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After detonation of a nuclear device in the Marshall
Islands during the spring of 1954, radioactive material
fell upon several neighboring inhabited atolls.* The fall-
out material consisted of pulverized and incinerated coral
(calcium oxide) coated with radioactive fission products,
forced high into the atmosphere by the violence of the
explosion. The particulate matter was then 'distributed
over a wide arca by the wind structure. The field of
radiation resulting from the deposition of thisradioactive
material on the islands was sufficiently intense to result
in significant whole-body irradiation of the inhabitants,
In addition, the skin was contaminated with the material,
and some of it was inhaled and ingested. THe calculated
whole-body dose of radiation in roentgens as:measured in
-air and the amount of fall-out observed for each of the
island groups is shown below. The exposcd American

Calculated Whole Body Dose of Radiation

Island Whole-Body
Group Populstion Dossinr Fall-Cut Observed
Rongelap 64 Marshallese 178 Heavy (snow-lixe)
Allinginse 18 Marshalless [ Moderatp (mist-like)
Rougerik 28 American ™ Moderats (mist-liks)
, servicemen
Utirik 157 Marshallese u Nooe

servicemen were returned to duty after extensive medical
examinations at Kwajalein and at the Tripler General
Hospital, Honolulu, T. H. The Utirik people were re-
turned to their native atoll after the initial period of ob-
servation. The Rongelap and Ailinginae residents were
moved to Majuro Atoll for temporary otcupation of
dwellings built for them. These gamma ray doses were
calculated from field instrument readings taken at the
time of evacuation and decay schemes appropriate for
the estimated times of exposure. For the s:t’: of brevity,
details will be presented only on the more severely ex-
posed Rongelap group and other groups will be re-
ferred to only for comparative purposes.

The detonation of the device was observed in the early
morning, and hours later the exposed individuals noticed
a snow-like ‘material falling from the sky; this continued
for several hours. The material was visible on the ground
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Drs. David A. Wood, University of California Hospfial, Sen Fras-
clsco, and Edward L. Alpen, U, 8. Naval Radiologics] Defenss Labors-
tory, San Francisco, made the histopsthoiogical evainstion of the skin

The discussion of this paper was opened by Dr. Lee B. Farr, Upton,
N. Y., and Major Carl Hanson, Washingtos, D. C,

1. Effects of High-Yield Nuclear Explosions, statement by Lewis L.
Sirazss, chalmas, sad report by, Uslied St Atomic Baergy Com-

and sifted into the lightly constructed thatched-roof
houses. The material whitened the hair and clung to the
skin. During the night following the explosion and for
the next two days, about two-thirds of the population de-
veloped nausea and 10% vomited and had diarrhea.
During this period also, many developed itching and
bumning of the skin and some reported burning of the
cyes with lacrimation. Supervised decontamination and
medical care was not possible until the exposed individ-
uals were evacuated to the nearby naval base at Kwaja-
lein. By this time, initial symptoms had completely
subsided.

An emergency medical team, composed largely of
naval personnel from the Naval Medical Research In-
stitute and the U, S. Naval Radiological Defense Labo-
ratory, was organized and sent to the area, arriving on
the ninth day after exposure. Complete initial histories
and physical examinations and frequent follow-up exam-
inations and treatment for medical conditions were car-
ricd out on all personnel. In addition, hematological
studics to assay the degree of radiation damage and uri-
pary excretion studies for radioactive materials were
performed. It was apparent from initial blood studies
that significant radiation had been received, and by 12 to
14 days further evidence of radiation injury was appar-
ent in the form of skin lesions and epilation. With the
exception of the development of skin lesions and epila-
tion, physical examinations at no time revealed findings
in any group that could be attributed with certainty to
radiation.

CLINICAL OBSERVATIONS, THERAPY, AND HEMA-
TOLOGICAL FINDINGS

Since the degree of depression of peripheral blood
clements is believed to be the best index of severity of
radiation injury, systematic serial determinations were
carried out. These determinations consisted of total
leukocyte, neutrophil, lymphocyte, and platelet counts
and bematocrit determinations. Control groups, as com-
parable as possible to the exposure groups in respect to
age, race, sex, and background, were selected. Findings
are expressed in terms of percentage of control values.
Significant age and sex difference in blood cell counts
were noted in the control groups, and the data are pre-
sented in accordance with the differences noted.

The absolute neutrophil count (fig. 1) of both younger
and older age groups fell to a value of approximately 70
to 80% of that of the controls during the second week,
followed by a period of fluctuation until the fifth week.
At this time the beginning of a second depression was

noted for both age groups, and a low value of approxi-
mately S0% of that of tha sontrals wrae reached Tha
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scrvicemen were returned to duty after exte;
examinations at Kwajalein and at the Tripler General
Hospital, Honolulu, T. H. The Utirik le were re-
turned to their native atoll after the initial period of ob-
servation. The Rongelap and Ailinginae re:

moved to Majuro Atoll for temporary otfcupation of
dwellings built for them. These gamma ray doses were

time of evacuation and decay schemes app
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details will be presented only on the more severely ex-
posed Rongelap group and the other groups will be re- -
ferred to only for comparative H
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morning, and hours later the exposed individuals noticed |

a snow-like material falling from the sky; this continued
for several hours. The material was visible on the ground
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and sifted dnto the lightly constructed thatched-roof
houses. The material whitened the hair and clung to the
skin. During the night following the explosion and for
the next two days, about two-thirds of the population de-
veloped nausea and 10% vomited and had diarthea.
During this period also, many developed itching and
burning of the skin and some reported burning of the
cyes with lacrimation. Supervised decontamination and
medical care was not possible until the exposed individ-
uals were evacuated to the nearby naval base at Kwaja-
lein. By this time, initial symptoms had completely
subsided.

An emergency medical team, composed largely of
naval personnel from the Naval Medical Research In-
stitute and the U, S. Naval Radiological Defense Labo-
ratory, was organized and sent to the area, arriving on
the ninth day after exposure. Complete initial histories
and physical examinations and frequent follow-up exam-
inations and treatment for medical conditions were car-
ried out on all personnel. In addition, hematological
studies to assay the degree of radiation damage and uri-
nary excretion studies for radioactive materials were
performed. It was apparent from initial blood studies
that significant radiation had been received, and by 12 to
14 days further evidence of radiation injury was appar-
ent in the form of skin lesions and epilation. With the
exception of the development of skin lesions and epila- -
tion, physical examinations at no time revealed findings
in any group that could be attributed with certainty to
radiation, '

CLINICAL OBSERVATIONS, THERAPY, AND HEMA-
TOLOGICAL FINDINGS

Since the degree of depression of peripheral blood

~elements is believed to be the best index of severity of

radiation injury, systematic serial determinations were
carriecd out. These determinations consisted of total
leukocyte, neutrophil, lymphocyte, and platelet counts
and bematocrit determinations. Control groups, as com-

parable as possible to the exposure groups in respect to
age, race, sex, and background, were selected. Findings

are expressed in terms of percentage of control values.
Significant age and sex difference in blood cell counts
were noted in the control groups, and the data are pre-
sented in accordance with the differences noted.

‘The absolute neutrophil count (fig. 1) of both younger
and older age groups fell to a value of approximately 70
to 80% of that of the controls during the second week,
followed by a period of fluctuation until the fifth week.
At this time the beginning of a second depression was
noted for both age groups, and a low value of approxi-
mately 50% of that of the controls was reached. The
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levelwumainuinedat 75% of the con-
tmlvalnuhomthe‘lthweektotheendo!theum
period of observation (10th week). The values for the
lower age group were below those of the older age group
throughout most of the period of observation. The abso-
lute lymphocyte count (fig. 1) of the older age group had
fallen by the third day to & value of approximately 55%
of the control value. mvalnewuminu:?edthmgb-
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out the study, with no definite evidence anupward

trend. The values for the younger age also fell
beforo the third day to a value of approximately 25%
otthecontxolvalnc,afterwhnchtbemm:si@iﬂum
upwardtrend.tewverybcmgmupidptheyomger
age group. Since the mean lymphocyte counts remained
essentially constant throughout the study, &baﬂuctuaﬁon
in total white blood cell count was & re. WMMm
in the neutrophil component (fig. 1).

'I'bcaequelaeotdepreuionofhemopoidismgener
ally considered as ths major source of morbidity and

mortality from whole-body radiation injury,* Therefore,
in view of the low leukocyte counts that developed in the
Rongelap people, the use of administration
of antibiotics was given careful consideration. Twenty-
scven individuals had absolute peutrophil counts of 2,500
per cubic millimeter or less at some time during the pe-
riod of observation. T depressions as low as
700-1,000 were observed. Prophylactic admininistration
of antibiotics was not instituted because all individuals
wcreunderconﬁnuommedkdoblemﬁonandnwu
felt that such drugs might obscure indication of
treatment and lead to the development of. drug-resistant
organisms. An epidemic of upper mpimory infection
developed between the 27th and 47th after ex-
posure in all of the exposed groups. Fifty-cight per cent
of the Rongelap people were involved. ‘The disease did
not appear to be more severe in this than in the other
less exposed groups, Themwasnocormlaﬁonbetween
lcukopeniaandincxdenccoﬁnfemm

- Platelets were first counted - lOday:aﬁcrcxpo:m
(6ig. 2), at which time the level in the females were ap-
proximately 60% of the appropriate control group.
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After this, the platelet count fell, reaching a low of
30% of the control value during the
fourth wéek. (At this time counts in 20% of the Ronge-
lap peopie were below 90,000 platelets per cubic milli-
meter.) The platelet level rose during the fifth and sixth
and had reached the valve noted{orthcinithl
the 10th day. Aleconddecreminplm.leu
dnringthe and cighth week, and val-
remained at appronmwly 70% of the control
ues during the remainder of the observation period.
Thepaumoftbeplatektcomuhu\cmalcgrwpsm
similar to that noted for the females. Counts of the lower
group, males, were consistently higher than those of
tlnaduhgmupinabcoluucomubutcommenﬁylower
as percentage of control.

There was no evidence of hemorrhage into tissues,

even though in 11 individuals platelet count levels
xe-chedbuwm35000|ud65000petcubkmilli-
meter. Two women menstruated when their platelet
counts were 150,000 and 130,000 per cubic millimeter
respectively. Both experienced excessive menstrual
bleeding, insufficient to cause them concern, which sub-
sided without therapy.

Six months after the accident, blood cell counts
showed only slight increase over previous ones during
the last week (10th) of the initial observation period and
were still below control levels. Follow-up studies at one
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Fig. 2~Mean platelet chanpes in highest exposure group (64 people).

year after the accident showed that the neutrophil counts
of the exposed individuals were back to the control level;
however, the lymphocytes, monocytes, eosinophils, and
platelets were still below control levels, though they were
higher than after six months. Hematocrit determinations

2. Dunham, C. L.: Cromkits, E. P.; LeRoy, O. V., and Warren, S.:
Ammummmmnuuamwmn
fcal Service, J. A. M. 'A. 147150 (Sept. 1) 1951, Croakits, B. P., and
Brecher, 0.: Defects ia Hemostasis Produced by Whole Body Radiatios,
ja Clotting snd Problems: Transactions of the Fifth Conference,
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.low'thow of
values after

first done on the 22nd day were slightly
the control population. A significant trend i

-thlstxmecouldnotbedetecwdnamtlcally The less-

exposed island groups showed similar, but in most cases
less pronouncgd hematological change thg

Fig. 3—A, cpllation In T-year-old gint at 28 days. B/:six moaths later,

showing compiete regrowth of halr,

The time course of hematological changes corre-
sponded most closely with the low-dose Japanese groups
exposed to radiation from the Hiroshima dapd Nagasaki
bombs* in which definite signs of re radia-
tion exposure were present in some individuals but in
whzch no monamy occutred. Compamom with hema-

=

Fig. 4—A, pigmented lesions of meck and al fosens In 13-
year-old boy (29 days after exposurs). Desquamation depigmentation
ammmum.n.cmmuwnr-mmna
days after exposure

tological data in Japanese groups in which i!atalmes oc-
curred make it probable that exposure iff the highest
exposure group of Marshallese was mode tcly severe,
probably within 50 to. 100 r of the Jevel where some fa-

3. um,o v:nmmammmmm
Med,. 861691 (Nov) 1950, OQughtersom, A. W., aad others: udkal
tomic . Bombs, report of the Joint  Commission for
mdmumammmn:mm:us.
Connluba.l”l.» - o Febolony,
mm.n.r..sr.mmmml-dnmm
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talities would have resulted. The skin and internal radio-
active contamination were considered not to have con-
tributed significantly to the depression of the hematologi-
cal elements.

The body weight of individuals in the Rongelap and
Ailinginae groups was followed routinely. Adults as
well as children lost some weight during the period of ob-
scmnonmspneofmcfactthattheyhvedmawvchm
and ate heartily. Whether the failure to gain weight was
connected with radiation or change in environment is
open to question. Four women in the Rongelap group
were pregnant when brought to Kwajalein. None of
these women had abnormal symptoms referable to ra-
diation. All of the pregnancies have since terminated in
delivery of apparently normal babies.

SKIN LESIONS AND EPILATION

Irradiation of the skin resulted largely from beta radia-
tion from the fall-out material deposited on the skin.
Due to the complex compotition of the radioactive ma-
terials, and because of other uncertainties, it was impos-
sible to calculate the skin dose accurately. The dose was
sufficiently large, however, to produce epilation and
widespread lesions of the skin in'90% of the Rongelsp
group, beginning about 12 to 14 days after the exposure.
In the leu ‘heavily exposed groups - (Ailinginae and

protected by clothing.< - Those  who . remained  under
- shelter during the fall-out developed less severe or no
m,.mmuwmmmwf



ment of skin lesions, spotty, epilation .of the scalp was maqmmmptmdedbybunomfmdon
noted. (fig. 34). . . was. usually sccompanie (fig. 54).. Some lesions became secondarily infected

or preceded by lesions of the scalp. This was more however, mmmmmmwm
tensive and severe among the children (birth to 15 yes and reepithelized in 8 week or 10 days. The ear lesion
Over 90%, of the, children showed Some de; took sbout four months to heal.: Repigmentation gradu-
tion, as, conipared $9.28% in, the oldef age. Re-  ally took place in most lesions, and some of the healing

lesions, particularly the showed development
dwmmm«-mmm-m

Mcpepmammonﬁndmg.withmo!uhmly
normal skin between, emphasizing the particulate nature
of the radioactive material. Cel's of the malpighian layer
showed pleomorphic nuclei, pyknosis, and cytoplasmic
halos. Focil disorganization of the malpighian and basal
~ layers was ptesent in extensively damaged areas. In the

" derifnis, telangiectatic vessels were noted where the over-
lying epidermis showed greatest damage. There was mild
edema of the pars papillaris with lymphocytic infiltration,
particularly around the telangiectatic vessels. Atrophy
ofhairfollidamobterved.

uﬁhwgﬁm&dww
growthothazrofnormlcolorlnddiztﬁbmionw
noted beginning abiout nine weeks' aftéd it ‘and
mmpmmmmmm(ﬁg.sm
Thedenlopingluiomdiﬂnot!onowthéidcntical
coumuobnﬂedbyl(nowltonmdco-worbn .in in-
:vaxduauug:rﬁbmdlingmnuuedﬁdon .
ter other betk burns.® Primary and sécondary erythema
was not observed. .The lesions showed differerices. in
latcntpeﬁodsbeforeappmanceondiﬂemm
thebodymdlppmadhmglﬂythefolhwingao-
quential order: scalp, neck, axillary fegion, antecubital
fossac, feet, arms, legs, and trunk, The neck and scalp
lesions were most common; however, a substantial num-
mammmmmmmm
secn. Lesions on the fiexor surfaces tended to appear
before lesions on extensor surfaces.” These differences in

9-.

pxgmentationinthctormo(macnlu,pnpulu,'mduhed

: mﬁmdcwbpedhomthemo(.themm

to the surrounding skin (fig. 48).- During the next few
weeks, the lesions gradually became repigmented and Follow-up studies at six months and one year showed
skinbmmcrd;ﬁvdynmnﬂhappmm.Ap— ~ that the hyperpigmentation had in most cases disap-
proximately -20%-"of .the- group. developed -deeper peared. At the site of deeper foot lesions and the ear le-
sions. - Tbucmmmmmk,w? and ear, and sions, there were pink-to-white areas that had not re-
most frequently on the feet (fig. 5 and 6). These lesions.  _pigmented (fig. 5B). In these arcas the skin appeared
mpahfnlmdmchumbbdby duqnama- slightly .atrophic. Treatment of the skin lesions con-
tion with mplngandcmsﬁng.aud.hi footles  sisted of daily cleansing and symptomatic therapy with

‘F
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the exception of locally applied antibiotic g tments for
mﬂflected lesions and in one case parenterally given peni-
cillin. &

The possibility that cancer might develop at the site
of some of these lesions must “e considered. Favoring
such development are the long life expectancy of the
numerous children in the exposed group, ‘constant ex-

posure to tropical sunlight, and the possible!influence of
additional sublethal whole-body exposure. Against such
development are the superficial nature of the lesions,
rapid healing with little in the way of residual gross de-
fects, and only minimal evidence of histolo$ical damage
by six months. I

Pigmentation of the semilunar area of lljé fingernails
and toenails was obscrved about the 23rd'day in most
of the Marshallese in the higher exposure groups and in
the five American Negroes but in none gf the white
Americans. The pigmentation was beneath the nail and
progressed distally with growth of the nafl. A similar
phenomenon has been observed in a Negro woman after
local therapeutic irradiation.* il

i

INTERNAL RADIATION HAZARDY!
Radiochemical analysis of numerous urine samples of
exposed personnel showed that the degree’ of internal
absorption of radioactive materials was roughly propor-
tional to the calculated external dose and, therefore,
to the concentrations of air-borne fission products. The
degree of internal radiation hazard was too'low to have
contributed significantly to the acute radiation syndrome
observed. The concentration and type of internal radio-
active contaminants minimize the probability of any
significant long-term cffects from the interngl radiation.

SUMMARY AND concwsnousl?!

After detonation of a thermonuclear dévice in the
Marshall Islands in the spring of 1954, radjoactive fall-
out occurred over an area of thousands of square miles
beyond the range of thermal and blast injufy. Marshal-

. !
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lese and Americans were accidentally exposed on islands
in this area, receiving whole-body gamma radiation, beta
radiation injury to skin, and minimal internal contamina-
tion. The highest dose (an estimated 175 r) was received
by a group of 64 Marshallese. The dose of radiation re-
ceived proved to be sublethal. Though there was signifi-
cant. depression of hemopoiesis, no clinical signs or
symptoms developed that could be attributed with cer-
tainty to this effect. Prophylactic administration of anti-
biotics or other specific therapy was not found to be
i'n ’- I I

Skin lesions and epilation developed in 90% of the
group beginning about two weeks after the exposure.
The lesions occurred largely on exposed parts of the
body not protected by clothing, and varying degrees of
protection were also afforded those who remained in-
doors or bathed during the fall-out period. Most of the
skin lesions were superficial and exhibited pigmentation;
dry, scaly desquamation; and rapid bealing with little
pain. Some lesions were deeper, exhibiting wet desqua-
mation, and a few became secondarily infected. Treat-
ment was largely palliative except for use of antibiotics
for secondarily infected lesions. Histopathological ex-
amination ‘of Jesions showed changes consistent with
radiation damage. Bluish-brown pigmentation was noted
in the fingernails and toenails of the dark-skinned people
but not in the white Americans. Minimal amounts of
radioactive material were detected in the urine. The in-
ternal deposition was insufficient to contribute signifi-
cantly to the acute reaction, and it is believed there is no
long-term hazard. Examinations conducted one year
after the exposure revealed these people to be in gen-
erally good health, Slight depression of lymphocytes and
platelets persisted. A few pigment aberrations and mini-
mal atrophy remained at the site of the deeper skin le-
sions.

6. Sutton, R. L., Jr.: Transverss Band Pigmentation of Fingernails
After X-Ray Therapy, J. A. M. A, 18021210 (Sept. 20) 1952,
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FOUR YEARS OF MRIENCB WITH TWO HUNDRED THIRTY-ONE PATIENTS

;1
Henry L. Jafle, M.D., Maurice H. Rosenfeld, M.D., Frederick W. Pobirs, M.D.

Laun?nce J. Stuppy, M.D., Los Angeles

Two hundred thirty-one euthyroid, seriously ill car-
diac patients have been treated with radioactive iodine
(I'»*) since February, 1950, in the department of radia-
tion therapy and the cardiac outpatient department of
the Cedars of Lebanon Hospital in Los f'ﬂ.jpgeles. of

angina pectoris. Stuppy,® Jaffe,* Pobirs,* and Rosen-
feld * reported upon 95 treated patients in November,
1951, and upon end-results in 100 patients in June,
1952, In 1952, Chapman * described 23 treated cases.
Serber and his group * reported 24 cases in February,

107 Ml e [AE]




