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Congressmen and @bservers~

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

and Vn to exter~l radi~tfon with particular reference to the effects of fallout

rndiation on the ?krshallese, the Los Alamos accident and radium. In addition I

have been asked to comment on the beta burns in the Marshallese and other examples

of beta burns. Since my personal e~erience ig limited to the Marshallese and an-

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

for the others.

It is quite impossible to cover all of this material in a

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

on animals afi man with a clinical description of the syndrome

reasonable period

external r~diation

of radiation sick-

ness as a function of dose of radiation and hlghllght the discussion with illu-

trative material collected in the studyof the Flkrshellese(l).

My prepared state~ent.includes numerous references anilfurther material

that time will not permit discussion of at length here.

Radiation sydromes vary as a function of the type of exp~~e, the dose ad

the time after exposure to rad~ation. In general rediation injuries can be divfclti
..

into three ge!,eralclasses:

a)

b)

c)

The syn3romes of whole body radiation injury produced bypenetrsting

ionizing rad:ation which are dose afi tine deperrlent.

Superficial radiation burns protiucd by soft radiations (beta and low

energy x or ga.xmaradiations).

Radiation injury produced by the deposition of rziiionuclidesuitkin

the body.

In the latter case the clinical picture varies uith tbe site and amount

Ikh-of the above 1s associatd with an early phase in wkich acute

ard SiU~E IWy be observed, and a late phase in kkich chronic changes or

of deposition.

Syuptons

.man~festa-

tions- suck as-cancer nay be obsened. I wis!!to =~kasize ZISO that tke <egree
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8 of injuqy and the clinical manifestations are vroportiomte M the dose. This

is particularly true of the s~romes of w!~olebody radiation. T%e latter is and

I repeat, highly dependent on do~e and time af%er exposure. There Ls no s3mple

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

time in KM.

THE SY1J3ROMIlSFTW TOTAL RIDY PEWTRATING RADIATIONS

The dose dependent syndromes resulting from total body exposure in the

‘nxcmnalhave ‘oeendescribexlin detail and I shall only smmarize them here. For

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

large doses (approfinetely 6000 r or nore) the central nenous system syrdrome

v;,lchcan be abbreviated CNS is produced. Death may occur under the beam while

being irradiat~ or nfter some !:cw-s* *he clinical picture is characterized by

h~~erexcitability, disorders of eq~ibriu, Incoordiution, respiratory distress

afi intermittent stupor. Convulsions may preceed death. Doses capabl”eof producing

this syrdrome are al~ays uniformly fatal. If an occasional anfroal,ard presumably

man, survives this C1?S

w}.ichwhen produced W

nine days for mammals.

he has yet to e~erience the gastrointestinal sydrome (GIS),

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

Presumatilyman also will respond in a comparable manner as

laboratory animals. ‘he GIS is so nsmd because-of the markd nausea, voniting,

d%arrhea, arxldenudation of the lining of the .wll bowel. The GIS is a unifcmily

ffitalsjdrome in most laboratory animls. If the s?lortduration GIS of a few hours

resulting from lcuer doses, does zot produce the tbzee to nine day death, the sur-

vivors of this syrxlromehave yet to experience the sequelae of bne marrow depression

which has been termd the he.mopoieticsyndrome (IS). The HS is not necessarily fatal.

It is the clinical picture that is seen in the lethal range for all namnals and in

ger.eralthe 50$ lethal dose values reportd, represent the LD5° for +&e sequels of

henopoietic depression - namely.granulocytopenia, depregsed defenses ageinst infee

t~on,-thrombopenia, ard an=ia with the pcssible resulting infections,

POE Mmm

diffuse p-
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t PW3, cd hypcxia due to enemla, eny one of which may be fatal. Mkny detsiled -

descriptions of the p9thO&eneSi8 of’these phenomena have been published (1-4,12-16).

The above picture of radistion syrclromesis based on aninal expertientation;
.

however, human experience particularly as obsend at IHroshti~ and Nagasaki and

in the l’mrshallesenatives has indicntad that man probably corresponds quite

closely to the Ceneral mamnalian response outlined above vith the exception of

sone differe~ccs in time cf occurrence. The CKS apparently was not observed by

the Japanese at Hiroshima ad Nagesaki. Me uculd not expect it to ksve been

observed Since doses to produce this syndrome vere veil vithin the area of almost

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

clinically and patholo~ically as are deaths from the HS. %wever in the case of man,

incidence durinS the

sixth weeks (rmxi.mum

bcnbing of ?7iroshjj~

third week) and from hemorrha=ficphenomena in the third to the

incidence in the fourth veek). XIIthe Japanese, after the

and Kzgasaki, deaths from radiation injuries were occurring as

Iete ES the seventk week. This is in contrast to other animals where deaths from

the acute pkse ,sretuaco.mnonafter the 30th day.

F’F.0W3TL1TYOF ST~VIVAL AS RIZAT3Z)TO STEPTWS

Wedictions of the effects of various doses of gamma radietion are essential

to military and civil defense planning. If the absolute sensitivity of man to

rediatlon were kmovn, and if it were practical to determine the dose to groups

urder catastrophe c~nditions, a realistic

Houever, these predictions cannot be nade

invclved with estirmtion of’dose receival

statistical prognosis could be made.

accurately at the present time. Problem

by the individual, present real practical

difficulties. It is probable that dose estktes will be available from dosimetry

devices or-froa dose contour lines ad the position of individuals during e~sure.

The difficulties or relying heavily on the dose estiaates for a single individual

6re a?pz3rent.-The exact position of the in3ivid7ul and the degree & skielding
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% will not be known precisely. The dosimetry device, records the dose or dose rcte,

which ~ not reflect acc~etely, because of shielding and energy depe.tienceof the

detice, the deposition of radiant energy at tho site of interest, namely the bone

marrow ad the lining of the intestinal tract.

‘Theproblms associated with predicting medical effects from physical esth

ation of dose can be further illustrated as follows: it is apparent that dose

estirietessvailable will be 8ir doses. The dose received by the air is of academic

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

of energy and Its distribution in the cr5tical tissues. Accordingly one must knou

the depth doEe pattern or more precisely the pattern of absorlxxldose in sensitive

critfcal tissues. This problen has been explored e~erimentally at great length

and 3s descrikd in deteil in references (17). More need not be said kere other

than the feet ttat the unj.fon field of radiation cov~ng at an individual from

all directions fs r:creeffective per r in ~ir than dose of radiation of directional

quality. In urban areas there may be shielding from the fallout field by buildings

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

radtation shielding may be ,+@ficant and the proY3mity of large buildings may s-

iously influence scatter and perturb the uniformity of the radi8tion. Lastly a

fallout field my be made unidirectional by keavy shielding from buildinge on one

side. Thus estimritesof dose calculat~ from dose rates or derived from an inte-

@ating t~e of dosimeter that adds up to the total dose receivcxl,or form position

of an individual during exposure, cannot be accepted as the best index of the pro-

bable fate of this individual, or as the final guide to treatment. The phYSicim IS

interested in the individual from the stand-pointof sorting casualties with some

chance of swlval and those for whom nothing CEUI & done, and of’ eq~l ~ortance

the troop~onnatier Is interested in the over all prognosis of large grcups of

individuals in order to r~akeplans for disposition end replacement. These two

diff~e~t desires cannot be completely net by physical estlnates of dose. How-

ev~, nature }.8sbeen helpful.. The manifestations of r&distion jnjury vary with

-!
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tl,emc)-mt of radiation reccivd. In other wcrds, the s>nptons of the imlivldual or

=QuPs Of ~~i~d~ls becones in a sense a persom itiicator of Onest oun fate? Ex-
-.

perience with huzan radiation lnj~ in HrosMma a-ml‘Jagasaki(45,10,11) with”

rcnc’%r accidente (3$6,9) ari the fallout accident (1,18) to be described later

strongly suggest that the best Incex of the seriousness of exposure of the indiv5.d-

ual iE the sy~tom.atology, in addition to the physical est~?ate of dose.

Rndiation injury is complex and subtle, and the manifestations of the injury

vary considerably. h a ~~rJ~rd ~e~se, individuals exposed in the lethal raage,

(kere some, but not all, uill die in the first several weeks following expcwre)

can ‘bedivided accortiing”tosjaptoms a.xlsigns, into groups having a diffcz”ent

prognosis. ‘hue they may be divided into three groups h which sAval 1s, res=

pectively, improbable~ possible, and pro’bakle. It will be apparent tlxitthere is

no Shg~ line of d~~rcation axong the gro-ups. The distinguishing features are
.

severity ad persistence of vojmithg arxldiarrhea.

“@oup I %rTlvEl Zmoro13~ble:

If Voniting occurs promptly or within a fev :;oursand continues ad is

folloved in rapid succession b~ prostration, diarrhea, anorexia end fever the

prognosis is .Tave: death w533 elnost Definitely Qccur in I@ of the individuals

w~tkin the first week. ‘here is no kncun thcr~py for these ?eople; acconlir-gly

in 6 ceta.stropheattention should be dwotd princip~lly to others for whom t-here

is some l:opeor in vl--omtli~~~p~ is clearly infiic3te3.

by a

GrO-u.rII S-HiVaI Possible:

‘ioaitingnay OCC-U early but will be of relatively ~}-ortduration followed

period of well being. In this period of well being r~rkai clanges are ta’king

piece in the ktempoietic tissues. Ljmpkoq.%es are profcurxllydepressei within
—

k.oursarkire~airlso for months. ~ie n~u’~opliil count is depressed to low

the de~ee and t~%e of maximur depression depending upon the dose. Signs

fecti”on“.&ybe seen when tl~etotal neutrophil cc.unthas rmci~d vi-rrtually

levels,

0: irP

zero
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‘(7 -9 day8). The pl~telet count may reach very 1ou 1evels after two weeks. ti-

ternal evidence of bleeding may occur within two to four veeks. This group repre-

sents the lethal dose range in the classical pharmacolobticsense. h thiB gTO~

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

little clinical etidence of’injuries other then slight fatigue. At the tetinat~on

of the latent period, the patient zay develop purpura,* epilcttionoral au! cutaneous

lesiOnS, infections of wounds or burns,”dinrr!:eaor melena**o me mortality uill be

Si@ifiCallt. h’iththerapy tl.esurvival tize csn be ewpected to be prolonged and if

sufficient time is provided for bone narrov regeneration the survival rate will be

increased.

In group 1 (Suwival impossible) and grcup 2 (Sti.val possible) the blood

picture is not as well documented as in group 3 (Survival probable). 7%ere are

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

3 during the second week. Cbservat”ons madewill be rmrked ard below 1,000 per mm

in JePan confti this contention. However in the sublethal range it takes much

longer for the granulocyte and platelet count of man to reach ninimal values, as

compard to

the data of

decrease h

other mm-mals. Despite the chaotic conditions that etisted in Hiroshima

KUcuchi ad hkkisak.a(11) shovs that there was a Gore rapid arxlr-arked

groups 1 (Survival improbable) and group 2 (Sunival possible) than in

~oup 3 (Survival probable). Before going on to group 3 survival ~robable, I cannot
1

ref~oin from a cosnnenton therapy.

l+~chhas been learned from the experbental tkerapy of radiation injury in

ellhlals. It has been conclusively s;.ovnthet protection can be aff6rde3 by the

transplantation of bane marrov from one strain of arhal to another. The protection

afforded by transplantation of genetically specific mterial, that is from one

nember of the same strain to an irradiated member of the same strain, is very good

and long lasting. If the material for transplantation hes its-source In acother

strain of mouse, the protection “isless marked and not “aslong lasting. If the

“ Ble-ding in+to sl:in
‘= Black stools from digested blood
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4 If tk,eprotective r~terial comes from another species of animal the protection is

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

bone marrow would significantly increase the survival rate of exposed human be!ngs

in the group 2 (survival possible) and possiblyto a lesser extent in the group 1

(Survival improbable) casualties. The amounts of bone marrou needed are large and

the mongrel nature of man takes it unlikely that very much could be e~ected in

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

of wishful thinking to expect that one could !ave an effective kone narrow bank

in the cGse of an ato,iriiccatastrophe. Mud.vork is yet to be done under carefully
.

controlled clinical conditions before one could be optimistic about the use of

this procedure in man under highly controlld conditions, for an individual patient

let alone under conditions of a nuclear catastrophe.

However, the trea.tientof group 2 casualties is not at all ?:opeless There

is ample clinical experience in conditions where the bone mm=row Is swerely de-
.

pressed and in which there are inadequate numbers of circulating cells. In these

relatively conmmn clinlcal conditions producd by sensitivity to 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 survival the of the Individuals, thus giting nature a longer period

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

could feel optimistic in respect to Increasfig significantly the survival rate of

the group 2 (survival possible) casualties by vicie

b~otics.* Preparation and stockpiling for such an

Group III ~-uv-ivalProbable

This group co~sists of individuals

* Blood transfusions would be kelp.ful
of availability of enough blood for

vko =ay or

spread controlled use of anti-

emergency is obviously required.

cay not l,avehad fleeting nausea

to a linitd extent for anenfa. The probability
burns and other injuries is Iov. Zence uhen

blood may be needcxlfor–radiation injury supply my be-‘exbusted.

@3Z&w4~



-.<
1 --/

r ( - (
..

‘..

4 -&-
>
‘%

and ~omiting on the day of exposure. In this group there is no further evidence

~~of effects of the e~sure except the hemstolo@c (blood) changes that can be de-

tected by serial sttiies of the blood with particular reference to lymphocytes

and plctelets. The lymphocytes reach low levels early, within @ hours, and may

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

may show some depression during the second and third week. However, considerable

variation iq encountered. The late fall in the grarnilocytes,during the 6tb or

‘Rh week, may occur and should be watched for. Platelet counts reach lowest levels

on approximately the 30th day at the ttie when ~axff.umbleeding was observed in

Japanese vho were exposed at Hiroshba arrlNagasaki. ‘his the trend in the plate-

l@t count ard the development of h&7Lorrh@? is in rnerkedcontrast to that seen in

lahratory animals where platelets reach their lowest levels between the 10th ard

15th days eti l-,~orrkageoccurs s:~ortlythereafter.

In this group inidviduals with neutrophll counts below 1000 per cubic mm.

nay be complete by asymptomatic. L~kewise, patients with platelet counts of 75,000

per cubic mm. or less may show

It is veil known that all

lethal doses of radiation, ad

no external signs of bleding.

defenses against infection are Iowerd, even by sub-

~hus, patients with severe hamatologic depresefon

should be kept under close observat~on and administered appropriate therapy as ~

C?icated. There is reasormbly good animal experbentation to indicate tl,atsublethdly

e~osezl colonies of animals are :~:oresusceptible to endtic and epidemic infection.

me numbers of individuals in grcup 3 (Stival probable) will be greater than

in group 2 (Survival Possible) and the rnmber in group 2 will be ~eater than in

~noup 1 (Survival inprobsble). Group 1 casualties will be Helplessly injural..

Group 2 casualties will be able to help in their own cere to a limited e~.ent.

Group 3 ca-sualtieswill be useful and a r.oderatemount of work will riotbe kanxful.

No therap:?other than observation is neded for this ~ou.p.

The rest-of my co.ments will be focused on the fallout

.
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i on Wwch 1, 195L. Followinc detonation, une~ected changes in the wind structure

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

~whichwas conducting the tests. liadi~tionsurveys of the aieas mveded injur~oue

radiation levels; therefore evacution was orderd, and was carrid out as quickly as

po~sible with the facilities available. Althouth the estimatd accumulated doses

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

injury ormortelity the Comnan3er of the Task Force requested assistance of the

Ilqmrtment of

uas requested

posed persons

Defense and

WkiCh would

and to make

the United States Atomic l%ergy %mission. A medical team
.

be organiz~ to provide the best possible care of the ex-

a r.edicalsttiy of the exposures. ‘fheresponsibility for

organization of tbe mdical team was shared between the +md Forces Special Weapons

Reject D. O. D. and the Division of Biology ad Medicine, United States Atomic Ener~

commission. Since speed wis essential and since the United States Navy ?+edicalD+

partment had experienced personnel evailable at the &val Medical %searc!! Institute

and the United States Naval Radiological Defense hhratory, the Surgeon General of

the Department of the Navy was requested to provide as~istancec He promptly conpli~

and directed the organization of a team from the tuo above mentioned =ratoriea. I

had the privilege to be the director of this team. Within a period of three days equip

ment was assembled and packai ati the team was atilifted to the Marshall Xsla.tis

arriving on the 8th day after the explosion. The interim care ad study of the ~

posed individuals had been ably taken care of by the limited medical facilities of the

‘United

of the

to the

ber is

States l!avalStation, F.Wajalein. I am pleased b call attention to the fact

very high degree of coopcr:tion between all government agencies concerned ard

numerous itiividuals U!:Oselflessly gave of their tiineati efforts. The n-

large and due credit and acknowledgments are given in the official report of

the incidence published by the United States ~vernment Printing Office ad listed
.

in reference (1).

-Wi’f’lJR.E(2F~E EVE?W Ala DESCRTP7’ICNC? THE E@GSED GR~UPS

The radioactive -rxterialfell on the inhabited atolls of llongelap,the heaviest

DoEARm3,1-. 1~
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dcse; on Allin:inaej on %ngerik vkere America~*
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servicmen were stationd, end

Utirik v?,erethe snallest dose was received but by the

The Marshxil.leaewere living under relatively primitive

constructed palm houses. ‘ .

largest nmber ofpaople.

conditions in lightly

I%e lherfcan

inoreaware of the

put on additional

military personnel had the secorxikighest exposure. They were

significance of the fallout then were the %rshallese, and promptly

clothing to protect their skin. As far as duties would per,it,

tkey renained inside of aluninum buildings. Ln contrast to this the %mshellese

in general remained outside afiaccofitigly were more heavily contaminated by the

caterkl falling upon the atoll and upon them.

All of the exposed human beings were evacuated by air ard surface transporta-

tion to the llnitd States Naval Station, Kwajalein, as promptly as facilities

would permit. Since a survey of the individuals showed that there was significant
/

ccmtaminetion of the skin, clothes and hair, the clothes were renoved and l.aurdered

and rcpeatd was!lingsof the skin ati hati ws carr~cilout with fresh water and soRp.

The Ecir of

coconut oil

-ecefved an*

the ??arshallesewas decontaminated vith difficulty because of the heavy

hair dressing tkey usd. On %ngelep there were ~ i.tilviduds that

esti=ted dose of 175 r. On filti.gin.aethere were 18 individuals rc+

tl-.at

On p~ngerik there were ~ American seticamen recei-

tJtirikthere were 157 individ-uelsreceiving appro~

‘1’k:edetetinaticn of the w~ole body gamma doses aro dependent upon the surveys ,

~“ererx,dewitl-.calibr~ted instruments approximately 3 feet above the grounl

se-:eraldays after the Inhabitants were evacuatd. In addition certafi asamptions

had to bemde about the arrival tine of the CIOU3 ad the rate of’fallout of the

mtcrial. Only on Rongerik w~ere there uas a recording dosimeter is arrival time

kmwn r,?ec~sely. The dose rate of the continuing fallout of =aterial was In part

fi?QEAw##m,<



from the cloud pessing over the atolls could not be estimted. All of these

‘v~riahles~re taken into account ad the doses calculated. These doses were

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

wes stored in refrigerators and by film e~msed outside on this atoll. In View

of IMs Internal ccnsiste~cy It Is be15eved tkat the dose of radlat~on on the atolla

5s reasonably accur~te. Details of the calculation of the dose are in the official

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

@-A!!~Cl’ZRIS’i’ICS@? TIIEGAWA R:DIA’TION

l%e fallout material vhen dcposite3 on tk.eground for~ed a large plamr source

of radiation. The energy distribution of the rfidiationreaching an expcssd indiv=

idud is Mtluencd by its passage through the intervening air. A knouledge of the

tnkerent germs spectrum as it errxbates Ifronthe w~erial itself is essentfal in

order to determine the spectrum thmt Lnpinges upon exposed inditiuels. Uhsn one

takes into account the spectometric data on the mixed fission products and the

de~edation by Coniptonscatterin~ along the path in air, R dose energy histogram

can be construct, showing that there are roughly three regions witl%maxha at

iOC, 700, and 1500 KEV. The total exposure fs thus the resultant effect of partial

doses from each energy region, making the exposure energy condition significantly

d5fferent frog tkose of rzcifationtherapy, eqerimental biolo~ or from the prompt

c%=.q rsdfation of the bomb. Details of the characteristics of the exposure are

di~cusse~ in reference. (Ref. 1, Chapter 1).

~ CI?A?ACTIR?STICSW FE FAIIQ~ W.TIZUAL

The fallout material cunsisted predominantly of flakes of calcfum oxide re-

stiting from the incineration of the ccral. Upon the fla’kesof cfilcium073de fission

products were depositid. At Rongelap F-tollthe z!!te.rialwas visible and describd

as mow like. It stii~k to the skin, ad’cerd to the kafi end clothes, the vegetation
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Tine does r~t perrrt a disc:lssionof the ef~ect of this but it has been eltied

to ecrlIer and deteils of the influence of gemetry of the exposure to biologic

effect are in references (1,17).

‘l%ereis no doubt that tle dose of radistlon to the flrat feu nilltieters of

more peneAtr2ting~azma conponent. J%bl W!IS concerned with the estimation of the

dose of rad~.stionto the s!cinare discussed in detail in reference 1, chapter 1.

TO arrive at some physical estimte of tke skin dose andt~ipt m~~stbe made

to add “upthe contributions of the yen.etratingganna, the less penetrating gmma,

the beta bath to ~.~kichthe iniividnds were exmse3 fro= the relatively uniform.

deposition of fission products in the env+iror.entand the point contact source of

rezulted fron the spotty local deposits of fallout

the Ix-@. It is canplet.elyLnpossible to estkiite

d-~posittion the skin. ne rebtive hazard of the

in the pre-dously mentioned reference (1),

material on exposed suzzfacesof

tke dose from mterfal that was

beta bath is discussed in de+=il

Itch@ and burning of the skin occurrd in 28% of the people on Rongelap,

2C% of the group on Ailln~inae and 5,Zof the Laericzns. There were no symptoms

refer~.ble to ?fneskin in the ix-divMuRls on W.hlk. In eddition to the itching

of the skin there W.RSb’urningof the eyes a-ni?Iacrhation in people on Rcngelap

and AiliZ~i113eo It is prabable that these fnftial skin symptons were due to ir-

radiation since all Individuals who experfencexithe initial qmptoms later devel-

opd un~uestloneclradiation i.tiucd skdm lesions that will be descd!!tbdin detail
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c. later. Xt is possible ho.~everthat the intensely alkaline nature of the cnlcium

oxide w!;en dissolvrxlin perspiuatlon mdght have contributed to the

About ~3rds of the RonCelep qoup were nauseated during
*

snd l/10Lh votited ad had diarrhea. he person in the Ailizi=&we

initial symptoms.

the first Wo days

group va6 n~useated.

No one h the .%ngcri’kor Utirik group had gastrointestinal symptom.

CIXJ?C4,LC3sZ?.’JA’!7C;K.L:TJLZLL?OH’TZ COW.T!3

Between tke 33.niand the 43~ pcst exposure day I@ of tlheirdfvidwls from

.%ngelep had an absolute granulcccytelevel of 1,000 per cubic :~xllltieteror less.

The lowest count during this period vas 700 pcr cubic millimeter. During this

interval the advi,saMlity of propl::~lacticad,mtiist=ationof antibiotics was seriously

considered. However :;ropl:ylacticadninistretion of antibiotics was not ‘fnstitutd

for the follouti.grsasons:

1) All In3ividuels were .~tiorcontinuous n~ical observation so that
,

i-nfect~on if it developed would !:avebeen discov~red Ln Its earlier sta~es.

of any

‘ ti.”
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$mavious exyosure to irradiation. hing the dth and 5th eqosure weeks an epidemic of
“s

upper respireto~ infection.occurred. The respiratory infection consisted of moderate

malaise, pharyngitis

and a surulent nasal

to detemdne vhether

vith prominent Iymphoid follicles, fever during the first day

and tracheal discharge for about 10 days. It was of interest

this respiratory infection could be correlated with the dose

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

The respiratory infection in the nedicsl personnel involved in the care and study

of the irradiated individuals was similar in incidence and severity.

Clinical Observations and Platelet bunts

Eleven individuals had platelet counts that fell es low as 35,000 to 6i,000/mm3.

All individuals with platelet counts less than 100,000 per mmj uere examined daily

for evidence of he..orrhageinto the skin, mucuous membranes ar-dretina. Urine was

examined daily for rd cells aml albumin. l?omenwere questioned-concerning exces~

ive menstruation. The only evidence for any undue bleeding were two women who men-

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

sufficient to cause them concern ad subsided without any specific treatment.

Two were

The Effects on PreRnancy

Four women in the Rongelap group vere pregnant uhen brought to Kwajalein.

in the first trimester, one In the second trfiester and one in the thixd

trfiestw. There were co abnormal symptom referable to pregmncy. As far as
.

could be determined the pre=mancy contlnuezl in the normal fashion. In the Ailinginae

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

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

pl~telet counts but at no tfie was there any va=tinalbleeding. At the twelve month

ree~ination

vere nornal.

eit>ierbefore

of the above women all

In the case of the one

conception or early in

irr>diztion may lxivecontributal but

hid delivekd. One baby wes born dead the others

stillborn, irradiation occurred to the zother

the first trkester. It is possible that the

there is no vay to prove this.
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Special Examination of 2yeq

At all followup examin~tions an ophthalmologist has examined the eyes of

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

fourd● SLnllar studies have been made on the eyes of non exposed Bkrshallese

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

SKIN LE510HS AHD EPILA’1’IC?N

Ae mentioned earlier there vas burning of the skin. Qn first examination

by the medical team on the ~h post exposure day tileexposed people appeared to

be in good health and the skin was definitely no-l in external appearance.

Evidence for the development of skin lesions commenced approximately two weeks

after exposure. During the early stages of denvelopmentof the lesions, itchfig,

burning and slight pain were experience with the nore superficial lesions. ~lth

deeper lesions the pain vas more severe. I%e deeper foot lesions were the most

painhl srilcaused some of the people to walk on their heels for several days dur-

ing the acute stages. Some of the more severe lesions of the neck and exillae
.,

ware painful. There uere no constitutional synptons associated with the skin lesions.

The characteristic seqxence of events in the development of the lesions was the

occurrence of symptoms, then of black pigmented areas, SEZ1l in size which grew

larger in size and coalesced. 14ter

the pigmented plaques to the outside

of large depignented areas. El most

the skin began to Shed from the inside of

and in scxaecases resultd in the production

of the lesions the shdding was lfiited to the

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

of auperf:ctal ulcers. A few became infected. The appearance of these skin bums

can best be illustrated by referring to Chapter 111 reference (1) where kodac~rome

pictures illustrate the sequence of events. In additton to tie sldn burns, loss of

hair, spotty in neture oc~d fn some of t},eirditiduals. ‘I%ekeir ~ew in agein

color .2Mtextwe arxithe regrowth was complete in all except possibly

nan in vlmm it cezzeIn scxzevhatsparsely. S2s11 pieces of skin were

~~~ ARrL?Tmc
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s removed surgically from some of the burned areas ,formicroscopic sttiy. These pieces

of skin demonstrate the typical findings of radiation injury. Some of the skin burns

became infectd particularly those on the feet ad were treatczllocally by cleanslng

and applications of antibiotic ointments. The skin burns healti in most cases with

return of noxzml color and texture

.
with depigmentsd areas. The worst

aged man. It producd a permanent

of the skin axd in some cases scars were left

burn occurred on the back of the ear of a middle

scar with absence of pigment ad abnormal blood

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

has been carefully observd at 6 months, 12 months, 2 years arki3 years

posure and there is no evidence at the present time of any breakdown in

The skin

after ex-

the early

burns of the skin. There 1s no evidence of ~he development of cancer at this time.

In some the depigmented scars are still evident. The irxlivlduls have been’seen on

‘tuo occasions by a plastic surgeoq

vho feels that no plastic repair is

good.

Dr. Bradfon3 Cannon of

necessary and that the

the %rvard Medical School

prognosis in general is

FACTORS ?NFLUEHCINGSEVERI’PTOFTHEL2310NS

Certain lessons vere learned fron the hrshallese experience.

Burns uere causal by direct contact of the radioactive rmterial with the skin.

The perspiration as common h the tropics, the delay in decontamination ad the

diff’icul”tiesin decontamination certainly favord theckwelopment of the skin b~m.

Those individuals who reraind indoors or under trees durhg the fallout developed

less severe skin burns. The children who went vading in the ocean developed fevar

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

of the fallout, took shelter in aluminum buildings .afibathed E@ changed clothes.

Consequently they developed only very mild beta burns. Lastly a d.ngle layer of

cotton m.stkial offere3 alnost cxxuple%eprotection as ves dezofistratedby the fact

that skin burns cievelopbdal...ostentirely on tineexposed parts of the ?mdy. The pro-

gnOSiS of beta-skin burns ard radiation burns of the a’kinis excellent~ ciescribd

DOE A.Rc~vEs /[[
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It is generally considered

biologic indices of e~osure of

tensive

were .no

(--’

t}iatchanges in the blood are the most sensitive

living hunan beings to radiation. Accordingly e=

simple heinatologicstudies were performed on the Marshallese. Since there

previous hemstologic studies on the exposed Xershallese, it was necessary h

set up control groups of non exposed Mbrshalled of the same age and sex distribution

for comparative purposes. I shall restrictmy corimentsto the findings in the group

from Rongelap since the tmporal sequence of events are ideriticalin all of the ex-

posed groups. Of oourse the depression was less marked in the less severly expoae3

t groups.

Neutrop?iileCount

The .sbsoluteneutrophile count of both the younger and older age groups fell

during the second week to a value approximating 70 to 80% of’that of the controls.

Followtig the depression there vas an oscillation roughly around

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

in the blood count with minimum values being attained around the

posure. It is of interest, that the depression in the children,

of age was greater then in the individuals who were greater than

Followtig this naYfisl depression tkere was a slow return of the

tova.tisrarmal. Hovever at 6 months they were still depressed.

the control value ,

pro~~essive decrease

45th day after *

less than 5 years

5 years of age.

neutrophile counts

At cne year ard two

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

there was a drop in the absolute mean nei~trGphilecount but this also occurred h

the control population. It is not known vheti.erlowered counts represent a Copu-

lation trend as has been noted In the Japanese for both lrradiatd and non irradiatd

populatio&, or whether

in this type of stsudy.

It 5s merely a St13tiStiCZll fluctuation

Nore vork is necessary on this p3int.

that is to be expected

@@@imm
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\ ~ three days t?ielymp!~ocytesdropped to 50% of the controls. ‘1’hepercent

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

gi-eaterthan 5 years. The lymphocyte count renained at approx3metely the same lsvel

though t>e exposure period. At 6 months, twelve months, two years and three yeara

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

Plateletp

The mximum depression in platelets was obtained approximately 2g to 30 days

after exposure in contrast to laborato~ animals that attah theti minhum values

between the loth arxl15th days after exposure. In this case the children tier 10

years of age had a greater percentage drop than those who were older. The platelets

began to recover after the 30th day attained a msYhum about the L5th day. mere

was then a seconcary drop with a leveling off for the remainder of the post e~osure

period and at 6 months, 32 months, two years and three years S1OU recovery was still

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

yet re~ched it. In all of the hem.atologicstudies mentioned above it is stated that

the present levels are not equal to that of the controlled population. However I

wish to emphasize tl-iatthe current levels of the blood cells of all ty~es is mo~e

than adequate to take cm-e of the infections ad the various troubles of everyday

etistence. This statistical expression of a inadequate recovery probebly represents

the residual radiation inj~~ that is of considerable interest to study but does

not appezr tobe overtly hamf%l to the individuals. one can be reaso~b~ confident

in this because they are not faring less well in resistance to dise~se than are the

l%rghallese who were nonexposed and liting in the same area.

INT3WIL ABSORPTIONCF RADIOXWIDZS

During the two days before evacuation, the 4Rongelappeople Iivd under ccrditions

of extraze contanlriationwithout any concerted efforts to protect themselves against

the dangers of internal contaninetion. These individuals drank cmtminsted uater,
.

and ate theti natural foodstuffs w?~ichwere conte=lr=ted externally ‘I%eirlu=ls

J@aR-
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\ Uere contaminated; they inhald ati 0bvioU9& inEje5t0dCfSrt~iII ind C3tedJIate QI?)OLUIt13

of material.
. .

The Imdy burdens of isotopes in these individuals was evaluated by radio

.
analysis of the urine of the exposed people and assisted by studies on swtie.

chemical

These

twine were removed from the island at a later date. The urinary aM fecal excretion
*

uas studied ad ultimately the anhals were kill~. Extensive radio ckmica3s andysi~

were made of their entire bodies. By comparison approxlmtions of body burdens of’

radfonuclides.
.

Rare ad

vas made.

alkaline eartks accountd for about ’70$of the urfne activity. Strew

tim $9 was about at the maximum pemaissable level at one day. Iodine 131 and other

members of the iodine family W.fch had to be present early, resultd f IIa dose of
..,

radiation to the tl~yroid glatis, estimated between 100 ani 150 rep. To t$i8 of COUrSe,

must be added the Penetrating external gamma component. By 6 months radiation vas

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

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

Tbe results of the three year rediochemical analysis of tke urines that were recently

collected are not completed as yet. It uas belfev~ that the body bti.ens of these

people vas very 10V ad probably biologica~ insignificant. Ilouever it uas decided to

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

counter at the Argonne Eational Laboratory. This decision was mede not because of

any fear but because the analysis of the urine and the anhal analysfs was an indiI=

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

firm direct measurement of the My burden from the scientific standpoint and to

determine the precise body btiens. Four individuals from the %ngelap group, tuo

from the Utirik group ard one control l!!rshallese (a total of 7) were brought to the

United StateS ad taken to the Argonne ?latic~l Latiratory. There , un5~r tke direction

of

*

b6. Y!rinelli, %se axxiMiller the tok&l body .gazzaactivity was neasured. The

St~ies performed Imth at U. S. Naval P~diological Defense Laboratory a-xlWalter
Reed tiy 14kdlcalCenter.

‘DOE ARCHIVE$ ./.
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\ results are yet incomplete and h~ve to be analyzd further. It was fourxlthd the

exposed I!arshalleselwd counts that were higher than non exposed peoples h the

united states. However the values were fm below tbe current permissible levels.

Since there has been some misunderstarrlingin the press about children being

brought to the Un3ted St~tes for study I wodd like to state that all the individuals

bro~~ht to the Unitd States vere adults with the exception of one 16 year old boy.

They have subsequently been returmxl to the ]JlrshallIslatis.

T?% CONTINUING STUDY OF TIE WQ.SEAIKSE

My associate in the l!edicalDepartment of Srookhaven National Iaboratov, Dr.

.%bert A. Conard, a member of the original team that took care of a? studied the

I/=r&,alleseRI@ dtiectir of the two and threeyear surveYs has retain=d an abid%

interest in the Ksrehallese. On Eehal.fof the Atomic Energy Comm!lssfonend Erook-

haven KatlorlalLaboratory

surveys of these pecple.

of the l;edicalI)epzrtment

he has undertaken the continuing responsibility of yearly

These surveys are being made possibh by the cckperat~on

of’the Udted States Nsvy and Its aciitities~ the I%3fcal

lie:~ea-chInstitute et Bethesda, IJarylmd and the United States Naval Radiological

Defense Laboratory in San Francisco. The continuing project is a j~int effort dS-

rected by Dr. Conard ad particlpatd in by the }!edicslDepartment of ?3roolchaven

Rational Laboratory, the two Navy institutions mentioned earlier ati interested phy-

siclam axd scientists of vp--iousAzzcricenuniversities ad mediml schools.

&e cannot leave this tremendously important subject of fallout and the unfoF

tanate accident tkmt occurred in tk.e

nition that late ef’fectsof ionizing

‘Geenobserved in ~m md in ari-.als.

l!ershallblends in 1954 ti.thoutthe frank reco~

radfation are possfble. Y?ny late effect8 have

These are conde.nstiin detail in the Eationd

Acadeqy of Sciences report (S). Accordingly a aearc~ for late effects is an essenthl

ynrt of tke mfitinuir.~survey. A s’ummry of the 3 year status of these people foll~~s.s

* It will be repotied in detail In reference 22 now being Frep8red.

DOE ij+.RCmVES
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Fertllft~

Effects of radiation exposure on fertility Is difficult to assess in the

}~=rshelle~e. If therebas been any effect on fertility It must havo been very short

lived since pregnancies are occurring normally and at rate simflar to other groLTs

of }’%rshalle5e.

pre~ancy

There ?8s been-no appGrent effects of rridiationon the course of pregnancy

in the l!!rshallese. Stice the delivexqrof the four women who were pregnant at the

ttie cf the event, there have been twelve preognancfeswhich have tem.inetad. Ten

of these treated normally, one terminated in a stillbirth end cne baby died

several hours after birth eppnrently of an infection of the cord. The leek of

vital statistics nakes this data difficult ‘a interpret. Hcwever it does xiot

that this incidence cf still births 1s greater than that of other comparable

nups in the mid P8cific area.

Effect~ on the Fetus

The three bebies irradiated in-utero have not shown any abnormalities such

observed in sme of the Japanese Yabies irradietd b-ute.ro (for exzmple

microcephaly)o ..

Growtk and Development

On each resurvey the exposed and control

and sex. Heasurenents on grcwth arxidevelopment

chilMren have been metchd forage

have been csrricd out. Anthroponetri

neasuzzementshcve been inC03pletely analysed as yet. Since the rnrabersof children

are small the data is mt easily sl~bjectd to statistical analysis. Hovever there

does appear to be etidence suggestive of a slight impaiment of growth and develo~.

Gent as measured by comparison of height cud veight in the control and e~osed chil-

dren. IFoabnormalities of the ~J*eshave been observd.

Shortening of Life Scsn
.’

. In-is the evidence for shorterdng of life span is quite good. It is

&QE ARCHIVES—
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.$ evident that the liffes~-.ortcringis some function of the d~se of rndlation. Hoxever,thf

b

extrapolation from mice tor.an is extremely difficulty. It is unlikely that any good

statistical analysis can be n3de on the Y%rshallese because of the small numbers of

itiividusls and the uncertainty of the precise birthdete in tileolder SOups. Them

ha~ been one denth in the Rongelap grow who at autopsy showed ti.dence of heart df~

ease. In the larger group from Utirlk there have been five deatis. The rnzaberof

deaths is comparable in both ~groupsone havin~ received 1’75r e.rdthe latter only

u r. To date one must conclude that there l:asbeen no &lgnificant evidence for

premature ageing or sl:orteningof the lif’espan of the Yarsl\allese.

Leukemia and &ncer

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

ad is srevalentin tiadiated laboratory anfmals. To dzte no leukemia has occurred

crl there is no evidence of Ieukcmic tendencies. Thi3 is being stuiliefl intensively

by the us3 of alkaline phosphatase studies on the granulocytes WXI Ix2sophilecounts

on the Hoode It has been ~Oun by tk.e st~ies of ?k)~on~ et d.., in Japan that a

.
~bsopkilia arildocreas6 in alkaline pkosphatase precdes the development of leukemia.

The mall number of individuals involved and the inadequate vital statistics

difficult to determine genetic changes. It is certain that there have been
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t’ receivtil approximately 100 to 150 rep from the short livd iodine family. It has

been reported that irradiation of tbe thyroid area in early llfe increases the

incidence of cancer of the thyroid. Accordingly thyroid function ard the possilbiiy

of thyroid cancer 1s being studied in the Marshudlese children.

Before concluding I

vfction on twonspects of

of fallout mch QS would

cannot refmln from expressing my personal opinion and co-

the fallout problem. Ftist, the acute ad long tem hazarda

occur following the use of thermonuclear devices in verfare

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

multiple detonations of thermonuclear devices over pupulated areas vould produce r~d-

ietion hazards for all living things and for generations to come. These haznfis are

understocd. These hazards cannot be considered as the usual ‘calculated riakbasis8

of warfare in the pst. One can only maliea plea that an enlightened world, will

dmand that their representatives in government also

tith this recognition bring every conceivable effort

blms posed by differences in political and econotic.

appreciate these kazards ad

of diplomacy to solve the pro- -

ideologies and thu~ prevent a

type of warfare that cannot be considered in terms of ‘calculated riskm.

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

analyzed thoughttily by competent people individually and in assembly. Rbte the

sober ad realistic reports of the National Academy of Sciences, the 3ritkb Nedlca.1

Research tiuncil and the United Nations, These reports point out the multiple sources

of radiation in our lives today and the necessity for continuous scrutiny. Let us not

confuse unavoidable radiation exposure with radiation hazard. Iat us not lose sight

of the multiple sources by undue preoccupation with world vide fallout. Iet us not

be so preoccupied with radiation in general that we forget about tiustrial pollution

of our environment in general by non radioactive but toxic mbstnnces. Lastly the

incidence-of leukenda was apparently increasing prior to the development of atomic

energy. Mly7
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