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ABSTRACT 

Follow111i.: th•• c1c-to11ation of Shot 1 on Bikini Atoll on 1 Mardi l!)f14, 2H A111t·ri!'a11s and z:rn 
MarshallPs1• wt·n· l'Xposl'd to fallout. Om• humlrt'd fifty-sl'v1·11 11f llw Marshall1•s1• lo'1'rt' on lll1rik 

Atoll, G4 w1·r1· 1111 H1111i.:1·lap Atoll, and 18 w1·ri· 1m th1· 1wll{hlu1r111i.: atoll 11f Ail1ni.:1na1·. Thi· 2H 
A1rn·rw;111s w .. , ... 1111 1{11111'.Prlk Atoll. Thi· pn·s1•11<'1' of s1i.:111!1l'a11t fall1111t 1111 th1•s1· at11lls was first 

t11'f .. 1·1111111·d l1v ;1 r1·1·111·d111i.: d11:->1111t'f1·r, l11!'al1••l 1111 Honi.:1·rtk. wllt'11 this d1•v1n· w1·11t off sl'al1• al 

100 1n1· hr sh11rtly aflt-r tlw d..t1111at1on. E1111•ri.:1•1icy survpys dl'l1·ct1·d ract1al1tll1 1111 tlw inhal>itl'd 

:1l11lls, and •·va .. 11al11111 of 111h;1l>1lanls to lh1· Naval Slat1011 al Kwajall'i11 was pr11111plly l'arril'd out. 
Th• dos1· of r·ad1at 11111 to whil'h tlll' individuali-; werl' 1~xposed wai-; !'akulall'd from the inltmsitics 

l1n111d 1111 111" 1sla11ds and tilt' d1·<"~1y 1•xµo11l'11l of the fallout mat .. r1al. Tht> 111d1v1dual:s on Rongelaµ 

1-.·1't·1vl'd app1·11x1111;11t-ly 175 r, thosP on Ailin~inae received aµµroximately 69 r, and the Anwri­

l'ans 01• Ho11g1·r1k rl'l'l'iVl'd an avt>r~e l.'alculaled dose of 78 r. The Marshallese on Utirik re-

1·1·ivPd approxin.ately 14 r. The fallout on Rongelap, Ailinginae. and lo a lesst>r extent on Ronge­

rik was di!;linctly visiblP. No fallout was observed on Utirik. A si~mhcanl number of indi­

viduals on ' >ngelap suffered from mild nausea and one or two individuals vomited on the day 

1Jf ll1e ~xµc ~re'. With the exe'eplion of nausea in one Ailingrnae individual,·lhere were no other 
definite gastro111testinal symptoms in the other Marshallese or the Americans. The Mar­
shallesC' on Rongclap and Ailinginae. and the Americans experienced lo a varying degree burn­

ing of thP eyes and itching of lhC' skin from 1 lo 3 days. Later, signs of radiation injury included 

dPfinill· (•pi la ti on in th1• Ronµ:Plap and Ailinginae groups, and the development of spotty, super­

fi,:ial, hyperpigmented skin lesions that desquamated from the renter of tht' lesions outwards. 

In s1J11w c:asPs th•· skrn damagf' was sufficient lo result in raw, wecpinl{ lesions. There was 

1111 ful I th1rk111·si-; 1wrros1s of the skin. ThP Americans developed only minor skin le8ions without 

11lr'l'rati11n. Th1·r•· w1·ri· 1111 skin ll'sionH in ttw Utlrik native:-;. All 1Ps10nH hl'alc•d rapidly with 

'"' f11l'llll'r hr1•akdown of tlw skin not Pd durllll{ the periud of ohsc·rvat ion. M1l'rosl'up1c l'Xa1111-
11at 11111 11f l>111ps11·s of tlw l1•si1111s showl'd C'hanl{l'S UHually ai-;s111'1atl'd with radial 11111 1111ury. Fully 

.-lollll'd 1111l1v1du;tls a111I lh11s1· r1•111ainln~ inr-1id1· of llulldlnl{s or huts w1•rt• µr11t1·c·kd 111 varying 

olq~l'l'l'h rr .. 111 d1·vl'lt1pllll'nl 11f lc·s1011s. HPmatologlc 1·ha11gl's wc•n• dc·f11t1ll' in lht• Honi.:c•laµ, 

Ailinginac-, and the· Anlt'ril'an grm;pi-;. Lymphopc•nia aµpt'arl'd promptly and was µ1•n;it1tcnl for 

" prolclligl'd p1•r1od of t1111e. N1•ut ropt>nia ol'curred in all of thl' individuals with 111ilial minimum 

valu1·s 1w1·urring around lh1· I Ith day followed lly an increasl' in tlw 1·uunls anct a see1mdary 

111inimum around lhl· 40th lo 45th day. The most consistent hematologic cha11g1• was the de­

pression in llw platelet 1·uunls. Platelets were llelow normal when first counted on the 10th 

day of µost-exµosure and progressively decreased attaining a minimum bt>twt>en the 25th and 

30th day. Although recovery commenced following this minimum, the platelet counts had not 

returned to normal by the completion of the initial study on the 76th post-exposure day. The 

incidence of various respiratory and cutaneous infections was identical in all exposure groups 

and bore no relationship to the hematologic changes. 

Urinary excretion of radioisotopes was studied. Small amounts of radioactive 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 significantly to the initial radiation 

exposure. 
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FOREWORD 

Thi:-; n·port 1:-; 0111• of th1· r!'porls prt'!-it•nlm!! lhP n•sults of tht• 34 projt'l'IS part11·1pat1111! 

1n tlw Military l':ffPcts l'ro11:ra111 11f Operation CASTLE. l''or n•actPrs 111tPl'l'sli'tl 1n ollwr lll'r­

t lllC'lll lt·st i11[or111atio11, l'l'fl'rt'IH'I' IS 111adt• to WT-934, lkport or tht' C11111ma11<it'1·:Task tJnil 

I :1. Military 1':ff1·1·ts l'roi.:ra111. This summary rqiort 11H·ludt's lht' f11llt>Wlll~ 111for111atwn llf 

possible· ~c111·ral 111t1·rt'st. 

\a) An over-all dt>scriptio11 of each deto11ali11n, inrludin~ yield, hc1jthl of buri;l, i.:ruund zero 

location, ti111t• of d1Ao11ation, a111b1enl atmospheric condition:-. at detonation tinw, 1•tl· .. for the 
t>pcralion. 

(IJ) 1>1scussio11 of all projt•ct results. 

( <') A sum 111ary of t'acb proj1·c-t, mclud111~ object i vei; and rl'sults. 

(cl) A cw11plt'tt• list int-: of all reports 1·ovt'rllll{ the Military Effcl'll' 1't·st ProJ!ram. 

Dl'la11l·cl r•·ports 011 dos1ml'try and int<'rnal radioact1v1• l'lllllaminat1011 will b1· publrshcct as 

.'>uppl1·11w11t.'> to this n•porl. 
MuC"h of llw 111Pdical IPrminolll~Y in this rt'port is explairwd in part•ntlwst•s l"llr the be1wf1t 

of the layman. 
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PREFACE 

<lp1•1·at11111 ('J\STl.l•: did 11ot i111'111d1· a 1>1111111·tl1c11l pro11:ra111. Thl' p;1rt11·1pa11ts 111 l'roji•ct ·I. I 

w1·n· dr;1w11 fro111 van1111s 1:1horat11ri1·s and w1·1·1· totally 1111111-.·pa1:1·d l11r ;1 f1t'ltl pn•t-:1·;11n Wlll'n 

tlw i11111l ()Oil Al·:(' M1•tl11·al lks1·;11Th Tt'Ollll was oq~a111·1.Pd alt1·r till' 111wrat 11111 had ll1•t-:u11. 

Dr-. .J11h11 C. llul-(lll'r. D1rl'l'lt1r. 1>1v1s1rn1 of Biology and M1•d1l"llll'. AEC. a11tl Ll Cul L. E. 
B n1w11111~. MC. USA. Su rgl'oll of I ht> Arnwd Forn•s Sppnal WP a pons Pn•w•·t. sl'lt•etl'd the µn>J-
1·c·t offH·,;r amt n•quPsted that the selection of technical and µroft>ssional pt>rsonnel be com­

n1t•nc·pd 1mnwd1att>ly. Hl'ar Admiral Clarenc-t• Brown. Deputy Surgeon Genl'ral. Medical De­

part nient. USN. f.{avt• immediate and comµlete support of all naval medical research activities 

and assigned resµonsibi!tty to CAPT Van Tipton. MC, USN, and CDR Harry Etter, MC, USN, of 

the Atomic Defense Division, Bureau of Medicine and Surgery, USN, for the implementation of 

the project. 

Sinc·c> little detailed information was available about dose and initial symptomatology, the 

resParch team wais or!{ani1.cd to include the following talents for the constitution of the emer­

gency nH•dic:al learn: internal medicine, hematology, radiation technolo~y and radiobiology. In 

tlw sl'let"lion of pPrsontll'I the• emphasis wa::; placed on past expc>rieneP in b10111edical research 

111 th•· f11·lcl with at111n11· Wt•apons. In addition, provisions were madt• fur a st•cond erhelun of 

sp1·<·1al1:r.1·d pc·rsonn"I in l'as<· tht>y wen• needed. Accordingly, a µrcvt•ntivt• 111l'dicin1· unit of 

I Ill' Co111111 <.1111!1· r 111-Ch1 pf, P;ir if ic Flt•l•l, was alerted for possible bal'!Pr1oloir11· :·ii udit•s; blood 

l>a11k 111·rso1111 .. 1. ;111d atlcl1!1011al l"l111icians and nurses wPrc notdit'd in l"ast• <"tnullt1011i-; justifi1·d 

llll'ir· s1Tv11·1·s 111 th1· Kw;1jal1·111 an•a. Rear Ad1111ral Aartholonww Ho11:an, MC, U8N, Panfil' 

1-'lt-..t M1•tl1l'al 01111·1·1-, 11111J1t'd1atc·ly madt• any 1u•cdl'd lllt'dic"al fadl1 1•:,; of lh1· P;u·if1l' Flel'l 
;i v;i 1 lall l1'. 

i'<·r:,1111tlt"I wc·r1· 11Llla1ned within !ht• ConlinPntal limits of the U.S. for tlw rt•st>ard1 team 
,.,., foll11ws: 

Naval Medi<·al R1•st•arch Institute (NMRI) 

4 111<'d1cal 11fftrl'rs (E. P. Cronkite, project officer, R. A. Conard, N. H. Shulman, and 

R S. Farr) 

2 medical service rorps officers (W. H. Chapman and R. Sharp) 

6 1•nli.sted men (C.R. Sipe, P. K. Schork, C. P.A. Strome, W. C. Clutter, R. E. Hansell, 

J. S. Hamby) 

U.S. Naval l{ad1olo~1cal Defeni;c Laboratory (NRDL) 

1 civilian M.D. (V. P. Bond) 

I medical service corps officer (L. J. Smith) 

4 <'nl1stl'd men (W. H. Gibbs, J. C. Hc>ndrie, W. S. Argonza, J. Flanairan) 

Divi:;ion of B1olo!{y and Medic'.me, AEC 

2 civilian M.D. 'is (C. L. Dunham and G. V. LeRoy) 

Armed Forcc·s Special Weapons Project (AFSWP) 

I Army Mt·dic:al Orfic-c•r (L. E. Browninl{) 

Preliminary stud11·:, had 1>1·1·11 made by CDH W. S. Hall. MC, USN, Stat11in M1·di<"al Offic·t·r 

and l11s staff. and d1·1·cmtarn111at1on of tlw 1tHl1v1<lualp.; was w1•1l underway wh1·11 Pr1>J1•c·t 4.1 p1·rson-
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ncl arrived in llw f1Plci. Pr1•l1m111arv lu•matoloiH· studi1;:-; imti1·att·d that tit,· 111d1\·1d11.tl,... p1·11)1,il1t\ 

had not n•c·1·1v1·d at'll(t•lv fatal d11s1•.s 111 rad1<1tlllll. Tiu· pr1marv n•:-;p1m:-;1\Ji\1t11--. w1th111 111<· p1·111 

.. ct J!:rt1up wi·rt· dPlq~at1·cl a" flll111ws: 

Cl 1111<·;t1 ob~,1·rv;1t 1c>11s a11d t'art· LT N. R Sh11lm•111. MC. USN 

Oq .. o;an11.at1c>11 and c>p1·rat1rn1 •>f L1ht1r;1t11ry LT I{. S. Farr. Ml'. llSN 

('11111ptlat11111 anti daily a11alv.s1s ol all data llr. V. I'. Bond 

D1·1·11nta111111al1uu a11d rad1at10u 1111•asur1'1\ll't1t l.'I' (j~) IL Sharp. MS(', llSN 

S•·111or l't'lty Oflw•·r II.!_ <"h;1q':t' of laboratory I'. K. Schork. llM< ". ll.SN 

As llll' .-l111wal pwtu1·1· dt•Vt'lc>pt•d, a furlht'r brt•akclown 111 n·spo11,.;1h1l1tv w;1s 111•1· .. ss;11·,·. ('11111 

ma11cl1·1· IL A. C'onard, MC, USN. and I.I Col L. 1':. l\r11wn111i.:. MC. \JSA. w1·1·1· 111ad1· ,.,.,.,1•11ns1hk 

for a daily ,,urvPy of sk111 l1·s111ns. a1Ht Dr. S. II. Cohn wa:-; 111ad1· ro·sp1ms1l>l1· t11r stutl\'lttg till' 

prohl1•111s c·u1H"<'rt11•cl with tlw 1·x1·r..t11111 of racl101s1>l11pPs and th•· 1•sl1111at1•s 111 l111dv h11nl1·11,... 111 

llw 1·xposPcl irnllv11luals. 

Tl11· proi1·1·t 11ff11·1·1· <"01111111•1Hls all .. r tht• prof1·ss1unal and l1·1·hn11·al 111Pn1h1·r,., ol th•· ~nnq> 

for tl11·11· l'Xt'l'llt•nt 11wt1vat1011. 11l1al1V•". and voluntary Ion!!: hours 111 <'Xlra work that W•·r•· ,.,., 
senl1al for the acct1mpl1shmt-nl of the cltn1t'al and resl'arch oh)ect1v1•s, and for th1· r<1p1d 1·11! -

le!'\1011 of thC' prCllllllll;\l'Y ciata Ill !ht• f1t>ld. It IS t'lllphaSIZPd that lilt' work was a t'llllpt•ratl\'t' 

cnd1~avor in which all Wl'rl' mutually dPpendent upon .. ach otlwr. Thi· w1ll1nl-': t'rforts nf •Ill 1·un­

cerm·d c·onst1tuled a n·markahll' Pxample of team-work and sacrificl' or p1·rsunal ;11nb1t11ms and 

des1r1-.-. iOr lhl' good of the project at lar!!:e. 

The authors wish to express their J.!ralitude and indebtedness to Dr. John C. BuJ.!lll'r, CAPT 

Van Tipton. and CDH Harry Ettt>r; CAPT W. E. Kellum, MC. USN, and CAPT T. L. Willmon, 

CP111111andi11J.! and Exp1·ut 1ve Officers. respt>ctively. NMRI; CAPT R. A. Hinners. USN, D1rl'ctor, 

NHDI.. and CAPT A. H. Behnkt'. MC. USN, Associate Director, NRDL; all or who111 i.:ave un­

lim1t1•tl support and rt·duced admtnistrativf' procPdurPs to a bare mmimum, thus mak111J.! 11 

possible for llu· unit lo lw asS1~111l>ll'd and underway ma matter or hours. 

011 arrival at Kwajalt'in, llADM R. S. Clarke, USN. Commanding OfficC'r. U. S. Naval Sta· 

t1on. Kwaia1t•111. support1•d Projt'c·t 4.1 with all thl' fal'ilities at !us disposal. As a rt•sult, a 

laboratory anti cl11111" was c•stablisht>d and operatini.: within 24 hours after arrival of l111· pn>Jt'<'t 

l"'rso111wl. 

J>rni1·1·t p1·rson111·l also wish to acknowledge the outstanding c1111tril>ution,.; of Col C. S. 
Maup111, MC, USA. F1Pld Cllmmand. AFSWP, CAPT H. H. Ha1~ht, MC, USN, D1vis1011 of M1l1-

lary Applic·ation, AEC; Cnl K. HouJ.!hlon, MC, USAF, Spe·=ial Weapons Centt>r; CAPT Uonald 

D1·nlt'11t, MC, USN, CINCPAC Flt>l'l; Ors. T. L. Shipman, T. White, and P. Harris ur Los Alamos 

Scll•nt1ftc Laboratory; Dr. Gordon Dunnmg, Division of Biology and Mcdicrne. AEC. and Dr. 

G. V Ll'Roy. University or Chicago. During all phases of the early care of lhe exposed indi­

viduals, lhe foregoing participated as much as their other primary duties would pPrm1l. In 

addil1t•n lhc authors wish to thank them for tlw extensive and complete data which tht-y collected 

111 thL' atolls or their home laboratories and kindly furnished to the project persomwl. 

Tllf' contrnuous hdp and c·ooperat1on of Trust Territory reprPSt'ntat1Vl'S and tlw1r aid 111 

obta1111~ necessary control data nn native Marsha\lpse at Majuro is hC'rcby acknowlPdgcd. 

ThP authors arc particularly indebted tu Mr. John Tobin. His help as an 1nt<'rprPtPr and his 

extPns1v(' knowll'dg1· of the Marshallei;c languagt> anc1 habits wen· mvalual>lt'. L11·utt•11tant .I. S. 

Thompson. MC. USN. furntslwd his rPrords on thl' t•xpm;ed individuals dp1·ontaminall·tl by lhl' 

racl1alio11 group or thl' VP-29 squadron stationC'd at Kwajalctn. 

Thi· authors wish 1·sp1•1·ially to 1·xprcss their ad1111rat10n for tlw excell1•nt joh <10111· by thl' 

nwdlt'al p1·rs1mn1·l of th•· U.S. Naval D1sp1•nsary, Kw•1jale111. in compldinJ.! tlw 1•xtP11s1vt' lahn· 

ratory t•Xar11111al1t11th th;1\ Wt'l'l' r1•qu1r1•cl to obtain a prompt 1111tial t'Valuatloll of lilt' "''Vt'rlly 1>f 

till' radial 1011 1niury. 

Th•· auth111·s ar•· d1·1~ply gratdul to Dr. David A. Wood of the Univl'n11ty or Califori11a Hos­

pital, San Fra1w1s1·0, a11d Dr. Edward L. Alpen and M1i:;s Pal Hoa11 or NHDL. for 111v;tluablt- au! 

in carrvinJ!: out llw h1stopallwloJ!:11·aJ !'Valuation of skin leswns. Tlw t~xtens1v1• cunt rib11t 1ons of 

Mr. H. H. HechtPr 111 tht· stat1st1cal analyses of the data, and of Mr. C. A. Sondhaus uf tht· 

NRDL in dosa .. w calculat11ins are gratefu ly acknowlt:>dged. 
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CHAl'Tl<:R I 

INTRODUCTION 

1.1 OBJECTIVES 

Project 4. 1 was oq1;anized with the follow mg specific objectives: 
(1) To evaluate the severity of the radiation injury in the human beings exposed to the fall­

out radiation. 
(2) To provide for all necessary medical care for these individuals. 
(3) To ('onduct a sc ientifie study o( radiation injury in human beings. 

1.2 GENERAL DESCRIPTION OF THE EXPOSED GROUPS 

Shot 1 of Operation CASTLE was detonated on 1 March 1954. Following the detonation sig­
nificant amountH of radioart1ve materials fell on the following populated neti.:hhorini.: atolls: 
(1) Hon~plap, (2) Ailin~rnae, (3) Rongerik, and (4) Utirik. Exposure groups an· 1dent1fled ac­
n1rding lo their geo~raphical location at the time o( exposure. The numbers of individuals in­
volved, their location, the distance of the atoll on which they were located from the site of the 
detonation on Bikini, the call"ulated dose of radiation, the probable lime of bcginninµ. of the fall­
out and its duration arc tabulated in Table 1.1. The Rongelap group received the highest calcu­
lated dose. These mdividuals were living under relatively primitive.conditions in lightly con­
structed palm houses (Fig. 1.1). The Ailingmae people were a part of the Rongelap group who 
were on their Ailinginae farms from the time the fallout began to the time of evacuation. Their 
calculated dose was smaller than that of th~ other members of their group that had remained 
nn Rongelap. The third and largest group of Marshallese, inhabitants of the atoll of Utirik, 
received the smallest dose of radiation. 

The Ameri<"an military personnel exposed on Rongerik were aware of the significance of 
fallout and promptly put on additional clothing lo protect the skin. As far as duties would per­
mit, they remained inside of Butler-type buildings. In contrast, most of the native Marshallese 
remained out of doors and thus wt>re more heavily contaminated by the matt>rial f;il1111~ on the 
atolls. Some of the Marshalle1-1e, howev~r. went swlmmlni;: durini:: the fallo11\ and many of the 
<"hildren waded 111 lh<' walt>r; thus washini:: a nmslderable amount of th<' material from tllt'1r 
HklnH. 

1.3 EVACUATION AND EARLY CARE OF THE EJ(POSED GROUPS 

The American military personnel were evacuated to Kwa1alein via air 111 two ~roups on 
2 March. The native Marshallese were evacuated by a combination of air and surface trans-
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porlation. Sincf' a survl•y of-;1l1°indlv\dual~
0

Rl;1;w·ca"i1i;it
0

tlit>r
0

1• was s1~nltll·•1111 contam111al1<>11 ul 

skin and clolht•s, prompl rlt'c1111la111ination was instituted. Clollws Wt'rt' r1•11111vpd and Ll1111d1•rt'rl. 

Tlu•11· skin and hair wt•rp washt'd rt'pt•att><lly with fn•sh watrr and s11;1p. 111 m;111\ 1111ll\·1du.1b. 

p;1rtw11larly 111 tlw M;1rshallC'st', 11 wa:4 dilfll'ult lt1 wash lht· rad111.1dl\'t' 111.111·n.ll 11·,1111 lht· h.11r 

lu•ca11s1· ol lh1• lH'avv t'tWlllllll 011 h;11r tlrt·ssln~ 11st'd hy tlw:-;1• p1•11pl1·. 

T.1hk 1.1 EXl'llSU) AND CCINTH<ll. lJN~:Xl'OSt-:1> tlH<llll'S 

Total l)j Sll\lll't' 
C; roup 

lki-;il-(1ml1t111 

Numb1•r frnm l\1k111i 

Ill c;n111p tNnul. Milt•sl 

A11H'riea11s, 

Expost•tl 

lto11i;:1·rik 

:w 

/\ IJH' r·if'.IU•~. 

( 'ontrol 

l\w:•J /\11ll'r11':u1 

Mnrsl111ll1•:-t', 

~-~IHl.>;l'd 

11,,11~:t"iap 

llli r1k 

Ill 

MarshallcsP, 117 
Control 

Majuro Group 

Tn1 al Expo:-.cd- 267 
Tlltal Conlrob- 222 

• St'l' Section 1.4.:1. 

lll!i 

270 

Approxim11t1· 

ECf1·1·tiv1• 

Tl 1111• ol 

Fallout 

H + !i.U hr 

II • 4 hr 

H • 4 hr 

H ~ 22 hr 

Inst n1 nwnt 

Hc1ut111~s Ill's! Est !11111\t' 

Tlnll' of llst•d ln !lost' _of Tola! ti11m111a 

Eva1·ullllon C11lcul11llt111s llns,· 111 Atnr1• 

H • :w.f> hr 
(tt ffi('JI) 

H • :\4 hr 
(20 11\l'll) 

H • fiO hr 

( l 6 p1•11plc) 

H < 51 hi' 

\41! puoplc) 
H < 51! hr 

Slartl·d at 
H .. 55 hr 

Completed at 
H ~ 78 hr 

2110 mr 'hr 

II I !I 01\:V~ 

:17f> mr/hr 

H ~ 7 days 

100 mr 'nr 
H + ~ duys 

40 mr/hr 

H ~ 8 days 

711 

I 7f> 

Ii~ 

14 

1.4 ESTIMATION OF WHOLE BODY EXTERNAL DOSE 

The estimated values of Pxternal dose given in Table 1.1 were based on readings of 

AN PDR-39 field rnstrumentN. Avc•ral{eB of a "lumber of dose rate measuremenlN on each 
isla11d at ;1 µ;iven ti mt~ were ui;ed. The readings were taken In air, approximately 3 feet above 
ground, several days after the lnh;1blt..111ts were evacuated. Before this time, adequate surveys 
with well calibrated instruments had not been possible. 

St-veral variables whkh influence the results are indicated below. These will be discussed 
m ~realer detail in an addendum report on external dose, which will contain the data, methods 
;111d calculations by which the external dose analysis was made. 

l.4.1 ~~!~Y _Distribul!~n_ ~~f ~~_e_ Fallout Gam~_a ~diat~_~.z__!t.!__Y_~~iation W_.!_t_h_ Tim_e1 t_!!e 
~~s_p~n_se of the Meter _in E~ch ~'!e_!'_g}'._~egion _!-nd _!~ Correc:ti!?~ Fa_c~o_!" _fQr the_ Tota_! 

~~§pectrum 

Fallout deposited as an effectively infinite plane source resulted in the dose-energy histo­
gram shown in Fiis. 1.2. Its energy distribution was the result of degradation of the orig-inal 

16 
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--

•' 

F.g.l.l 

• , - ConRtruction 
. ·n-tyix· of h Light, Ope d Indicating t e Rongelap Islan • . . Area on The Living 

17 

. ~ : . . . ~ 



I 

11 I: 
11 

I 
I 

..... 
••••I 

: 

...... - -o:i 

I 
e.!1 

w 

30r-~~~~~~~~~~~~~~~~~~~~~~ 

CR G: ... A'... SC'.;RCE S?ECTR·JI.' 

•N~ 0., -:: ::_Ao.,::.3'1°" A.~ 

:g 20 
0 
_J 

<I 
I-
0 
I-

IL 
0 

I-
z 
w 
u 
a: 
w 
n. 10 

I 

I . ' . ' . . . ' ' I ' ' .• I 
0 I I I I• I I I I I I I I I I ' I ' 

0 200 400 600 800 1000 1500 
ENERGY (KEV) 

Fig. 1.2 Histogram r,f PMportion of Total Dose Contributed by VartrJUS [n(;rgy Reg.c.ns 
from the Fallr;ut Rad1at10n 

./ 



sou1Te Pncr~11·s. mamly by Co1npt;,;, scatt1•r111~ in air. Tht• d11s1· ln1111 , .. 1.-11 111 llw r1·s11. 1111'. 
1•n!'r~y 111l1·rvals was 1·alnilalt'd ;111d plnttt'd as a rral"lion of lhP total dose. Tins was ,.,..,.n l11 

:'.r1111p r1111~hly 111111 lhn·•· re~11111s, with 111ax1111a at 100, 700. and 1500 k1•v. /\11 '''I'"""'·•· 111 s111"11 
:1 s1n11T1· was lhu .... llw r•·sultant 1·r£1•cl 11f partial doSl'S from •'.ll"h n•1:1o111. 111:1lu11r. 1111· l'Xpos111·1· 

1•111·r1'.Y 1·1111c11t11111s q1111t· iliffl'rt'nl fr11m lh11:·w of lht• 1·li11w 111· lalhirah•rv. 
Fwurt• 1.2 ill11strall'H llw d11Hc Hpl'1·tr11111 11[ 4-day-old lallo11l [1·11111 .1 1'11111d s.1111pl•·. 111 th1· 

:1hs1·1w1· of 11l111·r rtala 111 llw 1·11ntrarv. lhl,.; had lo ht• tak1•n :rs rl'prt•:-<1•11tatlvc 111 th1· tall1111t 1111 

.di 11f 1111· islands. At th1:-; 111111• lht' proport1011 11f low t•111•ri-:-y comp11111•11t was al lls 111.1xtnn111i. 

llurin~: tlw :-;1•v1~ralltays IJdori• and aftl'I' this lime, the i-:-e1wral shapt• 111 lh1• spt•1·tn1111 :1ppar 

l'nlly did not vary ~rossly rr11111 that illustratt•d here. sllH't• tht• ohs1·rv1•d flux •lt·.-av rail's 

l"losely lollow1•d that ol the obscrvt•d ~amma dose ralt'. F111· th1• pPnod ht'tw1•1•11 rall1111t :111d 

surveys. lherpfore. a knowledI'e of instrumt•nt respomu- to p;wh eneq:-y rt'~1t111 allowt'd ;1 t11lal 

1·orrcd1on raclor to be 1·alt-ulated. The lnl'ltruments ust•d wen• 1·allbrated Just pri111· to the 

o;urveys. anrl lhC'tr rt>ad1ngs have been 1·orreclt>d for the spp1·trum shape ht•i·t• 1llustralt>d. 

1.4.2 Rate of Decay of thP Fallout Mixture 

De1·ay rates or fallout samples were measured in the field and in the laboratory. whert> a 

fair I y cons1Hte11l pattern was observed among various local 1om; and samples. 111 addition, 

theoretkal considerat111ns based on the radio('hemical composition of the Callout mixture per­

mitted decay rates lo be calculated for different intervals between the times of initial exposure 

and later survey readin~s. These a~reed well with the experimental data, and wen• used both 

111 the dose calt-ulati11ns durin~ the <'Xposure intervals and in extrapolatmp; tlw later survey 
readings to earlier limes. 

1.4.3 Timi• 11f Arrival or lht· Radioactive Cloud, Duration or the Fallout, and TimP of l-~vac11a­

li1111 for Eat'h Case 

Only the time or evacuation is known at'eurately for all the it1hmds. On Hongerik, however, 

the ti m<' of arri va I of tht> radioactive cloud was determined precise! y by the continuout->ly re­

l'f1rdi ng dose rate monitor at the v !ather station. The fallout became visible at tht• time the 

rnst rument fi rsl indicated the presence of a radiation field above baekground. The material 

had the appearance of snow. The times of beginning of fallout on Rongelap and Ailinginae 

were estimated from similar visual observations, combined with knowledge of the relative 

distances of these atolls from Bikini and the wind velocities in the area. Fallout was not ob­

served on Utirik, hence the estimate of arrival time there was made on the basis 11r the Ronge­

rik fallout time, wind, and distance factors. 
Two extreme possibilities exist relative to the duration of the fallout: the first, that the 

tallout occurred entirely within a short time; the second, that it was gradual and extended over 

:i period of many hours. The monitorlnµ: instrument on Ronµ:erik went orr-seale al 100 mr hr, 
1 

2 hour after the dose rate ue~an to rise above backµ:round. H this rate of increase 1s extra­
polated to a point for which subsequent det·ay would reduce the dose rate lo the values found at 

later limes, a Ionµ: fall11ut is implied. This was taken as one limitinI' 1·.u-w. and 1·or-respondin~ 

doses WP rt> 1·al nilatcd. llow!'ver, the possibility does not seem grca t tha I tl11s al'lua lly ol'-

l'u r red. F:xisti111~ data are i11ronclusive. but st•veral inch1·ati1111s tt>ndini.: to ravor lht' short lime 

hypollll'sis art· summan1.t>rl hclow. 

l'ir.-;t: a lonj..'; fallo11t prohahly would not ht• uniformly lwavy thro11~h1111t, 1111' first p11rt11111 

tJcinl-': lht• most rntt•ns<• and thC' halance tailinI' off. The total phenomenon thus lt'nds toward 

the eUert ot a shorter fallout. This is supported by monitor data from ollwr nul'lt•a r even ls. 

Second: the estimated durations of fallout, o[ about 18 hours, which res11lt from the above 

extrapolation for Rongerik and Rongelap, appear too long to have occurred o.1t the distances or 

these atolls from Bikini, since the wind velocity in the area was high enough for the l'loud to 

pass over the islands in a considerably shorter time. 

Third: the accounts of the visibility of the fallout, although confli :ting, do not seem to 

indicate such late cessation. 

19 , 
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Fourth: doses c:ilculated on the !On!! fallout hypothesis an• lowPr th;an thos(• d11t• t" .1 shllrl 
fallout, since a short fallout quicklv deposits a lari;:e amount of activity. On Ronl!'.l'rik .. 1 Sl'l of 
film bacii.:e readin~s cnvPreci thP ralll-!t' listed b<>low. SC'veral badl!:l'S worn llolh t1ulcillt1rs and 
111,.;id«' lmild1ni.:s on tht• island 1·pad :10 n5 r, and onc> lladl(c which rl'malnt>d t111tdoors ••\·..-r tlw 

28.:i hr pPr1od read \lH r. Another ~'.roup kl'pt indoors 111sldt• a refrl..:t•rator n•ad :rn r. Tht'st• 

dosr· v;ilucs repreHP11l a vanpty of 1·n11dltto11s, but n111slderln..: lh<' shl1•ldl11~ and atlt•111u11w11 

rar·lorH, an· 1·011HiHIP11I with llll' asHumpl1011 thal th1.• dt1se reached thl' 1·aln1lalt•d upp1·1· lln11t 
1111tH1ci1., ;q~a111 L1vori11~ thl' ,;h111·ler Ldlout hypotlwi;ls. The upper ltmlt of llH r will r1•H11ll If II 

IH ass11111Pcl that llw fallo11t-laHlt•d 11111' hour durln~ which thl' lnlcntlll1N• ro:-<1• from f.l'rll t.1 tlw 

max111111111 d11s1.· rat1• whid1 lhP11 dt'cayt•<I to vah11•i; ohHl'rved lalt,r. A 1011~ L1llu11t will not p1·11· 

<luc1~ such a hi~h dost' of rad1atit1n. 
Fifth: on lltirik, only a Hhort fallout lime IH conHit-ilent with the later do!ie rat1.•s obst>rvecl, 

provided the fallout i.Jel!:all as late as was estimated !rom wind and dlHtam·1• fat'lors. A 1mt• 

hour duration• o! fallout appears likely. On the other islands the actual fallout timt• 1s known 

lo have cxt'l'edcd one hour; however, since the approximat<' dose diseussed above was seen to 

fit the film data on llongPnk. 1t was used for the other islands as listed in the calculations Ill 

Table 1. 1. The hour I imit is thus "an effective value." 
If the long fallout case 1s also considered, a lower limit for the dose may also be esti­

mated, though the upper limit ts taken as most probable. The ranges are then as follows: 
Rongerik 50 r 104 r; Rongelap 102 r -175 r; Aihnginae 53 r-69 r; and Utirik -14 r. 

The dose value for Rongerik given m Table 1.1 is 75 per cent of the short [allout case 
value, ;tveraged !or 28.5 and 34 hour exposures. This best expresses the average air dose re-
1:e1ved hy personnel who spent roughly half their time inside structureo where the dose rate 
wai-; later found t·o l.Je roughly half that outdoors. On the other islands no such shieldini,: was 
present. 

Fii.:ure 1.3, for the Rongelap atoll, illustrates the cumulative dose as a function of time 
after the detonation. It c·an be seen that the rate of delivery of the dose varied continuously, 
the ma111r portion being re1·elved at the higher dose rate prevalllng in the early portion of the 
exposure period. Dy the time that 90 per cent of the dose had been reC"eived, for example, the 

dose ra lP had fallen l11 t!SS than 30 per cent of its initial value. Thus the dose· rate o.f exposure 
differed markedly from that usually encountered using x-ray units. 

1.4.4 Geometry of the E_~posure~ 

A third difference between the type of exposure encountered here and other external ex­
µosures lay in the i.:eometry of the source. These doses were delivered from a plane source, 
so that the radiation field did not follow the narrow beam geometry usually employed experi­

mentally. In such a diffuse 360° field, the decrease of dose with depth tn tissue is less pro­
nou1u·pd than that resulting from a unilateral or bilateral exposure to an X-ray beam, so that 

for a µ,wen en<>rl-{y. the dose at the center of the abdomen is approximately 50 per cent higher 

than a ~1vc11 air dose would imply for the narrow beam case. Figure 1.4 illustrates an ex-
pcr i nwntal si mu lat ion of thl' field geomef.ry using a spherically oriented group of Co10 sources 
with a phantom pla1·pd al their center, compared with a conventional depth dose curve ubtained 

with ;1 s1ni.:le source. It would appear under the <'ir<'umstance1:1 that the midline dose, rather 
than dosp nwasure~ in air, would he the better parameter in terms predkting biological ef­
fects. On this has1s, the air d11He values stated in Table 1.1 should be multiplied by approxi­

matPly 1.5 111 11rd<'r to compare their effe1·b1 to thoHe o! an exposun' using a narrow beam 
~Pornct rv. If this is done, assu m111g a fast fallout of one hour, the following doses in term,.; of 
a11 air dose under laboratory 1·ondilio11s result: 1l1mgt>lap 260 r; Ailinginae 100 r; Ronv;erik 
120 r; and Utirik 21 1-. 

•While it is obvious that the fallout lasted longer than one hour, calculations of dose are 

based on an assumed one hour fallout as explained in the text. 

. . . 
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1.:i l<STJMATE OF MAXIMAL SKIN DOSF FHOM TllE t;ilOllN() 

111 arlrlitiou lo llw t11lal l1<HI\' 1~:1m111:1 OllSt', th1• \'1•1·v soft ~:11\llll:t and h11:lll'r 1•111•q·,\ l>1•t.1 

rad1:1t11111 fr11111 lht' pl:i1w s1111n·1• 1'!111tnhut1•rl t11 1111• sk111 ctos1·. Furlht'r sk111 11·1·:1rl1.1t11•11 1·1· 

sultl'd lrom l1wal d1•p11slls ol rall1111t 11i..:1lt>l"l:tl 1111 tlw ll11dy s11dacl' 1tst'll. Thi• Litl<-1· ,,.. 1111p .. ,.,­

s1bl1· 111 Pstimalt', llllt lh<' forml'r m:1v ht> r11u~hly att1•mptt>d as follllWS. 

ThP beta ci<Js1· ratP in atr at a lwq~ht of 3 feet abo\'e tlw surfa1·p 11f an 111fi111lt• plant' 1·11n­

tami11ai<'d with mixed 24-hour-old fission produ!'ls is estimatl'd to ht• about thrt•t• ltlllt•s tlw 
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~·1g. 1.5 Compar:itivt• Depth Doses in a Phantom Man of Initial Atomic Bomb H.adrntion and 
ltad1atwn from a F1t!ld of l'i11sion Products 

gamma dose. The midline gamma dose is approximately 60 per cent of the portion of the air 
gamma dose due to 80 kv radiation or above. This portion in turn is estimated to be 90 per 
cent of the ga.mma dose measured in air by the instrument. Thus the dose at the surface of a 
phantom exposed to mixed fission product radiation from an external plane source might be 
expected to be 3, (0.6)(0.9) or about six times the midline dose, if both occur at 3 feet off the 
ground. Such a depth dose measurement has in fact been made expe:-imentally at a previous 
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I 1t>ld (\'sl.' llSlll;'. .I pii.111(11fll Ill.Ill l'Xjl<tS1•d '" 11111 Ii "tl11• 111111.1! .111d I <'.o1d11.1 l 1.1dl.l\1,q1 1111 .t..11\ il 

d11s('s f111· 1•.1<'11 o..;1tu:1t111n .1r1· sii11w11 111 Fq· .. 1.~•. with :1111bt:1 .1.-. l"'I' <'<'Ill 111 tl11· :1 .. ,. 11 1111 ... 11•1· 

tl<1,;1·. \\-'llh lht• d11.,•1·g11i,· 111111.1\ r.1rl1.1\11111 11· .. 111 lh1• p11111I 111 1·-..1>1,1s1\lt1, \\\1• ""' d11.-." \\.t.·· ,,,., ... 

111 ht• 6~ pt'I' <'<'Ill uf lh1· :1 \'111 d., .... ,., Intl with till' diff11,;\' l'<'Std11.1I 111•\.I 111 J1s,..,1,111 J"""I""' L1d1.1 

11•>11, :1 surLt1·1· d11s1• ,.,,11111· ,.,,._hi 111111•,., i.;n•.1t1·1· lli.111 1111' :1 l'l\1 .111d d1•1·111·r ti"·"" 11.1111 111,· h.11·d"1 

,._:l!lll11:1 l'llllljH>11t•11ts w.1s 11lts1'1'1'\'ti. This 1s "''''"'"he 11t tlw s.11111• 111·11<-r 11\ m.q,111tud1• .ts th.11 

t'st 1m:1tt•d :llHll't'. At lt1·1~hts :1h111'4' :llld l>\'lllw lilt' 3 foot 11'\'<'I tills su1·t.1l't' d11s1• w1nlid l1t'<'llt11t· 

l11wpr :111d hq.:hPr rl'slH'l'lll'\'I\', but pn1lJ<1hly would nut 1•:-... ·p1•d :10 l1nws U1t• :l 11111( .111· ~.1111111.1 

d11se or HO l111ws thl-n11dl11w d11s1•, l'Vl'll 111 1"1111t.1l"I with the i.:r11u1111. i\11 1•sl1111:1\1• 1>f sk111 dllst' 

d111' 111 ~1-.1u11ct 1·011t:1m111:1t11111 tor lhl' Honi.;elap 1":ts1• would rt•s11it. f11r t•xarnplt'. 111 :1 f1p1r1• 11[ 

all"ul 2000 rt>p \., lh1• d11r,..,11111 111 th1• foot, 600 rl'p at th1_• lup IP1·PI, and :mo r1•p .11 !ht· l11•:1d 11 

,-.,11111111011,.., 1·xpos11re with 1111 sh1l'ld111~: rn·1·u1Tt'd. Sonw rt•d1wt11111 in d11s1• 1111d11t1h\1•dlv r1•s1tll••d 

[1·0111 shll'ld1111: anci 11wv1·11w11t. and ti sel'ms pr•>ll:thl1· that th1• t•xlt•r11.1l hl'la d11sl' lr11111 l1w:1l 

sk1111'<111!;1111111:1\11111 1:11· rn1tw1•1hht•d \h;1t fn1m llw ~ro1111<i 111 llllfH>1"t:111<'I'. Thi,. 1s 1•111phas11.t•ci Liv 

ti,.. fa<'I that cl11th1111'. proil:1hlv n•citH"Pd llw IH't;r doHt.' lro111 tht• i.:r11u11d l!~· 10 '" 20 I"''' 1·t•111. 

• F. W. Chambers, Project 2.2b, Residual Gamma Depth Dose Measurements in Unit­
Density Material, AFSWP, WT-719, Operation UPSHOT-KNOTHOLE. 
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CHAPTEH 2 

CLINICAL OBSERVATIONS AND THERAPY 

2.1 INTHOOUCTION 

ll wa:; knuwn imnll'dialPly that tlw t•xposect groups had rrceived a significant an1ount of 
!Jt'lll'l ralinv; radial ion lo lht• e11tin· body, extensivl' eon tarn inallon of lht· skin, and possible intc>r­
na I dt'µu!-'ition of radioactive materials. Il was tht•refnre dt>cided lhal dinical ul!Ht•rvatiuns 
would he as extensive and frequent <ts facilities and µrrsonnel permitted in order to n·cov;mzt• 
a11d can• fur radiat10n l'ffpcls as early as poi;siblc. Accordingly complete initial histories and 
phy:;1<"al exam inal iuns with nu me ruus follow-up Pxam matlons were carried out. Surveys of lht• 
sk 1:1 w1·1·p conductt>d at frequent intervals and lhl' dclalled skin findings an• rl'portect in chapl1•r 
3. Ext1 ·ns1 vc· ht·matolov; ica I studies were conduct Pct, the detailt>d results of which a rt' prc>st•nh'd 
i11 .-l1aplt·r· 4. HPsulti; of examinations fur urinary c•xcretion uf radioi1;otopcs arl' rpported in 
t'l1apl1·r :-.. 

In ;idd1llu11 lo p1~r·i11dic 1·xarninalions, roullnP Hick call was lwld twice Zlally. M1•ctic< .• cart· 
'-'·•" .1v;1ilabl1· at all t1111<·s and hospital facililil'S Wt'rt' avallablP at the Kw;qalt>m Na\·;11 D1::-;p1•11-
s.11·y. 

111 vic·w ul th1· wid1·spn·ad <"011fl1ct1ng opiniunti In rt>gard to Uw va'ut• of various prt1µhylactic 
a11d ll11·1·;qJ!'utic' 11wasu1·1·s 111 l n·atm1·nt of radiation effects, it was dt·nded II\ adva1u·1· that 
lh1·r.q1y would 1101 Ill' ~1v1·11 arlnlrarily hut would lit• inslitult>d as indicated C'liniC'ally for spP-
<"lt ll' •·1111d1tw11s 1111 an 111d1v1<1ual ltas1s. Howevl'r, If st·vere v;ranuhwytopl'nia devl'lo1wd (l>"low 

l!Hlll <'t·lls ('111) till' prophyla<"111· us1· of antibiotics was to be c11ns1d1•rc·ct. Wholt• IJlutid t ransfu­
s1t111~ \\1·rc lik1•w1s1· lo lie· usl'd only 111 catH' of dt•veloµmenl of serious ane111la. 

2.2 SYMPTOMS AND SIGNS RELATED TO RADIATION INJURY 

St'vera.l sy111µton11; that develuµ'i'd during the first day or two after exposure µrol1ably were 
attributabh' to radiation. Jlching and burning of thf' skin and eyes during llus period Ol'eurred in 
ovPr onP quartc·r of tlw Rongelap population, to a ksser extent in the Ailinglnaf' and to a very 
slii-:ht ··xlt•nt Ill tht' A11lt'ril'ans. Th<' skin symtumalolohry• might havt• been due in part lo the 
marked alkalinity of tl11· fallout material (1'.alciuni oxide). About two thirds of tilt:' Hongt>laµ 
grouµ reported nause;r during this early period anct one tenth of the ~roup n•portPd \'Omltin~ 
and diarrhea. Only one. Ailinginaf' Individual reported nausea. The people of Uti r ik and the 
Americans developed nu signs or symptoms that might be related to radiation. 

•The symtomatology is based on questionings through an interpreter by several observers. 
Despite the repeatPd interrogations and the inevitable suggestion of the interrogators, the sto­
ries rema111ed remarkably consistent. 
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.. 
With th« 1·x«1·µth111 nf !ht· dt'vt•lop11w11l ol ,.;l-111 lt-i-;1t111H a11d <'pllat11111, pl1v:·1< .11 .. ,.1111111.tl 11111" 

at lHI t11111· JT\T.tlt'<l lindint-:s in .111y i.:roup \h.;1t 1·11uld llt' ;1ttnln1l<'d with n·rt.11111, 1 .. 1.1.t1.1l1<•n 

Th1· var1ou~ d1n11·al 1·11111ill1011" 1•111·ou11l1•rt>d 111 lht• most s1•v1·1-.·lv <'Xl'""''d ~~1·111111,., w1·1 ... 11<11 1·.-

111arkably d1fkrl'nl fru111 thos1· sl't'll in Utt' lt'a,.;l <'lqJoscd Ul11·1h hroup Th" ,.,1;.111 1,·,.,11111,.; .ind 

1·111lat1011 appc·an·d al>uut th1· 12th lo 14th i.>••,.,l-1·xµosur1· d;1ys 

2.:l CLINICAL OBSEHVATION AND THEllAl'Y AS RF:LATJ.<:J) TO HFMATOLOt;I('A l. 

FINDINGS 

Allhoui.:h dl'\aill'd h .. rnalolol{il'al flndini.:s an• prl'sP11ll'd In l'lmp\t•r 4, !'t'rlal11 1·p11siclt-rat1"n"" 

ol tilt' rt·L1t1on of <"11111cal to llt'm;1toloi.:h'al flndini.:s an• dlscusst'd ht'l't' 

~.:l. I l,1•ukocyt1· Cuunls 

lklw1·•·11 th .. :13rd and 43rd p11sl-1•xpo1<11n· days, 10 pt!r 1·p11t of 1111' H1111i.:l'lap 1111h\'11h1all" 

1·1·ad1c•tl ;111 ah1-ml11t1• grarnilrn·vt1· 1Pv1·l of 1000 p1·r n1li1c 111!lll1111·lpr or ht'low. Tilt''""'""' «••11111 

,,1i,., .. rv1•cl tl11rln~'. thb p1·r1111l was 700 l{r;11111lt11·y1t·H. 1>1.11·111..: \his 111t1·1·val lh•· ;1dvh.1l11lllv of J:l\'-

111~ propliyL1..t1 .. ;111lll>111t1<' ttwr;1py lt1 Huch 1ndlvuluali-.; w;1s 1·ar1•tully 1·1•1'<111:-;1d .. r.·1l. "'''"'v1·1·. 

pn,phyLot'llt' a11ti111oti1·s wen· 11ut instllu\l•d lit•!'aU!it' ol the followU1f!. 1'<1nHldl'r;1tlu11s: 

(1) All 111tliv1duals w<'rt' under cunlinuou" medical ollservation su that 111lt't'l11111 would bt• 
d1scover"d 111 its earlwi;l stages. 

(2) ::>ince some 111di v iduali; might require antibiotics for long periods of lime if infection 
occurred, the premature administration or such drugs would not only possibly obscure medical 
mdicatwn or treatment, but might potentially lead to the development o[ drug resistant organ­
isms in an individual with an already lowered resistance to infection. 

(3) Then· is no accurate knowledge of the number of granlocytes required by man lo pre­
vent the types of infection seen in agranulocylosis. 

(4) The ollscrved situation was not strictly comparable tu agranulocytosis wiU1 an aplastic 
mar row due to potentially lethal doses of radiation. In the latter instance, granulocytes fall 
rapidly and there an· practically none in the circulation wher infection oct'vrs. In thl' present 
group of individuals exposed to radiation, although most counts were approximately one-fourth 
of nornial, the fall tu tli;it lt·vel was gradual and there was some evidl•nec of i,::ranulucyh· rcgen­
t·ralion. 

White counti; wen· 1·ept'aled at three or four day intervals on all of lhl' exposed individuals 
a11d mun· fn•qul·nlly 011 thost· with the lowest counts. Those with symptoms or elt-valt>d tem­
pt•raturt·s wt·n· treat1·d only after an attempt \o establish a diagnosis was madt', t'Vt'll if a pertod 
of obst'rvalion waH m·c·t·ssary. During the ol>sprvalion pt•rwd, the patients Wt'l'l' .,x;1mi1wd al 
r 1·equent 111le rva 1:-> and th(' temperature checked every few hours. 

Twenty-sevt•n 111dividuals had total leukucyte counts of 4000 or below or absolult• nPu-
t rophilL• n1u11ls 11f 2:100 or less al some ttllll' dur1n~ the period ut oh,.,ervat11111. Ot th1•se 27, 13 
had symptums of disease that required evaluation for possible antil>iotH· lht'raµy. Elt•vt•n of the 
13 had severe uµpe r respiratory infections, one individual had al>dom inal pa ms <tnd ft'ver, and 
one had urticaria (hives) with fever. The incidence and type of symptoms in the group with low 
leukocyte counts did nol differ materially from those in the remainder of the population and it 
appeared that the occurrence of disease and the presence of leukopenia was coincidental. The 
13 instances in which it was necessary to consider the use of antibiotic thPrapy in ncutropenic 
individuals are summarized below: 

Eleven of the 13 individuals had severe upper respiratory infections. Eil{ht uf these had 
malaise, sore throat, nasal discharge, and temperatures that varied between 99 and 101.4 vF and 
then fell to normal within a 12 hour period. Since the response of this group to upper rt>spira­
tory infection appeared identical with that of individuals without neutropenia, no therapy was 
given. Two o! the 11 had marked malaise, headache, abdominal pain, nausea, diarrhea, and high 
fever. Both were children, one age seven, the other age two. In both instances, the symptoms 
were out of proportion to the physical findings, which were negative except for head colds and 
mild pharyngeal injection. The seven-y~ar old child had a temperature of 102.6 whPn first st>Pn 
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and 4 hours la!Pr, 104. The twu-yPar old child had an initial lt•mpt•r.itun· lll 101.8 d<'t-'I"<'"" 

which nJse to 103.5 del!reeH in 4 hours. Both wen• l!iV<'n inlramu11cular procalnt• 1 .. wnlnllin 
when till' Hharp rise !11 lt'mpt•rature occurred, and liolh werl• wlthout symptoms and ft'Vt•r llw 
followin~ day. A Hl'l'und injl'('\ion of pl'nicillin wab l!ivt•n al thiH liml', and therapy was di:-;cun­
lmued. In sp1t1· of l111· lad that the 111•11t n1phil<>s n·111;1111t>d dt>prPsst>rl 111 hulh l'asPs Inn~ :1ftPr tlw 

ft•v1·r h;1d pastwd, both 111dividuah; recovt>red and had no further llltwss. ln 1''1~ur1• 2.1 tlw lilood 
t·ounls and platl'lt'lti of the two-year old patient and Uw llmt• of Uw occurn•nct> of lhl' illnt•t1s 
wilh !t•v1,r arc iliuHlral<'rl. A mw-yPar old boy had symptoms of uppt•r reRplralory ln!edion fo1· 
i-wveral dayi:; lJ!'!orc liPinl! llrou![ht lo the clinic. Wht>n he wat1 1we11, hit' lemµeralUl"l' wat> 100.11 

dl'l!l"l't'H. In addition 111 the head colrl1> there wal'I pharyn~<.·al tnj<'cllon and m1m1•rout1 cou ri,11• 
rhonchl (wlu~e:r.lnl!) throu~houl \ht' l'lwt1t. A dia"no818 of uppl'r respiratory tnfet'lhm with 11,.;­

Ht1cial1·d hronehitiH wai,; 1m1de and LIU' t'hlld wa1:1 ~iv1•11 a einglt• lnlra111ut1eular lnj1•1·t1011 of pro­
came 1u•11killi11. On \ht• !olluwini.t clay no ralet1 or rhonchi Wt•rt• ht•arrl, lht' l1•mpt•rnll11T wai:; 
!HJ"!•, and he r"rnairwd ai:;ymplomatk wlthoul furUwr treatnwnl. 

Orw o! llw 13 lndivirluali:; was a 50-year old man who reported lo the dink wlth wt•;lllnt•t11:1, 
m•rvousncss, 111 llrl abdu111t11al pain, a nrl Bhoolln" pa in In th<' upper ant<>rior clll'Bl, bilall' rally. 
He appeared modcralt·ly ill, h1H tem1wraturc waN 99.6"F, and the only positive phyrslcal flndinl-{ 
was moderate tendl'nwss In llw right upper quadrant of the abdonwn. Slnt't• hit; v;ranulueyle 
count remained low 011 repealed Pxam1nalion, he was seen al frequent intervals. Within a lO huur 
period the temperature rose to 101.6°F, follow1nv; which it fell gradually to normal. The ab­
dominal tenderness continued for 24 hours and then gradually disappeared during the subsequent 
two days. A diagnosis of cholecystitis (inflamatlon of the gall bladder) was.made. No specific 
therapy was given. In Figure 2.2 his white blood count and platelet counts in relation to the 
appearance of symptoms are shown. 

A female, 38, developed generalized urticaria, lever, and headache: Urticaria and lever 
subsided within 8 hours without any therapy. 

2.3.2 Platelet Counts 

All individuals wiU1 a platelet count of 100,000 or lees were examined daily for evidence of 
hemorrhage in lo the skin, mucous membranes, and retinae. Urine was examined. for red cells 
and albumin, and women were quei:;lioned concern1ni.t excessive menstruation. There was no 
evide11<·e of hemorrhav;e inlo tissues even though 11 individuals reached platelet levels between 
35,DOO and 65,000. Two women ml'nstrualed when their platelet countt> were 150,000 and 130,000 
l"l'spectively. Both menstruated several extra days and thought that the bleeding was excessive 
I.Jut not sufficient lo cause concern. 

2.3.3 J!emalocrit Changes 

Nineteen individuals in the Rongelap group had hematocr1ts of 35 per cent or below; how­
ever, none of these were below 31 per cent. Nine of the 19 were children, aged one to live years 
who would be expected to have a lower hematocr1t than normal adults; lour were over 70 years 
of age, in which age group a decreased hematocr1l 1s frequently present without obvious cause. 
Two of the 19 had had menorrhagia (profuse menstruation) prior to the determination, two were 
three to four months pregnant and had not received supplementary iron, and two were young 
women. The low hematocrits that were observed could be explained on the bas1s of normal 
physiological variations rather than to the effects of irradiation on hematopoiesis (blood for­
malion). At no time were whole blood transfusions considered since hematocrlts rrmained 
within levels consistent with wel 1 being and normal activity. 

2.4 THE EFFECT OF AN EPIDEMIC OF UPPER RESPIRATORY INFECTION ON AN 
IRRADIATED POPULATION 

Between the 27th and 42nd post-exposure days an epidemic of upper respiratory diseases 
(URI) occurred. Fifty-eight per cent of the Rongelap group and 56 per cent of the Allinginae 
group were involved. Seventy per cent of the affected individuals develop<>d symplo1m; between 
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the 27th and 3211d posl-t>xposurP days. Dllnnp: th~- period rn which individuals w1·n· clt·vdop111i:, 
sy111ptoms of l111• n•sp1ratory 111fPction, th!' ll'ukocytt' count of sonu• div1·q.:1·ci lnim th•· p11pula­
l1011 trt'nd. Fifty-lwo Jll'r cl'nt 11f thP leukocvk l'nunts w1•rc ohs1·rvl'd t11 111.-n·;nw to 111!-!.lll'r 
ll'VPIS, lht· l1wn·as" lll'i111! d111· JH"in1al'lly lu j.!ranuhwytt•s (Ht'<' l'11apt1•r 4). Sl1w1· lhl' 111c1· .. as<' 111 
llw 1111•;111 ~r;1mil1>1·yt1• c11u11I of tlw p11tln· population 1wc111T1·d alu111t llw t1111<" llw q1ld1·1111t· 11! llHI 

d1·vdop1·d, 11 i-;1•1·1111·d p1•rli1w11I (11 d!'lt•J'rnirw wh1•tlll'r In Individual l11sta11ct'S th1• 11w1·1·a~1· w;1s 
Hpo11ta111·1111s or w•11" in H111111· wav n•latl•d lo llw prl't1t•111·1· of r1•f'lpl ralory l11lt'l·t 11111. Tlw rplnt 11111 
ship lwlwP1·11 llw 11lJtiJ·rv1·d lt-11k1wvh' l11crt•aHP ;111d tlw prt'Ht'lll'P or 11liHl'IH'1· 111" 11pp1·1· n·splratury 
sy111pt11111H 111 tlw 1111hv1<!11als 1·xp11Ht>d to radlatl1111 tlU~~:•·Hll'cl thal tlw two t'H1·1·t,; w1·1-.- 1111rt'Lrlt•1I. 

Vu 1·u11c t.- I ho ii s 1 
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:J 
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Fol I t.-ul11 r to11sallil1" 

Nuruh,•r ,11 

lndlvtdu:d:--

Ill 
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Of the 64 individuals from Rongelap, 27 had no respiratory infection and of thcs£' 13 (48 per 
1·Pnt) without URI showed a rise in leukocytes; 37 had the infection, and of these, 24 (53 per 
cent) showed a rise; 7 of these 24 showed a rise three or more days l>efore symptoms ap­
peared. Of the 18 from Ailingrnae, 8 had no respiratory infection and 3 (37 per cent) of these 
showed a rise; 10 had the infection, of these, 3 (33 per cent) showed a rise in count. 

It is also of interest that not only the irradiated individuals developed the respiratory in­
fection but in addilion the medical personnel involved in their care and study also developed 
equally severe respiratory infections. The respiratory infections consisted of moderalP ma­
L.1.ise, sore throat with prominent lymphoid follicles, pharyngitis, moderalL' fever on the first 
day, and a purulent (pus) nasal and tracheal discharge !or 10 days. 

2.5 COMPAIUSON WITH THE UTIRIK GROUP OF DISEASES SEEN IN THE HONGELAP AND 
- ----- - --

AILINGINAE GROUPS DURING THE PERIOD OF OBSERVATION 

Thl' diseaset1 that were seen in the Ron~elap and Ailinginae groups during the period of 
observation art• listed in Table 2.1. None of these appeared to be related tu th1· pffpets of ir­
radiation, either directly or as a result of th<• hematologic disturbann•s. For co111parit1on, the 
diseaset> that wen~ seen in the Utirik group during the period of obi;ervation art• listt•d in Tal.Jle 
2.2. The high incidence of gastroenteritis (inflammation of the stomach and inteslinPt1) in both 

groups was probably due to the Marshallese keeping perishable foods unrefrigerated for long 
periods, and was not seen after this practice was stopped. It would appear that a higher per­
centage of the Rongelap-Ailinginae group developed upper respiratory infections compared to 
the Utirik group. However, all of the Rongelap-Ailinginae group were questioned concerning 
even mild symptoms of URI, whereas only those of the l tirik group with severe symptoms of 
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Epillu·l10111a of :111klt', with n~·crolll' dq.:1·1H'l'Hlio11 
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l 1on 11f Vt'llll 

illlJll'l'l.(1> 
1Jvsm.-norrh1·a (µarn\ul menstruation) 
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Ect rnp10n, right £'.Yl' (malformed eyelid) 

Asthma 

Ben11,'l1 hvpcrtPnsion with headache (high blood 

i•r•""'"urc) 
Hypernwtropill with hC'adachf' (far Htghh•dness) 

Myopia with hl'adach.- (near sightcdnesH) 

Fu11i;:us mft•ct1on, auditory canal 
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l\1·11111'hll I;< 
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:IO 

3 

1 

3 

li 

URI came to U1e clinic for treatment. Similarly, the per cent of the Rongelap-Alllnginae group 
that developed purulent infections appears higher than the Utirlk group.· However, the diseases 
are tabulated for the period of observation of each group, and the Utirik group was observed 
for only half as long since they were moved to another island when it was evident that further 
study was unnecessary. 

2.6 CHANGES IN WEIGHT AS AN INDICATION OF DISTURBANCE IN THE OVERALL ME­
TABOLISM 

The body weight of individuals in the Rongelap-AUinginae group was followed routinely. 
Since they had an unrr~stri·~ted diet and <'JI ate well, their change in weight might be taken as an 
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i11dicaliu11 of any du;turlia11c1• In lhPtr ov1!r-all mt'labulu;m_ Th" w·1·l~ht chat:~•'" arl' sun1111an:1.Pd 

111 Table :~.:L It would 111' 1·x111·d1'<l that wilhl11 a pPriod of six w1•1•kl'I, l11dtddual1< lu·low Hi y1•art< 

a11d partii·ulady thost· lu•low H y1·ar!-4 would ~at11 MOllH' wl'll{hL TllP f:1<·t th;1t 111t1sl of th1•111 lost 

w1·ii,:ht r11:1y l111li<"all' that llwy n·c· .. tvl'd a doHt' or ractlatlon M11ffkll-11t lo t11t1·rh·rc· with n11r111.1l 

111t'f<1hol1s111. 111 spilt· of tl11•ir rdativ.-ly Ina<' live· llfc• :111d h1•a rlv app..t It.·"· 11101"11 111 the• adulti­

alHo losl wPi~'.ht which 111ay hullt"alt' 1'101111' l1111'rlt•n•m·1· with th1•lr 11ornrnl 1111'1:1li11lls111 Tht•n· ts 

l1lllP dif11·n·111·1· i11 oh1-11·1·vpd wl'li-:hti; hdWl't'll th1· Honi-:t'laµ amt Allln~ln:1•· i-:r11ups_ lt :1pp1·;1ri-; 

that lhl diffl•n•1w1· Ir!_ duHt't; n·cl'lv1•d hy lht• two ~roupt-i ct1d 11ot dlt!1·n·11tl;tlly .1ll1·l'I thdr hutlv 

Wl'l~hl. Whl'lh1·r the fatlurl' l11 i,:aln wl'l~ht Wat' conrwc-lt>d with 1·adlat1011 or chani-:t•s In 1•11vlron-

Tahil' ~.:I Wl-:llillT CllANG!-;l', HONlil::LAI' AND Atl.J~. '<t\E lllllllll'S 
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67 

ment is open lo question. Unfortunately, the weight of the individuals from Utirlk was not sys­
tematically followed and no satisfactory control exists to aid ln interpretln~ the losH in welKht 
or the Ro11i.:ela1,-Allinginae group. 

2.7 THE Efo'fo'ECTS ON PRfo;GNANCY 

Four women in t_he RoP1gelap group were pregnant when brought to Kwajalein. Two were in 
the first trimester, one in the second trimester, and one in the third trimester. None of these 
women had abnormal symptoms referable to pregnancy, an1 as far as can be determined preg­
nancy continued in a normal fashion. In the Ailinginae gro•-p, one woman was in the second 
trimester. No abnormality was detected. Fetal movementi.. were unaffected in the individual 
in the third trimester. The hematologic changes of the pregnant women are listed in Table 2.4. 
Two individuals in the first trimester had marked depression of pla:elets but at no time was 
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lhl'rt' a11y v;11-:111;1I 1i1.· .. t1111g. l111W('Vl'I', all°11! till' µrl'~:11a11l Wlllllt'll "''IT ld111•tl IVJ'l'll .... ;1 pl,. 
•·aullo11;1ry 1111•as111·•· S" Ltr, till' t'XPOH111·1· lP i-;1dl.allo11 ha>'""' had ;1 1!t-l..t•·1·11111s 1·11,·1·t 1111 111·,. 1._ 

11a1wy. Sl111T 1111· d1·p;11·t111·1· 11f th1• 1111·d11·al 1'.r1•up fn11n Kw;11;tl1·111, 11111· .1111•.11.-1111\ ""1·111.tl lo.th\· 

has 11•·1·11 llor11 

2.8 IJISCUSSION ON THE USE 01' ANTILllOTICS IN TlllS <.;HOUI' ANll IN HADIA'l'ION IN.lllH\' 

Thl'rt' wen· fp~· 111d1caliuni; for thl' UM' of antilJwtlt·s wlwn Ult' µrlnl'lµlt>i; ol tn•at111!'nt pn•­

viou1:1ly 111P11lionl'd W('rt' u1wd. Individuals 111 tlw Ron!{t'lap and Aill11i.:-1n;1t• i.:-r.,upl'i thal rt·CPIV1'l1 

antil>10lic:s an• ll8lt>d in Tai.JI<' 2.5. Of tlw Individuals treat!'d with thl' anti1>1.,tH·s, thl' first thrt•t• 

receivl•d It proµhylacllcally and it would have l>cen lndlcatl'd had thl'y not ht'<'ll trradla!t-d. Tht• 

indication fur ils usl' in lhe next thrl'e was qut•1Hional>lt•. Tlh'rt• wai; a dt>finltt• l11dkallo11 for its 

use only in th1· 111•xl lhn•p lndiv1duals and again It would hav•• l>t'l'll g1vt•n for Hl1111lar 1·u11dlllll11s 

111 unirradiatpd 111divlduals. Tht> la1:1t two 1m1lvldualH with h1ruru·le,.; (holli-;) would prohahly havt· 

n'spundcd t·qually Wl'll to surg1eal lrt>ul11H•nt ;tlone, HirH'l' th1· infPctlo11 was Wt'll lol'alt:1.1•ct and 

Paslly drairll'd. 

111 g1~111·1·;tl, It can ill' <·rnwluct••d that hu111a11 IJci11g1-1 with tht' dCj!;l't't' of dq1rt·sslo11 of lwn1;1lo-

1'0i1•i-;1s 11<1lt'd diu not 11t•1·c1 antlhlotics prophylactlcally. With s1'\'l'r1·r dci.:-rt•t•s ol r;ullallun In­

jury rcs1ilt111!-: 111 a gn•;1t1•r dt•µrt•l:lsio11 of lwmalopoit•Hls, prophylact1c a11tlhloll1· th1·raµy may lit' 

rndi<'al"d i11 sdpcted ";1st'li. If Ute 11um1Jcr uf indlviduala 18 l:l111all 1•11ou!{h Ho that cha11g1•s in the 

blood count, tt•111111•ratun·, and dinkal evldl'n<'t' of infecllo11 can IJe fullowt•d 1·Jui;cly, 1t would 

aµpl'ar that a11lilJ1otici; should nut be started until then• 18 a dear-cul clinical indil'ation fur the 

use of U1cs1· a~euli;. 
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CHAPTER 3 

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION 

3.1 INTHODUCTJON EAHLY SYMPTOMATOLOGY REFERABLE TO THE SKIN 

Thl' Marshallese on Rongclap saw a visible fallout of powdery material that uegan approxt­
matcly fivl' hours after the in1t1al flash was seen. Tht• powder whitened the hair and adhered to 
tht'tr skin ;1s a salt-like film. The Mar1:1hallese on Ailingtnac reported a similar hut less 1:1trlk­

ing lalloul. Tiu· Amf'riC"ans on U1111gl'nk also saw a fallout and des<"rihed It a1:1 "mist-like." The 
Marsh•1llt·1-1c 011 Ut1rik J1<1 not scl' a fallout. The early symptoms were limited to tlw Hongelap, 
Aili11g111ae, and to a lesser ··xtt•nt the America111; on Rungerik. The early symptoms consisted 
of a generalizt>d itching and IJurmng of the skin, limllcd almost exclusively to the exposed parts 
of the body. A less consistent symptom was burning of the eyes accompanied by tears. The 
symptoms began the night of the fallout and continued Into the next day. A few individuals had 

symptoms lasting as long a" two or three days. Decontamination of the skin of the exposed in­
dividuals was initiated either aboard the destroyers while they were being evacuated or upon 

their arrival at the naval b~se on Kwajaleln. The classical initial erythema of radiation injury 
lo the skin was not notiC'ed by the observers who examined these individuals during the first 10 
days. If an inillal erythcma developed m the native Marshallese, it was masked by their dark 
skin. An crytl1ema was not seen in the white skinned Americans exposed on Rongerik. 

3.2 SKIN LESIONS 

3.2. 1 GP11t'ral Dcsl'rqition 

Sk111 ks11111s f:rst apJlt'ared in tht> Ronlo(elap group after 12 to 15 days and in the Ailin~lnae 

a111l H1111f~l·r1k 1~roups aflf'r 20 <layi;. TherP were 0(1 i:;kin lei:;ions 111 lhl' Ut 1rlk ~ro11p. Thl're was 
1·1111H1d1·raiilt• diHt·rt·1u·1· 111 till' lt·n·~:th t1f tune nt•t't•1u~ary for tlw c1Pvt•lopment o! lhl' vanous h'­
s11111~. ll<1wt·vt'I", it was fu1111d that thl'rP was a 1·1nu-11ste11t pattern 111 the H{'Qllent1al d1'vl'iu11111t·nt 
111 lt·~wJ11s 011 various 1·xpcisl'd pa1·ts 1if tht· I.Jody. Tht' prinl'tpal les11ms on·urred rou~hly in tlw 

foll11w1n~ Sl'4ue11t ial order·: Sl'alp (with epilatiun); ncl'k, a.xilbry 1·c~lun, ;rntecullital f<JSS<ll', 

lt•l'l, a nns, lt->1-(S, and trunk. Lesions un the flexur surfal'es tended tu pren'de those on the ex­
tensor· surfaces {see Table 3.1 for the time of appearanee of various lesioni;). 

A dear cut primary erythema wa.s not seen, nor was a late erythema. In a few cases, 
therf' was considerable scratching of the skin due to intense itching prior to development of 

gross lesions. In these cases, an erythema of questionable etiology was observed. This ery­

thema may well have been due to the scratching. Erythema was likewise not observed preceding 

development of lesions in the white and Negro Americans of the Rongerik group. 

The first indication of a developing lesion was an increase in pigmentat ,on. These pig­

mented areas appeared in the form of macules, papules, raised plaques, or Larger areas of 
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hyperpii-;rnt'11tal1011. The 1naculn1 and pa1iu1;.;·(i t'.;,'2' nii11 111 d1a111elt·1·) u:-rn.111) 11c .. u1n·d 111 

1·lusten; ;ind s11111l'11nu·s ""alescl'd rnto lar~l'r lt•sions. Tht• laltt•r Wt'l'l' l'h;11·at'tl'rrsl1c;illv 

found on llw.·1·11·;ilp, lll'l'k, ;u1d lhl' anl1•cull1lal f<•ssac. Tiu· ra1~wd platt11t·~"v.ifi-lPI) 111 s1:1t• 11:0111 a 

l•·w 111Jll111it•(prs 111 s1·v1·ral c1•11tln1Pll'l'S 111 d1a111l'11•r, Wt'l"l' lhwk, t'<1111~h. tr;\, anti h:td a l1•allit•1·v 

f1·t'l. This lypt' .. r h·s11111 111·1·111T1·d pn•d11111111a11tlv 1111 lh<' fe1•1 ;1ml 111 !ht• a11t1·1·uh1L1l fn~:-kll' a11d 

I•• ;1 nnwh ll'sst·r 1•xt1·111 1111 llw 11p1·k. An·as 11[ 11wn•11.t1t•tl p1~111t•11lal11111 alsn •tt·1·urr1 .. 11111 lh1· 

l1111bs, lnmk, and on llw fact·. 

Tiii' 111aJ11rily u!th1· lc.i~tms wen• tiup1•1·fi1'1al wllhuul bll!il1•r11. A h•w 1t1yN o&ftt•r af111t•a1 .. 1111'!', 

d1·y, scaly dt'S<t11arnatin11.1ic·h11Tt>d in tlw t't'Ulral purl10111K lhl' hy~·rpl~1111•11tt>tl art•.1s. l'lw dt·s 
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roundini-: skin. As the desquamallon proceeded outward, the areas developed a ('haraderistie 

appearance of a 1·entral depigmented area fringed with a hyperpigmented zone. Al a later stage, 

pigmentation uc~an in !ht' central areas and spread outwards. After a few wet•ks th1• cyde wa8 

l'omplclt•d, leaving in must instance1:1 a relatively normal appearinti; 1:1kin. 

Approximately 20 JJer <;_eftf·~.Rongl'lap group developt>d les111ns which w1•rt• morl' :-;e -

ver•. Tln!~illJ>ns mll{hl ~t'-it~red as ct11npar:1hle to st•1·011d d1·v;rt•t• lht•nnal hurns. Tht• 

<leer1er l1·s.f.',;;~\·11·:,.~rrt·~!..l'ri1191J0.1..lly-*'lhc ft•PI and tu a lesst·r 1•xlt•11t 1111 lh1· sca1p and rwck and 

111 orw 1·a Mt' <"111 TfW" ~H~'rn11'fttm wa1:1 not common. llowevt·r. nn the I C't·t, s111111· largl' 

llullac (l1l1sters) appcan•tl. After a few days, Lill' hyperp1gmcnted lcs11111s showed wl'I dt·squa111a­

l1on w1tl1 weeping and 1· rusting, leaving depil{mented raw aurfaccs of varying area. So nit' of 

these lesions uecame 1:1el'ondarily infected. Epithelium rapidly eovered the ukeratt'd areas 

within a week to 10 days. Pigmentation followed during the next few weeks. As healing occur­

red many of the more severe lesions {particularly on the neck and anteeullital fossat•) devt'loped 

a thickening of the skin with an "orange peel" appearance and a dusky, ~ray1sh-llrown color 

(see Plate 3.4). 
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In Table 3.1 is tallulated till' incidence uf the various type1:1 ur ll'SlllllS Ill !lit• ll1111f:t·l.1p 1:11n1p 

with a breakdown as to a~e and the median time or appearanee. Si1111lar data art· pn•,..1•11t1·d Ill 

Tallie 3.2 for the Ail111~111ae and Roni-:erik ~roups. 

3.2.2 Description and lllustrat ion of Specific' Les10ns 

Tlw sealp and forehead lesions appeared 12 lo 14 day1:1 (ollowlnio: expo1:1un· aloni.: with t•p1-
lallon 111 lht' H.on~clap ~roup. The sk111 lesions were maeulopapular with a spotty dlt1t rlllulion. 
Tht•y were 1·orn·entraled 1111.ht• areas of epilation. Tlwse leslonti are lliutilratt·d in Platt•s 3.12 
to 3.16. St'alp lesions conlinut•d tht•1r appearance over a period of about a month. Thus. i.:roup11 
11f ll•s11111s in various stages wt>rt• prPsenl in tlw same individual. Thit1 was part1cularlv nolahl1• 
am1111g the childrc•n. Tll!' 11H·idt•m·1· .,f 1walp lctilo111; wa:,1 i.:reate1:1l In the 0 to 15 yc•ar ~n•up \:-il't' 

Tahlt· :I.I). 
Thi' nP1·k lt•tilons wl'r<' llu- most 1·0111mon and he~an their appcaralll'l' a fc.•w days i&fter I ht• 

s1·alp lt·Hio11i;. Tht•st• lt•slon.s appeart·d a1:1 hypcrpt~nwnted marulet1 and papult•H whil'h 1:1prt•ad 
and 1·11alPs1·1:d lnlo ra1st'd pla4uPH. Tht· lc1:1lons uisually appeart•d flrttl on thl' Nidt• and fnml or 
thl· 11t·1·k and sprc;1d ha,·kwards. Thl'y were mure 1·11111rnon and llltffl' tit•vcn• In wo1111•11. Plalet1 
3.1 through 3.4 and 3.9 illu1:1trat1• rll'l'k lesions In tht• various tilages of devL•lupmt•nt. Son1t• of 
t ht• de1·p1·r lll'l'k ll'is1011s tt•nded to 01·1·ur In women where tlw1r thick hair tout'hed their Ill'l'ks. 

Axillary lc.srnns were mat'ulopapular, lesti alJundant, and developed srnrnltaneuusly with 
the net'k lesions. These le1:11ons are illu1:1trated in Plates 3.10 and 3.11. The axillary lesions 
were more comlJlon in the young children. 

Ant ecubital fossae lesions appeared about a week later than did the neck and axillary le­
sions. These are illustrated in Plates 3.9 and 3.10. 

The foot lesions developed later than the lesions of the antecubital fossae. These lesions 
were lol'ated mainly on the dorsum of the foot between or on the toes. They were initially 
characterized by large pigmented plaques with subsequent bullous formation and in eight cases 
raw crusting lesions of varying degree followed the bullae. The foot lesions were not as com­
mon in <·hildren under 5 years of age as in the older age groups. Sequential lesions in a 14-
year old girl are shown on Plates 3.5 to 3. 7. One of the more severe foot lesions is shown tn 
Plate 3.8. 

Lesim11::1 of the hands, armis, leg.s, and trunk were lesti common, less severe, and developed 
later. Areai; of increa.scd pigmentation were scattered over the abdomen, chest, arms, legs, 
and face. lnt'rca.sed pigmentat10n of the sides of the face ts illustrated in Plate 3.4. A striking 
early lesion was an erylhcmatous, weeping, excoriatmg lesion surrounding the anus which oc­
cur red in several of t ht.· babies and a few of the older people. These le1:1ions were severe 
rnit ial ly hut healed rapidly. 

Mo~1t uf the Mar1:1hallese had multiple lesion1:1. The combination of epllalion and the con­
trasting hyperpigmented and depigmented areas adjacent lo normal skill presented a 1:1tr1king 
appearance. The multiple lt'swni; are illustrated in Plates 3.8 to 3.11. 

3.2.3 Severity and Time Appearance of_!:.e_s~~~_s in_the_~~_r_i~_us~~osuE_e Grou_P_s 

It is not feasible tu quantify accurately the severity and extensiveness of the skin lesions 
in the various groups. However, il was the uniform opinion of all observers that the mo1:1t se­
vere and extensive les10n1:1 oc<"urred in the Rongelap group. The lesions that developed in the 
Ailinginae group were much less severe and extensive, and the Rongerik group (Americans) 
had unly mild lesions. Skin lesions were completely absent in 60 per cent of the Rongerlk 
group, as opposed to approximately 10 per cent in both the Rongelap and Ailinginae groups. 
T ransepidermal necrosis. occurred in 20 per cent of the Rongelap and in 5 per cent of the 
Ailinginae people. No lesions of this severity wi~re seen in the Rongerik group. 

The lesions appeared earlier in the Rongelap group suggesting a higher dose. The com­
parison of the incidence of epilation and neck lesions and time of appearance is illustrated in 
Fig. 3.1 for the Rongelap and Aillnginae groups. 

36 

-- -- -·-- --~=----.-------- --



PRIVACY ACT MATERIAL REMO\l~p . ~ ~ 

Pl;ll1· :~I J.,;11 J\ ~1\')11 r p11·1111 1111·1! 11 .11 1. <1p:1pul.1i 

111·l·k lt·.-...11111 . ...., .1L I:) 11.1 \ l ,l··~ ~~'.1 .. tl-'.i : '.i r· 

WWW# - » 
Plate 3.3 Rep1gme11t1n{!, supprflc1al neck lesions at 
40 days. Hyperp1gmented areas not completely 
desquamated. Case 24, age 15. F. 

a 

p;;tlc :~ ~ Ni·( I. lc ...... 1111·:.~ •. 1l ~H tl.1y 1 ~ \\.-'t•l d1· . ....,q\l~l-

1nat )(1J1 \\.'~111 r· cnloi I.~ c;l\:l11111H· \l1l 1111\ (';1"l' 18. 

a;:e 37. F 

Platt· 3.4 Hl'alPd 1w1·k les1011s al 77 <Ltys sl1uw111~ 
dusky pigmentation of b:tck uf neck Case 30. 
age 15, F. 
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3.2. 4 H 1stopathology 

Seven biopsit•s were taken of neck lesions and one of an axillary lt•sion durln~ tht• third to 
fourth week aftt>r exposure on the Rongelap people. The lesions biopsied at that t1111t· Wt'J"t' in 
the hypcrp1gnH'nted stage with I itt I e or no desquamat Ion (shedding) hav rng on·ur rt>d. Mo1:1t uf 

these biopsies were taken from individuals who showed lesions of greater than avl'ragt• Sl'­

verily. A se<'!md group of btoptiies from the RongC'lap group (repeated In thret' individuals) 

were taken; four at lht> seventh week post-exposure and five at the eighth-week pt•riod. These 
wen· taken from the m•1·k and ante!'ubital foMsae. All of these leslo1u; had de11quamntl'd and the 

depigmPntcd tikin had rypigmented t11 a dusky, 11:ray <·olor with some thickening ("orangl'-pt•el" 
appearance) of the skin. llwps1es Wl'rc not taken from open le1:1ionti or from the ft•et h•r kar of 

infcrl1011. All IJ1opsy wounds !waled rapidly with 1111 twcondary 1·ompllnltlont1. 
Tht• microt1eopi1· findings arc sununarlzed ai; follows: 

Early biopt:lil~ti 3rd to 4th wt•t•k. 1':pldt>rmiti 
T ramwpicil'rma I damagt• was not I'd wilh a ft>w Int Prven\1111: ar!'ades show .:1~ ll'ss durnage 

(PlalPH 3.18 and 3.lH). Tiii' ep1derm1::; 111 tlw must l'Xtenslvely 1nvolv1•d aniatt t1h11wed 1·on1:1ldt'r­
ahll- al rophy wilh flallc111ng of !he rl'l1• pegi;. In placl'H the cpl<.lermls watt redun•d t" a thkk­
neHi; of 2 l" 3 !'ells (PlateM 3.20 and 3.21). Thf' !'t'ili; of the mulpighlau layl•r 1:1howed plt•onuirphlt­
nuclei, pykno1:us and cytopla1:1mic halos, giant cell::; and In a few Instances multinudcaled cell::;. 
Pyknus1s uf cells of tht· basal layer was commonly 1:1een. Focal di1:1organlzation u( lhe mal­
pigh1an and basal layers wa::; uMually present in the more extensively damaged arcades. Cell1:1 
laden with pigmenl were frequently preMent throughout the epidermis and intercellular pigment 
was noted in some ::;ed10ns. The stratum granulosum was usually atrophic or even absent. 
Imperfect keralinization with parakeratosis was visible in all sections. Hyperkeratosis was 
also seen. The stratum corneum was loosely fibrillated. 

The arcades of minimal damage were usually found in areas where sweat ducts approached 
lhe epidermis (Plate 3.19). There was an apparent increase in the numbe• of cells and mitotic 

figures in the neck of the ducts and the adjoining areas where regeneration was underway. In 
these areas the stratum granulosum was near normal width and pigmentation of the basal cells 
noted in the mure severely damaged areas was lacking. 

Changes in the dermis were largely confined to the pars papillaris (F'ates B'.18 through 
3.21). Mild edema in Mome rases was noted. Capillary loops were often indistinct and when 

d1s1·ernible they frequently were atitioc·1ated with an increased number of ;)ericytes. The endo­
thcl 1al 1·t>lls slu>wed Hwellmg and were polygonal in Mhape. Telang1eetatlc- ehange::; (dilated 

blru1<.I VPMi;cls1 wen· rwtt~d in areas where the overlying epidermlt> showed greatest d;imagc with 
lympli<>!'ytic infiltrat1011 tiurrounding tht> telang1e!'lal1!' spaces. Chromatophort>t>, filled with 
melan 111 pq.~rnent, wer1• prom 1 nt>nt 111 the superfk ial dermis. The fine elastic fibr ii s running 
int<> th1· pa1·s papillari::; were often altered or ab1:1ent. 

Little 1f any damage was seen below the Muperficial pars reticularis. The hair follicles 
wen· narrow (Plate 3.22) and in moMt instances devoid of shafts In this region. There was 
some tdangiectaMis o( the capillary spaces bounded by lymphocytei:i and monudear phagocytes 

in tht' superfinal pars reticularis. Some of the laq.~e elastic fibers in this region showed 
slight swelling in some instances: No damage to fibrocytes or collagen fibers was noted. 

Second series, 7th and 8th weeks post-exposure. Epidermis 
In general, reparalive processes o(the -epidermis appeared-to have been fairly good, ex­

cept tor a few perMistent areas of atrophy with narrowing of the epidermis and finger-like 

downgrowths of the stratum malpighii (Plate 3.24). These ocl'urred in areas of greatest epi­

dermal narrowing and the cells showed rather prominent pigment content. There were many 
outward ep1dl'rmal excrescences !'overed by thickened stratum corneum which was still loosely 

laminated-- such phenomenon producing a wrinkled appearance which probably accounted for 
the "orange-peel" like appearall!·e o( the skin noted grossly in the areas biopsied (Plate 3.22). 

In almost all instances the basal layer was intact with little or no disorfanlzatlon noted. There 
were a few scattered areas in which occa1:1ional epithelial cells with pyknotic· nul'lei and peri­

nudear· cytoplasm1l" h·.iloi:; (H'\'urred in the stratum ~ranulosum and malpi~h1an layers (Plate 
3.23). There were '•l't as11111al ar!'adei; in which the epidermis, particularly the Mlratum i.:ranu­

lusum, appeared tu lie actually w1denl·d. Thei;e ul'curred almost pr·~dominanlly 111 rt'latirnuhq.i 
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to the 1·unti~u<1ui,i swl'al i.:land ducts al sil••ti where lhl' lall•·1- l"'nl'trall·d 1111· qndt•1-111ti;. A n;11· 
row zont' of parakt•rat1nos1s ;111d amorph1111s d.-brts was sllll prl':,wnt ht'lw1·1•11 1111' slLlll1111 
!{ranulosun1 and tl1t• lnniwly la1111naled strall1111 n1rn1•11111. 

Dcrm 1 s 
Tilt• 1·apdlary loops 111 lflt• dermal p11p!IL11·, alth11u1<h p1·1·1>1•111, wt•r•· nnt 11111llln11l~· dlstlncl. 

Pericytes remained 111 incn,ased numbcr hut fewer ly111phw·yt1•i; wt•rt• prt'st•nt. lit•nt•rally, 

lhl're appeared lo be i;l1~ht tela11g1el'tai,ils nf the eaplllarit•i; tn tht' p;ll"s p;1p1llur1.s and thl' 
superficial pars rcticularis (Plate 3.24). Tllt're wa1> 1>ome edema uf the p;1rs papilt.1ris (Platt• 
3.22). Scattered pigment :laden chrumatophorl'S were 1rre~ularly distrilmtt•d 111 tht• papillary 
layer (Plate 3.23). In t:iome cases hair shaftt1 Jn the superfinal pars rcticularis wert' quilt> 
narrow, atrophic, and occasionally absent; in others the lw1r shafts appeart>d normal. Small 
hair follicles (Plate 3.22) and secretory sweat duct1> in sotnl' cases showe11 mild atrophy. 

Biopsies of three pii.tmented mild lesiun1> were taken from twll of !ht• wh1lt• Rlln~t·rlk 
American:;. Only one• of the three ~ave cvlde11e·e of damaK''. whlch wa1> 1w111111al and c·u11f1111•d tP 
!ht• epidern11s. 

3.2.5 Sympto111atol1~y and Trt-atmc>nt 

On th<' day of exposure, 1tcliin~ and llurnin~ of the skin was p1·t>valent. This sullslded and 
for a perwd of 10 to. 14 days llr lunf.:'cr thl'l'l' wa1:1 1w1ther suhjf'dlvt• nor uhjt·ctlvt• t•vidcnl'c of 

skin injury. ll<'hing amt1Jw-111nK r9J>pcaretl either µnor tu or 111 !ht> early p11-n11cntation sta~e. 
With llw deeper le11iumi_ there was al110 path. Pain was rather nutrkt•d with the foot lesions. 
During the painful permd tWme of the foot leaions were also hot and prcsentc4-.a IJrawny 

edema.. A r1m1mon eomphlint waAi a tenderneai.s m the great toes medial tu tht' nails. However, 
visil.Jle lesionli in thie area were infrequent, This symptom usually preceded t~ appearance of 

gross lesion.1:1 elsewhere on the f~ Many~the individuals who developed pafruul fool lesions 
were ob11erved walking on --.r.J19ifir fer .everal days. The painfulness of the fool lesions may 
have resulted from their greater severity, and may have been accenuated by the dependent 

nature of the foot. Some of the lesions of the neck and axilla were painful when turning~ head 
or raising the arms. The acute reaction and pain subsided after a ·f_ew days. There were no 
constitutional symptoms. _ 

T~e treatment of skin lesions was largely non-specific. Most of the superfkial lesions 
were treated with calan11ne lotion with one per cent pb,enol, whil'h 111 most l"a1>es relieved the 
itching, hurn111~ or pain. A few of the painful hyperpig°ineited te.-iions not ~i'lieve~ by c·alamine 

with phenol were treated with pontoeaine ointment, with apparent success. 'When the epithelium 

desquamated the 1tchin~ was relieved by daily washing wlth:,~ and w~er and the application 
11f a watt·r solubll' vanish111g type ointment which kept the infured skin !loft ~nd phtlllt'. Raw 
a1·ea.s, whwh b1•1·ame 1-iecondarily infected, werC' treated by washing wtth 111Paf1 atid hy the appli­
<':lli1Jn nl aureomycin ointment. Bullous les10n1-1 of the feet were left intacf1*S l1ipg- as no symp­

'"rns were prt•s1•111. If painful, th<· bullae were at1plratt'g with stt•rile le1·h..Sqllfr* to n•nwve tlw 
1·lear st raw-c·oJ .. r·ed fh11d. A sin~le aspiration was adeq~'f.o ,&tm·~ (lt~;lt:·~d not.•~·HU. One 
f1P1J( lesion dl'VCl1Pped an t•xlellSIVt', raw weep111µ; uker, Vruphyla.·li~~ctU-Hi wa.-i given fur 

lw11 tlayi:;, dur11114 which tunC' lht· lesion deVL•loped hea:U.llJ.r,f!_nulat~~ t,,iiu~:'.'i;ume •_lat?·.· .. le­
~ions of I he skin of till' foot remained_ thickened, less'~. . _ · and )lnnf\11.--af.lfi" ~8Clt',.,.,,,_ . , 
fl11s was relieved by the use of vase! me or cocoa butt.t,tJ.O:·!P-~e Ou~. One - • . , . .­
ear lesion did not heal after desquamation. This was (fta~ed ~ .rrnJ><u·i!·. ~r::tti l'V?it>rea.aeao~ 
and washrng with sur!{1cal soap tu remove the eschar. Gr.tilllliftioafiitsue ~ecl.and''epttheH-·,.. 
um was slowly growing in from the edges of the ulcer when the initial ubservat10n period was 
terminated 74 days after exposure. Upon resurvey six months after expo.sure healinµ; was com­

plete, with a ::iep1gmented scar remaming as evidence of the previous ulcer. 

3.3 EPILATION 

The incidence of and time of appearance of epilation in the Rongelap and Ailinginae groups 

is illustrated in Tables 3.1, 3.2 and Fig. 3.1. Epilation was fir.st observed on the 14th po:>t-
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exposure day in the Rongelap group and. ~as c"oiifined to the head. The epilallon was div 1dt•d 

arbitrarily intu three degrees of severity. "l +" epilatlon indicates loss of hat r w itlwul ohv h•us 
thinnin~; "2~" indicates a loss of ha1 r sufficient tl' cause obvious thin spots; ••nd "3," mdll'ah's 

an exter.sive epilalion with bald spots. Tahle 3.1 illustrates that tht'l"C' was a ~n·alcr dq~r•'~· of 
eµilation lfl the children (0 to 15 yPars). Over 90 per cent developed 1.•plhlllon of ::10111c• dt·~n·t• 

in I ht' 0 tu 15 years ~roup, compart•d lo only 28 per c-cmt in the• oldt!r Ol!(t' 1-:"roup. Tlw µrepun· 
deranc1· of 1:1c·;1lp lt•sions In till' an•;u; of epllatlon lnd1catet1 thal radiation from !ht· fallout ma-
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terial on the skin is primarily responsible for the epilation. In the Ailinginae group only three 
cases of mild epilation developed in children (Tallie 3.2). 

Slight regrowth of hair was observed in all individuals nine weeks after exposure. Hair 
regrowth was complete and normal six months after exposure. 

3.4 NAIL PIGMENTATION 

An unexpected observation was the discovery of a bluish-brown pigmentation of the finger­
nails whieh was first well documented on the 23rd post-exposure day. The discoloration began 
in the sem ilunar area of the fingernails (to a lesser extent in the toenails), and tended to spread 
outward sometimes in streaks. As the discolored area grew outwards the semiJunar area 
usually became clear. In a few cases, detachment of the end of the nail from the nail bed was 
ouserved when the pigmentation reached the end of the nail. Plate 3.17 t1hows pigmented bands 
in tile nails al 77 days. The discoloration of the nails was seen in 89 per rent of the Rongelap 
and 78 per cent of the Ailinginae group. It appeared to be a radiation response peculiar to the 
dark-skinned races since it was seen in all of the American Negroes in the Rongerik group and 
in none of the white mt•n. This lesion was not observed in the Utirik group nor in the control 
Marshallcse. Sinc-e till' nail pigmentation occurred in individuals without skin lesions, it ap­
peared to he the n·sull of a more penetrating component of radiation than contact radiation 
which predominantly produced lhc skin lesions. 
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3.5 FACTORS INFLUENCING THE SEVI-.:HITY 01-' SKIN LESIONS 

3.5.1 Th«' Characlt·ristics of thf' FallPut MatPrlal 

'I'll<' fall~>ttl niat1>rial waH 1·0111p0Ht•d 111a111lv of 1·aktu111 wudt• fr11111 c11r;1J, w1lh ;11fhc•n•nt,ft:-; 

s11>11 produdH. Tht· Hkln lc•t1111111t ohHt•rv1•tl wc·rc un1!11ulllt•dlv !ht• rc'Hlllf pn111.1l'llV "f lwla r.rdla· 
ti1111 f1·11111 f;tll1111t 111atc•nal tl1•11ot1ltt'd 011 fill' Hkln, w11h 1111111111:1111r1111 1·1111tnhut1<;11 from t'h1•1;1i.·11l 
11·rif;1t11111. Tht• t.car11111oi doHc' to lllt' Hkln w;u; :-;111all n1111p;rrc•d tu (Ill' Iida dt1Hc', and thus w.1.-; 

rl'lalt v 1•1 y 11111111pof·t aut 1 n produ('f 1111; t ht· lt•t1t11111t. 

3.5.2 Energy of Uela Parlil'le1t 

fo'rom available data on the fallout material It has bet•n calculated that 50 to 80 pt•r t't•nt nf 

the !Jeta rays during llw exposure pert4J!!~.wcrl' t1oft with an avt•rai.:C' cnert-:"Y :>f about 100 kt'\'. 
Since 80 micront1 of tis1:1ue prodUW 50 jwr ct>nt attenuation of 1:1uch radiathin, 1 !ht• g-rt>att•r 

portion of energy was dissipated.the t>pithelium which is roughly 40 to 70 1111cr1111s 111 thick­

ness. The remaining 20 'f50 per cent of the beta rays wt•re of hiKher energy, with an avt'nl!{t' 
of approximately 600 kev. The latter would pt•netrate well rnto the derma since it takes 800 
microns of tissue to produce 50 per eqJJ. attenuation. 1 ·2 In additwn. a widt· spel'l1·um of gamma 
energ1et1 irradiated the skin. Approximately 10 per cent of the total gamma spectrum was be­
low 80 kev which would be ah1:1orbed largely in the superfinal layers of the skin. The remarnder 
of the gamma spectrum lt1 distributed between 100 and 1600 kev with a large proportion be­
tween 600 and 800 kev. 

3.5.3 PhysiC"al Dose to the Skin 

There i1:1 no pract11·al way to et1limate the physical dose to the areas of skrn where lesion1:1 
were found. The entire surface of the body of the Rongelap group received approximately 175 r 

from ~aroma irradiation derived from fission products distributed on the ground, trees, and 

!Juildings. ToU1is 175 r would have to b.e added the beta:.;· .. nen .. t. l .. &- view_ of.· the blg~1 ~-~to 
gamma ratw m f1ss1on products, one might expect &J.!le l . su~~;UJ t~.:;al'ih to be 
large. The maximal skin doses from the plane fielc(Or _ ion.are,~lfRted in chapter 1. To 

.¥ •• -··.~ -:'llilll!'"' -- .... 

these doses must be added the contribution of the Ulatel"lal dWfttect'Wn·1he skin. The latter . 
can not be calculated, or estimated biologically with any d~hof ac~Uracy·.:'A rough aj;pro~ 
mation of dose received at the hair follicles can be made aeJ-0llows: ~- l, 

The hair follicles must have received a dose coi'Apar:&ble to the known. mi ~ al epilating-J 
dose of about 400 r for 200 kvp X-rays. Since regrowth of ha.fl occurred, the uiJPer limit of 
dose at the depth of the hair follicle must not have exceed4tl the permanent epilating dose of 
around 700 r of 200 kvp X-ray. 3 

3.5.4 Pr~~ective .an~. Ag~ravatln~ Fa_ctors 

The Individuals who remained indoors or under the trees showed some prol~hon as com­
pared to tho1:1e who were in the open d•.1ring the period of the fallout. Tho1:1c who .,nt t1wimming 

or bathed wen· also prote!'ted to varying degrees. Small dalldren who went wadinK dcvelo1lt'd 
fewer foot lesllmt1. Clothln11:, even a slnt.cle layer of cotton material, offert•d almost t'omplcle 
protection, •1t1 was den111nstrat<•d by the fa<'\ th;at lesiom1 developed almost 1•ntirL'ly 011 the «'X­

posed parls of the body. 

Sin!'e lht• lc1:1ion1:1 predominate In areas where perspiration ls a!Jundant such as folds of the 
neck. axJllae, and anteru!Jital fossae, it seems likely that the a!Jundant perspirati "' produced 
by a hot, humid climate tended to cause the material lo concentratt' and adhere t• these areas. 

In addit10n, the coconut oil hair dressing used by the Marshallese acted as an effective collect­

ing agent for the radioactive material. This was proved since the hair was the most highly 

contaminated part of the body. The concentration of radioactive material on the hair may have 

been responsible for the large number of scalp lesions, epilation and the large number and 
se·verity of neck lesions in women. 
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There was a delay of two and onl'-half days bcfurt' sali1:1factory drcontamlnat11m waa; IH•H­
sible. The prl'SC'IH'l' of radioaclive matPrials on the skin dur1n!{ this ~·rlod 1111-r1•a,.H'<i lh1• tl11H1• 
lo lht• sk111. llow<•v1·r, 1111· LluHt' ra11· ft'li off rapidly and decontamlnallon would hav1• 1 .. ha\'t' 
llt't~ll v1·1·y pr11111pl in onh•r to lw t•ff<ocl Ive. 

3.6 CORRELATION WITH HEMATOLOGICAL FINDINGS 

Attempts al eorrelatioTI of the sPverlty and extensiveness of skin lesions with maximum 
depression of plalelel, lymphocyte, and neutrophllt• eounts Wt're rn;1cit' for individu;\ls 111 tht• 
Ron!!elap group. No positive correlation was found. Thus the contamination of the skin appar­
ently dici not significantly contribute lo the total-body dose of irradiation. 

3. 7 DISCUSSION 

There has been llltle previous experience with radiation dermatitis resulting from expo­
sure lo fallout material from nurlear detonations, and the general com1ensus until now has been 
lhal tht> hazard from fallout material was negllgll>le. With the Hiroshima and Nagasaki delona-
t ions, falloul material was not a prohlem since thP bombs wen· exploded high In lhC' air. The 
flash hurns of the J;1pancse were purely thermal. 

From the present experieru·e it ii,i quite evident that following detonation of a large scale 
dt·v1<·c clui,i•~ lo the !{round, serious exposure of personnel may occur from fallout material, 
even at rorrt:udcrable distant'e8 from the site of detonation. The incident described In thl1:1 paper 
is the first example of large numbers of radiation burns produced by exposure to such fallout 
material. 

Knowlton, et al.' described burns of the hands of lour lndivlduals who were handling fis­
sion product material following an experimental detonation. Also, following the Alamogordo 
detonatwn, there were a number of cattle that developed lesions due to deposit of fallout ma­
terial on their backs. 5 In addition, there were a number of sheep that developed lesion1:1 closely 
resembling radiation burns following a Nevada detonation. However, Lushbaugh1 -reported that 
the histopathological characteristics of these lesions did not conform in all respects to radia­
tion dermatitis. It is of considerable interest to compare the present experience with that ac­
cepted in the past as the typical course of radiation burns of the skin. 

The gross lesions of the hands described by Knowlton, et al. occurred from an exposure of 
about one hour, resulting in doses between 3000 and 16,000 rep of beta radiation (maximum 
energy about 1 Mev) with a small gamma component considered to be insignificant. The lesions 
were described as developing in four phases: (1) An initial phase which began almost imme­
diately after exposurf' and consisted of an erythema with tingling and burning of the hands, 
f'ea<'h111i..: a peak 111 48 h11ur8 and sub1:11ding rapidly so that by 3 to 5 dayi,i there was a relative 
;1bi;l·1u·1· (Jf s1i;11i;; (2) A st•c·ond phat1c whwh occurred from about the 3rd to the 6th or 8th day 
and was "h;i racterr.-.ed hy a nwre s<•vl're erythema; (3) The third phase at 8 to 12 dayt1, whic'h 
was l'l1a1·ad1·ri 7.ed hy vesldt• and hullat• format Ion. The erythema spread lo new areai,i during 
lhe f11llow111~ two wt•ek1:1, and tht· al'llvc pr0<·ess subsided by 24 to 32 days. The bull.it• dried up, 
and dei;quamation and eplthelization took place in less severely damaged areas; (4) The fourth 
phase or chronic 1:1tage was t'haracterized by further breakdown of 1:1kin with necrosis in areas 
which were damaged sufficiently tu cumpromise the blood supply. Atrophy of the epidermis and 
loss of epithelial structures took place, which neeessitated skin grafting in some cases. 

Robbins, et al. 1 reported six cases accidentally exposed to scattered cathode rays (beta) 
from a 1200 kv primary beam with exposure time of about 2 minutes and a rough estimation of 
dose to the skin of between 1000 and 2000 rep. The lesions described were similar to those 
reported by Knowlton, et al.' with a primary erythema developing within 36 hours; secondary 
erythema with vesiculation and bullae formation appearing about 12 to 14 days later; and, in 
the more severely affected, a tertiary phase characterized by further breakdown of the skin. 
In comparisor_ with severe roentgen ray reactions these investigators stress the unique pe­
riodicity of cathode ray burns, relative absence of deep damage to the skin, less pain, rapidity 
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of healing, and absence uf pigmentation. These puintl:i would apply ll• the Mar.sh.dlt•se l'Xcept 
for the mulliphaa,;ic rcaclion11 aud pigmentation. Crawford8 rt'JJl•rts a cal:ie pf cathodt• ray hurnt1 
of the hands which were similar to those dPt1cri1Jed by Bohl>111s, l'l al. 7 

Expcrime1ital beta radiation burns 111 human bemgi; have been reported by Lnw-B1•1•r9 and 

Wirth and Raper. 10 Uoth inve1:1t11.~ators ut1ed 1'32 dlt1et1 applil'd lo till' flt>xor s111"fan•tt of the 
armi;, forearmt1, nr lhight1 for v<1ryi11g Jengtl11:1 of time. Low· Bl'l'r r<•porll'd ··111111u1ph;u;k'" skin 
real'l10111:1. Ht• found that a calculated dot1c of 143 rep to the first milltmell'r of tikin, ll(nurlng 
1w1I-ab1mrplion, pruducc>d a thret1huld eryt he ma. Dry, t1raly, deHquanu1llon w:u1 produ1·t•d hy 
7200 rep in llw f1rt1! millina•tcr and bulluus, wt'! deHQuamation wat1 produ1·1'd hy 17,000 rep tu 
the fin1l millimeter. t-:rylhc111:1 devclupt•d in 3 lo 4 dayt1, fullowt•d lalt•r hy pll{llH'ntat ion and 
1Je1:14uamalion with higher dot1e1:1. RPcovcry wat1 ob1:1ervt•d with dot1t'ti of 17,000 n•p. Tiu• lt•ttl1111t1 
later 1:1l1owed dcpignll'nled 1·cntert1 with hyperpll{mented edgt.•t1 (1tlt10 tlt't'll ln till' j>I"l'Ht'nl le­

t1lons). 
Wirth ·and Haper10 produced primary erythcma within 6 lrnur1:1 afler expot1urt• to ~1 d~ist• of 

635 tu 1180 rep of P'2 radiation. Minute vesk ll•s with dry, t1potly dt~1:1411anmt wn wcrt• noted with 
1180 rep al about the 5th tu 6th week1:1 pot1!-expo1:1Ure. 

Following the detonation on 1 March 1954, 23 Japanese fil:ihermcn wen· rontaminatt>d with 
fallout material. Apparently they were exposed to roughly the same total-body dost• u! radia­
tion as were the Rongelap group. The skin lesions which developed are de1:1rribed by Murton, 
et al. 11 •12 Lesions developed which were similar in most re1:1peds to thu1:1e seen in the Mar­
shallese people, and were characterized by pigmentation, detiquamat!on with depigmentation, 
spotty epilation of the head and ulcerations developing particularly on the sl'alp, ears, neck, 
and hands (the latter probably from handling contaminated fishing lines). Erythema and vesicle 
formation, as well as inflammation of the eyes were more prominent than in the Marshallese. 
Pigmentation apparently was not as prominent in the Japanese. The lesions appeared earlier 
than in the Marshallese (about 7 to 8 days post-exr :>sure). As in the Marshallese the lesions 
oc·curred mainly on exposed parts of the body not protected by clothing. 

In addition lo the Mart1hallet1e and Japane1:1e, several Navy men on t1hlµs in the lest area 
devP.loped a few 1:1mall pl~menled lesions of "bell-line" distribution, apparently due lo fallout 
material. 

The lesw111; reported in lhit1 paper when cornpar:ed tu radlatwn lesions dcHcrilwd In the 
past pre1:1entrd 1·t•rtain unique features which meril. further ct11:>cut11:1lon. 

The curly symptoml:i of itl'hing and burning u! the t1kin and eye1:1 w'.:lre prohahly dut• mainly 
t11 t1kin irradiation from the fallout material. llowever, the rhemical naturl' of this material 
may have conlrihuted to the irritation. It has been noted 13 that irritating chenucals applied 
during or 1:>l10rtly after irradiation enhance the effects of radiation. 

The lack of prominence of an erythema wat> notable, particularly in view of the severity of 
some of the lesions that developed. Wilhelmy" states that erythema only occurs when the dose 
reaching the papillary layer exceeds a certain level. Perhaps the dose to the dermis was in­
sufficient to evoke the respona,;e. On the other hand, the darkness of the skrn and the develop­
ment of hyperpigmentatiun may have masked an erythema. Microscopically. a superficial 
hyperemia was nul a notal>le finding. 

Wirth and Raper 10 point oul that they were impressed in their i;tudies on 1'32 radiation of 
the human i:;kin with the difficulty of distinguishing between true erythema and tannin~. par­
ticularly in the ~:kin of brunette individuals. ll was unfortunate that color filter::> were not 
availablt-> ln aid in dii:;linguislung an erythema as sugl!{ested by Harris, el aI. 16 

In general the latent period before development o! obvious sign1:1 and ::>yrnptnmi; fur radia­
tion injury to the skin 18 inversely propurtlonal lo the dot1e uf radiation. 11

•
17 111 l11c present 

series of cases the relatively lung latent perwd it1 sugget1tlve of a low dose of radiation. How­
ever, the wide spectrum of beta energies and particulate distribution of rad10ac!ive material 

.drastically altered the depth dose, as compared with that in previous experlenl'e; hence t1trlcl 
comparisont1 cannot be made. The later development of lesions in the Ailinginae and Rongerik 
groups as contrasted with the Rongelap people is in keeping with the relative severity o! 
lesions noted. 
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A unique fPature of the prt•sent c~u1es was the appreciablr dtrft•n•nct"s In !lit• lat .. nl p•·1·11,..lt1 

observl•d for lt>l:i'lons on various parts pf the body. ThP!le dlfft'renn•i; cannot ht• t•xplal11t•d 
entirely on the l>as1s of i:;everity, !lllH"t' the !levere foot le1:1lo11s developed aitt•r must ••tht'r 11·­

sions. However, thf' severity might have been in part due to the dept•ndent pol'lltio11 pf the tool 
rather than greater radiation injury. Lesions on flexor 1:1urfan;!S in ~eneral pren•ded ll'si11n11 
on extensor surfaees. The pretlent data sujtgest that the latent period and radiation l'lensltivity 
of various skin areas may diffrr. Previous work has shown that flex01· 1:1urfaee1:1 with thinner 
epidermis are in general more sensitive than extensor surfares with thirker epithelium." 

The destructive and atrophic changes of the epidermis, di1:1turbances in kerat in11.at ion, and 
atrophy of hair fol11cle!I are charotcteri!ilic of hi1:1topathologk radiation Injury of tl1t• likln.'· 13 •18- 11 

Severe injury to tht• dermi!I and blood vessels was not observed. The minimal dermal tnjury 
with severe epidermal injury is in keeping with the low energy beta component prest·nt and !ht· 
marked decrea!ie in dl'pth dot1t' over a d1stan«e of a few microns from lite surface. 

Hyperpign1enlat1011 of injured areas wat1 a 1·1mt1istPnt finding in lilt' Mar11hallt'1te, the Japa­
nt~Sl', and the Ameriran Negrnl'H. P11{m<>ntl•d lt•t1iont1 were also obl!lerved tu a let11-1t•r t•xtent In 
the wh1t1• Arnerll'ans. J>il{mentalion of this natun· has not bet•n det1crlhed al'I u constanl 1·harac­
lt·risll<' of radlalinn darual{l' 111 tlw t1kln. 

There 1 !l 1111 sat 1Mfact ory explanal 111n for l he darker dul!lky-gray color that otppt•a red In 
some 1>f lhP skin le!lio111,; as healing prol{rel!lsed. The cnlor change1:1 may bl:' due lo allcratitml!I 
111 local pigment producl1011, votl!lcular chanl{el!I, or a thinning of the epldermlt1, renderlnl{ it 
more translucent with resultant darker appearance of the pigment layer. Later biopsies may 
explain this phenomenon. 

There are features of the lesions described that appear unique, e.g., the absence of visible 
multiphasic re!lponl!les, the presence of early hyperpigmentation, the long latent periods, and 
the severe epidermal injury with minimal dermal injury. It is possible that differences may in 
part be on a racial basis.• In addlt10n, the marked difference in histologic response of the 
epidermis and dermis in the present series is in marked contrast to the usual radiation re­
spon!le of the skin produced by high energy X- or beta-rays. 

In Table 3.3 are listed the approximate minimal surface skin doses required to produce 
recognizable epidermal Injury in ar .• mals. It is apparent from the table that beta •ray energy is 
of considerable importance in determining the degree of injury. A number of assumptions, in­
cluding knowledge of the beta ray spectrum from the fallout, would have to be made if these 
data were to be used lo estimate biologically the beta dose received by the Marshallese. The 
difference in dose between that required to produce threshold skin damage and that for per­
manent damage in pigs Is 500 to 1000 rep.'° 

It iH impo8siblc to estimate the probability of development of radiation cancer at the site 
of the healed lesions. The abl!lence of scarring, telanglectasls, and extensive chronic vascular 
le81onH tend1:1 to improve the prognosis since the foregoing are usually observed tu precede the 
development of rotd1ation cancer. 

A favorable prognol!lis is also 1:1uggested by the following evidence: an analyt:1ls of 1100 
individuals expot:1ed 11, low voltage X-ray for dermatological conditions revealed nu evldem·e of 
cancer mduetion 5 to 23 yeart:1 after treatment. MacKee13 states that epithellomata rarely 
develop after a !lingle dose of radiation to th1~ skin. Lastly, the Incidence of skin cancer in 
Negroet:1 1s one sixth tu one ninth the Incidence in Caucasians.33 

If neoplasia can develop purely as the result of epidermal irradiation, the incidence of late 
can-:er1:1 may be enhaneed since the dose of radiation and the visible gross and microscopic In­
jury to lhe epidermit:1 greatly exceeded that to the dermis. Since many children and young 
adults were involved, the life expectancy of a large number of the exposed people will exceed 
the long induction period for development of radiation cancer observed in radiologists. Long 

•Reported clmical experience with radiation skin lesions i !I based predominantly on the 
response of white-skinned people, whereas the type of lesions described herein, with one clear 
cut exception, were observed in Japanese, '.ldarshallese (negroid), and American Negroes. The 
except10n wai; a dark brunette individual. 
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exposure to tropical sunlight, potentially. carcinogenic in Itself, may tm: reast• tht• pruballlllly o! 
neoplastic change. The influence of the sub-lethal whole body expo1rnre received by the11e 
people on skin cancer induction Is not known. 

The transverse band of pigmentation that was observed In the fingernalh; has been pre­
viously observed by Sutton" ma negress who received 150 r of soft X-ray lo the hands. The 

Table 3.3 SllHFACE DOSES IN REP IH:QUIRED TO PRODUCE Rfo:C<HINIZABLE 
~;pmfo:RMAL INJURY 

Averal{e Surfaci> 
lnvc11Ul{alor Animal IK<1lopc Ent'l"l{Y (Mt•v) Uo1u- \ rl:'p) 

---·----
Henshnw, ct alZ! lt1tl8 l'n 0.6 l,!>00 4,000 
Hal"' r Ii llarm•su 1tat11 pit 0.6 4,1100 
H&JH•r Ii Bnrncsu Ml<'e p12 o.ri l ,f>OO 
Ha1w r &. llH rnPsu HabbllH pJJ 0,6 b,000 
Lushuauith1 Sht•llp l:lr'° 0.3 :!,!100 -b,000 
Moritz and 

Ht•nrtqucs30 Pigs sn O.Ofl 20. 000- 30. 000 
Moritz and 

Henriques'0 Pigs Co11 0.1 4,000-5,000 
Moritz and 

Henrlques'0 Pigs Cs UT 0.2 2,000-3,000 
Moritz and 

Henriques'° Pigs Sr80 0.3 1,500-2,000 
Moritz and 

Henriques10 Pigs y•1 0.5 1,500-2,000 
Moritz and 

Henrtques10 Pigs ylO 0.7 1,500-2,000 

nature of the pigment is not known. Slnce it occurred in all exposed American Negroes, m~y 
of the Marshallese, and none of the American whtte11, it ta a radiation response peculiar to 
negroid races. The pigmentation was apparently produced by as little as 75 r of gamma radia­
tion since the American Negroes developed the phenomenon ln the absence of significant con­
tamination of the hands. 

3.8 CONCLUSIONS 

As a result of this accident the following conclusions can be drawn with respect to beta 
damage to the skin. 

a. Serious skin contamination of personnel from fallout may occur many mlles from the 
detonation of a nuclear device. Resultant radiation damage to the akin may be the major ra­
diation effect under conditions where early evacuation from the fleld of radiation reduces the 
whole body exposure. 

b. Fairly extensive skin lesions resulting from fallout beta radiation apparently produce 
little or no systemic or hematological effects. 

c. Decontamination of the skin must be prompt to be effective because of the initial high 
beta dose rate. 

d. A latent period of a few days to three to four weeks may elapse before signs and symp­
toms of skin damage are evident. 

e. Clothlng and/or any type of shelter gives almost complete protection to the akin. 
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NOTE 

Fe iurpoRes of documentation the following 
color plates (Plates 3.1 through 3.24) numbered 
with letters u, h, c, cl, d, e, f, and g are con· 
sldered to be pages 47- 57, 59, and 61-62. 
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PRIVACY ACT MATERIAL REMOVED 

Platt· 3.14 Epilatw11 111 111a11 :ll lH <i:ty' Ca.'<· 7'.I. 
ag<' 41. Scalp ll'.\1011.' prl'sc11L 111 arr·.i., of cµilaLJ011 
<SanH· casl' ;L\ in Plalt·s 3.12 u11c1 :J l:J.1 

Plalt· :J.16 Ep1lal11J11 111 7 yr ii/ii r..:11 I al ~8 <Lt\"' 
Case 72 

' ' 

- -~-------------------

e 

Plale 3 15 SpoLt:.· <•p1l:1L1011 111 boy, a~<' 13, at :28 
days. Case :rn Noll' Sl'alp 1e.,iu:1s 111 areas of 
epllation. 1Same case as 1n Plates 38 3.11 1 

Plalc 3.17 J>1r..:1111·11lnl l1;111<h 111 "'·111111111:11 ;1r1·;1 ol 

Jini;crnails al 77 day., 

PRIVACY ACT MATERIAL REMOVED 
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('c II.Oil Pl.ATES 

l'lall'H :l.IH t111·1111g"h :1.:~1 """"' "'"'"''"al :!2 d1tyH ,. .... , ·('l(lt<lHll/'I' (l'l11ll'H :l.ltl lhro111{h :l.:!Cl, 

Casi· 21i; l'lal<- :1.:! I, CaH•' 1;:11. 

l'lall· :1. I H (X 11111, ll&J·;) ~;p1d1·1·n11.,: 1-:,,,11•nslv<• Lr:111.,••p11l1•rmal d11ma~1· w1Lh i.~,..s involvc•ll 

zunet-1 on c-ith,•r suit•. J,1.0:-.1· l:tn1111;1t1ou of :-1tral11111 curnt•una, :1bMt~ru·1· of ~tr11h1111 ~l"Hnt1IONUm. 

l':irakPralini:t.alion with ,·xl11l1:111.111 111plg'lllPnt1·ont:1in111i.: edl,;. U1 .... 11q,'tU11zation of th,• 11111l­

p1i.:hian layer. Dt·r1111s: Miid 1·d1·111a ,oJ pan1 papill:1ri,... wllh indi,.tllll'I •·uµlllurv loop1;. Moll­

eralcly pronou111·t·d pt•nv.1s•·11l:1r ,.,.lJular mfiltralt• 1lymphocylt•t1 and llltll1t111uclc1.1r pha~ot'ylct!), 

1n superficial ,·onum wilh 111ild 1t-Jan1-:1l't'Las1s. 

!'la~ :Ll!J IX I 110, H& EI Ep1cl .. ~m1s: A 1-eadcs of 1111nimal damal{l' occur in rcl11t1011 lo excretory 

ducts <>f sweat 1-:l:11uls. SI rat11m ~r:inulosum of l{ood width and shows scant all1•raLion. llndcr­

lv111g stratum malpig'hi1 shows rnad<t•cl lll•crcas1• in µ1i.:ment. In Lhe dceJ><.•r portion of the over-

1 y ing', loo><c:ly Jani 111alc·d sl ral um eorncum moderall' amounts of pigment, however, ar1• µresent. 

One 11arrow an:ad,· of nwr•· s••vt•rt· transcpidermal damage shows 11lter11.tion of the stratum 

granuloHum with inll'1-c1·llular 1•dma, pvknosi:-a, swollen nuclei, and pigment scattered through­

out. The latl<·r 1s 1·s1x•c1allv cJpns1· 1n the conti1,"Uous parukeratotic material. Ucrm1s: A mo<.1-

cratc cl'llular 1nfiltratc, •·hil'flv 1x·rivascular, is moHl pronounced in the superficial pars 

rdiculari:-; whl'l'l' lhl'l'l' 1s a mild tclang1ecta:-11s. 

Plate :1.211 (X400, 11&.E) iCaS<' N26) Tranl!epidermal damagl' with diHorganlzation of the mal­

p11-:hi:111 lav"r. St rat um g r:11111losum abHenl. Malpi1-:hi1111 and lm1rn I Ja_ver only!~" to tbree Ct'llll 

th1ek with l(f.,( i;1l 11111 of p1g111c11l 1111tward toward paral,1~ratiniiwd zo111• allJaccnt lo 1:1l1 utum 

l"orn<·t1111. '1gm.,nl la1h·1i l'hro111alophorC's and hisl1ocvte11 in pan; papilluri:-a of C'orium. Latter 

1s •·•lt·ma1 .. 11s and 11d1Jl1·a1t·d hy 111od<·r·atc numlx•r,; of lvmphoc_vtes, 111onrn1ucl<•:tr µhugoc.vti>11 

and sl":ill<· n•d pig llll'llll'd l•·t1kocyl •·s. C 'a pi llu rv loops 1ndisti11ct. 

!'late :1.2 I IX I 110, II& E 1 (Cast· rn:n TramH'pidl'rmal damng1· with disorgitnizat ion of the mal­

pii.:hia.n lay .. r. Sligh! par:1k<·ralos1.~. Mll{ralion or 1•xfoliatlon outwar<l of plgnwnt. Loo11e 

lamination of ,,11·:it11111 c11rne11m. J>1gm1·nt ladtm chromatophoreis 11ncl hist1oc_vlcs in 11uµcrficial 

pars papillari~ of •·11n11m. Marked <'l'ilULtr infiltration of pars papillan11. Slight telang1cctasis 

of supt•rfit·i:il µan; 1·ct1culans. 

. . . . . . . . . . . 
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Plate 3.18 
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COLOR Pl.ATES 

Pla~l's :1~2:!~nll :!.:.?:! Mhow ll'Hions at r.:1 dnys plHil-t•xprn1ure. 

Plate :i._~2 (X 1 oo, 11'1 ~) \Ca .... ,. #75) Loose lamlrullion of stratum corneum with outward papil­
lary prt>jl•Cl-ions and n;sultant-···rugosc" appearnnce. Stratum granulol!Um of good width. 
Basal amt malp1~h1an layt•rs diRlinl't with pigment pn•senl. Slight edema of corium with mild 
tclani.:icctasis and sli11:ht i11crcas1• 111 perivasculnr lymphocytes and perlcytes. Small, atrophic 
h:1ir roll1cll' Udj:ICl'llt to Sl'h:tCCOUH gland-- In mid pllrt< rotiC'Ul&riS. 

!'late :1.2:i fX400, ll&t;) (Casl' #7fi) S11.me 11.s 3.22. Oecasional perinuclear cytoplasmic halos 
111 mid stratum J.{ra11ulos11m. l~oo><l'ly laminated 11tratum corneum. Pii.:mont laden chromato­
phorcs in superficial curium along with ucca11lonal lymphocytes and mononuclr.ar phagocytes. 

l'lall' :1.24 Hhows lesions ts1•t•on<l biopsy) at 46 day11 post-exposure. 

Plait' :1.24 <XIUO, H&.~1 fCa,;c tt:J!IJ Narrow rugoHc t•p1dermls with pnplllary extensions down­
war-d ,;f-Hl.r:lt11m malphi~-1-i. -La-llcr an• heavily laden with mclanotlc pigment. Slight tulangl-

1·claH1s of pa1·s papillar1s and Jllll'H rcticulnriH of dermis. Occasional pigment laden chroma­
lophnrcH 111 HUpcrficial dcrrniH. 
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CHAPTER 4 

HEMATOLOGY 

4. l lNTHODUCTION 

Since it is generally agreed that a depression in the formed elements of the peripheral 
blood is the most useful practical clinical indl'X of the degrl't~ of exposure to innizinir radiation, 
a systernatie study of the leukocytes and platelets was relied upon as a major aid in l'Valual ing 

the clinical status, severity of the radiation injury, and prognosis of the expoBed individuals. 
Animal experimentation had previously shown that the rate of development and magnitude of 
the depression were equally important in evaluating the severity of radiation injury. Since 
there had been no previous exposure of human beings to significant amounts of fallout radiation, 
no hematological data known to be strictly applicable• were available for. 1.1se as a i.ruide i_n th_e_ 
evaluation of the exposed Americans and Marshallese. Accordingly emphasis was placed on 
systematic serial studies, utilizing a few highly standardized hematologic determinations_ to 
insure that individual and group trends would have maximum validity. Since it was known that 
the Ulirik group had received a very small dose of radiation compared to the other exposure 
groups, less extensive determinations were carried out on these people. 

4.2 GENERAL METHODS 

Hematological examinations included total leukocyte, neutrophile, lymphocyte and platelet 
counts, and hematocrlt determinations. Whenever possible an entire exposure group was 
studied in a single day. Occasionally two days were required to complete the lar11:er ~roups. 

Capillary blood was used, usually obtained from the finger but occasionally from the heel 
or ear. Two pipettes each for total leukocyte and platelet counts were filled. From each pipette 
a single hemocytometer chamber was filled. All pipettes were rotated for to minuteis, and the 
cells were allowed to settle for 10 minutes in the hemocytometer chamber l>efore counting. A 
3 per cent acetic acid diluting fluid was used for total leukocyte counts. The blood was diluted 
with 1 per cent ammonium oxalate for platelet counts and counted in flat bottom hemocytome­
ters using a dark phase contrast microscope.,. Two blood smears were madt• with each ex­
amination, using a beveled end glass slide for spreading. One blood smear was fixed in methyl 
alcohol. The other was stained by Wright's method, Crom which a 100 cell differential count 
was made. Hematocrits were performed using heparinized capillary tubes. One end of the 
capillary tube was heat sealed and the tube was centrifuged in an ALOE centrifuge at 12,500 
rpm for 5 minutes. 

•A large literature on the hematol•)gic effects of radiation exists; however, th-ese data were 
not relied upon for direct comparison and evaluation of the exposed individuals for reasons that 
will be indicated later in the discussion. 
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Every effort was made to mainla-in u~lform pron•dures ln ev••ry phast· of lhl' lah1ll·a\111·y 

work. The number of perso111wl chan~es. for a ~lven procedurt• was lwld lo a minimum; 111•r­

so1111Pl drawinv; blood from a sinv;l1· puncture were sufflclcnl ln 11u111lwr to allow all s;1111pl<'t1 t11 
\)(' l;1kl'n in rapid suc1·Pssio11. All I lm1· lnlt•rvah1 w1•rt• rlitldly c·onlrolll'd. 

4.3 METHODS OF THEATil\IG DATA, CONTROL GHO~PS 

Pre-exposure blood o+iunlt; were not available on the exposed M11rshallct1e or Anwrlcans; 
hence the individuals could not be ut1ed as their own controls. In order lo et1timate tlw severity 
of the hematologic response It was necessary to et1taullsh control groups as' comparable as 
possiule in respect to ~e, race, sex, background, and habits. A Mart1hallet1e control group 
living on Majuro, comparable with respect to age and sex to the Rongelap people, was used a.i; 

Tablt• 4. I tl~MATOLOGICAL Rl':SULTS, CONTROL GROUPS 
-~ --- --- -~-------- - --------------

No. 
Hem11\ocrlt • 

(l't•r Cent) 
Cu11lrol Ai.te In WIW Ncutrophllt"' LymphoC'ytes Plulclt'ti; 

tiroup (yrl (ip. (. I 03) (x 1031 (x 1031 (" 10'1 M }'' Comb 
--·-·~ 

MaJ11ro 0-5 22 13.2 4.8 7.4 :J8.8 38.5 :17.:l :11.e 
( lll) ( 12) (22) 

ti - If> 14 JO.Ii 4.8 5.1 38.6 41.:I 40.ti 40,9 
(ti) (H) \14) 

1[1- 50 u:I U.4 4,8 4.0 30.9 4ti.8 40,4 43,3 
(29) (:\4) (u:u 

,.:;o 14 9.6 5.0 3.7 30.7 43.ti 4t.tl 43.0 
(10) (4) (14) 

;, 5 91 9.7 4.8 4.1 33.6 45~ 40.ti 
•. 15 37 38.5 
.. 15 76 30.8 

-· Kwai- >18 28 7.8 4.1 3.1 23.8 44.9 
Americans 

•Numbers in parentheses indicate number of Individuals In the group. 

the Marshallese control group. For comparison with the exposed Americans, blood counts 
were made on approximately 85 American males, on duty at Kwajaleln. All who had not been 
on duty in the tropics for more than two months were excluded since the exposed Americans on 
Ronl-(erik had been in the area for about two months lJefore exposure. In addition several who 
wen• recently associated with radioactive materials were excluded. The resulting t1maller 
group or 67 was used as the Kwaj-Amerlcan control group. 

Preparatory to analyzinl!: the hematological rc1:1ults on the exposed Marshallese, data from 
the cnntrol Majuro Group were examined lo determine l( there was an age or sex dependence 
in the hematologic oh1:wrvallom1 (Table 4.1). Although the neutrophlle count wa1:1 Independent of 
av;<', lh<' lymphocyte counts Wl're siv;ni£icantly higher in children below the age of 5. Simllarly 
till' platelet count was higher in the younger age groups; however, a relative depression ap­
peared tu occur al about age 15. 

The total leukocyte, neutrophile and lymphocyte counts were independent of sex. The hema­
tocrit of females was lower than that of males, particularly in the child bearing age grnup. The 
age and sex dependency of these endpoints is comparable to that in published data. 11 • 

11 

To obtain valid comparisons within and among the various exposure groups, they were 
stratified in accordance with age or sex dependency noted for the control groups. Although 
each individual in all groups was studied· hematologically, those Marshallese with serious long­
standing diseases were omitted from the analysis. A total of two from the Rongelap and two 
~- •m the Majuro groups were omitted on this basis. 

64 

_;,_:~tr 
,. , 
~-'· ,. 
~':i - ,... . 
I"·· .. 
i:r-
': ".!' 

r· 



-~-----...-...-------------,---------------~-----:;---,-:-=--:k ..,.., __ - r 

,.. .-.,.:;);Ii- . -'. • • 
In thl' fnllowtni.: dt•tH'ripllontt and Q>RitiadentH6_ 4 .. h(. datll, ·f\ndin..:s ln th1• 1·xpos1•1t 1.tro11pH 

ar .. u1-111ally 1•xprPs1·H•tl in tl'ri111-1 of per rl'nt of the npproprlat1• rontrol 1.tro11p. It should ht• nott·d. 
howl'vl'r, that In ohs1·r~·ational 1-1tudles of thls kind, unknown f:ldors t'oulil pw•slhl\' a1·t'ou11l !or 

part ol tht' 11iff1·rl'111·1•s 1111tt'd h1•tw1•1•n lh1• 1·011trol and 1•xpoH11r1• i::r1111pio 1•v1·11 lh1111._:h all pos:-ilhlt• 
mPasure.-.; w1•rt• takP11 to ::wl1·1·t a romparahlt' l'nntrol i;roup. 111 addition. II was ll•'t possll>il' to 

obtain n1111·p than a sini-:le blood t1amplc on t•ach control lndlviltual. For tht's•• n•uso1ui, slitl l!dl­

cal tests of SiJ.!11lflcancc .were applied mu Inly lo tlnH• l'hnni;es within u11 exposure group, und 1111t 

to differences hct ween control and exposure i.:roupt1. For t ht• purpoHe of dckl'l lni.: i;licntlkant 
chani-:1·s in llH' h1.•n"latolo~i1.·al pattern, m1nparametri1.· tests (1.t'., stalit1til'al lt•sls for whh'h il Is 
not net'essary to specify th<' functional mstribuUon of the variate under study) Wt'rt' uscd.sa--u 

Tlw advantai-:Ps of nonparametric methods have been summari:t.ed." 

4.4 HEMATOLOGICAL FINDINGS, GENERAL 

Total leukocyte, neutrophile, lymphocyte, monocyte, platelet and eosinophlle <'ounts for the 
several exJlOt1ure groups are given by day and by age In Tables 4.2 to 4.5. The mean total white 
<'ount, neutrophlle, lymphocyte and platelet counts at the tlrnei:i of pt!ak depression (time over 
which c·ounts were consistently the lowest) are shown In Tables 4.6 and 4. 7 (pp 78 and 79) for 

each individual in the Rongclap and AilinKinae groups, respectively. Hematolu~ical flndln~s as 
a funct10n of time and aise are shown also in Figs. 4.1 to 4.8. The cumulative dlt1trlbution 

l'Urves for the various exposure groups, uslnl{ the average of rounts obtained over the period 
of maximum depression (dayt1 39 to 51 for leukocytes; days 26 to 30 for platelets) are i:ihown in 

Figs. 4. 9 lo 4.11. • In the figure1:1 emphasit1 is placed on the individual blood elements rather 
than on the total leukocyte eount, since the component elements have distinct and different 
time trends after irradiation. 

Table 4.2 RONGt:LAP GROUP Mt:AN BLOOD COUNTS BY DAY AND.-UY At.a: 
-------

W.Il.C. Neutrophlles Lymphocytes Plnl<'ll'ls Monocytcs t:oslnnphllcs 

P.E. Day 
(• 103 ) (• 103> (x 103) (x lo') --1· 1orr' (x 102) 

----- -·- - ---- ----· 

• 5 ,5 '5 >5 <5 >5 <15 '15 ,5 >5 . 5 >5 
--------- --- -------- -----

:1 !l.O l!.2 6.4 4.7 I.I! 2.2 0.1! 0.3 O. l 0. 7 
7 4.9 ti.2 

10 ti.6 7.1 3.5 4.5 2.6 2.1 27.5 22.1 2.9 I. 7 I.ti 1.1; 
12 5.9 6.3 :1.5 3.9 2.1 1.7 4.2 5.4 1.9 l,!l 
15 5.9 IL5 3.2 4.1 2.4 1.9 26.1 19.ll :i.o 2.:1 I.I 1.:1 
Ill ti. 7 7.2 :1.4 4.7 2.4 2.1 2:1.0 1!1.1; 2. 7 1.7 :1.5 I.ti 
22 7.0 7.4 4.:1 5.0 2.h 2.1 16.2 14. 7 I.II 2.0 2.:1 I.II 
2<; f1, 7 1>.I :1.0 :l.!J 2.:1 I.II 12.1; 10.n 1.11 1.1; i.n 1.:1 
:111 7.ti 7.11 4.0 f>.J :1.2 2.1 1:1.:i 11.r. L~• (I,!) :1.'6 2.2 
:1:1 h.~J li.2 :1.1 3.11 :1.2 2.u 17.!I 14.t; 1. 7 t.1; :!." 2.2 
:l!I ~ ... , f 1. f 1 :1.0 :1.:1 2.•i 2.n 23.H 21.b o.n O.!I O.!t I.II 
4:1 f1.Z !1.2 :t.o 2.1; 2.!I 2.:1 25.0 21.11 1.1 I. I 1.4 0.11 
4·1 f1.U !UI 2.11 :i.:i :I.I 2.4 25.K 20.ti I.ti 1,0 I. I u.:. 
!'"ti ti. 7 r, .• ; 2.li 3.a 3.4 2.1 24.2 IH.2 2.5 l,(j 0.11 0.7 
!"Jfj 7.0 1;.o :1.!", 3.f) :l.7 2.4 1. 7 1.2 
!i:l 7.7 ti.ll :1,9 3.ti 3. 7 2.3 2l.I! !!I.I o.;, O.!I 0.:1 0,1; 
70 7.ti 6.5 :1.e 4.0 3.3 2.2 :1.4 1.!I 
74 21!.I 21.1 

Majuro 13.2 !l. 7 4~~ 4.~~J ii'~ ~~-~_,::r-e 2.0 2.0 9.5 4.7 
Controls ·--.,,... .. ~-~ ' "' - ...., 

'"-~ 
: ... · ..... 

•In the Utirik group the cumulaliYe distribution curve for platelet counts only is presented 
since hematological determinations.in this group were not made during the 39 to 51 day period, 

used for leukocyte comparisons amo"ng the other groups. 
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l'.L Dav 

a 
7 

10 

12 
15 
Ill 

22 
211 
:m 
:1:1 

Mttjuru 

(:oulrul"' 

P.E. Day 

4 
14 

.19 
29 

Majuro 
ControlH 

l'.t:. ll;oy 

!I 

10 

II 
12 

13 

lfi 
I!! 

23 
28 
3:1 

39 
43 
47 
51 

Kwaja\ein 
Controls 

W.11.C. 
l. 1th 

" . 5 

ti.ll j .o 
5.5 ti.II 
li.3 7.:1 

ti.:t 7;t; 

7. l 7.U 
ti.II 7.11 

H.!I II. 7 

11.4 7 .o 
~.ti ff.ti 

7. 7 7 .II 
7.£> t>.2 
Ii.II 6.5 

1.:1 Ii. 7 
11.4 li.3 

4.11 11.:1 

1:1.2 II. 7 
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Tahlt- 4.7 AILINGIN~~: GH<llfP M~:AN BL<>OU COUNTS AT TIME"OF PEAK l)(.'\'lll·:ss1uf'i 
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The al>solulc neulrophl\C' C'.ount of both the younger and older age ~roups rt•ll durin~ the 
sPcunct wt>ek Io a value. approxi matc\y 70 to 80 per cent of that or the controls (awe Fi.:. 4.1). 
Followin~ the depression or the Iola! neutrophllt> count during the second week, the values wt•re 
u11stable until tht• firth week. At this time the beginninll: of a second drop ( P < 0.01) was nolt•d 
fur l>nth age groups, and a low value of approximately 50 per cent of controls was reached. The 
count was maintained al approximately 75 per cent or control values from the seventh week 111 

the end of the study. Allh11ugh ooth age groups followed the same general lime pattern of re­
sponse, the lower age group was l>elow that or the older group throughout most of the observa­
tion period. 

The absolute lymphocyte count of the older age group (Fig. 4.2) had fallen by the third day 
to a value approximately 55 per cent of the control group. This value was maintained through­
out the study, and there was no definite evidence of an upward trend during the study. The 
values for the younger age group likewise fell before the third day to a value approximately 25 
per cent of the control, following whlch there was a signH;cant upward trend. With the total 
lymphocyte count, there ls a consistent difference between the two '4te groups. How<'ver, during 
lhl' h rst four we<'ks the difference ls accentuated when expressed as per Ct'nt decrease becauMe 
of the relatively high lymphocyte levels in the lower age control group. Aflt~r this pt•riod th<' 
differences expressed as per cent are less marked since recovery was more rapid in the 
younger age group. 

The C'.ellular elements chiefly responsible for the fluctuations in total while l>lood cell 
cqunt can be determined l>y comparing the total white, neutrophile and lymphocyte counts ( Fip;. 
4.3). It i!-; seen that the lymphocyte count remained essentially constant throughout the period 
of study, while the total neutrophile count fluctuated with a pattern essentially id<'ntit'.al to that 
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11f th•· total while hl•M11l ;·1111i1i (,·.,l('·rfii·it>i1t"iir (:t11-r1·1 .. 11rn1 of 0.9). Thu,., lhL·.llucl11;1t1u11:, 111 t11lal 
l'<H111l w1·1·1· 1h11· lo 1"11a111:1·s 111 lh•· 111•11ln1philt• 1·011111. This w;1s lrut• 11f l>oth lh1• 11lllt>1· :ind v11u111:e·r 
age· 1:r,.11ps. It .-a11 h1· se·P11 fr11111 T:1l>le· 4.2 that the• 11t'11trophllt• t'11\111t·w;1.i 1·11111•lsle·11llv 1:y1•:ile·r 
lh:111 till' ly111phewylc• 1-.111111 111 till' 11ld1·r ai.:1· i:;roup. In till' yo1111i.:1·r i.:roups, dllft·r1•m"'" 111 llw 111•11 
ln1philc· :111ci lv111phoc·yl1· 1·111111t w1•n· ll's:.; marked and 011 i41X on·at-1h111:.; tht• \\·111pl111cvl1• n11111t was 
i.:rc•al l'r t ha 11 1111' lll'Ut rllphi It• 1·1111nt. 

Platt'll'ls wt•r" first 1·11unt1•d_lO days after l'Xposure, at which t!nw platt'lt•t v;1hll'l'I ,,f th1· 
oldt>r :i::•· 1-!.l"llll(•S Wl'1·1· appn1x1111;;t1·ly 70 tlt'r ct•nl of llw control ~roup ( fo'ii;. 4.4\. h11\11w1n1: llus, 
tlw plall'lt>t C'ount ft>ll rPacfiini; a low of approximatt>ly 35 pt•r t·ent of c11ntrol valm• duri11~ tht• 
foui"lh week. The platelpt eount rosl' durlnµ; tht' 5th wt>ek and reached the value nnted for tilt' 
initial counts 1111 tlw 10th day. A set'.ond decrease in the platelet count (P ... 0.01) dt>v1.•loped dur­
ing the 7th and !!th wPeks, and valut'!:i rt•mained at approximately 70 per cent of tht• control 
~roup durini.: the remaindPr of thf' olJsC'rvatlon 1wriod. The pattern of platelet counts In tht• bfo­
low 15-year µ;roup was n•111;1rkal>ly similar to that notPd in llw older a~e groups. Differenees 
l>etw<'Pn th<' ag1· ~r11ups wC'r<' l•·ss apparC'nt If the platelet C'ounts wen• expresst>d as per C<>nt of 
llw control ~roup. 

4.6 AILlNGINAI<: CHOUP 

111 this l-!.r<111p llwn· wt·n· only thrt't' 111tlividuals lwlow agP 5. For thl!:i rt•a!:ion, rt•marks will 
hl' t'<111fi111·d Psst•ntially to lhP 11lder age• i.:roup. 

Tlw absolute 1wutrophilc c·ount fluctuated around the control value for the first six weeks 
of observation (Table 4.3). At this timt' the counts began to Call, and a value approximately 75 
per cent or the control count was reached and maintained throughout the duration of the obser­
vation period. The lymphocytes in this group fell to a value of 55 per cent of normal during the 
first week. The counts then flurtuated around this value throughout the period of observatk n, 
and no definite upward trend of the lymphocyte count was noted during the period of observa­
tion. 

As was noted in the Rongelap ~roup the lymphocyte counts remained at an essentially con­
stant low level throughout the period of observation. The total leukocyte eount irr'this grour 
also reflected changes in the neutrophile count. 

The platelet counts in the Ailinginae group were low, approximately 75 per cent of normal, 
when first enumerated on post-exposure day 10. The counts remained at this level during the 
second and third week; however, a definite fall in count was noted during the fourth week when 
a low value 45 per cent of control was attained. The counts returned during the fifth week to a 
value approximately 70 per cent of the control level, where they remained for the duration of 
the ol>sl'rvation period. A sel'ondary fall, as observed In the Rongelap group was not deterted. 

4. 7 UTIRIK GROUP 

In the i.:reatcr than 5 a~c ~roup the total white blood cell and neutrophlle counts were de­
pressed slightly l.Jelow control values during the first and second weeks (Table 4.4). The 
lymphocyte counts were below control levels consistently, and the total white count equal to 
the control value obtained on day 29 was due to a neutrophilic leukocytosls. 

Platelet counts on the 29th day were significantly lower than on the 19th day and were 
lower than control values. The 29th day coincides with the time of maximum depression for 
the more heavily exposed groups. 

4.8 RONGERIK GROUP (AMERICANS) 

The neutrophile count in general reflected the time course of the total leukocyte count 
(Fig. 4.5). Neutrophiles accounted almost entirely for the marked rise in total count on post­
exposure day one, and the values for absolute neutrophile count fluctuated near the control 
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valuPs llll'rPaflt•r 111 th" 1·ounw of lhl' study. Tiii' lyl11jili11i·y·11· 1·n11i1ls 11·11 lei lu 1 .. w 1"11nl 1·e1i 1,., ... 1,_ 
111 I iii' fi r·st ft•w days, and n•111aim•d al a lt'Vl'I approxirnalt>ly 7;, pt•r n·nt 11l 1111· n•nt rnl val111• 
l hr1111µ;h11ut most 11f !Ill' n·ma rndt>r of t ht• ohsc·rvallon pt> doll. 

lr1 lhl' H1111~:l'lap and Aill11~'.i11a!' µ;roups the fl11ctuat1011s in tlw l11tal l1•11k111·v11• co1111I wt•n· a1· 
l"OU11ted for al11111st t'11t1rc+,r by l'hanj.!Pti in the• t11lal 111•11tn1ph1h• n11111t. Thi• H1111~:1·rlk f:l'1•1111 illl 
fc•recl s11irc· tlu· l'hang1·,.; 111-tot;tl ll'uk11cyt1• l'ount Wt'rt• n•flt'dt•d almost tiqu;llh 1111111' ly111ph11 
<'yle and nt'ulr11phll<• count. Thi' sij-!nlflcaun• of this dlff1•r1•11c1• In r1•sp1111:-11· 111 tlu• tw11 .,:roups L" .,. 
1111l apparent. 

Till' platt'let c·c~nts (Fig. 4.6) wert' not markt>dly dt·prt•sst>d wlu•n !ht• 111it1al c111111ls Wt'l'I' 
la ken du~ng t hi' third Wt'ek. At the end of t ht> third wet:>k, ht1w1•ver, tht• platdl'I 1·11u11t lw~an t11 
fall to rt•ach a low of approximately 60 per <'Cnl of control levels at the end of !ht• lourth wt•t•k. 
The valuP then returned to approximately the control level at the st:1rt of the st•vtmlh Wl't"k, 
followinµ; which a second depret1slon was noted. The platelet t'ounts were at ;1 level of HO per 
rent of !ht> control valut• at the ti me of the last observal ion du ring I h<' l'ighlh post -t•xposun• 
week. 

4.9 MONOCYT~S AND EOSINOPHILES, ALL GROUPS 

From Tal>l<' 4.2 it i,.; set•n that the mean monocyte l'Ount for tht> Hongt•lap group rose ab­
ruptly from an early value below control levels to a well defined peak on day 12, following which 
it fluctuated at values l>elow the control level for the duration of the observation period. A 
similar tinw trend was noted 111 the Ailinginae and Utirik groups. 

The eosinophile count in the older age individuals, Ronµ;elap group, rose from very low 
levels observed on day 3 to values approximating 35 per cent of control during the 1:1econd 
week, where it remained from the third to the fifth week (Fig. 4. 7). The counts the1i decreased 
( P < 0.01), and remained at a value approximately 15 per cent o~ control throughout the re­
mainder of the study. The time trend of response was similar in the younger age individuals, 
however, changes in the younger age group were relatively greater if considered in terms of 
the control values. Similar trends in eosinophile count were not evident in other exposure 
µ;roups. 

It is possible that the rise in eosinophiles represents that reported as occurring " ... two 
to three weeks after short-wave-length irradiation"." 

4.10 HEMATOCRIT, ALL GROUPS 

The hematocrit values for all exposed groups are shown In Table 4.8 and in Fig. 4.8 (a de­
tailed breakdown of hematocrlt by aite and sex for control groups is given in Table 4.1). When 
hematocrlts were first dune on the 22nd day, mean values for the Rolll(elap and Allingtnae 
µ;roups were uelow those of the control population. A significant trend in values •Uter this time 
could not be detected statistically. 

4.11 MORPHOLCXiY OF PERIPHERAL BLOOD - ·-

SignHicant morphologicai cellular changes, with the exception of a small number of ab­
normal mononuclear cells• seen In a number of individuals during the period of neutropenia, 
were not observed. Similarly altered cells have been observed previously." Complt>te 
evaluation of these changes in the present study would necessitate an exhaustive serial study 
of the hematology s~ides. 

•There was considerable difference In opinion in respect to classification of these cells. 
They were classified as atypical monocytes, degenerating lymphocytes, atypical myelocytes, 
monocytoid lymphocytes, and lymphocytes in transition to myeloc~rtes. At the time of this re­
port there was no unanimity of opinion in respect to classification and significance of these cells. 
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4.12 COMPARISON OF HEMATOLOGIC~L _F1N_DIN9S IN CH~:X:.D~~_!'l -~ND ApUL TS, RONGE: 
LAP GROUP 

It is seen from Tables 4.2 to 4.4 and Figs. 4.1, 4.2, and 4.4 that differences in the degree 
of depression of cellular elements were, present between children and adults. In Table 4.9, the 
mean values of the neutrophile, lymphocyte and 1,1latelet counts at time of peak depression for 
each element are given in terms of absolute count and per cent of appropriate control value 
(mean platelet counts were calculated for the less than 5 and greater than 5 age groups for this 
comparison). 

Table 4.9 COMPARISON BY AGE OF MEAN NEUTROPHILE, LYMPHOCYTE 
AND PLATELET COUNTS II" THE RONGELAP GROUP 

AT THE TIME OF PEAK DEPRESSION 

AbHolutc Count>- 103 Per Cent of Control 

Typt• of C<'ll A11:u <5 Age >5 Age <5 Age >5 

Neut rophllu 2.7 :I.I 56 64 
I .yrnµhocylt· 2.!J 2.2 40 54 
Pl all' lets 11 !i 122 30 36 

It is seen that in terms of absolute counts, the children showed a greater depression of the 
neulrophile count, and the same degree of depression of the platelet counts and less depression 
of the lymphocyte count. These differences can be most easily described at the time of peak 
depression. Expressed as per cent of control, all elements wen~ affected more markedly in the 
younger age groui:. These results would indicate that children are more sensitive to radiation, 
or that other biological or physical factors resulted in a relatively greater effect. 

4.13 DISCUSSION 

4.13.1 General 

An estimation of the severity of radiation damage incurre-d can be attempted by comparing 
the present results with previous hematological data on total I ody exposure. The present data 
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r1·prt·sc11t th!' only larv;t• Sl'rit'l'I In whil"11 syst1·matll'.·~1·1··i;11·1.-.11111I:-. i111 ·11w : .. 11111· 111d1v11h1.ll;; h.1v .. 
h1•1•n poss1hlt'. and thus lht•y 1·11mpritH' tlw m11st 1·omplPle dat:1 avati;1lil1• 1111 h11111a11 ht·111gs 1•x 
pns1•d in !ht• hil!h s11hlt'lh:il rant!;<'. It iH all'lo 11f 1111porta11c1·. tlwrl'f111·1', '" •·xa111l111· lht• prt·:-wnl 
n·sults ln conjuncl 11111 with past 1·x1w1·i1•1H'I' in an t•ffort lo µ;ain a hl'llt•r 1111d1·rsta1ull111: 111 lht• 
lw111atolov:1l'al rt•spons1· iii hu111:111 ht•111µ;s 1•xpo1·1t•d lo t1t•11l'lrat111._: radlat11111 111 lh1• 1"111bll'lha\ ra11._:1'. 

Jn tlw fllll11wi11g discus~i1111 it will ht• i.:1•1wrally assunlt'd that tlw hP111at11l11i,:l1·11\ l'f!1·1·ts 

noted Wt'rt' due primarily In th1· pt•netrating gamma roidlalion rt'l't•lvt•t!. Thi' hl'1;1 radlat\1111 111-
Jury of th1• skin may havt• {:rmtrllmted lo flul'lu;1ti1111s In the whltt· 1·ount durln._: lht• pt•riod of 

aclivf' lesinni:; during-the third, fourth. and fifth week, but is consldrn•d not to ha\'t' 1·011lributed 
sil!nificanlly to depression of any peripheral <'lenients (1we chapll•r 3). The 1\t>grt't' of inter1i;1l 
contamination with fission products (see chapter 5) was prol.Jably too small to 1·011t rll.Jull• sig­
nificantly to the early hematoloµ;lcal effects observed. Although It is not possible to say with 
certainty that th1•sl' added farton; did not materially affect th<' lwmatolo~ical pattern seen, it 
will bf'l'ome evidPnt in the discusi;ion that the changes observed are not inconsitil<'nt with those 

to be C'Xp<'cled from ex1>osun· to penetrallni;i: radiation alone. Thus lht• lwmatolo.,:ical changes 
11oled ar1· 1·onsidPrPd 111 b<' tht• result of a sinl!h' expoi;urt• lo p1•1wtratin.:; gamma radiation, de­
livl'n•d at rapidly decrl'asing dost• rates ovt'r a p<'rlod of approximately two days. Unless 

otherwise stat1•d all dist'ussio11 will be llmllt>d to Uie adult Ronµ;f'lap l!l'l)Up. 

Tlw pr11w1pl1· s11un·1•s of pn•vious data available for comparison, and tilt' charal'lt•rlstil's 

and 11mitati1111s of each art' summarl:t.ed In Table 4.10. PPrusal of tlw tablt• will makt• appart•nt 
th1· diffiC'ultit·s 111volved in attempting strict comparisons; howPvt•r, Slllnt' statt•m1•ntH can I.Jc 
mad1• c11•spitc· tht' obvious limitatwns. For easy rcfercnrc, "normal" valu1•s for Jll'riphcral 
hlood 1·01111ts, from the prt'Hl'nt data and from thl' llterature arc presented in Tal.Jlt• 4.11. 

4. 13. 2 Corn pa rison with thE' Japanei;c Data 

The limitations sta.cd in Table 4.10 apply lo the Jap<lnese low dose groups• E to Hin par­
ticular, in which values given"·'7 are pooled and Include individuals located at tht• time of the 

bombing such that they may not have received significant exposure. Henl'e,· while the pattern of 
chanl!e with respect to time is of value, absolute counts probably are high. The time course of 

hematological change i1 the Rongelap people corresponded most clo~e_ly with these low expo­
sure .Japanese groups in which definite signs of severe radiation exposure were present in 

some individuals but in which essentially no mortality occurred (initial hemotol~ical studies 
on the Japanese terminated at 15 weeks). The early period up to approximately six weeks was 
characterized by considerable variation in total white count in both the Rongelap and J -· rnese 

people. This fluctuation may be associated with the presence of thermal or other injur ; in 
the Japanese or the active skin lesions in the Marshallese, or may correspond to the "al.Jortive 
rise" noted for animals followinµ; exposure. lit,W From the sixth week until the termination of 

th!' aC"ute studies on the Marshallese during the tenth week, the Japanese and Marshallese 
1·11unts remained at similar levels. 

Th!' neutrophi le count in both the Japanese and Marshallese In t?:eneral para I lch'd the total 
white count. Thl' lymphm·ytc !'ount In both l{roups was depressed early and n•mained deprcsst•d 
at valuPs of approximat1•ly 2000 until week 10. The high value of 2692 n•portt>d for the .Japanese> 
for Wl'ek.,; 12 to 15 must bt• suspected of bcln~ high (or tht• n•;u;on11 gtVPll in St't'tlon 4.13.2. 

Three rharaderistlcs of the .Japanese l11•m:1lologlcal trendM should be pointed out: a) while 

hiµ;h dose exposure groupH with siµ;nlficant mortallty showed early deprest1ion with a definite 
low poir.t at four weeks, the lower dose groups showed no definite minimum ;1t tour weeki:; but 

rather a continued depression until the eighth or ninth weeks. b) While the mean values for 
total white and neutrophile counts for even the heavily exposed groups had returned to within 

*The Japanese casualties were divided into groups A to Hon the basis of degree of expos­
ure as determined roughly by distance from the hypocenter and approximate degree of shield­
ing. In groups E to H essentially no mortality ascribable to radiation exposure occurred in the 
first 3 or 4 months. 
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Table 4.10 CllAHACTt;RISTICS ot· AVAILABLE UATA UN TIH: IH:MJ\Tlll.l 1!;1\ '1\ I. 

t;n'H'TS OF l'ENt:THATINli HAl)IATJON 

Sou rel' of dnl a 
J up:llll'St' Cllnh'lll Lnborntnrv t:xpnS<'<I Lnr~•· 

Chn rnct t•ri st u·s Jluml>i111ots .. -' 1 Rudlollw r npy" Acl'ld1.•nt s
49 ''° M11rsh11ll1·sc· Aul11111ls••1 

N11111lic•rs In liroupi. Lal'J(•' Sm nil 81111111 Llll'ltl' l.111')(1' ... 
i\1lc"t1un<"y of Control H t':ilr l'oo r 1'1ic1r lio11d Vc•t)' l{\M•d 

S1•rral Counts No y,.,. Y1•H . Yc·H y, .... 

Count lnl{ Fntr Fnlr ( iood ( i1111d (iotM.t 

Tc•,.hnlq111•i;• 

Chu11C'C' of h11ti; elm• to L:irtc•' Lnrl(" l.ltrl(C Smlll l Snu•ll 

sa111pl ll11{ 

t<'l'lmiquc·s 

"Normal" Yc•i; No Yt•s Yes \'1•s 

individuals 

Internal None None· Noni• Minimal Nnnt• 

l'ontaminalion 

Addlt ional truuma Yt·s No Yt•s Yen N11 

(burns etc.) 

Spt'('i••i. extrapolation No N11 No No Yt•s 

necessary 
Type of radiation liamma, Hard x rays, Gamma, neutrons, Gamma, beta Hard x rays, 

some gamma x rays, betas lo skin I{ am ma 

neutrons 

Dosage estimation Poor Good Poor Fair Good 

Sinl{le l!Xposure Yes Usually no Yes Yes Yes 

Ousv r··te Instantaneous -5r/mln Ini:;tantaneoui; Vurylng, -·IOr/miu 

-5r/hr 

Body region Total body Usually Total! and Total body; Total body 

partial body purUal body beta to skin 

DosBfte Runge Su bl cthnl &i Sublclhal Sublcthal &i SubleUml Su blt•thal Ii 

ldhul lethal lothal 

Geomt'try Nurrow beam Nurrow beam Narrow beam 360" fl l'I d Narrow IJcam 

Ut•µth OOSI' cu rvl' Moderate fall Varlablt• H.apld fall off E11sent111..lly Variable ·rapid 

off flat fall off lo 

flat 

*Same tcchnlclWls for all counts; rigidly standardized techniques throughout etc. 

Sou rec of du ta 

Dokrminalion 

Tola I Whitl' Count 

N1·utrormi lt•H 

J ,y mphocyleK 

Monocylt•H 

l~oH moph i lcH 

H:tHflf)hi 11, ... 
l'lalelels 

Table 4.11 MEAN PERIPHERAL ULOOD COUNT VALUES 

1'"0H SEV~:H.AL CONTROL POPULATIONS (x 10') 

Japanese Kure, 

1947-1!14HU 194 H-1949U Americans•" Americans31 

9.9 ~-. !) 7.4 7.U 

f>.5 a.O 4.4 4.3 

2.9 2.1! 2.5 2.1 

O.li U.6 U.3 0.4 

U.9 1.0 0.2 0.2 

U.1 0.0 o.u 
250t 

Kwa}-

American 

Conlrolis 

7.1! 

4.1 

3.1 

U.3 

0.:1 

0.0 

2:11! 
- ·--··--- -· ---------··----- --·------- ---~--

•Age 21 years 

Ma}uro 

Controls 

\J. 7 

4.8 

4. I 
O.:! 

O.!i 

U.1 

308 
-· - -----

tThe mean value for 50 normal young American men, uaing the technique employed in the present 

studv was 2.-,7,0UU 
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tht' ''norrnal" ra111:P for 1mliv1dual cou11ts hv the• l'll);hlh 111· 11111\h we ... ·k., m·11lw1· "' 111"''" v.llu •. ,... 

[11r t•ilhe·1· the• htgh or low 1·xpnsurl' 1:r1111ps h:ul rC'lurnt•tl tu tlw 11u•an le•\'e•ls 11t :111\· 111 Ille• rn11lrol 

l'"Jllllalions lisll-d i11 T;1ltlt• 4.1 tat this ti1111', 11<11· hy tlw e•1HI 11f lht• study at 1~1 w1•1•ks.• .-\ 
L.vmphot·yll' 1"111111ls n·mai1ll'd d1•pn·sst'd at lt'asl lhn•u1:h tit" 1 ~th we·e•k a111I pnilial>h thn111gh 

I he t 5th Wl'l'k. 
Thl' prt'se11t fi11d111~s in lhl' Man.hallctll' an• in accurd with thl•st• l'11ar11l'l1•rtstln1, namt'ly, 

a) tolal whill' cl'll and lll'\it-f•ophilt• t•ounh; i;h11wt'c11111 c1t'f1nlll' 111illllllU111 al four wt•l'ks as t'Vl­

den<:t>d i11 Ja,pant~s~rou1is A lo D, l.lut rather fluclualt•d durmi.: the Hrst h;w w1·1•ks with mini­
mum mPan rou1;ls occurrin~ in the stxth WC'l'k or later. b) Nt'ulrophilt>- t·t~ts Wt'l't' unslal.lh• 

over the first fivt• wt't!~, and rt!covcry lo t'.ontrol levels w~1i:; not comttlft-e"by tlw 10th week. 

c) Lymphocyte <·ounls rt>mained dt>pr~sed lhrou~hout the (Wriud of 1H.>sl:rvi~t11111. f 
P!alc!Pt dal<t in the Japant.'Sl' are lJOl sufficient lo allow m111·e tlioin l"OUJ!h qualilativ1• com­

parisons. This 1s unf11rtum1tc since chal'!Rt'H in plateh!l cuunls in tlw 11rl'tU'nl studies appeart•d 
l" show a n10r1• 1·onsislcnt pallcn1 than dld lhl' ll'ukm:ylt• counts. Ph1tt•fot <'nunls 1111 01w indivi­
dual 1·011sidt"rt•d as aty11il'al n•s1~>11SP in a 11011 fatal .Japa11cs1·'7 !11di<"at1•d an appart>nt low al ap­
proximately day 39. This li1111• lrt•nd agrp1·s with thal iwcn 111 tlw Mart1l1t1IU•st· ;1111t J\merlrans 

•·xposl'd lo fa I loul radial ion. 
II is worthy of 11011· that the peri<fd of peak incldt!ll<'t• of purpura In thr .lapunest• victims Ol'­

<'Urn·d hdw1•1•11 lht? 25th and :JOth day, whiC"h corresponds lo lhl' timt• of maximum platl'let dt•­

prcssiun in lht· 1•xposed Marshallest?. 

•counts 2 yea;s later were not sigi\tflca~tly different from control Japanese values. 112 

tCounts on the Rongelap people 6 months after exposure showed no elevation of the mean 
total white i;ount, neutrophile or lymphocyte counts over values obtained during the 10th week. 

tNo counts were taken on the Rongelap and Ailinginae groups duri11g this early period. 
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a) An initial risl' In total whllt' count (reflt•ded 111 tht• nt·utt·oph\lt• ._·ou11l) mav ,,,·,·ui·. Tl1t•r<• 
aftPr th1• ma~nilu<ll' 11f dt')ll'l'ssl11n of llll' total whit1• and nt•ulrophll1• 1·ou11ts, and with111 ll1111ts 
thPir rluratic111 an• a funC'lio11 .1f radiation dmw: A sp1·ondl1ry or ahortlvl' riHt' In th" t .. tat whllt' 
nn111t (rc·fll'l'IC'cl 111 tlw 1lt'utropltilt' or lymphocylC' count) may oc-1·11r, foll11wt•d uv a st•1·11111t "" 
cn•as1•. Thl'rt' is litllt' spc•1·il's diff1·r<'nn• i11 llw raft· of ckprt•ss111n of th1• total whtt1• 01· 111•11lr11 
philt> ct1u11t at co111parahl1• d11st•f.; ht1WC'Vl'r, tlw rail' of re1·ov1•ry and llnlt' 101· 1·1n11plt•tc• 1·1•1'l>\'t'l'\' 
is quill• <iifft·rcnt 1n various spt;><'i<•s. Small animals (mou!-lc, rat. hamst1·1·) !'!how 1·t'lattv<'IV t'nm­

plctl' rel'ovcry to control levt>"li:;, t>v1•n at doses in Uw lethal ran~e. by tht• t>nd of lht• !tflh Wt't'k 

or earlic>r. Data t1n dogs-arl' inadequate lo indicate when rel·overy ii; complete; howt•vt•r, rt•­

turn to control levels at high dose levels had not ocrurred by the fifth week. Swim• rt>qu1re \) 
to 15 or more wPeks for <'ompletc n•1·overy. 

b) The rPsponse of lymphocytes is essentially identical in all animal species. Dt•prcsslon 

can lw deteetPd within a few hours, and recovery from the minimum values (al'hit'Vt!d in 36 lo 
48 hours) rPquirt•s lonJ,!;er than does neutrophlll' re<'overy. Lymphorytes fall to vt•ry low l<'veh; 
al dosl's well bl'low 1111• lethal rani.:<'. and inrrt•asln~ dose results In no or minimal furthp1· dt'­

<'rca:-;1· in cou11l. l.yrnpho1·yt1· dt'JIT"PHHion apppars to have no causal relationship with ac·11t1• 
r;1dial ion deaths. 

c-) Plall'IPt c·o1111ts hav1· b1•c11 studif'd moHt extl'nslvely In doi.:H. 11 As with IH'Utrophllt•s, llw 
rapidity ;111<1 ma1'.nil11cil· of d1•prt•s:-;io11 ilj a fl,lncllt111 of dost' bdow tltt• lethal rani.:1·. Maximum 
dc·p1·<"ss11111 •><Tur:-; hy llw !Ith or· IOtH day wfth doses in tlJP hli;:-h lethal ran~e. hy th1· 10th lo 15th 
day al suhll'lhal l<•vds. H1•1· .. vpry ht..•i,:1ns durln~ tht' third week, but is not complel1· by !ht· 30th 
day when must studH~s havl' been l1•rminat~. Insufficient data are avail'l1l:.1le to indicate th<' 
l i llll' requi rt-d for 1·11mplct<' recovery. ' 

Considerablt· evidence includi.11&t studiH in the mouse using sµlenic homugenatei:;, induced 
bacterial infect ions and spuntan~,06' infecttons have indicated that critical neutrophile levels 
exist below which survival is correlated.with the absolute neutrophile count following whole 
body irradiation. Frum data on dugs, it ap)lears that survival is likely unless neutrophile 

counts remain below 1200 cells fol' -a per!od·of time. 
Platelet data on dogs indicate that U{mals with external purpura have platelet counts of 

··1 .. ··i·;, 
50,000 or below. .·• ¥ -• 

Insufficient data on large animals are not as yet available to quantify the extent of maxi-_ 
mum depression of either the neutrophlle or platelet counts as a function of dose in the sub­
lethal range. The response of the platelet count in the present study was much less subject to­
fluctuation than were the neutrophile or lymphocyte counts. For the preceding reasons, sys­

tematic investigation of the platelet and leukocyte counts in large animals as a function of dose 
in the sublethal rang-e are indicated. 

ll is not possible lo say al present whether severity of exposure, or of radiation damage 
l'orrl'latcs helter with absolute leveltt CJ{_ peripheral blood count, or with dei.trec of changP from 
C'll1llr1d 1>1' pre-l'X!HJ8Ure lt•vl'IS. Sonftl e'(ridence on this point can be ~ailwd by ('t11!1parinl! tilt' 
dq.:rc·c· ol clPprPssio11 of thl' lll'Ulrophftc and platPlet counts In Utt' Ailln~111at• and Hon~Pl'ik 
l'.l'oups, both 11! which had cssPntiallftlK' same calrulated expo!jurP hut for which 1·1111trul hcma­
lt1log11"al values wen· l'onsid1·rahly dllrerent (the lymphocyte count ls not suitahlt• for compari­

son s1 nee deg rt·1· of dPpresHion was ~ilsentlally tlw same in the1:1e ~roups and tht• hi~her- dose 
Hongl'lap group). At the tinw of peak depression fur each element...,.both the neutrophile and 
rlalt•lel c:ounts wl'rt' essentially idt>ntical in terms of absolute 4, but considerably differ­
l'nl in terms of the respective control va.lues. Thus some evidence is afforded that absolute 

counts, rather than counts relative to control values, may be the more reliable index of ex­
posure in this dose range. 

4.13.6 Approximation of Minimal Lethal Dose for Man 

Some indication of severity of exposure can be gleaned from a comparison of minimum in­

dividual counts in Japanese groups exposed at Hiroshima and Nagasaki in which fatalities oc­

curred. In general, a significant number of deaths was encountered only in individuals whose 
neutrophile count fell below 1000. In the Rongelap group 42 or approximately 50 per cent had 
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111•ulr11phil1· 1·111111ts hPlo\.\' 2000 at sonu• tin11· <h1ri111:.t'tw nlts1·1·vat111.11 p<Tll•d •. 111d Ill I"'' .. ,.111 ll;id 
1·11u11ls lwlow 1000. llv this n·il1·rio11, lh1•11, llw «'ffl't'l1v1• dos1· 1·1·1·1•1v .. d lty lllC' H1111r.•·lap lll'"Jll•· 
appr11al'i1t'd lh1· 1 .. thal rang<'. 

J11 lilt' d111: :tllli llllHISl',hfl :tflJll'OXilll:tlt•ly r1() tu 100 I' ;1rt• l"l'llllll't'd (tl l11W1•1· tht' lll'llll'ltphllt· 
<'1111111 hy 1000 1·1·lls 111111J itl llw high suhl..thal dnl'i<' ran1:1·. 11 th1•st• tl:1L1 can lw appl11·d t11 111:111. 
an acldil11111al !iO In too r w11ultl hav1• pla1·pd llw tl11s1• in lh1• IPthal r11111:1•. 011 lh1· 11lh1•r h;11ut, 

how1·v<>r, ii is 1·ll·ar from lht'Jll't'Sf'nl data that nt'ulrnphlh• counts ht'lwt•t>n 1000 and :WOO i11 

human lwings an• w<'ll lnl~·ralPd. Huma11 ht>ings with tlws1• l1•v1•ls 11f 111•ulr11ph1lt-s shnw 110 clinl 
l':tl PvidP11t·1• of ill11i'"ss, ar1•.i1hysiC'ally activ•', and do nol tlt'ed prophvlal"tic a11ltl1111t11· tlll'rapy. 

Tlw Rongf'lap JH'oplt• art• l'stimated l11 havl' re(·eivt'd 175 r as 1·aleulat1"d frnm dns1· ral1• 
readings measurPd i11 air in th1• plane fission product ftt•ld. Frnm 1111' prt't't'ding pa1·aJ.!raph It 

is seen that an ;1ddilional 50 lo 100 r of lauoratory radiation or an avt>ra~l' of 75 r, rrohably 
would have resulted in some fatality. C11rrt'C"ti11g this avera~P valu1• gt'omPtry,• it fnlh•ws that 
the minimal ldhal dost> (MLDl for man expost'd in a fission product fiPld is approx1111atl'!y 225 

r measured in air. 
ll is possil>IP also to estimate the addPrl increment of dosc> that would hav1· rcsullt>d in 

somP morta I ity among the lton!!;elap people' from considl!ral ion of llw mini 1~rn111 plat l'lt•I counts 
11hsPrvl'd, llw platell'I lt•v<'ls in do~s exposl'rl in the hiith suhlt•thal rangP,H and thP t•slimatt'd 
rate of dccrt•a::H' or platc-1!'1 11•vel with incn•asing dose in this dosa~t' ra11g1•. ::iul'h an analysis 

!(~ads lo t hi' sa ml' cot1C'lus ions as those den ved from neutrophih' data. 

4. 13. 7 Pcriplwral Counts as an l'!_dex_ (!r~<'v~ritJ_!~l\xposure 
Ttw relative value ~>f tlw several hematolo!!;IC'al determinatioRS in eslimalin~ llw de1tre1• of 

1•xposure, as wl'll as tht~1\pproxirhate dose ranges over whtch maximum sensitivity for each 
dl'lerminalio11 exists, ('an l>t• <·slimaled by comparinµ; the de~rPl' of hematoloi.:;ical <'11an1?;e amonl! 
lhc several exposure ~ roups. The relative degree of chanµ;e in neut rophiles, lympho('ytt·~ and 

platelets can be seen in Tables 4.2 to 4.5 and Figs. 4.9 lo 4.11. Lymphocyte counts were de-: 
pressed appreciably even in the low-exposure Utirik itroup. In the higher dost' groups, how-
1·ver, with widely different physical estimates of exposure the lymphocyte counlt; showed es­
sentially identical degrees of depression. The lymphocyte counts of-the Ron1telap and Ail'n1tinae 
groups were constantly depressed at a level of approximately 2000 cells. T.hus while sensitive 
at very low doses, this endpoint may be a poor index of the degree of exposure at higher doses. 

The total neutrophile count of the Rongelap group was consistently more depressed than .was 

that of the Ailinginae group and the difference was of the order of 500 to 1000 cells. However, 

day-to-day wide fluctuations in the neutrophile counts occurred. Accordingly this endpoint ap­
peared to be of limited usefulness as an index of relative exposure severity except when counts 

on groups to ue compared are performed at the same time. 
The platelet count showed a more systematic trend than did the neulrophile count. Differ-

1·nces between the low-dose Uti rik group and controls at the time of maximum deprPssion for 
a II groups !'ould be dt>terted, and appreciable differences existed between lit<' ml'ans for lhf' 
Marshal11•sp haj.!her cxp11surc i.:;roups. Platplet counting Is as easily carrlPd out and more n•­
produdhlt· than IPukm·ylt• !'ounts. Ji, tr Thus llw plateh•l c-c;unt mny prov1· lo ht• a ust'ful Index of 

dl'J.!l't'f' of 1• icp11surP lhro11J.!ho11t the sublet ha I ranj.!e. 
Tl11· ahnv1· c·11m1idpr;1l ions an• In accord with previous finrlini.tli 1111 human lll'illl-!S ancl a11l -

111als. 

•From geometric and depth dose considerations set forth in chapter 1, 1 r measured in air 

in a fission product field is equivalent in its effect on man to approximately 1.5 r of penetralin~ 
x- or gamma radiation under geometric conditions usually used in the laboratory. Thus the 

minimal lethal dose for man exposed to penetrating radiation under the usual laboratory con­
ditions would be approximately 335 r. 
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4.13.8 Conclusions 

1. Consideration of thP dt->1 .. !TI'(' of depression of pcriplwral Ct'llular t'lt•mt•nts imlkatl's that 

exposure of thl'Se Hon~clap pPoplt' was moderatl'ly severe. prouauly withrn 50 and at most 100 
r of lh1· level wlwre somE' fatalilit•s would have n'sultcd. 

2. TIH' dt'~ree of t'fft•ct 1•vidpu·1·t.J in the Ho11~1·lap people is not inconsish•nt with tlw physl­
<"al t'sl imatps of ~am ma dos1· rt~c·piv1•cl.. Beta lesions of the skin, and the low lt•vPls of int1•rm1l 
radioad1v1· contaminalion obst·rvPd ;irt• consldcrPci not to havt' Ptllltrlhuted si~nlfil'antly lo tlw 

h1•111at11logical chan1:<•s SP.CH. 
:i. Tl11· 1•xte11siv1• 1-11·r1al h<'111alol11j.!ical data ohl.alned, <"onsldl'l"<'d In Pnrmt•1·tion with prl'­

vious d;1la, allow rt•as1111ahly ;!1"("l11"'1lt• ch11n1cl1•ri:1.alion or lh<' hemalolo.:-kal respo11s1• olf human 
lJP111gs 1·x11os<'d In si1w.l1· dos1•s of p1•111'1 ralln~ raciiallon In the hi~h suhlethal rani.:1·. Thi' lrnw 
coill'sP of 1·vl'11ts iH diff,.ri·nt fr11111 thal ou1wrvPd in laq.:c anl111al1-1 ;111d mav ht· d1•s1-rlht'd UH fol­
lows: 

a) Tiii' total whilt· 1·1111nt 1111·rt•a1-11•s liurln!' llw first two or mort' dnyti ;111d th1•11 tl1•1·r1•asrs 
l1t·l11w 1111r111al IPvel:-;. Thl' Iola! crn111t then fluctuates over thl' nl'XI flvt• or six w1•t•ks, with no 
ddi11it1· minimum and with some values ahoVl' normal (the prt•senct• of tlwrmal or ueta lt•sions, 

or olli1·1· <H"ul1• procPsses ciuring- 1111:-; lime may at'count In part for these flul'lualions). Th<' 
count l>1•co111P:-; stauil i zpd dur in~ the st•venth ur t'ighth weeks at low levels, and mi111 m ·n counts 

probably o<Tur at this time. A definite trend upward is apparent in the ninth or tt'nlh -.ct'ks; 

however, complete recovPry may require several months or more. 
b) Tht• neulrophilP count parallels the total while blood cell count. Complete return to nor­

mal values does not ol"cur for several months or more. The initial rise in total white count is 
due to a neutrophili!" ... ukocytosis. 

c) The drop in lymphocytes is early and profound. No evidence of recovery may be appar­
ent several months after exposure, and return to normal levels may not occur for months or 
years. 

d) Th<' platelet count, unlike the fluctuating total leukocyte count, falls in a regular fashion.. 
anci rc;ichci; a low on the 30th day. Some recovery is evident early; however, as with the other-:~­
elPmPnts, recovery may not bt• complete several months after exposure. 

4. As an indf'x of severity of exposure, particularly in the sul>lethal r .. nge, llw total white 
or m•ulrophil<' counts are of limited usefulness l>ccause of wide fluctuations and IJecause st•v­

eral w1•Pk:-; may lw rPquirt•d for maximum deprt•ssion to IJecome t'vident. fhc lymphoryte 
count is of mor·t· value m this re~ard particularly in the low dose range, since dl'prt•ssion oc­

!'Ur:-; with111 hours of <·xposure. Howt•ver, since a marked depression of lymphocyte counts or­
c·urs with luw doses anci sincl' furthPr increase in dose produces little more depression, this 
indt'X is of little value ;1t the hil!her doses. 

~. Platelet count:-; showed a rcgul;1r pattern of change in the present studies, with the same 
ti nH' of maximum deprPssion in all exposure groups and with the degree of depression roughly 

propnrl 1onal lo the ealculated doses. ll appears, therefore, that the platelet count has con­
s1d1•rablt• promise i11 the sulllelhal ran~e as a convenient and relatively easy direct method of 
dl'tcrm111ini..: the de~re(• of Pxposurc. 
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CHAPTER 5 

INTERNAL RADIOACTIVE CONT AMI NATION 

5.1 INTRODUCTION 

A study of the nature and extent of the internal radioa<·tive contamination in the exposed 
human berngs was init;ated on the 16th day post-detonation, with the <'Ollection of 24-hour urine 
samples from the Rongelap, Ailinginae and American groups. Additional information on the 
extent and nature of the radioactive contamination was obtained from domestic animals, food­
stuffs, water and soil collected on the contaminated atolls and sent tu the U. S. Naval Radio­
logical Defense Laboratory, the Naval Medical Research Institute, the New York Oµerations 
Office of the Atomic Energy Commission, and lhe Los Alamos Scientific Laboratory for gross 
activity measurPments and radiochemical analyses. Data on soil, water, and plant.i,; were 
necessary to determine the feasibility of utilizing the foodstuUs and llvini;: area of the contami- · 
natPd atolls. Lon~ term studies of the domestrc animaltJ obtained are being conduded at the 
NRDL, 111 order to obtain information on the p sslble acute and dela-yed h:izard from internal 
radiation. 

The main frndings of the Internal contamination study In the human beings and their en­
vironment are presented in this report. A detailed report on the nature and extent of the in-.... -­
ternal radiation hazard 111 human beings and animals, as well as the contamination of the 
environment will be presented in an addendum report. 

5.2 PHYSICAL ENVIRONMENT STUDIES ----- -------------

A comparison of the food, water and soil samples from Rongelap, Utirik and Rongerik 
indicated a much higher level of contamination on Rongelap than on the other islands. The 
activity appeared to be distributed in the same manner on all the islands. In general, the con­
tamination was associated with very fine particulate matter and was uniformly diEltributed 
throughout samples of earth, thatch, and grass. Significant amounts of beta activity (1 µc per 
plant) as well as fissionable ;naterial (1 x 10-4 µgm) were present on the external surfaces of 
plants al 42 days, but only small amounts of beta and no alpha activity were detected in the 
edible portions. Col'onut tree sap, an important item in the native diet, was found to h;1ve beta 
activities of the level of 1 µc;liter on Rongelap at two months after detonation. Fish colle!'!t~d 
from the Rongelap lagoon were found to have very high levels of activity (0.3 to 3 pc per f1sll) 
as late as 120 days post-detonation. 

The adivity found in soil was determined to be associated mainly with fallout particles 
of relatively large diameter. Rongelap water samples from both cisterns and a well (Figs. 
5.1 and 5.2) had activities of about 1 µc; liter at 30 days. Samples of thatch roofing exhibited 
the highest levels of activity '.n the physical environment. The presence of fissionable mate­
rial was detected on thatch, grass and on plant food. 
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Fl1. 5.1 Well, Ronplap 

Fig. 5.2 Cl&tern • Ronplap 
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5.3 ANIMAL STUDIES 

The studieH on the Ron~clap and Utirlk anlmal1:1 Included measurement of tnlt>rnal radio­
active <·ontaminallon anti radlochcmtc-;ll analvRIH of exrret;1 and tll:l/olUt'H. Tht• anilt• lwmatolnf{I 
1·al and palholol!ical l!ffecl~i of tlw expo1:1ur1•. al't well aH loni-: lt•rm eff<'<'lti on llws1• ;111l11111IH. 
a re hcini-: stuclu•d. In adt11tfo11, £c•rtlllly and halchabtllly sludluH aH w1•ll a1:1 radlod11•1111cal a11al-

ysi1:1 of Cl{l!S la id hy hens f.i;-om HongPlap wcr<' J>Prformed. _ 
Thc:-H' studies ~tve J>rovided Information Oil U1e eXlt'nt und nature or tht' 1ntern;il contami 

nation in th<' exposed human beings. For example, rudloautoicraph1:1 or animal hones prep.ar1•d 

by NRDL and Ar~onne National Laboratoryu (Figs. 5.3 1md 5.4) indkatt> tht• µattnn of t1kel­
etal distribution or fission products, particularly the high concentrations of radiucl1•mcnt1:1 

in the epiphyseal region of the long bones. Further, information on the1:1e anln111ls (which rt•­
ccived a much higher external radiation dose than was received by the native group and over 

10 times the internal deposition) should be of considerable prognostic value for the human 
beings. 

Fig. 5.3 Autoradiograph of Rongelap Chicken Tibia, 11h x, 21 hr Exposure. Animal Sacrificed 
45 Days Post-exposure (Argonne National Laboratory Photo). 
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Fig. !i.4 Autoradiograph of Rongclap Pig Tibia, 42 hr Exposure. Animal Sacrlflct>rl 58 Da_vs 
Posl-t~XpnsUn.'. 

:i.4 HUMAN STUDIES 

5.4.1 Exc'.retion 

Gross beta activity measurements on the urine samples from Rongelap, Ailinginae, and 
Ron~<'nk indicate si~nificant <'ontamination in the majority of samples. The variation in beta 
:ict1v1ty Pxcreted 24 hours amon~ individuals in any one group is quite larl{e (Table 5.1). Ir 
the nw:in v;.ilucs of urine adivity of the adults of the three groups six weeks after exposure 
an' compared, it will be seen that the Ron"'elap ~roup had the hiichest activity, 1208 d m 24 
hours. The Ailin~1nae ~roup had 553 d; m/24 hours, and the American group had 309 d. m 24 
hours. A J!:n>up of the Japanese fishermen exposed to fallout from the same delonat ion h;1d a 
urine activity c-omparahle to that of the Rongelap adult group. 

The rnPan al'tivilv of the individuals under 15 years of al(e appears to be co111siderably 
1,1wer than that ol lhe adult ~roup. An examination of the i.:-roup collections analy:t.t•d hy tht> 
various lahor;ll111·it•s involvt•d sh11wed fairly consistent levels of a<'!ivity for the Individual 
from day lo d;1y. Tlw variation which occurs ls not <·onsidered to be excessively lar~e for this 
type of study. The adivity as fun!'tion of time fell off rapidly due to the large <'omponent of 
Ba 140 

- La 140 and uther shcrt lived radioisotopes. For example the Rongelap group had a mean 
activity of 1208 d, m 24 hours at 46 days and activity of 339 dim/24 hours at 90 days. At six 
months post-exposure the Rongelap urine was found to contain a barely detectable amount of 
beta activity. The results of radiochemical studies of urine indicate that Sr11 , Ba 140 , and the 
rare eartii group apparently constitute 77 per cent of the total beta activity at 46 days. Stron­
tium-89 contributes 40 per cent of the total beta activity, Ba"0 -11 per cent and the rare eart::i 
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Tublt• :i.I (;l!OSS HET/\ ACTIVIT\' IN UHINJ:: OF HUN~ELAP WiOlll' 

(llr1111• ('nll••i·t .. .i on 4nth 1'11111 -<•xprnrnn• Duy 11nd VulU<'M ('on·l'c'lt•d lor ll•••'U\' 

Bud. It> Col l1•c•l11111 l>uv) 

Tolul Tt>tul 

Volunw Bl'ta Activity v,111111w B1•U1 Aollvit.r 
C1tHt' Nu. ·:0:4 hr d/m/:.!4 hr CU!<O N<l. :.!4 h1· d . Ill :!-I h ,. 

Agl'. 5 ypar~ Agu • 16 y1•1tr11 
2 120 712 4 ;1r.s li3<1 

3 l!iO 8114 7 tllO 1700 
5 J ;,r; :n:1 !l 355 201 

23 40 22:1 10 980 5-19 

3:1 260 0 11 ;150 l!itl3 
54 80 2sr. 13 :HO lli77 
6!1 455 301 14 7HO 2460 

18 455 lti70 
Ml'11n ](j!j 404 22 47 77 

:10 tlliO -l:ll:' 

:14 1:.0 !i70 
:17 480 7H:! 
40 5C>O 1450 
46 330 4115 

49 425 0 
i;2 780 0 
55 320 1080 
56 700 :1220 

Age 6 to 15 57 5;,o 1095 
years 58 750 2170 

20 265 1900 60 810 580 
24 550 0 62 980 Hl85 
26 650 1032 63 635 2260 
:15 25;, 0 66 -!ffi5 1715 
36 190 236 --68 300 2010 
3!1 280 1100 71 290 1450 
47 650 1705 230 0 
67 450 674 711 965 52 
72 110 507 79 465 2038 
75 440 0 80 ~>40 1353 
76 980 1180 82 670 2140 

--- ·- --- -----· -·----·--- -- -------· 
Mean 43!! 758 Mtian 5Hl 1208 

-·---- -

·~-

group-25 per r.ent (of which 11 per cent is La"0
, in equilibrium with Ba140 at this time). Fis­

sionable material was not found in significant amounts in any of the urine Hamplcs analyzed. 
lodine-131 was found only in Hamples analyzed at earJy time intervals, due to Its relatively 
short physical haH life. 

5.4.2 Estimate or Body Burden 

For estimating the human body burden of the various fission products, a semi-empirical 
approach, involving extrapolation from animal data, was used. Two Rongelap pigs were killed 
after their average 24 hour urinary excretion of fission products was determined. All tissues 
were analyzed for total beta activity, as well as for Sr11 , Ba 1' 0, and the rare earth content 
(Table 5.2). By applying the ratio of animal body burden/urine excretion activities to the 
Rongelap native urine samples analyzed at about the same post-detonation time, a total human 
body burden of 0.33 µc, for post-exposure day 82 was obtained. IC this total human body burden 
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Table :i.2 RADIOCHEMICAL ANALYSIS OF TISSUl::S ANO llRINl'.: o~· MoNli~;l.AI' l'IGS 

llot11 Acllvltv ti mllolld Sumµlc• 

l'il{ #24 <:!:1.8 kgm) 
Skc I Pion 
Llv1·1· 
Colon & Conttinl1< 
Lunl{ (Alveolar) 
Stomach 
lnt1·Ntin1• (Small) 
Kidney 
Hemaining TiHHues 

GroHH 

Aotlvlt.v 
(" I o-l) 

:'l 81i90 
31 
12 

1.5 
1.2 
2.:1 
:1.3 

690 

Total !1630 

lJ rmc Sum pie, 24 hr ( f>/:!7) 13 
llr11H' Sample, 24 hr 

Avcntl{C for day" 82 lo 
HH po.Ht-cxprnrnrr 

I'll{ #25 (22. 7 kl{mJ 
SkPlclon (lotul) 
Liver 
Colon t. ConlunlH 
Lun1-: (A lvcollu·) 
Stomach 
I nlc•1<L1111· (Smul I) 

Kitln"_y 
lkmaininit tissues 

Total 
U rmc Sample, 24 hr (5/27) 
Urin1• Sample, 24 hr 

Average for days 82 
lo 88 post-exposure 

l!.6 

H600 
27 
Iii 

1.1 
2.0 
2.6 
3.1 

220 

8870 
6.2 
8.1 

sr" lia 140 

('< 10-3 ) (" 10-'1 

~>li60 1160 
0.40 0.:1:1 

r..o 2.• 
0.22 0.20 
0.22 1.1 
0.62 0.50 
0.21 0.42 

fi667 
R.7 

5100 
0.53 
5 
0.26 
0.211 
0.8:1 
0.14 

5107 
4.4 

665 

1.2 

530 
0.20 
3.2 
0.23 
0.13 
O.H!I 

0.11! 

--534 
0.40 

Average Per cent of 1ndivrdual Radloelemcnts Sr" 

Skeleton 
Total Body 
II rinc (24 hr) 

62 
58 
69 

6.8 
6.5 
7.9 

Tolll I 
ltu ri• E11 rlh 

(' t 0·· 3 1 

IOIO 

6.4 
:1.2 
0.8 
1.3 
0.51 
0.74 

1020 
1.6 

6!10 
5.5 
4.9 
0.33 
0.30 
0.tll! 

0.52 

702 
0.54 

Total 
Rare Earth 

9.7 
9.0 

10.5 
---- ----- -----·------ ----- --- - ---------------

is separated int ilS 1·omponents using the ratio o( lndivldual isotope activities In the urine or 
In thP total body or the animals at this time, the following values ror the Rongelap group, 82 
days pm1t-detonatio11 were ohta ined: 

Sr11 - 0.19 µc 
Ba 1'° - 0.021 µc 

Rare Earth Group - 0.030 µc 
Others - 0.09 µc 

The excretion rate of Sr and Ba can be described empirically by a power function, At = 
A1t-n where n is 0.4 and At is the activity remaining in the body at time t (days). The ex­
ponent was derived from Cowan, 11 Sr10 human inhalation data, and it corresponds very closely 
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lo the exponr.nt round in the ln;flfait~·;Cdri1i11:cf.1'1'a of N~1~·r1j•0 :~m1·L<,11'1t1L'y 61 . lJs111~ tlus lu1·mula' 

!ion the individual skeletal body burdens ext1·apolated back to day one are as f(lllnws: 

Sr81 1.6 pc 

Ba 1•
0 

- 2. 7 ia· 
Fl1-1slonablt• material ne~1ltvp 

Based on the Sr88 analysis-, the Hunter-Ballou fission d:1ta12 and till' r<"tentton data or Hamillon, 13 

the ro!lowing estim:.&-tes of skeletal body burden ln the Ronf.{t>lap f.{roup on d;1y I wen mude: 

a) rare earth group - 1.2 µc 
b) 1U1 - 6.4 me 

The integrated dose to the thyroid from I ISi and the shorter lived iodine isotopes (I 132, 1113
, and 

I 135
), assuming a 20 per cent uptake/ 24 hours w-.i.s 180 rep. The Ailinginae values were then 

approximately one-half and the American were one-fourth of these values. 
On the basis of a radiochemical analysis on pooled urine samples collected from a cross 

section of the Rongelap and American populations, 16-18 March, Los Alamos reported 14 the 
followi~ estimate of fissions associated with material inhaled and -or ingested IJy the Rongelap 
native group: 

1131 - 5.5 x 10 13 fissions 
Sr" - 1.2 x 10 13 fissions 

Ba 1' 0 
- 1.0 x 10 13 fissions 

From these data, using certain assumptions as to the uptake and retention or these radioele­
ments by the body, the following estimate of body burden at one day was derived: 

Rongelap American 
(µc) (µc) 

Sr11 2.2 0-."42 -· 
Bal'O 0.34- 0.27 
Ru103 0.013 0.015 
ta" 0.19 0.04 

-1131 , and short lived 5.1 me 1.9 me 
1131 equivalents 

Fissionable material 0.016 µ.gm 

The initial body burden of 1131 and short lived iodine isotopes, energetically equivalent to 11s1 

is 5.1 me. The estimated total integrated dose to the thyroid from the iodine Isotopes assuming 
a 20 per cent uptake/24 hours and with corrections for decay of the very short lived isotopes 
was calculated to be 150 rep for the Rongelap natives and 50 rep for the Americans. 

It can be seen that with widely different approaches to the estimation of the body burden, 
the results obtained are very similar with the exception of the Ba 1'° estimate. 

An attempt lo detect bone-fixed radioactive emitters by means of sensitive film badltes 
taped below the knee over the epiphysis of the tibia on 40 exposed Marshallese yielded nega­
tive results. 

5.4.3 Internal Radioactive Decontamination 

Ethylene diamine tetracetic acid (EDTA) has been shown to be the most effective chemical 
agent to date for mobHizing fiesion products from the skeleton and for increasing their ex­
cretion rate. 85 •86 •81 This chelating agent was therefore used in a decontamination therapy 
attempt on a group of seven Rongelap individuals having relatively large amounts of internally 
deposited radioelements. Oral administration of calcium EDTA, 1 gm;25 lb body weight daily 
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for three days increased the "over.:all mean act Nit~' 'II th'~ 24"hhl.lt u1·111t•s <•f lht• t rcatt•<i pt•11plt< 
by a fartor of 2.5 times compared with the pretreatment control excretion. Sinee tlw rate of 
excretion of activity at this time was about 0.1 per cent, 24 hours, the observed i11crt~ast• in 
excretion did 11ol significantly alter the total body burden. This study and previous animal work 
suggest that EJ)TA, perhaps ad~·inistPred l. V. and at early intervals, mq,ht have hel'11 of 1·011-
sidPrahly greater valut' in 11wrca1:1i11g the excretirn1 of some of the mternally depositt>d fi1:1sion 
produ!"l s. 

Tiu· fallout mall•rial prohalily entered the exposed people through both tlw Inhalation and 
ingesl1011 n1ult~s. Tht• n~lat1v1•ly laq,1• parlll'le sl:t.t• lndlcnleH lhnt !ht• prohahlllty of lnli;1latlo11 
of ail"l1orrw co11tarni11ation was small. This lti hast•d 011 the oln1ervatton that in g1•111•ral only 
pa rt ides 0.1 lo 3 11 i11 dianwlt•r reat'h the alveoli 011 111lwlatto11 and th11I larger particles are 
filll'rl'd out by ttw nos!' and upper respiratory passagt• and switllowt>d. 11 In addition, the lungs 
and a 1 r sa1·s or chickens autopsied i11 the period 24 lo 100 dayt1 post-detonation showed low 
levels of rontaminalion, while the gastrointestinal tract and its contents w~re relatively active. 
The high levels or activity round in the liver are also compatible with this hypothesis indicating 
ingestion as the route of entry. Autopsy findings on five pigs indicate substantially the same 
results. 

111 general the mean gross beta activities in the urine of Rongelap and Ailinginae groups 
were found to he rouf:.\"hly proportional to the calculated external dose and therefore to the con­
centrations of airborne fission products. However, a comparison of mean beta activities of the 
Ailinpnae and American groups show the latter to have a somewhat lower amount of internal 
contamination than the former though the groups received approximately the same calculated 
external dose. The difference may well lie in the fact that the Ailinginae people continued to 
eat contaminated food and drink contaminated water up tc. the time of evacuation. The American 
personnel probably ingested less contaminated food. Their water was distilled and stored in _ 
closed containers which precluded the possibility of radioactive contamination. It is also pos­
sible that indoctrination of the American group as to the inhalation hazard and perhaps their 
mo1·e adequat1• sheller was responsilJle for the lower am Jnt of internal centamtnation re­
ceived. R.adioanalys11:1 0£ urine samples of the Japanese fishermen, who were exposed to the 
same fallout, indil'atcd that tlwy had received approximately the same amount of internal con­
taminatio11 as did the Rongelap adult group. The lower urine activilieti found in the Marshallese 
individuals under 15 years may indicate that wHh active bone growth occurring, the internally 
deposited fission products were more firmly fixed and therefore less readily excreted. It does 
not seem likely that the children were subjected to any less internal radioactive contamination 
than were the adults. 

5.6 CONCLUSION 

The degree of internal radiation hazard was too low to have contributed significantly to the 
acute radiation syndrome observed. Efforts to correlate individual body burdens with their 
diniC'al or hematological findings (platelet and white blood cell levels) were unsuccessful. Due 
to the ability of the skeletal system to concentrate fission products, any injury to the body Crom 
these internal emitters would most likely be determined by the radiation effect on the bone. 
The concentration and type of internal radioactive contaminants, however, minimize the proba­
bility of any significant long term effects from the internal radiation. 

The possibility of synergistic effects from the combined exposure to external and near 
tolerance doses of interna·l radiatwn is also very slight. The occurrence of such a synergism 
ha1:1 been demonstrated where animals were subjected to relatively high doses of internal emit­
ters (2 1ic;gm) in addition to high external doses. The only s•Jggestion of such a combined ef­
fect i11 thiH situation was from the hematological response otserved in these expo~ed human 
belllgs, wl11ch did not follow precisely the time course charaderistically seen in lower mam­
mals after short exposure to external radiation. 
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CHAPTER 6 

RECOMMENDATIONS 

1. It is recommended that establislµnent of a medical team on a conUnuing basis, prepared 
to handle emergency situations connected with radiation, be considered. Qualified personnC'l 
should be designated by name; minimal clinical and research procedures considered essential 
should be established and necessary equipment should be stockpiled. 

2. It iH recommended that steps be taken to obtain additional data in the laboratory in the 
following categories: 

(a) The hematological response of large animals, and preferably man, exposed to radiation 
producing the depth-dose curve seen with fallout gamma radiation from a plane field. Data well 
beyond thP usual 30-day period, and i;refcrably for at least a year after exposure, are neces­
sary. 

(b) The response of human skin to beta radiation under conditions of different beta ener-
gies, source sizes, and sourc:e geometries. 
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