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Mr. Chairman, Congressmen and Cbserverss

I have been asked to surmarize the early effects of exposure of animals
and man to external radintion with particular reference to the effects of fellout
rodiation on the Marshallese, the los Alamos accident and radium, In addition I
have been asked to comment on the beta burns in the Mershallese and other examples
of beta burns, Since my personal experience is limited té the Marshallese and an-
iral experimentation I shall 1imit myéelf to these and supply reference material

for the otrers,
It is quite impossible to cover all of this material in a reasonable period
of time so I shall concentrate ﬁpon the effects of exposure to external rsdiation
on enimals gnd men with a clinical description of the syndrome of radiation sick-
ness as a function of dose of radistion and highlight the discussion with illus~
trative meterial collected in the study of the Marshellese (1),
My prepared statement includes numerous references and further materisl
that time will not permit discussion of st lerngth here,
Radiation syndromes vary as a function of the type of exposure, the dose and
‘the time after exposure to rediation, In general radiation injuries can be divided
into three gereral classes:
a) The syndromes of whole body radiation injury produced by penetrating
ionizing radiation which are dose and time dependent.
b) Superficial radiation burns produced by soft rsdiations (beta and low
energy x or gamma radiations).
¢) Radiation injury produced by the deposiiion of radionuclides within
the body.
In the latter cace the clinical picture varies with the site and amount of deposition,
Each of the above is associated with an early phase in which acute symptoms
and signs mey be observed, and a late phase in which chronlc changes or manifestia~-

tions suck as carcer may be observed. I wish to exrhasize zlso that the degree
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of injury and the clinical manifestations are ~roportionate to the dose. This

is particularly true of the syndromes of w!ole body radiation, The latter is and

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

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

time in mind,
THE SYIDROMES FRCM TOTAL. RODY PENETRATING RADIATIONS

The dose dependent syndromes resulting from total body exposure in the
maxmal have been described in detail and I shall only summarize them here. For
furtber details one is referred to the following references ( 1 - 12 ), After
large doses (approximetely 6000 r or more) the central nervous system syndrome
wiich can be abbreviated CNS is produced. Death may occur under the team while
being irradiated or after sone locurs. ‘he elinical plcture is characterized by
hyperexcitability, disorders of equilibrium, incoordinatlon, respiratory distress
and intermittent stupor. Convulsions may preceed death. Doses capable of producing
this syndrome are alsways uniformly fatal, If an occcasional znimsl, and presumably
nan, survives this CNS he has yet to experlence the gastrointestinel syndrome (G1s),
wrich when produced by doses in excess of 1500 r is always fatal within three to
nine days for mammals, Presumably man also will respond in a corparable manner =28
laboratory animals, The.GIS is so named because of the marked nausea, vomiting,
larrhea, and denudation of the lining of the small bowel, The GIS is & uniformly
fatal syrdrome in most laboratory animals, If the short duration GIS of a few hours
resulting from lcwer doses, does rot produce the three to nine day death, the sur-
vivors of this syndrome have yet to experlence the sequelae of bone marrow depression
which has been termed the hemopoietic syndrome (ES)., The HS is not necessarily fatal,
It is the clinlesl ricture that is seen in the lethal range for all mammals and in
gereral the 50% lethal dose values reported, represent the 1D%0 for tre sequela of
Lemopoietic depression - namely granulocytopenia, depressed defenses ageinst infec-

tion, -thrombopenia, amd anecia with the pcssible resulting infections, diffuse pur-
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purpa, and hypcxia due to eremia, =ny one of which may be fatal, Meny detafiled -
deccriptions of the pathogenesis of these phenomena have been published (1-4,12-16),

The above picture of radistion syniromes is based on aninal experimentation;
however, human experience particularly as observed at Hiroshima and ¥agasaki and
in the larshallese natives has indicated that man probably corresponds quite
closely to fhe general marmalian response outlined above with the exception of
some differences in time cf occurrence, The CKS spparently was not observed by
the Japanese at Hiroshima and Nagesaki. OCne wculd not expect it to have been
observad since doses to produce this syndrome were well within the area of almost
total destruction, The GIS with deaths in the first week are well documented
clinically ard pathologiqally as are deaths froan the HS., However in the case of man,
denths from infection were most prevalent in the second to fourth weeks (maximum
incidence during the third week) and from hemorrhazic phenomena in the third to the
sixth wesks (maximurm incidence in the fourth week). In the Japanese, after the
bembing of Firoshlma and Nagasaki, Aeaths from radiation injuries were occurring as

lete as the seventh week. This is in contrast to other animals where deaths from

the acule phose are uncomon after the 20th day.

PROBASTLITY OF SURVIVAL AS REIATED TO SYrPTOMS

Predictions of the effects of various doses of gamma radistion are essential
to military and civil defense rlanning., If the absolute sensitivity of man to
rediation were known, and if it were practical to determine the dose to groups
urder catastrophe conditions, a realistic statistical prognosis could be made.
However, these predictione cannot be made accurately at the present time., Problems
invclved with estimation of dose received by the individual, present real practical
difficulties, It i:c probable that dose estimates will be avajilable from dosimetry
devices or -froa dose contour lines and the position of individuals during exposure,
The difficulties of relyirng Leavily on the dose estinstes for a single indiividual

are apparent, -The exact position of the individual end the degree o shlelding
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will not be known precisely. The dosimetry device, records the dose or dose rate,
which may not reflect accuretely, because of shielding and energy dependence of the
device, the deposition of radiant energy at the site of interest, namely the bone
marrow and the lining of the intestinal tract.

The problems associeted with predicting medical effects from physical estim-
stion of dose can be further illustrated ac follows: it is apparent that dose
estimates available will te alr doses. The dese recelved by the eir is of acadenic
interest only, since the degree of effect in living things is due to the deposition
of energy and its distribution in the critical tissues. Accordingly one must know
the depth dose pattern or more precisely the pattern of absorted dose in seﬁsitive
critical tissues. This problem has beer explored experimentally at great length
and is described in deteil in references {17). More need not te said lLere other
than the fact trat the uniform field of radistion coming at an individual from
all directions is reore effective per r in sir than dose of radistion of directional
quality, In urban areaS there may te shielding from the fellout field by buildings
or inhomogeneities in the field due to drift in dry windy areas, With the prompt
radiation shielding may bte significant and the proximity of large buildings may ser-—
iously influence scatter and perturb the uniformity of the radiation., Lastly a
fallout field may be made unidirectional by heavy shielding from buildings on one
side. Thus estimates of dose calculated from dose rates or derived from an inte-
grating type of dosimeter that adds up to the total dose received, or form position
of an individual during exposure, cannot be accepted as the best index of the pro-
- bable fate of this individual, or as the fingl guide to trestment, The physiciean is
interested in the individual from the standpoint of sorting casualties with some
chance of survival and those for whom nothing can be done, and of equal importance
the troop cormander Is interested in the over all prognosis of large grcups of
individuals in order to rmake plans for dispesition end replacement., These two

different desires cannot be completely met by physical estimates of dose, How-

ever, nature rLas been helpful, The manifestzticns of redistion injury vary with
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the ancunt of radiatlon received. 1In other words, the cymptoms of the individual or
groups of individuals becomes in a sense a personal indicator of ones' own fate, Ex-
périence with huran radiation injury in Firoshima and Hagasaki’(é,S,ID,ll) with
rcactor accidents (3,6,9) and the fallout aceident (1,18) to be described later
strongly suggest that the best incex of the seriousness of exposure of the individ-
ual is tre syaptomatology, in addition to the physical estimate of dose.

fadiation injury is complex and subtle, and the manifestations of the injury
vary considerably, In a general semse, individuals exposed irn the lethal range,
(Lere some, but not all, will die in the first several weeks following expocsure)
can be divided according to symptoms end signs, into groups having a different
prognosis, Thue they may be divided into three groups in which survival is, res-

pectively, improbable, possible, and protatle, It will te appsrent thst there is

no sharp line of deiarcation arong the groups., The distinguishirng features are
severitﬁ and persicstence of vomiting and dlarrhea,

Group I Survivel Improbeble:

If vomiting occurs promptly or within a few iours and continues and is
followed in rapid succession by prostration, diarrhea, anorexia and fever the
prognosis is grave: death will 2lmost definitely cccur in 1005 of the individuals
witkin the first week. There is no lkmewn therepy fér these people; accordirgly
it & catasirophe attention should be devoted principelly to others for whom there
le some tope or in wiom therapy is clearly indicated.

Group 11 Survival Fossibles

Yomiting may occur early but will be of relatively short duration followed
by a period of well being. In this period of well being marked clanges are taking
plece in the hernopoietic tissues, Lymphocytes are profcundly depressed within
tours and reralin so for montks, The neutrophil count is depressed to low levels,
the degree and time of maximum depression depending upon the dose, Signs of in-

fection may be seen when the total neutrophil ccunt kas resched virtually zero
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(7 - 9 days). The platelet ccunt 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 fange in the classical pharmacologlic senge, In this group
the symptom free porilod fthe latent period) lasts from one to three weeks with
1ittle clinical evidence of injuries other than slight fétigue. At the termination
of the latent period, the patient may develop purpura,® epilstion oral end cutaneous
lesions, infections of wounds or burns, diarrlea or melena*%, The mortality will be
significant. With therapy tle survival tize can be expected to be prolonged and if
sufficient time is provided for bone marrow regeneration the survival rate will be
increazced,

In group 1 (Survival impossible) and grcup 2 (Survival possible) the blood
picture is not as well documerted as in group 3 (Survival probable)., There are
good clinical reasons to believe that in the letkal range the granulocyte depressions
will be msrked and below 1,000 per > during the second week. Cbservet’ons made
in Jepan confirm this contention. However in the sublethal range it takes much
longer for the granulocyte and platelet count of man tox'eacﬁ nirimal values, as
compared to other mammals, Despite the chaotic conditions that existed in Hiroshima
the data of Kikuchi and Wekisaka (11) shows that there was a more rapid and rmarked

decrease in groups 1 (Survival improteble) and group 2 (Survival possible) than in

group 3 (Survival probable). Before going on to group 3 survival probable, I cannot
refrain from a comment on therapy. |

Much has been learned from the eyperimental therapy of radistion injury in -
erimals, It ras been conclusively stown thet protection can be afforded by the
transﬁlantation of bone marrow from one strain of animal to another, The protection
afforded by transplantation of genetically specific material, that is from one
nember of the same strain to an irradiated member of the seme strain, is very good
ard lonz lgating. If the waterial for trensplentation has its source in arnother

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

* Blezding into skin .
¥# Black stools from digested tlood [QQEARCHIVES
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If the protective raterial comes from another species of animal the protection is
very short lived and not neerly as effective., In principal the transplantation of
b&ﬁe marrow would significantly increase the survival rate of exposed human beings
in the group 2 (Survival possible) and possibly to a lesser extent in the group 1
(Survival improbable) casualties, The amounts of bone marrow needed are large and
tre mongrel nsture of man takes it unlikely that very much could be expected in
the wvay of long term protective effect. 1In my opinion 1t would be the worst type
of wishful thinkding toc expect that one could !ave an effective bone marrow bank
in the case of an atomic cstastrophe, Muciwork is yet to be dore under carefully
controlled clinical conditions before one cculd be optimistic about the use of
tkis procedure in man under highly controlled corditions, for an individual patient
let aléne urder conditions of a nuclear catastrobhe.

However, the treatment of grouplz casualtles 1s not at all hopeless. There
is ample clinical experience in conditions where the bone marrow is severely de-
pressed and in which there are inadequate numbers of circulating celle., In these
relatively common clinical conditions produced by sensitivity to drugs, or occurring
naturally as disease processes, the combined use of the wide spectrum antibiotics
trat are now 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 repeir spontsneously the damasges that has been suffered, Accordingly one
could feel optimistic in respect to increasing significantly the survival rate of
thie group 2 (Survival possible) casuslties by wide spreed controlled use of anti-

biotics.® Preparation and stockpiling for such an emergency is obviously required.

Group III Survivel Probable

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

*  Blood transfusions would be helpful to & limited extent for anemia. The probability
of aveilability of enough blood for burns and other injuries is low. Fence when
blood may be needed for radiation injury supply may be exhsusted.
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and vomiting on the day of eyposure. In this group there is no further evidence
of effects of the exposure except the hematologic (blood) changes that can be de~
tected by serial studies of the blood with particular referenc§ to lymphocytes
and pletelets. The lymphocytes reach low levels early, within 48 hours, and may
slow little evidence of recovery for mwany months after exposure., The granulocytes
ray show some depression during the second and third week, However, considerable
variation is encountered. The late fall in the granulocytes, during the 6th or
7th week, may occur and should be watched for. Platelet counts reach lowest levels
on approximetely the 30th day at the time when maximum bleeding was observed in
Japanese who were exposed at Hiroshima and Nagesaki. This time trend in the plate-
let count and the development of hemorrhage is in merked contrast to that seen in
laboratory animals where platelets reach their lowest levels between the 1Cth and
15th days end Lenorrhage occurs shortly thereafter,

In this group inidviduals with neutrophil counts below 1000 per cubic mm,
nay be complete by asymptomstic, L;kewise, patients with pletelet counts of 75,000
per cubi¢c mm, or less may show no external signs of bleeding,

It is well known that all defenses ageinst infection are lowered, even by sub-
lethal doses of radiation, snd thus, patients with severe hematologic depression
should be kept under close observation and administered appropriate therapy as io—
dicated, There is ressonably good animal experimentation to indicate that sublethally
exrosed colonies of animals are ‘ore susceptible to erdemic and epidemic infectlon.

The mmbers of individuals in greup 3 (Survival probable) will be greater than
in group 2 (Survival Possible) and the nunber in group 2 will be creater than in
group 1 (Survival improtable). Group 1 casualties will be relplessly injured.
Group 2 cesualties will be gble to help in their own cere to & limited extent,
Group 3 casualties will be useful and s roderate amount of work will rot be harmful,
Fo therapy other than observation is needed for this group.

The rest of my corments will be focused on tke fallcut accident that occurred
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on March 1, 1954, Following detonation, unexpected changes in the wind structure
deposited radioactive naterials on inhabited atolls and on ship of Joint Task Force

#& which was coﬁducting‘the tests, Radiation surveys of the areas revealed injurious
radiation levels; therefére evacution was ordered, and was carried out a&s quickly as
possible with the facilities available, Althouth the estimated accumulated doses

to human beings were believed to be below dangerous levels that would produce laéting
injury or mortality the Commander of the Task Force requested assistance of the
Depurtment of Defense and the United States Atomlic Energy Comnission. A medical team
wag requested which would be organized to provide the best possible care of the ex-
posed persons and to meke a medical study of the exposures. The responsibility for
organization of the hedical team was shared between the A.med Forces Special Weapons
Project D. 0, D, and the Division of Riology and Medicine, United States Atomic Energy
Cormnicsion, Since speed was essential and since the United States Navy Medical De-
partment had experienced personnel evailable at the Naval lMedical Research Institute
and the United States Naval Redfological Defense Laboratory, the Surgeon General of
the Depertment of the Navy wss requested to provide assistance, He promptly éomplied
and directed the organization of a team from the two above méntioned lboratoriee; I
had the privilege to be the direclor of this team, Within a period of three days ejulp—
ment was assembled end packed and the team was eirlifted to the Marshall Islands
arriving on the 8th day after tﬂe explosion, The interim care and study of the ex-
posed individuels had been ably taken care of by the limited medical facilities of the
‘United States Faval Station, Kwajaleln. I am plessed to call atiention to the fact
of the very higk degree of cooperztion between all goverrment agencies concerned and
to the mumerous individuals wlo selflessly gave of thelr time and efforts. The num~
ber is large and due credit end acknowledgments are given in the officisl report of
the incidence published by the United States Goverrment Printing Office and listed
in.reference (1).

‘NATURE CF THE EVENT A!D DFSCRIPTICN CF THE EXPGSED GRCUPS

The radicactive rmaterial fell on the inhabited atolls of Rongelap, the heaviest
¢
DOE ARCHIVES 3



~1C-
dcse; on Ailincinae; on Kongerik where Azericar servicemen were stationed, end
Dtirik ulere the smallest dose was received but by the largest mumber of people,
The Marshallese were living under relatively primitive conditions in 1ightly
constructed palm houses,

The Azerican militgry personnel had the second highest exposure. They were
more awvare of the significance of the fallout then were the Marshallese, ard promptly
put on additional clothing to protect their skin., As far as dutles would per—it,
they remsined inside of aluninum buildings. In contrast to this the Marshallese
in general remained outside and accordingly were more heavily contaminated by the
material falling upon the atoll and upon them,

All of the exposed hiuman beings were evacusted by air and surface transporta-
tion to the United States Naval Station, Kwajalein, asvpromptly as facilities
would permit. Since a survey of the individuals showed that there was significani
contamination of the skin, clothes and hair, the clothes were removedland laundered
and repested washings of the skin and hair was carried out with fresh water and scap.
The rair of the Marshallese was decontaminated with difficulty because of the heavy
coconut o0il hair dressing they used. On Rongelap there were 64 individuels that
received an estimgt?d dose of 175 r, On Allinginae there were 18 individuals re-
ceiving approxinmately 69 r, On Fongerik there wers 28 American servicemen recei-
ving aporoximately 78 r.  On Utirik there were 157 individusls receiving approx—
inately Y4 r.

Wole Hodvy Gamma Doses

Thke determinaticn of the whole body gamma doses are dependent upon the surveys
ti.at wvere msde with calibrated instruments approximately 3 feet above the ground
several days alter the inhabltente were evacuated. In additlon certain aszumptions
had to be made about the arrival time of the cloud and the rate of fallout of the
zaterial, Oniy on Rongerik where there was a recording dosimeter 1is arrival time

Yrown rrecisely. The dose rate of the continuing fallout of material was in pzrt
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neutralized by the rrogressive redloactive decays. In addition the transit dose

from the cloud pessing over the atolls could not be estimeted, All of these
veriables were taken into sccount and the doses celculsted, These doses were
consistent with the doses that were actually measured on Rongerik by film thrat

was stored in refrigerstors and by film exposed outsiae on this atoll., In view

of this internal ccnsistency it is believed that the dose of radiation on the atolls
is reascnadbly accurate, Details of the calculation of the dose are in the official
report which discusses in detail the probéble range in values (ref. 1, Chapter 1)

CEARACTERISTICS COF THE GAMMA R'DIATION

The fellout material wvhen deposited on the ground fofmed a large planar source
of radiztion., The énergy distribution of the rsdiastion reaching an e:pcsed indiv=
idual 1s influenced by its pascage through the intervening air., A knowledge of the
inkerent gamma spectirum as i1t emminates from the meterial itself is essential in
order to determine the spectrun that inpinges upon exposed individuels., When one
takes into account the spectometric data on the mixed fission products snd the
degredation by Compton scattering along the path in air, a dose energy histogram
can be constructed, shoving that there are roughly three reglons with maxina at
i0C, 700, and 1500 KEV, The total exposure is thus the resultant effect of partial
doses from each energy region, making the exposure energy condition significantly
different from those of rsdiastion therapy, eyperimental blology or from the prompt
garma radiation of the bomb, Details of the characteristics of the exposure are
diecusseld in referencs. ZRef. 1, Chapter 1).

THE CHATACTERISTICS CF THE TALLOUT MATERTAL

The fallout meterial consisted predomirently of flakes of calcium oxide re-
sulting frox the incineration of the ccral. Upon the flakes of calciun oxide fission
products were deprosited, At Rongelap £toll the material was visible and described

as erow like, It stuck to the skin, sdhered to the hair 2nd clothes, the vegetation
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and the habitations. : \

GCHDTRY CF THE “XPOSURE

Time does rot permit a discussion of the effect of this but it has been eluded
to ezrlier and deteils of the influence of geometry of the exposure to blologic

efAect are in reLerences (] 17).

SUrERFICTAI DTSES COF RADTATION FRM RETA A'D SCFT CGAMMA RADIATION

There is no doubt that tre dose of radistion o the first few millinmeters of

the skin 1t substentlally higher thran thet at the midline of the body from the

more penetrating gavma component, Problems concerned with the ectimation of the

dose of radiation to the skin are discussed in detall in reference 1, chapter l.

To arrive at som¢ physical estimate of the skin dose andtenpt must be made

to add up the contributions of the penetrating gamma, the less penetrating ganma,
the beta bath to which the Individuals were exposed from the relatively uniform .
deposition of fission products in the enviromient and the point contact source of
m2terial deposited on the skin, By all means the largest component of skin irradis~
resulted from the spotty local deposits of fallout material on exposed surfaces of
tie body., It is completely imposéible.to estinate the dose from meterial that was
doposited on the skin, The relative hazard of thé bets bath is discussed in detail
in the previously mentioned reference (1).

CLINICAT ORS TICHS AVD TRETZNT

SYPTMS AXD SIGNS REIATED TO RADTATION INJURY

Itehips and burning of the skin ochrred in 28% of the people on Rongelap,
2C% of the group on Ailinginae and 5% of the Americans. There were no symptoms
rcfercble to the skin in the individuals on TRirik, In 2ddition to the itching
of the skin there was burning of the eyes and lacrimation in people on Rongelap
and Ailinzinae, It is probable that these initisl skin symptozms were due to ir-
radiation since all imdividuals who experlenced the initial symptoms later devel-

oped unjuestisored radiation inluced skin lesions that will be descz=%fbed in detail

POE ARCHIVES ‘.
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later, It is poscihle however that the intensely alkaline nature of the calcium
oxdde when diszolved in perspiration might have contributed to the inltlal symptoms,
About 2/3rds of the Rongelep groué were nauseated during the first two days
fmd' 1/10th vomited and had diarrhea. Cne person in the Ailinginne group was nauseated,
Yo one in the Rongerik or Ttirik group had gastrointestinal symptoms. .

CLINTCAL CXSERVATTONS A'D LaUYOCYTT COGITS

Between the 23rd and the 43rd post erposure day 10% of the individusls from
Rongelep had an absolute gramulocyte level of 1,000 per cubic i1limeter or less,
The lowest count during this period was 70C per cubic millinmeter., During this
interval the advisability of prophylactic administraiion of antiblotics was seriously

consldered. However proplkylactic administratlion of antiblotics was not Znstituted

for %he following resasons:
1) A11 individuels were undaer continuous medical observetion so that
§
infection if it developed would have been discovered in its earlier stages.

2) Frensture adininistration of entibiotics migzht have obscured medical
indicziions for treatment, end might also have led to the developrient of drug resis-
tant organisms in 1ndividuals with lovered resistance {o infection,

3) There was no accursie knowladge of the mumber of gramilocytes reguired
by ian t; ovrevent infeetion with this type of granulocjlopenia,

The ob;erved situation was not strictly comparadble to sgramlocytosis with

en aplacsiic marrow as seen following known lethal dosez of rediation. In the latter
instant, cramiocytes fall rapidly with practically none in the circuletion and no
evidence of sremilocyte regereration when irnfecticn oceurs. In the present growp
of individuals exposad to radiation, eost counts reached espproxinestely 1// the rnormal
v2lus, but the Iall to thst lovel was radual ond the presence of immature gramdo-
c;/ves in the periphernl blood during the neried of sranwloccytopenia wasz indicalive
of scne new granmuiocyte produciion. The few individusle that received antibiotics

a3 conlitions that would haye btesn trezted with antibiotices in the stsence of any
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‘previous exposure to irradiation. During the 4th and 5th expocure weeks an epidemic of
upper respirestory infectlon,cccurred, 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 determine whether this respiratory infection could be correlated with the dose
of redistion received or changes in the leukocyte count, There was no correlation
Tre respiratory infection in the medical personnel involved in the care and study
of the irrasdiated individuals was similar in incidence and severity,

Clinical Observations and Platelet Counts

Fleven individuals had platelet counts that fell es low as 35,000 to 65,000/ma3,
A2l individuals with platelet counﬂs less than 100,000 per mm3 were examined daily
for evidence of hemorrhage into the skin, mucuous membranes and retina, Urine was
exarined daily for red cells and albumin, Women were questioned concerning excess=—
ive menstruation., The only evidence for any undue bleeding vere two women who men—
struated profusely at the time of their maximun platelet depression. It was not
sufficient to csuse them concern and subsided without any specific treatment,

The Effects on ?regnancz

Four women in the Rongelap group were pregnant when brought to Kwajalein,
Two were in the first triméster, one in the second trimester and one in the third
triéester. Trere were no a bnormal symptoms referable to pregnancy. As far as
coula be deternined the pregnancy continued in the normal fashion., In the Ailingipae
group, one woman was in the second trimester, Fetal movements were unaffected in the
individual in the third trimester. The pregnant women had a marked depression of
rl=atelet counts but at no time was there any vaginal bleeding. At the twelve month
reexanination of the above women all had delivéred. Cne baby was born dead the others
vere norna}. In the case of the one stillborn, irradistion occurred to the rother
eilrer before conception or early in the first trizester. It is possible that the

irrzdiztion may heve contributed but there is no way to prove this,
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Svecial Fxaninstion of iyes

At all followup examinstions an opkthalmologist has examined the eyes of
ail individuals., To date no lesions ascribable to lonizing radiation have been
found, Similar studfes have been made on the eyes of non exposed Marshallese
and the inclidence of eye lesions i1s identicel in the two groups.

SKIN LESIOKS AND FPILATICN

As mentioned earlier there was burning of the skin, On first examinstion
by the medical team on the 9th post exposure day the exposed people appeared to
bte in good health and the skin was definitely normal In external appearance,
Evidence for the development of skin lesions commenced approximately two weeks
after exposure., During the early stages of development of the lesions, itching,
burning and slight pain were experienced with the rore superficial lesions. With
deeper lesions the paln was more Qevere. The deeper foot lesions were the most
painful ard caused some of the people to walk on their heels for several days dur-
ing the acute stages, Some of the more severe leslons of the neck and exillae
were painful, There were no constitutional symptoms asscciated with the skin lesionsf
The characteristic sequence of events in the developzent of the lesiors was the
éccurrence of symptoms, then of black pigmented areas, smell in size whick grew
larger in size and coalesced., Later the skin began to shed from the inside of
the pigmented plaques to the outside and in some cases resulted in the production
of large depignented areas. In most of the lesions the shedding was limited to the
super{icial layers of the skin, In some the process continued with the development
of superficial ulcers. A few became infected., The appearance of these skin burns
can best be illustrated by referring to Chepter III reference (1) where kodachrome
pictures illustrate the sequence of events, In addition to the skin burns, loss of
hair, spotty in neture occurred in some of the irdividuals, The heir grew in agein
with normal color and texture and the regrowth was complete in all except possibly one

rijdle aged man in wkom it came in somewhat sparsely. Srall pieces of skin were
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removed surgically from some of the burned areas for microscopic study. These pieces
of skin demonstrate the typical findings of radiation injury, Some of the skin burns
bécame infected particularly those on the feet and were treetea locally by cleansing
and applications of antiblotic ointments. The skin burns hesled in most cases with
retﬁrn of normal color and texfure of the skin end in some cases scars were left
with depigmented areas, The worst burn occurred on the back of the ear of a middle
aged man, It produced a permanent scar with absence of pigment and abnormal blood
veseels and a slight horny growth of the overlying skin has developed, The skin
has been carefully observed at 6 months, 12 months, 2 yesrs ard 3 yea}s after ex—
posure and there is no evidence at the present time of any breakdown in the early
burns of the skin, There ig no evidence of the development of cancer at this time,

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

two occasions by a plastic surgeon, Dr., Bradford Cannon of the Harvard Medical School

who feels that no plastic repair is necessary and that the prognOSis in general is

good.,
FACTCRS INFLUSNCING SEVERITY OF THE LESIONS

Certain lessons were learned from the Marshallese experience,

Burns were caused by direct contact of the radiocactive material with the skin,
The perspiration és common in the tropics, the delay in decontaminstion and the
difficuities in decontamination certainly favered thedevelopment of the skin burns.
Those individusls who rerained indoors or under trees during the fallout developed
less severe skin burns. The children wbo went wadirg in the ocean developed f;uer
lesions of the feet and most of the Americans who were rore awvare of the dangers
of the fallout, took shelter in eluminum buildings end bathed end changed clothes.
Consequently they developed only very mild beta burns. Lastly a single layer of
cotton meterial offered almost complete protection as wes deronstroted by the fact
that <kin burns developed almost entirely on the exposed parts of the btody. The pro-

gnosis of beta skin burns ard radiastion burns of the skin is excellently described
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in Chapter III of reference (1),

HEMATOLOGIC OBSERVATIONS

It 4s generally considered tliat changes in the blood are fhe most sensitive
biologic indices of exposure of living human beings to rediation. Accordingly ex-
tensive simple hematologic studies were performed on the Marshallese, Since there
were no previous hematologic studies on the exposed Marshallese, it was necessary to
set up control groups of non exposed Marshalled of the same age and sex distribution
for comparative purposes, I shall restrict my comments to the findings in the group
from Rongelap since the temporal sequence of events are identical in all of the ex-
posed groups, Of course the depression was less marked in the less severly exposed

groups,
Neutrophile Count,

The gbsolute neutrophile count of both the younger and older age groups fell
during the second week to a value approximating 70 to 80% of that of the controls.
Following the depression there was an oscillation roughly around the control value
until about the 30th post expcsure day at which time there was a progressive decrease
in ﬁhe blood count with mirinum values telng att;ined around the 45th day after ex—-
posure. It is of interest, that the‘depression in the ckildren, less than 5 years
of age was greater then in the individuals who were greater than 5 years of age.
Following this maximsl depression there was a slow return of the neutrophile counts
towards normal. However at 6 months they were still depressed. At cne year and two
years the neutrophile counts were back to the control level. However at 3 years
trere wes a drop in the absolute mean neutrcphile count but this also occurred in
the control population, It is not known whether lowered counts represent a popu-
lation trend as has been noted in the Japanese for both irradiated and non irradiated
populatio;ls, or whether 1t. is merely a statistical fluctuation that is to be expected

in this type of study. More work is necescary on this roint,
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3y thkree days the lymphocytes dropﬁed to 50% of the controls. The percent
drop in the children lesc than 5 years of age was greater than that of the people
gfeater than 5 years. The lymphocyte count rem;i;ad at approximately the same level
through the exposure period. Af 6 months, twelve months, two years and three years
the level though increasing had not quite reached that of the control population,

Plateletsg

The maximen depression in platelets was obtained approximatgly 28 to 30 days
after exposure in contrast to laboratory snimals that attain their minimum values
between the 10th ard 15th days after exposure. In this case the children under 10
years of age had a greater percentage drop then those who were older, The platelets
began to recover after the 30th day attained a maximm about the 45th day. There
was then a seconcary drop with a leveling off for the remainder of the post exposurs
period and at 6 months, 12 months, two years and three years slow recovery was still
urder way. The levels of the population were approaching the controls but have not
yet reached 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
wish to emphasize thaf the current levels of the blood cells of allztypes is more
than adequate to take core of the infeotions and the various troubles of everyday
existence, This statisticsl expression of a inadequate recovery probebly repressnts
the residual radiation injury that is of considerable interest to =mtudy but does
not appresr to be overtly harmful to the individuals, One can be reasonably confident
in this because they are not fariné less well in resistance to disease than are the
Marshall;se vho were nonexposed and 1living in the same area,

INTZRNAL ABSORPTION CF RADIOKUCI IDES

During the two days before evacuation, the Rongelap people lived under conditions
of extrese contamination without any concerted efforts to protect themselves against
the dangers of irternal contamination, These individuals drank contaminated water,

and ate their natural foodstuffs which were contzrinated externally, Their hands
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vere contaminated; they inhaled and obviously ingested certain indeterminate amounts

of material. )
| The body burdens of isotopes in these individuals was evaluated by radio chemical

analysis of the urine of the exposed people and assisted by studies on swine, These
swine were removed from the island at a later date. The urinary and fecal excretion

was’studied and ultimately the animals were killed. Extensive radio chemicals anslysis
vere made of theif entire bodies., By comparicon approximations of body burdens of
radionuclides was made.

| Rore and alkeline eartls accounted for about 70% of the urine activity. Stron-
tium 89 was about at the maximum permissable level at one day. JTodine 131 and other
mexbers of the jodine family which had to be present early, resultedin a dose of
rediation to the thyroid glands, estimated between 100 and 150 rep. To tgis of course,
must be added the penetrating externsl gamma component, By 6 months radiation was
barely detectable in the urine., At 2 years from analysis of pooled urine samples
and individusl samples very tiny amounts of Sr90, Ca%?, Pr. and Cs were present*.
The results of the three year rzdiochemical analysis of tte urines that were recently
collected are not completed as yet., It was belleved that the body burdens of these
people was very low and probably biologically insignificant. However it was decided to
bring some of the individuals to the United States for study with the t;tal body gamma
counter at the Argonne Kational Laboratory. This decision was mede not becauss of
any fear but because the analysis of the urine and the animal analysis wvas an indir-
ect meané to obtain probable body burdens, It was obviously desireable to obtain a
firm direct measurement of the body turden from the scientific standpoint and to
detefmine the precise tody burdens, Four individuals from the Rongelap group, two
from the Ttirik group and one control Marshallese (a total of 7) were trought to the
United Stefes and taken to tke Argonne Nztional laboratory. There , under the directlon

of Drs. Marinelli, Roce and Miller the totsl body gemma activity was meesured. The

* Studies performed both at U, S, Mavel Radiological Defense Laboratory and Walter
Reed Army Medical Center. -
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results are yet incomplete and have to be analyzed further., It was found that the
exposed Marchallese had counts that were higher than non exposed peoples in the
United States, lNovever the values were far below the current-permissable levels.

Since there has been some misunderstanding in the press about children being
trought to the United States for study I would like to stete that all the individuals
trought to the United States were adults with the exception of one 16 year old boy.
They Fave subreguently been returnsed to the larshall Islands,

TEE CONTINUING STUDY OF THE MAR SEAILESE

Vy acsociate in the Medical Department of Srookhaven Netional laboratory, Dr.
Robert A, Conard, a membar of the original team that took care of aqg studled the
Yershallese and director of the two and three year surveys has retainéd an abiding
interect 4n the Marshallese. On tehalf of the Atomic Energy Commission end Ercok-
haven National laboratory he has undertesken the continuing responsibility of yearly
surveys of these pecple. These surveys are being masde possible by the cdoperation
of the Medicael Depertment of the United States Mavy and its activﬂties: the Medical
Research Institute ot Bethesda, Maryland and the United States Naval Radiological
Defense Leboratory in Sagn Francisce., The continuing project is a joint effort 4i-
rected by Dr. Coqgrd and participated in by the Medical Department of Brookhaven
Hational Laboratory, the two Navy institutions mentioned earlier and interested phby-
siclans and scientists of various Anerican universities and medical schools.

Cme cannot leave this tremendously important subject of fallout and the unfor-
tunate acecident that occurfed in the ¥arshall Islands in 1954 without the frank recog-
nition that late effects of ionizing radiation are possible, Hany late effects have
veen otserved in men and in animals, These are condensed in dsetail in the Kational
Acadexy of Sciences report (8). Accordingly s search for late effects is an essential

vart of i¥e continuiny survey. A sumary of the 3 yezr status of these people follows.*
% It will be reported in detaii in reference 22 now being rrepared,
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Fertility
iffects of radiation exposure on fertility is difficult to assess in the

Marshellese, If there has been any effect on fertility it must hLave been very short
lived since pregnancies are occurring normally and at rate similar to other groups
of ¥arghsalless,

Pregnan

There tas been no apparent effects of radiation on the course of pregnancy
in the lMarshallese. Since the delivery of the four women who were pregnant at the
time of the event, there have been twelve pregnancles vhich have terminated. Ten
of these términated normally, one terminated in a stillbirth and cne baby died
seferal hours after birth aspparently of an infection of the cord, The lack of

tal statistics makes thils data difficult %o interpret. However it does not
appear trhat this incidence cf still births is greaster than that of other comparable
netlve groups in the mid Pacific area,

Effectg on the Fetug

The three babies irradiated irn-utero have not shown any sbnormalities such

as wes observed in © me of the Japanese tabies irradiated in-utero (for example

microcephaly).

Growtk and Develoovment

On each resurvey the exposed and control children have been mstched for age
and sex, Measurements on grcwth and development heve bteen carried out, Anthroponetrie
aeasurements have been incompletely analysed as yet, Since the mubers of children
arc small the data is not easily subjected to statistical analysis., However there
doeg appear to be evidence suggestive of a slight imp;irment of growth and develop~
zent as mcasured by comparison of height and weight in the control and exposed chil-
dren., Ko abnormalities of the eyes have teen otserved,

Stortening cf Life Span

Ineinals the evidence for shortening of life span is quite good. It is
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» evident that the life shortening 1s sone function of the dose of rndiation,
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Nowever,the
extrapoletion from zice toran is extremely difficulty. It is unlikely that any good
statistical analycsis can be nade on the Marshallese because of the small numbers of
individuasls and the uncertainty of the proecise birthdete in the older groupe, There

has been one death in the Rongelap group who at autopsy showed evidence of Leart dis-
ease., In the larger group from Utirik there have been five deaths. The mumber of
deaths is comperable in both groups one having received 175 r and the latter only

14 r. To date one must ceonclude that there lLas been no significant evidence for

prenature ageing or shortening of the life span of the Marchallese,

Leuxemia snd Cancer
Loukemia is one of the things thet i1s know to have occurred in the Japanese

and 1s prevalent i n irradisted laboratory animasls, To dzte no leukemia has occurred
end there is no evidence of leukemic tendencles, This is being studied intensively
bty the uss of alkaline phosphatase studles on the granulocytes and basophile counts
on the tlood, It has bcen shown by the studies of Moloney et el., in Jepan that a

tasophilia and dscreass in alkaline pliosphatace prscedes the developmsnt of leukemia,

Genetic Iffects

The cmall nuaber of individuals involved and the inadeguate yital statistics
make it difficull to determine genetic changes, It is certain that there have been
no abnormalities in the first generation of babies., The undesireable aspects for
genetic studles are in part oflset by the tendency of ccnsanguinous marriages that
are prevalent among the Marshallese, TFrom this stzndpoint zeretic effects may
Zevelop and are being sought.

Lonz Terw Iffecte of Iricrnally Deposited Radiconuelides

The very snall amcunts of rudicactive msterials that are deposited internally
ure by themselves fnsdeguate to prcduce sericus long tero effects. Fowever the sub-
ject 1s complicated by the fact that the irdividuals hed & substantial initial insult

froa whole body radiation, In eddition to the whole body rediation the thyroid gland
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received aprroximstely 100 to 150 rep from the short lived iodine family. It has
been reported that irradiation of the thyroid area in early 1life increases the
iﬁéidence of cancer of the thyroid. Accordingly thyroid function and the possilbity
of thyroid cancer is being studied in the Marshallese children,

Before concluding I cannot refrain from expressing my personal opinion and con~
vietion on.twoa5pects of the fallout problem, First, the acute and long term hazards
of fallout such as would occur following the use of thermonuclear devices in warfare
is simply unthinkable, The wide spread contamination over continental ereas from
multiplé detonations of thermecnuclear devices over pupulated areas would prcduce red-
ietion hazards for all living things and for generations to come, These hazards are
understood., These bazards cannot be considered as the usual ”calculatéd riak basis®
of warfare in the past., One can only mzke a plea that an enlightened world, will
demand that their representatives 1n government also appreciaste these lLazards ani
W th this recognition bring every conceivable effort of diplomacy to solve the pro-
blems posed by differences in politicel and economic ideologies and thus prevent a
type of warfafe that cannot be considered in terms of "calculated risk",

Second the world wide low level radistion of today from diverse sources has been
analyzed thoughtfully'by competent people individually and in assembly. lote the
sober and realistic reports of the Kational Academy of Sciences, the British Medical
Research Council and the United Nations, These reports peint out the multiple sources
of rediation in our lives today and the necessity for continuﬁus scrutiny. Let us not
confuse unavoidable radiation exposure with radiation hazard. ILet us not lose siéht
of the multiple sources by undue preoccupetion with world wide fallout, Iet us not
be so preoccupled with radiation in general that we forget about Iindusirial pollution
of our envirorment in general by non radiocactive but toxic substances. Lastly the

incidence of leukenia was apparently increasing orior to the development of atomic

energy. wWhy?
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