. The individuals on Rongelap 
received approximately 175 r, those on .Ailinginae received approximately 69 r, and the Ameri­
cans on Rongerik received an average calculated dose of 78 r. The Marshallese on Utirik re­
ceived approximately 14 r. The fallout ·on Rongelap, Ailinginae, and to a lesser extent on Ronge­
rik was distinctly visible. No fallout was observed on Utirik. A significant number of indi­
viduals on Rongelaµ suffered from mild nausea and one or two :ndividuals vomited on the day 
of the exposure. With the exception of nausea in one ,\ilinginae indi~idual, there were no other 
definite gastrointestin2l symptoms in the oli1er Marshailesc Jr the Americans. The Mar­
shallese on Rongclap· and Ailir.ginae, ~.nd the Arnericu1s experienced to a varying degree burn­
ing of the eyes and itching of the skin from 1 to 3 da~·s. Later, signs of radiation injury included 
definite epilation in the H.ongelap and Ailinginae group:o, and ·the development of spotty, super­
ficial, hyperpigmented skin lesions that desquamated from the center of the lesions outwards. 
In some cases the skin damage was sufficient to result in raw, weeping lesions. There was 
no full thickness nr.crosis of the skin. The Americans developed only minor skin lesions without 
ulceration. There were no skin lesions in the Utirik natives. All lesions healed rapidly with 
no further breakdown of the skin noted during the period of observation. Microscopic exau1i­
nation of biopsies of the lesions showed changes usually associated wich radiation injury. Fully 
clothed individuals and those remaining inside of buildings or huts were protected to varying 
degrees from development of lesions. Hematologic changes were definite in the Hongelap, 
Ailinginae, and the American grOL:ps. Lyrnphopenia appeared promptly and was persistent for 
a prolonged period of time. Neutropenia occurred in all of the individuals with initial minimum 
values occurring around the 11th day followed by an increase in the counts and a secor.dary 
minimum around the 40th to 45th day. The most consistent hematologic change was the de­
pression in the platelet counts. Platelets were below normal when first counted on the 10th 
day of po.st-exposure and progressively decreased at ta in i ng a minimum bet ween the 2 5l h and 
30th day. Althouf~h recovery commenced following- lhis 111inin1um, the plate-let counls had not 
returned to normal by the complclioa of the initial study on the 76th post-exposure day. Th•! 
incidence of various respiratory and cutaneous iruections was identical in all expo~;ure r;roups 
and bore no relationship to the hcrnatoloi;ic ch;wges. 

Urinary excretion of radioisotopes \\as studied. Small amounts of radio:<etivc material 
were found. Estimates of total body burden indicate that there is no long- term hazard and that 
ingestion and inhalation of isotopes did not contribute si1;11'licar.tly to thl initial 1·;\cliat·on 
exposu1·e. 
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PREFACE 

Operation CASTLE did not include a biomedical µrogram. The p:i.rliciµants in Project 4.1 
were drawn from various laboratories and were totally unµrepared for a field µrog:ram when 
the joint DOD-AEC Medical Research Team w:1s organized after the oµeration had begun. 

Dr. John C. Bugher, Director, Division of Biology and Medicine, AEC, and Ll Col L. E. 
Browninr;, MC, USA, Surgeon of the Armed Forces Special Weapons Project. selected the proj­
ect officer and requested that the selection of technical and µ;·ofessional µersonnel be com­
menced immediately. Rear Admiral Clarence Brown. Dcµuty Surgeon General, Medical.De­
partment, USN, gave immediate and complete supµort of all naval medical research activities 
and assigned responsibility to CAPT Van Tipton. MC, USN, and CDH Harry Etter, lvlC, USN, of 
the Atomic Defense Division, Bureau of Medicine and Surgery, USN, for the implementation of 
the prnject. 

Since little detailed information was available about dose and initial symptomatology, the 
research team was organized to include the following talents for the constitution of the emer­
gency medical team: internal medicine, hematology, radiation technology and r:<diobiology. Jn 
the selection of personnel the emphasis w;is µlaced on past cxpC>rience in biornedical research 
in the field with atomic weapons. In addition, provisions were made for a second echelon of 
specialized personnel in case they were needed. Accordingly, a preventive medicine unit of 
the Commander-in-Chief, Pacific Fleet, was alerted for possil.Jle l.Jacteriologic studies; blood 
bank personnel, and acldition:i.l clinicians and nurses were notified in case conditions justified 
their service's in the Kw:i.jalein :i.rea. n.c:i.r Adrnir:i.l 13artholomew Hogan, MC. USN, Pacific 
Fleet Medical Officer, immecli:i.lely made any ne~clcd medical f:i.cilities of the Pacific Fleet 
:i.vailable. 

Personnel were obtained within the Continental limits of the U. S. for the research team 
as follows: 

Naval Medical Research Institute (Nrvln.I) 
4 medical officers (E. P. Cronkite, project officer, n.. A. Conard, N. n.. Shulman, and 

R. S. Farr) 
2 medic:i.l service corps officers (W. H. Chapman ;ind n.. Sharp) 
'5 enlisted men (C. R. Sipe, P. K. Schork, C. ·P.A. Strome, W. C. Clutter, n. E. Hansell, 
· J. S. Hamby) 

U. S. N:i.val Hadiological Defense Laboratory (ND.DL) 
1 civilian M.D. (V. P. 8ond) 
1 medical service corps officer (L. J. Smith) 
4 enlisted men (W. fl. Gibbs, J. C. Hendrie, W. S. Argonza, J. Flanagan) 

Division of Biology and Medicine, AI::C 
2 civilian M.D.'s (C. L. Dunham and G. V. Lenoy) 

Armed Forces Special Weapons Project (AFSWP) 
1 Army Mc·clical Officer (L. E. Drowning). 

Preliminary stuc!ic~; had been made by con W. S. llall, :\IC, USN, Station J\1edicnl Officer 
and hi.s staff. and deconta1r,ination o'. lhe individuals w;is well undcrwa'_; when Project 4.1 pr:r·son-
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ncl arrived in the field. Preiim·i·~ar·y l;ernatolo~·ic "stud c·s ln.cffc<i.ted that the individuals probably 

had not received acutely fatal doses of radiation. The primary responsibilities within the prnj. 

ect group were delegated as follows: 
Clinical observations and care-LT N. R. Shulman, l\!C, USN 
Organi7.ation and operation of laboratory- LT R. S. Farr, i\IC. USN 
Compilation and daily analysis of all data-Dr. V. P. Bond 

Decontamination and radiation measuri:ment -LT (jg) R. Sharp. MSC, USN 
Senior Petty Officer in charge of laboratory --P. K. Schork, Hlv!C. USN 

As the clinical picture developed, a further breakdown in responsibility was necessary. Co111-
mander R. A. Conard, MC, USN, and Lt Col L. E. Browning, MC. USA, were made res1Ams1ble 
for a daily survey of skin lesions, and Dr. S. H. Cohn was made responsible for studying the 
problems concerned with the excretion of radioisotopes and the estimates of body burdens in 
the exposed individuals. 

The project officer commends all of the professional and technical members of the group 
for their excellent motivation, initiative, and voluntary long hours of extra work that were es­
sential for the accomplishment of the clinical and research objectives, and for the rapid col­

lect'ion of the preliminary data in the fi.eld. It is em"phasized that the work was a cooµcr2tive 
endeavor in which all were mutually dependent upon each other. The willing efforts oi all con­
cerned constituted a remarkable example of team-work and sacrifice of personal ambitions and 
desires for the good of the project at large. 

The authors wish to express their gratitude and indebtedness to Dr. John C. Bugher, CAPT 
Van Tipton, and CDR Harry Etter; CAPT W. E. Kellum, MC, USN, and CAPT T. L. Willmon, 
Commanding and Executive Officers, respectively, NMRI; CAPT R. A. Hinners. USN, Director, 
NHDL, and CAPT A. R. Behnke, MC, USN, Associate Director, NRDL; all of whom gave un­
limited support and reduced administrative procedures to a bare minimum, thus m<1king it 
possible for the unit to be assembled and underway in a matter of hours. 

On arrival at Kwajalein, RADM R. S. Clarke, USN, Commanding Officer, U.S. Naval Sta­
tior1, Kwajalein, supported Project 4.1 with all the facilities at his disposal. As a result, a 
laboratory and clinic was established and operating within 24 hours after arrival of the project 
personnel. 

Project personnel also wish to acknowledge the outstanding contributions of Col C. S. 
Maupin, MC, USA, Field Command, AfSWP. CAPT H. H. Haight, MC, USN, Division of Mili­
tary Application, AEC; Col K. Houghton, MC, USAF, Special Weapons Center: CAPT Donald 
Dement, ~1C, USN, CINCPAC Fleet; Ors. T. L. Shipman, T. White, and P. Harris of Los Alamos 
Scientific Laboratory; Dr. Gonion Dunning, Division of Biology and Medicine. AEC, and Dr. 
G. V. LeRoy, Unive1·sity of Chicago. During all phases of the early care of lhe exposed indi­
viduals, the foregoing participated as much as their other primary duties would l,ermit. In 
addition the authors wish to thank them for the extensive and complete data which they -::ollected 
i1.-the atolls or their home laboratories and kindly furnished to the project personnel. 

The continuous help anc cooperation of Trust Territory representatives and their aid in 
obtaining necessary c~ntrol data on native Marshallese at l'vlajuro is hereby acknowledged. 
The authors are particularly indebted to Mr. John Tobin. His help as an interpreter and his 
extensive knowledge of the Jvlarsha,llesc language and habits were invaluable. Lieutcntant J. S. 
Thompson. MC, USN, furnished his records on the exposed individuals decontarnin;;tecl by the 
r·adialion group of the VP-29 squadron stationed at Kwajalein. 

The authors wish especially lo ex1l!"ess their :i.dmiration for the excellent job cone by the 
medical personnel of the U. S. Naval Dispensary. Kwajalein, in completing the exlensivt' labo­
r<ttory examinations that were required lo obtain a prompt initial evaluation of the severity of 
~he: radi:ttion injury. 

The authors arc deeply gr:ttcful to Dr. David A. Wood of the University of California Hos­
pital, San Francisco. and Dr. Edward L. Alpen :tnd Miss Pat !loan of NilDL, for in\';t\u:i!Jle aid 
In carrying out the histopathological ev;tlualion of skin lesions. The exte11sive contributions of 
.\\r. H. I!. lkchter in the statistical :u1alyscs or the data, ancl of Mr. C. A. Sonchaus of the 
~'IU)t. in dos:H:e calculations arc p·atcfully acknuwlecl1;ed. 
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CHAPTEH 1 

INTRODUCTION 

1.1 OBJECTIVES 

Project 4.1 was organized with the following specific objectives: 
(1) To evaluate the seve1·ity of the radiation injury in the hurnan beings e:qiu!;cd io the f:lll­

out radiation. 

(2) To provide for all necessary medic:i.l care for these individuals. 
(3) To conduct a scientific study of radiation injury in human bei1~g~;. 

1.2 GENERAL DESCRIPTION OF THE EXPOSED en.ours 
·-------------------·---·----·--

Shot 1 of Operation CASTLE was detonated on 1 March 195~. Folln'.ving the clr:i.<x1;1tion sit;­
nificant amounts of radioactive materials fell on the follov1i11g popubll•cl neighLocing :1lolls: 
(1) Rongelap, (2) Ailinginae, (3) Rongerik, and (4) Utirik. Exposure grnups are idei:tif\ed ac­
cording.lo their geographical location al the lime of exposure. The nu:11bers of ir1ct\1·!.-J,,ials in­
volved, their location, the distance of the atoll on which they were loc:~led from the site of the 
detonation on Bikini, the calculated dose of r:i.diation, lhl' probal>lc ti1:1c of be~'.innin~·. nf the f:i.ll­
out and its duration arc t:i.bulaled in Table 1.1. The Eonr~elap group rpceived tl:e hi~l10st calcu­

lated dose. These individuals were livill:; under· relatively primitive co11d1tions 1n 11[.;iltly con­
structed p;i,lm houses (Fig;. 1.1). The Ailingi11:i.e people were a riart of the non~:elap t;roup who 
were on their Aili11ginae (;nms from the lime the fallout begall to the time of c·;acvat:nn. Their 
calculated dose was smaller than that of the other members of their l'.roup that li:cd rcmai1H'cl 
on Hongelap. The third and brgest group of M;trshallcsc, inhabilallts of the atoll of Utirik, 
received the smallest dose of radiation. 

The American military pe1·sonllel exposed Oil no11[;crik were aw:i.re of lhc si[;niiicance of 
fallout and promptly put Oil additional clothing to protect the skin. As Ltr as d11tiec; ,,,'(_>ulc\ per­
mit, they remained inside of Buller-type buildings. In colltrasl, most of lhe nati1·c M<1rshallcse 
remained out of doors and thus were more heavily c<,11'.ami:1atcd by the 1r.:iteri:1l :':1lti11f_'. on lhc 
atolls. Some of the Marsh:illcsc, however, went swirnminf'. clurint; the fallout :111d 11,;,,~y of the 

children waded in the water; thus washinL: a considcralJle amount of the 1nateri:tl fr»1n their 
skins. 

1.3 EVACUATION AND Ei\HLY CAHE OF THE EXl'OSED GIWUf'S 

The American military pe1·sonncl 11·c1·c n·acuatcd to Kw:ijalcin via :lir· in lv:o :'.n1ups on 
2 March. The> native ?vbrsh:lllese were evacuated by :t <·ombination cf air :ind ~;urf:trc lr:in.'>-

50095"12 
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porla lion. Si nee a survey of :lll. in~ii victual~-: 1:._;w·ccl. ~h:·ll ff1c;r·c was signi fie-ant cont:tm ina t ion or 

skin and cloth2s, prompt ciecontamination '"';1s ',:~:ctituteci. Clothes were remo1·cd and hunal'recl. 
Their skin and h:tir were washed rcpcatediy '.\·!th ;·rcsh w:ite1· a;1d soap. In :11:1n:> indi,·idu:ib, 

particularly in the Marshallesc, it was difiinilt tu wash the r:tdiuactive mall'rial from the hair 
because of the he:ivy coconut-oil hair dressi1~~' used by tht?~;e pt'ople. 

Table L.1 EX l'OSED :\ND CO:\TROL UI-< c:X POSFU GEWU PS 

A p~i1·oxi mate Instrument 

Total Distancp Ufectin· Headings llest EstimRte 
Group 

Dcsi~nalion 

Number fn1m Bikini Till!L' of 

in Group (N~ul. :.liles) Fallout 
Tillle of 

E\'<\Cui.tlion 

Used in Dnse of 'l\1tal Gani111a 
CnJculatio11s Dose in Air\rl· 

·-----------------~-------------·----· 

Americans, 
Exposed 

Rongerik 

Americans, 

Control 
Kwaj-Amcrlcan 

Marshalll'se, 

Exposed 

Hont:elap 

Utirik 

28 

105 

6.\ 

157 

M:trshalil'sc, 117 
Control 

Majuro Group 

Total F.:<posed - 2G7 

Total Contrnls-222 

•See Section 1.4.3. 

!05 

83 

270 

11+6.CThr 

II + ·\ It r 

ll+~,hr 

ll+22hr 

H+20.5hr 

(8 men) 

H + 34 h1· -
(20 llll'll/ 

280 mr/hr 
ll + 9 days 

H' 50 hr 375 mr/hr 
( lG peoplt:) H + 7 da.vs 

H + 51 hr 
(48 pt:opll') 

H + 5ll hr 

Started at 
If + SS hr 

Compl<'lcd at 
ll + 7 8 ~\ r 

100 mr/hr 
H + 9 days 
40 mr/hr 

!I + 8 days 

---------~--·---------

18 

175 

G9 

14 

The estimated values of external dose given in Table 1.1 were baseci on re:1clings of 
AN/PDR.-39 field instruments. Avc1·ages of a number of do:;c r·ate measurt?ments on each 
island at a given lime were used. The readin['.S were Uken in air, :ipproximately 3 feel abo"e 

grounci, several days after the inhabitants were cvacuateci. Before this time, ac!equ;1le surveys 

wilh well calibrated inst1·ume11ls had not bec11 po.ssiblc. 
Several ·1ariables which influence the rP.sults arc indic;itcd below. Tlicsc will be discu:.scd 

in greater· detail in an addendum report on e:dl'rn:d dose, which will contain the data, methods 

and calculations by which the c:dc1·11al dos.c a.1:tlysis was rnadc. 

1.4. 1 ~.~'.'.'_t~l_';J'.J?i.s~r·~by t i().11 <>~ the J·';1 ~l:_>u l_ G;1111 ina Hadia t ion, !l s_Va1~i'.1 tj_l_)~"l _ \XithJi m_c: ~~e 
.!3_c_sp_u11~e. of_ thr~ l\1ett:r in E:~r;h_Enc·r·sy Hq:ion :incl Its Concctior1 X:\_clor: .. f.or_t.hr; _ _'l'9_t_:d 

!:?<_>sc_ .~!!~.~-l ru_m 

Fallout depO'.' it cd :1::: :1 n l'f r r~r l I vcl y inf i ni lt: pL\l\r: sou J'('<! n~sullNI in lhc cl'Jse- enc rgy hi Hlo­

p·a m slH1w11 in Fi;" .. 1.2. 11:-; l'11t·1·\'.Y ctistriliulin11 w:1s tlw n:su\l ()[ <!c·1:rad:1ti<>n "f the orir.:inai 
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