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ABSTRACT

FOllIIWIIIg 11111ri(II(mxlI(In of Shot 1 I)n Hikllii Atoll (m 1 Milr(”h 1954. 28 AIIIIIr Ir;IIIS iIn(i 239

Marsh; 111(,stI W($l.{> 4>X]l(lS(I(i to fu\}OUt. Onit I)uli(irwf fifty -scvt,ll (If III(I Milrsl]:(ll(,*,’ w(.I.,. (m tlIIr Ik

/jiIIll, fi4 WIII, ~ I\II I{I)IIK(,I;I1) Atoll, illl(i lH W4-1-tS Im th~, n(,ighl)orlng ;Itt)ll (I( .411111KIIIo I.. TII(, 2ti

Allltrl(;lli% W(II 1~11l{(,lq:(, rik Atoll. Tli(, Ilr(’s(vwe (I[ sl~nlfl(”;uil fitll(IIIl (III II IIISI$ ;II(IIIS wits flr~t
,1(,II IPIIIIII (.11 I)v ;I r(,(.(tt,(llt]g IiIj,+ll III,t(, r, l{KJItd {III l{(m~(,rik, WII(,II lIIIS (t(wI((, wt, IIl IIlf sI”al II iIt

IIN) IIIr III sII(Irilv iIfI{. r III( (l,,t~)lliitltm. El)l{,rg(vlcy survrys (Ii,llw’tth(i riidlillt(~l) (III II)( inhiibitl’d
.III~lls, ;III(I ~.V:II. IIiIIII)II 1~[ 11111.d)It:IIIls to th(~ NAV:II Sta II{)II at KwiIJalt’111 wiiti l)ro~lll)tiy (“arrl~’d c)u[.

‘1’111do~( (If r:i(l I:iI IIMI t{) wt]l(t) t II(’ Indivlduilis wer(’ t:xpost!d was tsiil(. uliiltid frojtl LI)(’ intensities
lIIUII(i 011 tll~ IS I;IINI+ ;III(I tl)t. rtI>I.;Iy (.xponL~IIt of the fallout nul(, rlal. The individuals on Rongclap
I~X.~IVt>II Ul)l)I.[IX II IIiIIILIy 175 r, tlmsc on Aillrtglnae rece]ved approxlnlately 69 r, and the Ameri -

IJIIS 011 Itot]gt,rlk rtw(,lv{.cf :in average calcu~ated dose of 78 r. The Marsh xllese on Utlrik re -

(.(,iv(,d iippr(]xin, iitely 14 r. The fallout on Rongelap, Ailinginae, and to a lesser extent on Ftonge -
rlk was (ilst]n(. tly visible. No fallout was observed on Utlrik. A significant number of indi-

viduals on R(mgelap suffered from mild nausea and one or two individuals vomited on the day

of llItI exposur(,, With the exreplion of nausea In one Ailinginae individual, tht?re were no other
rtefln]te ~astrulntestlrtal symptoms in the other Marshaliese or the Americans. The Mar-

shall es(, on Rongclap and Ailing inae, and the Americans experienced to a varying degree burn-

[ng of the eyes and itrhing of the skin from 1 to 3 days. Later, signs of radiation injury included

ri(~finlt~, (,pllnt]on In th(, Rongelap and Ailinginae groups, and the development of spotty, super-

fit; Ial, hyperl)lgrttented sk]n leslons that desquamated from the center of the lesions outwards.

III SIImIL (:as(~~ III(, skin damage was sufficient to result in raw, wecplng lesions. There was

II(I ful I ll]lckll(~ss mwrosls of lIw skin. The Am(!ricans developed only minor skin lesions without

111VI>I.al IIm. Thl,r(, wi,r(, III) sk)n i{.si(ms m Ihv Utlrik natives. All lmI(ms Il(ul{”d ra})ldlv with
II(I f(lrtlll,r I)r{$;ik(lown of III(, skill n(~t(xl durln~ Itlc period of (Il}s{,rvall!m. Mllr(w(q)}( I,XJmI-
Il; lt loll (If 1)1(111>11,~of 1111,1(,S1{)11S silo Wld (.llilll~(m!i U!4UiIlly ;LSS()(. l:lttYl Wlttl r;i(ll:ltl~]ll llIJUr S. Fltlly

ilotl)(,(l II I(llv IIlu:Ils ;IIII! 1111).+( r{.nlainin~ ln~l(lt, of buildings {jr lIuls wt~r~. pro[t.(”tt.{t t{) Vilrylllg

III~rI.(,s fr4)l]] {I{V(*II)IIIIII, II1 of I{ IHIOIIH. }l(.n]; ltl)l[)gtr (.h:ui~(~s wt,r(, rtt,[IlillLs III llIt l{olig~,liql,

AI II I)KII); I(, :111(111)1, All)(,rlt$:ll) gr(n+s, Lytl)pho})(’nia apptiar(xi proml)tly tIIId wits persistent for
;I j)rolo[~(d” j)(.rlod of II IIIC. N(v.drupenia cx”rurrcd in all of Iht, ]ndlvlduals with I[liliill nilnimum
V:II U(, S ()(.(.urrln~ aroun(l tht. 1 Ith day foliowe(i by an increast~ In the (ounts :111(1a secondary

I];]nlmun] around th(, 401h to 45th day. The most consistent hen~iitologl~ chal~~, was the de-

I)ression in the platelet (,ounts. Platelets were below normal when first counted on the 10th
day of ~)st-exposure and progressively decreased attaining a minimum b(’tween the 25th and

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

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

Incidence of various respiratory and cutaneous infections was identical In all exposure groups

and bore no relationship to the hematologic changes,

Urinary excretion of radioisotopes was studied. Small amounts of radioactive material

were found. Estimates of total body burden indicate that there is no long term hazard and that

ingestion and inhalation of isotopes did not contribute significantly to the initial radiation

exposure.

+i!=~:~~--. b-’......Y-’. - -. . . . .. . . .-....+-. :.. ‘.. .. . .. . .< -.,?.:: :. . . . . . . . . . . . . . . .
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PREFACE

OIM,I;II II III (’AS’I’1 ,11:IIId I!(II 111(.111{11, ;I lJIi~III~tI{Irnl l~ri~r;ll)~. TIN. )Iilril(”l}).llit> 111 I’ro]{.cl 4, 1

Wl, t.( (11..IWII 11.{)111 Vilf.ll )11,+ lill)l) l.; lltll. 11,S illl(l Wl,l(. ll)~illlv 11111)1,(sl]al. (-(i 101. it [11.1(! 1)1’tl~l.1111 Wl\t511

III(, )!11111 1)01) AI!:(’ Mc,III~.;Il 1{1,>(1:11’I.11Tt*iIIII !A’;IS (Irg; IIII/. (Jd Jtl!tr ItIt L t) IIt’!”illlt)ll il.111 l)t’gull.

1)1. .Jld)ll (’ l)(l~llt, r. l)ir((t{~r, l) IV IS I(III of I)I(J1(KY :Iid MIdIt”IIU$, AEC. iIIKi U C1)l IJ. E.

II IOWIIIIIX, ML’. USA. SurK(’1~11{)( the Arnl(hd F(II”l”(>S SINICIal Wt’.lIIt)ns I’r[}j(,t’l, st>ltw’t<’tf the proJ -
t~{.t [iffi(,(,r aIId rI_VIUQSt~J[ithat the select]cm of ic,chnlcal and profess ]umil p~’rstlnnrl bt’ com -

nl<,nt(,d llnnltxflat{~ly. [{t~ar Aclmlral Clarenre Brown, Deputy Surgeon General, Medical De-

Iwtnwnl. USN. gavti Jmmedlate and complete support of all naval medical research activities
and assigned responsibility to CAPT Van Tlpton. MC, USN, and CDR Harry Etter, MC, USN, of

the Al(jmlc Defense Dlvlslon, Bureau of Medicine and Surgery, USN, for the implementation of

the project.

Sin{’e [ itlle detailed information was available about dose and initial symptomatology, the

research team was organized to Include the following talents for the constitution of the emer -

gcn[”y n](,d]ral t[:am: lntcrnal medicine, hematology, radiation technology and radlob]ology. In

11111s{~lw.t]t~u I)f }J(,rsonn{,l thf, emphasis was placed on past expcrienre in b~on]edlcal research

III 1II(Lftt,ltl wltl] :It{jImt. wl, al MIIIs. In ;tddition, provisions were n]ade for a st,c(~ncl erhelm of

SIN,(I; II IY.~,(1 lt(,rs{~lln(~l in (.as(, they were mwded. Accordingly. a prev~mtlve u~{’dil.~n{’ unit of
III(,(’{)tl]tli:lit{l{.i-IrI-~hIt,i,~~ac.1(1(,Fl(w~t,was al{, rted [(jr pOSSItJII. b;l(’terl(]logl(. studl(, s; t)lood”

Il;i[ik II(II \(mII{Ll, ;IIIri :1(1(11111111:11(,lln]rians and nurses w(~rc n{lt[fit~d III (.asl~ (s(m(tII I(IIIS just iflt,d

II II, IJ s(.rv!({.s III 1111,Kw;ij;l](,lll 01.l,u. R(!;ir A(ili)iral f3;lrlh\~l(t!l}(.w HLMotI, MC, USN, l):t(.lf](,

l,’1(,(,( M(w II(.;II Ofl I[. (r, 1111[11(}(ll;l!($ly Ill;ltilt Mlly nt,edcd nl(,dl(.;il fa(. iiitl(% ()[ Ihl, Pil(.lfl(, ~ic(’t

,lv;lll:ll)l (~.
])(,r:,onll(,} w(r~, ,Ibt;IIII(Xt within the C[mlln(*l~tal Iitn[ts (If tilt’ U. S. for tll(’ l“t’st’;lr~”~l team

.I> r(lii(!ws:

NaviIl Medi(”:ll R{,s{sArrh lnstllute (NMRI)

II IIIvd Irnl t,ff]r(~rs (IS. P, Cronkite, projevt officer, R. A. Ccmard, N. R. Shuln~an. and

R. S. Fat-r)

2 mcdlcal service corlw officers (W. H. Chapman and R. Sharp)

6 t,nlisted men (C. R. Sipe, P. K. Schork, C. P. A. Strorne, W. C. Clutter, R. E. Hansen,

J. S. Hanlhy)

U. S. Naval Hadiolog]ciil Defense Laboratory (NRDL)

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

1 Inedical >crvlce corps officer (L. J. Smith)

4 (,nllslcxf men (W. H. Gibbs, J. C. Hcndrie, W. S. Argtmza, J. Flanagan)

Dlv]:>ion of BItIlogy and Med!ctne, AEC

2 (:lv]lian M.D.’+ (C. L. Dunham and G. V. LeRoy)

Armed Fur((~ SlwIJal Wuap(ms Project (AFSWP)

1 Army M(dIcal Of flrcr (L. E. Brownin~)

I)rellmlllary studl~:, had t)(v,ll made by CDH W. S. Hall, MC, USN, Slat}tm Mt,(ii[:ll O(fl(’~’r

;lnd hls slitff, :In{i (l(,i.tIIIl~IIIIII;i(I(JI) of ttl(. IIMi Iv Idu; llt+ W;l S w(I[[ un(forw; lv wh(.11 I}ri!J(-(’l 4. I p{>rs(~ll -

7

.- -*~:*,

. . . . . . . . . 0...”. .6/.. . ./. fi /..,:- . . . . .
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::>#
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nel arrived In (ht, [1<’ld. Prt.l II II IIIUr V h(imittolt)gIc stu(i I(Is Ind It.. Lttxi tlIat IIIL iIIIIIYI, (tI.11~ 111,~i,, II, I;
,.

Ijad 111)1I’{, (’(’I VI’{1 il{’~ltlly filtill (I(ist, s {It raril:ltli)n. Tli( I)rtm:lry I’IssII(~IIsIIJIII(I,-. WI III III ~lIt IIIIIJ

I.(. I grllu)] w(.r{~ fh,lt~g;lttv{ ;1s f(~lltIw,s.

(:1 II II(”iil tltjw,rv;illt)ll> ilt)(~ (.:Iri IT N. R Slliil[],,tn, MC. {ISN
orK;tniZ.;llI,,Ii .IINi ,,~){,r;llltjll IJ( l;ll~4Jr;ll(lry IT It. S. F;Lrr. M(’. [ISN

(’01111)11:111011”:111(1(Ltlly :Lll:llvhlh 01 :111 (t;ltii I)!.. v, l). [\oll(t

l)({(,ntjili]ll~;ltl(~ii ;IIIII ril[liiill(ll} lll~,:istlr{’11](’tlt 1,’~ (j~) I{. SII:II” I1.MS(’. ~tSN

St.lllor I)(,tly ~f[lt.t,r II! {.li;ll.gt, ,)( I:ltmrnl[jry I’. K. Srht)rk, II M(”. [~SN

As Itu (’!IIII{’:11 111(’t II I”tI Ilt Wt>i III I(’(l. ii fllrltu,r I)r{si{k(h)wli III r{,sll[utsltlllllv w:I.+ lll’f ’tt.+.+Jr Y. (’1)111

Innll(lt,r l{. A, ($ IMI;IIV1, MC. (ISN, :111(1Ill C(II L.. II:. i{l”!lWlllllk. M(T. I)SA, W1.!’l !)].]{lt rt+)II\IIsIIIl(

for ;I {l; IIly >,IIrv(.y (If skill 1{.sI~IIi~, ;IIItl [Jr. S. Il. (:4d IfI w:i.s fttu[h’ r(,.+I14MIsll~lIs 11)1’ +Ili(lvlll}: 11111

I]r(jl]l(,tlls (t)ll(,{,rn[,[l WI III {III, 4sxt.rI,lII,II [)( r;i(ti{jts(ltllli{>s ittul 1111 (,.+11111.111$.+Ill I)1)41Y11111.111.11>Ill

11)(~(.X}N)*IWI Ill(llvl(lll:lls.

TI14L }jrt)J~v”l tI([I{toI [.t)nlliit.li(ts ;III t~f III(, Iirtjftossilmal iIIIi! ltw. hIII(Jl 1111’II IIN. IS ,)1 III{* NI(IIIII

for 111~,11.t>x[.I,[lI~IIt III(JtIvatI[m, III I(IiIt IVf. nml v(}li)l~txrv l~mg I){mrs t~t (~xlrii w41rk II I;II wt~r(. t,.>

senliiil for tile ;i(”(t(jflll)iistlnlenl <If llIe (.lirrl(.;)l ond res(’ar(.h (IiIJcrt Iv I’s, NINI for 1111 rJiIILl (.~11

[(!(. (1011 of the }jrctllnlilary dii{;( III t}i(~ fl(llCf. It IS l’III}dINs Iz.rId Ilut !h~’ wt~rk wits o (’t)ti\)t,rJIIvt’

cnd(>av[)r in which UII w[, r(’ II Iutu;Illv de}mnrllint up(m t,i~(-l] oth(’r. TIN> WI IIIIW efforts of .~ll ~“on-
cernc, (i const Itu(e(l A ri,f]]arkaI)l(> example of lcatn - w{~rk and sa(”rlfl{”~’ t)f pt,rs(m;il ;IIIib Il I(IIIS iIIICf

deslr{s for Lhr good of the i)rl))ect at ]arge.

The au~hors wish to ex})ress their gratitude and Indebtedness to Dr. John C. Bugllt’r, CAPT

Vart TiIton, and CJ)H Harry Ettt’r; CAPT W. E. Kcllum, MC, USN, and CAPT T. L. Wlllnlo!l,

C()!)(rlitindttlg :Il]d Ex[vullve Of firers, respectively, NM RI; CAPT R. A. H)nners, USN. Dlrwlor,

NRJ)l. iind CAI}T A. R. Behnkt,, MC, USN, Assoc Iatc Director, NRDL: all of whoi)l giivc un-

Ilm]lt,(l su}]port an(t r(duct,ri admln)strativr proreriures to a bare mlnimunl, thus nlakll]g 1[

IMSSJI,II ft~r tht unit 11) he asscmbll,d and undcrwiiy In a matter of hours.

011 iirrlval al Kwajuleln, RADM R. S. Clarke, USN, Commanding Offl{’er, U. S. Naval St:i -
tlt)n. Kw;iJal[~iIJ, sul)l}(~rt(.d l~r~~j(vd 4.1 with all th(> fw.illties at Ills dISII(JSiil. AS ii rl’suit, it

Ialx)r:l(ory xI)(t (11111(. wus i.sl;ll)lisll{xi slid (]l)eratin~ wllhin 24 imurs after ;irr!viil t}f {III’ ~trfj)tu”l
}I(,rsollli(.1.

l’r~)j(,(. t l),,rs(~lul(l ;IIS(J wish II) tirknowledge th{’ (jutstanrflng r(]ntrlbutl(ms [If CtIl C. S.

Mii UIIIII, MC, USA, F’11’lrl colllllJill)Cf, AFSWP, CAI}T H. H. Halght, MC, USN, DIVISJ(JrI of MI II-

t:lry Alq]llt’ati~,l), AKC: Col K. }{oughlon, MC, USAF’, Spe.tial Weapfms Cent(’r; CA1)T D{mald
D(lll(’111 , M(; . USN, CINCPAC Flt.t’t; Drs. T. L. Shlpman, T. White, and P. Harris of LIE Alamos

S~lt’ntifl( Labt)ratory; Dr. Gordon Dunning, Division of Biology and Mc’diclne. AEC, and Dr.

G. V L,ORoy, University of Chicago. During all phases of the early care of the exIx_med lndl-

vlduals, the foregoing ]]artlcipated as much as their other prinlary dut]es would perm]l. In

addltl(ln th(’ authors wish to thank thcm for the extensive and complete data which they rollected

in th(, atolls or their h{)me laboratories and kindly furnished to the pro)ert personnel.

The c(lntlnuuus I]t’ip and cooperation of Trust Territory reprvsentatlvcs and tht’lr ald ]n

i}btalnlng neressary c{]ntr(}l data on nat!ve Marsha ll(v+e at MaJuro IS hereby a{”knowl(d~ed.

Th(> autll(~rs art! partlt”ularly Incfcbtt’d tu Mr. John Tobin. Hls help as ilt~ Intt’rprt’trr And 1]1s

exl(,nslvi~ knowleclg(, of the Mtirshallesc’ language and habits were Invaluidjl(>. li](’uttil!tuld J S.

Thtlnllj>(~n, MC. USN, furn[sh(’d hls rm.ords on t h{, ~,xl~(wed Indlvlr!u:lls rt(,(.tmtitnltnal ti{l by t I](’

radlilt IIUI gr(ml~ (If III(> VP-29 s(luii(~ron stat ]onrd al Kwajaleln.

‘f’111 autl](}rs WISII f.spcc I:Illy lo t’xl)rcss thrlr iidnllratlon for th~, exc(’ll{mt job dtnl~ by tht’
I!I(.[11(.:11 I]t,rs(mn(,l t)f Ill{, U, S. Fli]viil l))s}j(.ns~ry, Kwiljalcl!i, In c(lrlli)l(’(ln~ tilt’ (, XI(. II SIV{’ 1:11)()

r;itt}ry tJxariIIIIiIII(Jnb III;II w~~r{, rfv~ulrtxl t(} obtain a I}r[jn]pt III Itlal {~vi~lu~tloil of tt]t$ +~,v~,rilv (~1

Ihi, r;ifliati{}lt tnJury,

Th( auth{jr> :Irl (~I,ILply gratt:ful to Dr. Di+vid A. W[md of the Unlv(,rslty (If C:lllf(jrnla HiJs -

pIt;~l, Sun h’ru]ltlsl(], ;IIId [)r. Edw\ird 1,. Alpen iind MISS Pat I{oali {)( NRDL. for IIIV;IIU~dJIt’ .Il(~

Th(,

Mr.

.
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INTRODUCTION

OBJECTIVES

Project 4.1 was organized with the [olluwmg specific

(1) To evaluate the severity of tile radiation injury in
radiation.

objectives:

the human beings exposed to the fall-

(2) TrJ prtjvide for all necessary medical care for these individuals.
(3) T{) ,$llnduct a s(lentlflc study of radiation injury in human beings.

GENERAL DESCRIPTION OF THE EXPOSED GROUPS----- —- —— .—-

SIN)I 1 of Olwrali(m CASTLE was detonated on 1 March 1954. Fi)llt)wing the detonal ion sig -

mfI(.:Int :Lm{Iunts ~)f r:tdioartive materials fell on the following populated neighboring atolls:

(1) It(mMel;IIJ, (2) Ail]ng!nxe. (3) Rongerik, and (4) Utirik. Exposure groups ilrt> ldent](led ac -
[t)rdlng II) Il)e)r geographical location at the time of exposure. The numbers (,( ]ndlviduxls In-

volved, Ihelr Itj(’ation, [he distanl”e of the atoll (JtI which they were located from the site of the

deto]lal]tm (m Bikll~l, the l.al{”ulated dose of radiation, the probable time of t.mginnln~ of the fall -

t]ut and Its dur;itltm arc labulated in Table 1.1. The Rongelap group received the highest calcu-

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

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

were on their All lnginae 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

t~n R{mgelap. The third and largest group of Marshall ese, inhabitants of the atoll of Utlrik,

received the smallest dose of radiation.

The Amerl[an milik.lry personnel exposed on Rongerik were aware of the significance of

fallout and promptly put on additional clothing 10 protect the skin. As far as duties w(mld pt!r -

mit, they remained inside of Butler-type buildings. In contrast, most of the nnlive Marsh allese

remained out of doors and thus were more heavily ccmtarnjnxted by the mn[erl:ll falllli~ (m the

:It IIlls. Some of the Mnrshnllese, howevsr, went swimming during the f;tll[)ilt nnd M:IIIY (>( tile

[.hildren waded III lhc water; lIIUS washing a (.(ms~derable amount of the nulterlil[ fr[}n] t!leir

skins.

1.3 EVACUATION AND EARLY CARE OF THE EXPOSED GROUPS

The American military personnel were evacuated to KwaJalein viii air In two groups on

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

15 A
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“ S{,(, s(~ctioll 1.4..3.

1.4 ESTIMATION OF WHO1.E BODY EXTERNAL DOSE

“1.1)(!esl]nmlcd viilues ()( external dose give!] In ‘lMble 1.1 were based o]] readings of

AN l~l)R-39 I]eld lnstrt~menls. Avrrnites of a lumber of dose rate measurements on earh

islalul ~~t :1 glvcn tim(! were used. ‘f ’he readings were taken in air, approximaieiy 3 feet itb~ve

ground, severnl days arter the inhabthntti were evacuated. Before this time, adequate surveys

with wei I C:liihrated Instruments had not been possible.

Severai variables which infiuence the results are indicated beiow. These wiil be discussed

III greater detaii in an addendum report on external dose, which wili contain the dat~, methods

.tnd [;llcuiations by which the external dose analysis was made.

1.4.1 Energy Distribution of the Faliout Gamma Radiation Its Variation With Tirnel .t~e--- - ._._ - . _—.L. —.. . ——-—
=esp~ks~ of the “M;ter in E+ch” Eney~y_Region.sLd_!ts Correctlgg Fac@A_4gr .the_To@

fis~-Sp~ctrum.-— —.—.

Fallout depos]ted as an effectively infinite plane source resulted in the dose-energy histo-

gram shown in Fig. 1.2. Its energy distribution was the result of degradation of the original

16
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F.g. 1.1 The Living Area on Rongelap Island, Indicating the
Light, Open-tyw ()[ c(NIHlfWJtlljn
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1.4.2 fbte of De{”:iy ()( the Fallout Mixture

De[;ly r,ites of fxll(wt s:trnples were meiisured in the field :Lnd ill the l:l[N)r:it(]rv, where ./

fnirly c(]nslslw)l Pattcrll WAS observed am(mg ~arious l{wxtlons and samples. lIL ~lrtdlti(ln,

theuretir:tl (.(msider:ll)(lns b;!sed on the radi~whernical ~’omposltton (If the fitl)(wt mixture pt?r -

mitted deray rates to be cal(’ulated for different intervals between tile Ilmes of Initial exposure

and later sllrvey readtngs. These agreed well with the expcriment:tl dald, ;illd were used both

IIt the dose [.alrul;ltit)lls cfurlilg the exposure illtervals and In extr:lwll:illng the l:lter survey

re:ldln~s to (mrller ttmes.

1.4.3 Tlmf, IIf Arriv:tl t~[ llw Rxdi(xictive Cl{ud, Duratton of the F:lll(ml, :inrf T]mc {If Evucua -

111111fi~r Rich C;tse

Only tlw t i nl(’ O( ev:t(:uatilm IS known accurately for all the islands. On R(mgerik, however,

tile time (JI iirrlval of the racfl[)avtlve ci(Jud was determined precisely by the continuously re -

t.~)rding dose r:it{! m(milt)r at the v !alher statl[m. The fall(wt became visible at the time the
instrument fl rst indlciited the presence of a radiation f ~eld ;Lbove ba(. kground. The material

had the appearance of snow. The times of beginning of fallout (m Ron~~lii}) xnd Allinginae

were estlm;lted from similar visual observations, comb~ned with knowledge of the reiative

distances of these atolls from Bikini and the wind velocities ]n the are:~. Fallout was not ob-

served on Utirik, hence the estimate of arrival time there was made on the basis (If the Ronge -

rik fallout time, wind, and distance factors.

Two extreme pussihilities exist relative to the duration of the fallout: the first, that the

lallout occurred entirely within ;i short time; the second, that it was gradual iind extended over

:i period of many hours. The m,mitorin~ instrument (m Rongerik went off-scale al 100 mr hr,

t * hour after tile dtwe rate began to rise above background. lf this r:lte of Inrreuse IS extra -
po]ated t{) u p(~lnl for which subsequent derfiy would reduce the dose r:lte to the v: II Lies found at

Imter times, a IImg filll{mt IS implled. This was taken as ol]e Ii mittn~ (:Ls(*. ;IIKI [.(]rres}t(mdtng

[i(w(~s w(yrt, (.iil(”lilatc(i. lk~wevcr, the p(wsibillty does m)t seem gre;lt th;tt thl> ;l[.tu;~lly (w-

(,urred. Exist l!q: (lal:t :Ire lnc(mclusive, bllt several Indicatilnu+ ttmllng h) [:lv(}r tl)~’ shorl tlmu

I]yl]{)lllt,sts :Ir(, sumnwr]mvl below.

Flrsl: :1 11111~f:llltnlt ]~r{ltl:illly w{mld md IMI uniformly htmvy thrfwgll(ml, tilt’ first ll~}rtt{m

tmll)~ lIN, M(WI lllt~’iis~, ;tnd the lxll;~nce talllng off. The tola] phen[tnlvntm 1Ilus Ilwds l~~w;ird

the effert UI J sh(]rler fall(mt. This is supported by rmmitor d~ta fr[~nl ottt(’r nu(.lwlr ~’vellls.

Second: the estlnmted durations of fallout, of abtwt 18 hours, whi(. h result fron] the :Ilxwe

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

these atolls from Bikini, since the wind velocity in the area was high

pass over the islands In a considerably shorter time.

Third: the accounts of the visibility of the fallout, although confl

indicate such late cessatton.

19

enough for the (’loud to
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present.

Fl~ure 1.3, [or the Rongelnp atoll, illustrates the cumulative dose as a [unction of time

after the detonation. It cm be seen that the rate of delivery of the dose varied continuously,

the maj{)r portion being rerelved nt the higher dose rate prevailing In the early portion of the

f?xplwure period. J3y the time that 90 per cent of the dose had been received, for exxmple, the

dose r:tlc had f:lllen 1(I css thi~n 30 per cent of its lnltlaI vaiue. Thus the dose” rate o.f mqmsu re

rti(fered marke(fiy from that usualiy encountered using x-ray units.

1.4.4 Geometry of the Exposures. .

A tilird difference between the type of exposure encountered here and other external ex-

posures lay in the ~ef]metry of the source. These doses were delivered from a piane source,
s{) that the radiation f]eld did not follow the narrow beam geometry usually employed experi-

mentally. In such a diffuse 360” fieid, the decrease of dose with depth ]n tissue is less pro-

nounced than that resultlng from a unilateral or bilateral exposure to an X-ray beam, so that

for a given er}ergy, the close at the center of the abdomen is approximately 50 per cent higher

tlIan a KIVCI1 ;iIr dose w(mid Imply for the narrow be~m case. Figure 1.4 illustrates .~ll ex -

!wrlm,>ll[:il simulatl{)n (I[ the f]e)d geometry usin~ il spherically or(ented group of Co’” sources

witt I :1 I]lmntom l)&il(l~d nt their renter, rnmpared with :1 ronventimuil depth dose (’urve {Ibt:tlned

wltl\ ,1 single s~mrce. It would ;Ippeilr under the circumstarwe~ that the midline dose, rnther

ih;III d(ww mti;lsurud irl ;tlr, w(mld lW the better par:lmcter in terms predicting bi(llogicai ef -

fw’ts. (hi Illis I);ISIS, ttw arr chwe V:IIUCS sttited in T;~bie 1.1 sb(mlcl be multiplied bv npproxi-

nl:ll(~ly 1.5 ])) (Jrdt,r tt} (.r)mpare their effertr+ to those of an exposure using a narrow bcmm

g(IOIIIcf IV. [f 11!}s IS d{llle, assuming J fi]st fali(mi of (me hour, the (I)llowing doses in terms of
,111;ilr dI)se ul)der I;lbor:lt(]ry c(mfilions result: R(nt~{>l:~p 260 r; A)iinglnae 100 r; Rt]l~~er\k
120 r: :Illd Utirlk 21 ~.

—. .. —..—
“ While it 1s obvious that the fallout iasted longer than one hour, calculations of dose are

based on an assumed one hour fallout as expIained in the text.
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lt~idl:ttl[)n from u b’Ield of Fissl(m 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 exposed to mixed fission product radiation from an external plane source might be

expected to be 3, (0.6)(0.9) or about six times the midline dose, if both occur at 3 feet off the

ground. Such a depth dose measurement has in fact been made experimentally at a previous

22
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.skln (.llllt ;lflllllil[lllll I;ll (Mll Wl,l~ll(>d tll;l~ fl. olll th, ~~{lllll(i Ill 111111411.[;lll [’1,. ‘1’111!. I* {.lllllll; l.sl~(vl l)V

II}(, f;l(’t 111:11 (. I(I!III III,, I)rld):ll)lv I.l,(ill(twi {11(> [)(,(:1 (Itlsc 11’(1111 (11(’ grlwll(i I)\’ 10 Ill 20 Ili’1’ (“(’111,

.1

● 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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CLINICAL OBSERVATIONS

2.1 IN’I’I{OI)UCTION

AND THERAPY

11 w’as known in~n]f-diat(>ly lhitt till, t’XfXJSe(’f grtJups had rereived a si~nifiritnt tIuIouI]t of
p~w(lr;ltmg rudiation 10 the c!lllrl Imdy, extenslvc co~ttamlnatlon t)f lht’ skin. and possible inter -

ntil ,.lt~p{~sititm of rudiuactlve n]aterl~ls, It was tht, re[ore d(bcided that clmicid ulm~~rvatluns

would Ije as extensive and frequent us facilities and personnel permitted in order to rt>cogmz(’

and carf, f[)r rudiallon ~~ffrcts as early as powiblc. Accordingly complete initial histories and

phy:; ],,:d exitn~in;i[i(ms with numeruus follow-up (>xumlnalions were carried out. Surveys of the
sk 1:1 ut,t(, c{]nduc ted at f roquen( intc. rvals ●nd thv detailed skin findings are rcporttwf in chaptt’r

3. Fixl(ns]v(, lN,m:itolt)glcal sLudlcs were condurlccf, the detailed results of which art’ prcslwlt,d

ill i.li;lljt~,r 4. I{t’suits ()[ exuminatlons fur urinary excretion of radio i~otopcs itre rcportetl in
l.11.l~)ll$r 5, . .,

III ,I(J(IIII(JII h) 1)(’ri{)di(. (xi:minall{)rls, routlnr sick call was held twice duily. M(wiiu~. r;lr(’

u.1> .iv.]tl:ll)l(, ;It :ill tln]t,s :IIMI Imspital facllitiljs w(,r(~ available aI tilt’ KWWJAleII\ Nxval DIspt*iI-

S’J’Y
fll vi[w UI III( Wid(’spr{iid [{)lllli{:tln~ ol]inions in regard to the va’ut’ of vurlous })r~)phvlilctic

;IINI IIlt,]”:ipo”li(” ttw:i.sur{’s III lr(, alm(-r)t of r;tdiitfl~ni t: ffects, it wii~ dt’[.id{’d in advuni’t> lhilt

111(,1.IIIY w(Iu1(I 111)1IN giv(, r) :lrl)ltr;lrily but would l)<, institutltd as lI)dlcatt!d clinically for spl>-

(.11it l.{)ild]tlol)s (III .UI itldl~’idual lMSIS. Howt?vt, r, if s~,vere gr.inul{](.ytopt’[li;i dev(,lq)ed (bJ’luw

l(J~l(l [’(11s (III] th(, Ilr(,l)tiyt:l(.tt( us( of xntitnolics wus 10 be c{msid!>rtocf. Whulv l)lm~d lr~l~sfu-

slt)lls \\t.1{ lik{~wts{, I(} l~c, ust, d only in (!iitj(~ of dt,v~,l{~pment of serilnls ane]l]ia.

S(’ver,d symplorns lhal develqwd during the first day or two after exposure pr(~lmbly were

att rihutabie 10 radiatitm. Itching and burning of the skin and eyes during this period occurred in
over one qu:irt(,r of thv Rongelap population, to a lesser extent in the Ail inginae itrld to ii very

slight ,Ixt[,llt ]r] th(’ A]ncriruns. The skin syn~tom;ltoloh~* might h;lve been due in part to lhe

marked alkali rlity of th{’ fii]l(Jllt n]ntrrlal (calciunj oxide). About two thirds of the l+{Wel~P

group rcp{jrte[i IULUSC:I during this early period and one tenlh of the group rvportt’d vonltting

and tiitrrhea. Oniy onc Ailingina~ individual reported nausea. The people of Utirik And the

Americans deveJoped no signs or synlptoms that might be related to radiation.

—--
● Th~ syrntomatology is based on questioning through an interpreter by several observers.

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

ries remamecf remarkably consistent.
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2.3 CLINICAL 0f3SEl{VAT10N ANT) TI-IEI?,A1>Y AS Rt?LATUl) TO tiF:MA’rL31,()( ilCAl,

FINDINGS -

Ih,lwtt,ll flit 331.({ .IIK{ 43r(i \ll)st- {.xl)OHIJl’l. tl.Iys, 10 )wr ctvit {)[ IIM. l{(mKI~iaII iII(l II,l(iII. iis

r4. a(.li(s(l .I II ;IIWIIIIIIC l:ratttll(~t.vt~, Ii,vt,l of 1(}0(1 Ilt,r rul)l[. millilt~t,tt~r (II. lN,iIIw. ‘1’11{Illw{. sl (tltllll

(,Iw,I.v(.[1 (lllrill~: IIIIs 11(,1141(1 W;I.S 700 granlli{u”yl~,H. lhlrill~ tlIi N IIJI(o I”v:II tl!t, Ativt MIIIillv (J( I:l\ -

IIW 111.(IIIIIvI:I(,II( .IIIttt JIId II. lhi, rapy t{t Mut.tl IIi{ilvldualh wus (., Irt Jlullv It,(.i)l]sl(lt.rt,(l. Il{lu(.v{,i.

[J1.()~)tl V/.l<’[l(’ :IIIIJI)l 011(,S Well lILJ1 “Inslltutt, d ht. (”:lust’ ()[ (11(2 follow’m~” ~.t~llsi~it,l..lll111ls:

(1 ) All Jtidiv](bls wt,rt, under continuous tliedic:ii observalum SC) Ihal t!dtt(”lltm w(wid bt’

dJscover(’d In JIS earilt!st .slage6.

(2) SMJce some Indivlcluais might require antibiotws [or long periods (If time if infection
occurred, the premature administration of such drugs would not only possibly obscure medical

mdicatmn of treatment, but might potentially lead to the development of drug resistant organ-

isms in an in~vldual with an already lowered resistance to infection.

(3) There is no accurate knowledge of the number of grar’llocytes required by man 10 pre-

vent the types of infection seen in agranulocytosm.

(4) The oi)served situation was not strictly comparable tv agranulocytusis with an aplastic

nl’drrow due to f.mtentialiy lethal doses of radiation. In the latter instance, granulocytes fall

rapidly and there arc practically none in the circulation wher infection ocrurs. hi th<’ present

Kroul) of Indivlduais cxlJosed to ridiation, although most counts were approximately me-fourth
~~f.norn;al, the f~ll to that level was gradual and there was some evicf<~ncc of gri!nulocyt(> rcgen -

t, ration.

WIIILC coiJntS wcr(, repeated at three or four day intervals on all of lht cxpostwl individuals

al]d mur(, fr(,[lui,ntly on thos~, with tho lowest counts. Those with symptoms or el(w:ltrd tern -
l~(,rutur(,s w~re treultxf only after an attempt (0 cslablish a di~gnosls WilS m:ld(, t,vt’n if a period

!Jf ol)servatio!t was n[, restmry, During the ol)st,rvation pcr]od, the patients were exinllned a(

frequent Inturvitis and the temperature checked every few hours.

‘rwenty-scvfin lJidl V~dU~]6 had total leukocyte counts of 4000 or below or :Ibs{)lutr nt:u -
( rl,l~illic, {oullts II( 2500 or i~,ss At w~me tlm~’ during tile perlt)ti 01 obscrv;~tj,ut. 01 tljt~sv 27, 13

had symptoms of disease that required evaluation for possible antibiotic therapy, F.lvvt>n O( the

13 had severe upper respiratory infections, one individual had abdominal pains and ftwer, and

one had urticaria (hives) with fever, The incidence and type of symptans m tile group with low

Icukoc yte count~ did not cliff er materially from those in the remainder of the populitt ion and it

appeared Mat tie occurrence of disease and the presence of leukoperda was comridental. The
13 instances in which it was necessary to consider the use of antibiotic therapy in nt?utropenic

individuals are summarized below:

Eleven of the 13 individuals had severe upper respiratory infections. E~ght of these had

malaise, sore throat, nasal discharge, and bsrnperatures 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 respirti -

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

given. Two of the 11 had marked malaise, headache, abdommal pain, nausea., diarrhea, and high

fever. Both were children, one age seven, the other age two. In both instan(es, the symptoms
were out of proportion to the physical findings, which were negative except {or head colds and

mild pharyngeal ln]ection. The seven -y~ar old child had a temperature of 102.6 wh(’n f:rst wwn

25
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:inrf 4 hours lat(’r, 104. ‘1’he two-year olrf child had :In Initmi lempvr:lmrt” <It 101.8 ~h~xr~v.>
wh~[:h lose to 103.5 degrees in 4 hours. Both wert’ ~ivun intr:tnmt+rulilr procaim’ pt=n LrIiii II

WII(,II (IN’ shtirp rise it) t(’mpc’riitu M! occurred, am-t both wl,re without symptoms and f(w(’r the

[~)llow]l)g day. A wwon(i inJl~cti(m O( p(, niclllin wilt+ givt, n at thl~ timl’, and the’rapv W;IS LiLSrL)II-

LIIIutxl. III SIJI(IL of ttii. (act Ihut WI l]~vltri]l~l)ilm rrlll:lil]{xl dt~l)r[ws{vf In Ix)tll (.~lst’s IIIIIK .Ift{’r Ill{’
f~,vtr I]ild p;i~w,d, IXJ1}Iinttividu; tls r~.covered and lI;Ici no [urthcr illnitss. In Figur{’ ~. 1 (il~’ bl{md

IOUIIIS ~lld l)lai(il(,ts of the two-y c;ir old patjont amt tht) tlmr of t.ht uccurr~’ul!r Of tht’ illness

wilt] ft, v(!r :Lrc !Ilustr;it(wf. A on~,-yt.;ir old boy lv.Id syt]lpl~nls of upp(, r resptr;ttory lldt’rttoi~ for

s[,vvr:ll dayb Ix’fore bvin~ brou~ht 10 the cllnlc. Whcli he wits Mwn, his tcmpcraturr W:IS 11)0. N

dcgrl$~’s. hi addilion I(I the twurt c{~)dtJ lherl, WUH ptmryngeal injoctton and num(’rims r(uirm,
rh{~iwl)i (wheezing) lhrou~hout the rht,~t. A dl&ign(w!iH (If upper respiratory infecti{m wtth III+

H{wIuLi.d l)ronrhlt]s W;IS made :ind tlw t’hlld WLM gIv~II) ii sin~lv Intrtinlutirulnr lnjt,(.ti~m 4Jf pr!)-
c;t~nu ~ltvli(”illin. 01) th{, full(jwlng d;iy no ruie~ or rh[mchi wttrt” hc:ircl, lIN} t[m!ptir~ltu ms W:IM

9ii’”F’, and he rt,mi~ittt,d :}t+yn)pttmlalir without furth(’r tr~iiln)~ni.

One of 11)(J 13 ltl(llviduiil~ W:IS x 50-year old man who reported (o Uw rllnlc wtth wt’:dtiw~u,

nervousrwss, nlild :IIKlofnlmtl Iulin, ;lJ)d shuotlng ~tin in the upper anterior t!hc’st, biiuti) riilly.

He ~pp(!ilrcd n]{der:il(’ly ill, his tempt’rature was 90.6”F, and the only positive phy~iul flmilng
was moderate tendl,rnt,ss 111 lIN, right upper quadrnnt of the iibdon~(’1]. Since hl~ Krunu)ocytc

count remiiinccl low on repealed [’x;imlnxlitm, he W:IS seen at frequent intervals. Within ii 10 hour

period the temperature rose to 101 .6°F, following which lt fell graduaily to normal. The ab-

dominal tenderness continued for 24 hours and then gradually disappeared during the subsequent

two days. A diagnosis of cholecystltis (inflammation of the gall btadder) 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 urticarla, fever, and headache; 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 less were examtned dally for evidence of

hemorrhage into the skin, mucous membranes, and retinae. Urine was examined’ for red cells
and al bumm, and women were questioned concerning excessive menstruation. There was no

evldwlrc of hemorrhage into tlesues even though 11 individuals reached platelet Ievels between

35,900 und 65,000. TWO women menstruated when their platelet counts were 150,000 and 130,000

r(,spectively. Both mcnstruatt~d several extra days and thought that the bieeding was excessive

but not sufficient to cause concern.
.

2.3.3 Hematocrit Changes.

Nineteen individuals in 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 Me basis of normal

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

malion). At no time were whole blood transfusions considered since hematocrits r~mained

within levels consistent with well being and normal activity.

2.4 THE EFFECT OF AN EPDEMIC OF IJPPER RESPIRA’IX)RY INFECTION ON AN.—-— ..— .—— ..- ---
IRRADIATED POPULATION. . — -. .—

Between the 27th and 42nd post-exposure days an epidemic of upper respiratory diseases

(URI) occurred. Fifty-eight per cent of the Rongelap group and 56 per cent of the Allinginae
group were involved. Seventy per cent Of the affected individuals developed sympton]fi between

26
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Of the 64 iud)viduals front Rongelap, 27 had no respiratory infection and of these 13 (48 per

i{mt) without UR.I showed a rise In leukocytes; 37 had the infection, and of these, 24 (53 per

cunt) 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-

fection but in addition the medical personnei involved in their care and study also developed

equally severe respiratory infections. The respiratory infections consisted of mudcratc ma-

Iulse, sore throat with prominent lymphoid follicles, pharyngitis, moderate fever on the first

day, and u purulent (pus) nasal and tracheal discharge for 10 days.

2.5 COMPARISON WITH THE UTIRflC GROUP OF DISE&SES SEEN IN THE RONGELAP ANI).—.
AILINGINAE GROUPS DURING THE PERIOD OF OB~ERVATiON

ThQ disease~ that were stwn in the Rongelap and Atlinginae groups during the period of

observation are iisled in Tai)lc 2.1. None of these appeared to be related to th(, {’fft’cls of ir -

r;~diation, either directly or as a result of the hematologic dlsturtxmrt’s. Fur Coluparison, ihe

diseases that weru seen in ihe Utirik group during the period of observation are listed it] Tilble

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-Ail inginae group developed upper respiratory infections ronlpared to

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

even mild symptoms of IJRI, whereas only those of the 1 tirik group with severe symptonls of
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URl cilme to the clinic for treatment. Similarly, the per cent of the Rongelap-Ailinghae 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 unneces=ry.

2.6 CHANGES IN WEIGHT AS AN INDICATION OF DISTU~A~E IN THE OVEMLL ME-
TABOLISM

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

$ mce they had an unrestricted diet and all ate well, their change in weight might be taken as an
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ment is open to question. Unfortunately, ihe weight of the individuals from Utirik wits noi sys -

ttvnatically foilowed and no satisfactory control exists to aid in interpreting the 10NS In weight

of the Rollgelap-Ailinginae 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 gecond 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 Ailinginae grot-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
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CHAPTER3

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION

3.1 lNTRODUCT1{)N EARLY SYM PTOMATOLOOY REFERABLE TO THE SKIN

TIIr Marshailese [m Rcmgclap saw a visible fa]iout of pOWClery material that be~an approxl-

miil~ly fivi’ hours a[ter lhc in)tlal flash was seen. ThtI powder whitened the hair i~nd adhered to

ll~ts)r skin :(s a salt-like film. The Marsha llese tm Ailinginac reptwled a similar INN less Mrtk-

ing I:II IINII. ‘f’lNLAm(,rl(xns (m It(mgc’rlk also saw a fallout and dew. rit)ed it as ‘“mist- like.” The

Marslmllc, sc (m Ullrlk dld wd set’ ii fallout. The early symptoms were limited to tht’ Hongelap,

Ail]ligltiae, and ((, ii lesser ,xit’nt the Americans [m Rungerlk. The early symphxns c(msisted

of a gewralized iti. hing and burning of the skin, limited almost exclusively to the exptwed parts

of the body. A less consistent symptom was burning of the eyes accompanied by tears. The

symptoms began the night of the fallou~ 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-

dividuals was initiated either aboard the destroyers while they were beingevacukted or upon

their arrival a~ the naval base on Kwajalein. The classical initial erythema of radiation injury

it) the skin was not m)tired by the observers who examined these individuals during the first 10

days. If arl inil]ai erytl!ema developed in the native MarshaUese, it was masked by their dark

skin. An erytllema was not seen in the white skinned Americans exposed on Rongerik.

3.2 SKIN LES1ONS

3.2.1 Ge!wrat Desrripti(m

SkIiI ltsl~~iis first iipl)i’iird In ttw RonKeiap group after 12 t{) 15 days ilnd )n the Ailinginae

;IIIII I{(,li}:(,itk ~:r[wl]s ;lfl(~t” 20 {Iitys, Thcrr were m, tjkln lesions In the Ul)rlk gr[j~tp. Tl)t’re Wiis

t’IIltsl{JI,l”;llJltt rllff(,r(,n(.(, 1]) tl~t, l{,lt~th rtf time net.t, nsnry for the rfevel(lpmetd td llw Vill_l(\US lt’ -

sIt IIis. Il(,wcvt. r, II was f~mll(l Ilt;tl Iliere wag a r{mriislent Imttern In tlte sequenti:il (1(’\~t’lt~l]lllt’llt
(II It>!ill)ll.h 1)11 Viirl(lUS (mXl)4)SMt })iL1.t S {)f th(’ body. ‘~hc princlp;il Iesi~ms m.(.urred r(mghiy in tile

f[,ll{lwln~ s~>qucul la] order: s(. alI) (w]ili el]ilat]un); rwu’k, axillary region, ;It)tevubital fossac,

1(”1’1, :i l.ms, legs, and I runk. Leslwts cm the flexur surfaces tended ~u precede Lhtmt! ~m the t?x-

tens[, r surfaces {see Table 3.1 f{)r the time of appearance of various lesions).

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

lhelr was considerable scratching of the skin due to intense itching prior to development of

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

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

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

The first inciication of a developing lesion was an increase in pigmentat on. These pig-

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

34
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rounding sk]n. As the desquamation proceeded outward, the areas developed a t’hararteristic

Jppearan{”e of a ($entral depigmented area fringed with a hyperpigme!ltt?d Z(me. Al il later stage,

I)]gment;ition began In tile central areas and spread outwards. After a few wet}ks th~’ CY(IC was

t.omplctrd, leaving in most instances a relatively normal appearim skin.

Approximalcly 20 per ct~@”Rtmgciap ~roup devel{)ped Ieslons whit. h w(, r(, nioro s(: -

v,.,*. Tl@@#&n. might h&*+mis&lc~rf ilS c(]mparahle 11) .Sw”tmd dtygr(w t llt~rmill Imrn. s. “1’11(’

~l(wpef l~,sf(ms trl”urrrfi [Iriti(.lxtil

*

IW (M’I :I]]d i ~) a lestit’r t’xl(ttll ()[1 I lit, ~(.ii t~] iIII(l n(~t.k :Itd

III (me r;ttw (ni%iiTi?&rl%131iA& fir (m Wiltj Itt)( cl~mmon. }It]wev(’r, {,[1 I 111’1(’t’l, s{,ltll’ lill’~(’

lNIll;tc (tjllsters) ~pl)carv{l. After ~ few days, tlw hyperplgmenled Iesltms sh{}we(i W(I( dt’.squ:lllul -

t]un witlt w~’epln~ and (rusting, leaving depigmented raw surfiices of varying iir~it. S(mlt’ (If

tlwse Ieslcms became secondarily infected. Epitheliums rapidly covered lhe ulceraltwt areas

within ii week to 10 days. Pigmentation followed during the next few weeks. As h(’iilln~ wXur-

red many of the more severe lesions (particularly on the neck and antecubital f~~s.+lth) develope(i

a thickening of the skin with an ‘“orange peel” appearance and a dusky, gri~ylsh-brl}wn color

(see Plate 3.4).
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3.2.2 Descrlp(ion and Illustration of Sperlfir Lesions

. The SC:LIP and forel)cad Icsions appeared 12 tI) 14 day~ followln~ exposure along with q?l-

Iatltm in ttw Wmgelap group. Tl!e sk]n Iesiuns were uiacuiopapular will] a spotty did ributlon.

Tht’y wf’rc tonrentralw-i iIilhe areas of epilaticm. The~e lesions are illustr:ttt’d in Pl;tlvs 3.12

1{) 3.16. Scalp Iesitms (.(mtinut’d thetr appearance uver a per}cxi of atxmt a m[wdll. Tlmr+. ~r{mps
of 1(. si4)rls ]n v; IrI(Ius st:I}:eH W{- I.(* prt>st’nt in the sidrne indlviriu:il. This was pitrtwul:lr]y nt)t;~hlr

arrll~rl~ III{: (l)ll(lr(’n. ‘rh(t 111(’1d(!rl(’1’ (1( S(.ill~ lC6~(JIlM W:IS ~re~ler$t Ill th~ O tl~ Is y(’ilr grl Nl~) (S{’(”

‘1’ilt)lt’ 3.1).

‘1’11(0 nt,[. k I{, MIOIIS wt!r(” lh~, moHt c(mlmfm itnd I)VK;I:I their tippcarim.e o fcw duyu Xftcr Ih(’

will}) I(,sioiis. ‘1’heNI, lthsi~ms ;)})} )t:itr(’{i iis hypurpigmtm(cd maruleti und papul(!t+ Whl(+h rnprtutd

;Il)d (.():ll(-H[<($[{ 1111[) r:li~twt plaquvti. ‘1’11(, Ietil(mrn usuully appearvd f Irrnt lln I ht. ~id(’ ii[td front of

1}IV m.(,k aml sl)rcad I);li. kwitrtIH. Thry were more mmlmtm and m(~re srvert’ in wtm){’n. platr?~

3.1 lllrl)u~il 3.4 iind 3.9 Illutitrit{{, mv. k lcsilms in Illt’ various stages of devc’l{~pnrtwt. S{m]t’ of

tht~ de[,p{br nm. k I(,SI(IIIS t(mded I() ot.cur in women where their Ih]rk hair touched the!r necks.

Axil Iary l(:si(ms were marulopapular, les~ abundant, and developed simullant’uusly with

llte nelk Iei.jionti. These lesions are llluutrated in Plates 3.10 and 3.11. The axillary lesions

were more comrpon in the young children.

Ant ecubital fosrxae Ieslons appeared about a week later than did the neck and axillary le-

sions. These are illustrated in Plates 3.9 and 3.10.

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

were located mainly on the dorsum of the foot between or on the toes. They were initially

characterized by large pigmented plaques with subsequent bullous formation and in eight cases

raw crusting les]mw of varying degree followed the bullae. The foot lesions were not as com-

mon in children 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 r.rf the l)ands, arms, legs, and trunk were less common, less severe, and developed

later. Art)as of Inc reascd pigmentation were scattered over the abdomen, chest, arms, legs,

iimt fare. Inu reased plgrnentat i(m of the sides of the face 1s illustrated in Plate 3.4. A striking

early lesion was an erylhcmalous, weeping, ex(’oriat lng lesion surrounding the anus which oc -

curred III several (J[ llIe babies and ii few of the older people. These lesions were severe

Inilially but healed rapidly.

Mo:Jt of the Marsl)allese had multiple lesions. The combination of epilation and lhe con-

trastln~ hyperpigrnented and depigmented areas adjarent to normal skm presented a strt.hng

al)peari)nl’e. Tlw mul(lpie Ieslons are illustrated in Plates 3.8 to 3.11.

3.2.3 Severity and Time Appearance of Lesions in (he Various Exposure Groups.———.-

It lS not feasible tu 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 Iesiuns (wrurred In the Rongelap group. The lesions that developed in the

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

hild unly mild lesions. Skin lesions were completely absent in 60 per cent of the Rcmgerik

group, as opposed to approximately 10 per cent in both the Rongelap and Ailinginae groups.
Transepidermal necrosis occurred in 20 per cent of the Rongelap and in 5 per cent of the

Allingmae peopie. No lesions of this severity were seen in the Rongerik group.

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

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

Fig. 3.1 for the Rongelap and Ailingmae groups.
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Plate 3,3 Replgn~elltlrlg super fic]ul r]eck Ieslons at

40 days. Hyperplgnlented areas not completely
, desquamated. Case 24, age ~5, F
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3.2.4 Hlstopathology

Seven biopsies were taken of nurk lesions and one of an axillitry Irsitmdurln~ tli(’ (hlrd lo

fourl II week after exp~wre {m the R(mgelitp people. The lesions btopsied at tlutt 1Inlr Wt’r!s In

the IIypcrplgmented stage with Iitt Ie tjr no desquama[ ion (shedding) luIv1ng (N.(”ur r(’ti. Most of

(hesc bfopsles were t:lken frtln] individuals wh~I showed lesions of greater than av(’ragr sr -

ver Ity. A second group ~)f biopsies from the RonKclap group (repe;lted in three lMhviduals)

wcr[, tiiken; four at ~he seventh week post-exposure itnd five al the eighth-week pt’ri(~d. These

were taken from thu n(w”k and ante(. ubital fossae. All of these Iesitms had desquanmt(’d and the

deplgmonted ukm Imd ~p]Kmenled t{, i) dusky, gray rt~lor with some thickening (’”ol”ii[~t’-~~>~l””

appeiirunce) of I he ~kin. Bi(~ps~ett were not taken from open lesions (Jr from the f(trt r(}r f{’ar of

Infc’rtl[m. All lIIfIpsy w{mnds healed ri~pldly with no twrondtiry (’onlpl iraliom$.

TIIe mi(.r~,scol)lr flnding~ arc summarized a~ follows:

Karly biopMi(!s 3rd ((I 4th wcwk. ~pldrrn]l~

‘rr;inst’l)l[t{.rnl;il daIImge w;ItI not (xI wi(l~ a ftBw Int(’rvenlng iirr:ideu sh(~win~ I(*su ctumage

(Pl:lteH 3.18 and 3.1 !)). ‘1’l)t! cpl{ternlts III IIw must ,’xttvlsiveiy tnv(}lvmi areurn ttht}wrd l.(m~lder-

Q1$IGal r~}ptly wt(h fl:ttlcnin~ of Ihe rctt~ ljegs. in pl:tces (he cpldermls was rcxiut”t’d 1,1:1 thlt”k -
neus t,f 2 ttt 3 tells (Plates 3.20 and 3.21). The cells (>f lhe mNlplghiiLn layer showed pltsonujrphic

nuulel, l)yknoul~ and (Oytuplasml(. hitlos, giant (“ells am{ in a few instances multinuulcaied tells.

Pyimusls of (ells of (tit’ basul layer wits commonly seen. Focal disorganization of the mal -

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

laden w]th pigment were frequently present throughout the epidermis and intercellular pigment

was noted in some sections. The stratum granuiosum 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 minimal damage were usuail y found in areas where sweat ducts approached

the epidermis (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. [n

these areas the stratum granulosum was near normal width and pigmentation of the basal ceils
noted In the more severely damaged areas was iacking.

Changes in the dermis were largely confined tu the pars papillaris (F”ates 3.18 Lhrough
3.21 ). Mild tidemit In some cases was noted. Capillary loops were often indistinct and when

dlsvernible “they frequently were astmclated with an increased number of ;>ericytes. The endo-

tlwl 1:11(ells sl]owed swelling and were polygonal in shape. Telangiectatic uhanges (dllided
bl{,{d v[!stwls) wcrt> m]led in ureas where the (JVerlyln~ epidermis showed greatest damage with
lvlnp)),~,’ytl[ ]nfiltratl On surrounding the telangiec(it(lr spares. Chromatophores, filled with
nlelmllll l)i~ment, were I)rijmlncnt In Ille tmperficlal dermis. The fine elastic ftbrils running
1111(1III(, l)itl~ papllliirls were of(en tiltered or absent.

L.}itle Lf any damage wus seen below the superficial pars reticuiari~. The hair follicles

wert. narrow (Plate 3.22) and In must Instances devuld of shafts in this regwn. There was

some Lclanglertasls of the captliary spaces bounded by lymphocytes and monuclear phagocytes

in the super fi(”lal pars reticular is. Some of the lar~e elastic fibers in this region showed

slight sweiling in some instances: No damage to fibrocytes or collagen fibers was noted.

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

in general, reparative processesof”the ~pldermls”=ppeare~to have been fairiy good, ex-

cepl I{)r a few persistent areas of atrophy with narrowing of the epidermis and finger-like

downgruwths uf the stratum In:ilpighil (Piate 3.24). These occurred in areas of greatest epi -

dermal nar rowing and llle cells showed rather prominent pigment content. There were many

outward eplderrnal exr rescem’es covered by thickened stratum corneum which was st iil loosely

laminated -- such phenomenon producing a wrinkied appearance which probably accounted for

the “orange-peel” [Ike appearance o[ the skin noted grossiy in the areas biopsied (Plate 3.22).

In almost all Instances the bitsal layer was intact with iittle or no disor$~anlzation noted. There
were a few scii(terc[l iireas )n which occasional epithelial ceils with pykrlotlc nuclei and peri -

nurlear cytuplasrnl( lIJl(Iti ~r(”urrecf in the stratum granui!wum and maipigham layers (plate

3,23). There were {1[.{;~sl{mal :Ir(.ades In which tiw epidermis, particularly the stratum griLnu -

losum, appeared IL) t)t iictuully widened. These ut”(’urred almost [Predominantly in relati(mdhlp
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‘1’lw (“aplll;try l(IIIps III Ilw derlnai pNl)Ill;ir, allhllugh I)rc’mtw , Wt’I’(’ Ilt,t ullll(lrllll\ Lllsllll(”t.

Pcri(. ytes renl:llne(i III Increased number im( fewer lynlpllt)~’vtt’s wt’ri’ pr(’st’nt. Gi’nt’riilly,

(Iwre :Ippwlrcd Iu be sl]ghl telanglw.tasis I){ llIe capllltirlt’s In the pors pillllllilrl S ilnd Iht’

super f]clal pars rcliruiarls (Plate 3.24). There was some edema of the PJr S P:{plll:lrls (~l:lte
3.22). Sc~ttercd p~mt.nt laden chrt)matctplwrt!s were Irregularly (distributed IiI tht’ pJpillJry

layer (Plate 3.23). in m)me cases hair s)laftti in the superfwlal pnrs retirularls wt’rc quitr

narrow, at r(Jph}(’, and occasionally absent; in others tile hair slrafts appeiI red nurnlal. Small
hair follicles (Plate 3.22) and secretory swe;lt durts in sumu cases slu)wcd mild :{[roplly.

kll(~psies [){ lhrt’t’ pi~mented mild leslons were taken fr[m] two {If (ht} wIIII(’ R(mgt)rlk

Anlcri(ims. Only onc of tlw three Kave eviLiem.e [){ danla~t’, Whlc’11wils Il(lllllnill :Inli [.(mflllt’d to

thr epidermis.

3.2.5 Syllll~l{)lll:itolt-My and Treatment

On (hr d~y t J{ exptumre, ltrllin~ and burnin~ 0[ the ~kln was prevalent. This subsided and

for a Iwr](d (If 10 t(, 14 dnytt {Jr longer thrrt’ watt neither SUIIJPC1l VV nor oi)je(’tlvt” tividcncc! u{
skin injury. 111.IIL% and Lturnlng reappcaruf ellller ~rl(~r tc~ or in tlw early pl~llltmliition stage.

Wit h U]e deeper iAiim#=tbere was Also

3

in. Pain was rather markt’d with llIe foot leuluns.
During lhe pwinful pcrlfd x;me of the f Ieuiuns were also lmt and presented u brawny
edema. A [[m~nl~m complaint was a tenderness in the great tues medial to the nails. However,

visit?ke lesions In thi# area were infre@e~. This symptom usually preceded tt@b appearance of

gross leuioas elsewhere en ,the feet. Many of the individuals who developed pai~ul foot lesions

were observed walking on lheir tgg~,~r:several days. The painfulness of the foot lesions may
have resulted from their greater seve~ity~’ and may have been accentuated by the dependent

nature of the foot. Some of the lesions of the neck and zucilla were ~inful when turning the head

or raising the arms. The acute reaction and pain subsided after a few days. Ther6- were ng

constitutional symptoms.

The treatment of skin lesions was largely non-specific. Most of the su~rfic@l Iesi s

uere treated with calamlrie lotion wilh one per cent phenol, which in most czcses~eliev x the

‘thing, tmrnlng (jr pain. A few of the painfui hyperpigmented lesions not reiieved by caiamme

with phenol were treated with pontoraine ointment, with apparefit success. When the eplthelium

desquamated the Itching was relieved by daily washinK with soap and water aud (he application

{){ a watt~r sulublt~ vanishing type oinlment which kept the4njWM ## * an*#~l~’. Raw

;Lretis, wltl(.lt hfx,arne tie(. ondarily infected, were treated by wosl~in~ with sat$r”antf.ijy the af@i-

(.xt]on nf ;{ureomy(, ]n ointment. Bullous Iesitms of the feet were left lnlii(.(’~%lt~ its m) svmp -
It,ms wct(: pr(,s(,tll. If Imlnfut, tlw bullae were ilttpirated with stt’rile lerhni~uos I(I rem(we the
(l car slr;lw-(,t)l(~red flul(i. A single :Isplratitm wits a~~e.~in{.c tl]~.lmtl:w~ ~n(d refill. One
f(,td les IIm dtwcl(,l)ed :111(IxtensIvtI, raw weeping uic~: l%sphylactic ~c il~ W ~en f- ~

&iwo days, durln~ wl)ItlJ t imr IIw Ieslon developed healthy gr+nulutiq% trnBue. St$# :, r le-

sl(ms (J{ t lw Skin (){ tlw {{)(J( remained thickened, iesil p]ia~e, and ~itlwl afterYdd.~diati4WL “

Tills was relieved by the use of vaseline or cocoa butte?’~ eoft6n @ tl@iUE@L me ~r

*

_J1’<=
ear lesion dld not heal after desquamation. This wa~ ireat~z ~~th warm hnric ak’jd~ ~.u ‘ ;

and washing with surgical soap tt.I remove the esch$Gi%tr@lathm twSW?:~fla. X fi-..::

urn was slowly growing in from the edges of the uicer “%%twithe Initial ~~r”fitib% periodwas

terminated 74 days after exposure. Upon resurvey six months after exposure healing was c[)nl-
plete, with a depigmented scar remaining as evidence of the previous ulcer.

3.3 EPILATION

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

is illustrated in Tables 3.1, 3.2 and Fig. 3.1. Epilation was first observed on the 14th po:$t -

39.
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exposure day in the Rungelap group “and” ~as” ~o&ln;d ~o the head. The epllatilm w:~s dlvJdL.d

arbitrarily into three degrees of severity. “’l+” epilatlcm indicates loss of hair wi(h,mt ,~lwicms

thinning; “2+” Indicates a loss [If hair sufficient ((J cfiuse obvious lIIIu SWIIS; aud “3 f ““ lndl(”utrs

an t?xlt!r’.slve elti]atlou with bald spots. Table 3.1 illustrates that there was ii ~rcinlcr di’gret) {)(

epililtl(lll in tht’ l.llll(irc!n (O 10 15 ycwrs). Over 90 per rent developed cplklt itm of s{}nw degrct’

in the 0 to 15 yeurs grlmp, r(mlpartxl III only 28 pcr rt!nt in thr older age ~r~mp. ‘YINSprel)(m-
derum. c (}( m“itll) lrwtmg in Ilw arc;is ()[ epllall(m Indlt, ates thtit r’iidiiitlon from IIILS fullt~ut m~-

“1’$!1)1{ :1.2 l,~; Sl(lNS IN All,l N(il NAk; ANI) l{ONtik~l{lK (; I((J(II’S

E])iltitloli I 1;.7 27 3.5 I 42

w. Y

61.()

o. (J

22.2

11.1

5. (i

l(i.7

.5.(;

2(; 10.7 :12

27 14.3 30

7. I 28

24 3.5 23

28 25.0 29

30 3.5 47

33 3.5 43

44 0.0

Nail

LMw It)rtitltm 77.7 38 17.9 40-1
(All N<~r(ws) “-

— ——— .—.

t erlal on the skin is pr]mari ly responsible for the epilation. In the Ailinginae group only three

cases of mild epliation developed in children (Tat)le 3.2).

Sllght regrowth of hair was observed in all individuals nine weeks after exposure. Hair

regrowth was complete and normal six months after expoeure.

3.4 NAIL PIGMENTATION-.

An unexpected observation was the discovery of a bluish-brown pigmentation of the fhger-
nalls which 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 iirea

usually be{:ame clear. In a few cases, detachment of the end of the naiI from the nail bed was

observed when the pigmentation reached the end of the nail. Plate 3.1’? shows pigmented 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 Aillnglnae group. It appeared to be a radiation regponse peculiar to the

dark -skinned raceti since It was seen in all of the American Negroes in the Rongerlk group and

in none of the while men. ‘rh, s ]e~i(]n was not observed in the Utirik group nor in the control

Miirshitllcse. Sin[”e t II( nail f]lgmentation occurred in individuals without skin lesions, it ap-

peared to be the rcsull of ii more penetrating component of radiation than contact radiation

which preck)mmantly l)rudurcd ~he skin lesions.
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3.5 FACTORS INFLUENCING THE SEVliitlT”Y”OF SKIN LES1ONS

3.5.2 Encr~y of t.ktu Partirles
—.

From tiv:iilablc dxt:i (m lhe fallout mater!:d it has baw rdculaled tlui50 to 80 pvr I.tbnl of

the beta rays during the expmn,rre period wcrr tmft wtth an tivt’ra~c cnergv :)f alNNJt 100 ktsv.

Since 80 mtc runs of t issue pr

a

‘es ~ p@r cent a(tenuatiim of su(.h r:tdi:l(iim, 1 Iht’ greatt’r

portion of energy was dissi tl the epitheliums which is roughly 40 ltl 70 ml(-r{ms In lhl[mk -
ness. The remaining 20 to SO P& cent of the betii rays wt’rt’ of higher rnergy, wllh atl avt’rage

of approximately 600 kev. The latter would ptmetrate well into the dermil since it takes 800

microns of tissue to produ{. e 50 per cent”attenuaticm. *‘z h) :Idditlon, a wldt’ spectrum of gamma

energies irradiated the skin. Approximately 10 per rent of the total gamma spectrum was be-

low 80 kev whirtl would be at]sorbed largely in the superfi(’lal layers of the skin. The remainder

of the gamma spertrum is distributed between 100 and 1600 kev with a litr~e proportion be-

tween 600 and 800 kev.

3.5.3 Physiral Dose to the Skin

There [B m) practlral way to estimate the physical dose h) the areas uf skin where Iesionu
were f(mnd. The entire surface of the body of the Rongelap group received approximately 175 r

from ~amma irradiation derived from fission products distributed on the ground, lrees, and

buildings. To this 175 r would have to be added the beta component. In view ~f the M@ beta to

gamma ratio in fission products, one might expect C@jtot@- @a ‘tirfac@-dcue tat -to k

%large. The maximal skin doses from the plane field of raUiation ti~e ‘ mated i~=~

+

er 1. 7’0
these doses must be added the contribution of the maierial de-t skin. The latter ~-
can not be calculated, or estimated biologically with -Y degree of acc racy... A rough tiprti’-
mation of dose received at the hair follicles can @ ~x:~a follows

+-., ,,
**.=.

The hair follicles must have received a dose ~oirI~bke ~.the known nl”mfrnal ePi~~#

dose of atmut 400 r for 200 kvp X-rays. Since regrowth d ha~ occurred, the uwr limti. of “:,

dose at the depth of the hair follicle must not have exceeded the permanent epilaung dose W,:

around 700 r of 200 kvp X-ray.a -.-L.
... n.

3.5.4 Protective and Aggravating Factors +,-., a-. .

The individuals who remained indoors or under the trees showed sorer protec(iun us com-

pared to those who were in the open d~rin~ lhe period of the fallout. Those WIN) Ant swimnllnu
or bathed were ;LISO proterted t{) varying degrees. Small cliildren w,,I> went wadinK developt>d

fewer ftmt Ierni(ms. Clothing, even a sin~lc layer of cotton material, f]ffertwt ulnllwt t.{mlplcte

l~rutectl(m, a~ w;im den](mstrated by the fa~’! thil~ le~itmti developed ;Iln~~)st entlrc’ly [m the vx -

I)t]sed [)iirts of tile body.

Since the lesions predominate in areas where perspirati(m is ;tbundant SUCII as folds of the
neck. axlllae, and anterubilal fossae, it seems likely that the abundant pertq. nratiou pr(xtuced

by a hoL, humid climate tended to cause the material to concentrate and adhere 10 these areas.

In addition, the coconut oil hair dressing used by the Marshallese acted as an efiective cOllecl-

mg 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, epilat ion and the large number and

se~erity of neck lesions in women.
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3.6 CORRELATION WITH HEMA1OLOG1CAL FINDINGS.

..
Attempts U1 c[~rrelati(m of the severity and extensiveness of skin lesions with n~axlmunl

depression of platelet, Iymphocyte, and neutrol)hf 1(>c~mnts were nmde for tmiividuals II) lht’

Rongelap group. No positive correlation was found. Thus the conhimlnation of the Mkin appar-

ently dirt nut significantly contribute to the lotal-body dose of irradiatlun.

3.7 DISCUSSION

There has been litt Ie previous experience with radiation dermat Illt! resulting fr{m expo-
sure to fal](mt malerlai from nuclear detonation~, and the general (’?mrnen?ms until now tras been

t lull t lie hazard frtjn} fxl t~mt nmterlnl was negligible. With li~e ifirosi~ima and Nagasaki delona-

i ]tms, f;ili(m( materl:d was no{ a pr{}l)lem sinc~ the txmbar were exploded high In the air. The

fl:~sil Imrns of tile J:lpancse were purely thermal.

From tile presenl experlenre it IM quite evidenl tilat following detonation of a large scale

dt,vl(e (low: tt, lhe gr,,und, ~crl(ms exposure of personnel may occur from fallout matertal,

even at ccms]derablc dldancern from the site of detonation. The incident described In tl]is paper

1s tiw first example of iargc numbers of radiation burns produced by exposure to such fallout

mater m].

Knowlton, et al.’ described burns of the hands of four individuals who were handling fi8-
sion product material foilowmg an experimental detonation. Also, following the Alamogordo .

detonation, there were a number of cattle that developed lesions due to deposit of fallout ma-

terial on ti]elr backs.$ In addition, there were a number of sheep that developed lesions closely

resembling radiation burns following a Nevada detonation. However, Lushbaughc -reported that

the hist{)pathological characteristics of these lesions did not conform in all respects to radia-

tion dermat ltis. 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 (m~imum

energy about 1 Mev) with a small gamma component considered to be insignificant. The lesions

were described as developing in four phases (1) An Initial phase which began almost imme-

diately afler exposure and r(msisted of an erythema with tingling and burning of the ilands,

~~ii(’i)]lt~ a peak In 48 h(,urs and subsl{iing rapidly so that by 3 to 5 days ti~ere was a relative

iibtjuIl(.~1 {,f Signs; (2) A r.w,c(mcf phase which occurred from about the 3rd to the 61i1 or 8ti~ day

~n(i Wiiy (’har;~rler]~,e(f hy a more svv(.re erythema; (3) The lhird phase at 8 to 12 diiys, wiilril

wati (“iulrat.l(,rlzecf i)y vesicle illid hullur format i{m. Tile erythema spread to new arex~ during
the [OII(JWI:IM tw{~ weeks, iil](t (hf. active proresu subsided by 24 [o 32 days. Tile bulktc dried up,

~nd dcwlualt]ati{m and epitheilzxtitm took place in less severely damaged areaw, (4) The fourth

phase t~r rhronlc stage was characterized by further breakduwn of skin witi~ necrosis in areas

whici~ were damaged sufficiently to compromise lhe blood supply. Atruphy of the epidermis and

10SS of eplthel!al structures took place, which necessitated skin grafting in some cases.

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

from a 1200 kv primary beam with exposure time of about 2 minutes and a rough estimation of

dose to the skin of between 1000 and 2000 rep. The lesions described were similar to those

reported by Knowlton, et al.i 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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These points WUUIL1apply LU the M: LrSIIJlitJLMS t,xcty)(of healing, arrd absence of pigmentation. “. -‘

for Ihe multi phasic reactiuns ami pigmentation. Crawfordg reports a case ~}[ r:i[ll(~d(’ ray imrns

of the h~:]ds which were similar to those described by Rohbllis. t’t ill.’
Exlmrimell’t’al beta radiat i[)l~ burns In hunlun belngti hitvr been rcpor(txi by L(NV - Lk*t*r’ XIKI

Wir( h xnd Ra[x!r. 10 ~otlt inve~llKatt)r~ u~ed P2 dl~t.s appll~!d (0 thr flexor sorfo{”t’s of Ihe

~rmti, ftjrearn]~, or thi~hs for varying ien@ils of time. L(IW I}(’!}r I.(sI)~~rll’{i ““III(JIIOIJII:IS1(... skiu
ruartlonti. tit,f(mnd (1):11 a rul(.ulated dotw (J[ 14S rep to the first nliillmetvr of tdLin, iKnuring

t.wlf-abw)rptiimo l)rtiiu~.cd a ihreshold erylhemw. Dry, twaly, de~quamittifm W:LS pr(jtittced i)y

7200 ret] in lhv f Irst mill imc,tcr nrtd bUIIOUS, w(~t desqu;lrna[ ion wa~ pridui.f’d l)y 17,000 rep lo

the firrnt nillltmc~fcr. Erythemu (ievcloin$d irl 3 f t) 4 duys, f{dlt)wt’d littt!r by l)i~nltv~t;it I(NI anti
desquam:iii(m WI I II higher d(mcs. Rec{wcry was ubuerv(d w II II dtweti tif 17,000 rt”p. ‘~hr lL,Hi(mN
iater ttli,,wed dclJlgrl]t,rllctf (,cmtcr~ w I(11 hypcri)i Knwnitwf edgt’s (ttlso tr(’eIl ill I IN’ i)re~t’nl ie -

rnions).

Wirlh and Raperto iwodured primary erytiwma within 6 hours after cxpt)sur~’ to a dose of

635 to 1180 rci) of pz r~dhtlon. Minute vesiclrs with dry, spotty dt~squanmti(m were noted with

1180 rep at about the 5111 to 6th weeks post -exp{mmre.

Following tlw detonation on 1 March 1954, 2S Japanese fishermen were l.untaminiited with

fallout materi~i. Apparently ti]ey were exposed to roughly the same total-body dllsr of radia-
tion as were the Rongelap group. The skin lesions wi~lch developed are des~”ribed by Morton,

et al. ti”fz Lesions developed which were similar in most resperls to those seen in the Mar-

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

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

and hands (the latter probably from handling contaminated fisi~ing llnes). Erythema and veSiCle

formation, as well as inflammation of the eyes were more prominent than In the Marshallese.
Pigmentation apparently was not as prominent m the Japanese. The lesions appeared earlier

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

occurred mainly on exposed parts of the body not protected by clothing.

In addition to the Marshaiiese and Japanese, seveYal Navy men on ships in the test area
developed a few ~mall pi~menled lesions of “bell-line” distribution, apparently due to failout

material. .1

‘f’l)e iesiuns rept)rted in thitr paper when c(mpa~ed to radlallon lesions described in the
P:LSI presenied (.ert:lin unique’features which meri! further discussion.

The early symptomrj of il(. hing and burmng of the skin und eyes wgre ljrobiihly due mainly
(() skin Irradiation from the fallout material. iiowever, the chemical nature of this material

may have c[mtrihuted to the irritation. it has been notedi’ tilat irritating chenltcais tipplied
during or shtrrtly after irradiation enhance the effects of radiation.

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

some of the lesions that developed. Wililelmy 14 states ttlat erythema only occurs wilen tile dose

reacilin~ the i)aplllary layer exceeds a certain level. Perhaps the 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 erytilema. Microscopically, u superficial
hyperernla was not a notable finding.

Wirth and Raper10 point out that they were impressed in tileir studies on # radiation of
the human skin with the difficulty of distinguishing between true erythema and tanning, par-

t icularly in the skin of brunette individuals. It was unfortunate Lilat color filters were not
avaiiilbie to ald in dislinguisi]ing an eryti~ema as sugge~ted by Harris, et al.ls

in general tile iatent period before development or OtIVI(IUY si~nti and symi)tmns for radta -
iitm injury t{~ the skin IS Inversely proportional to the dose of radiatitm.il’ll 111 t[lt! present

series of cases the relatively long latent perlud is suggestive of a low dose of radlatiun. How-

ever, the wide spe~trum of beta ener~ies and particulate distribution of radi(~art ive materiul

,drastically altered the depth dose, as compared with that in previous experience; hence strict

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

groups as contrasted with the Rongelap people is in keeping with the relative severity of

lesions noted.
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A unique feature (If the present cilses was the api}rectab[o dlfft’rem-es In IliLI l.iI~.NI pvrJI~lB

observt’d for lesions on various parts of the body. These diff(’ren(.~’s ranm)t M’ t’xIJl.itiII’d

entirely on the IMSIS of severity, sln(.e the severe foo[ Ieskms dcvul(~ped NfIvr IINIMI (,(ht,r lt’ -

sions. However, the severily might have been in part due tu the dependent p(INl[l~III [~f Ilw IINJI

rather than greater radiation Injury. .Lesions on flexor tturfares in general prel’cded i~~si,ms

on extensor surfaces. The present data suggest that the latent period and radiation sensitivity
.

of various skin areas may differ. Previous work i~as shown that flexor surfaces with thinner
--

epiderm]s are in general more sensitive than extensor surfaces with thicker epitheliulu.lS

The destruc~ive and atropilic changes of the qmdermis, disturbances in keral inlzal ion, and

atrophy of hair foil}cleu afc characteristic of hlstopathologic radiatitm Injury of tht’ Skin. ”’’s’is-$’

Severe injury t{) tho dermis and bl(N~d vessels was not observed. The rninimui dernlnl injury
witii severe epidermal Injury )s In keeping with tiw I(}w energy be(a cornpment prest’nt and tht,

markmf decrease ill (Ivplli d(jrntl twer a dlst:tnce of :1 few mlrr(ms from tile surface.

Hyl>~r[lign)~nl:ltl(Jll of injured ilrt?ii~ was n c(muis((*nt findtng in the Marshallcse. the Japa-

nese, nnd 1lie A merirtin Ne~r{wti. l~lgmcnted lrBl(mu were also obmrved to w ieswr t’xtent lJI

lhc WiIIt IL Americ; ms. l~iKIllen[;l(ioll ,)f,(hiti Ilalur(. IMM not been dew-ribed us u (wmstant riuirar -

(vrts(i( of rad}ati(m Ii;ImaKc III thv ~kin.

‘1’lwrc IS IN I S;II lsfuct(~ry t!xpianat]lm f{~r the d.trker dusky-gray color llmt appr:lred in

some {)1 tiw skin ieNIImHatIhtzLiinKpr(~~ressed. The (’(>lor changes may be due to alterali(ms

in local pl~menl pr{xfu[”t][m, varncular cilan~es, or a thlrming of the epiderml~, rendering it

more translucent with resultant darker appearance of the pigment layer. Later biopsies may

expla]n this phenomenon.

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

multiphasic responses, the presence of early hyperpigmentation, the long latent periods, ~d

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

Wrt be on a racial ksis. ● In addition, the marked difference in histologic 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 Tabie 3.3 are Ii steal the approximate e minimal surface skin doses required 10 produce

recognizable epidermal injury in m..mals. It is apparent from the table that beta ‘ray energy is
of considerable importance in determining the degree of injury. A number of assumptions, in-

c luding 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 m dose between that requ]red to produce threshold akin damage and that for per-

manent damage in pigs is 500 10 1000 rep.$o

It is lmpussibie l{, estimale the probability of development of radiation cancer at the site

of the healed Ics)ons. The absence of scarring, teiangiectasis, and extensive chronic vatwular

lesl{,ns lends to impr[wc the prognosis since the foregoing are usually observed to precede the

develt)l)ment of radiation cancer.

A favoraijie lJrtjgn{mis IS als(} suggested by the following evidence an analysis of 1100

Indlv]duals exposed to low voltage X-ray for dermatological conditions revealed nu evidence of

cam’er Induction 5 to 23 years after treatment. MacKee ‘s states tilat epitheiiomaia rarely
develop after a single dose of radiation to the skin. Lastly, the incidence of siun cancer in
Ne~roes IS one mxth 10 one ninth the incidence in Caucasians.’s

If neoplasla can develop purely as the result of epldermal irradiation, the incidence of late

cancers 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 young

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

the long induction period for development of radiation cancer observed in radiologists. Long

● Reported c1 mical experience with radiation skin lesions is 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 wab a dark brunette ]ndiv]dual.
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exposure to tropical sunlight, potentlal}y”~arc ]no~enic” in itself, may mcreusc ttw pr{hubilily of

neoplastic change. The influence of the sub-lethal whole body exposure received by these

people on skin cancer mductton 1s not known.

The transverse band of pigmentation that was observed in the fingernailti has been pre-
viously observed by Sutton$’ m a negress who received 150 r of soft X-ray to the hmxis. The

Tablo 3.3 SUtt FACE DOSES IN RE1’ RKQLILRED TO PlK3DUCE RFXXXINIZABLE
~l,r~~RMAL lNJ~J~Y

.- .... —- . .

Investigator An(mat i MJ1OPO
——-—- -. .— ..-

Henshnw, W UI*l Ruts ,,11

Rapor & Ilnrncsr’ U*4 n psl

Ihpvr & I}nrncsz’ MI(W 1,32

Rup,r & l{nrnv~” ttabbllll @

1Alshbnugtl’ Sh(,ep S)rm

Morttz and

Hvnrlquesso Pigs
.#

Moritz and

HenrtquesSO Pigs CO’Q

Moritz and

Henriquesso Plg6 f.61$t

Morltz and
Henriquesw Pigs Srso

—.. - —.
Average

Energy (I&w)
—..

0.5
0.6
0.5
(1.6

0.3

0.05

0.1

0.2

0.3

0.5

0.7

_— . .
.%rfm-r

L)(tSt’ (lwp)

1,$00 4,0110
4,(KM
1, !iOo
6,000
:,MW - S,(NIO

20,000-30,000

4,000-5,000

2,000-3,000

1,500-2,000
Moritz and

Henriquesso Pigs @

Morttz and

Henriques’a Pig8
~w

——

1,500-2,000

1,500-2,000

.8

nature of the pigment is not known. Since it occurred in all exposed American Negroes, many

of the Marshallese, and none of the American wttltec, it is a rsdiation response peculiar to”

negroid races. The pigmentation was apparently produced by as little as 75 r of gamma radia-

tion since the Americah Negroes developed the phenomenon !n 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 skin may be the major ra-

diation effect under conditions where early evacuation from the field of radiation reduces the

whole body exposure.

b. Fairly extensive skin lesions resulting from fallout beta radiation apparently praluce

little or no systemic or hematologicaf effects.

c. Decontamination of the akin must be prompt to be effective because of the initial high

beta dose rate.

d. A latent period of a few days to three to four weeks may elapss before signs and eymp-

toms of skin damage are evident.

e. Clothing andjor any type of shelter gives almost complete protection to the skin.

. . . . . .. ... .. .. .,
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NOTE

For purpofie~ of documentation the followlng

color plate~ (Plates 3.1 through 3.24) numbered
with letters u, h, c, cl, d, e, .f, and K are con-

sidered to be pagea 47-57, 59, and 61-62.
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Plu Le 3 15 SPOLLY CPII:ILIO!I 111 lJ(IY, :IKC 13, :1( 28

days Case ’26 NOLC scalp lrsIo:Is III nrms of
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(:( )I,olt 1~1,A’l$KS

IJI;iL~ :1. IV IX I(I(I, H& I.;J I;,)l,l(.rn)is: AIC; I(ICS ()[ I)ilni))lal damage occur III rCIUtlOli to t’xcrt!tory

duct5 ,)r SWoaL ~ILlll(I~. “SI rnl[!m ~r:lnul{tsum or K04>tl wl(lth and shows scant altt.ratiim. Under -

]VIIIM str:ltum m:lll)lghll. si)(wvs [nitrk(vl dc,crcasl, II) plgm(XIt, In the dcc!pcr portion of the over-

IV Ing, I(mw!lv Ivnl Iliilt(,{l *I rat urn cl~rnt,um moderate amounts of pigment, howc!ver, art, present.

one Iiarr[}w arc:IdI. of mr]r(. stw,m. lKltl.9cpiderm:ll Arnage shows nllerntion of the stratum

grunuliwum with Inf(rc(,llular v{lma, l~ykuiwis, SWIJIICII nuclei, and pigment scattered thrwgb-

oui. ‘J’hc latI(, r w (WIXWI:II Iv d(ww. In the contib?yms p:lrukcratotic mnterlal. Dorm Is: A mud-
crutc ct,llulor Infiltrut(., (.hi~,flt Ix’rlvitsculur, is nuwt pronounced m the superf ic UIl pars

r(,licul:trts wh($r{, tht,r(, IS :1 mild Lclanglcctasis. . . ...
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COLOR PI.ATES
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.

Plnlrs :).22 and :1.2:] sh,}w 1(.Hions ML 5:1 dnya posl-exponure..

Plate 3.22 (XI(N), H&E) (Cuw 475) Looso lamination of utratum corneum with outwarti paplI-.—
I:lry pr[~jvc;i(ms xritl r;;sullilni–’”” r~osc” uppearnnce. Slratum granulosum of good width.

Basal ond mulpighlnn Iuvcrs distim’t with Pigment Pr~’*ent. Slight edema of corium with mild

1(.tan~wct:tsls :tnd SI ight incrcn.w, m porivwwulu r i,vmphwybs and Peric.ytes. Small, atrophic
h:llr fI)ll Ivlc adj,tc{,ut to S(+:WCOUS ~lund-– In mid pars rcticularia.

l>l~;~ :~.~~ (X400,” ll&’E) (C:ls($ ~75) Same *a 3.22. Occasional ~rinuclear cytoplasmic halos

~)) rnJd .slr;!turn gr:inulosum. lAm~eiy Iaminatcxi tdralurn corneum. Pigment laden chromato -

phorcs In sufn:rficl:ll m~rium along with occn~ionul I,ymphocyten ~d mononuclear ph~gwyte~.

I’l:ite :\.24 ~h(ws I{, t+iw)s (st,LwIId biopsy) at 46 days p~at-exposure..-

pl:,~(. 3.24 (x I ()(), H&El (C:,~c IO:)) Narrow rugt,s($ ~.p~dermia with popllkry extensions down-
.- . . ——...

w:lrd (If str:] turn mnlph]~ti. - Lh r are heavily lmlcn with mchmotlc pigment. Slight tulangi -

~octasis of IXIr S Popltiarls :u1{I Ixlrs rcticulwris of durmis. Occsuionnl plgmcnt laden chroma -

l~jphljres In Hupe rflciul dermis.
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4.1

Since it is generally

. . .,.

CHAPTER 4

HEMATOLOGY

1NTI{ODUCTION

agreed that a depression in the formed elements f)f the peripheral

. .

1-,-
!’
!.

hlnnd is the most useful l)racticai clinical index of the degrt-c of exposure to ionizin~ radiatitul,

.

a systematic study of the leukocytes and platelets was relied upon as a major “aid in evaluating

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,.,

no hemato}ogical data known to be strictly applicable* were available for. use as a guide in the-

evaluatirm of the expnsed Americam and Marshallese. Accordtugly emphasis was placed ‘orL “-

systematic serial studies, utilizing a few highly standardized hematologtc determinations-to

insure that individual and group trends would have maximum validi[~. Sin~~ it w- known that

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

KrouPs, less extensive determinations were carried out on these people. _.-,
--

4.2 GENERAL METHODS

-.. .
--?-- +-

-. +”.- ..

----. .....

-,,

!.

l..“.—. .
...,-.
..’,

●“i. ‘

@
r

.=

Hematulogical examinations included total leukocyte, neutrophile, lymphocyte and platelet
counts, and hernatocrit determinations. Whenever possttde an entire exposure grvup was

studied in a sin~le day. Occasionally two days were required to complete the larger groups.

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

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

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

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

3 per cent acetic acid diluting fluid was used for total leukocyte counts. The blood was diluted i

with 1 per cent ammonium oxalate for platelet counts and counted in flat bottom hemocylome-
1

ters using a dark phase contrast microscope.
i

‘s Two thud smears were mild(~ wilh each ex- (
amination, using a beveled end glass slide for spreading. One blood smear was fixed in methyl

alcohol. The other was stained by Wright’s method, from which a 100 cell differential count
/.
1

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

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

rpm for 5 minutes.

—
●A large literature on the hematol<~ic effects of radiation exists; however, these data were

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

will be indicated later in the discussion.
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4.3 METHODS O*” TREATING DATA, CONTROL GROUP?
●

i.. ,
i,.- ..
, .-

< Pre-exposure M(md counts were not available on the exposed Marsha llu~e or Americans; ~, ‘

hence the individuals cnultl not be used as their own controls. In order to estimate lht’ severity
i. ;.-f.>..-::

of the hematologic response it was neressary to establish control groups as’ comparable as

!’-

..-,

possible in respect Lo ~,e, race, sex, background, and habits. A Marshal lese cent rol group
. :.

+.. .

living on Majuro, comparable with respect to age and sex to the Rongelap people, was used u
., .?. .-
;..-~. ..:.

.

(:11111r(~l Au(,

(;rl)up Iyr)
.

M;ljur(l ()-5

6-1$

15- 50

. 50

>5
,15

,. 15

Kwaj- >18

Americans

Iiibl{’ 4.1 H LMATOLOGICAL RKSU LTS, CONTROL GROUPS
— —.

No.

In

[ip.

22

14

14

91

37

76

28

WIK’

(. 10’)

13.2

10.li

9.6

9.7

7.8

.. .—. — —. —-. —.— .—.. .—-— ——
tlcmut{wrlt*

Ncutrophllt!s Lymphocytes pl ~t~l,.t ~ (Per Ccwt)

(x 10’) (x 10’) (x 10’) Mk’ C(m\b
---- - —-— —-- -.— -. —.. —-.—.

4.8 7.4 38.8 3s.5 37.3 37.8

(10) (12) (22)
4,8 5.1 38.6 41.:{ 40. (i 40.9

(6) (n) (14)
4.8 4.(I 30.9 46.8 40,4 43.3

(2M) (X4) (G:{)

5.0 3.7 30.7 43.6 41.8 43.0
(10) (4) (14)

4.8 4.1 33.6 454 40.6
38.6
30.8

-4
4.1 3.1 23.8 ‘- 44.9.

i.’.-’.”:.

1 “-

:
k

. .

● Numbers ill parentheses ind~cate number of httviduais in the group. .-. .

the Marsh allese control group. For comparison with the exposed Americans, blood counts

were made on approxi mat ely 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 expcmed Americans on

Rmtgerik had been in the area for about two months before exposure. In addition several who

werr rccelltly associated with radlcmctive materials were excluded, The resultlng smaller

group {}f 67 was used as the Kwaj -American conlrol group.

Prepiaritlt)ry to awdyzing the hematological results on the exposed Marshallese, duta from

the c[mtrol Majuro Grtmp were examined to determine if there was an age or sex dependence

in the hcmatuiogic (d}scrvali(ms (Table 4. 1). Although the neutrophile count was independent of

ag(’, llIr lymI)lIocytt! c~mnts w{’re si~nificantly hlglwr in children below the age of 5. Similarly

the pltitelel count was higher in the younger age gruu}m; however, a relative depression ap-
peared 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 age group. The

age and sex dependent y of these endpoints is comparable to that in published data.=’”

To obtain valid comparisons within and among the various e~-sure 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 Marahallese 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 rounts for the

several exposure gr{mps are given by day and by age in Tables 4.2 to 4.5. The mean total white
rount, neutrophile, lymphocyte und plaielet ctmnts at the times of peak depression (time over

which rounts were consistently the lowest) are shown in Tables 4.6 and 4.7 (PP 78 and 79) for
CM-I) mdiv Idual In the Rongelap and Ailinginae groups, respectively. Hemxtological findings as

a functlcm of iime and age are shown also in Figs. 4.1 to 4.8. The cumulative distribution

curves for the various exposure groups, using the average of rounts obiained over the period

of maximum depression (dayu 39 to 51 for Ieukocytew, days 26 to 30 fur platelets) are shown in

Figs. 4.9 ii, 4.11. ● In the figures emphasis is placed on the individual blood elements! rather

thitn on the total leukocyte count, since the component elemente have distinct and different

lime trends after irradiation.

,

.
;.”-

,,

1. ,-

t.

i

‘ruble 4.2 HON(;ELAP GROUP MEAN BLOOD COUNTS BY DAY AND--BY AGE
--. :._ -.—

:.\

.. -.
. <<~*2 ---

—.

“-1-

.— —.- —.——. .__— ------ .- ,- . . .... .:.: ‘-
. W.rl. c. Neutrophlle6 Lymphocytes PIIIWICLS Monocytcr Eosinophlles a.. ,.

(. 10$) (* 10’) (~ 10’) (x 107 -–(. Iclq (m Id) ,- --- . ... ,.4-.

P.E. Day —.-. — —- —..- --—-—- ----- -- ., -.
“+-

.,-.
..-,

.5 .5 .5 >5
-.

<5 >5 <15 . 15 .5 >5 .5 >5 .-T, . . ~.-
----

. —. -.. .— .._ . . . i. .+
—— .—— - .. —-— ----- —-. - —.-—

t

3 9.0 6.2 6.4 4.7
-.

I.tl 2.2 ().8 0.3 0.1 0.7 <!. .

7 4.9 6.2

10 6.6 7.1 3.5 4.5 2.6 2.1 27.5 22. I 2.9 1.7

12 5.9 6.3 3.5 3.!4 2.1 1.7 4.2 5.4

15 5.9 ~.fi 3.2 4.1 2.4 1.9 26.1 19.H 3.0 2.:1

III 6.7 7.2 :1.4 4.7 2.4 2.1 23.0 1!).fi 2.7 1.7

22 7.( I -7.4 4.3 5.0 2.1; 2. I 16.2 14.7 I.il 2.(1

2{; 5.7 (;.1 :1.0 :J.!J 2.:\ Ill I Z.(i I (1.!) I.tl I.ti

:1{) 7.{; 7.tl 4.0 K.3 :!.2 2.1 13.:1 I I .rl 1.:1 O.v

:[:1 (i.!, 4;.2 :1.I 3.1{ :1.2 2.0 17.9 14.(; 1.7 1.4;

:1!) ;,.’1 !,.5 :1.0 :1.:1 2.4; 2.[) 23.li Z1. h {1.:1 0.!)

4 :i ft.2 :9.2 2.11 2.li 2.!1 2.:) 25.0 21.11 1.1 1.1

47 5.!I 5.11 2.0 3.3 :1. I 2.4 i!S.H 2U.G 1.() 1.(}

.5I 6.7 5.li 2.1; 3.3 3.4 2. I 24.2 lii.2 2.5 I .(;

M; 7.() (;. () :1.G 3.5 3.7 2.4 1.7 1.2

(;:) 7.7 6.() :).9 3.6 3.7 2.3 21.8 19.1 ().5 0.9

70 7.6 ti.5 3.8 4.() 3.3 2.2

74 2s,1 21.1

Majuro 13.2 !).7 4.8 4.s 7.4 4.1 38.6 30.8 2.0 2.0

:
I .(i l.Ii i
I.!i l.!)

1.1 1.:1 [“

3.5 l.ti
2.3 Ill

I.H 1.:1
:1.4 2.2

:.I; 2.2

0.:) 1.11

1.4 (1.li
1.1 0.:)

().H 0.7

II.:{ 0.6

3.4 1.9

9.5 4.7 ,:
Controls — ~:

●In the Utirik group the cumulative distribution curve

since hematologicai determinations in this group were not

used for leukocyte comparisons among the other groups.
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for platelet counts only is presented I

made during the 39 to 51 day period,
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1
r

!’

!

Plnll,l14m
(. 10%

13 .Ib

22.2 21.1

2S.7 23.0
Za.e 22.0

24.7 1!4.6
21.4 14.3
21.0 14.7
au.n 18.0
S1.o 33.2
38.s 22.1
26.li Z3.1)
36.6 21.U
29.8 21.1

.W.6 SO.IJ

M,,,,,,,, vIv*
(. 10$1

.s . :)

I),ti I.ti

3.H 2.1
3.4 6.s
9.7 2.ti

2.3 1.S
1.5 2.4
2.3 2.4
I.v 1.9
2.8 2.2
1.1 1.7
0.6 1.4
2.2 I.*
2.7 2.8
1.6 1.9

2. u 2.0

~t,hl,uq,htll.~
(. 111~~

.5 :,

0.s li.4

Z.li 1.1$
4.4 2.1;
2.3 1.4
3.2 2.:1

5.N ??.4
I).(; I .11
4.1 2.0
6.0 l.il
2.7 I.li
Z.li O.li

1.6 0.7
2.2 1.0
I .8 11.li

U.rl 4.7

I W.ll. C.
( . 10+

5 .5

6.() 7.0

5.5 6.8
(;.3 7.3

6.3 7.Ji

7.1 7.0
6.1{ 7.B

H.il 8.7
H.4 7.0
!J.ti H.(i

7.7 7.14
7.b (i.Z
(LU U.5
7.:{ 6.7
11.4 6.3
4.ti w.:!

1:1.2 !4.7

i. I 0$)

.’) 5

3.U S.o

4.2 4.2
1.8 4.7

2.3 4.5
2.s 5.0
b.3 5.4
4.8 4.4

5.3 6.2
3.3 6.2

2.9 4.2
2.7 3.6
3,5 3.8
3.8 :!.6

Z.fl :1.b

4.H 4.8

(. Id)

.5 .5

“2.8 -2.2

1.s 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
3.6 2.2
4.7 Ill
3.v 2.7
3.4 2.7
4.11 2.2
3.2 Z.h

7.4 4.1

p.E. Dllv ‘
.

●✍
✎ ✎✎

3
7

16
In

22
2(I
:il)
xl
:1!1
4:i
47
!JI
!*4

1.,..
!.

—...—.-...

Tabh! 4.4 UTIRIK GROUP MEAN BLOOD COUNT BY DAY AND BY AGE

W,B. C. LymPJwcY@~ Phteleta Monocy@s Eodnopbib
Neutro@llO-

(X IOJ) (x 10+ (. ld) (x lip) (. 10+
(x 1(P)

P.E. hy
<5 >s ~ 15 > 15 .s >6 <5 .5

<5 J5 <5 >5
—

4.7 4.2 4.9 3.2 0.6 0.2 “2.0 1.2

4 9.4 8.2
4.1 3.2 5;1 2.9 4.9 4.2 3.6 2.7

14 10.0 8.6

.19
37.7 31.s

29 4.9 5.s 4.8 3.2 33.2 20.6 2.2 1+ 9.1 “ o
10.1 9.7

MnJuro
4.0 4.8 . 7.4 4.1 38.5 30.s 2.0 2.0 9.5 4.7

13.2 9.7

Controls ..- ———- --
.._ .._. -—— —— -

,.
t

...

.

‘~_y.,
.-

..-.

. m-

----

-.
.-

~,.’ ;.

1

Ttible 4.!, iK)t4Gk;RlK GROUP MEAN BLOOD COU~ BY DAY —.— -—---- ——
.-— — —-—. .- —. -—

W.ii. (’. Nawt r,,~hilon i,~phec~~m Platelem MonoCytOm

I’, E. I):lv

EO@mO@~l~~

(K Id) (x lti) (= ld)
(. 10$) (4 10$) (. 10J}

._. _— - ---.-
.-. .— - ------- ---. — —

u. 1 3.3 0.1 1.6
1 !I .1,

4.:1 2.1 1.9 U.b
H (;.(1

6.2 4.0 2.0 2.0 0.4
!1

(i.:1 3.8 2.2 Z.2 0.3
1()

6.2 3.9 2.1 1.8 0.5
II

ti.u 3.7 2.1 1.5 0.7
12

6.1 3.7 2.1 1.7 1.2
13

ii. 1 3.N 2.0 1.7 1.3
1:,

8.1 4.7 2.0 22.0 2.6 2.5
16

7.V 4.H 2.7 22.2 2.4 2.1
19

6.7 4.2 2.1 17.9 1.6 1.4
23

7.2 4.1 2.5 14.4 2.0 2.1
28

6.7 4.1 2.2 16.1 1.8 2.2
3:1

6.6 3.8 2.7 20.1 1.4 1.5
39

7.6 4.4 2.9 21.8 1.4 2.0
43

7.8 4.6 3.1 20.2 2.7 1.5
47

5.7 3.2 2.2 18.8 2.4 1.7
51

Kwa@ein 7.8 4.1 3.1 23.8 2.6 2.7

Controls ..-— .——
____ .
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Tht! absolute neut ri)phllc m~unt of both the younger and older age ~roups lc1l duriltg the
-,, -,:

stw.md week to a value, al)proximately 70 to 80 per cent of that of the contrf)ls (we h“ig. 4.1).
-.. . .

4.5 ltONGEL,AP GROUP
—

F(lllt~wing the depression (;f the total neutrophiic count during the sewmd wvek, the V:I Iu{’s Wt’re

ulistable umIl the fifth week. At this time the beginning of a second drop (P ~ 0.01) was noted

for both uge grfmps, and a low vaiue of approximately 50 per cent of contruIs was rt?nchwl. The

cm.int was maintained at approximately 75 per cent of control values from the seventh week tt}

the end of the study. Although both age groups followed the same generai time pattern of re -

sfwnse, the lower age group was below that of the older group throughout most of the ubserva-

ti{]n period.

The absolute lymphocyte count of the eider age group ( Fig. 4.2) had fail en by the third day

to a value approximateiy 55 per cent of the control group. This value was maintained through-
(mt the study, and there was no definite evidence of an upward trend during the study. The

values for the younger a~e group iikewise fell before the third day to a value apprmdmateiy 25

per cent of the control, foilowing which there was a significant upward trend. With the total

lymphocyte count, there is a consist cnt difference between the two age groups. H(~wever, durt~

the first four weeks the difference is accentuated when ex~ressed as per cent decrease because

of the relatively high Lymphocyte ievels in the h)wer age cent roi group. Aft(*r this p{iriod the

differences expressed as per cent are less marked since recovery wds more rapid in the
yf)un~er age group.

The ceiiuiar eiements chiefly responsible for the fluctuations in totai white Mood cell
count can be determined tJy ~~mpart]lg the total white, neutrophiie and iyrnpimcyte COLlntS ( Fig.

4.3). Itis seen that the iyrnphocyte count remained essentially constant through{mt the period

of study, whiie the total ncutr{)phile count fluctuated with a patlern essentially ldenticai to th:tt

\
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4.6 AI1,INGINAE (; I{L)UP

Iw tv)llfilwd (,sw~nli:llly lo III(I !~lder ago group.

Tl~(s atJs(~lut e Imut rt)l)hi IC rtmnt fluctuated around the control value for the first six weeks
of [)kiervatit)n (Table 4.3). Al this time the counis began to fall, and a Value approximately 76

per cent of Ihe c[mirol count was reached and maintained throughout the duration of the obser-
vati{m period. The lymphocytes in this group fell to a value of 55 per cent of normal during the

first week. The counts then fluctuated around this value throughout the period of observstic n,
; and no definite upward trend of the Lymphocyte count was noted during the period of observa- -

ticm.

As was noled in the Rongelap group the lymphocyte counts remained at an essentially con-

stant low level throughout the period of observation. The total leukocyte count irI this grou[’

also reflected chan~es in the neutrophile count.

The platelet counls in the Ailinginae group were iow, approximately 75 per cent of normal,

when first enumerated (m post -exposure day 10. The counts remained at this level during the

sect)lld and third week; however, a definite fall in count was noted during the fourth week when

a low value 45 per cent of cord rol was attained. The counts returned during the fifth week to a

value :Ippr{)xi mat ciy 70 per cent of the control level, where they remained for the duration of

the {~bsrrva~ton pcri{d. A secxmdary fall, as observed in the Rongelap group was not detected.

4.7 UTIKIK (;ROUP

in the grejdcr than 5 age ~roup the total white blood cell and neutropbile counts were de-
pressed sli~ht Iy below cent rt)l values during the firtst and second weeks (Table 4.4). The

Iyml)hiwytc counts were below control levels consistently, and the total white count equal to

the rontrol value obtained on diiy 29 was due to a neutrophilic leukocytosis.

Platelet counts on the 29th day were significantly Iower 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 controi

-
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4.9 MONOCYTES AND EOSINOPHILES, ALL GROUPS

F’rom Tal)lt’ 4.2 ii ii+ WJ(’11that the mean nllmocyte count fur the Iti)ngt’l;ip group rose iltJ-

ruptly fr{)m an enrly value twlow control levels 10 a well defined p&~k on day 1’2, fl~lh}wmg which

It fiuctuatcrt at values below the control level for ihe duration of the observation period. A

similar time trend was noted In the Ailinginae and Utirik groups.

Thr ef,sin~)phlle count in the older age lnd]vtduals, Rongeiap group, rose Irom very low

levels (]bserved (m day 3 to values approximating 35 per cent of control during the second :

week, where it remained from the third to the fifth week ( Fig. 4. 7). The counts the]~ decreased
‘.

( P .: 0.01), and remained at a value approximately 15 per cent o: control throughout the re-

mainder of the study. The time trend of response was similar in the younger age individuals,

however, changes in the younger age group were relatively greater if considered in terms of ‘- -
the control values. Similar trends in eosinophile count were not evident in other exposure

t

~ :-+”

~roups.
-7..

—- J

It is possible that the rise in eosinophiles represents that reported as occurring ‘“ . . . two ‘kjl&&*

to three weeks after short-wave-length irradiation”. u
-..

...’

-,

4.10 HEMATOCRIT, ALL GROUPS
t

The hemah]crit values 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 fur control groups is gjven In Table 4. 1). When
)

hematocrits were first done on the 22nd day, mean values for the Rongelap and Ailinginae

groups were bei{)w those of the control population. A significant trend in values after thM time

c[mld m~t be detected statistically.

4.11 MORPHOLOGY OF PERIPHERAL BLCND.._-

Signlficani morphoh)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. 41 ComplCte

evaluation of these changes in the present study would necessitate an exhaustive ser]al 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-. ..— —-— --- .. -—--- .-— --
LAP GROUP...— — .—

It is seen from Tables 4.2 to 4.4 and Figs. 4.1, 4.2, and 4.4 that differences in the degree

of depression of cellular elements were. present between children and adults. In Table 4.9, the

mean values of the neutrophile, lymphocyte and platelet counts at time of peak depression for.
each element are given in terms of abeolute count and per cent of appropriate control value

(mean platelet couhts were calculated for the less than 5 and greater than 5 age groups for this-.
comparison).

—- ~,

Table 4.9 COMPARISON BY AGE OF MEAN NEUTROPIilLE, LYMPHOC~E

AND PLATELET COUNTS I?i THE RONGELAP GROUP

AT THE TIME OF PEAK DE PRESS1ON
—. _. -—. .—— .— - ——

Abtm] utc Count ~ 10s Per Cent of Control

‘1’,vp, d c{! I I Al(t) <5 Age ~5 Age<6 Age >5
— . .

NCU1 rophl Ic 2.7 3. I ‘8.) 64

itympho(:vt(, ‘2.!} ~.~ 40 M

1’1:111,1(,1s 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 group. 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 eeverity of radiation damage incurred can be attempted by comparing

the present results with previous hematological data on total I ody exposure. The present data

, .
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4. 13.2 (;i~mpuris[m wltii the Japanese Dats

The limitations sta,t!d in Table 4.10 apply to the Japanese low dose groups” E tl) H in par-
ticular, in which values given’””b’ are pooled and include individuals located at the time of the
bombing suci~ that they may not have received significant exposure. Hence,” while the pattern of

change with respect to time is of value, absolute counts probably are high. The lime course of

hematological change il the Rongelap people corresponded most clo@y with these low &xpo-

sure ,Japanese groups in which definite signs of severe radiation exposure were present in

some individuals but in which essentially no mortality occurred (initial hemfAological studies

on the Japanese terminated at 15 weeks). The early period up to appruxtmately 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 Marshaliese, or may correspond to the “’abortive

61‘U From the sixth week until the termination ofr]se”’ noted for ammals following cxpnsure.

ltlt$ acule studies (JD the Marshallese during the tenth week, the Japanese and Mnrshallese

(.ounts remained a! sjm]lar levels.

The IIoutrol)hi Ie m)unl in lnM) the Japanese and Marahallese in general parallcltxt the total

white C(KJIIL. Ttw lynllh(wytc r{mnt jn both gr~q~s was depresst~d early itlld rcnlainmf dt?llressrd

:It VUIU(!S IIf xl)l)roxirn;lt(.lv 2000 ul]tjl week 10. ‘l”he high value of 2692 rvport{xt lt)r 111(} .J:ipaIIcsc

for wcv:kb 12 t(, 15 must 1~{’mmpected of bciIIghigh for tht’ rtswsous given iu st’(stlon 4.13.2.

Three charartcristics of the Japanese homalological trend~ should W }x)il~ltxt out: a) while

high d(we cxlxlsure groups with si~nlficant morlality showed early del)ressiotl witi] a definite

low p{)ir.t at four weeks, the lower dose groups showed no definite minimum A I(mr weeks but

rather a continued depression until the eighth or rdnth weeks. b) While the mtwn values for
total white and neutrophile counts for even the heavily exposed groups had returned 10 within

●The Japa”nese 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 shield-

ing. In groups E to H essentially no mortality ascribable to radiation exposure occurred in the

first 3 or 4 months.
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CtiARAC’f’KRISrlCS OF AVAII,AI!I, P; DATA ON “~11~ liF~,\’l”{ ~I,(I(; I{”,\l.Table 4.10

KFFE(’TS OF l’ENKTl{A’rl NG RADIATION
—

(:\! Tlil. d

RUdlOlht’r Up,V’s

. ..

Kxpl)sv(t

Mnrstu(llt”>c’

Ln rgc

(h)~)d

.Yvn

(il}~ld

.SIIMJI

Y(.S

Mlnlmnl

Y(!l+

N()

l,:lr~t.

AIIIIUIIIS*”
JIIp:IIIrS(L

lhmlbtnk(s”~’

I.:lq(r ~

F;ltr
N,) -
F;!lr

1.:lrK4.

Y(*S

N(mu

Y(*S

N,)

Gamma,

.somc

ncut rons
J>onr
Y(:S
Illsmntamwus

‘r(~tal body

SublelhM &
I(xh!d

Nurrow bmrn

Moderate full

Srnllll
lbtnw
Y(,M
FJIIr

l.nrgt~

N{)

N{mt~

N()

N,)

[lard x rays,

~amma

Good

Usually no

-5r/mln

l)sually

partlsl body

Subkthnl

Nurruw beam
Vnrluble

.,

.,. .’.
,’

i -.
:, . ,.
;-

~’-.::

Stttall

N(mts

Yt!ti

Gnmma, neutrons, Gamma, beta Hard x rnvs,
gammax rays, betaa

Pcmr
Yes
hmt untaneous

Told and

purtial body

Sublethal &

Iuthal

Narrow beam.

Rapid fall off

to skin

Fair

Yes

Vurytng,

-5r/hr

Total body;

Good
Ycs
-.l Or/rein

DOSSKC es[i mat iim

S]ng)(. cxposu m,

DOsc t- te

,

Tntui bI~Y - - =..
beta 10 akin L-

Sublelhnl Subluthal &

-“F

.++ ,:.

-$ Iolhal

3W f 1~’~d Nurrow beam
..,.

.W .

ftssentiwlly Vnrlablc “rapid “’%:.V

ftst fall off 10 &

flal “s

(1fi

—-—

“Same tt?chnicians for all counts; rigtdly standardized techniques throughout etc.

Tublc 4.11 MEAN PERIPHEWIL t.3LOOD COUNT VALUES

F(31{ SEVFXAL CONTROL POI’ULATIONS (x 10’)
. —. . ..—

i%wrec of dttta Japarwsc Kure,
Kwa j-

Amerwun
I)ctvrmin:itmn 1947 -194# 1948-1949” Amcricans*37 Americansw C(mtrOls

M;ljuro

COntrnla . .

!).7 ‘.
4.8
4.1
().J

().5

0.1 . . ., [
308

-.
,.
,,,

.-. ..-
9.9 !) .5 7.4

5.5 5.0 4.4

2.9 2.8 2.5

0.6 tJ.6 ().3

0.9 I .0 0.2

t). I 0.0

—..
7.0

4.3

2. i

0.4
0.2
0.0

250t
—- . .

1.8
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 in the present

i
I

i
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4.13.4 Comlmriscm with DiIla [r~)m Laboratory Accidents---- — ——. . . —

Although in the LrM Alamos and Argonne accidents ~$.~o the type of radiation and the condi-

tions of exposure were markedly different from either the Japanese or the Rongelap situations,

a large component of penetrating gamma radiation was received and thus atlempts at com-

parison may be of value. Some findin~s 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 -1 ethal cases, the total white and ,leukoc yt e counts cent inued to show s~),me degree of de-

pression intt) @q48evtaath week or bsyond. c] ~fie lymphocyte count__in individuals exposed to

as 1i tt le an 50 re& showed an in&tiaL markeUd~eessio~. In most caaefr the lyrnphoc yte counts

remain&?f at ‘“low levels t hrrtugh~t the period of ‘~rvation. d) Platelet counts were done by

a different method, and absolute counts are therefore nnt mmparaldc. However, of the three

high-dose survivors, times (If maximum deprc,ssion were H@ inconsistent with the vii Iue of 30

d:lys t~btnincd in the present studies.

The Ar~onnr Lalrn)r;lt(, ry accident m involved four lndivi~a$s wk wgre est i mated h have
rrceivcrf 136, 127, 60, ;md 9 rep; rexpeqli

v ‘#IF

The findings in th~ hcst exp{mcd indivi -
duals in ~ent,riil were c[)t~!stti witfr-t~ti n &&present study. An al neutrq)hi Iir leuko-
(’ytosls W;M followed” by f’tut+fiations In ti)t~it-c~~” ,
week. I{twtwcry w- “COIM[* -

x

#fl~-fow vzlues mmtiaiking into the seventh

,20th. week. %W lymphocyte count depression was
r~pid and markcd,pti~id #~(~V”eW”.. ,“-~ev~’$~ the “2W week. Minimum values fur the
I)lat e let count wcreiobta=~~< @eff, ‘asm~d’”3iit dXY. Y

:+‘“+s?-= - ‘-%, ‘:*-,.- ., ; . ,5. -.
4,13.5 Comparison with An~~~ . .:’+

.’ .: ”++. ‘- ‘,
Tha time trends and &v

z

, @ p@i#K!ral ~ &dn; change following total body radia-

~~j j~e~~n~~ ‘as ‘en Criii Y e~inad r=n~~,-l

and the following general conclusions
. .

,.+.

.*
.: ””-. v~ . .

● Counts 2 years later were not si~ificant ly cliff erent from control Japanese values. C2

tCounts on the Rongelap people 6 months after exposure showed no elevation of the mean

total white count, neutrophile or lymphocyte counts over values obtained during the 10th week.

$No counts were taken on the Rongelap and Ailinginae groups duri~ig this early period.
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J) AI) initial risr in tfjtal whito c(mnt (r+! fl(’rtmi IN th{’ ntwlr~qhilv <~mld) ulav ~,(’(’tli”. ‘1’ll{~rt

;Ifter 1111’ln:t~nltudl’ {Jf dt’l]r{$ssi(m ~)f the lt~tnl whitu :Ind noutr~q)hllt’ cimuls , itll(f Wltlllll Itllll(s

[I)c II. durxti(~ll ;Ir($ :! fllncli~lll ,~f r:ldi;tllondose: A src(mdnry or ;Ilx}r(iv(t rim’ Ill 11)(- t(!tnl whit~~
-- (.1}11111( rf~fl(~t.tcd III t III, mwt rtjldlil(, [jr Iynlph(x”v((’ r{mllt) l~~il~ (Wrur, folll)w(ul h :) $uv’(lll,i (h,
#*

(“rt’:ls(’. Th(’rt, is IIiti(’ sll(v’1(’s (iifft,rt,nc(’ in thr r;ll{~ {If rt(tprt’ssl~~ll II( tht’ Ililill Wlll((’ (Ir ll{w(r(~
c

IIhilt, rt)uill ;lt c[jnlll:lr:illl(, doses; h(jwev(~r, th(’ r:lt(, {)f re(.{)vrry illlli Iln]r f{)l- Vtllllllll$t(’ ltv.(]vt~r~

is quit(, dlfft,rc’nt In Vilrio US spgx-i(’s.. Small anlnmls (m{mse, rat, Iulmsti’r) show It’l;ltlvt”lv (.(ml-

-S I)ICI(S rertjvcry t{] control” It’veIs, evt’1) at doses In the lethitl range. by the end of tl)r [Iftl] Wt’ttk

(Jr earlier. Ikita oil dogs arv inmlc’quate to lndicnte when recovery is ct)ml)lete; }~t}wt’vt’r, re-

turn t{} c(mtrol levels at high dose Ievcls had not occurred by the fifth wet,k. Swim’ requlrt? 9

to 15 [jr moru weeks for complete rt?t’every.

II) The r{~s~mse of lymphocytes is essentially identical in all animal SPPCJI’S. Dt’prt!ssh)n

can b(’ drtcctml within a fctw hl)urs, and recovery frl]m the minimum values (achieve(t iII 36 (()

48 hmlrs) rrqui r~w longer than tiol~s ncut rophilr rer[wery. Lym})tuwytes fall to vury low Ivvt!ls

at dt)s(,s w(>II bel{)w tlw ieltml r;lllgv, and Int-re:tslng dose results in IN) or mini)nai furthrr cttl-

rrcw.w, in cfmnt. l,ym~)hocyt(, d(’j)r(w+Hion iipp~:ir~ t{) have 110 causal reiatl(lnship with il~\lt(,

r:ldi;il 1011(t(wlhs. .
u As with nL.lltr{)l)l)ilt$S, th~’

l“) PIN I(’14,1 (“ I)IIIIIS Il:lv(, 1)(’en Studlt’rf 1110s1 rxt(’lltilvely 111dt)gN.

r:iI~J{Iity :IJId t~)i)~:])i!ld(, {If ttt~l)rt’ssltltl IS u functilm {If d[)~t$ kl(>w tht’ Idh:ll ritngt~. M:lxilllum

II{ II)r~.,S.SIIJ II ~)({.urs IIV tht, !)tt) (II. IO(!I ~ wl[h (i{~se.s in the high IL411:LI riill~e, by Iht’ 1(RII tl~ 15th

(I; ly ;11 Sul)l(,lllill lrv(~ls. I{{w”,,vcry begins during tlw third week, but is INJI ei}ml]let~’ by II](’ 30th
{l:ly wl~t:)) M(W1 stud]t!s II: IV(, I)CCII t(, rminated. Insufficient data are availal. dt)to indicate lIw

11ml, requi red for r(jmplclo rccov~y.

C{msider;ihl(’ evidencr including studfe~ in the mouse using 9fAedC h’ ‘mok?elMteS, illducd

bad erial infect ions and spontaneous infections have indicated that critics! neut rophile levels

exist below which survival is correlated WW the absolute neutrophile count folk)wing whole

body irradiation. From data (m dogs, it ~rs that survival Is likely unless neutrophile

counts remain below 1200 cells for.a ~ of time.
.

Platelet data un dogs indicate that tias with external purpura have platelet counts of

50,000 or below.
*

-,

Insufficient data on large animals are ntit 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 subject to-

fluctuation than were the ncutrophile or lymphocyte counts. For the preceding reasons, sys-

tematic investi~ation of the platelet and leukocyte counts in large animals as a functitm of dose

in the sublethal range are indicated.

It is not possible 10 say xt present whether severity of exposure, or of radiation &lmage

(“t)rr{,lates I)l,tter with abs~)lule Icvt?ltt of Peripheral blood count, or with degree of chan~e from

cO1lI1(,I l,! l)rc-(, xln)sure 11’v(tls. W)UW evidence on this p)int cal) be giiined by r~m]parin~ thv

(I(,u r(,(. I I( d(’llr{~s.sioll (If tht, n(wt r(q)hijc and plat{,lct counts ill thr Ailing in:tt’ and I{{)!lg(’rik

;{r{m~)s, I)(dh of whlrlt 1];1(1Css(,niiully MC same calrulatcd cxpotiure but f{~r which r~)otrtll ht!nYd -

t[)lo~:l(.al valut,s wcr(, t’(]nsid{,r;ibly tt~cnt (111[*lylnphocyle count 1s not suital)l(’ (t)r conlparl -

S(JII SIIICP dqr(w, of (I(,llrt!ssl(jn was e~entia}ly the same iJI these groups and tht’ h@]er- ckmt?

M)ngrla]) ~riwp). Al the time of Iwak ~pressiml for each element, ~Nh the neutrt]phile and
platt~let counts wt, rc essentially idenfical in terms of absolute co-, but considertibly differ-

ent in terms of the respective control values. Thus some evidence Is afforded that absolute

c(mnts, rather than ctmnts relative to control values, may be the more reliable index of ex-

Imsure 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 Nagasakt in which fatalities oc-

curred. In general, a significant number of deaths was encountered only in individuals whose

neutrophi]e count fell below 1000. In the Rongelap group 42 or approximately 50 per cent had

n-.............. .............:.,::4 . . . . .
. . . . . . . . . ::
... ,. ., ”:: . . . . . . .

. . . . . ... . . . . .
. . . . . . . . . . . . . . .

I

. I
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.
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Th{, rcl:d Ivc value IJf th(, suvcral hematol(q.!ical dety.rminations-in estinudin~ Ihv degre[’ of

(’ximsuru, ~Is w(’11 as t II(O apl)r oxi mate dose ranges over’ which maxi mum smwltivi(y for each
d(>tvrminati(]n exists, CLIII tx. (Sslimatcd by cornl]aring the degrm of h(!mah)logical ~l~it]~~ am(mg

Lhe several cxlx]surc g roul)s. The relative degree of change in neulr{qlhilc%, Iynq)hocyt(:- iil~d

platelets (!iit] k, seen in Tables 4.2 to 4.5 and Figs. 4.9 to 4.11. Lyml]hocytv counts were den .+

I)ressed apl]reclably even in lhe luw-expogure Utirik group. In the higher “d{}sc groul~s, how- ~-

vvur, w]th widely different physical estimates {If exposure the lymphocyte counts showed es-

sentially identical degrees of depression. The lymphocyte counts of-the RohgelaIJ and Ail’nginae

groups were constantly depressed at a level of approximately 2000 cells. Thus while sensitive
at very iow doses, this endpoint may be a pwr index of the degree 0[ exposure at higher doses.

The total neut rophi le count of the Rongelap group was consistently more depressed than was

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

day-to-day wide fluctuations in the neutrophile counts occurred. Accordingly Lhis endpoint ap-

peared 10 be of 1i mited usefulness as an index of relative exposure severity except when counts

(m gr~)ups to be cnmpared are performed at the same time.

The platelet count showed a more systematic trend than did the neutrophile count. Differ-

!,nres bctw(!ei) thP low-dose Utirik group and ct)ntrols at the time of maximum depression fnr

;t I I gr~)ul)s rt)uld be det w-led, iind appreciable differences existed between lhc II I(’;UIS for the

Marsh all(wt, l}]@l[!r cx]xwur~, ~rm]ps. Platrlet r(wnting Is as easily c:lrrtmt ~mt xnd m[~re r(!-
s$.~? Tllu~ t)lt. ,)latel{>t ~t;uIII nl$ty l)r{n,~, IL) l)<, :i Ilst’flfl l[}d~!x ofl)r(xlu(. il)l(, 111:111l(wk(wylr rmIntM.

di,grt,f’ II( {I xlt{).+urt, throu@joM” tlw sublethal ran~e.

‘1’11(, :Ii)I)vt G(’(,lwirt(,r;ll iol)s :IIXI III ilccorci wllh previous fiidin~s (m hum:i II l)t’ll~s nn(l ani -

Ill; ll.s.

● Fr(~m geometric and depth dose considerations set forth in chapter 1, 1 r measured in air

in a fissio]} 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 usual laboratory con-

ditions would be approximately 335 r.
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4.13.8 Conclusions &. . ..—. —.

Ii)ws:

;II ‘1’11(,!(JI:II Wllll(t (v)llll( II I(orl’:is (’s during the first two or mt)r(’ dilvs :Illtf th{’11 dIIrl”cMos

IM,l{)w Ill)rlll:ll Iov(,ls. Thr tII(:I I r{)unt thel) fluctu:ll{l~ over the next fiv(i or six wtw’ks. wit II 110

dcfll)ltt, n]ll]iniun] ;IIId with stInlc V; IIU(W ahIIvc, n{)rm;ll (the prtwenc{’ of tht’rmal or betn Ivsi(ms,

t)r 11111(,1.;I(.u1(, I)rtj(.(.ss(.s durtllg IIIIS til:lc olay account in }mrt for lhese fluclutiti(ms). The

count lIIOr[)IIICS stablllzcd durilqg the slwentl) or righll~ weeks iit low levels, and mim mum r(nmts
~~rtjl):li)ly f}rcur at this [Imt,. A dcfiuitr trend upw;lrcf is aplmrcmt in the ninth or t(-nthwet’ks;

howt>v(lr, r(jml)lete recovery may require several m(mths or mor~’.

h) The neutroph]lo count lmr:illels the total white blood cell count. complete return to nor-

ma[ vulues does m)l (wrur for several months or more. The initial rise in total white count is

due to ii neutr{~phiiic leuk(~cyt(~sis.

c) The drop in lymph[)CyteS is early and profound. No evidence of recovery may be appar-

ent several months after exp~]sure, and return to normal levels may not occur for months or

years.

d) Thr platelet count, unlike the fluctuating total leukocyte count, falls in a re~ular fashimt

and ruiches a low (m the 30th day. Some recovery is evident early; however, as with the other ---
eleme))ts, recovery tI]i~y nol bc~ c(~mplete several months after exposure.

4. As an indf,x t)f sevcri(y of exposure, particularly in the sublethal r..nge, Ihe tolal white
or 1)(,u1 t-ophl lr (mounts :Ire ()( Iimif (:d usefulness b~iiu~c of wide fluctuations and because S(gV -

(~r:ll wi,t,ks mny I)(, r[quirt’d f{~r n)nximum deprcssinu to become rvidcnt. The Iymph{)cytc

rounl IS ()[ nv)rc v:LIu{’ In this re~xrtl l)arti(!ularly in the low dose range, since dcpr(wsion oc -

rurs wlthln”ht)urs I)( (’xlN)sure. H{)w~wer, since a marked depression of lymphocyte counts (w-

rurs wJlh low doscIs aINI sinc(, further increase ill dose produces little more depression, !1]1s

lntf(’x IS of little vtilue :11 the higher dlwies.

5. Plxtelct counts showmf J regular pattern of change in the l)resent studies, with the same

t; nlc of m:iximurn del)ress]on in all exposure groups and with the degree of depression roughlv

pr{~lx~rl~l~n;ll 10 the calrulaled doses. It appears, therefore, that the platelet count has cou -

S]cf[’rablc> l,r[jrnise ill the sublethal range as a convenient and relatively easy direct metht)d of

d(’t(,rmll]in~ the degre(’ of exlxwure.
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CHAPTER 5 ~L. “
,

RAD1OACTIVE CONTAMINATIONINTERNAL
L
:.
I

5.1 INTRODUCTION

A study of the nature and extent of the

human beings was initiated on the 16th day

internal radioactive cont:lminut ion in the exposed

post-detonation, with the collection of 24-hour urine

samples from the Ronge Iap, Ai!inginae and American groups. Additional inf[wmaticm on the

extent al]d nature of the radioactive contamination was obtained from domestic animals, food-

stuffs, water and soil collected on the contaminated atolls and sent tu the U. S. Naval R~dio-
1ogical Defense Labor at(jr y, the .Naval Medical Research Institute, the New York Operations

Office of the Atom]c Energy Commission, and ~he Los Alamos Scientific Laboratory for gross

activity measurements and radiochemical analyses. Data on soil, water, and plants were .-, .
necessury I() determine the feasibility of utilizing the foodstuffs and living area of the contami-

nated a(l)lis. Limg term studies itf the domestir animals obtained are being c{mducted at the

NRDL, It) order to obtain information on the p ssible acute and delayed haklrd from internal

“ rad!ati{m. --

Th(! mall) f!ndings of the internal contamination study in the human beings and their en=

v irtmmcmt are presented in this report. A detailed report (m the nature and extent of the in-=

ternal radiation hazard In human beings and animals, as well as the contamination of the

envlrunrnenl will be presented in an addendum report.

\
1
I

i
,

.
,,.._

5.2 ~HYSICAL EN~RONMENT STUDIES.—— .-— —— .

A compa risen of the food, water and soil samples from Rongelap, Utirik and Rongerik

Indicated a much higher level of contamination on Rongelap than on the other islands. The

;Lctivity appeared to be distributed in the same manner on all the islands. In general, the con-

taminat]oll was associated with very fine particulate matter and was uniformly distributed

throughout samples (If earth, thatch, and grass. Significant amounts of beta artivity (1 vc pcr

plant) as well as fissionable material (1 x 10-4 ~m) were present on the external surfaces of

IJ]UIIIS iil 42 days, but only small amounts of beta and no alpha activity were detected in the

edible p(triicms. Coronut tree sap, an important item in the nutlve diet, W.IS found (t) )wve beta

activities of” the level of 1 vc/ liter on Rongelap at two months after detonation. Fish c(dlectt:d

from the R{mgelnp lagoon were found to have very high levels of activity (0.3 to 3 )IC per []s1])

as late as 120 days post-detonation.

The artivity found in soil was determined to be associated mainly with fallout particles

of relatively large diameter. Rongelap water samples from both cisterns :md a well (Figs.
5.1 and 5.2) had activities of about 1 pc/liter at 30 days. Samples of thatch roofing exhibited

the highest levels of activity ‘.n the physical environment. The presence of fissionable mate-

rial was detected on thatch, grass and on plant food.

,
.

r
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Fig. S. 1 Well, Rongelap
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Fig. 5.2 Cistern, Rong’8@I
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5.3 ANIMAI. STUDIES
1.

-.——-——

The studies (m the Rongcl;tp and Utirik animals included maasuremenl of inlerll:!l r:idlt,-

:Irtive (v]nt; lmin:ltion nmf rudi{)rhomiritl :inxlvsis of exrr(’t:l :tnd tlt$su(*P.
TIN* ;I{wI(* Ilcm:lt(dt)gt

t,;il amf p:lthi)l(jgi(”;~l (?ffc(. ts’ f~f the 12xp{)t1111-(’,:IS well ;~~
l(m~ lurni eff(wts t}n thostI ilninml~,

it re Imiug Sludlt’d. In :Itldi(imt, [(trtllily ;Ind hnt(”habllity HIUdlOS NH well iIS
I.:ltilt)(” tll’1111{”111illl:ll -

ysls of eggs 10id hy hells [~orn I{(mgel;tp w(!rc pttrformed.
These stmlles imve ]w(widtxl inft)rm;~tioll (NI the ex{wnt nnd nature of the tnlern;ll ~’t]!~tiilt]i

nilti(m in the exposed human beings. For ex:lmllle, radi(mutt~gr:tphs uf anlnutl inmes prcpilrt’d
5U ~iK~ 5.3 and 5.4) indicttte tht’ puttrrll of ~kel-

by NRDL, and Argonne Nationai Laboratory ( .

etai distribution of fission products, particularly the high concentrations of radlueitsnlel~ts
in the epiphyseal region of the iong bones. Further, information on these animals (which re-

ct!ived a much higher external radiation dose than was received by the native group and over

10 times the internal deposition) shouid be of considerable prognostic vaiue for the human

..

i. d .
:.-’

beings.

-1

.

1

.
-.

.
Fig. 5.3 Autoradiogmph of Rongelap Chicken Tibia, llA x, 21 hr Exposure. Animal Sacrificed
45 Days Post -expoeure (Argome National Laboratory Photo). i
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Fig. 7.4 Autoradi<,graph ,~f Rongelap Pig Tlbla, 42 hr ExpoEJum. Animal Sacrlflcmf 58 Ililvs .
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5.4 HUMAN STUDIES—-— —-.

5.4.1 Exrretion—.—— —.

Gross beta activity measurements on the urine samples from Rongelap, Ailinginae, and

R[mgrrlk indicate slgnifirant contamination in the majority of samples. The variation m beta

act}vll~ ex(rcted 24 l~tmrs am(,ng individuals in any (me group is quite large (Table 5. 1). If

tilenlt’;ln values ljf urine .~[”tivity [If the adults rI[ the three groups SIX weeks after exposure

:Ir(I({)mlxtreri, lt will be secm that the Rongel:tp gr~Nll) had the highest activity, 1208 d m 24

hour~. ‘f%. Aiiingln:te grf)tjp h:ld 553 d/m,24 hours, and the American group h:~d 309 d m 24

h[mrs. A ~roul] (Jf ttw .lap:tncse fishermen exposed ![> fallout from the same detlm;il ion had u

urllic :t{.tivity ~“[>~nparnble to that of the Rongelap :tdult group.

“f’l)c ]nmt)) n(”livily t~f the individuals under 15 yc:lrs of age appewrs to be <on~idernbly

lower Ih;ll) th; il 01 the :l(tUlt gl”(ulp. AII cximinath)n I)( the ~rolip collectlolw :iIIitl Yzmf IIV the

v;tr I(Jtts l;IINJr;~iOrI(,S illv[)lvod shtlw(!d fnirly conslsl~!nt levels of i~(”tivity for tl!e Indlvidu:tl

from d;ty h) d;ty, The vitri;tliol] whirh occurs is m)l considered to be excessively I.trge for this

type ,~f study. The activity :LS funrlion of time fell off rapidly due to the large component of
~lio - ~4a[40 and uther shc rt lived radioisotopes. For example the Rongelap group had a mean

activity of 1208 d m 24 hours at 46 days and activity of 339 d, ml 24 hours at 90 days. At six

months post-exposure the FZongelap urine was found to contain a barely detectable amount of

beta activity. The results of radiochemical studies of urine indicate that Srrn, Bal’O, and the

rare earti) group apparently c(mstitute 77 per cent of the total beta activity at 46 &Iys. Stron -

tium-89 contributes 40 per cent of the total beta activity, Bal’O — 11 per cent and the rare earth

92
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‘l”ubi{~ 5. I (;1(OSS 14ETA ACTIVITY lN U!{INE OF NONGEI.AP (il{()[lll

. ([1 I-I IN. (’,)ll{$c,tt.,1 tIII q[;th lhIFIl -(! XIMIHtllt, i)lly iintl V: IIU{.M (“t)rrt,I-ttI,l !til’ lh,rIIv .

-.

.

.

s

Agc 5 ,Vtwl=ii
2
3
5

23
33
54
69

Mcltn

Age 6 U) 15
ywa.rs

20
24
26
35

36
39
47
67
72
75

76
. .-

Mc:tn

‘J”I)IIII

Volulm,
-g4 hr

120
150
155
40

260
80

455

1W-1

265
550
65I3
255

190

280
650

450
110
440
980

—..

439

712

894
313

223
0

285

301

404

1900
0

1032
0

236

1100
1705
674

507
0

1160
—- ——

758

Agc . 16 yturs
4

7

9

10
11
13

14

18

.2.P.

:10
:14

:!7

40

46
40

G2

55
56
57

58
60
62
63
66

-66
71
73
78
79
80
82

—. —- —.—
Mean

455

810

355

980

450
340
7no
’455

47
96 u
7:)()

4LI0

550
330
425
780

320
700
550
750
810
960

635
-855 -’

300
290
230
965
465

:40

6?0
..-—

ml

{i34

1700
201
549

1.583
1(;77
2460
lfi7(l

77

4:IN

57(I

792

1450
496

u

o
1080

3220

1095

2170
580

l$J~5

2260
1715
2010
1450

0
52

2038
1353

2140
.-. —
1208

.,.
1

.!

!

i
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group —25 per cent (of which 11 per cent 1s La’40, in equilibrium with Ba”O at this time). Fis-
sionable materud was no( found in significant amounts in any of the urine samples analyzed.

Iodine- 131 was found only in samples analyzed at early time intervals, due to its reiat iveiy

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. Ttvo Rongelap pigs were killed

after their average 24 hour urinary excretion of fission products was determined. Ml tissues

“ Ba”o, 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 total human

body burden of 0.33 VC, for post-exposure day 82 was obtained. If this total human body burden

93
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Tddl’ 7.2 RAl)lOC}l EMICAL ANALYSIS OF ‘1’ISSUES AND lIRINE OF HO N(; F:I, AI” 1’1(;S

(All VII IW!H (.(,rrt.(.1(’tl for l)(!cuv to Day of ,Surrlfic’e, lht> 8211(1 l’~ml-cxln~rnllr(’ I)IIVI
\

a
*

!

-< - Ih)lt! Acllvllv (1 .’rn/l(Ibtl Snmpl~’

s?
(\ Io-J)

:)G60

0.40
5!0
0.22
0.22
O.ei
0.21

5667

8.7

5100
0.53
5
0.26
o.2tJ
0.8:1
0.14

5107
4.4

(MN”}
060

0.:13
2.4
0.20

1.1

0.50
0.42

665

1.2

530

0.20

3.2

0.23

0.13

One

O.ltl

334

0.40

1010

6.+
:] .2

0.$
1.3

0.51
0.74

l, IV(.1’

ct,l,m & Contontw

L,ung IAlvcolnr)

Storn:wh
lnt(~stin(, (Small)
Kidney

r{~m:lining ‘ri~mms

31

12

1.5

1.2
0.]

3.3

690

1020

1.6
Total

(]rlnc $$umple, 24 hr (5/27)

(Irln(, s;implc, 24 hr

AVCIWW ft~r dUYH W 1{}

HH pOtit-cxfx)Hllrc

9630

13

9.6

690
5.5
4.9
0.33

0.30
O.tln

0.52

27
16
1.1

2.0
2.6
3.1

220

8670
6.2

8.1

l,lvt:r
(.{,lfm & (;fmtolltH
I,ung (A IvwIlnf’)

Slf, reach

ln({.f4tin{. (Smull )

Ki(incy

Rt.malnlng llfimlt’6

Total

Urine Sample, 24” hr (5/27)
u r]m, sample, 24 hr

Average for dtiy8 82

to H8 post-exposure

Avera~e Per cent of lndwldual

Skeleton

Total Body

[I ritw (24 hr)

-=- . ,.-. 1----

‘“ =%=
& R+.

4 %1. .

-k.--F --
:r. ..*,.

,Fe-..k

...--”-”’ -
,. .-:

b
. .

2-. ! ___

-8_—
702

0.54

Total

Rare EarlhRadioelcmtmt8 Srw
~a140

9.7

9.0

10.5

62 6.8

58 6.5

69 7.9
_—— ___ .— - -———

_.-.—. .-—.. —— --— ‘“
. .

is sepiiraled into its (components using the ratio of individual isotoPs activities in the urine or

in the iot.al body of lhe animnls ai this time, the foiiowing values for the RontJeiaP group, 82

dny~ p,~st -dett)nat ifm were oi)tnined:

Sr8v - 0.19 pc
*MO -0.021 WC

Rare Earth Group – 0.030 PC
Others -0.09 Vc

The excretion rate of Sr and Ba cart be described empirically by a power function, At =

A1t-n where n is 0.4 and At is the activky remaining in the body at time t (days). The ex-
ponent was derived from Cowan, C’ SrsO human inhalation data, and it corresponds very closely

94
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l{) the expollcllt fiwnd it) the Ililhlilifl:[dl;llll. CCI?:I “df N?)rrtd6” Itlltl”L~ifilcyo’.llslll~(IllsIol’lllul:l

tlon the Indlviduill skeletal lxxfv burdens exlr; tpolated buck to dny (me Nre :IS f(~llnws:
~

Sr8’ 1.6 II{”
‘--~1

. .

;’

ml ’40 2.7 jlc

s

-c,

Fim+ionablc nulterknl ne~.it ive

+

>- 13ust!d (III the Srat analysis., ihe Huntt!r-Ballou fltisiou dntit’z nnd tht’ roteniltm
-. .
~- . tile following es[imutes d skeletal body burrtel] in the RlmKvJAp Kroup un d:ly

a) rare earth group - 1.2 w
b) 1131-6.4 mc

.

&It:i (I( Hnmiltim, ts

I wert~ mude:

The integrated doee to the thyroid from I lsl and the shorter lived iodine isutopes 0132, lls, and

IiSC), assuming a 20 per cent uptake,’24 hours was 180 rep. The Ailin@ae values were then

approximately one-half and the American were one-fourth of these values.

On the basis 0[ a radiochemical analysis on pooled urine samples collected from a cross

section of the Rongelap and American populations, 16-18 March. Los Alanws reportedU the

following eshmate of fissions associated with material inhaled and or Ingested by the Rongelap

native group:

xl~l -5.5 x 1013 fissions
# _ 1.2 x 101s fissions

~140 _ 1,0 x 10IS fissions

From these data, using certain assumptions as to the uptake and retention of these radioele -

ments by the body, the foilowing estimate of body burden at one day was derived:

.

*

Rongelap
@c)

# 2.2
~a 140 0.34-
~ 10s 0.013
(+ats 0.19

11~1 and Short llved 5.1 mc

Ii31 equivalents

Fissionable material 0.016 ~m

The initial body burden of 11$1and short lived iodine isotopes,

American

@c)

r42 “
0.27
0.015
0.04

;.

~

I
..

-’. .

1-----.“. -- .s-”

Y.Y ----, ,- - -=4-
___ &

95 ,

1.9 mc

energetically y equivalent to I *S1

IS 5.1 mc. The estimated total integrated dose to the thyroid from the iodine isotopes assuming

:1 20 per cent upt,ake/24 hours and with corrections for decay of the very short lived isotopes

was calruiated to be 150 rep for the Rongelap natives and 50 rep for the Americana.

It can be seen that with widely different approaches to Lhe estimation of the body burden,

the results obtained are very similar with the exception of the BS”O estimate.

An attempt h] detect bone-fixed radioactive emitters by means of sensitive film badges

Qed below the knee over the epiphyshii of the t ibis on 40 exposed Mu rshai Iese yielded nefpd -

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 ‘s ‘U6C67This chelating agent was therefore used in a decontamination therapy

attempt on a group of seven Rongelap individuals having relatively large amounts of internally

deposited radioelements. Oral administration of calcium EDTA, 1 gm~ 25 lb body weight daily

- /
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for three days !ncreased the “rivet i:all mean hciiVIt}flo th’~ 24”ht)Uf urint,~ {,( Ihr [r~.;iltwt IJISI,IIII

by a [actor of 2.5 times compared with the pretreatment control excreti~n. S~nce the rute ()[

excretl[m (If activity at this time W.IS about 0.1 per L“ClIt, 24 hours, the observed lnrrw~sc’ In

cxvr(!tl[m did n(l( slgnifirantly a~ter the total body burden. This study xnd previ(ms ;lnimal w{)rk

suggcsl thot Ef)TA, Iwrhaps administered 1.V. and ;It early Intervals, might h:LV(’ 1)42(’!1 l)f {’(in -

sidrr:il)ly greater v;IIu(’ in !l)rreasin~ the cxcretiott of some of the lntern:~lly deposlt(td fi~slon

prl)durts.
7

5.5 JJISCUSSION

-;
.!,

. I

!..

‘1’11~>fill 111111m;l[(srla I l)rol)ill)l~ cntcrecf the cxl)oscd people thr{mgh lxdh thv ilthali~t I[m :Ind

IIIKCSIIIMI rfxtlt, s. ‘! ’11(1 r(ll:ltlv(*ly l; Irg(s Ixirtlrie uIz(* Ildlc.ntcs thnl 11)0 pr(hnbtltty of tIIluIl:ItiI)n

I)( :1 I rt)f)rn(. {V) III: I rnln;tt i{)n W;lS smnll. Thi~ 1s hastwf {In the therval i{m thuf ili Iuvwrai (mlv

l);! rt Irics O. 1 to 3 IL tII diiinll~i{’r r(!arh the alvwdi (m lnhulntk~l) and lhut larger partl(”ltw are

[ilt(>r(!(f out by t II(* II(ISC xnd upl)er respiratory pastMg(I and swaillowt’d .W 111 i~ddltiil(i, the lUI\gS

and o I r sat”s O( chl(-kens autt~psied in the period 24 to 100 days post-detonation showed low

ICVCIS of (.(mtaminatl(m, while the ~lstrointestinal tru(”t and its contente were reltitively ill’tlve.

The hl@ lCVCIS of ;I(”I Ivity found in the liver are also compatible with this hypothesis indicating
ingest ion as the route ()[ entry. Autopsy findings on five pigs indicate substantially the same

results.

In ~eneral the mean ~russ beta activities in the urine of Rongelap and Ailinginae groups

were found to be 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

Ailinglnae and American groups show the latter to have a somewhat lower amount of internal
contamination than the former though the groups received approximately the same calculated

external dose. The difference may well lie in the fact that the Ailinginae people continued to

eat c(mtamlnated ftmd 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 containers which precluded the possibility of radioactive contamination. It is also POS - -
------ ~—-.

sItJle lhat illdf~{.trirli~llol) of the American group as to the inhalation hazard and perhaps their .-
~-

r

..* .
---: a?,

n!(lre udequat(l shelter was res~msible for the lower am Jnt of internal cmntamh’tation re- “; .: <..

ccived. RAdif Mn:tl ysl~ {If urine S:I mples of the Japanese fishermen, who were exposed to the
.

e ‘“’

sume [;dlout, indlr;ilcd that they had received approximately the same am{mnt of internal con-
-’*

.
,+. - .:.,- ,--

taminaticm as did the Rongelap adult group. The lower urine activities found in the Marstillese
.- . . : ‘+L ..-

indiv]duals under 15 years may ~l)dicate that wtth active bone growth occurring, the internally

depos]ted fission products were more firmly fixed and therefore less readily excreted. It does

not seem likely thxt the children were subjected to any less internal radioactive ctmtumination

than were the i~dt]lts.

5.6 CONCLUSION-.—— —.

The degree of internal radiation hazard was too iow to have contributed significantly to the

acute radiati(m syndrome observed. Efforts to correlate individual body burdens with their

rlllilcal or hemaioiogical findings (platelet and white blood cell levels) were unsuccessful. Due

to the ability 01 the skeletal system to concentriite fission products, any injury to the body [rem

these Internal emitters would most likely be determined by the radiation effect on the bone.

The concentration and type of internal radioactive contaminants, however, minimize the proba-

bility of any significant long term effects from the internal radiation.

The possibility of synergistic effects from the combined exposure to external and near

tolcrancc doses of internat radiation is also very slight. The occurrence of such a synergism

has been demonstrated where animals were eubjected to relatively high dosee of internal emit-

lers (2 IJCI gm) in addition 10 high external doses. The only suggestion of such a combined ef -
fert II) this situat i~m W:M from the hematological response ok served in these exposed human

be]~lgs, which did not follow precisely the time course characteristically seen in luwer mam-

mals ufter short exposure to external radiation.
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CHAPTER 6

~,.;
, ;“

1..”-.

RECOMMENDATIONS
I

i.
!.

1. 11 is recommended that establishment of a medical team on a continuing basis, prepared
,..

to handle emergency situations connected with radiation,

>
be considered. Qualified personnel

should be designated by name; minimal clinical and research procedures considered essential

should be established and necessa~ equipment should be stockpiled.
2. It iH recommended that steps be taken to obtain additiomd data in the laboratory in the

following categories:
(a) The hematoloacal responee of Aarge animals, and preferably marh 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 Frefcrably for at least a year after exposure, are necee- - _ ..-.,,* i-g
sary.

(b) The responee of human skin to beta radiation under condtions of different beta ener- “‘.-~.

.“[

&

gies, source sizes, and source geometr~n”

.
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