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Mr, Chairman, Congressmen and Cbserverss

I have been asked to surmarize the early effects of exposure of animals
ana ran to external radintion with particular reference to the'effects of fellout
rodiation on the Marshallese, the los Alamos accident and radiim, 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 i1s limited té the Marshellese and an~
iral experirentation I shall limit myself 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 animels 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 i1llus-
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 geieral classess

a) The syndromes of whole bbdy radiation injury produced by penetrating

ionizing rsdiation which are dose and time dependent,

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

energy x or gamms radiations),

c¢) Radiation injury produced by the deposition of rsdionuclides within

the body.
In the latter case the clinical picture varies with the site and amount of deposition,

Each of the sbove is associated with an early thase in which acute s;mptoms
and signe mey be observed, and a late thase in which chronic changes or manifesta~

tions suck as carcer may be observed, I wish to exphasize zlso that the cegree
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of injury and the clinical manifestations are rroportionate to the dose., This
is particularly true of the syndromes of whole 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 fnim .
TEE SYI.DRCMES FRCM TOTAL. BODY PINETRATING RADIATIONS

The dose dependent syndromes resulting from total body exposure in the
mamal have been described in detail and I shall only summarize them here. For
further details one is referred to the following references ( 1 - 12 ). After
large doses (approxiretely 6000 r or more) the central nervous system syndrome
wiich can be aboreviated CNS is produced, Death may occur under the beam while
being irradiated or after sone lcurs, ‘he clinical plicture is characterize& by
hyperexcitability, disorders of equilibrium, 1ncoordination,-respiratory distress
and intermittent stupor. Convulsions may preceed death. Doses capable of producing
this syndrome are slways uniformly fatal. If an occcasional znimal, and presumably
man, survives this CNS he has yet to experience the gasirointestinel syndrome (GIS),
wrich when produced by doses in excess of 1500 r is always fatal within three to
nine days for marmals, Presumably man also will respond in a corparsble manner =as
laboratory animals., The GIS is so nsmed because of the marked nausea, vomiting,
diarrhea, and denudation of the lining of the small bowel. The GIS is & uniformly
fstal syndrome in most laboratory animsls, If the short duration GIS of a few hours
resulting from lcwer HOSes, does rnot produce the three to nine day death, the sur-
vivors of this syndrome have yet to experience the sequelae of bone marrow depression
wkich has been termed the hemopoietic syndrome (ES). The HS is not necessarily fatal.
It is the clinical -icture that 1s seen in the lethal range for all mammals and in
gereral the 50% lethal dose values reported, represent the 1D30 for tre sequela of
Lenopoietic depression - namely granulocytopenia, depressed defenses ageinst infec-

tion, -thrombopenia, and anecis with the possible resulting infections, diffuse pur-
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purpa, end hypcxia due to enemia, =ny cne of which nay be fatel, Meny detalled -

descriptions of tke pathogénesis of these phenomena have been published (1-4,12-16).
The above picture of radistion syniromes is based on animal experimentation;

however, human experience particularly as observed at hiroshima and Nagasakl and

in the lMarshallese natives has indicated that man protably corresponds quite

closely to the general marmalisn response outlined above with the exception of
some differences in time cf occurrence, The CKS apparently was not observed by
the Jopanese at Hiroshima and Naezesaki. One wculd not expect it to rave 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,
dezths 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 (maxdmum incidence in the fourth week). In the Japanese, after the

bembing of Hiroshima and Kagesaki, deaths from radiation injurles were occurring as

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

the acule phose are uncommon after the 20th day.

PROBASTLITY OF SURVIVAL AS RTEIATED TC STFPTOMS

Predictions of the effects of various doses of gamma radietion are essential

to military and civil defense planning, If the abtsclute sensitivity of man to
rediation were known, and if it were practical to determine the dose to groups
urder catastrophe conditions, = realistiﬁ statistical progrnosis could be made.
Fowever, these predictions cannot be nade accurately at the present time, Probleas
invclved with estination of dose received by the individusl, present real practical
difficulties. It ie probable that dose estimates will be available from dosimetry
devices or-froa dose contour linec and the position of individuals during exposure.

The difficulties of relying beavily on the dose estinates for a single individual

are apparent, -The exact position of the individual and the degree o shklelding
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will not be known precisely. The dosimetry device, records the dose or dose rate,
vwhich may not reflect accurstely, because of shielding and energy dependence of the
dévﬂce, the deposition of radiant energy at the site of interest, namely the bone
marrovw and the lining of the inteatinal tract.

The problems associated with predicting medical effects from physical estim—
stion of dose can be further illustrated ac follows: 1t 1s apparent that dose
estimates svailable will bte air doses. The dese recelved by the gir is of ascadenic
interest only, since the degree of effect in 1iving things is due to the deposition
of energy end its distribution in the critical tissues. Accordingly one must know
the depth dose pattern or more precisely the pattern of absorbed dose in seﬁsitive
critical tissues. This protlem has beer explered experimentally at great length
and is described in deteil in references (17). More need not be ssid Lere other
than the fact trat the uniform fleld of radiastion coming at an individual from
all directions is rore effective per r in sir than dose of radiastion of directional
quality., In urban erea§ 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 te <fgnificant arnd the proximity of large bulldings 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 caelculated from dose rates or derived from an inte-
grating type of doslmeter that adds up to the total dose received, or form position
of an individual during exposure, cannct be accepted as the best index of the pro-
- bable fate of this individual, or as the final gulde to trestment, The physicien is
interested in the individual from the standpoint of sorting casualtiec with soze
chance of sufvival ard those for whom nothing can be done, and of equal importance
the troop cormander is interested in the over all rrognosis of large grcups of
individuals in order to nmake plans for disposition end replacezent. These two

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

ever, nature has been helpful, The manifestzticns of redistion injury vary with
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the ancunt of radiatlon received. In other werds, the symptoms of the individual or
groups of individusls becomes in a sense a personal indicator of ones! own fate, Ex-
p;rience wvith huzman radiation injury in Firoshima and Nagasaki-(L,S,lo,ll) vith
rcactor accidents {3,6,9) asd the fallout accident (1,18) to be described later
strongly suggest that the best incex of the seriousness of exposure of the individ~-
ual is the syaptomatology, in addition to the physical estimate of dose,

radiation injury is complex and subtle, and the manifeststions of the injury
vary considerably. In a general sense, individual# exposed in the lethal range,
(Lere some, but not all, will die in the irst several weeks following expcsure)
can be divided according to symptoms end signs, into growps having a different
prognoeis, Thue they may be divided into three groups in which survival is, res-

pectively, improbatle, possible, and prohatle. It will te apparent that there is

no sharp line of de:arcstion arcong the groups. The distinguishing festures are
severit& and persictence of vonitling and dlarrhea,

group I Survivel Improbeble:

If vomiting occurs promptly or within a few l.ours and continues and is
folloved in rapid succession by prostration, diarrhea, asnorexia and fever the

prognosis is grave: death will elrost defirnitely occur irn 100% of the individuals

within the first week. There is no known therepy for these people; accordirgly
in a catastiropke atlention should be dcvoted principelly to others for whom there
i some lrope or in wiom therapy is clearly indicated.

Group 11 Survival Possible:

Vomiting may occur early but will be of relatively short duration followed
by a veriod of well being, In this period of well being narked clanges are tasking
plece in the heropoietic tissues. Lymphocites are profcundly depressed within
Fours and rezain so for montks, The neuirophil count 1s depressed to low levels,
the degree and time of maximur. depression depending upon the dose. Signs of in=

fection nay be seen when ike total neutrophil count tas recched virtually zero

DOE ARCHIVES



Y —_—— —&- . >.‘ —_— ./‘~

+(7 - 9 days). The platelet cocunt may reach very low levels 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 pharmacolozic sense, In this growp
the symptom free period (the latent period) lasts from one to three weeks with
little clinical evidence of Injuries other than slight fatigue. At the termination
of the latent period, the patient may develop purpura,® epilestion oral and cutaneous
lesions, infections of wounds or burns, diarrlea or melena®%*, The mortality will be
sipnificant, With therapy.the survival tize can be expected to be prolonged and if
sufficient time is provided for bone marrow regereration the survival rate will be
increzsed,

In group 1 (Survival impossible) and grcup 2 (Survival possible) the blood
picture is not as well documernted as in group 3 (Survival probable). There are
‘good clinical reasons to believe that in the lettal range the granulocyte depressions
will be narked and below 1,000 per > during the second week, Cbservat’ons made
in Jepan confirm this contention. However in the sublefhal range 1t 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 Eiroshima
the data of Kikuchi and Wekisaka (11) shows that there was a more rapid and rarked

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

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

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

ard long lasting. If the material for transplentation hes its source in another

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

* Blesding into slin |
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If the protective raterial comes fror another species of animal the protection is
very short 1ived and not neerly ss effective, In principal the transplantstion of
béhe marrow would significantly increase the survival rate of exposed human beings
in the group 2 (Survival possible) and poseibly 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 lave an effective bone marrow bank
in the case of an atomic cstastrophe, Mudiwork is yet to be dore under carefully
ccnffolled clinical conditions before one could be optimistic about the use of
this procedure in man under highly controlled conditions, for an individusl patient
let elone urder conditions of a nuclear catastrobhe.

However, the treatment of group.Z casualties is 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 nmumbers of circulating cells. 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
that are now aveilable, and the judicious use of blood transfusions significantly
increases the survivel time of the individuals, thus giving nature a longer period
of time to repeir 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 spreed controlled use of anti=~

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

Group II1 Survivel Probable

This group consists of individuals who zay or ray not have Led fleeting nausea

*  Blood transfusions would be helpful to s limited extent fer anemia., The probatility
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 erposure. In this group there i{s no further evidence

qf effects of the exposure except the hematologie (blood) changes that can be de-
tected by serial studies of the blood with perticular referenc; to lymphocytes
and pletelets. The lymphocytes reach low levels early, within 48 howrs, and may
slow little 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. 7The late fall in the granulocytes, during the 6th or

7th week, may occur and should be watched for. Platelet counts reach lowest levels
on approxmetely the 30th day at the time when maximum bleeding was observed in
Japanese who were exposed at Hiroshima and Nagasaki. This time trend in the plate-
let count and the development of hemorrhage 1s 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 group inidviduals with neutrophil counts below 1000 per cubic mm,
nay be complete by asymptoratic, L;kewise, patients with platelet counts of 75,000
per cubic mm, or less may show no external signs of bleeding,

It 48 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—
diceted, There 1s ressornably good animal experimentation to indicate that sublethally
exposed coloniesd of animsls are ore susceptible to endemic and epidemic infection,

The mmbers of individuals in greup 3 (Survivél probable) will be greater than
in group 2 (Survival Possible) ard the number in group 2 will be creater than in
group 1 (Survival improbable). Group 1 casualties will be lrelplessly injured.

Group 2 cesualties will be able to help in their own cere to a l1imited extent.
Group 3 casualties will be useful and a roderate amount of work will rot be harmful,
Fo therepy other than observation is needed for this group.

The rest of my corments will be focused on the fallcut accident that occurred
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on March 1, 1954, Following detonstion, unexpected changes in the wind structure
deposited radioactive raterials on inhabited atolls and cn ship of Joint Task Force
#7 vhich was conducting the tests, Radiation surveys of the areas reveazled injurious
radiation levels; therefore 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
Depurtment of Defense and the United States Atomic Energy Comnission, A mgdical team
was requested which would be organized to provide the test possible care of the ex-
posed persons ard to meke 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 amd Medicine, United States Atomic Energy
Cormicsion. 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 Depertment of the Navy was requested to provide assistance. BEe premptly éomplied
and directed the organization of a team from the two above m;ntioned }boratoriea; I
had the privilege to be the director of this team, Within a period of thkree days equip—
ment was assembled end packed and the team was airlifted to the Marshall Islands
arriving on the 8th day after tﬁe 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 Stetes Maval Station, Kwejalein, I am pleased to call attention to the fact
of the very higk degree of cooper=ztion between all govermment agencies concerned and
to the mumerous individuals w'o selflessly gave of their time and efforts. The num-
ber is large and due credit and acknowledgments are given in the officiel report of
tte 1ncidenca published by the United States Goverrment Printing Office ard listed
in referewce ().

‘BATURE CF THE EVINT AI'D DFSCRIPTICN CP THE EXFCSED GRCUPS

The rsdioactive material fell on the inhabited atolls of Rongelap, the hesviest
DOE ARcHIvF« 37
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dcse; on Ailinginae; on Hongerik where Azericar servicemen were stiztioned, end
 Dtirik vhere the smallest dose was received but by the largest mumber of people,
The Marshallese vére 1living under relatively primitive conditions in 1ightly
constructed pelm houses.
The Azerican militgry personnel had the second tigheat exposure. They were
more avare of the significance of the fzllout then were the Karshallese, and promptly

put on additional clothing to protect their skin, A4s far as duties would per—it,

they reusined inside of aluninum buildings. In contrast to this the Marshallese

in general remained outside and a ccordingly were more heavily contaminsted by the
material falling upon the atoll and upon them,
All of the exposed human beings were evacuated by air and surface transporta-

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

would permit. Since a survey of the individuals showed that there was significanf
contamination of the skin, clothes and hair, the clothes were renoved,and leundered
and repested washings of the skin and hair was carried out with fresh water and soap.
Tre Leir of the Marshallese was decontaminsted with difficulty because of the heavy
coconut 0il hair dressing tkey used. On Rongelap there were 64 individuels that
received an estinated dose of 175 r, On Allinginae there were 18 individuals re-
ceiving approxinately 69 r, On Fongerik there were 28 American servicemen recei-

ving aporoximately 78 r, On Utirik there were 157 individunls receiving approx-

instely M4 re .

Wcle Hodv Gammas Doses

Tke determinaticn of the whole body gamma doses are dependent upon the surveys
ti.at vere made with calibrated instruments approximately 3 feet above the ground
several days alter the inhabitents were evacuated. In addition certain ascumptions
had to be made ebout the arrival tinme of the cloud and the rate of fallout of the
z=zterial. Only on Rongerik where there was & recoerding dosimeter 4s arrival time

‘mown precisely, The dose rate of the continuing fallout of material was in pert
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neutralizad by the rrogressive redloactive decays In addition the transit dose
from the cloud pessing over the atolls could not be estineted. All of these
veriables were taken into account end the doses celculated, fhese doses were
consistent with the doses that were actually measured on Rongerik by film that
wvas stored in refrigerstors and by film exposed outside on this atoll. In view

of this internel ccnsistency it is believed tkat the dose of radiation on the atolls

is reascnably accurate, Details of the calculation of the dose azre in the official

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

CEARACTERISTICS OF THE GAMMA R'DIATION

The fellout material vhen deposited on the ground fofmed a large planar source
of radiztion, The énergy distribution of the rsdiation reaching an e:pcsed indiv=
idual 1s influenced by its pascage through the intervening air. A knowledge of the
inkerent gamma spectrum as it emminztes from the meterial itself is essentiel in
order to determine the spectrum that impingeSYUpon exposed individuele, When one
takes into account the spectometric data on the mixed fissicn products and the
degredetion by Compton scattering along the path 4n gir, a dose energy histogram
can be constructed, showing that there are roughly three reglons with maxina at
i0C, 700, and 1500 KEV, The total exposure 1s thus the resultant effect of partial
doses from ecch energy region, making the exposure ernergy condition significanily
different froz those of rsdietion therapy, esperimental blelogy or froz the prompt

garma radiastion of the bomb, Details of the characteristics of the exposure ere

diecussel in reference. (Ref, 1, Crapter 1).

THE CHEATACTERISTICS CF THE TALLOUT MATFRIAL

The fallout reterial consisted predominently of flakes of calcium oxide re-

sulting froz the incineration of the ccral. TUpon the flakes of calcium oxide fission

products were deposited. At Rongelap Atoll the material was visible and described

as egrow like. It stuck to the skin, sdhered to the hair and clothes, the vegetation
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and the habitations, : .

SCUNTRY CF TEE “¥POSLRE

Tirme does not permit a discussion of the effect of this but it has been eluded
to eezrlier and deteils of the influence of geometry of the exposure to biologle

effect are in references (1,17).

SUPERFICTAI DOSES OF FUDTATION FR:M BETA A'D SCFT GAMMA RADIATION

There i{s no doubt that tre dose of radistion %o the first few millimeters of
the skin ic substentlially higher tran thet at the midline of the body froz the
more penetrating gawma coiponent, Problems concerned with the estimation of the
dose of radiation to the skin are discussed in detail in reference 1, chapter l.

To arrive at some physical estimate of the skin dose anadtempt must be rade
to add up the contributions of the penetrating gamma, the less penetrating gaama,
the beta bath to which the individuals were exposed from the relatively uniform .
deposition of fisslon products in the enviromsent and the point contact source of
material deposited on the skin, By a1l means the largest component of skin irradis-
resulted from the spotty local deposits of fallout material on exposed surfaces of
tae body, It is completely impossible.to estinate the dose from material that was
d2p0sited on the skin. The relative hazard éf thé beta bath is discussed in detail

in the previously mentioned reference (1).

CLINICAT ORSERVATICHNS AND TRETMINT

STPTOUS 41D SISNS REIATED TO RADIATION INJURY

Itching and burning of the skin oceurred in 28% of the people on Rongelap,
2C% of the group on Ailinginae znd 5% of the Americans. There were no symptoms
refercdble to the skin in the individuals on Tiirik, In eddition to the itching
of the skin there was burning of the>eyes and lacrimation in people on Rongelap
end Ailinzinae., It is probable that these initisl skin sympioms were due to ir-
radiation since all !mdividuals who experienced the initial symptoms later devel-

oped unjuestiored radiation injuced sXin lesions that will be desc=fbed in detail
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later, It is possihle however that the intensely alkaline nature of the crlcium
oxide wlien diszolved in perspiration might have contributed to the initlal symptoms.
About 2/3rds of' the Rongelep grous were nauseated during the first two days
nnd'l/lOth vomited and had diarrhea. Cne person in the Aflinginne group was nausealed,
Yo one in the Jongerik or Ttirik group had gastrointestinal symptonms, ‘

CLINTCAL CRSESVATICIS A'D LEUYOCYTT COTNTS

Between the 23rd and the 43rd post erposure day 10% of the Imdividusls from
Ronzelep had an absolute granmulccyte leovel of 1,000 per cubic nillimeter or less,
The lovest count during this period was 70C per cubic millineter, During this
interval the advisability of propkylactic administrafion of antiblotles was seriously

considered. However prophylactic administration of antibiotics was not “nstituted

Lfor the following reasons:
1) A1l fndividuels were wndar continuous medical observation so that

infection if it developed would have been discovered in its earlier stnges.

2) Frenature adininfstration of antibhiotics might have cobscured medical
indications for treatment, 2nd might also have led to the developrient of drug resis-

tant organisms in individuals with lowered resistence to infectlion,

3) There wns no accurste lmowladge of the mumber of granulocyies required

Y7 imn to prevent infection with this type of granulocytopenia.

Tr.e observed situation was not sirictly ccmparable to sagranulocytosis with

cn 3aplaciic marrow as seen following kown lethal doses of rediatior, In the latter

instant, cramdocytes fall rapidly with practically rone in the circuletion and no

evideuce of sremilocyte regereration when infecticn occurs. In the present grouwp

of individuels exposed to radiation, rost counts reached zpproxdmetely 1/4 the normal
v2lus, but the fall to thst lovel was rudual ond the presence of immnture granule-

cytes in the perijheral bhlood during the neried of ranulccytcrenia was indicallve
Trhe few irdividusle that received aztibiotlics

of cone new granwociyte nroductien, Th

L.ed conditions that would Layve been trezted with antibiotics in the stsence of any
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‘previous exposure to irradiation. During the 4th and 5th expocure weeks an epidenmic of
upper respiratory infection.occurred, The respiratory infection consisted of noderate
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

Trhe respiratory infection in the medical personnel involved in the care and study

of the irradiated individuals was similar in incidence and severity.

Clinical Observations and Platelet Counts

Fleven imdividuals had platelet counts that fell es low as 35,000 to 65,000/za3,
A1l individuals with platelet counts less than 100,000 per mm’ were examined daily
for evidence of hemorrhage into the skin, cucuous membranes and retina, Urine was
examined daily for red cells and albunin, Women wvere questioned concerning excess—-
ive menstrustion. The only evidence for any urndue bleading were two women who men=
strunted profusely at the time of their maximum platelet depression. It was not
sufficient to cause them concern and subsided without any specific treatment,

The Effects on Pregnanqz

Four women in the Rongelap group were pregnant wken brought to Kwajalein.
Two were in the first trimester, one in the second trimester and one in the third
tri;ester. There were ro a bnormal symptoms referable to pregnancy. As far as
could be determined the pregnancy continued in the normal fashion., In the Ailingipae
group, one uomaﬁ>was in the second trimester, Fetal movements were unaffected in the
individusl in the third trimester. The pregnant women had a marked depression of
rlatelet counts but at no time was there any vaginal bleeding, At the twelve month
reexanination of the above uwomen all had delivéred. Cne baby was born dead the others
In the case of the one stillborn, irradiation occurred to the rother

were normel,

either before conception or early in the first trizester. It is possible that the

irrzdiztion may have contributed but there is no way to prove this,



Special ®xaninstion of Zyes

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 studies have been made on the eyes of non exposed Marshallese
and the incldence of eye lesions is identical in the two groups.

SKIN LESIOKS AD EPILATICN

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 appeare& 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 paln were experienced with the rore superficial lesions. With

deeper lesions the pain was more severe, The desper foot lesions were the most

painful amd caused some of the people to walk on their heels for several days dur-

ing the acute stages, Some of the more severe leslions of the neck and exillae

were painful, There were no constitutional symptoms associated with the skin lesionsf
The characteristic sequence of events in tke developzent of the leslors was the
occurrence 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 depigmeﬁted 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 superficiasl ulcers. A few became infected, The appearance of these skin turns

can best be illustrsted by referring to Chepter III reference (1) where kodachroxe

pictures 1llustrate the sequence of events. In addition to fe skdn burns, loss of

hair, spotty in nature occurred in some of the individuals, The heir grew in agein
with normal color end texture and the regrowth was complete in all except possitly one

riddle aged rman in whom it came in somewhat sparsely. Suell rieces of skin were
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removed surgically fron scme of the burned ereas for microscopic study. These pieces

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

became Infected particularly those on the feet and were treated locally by cleansing

and applications of antibiotic ointments, The skin burns healed in most cases with
return of normal color and texfure of the skin end in some cases scars were left
with depigrented 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 abrormal bleood
vessels and a slight horny growth of the overlying skin has developed. The skin
has been carefully observed at 6 months, 12 months, 2 yesrs 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 ‘{he 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 Medicel School
who feels that no plastic repair is necessary and that the prognoéis in general is

good.
FACTCRS INFLUSNCING SEVERITY OF THE LESIONS

Certain lessons were learned from the Marshallese experience,

Burns were caﬁsed by direct contact of the radioactive material with the skin,
The perspiration ﬁs comnon in the tropics, the delay in decontamination and the
difficul'ties in decontaminetion certainly favored thedevelopment of the skin b .
Those individuals wlio rerzained 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 rmore aware 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
cotiton meterial offered almost complete protection as wes dezonstrated by the fact
that skin burns developed alrost entirely on the exposed parts of the body. The pro-

gnosis of beta skin burrs and radiation burns of the skin is excellently described
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in Chapter III of reference (1).
HEYATOLOGIC OBSERVATIONS

It is generally considered tlat changes in the blood sare ihe most sensitive
bioclogic indices of exposure of living human belngs to rediation. Accordingly ex-
tensive silmple hematologic studies were performed on the Marshallese, Since there
were no previous hematologic studles on the exposed Marshallese, it was necessary to
set up control groups of non exposed Marshalled of the samne age and sex distribution
for comparstive 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,
Reutrophils Count

The ebsolute 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 minimum values teing att;ined around the 45th day efter 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 maximel depression there was & 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
there ves 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 Jaéanese for both irradiated and 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 dsys the lymphocytes dropred to 50% of the conirols. The percent

drop in the children less than 5 years of age wag greater than that of the people
gfeater than 5 yegrs. The lymphocyte count reméi;ed et approximstely the same level
through the exposure peried. Af 6 months, twelve months, two years and three years
the level though increasing had not quite reached that of the control population.

Plateletg

The maxdmun depression in plotelets was obtained approximately 28 to 30 days
after exposure in contrast to laboratory animals that attain their minimum values
between the 10th and 15th days after exposure, In this case the children urder 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 maximum about the 45th day. There
was then a8 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 |
under way. The levels of the population were approaching the contrels 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 populstion, However 1
wish to emphasize thai the current levels of the blood cells of all'types is more
than adequate to take csre of the infestions and the various troubles of everyday
existences, This statistical expression of a inadequate recovery probebly represents
the residual radiation injury thatkis of considerable interest to mtudy but does
not appeer to be overtly harmful to the individuals, One can be reasonably confident
in this because they are not fariné less well in resistance to diseésé than are the
Marshallése who were nonexposed and living in the same area,

-INTZRNAL ABSORPTION CF RADIOXUCL IDES

During the two days before evucuation, the Rongelap people lived under ccnditions
of extireme contamination without any concerted effarts to protect themselves against
the cdargers of irternal contaminstion, These individuels drank contaminated weter,

and ate their natural fcoodstuffe which were contzrinated externally, Tkeir hands
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vere contaminated; they inhaled and obviously ingested certain indeterzinate 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 icland at a later date. The urinary and fecal excretion

was studled and ultimately the animals were killed. Extensive radio chenicals anslysi:

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

radionuclides was made,

| Rgre and alkaline eartls accounted for about 70% of the urine activity. Stron—
tium 59 was about at the maximum permissable level at one day. Iodine 131 and other
mezbers of the iodine family which had to be present early, resultgﬂi.n a dose of
redlation to the thyroid glands, estimated between 100 and 150 rep. To tgis of course,
must be added the penetreting external pgamma cowponent, By 6 months radiation was
barely detectable in the urine. At 2 years from analysis of pooled urine samples
end individual samples very tiny amounts of Sr90, Ca%®, Pr. ard Cs were present®.
The results of the three year rediochemical analysis of tke 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 FKational Laborestory. This decision was mede not because of
any fear but befause the analysis'of the urine and the animal snalysis was 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
determine the precise tody burdens, Four individuals from the Rongelap group, two
from the Wtirik group and one control Marshallese (a total of 7) were broughtvto the
United Stafes and taken to the Argonne Kcticnal laboratory. There , under the direction

of Drs, Marinelli, Roce ard Miller the totsl body gamma activity wes messured. The

*  Studles performed both at U, S. Mavel Radiclogical Defense Laboratory and Walter
Reed Army Medical Center. - »
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results are yet incomplete and have to be anslyzed further, It wseg found thet the
exposed Marshallese had counts that were higher than non exposed peoples in the
ﬁnited States, lHowever the values were far below the current’permissable levels.
Since there has beon some misunderstanding in the press about children being

trought to the United States for study I would like to ctate that all the individusls
brought to the United States vere edults with the exception of one 16 year old boy.
They Lave subceguently been recturned to the Marshall Islands,

THE CONTINUING STUDY OF THE MAR SEALLESE

Vy acsociate 1n the ledical Department of ISrookhaven Netional lstorstory, Dr.
Robert A, Conard, & member of the original team that took care of aqg studled thre
Yershallese and director of the two and three year surveys has retained sn abiding
interect in the Marshallsce., On tehalf of the Atomic Energy Cormmission end Brook-
haven Xational laboratory he has undertsken the continuing responsibility of yearly
surveys of these pecple. These surveys are being made possible by the cdoperation
of the Medical Depertment of ithe United States MNavy and its &ctivﬂties: the Medical
Research Institute et Bethesda, Maryland and the United States Naval Radiological
Defense leboratory in Sgn Francisce. The ceatinuing project is a Jjoint effort di-
rected by Dr, Coqgrd and participated in by the Medical Department of Brookhaven
Hational Laboratory, the two Navy institutions ;entioned earlier and interested phy-
sicians and scientists of various Anericen universities and medical schools.,

C=ze cennot-leave this tremendously important subject of fallout and the unfor-
tunzte acecident that occurfed in the Marshall Islands in 1954 without the frank recog-
nition that late effects of lonizing radiation are possidle, Hany late effects have
veen otserved in men and in animals, These are condensed in detail in the haticonal
Acadexy of Sciences report (2). Accordingly s search for late effects is an essential

vart of t¥e continuinzs survey., A sumasry of the 3 yezr status of these people follows.*
* Tt will be reported in detaii in reference 22 now being rrepared,
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Fertility
iffecte of radiation exposure on fertility is difficult to assess in the
‘Marshallese. If‘there has been any effect on fertility 1t must Lave been very short
lived since pregnancles are occurring normally end at rete similar to other growps
of Varshellese,

Pregnan

There ras 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 cf the event, there have been twelve pregnancies which have terminsted., Ten
of these términated normally, one termineted in & st4llbirth end cne baby died
seferal hours af"ter birth apparently of an infection of the cord. The leck of

tal statistics nakes this data difficult %o interpret. Hcwever it does not
appear that this incidence cf still births is grester than that of other comparable
netive groups in the nid Pacific area.

Effecte on the Fetus

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

as wes observed in g me of the Japanese tables irradieted in-utero (for example

microcephaly). .

Growtk and Develovment

On each resurvey the exposed and control children have heen ms=tched for age

and sex, lMeasurements on grcwth and developzent heve teen carried out, Anthropometri

neasurements have been incompletely anelysed as yst. Since the muaters of children

arc saall the data is not easily subjected to statistical analysis. However there
does appezr to be evidence suggestive of a slight imp;irment of growth and develop~
cent as meesured by comparison of height and weight in the control and exposed chil-
dren, Ko abnormalities of the eres have bteen otbserved,

Stortening of 1ife Scsn

Inmimals the evidence for shortening of life span is quite good, It is
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» evideal that the life siortening 1s soms function of the dose of radiation, Fowever,the

extrapoletion from zice torman is extrezely difficulty. It is unlikely that any good

statistical analysis can be nade on the Marshallese because of the small mumbers of

individuals and the uncertainty of the precise birthdete in the older groups. Thers

hac been ons death in the Rongelap group who at autopsy showed evidence of Leart dis-
ease, In the larger group from Utirlk there heve been five deaths, The number of
deaths is comperable in both groups one having received 175 r and the latter only
14, r. To date cne must conclude that there las been no eignificant evidence for

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

Leuxemia and Cancer
Loukenmia is one of the things thet is know to have occurred in the Japanese

and 1s prevalent in irradlated laboratory animals. To date no leukemia has occurred
cnd there is no evidence of leukemic temdencles. Thia is being studied intensively
Lty the uso of alkaline phosphatase studles on the granuiocytes and besophile counts
on the tlood, It has bcen shown by the studies of Moloney et el., in Jepan that a

tasophilia and decrcass in alkaline plosphatace precedes the developmant of leukemia.

Genetic Effocts

The mall mwmber of individuals involved and the inadequate vital statistics
make it difficult to determinc genetic changes. It is certain that there have been
no abnormalities in the first generetlon of babies. The undesireadble aspects for
genetic studies are in part offset by the teniency of censanguinous marriages that
From thls stsndpcint zernelic effects nay

are prevalent among the Marshallece,

develcp and sre being sought,

on= Terw Iffects of Tritzrnally Deposited Esdionuclides

wdied

=

te very soall amcwits of riadioactive msterials that asre deposited internslly

%

ure Oy thezmselves “nsdequate to prcduce sericus long tern effects, Fowever the sub-

Ject 15 compliceted by the fect that the Irdividuals hed & substantial inftial Insult

fron whole body radiation., In eddition to the whole body rsdistion 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 life increases the
iﬁéidence of cancer.of the thyroid. Accordingly thyroid function and the possilbity
of thyrold cancer 1s beipng studied in the Marshallese children,

Before concluding I cannot refrain from expressing my personal opinicn and con-
viction on twoaspects of the fallout problem, First, the acute and long term hazards
of fallout such es would occur following the use of thermonuclear devices in werfare
is simply unthinksble, The wide spread contamination over continentsl ereas from
multiplé detonations of thermonuclear devices over populated areas would prcduce red-
ietion hazards for all 1living things and for generations to come. These hazards are
understood, These bazards cannot be considered as the usual "calculated risk basis®
of warfare in the mast, One can only mzke a plea that an enlightened world, will
demand that their representatives in government also appreclate these razards an@
¥ th this recognition bring every conceivable effort of diplomacy to solve the pro-
blems posed by differences in politicel and economlc ideologies and thus prevent a
type of warfare that cannot be considered in terms of “calcuvlated risk”, -

Second thre world wide low level radiation of today from diverse sources has been
analyzed thoughtfully'by competent people individuslly amd in assembly. lote the
sober and realistic reports of the Rational Academy of Sciences, the Zritist Medical
Research_Council and the United Nations, These reports point out the multiple sources
of radiestion in our lives today and the necessity for continuéus scrutiny, Let us not
confuse unavoidable radiation exposure with radiation hazard. Let 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 azbout industrial pollution
of our enviromment in general by non radiocactive but toxic substances. Lastly the

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

energy. Why?
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