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LEGAL NOTICE 

' 
This report was prepared as an account 

of Government sponsored work. Neither the 
United States, nor the Commission, nor any 
person acting on behalf of the Commission: 

I f 
A. Makes any warranty or representa­

li tion, express or implied, with respect to the 
~ accuracy, completeness, or usefulness of the 

information contained in this report, or that 
the use of any tr.formation, apparatus, meth­
od, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liabilities with respect 
to the use of, or for damages resulting from 
the use of any information, apparatus, meth­
od, or process disclosed in this report. 

As used in the above, "per sen acting on 
behalf of the Commission" includes a.1y em­

! ployee or contractor of the Commission to 
· the extent that such employee or contractor 

prepares, handles or distributes, or provides 
i access to, any information pursuant to his 
1 employment or contract with the Commis­

sion. 
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Back1round 

MEDICAL SURVEY OF MA.ltSHALU:.SE TWO YEARS 
AFTEll EXPOSURE TO FALLOUT aADIATION 

Introduction 

Followin1 the experimental detonation of a nuclear device in the Marshall Islands 
on March l. l 954, inhabitants of four nearby islands were accidentally exposed to si1-
nificant amounts of radioactive fallout material. The exposed personnel were evacu­
ated to Kwajalein Naval Station where they were studied and cared for 'urin1 a three -
month period. As a result of this study, it was found that the inhabitant• of the two 
most remote of these islands (l8 Americans on Ron1erik, and 157 Marshallese on 
Utirik) had received only minimal effects from the fallout. and further examinations 
were not considered necessary. Accordin1ly, the American servicemen were re­
turned to duty and the Utirik people were returned to their homes. However. the 
8l Marshallese who were on th.? two nearest islands (Ron1elap and Ailinanae) showed 
si1nificant effects of exposure and required continued study at intervals. Since their 
home islands were not considered safe at that time for habitation, they were moved to 
an isllnd in Majuro Atoll where homes were built for them and they have since been 
comfortably established. 

The results of the initial examinations have been reported ( 1- 3). Since this time, 
follow-up studies on the Ronge lap people at Majuro have been carried out and reportP.d 
at six months (4) and at one year postexposure ( 5). This report concerns the third 
follow -up study carried out at Majuro in March 1956, two years postrxposure. 

Summary of Past Findi :.!!. 

The following is a brief summary of the past findings which can bf' found in detail 
in references l to 5. 

During the first l4 to 48 hours after exposure, about two-thirds of the Rongelap 
group experienced anorexia and nausea and a few vomited and had diarrhea. At th1'I 
time many also experienced itching and burn.ng of the skin and a few complained of 
lachrymation and burning of the eyes. Following this, the people remained symptom­
free until about two weeks after the accident, when skin lesions and loss of hair due 
largely to beta irradiation of t1 • .: skin developed. The effects of the ~rradiation can 
best be summarized under three headings according to the mode of irradiation: 
a) penetrating irradiation, b) skin irradiation. and c) internal irradiation. 

a) Penetrating Irradiation. The Rongelap people rece1vt·ci an estimated whole-body 
dose of 175 rand the Ailingnae people 69 r of gamma radiai.on. Depression o! periph­
eral blood elements occurred as follows tn the Rongelap people: 

Lyme_h~~e~ fell promptly and by the third day were 55 percent of control val~e• 
(unirradiated Marshallese) in adults, and l5 percent in children. Thr cells"'~ Jwed only 
slight reco,ery bv six months. At one year, there was further recovt"r' but the cells 
were still belo"" cor.trol levels. 

f'leutrophi~e_! fluctuated considerably durrn.i the first frw weeks but fell gradually 
to a low of about C.Q percent of control \&lues by the 11xth week •fter exposure; re­
c.>verv was slow. At six months counts were still below control levels, but by one vear 
they h;ad rrturned to the lrvel of the control popul<1t1on. 
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._... .._ c...Uel .... • ; He4 (a-..latt .-1 AU•-tt) ,.,_,.. •• .. ta po.a ....... 
-.Jtla •n.t tM ,.. ll lllCMID•. Aa epi•mc al cllic-. pcm (witla - repertri c-­
pliclllioa•) iavolv..t a lar .. perceatap ol ttotla popwl .. iaaa ia tM perto4 bet•••• U. a..-.- two-year e11ami••li-•. 0.. caM al wompltclllecl m••le• accUTH i• IM 
•aacela.» 5roup durin1 the year. Fl" claUclbirtla1 were Nportff amon1 dae aoepl• 

. people aad oae ia the control 1roup; tlle iafaau •ftlopecl normally ...a wen free al 
aay appareat abaormalitiea. Five Roaaelap womea and three women ia tM cOlllrol 
1ro.p currently ha•' lllCotnpltcated pre1D&DCies. 0.. child aecl an ... Jt la tM es­
posed 1r°"P were aeriOG•ly ill duriq the paat year aacl their caae• will be cti1e11a....a 
later. Two Ron1elap childre. bad been treated recently for inte1tinal paraeite1. Al 
the time ol this survey ao deatha in either 1roup had been reported cluria1 tlw pelt 
year, However, oe May 13, 1956, one death. which will be reported below. occurre4 
amoaa the Ron1elap people. 

Clinical Findin1• 

In pneral. the people of both the expo•ed and control 1roup1 appeared to be ia 
1~~ health and nutrition'! condition. Table~ 1 and l liat the poaitive cHAical findiJas•• 
which we re a">out equall f dbtributed between the two 1roupa. None ol the clinical fiad­
in1• in the exposed 1roup, with the exceptiaa ol reaicha& ol skin leaiona, could be at• 
tributed to the effects of irractiatiae. A few fiacbq• were noted durin1 the two-year 
study which were not recorded oa preYiO\la eJl&llUAaeiaaa. With the esceptioe ol tM 
cases discussed below iD further detail. it waa ftOI believed that tiMtae additiaaal filMI·· 
inc• represente4 rece111l petlaol09ical develop111Rnt•. 

A 77-year-oJ4 maa. •••· 1••• a hi.Cory ol ,.,.•i• of tlae ri,at ~r .... &ell i.-.r 
extremitiea oi aiae llMMltlaa' duriatlaa wida 1radu.al U..rooreme111l ua ., ....... ao4 fWllictaaa 

•Tllac- stlldi•• ••- carrw4 ,_.. Illy Dr. W.C. Wol~y aeo11 Whe l.&La ru .... ,,__ Jtl .... .._ ...-.. 
Hoe~ 

... _..oc~~ --••••• •- carn.4 ·.Alf ·~ La. A...r"" klllr .. 1 ll9CI t.~.A. ~ P'9t. I --~ • ..,.,.. 
_. WMler a.- ia.ua .... 9' ~"'-•"'ll. ~ •h . .:..a. Har.._, .,4 Wr. 'E49&ff ... _... _. - "-w Y.n. 
O,.r81l .... Offtce cat tJaie A.CC. 
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Pl.ar1rt• f•:I to aboul ~O prrc-rnt ul the c-ontrol ·· •h,.• bv !~ fourth w.rtt. !J"' •t• 
montt.e. they ba4 reachrd 70 prrC'ent of controls; at on• yra 1 lhe rnc•n plat•leot count •a• 

still below that al thr cotttrol pop·~l•tt~ but ••' •h1ht1y h11her tban at the '"' ·moAth 
survey. 

The depr.-~•aon of blood rlrment• in th« Aili1nar 1roup was s1malar to that 1n the 

lloncelap 1ro"p ewcrpt that it was Ir•• marked. 
Chanae• in the hematocrit wrre not remarkable in e;ther of thr two 1roups. 
b) ~!~ lrradiaJ~o'!_ o( t~_Ski_!!. No accurate estimate of th~ radiation doM to the 

alllin could be made. Spotty leaion• of the skin and epilation be1an to develop aboul 
tw<1 weeks after expoeure. The lesion• occurred lar1ely on part• of the body not cov­
ered by clothin1. Most of the leaions were auperficial; they exhibited pipentatton 
an4 dry. ecaly deaquamation. and were associated with little pain. Rapid heahn1 and 
rep&1rnentation followed. Some lesion• were deeper. exhibited wet desquamahon. and 
were morr painful; a few became secondarily infected. Repi1rnentation 1radually took 
place in moat lesion• and eome of the healin1 lesions. particularly on the back of the 
neck. developed hyperpi1mentation of a 1rayiah. dusky color and a thickenin1 of the 
akin with "oran1e-peel" appearance. By one year. however, this type of pi1rnentahon 
had been 1reatly reduced. Deeper lesions on the doraum of the feet continued to show 
lack of repi1mentation. with scarrin1 in some casea, at one year. Histopatholasical 
atudies of the skin showed chan1e• conaiatent with radiation dama1e. A common find­
in1 was •potty transepidermal dama1e accompanied by atrophy and flattenin1 of the 
rete pe1•. with areas of relatively normal skin between. The dermis waa much le•• 
affected than the epidermia. Biopsies taken at six month• ahowed considerable im­
provement but some persiatin1 chan1es. 

Pi1mentation of the semliunar area of the fin1ernaih and toenail• was observed .n 
about 90 percent of the people about three weeks after exposure. By six month•. this 
p11mentation had lar1e ly 1rown out with the nail and had disappeared in most cases. 

c) Internal l_!'rad1at!on. Radiochemical analysis of numerous urine samples of the 
exposed personnel showed soane dearer of internal adsorption of radioactive materi­
alli, probably through eating and drinkin& contaminated food and water. Calculations 
of the body burden of these materials, however, showed that the concentration was too 
low to cause any serious effect. Analysis of urine !>amples at six months after expo­
sure showed only barely detectable radioactivity present in some cases. 

Clinical _obser_va~t10n~ revealed that aside from skin lesions, loss of hair, and 
early symptoms, no other symptom~ or disease processes had been encountered which 
could be attribute<~ to radiation effects. There had ueen no deaths, and the diseases 
encountered had been no more severe or frequent than in the nonirradiated population. 
This was true even durin1 the period of the are ate st depression of peripheral blood 
elements. It was difficult to evaluate the e1fects on fertility; however, a number of 
apparently normal babies had been born and further pre1nanc1es had occurred. Oph­
thalmasc opic examinations, including slit lamp u••se rvahon s, 'Ne re made initially and 
at one year postexposure. No oprcities of the lens or c•'ler eye changes were found 
that could be attributed to radiation. 

Procedures 

The ltl Ron1e lap c&nd Aihngnae people. plus nine babies born since the accident. 
wrr .• examined. Of thr h..! controls trom Rita Vdla1e on Majuro examined durin1 the 
~1x ·month f olluw -up st11dv, i::. 7 we re dVadc&ble and "'"'Tr re -ex.Am1ned. 

Phvs1cal rxc&minatlons ,,..err pe-rformed and interval h1sto ei; were taken on all 
per"'''""· Exan11nat1ons 1nclud•d pelvic rxam1nallun of all'" u1 •• en and rrc-tal rxam1na­
t1m; "'hru ,.,~!• atrd. He1-'ht and ..... ei11ht ""ere re<· orded for all pe rsuns and spr'- 1al 
air'""'th anL dr.-rlnpmrnt mea,.urr"T'lrnts of children ,.,rrr taken as 1n the pa,.t. 
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Table Z.. Clirucal Hndin1• in cluldren (ICJ years and youn1er). 

Findins• 
Exposed 1roup 
No. of findin1• 

Control 1roup 
No. of findin111 

,__ ________ --------------------------------------; 

Rheumatic heart disease 
Funct1on.U cardiac murmurs 

P"eRnancy 
Upper respiratory infection 
Cervtca.I lymphadenopathy 
Hepatome11aly - une.xpla1ned 

4 
l. 

z. 
z. 

4 

l 

durin1 the past few months. Important physical findinas in~luded: BP 190/66; 1rnrr­

alir.rd diminution of drep tendon reflexes; marked weakne5s and hrmtallon of motion 

of thr ri1ht up~r and lrft lowrr rxtrernities with some muscular atrophy of the in­

volved parts; and 1n.i.b11ity to walk without aid. Thrse find1n1s can best be explained on 

the b•!l14I o: .1 , rrrbruvasculilr accident. 

The .. rcond l".t.sr '*••that ot iln 11-vear-old bov, 17&, 1111ho v.as hospitalized 1n 
J•nu•ry 1q«ib v.1th &l'utr rhrum.i.lll frver and card1iAc decun1pPnsat1on. He 1mp:-oved on 

"laiy.._a;.;.~r- •::~ d~:·'~li' 1~ .. rap\· •nd was d1schar1rd t11110 1111rcks alter adm1•s1ur. PTea­

rnt ltndina• 1nl lunr ,-.u-d1umeaalv '*1th r~1ular unus rhytnm ~1u •••~..: .! ::.-:•'n'1r .. nd 
•rad.- \ dia~toilt apHal c1trd1ac murmurs. Thr d1.a11nos1s of rheumatic heart disease 

-



t 

l 
' J 
t • , 
t 
' I 
• . 

1 
' 

., 

···- ... 

...... ....._, ... , rsia .-1 m..lfici-.cy ••• ••~- M lk ..... el cwaill.ci-. 

.._...., ... f11Uy ectt,.. witlito..t •v;~e ol *<ompe•••h-. 
Oil ..._Y l J. 1~ a ... year-oHI aoeee1 .. m.a (fl!) M4 •_..aly .,._., - all­

••• ell..._. - a...r. He h-4 beea 4Uit• well escept for two .taort ila..•M• OC'c..,. 

rU.C a .,.... - -.a f..., 1111ata• ... ct.recteri~ ay pyre1lia ( lGZ te lMOF) • ._.,.._ 
........ ~ ................... 1 ,.. ...... -4 ·~ c .... la ..aLliGa .... M4 c--
..... ~ eccaa ... uy el v...- •••.um: .. 1 ,.u. ~ thn'e wer. - a•eociMe4 p1a,.aacu 
,..... ... Pre¥t ... ...,.teal • ..-...ct-· .... Mell ••....aiaJly -·-iff --=• ·-
.. ,.. ..... i_ (BP lH/104) wllaiclla waa preHlll oat• fint .....Uaahaa twe yeer• _. 
a '"' • .,.. ..... r..tillli- espewre • ...a wllaicll .. ..,_.._ .... u•-4 tile • .,.._... Tt.e 
,... .... iU...• ••• charKteri-4 a.. llC1llle .. ...- • ~~~= -::it!o ;-;..,_...-... o6 ae­.._..-! ,_.. T'9e llieaJtla aaM oe .. r.ect tMt hi• aWomea was boer4UM. He._. M• 
fere ... c-w ....... ~to the ho•pital aM autop•y wa• delaye4 ...... •Dold z• ...,. ... 
-r *etll ~·-• •r•h110"• rite•.• The Mart••• reported to Ille ealarp4 w1da 
perica...aial eff1&aaoa .M UM pre .. nce of veptatiaaa aa lM mitral va&.e. TNre waa 
,.i....ary ...& a.p11tic caapetio• and what •...-are4 to be a fatty de .... ralioe ol tM 
.-creaa. Ti••-• were ae.t to Broo&haYea National LaMratory for hi8'olQS1Cal 
evahaaticm. Ualortuaately the ti•••• were poorly fisecl; autolyaia had occurred ia 
moat •pecimc•• becaue of the lenstJl of time elap1in1 between death a.I au&opey, ...a 
the 11•• of inayfficient fisati..e. A. eummary of the hi8topatholoe1cal fincltn1• follow•: .. 
The section• esanlined micr-oacopically indicated that the patient bad benip nepbro­
aclero•i• (hypertension) with myocardial hypertrophy (pre•umably, left). Coronary 
artery arterioaclero•is ••• pre•ent. Evidence• of heart failure were noted in the 
preeence of recent pulmonary edema and paaeive con1e•tion. acute, oi liver and 
•pleen. No evidence of rheumatic heart disea•e. acute or inactive. wa• noted and no 
valvular ve1etahons were obaerved. The specimen of pancrea• waa autolyaed. 

Growth and Development 

Hei1ht• and wei1hts ba•ed on sex and a1e .,.,.•..co::apa.red in expoaed and control 
children ( 19 years of a1e and youn1er), u•in1 the data taken in the six-month and 
two-year survey•. Unfortunately only nine children of each •ex could be matched with 
the controls, •ince not all the control children were available for re-examination. 
Nine male• t>etween the a1es of 3 and 15 years and nine female• between the a1e• of 
5 and 19 were compared. When there were several children al the ••me a1e. the 
means for each a1e were u•ed to calculate the over-0111 mean differences for the total 
1roup. The mean differences in hei&ht and we11ht of the exposed children compared 
to the controls were as follows: 

He1iht, 1n. 
W e11ht, lb 

Males Females 

6-mo l. -yr 
survey survey 

.!. • l 
- b. I) 

-l.l 
- 1.l 

6-mo /.-yr 
survey surve'!' 

-0.l - 0.1) 
+ l. 0 - O.l. 

Even tho"lh sli1ht diiferenl.·es w .. e~e noted bet.,een the irradiated and control chaldr•n, 
it u not po•e1ble to attach an.,· si1n1l1cance lo these d1Herence• ~causf' of th• small 

•o ... A. H1clnn1 '" ct>arr ut ttw Mar•hall :aland• M•n•orial Hoepttal p,prfornwd U•• aul~ey. 
-Ti.. hsatope&holoeu•I hn4hn1• ar• la .. - ..0 !),. !:. 'f!. :_!~.,,,,...,., n..t Brooa;.av«:t N•h-a! l.Abor•al'y. 

-------- ··----·-· -· .. ---·~ ......... _____ ~. _________ .,.. ______________ J.- ·-
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--·· Dtpipnelllattoa of tile left uitec11bitu ,._.._ 

ffnwrpi1me111e4 ...a •1'ilftWllled 8Pal• i• tile left ~tal 
foaaa. 

ShsJ-t tlepi,...nted area• - doraum ol feet. 

Area ol depilftlelllation and scuru'I ower dor9111D of ri111t foal 
and dep•lft'•Dtat1oa to a le ••er est em oa ti. left foal. 

DrpismenUlion and h~rpi1mentatioa of ti. r1111t uitecabital 
fo•••· Sc .. ·red, deptlft'f'llted le•ion oa r11ht foot betweea fir•t 
and MCond toe• watla hrpertropluc cha .. •• in the skin and atr.y. 

Sm&ll depi1memed area in n1ht antecllbit&l fo••a. 

Hyperp11ment&ti0t\, dep1rmentatioa. and hyperkeratoau of tile 
back ol tM neck and to• lr.,~er estent 1ntbe antecllb1ta1 fo••-· 
Sn\&1J area•, nae yet compietrly rrp11mented. over the do rsum 
of both feet. 

Sh 1ht mottled inc re& Md p11mentat1 on of the iwc k. A few area• 
on the dor•um of Uw feet nae fully rep1rmented. 

Hyperp11rnentahoa a.ad hyperlleratosas of the -ck. 

Mottled p11rnented and depi1mented areas oa the back of u..-cll. 
left check, and foreMM. Pirmented byperller•otic ba• Oil U. 
left wrut and tbu:nb. 

Arras on dor1um oi feet nae yet completely rep11nwnted. 

Small 1Hp11men1ed scar on dorsum of left fooe watb adlwreace to 
ttw subc utaneou• ll ••ur •· 

Inc re•-tl pilft'..ralloa alW hyperur•o•uol ttw back oftlN -cit. 

Drp11m•fll•tl. scarred le •iOll Oil •ac Ii: of l•ft ear w1tlli acr•'Y ol tlllie 
1i11n •nlll naatloa to cartalaee. !'6oende11ee ot brea~ of tlaa• 

le 11 Oil at p u• - "', 
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lllecll ·- ecc .. i..ally ........ e:mcepl fer mtrta.tiam. r .......... tLC••••; dlu ··-
.... -.y -.. ..._ ._ to ttw capt'• lltite. Ja ..._ i-6iV'i-.Ua, ama!J 9¥aJ •rt•• el ••rn r.a•haa flll u. alr.1• ••n ..-.... ,.."•&y " ... -.1 frCMa f._... Mllec:-h-. 0.. 
cw• .. ,. .. , i• u. ..... ~ v .... rn, _... a.4 i..t tt.e fi ... u Gil .._.. ~ _. 
tM .... el ... ricilt , ... (eac ... ~ ~ ~~. !~._ ...... uypmrM"rato• ..... fi•••n .. "' 
U.. ...... 9' 1Jw ~. llMlo-.. Ucft'S were preee11l aa dw ..-... ~ liNt. .. . 
CSWN .t. lai.s ., ................. , tllia ,._ Marahsl .. _ IW Mel ......... if ... .... 
a &wly esialuac:a; lie preee.a.4 a Na! ,..._. • ._ ia ,.ydlel ... cal ..a;... rua. 

aeat4-l lesioaa were pre•at ia l4 ol tlae •oncetap peopw, aa4 •ly _.. reaw.a& 
lesioa waa oitserved amoe1 tM 11 Ailiqnaie people. Tlae latter were eapoee4 to COit• 

•i•rably lie•• fallOGt aacl bact deYeloped much milfie.r le •iaaa. 

7 

Table 3 aummariaea the re!tichaal skill le•iona. The majority ol all le•ion• •ho••• 
improvemeat; almo•t all the early superficial leaioaa were completely healed, witlaoat 
any apparent residual chan1es. Fipre 1 abow• an early auperficial leaion ol the neck. 
and Fipre Z showa the completely healed appearance of the leaion two year• po•t­
expoaure. Lesions which showed dusky, arey hyperpi11ftentation durin1 tbe first year 
after exposure (mostly on the back of the neck) showed le•• byperpismentation &nd ia 
most cases the pi1mentation developed a more normal •maho1any" color. All re aidual 

Fi1ure I I Left). Su~rf1c1al beta leuon ol the back oJ the nee• about ux weelu after 
e•posure. Note are•• at •1de• of neck which have de•quamated contraued to the center 
re11on which •how• hyperp11mentcd tbicllen1n1 cf the •kin which 1radually desquamated 

al•o. C&M •.!4, F, a1e I~-

F11ure ~ llt11ht I. S&HW ca•• a' Fi1ure I two year• after e1rpo•·~re, •h.-1n1 complete 
hcalin1 of l•s1on. 
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<Wp11nwn1rd .f''l<Jns •'<Jt•d at t1• m~nth•. 

_..____ ·-__...........__ 

F\surc 4. Same ca•e •• F\1111'« l 11x montb• a1taT 
espoeurc. ~ote :iealiDJ except !or ;>er•i •tine de­

p11:rnee· :;oa at 11t.-. of C1ae,_:- ·-

Fi 111r11 '" .5a!Tlf' c .ase a• F1 l"re ! two vear• alter 
espo•"re. F' ~~·."le r rep111nwatauoe us occurr-4. 
Tlwrc 11 aaroon~· •nd ecarr1n1 oi the elu.a w1t~ 

•Oft'e adh•r•nc• to •uocutanea..• ti••-• a& aate 
oi .._pest .e•1oa o.tw~~,, rir•t aa4 -ca.4t,,.• oi 

rt •• j ooC. 
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••1z r E'•1r 

............. tMiea from 15 lest- • ........_ r•n• .. 1 ct. ice. T-. ...._..._ 
... I 1 ..... -4 .. all ~--·: 1) ... ..,.. .... ..... l) .... .....,. few c I di .. 
It.... J) V .... 1111. f• ela.tlc tiH• ftMrzt 4) ....... I 1.UC eci4 MlllM.mylia. f• 
m.rtl.; S) ... .,.r•s 11NCicarmi9e Kaia. f• -.eta; ...a •> am.t.art'• acMt macopoly-
..ccllari•. for mucopolysacclaart•. eon.art ... waa ma4'e wtda c..U.l W..•i•• 
.._from tM aec:k, aatecubttal foaea, -4 «lor•- ol the foot al &•••JHH MarslaalleM. 
A& tM time 1pec:ial 1taintn1 ol Mctiaes from earlier biopsies ••re Mil ...tlable. How­
e.er, a detailed descriptioa ol comparative chaap• between the two-year aa4 earlier 
.ections will be 1ive11 in a future report. 

The followi~ chaap• were na&ed ia the two-year poste.xposure Hctions ol the 
biopsies: 

1. No aeoplastic lesions were present. 
Z, No epidermal cellalar alteratiaes ..... stiYe ol a prccaaceroae caa«litio• were 

seen. 

F\1ure 7. !Met !Oft f rorr le 11on oi !>acll of neck, ~ l ?X. 
Tnre 11 some 1.:-•• oi p11nwn1 1n the baaal layer• 
at t!ae ep1derm11 and telanc1ecta•u 1n the dcrmta. 

Ca- f)q {Tabi. J). 

-~,,:, .. _· ... 
\ .- ~ '.T. 

~ ... 
' ' 
~J:'.:::,·i~ . 

.. - . " 
....... .,... ' . ·"' --· .. 

;;..- ~. ;,.:.:::'· .. ' ~ ~--~~-
• ·""" ... ,,,. 

_-- l'j' :.'' 
~.. ~·· 

~ :: -~ ·-·- _,....._. 
·"· ,.r :_ 

Fi1ure 8. Section from ear le11on, ;1zx. There 
u • heavy depo•illon oi collapn 1n tlw papillary 
an .. reticular layer• ol the dermu. Caae 17' 

{Table i). 

____________________________________ ...,. .... ___ -..o_.-.... _._--W_M.l ___ _ 
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) ... - eecti- -· ....... ·--=·,,, ................. ~ ........... , 
... 'a 'p .,_.nteei• weT• _..... •ca•-11y m .._ llr .. n ...-.•- "' ............. 

.. 1'M ,.,a....,...,... J ~ :=.&..&• iHt .c1, lh1m•cl•1ti11ct••aer.stftalter­
.._. ta ta. cou ..... c ... recteriaecl .... uy a.y ~- ol dlle &.ateT 
-4 _.... .,._.re.t to a. aa alterlllion ia t-.e clhtriii..tioa ol mecopel.,.accur~ 
..... com~retl witll cOlllro& Mctioaa. Occa•i-1ly m.cia wam .... ia anam 
ol • .... rllti- ia the •rmi1. 

~. Capillary 4Uatatloa wa1 neted in tlae •rmi8 ... ta.- ca .. la tw ltypodermim 
(Fls-re 7). Media! flle1eneration in .. artery••• notecl ia ome came. 

6- A. •iasl• caH 1h09ed increase ia hep•-· c1en .. b-cl• ol collapa ta both the 
papillary aa4 reticular layer• ol. the dermi• (Fi1ure I). 

Moet ol u.. .. chan1e• were con1iltent witll prerioumly reported laae radiattoa 
C ....... I in the lkin. 

Hematoloaical Findin1s 

CODtrol 

The conLrol data• con•isted oi the hematol09ical data on 134 Marshall••• OD 

Majuro Atoll obtained in April 19§4. and data on another 1roup ol. 8Z Marsballe1e from 
Rita Villa1e on Majuro taken in September 19154 and a1ain in tbh survey. These coe­
trol population• had been matched for sex and a1e with tbe expo1ed population. 

Results 

The h<!!matolo1ical !indin1s are presented in Tables 4 throu1h 6 and Fipre• 9 
throu1h 13. As in the past, the 1roups were divided accordin1 to a1e and sex in order 
to make ~ppropriate comparisons oi the various blood elements.•• Babies born since 
exposure were not included in the comparative studies !O that there were fewer in­
dividuah in the younger a1e 1roup. 

Leukocyte 1. In both the Ron1elap and Ai lingnae people, the mean total leukocyte• 
and mean absolute neutrophile count1, as in the one-year examinations, were equal to 
the control means in both the <5- and >15-year age 1roups (Tables 4 and 5, and Fia-
ure q). However, there were some people who had neutrophile counts sli1htly below 
normal ( l 0 with count• of l500 or below in the exposed 1roup1 compared with two in 
the control aroup). The fact that none of these people had had comparably low counts 
at the one-year examination tended to make the finding less si1nificant. The mean of 
the exposed 1roups was brou1ht up to the control level by the presence oi 1li1ht neutro­
philia in some individuals. This effect is represented in Fi1ure 10 by a sli1ht chan1e 
in slope of the neutrophile cumulative distribution curves. 

•0n1., 57 o{ the Rita aroup were available for e•amination durin1 the present survey. 
••The peoplf' wf'rf' divided aa follows· 

Ron11rlap Aihn1nae 
Leuku~ de,.: both se••• <5 year• b l. 

both Sf'•es >" years 58 It. 
Pl .. tf'lr• a: male <10 yeoars q l 

male >I 0 year~ l.l. ., 
female all aaes H 11 

H~~ i...a11><" rit" male <&<,year• l.! l. 
male >l" year• l<J ., 
f""m"lt" all aaes H l l 

~~--~~--------------~.-.------~~~--~----------------..--------~~~~~--"' 
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Zl 
Z6 
JO 
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1• 
41 
47 
51 
S6 
u 
70 
74 

6-M-. ••rvey 
1- Yr. •11rvey 
Z·Yr. •arv.., 
Maj\lro co11Uob 
Rita control•, 6 mo. 
Rita cOtlltrol•, 1 yr. 
Rita control•, l. yr. 

<t 

9.1 1.Z 
4.9 6.l. 
... 7.1 
'-9 6.1 
5.9 6.5 
6. 7 7.1 
7.1 7.4 
§.7 6.l 
7.6 7.1 
fl. 5 6.Z 
5. 7 5.5 
5.1 5.Z 
5.9 5.1 
6. 7 5.ft 
7.0 6.0 
7.7 6.0 
7.ft •.5 

1.5 6.6 
10.. 1.1 
11.1 1.6 
l l.Z 9. 7 
10. 7 7.6 

14.0 1.9 

<t 

6.4 

J.5 
J.5 
1.l. 
1.4 
4.J 
J.I 
4.1 
J.1 
J.O 
1.0 
Z.6 
Z.6 
J.5 
1.9 
l.I 

4.6 
4.7 
5.9 
4.1 
5.4 

7.0 

4.T 

4.5 
J.9 
4.1 .. ., .... 
J.9 
5.J 
l.I 
1.J 
Z.6 
1.1 
l.5 
l.5 
1.6 
4.0 

4.Z 
4.1 
4.1 
4.1 
5.2 

4.4 

l.I 

Z.6 
Z..1 
z..• l.• 
1.6 
z.) 
J.Z 
J.Z 
1.6 
l.9 
J.1 
l.4 
). 7 
l.T 
l.l 

l.ft 
4.ft 
4.7 
7.4 
4.7 

S.6 

Z..l 
I. T .. , 
Z..l 
l..I 
I.I 
l.l 
1.1 
Z.I 
1.1 
z.• 
1.1 
l.4 
Z.J 
z..? 

z.z. 
Z.I 
1.1 
4.1 
l.7 

J.6 

.... 
<11 

l.7.l 
l.l.I 
16.1 
11.Z 
14.1 
17.9 
25.5 
l.6.1 
24.6 
ZZ.l 

ZJ.I 

Z6.Z 
Z.4.4 
Z6.6 
30.0 
41.Z 
H.O 
17.S 
U.5 

>&I 

U.1 

Zl.J 
19.1 
14.6 
lZ.9 
lZ.l 
16.6 
zz.o 
20.9 
20.6 
17.5 

11.Z 

21. 7 
10.J 
19.5 
ll.4 
25.1 
Zl.J 
u.s 
14.l 

r ..... ....... 
24.9 

U.7 
11.1 
u.z 
10.9 
II.I 
15.1 
ll.4 
ZJ.Z 
Zl.9 
ll.l 

zo.z 

14.1 
l1.l 
17.6 
15.5 
16.5 
10.9 
19.4• 
11.Z 

M.I 

iz..s 
u.o 
U.J 
11.• 
lZ.l 
16.0 
2Z.I 
Zl.l 
21.l 
20.1 

10.1 

Z4. I 
l.l.6 
14.9 
24.7 
H.4 
10.4 
27.• 
19.5 

... 
z..• 
4.1 
J.I 
z. 7 
1.9 
1.9 
1.5 
I. 7 
0.9 
1.1 
I.I 
z.s 
I. 7 
o.• 

l.4 
0.7 
z.1 
z..o 
••• 
l.4 

1.1 

I. T 

to• 
Z.) 
l. T 

z.• 
1.6 .... 
1.6 

·-~ &. l 
1.0 

••• 
1.Z 
0.9 

1.1 
l.J 
1.5 
z..o 
I. 7 

I. 5 

II 

I.I 

1.6 
1.9 
I.I 
J.5 
l.) 
1.1 
1.• 
l..6 
0.5 
1.4 
I.I ... 
0.1 
1.4 

Z..5 
ft. 7 
9.6 

'·' 4.Z 

IZ.I 

1.7 

1.6 
1.9 
l.J 
1.6 
I.I 
l.J 
Z.l. 
2.Z 

••• ... 
1.5 
1.7 ... 
1.9 

1.6 
l.I 
5.) 
4.T 
4.1 

•. 6 
r---- --------------------------------- -- -------------

-------------. 
Table S. Aihncnae 1roup and control mean blood count• by day and by .... 

Po•t•spo•ure ~ay < 'i > 'i 
.-------------- - -

J 
7 

10 
ll. 
IS 
II 
l.l. 
Z6 
JO 
H 
39 
43 
47 
SI 
'i4 

6-Mo. aurvey 
I-Yr. aur~ev 
Z-Yr. aurvey 
MaJ11ro cOftllroh 
Rita control•. l yr. 

o.O 7.0 
'i.5 6.1 
o. J 7. J 
o.J 7.6 
7.1 7.0 
6.1 7.1 
8.9 I. 7 
8.4 7.0 
9.6 1.0 
7. 7 7.1 
7,5 6.Z 
o.9 6.'i 
7. J o. 7 
8.4 o. J 
4.6 o. J 
7. 7 o. s 

11.1 7.1 
11.0 'I. I 
I J.l 9. 7 
1'6. I 8.9 

Nc11troplule • 
(a I ol) 

<5 >S 

J.O 'i.O 

4.l. 4.l. 
I.I 4. T 
z. J 4. 5 
Z.9 S.O 
s. J 'i.4 
4.8 4.4 
'i. J 6.Z 
l. 3 5.l 
l.9 4.l. 
l. 7 J.b 
J.5 3.1 
J.I J.o 
l.I 1. 5 
4.1 3.9 
4.l. 4. 7 
4.9 5.1 
4.8 4.1 
7.0 4.4 

c. s 

l.8 

1.9 
1.1 
4.Z 
l. s 
l.. 7 
J.l. 
1.7 
l. s 
4.7 
1.9 
1.4 
4.0 
3.l. 
l..7 
b.'i 
4.1 
7.4 
'i.6 

>S 

l..l. 

l..l. 
l.l 
l..l 
l..4 
l..9 
l..l 
l..O 
l..l. 
l.9 
l.1 
l..1 
l..l 
l..'i 
l..l. 
S.6 
J.l. 
4.1 
J.6 

------ ------------

Male MaJe Female Total 
<10 >10 au ace• 1roup 

ll.S 

l.9.0 
l.7.5 
l. J.S 
z.o.o 
19.S 
l.4.0 
l.6.5 
ll.O 
l.7.0 
Jl..O 
37.0 
l'i.l. 
ll.7 
., 1.l. 
41.l. 
] 'I. 'i 

Zl..o 

zo.z 
l I. 7 
17.0 
13.1 
ll.I 
15.1 
ZO.I 
19.6 
zo.o 
11.l. 
19.1 
I 'f. l 
Zl.4 
17.4 
l.5.1 
l.4.l. 

Z0.9 

Z4.6 
Z4.9 
zz.q 
17.4 
11.l. 
ll.. 7 
l7.0 
Z'i.' 
lb. I 
l'i.O 
ll.I 
ll.9 
Zll. J 
lb.4 
36. 'i 
) ! • l. 

l.1. 'i 

Zl.9 
l.4.3 
l I. J 
16. 7 
16.1 
17.o 
l.S.l. 
l.4.0 
Z4.'i 
Zl.IJ 
l4.l 
l.l..1 
Z7.S 
lb. 7 
H.4 
Z9.S 

MoftOCytc• 
(:a I ol) 

Eo•anaplulc• 
(:a 10l) 

<S > s 
----------~ 

0.1 

J.I 
J.4 
J. 7 
Z.J 
l. 5 
Z.l 
1.9 
l..I 
I.I 
o.• 
l..l. 
l.. 7 
I.) 
I. I 
1.0 
J.6 
l.O 
l.4 

1.6 o.s o.4 I 
Z. I Z.6 1.6 
s.1 4.4 z.• 
l..6 z. J 1.4 
1.5 J,l. Z.3 
l..4 S.I l..4 
Z.4 0.6 1.6 
1.9 4.1 z..o 
l..l. 6,0 1.9 
I. 7 Z. 7 1.o 
1.4 l..I O.~ 

1.9 1.S 0,7 
l..I l..l. 1.0 
1.9 I.I 0.1 
1.4 l.S l.l. 
I.I 1.7 l.l. 
1.4 •.6 &.4 
z.o •.s 4.7 
I. s 12..1 •.• 
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T..._._ .. 11111'tee ....... AW..-..... .... r .. .a. .... ..... r..-.... ....... .., <U >U .al ... <U >U .u .... 

u JT.5 .. ,_, "·' JT.5 4l. T J•.z 

z• 36.J ..... 17.5 36.5 o.z 36.1 ,. 17.9 u.z JT.l 36.1 .... 36.T 

JJ 17.4 4l.Z 36.1 35.5 41.1 n.J ,. 17.1 U.4 17.• J5.0 •t.• 17.4 
4J J7.J 41.1 17.• 36.0 45.Z ,._I 
4T , ... 4J.4 JI.) - 4'-5 40.Z 

,_ .... _my ll.O 41. T 31.Z 37.5 40.l JT.l 

l-Tr. earny 17.5 41.1 36.9 n.o 44.6 16.Z 

Z-Tr. •my ll. 7 4l.Z ll.l 35. 7 ..... JT.5 

Majuro calllrole "·' .... 39.9 39.6 46.0 , •• 9 

Z-Tr. calllrole ll.9 4Z.l 39.1 31.9 4Z.l 39.1 

The mean absolute lymphocyte level was •li1htly increaaed over tbe one-ye~ 
level However. the mean level waa still aomewhat below the mean control level 
(75 to 80 percent) in both a1e 1roup• in the Ron1elap and Ailinpae people (Table• 4 
and ~). In the expoaed 1roups, six people had lymphocyte counts of 1500 or below: 
none in the control 1roup we~ this low. Five of the •ill had al•o ahown low count• at 
one year and before. The cumulative curves in Fi1ure 11 show the pro1reaaive 
chan1e• in absolute lymphocytes at different postirradiation time• compared with the 
Majuro controls. 

Monocytes in both exposed 1roup• 1howed an increase over the one-year level 
and were about equaJ to the two-year Rita control level, but were somewhat below that 
of the Majuro control!'. 

Eoa1nophiles showed an increase over the one-year level in both 1roups and were 
ali1htly above the Majuro control level. but sli1htly below the two-year Rita control 
level in the Ron1elap 1roup. A conaiderablf' number of individuals in both the espoaed 
and control 1roups showed eosinophilia. Since it was thou1ht that parasitic infestation 
mi1ht have been responsible, stool examination• on 10 Ron1elap people with hi1h 
eosinophlle counts were done, but no ova or parasites were found. The eosinophilia 
mi1ht have been due to trichinosis or some obscure cause. 

Platelets. The mean platelet level in the Ron1elap male• showed a sli1ht increa•e 
over the one -year 1-eve I, but in the female9 it showed a sli1ht decrease (Table 4) ao 
that the mean of the combined 1roups was about the same as at one year (Fi1ure ll). 
The cumulative distribution curve• of platelf!ts for the Ron1elap 1roup (Fi1ure 13) 
showed little aiHerence at one and two years, whereas the difference between six 
months and one year was readily apparent. The less -exposed Ailin1nae aroup showed 
no increase in the mean platelet level at two years compared to one year except for 
the youn1er males (Table 5). ln both exposed 1roups, the platel~ levels were between 
70 and 85 percent of the control levels, dependin1 on which control 1roup was used for 
comparison. At this examination, there were four individuals wilt: platelet counts be­
low I 'i0,000; the lowest count was b8,000. Three of the four had previously shown 'ow 
counts. Only one control indiv1dual o! all control 1roups had a platelet count be lo• l 'iti,000. 

~·-~~ ... ,._._,.--.- .. --••'l·•~---~-...----... ----..,.,.~.,_. ... ..,.__,.._._ ----- ---~ ...... __...,, _____________ ...... 
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Oplltltalmic Examiaatioa 

••••lt• 
Ocwar diaorder• were observed in 45 of the 91 Ronplap people, and ia 24 oldie 

57 control•. Theae diaorder• are preaented in Table 7 and are swnmariaed ••follows: 
a) Pterysti were the moat common, occurrin1 in Z 7 percent of the aoeplap aacl 

11 percent al the control people. 
b) Pe111"eculae occurred in 1 q percent oi the Ron1elap ancl 11 perceat ol the coe­

trol 1roup. The 1reateat incidence waa in the 40 to 60 •1• 1roap. 
c) Cat•racts were fCNDd in 16 percent of the Roa1elap and 11 percent ol the c•­

trol 1roup. Of the cataract• noted in the Ronaelap 1roup, 14 percent were of the Maile 
type and occurred at an avera1e a1e of 60.4 year a. Two percent ofthe catarKta were of 
the con1enital tvpe. ln the controls, all were of the senile type and occurred at an 
avera1e ace ol 65.1 years. 

d) Corneal Pi1mentation was observed in a lar1e number of both the Run1elap aad 
control pe-ople and was con•idered to be a racial characteristic. The remainder of the 
ocular disorder• found (arcus aenilis, strabismu•, corneal acara, healed cboroiditia, 
retinopathy, etc.) were about equally distributed in the R onaelap and control 1roup•. 

There were three cases of cataracts (two in the Ron11eJap 1roup and one in the 
control 1roup) which cau•ed severe impairment of vision and necessitated sur.ical 
retnoval. A ptery11um waa also removed from one of the Ron1elap people. 

All lens opacities and cataracts could be classified as con1enital. presenile, or 
senil.-. There were no opacities that reaembled those due to the effects of radiation. 
It •a• not known whether or not the whole-br-dy dose of 175 r of 1arnr.1a radiation re­
ceived by the Ron1elap people would result in opacities of the lens at a later date. The 
incidence of cataract• and other ocular disorders observed in the Ron1elap and control 
people was consistent with what mi1ht be expected when their racial back1round and 
the climatic condition• under which they live were taken into con aide ration. 

Analysis for Internal Radioisotope• 

Radiochemical analysis of 57 liters of chemically treated pooled Ron1elap urifte 
showed that the precipitate contained strontium-90 in the amount of b4 ! 4 
disinte1ration ./min. with a like amount of yttrium-CJO. The 1reatest activity, present 
in the .ilmount of 7CO ! 10 du1nte1rahons/min, was identified a• due to cerium-144 -
praaeodymium-14-4. Earlier studies ha.:! shown that the avera1e l4-hr urine output of 
the Marshailese was "~0 ml. Thus the 'ti liters represented about 100 l4-hr samples 
which 1ave the fullo•in1 values in di s1nte1rations I min/ l4-hr sample: stront1urn-QO, 
0.b; and cerium-1-4-4 - prttsrudvr:Hum· '. 44, 7.0. Thes~ values were estimated to be 

well below the m&lllmum pe-rrT'·,~1ble body b1Hdens of the,,e uot:--pes •nd, 11rhen bio-
l ·cH-•I and phvs1cal !1.a!f-11\l'S ,.,.t"f" takf"n into l-ons1deration, air·· j fairly well with 
the ori11nal f"~t1mate., oJ t,udy burden t11ro yt'ar-t rarl1f'r. 
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b. bilateral 
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fellow eye 

11. Pterytium 
a. unilateral 
b. bilateral 

lZ. Ptery1ium. l or more 
11. Corneal pi1menta1: on 
14. Corneal acare 
l 5. Pannu • 
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17. Ar1ylle 0 Robineon pupil 
l 9. Ectropion UVell 

I ca. AphaJua 
ZO. Cataracts 

a. Consemtal 
b, Senile 

I. Incipient 
Zl. Con~oemta.1 remnanu of the hyaloid eyetem 

a. Hyaloid remnant• 
b. Mittendorf dot 

Z.Z. Orueen 
Z.3. Retina.I acara, heued 
Z4. Choro1d1t11, healed 
ZS. V1treou11 floaters 

, Zb. Macular de1enerat1on 
Z.7. Retinopathy, arteriosclerohc 
ZS. Retinopathy, d1abet1c 
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•Tota.I: 91. with patholo1y: 45 (491e); without patholoiry: 46. 
••Total: 57; with patholoay: Z4 (4Z"f.); without patholoay: 33. 
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Radiochemical analysis of bone isamples taken from the Marshalle•e man who 
died revealed •trontium-90 in the amount of l.b ! O.Ob di•inte1ration•/min/1 ash, 
well below the: accepted tolerance limit and in the ran1e of activity for thi• i•otope 
found in the bones o! Am.-ricAns. 

Examination of radioaraph• of femurs of exposed children revealed no bone de· 
feet• from possible depos1u of radionuc l\de a. 

Summary_ •nd C()ftc_lua1on~ 

The rTM"ri•r-!! ~!!!'":::-:,- .;,1 :t.c Ru119eiap people: t,.o ye-ars after expo!!>u' l•ll·_•Jl 

radiation shows that the people apr~ar to have been 1n a i&enerall,- 110,,d ~- ... '~ ot h .. aah 

- ..... -... ----------------~~-,..._.._.._--~ 
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...., ... rahe9 ..t _.. ... --~ ... •ehalectery rec..,.ry fr.- *ir rMiati- .,... •••• 
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Ti.ere i• ewt•11e• °' caatl-4 i ... roYemellt al t.emopoicete. T1w nwaa lym~­
C"yte <"...a i• •l\alllly iacrea-4 l'••r ta. a.e-year l•••la, but i• atill •li1nUy below 1M 
-- c9'11rol c-111. Tlw ..... platelet le"l i• about U. aame aa fOWMI at oae year 
eftar ......... .-1 i• •till •li11atly below the coatrol ln-el. The me- neulroplDJe 
co...a at ..- year after expo•1&1'e hacl reachecl the control level. The delay ia c01Dpl.te 
recovt1"y al lymplaocyte• and platelet• i• similar to that reportecl in the two-year 
follow-up .tuclie• al the Japaaeee caaualtie• ol the atomic bombin1• ( 7, 8). Evidence 
from the Marshiall••• experience indicate• that the lowered level• of tbeee blood ele­
ment• have not lowered the resistpce ol the people to diseaae. and the preaent levele 
are not conaidered to represent a •eriou• condition. 

Reaidual chan1e• in the •kin from the beta irradiation continue to ahow improve­
ment. Pi1ment aberration• are •till evident in 15 caaea and in four of theae there i• 
alao acarrin1 with •ome adherence of the •kin to the •ubcutaneou• tiaaue. However, 
there i• no 1ro•• evidence ol tiaaue breakdown or mali1nant chan1e in any ol theae 
lesion•, and sur1ical repair i• not conaidered nece•aary at thi• time. Hiatolosical ex­
amination of •kin biop•ie • at aitea of radiation le aiona show• reaidual effects of radia­
tion dama1e, but no evidence of premali1nant or mali111ant chan1ea. 

Ophthalmolo1ical aurvev reveals that there are no radiation-induced lens opaci­
tie•, and the incidence of ocular lesion• i• •imilar in expoaed and c.Jntrol population•. 

The radiochemical analy•i• of the urine of the Ron1elap people show• meaaurable 
activity which is lar1ely due to cerium-144 - praseodymium-144 with only •li1ht activ­
ity due to strontium-90. The body burden of theae isotope• i• e•timated to be well be­
low the permi••ible levels. Examination of bone •pecimens in the case ol the one man 
who died show• no radiation that can be definitely associated with fallout deposition in 
the bones. Studies of radio1raph• of the femurs of the exposed children show no evi­
dence of any bone defects from possible deposits of radionuclides. 

Recommendation• 

Continued med1..:al surveys of the Ron1elap people on.a yearly ba•is are recom­
mended, particulllrly since cert .. in blood elements have not completely recovered, and 
continued observations of residual radiation dfects on the skin are desirable. 

The followin1 studies are proposed for the next medical survey (three years poat­
exposure). In view of the errors a•sociated with sin1le blood examination• and the 
con u~quent difficulties of interpretation, it u desirable that several blood examina­
tions be carried out over a period of several weeks on both Ron1elap and control pop­
ulations. Rout;ne history and physical examinations, 1rowth and development studies 
on the children, and sp~cial skin examination• with photo1raphy and biopsy of selected 
lesions should be included. Baselin~ electrocardio1raphs should be carried out on all 
~o~le ovrr 40 ye&r s of &lie &nd complete routine urine analyau should be carried out 
on oall personnel. In oadd1twn, radiochemical urine analysis should be repeated with 
•dd1tiunal samples frorr. unexposed people. It 1• also recommended that a seneticist 
accompanv the ~un•f''r· tt"am to 1n1t1ate baseline 1enet1c studies. 

Ac ilnow le~ent,. 

Thf' a11thor• w1 .. J:i to rxpress their &r-pr .. c1at:on to a number ot individuals whose 
effol't5 maM po-.s1bl .. rn, 5U' cesf.ful comr.let1<'" ot Ut.15 s•Jrvev. Dr. Charles L. DunJ,am, 
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Lt. c..4r. l.V. Ki .. (MSC) t:~N. for aHiatwe ia vtnz••iatrethe a.n.n. 
•• are moet 1ratef•l to Mr. Mayaard N.a1, tu Diltrtct ~aiatre&or et Ma;.re. 

Marelaall 1s1 .. c11, aacl to DT. A. Hickia1 aacl Mn. lhatla Martt.a ... ta.. etalf ol die 
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At Brookhaven Natioaal Laboratory •• are indebted to Dr. L.E. Farr, Director ol 
tM Medical Department, Dr. E.P. Cronkite, Dr. V.P. Boad,. aad Dr. J.S. Robert1aa 
for their help and advice oa variou• pha1e1 ol. the pro1ram. to Dr. S. W. Lippincott for 
a11i1tance in hiltopatholo1ical interpretation of •kin cban1e1, and to Miu Mildred Pavelec 
for preparation of tiuue1. We are aho 1rateful to Col. C.F. Te11mer (MC) USA, of 
the Armed Force• Institute of PathololY and Dr. E.A. Alpin of the U.S. Naval Radio­
losical Defense Laboratory for help in hiltopatholo1ical interpretation. 

The a .. iltance of Dr. W.C. Moloney and Mils Lila Flie1elman of the Boston City 
Ho1pital in carryin1 out the alkaline pbo1phata1e analy1ia of blood smears i• 1rea&ly 
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