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""tract. On March 1, 1954, after detonation of a 
tlwrmonuclear device on Bikini atoll. an unexpected 
"ind shift resulted in the deposition of radioactive 
fallout on inhabited atolls. The fallout radiation 
l'auwd 11eeting systemic effects, dose-dependent 
dl·prcssion of hematopoiesis and skin burns pri-. 
marily due to the beta ray component of the fission 
raclionuclides. Within a few weeks, hematopoietic 
n'l'o\·ery· was substantial but slight depression of 
hlood counts was maintained for several years. One 
rn'l' or fatal acute myeloblastic leukemia developed 
in a boy· receiving 1.9 Gy as an infant. Cretinism 
clndoped in two boys exposed as infants with esti­
mated thyroidal dose in excess of 50 Gy. Chemical 
hypothyroidism was detected in several persons. 
Thyroid adenomas and cancer commenced appear­
ann~ ten years after exposure and became a major 
long-term medical problem. There have been no late 
..th·cts attributable to the beta burns 40 years after 
1·,posurc. Internal contamination from ingestion 
and inhalation of radionuclides is detectable. The 
clows are comparable to background levels in the 
I .S. There is no detectible decrease in longevity of 
thl· exposed Marshallese compared to an unexposed 
\larshallcse population. 

Introduction 

The Marshall Islands are located in the 
c·a,tcrn part of Micronesia a few degrees north 
<ii the equator. The atolls consist of a ring of 
'"" -1\ in!! coral islands surroundin!! a la!!oon. 
I he i~la~ds are formed on the rim; of e~tinct 
'ukanic craters. The coral sand consists pri­
n1arily of calcium carbonate and lesser amounts 
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of other minerals. From 1946 until the termi­
nation of atmospheric testing in 1958, the 
Marshall Islands were used for testing of nuclear 
devices. Testing was done on Bikini atoll and 
Enewetak atoll. In addition, the United States 
developed the Pacific Missile Range at 
Kwajalein. thus the area was under the control 
of the Department of Defense and the Atomic 
Energy Commission. Until Operation Castle in 
1954. Marshallese populations were removed 
from the atolls near the test site during testing. 
During Operation Greenhouse 1951, fallout was 
detected but not considered a serious health 
problem. The Marshallese people were not evac­
uated from inhabited atolls for Operation Castle. 

On March l, 1954, at 6:30 a.m .. a nuclear 
device was detonated on Bikini. An unexpected 
change in the wind structure distributed fallout 
over inhabited areas exposing Marshallese. 
American military personnel and Japanese fish­
erman on board the Lucky Dragon. Details of 
the accident and its effect on the Marshallese 
were published by Cronkite et al. l l. 2]. The 
data are summarized herein. 

The intense heat of the detonation inciner­
ated the coral producing calcium oxide in which 
fission products were deposited. 

The Marshallese lived in buildings appro­
priate for the tropics with thatched roof of palm 
fronds and open sides for ventilation. Fallout 
material collected on the palm fronds. the ground. 
trees and on individuals that were in the open. 

From the wind velocity, arrival time and 
decay patterns. isodose lines were constructed 
in the downwind region. The fallout occurred 
in a cigar shaped pattern. In the westerly direc­
tion the 8.00 Gy isodose curve extended about 
140 miles. 5.00 Gy about 160 miles. 3.00 Gy 
about 190 miles and 2.00 Gy about ::!20 miles. 
The north-south distance for 2 Gy was roughly 
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Fig. 1. Histogram of degraded energy spectrum of 
gamma radiation from a 4-day-old fallout field pro­
duced by Compton scattering at level of infinite plane 
3 feet in air above uniformly distributed field. 

40 miles with shorter distances for the higher 
isodose curves. A few miles north or south of 
the 2.0 Gy line would have placed people into 
the lethal range. These doses are estimates of 
what would have accumulated over a 48-hour 
period without shielding. The dose from which 
survival is unlikely is in the vicinity of 8.0 Gy. 
below which lethality may occur at doses as low 
as about 2 .0 Gy. It is fortunate that persons on 
Ailinginae, Rongelap and Rongerik were just 
outside the 2.0 Gy isodose line. 

Fallout was observed on Rongelap atoll and 
described as snowflakes. On Ailinginae and 
Rongerik atolls it was described as~ mist. On 
Utirik it was invisible. 

The spectrum of gamma radiation from the 
fallout material showed peaks at 100. 700 and 
1500 keV (Fig. 1 ). The two n geometry of expo­
sure from the fallout field resulted in a very uni­
form depth dose with escalation of the absorbed 
dose in the first 1-3 cm at the surface of the 
body from the beta and low energy gamma com­
ponents of the fission products. the surface dose 
being about eight times the 3 cm dose (Fig. 2 ). 
The absorbed dose rose continually to the time 
of evacuation about 51 h after the detonation 
on Rongelap to about 1.8 Gy (Fig. 3). 

There were three groups of Marshallese and 
one group of American military personnel exposed 
(Table I). The absorbed dose in the Marshallese on 
Rongelap was revised to an average of I .90 Gy 
[3]. The Marshallese on Ailinginae received about 
0.80 Gy and on Utirik about 0.14 Gy. The 
American military personnel received about 0.78 
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Fig. 2. Comparison of depth dose curves in phantom 
man of initial atomic bomb gamma radiation and 
gamma radiation from a planar field of fission products 
depositep on soil after an experimental nuclear deto­
nation. Doses are expressed as percent of 3 cm dose. 

Gy. They had better protection due to their metal 
housing and since they showered and put on 
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Fig. 3. Total cumulmive dose in air from beginning of 
fallout at about 4-5 hours after detonation to evacua­
tion at 51 hours post-detonation on Rongelap. 
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Table I. Exposure data 

Total Arrival Time 
Exposed Fallout Hours 

Rongdap 67 4-6 

,\ilmginae 18 4-6 

Rongcrik U.S. Personnel 28 6.8 

lltirik 167 22 

Marshallese Control 117 

American Control 105 

clothes. the beta dose to the skin was substantially 
Jes~. Upon arrival on March 8. it was clear that 
one would need comparison groups to determine 
the magnitude and significance of short- and long­
term changes in blood counts. There were no his­
torical or pre-exposure blood counts on any of the 
Marshallese or on the American military person­
ne I. Accordingly, age-matched nonexposed 
Marshallese and American military personnel were 
set up as shown in Table I. 

Figure 4 shows the changes in average total 
leukocytes and neutrophil counts as a function of 
time after exposure. The comparison population is 
shown by stars at the times when they were 
counted. The open circles show the total leuko­
cyte count and the solid circles the neutrophil 
count. During the first two to three weeks. there 
was no significant diminution in the granulocyte 
count. Commencing about 30 days after exposure 
there was a slow diminution to a nadir at about 
42 days after exposure. There was then a slow. 
steady increase in the granulocyte count to roughly 
that of the comparison population by two years 
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Fig. 4. Total leukocyte and neutrophil counts in 
Marshallese exposed on Rongelap. The comparison 
population is represented by stars. 
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Evacuation 
Hours 

50-51 

58 

28.5-34 

55-78 

Dose Rate 

375 nwhr at 7 <lays 

I 00 mr/hr at 9 days 

280 mr/hr at 9 days 

40 mr/hr at 8 days 

51 

Total Gamma Dose 
in Air (Gy) 

1.90 

I.IO 

0.78 

0.11 

after the exposure. Figure 5 shows that the average 
lymphocyte count was roughly 2000 per mm3 and 
remained at this level for six months. About two to 
three years after exposure. the lymphocyte count 
had returned to that of the comparison population. 

Figure 6 shows the serial changes in 
platelet counts. From day 8 to approximately 
day 30 there was a steady diminution in the 
average platelet counts to about 100.000 per 
mm-'. Thereafter there was an increase to near 
that of the comparison group by 40-50 days. 
Although the platelet counts returned to 
roughly 200,000 in males and females the 
counts remained consistently below that of the 
comparison population for seven years. 

Another way of looking at the hematologic 
effects is to plot the cumulative percent of the 
blood counts as a function of time and blood 
counts. This is shown in Figures 7 and 8 for 
neutrophils and platelets. Group I Rongelap and 
Group II Ailinginae data show that the cumu­
lative neutrophil counts at time of maximum 
depression are significantly shifted to the left 
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Fig. 5. Absolute lymphocyte count in Marshal Iese 
exposed on Rongelap compared to the comparison 
nonexposed population of Marshallese. 
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Fig. 6. Average platelet counts on Rongelapese for 
males and females for ten years after exposure to fallout 
radiation. 

of the control population (Fig. 7 ). There is a 
slight difference between Rongelap (Group I) 
and Ailinginae (Group II). 

Figure 8 shows a similar analysis for 
platelet counts of Rongelap. Ailinginae. Utirik 
and a control population at the time of maximum 
depression. The leftward shift of the cumulative 
platelet counts increases with the estimated dose 

~ of radiation. The cumulative platelet counts for 
Utirik detect a slight depression in counts from 
0.11 Gy exposure. 

The slowness in recovery of platelet lev­
els in blood is demonstrated by the cumulative 
distribution of platelet counts seven years after 
exposure (Fig. 9). There is still a small but dis­
tinct shift to the left. suggesting that the genetic 
mechanism for regulating the platelet count is 
still perturbed. 
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Fig. 7. Cumulative neutrophil counts for Rongelap 
and Ailinginae at the time of maximum depression 
compared to comparison population. 
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Fig. 8. Cumulative platelet counts for the Rongelap. 
Ailinginae. Utirik and comparison population at time 
of maximum depression for the exposed groups. 

One case of acute myeloblastic leukemia 
developed in a boy age 19 who died in 1972. 
This was probably due to exposure to 1.9 Gy 
on Rongelap at one year of age. One case of 
leukemia (age 63) occurred in the comparison 
group [4]. 

Symptoms, Skin Lesions and Epilation 

As mentioned earlier. the fallout on 
Rongelap was snow-like and extensive. It was 
mist-like on Ailinglnae and Rongerik. It was 
invisible on Utirik. During the first two days, 
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Fig. 9. Cumulative distribution of platelet counts at 
tim<! of maximum depression and seven years after 
exposure of the Rongel~p people and the comparison 
population. 
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about one-fourth of the Marshallese experi­
enced itching and burning of the skin and some 
burning of the eyes with lachrymation. Nausea. 
vomitin!! and diarrhea occurred in some 
f«iri!:d;u;ese. Th.: American militar) person­
nel ~n R~ngerik experienced these symptoms to 
a lesser degree. They were aware of the dan­
!!er. took shelter in the aluminum buildings. 
bathed and changed clothes thus greatly reduc­
ing the development of skin lesions. On the 
ninth exposure day. when the medical team 
conducted extensive physical examinations. 
there was no evidence of injury to the skin. The 
temporal sequence in development of skin 
lesions and epilations is shown in Figure 10. 
About two weeks after exposure in the higher­
dosed group from Rongelap, loss of hair and 
hyperpigmentation of the skin appeared. During 
the early stages of development of the cuta­
neous lesions. itching. burning and slight pain 
were experienced. With deeper lesions more 
severe pain was present. The most painful 
lesions were those on the feet. In the early 
stages the cutaneous lesions were character­
ized by hyperpigmented macules. papules or 
raised placques. They were initially small and 
later tended to coalesce and the larger lesions 
developed a dry, leathery texture. The pig­
mented stage of the superficial lesions was fol­
lowed by dry. scaly desquamation which 
preceded from the center of the lesion outward. 
leaving a pink to white thin epithelium. As the 
desquamation proceeded outward. a character­
istic appearance of a central depigmented area 
fringed with an irregular hyperpigmented zone 
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Fig. 10. Time of appearance of skin lesions and 
epilation for people from Rongelap and Ailinginae. 
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was seen. Repigmentation began in the central 
area and spread outward over a period of many 
weeks and ultimately. the skin returned to a 
relatively normal appearance. 

A rew more seriou~ iesions were seen on the 
scalp. neck and feet and in one case on the ear. 
They were characterized by transepidermal necro­
sis with wet desquamation resulting in crusting 
ulcerative lesions. Blisters were only observed 
on the feet which developed rather large bullae. A 
few of the lesions on the feet became infected. 
requiring local antibiotics. All lesions healed 
within about two·weeks. Six months after expo­
sure. the skin had returned nearly to normal and 
by one year pigmentation changes were slight. 
In addition to the lesions of the skin. a bluish­
brown pigmentation of the fingernails became 
evident on the 23rd post-exposure day. As the 
nails grew out. the pigmentation moved distally 
and was not evident a year after exposure. 

Epilation was correlated with ulceration of 
the scalp in most instances and thus was primar­
ily due to beta and low energy gamma irradia­
tion. Regrowth of hair in all individuals 
commenced during the third month after expo­
sure and at six months there was regrowth of hair 
normal in color. texture and abundance except 
in the man that had the severe burn of the ear. 

Therapy of Cutaneous Lesions 

In general. treatment was nonspecific. The 
superficial lesions were treated with calamine 
lotion with I 'it phenol which relieved the itching 
and burning. In a few instances, pontocaine oint­
ment was used to control the symptoms. During 
the period of desquamation and oozing. the 
lesions were washed daily with soap and water 
and aureomycin ointment was applied. The bullae. 
if painful. were aspirated with sterile technique 
followed by a pressure dressing. One case of 
ulceration was treated with parenteral penicillin 
for two days. With this one exception systemic 
antibiotics were not required and were not used. 

Th)'roid Disease 

Hypothyroidism-CreTinism 
Two infants exposed on Rongelap became 

cretins. Their thyroidal estimated dose may have 
been as high as 200 Gy but more likely was 50 
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Table II. Thyroid tumors (consensus diagnosis) through 1987 

Adenomatous 
Nodules Adenomas 

Rongelap (67) 
Ailinginae ( 19) 
Utirik ( 167) 
Comparison (227) 

17 
4 

11 
4 

2 

4 

Gy. When diagnosed and treated with thyroxin, 
normal growth ensued [4). 

With the development of thyroid tumors, the 
exposed people were placed on thyroxin to sup­
press TSH production. Later they were taken off 
suppressive therapy to measure thyroid function. 
Twelve individuals were biochemically hypothy­
roid and of course were replaced on thyroid hor­
mone therapy to suppress development of thyroid 
neoplasms after the study was complete [4]. 

Thyroid Tumors 

Table II lists the types of thyroid tumors 
detected and removed. and the pathologic diag­
nosis !]lade by consensus of six endocrine pathol­
ogists. Of the 53 thyroid tumors diagnosed, 15 
were cancer [3,4). 

Adenomatous nodules began appearing 
about I 0 years after exposure in the individu­
als who had thyroidal doses greater than 3000 
rem (Fig. 11 ). With time the number of cases 
diminished with none being observed in the 34th 
year after exposure. 
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Fig. 11. Temporal appearance of adenomatous nod­
ules of the thyroid as a function of thyroidal dose 
(divide dose in rem by 100 for Sv). 
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Cancer Cancer Cancer 

3 
1 

4 5 
2 2 

There was a correlation between age at expo­
sure and the appearance of thyroid nodules and can­
cer. Those less than ten years of age at exposure had 
the highest incidence in all exposure groups [3). 

Figure 12 illustrates the correlation between 
absorb;d dose of radiation in the thyroid and per­
cent of population in each dose category for all 
groups that developed benign nodules. hypothy­
roidism and thyroid cancer. The fraction devel­
oping benign nodules increased with dose up to an 
average dose of 40-50 Sv. The fraction with can­
cer peaks at 20-30 Sv. Hypothyroidism peaks at 
around 30-40 Sv. 

Tables III-V show the estimated average 
and maximum thyroidal dose for the persons 
exposed on Rongelap, Ailinginae and Utirik 
atolls. In all cases the dose increases with 
decreasing age. On Rongelap for example. the 
average dose in adults was IO Gy with a maxi­
mum of 40 Gy. whereas in the one-year-old. the 
average was 50 Gy with a maximum of 200 Gy. 

The younger the person the smaller the thy­
roid. and with approximately the same burden of 
radioiodine. the dose will be proportionally greater. 

THYROID DISEASE vs RADIATION DOSE 
I()() r--r----.,..---...----r--..,-----r----, 

~ 90 

~ !O 

~ ~o 
~ 60 
z 
i I<) 

" ~ -1[1 

! 30: 

z ?(Ir-

"' 

0 BE~tGN ~oouus 

LSJ HYP0T"f'fR0101SM 

~ l"'YRCIO :ANCERS 

I·?~ 2!1'·5iOC ~1-100'.l 1001 7000 2001·3000 30()1-4000 4001·5000 .... 

Fig. 12. Thyroid absorbed dose and the fraction of 
individuals with a given thyroidal dose that develop 
benign nodule~. thyroid cancer or hypothyroidism 
(divide dose in rem by JOO for Sv). 
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Table III. Total thyroic 

Rongc 

Age 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

Table IV. Total thyroid 

Sifo 

Age 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve- Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 
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Table Ill. Total thyroid absorbed-dose estimate 

Rongelap Island 

Age 

Adult Male 
Adult Female 
Founeen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

Adult Male 
Adult Female 
Founeen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

Average Estimate. Gy 
Internal Total 

I0.00 12.00 
11.00 13.00 
14.00 16.00 
16.00 18.00 
20.00 22.00 
24.00 26.00 
50.00 52.00 

2.50 4.40 
6.80 8.70 

Maximum Estimate. Gy 
40.00 42.00 
44.00 46.00 
56.00 58.00 
64.00 66.00 
80.00 82.00 
96.00 98.00 

200.00 200.00 
I0.00 12.00 
27.00 29.00 

Table IV. Total thyroid absorbed-dose estimate 

Sifo Island 

Age 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero, 3rd tri. 
In Utero. 2nd tri. 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

c; L.) I '/ J c ··1 v '" . u _, 

Average Estimate. Gy 
Internal Total 

2.80 4.00 
2.90 4.IO 
4.IO 5.30 
4.50 5.70 
5.40 6.60 
6.40 7.60 

13.00 14.00 

4.90 6.10 

Maximum Estimate. Gy 
11.20 12.00 
11.60 13.00 
16.00 17.00 
18.00 19.00 
22.00 23.00 
26.00 27.00 
52.00 53.00 

20.00 21.00 
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Table V. Total thyroid absorbed-dose estimate 

Utirik Island 

Age 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero, 3rd tri. 
In Utero, 2nd tri. 

Adult Male 
Adult Female 
Fourteen-Year-Old 
Twelve-Year-Old 
Nine-Year-Old 
Six-Year-Old 
One-Year-Old 
Newborn 
In Utero. 3rd tri. 
In Utero. 2nd tri. 

Average Estimate. Gy 
Internal Total 

1.50 1.60 
1.60 1.70 
2.20 2.30 
2.40 2.50 
3.00 3.10 
3.40 3.50 
6.70 6.80 
0.48 0.59 
0.98 l.IO 
2.60 2.70 

Maximum Estimate. Gy 
6.00 6.10 
6.40 6.50 
8.80 8.90 
9.60 9.70 

12.00 12.00 
14.00 14.00 
27.00 27.00 

1.90 2.00 
3.90 4.00 

10.00 I0.00 

Thyroidal dose was based on the distribu­
tion of the iodine family of radioisotopes in fis­
sion products. their decay rates. arrival of 
fallol!t. time on the contaminated atolls. thy­
roid size as a function of age. the excretion of 
1311 in 24 h urine samples at 17 days. the bio­
logical half-life and the measured 1

" I in air sam­
ples. The major route of radioisotopes into the 
body was via ingestion. Inhalation was a minor 
route. Details of the dose reconstruction from 
all of the factors enumerated above are consid­
ered in detail by Lessard et al. [3]. 

Other Radioisotopes 

Extensive studies were performed on the 
urine of the exposed persons. tissues of pigs 
and chickens and newly-laid eggs. Details of 
animal studies are published [I]. Briefly. autora­
diographs of bones were positive and the inten­
sity of radioactivity in eggs diminished with 
successive eggs. 

The mean body burdens of the Rongelap 
group_ at 82 days was based on measurements 
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Table VI. Mean body burden of the Rongelap group 

Radioisotope µCi at 82 days 

9''Sr 0.19 
,,"Ba 0.021 
Rare earth group O.Q3 
10'Ru 
"Ca 0 

of urine concentration and the one-day burden 
calculated on the basis of published data on 90Sr 
excretion in a human being [5]. The activity at 
one and 82 days post-accident is presented in 
Table VI. Details of the measurements and cal­
culations are presented [ l J. 

The Rongelap people had been living on 
another atoll and in 1957, it was deemed safe 
to return them to Rongelap. In 1958, whole body 
counts detected 137es [6J. The body burden lev­
eled out at about 25.000 Bq. remaining at this 
level for about 2500 days. and thereafter dimin­
ished so that at 8000 days past rehabitation. it 
was down to 5000 Bq. and at 9800 days the 
.Jevel was about 2500 Bq. The changes in level 
of 137Cs body burden are shown in Figure 13. 

In 1985, the Rongelapese were removed 
from Rongelap and placed on K wajalein atoll 
because the inhabitants believed radiation was 
causing all of their health problems {7]. 

The cumulative dose to the Rongelapese 
from I 957-1985 was about 5 rem, as compared 
to U.S. exposure from natural background 0.05 
Sv in 25 years at sea level and 0.07 Sv on the 
Colorado plateau. 
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Fig. 13. Body burden of lJ1Cs in the Rongelapese 
after their return to Rongelap in 1957 and for the 
ensuing 28 years. 

Effects of Fallout Radiation on Human Beings 

USNRDL µCi at I day LASL µCi at I day 

1.6 
, .., 

2.7 U.34 
1.9 

0.013 
0 0.016 (Ji gm) 

Today the radioisotopes that contribute to 
the dose to individuals who might reside on 
Rongelap are 90Sr, 137es, 23~Pu, 24<ipu and 241 Am. 
137es would contribute 90% of the dose; 'llisr, 
2-5%; and transuranic nuclides less than 5%. 
The integrated annual dose would be in the 
vicinity of0.001 Sv [7J. 

Longevity 

Figure 14 shows the survival curves for the 
people exposed on Rongelap, Ailinginae. Utirik 
and Rongelap unexposed people. There is no 
significant difference. Actually of those exposed 
on Rongelap and Ailinginae. there was a slightly 
higher fraction alive in 1986 [4]. 

Conclusions· 

I Unique fallout because of nature of coral 
atoll - eae03-+CaO -+Ca(0H)2 • 

2 Nausea. vomiting and diarrhea induced in 
about 25% of the exposed persons by whole 
body exposure to 1.9 Gy. 
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Fig. 14. Survival curves for Marshallese exposed 
on Rongelap. Ailinginae. Utirik and Rongelap 
unexposed people. 
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Cronkite/Bond/Conard 

3 Hematologic effects, distinct mild pancy­
topenia - an increment of a few 0.1 's of Gy -
would have placed people of Rongelap in 
the lethal range. 

4 Residual hematologic effect detectible for 
many years, particularly lymphocytes and 
platelets. 

5 Skin lesions prevalent - mild to ulcerative -
due to fallout on skin. No late effects 
observed as of 1993. 

6 Thyroid disease - hypothyroidism and thy­
roid tumors - are the major long-term effects. 

7 One case of acute myelocytic leukemia, 
probably due to the exposure to 1.9 Gy 
gamma radiation. 

8 The Marshallese population is the most 
intensively and carefully studied population 
exposed to whole body ionizing radiation. 
They have been examined every 6-12 
months for 40 years. 
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