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Mr. Chairman, Congressmen and Observers:

P. 003

I have been asked to summarize the early effects of exposure of|snimals

and man to external radiostion with particular reference to the effecys

of fallout

radistion on the Marshallese, the los Alamos accident and radium. I addition I

have been asked to comment on the beta burns in the Marshallese and qther ;xnmples

of beta burns. Silnce my perscnal experience is limited to the Mar lese and an

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

for the others.

IL is quite impossible to cover all of this material in a reasorpble period

of time so I shall concentrate upon the effects of aexposure to externpl radiation

on animals and man with a clinical description of the syndrome of radjation sick-

ness as a function of dose of radjation and highlight the discussion fpith 1llusc~

trative material collected in the study of the Marshallese (1).

My prepared statoment includes numerous references and further miterial

that time will not permit discussion of at length here,

Radiation syndromes vary as a function of the type of exposure, €he dose and

the time after exposure to radiation. In general radiation injuries dqan be divided

into threé.éeﬁeral classes:

R

ionizing rodiation vhich are dose and time dependent.

a) Z‘Tﬂﬁ5eymdromes of wvhole body radiation injury produced bty pe%etrating

b) Superficial radiation burps produced by soft radiations (beﬂL and low

energy x or gamma radiations).

¢) Radiation injury produced by the depositlon of radionuclideseuithin

the body.

In the latter casa the clinical picturé varies with the site and amoun
Each of the above i3 associated with an early phase in vhich acut

and signs msy be obs;rved, and a late phase in which chronic changes o]

tions such as cancer may be observed. I wish to emphasize also that t

L of deposition,
symptoms
* manifesta=

e degree
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of injury and the clinical manifestations are proportionate to theld

i3 particularly true of the symircmes of whole body radiation. ‘!‘h%

I repeat, highly dependent on dose and time after exposure. There i

description. The problem 1s subtle and complex and one must always

time in mind,

THE SYNDROMES FRCM TOTAL FODY PENETRATING RADIATIONS
The dose deponden‘; syndromes resulting from total body exposur

%

P. 0D4

ose., This
latter ig and
s no esimple

bear dose and

in the

zammal have been described in detail and I shall only summarize tb% here. For

further details one is referred to the following references ( 1 - 1|

large doses (approximetely 6000 r or more) the central nervous syst

).

After

8y ndrome

wirich can be gbbreviated CNS is produced., Death nay occur under th
teing irradinted or after some 3'.c:ur§. *ne elirical pieture is char
nyperexcitability, disorders of equilibrium, Incoordination, respir
and intermittent stupor.

Convulsions may preceed death., Doses capa

this syndrome are ealways uniformly fatal. 1If an occasioral snimal,

man, survives this CNS he hes yet to experience the gastrointestinal

beam while
terized by

ory distress
le of producing
nd presumably

syndrome (GIS),

vhich when produced by doses in excess of 1500 r is always fatal u1t+in three to

nine days for mammals. Presumably man also vill respond in a compar%

laboratory animala. The GIS is so named because of the marked nause
diarrhea, and denudation of the lining of the small bowel. The GIS
fatal syndrome in most laboratory animals, If the short duration GI
resulting from lower doses, does not produce the three to nine day d
vivors of this ayndrome have yet to experience the sequelae of bone
which has been termed the hemocpoietic syndrome (EHS).

It is the clinlcal nicture that is seen in ths lethal rahge for all

ble manner us

, vomlting,

s a uniformly
of a few hours
th, the sur-

rrov depression

The HS is not npcessarily fatal.

general the 50% lethal dose values reported, represent the 1050 for tYe sequela of

hemopoisetic depression - namely granvlocytopenia, depressed defenses

tior, thrombopenia, and anemia with the possible resulting infectiocns

gainst infec-

diffuse pur-




08-21-1884 12:12 5162825311 SNL-MED. DEPT.

-
J

purpa, a2nd bypoxis due to anemia, any cne of which may bs fatal. Ma
descripticrs of the pathogenesis of these phenomena have been pubdblish

The above picture of radiation syniromes is based on animal exp

P.005

detailed -
(1-4, 12"16) .

rimentation;

however, human experience particularly as observed at Hircshima and H#gasaki and

in"the lMarshallese natives has indicated that man probably correspondH quite

closely to the general mammalian response outlined sbove with the exc
some differences in time of occurrencs, The CKS spparently was not o

the Japanese at Hiroshima and Nagasaki. Cne would not expoct it to h

%ption of

bserved by

ive been

observal since Joses to produce this symdrome vere well within the ar%a of alnost

total destruction. The GIS with desths in the first week are well ddkumented

c¢linieally and pathole~ically as are deaths from the HS, YHowever in

[

he case of man,

desths fronm infectien were most prevalent in the zecond to fourth ueﬁks (maxdmum

incldence during the third week) and from hemorrhaic vhenomena in i)
sixth veeks {maximum incidence in the fourth veek), In the Japanase;
bonbing of Hiroshima and Nagasnki, deaths from radiation injuries wej

late as the seventh week. This is in contrast to other animals wher

e third to the
after the
e oceurring as

deaths from

the acuts phase are uncommon after the 30th day.

PRORAIILITY OF SURVIVAL AS REIATED TO STMPTOMS

Predictions of the effects of various deoses of gamma radietion pre esgsential

—y—

to militaery and civil defense planning. If the absolute sensitivity] of man to
rediation were knovn, and if it vere practical to determine the dosq to groups
under castaetrophe conditions, a roalistic ststistical prognosis co be made.
However, these predictions cannot be mede accuretely at the present Rime., Problems

involved with estimation of dose received by the individual, presenf] real practical

diffiouwlties. It is probable that dose estimates will be available [fron dosimetry

devices or from dose contour lines and the position of individuale ing exposurse.

The difficulties of relying heavily on the dose estimates for a eingle individusl
The exact position of the individual and the degree

are apparent, shielding
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will not be kmown precisely., The dosimetry device, records the dode or dose rate,
which may not reflest accurately, because of shielding and energy dppendence of the
device, the deposition of radiant energy st the site of interest, ely the bone
marrov and the lining of the intestinal tract.
The problems assoclated with predicting medical effects from pléysical' estinm-
ation of dose can te further illustrated as fecllows: it is apparent jthat doae
estimntes available will be air doses. The dose recelved by the air] is of academic
Interast only, since the degree of effect in living things 1s due to] the deposition
of erergy and its distribntion in the eritical tissues. Accordingl;,"on.e muczt know
the depth doge pattern or rore precisely the pattern of absorbed dosp In sensitive
critical tissnes, This problem has been explered experimentally at great length

and is described in deteil in references (17). More need not te said here other

than the fact that the uniform fleld o¢f radiation coming at an indiviHual f{ronm

all directions is more effective per r in sir than dose of radiution pf directional
quality. In urban areas there may he shielding from the fallout fiell by buildings
or inhomogeneities in the field due to drift in dry windy aress. With the prompt
radtation shielding may te significant and the proximity of large bulldings mﬁy ser-
iously influence scatter and perturb the uniformity of the rediation.| Lastly a
fallout field rmay be made unidirectional by heavy shielding from buildinge on one
side. Thus estimntes of doss calculated from dose rates or derived frpm an inte-
grating type of dosimeter that adds up to the total dose received, or form positicn

of an individuasl during exposure, cannot be accepted as the best indexjof the pro-

- bable fate of this individual, or as the final guide to treatment. Th¢ physicien is
interested in the individual from‘tho stardpoint of sorting casualtiegp with sonme
chance of survival amd those for whom nothing can be done, and of equa impdrtﬁnce
the troop commarder is interested in the over all prognosis of large groups of
individuals in order to manke plans for disposition and replacement. ese two
different desires cannot be completely met by physical estimates of doge. How-

ever, nature has been helpful. The manifestations of radiation injury pary with
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the amount of radiation received. In other words, the symptoms of th

groups of individuals becomes in a gense a personal indicator of on
perience vith human radistion injury in Firoskima and Megasaki (4,5,
reactor accidents (3,6,9) and the fallout accident (1,18) to be desc]
strongly suggest that the test incex of the seriousness of exposure
ual is the syaptomatology, in addition to the physical estimate of d

Radintion injury is ccmplex and subtle, and the manifestations

vary considerably. In a general cemse, individuals exposed in the 1

s —— ———

(here czome, but not all, ¥ill die in the [irst several veeks followi
can oe divided according %o symptoms and signs, into groups raving a
vrognosis, Thua they may be dividel into three groups in which survi
pectively, improbable, possible, and protable. It will te apparent ﬁ
no ginrp line of dazarcation arung the greups., The distinguishizng £
severity and prrsisience of vomiting and diarrhea,

Group I Survivel Improbsble:

If voniting occurs premptly or within a few tours and continues
folloved in rapid succession by prostration, diarrhea, anorexiz and

prognosis iz grave: death will glmost definitely occur in 100% of t

P. 007

e individual or
Ex-

! oun fate,

0,11) with

Fibed later

£ the individ-
S€.

£ the injury
tral range,

g exposure)
differcnt

val is, res-
hut there is

Ltures aTn

anxl is
er the

individuals

vithin the first week, There is no known thorapy for these psople; nﬁcordingly

in s cstastroplie attention should be dowvoted priucipally to others fo

is some hope or in whom therapy is clearly indicated.

S

oup 1 ival Possible

Vomiting may oceur early but will be of relatively short duratio
by a period of well being, In this period of well being marked chang
place in the hemopoietic tissues. Lymphocytes are profoundly depress
hoursa and remain so for uonths, The neutrophil count 1s deprossed to
the degree and time of maximum depression depending upon the dese. S

fection may be seen when the total neutrophil count has reached virt

vwhom there

followed

s

are taking
within

low levels,

4

gns of in-

1ly zero
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{7 - 9 days). The platelet count may reach very low levels after ‘o weeks. Ex-

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

sents the lethal deose range in the classical pharmacoclogic sense, this group

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

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

of the latent period, the patient may develop purpura,® epilstion orkl and cutaneous

lesions, infections of wounds or burns, diarrhea or melena**. The f

brtality will be

significant, With therapy the survival time can be expected to be p%olonged and if

sufficient time 13 provided for bone marrov regeneration the surviva
inereased,
In group 1 (Survivel impossible) and greup 2 (Survival possible

picture is not as well documented a5 in preup 3 (Survival probaoble).

L rate will te

the blood

There are

geod clinicnl ressona to helleve that in the lethal range the granul%cyte depressions

vill be nmnrked and below 1,000 per n° during the second week. Obseg

in Japan confirm this contention. [However in the sublethal range it

longer for the granulocyte and platelet count of man to r each minimal

vit 'ons made
takes much

values, as

compared to other mammals, Despite the chaotic conditions that exis

ed in Hiroshima

the data of Kikuchi and Wakisaka (11) shows that there was a more ragid and marked

decrease in groups 1 (Survival improbable) and group 2 (Survival pos

group 3 {Survival probabdle),

Before going on to group 3 gurvival pr

refrain from s comment on therapy.

Much has been learncd frem the experimental therapy of radiatio
animals, It has been coneclusively shown thet protecticn can be affor
transplantation of bone marrow from one strain of animal to another,
afforded by transplantation of genetically specific material, that is
nmember of the same strain to an irradiated member of the same strain,

ard long lasting. If the material for transplantation has its source

ble) than in

able, I cannot

injury in

ed by the

The protection
from one

is very good

in snother

strain of mouse, the protection is less marked and not as long lastinf. If the

? HRleeding into skin

%+ Hlack stools from digested bloed
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If the protective material comes from another species of animal the
very short lived and not nearly as effective,

bone marrov would significantly increase the survival rate of exposeq

r
In prineipal the tran]p

P.00S

otestion ia
lantation of

human beings

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

(Survival improbable) casualties. The amounts of bone marrow needed

gre large ard

the mongrel nature of man takes it unlikely that very much could be g¢xpected in

the vey of long term protective effect.
of wishful thinkding to expect that one could lave an effective bone j
in the case of an atomic catastrophe, Mud:work is yet to be done uryg
centrolled ¢linical conditions before ons could be optimistic about {
this procedure in man under highly controlled conditions, for an ind]
let alone urder conditions of a nuclear catastrophe.

However, the treatment of group 2 easusltles is not at all hope]

is ample clinical experience in conditinns viere the bone marrov is |

presced and in which there are inadequate mumbers ¢f cireulating cell

In ny opinion it would be t}e wvorst type

arrov bank

er carefully
l.e use of
vidual patient
ass  There
everely de-

8. In these

relatively common clinical conditions produced by sensitivity to drugs, or cccurring

naturally as diseace processes, the combined use of the wide spectru

antibiotica

that are now available, and the judicious use of bloed transfusions Tignificantly

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

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

could feel optimistic in respect to increasing significantly the sum

the group 2 (Survival possible) casualiies by wide spread controlled

biotics.®* Preparation and stockplling for such an mergen‘cy is obvig
Group IIT Survival Probable

longer period
Accordingly one -
ival rate of
use of anti-

usly required.

This group consists of individuals who may or may not have had fleeting nausea

Blood transfusions would be helpful to a limited extent for anemi
of availability of enough blood for burns and other injuries is ]
blood may be needed for radiation injury supply may be exhausted

The probadbility
Hence wvhen

a.
ovw,
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end vomiting on the day of exposure.

of effects of the exposure except the hematologic (blood) changes tha}

tected by serial studies of the blood with perticular reference to 1y

In this group there is no furth

P.010

r evidence
can be de-

fphocytes

ard pletelets. The lymphocytes reach low levels early, within 48 hou.H-s, and may

stow little evidence of recovery for many months after exposure. ‘I‘h+ granulocytes

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

considerable

variation is encountered. %he late fall in the granulecytes, during Hche éth or

7th week, may occur and should be vatched for., Platelet counts reach
on approximately the 30th day st the time when maximum bleoding was ¢
Japanese who verc exvosed at Hiroshima amnd Nagasaki. This time treng
let count end the development of hiemorrhage is in merked contrast to
laboratory animals where plstelets reach their lowest levels betveen

15th days end hemorrhage occurs siortly thereafter,

In this group inidviduals with neutrophil counts below 1000 per

1

per cubi¢ mm. or less may show no external cigns of bleeding.

nay be complcte by asymptomatic., L,kewise, pastients with platelet ¢

lowest levels
bserved in

in the plste-
that seen in

the 10th and

cubié mm,

punts of 75,000

It i8 well known that all defenses against infection are lower
lethal doses of radiation, and thus, patlients with severe heamatolo
should be kept under close observation and administered eppropriate

dicated., There ig reasonably good animal experimentation to indica

e ——

exposed colonles of animals are nore susceptible to endemic and epil

The numbers of individuals in greup 3 (Survival probable) will

, even by sub-

depression

therapy as in-
e that sublethally
emic infection.

be greater than

in group 2 (Survival Possible)} and the rumber in group 2 will be ¢rpater than in
group 1 (Survival improbsble). Group 1 casualties will be helplessly injured.
Group 2 casualties will be adle to help in their own cars to a limifed extent,

Group 3 casualties will be useful and a rmoderate amount of work wilF
No therapy other than observation iz needed for this group.

The rest of my comments will be focused on the fallout acciderHt

not be harmful,

that occurred
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on March 1, 1954. Following detonation, unexpected changes in the w
deposited radicactive materials on inhabited atolls and on ship of J
#7 vhich wvas conducting the tests, Radiatiorn surveys of the areas r
radiation levels; therefore evacution was ordered, and vas carried o

possible with the facilities available. Althouth the estimated acc

to human beings wvere believed to be below dangerous levels that vou:[

injury or mortality the Cammander of the Task Force requested aasist
Department of Defense and the United States Atomic Energy Commisesio

wag requested which would be organized to provide the best possible

P.O11
jnd structure.
¢int Task Force
Tvealed inJurious
kt as quickly as
ulated doses
prod\;co lasting
nce of the

A nedical team

cars of the ex~

posad psrsons and to make a medical study of the cxposures. The regaonsibility for

organization of the medical team vas shared Letween the A.med Forceg Speclal Weapons

Project ND. O. D. and the Pivision of Blology and Medicine, United St

Commicslon. Since speed vas esrential awmd since the United States ?

htes Atomic Energy

avy Yedical De-

partment had experienced personnel available at the Maval ledical Rgsearch Institute

and the United States Naval Rodiological Defense Laboratery, the S
the Department of the Navy was requested to provide sssistance,
and directed the organization of a team from the two above mentioned

hed the privilege to te the director of this tcam, Within a period

geon General of
H:’Ipromptly complied

Horatories., I

of three days equip-

ment was assembled and packed and the team was girlifted to the Marghall Islands

arriving on the 8th day after the explosion, The interim care and W
posed individuals had been ably taken care of bty the limited medica]
United Syates Naval Ststion, Kwajalein., I am pleased to call atteni
of the very high degree of cooperation betwveen all goverrﬁent agenc]
to the numerous individuals vio selflessly gave of their time and e]
ber i1s large and due credit and acknowledgments are given in the of

the incidence published by the United States Covernment Printing Of

in reference (1).

NATURE OF THE EVENT AND DESCRIPTION CF THE EXPOSED GROUPS

The rsdicactive material fell on the inhabited atolls of Rongef

forts.

tudy of t!m oax-
facilities of the
ion to the fact
es concerned amd

‘The num=

[icial report of

ice and listed

ap, tho heaviest
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dose; on Ailinginme; on I;Longtarik where American servicemen wvere sta

P.012

lioned, and

Ttirik vhere the smallest dose wvas received but by the largest numbef of people.

The Marshallese were living under relatively primitive conditions in
constructed palm houses,

The American military personnel had the second highest exposure
more aware of the significance of the fallout then were the Marshell
put on additional clothing to protect their skin. As far as duties
they remsined inside of aluminum buildings., In contrast to this t

in general remained outside amd accordingly vere more heavily cont

materisl falling upon the atoll and upon them.

1

11ghtly

i ‘l'he‘y vere
bse, and promptly
bould permit,
Marshallese

nated by the

All of the exposed human teings were evacuated by air and surfefs transporta-

o

“

tion to the United States Naval Station, Kwajaleln, as promptly as

would permit. Since a survey of the Inldividuals showed that there
contaminatlon of the skin, clothes and hair, the clothes were rencvs
and repested washings of tho akin and hair was carried out with fres

The Lair of the Marshallese was decontaminated vwith difficulty becay

heilities

ns significant

i and loundered
h vater and so8p.

se of the heavy

coconut oil hair dressing they used. On Rongelep there wvere 6, imiffviduals that

recelved an estimated dose of 175 r. On Allinginae there were 18 in

ceiving approximately 69 r. On Fongerik there were 28 American sery
ving approximately 78 r,
imately 14 1.

Wiole Body Gamma Doses

Hividuals re-

{ cemen recei-

On Dtirik there vere 157 individuals receilving spprox~

The dsterminaticn cf the whole body gamma doses are dependent

cn the surveys

that vere made with calibrated instruments spproximately 3 feet aboye the ground

several days aftor the inhabitants were evacuated., In additlen ce
had to be made about the arrival time of the cloud snd the rate of

material. Omly on Rongorik where there was a recording dosimeter

in asaumptions

1lout of the

s arrival t}me

known precisely. The dose rate of the continuing fallout of matetiwl vag in part




09-21-1934 12:16 ENL-MED. DEPT.

=1l-

5162825311

P.013

neutralized by the progressive radloactive decay. In addition the Jransit dose

from the cloud passing over the atolls could not be estimated, All

of these

variasbles were taken into account and the doses calculated. These ques vere

consistent with the doses that vere srctually measured on Rongerik

ves stored in refrigerators and by film exposed outgide on this ato

£1lm that
In view

of this internal consistency it 4s believed that the dosze of radiathn on the atolls

ia reasonably accurate., Detalls of the calculation of the dose are
report which discusses in detail the probsble range in values (ref.

CBARACTERISTICS O THE GAMMA R’DIATION

in the off2cial
L, Chapter 1)

The fallout material when deposited on the ground formed a largl: planar source

of radiation. The encrgy distribution of the rxzdiastion reaching an #axposod indiv=

idual is influenced by its pascage through the intervening air. 4 X

lnherent zamma spectrim az it enminates from the mrterial itcelfl is

order to deternine the cpectrum that Impinges uon exposed individueil

takes intoc account the spectometric date on the mixed fission produc
degredation by Compton scattering along the path in air, a dose ener
can be constructed, showing thnt there are roughly three regions wit

100, 700, and 1500 KEV, The total exposure 1s thus the resultant ef]

howledge of the
rssenticl in

e

When one

9
L3

arnd the

Yy blstogram

rej

maximg at

[ect of partial

dosos from each energy region, making the cxposure energy comdition #ignificantly

different from those of radiation therapy, experimental dlolegy or [

rom the prompt

garzma radiation of the bomb., Details of the characteristics of the #xposure are

diecussed in reference. (Ref. 1, Chapter 1).

THE CHARACTIRISTICS OF THE TAILOUT MATERIAL

The fallout meterial consisted predominently of flakes of calciﬁm oxide re-

sulting from the incineration of the ccral., Upen the flakes of calc

products were deposited., At Rongelap Atoll the material was visible

as enov llke. It stuck to the skin, adherai to the hair and clothes

and described

un oxide {ission

the vegetatioh -
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ard the habitations,

GECMETRY CT TRE ZXPOSURR

Tine does not permit a discussion of the effect of this but it
to earlier and detalls of the influence of geometry of the exposure

effect are in references (1,17).

P.014

s been eluded

o biologic

SUPERFTICIAL DCSES CF RADIATION PROM RETA AND SOPT GAMMA R.KDIATI&;

There is no doubt tnat the dose of radistion to the first fow nj

the skin 1s substentlally higher than thet at the midline of the bod]

more penetrating rarma component,

done of radiation o the skin are Jircussed 4n detail in referencae 1

To arrive at some physical ostimnte of the skin dose an iemt
to add up the contributicns of the nenetratins gamma, the less pene

the betn bath

Problems concerned with the ectim

[11imeters of
r from the
tion of the
L chapter 1.

Hnu at be

ating ganma,

L o)
da

ade

to uiilch the {rdtvidunls were zwxposed from the relativiely uniform

depositien of fission oroducts in the cnviroment and the point con¥fact source of

mzterial depositel on the skin, By all rmeanz tho largest component
resulted from the spotty local deposits of fallout material on expo
the body.
deopositel on tho skin., The relative hazard of the beta vath is dis

in the previously menticned resference (1).

CL.INICAL ORSERVATICMS AND TREATMENT

e AN

SRPTOMS 41D SIGNS RELATED TO RADIATION INJURY

Itchins and burning of tha

20% of the group on Allinginae and 5% of the Americans. There wver

It is completely impossible to cstimate the doze from msj

of skin irradis-
%ed csurfaces of
crlal that was

ussal in detail

skin occurred in 28% of the peop#e on Rongelap,

no symptoms

referable to the skin in the individusls on Ttirik., JIn additlon t

the itching

of the skin there vas hurning of the eyes and lacrimation in peoplq on Rongelsp

and Allinginse, It is probable that thege initial skin symptoms w
radiation since all individuals who experienced the initial sympto

oped unquestioned radiastion induced skin lesions that will be des

e due to ir
8 latar devel-

ed in detall
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later. It is poseible however that the intensely alksline nature of 1Hhe caleium

oxide when digsolved in perspiration might have contributed to the injtial symptoms,
About 2/3rds of *he Pongeler group were nauseated during th% first two days

and 1/10th vomited and had diarrhsa. One person in the Aflinginse grpup vas nauseated.

Yo one in the fongerik or Ttirik group had gastrointestinal symptoms,

»

CLINICAL CRSERVATIONS AND [ TUXOCYTE COUNTS

Between tho 33rd and the 43rd post cyposure day 10% of the ind#viduals from

fongelap hod an sabsoluto granulocyte level cof 1,000 per cubic nillimgter or less,
The lowast count during ihic veriod was 700 per cubic millimetcr. D#ring this
interval tho advisabllity el prophylactic udministration of antibiotlcs was seriously
considerel, Howeover prorijlactic administration of antiblotics was ot instituted
Jor +ha followiny reasons:

1) A Anlivdduels were under continuous malical observatipn zo that
infection 4if it develoned uewld have been dilscovered in its earller Jatujres,

2) DPremature adininistration of »ntidiotics uight hf:vr: obfcurad medical
indications for traatment, an? might also have led to the developme#‘. of drug resiz-
tant. organismy in Individuals with levered resistance to infection,

3) There was no accurate knovladge of the mumber of gramfocytes required

7y 1an to vrevent infoctlon with this type of granulocytoponia.

The observed situation was not strictly comparable to agranuldgeytosis with
rn aplastic marrow as scan following known lethal doses of radia?.i . In the latter
instant, ;ranmdocrtes £all rapidly with practiecally nono in the cigculation and no
evidence of granulocyte regeneration when infecticn occu.x;s. In th# present group
of individuals exposed to rndiation, most counts reached approximciely 1/4 the normal

valus, but the fall to ithat lovel was sridual s«nd the presence of fmrature granulo-

cytes in the periphernl blood during the perioed of granulocytopenik was indicative
of sonme new granulocyte production., The fev individusls that recdived antiblotics

had conditions that would have been treated with antibiotics in tie absence of any
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previous exposure to irradiation. Suring the 4th and 5th exposure veika an epidemic of
upper respiratory infectiemjoccurred. The respiratory infection consjsted of moderate
malaise, pharyngitis with prominent lymphoid follicles, fever during *ﬁ:e first day

and a2 surulent nasal send trachesl discharge for sbout 10 deys. It uaH of interest

to dstermine vhether this respiratory infection could be correlated with t}‘xe dose

of radietion recelved or changes in the leukocyte count. There vas n& correlatio’n -
The respiratory infection in the medical personnel involved in the cafe and study

of the irradiated imdividuals was sinilar in incidence amd severity,

Clinical Observations and Platelet Counts
Fleven individuals had platelet counts that fell &s low as 3%,000 to 65,000/5::.13.

A1 individuals with platelet counts less than 100,000 per mm> vers dxanined daily
for avidence of hemorrhage into the skinp, mucuous membranes and retiﬂTs. Urine vas
exainined dally for red cells arm altlumin, Yomen wesre quertioned conﬁerning excass-
ive menstruation. The only ovidence for any wuxiue bleeding wero tvo|women who men=
struated profusely at the time of their meximum platelet depression,] It was not
sufficient to cause them concern and subsided vithout any specifie tfectment.
The Effects on Pregnancy
Four women in the Rongelap' group vere pregnant when brought] to Kvajszlein.
Two wvere in the first trimester, one in the second trimester and on in the third
trizester. There were no a bnormal symptoms refersble to pregnancy. | As far as
could be determined the pregnancy ccntinued in the normal fa‘shion. In the Allinginae
group, one voman wWas in the second trimester, Fe?;al movements vere junaffected in the

individusl in the third trimester., The pregnant vomen had a marked ldepression of

platelet counts but at no time was there eny vaginal bleeding, At fhe twelve month
resxanination of the above women all had delivered. One baby vas bdrn dead the others
vere normal., In the case of the one stillborn, irradiation occcurreq to the mother
either before conception or early in the first trimester. It is pojsible that the

irrsdiation may have contributed but there is no way to prove this,
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Special Fxamination of Eves
A¢ all followup examinations an ophthalmologist has examind

8ll individuals, To date mo lesiaons ascribable to lonizing radiati

i the eyes of

bn have been

found, Similar studies have been made on the eyes of non exposed +rahallese

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

SKIN LESIONS AND FPILATION

As mentioned earlier there wvas burning of the skin. On first
by the medicel tesm on the 9th post exposure day the exposed people
be in good health and the skin was definitely normal in external ap
Evidence for the development of skin lesions commenced approximatel
after exposure,
burning and slight pain were experienced with the more superficial
deeper lesions the pain was more severe, The deeper foot lesions w
painful srd caused some of the people to walk on their heels for se
ing the acute stages. Some of the more severe lesions of the neck
were painful, There were no constifu‘cional symptons assccintad with
The characteristic sequence of events in the development of the lses
occurrence of symptomg, then of black pigmented areas, small in siz
larger in size and ccalesced, Later the gkin began to shed from th
the pipmented plaques to the outside and in some cases resultad in
of large depigmented areas. In most of the lesions the shedding wa

super{icial layers of the skin. In some the process continued with

-

bxamination
appeared to
earance,

two weeks

—

During the early stages of development of the lesipnas, itching,

lesions. With

re the most

raral days dur-
knd axillae

the skin lesions,
lors was the

# which grev
inside of

lthe production

$ linmited to the

the development

of superficial wlecers., A few became infected. The appearance of t

can best be illustrated by referring to Chapter III reference (1) w
pictures {llustrate the sequence of eventg. In addition to ke skin

hair, spotty in nature occwrred in some of the individuals, The ha

vith normal color ami texturs and the regrovth vas complete in all o

middle aged man in wvhom it came in somevhat sparsely. Small pieces

ese skin burns
ere kodachrome
burns, loss of
4r grev in ggain

cept possibly one

of skin were
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removed surgically from some of the burned areas for microscopic stud

of skin demonstrate the typlcal findings of radiaticn injury.

became infected particularly those on the feet and vere ireated local

Some o

P.01g

. These pieces

the sgkin burns

7 by cleansing

and'applications of antidbiotic ointments., The skin burns healed in.m&st cases with

return of normal color and texture of the skin and in some cases pcan

vith depigmented areas. The worst burn occurred on the back of the

aged man, It produced & permsment scar vwith absence of pigment and

vessels and & slight horny growth of the overlying skin has develop

B were left
r of a middle
normal blood

The skin

has been corefully observed at 6 months, 12 months, 2 years amd 3 ye&ra after ex-

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

in the early

burns of the skin, There im ro evidence of the development of canc% at this time,

In some the depigmented scars are still evident. The individuale h
two occasions by a plastic surgeon, Dr. Bradford Cannon of the

who f'eels that no plastic repailr is necessary and that the prognosi
good.

FACTCRS INFLUDZICING SEVERITY QF TH¥ LESIONS

Certain lessons vere learned fronm the Marshallese experience.
Burns wvere caused by direct contnct of the radiocactive matori

The porspiration as common in the tropics, the delay in decontamin;

e been geen on
Nedical School

in general i3

vith the skin.

tion and the

difficulties in deccntamination certainly favored thedevelopuent of

the skin burns.

Those individusls who remained indoors or under trees during the [

legs severe skin burns. The children wbo went wading in the ocea
lesions of the feet and most of the Americans wvho vere more avare
of the fallout, took shelter in aluminum bulldings and bathed and
Consequently they deteloped only very mild beta burns. lastly a
cotton material offered almost complete protection as was demonsts

that skin burns developed almost entirely on the exposed parts of

1lout developed
developed fever
»f the dangers
anged clothes,
ingle layer of
tated by the fact

the wyo

gnosis of bets skin burns end radiation burna of the skin is exc lently-doscribad

The pro-
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in Chapter III of reference (1).

BEEMATOLOGIC OBSERVATIONS

P. 018

It 18 generally considered that changes in the blood are the mth gsengitive

bioclogic indices of exposure of living human teings to radiation.
tensive simple hematologic studies were performed on the Marshalles
were no previous hematologic studies on the exposed Marshallese, it
set up control groups of non expcsed Marshalled of the same age and

for comparative purposes. I shall restrict my comments to the find

4ceordingly ex-
1 Sines there
was necesgsary to

sex distribution

ng3 in the group

from Rongelap sinece the tamporal sequence of events are identicsal 1} all of the ex-

posed groups. Of course the depression was less marked in the less
groups,
Neutrophile Count
The abgolute neutrophile count of both the younger and oclde

during the second week to a value approximsting 70 to 80% of that o

severly exposed

age groups fell

' the controls,

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

until about the 30th post exvosure day at which time there was s pr
in the blcod count with minimum valuegs being attained around the

posure. It is of interest, that the depression in the children, 1

of ege was greater than in the individuals wlio were greater than 5

Following this maximal depression there was a slow return of the n

tovarda normal, Hovever at 6 months they were still depreéssed. A%

baressive decreace

45%h day after ex-

s than 5 years
rears of age.
trophile counts

one year and two

years the neutrophile counts were back to the control level. Howe

at 3 years

there ves a drop in the absolute mean neutrophile count but this alJso occurred in

the control population. It is not known whether lowered counts r

esent a popu-

lation trend as has been noted in the Japanese for both irradiated jJand non irradiated

populations, or vhethar it is merely a statistical fluctuation tha

in this type of study.
Lymphocyte Count,

More work is necessary on this point.

ia to be expected
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By three days the lymphocytes dropped to 50% of the control

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

P. 020

. The percent

of the people

greater than 5 yeara., The lymphocyte count remained at approximately the same lsvel

through the exposure period. At 6 months, twelve months, two years

the level though increasing had not quite reached that of the contrp

Platelet
The maxdmun depressicn in platelets was obteined approximatﬁe

and three years

1 population,

ly 28 to 30 dsys

after exposure in contrast to laborstory animals that attain their
betveen the 10th and 15th days after exposure., In this case the ¢

yearas of age had a greater percentage drop than those who were old

inimuen values

dren under 10

r. The platelets

began to recover after the 30th day attained a maximum about the Lpth day. There

e p———

vas then a seconcary drop with s leveling of{ for the remainder cf|t

he post exposure

period and at G months, 12 months, two years and throe years slov fecovery was still

urder way. The levels of the population were approaching the contgo

1ls but have not

yet roachad it. In all of the hematologic studies mentioned above it 1s stated that

the nresent levels are not equal o that of the controlled populasffio

vish to cuphasize that the current levels of the blood cells of o]l

n. However I

types is more

than adequate to take care of the infections and the various troujles of everyday

existence., This statistical expression of a inadequate recovery probably represents

the residual radiation injury that is of considerable interest to]lstudy bul does

not appear to be overtly harmful to the individuasls. One can bo feasonably confident

in this because they are not faring less well in resistance to digease than are the

Marshallese who were nonexposed end living in the same area.

- INTERNAL ABSORPTION OF RADIONUCLIDES

During the tvo days before evacuation, the Rongelap people Jived under conditions

of extreme contamination without any concerted effarts to protect themselves against

the dangers of internal coutmimtion.. These individuals drank Lfontaminatd vater,

and ate their natural foodstuffs which were contaminated externally, Their hands -

.

N
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were contaminated; they inhaled and obviously ingested certain inde

of material.

The bedy burdens of isotopes in these individusls was evaluated

analysis of the urine of the exposed people and assisted by studies

P. 021

tH:minato amounts

by radio chemical

bri gwine. Thess

svwine wvere removed from the icland at a later date, The urinary and! fecal excretion

vas studied and ultimately the animals were killed. Extensive radi
vere made of their entire bodies. By comparison approximations of
radionuclides vas made.

Rore and alkaline earths accounted for about 70% of the urine

tiun 89 vas about at the maximum permissable level at one day.

Tod]

dq chemicals anslysis

HYody burdens of

ctivity. Stron=-

ne 131 and other

members of the iodine family vhich had to be presont carly, result.aH in a dose of

radiation to the thyroid glands, estimated between 100 and 150 rep.
must be edded the penetrating externasl gamma component, By 6 month
barely detectable in the urine. At 2 years from analysis of pooled
and individual ssmples very tiny amounts of Sr90, Ca4®, Pr. and Cs
The results of the thre; yenr rediochemienl analysis of the urines

collected are not completed as yet. It was believed that the body

To this of course,
radiation vas
urine samples

vere pregent®,

bhat were recehtly

burdens of these

people was very low and probably bilologically insignificant. Houe\#:r it wgs decided to

bring some of the individuals to the United States for study with ¢

he total body gamna

counter at the Argonne National laboratory., Thip decision wvas mad# not becauge of

any fear but becaugse the analysis of the urine and the animal anal
ect means to obtain probable body burdens. It was obviously desir
firm direct measurement of the body burden from the scientific sta
determine the precise body burdena. Pour individuals from the Ron
from the Mirik group amd one control Marshallese (a total of 7) w
United States and taken to the Argonne Nationsl laboratory. There

of Drs, Marinelli, Rose amd Miller the total body gamma activity u#

* Studles performed both at U. S. Naval Radiclogical Defense Labofatory snd Valter

f

eis vas an indir-
able to obtain a
point and to

elap group, tuo

re brought to the

, under the direction

g measured, The

Reed Army Medical Center.

|
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P. 022

results are yet incomplete and have to be anaslyged further., It vad found that the

exposed Marshallese had counts that were higher than non expoaed p?oples in the

United States. However the values were far below the current permi

Since there has been some misunderstanding in ths press about

sgable lsvels.,

children being

trought to the United Ststes for study I would like to state that 411 the individuals

trought to the United States vere adults with the exception of one
They have subsequently been returned to the Marshsll Islands.

THZ CONTINUING STUDY OF THE MAR SHALLESE

My asczoclate In the Medical Depar tment of Brookhaven Naticnal

Robert A. Conard, a member of the original team that took care of

16 year old boy.

Laboratery, Dr.

and studled %re

Marshallese and dirsctor of the two and three year surveys has retdined an abiding

interect in the Marshallese. On btehalf of the Atomic Energy Gommiﬂsion epd Brook-

haven National laborstory he hans undertaken the continuing responsi

surveys of these poople. These swrveys are being made possible by

bility of yeerly

the cooperation

of the Medical Depariment of the United States Navy and 1ts activifies, the Medical

Rezearch Institute ot Bethesds, Maryland ard the Unitod States Havil Radiclozical

Defenge Laboratory in San Francisco. The continuing project is a |

rected by Dr, Conzxd and participated in by the Medical Department

oint effort di-

cf Brookhaven

National Laboratory, the two Navy institutions mentioned earlier ajd interested phy-

sicians and scientlists of variocus American unlversities and medical

schoola.

One cannot leave this tremendously important subject of fallojt and the unfor-

tunate accident that occurred in the Marshall Islands in 1954 withe
nition that late offects of ionlaing radiation are possible. Many

been observel in man and in animals, ' These are condensed in detail

ut the frank recog-
late effects hue ,

in the National

Aca.dem'y of Sclences report (8). Accordingly a search for late gff]:ts is an essential

part of the continuing survey. 4 summary of the 3} year status of

®* It will be reported in detail in refersace 22 nov being pi'eparet

ece people follows.*




US-21-18894 12:21 5162825311 BNL-MED. DEPT.

2]~
Fertility
Effects of radiation exposure on fertility is difficult to as
Mershallese. If there has been any effoct on fertility it muat havo
lived since pregnancies are occurring normally and at rete similar to
of ¥arghzllese.
Pregnancy
There 'ss been no apparent effscts of radiation on the course

in the Marshallese. Since the delivery of the four women who were pr

P. 023

a#ss in the
en very short

bther groups

of pregnancy

Hgnant at the

time of the event, therc have been twelve rregnancies which have termfnated. Ten

of these t4rminated normally, one terminated Jn a stillbirth and cne
several howrs after birth apperently of en infection of the cord., TI

vital statistics makes this data difficult to interpret., However it

mby died
2 lack of

Hoes not

appear that this incidence of 54411 births 4s greater than that of o#her comparable

native groups in the mid Pacific aroa.
Effecte on the Fetus
The three babilzs; irradisted ir~utcro have not shnwn any abnog
es vas observel in s me of the Japanese babies irradiuted in-utero (
microcephaly).

Growth and Develonmant

.

malities such

or exumle

On each reawrvey the exposel and control children have heen pntched for age

and sex, Msasuroments on growth and development have been carried qut, Anthropenmetric

measuraments have been incomplately analysed as yst., Since the mmfers of children

arc smal)l the data is not easily subjected to statistical analysis.

Houever there

does appear to be avidence suggestive of a slight 1mpaiﬁnont of gro

and develop-

ment as moasured by compérison of height and weight in the control pnd exposed chil-

dren. No abnormalities of the syes have been observed,

Shortening of Lifs Span

Inminals the evidence for shortening of 1life span is quit# good. It is
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evident that the life srortcning 1s some function of the dose of rad!

extrapoletion from mice toman 1s extremely difficulty. It is unl

statistical analysis can be made on the Marshallese because of the
individuals and the uncertainty of tlie procise birthdate in the olde

has been onz death in tho Rongelap group who at autopzy shoved ovide

ease. In the larger group from Utirik there have been five deaths
deaths 15 comparable in both groups one having roceived 175 r and
14 r. To date one mus%t conclude that there lins been no significan

premature ageing or shortening of the life span of the Marshallase
Loeukemia snd Cancer
Loukemia 13 one of the things that is know to have occurred 1

and is prevalent in irradisted laboratory enimals. To date no lou

and there is no evidence of leukenic tendencies., This i3 being stud

by the us2 of alkaline phosphatugse stulies on the granulocytes and
on the tlood. It lus beeno ahown by the studiew of lMoloney et ul,,
Lagophiliu and dacrease in alkalizne pho
Genevic Effects
The uwmall number of individuals involved and the inadequat

make it difficul!l to determine genetic changes. It is certain tha

a0 abnormalitics in the first generation of babies. The undesirea

gonetic studies are in part offset by the tenlency of ceriganguinou

are prevaleat among the Marshallese. Trom thls standpoint zenetic

develop and are being sought,

Term Fffeocts of Intcrnally De ited Radionuelide

n

The very amall amounts of radicactive materials that are d

are by themselves inadequate to produce serious long term effects.

spliatuce nrecedes the develeo

P. 024

ikely that any good

:x#all nunhers of

- SToups. here
ce of Leart dis-
. | The number of
the latter only

t #evid ence for

.

n|the Japanese
kJTnia has ocecurred
ed intensively
tagophile counts

n Japan that o

bment of lews:asda,

vital statistics

i

u
.

there have been
le aspects for
marriages that

gffocts may

pposited internally

However the sub-

Ject 13 complicated by the fact that the individuals had a uubstal#ial initial ingult

from whole body radigtion. In sddition to the whole body radiati#;

the thyroid gland

|

stion. Towvever, the
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receivad approximately 100 to 150 rep from the short lived Sodind family. It has
been reported that irradiation of the thyroid area in early life fncreases the
ineidence of cancer of the thyroid. Accordingly thyroid funectionjand the possilbity
of thyroid cancer is being studied in the Marshallese children.

viction on twoaspeets of tlie fallout problem. First, the acute long term hazards

Before concluding I cannot refrain from expressing my persondl opix‘xion and con~
a
of fallout such as would occur folloving the use of thermonuclear Hevices in wvarfare
is simply unthinkable. The wide spread contamination over contindntal areas from
multiplé detonations of thermonuclear devices over pupulated areas] would precduce rrd-

iation hazards for all living things and for gonerations to come. | These hazards are

understood., These hazards cannot be considered as the usual “calc%latod risk basis"®

of varfare in the mst, One can only make a plea that an enlighteged vorld, will

demand that tbeir representatives in government also appreciate thqse Lazards and
d th this recognition dring every conceivable effort of diplomacy gsolve the pro-'
blems posed by differences in politicel end economic ideclogies and thus prevsnt a
type of warfare that cannot be considered in terms of "calculatei rfsk”.
Second the world wide low level radistion of today from diversp sources has been
analyzed thoughtfully by competent people individually and in assemply. DNote the
sober and realistic reports of the National Academy of Sciences, thg Zritisk Mailcal
Research Council and the United Nations. Thess reports point out tfe multiple sources
of radistion in our lives today and the necessity for con‘!‘:.inu.ous scutiny, Let us not
confuse unavoidable radiation exposure vith radiation hazard. let not lose sight

of the multiple sources by wrue preoccupation with world wide fallout. Let us not

incidence of leukamia vas apparently increasing prior to the develop

energy. Why?
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