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, This report was prepared as an account
of Government sponsored work. Neither the
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A. Makes any warranty or representa-
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to the use of, or for damages resulting from
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od, or process disclosed in this report.

As used in the above, “perscn acting on
behalf of the Commission” includes aay em-
ployee or contractor of the Commission to
the extent that such employee or contractor
prepares, handles or distributes, or provides
access to, any information pursuant to his
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MEDICAL SURVEY OF MARSHALLESE TWO YEARS
AFTER EXPOSURE TO FALLOUT RADIATION

Introduction

Back!round

Following the experimental detonation of a nuclear device in the Marshall Islands
on March 1, 1954, inhabitants of four nearby islands were accidentally exposed to sig-
nificant amounts of radioactive fallout material. The exposed personnel were evacu-
ated to Kwajalein Naval Station where they were studied and cared for ‘'uring a three-
month period. As a result of this study, it was found that the inhabitants of the two
most remote of these islands (28 Americans on Rongerik, and 157 Marshaliese on
Utirik) had received only minimal effects from the fallout, and further examinations
were not considered necessary. Accordingly, the American servicemen were re-
turned to duty and the Utirik people were returned to their homes. However, the
82 Marshailese who were on the two nearest islands (Rongelap and Ailingnae) showed
significant effects of exposure and required continued study at intervals. Since their
home islands were not considered safe at that time for habitation, they were moved to
an island in Majuro Atoll where homes were built for them and they have since been
comfortably established.

The results of the initial examinations have been reported (1-3). Since this time,
follow -up studies on the Rongelap people at Majuro have been carried out and reported
at six months (4) and at one year postexposure (5). This report concerns the third
follow -up study carried out at Majuro in March 1956, two years postrxposure,

Summary of Past Findigs

The following is a brief summary of the past findings which can be found in detail
in references ] to 5.

During the first 24 to 48 hours after exposure, about two-thirds of the Rongelap
group experienced anorexia and nausea and a few vorited and had diarrhea. At this
time many also experienced itching and burning of the skin and a few complained of
lachrymation and burning of the eyes. Following this, the people remained symptom-
free until about two weeks after the accident, when skin lesions and loss of hair due
largely to beta irradiation of ti.c skin developed. The effects of the irradiation can
best be summarized under three headings according to the mode of irradiation:

a) penetrating irradiation, b) skin irradiation, and c¢) internal irradiation.

a) Penetrating Irradiation. The Rongelap people received an estimated whole-body
dose of 175 r and the Ailingnae people 69 r of gamma radiat.on. Depression of periph-
eral blood elements occurred as follows in the Rongelap people:

Lymphocytes fell promptly and by the third day were 55 percent of control values
(unirradiated Marshaliese) in adults, and 25 percent in children. The cells s} Lwed only
slight recovery by six months. At one year, there was further recover, but the cells
were still below control ievels,

Neutrophiles {luctuated considerably during the first few weeks but fell gradually
to a low of about %0 percent of control values by the sixth week after exposure; re-
covery was slow. At si1x months counts were sti1]ll below control levels, but by one vear
they had returned to the level of the control population.
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Casst cxamruatios of W shin, ciuiing colov phutagreghy and Stapeive of selvss-
od canwe. 9as carvied eut. Busmingtion of e cyse inciuded siR-lemp chosrvetians
far epacitive.

Semateiagicel canminsticns incieded tetel WBC, dfierentials, plateiet counts and
omatecrit, b adiiiien, cover sitp scusers Deve prepared and fined. They were
stuined snd eunmined for phosphatase ia the neutrephiles.® Theve data wiil serve 20 8
taseiine shouid soy lcuhemic chenge later sppoer. In sddition, safficient smeare were
whoe en carh individual for 2 4000 WBC dfferential coust for bosephiics.

Agprenimately 57 Wevs of srins were collocted ot randem from the irreodisted
pupuistien and precipiteted for radiechemical malysis. The srinery sediment and o
Nmited asumber of ihiividusl 14-he sempies were subjocted te redicchomical anslysie, *®
In sdifitien, reontgenegraghe of the right fomsur on all childven wveore dinined for sted-
toe of poceidin efiocte of sheistal depacition of redienuciides.

Ths shovs cusminstions were carrvied cut with the sid of severs! Licspreters and
Saglish- epeabing Mershatiese nurses.

Interval Histery and Climical Findings

Interval Nistery

Beth the contrel and exposed (Rongelap and Ailiagnae) groupe were in good genersl
health during the past 12 moaths. An epidemic of chicken por (with ne reperted com-
plications) invoived a large percentage of doth populations in the period between the
one- and two-year examinations, Omne case of uncomplicated messies occurred in the
Rongelay group during the year. Five childbirths were reported among the Roangelap

_people and one in the coatrol group; the infants developed normally and were free of

any apparent abnormalities, Five Rongelap women and three women ia the costrol
group currently havc incomplicated pregnancies. Ome chiid and an adult in the ex-
posed group were seriously ill during the past year and their cases will be discussed
later. Two Rongelap children had been treated recently for intestinal parasites. At
the time of this survey no deaths in either group had been reported during the past
year. However, on May 13, 1956, one death, which will be reported below, occurred
among the Rongelap people.

Clinical F"mdin.l

In general, the people of both the exposed and control groups appeared to be in
g~cd health and nutritionil condition. Tables | and 2 listthe positive clinical findings,
which were ahout equaily distributed between the two groups. None of the clinical find-
ings in the exposed group, with the exception of residua of skin lesions, could be at-
tributed to the effects of irradiation. A few findiags were noted during the two-year
study which were not recorded om previous examinations, With the exception of the
cases discussed below in further detail, it was not believed that these additional find-
ings represented recemt pathological deveiopments.

A 77-year-old man, 046, gave a2 history of paresis of the right upper sand left lower
extremities of nine moaths' durstion with gradusl improvement 1a streangth and function

*These studies were carried -wt by Dr. W.C. Moloney and Mise Lila Fliegetran o the Bostewn Loy
Hoeprtal.

**Radiochamical anaivysis wae carvied ot Yy la. A.CL. Schredt 'MBC) USA, 2ad Pyt, /7 Burstewm. JRA,
of Walier Reed lastitute of P agarvi. and Nr. “Lhn Hariov ané Mrs. Cduward Marey of the Now Yook
Operations Nhce of the ARC.




Plateiets feil to about 30 percent of the control »»lues by the fourth week. By sin
months, they had reached 70 percent of controls; atone yea: the mean piateiet count was
still below that of the control population but wa- slightly higher than at the =1x-month
survey,

The depr~ssion of blood elements in the Ailignae group was similar to that in the
Rongelap group except that it was less marked.,

Changes in the hematocrit were not remarkable in either of the two groups.

b) Beta Irradiation of the Skin. No accurate estimate of th> radiation dose to the
skin could be made. Spotty lesions of the skin and epilation began to develop about
twu weeks after exposure. The lesions occurred largely on parts of the body not cov-
ered by clothing. Most of the lesions were superficial; they exhibited pigmentation
and dry, scaly desquamation, and were associated with little pain. Rapid healing and
repigmentation followed. Some lesions were deeper, exhibited wet desquamation, and
were more painful; a few became secondarily infected. Repigmentation gradually took
place in most lesions and some of the healing lesions, particularly on the back of the
neck, developed hyperpigmentation of a grayish, dusky color and a thickening of the
skin with "orange-peel” appearance. By one year, however, this type of pigmentation
had been greatly reduced. Deeper lesions on the dorsum of the feet continued to show
lack of repigmentation, with scarring in some cases, at one year. Histopathological
studies of the skin showed changes consistent with radiation damage. A common find-
ing was spotty transepidermal damage accompanied by atrophy and flattening of the
rete pegs, with areas of relatively normal skin between, The dermis was much less
affected than the epidermis. Biopsies taken at six months showed considerable im-
provement but some persisting changes,

Pigmentation of the semilunar area of the fingernails and toenails was observed .n
about 90 percent of the peaple about three weeks after exposure. By six months, this
pigmentation had largely grown out with the nail and had disappeared in most cases,

c) Internal Irradiation. Radiochemical analysis of numerous urine samples of the
exposed personnel showed somne degree of internal adsorption of radioactive materi-
als, probably through eating and drinking contaminated food and water. Calculations
uf the body burden of these materials, however, showed that the concentration was too
low to cause any serious effect. Analysis of urine samples at six months after expo-
sure showed only barely detectable radioactivity present in some cases,

Clinical observations revealed that aside from skin lesions, loss of hair, and
early symptoms, no other symptoms or disease processes had been encountered which
could be attributecd to radiation effects. There had Leen no deaths, and the diseases
encountered had been no more severe or frequent than in the nonirradiated population.
This was true even during the period of the greatest depression of peripheral blood
elements. It was difficult to evaluate the etfects on fertility: however, a number of
apparently normal babies had been born and further pregnancies had occurred. Oph-
thalmascopic examinations, including slit iamp ouservations, vere made initially and
at one year postexposure. No oprcities of the lens or cther eye changes were found
that couid be attributed to radiation.

Procedures

The 82 Rongelap and Ailingnae people, plus nine babies born since the accident,
wer : examined. Of the 82 controls from Rita Vililage on Majuro examined during the
six-month folluw -up studv, 57 were available and w~re re-examined.

Physical examinations were performed and interval histo es were taken on all
persons. Examinations included pelvic examination of all wui..en and rectal examina-
tior. when ind:cated, Height and weight were recorded for all persons and special
growth anc development measurements of children were taken as 1n the past.




Tabie |. Climcal findings 1a adutls (20 yeors sud older)
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Expused grouwp

Control gr

oup

Findings No. of findings No. of findings _1
— - T
Cardiac pathelogy !
Cardiomegaly ) ] i
Aortic valvuiar dus. 2 s
ASMD 2 4 I
Sheictal disesse |
Arthritas 3 ]
Kyphoeocolionrs 3 -
Secrosliac pmn - 1
Infectious disease
Congenstal syphulie - 1 i
Leprosy 1 - i
Neuroliogical dasease :
Cerebrovascular accident 1 - |
Gemto-urinary faindings
Urethral caruacie l -
Cystocele 2 -
Pregnancy 3 1
Drabetes - 1 |
Oral pathology
Leukoplakia (buccal mucosa) - 1
Papilloma - tongue - 1
Desquamation - tongue - 1
Hepatomegaly - unexplained - 2

Table 2. Clinucal {indings 1in children (19 years and younger).

Exposed group
Findings No. of findings

Control group
No. of findings

Rheumatic heart disease
Functional cardiac murmurs
Pregnancy

Upper respiratory infection
Cervical iymphadenopathy

l Hepatomegaly - unexpiained
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—
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during the past few months. Important physical findings inéluded: BP 190/66; gener-
alized diminution of deep tendon reflexes; marked weakness and limitation of motion
of the right upper and ieft lower extremities with some muscular atrophy of the in-
volved parts; and inability to walk without aid. These findings can best be explained on

the basis o! 1+ (erebrovascular accident.

The second case was that of an ll-year-old bov, #76, who was houspitalized in
January 1956 with acute rheumatic fever and cardiac decompensation. He .mproved on

saiyLiiale and digitalis therapy and was discharged two weeks after admissior. Pres-

ent findings include cardiomegaly with regular sinus rRytAm anu giads 2 zy*?n’ic and
grade 3 diastolic apical cardiac murmurs. The diagnosis of rheumatic heart disease
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with mitral stenseis and insufficiency was substiixiated. At the lime of cxacaination,
the boy was fully active withowt evidence of decompensation.

On May 13, 1956, a 46-year-old Roagelap maa (#29) died suddeniy after am 1ll-
aess of abowt one hour. He had been quite wel! except {or two short illnesees orcwr-
ring & year ago and four months ago cheracterized by pyresis (102 to 104°F), haad-
aches and bedveches, genersl melaise, and slight congh. In addition, he had com-
plained eccasienally of vague abdominal pain but there were ne associsted physical
findings., Previeuws physical examinations had been essentially negative encept for
hypersension (BP 148/104) which was present on the {irst examinstion twe years age,
a few days afier radistion expesure, and which no doubt antedated the exposure. The
presemt iliness was characterised by acute anset of dvemmez =it Juiwpieini oi 8B-
ésminai pma. The heaith aide obeerved that his abdomen was boardlike. He died be-
fere he could be brought to the hospital and autopsy was delayed uatil about 20 hours
after desth because of religious rites.® The heart was reported to be enlarged with
pericardial effusion and the presence of vegetations on the mitral valve, There was
pulmonary and hepatic cangestion and what appeared to be a fatty degeneration of the
pancreas. Tissues were semt to Brookhaven National Laboratory for histological
evaluation. Unfortunately the tissues were poorly fixed; autolysis had occurred in
most specimens because of the length of time elapsing between death and autopsy, and
the use of insufficient fixative. A summary of the histopathological findings follows:%®
The sections examined microscopically indicated that the patient had benign nephro-
sclerosis (hypertension) with myocardial hypertrophy (presumably, left). Coronary
artery arteriosclerosis was present, Evidences of heart failure were noted in the
presence of recent pulmonary edema and passive congestion, acute, of liver and
spleen. No evidence of rheumatic heart disease, acute or inactive, was noted and no
valvular vegetations were observed. The specimen of pancreas was autolyzed.

Growth and Development

Heights and weights based on sex and age were.-compared in exposed and control
children (19 years of age and younger), using the data taken in the six-month and
two-year surveys. Unfortunately only nine children of each sex could be matched with
the controls, since not all the control children were available for re-examination,
Nine males between the ages of 3 and |5 years and nine females between the ages of
S5 and 19 were compared. When there were several children of the same age, the
means for each age were used to calculate the over-all mean differences for the total

group. The mean differences in height and weight of the exposed children compared
to the controls were as follows:

Males Females
6-mo 2-yr 6-mo 2-yr
survey survey survey survey

Height, 1n, 2.1 -2.1 -0.1 -0.5
Weight, b -0.5 -1.2 +2.0 -0.2

Even though slight differences we-e noted between the irradiated and control children,
it is not possible to attach any signiticance to these differences because of the small

*Dr. A. Hiching 1n charge uf the Marshall [slands Memor:ial Hospital performed the sutopsy.
**The histopsthoiogical hndings are tavse wi Or. S, L:ippiacratt of Brookhaven National Laborstaery.
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sumber of childven invelved and mmeertuinties concerning the racial homagenrity of the
twe papuintions. The greeteet differences generally neted were Setween the ages of 7
Wrough !0 ysurs. There vas ne apperent difference in phyvical fitnces betwess the
trvadiated and centrel childven.

Geeulich ¢ gi. (6), in the growth snd deveicpuunt surveys of Japenese children
ohe survived the stemic detenstions ot Mireshima sad Nagssahi. neted retardstion of
growth and doveispment in the enposed maile children when compared with uwnenpuecd
Japansee children, wheveus there was littie difierence brtween the female children of

e we greupe.
am F ps
Geners}

The ebowrved incidence of diseases of the skin was not encessive convidering the
trepical envireament. Such diseases occurred with sbout the same frequescy in the
comtreol and in the irradiated populatiua. Impetigo. as has been noted in the past, was

Tabie ). Residual skin lesions

Case No. Sex Age Description
2 M 4 Mottled depigmentation of the snterier neck folds amd arcuad the

anus,

11 M 53 Depigmentation of the left antecubital {ossa,

17 rF 6 Hyperpigmented and depigmented spots in the left amtecubital
fossa.

24 r 17 Sight depigmented areas on dorsum of feet.

PA ] M 46 Area of depigmentstion and scarring over dorsum of rigit foot
and depigmentation to a lesser extent om the left {oot,

26 M 18 Depigmentation and hyperpigmentation of the right amtecubital

fossa. Scarred, depigmented lesion on right foot between first
and second toes with hypertrophic changes in the skin and atrophy.

27 M 31 Small depigmented area in right antecubital fossa.

)9 F 18 Hyperpigmentation, depigmentation, and hyperkeratosis of the
back of the neck and to a lesser extent inthe antecubital fossae.
Semall areas, not yet compietely repigmented, over the dorsum
of both feet.

49 r 19  Slight mottied increased pigmentation of the neck. A few areas
on the dorsum of the feet not fully repigmented.

59 F 37 Hyperpigmentation and hyperkeratosis of the neck,

63 F 41 Mottled pigmented and depigmented areas on the back of the neck,

left check, and (orehead. Pigmented hyperkeratotic band on the
left wrist and thumb.

iesion at presemt.

67 F 17 Areas on dorsum of feet not yet completely repigmented,
76 M 13 Srmall depigmented scar on dorsum of left foot with adhereace to i
the subcutaneous lissues,
7 ¥ 40 increased pigmentation and hyperkeratosis of the back of the neck. }
kA ™ 4 Depigmented, scarredlesion on back of left ear with atrophy of the
' skin and nxation to cartilage. Noevidence of breakdown of thus
4
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very prevalent in the babies and young children. Newever, by 8 to 10 years of age the
childrea appeares to acquire resistance, since the disesse was much iese prevaient
beyend thees ages. Numerocus psn scafs were found on those ndividwneis whe had
chichen pex during the past year. Aa itching, pepuiar iesion over the arms, legs. snd
beck was eccasienally seen and, except for distridbution, resembied scabies; this dis-
eose may have been due to the copra mite, In seme individuals, smali oval arees of
depigmentation of the skin were noted, pessibly residual {rom fungus iafection. Owe
case of leprosy in the Rongelap group. 77, who had lost the fingers of beth hands and
the tees of the right feot (excest the big tor}, 250330 uypsrneratos:s and fissuring of
tisw stummpe of the hands. Indoient vicers were presemst on the seies of both ieet. Be-
canee of his deforming disease, this young Marshaliese man secluded himself and lod
& lonely existence; he presented a real prebiem ia psychelegical adjustment.

Residual Radiatioa Lesions of the Skin

Residual lesions were present in 14 of the Rongelap peopie, and only ome residual
lesiom was observed among the 18 Ailingnae people. The latter were exposed to com-
siderably less fallout and had developed much milder lesions,

Table 3 surnmarizes the residual skin lesions. The majority of all lesions showed
improvement; almost all the early superficial lesions were completely healed, without
any apparent residual changes, Figure | shows an early superficial lesion of the neck,

‘and Figure 2 shows the completely healed appearance of the lesion two years post-

exposure. Lesions which showed dusky, grey hyperpigmentation during the {irst year
after exposure {mostly on the back of the neck) showed less hyperpigmentation and in
most cases the pigmentation developed a more normal "mahogany” color. All residual

»

Figure | {Left). Superficial beta lesion of the back of the neck about 31x weeks after

exposure. Note areas at si:des of neck which have desquamated contrasted to the center

region which shows hyperpigmented thickening of the skin which gradually desquamated
aiso, Case ¢24,  F, age |5

Figure 2 (Right}. Samne case a: Figure | two years after exposure, showing complete
healing of lesion.




dapigmarnted esiens continued to show verying dogrees of repigmentation; in seme
cases repigmestatien wvas comgpiets. The lusiene showing the mest reswiuel change
were in case RS, case 6 (see Figures ) to &), and case 76 of e dave— X 23
oet, and of the car im roee 7% (T qure 3. Thooe lesions showed vairying amoents of
scarring and stroghy of the skia with scme sdherence of the skin to he sebculanseus
tisouss. The center of the car lesion was filund to the underiying cartilage. However,
even a these lesione there was no evidense of degradation or breakdown of the tis-

swuss, and ia 20 case was surgical repair considered necessary ot this time. Although
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Figure 4. Same case as Figure ) six months after
exposure. Note healing except for persieting de-
pigmer  .on at sit-, of dsep. ‘e

Figure © 21 -32iation esiins 0 o
WeeKS AlET IS4 .Te, | ierTe® 3 4 .
atioa senu - LT3 1 el na e
Note :e:: .. - PSP, BECIEE S

Figure 6. Same caseas Figure ! two vears after
exposure. Fur'ner repigmentation has occurred.
There 18 atroony and scarring of the sim with

Figure ~ 5Same .ase as Figure ! sne sear afte- some adherence to sudcutaneous tissues it site
emposure. Juome repigmentation has ccurred In of deapest .€s.i0n Detween f1rst and second tnes of
depigmented .esions noted M 11X Mmonths. right foot.
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sisne healnd srtemass_. TEETE 356 we evisnss that ths intense sunight to which
shees posple were had sdversely afiected any of the osiens. There appeered
e e 2o evidonse of any changs which wveuld suggest melignancy.

Wetepatholegy

Biepeies were taken from 19 lesions showing resideal changes. The fellowing
stains were used on all biopsies: 1) hemetexylin and cosin; 1) Mallery, for commective
tiseowss 3) Verhesff, for elastic tissus fibers; 4) phosphetungstic acid hematenylia, for
fibeils; 5) Mayer's mucicarmine stais, for mucin; and ¢) Rinshart's acid mucopoly-
saccharide, for mucopolysaccharide. Comparison was mede with centrel biopsies

taken from the neck, antecubital fossa, and dorsum of the foot of ronexpesed Marshallese. |

At the time special staining of sections from earlier biopsies were aet available. How-
ever, a detailed description of comparative changes between the two-year and earlier
sections will be given in a future report,

The following changes were noted in the two-year postexposure sections of the
biopsies: .

1. No neoplastic lesions were present,

2. No epidermal cellular alterations suggestive of a precancerous condition were

Figure 7. Section {rom lesion of back of neck, 512X, Figure 8. Section from ear lesion, 512X. There

There 13 some i>es of pigment in the basal layers is ~ heavy depositionof collagen in the papiliary

of the epsdermis and telanqiectasis 1n the dermis, an. reticuiar layers of the dermis. Case ¢79
Case ¢:9 {Tabdle 3). ({Table 3).
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3. In seme sections acentheeois, abseuce of pigrusnt in the busal layer, and stvephy
and bonign dysherstesis wers noted sccasienally ia the stratum spinesum of
the epidermis.

4. The papillary laver ~f *o= 2limis irequently showed di stinct degenerative alter-
atiens in the collagen, characterized uswally by homegenization of the latter
and what appeared to be an alteration in the distributioa of mecopelysaccharide
when compared with comtrol sectioas. Occasiomally mucin was seen in areas
of degenerastion in the dermis.

5. Capillary dilatation was noted in the dermis and in one case in the hypodermis
(Figure 7). Medial degeneration in an artery was noted ia ose case.

6. A single case showed increase in her '~ dense bands of collagen in both the
pepillary and reticular layers of the dermis (Figure 8).

Most of these changes were consistent with previously reported late radiation

changes in the skin.

Hematological Findings

Control

The conirol data® consisted of the hematologica) data on 134 Marshallese on
Majuro Atoll obtained in April 1954, and data on another group of 82 Marshallese from
Rita Village on Majuro taken in September 1954 and again in this survey, These com-
trol populations had been matched for sex and age with the exposed population.

Results

The hematological findings are presented in Tables 4 through 6 and Figures 9
through 13. As in the past, the groups were divided according to age and sex in order
to make appropriate comparisons of the various blood elements.** Babies born since
exposure were not included in the comparative studies so that there were fewer in-
dividuals in the younger age group.

Leukocytes. In both the Rongelap and Ailingnae people, the mean total leukocytes
and mean absclute neutrophile counts, as in the one-year examinations, were equal to
the control means in both the <5- and >5-year age groups (Tables 4 and 5, and Fig-
ure 9). However, there were some people who had neutrophile counts slightly below
normal {10 with counts of 2500 or below in the exposed groups compared with two in
the control group). The fact that none of these people had had comparably low counts
at the one-year examination tended to make the finding less significant. The mean of
the exposed groups was brought up to the control level by the presence of slight neutro-
philia in some individuals. This effect is represented in Figure 10 by a slight change
in siope of the neutrophile cumulative distribution curves,

*Only 57 of the Rita group were available for examination during the present survey.
**The people were divided as follows®

) Rongelap Ailingnae
Leukocites: both sexes <5 years [ 2
both sexes >5 years 58 le
Platelers: male <t0 years 9 2
male >10 years 22 S
female all ages 33 1§ ]
He: 1atocrits male <lS5 years 12 P4
male >15% years 19 s
female atl ages 33 il




Tahie 4. Bungeiep $-0.p it coutrel mesn biood counts by daw and by age.
— J— e e .
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- 15) ) - 18%) = 10%) = 10%)
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22 7.6 1.4 4«3 S 2.6 2.1 16.8 14.6 15,2 15.3 1.y 2.0 23 1.8
26 5.7 &1 3.6 139 2.3 1.8 132 12.9 10.9 1.9 1.9 1.6 1.0 1.3
3 1.6 1.8 4«0 5. 3.2 2.1 14.3 12.3 1.9 12.3 1. 0.9 3.e 2.2
3 6.5 6.2 3.1 1.8 32 .0 17.9 16.6 18.1 16.0 1.7 1.6 2.6 2.2
3o 5.7 5.5 3.0 M3 2.6 2.0 25.% 22.0 22.4 22.8 0.9 03 as 1.0
43 5.2 8.2 2.0 2.6 2.9 2.3 26,8 20.9 23.2 23.2 11 B | 1.4 08
47 5.9 5.8 &6 33 3.1 2.4 24.6 20,6 23.9 23.1 1.0 10 1.1 &S
sl 6.7 5.6 2.6 3.5 3.4 2.1 22.1 17.9 21,2 20.) 2.5 1.6 s a7
56 7.0 6.0 3.9 38 7 2.4 - - - - 1.7 1.2 - -
6) 7.7 6.0 3.9 3¢ 3.7 2.3 23.1 18.2 20.2 20.1 a.c 0.9 0.3 0.
70 1.6 6.9 1.8 40 3.3 2.2 - - - - - - 3. 1.9
74 - - - - - - 26,2 21.7 24.7 24.1 - - - -
6-Ma. ssrvey .5 6.6 4.6 &2 3.6 2.2 24.4 20.3 23,2 22.6 1.e 1.1 2.5 1.6
l-Yr. survey 16.. 8.1 4.7 4.8 4.6 2.8 26.6 19.5 21.6 24.9 0.7 1.3 6.7 2.8
i 2«Yr, survey 11.0 8.6 5.9 4.8 4.7 3.1 30.0 21.4 25.5% 24.7 2.7 1.8 %6 3.3
Majuro controls 13.2 9.7 4.8 4.3 7.4 4.1 41.2 25.8 36.3 33.4 2.0 2.0 9.9 4.7
Rita controls, é mo. 10.7 7.6 S.¢ 5.2 4.7 3.7 3s.o 27.3 10.9 30.4 1.9 1.7 4.2 4.0
! Rita controls, | yr. - - - - - - 37.5% 24.5 29.4° 27.6 - - - -
| Rita controls, 2 yr, 14.0 8.9 7.0 4.4 5.6 3.6 35.5 242 1.2 29.% I.e LS 12.8 6.6
| *Excluding pregnancy.
r
% Table 5. Ailingnae group and control mean blood counts by day and by age. T
— —— _
; Plnolzn
! 'B(i Ncuttopgxle. Lymphoc}yul (x 10%) Monocytes Losinophiles
; (x 10%) (x 103) (x 107) (x 102) = 10%)
i Male Male Femaie Total i
Postexposure day <5 >5 <5 >S5 <5 >8 <10 >10  all ages group <5 »>% <% »>5 |
" e -— e - —— —
3 6.0 7.0 3.0 5.0 2.8 2.2 - - - - 0.8 1.6 0.5 0.4 I
7 5.5 6.8 - - - - - - - - - - - - i
; 10 6.3 7.3 .2 4.2 1.9 2.2 22.5 22.6 20.9 21.% s 2.1 2.6 1.6 |
| 12 6.3 1.6 1.8 4.7 3.1 2.2 - - - - 3.4 58 49 2.6
i 15 7.1 1.0 2.3 4.8 4.2 2.2 29.0 20.2 24.6 23.9 3.7 2.6 2.3 14 |
' 18 6.8 7.8 2.9 5.0 1.5 2.4 27.5 21.7 24.9 24.3 2.3 1.5 3,2 2.} |
I 22 8.9 .7 5.3 5.4 2.7 2.9 23,8 17.0 22.9 21.3 .5 2.4 5.8 2.4
! 26 8.4 7.0 4.8 4.4 3.2 2.2 20.0 13.8 17.4 16.7 2.3 2.4 0.6 1.6
' 30 9.6 8.6 5.3 6.2 3.7 2.0 19.8 12.8 18.2 16.8 1.9 1.9 4.1 2.0
i 33 1.7 1.8 3.3 5.2 3.5 2.2 24.0 15.8 22.7 i7.0 2.8 2.2 6.0 1.9
! 39 7.5 6.2 2.9 4.2 4.7 1.9 26.% 20.8 217.0 25.2 1.1 1.7 2.7 L.b
43 6.9 6.5 2.1 3.6 3.9 2.7 28.0 19.6 25,3 24.0 0.6 1.4 2.8 0.5
47 7.3 6.7 1.5 3.8 3.4 2.7 27.0 20.0 26.1 24.5 2.2 1.9 1.5 0,7
‘ S1 8.4 6.3 3.8 3.6 4.0 2.2 32.0 18.2 25.0 239 2.7 2.8 2.2 1.0
i 54 4.6 0.} 2.8 3.5 3.2 2.5 37.0 19.8 238 24.2 .5 1.9 l.e 0.8
i 6-Mo. survey 7.7 o.5 4.8 3.9 2.7 2.2 25.2 19.2 23.9 22.7 1.1 1.4 1.8 2.2
" 1-Yr. survey 1.1 7.8 4.2 4.7 6.5 S.6 8.7 2.4 28.3 21.% 1.0 1.1 1.7 2.2
2-Yr. survey 11,0 9.1 4.9 5.1 4.0 3.2 51.2 17.4 26.4 26.7 e 1.4 9.6 o.4
~ Majuro controls 13,2 9.7 4.8 4.8 7.4 4.1 41.2 25.8 36.5 33.4 2.0 2.0 9.% 4.7
‘ Rita controls, 2 yr. 14.1 8.9 7.0 4.4 5.6 3.6 38,8 24.2 3.2 29.5 .4 1.8 12.8 6.0
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Table 6. Tamaetecrits
Rongelep Aslsmguas
Male Male Female Maile Male Female
Postexposurs day <18 >15 all ages <15 >15 all ages
22 37.5 43.9 3%.e 37.8% 43.7 3.2
26 36.3 41.6 37.5 3.5 43.2 36.8
L 31.9 42.2 37.1 36.0 “.6 3.7
33 37.4 42.2 36.8 3s.8 438 31.3
39 j1.e 42.4 3.4 35.0 45.6 37.¢
43 37.3 41.8 37.6 36.0 45.2 36.0
47 39.0 43.4 8.3 - 46.5 40.2
6-Me. survey 38.0 41.7 8.2 37.5 40.1 37.3
1-Yr. survey 37.8 41.1 6.9 330 44.6 36.2
2-Yr. survey 3.7 41.2 38.1 35.7 44.4 37.8%
Majurc comtrols 39.6 4.0 9.9 9.6 46.0 3.9
2-Yr, comtrols 3.9 42.1 319.8 38.9 42.1 39%.8

The mean absolute lymphocyte level was slightly increased over the one-year
level., However, the mean level was still somewhat below the mean control level
(75 to 80 percent) in both age groups in the Rongelap and Ailingnae people (Tables 4
and 5). In the exposed groups, six people had lymphocyte counts of 1500 or below;
none in the control group were this low, Five of the six had also shown low counts at
one year and before, The cumulative curves in Figure 11 show the progressive
changes in absolute lymphocytes at different postirradiation times compared with the
Majuro controis.

Monocytes in both exposed groups showed an increase over the one-year level
and were about equal to the two-year Rita control level, but were somewhat below that
of the Majuro controls,

Eosinophiles showed an increase over the one-year level in both groups and were
slightly above the Majuro control level, but slightly below the two-year Rita control
level in the Rongelap group. A considerable number of individuals in both the exposed
and control groups showed eosinophilia. Since i1t was thought that parasitic infestation
might have been responsible, stool examinations on 10 Rongelap people with high
eosinophile counts were done, but no ova or parasites were found., The eosinophilia
might have been due to trichinosis or some obscure cause.

Platelets. The mean platelet level in the Rongelap males showed a slight increase
over the one-year level, but in the females it showed a slight decrease (Table 4) so
that the mean of the combined groups was about the same as at one year (Figure 12).
The cumulative distribution curves of platelets for the Rongelap group (Figure 13)
showed little aifference at one and two years, whereas the difference between six
months and one year was readily apparent, The less-exposed Ailingnae group showed
no increase in the mean platelet level at two years compared to one year except for
the younger males (Table 5). In both exposed groups, the platele leveis were between
70 and 85 percent of the control levels, depending on which control group was used for
comparison. At this examination, there were four individuals witk platelet counts be-
low 150,000; the lowest count was 68,000, Three of the four had previously shown 'ow
counts. Only one controlindividual of allcontrol groups had a platelet count below 150,000,
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Figure 9. Roagelap leukocytes,
newtrophiles, and lymphocytes.
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Figure 1l. Rongelap lymphocytes,
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Figure 10. Rongelap neutrophiles,
cumulative, age >9%.
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Jemmetesrite. In beth enpoced groups the hamatecrit levels were net remarkably

different from the centrel Joveis (Table §).
Special examination of bleod smears, stained for alkaline phosphatase, was car-

tied out ea both emposed and comtrol groups. No significant findings in regard to »
lewkemic process were reported but this examination yielded good baseline dats on
these popu.ations for future examinations. In this coamection basophile counts based
on & 4000 cell count of each individual showed no significant increase in basophiles in

any expoesed individual.
Opithalmic Examination

Results

Ocular disorders were observed in 45 of the 91 Rongelap people, and in 24 of the
$7 controls. These disorders are presented in Table 7 and are summarized as follows:

a) Pterygii were the most common, occurring in 27 percent of the Roagelasp and
18 percent of the control people.

b) Pengueculae occurred in 19 percent of the Rongelap and 11 percent of the com-
trol group. The greatest incidence was in the 40 to 60 age group.

¢) Cataracts were found in 16 percent of the Rongelap and 11 percent of the con-
trol group. Of the cataracts noted in the Rongelap group, 14 percent were of the senile
type and occurred at an average age of 60.4 years. Two percent of the cataracts were of
the congenital tvpe. In the controls, all were of the senile type and occurred at an
average age of 65.) years,

d) Corneal Pigmentation was observed in a large number of both the Rungelap and
control people and was considered to be a racial characteristic. The remainder of the
ocular disorders found (arcus senilis, strabismus, corneal scars, healed choroiditis,
retinopathy, etc.) were about equally distributed in the Rongelap and control groups.

There were three cases of cataracts (two in the Rongelap group and one in the
control group) which caused severe impairment of vision and necessitated surgical
removal. A pterygium was also removed from one of the Rongelap people.

All lens opacities and cataracts could be classified as congenital, presenile, or
senile. There were no opacities that resembled those due to the effects of radiation.
It was not known whether or not the whole-brdy dose of 175 r of gamma radiation re-
ceived by the Rongelap people would result in opacities of the lens at a later date. The
incidence of cataracts and other ocular disorders observed in the Rongelap and control
people was consistent with what might be expected when their racial background and
the climatic conditions under which they live were taken into consideration,

Analysis for Internal Radioisotopes

Radiochemical analysis of 57 liters of chemically treated pooled Rongelap urine
showed that the precipitate contained strontium-90 in the amount of 64 ¢ 4
disintegration ./min. with a like amount of yttrium-90, The greatest activity, present
in the amount of 7C0 ¢ 10 disintegrations/ min, was identified as due to cerium-144 -
praseocdymium- i44. Earlier studies had shown that the average 24-hr urine output of
the Marshallese was 580 ml. Thus the 57 liters represented about 100 24-hr sampies
which gave the following values 1n d|smtegrauons/min/£4-hr sample: strontium-90,
0.6, and cerium-144 - praseodyrmium- 44, 7.0. Thess values were estimated to be
well below the maximum perm <sible body burdens of these isotopes and, when bio-

! gical and physical ha!f-i1ves were taken into consideration, agr ‘- 4 fairly well with

the original estimates ot budy burden two vears earlier.




Tobie 7. Incidence of eye dirocdurs 1a Aougelap amd contrel papuistions.
— —_ v m - e — - I -
Bye daearders Rengelape* Percemt Contrels®® ann_ﬂ_"l
I. Arcus semlis 8 ] 14,2 ] 10.9
2. Chalaziom 3 3.2 - -
3. Mosis - - 1 .7
4. Nerve VIl paralysis 2 2.0 - -
3. Comjunctivitis 2 2.0 1 1.7
4 6. Foreign bodins imbedded ia the lids 1 1.1 - -
{ 7. Srabismus 6 6.4 2 3.5
| .
| 8. Phthisis bulbki 1 i1 1 1.7
i 9. Pinguecuia
a. unilateral 3 3.2 1 1.7
¢ b. bilateral S 5.2 4 1.1
; 10. Pterygium in one eye and pinguecula in the 9 9.6 1 1.7
) fellow eye
! 11. Prerygium
: a. unilateral 5.2 4 7.1
! b. bilatersl 1 12.1 4 7.1
. 12, Pterygium, 3 or more - - 1 1.7
. 13, Corneal pigmentai.on 3 3.2 - -
. 14. Corneal scars 1 1.1 1 1.7
15. Pannus | 1.1 - -
16, Interstitial keratitis - - 1 1.7
17. Argylle-Robinson pupil 1 1.1 - -
18. Ectropion uven - - - -
19, Aphakia 1 1.1 2 1.8
20. Cataracts
a. Congenital 1 1.1 - - |
b. Senile [ 6.4 2 3.5
1. Incipient 8 8.4 4 7.1
21, Congemtal remnants of the hyaloid system
a. Hyaloid remnants 1 1.1 - -
b. Mittendorf dot 1 1.1 -
22. Drusen 1 1.1 1 1.7 i
! 23. Retinal scars, hezied 1 1.1 - -
24. Choroiditis, healed 3 3.2 1 1.7
% 25. Vitreous floaters 6 6.4 3 5.3
i 26. Macular degeneration i 1.1 2 1.5
! 27. Retinopathy, arteriosclerotic Z 2.0 1 1.7
! 28, Retinopathy, diabetic - - 1 1.7
P e e e - - . —_ e - - — —
sTotal: 91. with pathology: 45 (49%). without pathology: 46,
' ®#Total: 57; with pathology: 24 (42%); without pathology: 33.

Radiochemical analysis of bone samples taken from the Marshaliese man who
died revealed strontium-90 in the amount of 1.6 + 0,06 disintegrations/min/g ash,
well below the accepted tolerance limit and in the range of activity for this isotope
found in the bones of Americans.

Examination of radiographs of femurs of exposed children revealed no bone de-
fects from possible deposits of radionuclides,

Summary and Conclusions ——

The mediral survsy Uf the Rungeiap people two years after exposun {all:at
radiation shows that the peopie appear to have been in a generally good s.<‘e ot h~aith
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and sutritien and are msting sstislactery recovery frem their radiation exposure.
Sericus ilinese has occwrrcd 1a two indiviauais 55 toither these ilinesses mor clinical
findinge in orhec ‘wdividuals can be attributed to radiation effects. Ome deatn in May ! 9%,
that of 3 46-your-oic Roagelap man, wes dus te hypertensive heart disecase. Previous
examinations had shown that the disease was undoubtedly presemt at the time of ex-
pesere to fallowt radistion.

There is evidence of continued improvement of hemopoiesis. The mean lympho-
cyts count is slightly iacreased over the ome-year levels, but is still slightly below the
meean control count. The mean platelet level is about the same as found at one year
after exposure and is still slightly below the control level. The mean neutrophile
count at one year after exposure had reached the control level. The delay in complete
recovery of lymphocytes and platelets is similar to that reported in the two-year
follow-up studies of the Japanese casuaities of the atomic bombings (7, 8). Evidence
from the Marshallese experience indicates that the lowered levels of these blood ele-
ments have not lowered the resistance of the people to disease, and the present levels
are not considered to represent a serious condition.

Residual changes in the skin from the beta irradiation continue to show improve-
ment. Pigment aberrations are still evident in 15 cases and in four of these there is
also scarring with some adherence of the skin to the subcutaneous tissue. However,
there is no gross evidence of tissue breakdown or malignant change in any of these
lesions, and surgical repair is not considered necessary at this time. Histological ex-
amination of skin biopsies at sites of radiation lesions shows residual effects of radia-
tion damage, but no evidence of premalignant or malignant changes.

Ophthalmological survev reveals that there are no radiation-induced lens opaci-
ties, and the incidence of ocular lesions is similar in exposed and cuntrol populations.

The radiochemical analysis of the urine of the Rongelap people shows measurable
activity which is largely due to cerium-144 - praseodymium-144 with only slight activ-
ity due to strontium-90, The body burden of these isotopes is estimated to be well be-
low the permissible levels. Examination of bone specimens in the case of the one man
who died shows no radiation that can be definitely associated with fallout deposition in
the bones, Studies of radiographs of the femurs of the exposed children show no evi-

dence of any bone defects from possible deposits of radionuclides. /__’___J

Recommendations

Continued medical surveys of the Rongelap people on a yearly basis are recom-
mended, particularly since certa«in bicod elements have not completely recovered, and
continued observations of residual radiation effects on the skin are desirable,

The following studies are proposed for the next medical survey (three years post-
exposure). In view of the errors associated with single blood examinations and the
consequent difficulties of interpretation, it 1s desirable that several blood examina-
tions be carried out over a period of several weeks on both Rongelap and control pop-
ulations, Routine history and physical examinations, growth and development studies
on the children, and special skin examinations with photography and biopsy of selected
lesions should be included. Baseline electrocardiographs should be carried out on all
peonle over 40 years of age and complete routine urine analysis shouid be carried out
on all personnel. In addition, radiochemical urine analysis should be repeated with
additional samples from unexposed people. It 13 also recommended that a geneticist
accompany the survey team to 1initiate baseiine genetic studies,
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