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Mr. Chalrman, Congressmen and Observers:

I have been asked to surmarize the early effects of exposure of animals
ana man to external radistion with particular reference to the'effects of fellout
rediation 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 tg the Marshallese and an-
iral experimentation I shall 1imit myéelf to these and supply reference material

for the others.

1 is guite impossible to cover all of this material in a reasonable period
of time so I shall concentrate ﬁpon the effects of exposure to external rediation
on animals gnd man with a clinical description of the syndrome of radiation sick-
ness as a function of dose of radiation and highlight the discussion with illus-
trative material collected in the study of the Marshellese (1).

My prepared statement includes numerous references and further material
that time will not permit discussion of at length here.
Radiation syndromes vary as a.function of the type of exposure, the dose and
the time after exposure to radiation, In general radiation injuries can be divided
- into three geﬁeral classes: |
a) The syndromes of whole bbdy radiation injury produced by penetrating
lonizing radiatlon which are dose and time deperdent,
b) Superficial radiation burns produced by soft rediations (beta and low
energy x or gamma radiations).
¢) Radiation injury produced by the deposition of redionuclides witkin
the body.
In the latter case the clinical picture variec with tbe site and amount of deposition,
Each of the above is associated with an early phase in which acute s;mptoms

and signs rmey be observed, and a late phase in which chronic changes or manifesta-

tions such as carcer may be observed., I wish to exphasize zlso that the degree
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of injury and the clinical manifestations are nroportiorate to the dose, This
is particularly true of the syndromes of wlole body radiation. The latter is and

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

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

time in mind,

THE SYIDROMES FRCM TOTAL BODY PINETRATING RADIATIONS

The dose dependent syndromes resulting from total body exposure in the
zemmal have been described in detail and I shall only simmarize them here. For
further 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 beam while
being irradiated or after some Ycurs. *he clinical picture is characterizea by
byperexcitability, disorders of equilibrium, incoordination,'respiratory distress
and Intermittent stupor, Convulsions may preceed death, Doses capable of producing
thls syrndrome are elways uniformly fatal. If an occasional aninal, and presumably
man, survives this CNS he has yet to experience the gastrointestinel syndrome (GIS),
wkich 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 =g
laboratory animals, The_GIS is so named because of the marked nsusea, vomiting,
diarrhea, and denudation of the lining of the smsll bowel. The GIS 4s & uniformly
fatal syndrome in most laboratory animals, If the short duration GIS of a few hours
resulting from lower aoses, does not produce the three to nine day death, the sur-
vivors of thic syndrome have yet to experience the sequelae of bone marrow depression
which has been termed the hemopoietic syndrome (HS). The HS is not necessarily fatal.
It is the clinical ~icture that is seen in the lethal range for all mammals and in
gereral the 50% lethal dose values reported, represent the 10”0 for tre sequela of
Lemopoietic depression ~ namely .granulocytopenia, depressed defenses ageinst infec-

tion, -thrombopenia, and anemia with the pessible resulting infections, diffuse pur-
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purpa, and hypcxia due to eremia, a2ny one of which may be fatal, Meny detailed -
descriptions of the psthogenesie of these phenomena have been published (1-4,12-16).
The above picture of radistion syniromes is based on animal experimentation;
however, hunan experience particularly as observed at Eiroshima and Nagasaki and
in the Marshallese natives has indicated that man protably corresponds quite
closely to the 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 Fagesaki. One wculd not expect it 4o have been
observed since doses to produce this syndrome were well within the area of almost
total destruction, The GIS with desths in the first week are well documented
clinically amd pathologiqally as are deaths from the HS. However in the case of man,
deaths from infection were most prevalent in the second to fourth weeks (maximum |
incidence during the third week) and from hemorrhazic vhenomena in the third to the
sixth weeks (maxdmum incidence in the fourth veek), In the Japanese, after the
bembing of Hiroshima and Kagarsaki, éeaths from radiation injuries were occurring as
lete as the seventh week. This is in contrast to other aniﬁals where deaths from
the acute phose sre uncomon after the 20th day.

PROBABTLITY OF SURVIVAL AS REILATED TO SY*PTOHMS

Predictions of the effects of various doses of gemma rsdistion are essential
to military and civil defense planning, If the abtsolute sensitivity of man to
rrdiation were known, and if it were practical to determine the dose to groups
urder catastrophe cenditions, a realistib statistical prognosis could be made.
However, these predictions cannot be nade accuratély at the present time. Problexs
invelved with estimation of dose received by the individusl, present real practical
difficulties. It is probzble that dose estimates will be available from dosimetry
devices or-froa dose contour linec and the position of individusls during exposure.
The difficulties of relying Leavily on the dose estimstes for a single individual

ere appsrent, -The exact position of the individual and the degree o skielding

DOE ARCUN/Ee



e .
| o - C

will not be known precisely. The dosimetry device, records the dose or dose rete,
which may not reflect accurstely, because of shielding and energy dependence of the
dé&ice, the deposition of radiant energy at the site of interest, namely the bone
marrow and the lining of the intestinal tract.

The problems associated with predicting medical effects from physical estim-
stion of dose can be further illustrated ac follows: it 1s apparent that dose
estimetes available will bte air doses. The dose recelved by the air is of acadenic
interest only, since the degree of effect in living things 1s due to the deposition
of energy and its distribution in the critical tissues. Accordingly one must now
the depth dose pattern or more precisely the pattern of absorted dose in seﬁsitive
critfcal tissues. This problem has beer explered experimentally at great length
and is described in deteil in references (17). More need not be said Lere other
than the fact trkat the uniform field of radiation coming at an individual from
all directions is rcre effective per r in air than dose of radistion of directional
quality. In urban areas there may be 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 te significant and the proximity of large buildings may ser-
iously influence scatter and perturb the uniformity of the radistion. Llastly 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-
Erating 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 final guide to treatment, The physiciean is
interested in the individuasl 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 1n order to make plans for disposition end replacement. These two

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

ever, nature Las been helpful. The manifeststions of redistion injury vary with
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the ancunt of radiation received. In other werds, the symptonms of the individual or
groups of individuals becones in a sense a personal indicator of ones' own fate, Ex-
périence with buzan radiation injury in Firoshima and Nagasaki'(4,5,10,ll) with
reactor accidents (3,6,9) and the fallout aceident (1,18) to be described later
sirongly suggest that the best incex of the serlousness of exposure of the individ~
ual is ihe syaptomatology, in addition to the physical estimate of dose.

Radiation injury is complex and subtle, and thLe manifestations of the injury
vary considerably. In a general sense, individualé exposed in the lethal range,
(here some, but not all, will die in the Tirst several weeks following expcsure)
can be divided according to symploms and signs, into groups having a different

prognosis, Thue they may be divided into three groups in which survivel is, res-

pectively, improbable, possible, and probatle. It will be apparent thst trere is

no sharp line of deaarcation among the groups. The distinguishing festures are
severity and persistence of vomiting and diarrhea,

Group I Survivel Improbeble:

If vomiting occurs promptly or within a few lours and continues and is
followed in rapil succession by prosiration, diarrhea, anorexia and fever the
prognosls is grave: death will elrost definitely occur in 100% of the individuals
within the first week., There is no knewn therspy fér these people; accordir.gly
in & catastrophe attention should be dovoted principelly to others for whom there
ie some Lope or in whom therapy is clearly indicated.

Group II Survival Possible:

Vomiting may occur early but will be of relatively chort Quration followed
by a period of well being. In this period of well being marked clanges are taking
place in the henopoietic tissues, Lymphocytes are profcundly depressed within
Fours and remain so for months, The neutrophil count is depressed to low levels,
ihe degree and time of mavimum depression depending upon the dose. Signs of in-

fection may be seen when the total neutrophil ccunt tas resched virtually zero
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*(7 - 9 days). The plstelet count may reach very low levels after two weeks, Fx-
ternal evidence of bleeding may occur within two to four veeks. This group repre-
sents the lethal dose rénge in the classical pharmacologic sense., In this growp
the symptom free period (the letent period) lasts from one to three weeks with
little eclinical evidence of injuries other than slight fatigue, At the termination
of the latent period, the patient may develop purpura,* epiletion oral snd cutzneous
lesions, infections of wourds or burns, diarrlea or melena%¥*, The mortality will be
sipnificant. With therapy'the survival time can be expected to be prolonged and if
sufficlent time is provided for bone marrow regeneration the survival rate will be
increaced,

In group 1 (Survival impossible) and grcup 2 (Survival possible) the blood
picture 1s not as well documented as in group 3 (Survival probable). There are
good clinical reasons to believe that in the lethal range the granulocyte depressions
will be msarked and below 1,000 per P during the second week, Observat ons made
in Jepan confirm this contention. FHowever in the subleihal range it taskes much
longer for the granulocyte and platelet count of man tox‘eaéﬁ nirimal values, as
compared to other mammals, Despite the chaotic conditions that existed in Hiroshima
the data of Kikuchi and Wekisake (11) shows that there was a more rapid and rarked

decrease in groups 1 (Survival improtesble) 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. 7 |

Much has been learned from the experimental therapy of radistion injury in -
erimals, It has been conclusively siown thet protection can be afforded by the
transplantation of bone marrow from one strain of animal to another., The protection
afforded by transplantation of genetically specific nzterial, that is from one
nember of the same strain to an irrediated member of the seme strain, is very good

ard lonz lasting. If the material for trensplentation hes its source in anoiher

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

* Blezding into slin
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If the protective raterial comes from another species of animal the protection is
very short lived and not nearly as effective. In principal the transplantation of
béﬁe marrow would significantly increase the survival rate of exposed human beings
in the group 2 (Survival bossible) and possibly to a lesser extent in the group 1
(Survival improbable) casualties, The amounts of bone marrow needed are large and
the mongrel nature of man takes it unlikely that very much could be expected in
the way of long term protective effect. In my opinion it would be the worst type
of wishful thinking to expect that one could !ave an effective bone marrow bank
in the case of an atomic csatastrophe, Mudiwork is yet to be dore under carefully
conf}olled clinical conditions before one could be optimistic about the use of
this procedure in man under highly controlled conditions, for an individual patient
let alﬁne urnder conditions of a nuclear catastrobhe.

However, the treatment of group‘z casualties is not at all hopeless  There
1s ample clinical experience in conditions where the bone marrow is severely de-
presse& ard in which there are inadequate mumbers of circulating cells. In these
relatively coimon clinical conditions produced by sensitivity to drugs, or occurring
naturally as disease processes, the combined use of the wide spectrum entibiotics
that 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 repair spontaneously the damages that has been suffered, Accordingly one
could feel optimistic in respect to increasing significantly the survival rate of
the group 2 (Survival possible) casuslties by wide spreasd controlled use of anti-

bioties.* Preparation and stockpiling for such an emergency is obviously required.

Group III Survival Probable

This growp consists of individuals who zmay or ray not have Lad fleeting nausea

¥ Blood transfusions would be helpful to a limited extent for anemia., The probability
of aveilability of enough blood for burns and other injuries is low, Eence when
blood may be needed for radiation injury supply may be exhsusted.
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and vomiting on the day of exposure, In this group there is no further evidence
qf effects of the exposure except the hematologic (blood) changes that can be de~
tected by serial studies of the blood with particular referencg to lymphocytes
and pletelets, The lymphocytes reach low levels early, within 48 hours, and may
slow 1ittle evidence of recovery for many 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, Platelst counts reach lowest levels
on approximetely the 30th day at the time when maxdmum bleeding was observed in
Japanese who were exposed at Firoshima and Nagasaki. Ihis 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 10th and
15th days end Lemorrhage occurs shortly thereafter,

In this grdup inidviduals with neutrophil counts below 1000 per cubic mm,
nay be complete by asymptomatic. L;kewise, patients with platelet counts of 75,000
per cubic mm, or less may show no external signs of bleeding,

It is well known that all defenses ageinst infection are lowered, even by sub-
lethal doses of radiation, and thus, patients with severe hematologic depression
should be kept under close observation and administered appropriate therapy as in-
dicateds There is ressonably good animal experimentation to indicate that sublethally
exposed colonies of animsls are nore susceptible to erdemic and epidemic infectlon,

The numbers of individuals in greup 3 (Survivél probable) will be greater than
in group 2 (Survival Possible) and the nuwber in group 2 will be crester than in
group 1 (Survival improbable). Group 1 casualties will be relplessly injured.
Group 2 casualties will be able to help in their own care to a lirited extent,
Group 3 casualties will be useful and a roderate szount of work will not be harmful,
Ko threrapy 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 detonstion, unexpected changes in the wind structure
deposited radioactive materials on inhabited atolls and cn ship of Joint Task Force
#% which was coﬁducting-the tests, Radiation surveys of the areas revealed injurious
radiatioﬁ levels; therefére evacution was ordered, and was carried out as 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 lasting
injury or mortality the Commander of the Task Force requested assistance of the
Depuriment of Defense and the United States Atomic Energy Commission, 4 mgdical team
was requested which would be organized to provide the best possible care of the ex-
posed persons and to make a medical study of the exposures, The responsibility for
organization of the medical team was shared between the A.med Forces Special Weapons
Project D. 0. D, and the Pivision of Biology and Medicine, United States Atomic Energy
Cormission. Since speed was essential and since the United States Navy Medical De-
partment had experienced personnel evailable at the Naval Medical Research Institute
and the United States Naval Rediological Defense Laboratory, the Surgeon General of
the Department of the Kavy was requested to provide assistance, He promptly éomplied
and directed the organization of a team from the two above méntioned lboratories; I
had the privilege to be the director of this team, Within a period of three days equip-
menl was assembled end packed and the team was eirlifted to the Marshall Islands
arriving on the 8th day after tﬁe explosion, The interim care and study of the ex-
pesed individuels had been ably taken care of by the limited medical facilities of the
United Stetes Feval Station, Kwejalein, I am pleased to call attention to the fact
of the very higk degree of cooperztion between all goverrment agencies concerned and
to the numerous individuals wlo celflessly gave of their time and efforts. The num-
ber is large and due credit and acknowledgments are given in the officisl report of
the incidencq published by the United States Government Printing Office and listed
in.reference (1). |

‘NATURE CF THE EVINT Al'D DFSCRIPTICN C¥ THE EXPGSED GRCUPS

The radioactive material fell on the inhabited atolls of Rongelap, the heaviest
DOE ARP”"mA 2 q
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dcse; on Aflinginae; on Rongerik whera Aszericar servicemen were ststioned, eand
~ Dtirik viere 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 Arzerican milit;ry personnel had the second %izhest exposure. They were
more aware of the significance of the fallout then were the Marshallese, and promptly
pul con additional clothing to protect their skin, As far ss dutles would permit,
they remsined inside of aluminmum bufldings. In contrast to this the Marshallese
in general remained outside and accordingly were more hesvily conteminated by the
material falling upon the atoll and upon them.

All of the exposed human beings were evacuated by air and surface iransporta-

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

would permit, Since a survey of the individuasls showed that there was significani
contamination of the skin, clothes and hair, the clothes were removed,and launisred
and repested washings of the skin and hair was carried out with fresh water and soap.
The Lkeir of the Marshallese was decontaminsied with difficulty because of the heavy
coconut o0il hair dressing they used. On Rongelap there were 64 individuels thet
recelved an estinated dose of 175 r. On Ailinginae there were 18 individuals re-
ceiving spproximately €69 r, On Rongerik there were 28 American servicemen recei-
ving aporoximately 78 r.  On Utirik there vere 157 individunls receiving approx~
Imately 14 r.

Wole Body Gamma Doses

The determinaticn of the whole body gamma doses are dependent upon the surveys
tiat vere made with calibrated instrumenis approximately 3 feet above the ground
several days alter the inhabitents were evacuated. In addition certain assumptions
had to be made about the arrival time of the clowd and the rate of fallout of the
maoterial, Oniy on Rongerik where there wes a recording dosimeter 4s arrival time

¥rown precisely. The dose rate of the continuing fallout of materisl was in pert
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neutralized by the progressive radioactive decay. In addition the transit dose
from the cloud pessing over the atolls could not be estimeted, All of these
§eriab1es were taken into account and the doses celculated. fhese doses were
consistent with the doses that were actuwally measured on Ropgerik by £ilm trat
wes slored in refrigerastors and by film exposed outside on this atoll, In view
of this Internal ccnsistency it is belfeved that the dose of radistion on the atolls
is recasonably accurate, Details of the calculation of the dose are in the official
report vhich discusses in detail the probéble range in values (ref, 1, Chapter 1)

CEARACTERISTICS COF THY GAMMA RADIATION

The fellout material vhen deposited on the ground fofmed a large planar source
of radistion, The énergy distribution of the radiation reaching an eipecsed indiv=
idual 1s influenced by its pascage through the intervening air. A knowledge of the
irherent gamma spectrum as it emninates from the meterial itself is essentiel in
order to determine the spectrum that impinges upon exposed individuels. When one
takes into account the spectometric data on the mixed fission products and the
degredation by Compton scattering along the path in air, a dose energy histogram
can be coﬁstructed, shoving that there are roughly three regions with maxima at
10C, 700, and 1500 KEV., The total exposure is thus the resultant effect of partial
doses from eacﬁ energy region, making the exposure energy condition significantly
different from those of rsdistion therapy, eyperimental biology or from the prompt

garma rediation of the bomb, Details of the characteristics of the exposure are

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

THE CHARACTERISTICS CF THE TALIOUT MITERIAL

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

as erow 1lke, It stuck to the skin, adhered to the heir end clothes, the vegetation
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and the habitations, . .

GICUITRY CF TEE ZYPOSURE

Time does not permit a discussion of the effect of this but it has been eluded
to earlier and deteils of the influence of geometry of the exposure to biolozic

eflect are in re;erences (1,17).

SUPERFICTAT DCSTS OF RADTATION FRUM BETA AND SCFT GAMMA RADIATION

There is no doubt that tre dose of radistion to the first few millimeters of
the skin 1c substentlally higher than that 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 detail in reference 1, chapter 1.

To arrive at some physical estimate of the skin dose andtiempit must be made
to add up the contributions of the penetrating gamma, the less penetrating gaama,
the beta bath to which the Individuals were exposed froz the relatively uniform ‘
deposition of fission products in the enviromsent and the point contact source of
m2terial deposited on the skin, By all reans the largest component of skin irradie-
resulted from the spotty local deposits of fallout naterial on exposed surfaces of
the body, It is completely inpossible.to estinate the dose from material that was
doposited on the skin, The relative hazard §f thé beta bath is discussed in detz2il
in the previously mentioned reference (1).

CLINICAT CRSERVATICNS AND TRETHIUT

SY:PTCQMS AID SIGNS REIATED TO RADIATION INJURY

Itehing and burning of the skin occurred in 28% of the people on Rongelap,

20% of the group on Ailinginae and 5% of the Americcns. There were no symptoms
relfercble to the skin in the individuals on Ttirik, In eddition 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 sympioms were due to ir-
radiation since all Individuals who experienced the initial symptoms later devel-

oped unjuestioned radiation injuced skin lesions that will be desc=%bed in detail
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later, It 4s poscihle however that the intensely alkaline nature of the calcium
oxide when diszolved in perspiration might have contributed to the initial symptoms.
About 2/3rds of the Rongelsp groqg were nauseated during the first two days
and.l/IOth vomited and had diarrhea. Cne person 1n the Ailinginae group was nauseated,
Yo one in the fongerik or Utirik group had gastrointestinal symptoms. '

CLINTCAL CRSESVATTICHS £4'D LEUXOZYTE COTIHTS

Between the 23rd aﬁd the 43rd post crposure day 10% of the individusels from
Rongelep had an absolute gramulocyte level of 1,000 per cubic millimeter or less.
The lowest count during this period was 70C per cubic millineter. Durins this
interval the advisabdility ol propkylactic administration of antibiotics was seriously
considerad. However propljylactic administration of antibiotics was not instituted
for the following reasons:

1) A1l individuels were undar continuous melical observation so that

infection if 1t developed would have been discovered in its earlier stages.!

2) Fremature adsintstration of entihiotics mizht have obscured medical
indicaiions for treatment, end might also have led to ihe developrent of drug resis—
tant organisms in individuals with lowered resistance 4o infection.

3) There wns no accurste kmowladge of the mmber of gramlocytes required
by iMn tg vrevent infection with this type of granualocytopenia,

Tte ob;ervad situation was not sirictly comparadle to agrannlocytosis with

cn aplastic marrow as seen following kiown lethal doses of radiatior., In the latter
instant, cranulocytes fall rapidly with practically rone in the circuletion and no
evidence of sremilocyte regereration when infecticn occurs. In the present group
of individuels expoced to radiation, wost counts reached zpproxdmately 1/4 the normal
v2lue, but the Tall teo thsot lovel was —rudual ond the presence of immnture gramalo-
cyrves in ihe periphernl blood during the period of cranulccytorenis was indicative

of sene new granuwlocite production. The few individusls that received antibiotics

L:ad conlitions that woild have been treated witk antibiotfcs in ithe stsence of amy
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‘previous exposure to irrediation. During the 4th and 5th exposure weeks an epidemic of
upper respirstory infection.occurred., 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
The respiratory infection in the medical personnel involved in the care and study
of the irradiated individuals was similar in incidence and severity.

Clinical Observstions and Platelet Counts

Eleven individusls had plastelet counts that fell es low as 35,000 to 65,00Q/mm3.
A1l individuals with platelet counts less tﬁan 100,000 per mm> vere examined daily
for evidence of hemorrhage into the skin, rucuous membranes and retina; Urine was
examined daily for red cells and albumin., Women were questioned concerning excess~
ive menstruation. The only evidence for any undue bleeding were two women who men-
struated profusely at the time of their maximum platelet depression. It was not
sufficient to cause them concern and subsided without any specific trestment,

Thé Effects on fregnancz

Four women in the Rongelap group were pregnant when brought to Kwajalein.
Two were in the first triméster, one in the secord irimester and one in the third
tri§ester. There were ro a bnormal symptoms referable to pregnancy., As far as
coula be determined the pregnancy continued in the normal fashion. In the Ailingipae
group, one woman was in the second trimester, Fetal movements were unaffected in the
individusl in the third trimester. The pregnant women had a marked depression of
pl=telet counts but at no time was there any vaginal bleeding, At the twelve month
reexanination of the above women all had delivérai. Cne baby was born dead the others
were norrel, In the case of the one stillborm, irradiation occurred to the rother
either before conception or early in the first tri-ester. It is possible that the

irrzdiztion may kave contributed but there is no wvay to prove this,
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Special Zxaminstion of Zyes

At all followup examinstions an ophthalmologist has examined the eyes of
ail individuals, To date no lesions ascribable to lonizing radiation have been
found, Simllar studies have been made on the eyes of non exposed Marshallese
and the incidence of eye lesions is identical in the two groups.

SKIN LESIONS AND EPILATICN

Ae mentioned earlier there wes burning of the skin. On first examinastion
by the medical team on the 9th post exposure day the exposed people appeared to
be in good health and the skin was definitely normal in external appearance,
Evidence for the development of skin lesions commenced approximstely two weeks
after exposure, During the early stages of development of the lesions, itehing,
burning and slight pain were experienced with the rore superficial lesions. With
deeper leslions the pain was more severe., The deeper foot lesions were the most
painful snd caused some of the people to walk on their heels for several days dur-
ing the acute stages. Some of the more severe lesions of the neck and exillae
were painful, There were no constitutional symptoms associated with the skin lesionsf
The characteristic sequence of events in tte development of the lesiors was the
éccurrence of symptoms, then of black pigmented areas, smell in size whichk 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
superficial 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
plctures {llustrate the sequence of events, In addition to te skin burnsg, loss of
hair, spotty in nature occurred in some of the individuals. The keir grevw in agein
with rormal color end texture and the regrowth was complete in all except possibly one

riddle eged man in whom it came in somewhat sparsely. Stell pieces of skin were
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removed surgically from some of the burned areas for microscopic study. These pleces
of skin demonstrate the typical findings of radiation injury, Some of the skin burna
bécame infected particularly those on the feet and were treatea locally by cleansing
and applications of antiblotic ointments. The skin burns healed in most cases with
return of normal color and tex{ure of the skin end in some cases scars were left
with depigmented arees. 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 abrormal blood
vessels and a slight horny growth of the overlying skin has developed. The skin
has been carefully observed at 6 months, 12 months, 2 yeasrs and 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 is no evidence of the development of cancer at this time;_'
In some the depigmented scars are stiil 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 prognoéis in general is
good,

FACTCRS INFLUENCING SEVERITY OF THE LESIONS

Certain lessons were learned from the Marshallese experience,

Burns were csused by direct contact of the radioactive material with the skin,
The perspiration és common in the tropice, the delay in decontamination and the
difficuities in decontaminstion certainly favored thedevelopment of the skin burns.
Those individuals who rerained indoors or under trees during the fallout developed
less severe skin burns. The children wbo went wading in the ocean developed f;ver
lesions of the feet and most of the Americans who were more aware of the dangers
of the fallout, took shelter in aluminum buildings and bathed end changed clothes.
Consequently they developed only very mild beta burns, lLastly a single layer of
cotton meterial offered almost complete protection as wes dezonstrated by the fact
that ckin burns developed alwost entirely on the exposed parts of the body. The pro-

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

HIMATOLOGIC OBSERVATIONS

It is generally considered that changes in the blood are ihe most sensitive
biologic indices of exposure of 1iving human beings to rediation. Accordingly ex-
tensive simple hemstologic studies were performed on the Marshallese. Since there
were hoAprevious 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,
Reutrophile Count

The absolute neutrophile count of both the younger and older age groups féll
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 expesure day at which time there was a progressive decrease
in ﬁhe blood count with minimum values being att;ined around the 45th day after ex-
posure. It is of interest, that theldepression 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 maximel depression trere was a slow return of the neutrophile counts
towards rormel. However at 6 months they were still depressed, >At cne yeer and two
years the neutrophile counts were back to the control level. However at 3 years
trere ves a drop in the absolute mean neutrcphile count but this also ocecurred in
the control population, It is not known whether lowered counts represent a popu-
lation trend as has been noted in the Jaéanese for both irradiated amd non irradiated
populatioﬁs, or whether it'is merely a statistical fluctuation that is to be expected

in this type of study. More work is necessary on this roint.
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By three days the lymphocytes dropped to 50% of the controls. The percent
drop in the children less than 5 years of age wag greater than that of the people
gfeeter than 5 years. The lymphocyte count reméi;ed at approximately the same level
through the exposure period. A.-t. '6 months, twelve months, two years and three years
the level though increasing had not quite reached that of the control population,

Platelets _

The maximurn depression in plaotelets was obtained approximately 28 to 30 days
efter exposure in contrast to laboratory animsls that aftain their minimum values
betweén the 10th and 15th days after exposure. In this case the children urder 10
years of age had a grester percentage drop than those who were older. The platelets
began to recover after the 30th day attained a meximum about the 45th day. There
was then a seconcary drop with a leveiing off for the remainder of the post exposurs
period and at 6 months, 12 months; two years and three years slow recovery was still
under way. The levels of the population were approaching the controls but have not
yet reached it. In all of the hematologic studies mentioned sbove it is stated that
the present levels are not equal to that éf the controlled population., However I
wish to emphasize that the current levels of the blood cells of all types is more
than adequate to take cere of the infestions and the various troubles of everydey
existence, This statistical expression of a inadequate recovery probably represents
the residual radiation injury that is of considerable interest to study but_does
not appesr to be overtly harmful to the individuals. One can be reasonsbly confident
in this because they are not fariné less well in resistance to diseésé than sre the
Marshallése who uére nonexposed and living in the same area.

IXTZRNAL ABSORPTION CF RADIONUCLIDIS

During the two days before evacuation, the Rongelap people lived under conditions
of extreme contanination without any concerted efforts to protect thexmselves against
the dangers of irternal contamination. These individuels drank contaminated veter,

and ate their natural foodstuffs which were contarinated externally, Their hands
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vere contaminated; they inhaled and obviously ingested certain indeteraminate amountse

of material.
The body burdens ofAisotopes 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 icland at a later date, The urinary and fecal excretion

was studied and ultimately the animals were killed, Extensive radio chemicals anslysit
were made of their entire bodies, By comparicon approximations of body burdens of

radionuclides was made,

| Ryre and alkeline eartls accounted for about 70% of the urine activity. Stroo-
t4um 89 vas about at the maximm permissable level at one day. ITodine 131 and other
members of the iodine family which had to be present early, resultedin a dose of
rediation to the thyroid glands, estimated between 100 and 150 rep. To tgia of course,
must be added the penetrating external gamma comwponent, By 6 months radiétion was
barely detectable in the urine. At 2 years from analysis of pocled urine samples
and individual samples very tiny amounts of Sr90, Ca45, Pr., and Ca vere present¥,
The results of the three year rediochemical analysis of tte urines that were recently
collected are not completed as yet. It was believed that the body burdens of these
people was very low and probably biologically insignificant, However it was decided to
bring some of the individusls to the United States for study with the t;tal body gamma
counter at the Argonne Fational Laboratory. This decision was mede not because of
any fear but because the analysis of the urine and the animal enalysis was an indir-
ect meané to obtain probable bedy burdens. It was obviously desireable to obtain a
firm direct measurement of the body turden from the scientific standpoint and to
determine the precise tody burdens, Four individusls from the Rongelap group, two
from the Utirik group and one control Marshallese (a total of 7) were trought to the
United Stefes and taken to the 4rgonne Nzticnal laboratory. There , under the direction

of Drs. Marinelli, Poce and Millsr the totsl body gazma activity was messured. The

* Studles performed both at U. S. Mavel Radiologicel 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 thet the
exposed Marshallese had counts that were higher than non exposed peoples in the
ﬁnited States. However the values were far below the current-permissable levels.
Since there has been some misunderstanding in the press abocut children being

trought to the United States for study I would like to stete that all the individusls
brought to the United States were adults with the exception of one 16 year o0ld boy.
They Lave subceguently been recturned to the Marshall Islands,

TEE CONTINUING STUDY OF THE HAR SEALLESE

Fy acsociate in the Medical Depar tment of Zrookhaven Netional Laboratory, Dr.
Robert A, Conard, a member of the original team that took care of aﬁg studled the
Mershallese and director of the two and three year surveys has retainéd an ebiding
interest in the Marshallese. On tehalf of the Atomic Energy Commission end Brook-
haven Xational laboratory he has undertsken the continuing responsibility of yearly
surveys of these pecple. These surveys are being msde possible by the cdoperstion
of the Yedicsl Depertment of the United States Navy and its activities: the Medical
Researeh Institute et Bethesda, Maryland and the United States Naval Radlologicsl
Defense Leboratory in San Francisce. The centinuing project is é Joint effort 4di-
rected by Dr, Coqgrd ard participated in by the Medical Department of Brookhaven
Hational laboratory, the two Navy institutions mentioned earlier and interested phy-
sicians and scientistsz of various Anerican universities and medical schools.

Cze cannot leave this tremendously important subject of fallout and the unfore
tunate accident that occurred in the ¥arshall Islands in 1954 without the frank recog-
nitlon that late effects of lonizing radiation are possible. HMany late effects have
ceen otserved in men and in animals, These are condensed in detail in the Kational
Aczdexy of Sclences report (8). Accordingly s search for late effects is an essential

vart of i¥e continuing survey., 4 summary of the 3 yeszr status of these people follows.*
®* 1t will be reported in detall in reference 22 now belng prepared.
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Tertility
Effects of radiation exposure on fertility is difficult to assess in the
\ﬁarshallese. If there bes been any effect on fertility it must Lave been very short

lived since pregnancies are occurring'normally and at rate similar to other growps
of Marshellese,

Pregnency

There Tas been no apparent effects of radiation on the course of pregnancy
in the Marshallece. Since the delivery of the four women who were pregnant at the
time cf the event, there have been twelve pregnancies which have terminsted., Ten
of these té4rminated normally, one terminated in a stil1birth end cne baby died
se?eral hours after birth epparently of an infection of the cord. The leck of

tal statistics makes this data difficult to interpret., Hecwever it does not
appear that this incidence cf still births 1s greaster than that of other comparable
netive groups in the nid Pacific area.

Effects on the Fetus

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

as was observed In o me of the Japanese tables irradieted in-utero (for example

microceptaly).

Crowth end Develoonent

On esch resurvey the exposed and control children have been mstched for age
and sex, Measurements on growth and development have bteen carried out. Anthropometri
neasurements hzve been incompletely anelysed as yet., Since the numbers of children
arc snall the data is not easily subjected to statistical analysis. However ihere
does appear to be evidence suggestive of a slight imp;irment of growth and develop~
ment as measured by comparison of height and weight in the control and exposed chil-
dren., KXo abnormalities of the eyes have been observed,

Stortening of Life Span

Ineinals the evidence for shortening of life span is quite good., It is
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'eviden; that the life sitortering 1s some function of the dose of radiation, Fowever,thi
extrapoletion from zice torman is extremely difficulty., It is unlikely that any good
statistical analysis can be nade on the Marshallese because of the small numbers of
individumls and the uncertainty of the precise birthdete in the older groups. There
has been one death in the Rongelap group who at autopsy showed evidence of heart dis-
ease., In the larger group from Utirik there heve been five deaths, The nmumber of
deaths 1s comperable in both groups one having received 175 r and the latter only

14 r. To date one must conclude that there Las been no significant evidence for

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

Leukemia snd Cancer

Léukemia is one of the things thet is know to have occurred in the Japanese
and 1is prevalent in irradiated laboratory animsls. To date no leukemia has occurred
end there is no evidence of leukemic femdencles. This is being siudied intensively
ty the usos of alkaline phosphatase studies on the granuiocytes and btesophile counts
on the blood, It has been shown by the studies of Moloney et al., in Jepan that a

tasophilia and decrease in alkaline plosphatace precedes the development of leukemisa,

Genetic Effoects

The émall nuaber of individuals involved and the inadequate yital statistics
zmake it difficult to determine genetic changes. It is certain that there have been
no abnormalities in the first generation of bables. The undesireable aspects for
genetic stujies are in part offset by the tenlency of ccnsanguinous marriages that
are prevaleat among the Marshallese, TFrom thils stzadpcint zenetic effects may
Cevelop and are being sought.

Lenz Term Zflecte of Tnicrnally Deposited Radionuclides

eC%

The very snall pumcunts of radioactive meterials that are deposited internally
are Dy themselves Insdequate to produce serlous long ters effects, Fowever the sub-
Ject 315 complicated by the fect that the irdividuels had & substantial inftial insult
from whole body radiation. In eddition to the whole body radiaetion the thyroid gland

- BOE 4. o



»

[ 4

e =
‘ -23- ‘

received aprroximstely 100 to 150 rep from the short lived iodine family. It has
been reported that irradiation of the thyroid area in early 1ife increases the
1ﬁéidence of cancer of the thyroid. Accordingly thyroid function and the possilbilty
of thyrold cancer is being studied in the Marshallese children.

Before concluding I cannot reffain from expressing my personal opinion and con-
viction on twoaspects of the fallout problem, First, the acute and long term hazards
of fallout such as would occur following the use of thermonuclear devices in werfare
is simply unthinkable, The wide spread contamination over continental ereas from
multiplé detonations of thermonuclesr devices over populated areas would produce rad-
ietion hazards for all living things and for generations to come. These hazards are
understood, These bazards cannot be considered as the usual "calculatéd risk basis®
of warfare in the past, One can only make a plea that an enlightened world, will
demand that their representatives in government also appreciste these tazards ani
¥ th this recognition bring every conceivable effort of diplomacy to solve the pro-

blems posed by differences in politicel and economlc ideclogies and thus prevent a

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

Second tre world wide low level radietion of today from diverse sources has been
analyzed thoughtfully‘by competent people individually and in assembly., lote the
sober and realistic reports of the National Academy of Sciences, the Eritish Medical
Regearch Council and the United Nations, These reports point out the multiple sources
of redistion in our lives today and the necessity for continuéus scrutiny, Let us not
confuse unavoidaeble radiation exposure with radiation hazard. Let us not lese siéht
of the miltiple sources by undue preoccupetion with world wide fallout, lLet us not
be so preoccupied with radiation in general that we forget about indusirial pollution
of our envirorment in general by non radioactive but toxic substances. Lastly the

incidence of leukemnia was apparently increasing prior to the development of atomic

energy. Why?
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