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¥.r. Chairman, Congressmen and Observerss 

I have been asked to su:r.marize tI'.e early effects of exposure of animals 
. 

end ~n to external radi~tion vith particular reference to the effects of fellout 

radiation on the Yiarshallese, 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 experience is limited to the Mershallese and an-

imal experi.n;entation I shall limit myself to these arrl supply reference material 

for the others. 

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

of ti.roe so I shall concentrate upon the effects of exposure to external radiation 

on animals arxi man with a clinical description of the syndrome of radiation sick-

ness as a function of dose of radiation and highlight the discussion with illus-

trative material collected in the study of the P~rshellese (1). 

My prepared state~ent includes numerous references and furtter material 

that time will not permit discussion of at le~gth here. 

Radiation syn:lromes vary as a function of the type of exposure, the dose and 

the time after eA-posure to radjation. In general radiation injuries can be divided 

into three ge~eral classes: 

a) The syn:iromes of vhole body radiation injury produced by penetrating 

ionizing rnd:ation vhich are dose a::xi tine dependent. 

b) Superficial radiation burns produced by soft rsdiations (beta and low 

energy x or ga:nma radiations). 

c) Radiation injury produced by the deposition of radionuclides vittin 

the body. 

In the latter case the clinical picture varies vith the site arrl amount of deposition. 

Ee.ch-of the above is associated with an early pbase in vhich acute s~-:npto~s 

and signs may be observed, and a lat€ phase in vhich c~ronic changes or rr.anifesta-

tions· such as -ca~cer ~.ay be observed. I wish to e:.;1:.asize also tf',at the c!egree 
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, of injury arxi the clinical manifestations are ':"·roportionate to the dose. Thie 

is particularly true of the syn::iromes of Y!iole body radiation. The latter is and 

l repeat, highly dependent on dose and time after exposure. There is no simple 

description. The problem is subtle end complex and one must a1Yays bear dose arrl 

time in mind. 

THE SYIJ>ROME.5 FRCY. TOTAI. OODY PE!IBI'RATING RADIATIONS 

The dose dependent syndromes resulting from total body exposure in the 

:r.a:mnal have been described in detail and I shall only Sll'Olll8.rize them here. For 

furtcer details one is referred to the folloving references ( 1 - 12 ). After 

large doses (approximately 60oO r or more) the central nervous s7stem syndrome 

y};ich can be abbreviated CNS is produced. Death t:IBY occur under the beam \/hile 

being irradiated or after some !~curs. 4.he clinical picture is characterized by 

hyperexcitability, disorders of equilibrium, incoordination, respiratory distress 

and intermittent stupor. c.;onvulsions may preceed death. Doses capabl"e of producing 

this syrrlrome are al~ays uniformly fatal. If an occasional animal, and presumably 

man, survives this CHS he has yet to experience the gastrointestinal syndro::ne (GIS), 

vr,ich when produced by doses in excess of 1500 r is al'l.'ays fatal Yithin three to 

nine days for mammals. Presumably man also \Till resvond in a cor.iparable manner as 

laboratory animals. The GIS is so named because of the !"!'larked nausea, vox:ii ting, 

diarrhea, and denudation of the lining of the STD.811 bo~el. The GIS is a unifor:nly 

rstal syrrlrome in most laboratory animals. If the short durc!ltion GIS of a fey hours 

resulting fron loYer doses, does ~ot produce the three to nine day death, the sur-

vivers of this syn:lrome have yet to experience the sequelae of bone marrow depression 

'l.'bich has been termed the hemopoietic syrrlrome (RS). lbe HS is not necessarily fatal. 

It is the clinical :-=·icture that is seen in the lethal range for all oa.m:::i.als and in 

ger.eral the 5~ lethal dose values r9!>orted, represent the LD50 for tr.e sequels of 

be:nopoietic depression - na::nely granulocytopenia, depressed defenses ageinst infec-

tion, -U...ro:nboplmia, arrl ane-::iia \rlth the pcssible resulting infections, diffuse pur-
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~ purp3, end hypcxis due to ~nem1a, any one of "Which ~ay be fatal. Many det3i1Ed · 

de~cr!ptions of the psthoGenesia of these phenomena have been rublished (1-4,12-16). 

The above picture of radiBtion synjromes is based on aniJnal experimentation; 

however, h'll!ilan experience particul9rly as observed at Hiroshir..a and Nagasaki and 

in the l'iarshallese natives has indicated that t'lBn probably corresponds quite 

closely to the general m.arr='~lian response outlined above 'With the exception of 

some differences in time cf occurrence. The Cl\S apparently was not observed by 

the Japanese at Hiroshba and llagasaki. One "Wculd not expoct it to have been 

observai since doses to produce this syr>..drome vere ~ell vithin the area of almost 

U>tal destruction. The GIS ui th desths in the first veek are \./ell documented 

clinically and patholo~ically as arc de3ths fro~ the HS. Rovever in the case of roan, 

deo:ths from i!li"ection Yore r:iost prevalent in the second to fourth \leeks (maximum 

i~cidence during the third ~eek) and from hemorrhazic phenomena in the tbird to the 

sixth '.leeks (n..<iximum incidence in the fourth veek). In the Japanese, after the 

bc::!bing of HiroshL"lla an:i ~:ag~rnki, deaths from radiation injuries vere occurring as 

lete as tbe s~venth veek. This is in contrast to other animals \Jhere deaths from 

t~e aci.:te pr...!!se are U-'l.co:rnon after the Joth day. 

PF.OBA3ILITY OF SURVIVAL AS R!l./,TID TO SY?·J'.'TOHS 

Predictions of the erf ects of vario~s doses of gamma radiation are essential 

to ri}ilitary and civil defense planning. If the absolute sensitivity of man to 

TP.diation \./ere knovn, and if it were p~actical to determine the dose to groups 

urner catastrophe conditions, a realistic statistical prognosis could be made. 

Ho\.lever, these pra1ictions cannot be nade accurately at the present time. Problems 

invclved with estir..ation of dose receiva1 by the individual, present real practical 

difficulties. It is probable that dose estimates vill be available fro~ dosi.I:letry 

devices or-fro:i dose contour lines and the position of individuals during exposure. 

The difficulties of relying beavily on the dose estL-i.a.tes for a single i:ldividual 

are app~rent. -The exact position of the irrlividual am the degree er st.ielding 
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will not be known precisely. The dosimetry device, records the dose or dose rete, 

~hich may not reflect accuretely, because of shielding nnd energy depe!'ldence of the 

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

marrow arrl the linine of the intestinal tract. 

The problems associatErl with predicting medical effects from physical estim­

atfon of dose can be further illustrated as fol101.Js: it is apparent that dose 

estinBtes Available will be air doses. The dose received by the air is of acada'llic 

interest only, since the cet;ree Of effPCt in Jiving things is due to the deposition 

of energy a::id 1t8 distrihution in the cr5ticnl tissues. Accordingly one must knov 

the depth dose pRttern or ~ore precisely the pattern of absorbe:i dose in sensitive 

critical tissues. This problen has been explored experimentally at great length 

and is described in detE>il in references {17). More need not be said l':.ere other 

than the fact ttat the unJfor:n field of radiation co::-J.ng at an individual from 

all directions is r:cre effective per r in air tl:.an do~e of rodiation of directional 

quality. In urban areas there may te sr.ielding from the fallout field by buildings 

or inhomogeneities in the field_due to drift in dry vindy areas. Yith the prompt 

radiation shielding may be gjgr>..ificant and the proY.imity of large buildings may ser­

iously influence scatter and perturb the uniformity of the radiation. lastly a 

fallout field JURY be made unidirectional by teavy shielding from buildings on one 

side. Thus estimntes of dose calculated from dose rates or derived from an inte­

era~ing type of dosimeter that adds up to tl:e total dose received, or form position 

of an irrlividual durine exposure, cannot be accepted as the best iM.ex of the pro-

. bable fate of this individual, or as the final guide to treatment. The physician is 

interesta:i in the individual from the standpoint of sorting casualties vith so~e 

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

the troap -co::::;..a:rler is interested in the over all prognosis of large grcU?s of 

individuals in order to ~ake plans for disposition end replace:::ient. 'I'bese two 

difrerent desires cannot be cowpletely net by physical esti:!i.ates o~ dose. How­

ever, nature l-.as been helpful. The manifestations of radiation injury vary Yith 
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tr.t:. e.nc.unt of rJdiotion received. In other wcrds, the sy:::i.pto~s of the individual or 

groups of individuals beco~es in a sense a p~rsoruil indicator of ones' ovn fate~ ~ 

perience with h\m'.an radiation injury in P.irosU.ma and Hagasald (4,5,10,11) with. 

rc~ctcr accidents (J,6,9) a".ad the fallout accident (1,18) to be described later 

strongly suggest that the best incex of the seriousness of exposure of the individ-

ual is the sy.aptomatology, in addition to the physical estL~ate of dose. 

RaJiation injury is complex and subtle, and the ~~r.ifestnticns of the inju.r;y 

vary considerably. In a general sense, individuals exposej in the lettal range, 

(bere some, but not all, will die in the first several 1.'eel::s following exposure) 

can be divide:! according ·to sy::iptoms a:ld signs, into gro~s having a different 

prognosis. Thus they may be divide::l into three groups in 'l.'hich survival is, res-

p~ctively, improbable, possible, and pro~~le. It will be apparent tl!tit there is 

no sharp line of de::u.rcc:itlon a:cong the groups. The distinguishing feDtures are 

severity ard persi~te~ce uf vomiting and diarrhea. 

Group I Si.irvi ve.l Ll!Pro be. bl e: 

If voni tin:; occurs pron;:ptly or within a fe>.• :;ours and continues arrl is 

follove:l in rapi~ succession by prostration, din.rr:hea, anorexia end fever the 

prognosis is grave: death will ebor;t definitely occur in 100% of the indiv1-dus.ls 

witl-_in the firzt \Jeek. Tnere is no knc'Wil thore.py for these people; accordir.gly 

in & c3tastrophe attention sLould. be d~vote:l prirlcipelly to others f'or wl:o:n there 

iE sorne :!";ope or in \.11·,om therapy is clearly irrlicatOO.. 

Vo;;riting nay occ·ur early but will be of relatively r;"tort duration folloved 

by a period of \Jell being. In this period of \Jell being ::-.arke::l c1.anges are taking 

plece in the henopoietic tissues. Ly:npboc:--tes are profcun:ily depresse:i within 

r.ours am re::-.air1 SO for IL&Ontl:s. nie neutrophil count is depressed to low levels, 

t!-ie dei:;ree and tine of :na...,v.i.mur., depression depending upon the dose. Signs of in-

fect:ion :iay ~e seen \.11-,en the tot.al neutrophil cc-m-:.t cas r-enched v;.,·tUB.lly zero 
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'{7 - 9 days). The pl8telet count may reach very low Jevels after two weeks. Ex-

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

sents the lethal dose range in the classical pharmacologic sense. In this group 

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

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

of the latent period, the patient ;...ay develop purpura,* epilGtion oral nnd cut?.neous 

lesions, infections of wounds or burns," dio.rr!~ea 011 melena**. The mortality will be 

sicnificant. 'r.'ith therapy tl.e survival ti.'.r.e can be eX'_?ected to be prolonged and if 

sufficient time is provided for bone ::iarro\J regeneration the survival rate 'Jill be 

increasoo. 

In group l {Survival impossible) and group 2 (Survival possible) the blood 

picture is not as vell documented as in group 3 {Survival probable). There are 

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

will be nr.rked and below 1, 000 per nun3 during tbe second veek. Cbservnt · ons made 

in Japan confirm this contention. However in the sublethnl range it takes much 

~onger for the granulocyte and plRtelet count of f'"u.an tor each ninimal values, as 

compared to other t:Ja~mals •. Despite the chaotic conditions that existed in Hiroshima 

the data of Kikuchi an:i Wakisaka (11) shows that there Yas a r;,ore rapid am r:-.arked 

decrease in groups 1 (Survival iJ:lprobable) an:i group 2 (Survival possible) than in 

group .3 (Survival probable). Before going on to group 3 survival nrobable, I cannot 

ref~3in from a coEJ11ent on therapy. 

Much has been learned from the e:>;>erimental t1:erapy of radiation injury in 

a~imals. It I'.as been conclusively s~own that protection can be afforded by the 

transplantation of bone ;narroY fron one strain of animal to another. The protection 

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

~~mber of the same strain to an ~rradiated menber of the sa~e strain, is very good 

a!'"rl long lasting. Ii' the material for t~ansplantation has its. sour·ce in a?:other 

strain of mouse, the protection is less marke.i and not as long lasting. If the 

Ele,;ding into s1:in 
t:· 11 BJ ack stools .from digeste1 blood 
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If the protective r~terial comes from another species of sni.~al the protection is 

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

bone marrov ~ould significantly increase the survival rate of exposed human beings 

in the group 2 (Survival possible) and possibly to a lesser extent in the group l 

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

the mongrel nvture of man takes it unlikely that very much could be expected in 

the vay of long term protective effect. In my opinion it vould be the \lorst type 

of 'Wishful thinking to expect that one could Lave an effective bone narrov bank 

in the case of an atoJU.ic catastrophe. Much '\.'Ork is yet to be done under carefully 

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

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

let alone urner conditions of a nuclear catastrophe. 

However, the treatment of group 2 casualties is not at all };opeless There 

is ample clinical experience in conditions 'Where the bone marrov is severely de-

pressed and in vhich there are inadequate nUlJlbers of circulating cells. In these 

relP-tively common clinical conditions produced by sensitivity to drugs, or occurring 

natt:rally as disease processes, the combined use of the wide spectrum antibiotics 

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

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

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

could feel optilnistic i~ respect to increasing signif'icantly the survival rate of 

the group 2 (Survival possible) casualties by Yide spread controlled use of anti-

biotics.~ Preparation and stockpiling for such an e:nereency is obviously required. 

Group III ~-..irvive.1 Probable 

This group consists of individuals \lhO ::ay or CBY not Lave :tad rleeting nausea 

Blood transfusions would be I'.elprul. to a lil:Ute:J extent fer ane:Ua. 
of aveilability of enough blood for burns and ot~er injuries is loY. 
blood :cay be .:.eejed for radiation injury st..-pply :;my be e.xt_susted. 

The pro1:::a1'ility 
F.ence vhen 
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and vomiting on the day of exposure. In this group there is no further evidence 

of effects of the exposure except the he-natologic (blood) changes tr.at can be de-

tected by serial studies of the blood with particular reference to lJ'!:lphocytes 

and plctelets. The lymphocytes reach low levels early, l.rithin 1.13 hours, and may 

a!.o\.I little evidence of recovery for many months after exposure. The granulocytea 

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

variation if! encountered. 'l'b.e late fall in the granulocytes, during the 6th or 

7th ~eek, may occur and should be watched for. Platelet counts reach lowest levels 

on approximately the JOth day at the time when ~nx1._r:n.~ bleeding vas observed in 

Japanese vho were exposed at Hiroshima am Nagasaki. This tL-ne trerrl in the plate-

let count arrl the development of hez",orrhage is in merked contrast to that seen in 

laboratory animals where platelets reach their lowest levels between the loth and 

15th days errl r.e::iorrhage occurs s::,.ortly thereafter. 

ln this group inidviduals with neutrophil counts below 1000 per cubic III!ll. 

nay be complete by asymptomatic. Likevise, patients with platelet counts of 75,000 

per cubic mm. or less may shov no external signs of blee:iing. 

It is vell known that all defenses against infection are lo~ered, even by sub-

lethal doses of radiation, ard thus, patients with severe hematologic depression 

should be kept under close observat:ion and administered appropriate therapy as in-

dicated. There is reDsonably good animal experinentation to indicate that sublethall.y 

exposed colonies of animals are ;wre susceptible to ende:nic and epide.:::iic i."lfection. 

The nu::nbers of individuals in group 3 (Survival probable) will be greater than 

in group 2 (Survival Possible) and tte nu.~ber in group 2 will be sreater than in 

c.roup 1 (Survival ir:1p::-obable). Group 1 casualt:i es will b.e r_elplessly injured. 

Group 2 casualties vill be able to help in their ovn cere to a lin::ited extent. 

Group 3 casualties will be useful and a r::oderate s:::iount of vork \."ill not be bal'"I!lful. 

Ho therapy other than observation is needed for this group. 

'fbe rest of my Co~ents vill be foc~sed OD t~e fallout accident that OCCi.i..."Ted 
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on March 1, 1954. Followinb detonation, unexpected changes in the vind structure 

doposited radioactive ~aterials on inhabited atolls and en ship of Joint Task Force 

117 which vas conducting the tests. Radiation ~urveys of the areas reve~led injurious 

radiation levels; therefore evacution vas ordered, and vns carried out as quickly as 

poBsible vith the facilities available. Althouth the estL."'lated accumulated doses 

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

injury or mortality the Co:mnarrler of the Task Force requested assistance of the 

Depzrrtment of Defense and the United States Atomic Energy Com."Jission. A illedical team 

vas requested which WO'..lld be organized to provide the best possible care of the ex-

posed persons and to make a r.:edical study 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 arrl Medicine, United States Atomic Energy­

Cor:L"!lission. Since speed vns essential and since the United States :Navy Medical De­

partment had experienced personnel available at the Naval Medical Researc.l-i Institute 

and the United States Naval I\gdiological Defense Laboratory, the Surgeon General of 

the Department of the Navy was requested. to provide assistance. Be promptly complied 

and directed the organizatio~ of a team from the two above mentioned };b::)ratoriea. I 

~ .. •' 

had the privilege to be the direct.or of this team. 'Within a period of three days eq,uip-

ment 'Was assembled and packed arrl the team was airlifted to the Harshall Islar.ds 

arriving on the 8th day after the e~losion. The interim care and study of the er-

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

United States Naval Station, K\Jajalein. I al!l pleased to call attention to the fact 

of the very higb degree of cooper~tion betveen all govern!!lent agencies concernErl arrl 

to the numerous ind.i viduals v!:o selflessly gave of their time and efforts. The num-

ber is large and due credit and llcknowledgments are given in the official report or 

the incidence published by the Unita:l States Government Printing Office and listed 

in reference (1). 

-NATURE CF THE EVSNT Ai:D DESCRIPTION CF THE EX?OSID GROuPS 

The radioactive r::aterial fell on the inhabited atolls of Rongelap, the heaviest 

DOE AR run no.- 1 9 
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dcse; on Ailin~inae; on Rongerik wtere Auerica~ scrvicenen were stationed, and 

uti:-ik vLere the s:'.lnlle.st done vac received but by the largest number of people. 

The Marsr.allese were living under relatively primitive conditions in lightly 

constructed palm houses. · 

The k=erican military personnel had the second !-.i~est e,-;posure. They vere 

more a'IJare of the significance of the .fallout then were the ¥.arshallese, and promptly 

put on additional clothing to protect their skin. As far as duties would per:-;it, 

tl:ey rc:r.ained inside of alu:ninum buildings. L"'l contrast to this tl!e Y.i.arshallese 

in ge::ieral renainad outcide arrl accordingly vere more heavil:t contaminated by the 

~aterial falling upon the atoll arrl upon them. 

All of the exposed human beings were evacuated by air an::l surface transports-

tion to the United States naval Station, Kwajalein, a~ promptly as facilities 

W'ould permit. Since a survey of the individunls shoved that there 'Was significant 
, 

contamination or the skin, clothes and hairJ the clothes vere renoved and laun1ered 

a!ld rcpE:8too vashinza of the skin arrl hair ,_.as carried out with fresh water and soap. 

The :t.nir of the Hars~allese was decontaminaterl "1ith difficulty because of the heavy 

coconut oil hair dressing tr.ey used. On Rongelep there 'l.'ere 64 ind1viduels that 

received a:-i esti.'W.too dose of 175 r. On Ailinginae there \Jere lB in:Uviduals re-

ceiving approxiln:3tely 69 r. On P'<>ngerik there 1.1ere 28 American servicemen recei-

vi!'..g approximately 78 r. On utirik there vere 157 individu.nls receiving appro~ 

!...."1.2 t ely 14 r. 

:;'::cle Body GW'~ Doses 

rr.·e determinaticn of the 'lo/tole body ga~ doses aro dependent upon the su..ryeys 

t:·.at -.:ere Ir.Ede vitr. calibrated inr:truments approrlmately 3 feet above the grourrl 

se;eral days a~ter the inh.abit~nts vere evacuate::l. In addition certain as2U!:!ptions 

had to be nade about the arrival tine or the clow am the rate of fallout of the 

::.ntc::-ial. Only on Rongerik \.'her~ U:ere \las a recording dosi.."!l.eter is arrival time 

kr.o\ID ~~eclsely. The dose r8te of the continuing fallout of ~aterial ~as in part 

l/D 
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.... neutralized by the )'rogresd·.·e rP,dioactive dcc:iy. In addition tho transit dosEi 

i'ro;:i the cloud pe S!".ing over the atolls could not be esti-:ieted. All of' these 

variables 'J'ere taken into account and the doses c~lculated. These doses ~ore 

con1>iste:it -with the doses that were actually measured on Rangerik by fil.in that 

was stored in re~rigerotors and by film expose:i outside on this atoll. In viei1 

of this internal ccnsiste~cy it is believed tl:at the do5e of radiation on the atolls 

is reasonably accurAte. Details of the calculation of the do~e are in the official 

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

CEA..llACTERISTJCS OP' THE G/ll.'.J·!A R'.1)1ATION 

T'ne fallout r::mterial vhen dcpositoo on tl:e ground for:ned a large planer source 

of radiation. TI:e energy distribution of the rndiation reaching an e:;:posed indiv= 

idual is influenced by its pasn1ge through the intervening air. A kno'l.'ledge of the 

inherent gar..ma spectrum as it emninates f'rorn the lill'terial itself" is essential in 

order to determine the spectrum that i'71pincres upon exposed individU£ls. Uh.en one 

takes into account the spectonetric data on the mixw fission products and the 

deO"edation by Compton scatterine along the path in air, a dose energy histogram. 

can be constructed, s!>ouing that the!"e are roughly t::ree regions \Ii th maxima at 

100, 700, and 1500 KEV. The total exposure is thus the resultant effect of partial 

dosos from eoch energy region, making the exposure energy con.:lition significantly 

d)f~erent fro~ tI'.ose of r~diation therapy, experimental biology or from the pro:npt 

e'L.."":::.S radiation of the bomb. Details of the characteristics of the exposure are 
-

diEcusse1 in r~rerence. (Ref. 1, er.apter 1). 

TP.'I C?".br:ACTEP.TS'!'ICS CF 'RE Fill.LOUT PJ..TIFJAL 

The fallout ~£terial consisted pre:lorair.ently of flakes of calcium oxide re-

su.lting rro~ the incineration of the c:ral. Upon the flakes of c&lciu.~ oxide fission 

products w-ere de,;::-osite:I. At Rongelap t_toll the ::r..aterial i:aE visible and describe1 

a~ EI'-O~ like. It st~ck to the skin, adhered to the hair end clothes, the vegetation 

/_i. 
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aoo t~lfl habitations. 

Time does not per..d.t a disc~1::>sion of the ef~ect of this but it has be.en elooed 

to ee.!"lier and deteils of tl1e innuence or geo:ietry of the exposure to biolo;ic 

effect are in references (J,17). 

~mfERFJCIH DCSIS CF t"~;DIJl.TIO!J Flt•!-! BE'I'A ~ID SCFT G..U--~.A R\DI:.TION 

There is no doubt that tl-.e case of rad.i.stion to the firat fm1 r:iilli.!neters of 

t:rn skin is sub.=t~ntially higher tr.nn th~t at the ;nidli=ie of the body fro:i tho 

more penetr3ting :a!7lla conponent. Problems concerned vith the e~timation of the 

dose of rad5Rtion to the s~dn are Ji.scussed in detail in reference 1, chapter 1. 

To arrive at so;ie rhysical estin.ate of the skin dose an d;te-npt m1Jst be r::.ade 

to add up the contributions of the ~enatrating gn:i""la, the les~ penetrating ga.::una, 

the beta bath to '..'l~ich t1~e in::lividnals •rnre e=90sed fro:;;. the relatively uniform 

deposition of fission products in the envirornent arrl the point contact source of 

m~te~ial d~1osite1 on the skin. By all r.eans the largest co;;:iponent of skin irradis­

rezulted fro~ the spotty local deposits of fallout I:l8terial on expoEed ~urfaces of 

t~e boc!y. It is c::iwpletely ir:ipossible to cs~i.':l.Bte ti;e dose from ~9terial that "Was 

d:::-p::isitoo on the skin. The relative hazard of' the beta '!:lath is d:iscussed in detail 

in the previously mentioned reference (1). 

Itchin:; nn:::l h-u.rnine of the skin occurrOO. in 28% of the people on Rongelap, 

20% of the group on liilingin<ie c-.nd 5;; of the A."'!leric~ns. There '.Jere no symptoms 

rc!"err.ole to t..'1-i.e skin in the individuals on utirilc. In eddi tion to the itching 

or the sl:in there \IC'.s burning of the eyes and lacrimation in people on Rongelap 

and Ailingim.e. It is pr~bable thnt these initial skin sympto:::.s 'Jere due to ir­

r~di:rtio:!'l since all ~nd:ividuals vho experiencerl the initial syrnpto:ns later devel­

oped -U...'1'.iuest10ned radiation in.:iuca:i skin lesions that "Will be des~.....bed in detail 
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r. later. It is posdhle however tb.'.lt the inte11sdy alkaline nature of the cnlciU?U 

oxide w!;en dis~olvod in perspi:-at.ion rr.ight have contr..ibutoo to the initial symptoms. 

Aoout 2/Jrds of the Ro!leelap group were nauseated dilrine the first two days 

And 1/loth vo!'l.i ted and had diarrhea. One person in the Ailingi."llle group \las n"Juseated. 

?~o one in the ~ngerik or utirik group had g3!"trointesti:ia.l sympto?ns. 

Betvee:i t1:e 3Jrcl Dnd the 43rd p:)st c:-:posure day 1~ of t..lie in1:!.vidu9ls from 

Ron.:ielep htid an absolute g=-!!nulocyte level of 1, 000 por cubic r1ill!r.i.eter or less. 

The lowest count during this period 'I.las 700 per cubic mill:ineter. Durint:r this 

interval the advisa'.:lili ty of p:rop1:::1nctic adm1.nid::-ation of antibiotics Y3!:l seriously 

considered. Rovever :)ropl:ylactic ad:i.inistrat:ion of antibiotics vas not instituted 

~or the follo~ina reasons: 

1) All i.-.:Uviduels ".Jere u.,'Xli)r continuous r;ialical observation so that 

i!l!"ect~on if it developed vould !~ave been cliscovered i."l its e'lrlier stnees. 

2) fre'."'.!ature nd;nin~stration of P.•17,i":tiotics might have obscured ffiedical 

ini.Uc::rtions for tro8.t:me:-it, 1>.:-rl :-!li~'it also have led to '!'.!1e developr-.ent or drug resis-

t:t:it organisms in i.'"ldi viduals -with lm:erOO. res:_ stance to infection. 

3) 'l'tere ;.r;::s no accurate Jmo-.;J oo.ce of t}-,e mnbc:T of gra:rnloc;.:tes required 

".:lj- ;:~n to nrevent inf action with this type of gran:llocytopenia. 

TI:e observed s~ tustion 'l..'as :10t st::-j ctly cc::rpnrable to !l.31".:Jnuloc;rtosis vi th 

en 3pl~~~ic n.:J.rrov as seen follovine lcJo'l..<n lethal doses o~ rediatio~. In the latter 

instant, cr~nclocytes f::ill r::ipidly ~ith practically no:ne in the circulction and no 

eviue:1ce of S:-!:l::T.i1ocyte rece~erotion vhen irl'ectic!1 occurs. In the present bJ'O<.;:p 

of ::indiv1duals expo.::oo to radi1itio:i, i::.ost cou.•t:: :reache:! c.ppro:d.-:u:tely 1/4 t:-~e non:ial 

c;.~es in t,}~e ricri;:·!-1ernl. blood cu.rinf; t::.e .!'eriod of ,:rn:mtlccyto.renia \JD.2 indic.ntive 

of ~one :::ew .:;:"A:11.l.Jocyte _?roch!ction. T!-:.e fev ir..dividuals that re.:!CiVOO A.~tibi0tiCS 

},aj GO:ltli lions that ".JOi:l.d }iave been trcc-ted Yi th a:itibio't~cs L"l the a'bse::1ce or any 

l{ 
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'Previous 8>..J>osure to irradiation. During the 4th arrl 5th €XJ)Osure \.'eeks an epidemic of 

upper reBpiratory infection~occurrod. The respiratory infection consisted of moderate 

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

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

to deten:i.ine whether this respiratory in!'ection could be correlated with the dose 

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

TI'.e respiratory infection in the ~edical personnel involvoo in the care and study 

of the irradiated irrlividuals 'Was similar in incidence arrl severity. 

Clinical Observations and Platelet Counts 

Eleven individuals had platelet counts that fell es low as 35,000 to 65,ooo/::n:m3. 

All individuals with platelet counts less than 100,000 per mm3 ~ere exa~ined daily 

for evidence of he.'!lorrhage into the skin, cucuous Ine!Ubranes arrl retina. Urine was 

exard.ned daily for rerl cells and albumin. ~men \Jere questioned_ concerning excess-

i ve menstruation. The only evidence for any undue bleeding Yere two vomen who men-

struated profusely at the time of their I:.aximur:i platelet depression. It 'Was not 

sufficient to cause the:n concern arrl subsided without any specific treatment. 

The Effects on Pregnancy 

Four wo~en in the Rongelap group vere pregnant \Jhen brought to Kvajalein. 

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

tri;nester. There were no abnormal sympto!:'.ls referable to pregnancy. As fa:r as 

could be deternined the pregnancy continued in the normal fashion. In the Ailinginae 

group, one Y0'118D was in the second trimester. Fetal movements were unaffected in the 

individual in the third trimester. The pregnant 'Women had a rr~rked depression of 

pl~telet counts but at no time Yas there any vaginal bleeding. At the tYelve month 

reexauination o~ the above \lo~en all had delivered. One baby was born dead the others 

\Jere nol"!:'~l. In the case of the one stillborn, irradiation occurred to the ~other 

either before conception or early in the first tri:::ester. It is possible that the 

irr&dintion may have contributed but there is no vay to prove this. 
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Soecial ~ination of qeq 

At all follo'IJUp e:xrunin~tion.S an ophthalmologist has examined the eyes of 

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

found. Similar studies have been made on the eyes of non exposed ?J.arshallese 

and the incidence or eye lesions is identical in the two groups. 

SKIN LFS101~S A~ID EPILATION 

As mentioned earlier there ~as burning of the skin. On first examination 

by the medical team on the 9th post exposure day t.l)e exposed people appeared to 

be in good health an:i the skin \.las definitely nor...al in external appearance. 

Evidence for the development of skin lesions commenced approximately two ~eeks 

efter exposure. During the early stnges of development of the lesions, itching, 

burning and slight pain ~ere experienced ~ith the more superficial lesions. with 

deeper lesions the pain vas more severe. T'ne deeper foot lesions vere the most 

painful and caused sorne of the people to valk on their heels for several days dur­

ing the acute st3ges. Some of the ~ore severe lesions of the neck a:rrl exillae 

~ere painful. There 'w'ere no constitutional synpto~s associated ~1th the skin lesions. 

The characteristic sequence or events in tee develop::ient of the lesior:.s '.JaS the 

occ11rrence of syraptoms, then of black pigmented areas, srr2-ll in size 1.1hich grew 

larger in size and coalesced. Later the skin began to s.'1ed from the inside of 

the pigmented plaques to the outside and in sone cases resulted in the production 

of large depignented areas. In riost of the lesions the sbe::i~ing \.las li!!li ted to the 

superficial layers of tbe skin. In so~e the process continued vith the development 

of superficial ulcers. A fe-w became infected. The appearance of these skin burns 

can best be illustrated by referrine to Chapter III reference (1) vhere kodacr..ro~e 

pictures illustrate the sequence of events. In addition to ~e skin burns, loss of 

hair, spotty in Mture occurred in so:ne of tr.e irrlividuals. T'ne l:eir r;rev in again 

Yi th nornal color arrl textu:-e and the regrovth '-las co:nplete in all except pcesibly one 

r-.:iddl e -a goo !:18.Il- in vhom it cru:le in so;:;evhat sparsely. Snall pieces of skin vere 

II 
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~ re:::oved surgically fro~ some of the burned areas .for microscopic stu1y. These pieces 

of skin de:nonstrate the typical findings of radiation injury. Some of the skin burns 

became infected particularly those on the feet am ~ere treate:i locally by cleansing 

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

return of normal color and texture of the skin errl in some cases scars were left 

-with depigmented areas. The worst burn occurred on the back of the ear of a middle 

aged raan. It produced a permanent scar with absence of pigment and abnormal blood 

vessels am a slight horny gro'Wth of the overlying skin has developed. The skin 
\ 

has been carefully observerl at 6 months, 12 months, 2 years am J years after ex-

po sure and U1ere is no evidence at the present time of any breakdovn in the early 

burns of the skin. There is no evidence of the developI!lent of cancer at this time. 

In some the depigmented scars a.re still evident. The individusis have been· seen on 

-two occasions by a plastic surgeon, Dr. Bradford Cannon of the P.arvard Medical School 

vho feels that no plastic repair is necessary snd that the prognosis in general is 

good. 

FACTORS INFLUEHCING SEVERITY OF THE LE.SIO!lS 

Certain lessons vere learnOO. froE the }farshallese experience. 

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

The perspiration as common in the tropics. the delay in decontamination an:i the 

dif'ficul ties in decontamination certainly :favored the crvelop>Dent of the skin burns. 

Those in::li viduals who re~ined indoors or, un:ler trees during the fallout developed 

less severe skin burns. The children vho went vading in the ocean developed fe"Wer 

lesions of the feet and most of the Americans who ~ere ~ore a~are of the dangers 

of the fallout, took shelter in aluminum buildings arrl bathed en:i changed clothes. 

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

cotton ::zu;terial o~fered al!nost co:nplete protection as ~as de~onstroted by the fact 

that slr.in burns develop&d al:r.ozt entirely on the exposed parts of the body. The pro­

gnosis of beta-skin burns and radiation burns of the akin is excellently ciescribed 

J)OE ARCHIVES 1/l 
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in Chapter III of reference (1) • 

HEMATOLOGIC ODSffiVATJON~ 

It is generally considered that changes in the blood are the ;n:ost sensitive 

biologic indices of exposure of living hU!llB.n beings to radiation. Accordingly e~ 

tensive simple hematologic studies vere performed on the Ma.rshallese. Since there 

~ere no previous hematologic stu:iies on the exposed }!arshallese, it vas necessarj to 

set up control groups of non exposed Y.arshalled of the sa."Je age and sex distribution 

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

from Rongelap since the te:nporal sequence of events are identical in all of the ex-

posed groups. or course the depression vas less marked in the less severly exposed 

groups. 

Neutrophile Coun~ 

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

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

Folloving the depression there vas an oscillation roughly around the control value 

until about the 30th post exposure day at vhich tL~e there was a progressive decrease 

in the blood count with minimum values being attained around the 45th day after ex-

posure. It is of interest, that the depression in the cl:~dren, less than 5 years 

of age "Was greater then in the individuals vho vere gre3ter than 5 years o!' age. 

Folloving th.is L'l.8.Y~al depression tr.ere \J'as a slov return o!' the neutropbile counts 

to'IJards normal. Ho'IJever at 6 r.Jonths the.:r 'l.'ere still depressed. At cne year and t'WO 

years the neutrophile counts 'Were back to the control level. Ro\J'ever at J yenrs 

ttere ves a drop in the absolute mean n~utrcp~ile count but this also occurred in 

the co~trol population. It is not kno\lll vhether lowered counts represe~t a popu-

lation trerd 85 has been noted in the .Japanese for both irradiated aoo non irradiated 

populations, or vI'.etI'.er it is merely a statistical fluctuation that is to be expected 

inthis type of study. More 'l.'ork is neces$ary on this point. 

Ly:'lo'!-,ocrle Count fhnE 
~-AAOllVF.s 
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By three ds7s the lymphocytes drop;ed to 50% of the controls. The percent 

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

greater than 5 years. The lymphocyte count re:!lBined at approximately the same level 

through the exposure period. At 6 months 9 tvelve months, two years and three yeara 

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

Platelet@. 

The m.aximum depression in plotelets l.'as obtained approximately 28 to JO ::lays 

after exposure in contrast to laboratory oni.rr.l.8ls that attain their min1mWl values 

betveen the loth arrl 15th days after exposure. In this case the children under 10 

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

began to recover after the Joth day attained a maximum about the 45th day. There 

vas then a seconcary drop with a leveling off for the remainder of the post eJt;posure 

period and at 6 months, 12 months, two years and three years slov recovery 'Was still 

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

yet reachoo it. In all of the hematologic studies mentioned above it is stated that 

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

vish to emphasize that the current levels of the blood cells of all types is mo~e 

than adequate to take c~re of the infeotions and the various troubles of everyday 

existence. This statistical expression of a inadequate recovery probably represents 

the residual radiation inju..-y that is of considerable interest to ~tudy but does 

not appeer to be overtly ha.nn.ful to the individuals. One can be reasonably confide!lt 

in t~is because they are not faring less vell in resistance to disease than are the 

V.arshallese \Jho \Jere nonexposed and living in the same area. 

HfT~NAL ABSORPTION CF RJ..DIOJ\1JCLID~ 

During the two days before evucuntion, the P.ongelap people lived under ccrrlitions 

of extre:--..e contanination \o/ithout any concerted efforts to protect the::lselves against 

the cangers of ir.ternal conta."llnation. These individuals drank conta.rrJ.ns.tt:d vater, 

an:l ate theix natural foodstuffs \./~1ich were cont?.clr.13ted externally, Ti..:eir hands 
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vere contem.innted; they inhalOO. arrl obviously :in5esta:i certain indetcr:ninate amounts 

or material. 

The body burdens of isotopes in these irrli vi.dual~ 'W&S evaluated by radio chemical 

analysis of the urine of the exposed people arrl a~sisted by studies on a-wine. These 

nvine were re.moved from the idsnd at a later date. The urinary am fecal sxcretion 

Yas studied am ultimately the ani.11als vere killOO.. Extensive radio che:nicals anslysif 

vere made of their entire bodies. By comparison approximations of body burdens of 

rad1onuclides Yas n:ade. 

R
8
re arrl alkaline eartr~s accounta:i for about 7o% of the urine activity. stron­

tiwi 89 was about at the maximum permissable level at one day. Iodine lJl and oilier 

me:nbers of the iodine family 'ktich had to be present early, resulted in a dose of 

radiation to the thyroid glan:is, estimated between 100 arxi 150 rep. To t;iis of course, 

must be added the penetrating external gamma con:ponent. .By 6 months radiation Yas 

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

and individual sarrrples very tiny amounts of Sr90, Ca45, Pr. and Cs vere present*. 

The results of the three year radiochemical analysis of the urines that "Were recentl;r 

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

people 'Was very lov and probably biologically insignificant. Ilo\Jever it \.las decided to 

bring some of the individuals to the United states for stu::ly vith the total body gamma 

counter at the Argonne ?-:ational Laboratory. Thi6 decision '.las mede not because of 

any fear but because the analysis of the urine and the animal analysis 'Was an indi.r-

ect ~eans to obtain probable body burdens. It vas obviously desireable to obtain a 

firm direct measure:nent of the body b'..ll'den from the scientific standpoint and to 

determine the precise tody burdens. Four individuals from the Rongelnp group, two 

from the utirik group am one control }~rshalleee (a total cf 7) \/ere crought to the 

United states arrl taken to tbe Argonne Nnticnal Laboratory. There , urrler tt.e direction 

of Drs. 1".:arinelli, P.oee and Miller the tot&l body gs=;na acth"ity vas measured. The 

* Studies performed both at U. S. !fovel Radiological Defense Laboratory an::i \.'alter 
Reed Army ¥.edical Center. 

. / -
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results are yet inco~plete and hnve to be analyzed further. It vas found that the 

exposed Narshallese !°'.Rd counts that 1-:ere hieher tl:an non exposed peoples in the 

United stntes. HotJever the values \.:ere fu.r belO\" the current permissable levels. 

Since there has beon some misunderste~1ing ln tr.e press about children being 

brought to the United States for study I v01Jd like to state that nll the indi viduale 

brought to the Uni too States \.:ere edul ts vi th the exception of one 16 year old boy. 

They I-:ave sub13equently been returned to the Ha!"sl:all l:Jlarrls. 

1T:E COHTINUING STUDY OF THE HAR SE AI.LESE 

l~y asroociate: in the r~dical Depar tr.lent of 3rookhaven Notional Laboratory, Dr. 

Robert A. Conard, a :rr:ember of tbe original tean that took care of and stu11ed the 
( 

1'..s.rshallese and director of the faro and three year surveys has retained an abiding 

intere~t in the Hnrshallese. On behalf of the Atomic Energy Commission end Brook-

h.aven ?:ational Laboratory he hEJs underte.ken the continuing responsibility of yearly 

surveys of these pecple. These surveys ore being made possible by the cooperation 
J 

of the ?·~edical Department of the Unita:l States Navy and its activities, the Hedical 

Regearch Institute ot Bethesda, Maryland and the Uni.too states Naval Radiological 

Defense Leboreto~ in San Fra~cisco. The continuing project is a joint effort di-

recta:l by Dr. Conard an.:i participated in ~J the Medical Depart.'Tlent of Brookhaven 

1lat1onal Laboratory, the tvo Navy institutions mentioned earlier am interested ph,-

sicians and scientists of V:l1"ious Am~rican universities an:! medical schools. 

C::.e cannot le::.ve tt~is tre:!!.endously fuportant subject of fallout and the uni'or-

t-..mate accident that occurred in the l·~arshall ~larrls in 1954 vi thout the .frank re cog-

nition t~t late effects of ionizing r3diation a~e possible. ~..any late effects have 

boen observe1 in ::nr_n and in anL""lals. These are condenserl in detail in the ltlitional 

Acade:uy of Sciences report (8). Accordingly s search for ]3te effects is an essentisl 

pnrt or tl:-e continuing survey. A s'.llrr".ary of' the J ye:=.r status of these people follo;.is. • 

It vill be reported in detail in reference 22 no"W being J:repared. 

POE hRCHIVES 
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Fertility 

E!'fects of radi3tion exposure on fertility is difficult to asBess in the 

Marshelle6e. If there hns been any effect on fertility it must r.avo been very short 

lived since preanancies are occurring norrnslly ond at rate similar to other grot..1'8 

or J.~rshallese. 

Pregnancy 

There res been·no apparent effects of radiation on the course of pregnancy 

in the Harshallese. S.!nce the delivery of the four women who -were pregnant at the 

time cf the event, there have been b.iel ve pre~ncies which have terminated. Ten 

of these terminated norr.ially, one terminated in a stillbirth end one baby died 

se~eral ~ours after birth apparently of an infection of the cord. The leek or 

v1 tal statistics nakes tr.is data di.f.ficult to interpret. Ho1o.1ever it does not 

appear that this incidence cf still births is greater than that of other comparable 

nstive groups in the r.i.id Pacific area. 

Eff ecte on the Fetus 

The three b2bias irradiated in-utero I'.ave not sho~'!l any abnormalities such 

as 'i..'e.s observoo in K- me of the Japanese 'babies irradiated in-utero (for e:xa"!lple 

microcephaly). 

Grovth arxi Develonment 

On each resurvey the exposoo and control children have heen r.ir:tched for age 

and sex. l~easurements on grc'lolth arrl deve1op:::ient hllve been c3rried out. Anthropometri 

weasurements h~ve been inco::ipl~tely analyst:O as yet. Since the ~trnbers of children 

arc small the data is !lOt ensily s~bjectoo to st8tistical analysis. EoYever there 

does appear to be evidence suggestive of a slight i~pair:ient of gro\lth arrl deyelop-

ment as measured by comparison of height arrl weight in t~e control and exposed chil-

drcn. No abnormalities of the eJ·es have been observed. 

S::orteninc; of Life S";::sn 

Inetl.mals the evidence for sr.ortening of life span is quite good. It is 

J2Q_E ARCHIVF.S 
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·· evident that tl":e life si-.. ortcr..in& is zo::ie function of the close of rndiation. Ro•: ever, tht 

e;..-trapoletion from :nice tor:-. an is extre:nely diff.!cul ty. It is unJ ikely tr.at any good 

statistical analysis can be made on the Yiarshsllese b~cause of the s:ma1l numbers of 

in:iividunls arrl the uncerta'inty of the precise birthdete in the older ,?"Oups. There 

hac been one death in the Rongelap group vho at autopsy showed evidence of henrt dis-

ease. In the larger group fro::n lJtirik there heve been five deaths. nie DU!ilber of 

d6<lths is comparable in both groups one havin~ received 175 r am the latter only 

14 r. To date one :nust conclude that there Las been r.o significant evidence for 

prc:nature ageing or sLortening of the life span of the ?-~ars.'1allese. 

Leu1!::e;tla and Cancer 

Louk&.lia is one of the things thot is know to have occurre:l in the Japanese 

arrl is prevalent in irr.!ldiated laboratory animals. To date no leukemia has occurred 

cr.j there is no evidence of leukc::nic te!cla:icics. Thia is being studie1 lntensively 

by tbe us~ of alkaline phosphatase stlrlies on the granulocytes arrl basophile counts 

on the blood. It }!as been shown by the studies of ¥.oloney et al., in Japan that a 

t..:rnopl:ilia a::rl docrcass in aU:ali:ie pl:ospl:ataEe ;:irecejes the development of le'..lkenia. 

nenetic E:rf ects 

The 3!:18.11 ntn.ber of individuals involved and the inadequate vital statistics 

~ake it difficult to determine genetic changes. It is certain that th€re have been 

no abnorm.:ilitics iL the first generation of babies. T'ne undesires.~le aspects for 

6e~etic studies are in part off set by the ta:Uency of consanguinous :narriages that 

are fire:valent among the }~rshallese. From t:iis st!::{Upci.!:it 6en€tic effects -;nay 

cevelop and are being sought. 

Lon;::: Te~ fffe:ts of !r:~crnally Deposi te::i Ra:iio:-luclides 

The very u:::iall o.."tlctL"lts of r:dioactive :n.o:.terials that are de;-osited internslly 

o~e ~y t~~~selves ~:u.Jequ3te to prcd~ce serious long ter:::; effects. F.o~ev~r t~e ::iub-

ject i::i compliceted by the feet t'hat the ir..divi.=uals had a substnntial in!tial i"1~ult 

f'ro:n v::Ole ~y rsdiation. In eddition t-0 the ;..rhole bo::!y radiation the thyroid gland 
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receivEd approximately 100 to 150 rep from the short lived iodine fa=nily. It has 

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

incidence of cancer of the th)Toid. Accordingly thyroid function and the possilbit7 

of thyroid cancer is being studied in the Marsha.llese children. 

Before concltrling I cannot refrain from expressing my personal opinion and con­

viction on twon.spects of the fallout problem. First, the acute and long term hszarde 

of fallout such as vould occur folloving the use of thermonuclear devices in warfare 

is simply unthinkable. ThP. wide spread conta1llination over continental areas from 

multiple detonations of ther:rLOnucleur devices over populated areas \lould produce rad­

iation hazards for all living things and for generations to c~e. These_ haznrds are 

understood. These hazards cannot be considered as tte usual "calculated risk basis• 

of varfare 1n the }::B st. One can only make a plea that an enlightened vorld, 'Will 

deaand that their representatives in government also appreciate these tazards arrl 

llth this recognition bring every conceivable effort of diplomacy to solve the pro­

blens posed by differences ~n political and economic ideologies and thue prevent a 

type of warfare that cannot be considered in terms of "calculated risk". 

Second tI'.e world wide lov level radiation of today fro~ diverse sources has been 

analyzed thoughtfully by competent people in:li vidually arrl in assembly. f'IOte the 

sober am realistic reports of the National Academy of Sciences, the British Hedical 

Research C.Ouncil 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. Let us not lose sight 

ot the multiple sources by undue preoccupation Yi th 'IJorld vide fallout. I.et us not 

be so preoccupied with radiation in general that ve forget sbout industrial pollution 

of our environ:nent in general by non radioactive but toxic substances. Lastly the 

incidence-of leuke~ie. \(BS apparently increasing prior to the develop~ent of atomic 

energy. \jby? 
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