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● Mr. Chahnan, Congressmen and Observers:

I have been askad to surmarize the early effects of exposure of animals

and Wn to exter~l radi~tion with particular reference to the-effects of fellout

rodiation on the )%rshallese, the Los Almos accident and radium. In addition I

have been asked to com.nenton the beta burns in the Marshallese and other examples

of beta burns. Since my personal experience is l~ted to the Marshallese and an-

imal experimentation I shall limit myself to these ad supply reference material

for the otk.ers.

It is quite tipossible to cover all of this ~aterial in a

of time so I shall concentrate upon the effects of exposure to

on animals aml man vith a clinical description of t},es~yndrome

reasonable period

external r~diation

of radiation sick-

ness as a function of dose of radiation and Mghlip>t the discussion with illus-

tratfve material collected in the study of thel%rshellese (l).

My prepared state~ent includes numerous references and further material

that time will not permit discussion of at length here.

Radiation s@romes vary as a function of the type of exposure, the dose and

the time after ex~osure to rad~ation. In general rediation injuries can be dividd

into three .ge~.eralclasses;

a)

b)

c)

The syndromes of whole body radiation injury produced by penetrating

ionizing rod:ation which are dose ard ttie deperdent.

Stiierficfalradiation burns producd by soft radiations (beta and low

energy x or ga.xmaradiations).

Radiation injury produced by the deposition of redionuclides within

the body.

In the latter case the clinical picture varies uith the site ad amount of deposition.

Eacl-of the ahve is associated with an early ~hase ?n which acute s~~to~s

a?d slums may be ohservcd, and E late phase in L’Y.ichc~.ronicchanges or xanifesta-

t.ions”SUCF.as ‘caccer TAy be observed. I wish to ez~kasize 21s0 that tke ZeOgree
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of injuxy and the clinlcal manifestations are uroportlonate to the dose. ThlB\

is particularly true of the syrdroinesof w!.oleImdy radiation. The latter is and

I repeat, highly dependent on dose and time after exposure. There Is no simple

description. The problem is subtle and complex ad one must always bear dose ad

time in mind.

THE SY]JIROMZSFRW TOTAL FODY P.~TING RADIATIONS

The dose dependent syrdromes resulting from total tody e~osure in the

‘A:mml have ‘oeendescribed in detail and I shall only amnarize them here. For

further details one is referred to the following references ( 1 - 12 ). titer

large doses (approxixetely 6000 r or more) the central nervous system syrxirone

vl.ichcan be ab-creviatd CM is produced. Death may occur umler the team uhile

being irradiated or after some ?.curs. ‘he clinical picture is characterized by

hj~erexcitabilit.y,disorders of equilibrium, incoordination, respiratory distress

Convulsions may preceed death. Doses Capabl”eof producingand intermittent stupor.

this syndrome are alsays uniformly fatal. If an occasional enimal, and presumably

nan, survives this CNS

wt.ichvhen produced by

nine days for mammals.

he has yet to experience the gastrointestinal syrdrone (GIS),

doses in excess of 1500 r is always fatal within three to

Presumably man also will respond in a comparable nar~er as

la?mratory animals. The GIS is so named because of the marked nausea, voniting,

diarrhea, ad denudation of the lining of the .-11 bevel. The GIS is a unifamly

ffitalsydrme in most laboratoq afiimals. If the s!lortduration GIS of’a few hours

resulting from lcwer doses, does not produce the tkee to nine day death, the sur-

tivors of this sy-drome have yet to experience the sequelae of bone marrow depression

which has beer,term~ the hemopoietic smrome (Es). TineHS is not necessarily fatal.

It is the clinical ~icture that is seen in the lethal range for all mmnals a.zuiin

general the 50% lethal dose values r~ort~, represent the LD5° for the sequels of

henopoietic depression - naxely granulocytopenia, depressed defenses ageinst infec-

tion,-t}iombopenia,ard an=ia vith the pcssible resulting infections, diffuse pm
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purpa, Ed hypcxis due to enemla, my one of which nay be fatal. ~~w d@t3fl~ -

descriptions of the p9~hO&~IIeS1Sof tk.esep}i@J30~e~have been published (1-4,12-16).

The ative picture of radiation syndromes is based on animal exper~entation;

however, hman experience particularly as observed at Hiroshha and Nagasaki and

in the l’mrshallese~tives has indicated that man prok~bly con-espofis quite

closely to the Eeneral rr~rn.alianresponse outlined above with the exception of

so,ne differC?lCeSin time cf occurrence. The C% apparently was not observod by

the Jnpanese at Hiroshima and Hagesaki. One vculd not expect it to have been

observd since doses to produce this syndrome were well vithln the area of aLmost

total destruction. The GIS with deaths in the first week are well documented

clinically and patholo#cally as are desths from the HS. ?kuever in the case of man,

de~ths from infection were most prevalent in the second to fourth weeks (maximum

incidence durin~ the third week) end from hemorrha=ticphenomena in the third to the

sixth weeks (maximum incidence in the fourth veek). In the Japanese, after the

knbing of Hiroshima and ?;sgasaki,deaths from radiation injuries were occurring as

lete as the seventh week. ‘his j.sin contrast to other animals where deaths from

the acute pkse are ~nco.rnonafter the 30th day.

PF.CW3TLITT OF SURVIVAL AS IKLAT131T@ SY?2T@?lS

Predictions of the effects of various doses of gama radietion are essential

to nilitax-yand civil defense planning. If the absolute sensitivity of man to

rediation were known, and M it were practical to detem.ine the dose to grO~S

unier catastrophe cc.tiitions,a realistic BtatistScal prognosis could be made.

Eowever,

invclv~

these predictions carmot be nade accurately at the present time. Probl=s

with estimtion of dose received by the individual, present red practic~

difficulties. It is probable that dose estimates vill be available froa dosimetry

devices ar-fro= dose contour lines and the position of individuals during exposure.

The dif~icdties Of relying iieatilyon the dose est~mtes for a single iniitidual

ere a?pment. -The exact position of the Irdividlxiland the degree cf skielding
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b will not be lmown precisely. TF,edozinetry device, records the dose or dose rzte,

uhich may not reflect accurately, because of shielding ad energ dwe.*ence of the

device, the deposition of radiant energy at tho site of interest, namdy the bone

,narrovad the lining of the intestinal tract~

The problems associatd with prdictingmdical effects from physical est~

Stion of dose can be further illustrated as follovs: it is apparent that dose

estjr,ctesnvailabl.ewill be air doses. ‘he dose received by the air is of academic

~nterest only, since the de~ee of effect in living things is due to the deposition

of energy and Its distrthut!on in the cr~tical tissues. Acc~rdingly one must know

the depth dose psttern or r.oreprec~sely the pattern of absorbd dose in sensitive

crit~cal ti~sues. This problen has been explord experimentally at great length

and Ss d=scribed fn deteil in references (17). More need not be said k.ereother

tkan the f~ct tk.atthe uniforn field of radiation cor~ng at an individual from

all directions is rere effective per r in &ir than dose of rmlifitionof directional.

qu~lity. In urban areas there may ke sk.ieldingfrom the fallout field by buildtigs

or inhomogeneities in the field due to drift in dry windy areas. With the prompt

red~ation shieldl??gmay be significantarxlthe proyfiity of large buildings may s-

iously influence scatter and pe~.u.rbthe uniformity of the radiation. last= a

fallout field may be made unidirectional by heavy shielding from buildings on one

side. ‘fhusestlnmtes of dose calculated from dose rates or derivsd from an inte-

gratjn~ t~e of dosimeter that adds up to the total dose receiv~~ or fo~ Position

of an ird!vtdusl durin~ exposure, cannot be accepted as the best irdex of the pro-

bable fate of this individual, or as the final .guldeto treatient, me physician is

interestcxiin the individual from the standpoint of sorting casualties with some

chance of surv5val and those for whom nothing can be done, and of equsl iqortance

the troop-cor,arrlerIs interested in the over all.prognosis of large grcups of

individuals in oriierto r,akeplans for disposition end replac=ent. These two

different desires cannot be Completely net by physical esthetes of dose. Ho*

ever, nature }.asbeen helpful.. The manifest,sticnsof redistion injury vary with

.~OE ARCHIV= 3’
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t},e anclmt of r.ldiationreceived. In other ucrds, the sjaptons of the irdivlduel or

grQups of Mivi.d’mls becones in a sense a personal indicator of ones’ oun fate. &

perience with humn radiation injury in E!irosM_maani ‘iagasakl(L,5,1O,11) with

reac’~r accident6 (3,6,9) a~d the fallout accident (ly~a) to be describ~ ~ater

strongly suggest that the best incex of the ~eriousness of exposure of the individ-

ud iS %ke sy~ptotitology, in zddition to the physical es~~~ate Of dOSeO

Radiation injairyis complex and subtle, and the nanifestntions of the injlury

vary considerably. IrIa germral sense, individuals e~osed in the lethal ra~e,

(kere some, but not all, will die in the first several weeks following expcsure)

cen he divided according to sjmptoms and signs, into grows having a diff=ent

‘hue they may be dividedprognosis. into three .woups h which s’tival is, ree-

p~c~~vely, improbable, possible- and pro’55kle. It will he apparent t122tthere is

no ~haW line of’de~rcetion axong the ~O-~S. The distinguishing features are

severitv and pwsiste~ce of voxitlng arxldiarrheao.

WOW I %W~VEl krorohsb~e;

If voj:itingoccurs proxptly or witldn a fm’ ~-oursand contfiues ad is

followai in rayid succession bJ prostration, dkzzrhea, anorexia md fever the

prognosis iz grave: death will ebost defti~tely ~ccm in 1~ of the indiv~~ls

within the first week. Tnere is .nokncvn ti~erapyfor these pwple; accofifi.glY

irls cetastropke attention s3:ouldhe ticvotd principally to others for whom there

is some lope or in b?.oratl-Aerapyis clearl}”il>fiicat~.

by a

Gro“q II Swfl*RI possible:

Vomiting nay OCC-U early but will be of relatively s~.ortd’~ation fo~~ow~

period of well being. In tk~lsperiod of well being n~rkwl c).angesare ta’king

piece in the henopoietic tissues. Lynp}.oc:.A.esare profcund~y depressed Witk.in

}ou-rsand-rev~irlso for montks. ‘f’tieneu’~opliflcount is depressed to low

tk]edeb~ee and t44neof 2-LZLVfiUKLdepression depending upon the dose. Signs

fection 2ay be seen when tk:etotal neutrophll ccux% has msci)ed vizztuslly

@OE ARCHIV~
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~(7 -9 days). The plfiteletccunt ~Lay reach very IOU levels after two weeks. &-

●

ternal evidence of bleeding may occur within two to four weeks. ‘fhisnOUP repre-

sents the lethal dose range in the classlcal phamncolobgc sense. h this grOllp

the symptom free period ‘(theletent period) lasts from one to three weeks with

little clinical evidence of injuries other than slight fatigue. At the teminatlon

of the latent perhd, the patient zay develop puqmra, * epil~,tionoral and cutaneous

leslons, infections of wourds or burns,”dinrrl:eaor melem**. ‘he mortality will be

si~wfficant. h’iththerapy t];e s~val tfie can be expected to be prolonged ad if

sufficient time is provided for bone marrov rege?lerationthe survival rate will be

increased.

In g-roup1 (Stival impossible) and grcup 2 (Sti.val possible) the blood

picture is not as well documented as in group 3 (Swvival probable). There are

good clinical reasons to believe that in the lethal range the granulocfle depressions

j during the second week.will be mrked and below 1,000 per mm Cbservat”ons made

in Japan conf~ th~g contention. However in the sublethal range it takes nuch

longer for the granulocyte and platelet ccunt of ran to reach ninimal values, as

compared to

the data of

decrease in

?)e$nitethe chaotic conditions that efisted in Hiroshimaother ruumals. -

Klkuchi arriVakisaka (11) shows that there was a core rapid ad r.arked

groups 1 (Survival improbable) ad group 2 (Survival possible) tk.anin

group 3 (Stival probable). Before going on to group 3 survival probable, I cannot
1

ref~sin from a cement on therapy.

l+~chhas been learned from the experimental t!:erapyof radiation injury in

enimals. It has been coficluslvelyS?,OWRth~t protection can be afforded by the

tran~lar.tation of bone marrow from one strain of animal to another. The protection

afforded by transplantation of genetically specific ,=terial, that is from one

ne~ber of the gme st.ra~n~ an ~rradiat.~ m~,ber Of the same strain, iS Very ~OOd

ad long lastlng. If tk,~material for transpleritationhes its-source in enother

strain of nouse, the protection ‘isless marked and not “as

* !31ecdingin+~ sl:in
‘: Black stools from digested klood

long lasting. If the

3



● If tl-,eprotective raterial comes fron another species of animal the protection is

very short lived and not nearly as effective. In ?rincipd the transplantation of

bone marrow would significantly Increase the survival rate of exposd human befngs

in the group 2 (Smvival possible) ad possibly to a less= extent in the group 1

(Survival tiprobable) casualties. The amounts of bone marrov needed are large and

the mongrel nature of man takes it unlikely that very much could be expectd in

the way of long term protective effect. In my opinion it would be the worst type

of wishful.thinking to expect that one could l.avean effective bone narrow bank

in the case of an atoruiccatastrophe. Mu&.vork is yet to be done under carefully

controlled clinical conditions before one ceuld be opthistic about tLe use of

this procedure in man under highly controlled coalitions, for an individual patient

let alone under conditions of a nuclear catastrophe.

However, the treatment of group 2 casualties is not at all ?:opeless There

is ample clinical experience in corditfons ub.erethe lxme mmrow
.

pressed and in which there are inadequate numbers of circulattig

relatively comnon clinlcal conditions produced by sensitivity to

is severely de

cells. In these

drugs, or occurring

naturally as disease processes, the combined use of the wide spectrum antibiotics

that are now available, and the judicious use of blood transfusions significantly

increases the sumiva.1 time of the individuals, thus giving nature a longer period

of the to repair spontaneously the damages that kas been suffered. Accordingly one

could feel optimistic in respect to increasfig sfgrdficantly the survival rate of

tl;egroup 2 (%rvival possible) casualties by vide spreed controlled use of antl-

b20tics.* Preparation and stockpiling for such an =ergency is obviously reqtir~.

Group 111 ~-m+valProbable

This group cofisistsof individuals who =ay or my not IJaveked fleeting naus@a

* Blood transfusions would be helpful to a lidted exttcntfor anemia. ne pro~FilitY
of availability of enough blood for burns and ot~qerinjuries is low. Eence vkm

blood may be needed for radiation injuqy supply ~~y be eti-austed.

.——-
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am3 “votit!ngon the day of exposure, In this gToup there is no further evidence

of effects of the exposure except the hematolo~ic (blood) changes that can be d-

tected by 6erial studies of the blood with particular reference to lymphocytes

and plctelets. The lymphocytes reach low levels early, withfi @ homs, ad maY

S!.OWlittle evidence of recovery for many months after exposure. The granulocytes

may s-howsone depression during the secorrdand third week. However, considerable

variation iS encountered. ‘%e late fall in the granulocytes, during the 6tb or

?th week, may occur and should be watched for. Platelet counts reach lowest levels

on approdmtely the 30th day at tbe time when zax?m.unbleeding was observed in

Jnpanese who were exposd at Hiroshima and l~agnsaki. ‘his tz~e tre~ in the p~at~

let count ad the development of haorrkage is in rnerkedcontrast to that seen in

laboratory animals where pletelets reach their lowest levels between the 10th ard

15th daye ard Tienorrhageoccurs s:ortly thereafter.

In this group inidviduds with neutrophil counts below 1030 per cubic mm.

may be @replete by asymptonatic. L4kewise, patients with platelet counts of 75,000

per cubic mm. or less may show

It is veil knoun that all

lethal doses of’radiation, ad

-!

no external signs of blecxling.

defenses ageinst infection are Iowerad, even by sub

thus, patients with ~evere hematologic depression

should be kept under close observat~on and administer~ approprtite therapy as in-

dicated. There is rmsor~ably good animal experimentation to indicate t~,atsublethally

e~;osed colonies of animals are ::oresusceptible to endemic and epidmic infection.

The numbers of individuals in grcup 3 (Survival probable) will be greater than

in ~Toup 2 (Surrival Possible) and the nu~ber in groqJ 2 will be ~eater than ti

>woup 1 (Survival ~robable). Group 1 casualties will be k.elplesslyinjurd.

Group 2 casualties will be able to help in their own cere to a llmited extent.

&cup 3 ca-sualtfeswill be useful arria mderate mount of work will rot be ham-ful.

lJotherap;{other than observation is n==led for this ~OUP.

!l’berest-of my con.ents will be focused on the fallcut

3



\ on March 1, 1954. Followinc detonation, unexpected changes in the wind structure

deposited radioactive ~aterfals on inhabited atolls and cn ship of Joint Task Force

#7uMch was corducti.ngthe tests. Radi~tlon surveys of the areas revealed injurious

radiatfon I.evels;therefore evacution was ordered, and was carricxiout as quickly as

possible with the facilities available. Althouth the estimatd accumulated doses

to human beings were believed to be below dangerous levels that would produce lasting

injury or mortallty the Gxnnander of the Task Force requested assistance of the

iYepzrtrnentof Defense and the United States Atomic ~ergy Cornnission. A neilicslteam.

was requested which would be organized to provide the best possible care of the ex-

posed persons and to make a r.edicalstudy of the exposures. me responsibility for

organization of tbe m~ica~ te~ was shard betveen the J+med Forces Special weapons

?roject D. O. D. and the Division of Biology ad Medicine, United States Atomic ?bmr~

Commission. Since e-peedwis essential and since the United States Navy I’!AicalDe-

partment had experienced personnel available at the Naval !tdfcal %searcdh Institute

and

the

ard

had

the United St~tes Naval fidiological Defense bbratory, the SU%eQn ~ner~ of

Department of the Navy was request~ to provide assistance. He pr@mptl$’conpliti

directd the organization of a team fron the tuo shove mentioned laboratories. I

the pri~lege to be tkledirwhor Of thiS te~. Within a period of three days eq-uip-

ment was assembl@ and packed ad the team was airliftd to the lbrshsll Islands

arriving on the 8th day after the explosion.

posed individuals had been ably taken care of
.
United State6 l!avalStation, Kwajalein. I am

The interim care and study of the ex-

by t>e limited medical facilities of the

pleased to call attent~on to the fact

of t},every high degree of Cooperation between all government agencies concerned afi

to the numerous individuals W!:Oselflessly gave of their tiiieand efforts. The m-

ber is large and due credit ati ackno~’ledgnentsare given in the official report of

the incidence publishd by the United States &verrment Printing Office ad listed
.

in reference (l).

-NATURECF ‘THEEVENT AID DESCRTF1’ICNC? THE I%KSPD GRCLTS

The radioactive raterial fell on the inhabited atolls of Ibnzelap, the ~~ee~est

3 i
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dcse; On Aili~:inae; on %ngerlk w?-.ereAmerica~ servicemen were st9ticnd, nnd

Utirik v?,erethe snallekt dose was received but by t}lelargest numbar of people.

The Msrshallese were living under relatively pri..tive conditions in lightly

constmcted palm houses.

me kerican rnilitarypersonnel had the secorrlkighest exposure. ~ey were

more aware of the significance of the fallout then were the l%rslmllese, ad prowtly

put on additional.clothing to protect their

tkey rs~ined inside of alminum buildings.

in general rmained outside ardaccordtigly

skin. As far as duties would pernit,

In contrast to this the ~~arshallese

were more heavily contaminated by the

naterfal falling upon the atoll and upon thin.

All of the exposed human beings were evacuated by air and surface t.ranspofia-

tion to the UnitEX3States Naval Station, Kwajalein, 8s promptly as facilities

would permit. Since a survey of the in3fviduals shoved that there was sl@ficant
/

contamination of the skin, clothes and hair, the clothes were r=oved ad lctiered

and rep~td was!lingsof the skin ad hati ms carried out with fres.lhwater end soap.

The hair of the ?!arshallesewas decontaminated with difficulty because of the heavy

coconut oil hair dressing they used. On kngelap there were @ itiitiduals that

received an estinet~ dose of 175 r. On Ailinginae there were 18 individuals r-
.

ceiving approximately @ r. ~ p~ngeri~ there were ~ keri~ servicemen reCei-

Xhcle %&YGxme Doses

Tk;edetexwinaticl~of the whole body gamna doses aro dependent upon the surveys

t~.at‘Jeremde witk.calibr~ted instruments approldmately 3 feet above the grolld

se-:eraldays after the inhabitants were evacuatd. In addition certain asmmptlons

had to Iwn=de about the arrival tine of the C1OU3 ard the rate of fallout of the

Zzterial. Only on Rongerik *~herethere was a recording dosimeter is arrival ttie

\

kr.ownFrec?sely. The dose rste of the continuing fallout of zaterial ‘~asin part

MwwFvEs*,
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zrob~e9~i-:eradioactive dcc~y. In addition tke trtinsitdose* n~titrallzwiby the .

from the cloud pessing over t?leatolls could not be esti=ted. All of these

veria>les %re taken into account and the dos9s calculated. These dose~ ~~re

consistent with the doses that were actually measured on Ibngerik by film that

was Btored in refrigerators and by film e~~osed outside on this atoll.

of t~Lf~ internal consistency it is bel!eved that the dose of radiatfon

Is reasonably accurate. Details of the calculat~on of the dose are in

report which discusses in detail the probable range in values (ref. 1,

CEA!!hCTERIS’TICSO? THE GAWfA R’.OIATION

In view

on the atolls

the official

Chapter 1)

Tne fallout mterfal when deposite3 on the ground i’ornEKI.slarge planer source

of radiztfon. The ener~ distribution of the rsdiation reaching an e;qcsed indi=

idual IS influencd by its pnssage through the titervenfng air. A knou~edge of the

inherent carunaspectrum as it envLinates~fromthe rm=terialitself is essential in

order to determfne the

takes into account the

de~edetion by Cmpton

spectrum tlmt inpin~es upon exposed individuals. Uhen one

spectonetrfc data on the mixed fission products an? the

scatterin~ along the path in air, a dose energy histogram

can be constructed, sbovfng that there are roughly three regfons wit& maxha at

iCC, 700, and 15~ KEV. The total exposure is thus the resultant effect of partial

doses from each energy region, making the e~osure energy cotiition significantly

d~fferent fron those of r~diation therapy, e>qmtiental biology or fro= tie proqt

cmzg rdiat~.on of the bomb. Eetails of the characteristics of the exposure are

diECUS60~ in reference. (Ref. 1, Chapter 1).

‘WE C?%TACTZZTS?’lCSCF THE FA1lQUT’!t~.’TlTQAL

me fallout ~2terial ccn~i~t~ pr~o~n:ntly of f’lakes of Calcim oxide re-

sultfng from tke incineration of the ccral. ~on the flakes of cfilclunoxtze ffssion

products were de:osited. At Rongelap t-tollthe mterial ~:asvisible ar~ describ~

a~ ~~_oLflike. It sti.ickto the skin, adhered to the hair e.ticlothes, the vegetation

mEmwtw
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Tiiie does rat permit a discllssionOA- the effect of this but it has been elrded

to ezrlier and det~ils of the influence cf gemetry of the exposure to biolo~ic

effect are in references (J,17).

There is no doubt that tl-.et!oseof radlgt.ionto the f~rst few milltieters of

dose of rad:~tion to the s!cinare discussd in detail in reference 1, chapter ~.

To ~rrive a+ so,nephysical e~timate of the skin dose an dtempt m’& be made

to add up the

the beta bath

deposition of

contributions of the pe~etratin~ ga=m, the 1ess penetrattw’ WXMLS

to ul~ichtke lrxllvid~ul~were e~osed fro~ the relatively uniform

fission products in the enviroxrientati the point contact source of

mzierial 3eposite3 on the skin. .~ sll neans the largest component of skin irradia-

re~ultd fron t}iespotty local deposits of fallout material on exposed suzzfacesof

the bdy. It is cmpletely

Jo-msited on the skin, The

in the previo~~slymention~

iispossibleto estlnate tke d~ze fro,mmterfd that was

relative hazard of the bet~ bath is discussd in de+tail

reference (l).

Itchin~ and hurnin: of the skin occurrd in 28% of the people on Fbngelap,

2c% of the group on AillnSinae and 5,%of the Laericcns. Tkere ‘.=e nO sjw~ms

refer:’oleto Lle skin in the frdividuala on W.irik. In addition to the itching

o: the skin there W.Z.S Imrning of the eyes and Iacrimation in peopZe on %ngelap

and Allk:lme. It is prabable that these initial skin synptons were due to K

rx3i3tio3 since all trdividuals who experienced the initial symptoms later devel-

oped wnquestloned radiation ix?uced skin lesions that will. be desc+!l!!din detail
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( later. It is possible ho.~everthat the intensely alkaline nature of the cnlcium

oxide u?;en dissolved in perspiration right have contrfbutcxito the i.rdtlals-ymptomso

the first two days

group was n3usmtd.

Xo one in the .%ngeri!<or TJtirikgroup had gastrointestinal Symp+am.

~TNTC4L C~EVATTC;LS .K:nLZ??OCYTC CO~.TS

Between tk.e23A and the l+3rdpest e:~osvre day I@ of the !rdlvid.~qlsfrom

%rigelep had an ~bsolute gran’dcc+tielevel of 1,000 per cubic :tlll~metcror less.

The Iomst count during this period was ’700pm cubic fillineter. M“ti: this

intmval the advisability of prop?:;~lficticadid.nist~ationof al:tibiotics

considerd. llo’~everpropkj’lacticadministration of antibiotics ‘Jasnot

~forthe folloufi.~~rsasons:

w3s seriously

‘flstitutd

1) All I_nJividwls were ‘xd.?rcontinuous mdlcd observntfon so that
,

id’ect:on if it developed uculd !:avebeen discovered h its earlier stages.

———.-——- .— -—-
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$re-rious exposure to irradiation. %ring the hth ad 5th exposure weeks an epidemic of

.s

upper respiretoxy hfection,occurrodo The respiratory infection consisted of moderate

malaise, pharyngitis

and a surulent nasal

to determine whether

with prominent Iymphoid follicles, fever during the first day

and tracheal disc~largefor abut 10 days. It was of interest

this respiratory Infection could be correlated with the dose

of radietion received or changes in the leukocyte count. There was no correlation

Tke respiratory infection in the medical personnel involved in the care and study

of the irradiatti irilividualswas simtlar in incidence ad severity.

Clinical Observations ad Platelet Cants

Eleven individuals had platelet counts that fell es low as 35,000 to b5,~/rz3.

All individuals with platelet counts less than 100,000 per mm3 were examined daily

for evidence of hemorrhage into the skin, cucuous menbranes arxiretina. Wrine uas

exaxined daily for red cells ati alhnin. ‘&men uere questioned.concerning excess-

ive menstruation. The only evidence for any wdue blealing were two women who me~

struated profusely at the time of their naximun platelet depression. It was &t

sufficient to cause tkem concern and subsided without any specific treatnent.

Two were

The Effects on Pregnanq

Four women in tie Mngelap group uere pregnant when brought to Kwajalein.

in the first trimester, one in the second trimester and one in the third

trhester. There were noabnomal symptom referable to pregnancy. As far as
.

could be detemined the pre=mancy continued in the normal fashion. In the Allinginae

group, one voman was in the second trimester. Fetal movements were unaffected in the

individual in the third trimester. The pregnant women had a marked depression of

platelet counts but at no time was there a~y vaOtinalbleeding. At the twelve month

reexamination of the almve women all

were norml. In the case of the one

eitkierbefore conception or early in

irrzdiction may have contributti but

had delive%. he baby was born dead the others

stilllmrn, irradiation occurred to the nether

the first trkester. It is possible tk.atthe

there is no way to prove this.
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!%ecial Exzdnation of ~eq

At all follouup examinations an ophthalmologist has emmined the eyes of

all individuals. To date no lesions ascribable to Ionizing radiation have been

fourd. Similar studies have been made on the eyes of non exposed Mirshdlese

and the incidenco of eye lesions is identical in the two groups.

SKIN LESIONS A;lDEPILA?’ICN

As nentiond earlier there was burning of the skin. On first examination

by the medical team on the %h post exposure day the e~osed people eppeared to

be in good health and the skin was definitely nom~l in external appearance.

Evidence for the development of skin lesions comenced approxti~tely tvo weeks

after exposure. During the early stages of daelopment of the lesions, itching,

burning and slight pain were experienced vith the rmre superficial lesions. Ffth

deeper lesions the pain vas more severe. The deeper foot lesions were the most

painful srxicaused some of the people to walk on their heels for several days dur-

fng tke acute Stagea. Some of the more severe leslons of the neck ad axillae

were painful..There were no constitutional synptons associated with the s’klnlesions.

The characteristic sequence of’events in the development of the ledocs was the

occurence of symptoms, then of black pigmented areas, srzll in size vhich ~~-

larger in size and coalesced. Later

the pigmented plaques to the outside

of large depi,~entad areas. Xn ?30St

the skin began to shed from the inside of

and in cone cases resulted in the production

of the lesioristhe shdding was limited to the

superficial layers of the skin. In some the process continued with the development

of superficial ulcers. A few became infected. The appearance of these stin burns

can best be illustrated by referring b Chapter III reference (1) where kodacla-ome

pictures illustrate the squence of events. In addition tote skin hrns, loss of

hair, spotty in rwture occurred in some of the itiitiduals. ‘he heir .nev in again

with no~,~ color ~tik~~-e ad the re~oti b~ascomplete in all except possibly one

r33dle-aged nan in vlmm it carrein sozewhat sparsely. Small pieces of skh were

QOE @CHNES



-. ,-. (-..
-16-

*

● rexoved surgically from some of the burned areas ,formicroscopic sttiy. These pieces

of skin demonstrate the typical fhdings of radiation injury. Sone of the skin burns

became infected particularly those on the feet nfi were treetai locally by cleansing

and applications of antibiotic ointients. The skin burns healed in mokt ca~es with

return of nomal color ard tetiure of the skin efi in some cases scars were left

.
with depfgme~ted areag. The worst burn occurrd on the back of the ear of a niddle

aged man. It produced a pernanent scar with absence of pi~ent and almomal blood

vessels ad a slight horny growth of the overlying skin has developed. The skin

has been carefully observed at 6 months, 12 months, 2 years and 3 years after ex-

posure and t},ereis no evidence at the present time of any breakdovn in the early

burns of the s’kin. There is no evidence of the development of cane= at this time.

In some the depigmented scars are still evident. The individuals have been”seen on

‘two occasions by a plastic surgeo~

who feels that no plastic repair is

good.

Dr. Rradfofi Cannon of

necessary and that the

the Harvard Medical School

prognosis in general is

FACTC!RSTNFLIJZ?lCINGSEVERITY OF THE LESIOiW

Certain lessons vere learned from the M%-shallese experience.

Burns were caused by direct contact of the radioactive rmterial with the skin.

The perspiration as common in the tropics, the delay in decontamination ati the

difficulties in decontamination certainly favord theciwelopment of the skin b-.

Those individuals who rer~inti indoors or tier trees during the fallout developed

less severe skin burns. The children who went wading in the ocean developed fever

lesions of the feet and most of the Americans who were more aware of the dangers

of’the fallout, took shelter in aluminum buildings erd bathed erd chmged clothes.

Consequently they developed only very mild beta burns. Lastly a shgle layer Or

cotton mattiial offeral almost cmplete protection as vas demonstrated by the fact

that skin burns develop-d

gnosii of beta-ekin burns

al~,ostentirely on tineexposd parts of the MY. l%e pr-

ard radiation burns of the s’kinis excellently described

POE ARCHIVlL!5 q’1
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6 in ~apter III of reference (l).

HEIWI’OLOGICOIISZRVATIONS

It is generally considered

biologic indices of exposure of

t),atchanges in the blood are the

living hunan beings to radiation.

most sensitive

Accordingly e=

tensive stiple hematologic studies were performed on the Marsh.allese. Since there

were no previous hematologic studies on the e~osd Wmshellese, it was necessar~ to

set up control groups of non exposed Ykmshalled of the sane age and sex distribution

for comparative purposes. I shall restrict my comments to the firdings in the grOUP

from Rongelap since the t=.poral sequence of events are identical in all of the e=

posed groups. Of course the depression was less marked in the less severly exposd

groups*

Neutrophile Cm@

The .sbsoluteneutrophile count of hth the younger ard older age groups fell

during the second week to a value appro~ting ’70tO 80% Of tkat of the ~ntro~so

Following the depression there vas an oscillation roughly around

until about the 30th post e~csure day at which tine there was a

in the blood count with mininum values being attained around the

posure. It is of interest, that the depression in the ck~dren,

of age was greater then in the individuals WY.Owere greater than

Following this naYfial depression ti.erewas a slow return of the

towafis r~rmal. Hovever at 6 months they were still depressa.

the control value ,

prob~essive decrease

45th day after ex-

less than 5 years

5 years of age.

neut.rqhile counts

At cne year and two

years the neutrophile counts were back to the coritrollevel. However at 3 years

t~Aerewe~ a drop in the absolute mean n~~trop~~le Comt b.lt this alSO OCC’LUTd h

the control population. It Is not known vhether lowered counts represext a Copu-

lation trerd as has been noted in the Japanese for Imth irradiatd and non irradiatd

populations, or whether it is merely a stotisttcal fluct~atlon that Is to be expected

in this type of study. I!orework is necessary on this -point.

“Lym?.octieCount
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\ 3y three dazs the lymphocytes dropped to 50% of the controls- ~Le Percent

drop in the children less than 5 years of age was greater than that of the people

greater than 5 years. The lymphocyte count rmainsd at approximately the same level

through the exposure period. At 6 months, tvelve months, two years and three years

the level though increasing had not quite reached that of the control population.

Platelets

The maximum depression in platelets was obtained approximately 28 to 30 days

after exposure in contrast to laboratory animls that attafi their minimum values

between the 10th arxi15th days after exposure. In this case the children tier 10

years of age had a greater percentage drop then those who were older. ne plate~~s

began to reawer after the 30th day attatied a maxfium about the 45th day. nere

was then a seconcary drop with a leveling off for the renainder of the post exposure

period and at 6 months, 12 months, two years ad three years S1OU recovery was still

under way. The levels of the population were approaching the controls but have not

yet reachd it. fi dl of the ~JeUh)ho@ studies mentioned above it is stated that

the present levels are riotequal to that of the controlled population. However I

wish to emphasize tk~atthe current levels Of the blood cells of all types iS nose

than adequate to take csre of the hfeations and the various troubles of everyday

existence. This statistical expression of a fmdequate recovery probebly represents

the residual radiation injury that is of corisiderableinterest to study but does

not appear to be overtly harmful to the individuals. one can be reasonably cGnfident

in this because they are not farin~ less well in resistance to d5se~se than are the
.

k!!rshallesewho were nonexposed ad living in the same area.

INT~?lAL ABSORWION OF RlJlIOKt!ClDlZ23

During the two days before evacuation, the kngelap p=ple lived tier CG~itiOnS

of extreze contamination without 8ny co.ncertd efforts to protect themselves against

the dangers of internal contamination. ‘l%eseindividuals drank contminstsd wata,
.

and ate tketi natural fGodstuff8 w?lichwere c~nt?fir=t~ e~ber~lyt ~=e~ ~=r~s
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\ uere cent.amhnted; they inhaled and obviously ~n~estd certain irdetemdnate mounts

of material.

The body burdens of isotopes in

.
analysis of the urine of the exposed

these individuals uas evaluted by radio chmical

people alxiassisted by studies on swine. nese

sutie were removed from the island at a later date. The urlna~ aA fecal excretion
.

was studied and ultimately the anbals were killed. Extensive radio che-nfcalsanslysis

were r.adeof their entire bodies. ~ comparison approdmations of body burdens of

radionuclides was made.
.

Rare and alkaline earths accounted for abut 70% of the urine activity. Stron-

tium 89 was about at the maximum permissible level at one day. Icdlne 131 and other

members of the iodine family ~.ich had to be present early, resulted in a dose of
.. ,

rediation to the tl:~oid glatis, estimated betueen 100 ad 150 rep. TO t$lB Of COUrS4,

must be added the penetrating external gamma component. ~ 6 months radiation vas

barely detectable in the urine. At 2 years from analysfs of pooled urine samples

and individual samples very tiny amounts of SrgO, CaL5, Pr. and Cs were present*.

The results of the three year rediocheinicalanalysis of tke urines that vere recently

collected are not completed as yet. It was believed that the body bur?ens of these

pwple was very low ad probably biologically insignificant. Iloveverit was decided b

bring some of the individuals to the United States for sttiy vith the total body gamma

counter at the Argonne Eational I.aboratory. This decision was wde not because of

any fear but because the analysis of the urine and the atil analysts vas an ind~

ect means to obtain probable body burdens. It was obvioudy desirable to obtain a

firm dl.rectmeasurement of tbe body btien from the scientific standpoint and to

determine the precise body buMens. Four individuals from the Rangelap group, two

from the Utfiik group afi one control y~rshallese (a total of 7) were krought to the

United States and taken to the Argonne National laboratory. There , und~r tke direction

of

*

Drs. P!rinelli, P~se and Miller the total lxxlygarznaactivity vas neaswed. The

St&ies performed both at U. S. Naval Pediological Defense bboratory a.rxiUalter
Reed Amy Yix3icalCenter.

‘DOE ARCHIVX w
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results are yet incomplete and have to be analyzd further. It was fourxlthat the

‘nd counts that were higher thnn non exposed peoples in theexposed Narshallese ..

United Stntes. Houever the values were fm below the current permissible levels.

Since there has been some misunderstanding In the press about children being

brought to the United Ststes for study I would like to date that all the individmls

tro~rht to the United States were adults vith the exception of one 16 year old boY.

They l-.avesubsequently been returnd to the I!arskallIdatis.

T?Z C@InINUING STUDY OF THE HJF.SEALIISE

l?yassociate in the l!edfcalDepartment of *ookhaven National hlxmatory, h.

.RobertA. Coned, a member of the original team that took care of a? studied the

Ikrsk,alleseRnd dtiector of the two and three year surveys has retaincxlan abiding

interest in the MmrshallGse. On behalf of the Atomic fier~ Commfsslon end Erook-

~aven ~ational ~~ratory he has ~efi~ken the Wntfiuing responsibility of yearly

surveys of these pacple. These surveys Qre being made possfbh by the c~operat~on

of the Hedfcal Dep~*ent of the Unitd States Navy ad its actitities~ the lMical

lie:~earchInstitute et Ikthe.sda,Naryland and the United States Naval Radiological

Defense Lehretory in San Francisco. The continuing project fs a j~int effort dt-

rected by Dr. Conarciad partic~pat~ in by the Medical Department cf 3rookhaven

lL~tionalblmratory, the two Navy institutions mentioned earlier ad 3nterested phy-

sicians and scientists of vzrious Azncricznuniversities ard maiical schools.

(he cannot le,qvethis tremendously important subject of fallout and the unfoP

t-mate accident that occurred h the

nition Vat late d’fects of ionizing

“ooenokserved in ma md in anir.als.

~“ers.hall Ishtds in 1954 without the frank recog-...

rad:ation are possible. i?lmylate effects have

‘i’keseare condensd in dstail in the Kationd

Acadew of Sciences report (g). Accord5@y a search for late effects is an essential

unrt of”tke wr~tinulr.~survey.. A sumary of the 3 ye=r status of these people folIows.*

* It will be reportd in detail in reference 22 nov befng Frepar=i.

POE J$RCI-IIVI=
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Fertility

Wfects of radiation exposure on fertility is dffficult to assesg in the

}fkrshellese. V there has been B~ effect on fertility It must Y,avobeen very short

lived since pregnancies are occurring normlly and at rate similar to other gro~~s

of Marshellesee

PrernancY

There Y85 been-no apparent effects of radiation on the course of pregnmcy

in the l’hnshalleee. Since thedelive~ of the four women uho were pregnant at the

tdme of the event, there have been tq~elveFreOwncies which have terminated. Ten

of these ttiatti nornally, one terminated in a stillbirth ad cne baby died

sereral hours affter birth apparently of an infection of the cord. ‘I%eleek of

dtal statistics nakes this data difficult ‘a interpret. Hcwever it do= riot

appear

native

as Wes

tkat this &J~iden~e ~f ~till bifis is ~eater than that of other comparable

groups in the mid Pacific area.

Wfectfi on the Fetus

The three babies irradiated in-utero Eave not shown any abzormalitles such

observed h =me of the Japanese Fables irradiated Wute.ro (for exmple

microcep?xily). .

Growth m-idDevelopment.

On each remiiey the exposed and control

and sex. I!easnrement.sm grcwth ati development

chi7Mren have been n~tched forage

hove been carried out. Anthroponetric

neas’uoinentsheve been lnco3pletely anelyseiias yet, Since the nunkers of children

arc small the data is not easily s<~bject=ito st~tistfcfilanalysis. However there

does appear to be etidence suggestive of a sli~ht impafment of .gmwth ad de-~elop-

~ent as mcesur~ by cwmari.son of height nxd weight h the

i?ren. Ho abnormalities of the eyes have been observed.

S?.orteninqof Life Scsn

Inanimals the evidence for sJiorteningof life span

control and exposed chil-

is quite good. It is

ME MCHIVu
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?,* evident that the life s;:ortcningis some function of the rloseof rmllation. Zo’;ever,the
b

extrapolation from mice tor.an is extrexely difficulty. ?t is unlikely tkat any good

&tati3tical

individuals

analysis can be r.wleon the Ylrshallese beta’.meof the small rrmbers Of

ad the uncertafity of the precise birthdete in t-heolder soups. There

has been ona death in the Fkmgelap group who at autopsy skowciievidence of k.cartdis-

ease. In the larger group from Utirik there have been five deaths. The number of

deAhs is comparable ifitdh groups one havin: re~eiv~ 175 r 2A the ~tter o~Y

u r. To date one must ccncluie that there l.asbeen ri.oeignific~nt evidence for

premature ageing or sl:orteningof the life span of the Yarshllese.

Leukemia and Cancer

Lmkemia is one of the things thct is know to have occurred in the Japanese

afi is prevalentin irradiated laboratory animls. To dete no leukemia has occurred

~Y~ there is ~ evidence of ~e.~cm~c ie:~eacies. Thi3 is being studied ~ntensivelY

by the US3 of alkaline phosp:natasestudies on the granulocytes ati besophile counts

on the blood. It has ‘seenshoun by tk,estudies of ?-’aloneyet al., in Japan that a

.
}A~oPEilia ~fi dOcreasG in alkaline pliosphataseprecedes the developnant of leukeda.

mike it

(“-neticEffects

The mudl number of’ individuals involved and the inadequate

difficult to determine genetic changes. It is certain that

vital stat5stic6 -

there have been

52
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e’ received approximately 100 to 150 rep from the short livd iodine family. It has

been reported that irradiation of the thyroid area in early life increases the

incidence of cancer of the th>~oid. Accordtigly thyroid function and tbe possilbity

of thyroid cancer is being studied in the Marshellese children.

Before concluilingI

viction on twompects of

of fallout such as would

cannot refroin from expressing my personal opinion and co-

the fallout problem. First, the acute ad long term hazards ~

occur following the use of thermonuclear devices in warfare

is simply unthinkable. The wide spread contamination over continental areas from

multiple detomtions of thermonuclear devices over pupulated areas would prcduce red-

istion hazards for all living things and for generations to cme. ‘fhese.hazafis are

@Ers~&O ~eSe ba~ards camot be consider~ as the USUJR1‘lcalc~at~ risk basisg

of’warfare in the past. One can only make a plea that an enlightened world, will

d~nd that their representatives in government also appreciate these Lazards ad

dth this recogrultionbring eveg conceivable effort of diplomaoy to solve the pro- -

blens posed by differences in political and economic ideologies and thus prevent a.

t>-peof warfare that cannot be considered in terms of ‘calculatd riskn.

Second the world wide low level radiation of today from diverse sources has been

analyzed thought~ly by competent people irxiividuallyad in assembly. Iiitethe

sober ad realistic reports of the National Academy of Sciences, the %itia ~~ai~

Research Ceuncil and the Unitd Nations. These reports point out the multiple sources

of r~diation in our lives today and the necessity for continuous scntiny. Let us not

confuse unavoidable radiation exposure with radiation hazafi. Let us not lose sight

of the multiple sources by tiue preoccupation with world wide fallout. If?tus not

be so preoccupied with radiation in general that we forget abut hc!ustrial pollution

of our envtiomnent in

incidencemf ldaxufa

energy. hlqq

general by non radioactive but toxic substances. Lastly tie

was apparently increasing prior to the development of atomic

Q&E ~C131VES
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