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* Mr. Chahnan, Congressmen and Cbservers:

I have been asked to surmarlze tke early effects of exposure of animals

ad wn to exter~l radi~tion with particular reference to the effects of fallout

radiation on the lkrshallese, the Los Alamos accident ad radium. In addition I

have been askszlto conment on the beta burns in the Mershallese and other exunples

of beta burns. Since my personal experience is limited to the M!rshalleae and an-

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

for the others.

It is quite impossible to cover all of this ~aterial In a

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

on eninml.sand man with a clinical description of the syndrome

reasonable period

external radiation

of radiation sick-

ness as a function of dose of radiation ard highlip>t the discussion with Illue

trati’:ematerial collected in the study of the krshellese (l).

My prepared stateaent includes numerous references axl further material

that time will not permit discussion of at length here.

Radiation syrdromes vary as a function of the type of exposure,

the ttie after exposure to rad~ation. In general radiation injuries
..

the dose and

can be ditied

into three ge?eral classes:

a)

b)

c)

The syndromes of whole body radiation inj~ produced ~ penetrating

ionizing radiation which are dose azd the deperiient.

S~icrficial radiation burns protiucaiby soft radiations (beta and low

energy x or gamma radiations).

Radiation injury produced by the deposition of redionuclides within

the body.

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

Each-of the ebove is associatd with an early phase in wk.ichacute s:=ptons

a?i SiOgnEEXy be observed, and a late phase in wk.ich ckronic changes or .x9nifesta-

tions-SUCY.as ‘ca~cer ray be obsemed. I wish to e=~kasize ZISO that t?.eCegree



h of injury ad the clinical manifestations are ~roportionate to the dose. This

is particularly true of the sydrones of w!lolebody radiation. The hitter is ad

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 arxl

time in Tindo

THE SYl\DROMESFRCW TOTAL FODY PIWX’’RATINGRADIATIONS

The dose dependent syrdromes resulting from total body eqosure in the

‘Q:mnalhave been describti in detail and I shall only ~mmarize them here. For

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

large doses (approfimetely 6000 r or more) the central nervous system syndrome

v:.ichcan be abbreviated CNS is produced. Death may occur urder the beam while

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

hyperexcitabi~ity, disorders of equilibrium, incoordination, respiratory distress

ad intermittent stupor. Convulsions may preced death. ‘oses capable of producing

this sjmirome are alsays uniformly fatal. If an occasional animal, and presumably

man, survives this CILS

u}.ichwhen produced by

nine days for mammals.

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

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

Presumably man also will respond in a comparable manner es

laboratory animals. The GIS is so named because_of the narked nausea, vomiting,

diarrhea, ard denudation of the lining of the .-11 bevel. The GIS is a uniformly

fstal syrdrome in most lalxratory animals. If the short duration GIS of a few hours

resulting from lever doses, does not produce the three to nine day death, the sur-

vivors of this syrdrome have yet to experience the sequelae of bone marrow depression

wkich has been termal the hemopoietic synirome (R3). The HS is not necessarily fatal.

It is the clinical picture that is seen in the lethal range for all namals ati h

general the 5Q% lethal dose values r~orted, represent the LD5° for the sequels of

ke30?oietic depression - namely ~anulocytopenia, depressed defenses ageinst lnfec-

t~on,-tkromtmpeniapad ancda with the pcssible resulting infections, diffuse p-
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\ purpa, e~ hypcxia due to anemia, sny one of which may be fatal. l%ny detal.lad~

descriptions of’the psthogenesis of these phenomem have been published (l-4,12-16).

The almve picture of radi~tion syndromes is based on anti,ale~ertientation;

however, human experience particularly as obsened at Tiiroshha and Nagasaki and

in the ]’larshallesenatfves has indicated tht man probably corresponds quite

closely to the general nrmalinn response outlined above with the exception of

some differences in time cf occurrence. The CKS apparently was not observd by

the Jnpanese at Hiroshima and l:agesaki. One wculd not expect it.to have been

C)bseivd since doses to produce this syndrome vere well vithin the area of aLmost

total de~truction. The GIS with de~ths in the first week are well doc’uaented

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

de~t?x from infection were mOSt prevalent in the seco~ to f’owt~ weeks (ma~m

incidence during the third veek) and from hemorrkaaticphenomena in the third to the

sixth weeks (mwdmum incidence in the fourth week). In the Japanese, after the

Imnbing of Etioshima and ?kgasaki, deaths from radiation injuries were occurring as

let@ as the seventh week. This is in contrast to other animals where deaths froin

‘&e eccte pb,se ere mco.mnon after the jOth day.

PP.@W.3TLITYOF SURVIVAL AS R?ILATZD‘lWSY?.3T@?fS

fid~ctions of the effects of various doses of gamna radiation are essential

to p?llita~ and civil defense plating. Jf the absolute sensitivity of man to

r~diation were knovn, and if it were practical to deterrdne the dose to groups

urder catastrophe cc.rditfons,a realistic

However, these predictions carmot be nade

invclvd with esthation of dose received

statistical prognosis could be made.

accurately at the present the. problem

by the idiwidud, prese=t real practical

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

devices ar-froa dose contour lines ard the position of individuals during eqmsure.

The difficulties of’reljtingheavily on the dose estiaates for a single individual

6re a?~~rent. -The erect position of the ixditic?IA and the degree d’ skfeldfng

?
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t will not be known precfsely. ‘lTLedosLnetry device, records the dose or dose rcte,

which may not reflect accur.stely,because of shielding and energy depe-rilenceof the

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

marrow ard the lin!ng of the intestinal tract.

The problems assoclatal with prtiicting mdical effects from physical estim-

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

estfmtes ~vailable will be air doses. The dcse received by the air is of academic

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

of energy s.ndIts distribution in the cr?t!cal tissues. Accordingly one must know

the depth dose pattern or ~.oreprectsely the jmttern of absorb~ dose in sensitive

critical tissues. ~.is problem has beer,explored e~erimentally at great length

and iS descrild in deteil in references (17). l+orened Mt be said here other

than the f~ct tkat the ul~3.formfield of radistion co~ing at an individual from

all directions is rcre effective per r in sir than dose of radiation of directional

quality. In urban areas there may be sF.ieldingfrom the fallout field by buildings

or inhomogenelties in t>e field due to drift In dry wirilyareas. With the prompt

radiation shielding may be .4gnAficantad the proY4mity of large buildings may s-

iously influence scatter ard perturb the uniformity of the radiation. Lastly a

fallout field my be made unidirectional by heavy shielding from buildings on orIe

side. ‘fhusestinmtes of dose calculated from dose rates or derived from an lnt-

pa%~ng type of.dosimeter that adds UP to the ‘~tal dose receiv~~ or form Position

of an Irdivtduel during exposure, cannot be accepted as the best ifiex of the pro-

bable fate of this individual, or as the final .gu3deb treatient. ne physician is

interestd in the individual from the stand-pointof sorttig casualties with some

chance of survtval and those for whom nothing can be done, and of equsl importance

the troop~om,a.der b interested in the over all.prognosis of large grcups of

individuals in order to ~~ke plans for di~position erd replac=ent. These two

c?iffere~tdesires cannot be Completely ~.etby p>,ysicalestimates of dose. Ho+

3

ever, nature t.asbeen F.elpful. The manifest~ticcs of redi~tion 3njury va~ with
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the mr,tmt of rddiation reccivd. In other wcrds, the s~zaptonsof the itiividual or

grQups of Mividwls becones in a sense a personil indicator of Onest oun fate? I&
-,

perience vithhu=n radiation injury in I!iroshim and ‘;agasakl(4,5,10,11) with’

rcac’toraccident6 (3,6,9) ad the fallout accident (1J18) to be describ~ later

strongly s-uggestthat the best incex of the seriousness of exposure of the hiiivid-

ual is t~.esy+tomatology, in addition to t’zephysical es%i’ate of dose.

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

vary considerably. In a ger,eralsense, individuals eqosd in the lethal raage,

(ljeresome, but not all, will tie in the first several weeks followiag expcs-are)

c.enbe divided accordingto spptoms and signs, bto HOUPS hviqg a diff=”ent

‘hue they may be dividdprognosis. into t~ree groups in which sunrival is, res-

pectively, improbable, possible- and pro”mhle. It will be apparent tbt there is

no sharp line of demrc~tlon axong the gro-up~. The distinguishing features are

severity a~ persistence uf vo,aitingati diarrhea.

croup I %~lvel Xmorohble:

If vomiting occurs pro.xptly or within a few ~.oursand continues ah is

i’ollouedh rapit succession.b~ prostration, dhrrklea, anorexia end fever t~te

prognasls is grave: death will elnost definitely occu in 100$ of the imiti~~ls

witkin the first week. Tnere is no kncun ti]erapyfor these pmple; accordir.gly

irls cetastropy,eattention skould be tievotd priucip=lly to others for whom t:here

is some hope or”in vl.omt!iE~ap~ is clearly indic3tdo

by a

Gro-up 11 %irvivd FossibZe:

Yomiting nay OCC-W early but will be of relatively s;.ortd’urationfollowd

period of well being. In this period of well being r~rkd cl.angesare ta’king

piece in the her.mpoietic tissues. Lppkoq.*es are profoundly depressd within

k.our~ati-remirj so for months. The n~u’troplifi count is depressd to low

t?,edepee and tLxe of XAJIW. depression depending

~ection .2aybe seen wklentk:etotal neutrophil ccunt

upon the dose. Signs

kas 2-c,zcl,edvizztusll~

&OE ARCHIV=

1evels,

of in-

Zero
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‘(7 -9 days). The pl~telet ccunt may reach very low levels after two weeks. &-
*

ternal evidence of bleeding may occur withfn tuo to four veeks. This group repre-

sents the lethal dose range In the classical phax=acolobticsense. b this grO~

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

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

of the latent period, the patient ray develop purpura,* epfl~tion oral and cutaneous

lesions, infections of wounds or burns; diarr!:eaor melena**. The mortality will be

si~~tficant. With therapy tl,esurvival tise can be expected to be prolonged and if

sufficient time is provided for bone narrow regeneration the survival rate vill be

increased.

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

picture is not as well documented as in group 3 (Surtival probable). ‘l%ereare

good clinical reasons to believe that in the lethal range the granulocyt.edepressions

will be mrked ad belov 1,000 per mu3 during

in Jepan confti this contention. However in

longer for the granulocyte and platelet count

the second week. Cbservat”ons made

the sublethal range it takes nuch

of rrn to reach nidmal v~lues, as

compared to

the data of

decrease in

other m.arrmals.Despite the chaotic conditions that existed in I?iroshime

Kikuchi and Makisake (11) shows that there was a Gore rapid ad r~rked

groups 1 (Survival improbable) ad group 2 (Stivd possible) than in

group 3 (S_val probable). Before going on to group 3

ref~3in from a cement on therapy.

Much has bee% learned from the experimental therapy

ealtiials.It has been conclusively s?.ovnthet protection

tran.~lantation of Ix3nemarrow from one strain of animal

s-i=l ~robable I c~~t
1

of radiation injury in

can be affGrdd by the

to another. The protection

afforded by transplantation of genetically .~ecific ~terial, that is from one

member of the same strain to an Irradiated member of the same strain, is very good

and long lasting. If th~ uterial for transplantation h~s its-source fn arother

strain of nouse, the protection is less marked and not.‘as

“ !llecdingin+a sl:h
*’ Klack stools from digestti blood

long lasting. If the

Q@.mwm



.-,
, -[

t — ,’

i.
->

%

● If t~,eprotective r~terlal comes fro~ another species of an~nal the protection is

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

bone marrou would algnificantly increase the survival rate Of exposd human beings

.

in the group 2 (Survival possible) ad possibly to a lesser extent in the group 1

(Survival improbable) casualties. The amounts of tone marrow needed are large and

t~-e~on=el ~otme of mm takes it ~ikely that very much codd be expected in

the way of long term protective effect. In my opinion it would be the worst t~e

of vishful thinlckg to expect that one could !ave an effective bone narrov bank

in the case of an atotic catastrophe. Mu&.work is yet to be dofieunder carefully

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

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

let alone under conditions of a nuclear catastrophe.

However, the treatment of group 2 casualties is not at all hopeless There

is a@e clinical experience in corxiitionswhere the bone mmow is severely de
.

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

relatively comnon clfnical conditions producd by sensitivity to drww~ or occ~ing

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

that are now available, and the jtiicious use of blood transfi~sionssignificantly

increases the survival time of the irilitiduals,thus giving nature a longer period

of time to repeti spontmeously the dariagesthat has been stif=ed. Accordingly one

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

tl;egroup 2 (&rvival possible) casualties by wide sPre~d co~troll~ use of anti-

b~otics.* Preparation and stockpiling for such an energency is obviously required.

Group 111 ~-~tiProbable

This group cofisistsof Individuals

* Blocd transfusions would be help.ti
of availability of enough blood for

who nay or nay not IIavehed fleeti~g nausea

to a limited extent fcr anenla. The probability
bums and other injuries is 10V. Eence vken

blood nay be ne=ld for radiation injw supply rQy be exk-susted.

QKMRwim
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and vomiting on the day of exposure.

of effects of the exposure except the

tected by serial studies of the blood

and plcteletso The lymphocytes reach

In this group there is no further evidence

he..tolo:ic (blood) changes t~~t can be d-

with particular reference to lymphocytes

low levels early, Vithfi U ~OWS, and ~aY

S!*OWlittle evidence of recovery for many months after exposure. ‘l%egranulo@es

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

variation is.encountered. I>e lQte fall in the grandocytes, during the Gth or

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

on approtietely the 30th day at the time when Taxlm.umble~ing was observed in

Japanese vho were e~osed at I?froshh and ~Jagasaki. ‘his ti’e tre~ in the plat-

let COUIItad the development Of h~”lorrha~e is in merked contrast to that seen in

laboratory admals where platelets reach their lowest levels between the loth ard

15th days ard henorrlmge occurs s~n,ortlythereafter.

In this group inidviduals with neutrophil countsbelow 1000 per cubic mm.

nay be complete by asymptmatic. L~kewise, patients with platelet counts of 75,0M

per cubic mm. or less may show

It is well known that all

lethal doses of radiation, ard

no external signs of bleeding.

defenses against infection are Iouerd, even by sub_

thus? patients with severe hematologic depression

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

c?icated. There is reasonably good animal experimentation to indicate tk~atsublethall.y

e~;osed colonies-of anhals are ::.oresusceptible to endeaic and epideaic i.nfectlon.

The numbers of individuals in grcup 3 (S*tival probable) will be greater than

in ~Toup 2 (Surv5val Possible) and the nwaber in group 2 will be ~ester than in

~~oup 1 (Stival iny,~obable). Group 1 casualties will be helplessly injured.

Group 2 casualties will be able to help ti their own cere to a ltiited extent.

Group 3 ca-sualtieswill be useful and a r.oderateamount of work will not be ka-.

No tkerap:tother than observation is n~ti=i for ttis wow.

!f’herest-of my cam.ents will be focused on the fallcut

.

accident that occ-~vd
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\ on Parch 1, 195Ai. FollouiJI~ detonation, une~ected changes in the wind structure

deposited radioactive r.aterialson inhabitd atolls and cn ship of Joint Taak Force

~whichuas corducti.ngthe tests. Radiation surveys of the tieas revealed injurious

radiation levels; therefore evacution was ordered, and was carried out 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 mortality the Commtier of the Task Force requested assistance of the

i3epnrtmentof

was requested

posed persons

Defense and the United States Atomic Ebergy Gmnission. A =iicd te~
.

uki& w~~d be orgafiz~ to pro~de the best possible care of the e-

and to make a r.edicalstuiy of the exposures. The responsibility for

organization of the medical team was shared between the +med Forces Special weapons

Project D. O. D. and the Division of Biology and Medicine, Unitd States Atomic XiIergg

Connission. Since aped W;S essential and since the United States Navy Radical De-

partment had experienced personnel available at the Naval Medical Research Institute

and

the

and

had

the United States Raval Radiological Defense Laboratory, the Surgeon bner~ of

Department of the Iiavywas requested to provide assistance. He prcmptl.ycomplid

directed the organization of a team from the two a?xwe mentioned Horatories. I

the privilege to be the director of this t=m. Within a period of three days equip-

ment was assembled and packd ad the team was airlifted to the P&ahall Isla.*s

arriving on the 8th day after the explosion. The interim care and study of the -

pos~ irditiuals had been ably taken care of by the limited medical facilities of the

United Statec l!avalStation, Kuajalein. I am pleased b call

of the very high degree of cooperation between all government

to the nuneroua individuals V!:Oselflessly gave of their tiine

attention to the fact

agencies concerned ad

and eff’orts. The num-

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

the incidence published by the United States &vernment Printing Office ard Iistd

in reference (~).

-?L4’PURXCF THE EVENT Ala DZSCRIPTICN C? THE =OSID GROUPS

The rzxiioactive~terial fell on the b!abited atolls of Rcmgelap, the Iieaviest
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dcse; on Ailin;inae; on %ngerik v~.ere kerlca~ servicemen were statlonel, ond\

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

The Marskdlleae were living under relatively primitive

constmcted palm houses. .

largest numbw of people.

conditions in lightly

The Lnerican rnflit.arypersonnel had the secoti highest exposure. They were

more aware of the si=mificance of the fallout then were the l%r,shallese,and promptly

put @n additiond clothing to protect their skin. As far as duties uould pernit,

tkey rcrrinod inside of aluminum buildings. Ln contrast to this the %rshsllese

in general r~ind outside atiaccofihgly were more heavily contaminated by the

naterlal falling upon the atoll and upon them.

All of the e~osed human beings were evacuated by air ad surface tran&porta-

tlon to the United States ]bval Station, Xwajalein, 8s promptly as facilities

would permit. Since a survey of the h-dividuals shoved that there was significant ‘
/

contamination of the skin, clothes and hair, the clothes were reaoved and Ietierad

and rcpestsd vas!l~ngsof the skin ard hair WQS carr5&l out with fresh water end soap.

‘1’hekcir of the I?arshallesewas decontaminate with difficulty because of the heavy

coconut oil hati dressing tkey usd. On %ngelep there were @ itifviduals that

received ax estinated dose of 175 r. On Mlinginae there were M individuals re
.

ceiving a?proxinately 69 r.

%tirgapprotiately ‘7Sr. On

h.itdy U r. ,-

t:-.at

On p~ngerik there were 28 American seticemen recei-

TJttii$cthsre were 157 individ-mls receiting approx

‘1’’hledetemfnaticn of the vhole body gamma doses are depemlent upon the surveys .

~’erer~de witk.calibrated in~truments appro~tely 3 feet above the groud

se-:eraldays after the inhabitants were evacuatd. In addition cert~in as~mptlons

had to be r-de about the arrival tine of the clod ad the rate of’fallout of’the

zctcrial. Only on Rongerik where t?;erewas a reccrd~ dosLmeter is arrival time

!acvn ;,rec?sely. The dose rate of the continuing fallout of =aterial ~as in p~rt

fQQEAw#Fm.,
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* n~ut~~]jzd by -We progres~i-:eradioactive dcc3y. In addition the transit dose

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

veriables mre taken into account ati the doses calcuhted. ‘fliesedoses vare

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

was stored in refrigerators and by film e~>osed outside on this atoll. In Vfew

of this internal ccngistency it is believd that the dose of radistion on the atolls

is reasonably accwnte. Details of the cnlculat!on of the dose are in the official

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

C??A!!~~CTERISTICS@? THE GAMtA R<OIATION

Tinefsllout material vhen deposited on the ground forzed a large planer source

of =adi=tion. ‘R.eenergy rlistributiohof the rsdiation reaching m expcsad indi=

idual is influencal by its pnssage through the intervening air. A knowledge of the

inherent ~ama spectrm as it emr,inatesfrom the mterial itself is essential in

order to determine the spect~4 tlmt lnpin~es upon exposed fnditiuels. When one

takes itio account the spectometric data on the mixd fissicn products ad the

degradation by Compton scattering along the path in air, a dose energy histogram

can be construct, S!;owing that there are roughly three regions wit??mati at

iOC, 700, md 1500 KEV. The total exposure is thus the resultant effect of partial

doses from etch energy region, making the exposure energy coalition significantly

d~fferent froi those of mifation therapy, e>~erimental biology or from the prompt

E== ra~i~t~on~f the bomb. Details of the characteristics of the exposure are

diECUS60~ b rCferenCe. (Ref. 1, Chapter 1).

T’YECF’MJCTIRTSTICS CF PIE FA1U3U’X’YV.TETUAL

The fallout r-cterialcansisted prelomimntly of flakes of calcium oxide r-

sulttng frm tF.eincineration of the czral. Upon the fl.a’ke~of calcium oxide fission

products were de:ositd. At Rongelap }-tollthe mterfal was visible and describd

as Erow like. It stuck to the skin, adhered to the hah end clothes, the vegetation

4
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and t!)ehabitations. *

G.T,.!m5YCF TEE X?omn

T~~e~Oesratpem~t a discussion OL- the effect of tli~s but it has been eluled

to e~rlier md details of the influence cf gemetry of the exposme to biolo:ic

ef~ect are in references (3,17).

mclre~cnetry,$ingyum~ conponent. Troblems concernd with the estimation of the

dose of rm?i.qtfonto the s!cinare discussed in detail in reference 1, chapter 1.

To ~rr~ve at som physical estimate of the skin dose an dtempt m’~stbe nade

to add “-Pthe contributions of the penetrattiS .gama, the 1ess penetratiw’ WKM$

~>&e beta bath to xl;ichtke itiivicll~lswere e~sed fro= the relatively uniform

deposition of fission products in the enviror.ent ad the point contact source of

remlt~ fron tkiespotty local deposits of fallout

the boc?y. It is completely Lnpossible to estivate

Itchins and h-un~ng of the skin occurred in 28% of the people on %ngelap,

2&, of tie group on Ailinginae and 5,%of the li~ericms. There were no s.ynptims

rcferr. tle to Lle skin in the individuals on W.tiik, In addition to the itching

of the skin there u.=.s bxning of the eyes a-nillacrimation in people on Pmgelap

and Alli@n3e. It is probable that these initial skin sympto~s vere due to ~

radiation since all ~fiiv~~ls who eqerfenc~ the initial qmptOTM lat=

oped wquestfoned radiation i.+ucd s’kinlesions that uill be desc=!T5Mzlin

d evd-

detail
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c. later. It is pos:i~le ho.mver t!mt the intensely albline nature of the calcium

oxhle ~!iendissolvai in perspi~ation might have contrilm~d to the

About ~3rds of the RonCelep ~oup were nauseatai during
●

~nd lfloth vomited ard l-d dlarrhea. One person in the Ailifiginne

irxltlalsymptoms.

the first two daye

pup was rmuseated.

No one h the .%ngeri’kor Utirik group had gastrointestinal Symp+ams.

CXTNTC.4LQ3SE5’JA?7C:W .{:3 I,ZV70CYTC C9T.T!3

Betueex t!:e33-HIandthe43rdpest e:~osure day la of the !mfi!viduglsfrom

.%rigelephad an absolute ~anulccyte level of 1,000 per cubic ::xllltieteror less.

The Iovest count during this period vas %% pm cubic milli.neter. Duiiingthis

interwal the adtisability of’propk::lactlcad,~tiist=ationof al~tibioticsW3S seriously

Consi(?cred. However propl~ylactic

~fior ‘he i’ollou’h~~ rsasons:

1) All klividuels were

administration of antibiotics ‘Jasnot ‘astituted

‘~ti.wconttiuous rdlcal observntlon so that “

i.nfect~on U’ it developed uculd !:avebeen discov~ral Ln fts earlier stages.

&QnRcHrv~
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to irr~diation. king the 4th oti 5th eqomre weeks an epidenic of

Infection,occurred. The respiratory infection consisted of moderate

malaise, pharyngitis with prominent lpnphoid follicles, fever during the first day

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

to detemdne whether this respiratory infection could be correlated with the dose

of radiation received or changes in the leukocyte tout. There vas no correlation

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

of the hadiated individuals was sfiilar in incidence ard severity.

Clinical Observations ad Platelet bunts

Eleven Irxlividualskad platelet counts that fell es low as 35,C00 to 65,000/zm3.

All individuals with platelet counts less

for evidence of hemorrhage into the skin,

examind daily for rd cells and albumin.

than 100,000 per mm3 were examined daily

EUCUOUS nenbranes ad retina. Urine was

Vomen were questioned.concerning excess-

ive menstruation. The only evidence for any urdue blee35ng were tvo women who men-

struated profusely at the ttie of theti naximum platelet depression. It WBS &t

sufficient to ca-~sethem concern ati subsided vithout any specific treatment.

No were

The Effects on I+emancy

Four women in the Rongelap groq vere pregnant when brought to Xuajaleln.

in the first trhester, one h the second trimester ad one in the third

trixester. There were coabnomal symptoms referable to pregnancy. AS f= as
.

could be detemined the pregnancy continued in the normal fashion. In the Ailin63nae

group, one uo.mn was in the second trtiest.er. Fetal movenents were unaffected in the

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

~l~telet counts but at no time was there a~y va=dnal bleding. At the twelve ~on~

reexmimtion

were nom.al.

eitk,erbefore

of the above women all had deliverd. One baby ves born dead the others

In the case of the one stilltmrn, irradiation occurred to the r.other

conception or early in the first trkester. It is possible that the

irrzdiction may have contributed but there is no vay to prove this.
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.4 %ecial %u31nstion of &es

At all follovup examin~tions an ophthalmologist has emlned the eyes of

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

foul-xi. Slmdlar studies have been msde on the eyes of non exposed F!!shallese

aml the incidence of eye lesions is

SKIN LESIOKS KID !ZPILATICN

As nentiond earlier there was

by the medical team on the ~h post

identical in the two groups.

burning of the skin. On first examination

exposure day tlheexposed people appeared to

be in good health ad the skin was definitely nozaal in external appearance.

Evidence for the development of skin lesions comiience3approxirmtely two weeks

after e~osure. During the early stages of deti”elopmentof the lesions, itchtig,

burning and slight pain were experienced with the nore superficial lesions. with

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

paimmul sml causal some of the people to valk on their heels for several days d-

fng the acute stzgea. Some of the more severe lesions of the neck ati axillae

vsre painful. l’here were no constitutional synptoms associatd with the sldn lesions.

The c~.aracteristicseqtienceof events in the development of the leslors was #e

occurrence of symptoms, then of black pignented areas, smell in size uhick ~grev

lerger in size zmd coalesced. Later

the pigmented plaques to the outside

.-
of large depig3ente3 areas. In most

the skin began to shed from the inside of

and in e-onecases resulted in the production

of the lesions the ahe3ding was limited to the

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

of s..~erficialulcers. A few became infected. The appearance of these skin burns

can best be illustrate by referring to Chepter III reference (1) wiierekodackrone

pictures illustrate the sequence of events. In addition to tie slclnburns, loss of

hair, spotty in wture occumvxl in soae of the itiitiduals. Tileheir ~ev in aSain

uith IXIrE~

r-$jdle-eged

color erdtextu.rearrlthe regrowth L’ascomplete in all excqt possibly

w in vh.omit cazzein sozew’natsparsely. Small pieces of skin were

one

1[



. -.— <, (- ‘:-4
L.

-w
9

b r~.oved surgically from some of the burned areas ,formicroscopic sttiy. ‘1’hesepieces

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

became infectailparticularly those on the feet ad uere tre~ted locally by cleansing

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

return of nomel color ad texture

,
with depigrcentedareas. The worst

aged men. It produced a permanent

oi’the skin eti in some cases scars were left

burn occurred on the back of the ear of a fiddle

scar with absence of pigment and abnormal blood

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

has been carefully observd at 6 months, 12 months, 2 yems ad 3 yea’rs

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

The skin

after ex-

the early

burns of the s’kh There is no evidence of $he development of cancm at tkds time.

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

‘two occasions by a plastic surgeo%

who feels that no plastic repair is

good.

Dr. Rradfon3 Cannon of

necessary and that the

the F!ard Medical School

prognosis in general 18

FACTCRS INFLU12JCINGSEVERITY OFTHEL~IONS

Certain lessons vere learned fron the Y!rshallese experience.

Burns were causal by dtiect contact of the radioactive mterial with the skim.

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

difficulties in decontamination certainly favmd theiiwelopment of the skin b’=.

Those individual% who rer~i.ncdindoors or under trees during the fallout developed

less severe skin burns. The children vho vent wading in the ocean developed fever

lesions of the feet and most of the Americans who were r.oreaware of the dangers

of the fallout, took shelter in elumhum buildimgs ad bathed end changed clothes.

tinsequently they developed only ve~ mild beta burns. bstly a single layer of

cotton msttiial offered almost complete protection as ves dezoxistrotedby the fact

that skin burns develop-d d-xost enttiely on Yne exposed parts of the body. The pro-

gnosia of beta-skin burns ad radiation burns of the s’kin1s excellent describemi
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● in ~apter 111 of reference (1).

It is generally considered

biologic indices of exposure of

“1*

tljatchanges in the blood are the

living human beings to rodiation.

most sensitive

Accomiingly e=

tensive simple hematologic studies were

were .noprevious hcznatologicstudies on

performd on the Msrahallese. Since there

the exposd %rshallese, it Was necessary to

set up control groups of non exposed l%rshallsd of the sane age and sex distribution

for comparative purposes. I shall restrict my comments to the findings in the group

from Rongelap since the tenporal sequence of events are idefitlcalin all of the ex-

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

I groups.

?leutrophileGmn$

The absolute neutrophile count of both the younger ad older age groups fell

during the second week to a value approfimsting ’70to 80% of that of the mntrols.

Follovi,ngthe depression there was an oscillation roughly around

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

in the blood count with mirdcnzm values being attained around the

posurea It is of interest, that the depression in the ck+ldren,

of age was ~eater than in the individuals WYO were grester than

I’ollowtigth~s maY&al depression there was a slow return of the

towards normal.- However at 6 months they were still depressed.

the control value ,

pro~~essive decrease

45th day after ex-

less than 5 years

5 years of age.

.neutrophilecounts

At cne year ad two

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

there ues a drop in the absolute mean ne_dxGphile count b~t this also occurred b

the control population. It is not known whether levered counts represent a Fopu-

latlon tre.rdas has been noted in the Japanese for both irradiatd and non irradiated

populatio&, or whether

in this type of st’.ldy.

‘Lyml.ocfiebunt

it is nerely a statistical fluctuation

Nore work is necessary on this -point.

‘?#
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\ ~ :Free da7s t!~eQnphocytes drop~ed to 50~ of the controls. filep-cd

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

greater than 5 years. The lymphocyte count rmdned at appro~tely the same lsvel

through the e~osure period. At 6 ~nths, twelve months~ two yearO and t~ree Ye=a

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

Platelets

The maxtaum depression in platelets was obtained approximately 2g to 30 clays

after exposure in contrast to laboratory animals that attain their minhum values

between the 10th ad 15th days after emosu.re. In this case the children tier 10

yea’rsof age had a greater percentage drop than those who were older. me plate~~s

began to recover after the 30th day attained a maYfium about the 45th day. mere

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

period and at 6 months, 12 months, two years and three years SIOU recovezyuas still

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

yet reachcclit. In all of

the present levels are riot

wish to emphasize t},atthe

than adequate to take ccre

the hematologic studies mentioned above it is statd that

equal to that of the controlled population. Ho~ev= I

current levels of the blood cells of all t.~es is nore

of the lnfeations ad the various troubles of =er@ay

etistence. This statistical expression of a imd~uate recovery probebly represents

the residual radiation injury that is of considerable interest to ~ttiy but does

not appeer tob.e overtly harmful to the Individuals. One can be reasonably confide~t

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

Wrshllese who were nonexposed and liting in the same area.

During the two days before evacuation, the ~ngelap people livaxlwaler cG.rditlons

of ext.rezxcontanlnetion without any concertd efforts to protect themselves against

the dangers of internal cont3Xhation. These idiwiduals drank contaminated water,
.

and nte theti natural fGodstuff’ew?lichwere COnt?drQtEd e~.ernd~~ T!!eir ?xm3s
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\ were contaminated; they inhaled and obvious~ InSested Certain frdete~hate anounts
.

of material..

The body burden6 of isotopes in these individuals was evaluated by radio

.
analysis of the urine of the exposed peaple and assistd by studies on swine.

chanlcal

These

swfie were rmmved from the island at a later date. The urinary ati fecal excretion
*

was studied and ultimately the afinals were kill~. Extensive radio chemicals anslysic

were made of their entire bodies. By comparison approxbmtions of body burdens of

radionuclides was made..
.

Rare ad alkaline earths accounted for about 70$ of the urine actitity. Stron-

tiun 89 was about at the maximum permissible level at one day. Iodine 131 and other

members of “theiodine family ~.ich had to be present early, resulted i n

radiation to the thyroid glatis, estimated between 100 ad 150 rep. To

a dose of
.. ,

t+is of course,

must be added the penetrating external gamxm 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, Ca45, H. and Cs were present*.

The results of the three year radiochemical analysis of tke urines that were recently

collected are not completd as yet. It was believed that the body burdens of these

pmple uas very 10V and probably biologically insi.gntiicant. However it was decided b

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

counter at the Argome Kational Laboratory. ‘fhi~decision was nede not because of

any fear but because the analysis of the urine and the animal analysts was an ind~

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

firm direct measurement of the body Irtien from the scientific standpoint and to

detexnine the precise body burdens. Four individuals from the Rongelap group, two

from the Uttiik group ard one control Yershallese (a total of 7) uero brought to the

United States ard taken to the Argonne N:ticnal laboratory. ‘X’here, unier the direction

of Drs. ?%rinelli, P~se and ?+illerthe total My gaxzm activity was neesured. ‘I’he

* St&ies performed both at U. S. Navel P~diological Defense Xalmratory a-d Ualtar
Reed by P’kdicalCenter.

‘!OE ARCHIVX /[:
+
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b results are yet incomplete and hnve to be malyzd further. It was found that the

‘nd counts that were higher than non e~oeed peoples h theexpo5ed I!arshalle?e..

United states. However the values were f~r below tbe current permissible levels.

Since there has been some misundersta~ling ‘inthe press about children being

brought to the United Ststes for stuiy I would like to ctate that all

brought to the Unite5 States were adults with the exception of one 16

They have subsequently been returned to the l-larskall Islatis.

the Individuals

year old by.

TE3 C@;~INUING STUDY OF ‘THEIOF.SEALE5E

My aseociate in the lkdical Department of ~ookhaven National Lskoratov, Dr.

.RobertA. Conati, a member of tke original teen that took care of a~ sttiled the

Mars+ialleseand director of the two and three year surveys has retained an abiding

interest in the Ymrshallese. On belmlf of the Atomic Energy Commission eti Erook-

h~ven ~atjonal ~~ratory he h~s ~&.~ken the contfiuing responsibility of yearly

surveys of these pecple. ‘Thesesurveys are being made possible by the cooperation

of the lkxlicalDepartment of the Lbitd States Navy ard its activities: the ?fdical

Re:jearchXnstitute d Betk,eeda,Maiyland and the United States Naval Radiological

Defense Lelmretory in San Francisco. The ccnti.nuingproject is a joint effort df-

rected by Dr. @nard ad participate in yy the }!axiicslDepart..entof 3rookharen

l~~tionalhkratory, the two ?favyinstitutions mentioned earlier and interested phy-

sici~.s ~~ scientist= of ~p--ious~~erica~ universities ard mCX3iCalSChOOIS.

&.e cannot-leave this tremendously important subject of fallout and the unfo~

t-mate accident tlmt occurred ti tb.ehrsha12 ~lands iJI1954 ~-thoti tie frn~ r@~=

nition t!mt late =Sfects of ionizing rsdfation are possible. Fany late effectf3have

“oQenotsemmd h -ZEQ and in arL-Aals. These are coxde.nsd ind6taiI in the Kational

Acadew of Sciences report (!3). Accordhgly a search for Izte effects Is en essential

part of t!7emritinuln~ survey. A STLIUIXJqOf the 3 yesr st3tus of tiese peqle follV~60*

* It will be reportd In detail in reference 22 nov being prepard.

POE &CWV=
J-c
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Fertillt~

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

Harshellese. If there has been any effect on fertility it mtit kavo been very short

lived since prqpancies are occurring normally ad at rate stillar to other groups

of Ytmshalleseo

Pregnancy

There kas been-no apparent effects of r~diation on the course of pregnancy

in the !F~rshalleEe. Stice the delivery of the four women who were pregnant at the

ttie cf the event, there bve been twelve pregnancies which have tem,inatd. Ten

of these t4rninated nornally, one tenninatsd in a stillbirth erd cne baby died

several hours affterbirth apparently of an infection of the cord. The leek of

vital statistics mkes this data difficult *tointeqmet. Hcwever it does riot

that this ir,cidence~f still births is greater than tiAat of other comparable

groups in the mid Pacific area.

Xffects on the Fetus

The three babias hradiaid hutero have not sl-,ovnany abnormalities such

observed in sme of the Japanese Yahies irradiated bute.ro (for example

microcephaly)o .

&outk end Develormen’t

On each resumey the exposed and control chilldrenhave been n~tched forage

and sex. I!easnrementson grcuth ad develop~ent have been csrrid out. ~ttiopometri

neas”uzzementshcve been tnconpletely analysed as yet. Since the mrabers of children

arc mall the data is not easily s’~bjectedto statistical analysls. Houever there

doeg aopear to be etidence suggestive of.

~errt as mxsured by comparison of height

dren. Xo abnormalities of the eyes have

a slight inpainent of -growthand de-/elop-

m-d veight in the

been observd.

S?.arteninqof Life Scsn

. Indnals the evidence for sliortenlngof life span

control and exposed chil-

is quite good, It is

@_E ARCHIVM
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✌☛ evident that the 142ffes;:ortcr.ingis sone function of the dose of rid~ution. I?ovever, th~
b

extrapolation from mice tor.an is extr=ely difficdty. It

statistical analysis can ~e mde on the Yarshdlcse because

individuals ad the uncertainty of t!]eprecise birthikte in

Is unlikely that any good

of the small nunbers of

L!e older soups. ~lcre

has been one death in the Rongelap group who at autopsy showd ~.dence of F.cart clh-

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

deaths is comparable in bth .woups one havinz receivd 175 r eti the htter oflY

3_4r. To date one must ccnclude that there l.asbeen ri significant evidence for

prenature ageing or sl:orteningof the life span of the Yara>allese.

Leukemia and Cancer

Lm&emia is one of the things thot is know to have occurrd in the Japanese

ad is prevalenti n imadiated laboratory animal S* To date no leukemia has occurred

cd there is no e videme of Ieukm:c %endmcies. Thi3 is being sttiie2 intensively

ty the usa of alkaline phosph~tase studies on the granulocytes ani besop>ile counts

on the blood. It kas ‘seenshown by the studies of ?-bloneyet al., in Jepan tkat a

}A~oPhilia a~ d0creQs6 in ~~}:alinepliosphatase2rec&es the develop-t of le’fi~ao

Lake it

‘“GeneticZfects

The mall number of individuals involved and the inadequate

difficult to determine genetic changes. It is certain that

vital Statistic .

there have been

no abnoraditics h t;hefirst generetio~nof babies. Tne desire-able aspects for
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a’ received approximately 100 to 150 rep from the short liv~ iodine f~ly. It has9

been reported that irradiation of the th~oid area in early life increases the

fncidence Of cancer Of the th~~oid. Accordingly th~id function ad the possilbity

of thyroid cmcer Is being studied h the Marshellese children.

E?eforeconcltiing I

viction on tvompects of

of fallout such as would

cannot refrain from expressing my personal opinion and con-

the fallout problem. First, the acute axrllong term haz~s

occur following the use of thermonuc~ear devices h verfare

is simply unthinkable, The vido spread contamination over continental areas from

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

ietion hazards for all living things and for generations to tom. These hazcrds are

~ers~~. ~e~e hazards cannot be considered as the USUR1 ‘calcfiatd risk basiss

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

d-rid that their representatives in government also appreciate these kazards ad

4th this recogn~tion bring eve~ conceivable effort of diplomaoy to solve the pro- -

blem posed by differences in politicel afi econotic ideologies and thus prevent a.

type of warfare that cannot be considered in terms of ‘calculate risk”.

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

analyzed thoughttiy by competent people irxiitiduallyad in assembly. kte the

sober ad realistic reports of the National Academy of Sciences, the aiti~ l~~i~

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

of r&d5ation in.~ur lives today end the necessity for continuous scrutiny. Let us not

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

of the multiple Bources by undue preoccupation with world wide fallout. Let us not

be so preoccupied vith radiation in general that we forget a’mut industrial pollution

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

incidence-f leukeda vas apparently increasing prior to the development of atotic

energy. hlljq

.
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