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F(IIIIIWIIIK t lj{~d(>lollntion” of Shot 1 on Ilik]lti Atoll {m I Mitr{. h l!)!i4, 28 AIII(Lr I(.;IIIS ‘;In(i 239

M;irshall(, st, W(,l.(, (,xl)(I$(,(i to f:lliout. Onti hun(lrtvf fifty -scw(~II (J( llIth Mnrslml 1(.si~ utIrI ~m ttt IrIk
,\i(]l\, f),$ W{,l.(, (II) l{(III~(,l;il) Aloll, ill)(i 18 W(,~(~ on I]](. i)(,i~hl)ol.ll)g ;II{)II I)f .~lll[l~lllil {>. ‘~!lo ~~

)jt])(,rl(,tll.+ WI*I I, (III l{t}l~l!(,r[k AI 1)1I. Tlii, l)r I.,s(, 11(,II of .sIKmII(.; ~III fal]t)ul (III lll{,.s I. ii[olls w:I.+ fIr.+1

IIItI.r II II II~.(1 IIV .I r(,(.f)rllll)~ (If).+ltt)(,tt,r, IIM,IIIS(I (JII l{on~i, rik, Wh(,n Ihls IItwl(’(, Wt,lll ot’r S(”al(’ :It

100” 1111 III >lIIIrIIV :If((r II)(, (I(,l(]l)al ton. l.:111(.rK(vI(,y surv(tys (lI,l(Wmt{id rattla(l(,tl (JII Ih(> Inhabittd

,11111Is, ,11111(,V:IIII.ItI(III (,f II II I,L1)II:IIIIA t{) Ih(, Ni\vill Stdtlol) ill ~W;lJil](blll WJS I)rolllllt]y (.arrl(,d {~ul.

‘1’1}1{I(JSI tIf riIIII; Il I(JII III wlli(.1] III(J Individu;l]s wert, cxl)oscd was (.:il(. ulaltxi frolll lht, Intensltles

111(111(1(III 111~”lsl,lll~ls :11)(111)(, (iI,(.:ly (,xpon(,llt of the fill 1(1Ut n]:drrlai. The IIId Iv Iduals on Rongeiap
1(.(.(Iv(vI ;l~)l)[.t~xllt];it{,ly 175 r, thust, on Ailing inae retelved approxiulatcly 69 r, and the An]eri-

caos cm [{ollg(,rlk r(v.(.[v(.d an aver~e calculated dose of 78 r. The Marsh aiiese on Utirik re -

(.(~]v[,d al)~Jrl)xln, iltely 14 r. The fallout on Fkmgelap, Ailinginae, and to a lesser extent on Ronge -

rlk was dts[]nrtly visible. No fallout was observtxi on Utirik. A significant number of indi-

viduals (m Rongelap suffered from miid nausea and one or two individuals vomited on the day

of tile <:xposur{’. With the exception of nausea In one Ailing]nae individual, there were no other
ricfinile ~astrolntestinal symptoms in the other Marshallese or the Americans. The Mar-

~hallese on Rongclap and Ailinginae, and the Americans experienced to a varying degree burn-

IW of th(’ cvcs and ltrhing of the sk]n from I to 3 days. Later, signs of radiation injury included
d[finite (pllatlon In th(, ilon~t.lap and Ailinginae groups, and the development of spotty, super-

fl,:lal, hy[)(,r})ign]ented ~k]n lesions that desquamated from the renter of tht: lesions outwards.

lrl somt, (as(,s tllf,skin damage was sufficient to result in raw, wecptrlg leslons. There was

II() full Illlck!l{,ss nerr{~sls of the skin. The An~ericans developed only minor skin lesions without

(il(’(ratl{, rl. Tl),,r(, wt,rt, II~Jskin It.si(]ns in Iht> Utirik nat]vcs. All les IuIIs h(,altxi ra~]idly with

III) f{lrlljl,r I)r(,:lkfl(]wn (}f 111{*skill II(]tt,rf durln~ II](; peritxi of f~l~s{,rvatl(m. Ml(.r(w(.ul~l(. (OXii II II-

Ilrlt 11~1111[ t)lol~sl,> ()[ [1)4, L(,slor]s sh{)w(,d (.li:u~g(.s usuxlly assiN,I:It~xl wltil r:itil;lt )Im injury. Fully

,lotll(,(l III(IIVIII(I; IIS ;IIII{ III(ISII r,,lll;~if)ing in~l(lt, of buil(iirlgs or Iiuts w(, r(, pr(~tt.(.ltxt to v;iryllt~

Ilt ~r(,(,s lrIIl)I (lI,v(, 1(11)111(,IIl (jf I(,tjloll.s. }I(,nl:rtol(lgi(. (,1IaIIgl.5 w(,rt, d~,flrltt~, Ill III(. l{ol)~{.lap,

AI II I)KIII.It, :Ind III(, Ar]l(,rl(.:lrl gr[)~[)s. Ly[nplm})t,nla uppl’artvi prunl~ltly :III(i W:IS persistent for
,1 l]ltjlf~[~,{,fl l){,+li~d of tjnl{?. Nt’utropenid m’rurred in all of th~, Ir)divl(iuals wilt) Illitl:il ni]nimum
V;IIUI,S (J((.urring ar(]ur](i tht, 1 lth day followed by an increast, In the (.ounts ;Ird a secondary

trllnll]lun) arourld the, 4011] to 45th day. The most consistent hemntologic charigt, was the de-

I)resslon In th(~ l)latelet t.vunts. Platelets were below normal when first counted on the 10th

day of post-exposure and progressively decreased attaining a minimum between the 25th and

30th day. Although recovery commenced following this minimunl, 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

‘rhis r~.,l~ljr[ IS 011(1of th( r(’}n)rts [)r(>stnt IIW th(’ rt’stilts f)f tlit, 34 IIroj(,(”ts p:lvt 1[.lpatlng
IIi III( MI I It;lrv Kff(, rts l~ro~rnn) ~Jf Ol)(,ratloll (’ASTL. fi. F(II” rt~il[ll,r~ IIIl(Irt~s(I~(l III olht’r pi’r -

illlrld ((,.ht lnf(~rl)iati(m, r(,f(.r(,t)(.(, IS IIIaCi(Sto ~’I’- 934, ltt’~)ort ot th(’ [’(II I) II I:II I(i(Lr, T:Isk lJml

13. Mlllt;lry i,:ff((. is i’r{~gran]. ‘[’iits sunl III:Irv r(il(lrt in(. iu(i(s liI( f(lil(]wtllg Ift((,rl]lailon (}f
I)IISSII)I(. ~rn(ral Int(,rl,st,

(a) An ov(’r-all d(~s(.rii)liol) of each dclonatl(m, lncluciing yield, helgilt of burst, ground zeru

I(,(at I(MI, i Im(, of (i(,ton;it Ion, al])blmt atnmsl)herrc cundit Ions at detonation t Inlt,, (’1( ’., for the

oiwrfitlou.”

(i)) f)is(,uhsl(,l] of 411 [)r[,j(,(t results.

(c) A sunlnlary ()[ (,:1(.1) l}roj~v.t, lncludln~ objectives and r(wults.

((i) A 1.IIIIII)I(4(L Ilstlng of ali r(!ports c(jv(.rllig the B#llitary Kffe(ts ‘1’(%t l)r(~~rain.

1)(,t;lll(, (i r(,lxjris 1)11(I(Is Im(,try and tnt(~rllai radlt)acl IV( ro[ltiilllllliii){)[] WII1 bt, I)ut]llsiie(i as

.+tIiJT)ltL171t.rIl.\10 tiIIs r(,l)ort.
Mu(II of ti)(,

of the Iaynl,ll].
r;l($cii(,:~i t(,rrlllnolo~y” in this r(, i)ort IS t~xplain(’d In i];irl>ntl)l’s(’s Ior tiw ben~’flt

..“” “:.>;-: ‘:. ““ .-. “ “. “
,. . .

,. ..’; :: .,> ,,. . ..’.
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PREFACE

ol)I,I.;IIIt)II (’AS’1”l ,10:111{1not IIIrl IIIlt I ;I l) I!IIIIItIi Il”Ul I]rtjgr:ll]l. ‘l’Ill’ I)ar-11(’l})illl(s Ill l’l”ojt’rl 4. I
Wl,l’1, 111’.IWII ll’o111 Vill. 11)(1,+l;ll){ll’ ;1101,14,S illl({ W(”l.l, t{)lilllv l~lllll. (}llill. th(l Iol. .1 (1(,111 ~11’(l~!..llll Wll(,ll

tll( j(jIIIl 1)01) Al*:(’ M(v II(,:II l{(>l.; irI.11 T(,,ttl) w:l~ (]r~;ll]i~.t,d all(,r 1111,()}u, l’:11111111141(1I)t,$ull.

1)1. .101111(“. l)(lgll(, r, l) Irfs(’l(Ir, I) IVISI(MI (J[ Ili(ll(}gy aud M~.dt(.!n(,. AEC, .tIN1 L1 C(II 1,. E.

III”(IU’IIIIW, M(’, USA, Surg(’(ul IIf lht’ Arnlt:d k’t~r’t(>s SIW(-Ial W’t*ii~)t)I)s I’I. OJ{’(’I, s(~lt’ct(~d tile proj -
~,(.t {)(fict~r aid rL.ques Lcd tlIat the selection of technical and profess iwlal pc,rst)nnel b{, conl -

n~t>n{(ld tmnle(iiat(~ly, [11’ar Admiral Clarence Brown. Deputy Surgeon General. Medical De-
Iurt mPnl, USN, g;ive imrned]ate and complete support of all naval medical research activities

and assigned responsibll]ty to CAPT Van Tipton, MC, USN, and CDR Harry Etter, MC, USN, of

(he Alomlc Defense D]vlsion, Bureau of Medicine and S~rgery, USN, for the implementation of

the project.

Since 1ittle detailed Information was available about dose and inlt ial symptomatology, the

research team was organ lz.ed to Include the following talents for the constitution of the emer -

~ency m(,dical (Lam: internal nledicine, hematology, radiation technology and radioblology. In

tlIII s(,le(lion of ]J(,rsonn{,l th~, emphasis was pl;iced on past expcrienr(l In biolnt’dlcal research

II) III(I ft(,ld with :tt(~mic w(,alMm.+. In addition, provisions were n]ade for a st’ut)ncf echelon of
SIN,(I; IIIY,(L(I I)(,rsol]n(,l in (.as I, (h(>y were needed. Accordingly, a prev(mtlvt~ in~’cll(ln[, unit of
tlII, (’f}lllfflan(l{,r 111-CIIIIII, l~;{(.lfi(. Fltw,t, was alerted for possiblli bartt.rloiogtt’” studl{~s; L)l(NNI

I);illk I)(,lhollll(>l, :IItri ;I(I( IIIIIm:Il (llnicians and nurses wt, re n(jtlfit,d in t.ns(, (“tm(illl(ms justifit,d

tli{lr s{LrvII~,s III tIIt Kw;ij;ll(,ltl ar(,a. Rc:ir- Adtlliral rl;irlht)l(]n~t,w t{~lgull, MC, USN, l’n{”lfl~”

1,’1(1(1M(,(li(;]l ollt((~r, III IITI(ViiiII(Ily III;Ld(, i{tly 1](’~>dl’d[]l(,dl(i[l fiitilitl{,s of tt]t’ I>:i(”it’l(’ Fl~(}t

,Iv; lll:li)l (,.
1)(,r:l(,,,,)l,l ~(,r(, ,)l,t:,,,,(;(t Wlthln tt)t> cont,n(~,]tal l,[III(S of ()]~, U. S. for tll~. I.thseilr(.ll l~iilll

,15 foll(lws:

Naval M(:dl(:{l Rt,s(.artl~ Institute (NMRI)

4 IIIe(i Ical (Iff](’<>rs (E. P. Cronki(e, project officer, R. A. Conard, N. R. Shul JIIan. and

R. S. F’nrr)

2 mc’dlcal service cor]w of fir.crs (W. H. Chapman and R. Sharp)

6 {Inlis(ed men (C. R. Sipe, P. K. Sch(~rk, C. P. A. Strome, W. C. Cluttt’r, R. E. Hanscll,

,J. S. Mfinlby)

U. S. Naval Ihd]olog]cal Defense Laboratory (NRDL)

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

1 rncdical >ervice corps officer (L. J. Smith)

4 [’nlwted men (W. H. Gibbs, J. C. Hrndrle, W. S. Argonza, J. Flanagan)

Dlv]:,lorr of Biology and Medicine, AEC

2 r]villan M.D.’s (C. L. Dunham and G. V. LeRoy)

Armed Forcts Sl)tx]al W~,ap(ms Project (AFSWP)

1 Army M{d]cal Of firer (L. E. Browntng)
pr(~llm)lldrv stud, {,,, tlad t)(,(, rl made t)y CD]{ w. S, H:lll, MC;, USN, Slatl(ln Ivlt.(li(. al Of fl(, (,f’

und tlls Stilff, ;ln[] (i(, (orltdrllrll:itl[)Il (Jt t]l(. Ir)(llv!(lu;lls W;IS w(, [I ul\(l(~rWiiy WtI{, II l)rllJl, (.[ 4. I })(, rS(ll I-

7
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ncl ;Irrlvcd In III(’ fl~’ld. Pr(’lillllntlrv liIItnalolo KIcstudirs Indlt..ttt’[i tlIaI [II{ IINiI\ltI(I.it> ~)]1111.1111}

Ilad III)( rtv.(’lv~[l :It”iIt~$lV fatal (lOs(>+ (~1 rad Iat I[m. TI)I Ilr!n]:lry I(sl)otls]t)llitl,,:. WIIII III (I I,, IIrIII

tL{’(grt IIIII wt,r~’ (1(~1~’~xtf,fl iL.h (t)llIIw.s:

(~lII~I{iil (JIJ:,{,rv:ltlt~lls ;IWI (:irI, IT N. R. Stl,lllll<lll, MC, [ISN

orN:Ini/.;IlI{)iI XIIII ,)l~(,r:lllllll of l.lll{jrtl(~jry I,T I{. S. ~:11”1’, M(’, IISN

(’(II IIIIII; I! I(III :11)(1(Lilly ;{II:II V+15 111;Ill (I:itil 1)1”. v. [). 11{)11(1
I)t,((,n[;(]llili;ltloll ilII(l r:{{ll:itloll [Ilt,ilsl]rt’llil’llt l’~ (jg) l{. Sh:IrI), Mst’, [ISN
S(,l)lor l)14ty oflI(. ~.r In (li;lrk(’ ()( I:ll)or:itory” 1’ K. Srhork, II M(”. (ISN

A.+ It)(, ~,1Im(’al 111(”1111’1,l{tW4hl!llM,d, ;I t’IIrIIN, r l]r(~;~k[lt~wu in r(,s]j~}lwll>llllv W:IS II(u”{,s.\:II’v. (’11111
In: LtI(lI,r l{. A. (“[m;Ir(l, MC, [ISN, ;Illl! 1,1 C{)l [,, K. t{l’(l Wlllll~, M(:. (JSA, wtII.t, 111,1(1(I., SII{IIISIIII(,

1111;I (I;IIIY hL1l’V(Iy of sktll IISIIIIIS, ;III(i l)r. S, II. (’Id III was II I;I(I(I rI,sIM)ll.sll)l(’ 1111’.slll(l\lllI: 1111’

l)rot)l(,llls (.oll(,(,rll(.(1 wItl I III{, 4.x(r(III(III of I.:l({t{)IsolI)~,(~s ;Il)(l II), L(~slll]i;ll(,s 1>1l}t~(lv 1~111’tlt,llh111

(1)(, I.XI)I)S(YI Ill(llvl(l(lals.

‘1’11(,Ijr{j][,t”l IIlfl{’!,l’ (’0111[11(,!1({S ;Ill ()[ 111($})~[)[(, SSll)llill ;111(1 1(,(” 11111(,11 II II, II IL) C.I.* {11 1114, gl”!llll,

for lli{.11. (.x<(,tlt~IIt [tltjllv:itttm, IIIItIalIV~, ;LINiv{)lul~l:lrv Itmg Il(mrs {~1~~x(r:i wt)rk tlI:It w~,rIL I,*
Sent l:ii for tile ;~’(”(~llll)llslllllent I)f tile (’]lnl(.:lt illl(~ rCS1’iirc”~l II~lJcc[lv I,s, ;llld for ltll’ 1“,1}11(1(“1)1

I(xtl or) (}( the prrllmlnilry data in tlio f[(>ld. It Is l’lllphaslmf Illat ttll work W:IS J (,(~{jpt,r-allv(i
Cndoavor” In whl(”h xii wtir(, llIutuallv (fcl}e!]d{>nl upon t$a{’h oth(~r. TII{J wliill~g efffll”(s (If {Ill (’~~n-

cermd (“onst [tule(l ii rt,t]~arkablc, example of ti,iim-w{}r”k and sa(’rif](, (, (If pL,rs\~IIiIl ,iIIIb I[ I(~IIS aIId

deslrt,s for tile go(xl ,,r the })r(]ject at large.

The’ authors wish to ex[)ress their gratitude and Indebtedness to Dr. John C. J3ught$r, CAPT
Vart T]l, ton, .an(l CI)H Harry Etlt:r; CAPT W. E. Kellum, MC, USN, and CAPT T. L. Wlllnlo[l.

C(~l],li]andiljg and Exfvu(Ive Of firers, resp~~ctively, NM RI; CAPT R. A. Hinncrs. USN. lllr(’cl(~ri

NRJ)l, and CAI)T A. 1{. J3ehnkt. MC, USN, Associate Director, NRDL; all of wholll gilvc’ un-
Ilnll(twl su}jl]t)rt WI({ rt,durc,cf adn]lnlstratlvc pror(’dures to a txfre mlnimunl, thus nlaklng It

po~sibl( r(,r tht, unit t{, IN, assembled and underway In a matter of hours.

(M :Lrrlval at Kwujalein, l{ADM R. S. Clarke, USN, Commanding Of fi(”cr, U. S. N;lviil St+
tl~jn, Kw;t Jal(. In, sul~}jorti,d l~r(lj<.[.( 4.1 with all th(, fa(. ilities at his dIs INmal. AS a r(’suit, :1

Itil)fjr;llory ;!INl (.11111(.W:IS t~sl:tlllishtd tind oper;ltln~ within 24 hours after arr!vtil t~f 11](’ proJ(’rt
l~i,rst)lllll,l.

I’r[,j(,rt I](rs{)nn(l also WISII to acknowledge tht’ lmtstandinK cilntrlbut!(ms of C(JI C. S.

Maui, iII, MC, USA, FIIIIII C(jnlll]:ind, AJ+WP, CA1)T H. H. Halght, MC, USN, DIvIs Ion of Mll I-

lary AIJljli(ali(~n, AE(; ; Col K. Hou~hton, MC, USAF, Spe:iai Weap(ms Centt’r’; CA1]T L)()[li~ld

D(IIII, II(, M(; , USN, CJNCPAC Flt’{l; L)rs. T. L. Sh!pman, T, White, amf P. Harris of Los Alarnus

S(’1{’ntlrl(’ Laboratory; Jlr. Gordon Dunning, Dlvisi(m t)f Biology anti Mcdic~ne, AEC, and Dr.

G. V LA>Roy, University of Chicago. During ali phases of the early cart? of the cxl)usecf lndl -

vlduals, the foregoing ])articlpated as much as their other prlnlary duties would permit. In

addltl(n the authors wish to thank them for the extensive and complete data which they collected

in the, ~lolls or their home Iatmratorles and kindly furnished to the project personnel.

The r(mtil~uuus 11(’IIJ and roopqration of Trust Territory reprcsentat]ves and tht’ir ald in

<hta]n!ng net”essary control” data on native Marsha ll(’se at Ma]uro is hercbv a(”knowltxlged.

Th(> ;Lulh[)rs art> partl[.ularly indcbt~’d tu Mr. John Tobin. HIS help as an ]nt(’rpr(’t(’r Jnd Ills

ext(’[lsrv(’ knowlrdg(” of the Miirshallese language and habits were lnvalual~lt’. l,llnd~wt~nt J. S.

Thotll}w.oil,” MC. USN, “rurnish(id hls rm.ords on tht (,x~}~wed ]nriivlduals d(’(.i)!~t:lnlltl:~t(’(1 by (ht’

rtidr:ttltul gr(wl) t)r III{) VJ>- 2!) s(luadr(m stationed at Kwajaleln.

‘1.111:iul hors WISI1 (,slwL.I;Illy to (,xprcss tlwlr adnliratlon ror th(’ (,xcell{mt Jt~b dtlnt’ by th(~

n]((il(:il lx,rs(mn(,l ~Jf tlt(, U. S. N;lval [)lsl)(~nsary, KWitJi+lCll), in c{lni[)li’ting tht’ (,xt(,[islv{’ I;III[)

ratorv l,xiilllll)i(tlorls Illiit w(,r(’ r(~(lulr(xl to obtain u I)ron)pl lnltlal (,vaiuat loll of tht’ s{’v{,rltv ill

th(, ra[ilatt(~ll Ill Jury.

Th(, autht)l’s ~~rl dtI!I)ly grat{:ful to Dr. David A. Wood OJ tl]e Unlvt’rslty of Ciillforlll; i Hos

I) I1:L1. San F’rall(ls(t), UIIId J)r. kkiward 1.. Alpen an(l MISS Pat I{oan or NRDL, for Inv Nlu:Iblt’ .II(t

Ln (’arrvln~ [)IJ[ ttll, lli>[()[]a(t]{}l{~glt”dl t’valuation of skin Ies](]ns. Th(’

Mr. H. H. Hecll((. r In the statlstlc:il iinalybcs of the data, and of Mr.

NRDL. In df]sur(, (’al(ul;it)(,ns are gratefu lV acknowledged.

8

extenslvt’ (’t]lllrlb~tt i~)ns [lf

C. A. Sondhaus of I Ill,
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1.1

out

1.2

C’HAI>TER 1

INTRODUCTION

OBJECTIVES

Project 4.1 was organized with the following specific objectives:

(1) To evaluate the severity of tile radiation injury in the human beings exposed to the fall-

radiation.

(2) To pr(w]de for all necessary medical care for these individuals.

(3) T(J (’ondu(’t a s(>ientlflc study of radiat]on injury in human beings.
.

GENERA L t3ESCR1 PTION OF THE EXPOSED GROUPS-.. ..— _.-—

SIK}t I (J( Opcrati(m CASTLE was detonated on 1 March 1954. FijllIJwinK the delonat!on sig -

nl[lr;int nm(mnts (d rudi(mctlve materials fell on the following populated nei~ldx]rin$ i~tolls:

(1) RrjIwelilIJ, (2) A]linglnae, (3) Rongerik, and (4) Utlrik. Extx)sure ~r(mps ;Irt’ Icfent](led ac -

(.{)rdln~ II) tl]e]r ~eograpllical location at the time of exposure. The numbers {,[ il;dlviduals ln -

vt)lved, Ihelr lo(.ilti~l), Ihe distanre of the atoll (In which the were located fr[)nl the site of the

detonatltm (m Bikini, the (alculated dose of radiation, the pr’.joable time of beginnin~ of the fall-

out and Its durati(m are tabulated in Table 1.1. The Rongelap group received the hlgllest calcu-

lated dose. These individuals were living under relatively primitive conditions in Ilghtly con-

structed palm houses (Fig. 1.1). The Ailinglnae people were a part of the Rongelap group who

were on their A]linginae farms from the time the fallout began to the time of evacuation. Their

calculated dose was smaller than that of the other members of their group that had remained

f~n R{)ngelap. The third and largest group of Marshallese, inhabitants of the atoll of Utlrik,

received the smallest dose of radiation.

The Amerl(an milit:lry personnel exposed on Rongerik were aware of the significance of

[;lliout slid promptly put on additional clothing to protect the skin. As far as d~lties would per-

mit, they remained inside of Butler-type buildings. In contrast, most of the n:~tive M.trsha]lese

rernui]led out of-d{)ors ami thus were more heavily contamini[ted bythe milterlol f:illlllg (m the

iIt IJlls. S{}me of the M~rshallese, however, went swimming during the fall(ml ;III(I l]~i]l]v {)( the
{.hildren w;lrfed III IIIC w;~ter; ttlus washin~ a (.{msiderablt’ ii~lount of tile nlilteri:ll from lhelr

sktns.

1.3 EVACUATION AND EARLY CARE OF THE EXPOSED GROUPS.

The Amer](an milltary personnel were evacuated to Kwaj:~lein viu :~ir In two groups on

2 March. The native Marshallese were evacuated by a combination of alr and surface trans -

15 #

. . .’..,&, . . .. . . . .. ..
:: ,,+?.:: . . . . .. . . .. . . . . . . . . . . . . . .
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)llllll~lll; lt,
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Mnjuro (;r~mp

‘1”{)1:11 l) ISIIIII(.(.
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40 mr/hr
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175
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1.4

AN

ESTIMATION OF W}IO1,E 130DY EXTERNAL DOSE

‘1’IIc est]nl;lted v;Llues of external dose given in I%ble 1.1 were biised on readings 0[
l>l)R.39 Ilp]{f l,]str~ime]lt~. Avl’r:lKeS of a number of dose rate measurements on each

isl;~nd :Lt ;I glvcn tlmt’ were used. The readings were taken iii air , approxirnilteiy 3 feet above

ground, severs] day~ after the illiubitants were evaluated. Before this time, adequate surveys

with weii caiit)rated Instruments had uot been possibie.

Severid v~rlabies which infiuence the resuits are indicated below. These wiil be discussed

in ~reater de(a!i in ;lI1 ;Lddendum report on external dose, which wiil contain the dab, methods

.Llld (’;tlculat]ons by which the externxi dose analysis was made.

1.4.1 Energy Distribution of the Faliout Gamma Radiation Its Variation With Timel .~~~__. _.. _ __. -. _ . . -. ——-—
R-esp~ns~ of thf’ Meter ~n Each Energy Region and Its Correction Facto~-for ‘the.Tots.— -— .— . ——. —-D-
ose Sp”ectrum

Fallout deposited as an effectively infinite plane source resulted in the dose-energy histo-

gram shown In Fig. 1.2. Ifs energy distribution was the result of degradation of the original

16
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.sf)url.e ILI]c.rL.It,.s, nliillll~ by C(]mp ton s(.att(,riI)$ ill i+lr. ‘1’1)(, rll)s( 111111) (,.ltll <11 {Ii, 1,>!,, II,,.,

1.4.2 Rate of De(.:iy (if the Fallout Mixture

De(:ly r;Iles of fii[l(lut samples were me;lsured in the f]eld xnri in the li[l)or:~torv,” where .]

f:lirly c~jnslsten( pattern was observed among iarious l(Ic;IIIuns and samples. III :Iciriition,

theoreti(.nl (.m)sider;tt]ous I);\sed on the radio (,hernical (“ompositiou (If the fiillout m]xlure per-

mitted de(’ay rutes h.J t)e cal(. ulated for different intervals between the times of II II II; I1exposure

;ind later survey readings. These agreed well with the experimental d:ita, altd were used both
III the dose (“al(ul; lti(}ns (iurlng the exposure ll)tervals and In extrv(pol; iling the l;lter survey

rtuld]ngs to [,:irller times.

1.4.3 ‘1’lm[’ ~)1 Arrivnl t)f the Rndioaclive Cl(md, flur;~tion of the Filllfnlt , 211d Ttm(t Id Ev; I(w;L-

tioi)for F.arh Case

Only ttw tinie of ev;lcuatit~n is known arcurateiy (or all the islands. 011 Rongerik, however,

(Ile time of ;~rrivul of [be rariioa(-tive cloud was determined precisely by Ille continuously re -

(.ordin~ dose r;itc monitor” at the v >ather statltm. The falloul became visible at the time the
Ins( rument first indic~ted the presence of a radiation f leid ;tbove bil(.kgr~]ill)d. The material

had the appearance of snow. The times of beginning of fallout (m Rongelap ilnd Ailinginae

were estimuted from similar visual observatitms, combined with knowledge of the relative

distances uf these atolls from Bikini and the wind velocities in the arm. Fallout was not ob-

served on Utirik, hence the estimate of arrival time there was made on the basis {~f 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 graduwl iind extended over

:1 per]od of muny hours. The monitoring instrument on Rongerik went off-sra]e at 100 mr hr,

1~ h(mr after tl]e dose rate began to rise above background. If this rate [If int’rease IS extra -

Imlated ,10 ii POIII1 f~]r which subsequent deray would reduce the dose r;lte to tile tr:lloes found ;Lt

later t]mcs, n long f;ill(wt IS implied. This was taken xs (]lle limit!n~ (“its{,, JIIti t“~)rreslmnrilllg

d(~si.s w(~rt, {.;ll(.ulated. tlowcver, tlw p[msibillty does m~t seem gre:it th; lt ihls :Ii.ttlally oc -

(,urr(,d. F:xisl”i!ll: d;lt;l iire inc(mclusive, but .stweral inrlic:~ti{]ns tenrlln~ to f;lvor III(’ shl)rt tlmt!

I]yl)olil(,sis ;Ir(, sumnmrizml below.

h’l[”+f: ;1 [1)11~f:lli(~Ot [)rl)l)idlly W{)U)d I)ot 1)() Udforlllly ll(WVy th~l)(l~ht)llt, ttl~’ first ijtlrtltlll

t]clr)~ tlw rn(wt IIIt(Insu ;Inrf the Ixtlnnce tailing off. The tol:ll phWM)[llWM]H tlIIIS t(’ll(is lowarrt

the effect of ~ sh{}rter fall(mt. This is supported by m~)nitor dabd frt~nl (Jthrr nu(”ltzir events.

Secf]nd: the estinm(ed durations of fallout, of ab[wt 18 h~mrs, whi~”h result fron) tl]e alxwe

extrapolation for Rongerik and Rongelap, appear too long to have occurred at the distances of

these atolls fr’om Bikini, since the wind velocity in the area was high enough for the cloud 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.
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F(mrth: dvses cal(w[ated oI~ tlw 10IIK fallout hyimlhesis arv Iowt’r thn th(}sc due’ [(I .I SII{)I”I

[All(Wt+ sinf’e :L short fallout qul~”klv deposits a large amount of activity. 011 l+{)l)~l~rik, .I s(’1 ()[

film tI:IdKe r’(’:Irf IIIKs r[)v(ireri tht’ r:lnct’ I Isted below. Several h;ldges worn l}{dh (mtd(~,)rs iltd

Insld(, t)(lll(-fllws (In It It! Isl:ln(i1“(’ad50 65 I“, NIld 011(* I):ldgc whlf.11 r(~nliltnt~d OIIIdtX)rS t)vt.r tht.

28.5 111”11(’rl(ld I“wl(-f !l~ r. ATR)III(II- ~:rottl) kept ilu’fljl~rs IJiH\dc :1 refriger;li{lr rl’;ttl :{ti I“. “1’h(”st’

d(tst, v; Il(les r(,l)rt?iil’1)1 ;I V:lri($ly of (l) IIdlllolIs, but (oilslderllig the slllt’ldln~ iIIId atteImiltloii

{:1(’11)1’s, ;IrI~ t’l)llHIH~t)lll with tl~(’ :IHNUIIII)III)II thnl flw dIIse re:lched th(I r;tl(’ulillo(i UI)II(,I’ llmIt

olll, sld(., iIg:I III fcivliril)g II)(J sl141rler f;lll~wt tIvpo(hOHtS. The upper Ilmlt of 08 r will r(IsIIlt If II
IS ;I,+SIi III~d fII:If th~t I:II I(NI1 I:tsl{,d 011(1 hI)IJr during whlrh the iIItcnsll IL4H rust’ fI”onI z.(’I.() !() !II(I

IIWXIIIIIII II dtw(, r:lt(~ WI II I.11 the II (hv”:iyt*(l to V;IIUVN t)h+t’rved later. A IOIIK f;liloul Will II(I( 1)1’11

(Iu(. (t s\It,lI u hIgl I d(wt, IIf r;ldl:ltl(m.

Fif[l]: (JII (Ilirik, only ;i short f;kll(mt time is (“tmsi~tent with the later dtwe r;~t~ks t)lwrr~fed,

[Jrovtded tl)e f;ili(mt beg: III as Iaie as was estimated fr[~m wind imd distanro faI<(OrS. A OIW

hour dur:~ti, m” of fallout appe:irs likely. On the other islands the actuul fall(mt timt’ IS known
10 l]ave ex(.eedcd one h(mr; I]owcver, since the approxi matt? dose discussed ;tbove was seen ttl

fit tl)e film dat:l (m It(,])grrlk, I( W:IS llsed for the ()(ller islands :IS listed in the ~alt’~tliit~[)ns it)

Pdble 1.1. The hour Iimlt 1s thus “;Ln effective value.’”

If the I(mg fallout ciise IS also considered, a lower limit for the dose may also be estl -

maled, though the uIpsr limlt IS taken as most probable. The ranges are then as follows:

Rf]ngerik 50 r 104 r; Rfmgelap 102 r 175 r; Ailinginae 53 r-69 r; and Utirik –14 r.

The dose vxlue for Rongerik given ]n Table 1.1 is 75 per cent of the short fallout case

VLL]IJP, aver; iged for 2ti.5 ancf 34 hour exposures, This best expresses the average air dose re -

<!elved hy pers(mnel WhII spent rou~hly half their time inside structures where the dose rate

was Ia(er found tu be roughly hiilf that outdoors. On the other islands no such shielding was
present. .

Figure 1.3, for the Ronuelxp ittoll, illustrates the cumulative dose as a function of time

after thf: detonation. It rnn be seen that the rate of delivery of the dose varied continuously,

the major porli{m being rereived at the higher dose rate prevailing in the early portion of the

exposure period. 13y the time thnt 90 per cent of the dose had been received, for example, the

dose r:ilt’ had [allen to css thiin 30 per cent of its initial value. Thus the dose” rate o.f t?xposure

d] ffered markedly [rem tlmt usually encountered using x-ray units.

1.4.4 Geometry of t}l.e Exposures.

A third difference between the lype of exposure encountered here and other external ex-

posures lay in the geometry of the source. These doses were delivered from a plane source,

s{) that the radiation field dld not follow the narrow beam geometry usually employed experi-

mentally. in such a diffuse 360° fieid, the decrease of dose with depth in tissue is less pro-
n(wn(’pd th:ln that resulting from a unilateral or bilateral exposure to an X-ray beam, so that

for :1 $Iven ener~y, the dose at the center of the abdomen is approximately 50 per cent higher

ti~all :i given ;III” dose would Imply for the narrow beam case. Figure 1.4 illustrates JII ex -

I)erilnt>lli:tl slmulati(m of tile fluid geometry usin~ J spherically oriented group of Co80 sourres

with :1 l)lmnlom pla(”(>d :It thclr {’enter, (.nmpared with a conventimml depth dose rurf’c obtained

wItl I .I s]ngie sour(e. li would appe,ir under the circumstances that the midline dose, rather

(IMII (I(Is(> men. sured iii :tir, would be the better p~rxmeter in terms predicting biolugiral ef -

fe(’(s. 011 1111s I);lsls, ttw air dose V:llLJtW stated in T;ible 1.1 should be muitl PIIeci bv ~llJProxl-

m;~lt,ly 1.5 III IIrrf{>r to (,oml)ilre their effe(’t~ to those I)f an exposure using ;I narrow iwam

g!u)nlctry. II this IS done, :iss\lmlllg u f:ist fallout of (me hour, the following doses ill terms of

,111.Llr dose under I;lixtr;li(jry (“(mcti{ions result: Rotlgt’l:ip 260 r; All It]gif]ite 100 r; R(mK1?rik

120 r; iiild Utirlk 21 r.

— —-.
* While it IS obvious that the fallout lasted longer than one hour, calculations of dose are

b~sed on an assumed one hour fallout as explained in the text.
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FIg. 1.5 C(, mpiirnlivc I)cpth Doses in :1 Phantom MaII of Inltjnl Alomic’ Bomb iltidl~lllol) iind
I{adliltlon from J I.’IcI(I ,)f Fission 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 gamma dose measured in air by the instrument. Thus the dose at the surface of a

phantom e~osed to mixed

expected to be 3, (0.6)(0.9)

ground. Such a depth dose

. . . .
:.

fission product radiation from an external plane source might be

or about six times the midline dose, if both occur at 3 feet off the

measurement has in fact been made experimentally at a previous

. . .. . .
. . .. . . . . . . . . .
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(>s II II I: I[(vt .Il)I)\{s. Al 11(’I KIIIS ,III(IVLJ ;IIId l)(,ltIu (III, 3 [()()( It’vt’l [III+ s~II,(.Ii,(* [I(ISI, ~(Iul{i l)(w”(IIi It.

II IW(>I’ ,111({ tll~tl<’1” l’llSl)t, t’tl\’(JIV, l)LIt pr(i)JIIlv w(}llld II()( t,x[”t}((i 5[) [1[11,, s [II(* 3 l(ull ,Ili ~.1111111.l

(hls(. or I{() (1[11(, s (11(>[]]] ({1111~,d,),s (., (,\, t’1) III (’0111.1(”1 wltl) the) Lr(IUII (i, AI) LISl II II. Ilt’ III S~\lil d( IsI’

diI(, I(I grINIIId (.( II It, III II II< It I(IIi Ior II; (I lton~el:lll (;IsII w(ml(~ rt’still.101.(~x;l!l)~)ll$, Ill :1 rl~llrt, (If

:11)01112000” 1.(,1110 th(~ ({(11 .s111)1 01 Ille 11)()(, f300 1’(’1) :Ii tllc Illp 1( ’v(ll, dlld 300 [“(’1) .It 111(’ Il{,:l(i II

(,{) II II II II(III,S 4,x1)(IsIII.(. WI III II(I slII(.l(ii IIl: o(, (. LIIr (d. Sf]nl~. rt,dut”lI[)II ill cI(Is(* (IIIII(IIII)I{I{IV I.l~>Iilt(,(l

11’11111 Slll(,ldllll; ;111({ Illovt,lll(,lll, :111(1 II se(~nl~ lIIv)l);li)l(~ IIuI[ III(! I,x[{, I”II.11I)td:l IiIISI’ lr~IIII 1(1(”.11

skin (.llll[ ;lrlllll:l!lol) [ill’ I) Llf W(.l~:h(, [f ttl:lt froth ftl~, Kll)[l!id Ill II II PO I’{: lll(. (>, ‘1’111}. l.+ {, I1111)I:I,%17CYI l)?

1}1(, r;l(,l Iii; ll (,1(1111111/! I) f’ol);ll)lv l,(Yi\l(, (Yi (11(, l)t~til (lose troll] 11){,~1’!lllll(i I)y 10’ (() 2[) })1’1’(,t,lll.

●

* 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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(’I{AIWI*:N 2

CLINICAL OBSERVATIONS AND THERAPY

2.1 IN’I’IKJI)U C’1’lC)N

2,2 sy Ml)~oMs AN[) S[(JNS. l{ELAT~D To ~ADIA~]oN ]N~Ry

S(ver;tJ synlptoms that developed during the first day or two after exposure prt)t)ilbiy were

attrilmtitbit’ 10 radi;itfun. Itrhing and burning of thf. skin and eyes during [111s periutl (X’{’Urrt!d in

uvt, r {III(J qu:]rt(,r (JI tht> Rongelap population, to a Icsscr extent in the Ai]inginae and h) :~ very

siighl ,Ixti,II( In th(’ Ati]~,ri[+;tns. The skin synltum:itoloh~ ● might h:tve been due in p: I rt [o the

marked alkilillllty (Jf lh(, faii(mt n)xtrr’i;il ((:alciunl uxide). About two thirds of the ~t~ligelap

gr[mp rt,pt)rted nause~l dur]ng this early period and one tenth of the ~roup rqwrtttd vonlititw

and diarrhea. Only onc Aiiinginae imiividuai reported nausea. The people of Uti rlk and the

Americanb deveiopeci m) signs or synlptorns that might be related to radiation.

* The symtomatology is based on questicmings through an interpreter by several observers.

Despite the repeated Interrogations and the inevitable suggestion of the interrogators, the sto-

ries remamed rer]laricably consistent.
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2.3 CLINICAL 013S.El{VATJON ANT) THE IMPY AS I{EL4ATEI) fro HKMA’IWI,O(; ICAI,

FINljINGS

Ihlw(tll 1111,:{3r(i ;111(1 43r(i I), )st-(, x])osilt’( {l:Iys, 10 ~wr relit {J( tht, l{(MIK~>lalI II 1(1IIl~h IiJ15

I I:i(,lI(,(l :111 ;II)HOIIII(, ~:r:ll}lllo(.vlt. lIIv{,l of 1000 l~(,r [,(III!(. Inlllilllt. trr {)[’ Il(,l(lw. ‘1’114, Il)wcsl 1. IIL)III

(IIIS(,I.V(,II (hlrill~: IIIIs I)t. IIIKi W:IS 70(I ~r;il~~llt)t,yl~~, lhlrll]~ ttlt~ lllt{Sl”V;(t Itlta .Iiivt, %llilllty of ;:lv -

IIIK IIrtIIdIvl;i(.lit, .IIIIII)I(II](. Il)t>rilpy I(I SUI.11 II I(llv I(k IaIs W;IS (’,Ir(, fully I.(. (.( II Isl(l(, f”f, (l. llI)u I’vt Lr.

JJr(lj)l lvl.l (’11(. :1111 Il)loll[. s W(, r( II(J( Intilllut(d I)(w’iiust’ [Ii tllc! following” l.ollsl (l{,l”:lt lolls:”

(1 ) All II Id Iv Idu;Ils w(r(~ under cuutinuous II LedIciIl oi)st~rvati(m so thal [Iltt,t[l,nl would bt’

dlsc[)ver(>d in 11s earllt’st stiiges.

(2) Since some Individuals might require itntibiot~cs [or long periods (If time if infection

occurred, the premature administration of such drugs would not only possibly obscure medical

Indicatmn of treatment, but might potentially lead to the development of drug resistant orfytn -

]sms in an inchvidual with an already lowered resistanc$ to infection.

(3) There is no accurate knowledge of the number of grar”~locytes required by nlxn to prc?-

vent the types of infection seen in agranulocytosis.

(4) The ol)scrved situation was not strictly comparable to agranulocytosis with an aplastic
nlarruw due to potentially lethal doses of radiation. In the latter instance, granulocytes fall

rapidly and there art’ practically none in the circulation whe~ infection occurs. In thv present

group of lnd] viduitls exposed to radiation, although most counts were :ipproximatcly one-fourth
of nornial, (Iie full tO lhi]t It.vel was gradual and there was some evlclenrc of granulrx’ytt’ regen-

(, ration.

Wlilte c(~unls wcr[’ ruprate(f ;it three or four day intervi~ls on all uf Lht’ exposed individuals
;tnd fnur(, frf,<p.rt,uily ou lhos{. with thr lowest counts. Those with synlptorns or elt’v:ltt’d tem -

IJ{,rulurts wc,re lreatt,d {,I)ly after an attempl to establish a diagnosis wiis nl;idt’, CiV(’ll if ii period
()[ otJs(. rvation wtitt n(,(.(.ssary. During the [)l)s(~rvation period, the patients were t,xanlincd at

frequent intervals and tht, temperature checked every few hnurs.

‘f’wcnty-sc, vt,rl individuals had total leukocyte counts of 4000 or below ur ;tl~soiuto nt>u-
[ro])illl~~ (.(milts (,( 2500 ~)r lCISS at some tlmL> during the perit)ti 01 observ;ill~)n. 01 (I)t’st’ 27, 13

Ilad symptoms of disease that required evaluation for possible antibiotic therapy. El(’ven of the

13 had s~,vere upper respiratory infections, one individual had abdom iniil pal]ls :ind ftwer, and

one had urtlcaria (hives) WIUI [ever. The incidence and type of symptoms m the group with low

Ic’ukocyte count~ did not differ materially from those in the remainder of the population and it

appeared that the occurrence of disease and the presence of Ieukopenia was coincidental. The

13 instances in which It was necessary to consider the use of antibiotic therapy in ncutropenir

individuals are summarized below:

Eleven of the 13 individuals had severe upper respiratory infections. Eiitht of these had

mala;se, sore throat, nasal discharge, and temperatures that varied between 99 and 101 .4°F and

then fell to normal within a 12 hour period. Since the response of this group to uPPer resPir~-

tory infection appeared identical with that of individuals without neutropenia, no therapy WaS

given. Two of 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 instan(es, the syn@onls

were out of proportion to the physical findings, which were negative except {or head colds and

mild pharyngeal injection. The seven-year old child had a temperature of 102.6 wht’n first st’tm

25
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:Ind 4 hours latt’r, 104. The two-y {’ar old child hact an lnitiai temptlriiturv (II I(JI. ti tIt&I,,,L~

wh)tsh rose to 103.5 dc’grecs in 4 hours. Both wert’ @vcn Intramuscular procuine pcnl(.ll]in

whrn LIICIshtrp rise III t($nlpc’rdture occurred, :in(f both were w’ithout symptunls itld ft~vt~r the

f{)llf)wil~~ day. A s(’rend lnjwtion of p(’nicillin wa~ ~lv(,n at thi~ tim(i, :inct thcr~pv W:IS dlscon -

lInu\Ld. In S1)l[() ()( till. f:lct that lIIC II(UIl r(]l)lliles rt’nl.ltl)(xf [i(’l)rvss(’d in t)otl) (“; Is(*s II IIIK .ift(>r tlu~

fcv(r II;I(I jI:LHM{srf, t)[)th ildivlduals rl~cuvered And lI:Id IN) further ilim’ss. In F’igur{~ 2, I (IN, ijl(mf

(oullts and pl:iti~lt,ts t)f the two-y cur old pattent and t,h, time of the ocrurr:)ncr of th~’ lllne Hti

WI1)I f~~v(,r :irc, Illuslr:ltfvf. A otw- y{~:ir old boy Iuld sy]~lptonl~ of upp(>r respiratory infection for

s{,v(lral days ix, [urc lx’ill~ broughl 10 the clinic, WIWII he W;IB stw!l!, hl~ temperatur(~ W:IS 100.11

d{’gr[,(,s. III addillon I(I the h[’u(i cold~ Lhcr(’ was pll;u”yngwd Injcctlon ;Ind ]mm(>rou~ ctuirw,
rh(~llt.lli (wht!c~,ln~) lhr(mghuut thr l-ht~t+(. A diagm]sis (If upprr re~piralory Inf(wtl{w with ;IS -

s[Nl;ItIIfl ljrt~iirliitls wits fni{dc dnd tlw I“hlld was ~ivt,n ;I singlr ln[rillll UWUl;ir llljt~(ttioll of pro-

(:;IJIIC })(,i]i(,illin. 011 th(, foil I)wlng d;Ly II(I rules or rh(ulchl wi,r{, hr:lrd, lhts tt,mpt~rnlur(~ w:It.i

99’’F’, iind he r(,miiin<wi .Isynlpi(}n]ntir wlihout furlh~. r trciitmont.

On{> of tlw 13 imlivldua]s wiis ii 50-yetlr old man who reported tu the c1 lnic with W{’NJONSSM,

m~rvousness, nllld ;Il)doll)in;ll I]:{ln, i(i]d shu{)ting pitin in the upper ;inlerlor Cht, st} bilul(IIz(lly.

He appe:lrcd modor:ll(,ly ill, his tempt, r;iturc was 9f).6”F, and the only positive phybical finding

was nluderate tend(~un(~ss III th~~ righi upper quadrilnt of the abcfomon. Since his granulocytc

ctmnt rema]ncd low on repeated t,x;tn]ln:ltitm, i)e wns seen at frequent Intervals. Within a 10 hour

period the temperature rose to 101 .6”F, following 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 (inflammation of the gall bladder) was made. NO specific

the rapy 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, fever, andheadache: Urticaria and fever

subsided within 8 hours without any therapy.

2.3.2 Platelet Counts

All individuals with a platelet count of 100,000 or lees were examined daily for evidence of

hemorrhage into the skin, mucous membranes, and retinae. Urine was examined”for red cells

and album m, and wonlen were questioned concerning excessive menstruation. There was no

evldenoe of hemorrhage into tissues even though 11 individuals reached platelet levels between

35,000 and 65,000. Two women menstruated when their platelet counts were 150,000 and 130,000

I (,spectively. f30til nlcnstruatcd several extra days and thought that the bleeding was excessive

but IIOt sufficient 10 cause concern.

2.3,3 Hematocrit Changes

NIneteen individuals iri the Rongelap group had hematocrits 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 five years

who would be expected to have a lower hematocrit than normal adults; four were over 70 years

of age, in which age group a decreased hematocrit is 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 basis of normal

physiological variations rather than to the effects of irradiation on hematopoiesis (blood for-

mation). At no time were whole blood transfusions considered since hematocrits remained

wllhin levels consistent with well being and normal activity.

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

IRRADIATED POPULATION
. —...

Between the 27ih and 42nd post-exposure days an epidemic of upper respiratory diSea6e6

(URI) occurred. Fifty-eight per cent of the Rongelap group and 56 per cent of the AilinginX!
group were involved. Seventy per cent of the affected individuals developed sympion]s between

26
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Of tile 64 individuals fronl Rollgelap, 27 had no respiratory infection and of these 13 (48 per

(imt) wilimut UIU showed a rise in leukocytes; 37 had the infection, and of these, 24 (53 per

ct:nt) showed a rise; 7 of these 24 showed a rise three or more days before symptoms ap-

peared. Of the 18 from Ailinginae, 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-
Iection but in addition the medical personnel involved in their care and study also developed

equally severe respiratory infections. The respiratory infections consisted of moderatt’ ma-

ialse, sore throat with prominent lymphoid follicles, pharyngitis, moderate [ever on the first

(iay, and J purulent (pus) nasal and tracheal discharge for 10 days.

2.5 COMPARISON WITH THE UTIRIK GROUP OF DISEASES SEEN IN THE RONGELAP AND
AILINGIN-AE GROUl)S DUHING THE PERIOD-OF Observation

The disease~ ti~at were st>en in the Ron~elap and Allinginae group~ during the period of

observation are listed in ‘ral.dc 2.1. None of these appeared to be related to tht$ r[ferts of ir -

r;{diation, clthcr directly or as a result of the hematologic disluri.mnces. Fur comwrisw the

diseases Lilat wer(t seen in the Utirik group during the period of obscrvi~tion art! Iislt]d hl Tabie

2.2. The high incidence of gastroenteritis (inflammation of the sto[nach and intestines) 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-Ailmginae group developed upper respiratory infections conlpared to

the Utirik group. However, all of the Rongelap-Ailingina e group were questioned concerning

even mild symptoms of URI, whereas only those of the L tirik group with severe symptonls of

29
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Mv,, pI;i with hc:){kmhl. (near slghtcdncss)
P’ullgm Inf(wtl(m, audit{~r,v canal
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I)l; l(kk,r)’
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UFU c;imc to the clinic for treatment. Similarly, the per cent of the Rongelap-Ailing~ae group

that developed purulent infections appears higher than the Utirik 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 unnecesmry.

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

TABOLISM

The body weight of individuals in the Rongelap-Afllnginae group was followed routinely.

Since they had an unrestricted diet and 2.11 ate well, their change in weight might be taken as an

30
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4

5

0.5- 10.(I
1:{
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U.il 5.s

77

24
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.,.
(I.:, * 5.5

H()

Aiilnginm, Group

7
0

Number IIhSI) rvcd
NLIfnbc>r tha( IW tncd

welgh[

Avcragl> gu In (ib)
Spr(, ml (If giIIn (Ibl
Number that l{Ist 6

W{,Ighl

Avcrag(J it,ss (lb) 2
Spr(, nd IIf 10ss (lb) 0.5 --3
P(, I, cent of Kroup 88

Ih:lt J{].st weight

:{(;

14

3.5
l– 11.5

21

4
().!) H

:)u

9..

3

2.7
2–4

6

2
tJ.5-4. o

67

——— ——. _ —-

nlent is open to question. Unfortunately, the weight of the individuals from Utirik was not sys-

tematically foilowed and no satisfactory control exists to aid in interpreting tile ioss in weight

of the Itullgelal]~-Ailingin~Le group.

2.7 THE EFFECTS ON PREGNANCY

Four women in the Rongelap 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, and as far as can be determined preg-

nancy continued in a normal fashion. In the Aiiinginae groc-p, one woman was in the second

trimester. No abnormality was detected. Fetal movement~ 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

31
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1{(1 N(; l;l, /\l> AND All,t N(; lNAK (;l{4)tl~)S

‘I’1.llll,, s14$1.(If I ,(!W(,M1 l~lnt{.lul i.<Iwt!Nt I ,,IW1$!41

llr~n:lllrv ( ‘{mill N’11(’ fUtNIt !OI)I)I I,. (’, IiIIIl

I{llllu(llllp (; I’IIUI1
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I

~

:1
1

:;

6

7

H
9

1()

:1

I’lrsl

l“ 11s1

St,, [,ltfil

l’hll(l

S(woncf

:1.5,000” .1 ,:)00 :1,1)00

!)(),000 .>,()()() J ,:)00

I !)(), [)0{1 4,000” :!. (lOO
I ‘)(), ()(),) I (),000 ‘;,000

Ailinglnat, G rINIp

170,000 7,000 3,~t)()

.

.-+.
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T;)hk, 2.5 PATIENTS TREATED WITH ANT1B1OT1CS

No. Of dllyti AnllWot ic

Comfltlon t rented Uwd . i

fhw,p l,xlcnstvc slough of cpid(~rmls 2 Penicillin

of f(ll,t

T(loth (,xtr:wlwn 1 I@nicillln

Tt)olh t!xtrnclion 1 Ptmiclllin

lnllun)(,(i tlmxlls with high ‘2 Pcnlcillin

tcmlm. r;lture nfld URf
URI and bronchitis with hi~h 1 Pcnicillm

tempcrnture <

UR1, severe, with pharyngitls and 2 Penlcillln

high temper~ture
Rapid progressing undermining 2 Penwillin

Impetigo

T ruumatic gangrene of foot 7 Penicillin

Cystititi 5 Gantrasin

Furunclc (m buttock 2 Penicillin

Furunclc on forehead 1 Penicillin
—.. .- —.
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CHAPTER 3

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION

3.1 INTRODUCTION EARLY SYMPTOM ATOL,OCY REFERABLE TO THE SKIN

Tl)l’ Marsl)allese on Rongclap saw a visible fallout of powdery material that began approxi-

mately fivt> ll~mrs after the initial flush was seen. The powder whit ened the hair ;~nd adhered to

IIi{i!r skill :is u s;)ll-like film. ‘rhe Marsha llese (m Ai]lnginae rept}rted a similar ltul less strik-

rrlg I: III,Iu I. TIII Arl)(rl(ans (III li(m~(’rlk also saw a fallout and dewrilwd It as ‘“mist -like.” The

M~rA]iill~~~ on U(lrlk dId III)( tiet’ it f:i]ioll(. TIIe early symptimtr were limited II) thCI Rungeiap,
A]llngll)tie, and t{) ~{ lesser , xlent tlw Americans on Rungerlk. The early symptunls u[msisted

of u generalized it(’hing and burning of the skin, Iimlted almost exclusively to the expt)sed parts

of lhe b<JdY. A less ctmsislen[ symptom was burning of the eyes accompanied by tears. The

sympt(m]s began the night of the fallout and continued into the next day. A few individuals had

symptoms lasting as long aQ two or three days. Decontamination of the skin of the exposed in-

djvlduals was initlzted either aboard the destroyers while they were beingevacu!ated or upon

Lhel r arrival at the naval base on Kwajalein. The classical initial erythema of radiation injury

t,] the skin was not noticed by the observers who exammed these individuals during the first 10

days. If an inl[lal erytl)ema developed in the native Marshallese, it was masked by their dark

skin. AI] erytl)ema was not seen In the white skinned Americans exposed on Rongerik.

3.2 SKIN LESIONS

3.2.1 (;ener;il Description

Skill lf, sIr Ins f:r.sl :Iplw;]red in tlw Rongekip gruup after

<’(111.+I~lIJ;ilJl(, (Ilff(, r(, n(. (, III (11(. lt,r@li (If lime ne(.(,~s:lry for the rfevcllopnlent of tlIL’ v:tr lous lr -

.sIi JI)~. Ilowcv(.r, It “was fot[ll(l (}1:11l)iere warj u (.(mt+islenl Iml(ern In tl)e squt!nl Iiil (lt’t~t’l(ll)lllt’ilt

III III:+II)IIS IJII various (,xpIJs(,d l)arls t)f Iht, lxdy. ‘I’IIc princlp;ll lt,s)t)ns o(.(. urred r(m~hly Ill !Ile

l~,ll~,wl(lg’st’quelltl:ll order: S(.:LIII (W I(II epilatlm); ne(. k, ax!ll~lry regkm, anle(’ubltal foss;le,

1(,( ’1, :11MS, legs, and t runk. Lesiuns un the flexor surfaces tended to pre(. ede tlN)se on the ex -

trnsIII surfaces (see Table 3.1 for the time of appearance of varlcms lesions).

A clear rut primary erythema was not seen, nor was a late erythema. In a few cases,

Lhefe was c[msiderable 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 inctication of a develc,ping lesion was an increase in pigmentat on. These pig-

mented areas appeared in the form of macules, papules, raised plaques, or larger areas of

34
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I’;lt)l(,:1.1 LKSN)NS IN l{ON(;h:l, AI” (;t{()\!l’

I’or (’IVII (If TIItal III AK(, (;r(mp h~iv[n~ Imtl(.ut(xi [.I,SI,UI

‘1’vll(,ill AK{, () !]
1.<,516)!1 (1:1 p(, (lpl(,)

Kpll[lllllll

I plus 7.6

2 ptllh :111.6

:{ plllh 5:).1!

T(llld Ill!), ()

Sk(l[ I, I,+ I(IIIS

A!lkl!. -(, rl$ll) :1/!.4
S(;ill) 1(1(1.1)

N!(h ()!1.2
Axill:t (; 1.:)

Anltcxtt)!tnl

F,lss,l( .. :10.7
}Itll)tls-wrtsls :10.7

F{,(,I 2:1.{)

Arms 15.:1

l.t!~s “,’.(;

‘I’ru!, k I :).3

Null lJl~lll[vl l:ltl(lll 61.5

“ ljllst-t,xp(]sur(~ d;ivs.

AKI. I; If, Agl. 1(; & ov,r ‘1’,)1:11(;r, )llp

( 1:1pt.l)pll,l (:W p(,oplt,l (1;4 pl~lll)ll.1

:Iti. 4 1:)./1 17.2

:H). 7 .“). :) 17.2
23.() t).:i 22.1)

92. I 27.{; 5(;.2

I). (I

l{)(). ()

7(i. Ll

7.li

:18.4
23. ()

53. H

I 5.3
23. (I
23.(}

100.0
.-

():()
;17,(1

(itl. (1
I :>.7

:14.2
Iti..t
53.()
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rounding skin. As the desquamatlon proceeded outward, the areas developt’d it charar(erisllc

appearan(.e 1)1 a (entral depigmented area fringed with a hyperpigmented z(me. Al a Ialer stage,

i)lgmentati(m began in Ilw central areas and spread outwards. After a few wet>ks III(I cy(lc was

{t,mplettd, leaving in most instances a relatively normal appearing skin.

Apprf)xlm~lcly 20 per rent of the R[m~clap group dtweloped lesI(ms wli!(.tl W(”rts nt(lrv sc -

~fl>re. Tlwse lcWjms mi~ht INB(“(msidered ;ts ($ompar;ll)l~ 11)stito(lnd dt!~rt’t’ tlIt}r IIIiIl lturtts. ‘l’ltt)

(I(IcII)L’1”11,sl(IJIs tt(.(.urr(’d IIrint’lpally on the (c’(’l and I() a Iestwr t’xl(vtl (m Illti s(’iIIp ;IIKt nr(”k :Ind

III (Inv (.:lst’ (In Ihc ear. Iitls[er ft)rnmtlon WiLS II()( ct)lltmun. }Iowev(’r, (In llIlh (tlt,l, S(lIIIIS Iargr

I)ullilt! (t)ilst(!l”s) :Ippcurt. (1. After a few days, tlw hyperplgmented Ics](ms slli)wed w~’t dt’squillil;i-

Llon WIII) wt)eping and (“rusting, leaving depigmented raw surf ares of varying ilrea. S(mlt’ of

ttlese Ies]on.s became seccmfarily infected. Epitheliums rapidly covered the ulceralt’d iireas

within a week to 10 days. Pigmentation followed during the next few weeks. As healing m’cur-
.

red many of the more severe lesions (particularly on the neck and antecubital foss:lt’) devclc)ped

a thickening of the skin with an ‘“orange peel” appearance and a dusky, grayish-brown (“~~lor

(see Piate 3.4).
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3.2.2 Desrrlptlon mld lllus~r’at Ion of Sperlfic Lesions

. TI)(’ sc:ilp :ind ft~relwad Icsltms appeared 12 to 14 days foliowin~ exposure along with t*iJl-

Iail{m ]n 111(’R[m~elap group. The skin lesions were maculopapular with a spotty disl ribul]on.

They w[’re t(]nrcntrated In the areas of epilatitm. These lesions are illustrattwf in PINteN 3.12

to 3.16. S(Ialp lesions (.[mtinu~’d tht’[t appearance over a per)od of ab(mt a m[mtti. ‘rhll~, gr(mps
of lt, .sII)n.s In viir I(NI.s st:t~:t>s w411,(. l)resL’nl in the s~me individual. ‘rhlu wus ~mrtlcu[nrly n~II;IhlIC
:tnl~~ng III(: (.l)lldr(m. ‘rh~, In(.ldl,II(.c {If S(”ill~ lesl(m~ W:IS grealettt III the O t{ I 15 yoiir ~r(nlp i.sci’

‘1’al)ll, 3.1).

‘1’11( nt,t.k lt,siI)nswf,r{~ tl)t, mo~l t.{~lnmtm and lw~:in their ~l)p~i;riinl’(~ it fcw d;!yg itfler Il]r

W.AII) Itwlotts. ‘[’I](’M’ I(,si(ms nppt’ar(wl :t& hypurpigmmled marules itnd ~aimlt!~ wlii(”h aprt’ud

:llld (.(lill{s H(,ld 111({) ~:llfit’d l)[;lq U(’tL ‘[ ’IIL’ lesl{m~ usu;illy appeart’d fir~t (m t Ilt* titd~’ .ind f r{ml (If

Ihv l)ivk an(l sl)rcad l):l~kwi~rdt+. Tllcy were more (,t]nlmon itnd mi)re severe in w~)m(’n. Plxles

3.1 tllr~~u~tt 3.4 ilnd 3.9 tllustrxl(’ ntv’k lesions In (IJ(J various ~liige~ of devc’l{~pn!t”nt. S[)nici of
1lit (Iv(,p(,r n(xk Iesl(ms (ended 10 ()(. (ou Y In w~men where their (hick huIr tou(’hed their necks.

Ax Illary It, s](ms wer~ ma(ulopitpular, less abundant, and developed simultaneously with

tile ne(k leti]ms. Tlwse les]ons are Illustrated in Plates 3.10 und 3.11. The axlllary lesions

were m{~re comr,n(m in tlte young ch]ldren.

An(erubital fossae Ieslons appeared about a week later than did the neck and axillary le-

sions. ‘1’hese are illustrated in Plates 3.9 and 3.10.

The foot lesions developed later than the lesions of the antecubital fossae. These lesions

were Iw>ated mainly on the dorsum of the foot between or on he 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 in

Plate 3.8.
.t

Lesl(ms of lhc Ilamis, arms, legs, and trunk were less common, less severe, and developed

later. Areas of inc reascd pigmentation were scattered over the abdomen, chest, arms, legs,

aId fa{c. In(rcased p[gmentatl(m of the sides of the face is illustrated in Plate 3.4. A striking

early 1~’slon was an (>rylhemat(ms, weeping, ex[.oriatlng lesion surrounding the anus which Oc -

(.urred in several of tlIe babies and a few of the older people. These lesions were severe

Inlti:llly tmt Iiealed rapidiy.

Mo:J1 of the Marsl\i~l Iese Iiad mult lple lesions. The combination of epilation and the con-

trasting hyperplgmentecf and depigmented areas adja(’ent to normal skin pre~ented a strilung

aljpearanl.e. Tl]e multiple les!ons are illustrated in Plates 3.8 to 3.11.

3.2.3 Severity and T]me Appearance of Lesions in the Various Exposure Groups

[t lS not feasible to quantify accurately the severity and extensiveness of the skin lesions

In the various groups- However, it was the uniform opinion of all observers that the most se-

vere and extensive lesions occurred in the Rongelap group. The lesions that deveioped in the

Aillngmae group were much less severe and extensive, and the Rongerik group (Americans)

hxd only 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 RongeJap and AiliWinae grouPs.

Transepidermal necrosis occurred in 20 per cent of the Rongelap and in 5 per cent of the

Ailinginae people. No lesions of this severity were seen in the Rongerik group.

The lesicms appeared earlier in the Rongelap group suggesting a higher dose. The com-

par i son of the incidence of epilation and neck lesions and time of appearance is illustrated in

Fig. 3.1 for the Rongelap and Ailinginae fp’oups,
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P~~~e 3.3 Replgrnenting superf~clal neck lesions ~t
40 days. Hyperplgnlented area: not completely
desquamated. Case 24, age 15, F.

PIJL(’ 34 Ii(’;lit’d 1](’(”k Ies]ul]> at 77 (i:ij’S shOWIIIK

dusky pigmentation of buck ‘f neck” case 39’
age 15, F.
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3.2.4 Hlstupatt)t)logy

Scverr biupsies were taken ~jf ncx’k lesions and one of an axillary lesk)n durln~ !Ilt’ third to

fm.rrtll week after exposure (m the Rtlngelap people. ‘rhe lesions biopsied at that tiil)~, wt’r(’ [n

the Ilypcrplgmt)ntwi stage WI) little (Jr no desquamitt [on (shedding) having (wl.urrixi. Mod of

!hesc blops]es were taken frf~nl individuals who showe(l lesions of greater thun avvr:igt’ sr-

verity. A second group of iIl(q.Jsies [rem the Rongclap group (repeated In three lJId IvldualtJ)

wrrt’ taken; four at the seventh week post-exposure and five at the ei@lth-week pvriod. These

werft taken from the mv”k and antecubilal fosmae. All of these lesi(ms had desquanmt(’d and ihc

depi~mcnted &kin h~d rypigmen{ed t{) ;I dusky, ~ray t“olor wlih some thickt’nin~ (“”()~ittl~~’-})t~~l”

appearance) t~f the skin. Blt)ps]es wchrc not taken froni open letdons or from the ftst’t ftlr fear {If

In fertl(m. All lIIopsy w(mndti Iwalcd w~pidly will) III) wcondury com[)llcailontf.

‘1’lw mi{rtjsu{)lll{ ilndingM urt’ sumtnarize(i as follows:

Early bi(qwics 3r(i If] 4th w(’ttk. Epidermis

‘rrj~ns~’l)itltrrll:il (I:llmtgt’ was n{~[cd willl a few lnt[, rvenln~ ilrc;tiit’tf sht,wlng iesm d~imii~e

(Pluletr 3.!8 attfl 3.1 !)). ‘1’l)i’ ep]~iermls in nit* n]t)sl I’xlcnsiveiy involved arma sht~wtd t.imslder -

al)l(’ fit r(@ly willl flattdnlng of the r(l(, lw~tj. III I~]:IrI’s ttJe t!pidernlis was rt!dut”t’d tI) :1 ihlL”k -
ness (If 2 t~j 3 (ells (Plates 3.20 anti 3.21). The rt~iis of the nltllpightan layer showed pltwniorphic

nuclel, pykm)kils and (“y(oplasmlc halos, giant (’ells ami in a few Instanceu multinu(,leaied t’ells.

PyKnosIs of (ells of tht> basal iayer was commonly seen. Focal dlsorganizatitm of the tnal-

pighlan and basal layers was usually present in the more extensively damaged arcades. Cells

laden with pigment were frequently present throughout the epidermis and intercellular pigment

was noted in some sections. The stratum granulwsum was usually atrophic or even absent.

imperfect keratinizatlon with parakeratosis was visible in all sections. Hyperkeratosis was

also seen. The stratum corneum was loosely fibrillated.

The arcades of minimai damage were usually found in ar~as where sweat ducts approached

the eplciermis (Plate 3.19). There was an apparent increase in the numbei 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 more severely damaged areas was lacking.

Changes in lhe dermis were largely confined to the pars papillaris (F’ates 3.18 through
3.21). Mild ~dema Ln s{~me cases was noted. Capillary loops were often indistinct and when

dls(’ernible ‘the’y frequently were assoc]atecf with an increased number of pericytes. TIw endo-

tlIcl I:Il I“PIIS Ml[)wed tiwelllng and were polygonai in shape. Teianglectittic c.llanges (dilated
bl{,(,d v(sst)ls~ wer(’ m,tud In areas where the overlying epidermis showed greuiesi d;lmagc with

lylnpl~(,{yt I(. Ir]filtrti[ic}fi surr(mnd]ng IIIF teiangle{tat Ic Spa(.es. Chromatopltores, filled with

n)el:u)ll) p)gment, wert$ l)ron)lnenl In ihe tmperfirlal dermis. The fine elastic flbr]ls running

l[~{t, 11)(, pals paplilarls wet-c (Iflen aitered or absent.

L, Jltit! if any damage was seen brlow the supcrfi~’ial pars retlcularis. The hair follicles
wer(. narrow (Plate 3.22) and in most instances devoid of shafts in ti~is reg]un. There was

some Lclanglectasis of the capillary spaces bounded by lymphocytes and monuclear phagocytes

m the super fi{’lal pars retictilaris. Some of the iarge elastic fibers in this region showed

sllght sweiiing in some instances No damage to fibrocytes or coll~gen fibers was noled.

Second series, 7th and 8th weeks post-exposure. Epidermis

In general, repar-ative processes (>fthe ‘epidermis appeare–d to have been fairly good, ex-

cept It)r a few persistent areas of atrophy with narrowing of the epidermis and finger-like

downgruwtlls of the stratum lnalpighli (Plate 3.24). These ocl. urred in areas of Krt?atest epi -

dermal narrowing and Llie ceils showed rather prom Inent pig,ment content. There were many

outwa;d epldermal excrescences (“overed by thickened stratum corneum which was still Iooseiy

iarn]nated - such phenumemm producing a wrinkled appearance which probably accounted for

the “ormge-peel” like appearan(.e of the skin noted grossly in the areas biopsied (Plate 3.22).

In almust all lnstanc~s the basal layer was intact with little or no disor~:anizatiun noted. There

were a few scatter{xi :ireas Jn which occasional epitllelial cellti with pyknotic nuciei and peri -

nu(’lear cytoi)iasmi( lI~l(Is (I(”curred ln the stratum granul(tsum and maipiKhIan iaycrs (Pi:lle

3.23). There were ,x”( ;Lsi(,n:ll :]rcades ]n which (lie epidermis, particularly tile stratum gritnu -

lusum, al)peared it) INI iictuilily widened. These uc[. urred almost ~}r,~d[)mlnantly (r) rel:tti(mjhlp
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TIIt’ {’nplll;try l~x)ps III 111<1tiermal pNIIIlli It,, illthl)u~h I!r{. m’n!, W(*I”($ [It}( Ullllorlllly ,11s(1!)($[.

Pcrii. ytes renlalntwi In lmreased number but fewer lyll]pl),~fytt’s wt, rv prt’s{nl. lil’llt, riilly,

tllt,re :Il)peared t<) be sllghl Ielanglet. tasls ,,f Ille capillitrlt. s In the ihtrs p:lljillurts und lhe

superfl~’lal Imrs rclicularts (Plate 3.24). Tllt,re was some edema i~f the p:lrs pap)llilrls (Pl;ltc

3.22). Scflt(t’rcd plgnlt’nl laden chromaloplmr~,s were irregu~arly tiistrlbu(t~d 11)tht papill~lry

layer (Pl;i(c 3.23). In s~mle cases hair slmfts in the superficial pars rt~tirul;lrls were quite

narrow, at r~]pt]l(. , iLnd uccaslonal]y absent; In others the ihllr shafts appe:irtwi l)()~llliil. Small
hair ft~llicles (Plate 3.22) and secrelory swext ducts in tmmt, cases sl}i)wcxt niiid i~trophy.

B]t)psies of three pigmented mild lesions were taken fr{,m tw, ) of lIw wllllt’ Roqyrlk

Ameririins. Only onc (I[ l)IC three gave evl(ien(, e of danmgt,, WIIICII wi{~ IKIIIIIII:II Jnd (t)nfintd to

(he epifiernl]s.

3.2.5 SyI]il)ii)tlIi\i(}l~)~y and Treatment

On lIw day of expimmre, ]trllin~ and hurnlng of the skin wits prevalent. This subsided and

[or a l)(~r}txl [,f 10 ((~ 14 days (,r longer thrrt, wu~ neltllt:r sut)jertivth nor Ajcx”tivt’ twidtmce of

skin Injury. 11(.lllng :Ind burulng reapptmred eltller prior (1I or in LIIF early plgn]enliltion stage.

WI(II llItP deel)er Iesi(ms there was also pain. %in was ratlwr marked will) (lie f(wt Iesluns.
During the pulnful Imrl(,d some of the foot Iesiuns were also Imt and presented a brawny

edema. A (.im]n]on (-(]n]plainL was a tenderness !n the great toes medial to tlw nails. However,

visible lesions in tl~ls area were infr~uent. This symptom usually preceded the appearance of

gross lesions elsewhere on the feet. Many Of the individuals wlio developed painful foot lesions

were observed walk]ng on their heels for several days. The painfulness of the foot lesions may

tlave resulted from their greater severity, and may have been accentuated by the dependent

nature of the foot. Some of the lesions of the neck and axilla were painful when turning the head

or rtiising the arms. The acute reaction and pain subsided after a few days. There were no

constitutional symptoms.

Ttie treatment of skin lesions was largely non-specific. Most of the superficial lesions

were treated with calarnme lotion with one per cent phenol, which in most cases relieved the
Ltching, imrnlng {)r pain. A few of the painful hyperpigmented lesions not relieveti by calamine

wlttl phenol were treated with pontocaine ointment, with apparent success. When the eplthelium

desquan)ateci the ltchirt~ was relieved by daily washing with soap and water and the application

(If a wait, r solublt. vanisl]lng type ointment which kept the injured skin soft and pliahlt>. Raw

,ireas, wlII[t I l~(,(;lme stx{~ndarily infected, were treated by washing with ,YoiIp and t)y the appii -

{.:lllf]n (JI aureomyrln []illtlnent. tju]l{)us Iesl(ms of the feet were left itllit(. t as lImg its m) syn~p -

[OIJ)S W~lC ijrt.st~lit [f I):(lnful, tht. bullae were :\spirated wi~l~ sit. rile Iectllllqutms 1(1 rt~nltwe the

(,le;lr ,slr;Iw-(,tJl,~re d flul(l, A single nsplrati(m was ade@ate s~m.e the bulluc~ did md refill. One

1(1(11ICSIIIH (i(,vt~l(,l)ed iLII (>xtensIve, raw weeping ulcer. Prc@~ylit[. tic penit’illin W:IS given for

(W(I days, durln~ WIII<LII t Lmc tlw lesion developed healthy grw~ul;~iion iiusue. SM)C>- of the le -
s]fjns [}f 1I}e skin of ~lIL. foot” remained thickened, less pliable, and painful after de. ~uiimati{m.

‘rills was reliev;d by the use of vaseline or cocoa butter to soften the tissues. One persistent

e~r lesl[m dld not heal after desquamation. This was treated with warm Ix)ric arid compresses

and wasl]lng with surg]cal soap to remove the eschar. Granulation tissue formed, and epitheli-

ums was slowly growing In from the edges of the ulcer when the initial observation period was

terminated 74 days afLer exposure. Upon resurvey six months after exposure heaiing was conl -

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

3.3 EPILATION

The incidence of and time of appearance of epilation in

is illustrated in Tables 3.1, 3.2 and Fig. 3.1. Epilation was
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exposure day in the Rongelap group and was confined to the head. ‘rhe epilatilm wus dIv NILJ(l

arbitrarily into three degrees of severity. “l+” epilation indicates IOEIS Of }mir with,)u( (iWIOUS
thinning; “2+” lndic:ltes a loss of hair sufficient 1{) cause obvious thin spt)ts; ;Ind ““3t‘. Indl(;]tt,s

an t?xtt!r, sive el)iia(ion w’i(h bald spt)ls. Tahie 3.1 illustrates that there was :1 grc.:lt~r dt,gr(.t, ,,f

f?pililtll)ll In Ih(’ (’llildrcn (O to ’15 ywrs). Over 90 per \.ent developed ci)ilat l{N1of w,mc dt’grew
in Ihe 0 to 15 veurs group, {’tu]lparttd I() {m]y 28 ~wr {’t:nt in lht, older aKe gr(mp. ‘1’IIL,prelt{~n-

-. der:in(,(, of w,all~ lt,sif)ns In Ilic xre:Is (If epllatl(m lndl~,ates that radi:lti(m fronl tll(. fxlltwi mu-

‘1’;11)14 :1.2 I, F:SII)NS IN AI1, IN(; INAE: ANI) I{(IN(; P;I{IK (;l{()(ll~s

‘[’VI)<,4)(

1,(+.1(}11

I:l)llulllm

141s1[1[1sof.
scalp & Fac[$
Nc(. k WI(I

Sh(wl(icrs
IIa(. k

Axilla
Anl(cubltal

F’[lssllt$
HaIId & Wrlsl

t“(!ct
[,~us

Nail
L)lsc lor~ti(,n

Alli IIglmI(.
( I II l){.l)pl,. )

1’($1 (’(VII
()( ‘1’olnl MI,IUI ‘1’1111(,(JI

Wllll 1,{,511)11+ Al~pt,nrxnc{,’

[(; .7 .7,}

31!.0 2(;

61.0 27
0.0

22.2 24

11.1 28
,’).(i 38

16.7 33
T).(; 44

77.7 38

l{llllK4°rlk

(2!!1 ptwlp l(,)

1’($1. <“(.111

{)f ‘1’,11111 Mt~MJI‘1”111),,,,1
with L(. SIIIIIS Al)\) I$nIVUICI.*

3..5 I 42

10.7 :12

14.3 30
7.1 2ti
3.5 23

,25.0 29
3.5 47

3.5 43

0.0

17.9 40,
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● Uuys IHISI .t.xposur~.
I 01)(* ras( t.lIIIIIl(Ld sl]~ht (.pllIIII~m. Qu(!stlwtablc.

terial cm the skin is primarily responsible for the epilation. In the Ailinginae group only three

cases of mild epilation developed in children (Table 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 whirh was first well documented on the 23rd post-exposure day. The discoloration began

in the semilunar 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 semilunar wrea
usual Iy be<’ame clear. In a few cases, detachment of the end of the nail from the nail bed was

observed when the pigmentation reached the end of the nail. Plate 3.17 shows pigment ed bands

in tile nails at 77 days. The discoloration of the nails was seen in 89 per cent of the Rongelap

and 78 per cent of the Ailing !nae ~roup. 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 Rongertk group and

in none of the white men. ‘Th, s lesion was not observed in the Utirik group nor in the rontrol

Marslml]ese. Sin(’e tlIe nail [ngmentaiion occurred In individuals without skin lesions, it ap-

peared to I)e the result f,f ;i more penetrating component of radiatitm than contart rxdlallon

which predf)mmantly [)roduccd lhe skin lesions.
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3.5 F’A(_’TORS lNFLUENCING THE SEVEitl’r”Y’OF SKIN LES1ONS

From uv:iilablc diit:l {~n the fajloui material it has bet,n <.NlcuiaIP[i tliat 50 t~] 80 ijt.r t.t.{~t ,)(

the beta rnys during (he exposure perioti wcr(~ soft with an avt,rage energy :)[ :ih)ut 100 kt~v.

Since 80 nlil’rtms of tissue

s

uces 50 per cent attenuatiim of SU1.11r:tdi:l(l{m, 1 tht’ greatt’r

portion O( energy was dism in the”epithelium whlrh IS roughly 40 to 70 m]i’rtllw In (hlc’k-

ness. ~.he remalnin~ 20 to 50 per cent of the beta r~ys wt, rt, [)[ higher energy, WI(II aII iivt’~ii~t’

of approximately 600 kev. ‘1’he latter would penetrate well Into the derm;i since it takes 800.,
microns of tissue tu produce 50 ~-r cent attenuation.l’2 1[] nddltl{m, a wldc spectrum of gamma
energies irradiated the skin. Approximately 10 per cent of the total garn ma spert rum was be-

low 80 kev which wouid be absorbed largely Ln the superficial layers {}f the skin. The remainder

of the gamma spe(, trum isdistributed between 100 and 1600 kev with a i:ir~e proportion tre -

tween 600 and 800 kev.

3.5.3 Physlra] Dose to tlie Skin
.

There ls n{) practi(, al way Lo estimate the physical dose to the areas t)f skin where lesions

were f[nrnd. The errt ire surface of the body of the RonKelap group received approximately 175 r

from gamma i radiation derived from fission products distributed on the ground, lrees, and

buiidirrgs. To this 175 r would have to be added the beta component. In view of the htgh bsta to

gamma ratio In fission products, one might expect the total beta surface- dose to t~ skin to be
large. The maximal skin doses from the plane field of radiation ark estimated in chapter 1. To

these doses must be added the contribution of the material deposited on the skin. The latter

can not be calculated, or estimated biologically with any degree of accuracy. A rough approxi-

mation of dose received at the hair follicles can be made as follows

The hair follicles must have received a dose comparable to the known minimal epilaling

dose of about 400 r for 200 kvp X-rays. Since regrowth of hair occurred, the upper limit of

dose at the depth of the hair follicle must not have exceeded the permanent epilating dose of

around 700 r of 200 kvp X-ray.s

3.5.4 Protective and Aggravating Factors-.

The individuals who remained indoors or under the trees showed some protection ds ct]m-

pared to ttlose who were in the open dJring (he period of the fallout. Those who went swimrrl]ng
(Jr bathed were also [~r(~le(,ted to varying de~rees. fjmall cilildren wII() went wadtn~ develc)pt>d

fewer f(ml les~ms. clothing, even it single layer of cotton material, offered itlrl)ot!t (.onlplele

I)rutect ion, as WAS dvm(mstrated by the fw,t tlmt lesi~ms dtweioped ill]~li)trt ~’nllrc’ly (III tl]e (iX-

p{)secf Imrls {If tlw txxly.

Since the Ieslons predomtnnte in areas where perspiration is ilbtrndant such as folds of the

neck. axlliae, anti antecubital fossae, it seems likeiy (hat the abundant perspiration produced

“by a hot, humid ciimate tended to cause the material to concentrate and adhere to these areas.

In addition, 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

severity of neck lesions in women.
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3.6 CO[{RKLATION WITH HEMA1’OLOGICAL FINDINGS.

..
At(empts ul correlation” uf the severity and extensiveness of skin lesions with m;lximum

depression of plat elel, lymplmc yte, i~nd neulroI)hi II’ c(mnts were m~ide for illliividuals Ii) tht’

Rongelap group. No pusilive currelution was found. Thus the contamination of the skin i~ppar -

ently d]d not significantly contribute to the total-body dose of irradiation.

3.7 DISCUSSION

There lMS been llttle previous experience with rndiation dermatitis resultinK from expo-

sure t(! f;dl(~ul material from nur]ear detonations, and the general ~-onsensus until now has been

(h;d Ilte hazurd fr[)n] ffilltmt m;lteri:ll wtis ne~ligible. With the Iiirotihima and NaKas:Lkl detona-

! Ions, fall[w! malerl;~l was n(}l J prol)lem since the txlmbti were exploded high in ttw air. ‘rhe

flnsll l) IIr Ils (,f IIIe Jilpancse were purely thermal.

From tile J)resenl experteme it 1~ quite evident that following detonation of a larKe scale

devl(e (low t(I the ground, scrlous exp(mure of personnel may occur from fallout material,

ev~n :it ronsldcrable distances from the site of detonation. The incident described in this paper

1s the f]rst example of Iargc numbers of radiation burns produced by exposure to such fallout

materul.
●

Knowlton, et al.’ detjcribed burns of the hands of four individuals who were handling fis-

sion product materiai following an experimental detonation. Also, followi~ the Alamogordo .

detOnatl(m, 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 lesions closely

resembling radiation burns following a Nevada detonation. However, Lushbaugh’ reported that

the histopathologic!al 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 be6an almost imme-
diately ;ifter exposure and r{msisted of an erythema with tingling and burning of the hands,

rt)il(’hlli~ :1 pcilk In 48 11(,urs and suhsidlng rapidly so that by 3 to 5 days there was a relative

al)sel)ti’ of si~li~; (2) A second phase which occurred from about the 3rd to the 6th or llth day

,lIN1 W:IS (.hti ra(.ter]’i,ed hy a m{}re severe erytherna; (3) The third phase at 8 to 12 d~ys, whlrh

was t’ll:ira[.l{,rlzed tly Vesl<-lt) ;IIId t)(illitt’ formation. The erythema spread to new area~ during

the [t,ll~~wln~ twt) wreks, :lnd ttit, actlvu process subsided by 24 to 32 days. The b~]lli~~} dried UP,

tind dcwluanlallt)n tind”k~}itt~ellz:~t.i(]n took place in less severely damaged greas; (4) ‘rhe fourth

phase i~r rhron]c stage was (haraclerized by further breakdown of skin with necrosis in areas

which were damaged suffic]erttly to compromise lhe blood supply. Atrophy of the epidermis and

loss of epitheilal structures took place, which necessitated skin grafting in some cases.

Robbins, et al.7 reported six cases accidentally exposed to scattered cathode rays beta)

from a 1200 kv pr~mary 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 comparison. 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 absenre uf pigmentation. ‘lhese poln(s wuuld tipply (U (Iw M.lrsllJl Itssv t,x~c~~jt

for the multi ihasic’ reacllons and pigmentati(m. Craw furda reports a rase (I( I;\IIIod(” r~y I)urns

of the hands whivh were similar to those described by l{i~bbills, et ;I1.’

Experimental be~a radlati(m burns In II UIII:LIL beings have been reported by L(~w-13eer’ :LUd
. .

Wirth :ind Ralwr. n %th invest q@ors used #z discs appl It’d (o the flexor surfaves (d I}w

:\rms, [i)rearm~, or thtuhti for varying lcnKttls (d time. Low Drt’r reported ““tlji)tt~}l)ll:itii($” sktn -

rf!acllonti. tltt f(mnd lhal a l-al{ .ulated dose {fl 149 rep tothe first millimeter {)( Skin$ Ignuring

self -absflrpt i[m, l)ro(luccd a threshold eryt henl:L. Dry, iwaly, desquiLmiitIOIi wii~ pr(uiurvd bv

7200 rell in Ll!e f i rat mill irnvtcr and bullous, W(’I desqwtmal i~m wttH pr(niu(”wf I)v 17,000 rep to
the [irtil nlllllmuler. Hryl hellU devclopud in 3 [() 4 ~JyH, fullowcd I;i(er by l]i~nlmdxt 1(MIand

desquamallfm w[(I1 lLig)icr d(me~. Rm-ovcry was uimervwf with d(metf I)( 17,000 ri’p. ‘i’hr lr~kmm
later d), ~wcd dcpiumc!nl{><i (enters w I(h hyperpi~mented eriKeti (tiiso men in tlw prt’m’nt ie -

slfms.). . .

Wirlli :ind ltaperio produced primary erytllcma within 6 hours after exposure t{) u dose [~f

635 to 1180 rep uf @2 radiation. Minute Vesicles with dry, spotty dt’~uanliitlon were m}ted wtth

1180 rep at about the 5111to 6th weeks post-exposure.

Folluwing the det onat ion on 1 March 1954, 23 Japanese fishermen werr contaminated with

fallout material. Apparently they were exposed to roughly the same total-body d(lse of radia -

t ion as were the Rongelap poup. The skin lesions which developed are desrri bed by Morton,
et ai 11?12 Le~ion~ developed which were sirnililr in most resperts to those Seen in tt~e Mar-

shallese people, and were characterized by pigmentation, desquamation with depigmentation,

spotty epilation of the head and ulcerations developing particularly on the scalp, ears, neck,

and hands (the latter probably from handling contaminated fishing lines). Erythema and vesicle

formation, as well as Lnflammatlon of the eyes were more promment than Ln the Marshallese.

Pigmentation apparently was not as prominent In the Japanese. The lesions appeared earIier

than In the Marshallese (about 7 to 8 days post-ex[ >sure). As in the Marshallesc the lesions

fjt’curred mainly on exposed parts of the body not protected by clothing.

In addition (() the Marshallese and Japanese, seveYal Navy men on ships in the test area

developed a few small piKmentsd lesions of “belt-line” diatriimtion, apparently due to fallout

material. . I

‘~he lesLons rep)rted in thiti paper when v(]mpared to radiation leslons described h) the
Imst presenled (.erl:iin unique features which merit further discutwlcm.

The wrly symptoms of itching and burmng of the sk]n iLnd eyes wore probably due mainly

l,, sk]n Jrradiat]on from Ihe. falluul material. however, the (.hemical nature of thLs Lnaterial

may have contributed [o the irritation. It has been noted’s that irritating chemicals applied

during or shortly after irradiation enhance the eIfects of radiation.

The lack of prominence of an erythema was notable, particularly m view of the severity of

some of the lesions that developed. Wilhelrny If states t~t erythema only occurs when the dose

reaching the papillary layer exceeds a certain level. Perhaps th& dose to the dermis was in-

sufficient to evoke the response. On the other hand, the darkness of the skin and the develop-

ment of hyperpigmentation may have masked an erythema. Microscoplcally, a superficial

I\yperemla was not a notable finding.
?=

Wirth and Rap@r*” point out that they were impressed in their studies on @2 radiation of

the human skin-with the difficulty of dietinguishmg between true erythema and tanning, par-

t irulariy in the skin of brunette individuals. It was unfortunate that color filters were not

available to aid in distinguishin~ an erythema as Suggetfted by Harris, et al.’s

Itl general tl)e latent period before developrtlent of obvious signs and symploms for radia -

li(m injury to the skin is !nversely proportlmlal to the dose of radiati(m. “’” in t~le pre SCnt

series of cases the relatively lung latent period lS suggestive of a low dose of radlattun. Huw -

ever, the wide spectrum of beta energies and particulate distribution of radimirtjve material

drastically altered the depth dose, as compared with that in previous experlem”e; hence strict

comparisons cannot be made. The later development of lesions in the Ailingmae and Rongerik

groups as contrasted with the Rongelap people 1s in keeping with the relative severity of
lesions noted.
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A unique fealurt’ (~f the present cases was the itppreciable dlfft’rences In (IIC l:I(t,nt lwri(dti

observed for lesions on various parts of the body. These tfiffrren{t’s [Silnntjt he t,xpt;i i[i~,d

entirely on lhe hasls of severity, since the severe foot lesions dcvelt)ped idler II](1SI {~[l]t~r lt’ -

sions. However, the severity might Ilave been in part due tu IIW deptw{ient pt~.+itiim t~f ttw I(N)I

rather lhan greater radiation (njury. Lesions on flexor surfaces In generitl prcct’lied Icsi(ms

on extensor surfaces. The present data suggest tt)iit the Ia(ent periud xnd radiation sensitivity
.

of various skin areas may differ. Previous work haa shown that flexor rnurfaces with thinner
- - epidermis are in general more sensitive than extensor surf ares with thicker epitheliulu. 1s

The destructive and atroplllc chi~nges of the epidermis, disturbances in kerntintzation, and

atrophy of hair foll~cles are characteristic of hislo~i~tl~olo~ic radiati(m injury of tlw skin.B’13’tU-sl

Severti injury 10 tht, dermis and bl{,od vessels was not observed. ‘f’he minltnul dernml tnjury
w1lII severe el)idermitl Injury IS in keeping with tl:e low energy betx rom~]nent pres~snt and tht’

m~rktwl de{. rease In di, pth dotw ~wcr a dlstanre {If x few mlcr(ms from the surfm.e.

}iy~)crl)ign)ent;i(l,)l) of Irljurett i{r[!ii~ was a r[)nsisltmt finding in tht~ Milrdlallt’~e, tile Japit -

n(!rne, i[nd llIe Ameri(’un Ne~r{)t,w l~l~mented li$si(ms were itls{J observed to w Icmwr t’xtenl in
(I]c wlil!(, Am?ri~.:ms. l~~url]enl;lii(,]] of (IIiM natur(. t]i~ti not been dvw.ribed NMu tht)nstarll rhxrac -

teristj{. (If radia(ifm {l;tlll:~gt’_l,, 111(’tikln.

‘1’llere 18 n{} sni !s[ii(.lt)ry t’xplanai)(m for the darker du~ky-grity rolor Iiutt appeared in

ti(}mu of 11)(>skin lcsi(~lls as l~eiliing I)rt)gressed. The (olor changes may be due to altcrali(ms

m Io(4I pl~mefll produ(otl(m, vascular changes, or a thlnninK of the epidermiti, rendering it

more translucent with resultant darker appearance of the pigment layer. Later biup~ies may

expia]n this phenomenon.

There are features of the lesions described that appear unique, e.g., the absence of visible

mult]phasic responses, the presence of early hyperpigmentation, the long latent periods, and

the severe epidermal injury with minimal dermal injury. It i: possible that differences may in

p:lrt be on a racial basis. ● In addition, the marked difference in hmtologic response of the

epidermis and dermis in the present series is in marked contrast to the usual radiation re-

sponse 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.. reals. 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 to estimate biologically the beta dose received by the Marshallese. The

difference in dose belween that required to produce threshold skin damage and that for per-

manent damage in pigs is 500 to 1000 rep. so

[t IS Impossible L(J estimate the probability of development of radiation cancer at the site

of the ilealed lesions. The ab~ence nf scarring, telangiectasts, and extensive chronic vascular

Ieslons tends to impr(,ve the prognosis since the foreKoing are usually observed to precede the

development of rad]atlon cancer.

A f;l V(Jrat)le [)r(,gn(,sis IS also suKgested by the following evidence an analysis Of 1100

Lnd]viduals exix)sed to low vultage X-ray for dermatological conditions revealed nu evidence of

cancer induction 5 to 23 year~ after treatment, MacKee is states that epithelionlata rarely

develop after a single dose of radiation to the skin. Lastly, the incidence of skin cam’er in

Negrues It+ one suth t~ one ninth the incidence in Caucasians.ss

If neoplaala can develop purely as the result of epidermal irradiation, the incidence of late

cancer’s may be enhanced since the dose of radiation and the visible gross and microscopic in-

jury to the epidermis greatly exceeded that to the dermis. Since many children and YOURS

adults “were involved, the life expectancy of a large number of the exposed people will exceed

the long induct~on period for development of radiation cancer observed in radiologists. Long

—.—
* Reported cl mical experience with radiation skin lesions i 3 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, Marshallese (negroid), and American Negroes. The

exception wa~ a dark brunette Individual,
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exposure to tropical sunlight, potentially ”~arclno~enic in itself, may mc rease thti pr(~babili(y cd

neoplasttc change. The influence of the sub-lethal whole body exposure received by the~e

people on skin cancer reduction is not known.

The transverse *and of pigmentation that was observed in the fingernail~ has been pre-

viously observed by SuttonS’ !n a negresa who received 150 r of soft X-ray to the himde. The

Tabl,) 3.3 SURFACE DOSES IN REI’ KtiQUIRED TO PRODUCE RECO(i N1ZA13Lli
E],ID~RMAL [NJIJ~y

.—. . ----
Average Surface

lnvc~tl~ator Anlmnt I?totopo Enrray (Mcv) I.)(WW.(rep)
-- . ..— ..-. .—---- —

Henshilw, ct SI1l RIIls ~,n 0.6 1, :)00 4,1)IJII
l{tqNLr & Ilwrmwri Hat s # 0.5 4,000

I{ ftp(, r & lhrncsz’ Mica ~,JZ 0.5 1,500

Rup(,r & I{nrnesz’ ltahbll~ p 0.5 5,000
IJuhhtmu~h’ Sh(wp tIrm 0,3 2,500- 6,(100

Muritz and
HtmriqucssO Pt~s # 0.05 20,000-30,000

Morl!z and
HenriquesSO Pigs Co’o 0.1 4,000-5,000

Moritz and
Henrtquet?O Pigs Cs”l 0.2 2,000-3,000

Moritz and
Henriques’O Pigs Sr’O 0.9 1,500-2,000

Moritz and ●

HenriquesSO Pigs ~sl 0.5 1,500-2,000

Morltz and
‘Henriques’O Pigs *W 0.7 1,500-2,000

.—

.,

nature of the pigment is not known. Since it occurred in all exposed American Negroes, many
of the Marshallese, and none of the American whitee, it is a radiation response peculiar to’

negroid races. The pigmentation waa apparently produced by as Ilttle as 75 r of gamma radia-

tion since the American Negroes developed the phenomenon in the absence of significant con-

tamination of the hands.

9.8 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 miles 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 field of radtatlon 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 akin must be prompt to be effective because of the initial high

beta dose rat e.
d. A latent period of a few days to three to four weeks may elapse before signs and eymp-

toms of skin damage are evident.

e. Clothing and/or any type of shelter gives almost complete protection to the skin.

. . . . . . . . . . . . . . . . . . . . . .. . . . .
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NOTE

For purposeB of documentatk?n the following

color plates (Plates 3.1 through S.24) numbered
with letters u, h, C. CZ, d, e, .f, and.4 af~ con-
sidered to be pages 47-57, 59, and 61–62.
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1=’l:ltt’ 3 14 E])ililt.loll 11) !:1:111 ;Lt 18 (I;lys
(hS(> ‘if),

age 41 Scalp leSIOIIS prl!scl]t In aI(>.Ls 0[ epilation

(Sanlc cusc as In Plat(Js 3.12 ulid 3 III
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Plate 3.15 Spotty cpllation ill boy. age 13, at 28
days. case 26 Note scalp lcsio:~s in areas of

epilation. (Same case as in Plates 3.8--3 .11. I
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l) I:IIc :1. I! I (XIII()) H&h) Kp,,icrmts: ,\ I.co(lcs ~,t’ III III IIIIX} diima~c, occur )n relatmu to excretory—
(Iucl.s {If ,Swc,at ~l:ln[l.s. S1r:lt!lm gr:inulosllm (II_ KOI)II wl(lth and shows scant alt!,r:ltl{m. tinder -

Iying str:llurn m:ll)}lgh]l sh, Iws In;lrkcIl clcwrc:w~, ill p[gmcnt. In the dcopcr portion of the over-

IV Ing, IOOHI, IV l:(n) Ili;tt(.,1 *I rutum c(}rnc,um mwicratc, am(mnts of pigmrnt, how(wer, arc present.

onc ]Iarr(,w JI, C:IA of m(,r(, sIw(, I(. tr:msepiderm:(t duma~e shows alteration of the stratum

~r:inul(, mm with !ntc~rc(,l Iular i,(lma, I)>km)sis. sw(Illcn nuclei, dnd pigment scattered thr(mgh -
(mt. ‘1’hc Iattt, r IS (+ IN,(, I:IIIv dI,nM~ )n the c(mt[hw(ms p:lrtikeratotic mater ]a]. Dcrmls: A m~xJ-

crutc ct>llul:lr Inflltr:lt(’, ~“hl{,ll} lx~u!v;]sculur, is most pronounced m the superficial pars
r(,licularl, s wh(, r(~lh(,r(~ M :1 mll(l lclang]cctasls.
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L’liltl! :i.21 (X IOO, ll&t’:J ((’;1s,, ~t,:l) ‘1’[.:(ns(.pi(lt,l.!]l:!l (I:tmngc with (iiw)rgunization of the mal-
I)!ghlan 1:1}[,1. SIIKh I l);II.:[k{,t;tt(JsI+. M ~gr;!l i(n) of’ L,xf(Il itition ouLwNrd of l.dgment. Loose
l:Im iwiLi(m of +1r:ILum cx)rnc, um. IIlgtl)(,nI I:,den ~])r{)]natoph[)rc~ and h!stloc.vtcs In Sufierficid

I];irs I];lpili:lrls <If ,{,rium. M; Irl,cd (wIllul;Ir infil Ll”:lti{m of pnrs paplil:{rts. S1ight tulang icctas is
of .supcrll(,i:ll p:I I.S r(:ti(wl:l rls.
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COLOR PI, AT!J:S

Plate, 3.22 (X101), I{& E) lCus(L #75.) Loose Iarnlnation of St rwtum cnrneum with outward papll -.-.
l:Iry pr(ij(wtions :Ind i{, sultiint-;’ rugosc” uPfIeU’nnce. Stratum granulcx+um of good width.

Basal :tml m:llplgh]~ln I:tv(’rs distim’t with pigment prvsent. Slight edema of cnrhun with mild
t(,langiect:isls iInd slight iucrc:lst’ m porlvuacuhlr l,vmphocytes and peric.ytes. Small, atrophic
h:tlr fI,ll Ivl(, :Id IiICt, IIL to S(+;ICC(WS glund-- In mid PUIW retirularis.

I’liltl, :{.23 (x400, ll&’E) ((’:1s(’ ff75) Same as 3.22. Occasional perinuclear cytoplnsmic halos
III m Id str;]tum grilrlulos([m. l, IN W,I. V laminated stratum corncum. Pigment laden chromato -
ph(]rcs III supcrllc!:ll c(jriurn al(m~ with occaslonul lymphocytcw and mononuclear phogocytes.

I)l;,t[ :\.~4 (XI(N), }]&E) (cow f~:!:l) N/lrr(~w rugm+c cpidcrrnla with pnplllary extensions down-
w:ir~j 11~ slr;:illlm m;il~hig”i”i, - L~-LtC r ure hcuvlly ln(len with mclanottc pigment. Sllght toltmgi -
{I CLaHIS of I):IIS p:ipill arts wfl pars roticu]uris of dermis. Occ*irmM pigment laden chroma-

t(~pht,r(:H III wqx,rflcial (k:rmIH.
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CHAPTER 4

HEMATOLOGY

4.1 lNTl{ODUCTION

Since it is generally a~reed that a depression in the [ormed elements of the perlphcral

t)lood is the most useful l)ra(tica] clinical index t~f the degree of exposure ‘to i(mizin~ radiatitm,

d systematic study of the leukocytes and platelets was relied UPON as a maJ(~r Aid in (’v~luiitirig

the clinical status, severity of the radiation injury, and prognosis of the exposed 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,

rm hematt>logical data known to be strictly appli~able* were available for use as a twide in the.

evaluation of the exposed Americans and Marshal lese. Accordingly emphasis was placed-on “

systematic serial studies, utilizing a few highly standardized hematolnhtic deter minations. to

insure that individual and group trends would have mati mum validitjC Sin&~ it was known that

the Utirik group had received a very small dose of radiation compared to the other exposure

~rouPs, leSS extensive determinations were carried out on these people.

:. .::-
r.
t.
i,: .

[ ..

v.
t.. .

1

:.---- ?
----- <.

4.2 GENERAL METHODS .-

Hernatological examinations included total leukocyte, neutrophile, lymphocyte and platelet

[.ounts, and hematocrit determinations. Whenever possible an entire exposure group watr

studied irl a single day. Occas]onaHy two days were required to complete the larger groups.

Capillary blood was used, usually obtained from the finger but occasionally from the heel

or ear. Two pipettes each for total leukocyte and piatelet counts were filled. From each pipette

a single hemocytometer chamber was filled. All pipettes were rotated for 10 minutes, and the

cells were allowed to settle for 10 minutes in the hemocytometer chamber before counting. A

3 per cent acet;c acid diluting fluid was used for total leukocyte counts. The blood was dihted

with 1 per cent ammonium oxalale for platelet counts and counted in flat bott{}tn hemocytome-

ters using a dark phase contrast microscope. 35 Two blWd snlears were madtl with each ex-
;

amination, using a beveled end glass slide for spreading. One Mood smear was fixed ir] methyl

alcohol. The other was stained by Wright’s method, from which a 100 cell differential count

was made. Hematocrits were performed using heparinized capillary tubes. One end of the

capillary tube was heat seaied and the tube was centrifuged in an ALOE centrifuge at 12,500

rpm for 5 minutes.

—
*A large literature on the hematologic effects of radiation exists; however, these data were

not relied upon for direct comparison :md evaluation of the exposed individuals for reasons that

will be indicated later in the discussion.
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+ Pre-exlx)sure blood counts were m)t available on the exposed Mnrshallese vr Americans;

hence the individuals c[mltt Jml be used as their own controls. In order to estimnte the severity

of the hematolc)gic response it was necessary to establish control groups as’ comparable as
possible in respect to age, race, sex, background, and habits. A Marsh allese control group

living on Majuro, comparable wjth respect to age and sex to the Rongelap people, was used as

T;!blc 4.1
.

HE MATOLOGICAL” RM3U LTS, CONTROL” (; ROUPS
— — ..—. ..——. —.— .-— ——— .— --.-— ——

Ucn~at~wrlt*
(Per CcvIt)Iq ~,tcl,.~~

(h l(f) MF C{]rnb
.— - -— —.. ....-

38.8 3s.5 37.:1 :17.8

(lo) (12) (22)
38.6 41.3 40. (i 40.s

(6) (u) (14)

30:9 46. ti 40.4 43.3

(29) (34) ((;:{)

30.7 43.6 41.8 43.0

(10) (4) (14)

33.6 450.2 40.6
38.5
30.8

-4
23.8 ‘– 44.9

WI)(’ Ncutrophllt’s
(. 103) (x 10$)

.-

13.2 4.8

Lymphocytes
(x 10’)

.— ..-
‘7.4

5.1t; -15 14 1().(; 4.8

!).4 4.8 4.()
●

3.7!).6 S.o.,50 14

...
, 5 91
.15 37
.15 76

Kwa~- >16 28
Americans

9.7 4.8 4.1

!,. .

r..7.8 4.1 3.1
.,.. -.
,——

“ Numbers II) parentheses indicate number of individuals in the group.

the Marshallese control group. For comparison with the exposed Americm, blood counts

were made on approximately 85 American males, on duty at Kwajalein. All who had not been

on duty in the tropics for more than two months were excluded since the exposed Americans on

R(mgerik had t)een in the area for about two months before exposure. In addition several who

were recent ly assnritit ed with radioactive materials were excluded. The resulting smaller

gr{mp of 67 was used as the Kwaj-American ct)ntrol group.

Preparatory to analyzin~ the hematoIogical rcsulbs on the exposed Marshallese, data from

the c(mtr(~t Mi.tjuro GrJ)up were examined to determine if there was an age or sex dependence”
in the hcrnatologic l]bserva(iim~ (Table 4, 1). Aithottgh the neutrophile count was independent of

a~c, tl](’ lyn~I)lIIJcytcL rf)unts wt’re significantly Ilighc’r in children below the age of 5. Similarly

the pltiteiel twunt was higher in the younger age gruulm; however, a relative de}mession ap-

lwared to occur at 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 aige group. The

age and sex dependency of these endpoints is comparable to that in published data. s’ ‘t

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

from the Majuro groups were omitted on this basis.
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4.4 HEMATOLOGICAL FINDINGS, GENERAL

Total leukocyte,, neutrophile, lymphocyte, monocyte, platelet and eoslnophile counts for the

severak exposure gr[mps are given by day and by age III Tubles 4.2 to 4.5. The mean total white
count, neutr(q)hile, lymphocyte and platelet c[mnts at the times of peak depression (time over

whtrh rounts were consistently the lowest) are shown In Tables 4.6 and 4.7 (pp 78 and 79) for
each Incfivldual ]n the Rongelap and Ailinginae group~, respectively. Hernntolugical findings as

ii function of time and age are shown also in Figs. 4.1 to 4.8. The cumulative distribution

curves for Llle various exposure groups, usin~ the average of rounts obtained over the period
of maximum depression (days 39 to 51 for Ieukocytee; dayti 26 to 30 for platelets) are shown in

FIgs. 4.9 tt, 4.1 1.* In the figures emphasis is placed on the individual blood elements rather

(h:tn (m the total leukocyte count, since the component elements have distinct and different

time trends after irradiation.
●

‘ruble 4.2 KONCi ELAIJ (;ROUP MEAN BLOOD C(>LINTS 13Y DAY ANI)-”BY A(; K
------

-----—..— -. .—-.. —
. W.11.C. Neutrophlles 1,y mphoc ytes Pllll(.lMs

(. ld) ( = lo’) (~ lo’) (x 107
P.E. Dti,v -. —-— —-—. -- —. -

Monoqft~;s kh,stnophllcri
-–(. IOT (x 102)

---

.-1:6.- ,
. , ,..

,’
y.-

:.
---- ?-

,.. .l--.5 .5 .5 >5 <5 >5 <15 -15
—. - ——. — .— —

.5 ,5 .5 >5

3

7

i O

12

15

IJ)

22

2(;

:10

:1:1

:1!1

4:1

4‘i
:)I
,.,,;

(i:!
70

74

Mi+juro

9.0 8.2 6.4 4.7

4.9 (;.2

U.6 7.1 3.5 4.5

5.9 G.3 3.5 3.!4

5.!J 6.5 3.2 4.1

Ii.7 7.2 3.4 4.7

7.( I 7.4 4.3 5.0

;,.7 (,.1 3.( I 3.!)

‘?.1; 7.tl 4.(1 5.3

(;. !, Ii. 2 3.1 3.11

.’). ‘/ :). :, 3.(} :1.:1

:).2 !).2 Z.11 Z.(i

r). u 5.11 2.(} 3.3

.- (J.7 5.(i 2.{; 3.FJ

7.() (i. () 3.G 3.5
7.7 6.() 3.!) 3.0

7.6 6.5 3.8 4.(1

1.8 2.2 ().8 0.3 0.1 0.7

2.6 2.1

2.1 1.7

2.4 1.9

2.4 2.1

2.(; 2. I

2.3 I.H
3.2 2.1

3.2 2.( I

2.li 2.()

2.!1 2.3

3.1 2.4

3.4 2.1

3.7 2.4

3.7 2.3

3,3 2.2

27.5 22.1

26.1 19. H

23.0 1!). (;

IG.2 14.7

12.6 10.!)

13.3 11.()

17.9 14.()

23.(; Z1. b

25.() 21.11

25.tl 20.0

24.2 lti.2

21.8 Iu.1

2tJ.1 21.1

38.5 30.S

2.9 1.7 I.G I.li

4.2 5.4 1.9 1.!1

3.0 2.3 1.1 1.:)

2.7 1.7 :{.5 1.6

I.!l 2.( I 2.:{ 1.}1

Iii I.(i 1.11 1.:1

1.:) 11.v :1.4 2.2

1.7 1.(; :.li 2.2

().:) {). !1 ().!) 1.()

I.1 1.1 1.4 (1.1{

1.() 1.(1 1.1 (1.:)

2.5 I.{i 0.11 {).7

1.7 1.2

II. :) 0.!1 ().3 0.(;

:1.4 I.Y

2.0 2.0 9.5 4.7

_— —

13.2 9.7 4.8 4.8 7.4 4.1

Controls

●In the Utirik group the cumulative distribution curve for platelet counts oniy is presented

since hematologicai determinations in this group were not made during the 39 to 51 day period,

used for leukocyte comparisons among the other groups.
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s“ I W.11.(’. N’.ul r,}phllt. s I.vn,ph,k,vt,$> Plnlt,lrlh M<w,)(vl t.,

,. 1(1~1

s -:>

O.tl I.li

3.H 2.1
3.4 6.8
9.7 2.6
2.3 1.S
1,5 2.4
2.3 2.4
1.!J 1.9
2.8 2.2
1.1 1.7
().6 1.4
2.2 I.*
2.7 2.8
1.6 1.s

2.() 2.0

t.,,sll,tq$htlt. b

(. I (1$1

.0 :,

0.s (). +

2.(; t.{!
4.4 2.1;
2.3 1.4
3.2 2.:!
5.t4 2.4
(1.ti 1.t,
4.1 2.(1
(i. () l.t)
2.7 l.(i
2.H O.li
1.5 0.7
2.2 1.0
I .8 (I.H

U.fl 4,7

1{.I 0+
IJ.E. l)ILV

,

. . .1 5 ‘5-

(. I(PI

lb lb

22.2 21.1

26.7 23.0

2s.8 22.tl

24.7 IU.6
21.4 ~4.3
21.0 14.7
2U.8 18.0
31.0 22.2
2H.13 22. I
26.6 23. U
28.6 21.li
X9.8 21.2

:U3.5 m.tl

5 .5 %. . .5

“2.IJ 2.23

7

*“

I o
12
15
[n
22
26
:11)
:{0
:1!)
4:1
4’7
!>I
!,4

6.(I 7.0

5.5 6.tl
ti.3 7.:1
6.3 7.6
7.[ 7.0
tilt 7.8
t4.!) M.7
H.4 7.0
!).(; H.(;
7.7 7.H
7.5 fi.z
(;. !1 U.5
7.:\ 6.7
}1.4 {i.:]
4.0 1{.:L

1:{.z !4.7

3.o 5.0

4.2 4.2
1.8 4,7
2.3 4.5
2.!) 5.0
6.3 5.4
4.8 4.4
5.3 6.2
:1.:1 .5.2
2.!4 4.2
2.7 3.6
3.5 3.8
3.8 :1.li

2.14 3.6

1.9 2.2
3.1 2.2
4.2 2.2
3.5 2.4
2.7 2.u
3.2 2.2
3.7 2.0
3.G 2.2
4,7 I.u
3.1) 2.7
3.4 2.7
4.(I 2.2
3.2 Z.h

[
,..-
k.” ‘-

t.

Mu)utv,
(“lltl(r,llh

4.8 4.8 7.4 4.1

.— .

Tubl!: 4.4 UTIRIK GROUP MEAN BLOOD COUNT t3Y l.lAYAND BY AGE
..— .——

L

W.B. C. Neutmphlles Lyntphocyleu Platt)lws Monocyien Eoslnophiles

(x 10J) (x 10+ (x lly) (. 167
P.E. Day

(x l(p) (~ 10$)
———

<5 >~ .5 >5 <5 ~s c 15 ?15 .5>5 <5 .5
—— .—

4 9.4 8.2 4.7 4.2 4.9 3.2 0.6 0.2 ““2.0 1.2

14 10.0 8.6 4.1 3.2 5.’1 2.9 4.S 4.2

.19

3.6 2.7
37.7 31.5

29 10.1 9.7 4.9 5.s 4.8 3.2 33.2 28.6

Mrt)uro

2.2 lr7- 3.1 ~ o

13.2 9.7 4.8 4.8 . 7.4 4.1 38.5 30.8 2.0 2.0 9.5 4.7

COntrOl~
..— . . . —.— . —.-

;

...

.

Table 4.:) RONGERIK GROUP MEAN HLOOD COUNT BY DAY
—-— .——. .-. —. .— .- ---- —. ..- .- .- .

W. H.(’. Nq.u,tr,,phlle” Lyrnphocyten Plutolet~ Mnnocyten Eocim)phllrm
( . 10$) (. 10’)

!1 /; u. 1
(i.1~ 4,:1
Ii.: 4.0

Ii.:) 3.H

ti.2 :t.9

6.0 3.7

i 1 3.7

6. I 3.H

8.1 4.7

7.9 4.H

6.7 4.2

7.2 4.1
6.7 4.1
6.8 3.8
7.6 4.4
7.8 4.6
5.7 3.2

7.8 4.1

—.—

(. 10’)
.— ..-—

3.3

2.1
2.0
2.2
2.1
2.1
2.1
‘2.0
2.9
2.7
2.1
2.5
2.2
2.7
2.9
3.1
2.2

3.1

(x 104) (k 1(+)
-. .— —..

0.1

1.9

2.0
2.2
1.8
1.5
1.7
1.7
2.8
2.4
1.6

2.0
1.8
1.4
1.4
2.7
2.4

2.6

-—

I .tl

o.b

0.4
0.3

0.5
0,7

1.2
1.3
2.5

2.1
1.4
2.1

2.2
1.5
2.0

1.5

1.7

1

M

!1

1f)

11

12

13
l:,

16
1!+

23
28
33

39
43
47

51

22.0
22.2
17.9

14.4

16.1

20.1

21.8
20.2
18.8

23.8 2.7Kwajalem

Controls
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The absolute neulri)r)hiit’ count of both the younger iil~d eider age ~roups full during the

st,rulld wt’ek to a value, al)pr(txirnately ’70 to 80 per cent of that of the cun Lrols (see Fig. 4.1).

F,)ilowing ti~c depretjsion of ti]c total neutrophlic count during (he second week, tile ValUPS wt’re

ullstabie UIIIII liit> fifth week. At this time the beginning of a second drop (P ~ 0.01) was nott’d
ft)r both age groups, and a iow value of approximately 50 per cent of controls was reached. The

count was maintained at approximately 75 per rent of control values from the seventh week t [)

tl)e end of the study. Altht)ugh both age groups followed the same general time pattern of re-

sponse, the lower age gr{~up was below that of 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 mmntained through-

out the study, arid there was no definite evidence of an upward trend during the study. The
vaiues for the younger a~e group likewise fell before the third day to a value approximately 25

per cent of the control, following which there was a significant upward trend. With the total

lymphocyte count, there is a consistent difference between the two age grmtw. However, during

the first four weeks the difference 1s accentuated when ex~ressed as per cent decrease because

of the relatively illgil Iymphl)cyle Ieveis in tile lower age control group. After this pt’riod the

differences expressed as per cent are less marked since recovery was nl(~re ra]]id in the
y{)un~er age group.

The ceilular elements chiefly responsible for the fluctuations in totalwhite blood celi
(.ount can b~ determined by (;omparing the total white, neutrolJilile and iymi)imcyte C(JUIIIS (Fig.

4. 3). It is set!n that the lymphocyte count remained essentially constant throuKh(Jut ti]e period

of study, while tl)e total neutrol]hiie coul}t fluctuated with a pattern essentialiv Identical to th:tt
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4.6 A1l.INGINAfi (; I{OLJP

[II (IIIS Ur(,(ll) 111(,1(. w(r(, OIIly Ihr(v, ]I)(lividuills lJt’10w a~e 5. Ft)r this rt’asun, rrmarks will

lx, (.oll[ll~[,d {,ss(,[II i;illy III Ilw ~)ldt?r ;~g(’ gr!)up.

Tl]{ at)so]ute Iirul rfq)hl IL’ r(wnt fluct ual ed around the conlrol value for the first six weeks

of {)bscrvafi{jn (TatJle 4.3). Al lhis time the counts began to fall, and a value approxtcnately 76

per cent (,f the c(}nt rol (v)unt was reached and maintained throughout the duration of the obeer-

vat]on period. The lyml)h(~cytes in this group fell to a vaiue d 55 per cent of normal during the

first week. The counts then fluctuated around this value throughout the period of obaervatic n,
; and no definite upward trend of the lymphocyte count was noted during the period of observa- -

tiun.

As was noted in the Rongelap group the lymphocyte counts remained at an essentially con-

stant low level throughout the period of observation. The total leukocyte count in this grour

also reflected changes in the neutrophile count.
The platelet counts in the A~lirtginae group were low, approximately 75 per cent of normal,

when first cnurnerated (In post-exposure day 10. The counts remained at this level during the

second and third wr?uk; however, a definite fall in c[mnl 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 npproxinulc]y 70 []er ccflt of the control level, where they remained for the duration of

the [)bstirv:d iou p(!riori. A secfmdary fall, as observed in the Rongelap group was not detected.

4.7 UTIRIK (;ROUP

10 the greater than 5 a~e group the total white blood cell and neutruphile counts were de-

~lressod sli~htly below control values during the first and second weeks (Table 4.4). The
Iyml)h, )cyte 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 Ieukocytosis.

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.

80
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fall t{) rtwch a low IIf al)j)roxlnlitlely 60 per [tent of c{)ntrol I(,vels at thr (~l)cf of llli~ Itmrtil wtltlk. L
Tile valut~ then returned t{) approximately the m)ntroi level at the start I)( the sevtildh w(lek,

ff)llt)win~: whici] a second depression was n{lted. The platelet rounts were :It a ltwel (If !30 per ,.-
t

rent of the ct)nt roi VNIUV at t I](> time of the last observat ion du ring t hc ~~ighlh INMI - t’xlmsure ;
w~ek. .

4.9 MONOCYTES ANJ) EOSINOPHILES, ALL GROUPS

F’rorn T;{i)lt’ 4.2 it is sec II tlmt the meajl nlonncyte count fur the Rt)ngt$iiI~) group rose ab-

rupliy [r-on] xl) e;lr[y vulue t)(,iow co[!troi levels toa weil defined Peilk on duy 12, following wi~icii

it fluctu;iled at values below the control level for the durathm of the observation period. A

s]milar time trend was noted In the Ailin~inae and Utirik groups.

Tilt’ w)sinophile c(mnt in the older age Ind]viduals$ Rongelap group, rose irom very low

levels observed (m day 3 to values approximating 35 per cent of control during the second
:

week, where it remained from the third to the fifth we%k (Fig. 4.7). The counts then decreased
;.

( P ~. 0.01), and remained at a value approximately 15 per cent o! controi throughout the re- t

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

k

q;:;.

groups.
‘*->..— - I

It is possible that the rise in eosinophiies represents that reported as occr.rrring “ . . . twu ~;wi~”

to three weeks after short-wave-length irradiation’’. ti

%.

..,.

4.10 HEMATOCRIT, ALL GROUPS

The hemal{)crit vaiues for all exposed groups are shown in Table 4.8 and in Fig. 4.8 (a de-

tailed breakdown of hematocrit by age and sex for control groups 1s given ]n Tabie 4.1). Wiwn

hernatocrits were first done on the 22nd day, mean values for the Rongelap and Ailinginiae

groups were bviow those uf the rontrol population. A significant trend in values idier this time

rould mjl be deterted statistically.

4.11 MORPHOLOGY OF PERIPHERAL BLOOD. .-.-

Significant morpholf)gicai 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.’5 Coml)lete

‘evaluation of these changes in the present study would necessitate an exhaustive serial study

of the hematology slides.

*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 myelocytes. 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 HEMATOLOGICAL FINDINGS IN CHILDREN AND ADULTS, RONGE -

LA P, GROUP—-.

It is seen from Tables 4.2 to 4.4 and Figs, 4.1, 4.2, and 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 platelet counts at time of peak depression for

each element are tziven 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 ~roups for this-.

comparison).
-,

Table 4.9 COMPARISON BY AGE OF MEAN NELITROPHILE, LYMPHOCYTE
AND PLATELET COUNTS IN “rHE RONGELAP GROUP

AT THE TIME OF PEAK Dff PRESSJON
. . .—. . . ——

Atnmlute Count x 103 Per Cent of Control

‘rvp(, of Ct,ll AK(! <5 Agc >5 Age <5 Age ~5
.—..

N{~ulr{)phlic 2.7 3.1 56 64

1,.vrnph[,(.v’1( 2?.!) y.? 4U 54

l>l:,~(,l’.tH 115 122 30 36

It is seen that in terms of absolute counts, the children showed a greater depression of the

neutrophile 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 were affected more markedly in the

younger age grou~. 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 incurred can be attempted by comparing
the present results with previous hematological data on total }ody exposure. The present data
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4. 13.2 C[)n\lmrlst]n wllh the Jxpanesc Data
●

The limitations sta.cxl in Table 4.10 appiy to the Japanese low cIose groups’ E tO H In par-
ticular, in which values given’”’*l are pooled and include individuals located at the time t~f the

bombing such that they may not have received significant exposure. Hence,” whiie the pattern of

change with respect to time is of value, absolute counts probably are high. The time tmurse Of
hematological change i] the Rongelap people corresponded most CiOS~lY wiM these luw ~xP~-

sure Japanese groups in which defirdte signs of severe radiation exposure were present in

some individuals but in which essentially no mortality occurred (initial hernotologicai 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 Japanese

people. This fluctuation may be associated with the presence of thermal or other inJuries in
the Japanese or the active skin lesions in the Marshallese, or may correspond to the “abortive

r]se” noted for anlma!s following exposure. ‘~,” From the sixth week until the termination of

tilt’ acute studies on the Marsha liese during the tenth week, the Japanese and Marsha llese
(.f)unts remained at similar levels,

Tho Ilcutrol]hi Ic c[nlllt in htjth the Japanese and Marshallese In generai paral It!l(sd the total

wh]le c[)ullt. Tltv Iyrnl)h(jrytc c{mnt in both gr{ml)s was rtel)resstid early and rrma II)ed iit!presscd

:11 valuf,s of ;lt~})rr)xirnat(.ly 2000 UIILII week 10. Tl)e high value f~f 2692 roporttd I[)r il)(? JiLp~IICSC

f(Ir w<v>kti 12 t,, 15 must IN Nusptx-led of bei IIg hi~ll for tht’ rcasi,lw given iII s(’(.~ltIn 4.13.2.

Tltree {.llitra(.tc’risti[:s of the ,Japanew h{~maiolo~icnl treltds sh(micl be p(~il~ied out: a) whiie

hi~h (iI,sc (:xp{)surt: groulm with si~nificant mortality showed early del]ressl(~n witi] a definite

low point at four weeks, the iower dose groups showed no definite minimum :Ii liMr weeks but

rather a continued depression untii the eighth or ninth weeks. b) While the m(!an 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 H on the basis of degree of expos-

ure as determined roughly by distance from the hypocenter and approximate degree of shieid-
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 CllARAC’r~; RIS~lCS OF AVAI1.AIJI. K DATA ON I’ll* IIIWA I’(JIAI(; I(’AI.

t k:}’F K{ ’’l”S OF I’ENETRATING RAtlIATK)N

Kxptlwd

Mnr AiI1lt.sr

La ruc
(k)t)ci
Y{*I4
(;!)()(1

Sllldl

Yt~s

Minimid

Y1’.s

No

Gamma, beta
to skin

Fair
Yl!s
Vurylng,

-5r/hr
Total body;

beta to skli
sublethal

small. NuullK.rs III (;r(jups Smllll
I’(mr
Y(.*

I“JIII”

Ii(ulr

Yt*s
( ;lMMI

l,ur~{,

Y1,N

Non{>

Y1’S

N(I

Gamma, neutrons,

x rays, betas

Poor

Yes ●

instantaneous

Tottd and
partial body

Sublethal &
l(,thai

Narrow beam
Rapid fall off

-;
‘r!x+lliqll(, s*

i.:,.,(“111111(1, llr I)liih 1111(, 11#

Sllllpl Illg ,-

i.. . .

lndivldunls
Int{, rnnl Nom,

ctjntumln;di(m

Addll I[mal lr:mma

{burns etc. )

N,)Y(S N(}

Yc,sSjx.ci{,s cxlrnfn)lati{Jrl

nt,cl. ssary
Type of radlalitm

N{} N{}

Ilnrtf x rays,

gamma
Hard x rays,

gamma
(;amma,

some
neutrons

llmr

Y(,S
Instantan(wus

Good

Ycs

-.l Or/rein
t

TotaJ body . -
.- L.

L) OS.WWestimation
Singl(, expusur(,

D(WC r. te

(iood
Usually no
-5r/mIn

Hody regl( m IJsually
partial body

SublethalSublcth~d &
I(lhul

Nurrow titun

Moderate full
off

Narrow beam
Vurlablc Kssentl:diy Vuriablc ‘rapid

:7

A

.. -

flat fatl off to
flat .$

-—.. —— -——

●Same technicians for all counts; rigidly standardized techniques throughout etc.

‘rablo 4.11 MEAN PERIPHERAL BLOOD COUNT VALUES

F(M SEVttKAL CONTROL l’oi’ULATlONS {x ~04)
—.

S(IUrCC of diit:l Jupuncm: Kure,
Kwaj -

Amerwun M;ljuro
I)ct(, rminidl(m 1947 -194# 1948 -1949’3 Amcricans*)7 Amerlcansss C(mlrols C{mtrols

. .
9.7

4.8
4.1
().2

(1.5
0.1

308

9.9 !).5 7.4 7.(I

h.c) 5.0 4.4 4.3
2.9 ‘2.8 2.5 2.1
0.(; 0.6 0.3 0.4
0.9 1.() 0.2 ().2

0.1 0.0 0.0

250t
——. _ — .—-.. ——— ——.—. ——- --- .

7.8

4.1

3.1
0.3
0,:{
0.0

238
— . ..—_— .

●Age 21 years
tThe mean value for 50 normal young American men, using the technique employed IJI the present

study WiIS 2.37.000
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4.13.4 C,~mlnirisurl wtth D:Lta i’rr~m Liiborfitory Accidents. ——. ._ —

Althf)ugt) in the Los Alamos and Argonne accidents 4$’S0 the type of radiation and the condi-

tions of ex}M)sure were markedly different from either. the Japanese or the Rongelap situations,

a large component of penetrating gamma radiation was received and thus attempts at com-

I)arison may be of value. Some findings in the hematological responses are pointed out: a) a

uniform early rise in white and neutrophile counts over the first few days, similar to that seen

early in the Rongerik American group was observed uniformly. $ b) Of three high-exposure but

non- lethal cases, the total white and Jeukocyte counts continued to show sy,me degree of de-

pression into the seventh week or beyond. c) The lymphocyte coun~~in individuals exposed to

as little as 50 rem showed an initial marked depressiori. In most cases the lymphocyte counk

remained at low levels throughout the period t)f observation. d) Plittelet c[mnts were done by

a different method, and absolule counts are therefore not c(~mparablc. However, of the three

high-dose survivors, times of maximum depr~’sskon were n{}! incnnsistenl with the v:ilue of 30

dilys i]btaincd 11]the l)reserlt studies.

The At~{tnnr Laht]rat<jry accident ‘0 invoivcd four individuals who were est i mated to have

rorclverf 136, 127, 60, ;Ind 9 rep, respectively. The findings in the two higt@st exp~wcd lndivi -

rtuals III ~~~r)(,ral were (.olwist(:nt with tho~{~ in the present study. An inlllal mwtr[)lhil~r leuko-

{.ytosis was ft~ll[~wed by flucluationa in t(Aal count, with low values c(mtinuing into the seventh

wm:k. It(xv,very was not comI~leie by the 20th week. The lympht)cyte count depression was

rap]d aJId marked, at)d recovery was not evident by the 20th week. Minimum values fur the
])laielet count were obtained between the 25th and 31st day.

.-
4.13.5 Comparison with Animal Data—————

The time trends and severit~of peripheral blood count change following total body radia -

tion in animals has been critical~xamined recently,’* and the following general conclusions

are presented.

●Counts ,2 years later were not significantly different from control Japanese values .52

fCounts on the Rongelap people 6 months after exposure showed no elevation of the mean

totiil white count, neutrophile or lymphocyte counts over values obtainc d during the 10th week.

]No counts were taken on the Rongelap and Ailinginae groups duriiig this early period.
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:t) At) it}it ial ri,sti in total whi(v r(mn( (refliw.l~d III hi{> INNItt’olIIIllu V(IUII1) UI. IV (K.(.111, “1’11($1’(,

;Iftcr tl)(’ m;IKIIItu(i(J IIf d(’IIrI’ssi(In I)( t hv totnl whitu :iId II{WI r{)l)hll($ (“(~uIIts , :Ill(i WI IIIII1 1[1111(s

11)(111’dur:iti{)il :II”(J ;I fIIII(Il 1{111 (If r;]dial Ion dosv: A s{ ’r(mdurv {Ir nlm)rtiv(~ ris(’ III (111’ ({ I(;II uIh ItL’
-- (.I)IIIIt (rIJfl(I(,lml II) t 1)(, m~t r(IIIh Il(, or IV IUIII1(I(. YI(I roul)t) II]:IV oc(’{ir. (OIIIIU’4)(1 bv :t W(’oli{i (It’

+8 (,rI’:Is(~. TIIt’r(, is Ilttl(’ sll(x’1(’s di[f(,r(’n(.(” in ttt(’ r:tl(’ of (t/’presti II)II I)f 1111, lI)liIl whlto Itr IItwtro
c

I)llil(, (.( IUII1 ;It (’IIIIIII:I I”: IIII{L dos(’S; ht]wover, !1](’ rnt{’ t)f rec(~vt”ry iilui ttm(t ff~r r~lnl[~lt.t(~ rtv(jvt,r,v

)5 quil(, (Ilfft’rent In vjlri(~us sl)qcl(’s. Small animals (m(msc,, rut. humst(’r) show i.(~l;ttiv(,lv t.onl-

. l)lct(~ re(~)v(’.ry tIJ o)iltrol Ievdti, LW(’11 iit dost!s ]]) th(h lethal range. by thr end 1~(tl]t” flflh wet’k
or earlier. I):lto ot~ dogs ar{’ inw.lt’quate to Indicate when recovery is com~)lete; howt’vvr, rti -

turn to (,(mtrol lCVPIS xt high dose levels had not (wcurred by the fifth wet’k. Swilw rt’qulre ~

1( I 15 [Jr mor(” weeks for cc)ml)lete rerovery.

l)) The rt’sp~]nse of Iymph{x.ytcs ]s cssentifilly identical in all animal spec!~’s. Deprcssi(~n

can lx, dc’tecl(~d within a ft’w h(mrs, and recovery frl~m the minimum values (achit>vtx! in 36 t{)

48 Im(lrs) rrquirlis I,)nger than d(ws ncutrophilc rel”(wery. Lyml)htwytes fall to vt>ry IC)WI[lvt?ls
al d[)s[Ls well below tlw Ivthnl r:tn~v, and inrre:tsin~ dose results in no f)r mtnilnal further dt’ -

rrcas{, 11)count. 1,yml)h[)cyl(~ d(,l)r(wsioll iippm rs t () huve [K) causal relat I(mship with J(wt(’

r:l(ll; ll 1o11 d[~albs. .

$6 AS W)tl, n(.il~rol)tlt](,s, ‘1)(’
(.) l~l:tt(,l(~t (V HIIII. S II:IV II I) I,CII stmtjml nwHt t~xt(’t).slvely il) dogs.

r: II) 1~1IIV ;II)(I nl;l~:l)iltd(’ of d(sIIr(’ssIOII IS a funrti~lo (If dot+t} bt’low tl~(} lethal ri~t}~(’. Maxi nlum
ll(,llrl..%sl~)ll (M’(’llrs I)y tilt, !)tl I (JI. Iotll day with doses in the high It, tbul riill~e, by th(’ 1(MII t{) 15th

(I:ly :11 S(li)l(,lllal l(~v(tls. 1{(~(.,,vcry b{*KIns during the third week, but Is not coml]lett” by tli(i 3fMh

Ii, IV wbt!l! n](]st studi(,s li; iv(, IN.(,11 tt, rmlnated. Insufficient data are avail ablti to imiicate the

lIIIIC rqulr[’ct for Ctlnlplet(’ r(’covery.

C{)l]siderilljl(, ev]denrtl including studies in the mouse using splenic homogenates, induced

tr~cterial infect ions :lnd spontaneous infections have indicat@d that critical neut rophile levels

exist below which survival is correlated with the absolute neutrophile count following whole

1 body Irradiation. From data tm dogs, it appears that survival is likely unless neutruphile

counts remain below 1200 cells for a period of time.
.

Platelet data unclogs indicate that animals with external purpura have plateiet ct)untsof

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 neutrophile 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 sLIbJeCt to-

fluctuation than were (be neutrophile or lymphocyte counts. For the preceding reasons, sys-

tematic investigation of the platelet and leukocyte counts in large animals as a functi~m of dose

in the sublethal range are indicated.

1( is not possible to say at present whether severity of exposure, or of radiation damage
[.t)rrt,lat(,s I)(,tter with absolute Icvels of peripheral Mood count, or with degree t)f change from

(,{]lltll)l ~,i l)rc-[,xlM)sure levels. kk)lnc evidence on this point can be gained by c(m)parin~ the

(li~r(v III (I[,l)r(, s,sioli of LIIC ]I(wtrol)hilcl iind l)lat(,lct counts ]Ii tbr Ailing in: It: and l{[)n~t~rik

1:1. OUIIS, lII)lh of Wlli(.tl I]ii(l css(’ntially tht’ same calculxtcd expotmrc I)ut for WI IICI)Col)tri)l henm-

tI)l{)I; I(.al V:II111,S w(:r(~ (.ollsi(h, r;tl)ly (ii ffercnt (th(’ Iytnphocy{c count 1s not suititblt} for c[Jmpuri-

s~)n SIIICP (ie~r(~t, ()( dt’l)rt:ssl{m was essentially the same in these groups and tht’ higher’-dose

lioi]gt,lal) ~r(ml)). AEthe tlmt. [~f Iwak depressl~m fur each element, both the neutroph:le and

plalt~let r(~ullts w(,r(’ c,sscnt]ally idtmtical in terms of absolute counts, but considerably differ-

ent in terms of the respective control values. Thus some evidence is afforded that absolute

c(wnts, ratfier than c(mnts relative to control values, may be the more reliable index of ex-

[x)sure 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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4.13.7 Peripiler:(l Ct)unts as an Index of Severity of Exlmsure. .-. -----

Tii(, rc,t:d Ivc value ,)f til(, several hemat{~l{)gical detvrmini~tions in cstimatin~ the dt’grer (tf

(,x~xwurc., :(s w(’11 .as tit(’ apijr(~x imate dose rankres ovc’r which maximum scitwitivily for e-ach

(i(, t(, rmlnalioll (I XI SIS, CaII b{, (,stimatcd by com])arin~ the degree of hrmalt)lt~~lcul (’i)ii[~~~ amtmg
tile s[, vcral cxp(]surc grou])s, The rrlative degree of change in neutrophites, lynIiJhOCyt(>< and

platelets (::1o bt~ seen in Tables 4.2 to 4.5 and Figs. 4.9 to 4.11. Lyml)hocyte counts were de-
I)ressed :Lj}l)reciabty even in the low-exposure Utirik group. In the higher “dose groups, how-

(~ver, wlti~ wideiy different physicai estimates (][ exposure the lymphocyte counts showed es-

sentially ide]llical de~rees of depression. The lymphocyte counts d-the Rnhgelap and Ai) ‘n~inae

groups were constantly depressed at a Ievei of approximately 2000 cells. Thus while sensitive
at very tow 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 ceils. However,

day-to-day wide fluctuations in the neutrophile counts occurred. Accordingly this endpoint ap-

i]eared to be {)f limited usefulness as an index of reiative exposure severity except when counts
(m grfmps to be cnmpared are performed at the same time.

The plateiet cfmnt showed a more systematic trend than did the neutrophi ie count. Differ-
~,nccs bctwt,en tile “low-dose U(irik group and controis at the time of maximum deprt>ssion for

all grtjulw could Iw det(, rted, and appreciable differences existed between (ilr m(’atw for the

Marsimll(,s( l)lKh(~r cxi)(~surc groups. Plateirt rt~unting is as easily Citrrlt’d (Nil dnd mf)re r(, -
I)rod(l(il)l(, tl)al) I(,uko(.yt(, (’(Iu Iits. .W,57 Tl)us tilt, ,)latel(,t ~(;ullt ,IIJIy [trov(, II) 1)1, :1 IIS(’fUl llld~!~ ~Jf

(i(,~r(w, ()[ (~xl){)sur(. lhrou~ho(if” li]c Subl(?thiil range.

‘1’ilt ;Li),)v(.4.(,l)~idq,r;ll l{)IIs :Irt, III tic(.orci with prf.vi{)us fi])[iings on Ilulll;lll 1](’lllgs :ll\(i Llnl -

111:11s.
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* From gcornctric and depth dose considerations set forth in chal~ter 1, 1 r measured in iIir

‘in a flss]t)n product field IS equivalent in its effect on man to approximately 1.5 r of penetrating
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 usuai laboratory con- 1

ditions wouid be approximately 335 r. ,.
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4. 13.8 Conclusions .

1. Considt’ration ()( the cfegrct> {If cfejlressioll of Iwripheri)l crllul;lr (’]i’n]~’]lls Ildit”.]!(’s th;lt

exlx)sure of tll[’s~) l{[m~clap Pt’fjl)l(i was m(lderatclv stivere, probably wlthl]) 50 awi ;It lllt~st lf)(~

r t)f tit{’ lcvci wher{’ .s~)mt’ fat:llilll’s w{mld havv r(~sultt>d.

2. TII{$ d(~~r[’[> (I[ (Lffect (’vid,e]l(”(xf in tl)c l{(mK(il:iII PI? OIIIC is not inconsistrnl with llN’ phvsi -

(,:11 [IS( l]n:ll(’s of ~an)nl~l df)sl rcrriv(’d. Btla Icsitnls i~f th~} skin, :~lld the low I(IV(IIS of int(’rnnl

r~](llll:l{’(lv(, Ctllll:lnlillil(l{)[l ol)s(’r-vr(l ~lr(’ c~)nsid(!l”(’d 111)1 to I)av(’ c{mtrllmlcwi signi[icaidlv lo tht’

Ill!ll:lll llll$l(”:ll (’llalll!(’s S(’(’11.
:!. ‘[’I)(, (,x((,JIs]v(, s(,r];ll I][,t]l;it{ll{)glckll dala <~ltnilwd, considered in ct~nne(-th]n with l]r(’-

vitl~ls d; It:I, ;Ill[)w I’(.:IsOII;II)IV :ll”(. UI”;II(S f’l~t{l.ii~l(’rl~.:ltilltl of tl]v hen]ilt(jlt)gl[.al rt’s~)t)tl~t’ t)f ll(l~t):lll

b(}lllp.h t,Xl~l)WVl t<) HIIVI,il, dos~,~ {d )MVN4rating radl;ltl~m in (tw lli@l suhlethlll r;tNf4(’. rh<~ ttflw

[.t)ltls{, (JI {,v(,l)ls is [Ilff{,r[vlt Irl)l]) tll~ll i~bsl,rv{,d ill lilr~e illlilllill S :Ild In;lv b(, (i(, s(”rii)(xl :1s fol-

lows:

;IJ ‘1’11(, l(II; II WIIII(L (x)uld III(,r(uIs(os (h Iri Ilg the first two or m~~r(, ciwys ;IIKI thl,ll dt~uro;i.ses

Ix,l,)w tl~)rlli:ll Iev(,l. s. ‘I”ht’ lt~t:ll (.{NIII! It)e]) fluctunt(’s over the next fiv(’ or six w(v, ks, with II(I

d(If II II III minin)um :Itld with son]e V:II U(IS iil MIv(’ m)rtual (the prrsellrti {)( th(’rmal ~Jr betii 1(’sI[)us,

or r~ll)t,I ;II.u1(, J)ro(’[’sst,s d(lrlllg (ills Iimc may ac(”(mld in ~mrt ft)r these fluctuatlt)lis). Th(>

c(~iIIIi IML(I[)IIICS stablliy. ed ciurin~ the s(’ventll ur {’i~httl weeks i~t low levels , and mini mull] rt)unts

[Ir(llml]ly ()(.cur at Ibis llmf~. A de[lllitr trend ul)wnrrf is aplxirent ill the ninth or t(’nth weeks;

Ilowc’vt,r, r{)ml)letc recovery may require several months (m rnor~’.

bl The Ileutrf]l)hllt> count rmrallt’is the total white Mood cell count. Complete return to nor-
mal v: Llues does not twrur for several months or more. The Initial rise in total white count is

due to a neutrt)l)hilic Ieukocytosis.”

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(j IJlatelet mmnt, unlike the fluctuating total leukocyte count, falls in a regular faShlUIt

and reaches a low on the 30th day. Some recovery is evident early; however, as with the other. ,

(~lemell(s, recovery may not bc) comi)lete several months after exposure.

4. As An ind(,x of scv(lrity of expf)surc, particularly in the sublethal r. nge, Ihe total white

or ll(~utrol~llilc <x)unt,s at-e [~f Iimilcd us{, fulness twcausc of wide fluctu~t ions and bec:ause sev -

er:il wf~[’ks m:ty tw rtvlulrtxl fr~r n)ilxlrnum deprt’ssion to become rvidrnt. The lymphocyte

cI)unt IS {)f MI)I.(, V:LIU(I III tilts re~:lrd ]larticularly in the low dose range, since drl)r[wsion OC-

curs wlthlll Iu)urs of t’xlx)sure. H{~w~iver, since a n]arked depression uf lymphocyte c(Junts (r-

ecurs wIllI low d(Ises arid since further increase i]] dose produces little more depression, this

Index is ()[ little valu(: :11 the higher doses.

5. Pl:it(?l~>t (.I)unts showed L regular pattern of change in the I)resent studies, with the same

tIIIIC()[mi~ximurn del)rt’ss]cm in all exposure groups and with the degree of depression r(wghlv

pr{)])t)rt]{~n;ll to the calculated doses. It appears, there’fore, that the platelet count h;~s coll-

SId(irahle I,r{jmise ili the sublethal range as a convenient and relatively easy direct meth~ld of

d(’ttrlnl]lin~ the de~re(’ of ex}l(wure.

‘,. .
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CHAPTER 5

INTERNAL RADIOACTIVE CONTAMINATION

5.1 INTRODUCTION

A study of the rmture and extent of the internal radioactive collt;lnllnution ill the exposed

human beings was initiated on the 16ttr day post-detonation, with the collecti(m of 24-hour urine

s~mples from the Rongelap, Ai!inglr~ae and American groups. Additional ~n[orrnation on the

extent :Lrld nature of the radioactive contamination was obtained from domestic animals, food-

stuffs, water and soil colleeted on the contaminated atolls and sent to the U. S. Naval Radio-
logical Defense Laboratory. the Naval Medical Researth Institute, the New York Operations

Office of the Atomic Energy Commission, and ~he Los Alamos Scientific Laboratory for gross

activity measur~~ments and radiochemical analyses. Data on soil, water, arrd plants were

Ilcvc:s:iry to determine the feasibility of utilizing the foodstuffs and living area of the contami -

nat(~d ut{~lls. L(mg term studies of the domesttc animals obtained are being c(mducted at the

NRDL, III order to obtiiin informatt(m on the p ssiblc acute and dekyed hn!zard frt)ln inlernal

rildlati(m.

The muin findings (J[ the internal contamination study in the human beings and their en-

vlr~)nment are presented in this report. A deLailed report {m the nuture and extent of the iu --

Ierrud radiation hazard In human beings and anlmais, as well as the conhmination of the

environment will be presented in an addendum report.

5.2 PHYSICAL ENVIRONMENT STUDIES———— .—. —----- —. ——.

A cornparisor) of the fond, water and soil samples from Rongelap, Utirik and Rongerik

rndicated 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 (!on-

Lamlnallon was associated with very fine particulate matter and was uniformly distributed

through{mt samples of earth, thatch, and griiss. Significant amounts of beta activity (1 PC per

plant) as well as fissionable material (1 x 10-4 kgm) were present on the external surfaces of

/J]ill)tS iit 42 days, but (rely small amounts of beta and no alpha activity were detected in the
edible pr~rtions. Co[’onut tree sap, ”an important item in the native diet, was found to have beta

:ictivities (If the level of 1 PCJ liter on Rongelap at two months after dekmation. Fish c(!llect(?d
‘from the R(]rigelap lagoon were found to have very high levels of activity (0.3 to 3 IJC per flsb)

as late us 120 days post-detonation.

The artivity found in soil was determined to be associated mainly with fallout particies
of relatively large diameter. Rongelap water samples from both cisterns itnd a well (Figs.

5.1 and 5.2) had activities of about 1 UC, liter at 30 days, Samples of thatch roofing exhibited

the highest levels of activity .n the physical environment. The presence of fissionable mate-

r]al was detected on thatch, grass and on plant food.
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Fig. S.1 Well, Ron@lap

Fig. 5.2 Cistern, Rm@aP
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5.3 ANIMA1, STUDIES

. . . . . . . . . . . . . . . . .
.

-— ... —.-

TIIe studies (m the RonKol:ip and Utirik :Inlmals included measurement of Interwll rxdi4l-

:i(. tive (.(lnt:trtliwl(lon :Ind r;ldio(stternlci~l ;IIXIIVHIS of exrrvta nnd tis Huo N. TIIC niwl(~ 11(’m:itol(~~l

(’;LI Jll(l I);llh(dogll’;li Tff(’1’ts” (If ttle (~xpoHur(~, :1!+ well ilH IOIIK tornl eff(wts 011 Illlwt, ;Illtmlllli,

;I re l)c~in~ sl\l(li(,d, In nddllfo!lo [crtilliy und lInl(”htIblllly sludlm+ iIN wtIll as I“:Itil\II. )IIIIIIl(”iIi :III:!I -

VSIS ~Jf (,KK5 I:licf hy heiw from Itongt’lilp wore w’rformed.

Those studies h:lve }wtwlcied lnf(~rm~tti(lll (NI the wttwt umt niiture of the lIIt Frn;Il (O(mtiimi
l~iit]on i;] tiw exposed humiill beings, For ex:l mple, rudi(mut(lgraph$ d anim:i] Ixn}es prepilrt’d

by NRDl, and Ar~onne Nationai Laboratorysm (Fi~s. 5.3 und 5.4) indicute the’ pattt’rn of skel -

elai distribution of fission produ[”ts, particularly the high ct.mccntrations of radiocit’mentt+
in the eplphyseal region of the long bones. Further, information on the~e animais (which ro-

c~~ived a n]uch iligiler externai radiation dose than was received by the native group and over

10 times the internal deposition) shouid be of considerable prognostic value for the human

beings.

●

.

1

.
-,

F lg. 5.3 Auto radiogmph of Rongelap Chicken Tibia, 114 x, 21 hr Exposure. Animaf Sacrificed
45 Days Post-exposure (Argome National Laboratory Photo).
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Fig . L.4 Autoradit)graph of Rorqwlap Pig Tibia, 42 hr Exposure. Admal ~crific~’d ~~ D:).vs
l)ost-(,xp[,surc,. .—--- ~

.—

5.4 HUMAN STUDIES_. ——. .

3.4.1 Ex{:ret ion.-

Gross beta act IvIty measurements on the urine samples from Rongelap, Ailinginae, and

R(}ng(>rlk ind[(ate slKnifi(’ant ((mtaminatiorr in the majority of samples, The variati<m in beta

fl{tivtlv ex(rcted 24 h(wrs am(mg individuals in nny (me group is quite large (Table 5. 1). If

tlIc m(,:ln viIIIIrs of ur-ini .l(”trvity of the adults of the three groups SIX weeks :~[ter cxix)sure

a r(~ [,,)]rll):lreri, it will be seen :hat the Rongelap gr(m]] had the highest activity, 1208 d m 24

Il{nlrs. ‘f%{: Ailinglmc group Ii;id 553 d,’m,24 hmlrs, j~nd the American group tmd 309 d m 24

h(nlrs. A ~1’()[1[) of tlIe .I:ip;iiicse fishermen exposed tt~ fallout [rem the same del[m;itim] had :1

urillc ;l~.trvily (omp;lrnhie to that (J[ the Rongel:~p adult group.

‘f’llc IUWII) :Ictivi”[y {)f (I1P Irldivldu:tls Ilnder 15 ycurs of age appears to he tuusider:~t~ly

l(~wer IIGIII th;ll (II Ihe ;Idult Kr(Iu[I. AIr emmkn:ttl(m {)f tl)e gIWIIp (’ollectiorw mIuIIvY,(w-f IIV tlIe

v;iriotls l; Il)(Jri Ilo I’IL’s i])volv(v{ slv~wcd f:tlrly conslslt!nt levels of activity ft~r tile Imflviduxl

from d:ty h, cf:iy. Thc~ v;lrix(iml which occurs is not considered to be excessively l~irge ft~r 1111s

tyi)e (!I study. The activity :LS fulwtion of time fell off rapidly due to the large component of

Bd140 - ~-a’40 and other shv rt 1ived radioisotopes. For example the Rongelap group had a mean

activity of’ 1208 d m 24 hcmrs at 46 days and activity of 339 dj m/24 hours at 90 d~ys. At six
*

months post-exposure the Rongeiap urine was found to contain a barely detectable amount of
I

beta activity. The results of radiochemical studies of urine indicate that SrB9, Ba140, and the
~

i
rare mrtil group ;ipparently c(mstitute 77 per cent of the total beta activity at 46 days. Strcm - f

tium-89 contributes 40 per cent of the total beta activity, Ba140— 11 per cent and the rare earth
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‘I”!lblc L.1 (; I{(wS lilt’1’A ACTIVITY IN Ul{l Ntl OF RONCE1, AP (iltolll”

(Ilr!II(s (“~jll(,($t(,!l (III .l(i[h Ijfwl -(t~lMIHlll(. [)Iiy ({m{ Vtilu(.N (’(11.r{,c.t(I(l 1,11.1)$11.IIY . .

.

years
’20
24
26

:)5
36
39

47
67
72
75
76

M(,:~n

‘1’01111
Volurw

44 hr

120

1 Lu

1 :)5

40

260
no

455

165

265
550

650
255

190

280

650

450
110

440

980
._. -

439

Uil(.h 1(1(:(1111 .[.11011 lhlv)

‘1’( llttl

}I(,ta Autlvlly V(lll[nlc th,tuAollvltJ’

d/in :24 hr Cuw N{), U4 hr (i m :4 111.

712
894

313

223
0

21Arl

301

404

1900
0

1032
0

236
1100

1’705

674

507
0

1180
..— -— —.

758

4
7

Y
10

11

13
14
1!3
.A!.,.

:10
:44
:17

40

46

49

S2

55

“56

57

58
60

62

63

66

68

71
73

70

79

80

82
..— ..— —

Muan

455
810

355
9WI

450

340
7no

4s5
47

Uu)o
750
480
~~o

330

425
780

320
700
550

750
810
980
635

+355 - ‘

300

290
230
965
465
540

670
—— .. .

Wi 1

ti34
1700

201
549

1583
1677

2460
1670

77

43H
fi7(l
792

1450

495
u

o

1080

:)220
109s

t
2170

580 --- ,, ,..
1985 L. .

“-+-=

- .... ... -

2260 : ? ‘*.

1715
_* \A..~.,

I
2010 .,;- ‘:. ..-.
1450 -~?.

o
.*

‘2J

2038

1353

2140
-.. .——

1208

“o in equilibrium with Ba140 at this time). Fis -urou~-25 Der cent (of which 11 per cent is La ,.,.
sionabie malerlal was not found in significant amounts in any of the urine samples analyzed.

iodine-13 1 was Lmnd only in samples analyzed at earJy time intervals, due to its relatively

short physical half life.

5.4.2 Estimate of 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

89 Ba140, and the rare earth contentwere analyzed for total beta activity, as well as for Sr ,.
(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 totil human
body burden of 0.33 PC, for post-exposure day 82 was obtained. If this total human body burden
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l’at.)lc 7.2 KAI)IOCHEMICAL ANALYSIS OF ‘l”ISSUES AND lIRINE OF N( lN(;lo;l/Al’ 1’1(;S

; (All VII III(!H (’t)rr(w”t(’(1 f{)r l)(~ciIv 11)I.hty Id .Sm,rlficc, Ih{, t12n(l l’(,mt-cxlNwur(, I)NY) i
, .. r
‘- (

, [\,,l:, /\(.tlvi($’ (1, mllllhl Sllmpll$—* -

‘1’(,1111

1{11 IT Inrtll

(~ l(t”-’l

G r{ Inn

Adlvltv
,x 10-S)

~a140

(* 1(1 ‘)

U60
0.:13

2.4
0.20

1.1

0.50
0.42

665

I .2

530

Sumpl($ ~
.

I)lg H24 (1:,.8 kgn])
Skel(, [(m
I.ivcr

Colon” & ContcnlN
l,ung (Alvcolnr)
St{tmwh ~
[nkwtinc (Small)
K idncy
Rcm:iinlng ‘riwucs

Total

(]rlm. Sumplc, 24 hr (5/27)
Urlm, Sarnplc, 24 hr

AVCI’JWC f{)r dUyH W 10
HH p(j~t-cxpft~urc

-’:wf90

31
12

1.5

1.2
~,:]

3.3
690

!>titJO

0.40

6.0
0.22
0.22

0,62

0.21

1010

6.4
:,.2

O.n
1.3
0.51
0.74

1020

1.6

690

9630 5667

8.713

9.6

PiK #25 (22.7 k~m)
Skt,ll.lt}n (l{)lul)

I.lv(!f’
(’i~l~m & (~ImtOntH
l,un~ (Alvw,la I’)
Str]much
lnlt,~ttn{, (Smtill)
Kldm:y
l<t.mtiinin~ liwutw

Htioo
27
16

1.1
2.0

2.6

3.1

220

filoo
0.53 , 0.20 5.5

4.9
0.33

0.30

0.88

0.52

5 3.2
0.26 0.23
0.2U 0.13
0.8:1 0.U8

0.14 0.19

5107 534
4.4 0.40

. . ..- ,.. -..

_— - ~
702

0.54
Total

Urlnc Sample, 24 hr (5/27)
Ur]nc! Sample, 24 tir

Average for dtiys 82

to 88 pat-exposure

8870
6.2

8.1 .......

Total
Rare EarthAve raKe Per cent of Indlvldual Radioelements Srm i3a1’o

Skeleton 62 6.8
TottiI Body 58 6.5

(Irirw (24 hr) 69 7.9
— .——. .-— —. . . ..— — ——. —

9.7

9.0

10.5
—--- —

is se}nr~ted into its<’ornponents using the ratio of individual isotope activities in the urine or
in th~ t(}tal body of the anirmls at this time, the fl~lluwlng values for the Rongelap group, 82

dnys post -detonat i{m were obtained:

Sr@s - 0.19 PC

Ela”o – 0.021 Kc

Rare Earth Group – 0.030 KC
Others -0.09 IX

The excretion rate of Sr and Ba can be described empirically by a power function, At =
Alt-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, M #0 human jn~latjon &~, and it corresponds very CIOSely
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3 h) lhe expon(?nt flml]d 111the t)tlf)i;~lfi”:fdiillll’ CCI}:I “d N?)uriduu ..UKI”L~:fi)CvC’. (]hlll& (IIIS I{) II IIui; l

tion the lndividu:ll skelet:~l INM5Y burdens extr:ipolatcd tmck tf~ d;ly (me ;tre :Is f(~il{lws:.

62 ;Illd tht, r@teIIti~)II dilt;l (If HamiMlmt*S<.
<z.

Based (m the Srag ~naly~is} the Hunler-Eiallou fItlSi OII datii

u“
(he following estimates of skeletal body t.mrdel~ in the R(mgeliip ~rtmp on (IJV 1 werr mude:

a) rare earth group - 1.2 VC
b) 11’1 – 6.4 mc

.
The integrated dose to the thyroid from llS1 and the shorter lived iodine isotopes 01s2, 113J, and

-.
11S6),assuming a 20 per cent uptake;24 hours W.M 180 rep. The Ailin@ae 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
sectmn of the Rongelap and American populations, 16-18 Mirth, Los Alamos reported~ the
ftdlowln~ est]mate of fissions associated with material inhaled and or !nges(ed by the Rongelap
nat]ve group:

11~1– 5.5 x 1013 fissions

Sr8m- 1.2 x 10IS fissions
Batio _ 1.0 x 10IS fissions

.

“.

From these data, using certajn assumptions as to the uptake and retention of these radioele-
ments by the body, the following estimate of body burd& at one day was derived:

I

,

1

Rongelap
-----

American -- ,_ -
““. . ._: :&.. 1 .’

(JIC) (#c) ~a.%~. -,..-

&8* 2.2 fX42 - J
“1”

.*, --.6.,
_*–

Balto 0.34- 0.27
.-,

~u 103 0.013 0.015 “: ---k%”;

Cadl 0.19 0.04 .2-

llS1, and short lived 5.1 mc 1.9 mc
llS1 equivalents

Fissionable material 0.016 ~m

The initial body burden of llS1 and short lived iodine isotopes, energetically y equivalent to I*S1
is 5.1 mc. The estimated total integrated dose to the thyroid from the iodine isotopes assuming
:> 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 lhe estimation of the body burden,

the results obt:ttned are very sinlllar with the exception of the Ba140 estimate.
An attempl 10 detect bone-fixed radioactive emitters by means of .vensltive film badges

hped below the knee over the epiphysis of the tibia on 40 exposed Marshallese yielded negd -
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 mobilizing fission products from the skeleton and for increasing their ex-
cretion rate. 6s‘66,87 This chelating agent was therefore used in a decontamination therapy
attempt on a group of seven Rongelap individuals having relatively large amounts of intermlly
deposited radioelements. Oral administration of caicium EDTA, 1 gm/ 25 lb body weight daily
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1.
.

[or three days Increased the ‘6verM1 m“ean ‘actiVIIY In tlfd 24” MMF urlli(’s (If IIN*t rt,,t!(~d INV)lIi~
by a fm-tor of 2.5 times compared with the pretreatment control exrreti~n. Since the rnte (J[

excretitm of activity at this time W.IS about 0.1 per ~’cnt, 24 hours, the observed Int’reasc’ In

ex(r(!tl(m dirt n{~t si~n]f][’antly alter the total body burden. This sturfy :~nd previ(]us animal w~~rk
>.

sug~cst th;l( EDTA, i)erl)apuid mirlist(’red 1.V. and nt early il]tervuls, might h:tve l)t?cll of (’on-

sidcr:ll)iy greater v:LINt’ in in(”rcasing the excreti(m of some of the Lntern;llly depos]tod fission

pr(,du(’ls.
>

5.5 DISCUSSION

‘J’1111(:111(1111m:il(’rl:ll pr(III; IIIly entered th~ cxl)twwd people Ihrlmgh both thr tliliiilitti(~li :IIId

ll)~(:stl(lll I“(w( (’s. ‘1’11(1 t(Il:IIIv($lv l:lrgt’ p;lrilcle B17,(* lld~cittes iiliit tlw i)r(tl)iiblllty t)f inlrnl;ltl(m

ttf :Ilrtj(jrn{, f,(jllt;ifllll);tli~)ll w;is snbili. ‘f%tH IS h:iSd (W the l)bM@rVNt 1o11 tkli ill IWIN’I’;I1 {II)IY

)):irt i(l(~s O. 1 i(, 3 ~1 III dl:int~’[f’r re:t(’h (he alveIIii tm llllud;~iiorl and (hut Ixrgt=r parllt’leH ure

(Iltf’r(>d (nil by Ih<’ ]MJSC :~nd upper resplrat(]ry passaK(I and swwll[)wt’d. Wl 11);Lddli ;{t!l, the Illl)gs

and :~lr sa(.s of (“i]irkells aut{}psied ill the period 24 t{) 100 ddy~ post-detonation showed low
levels [)1 (’<)f]tami]l:ltif)l], while the gi~strointestinni tra(”t and its contents were reiutively active.
TIJC high levels ()( :irlivlty found ir] the liver are also compatible wi[h this hypothesis indiritttng
ingesti{m as [he route of entry. Autopsy findings on five pigs indicate substantially the same

results.

[n general the mean gross beta activities in the urine of Rongelap and Ailinginae groups
were found to I)e roughly 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
Ailin~lnae and Ameriran groups show the latter to have a somewhat lower amount of internal
rr)ntamination 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 c(mtaminated food” and drink contaminated water up to the time of evacuation. The American
personnel probably ingested less contaminated food. Their water was distilled and stored in .
closed t-ontainers which prec Iuded {he possibility of radioactive contamination. It is also pos-
sible that lr]dl)[’irir];ttl{)rl of th~ Ameriran group as to the inhalation hazard and perhaps their
nl{>r.e ~dequal(’ sheller was resprmsible for the l[)wer am. mt of internal cx+damhtatiun re-
c(, ]ved. f%irfio:innl ysrs ~lf urlnc sa mi}les of the Japanese fishermen, who were exposed to the

S:Ime fidl(wt, indl(:iled that thl’y had received approxima&el y the same am{mnt of internal cun-
tamin~tiurl as did the [tongelap adult group. The lower urine activities found in the Murshillese
indlv]duals under 15 ye:~rs rnily Indicate that wtth active bone growth occ.urrmg, the internally
deposited fission products were more firmly fixed and therefore less readily excreted. Ii does
not seem likely lhai [he rhlldren were subjected to arly less internal radioactive c~mVamirlation
than were the adults.

5.6 CONCLUSION

The degree of internal radiation hazard was too low to have contributed significantly to the
acute radiati[m syndrome observed. Efforts to correlate individual body burdens with their

rlilliral or hematulogical 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 from
these internal emitters would most likely be determined by the radiation effect on the bone.

The rnncentration 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
tolcrunce doses of internal radiat]on is also very slight. The occurrence of such a synergism
has been demonstrated where animals were subjected to relatively high doses of internal emit-

. Lers (2 pr: gm) In addition to high external doses. The only sllggestion of such a combined ef -
fert iIi thi~ situatio~) WLLSfrom the hematological response otserved in these exposed human
bel?ws, which did not foiluw preciwly the time course chara.!teristically seen in lower mam-
mals after short exposure to external radiation.
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CHAPTER 6

RECOMMENDATIONS

.

.

1. It is recommended that establishment of a medical team on a continuing basis, prepared
to handle emergency situations connected with radiation, be considered. Qualified pereonncl
shouId be designated by name; minimal cllnica.1 and recearch procedures considered essent id
ehould be established and necessary equipment should be stockpiled.

2. 11 itirecommended that steps be taken to obtain additional data in the laboratory in the

following categories:

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

(b) The response of human skin to beta radiation under condttiona of different beta ener-
gies, source sizes, and source geometrlea. -,.—

,-

1

.-

‘?
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