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Introduction

Across Micronesia, from the Federated States of Micro-

nesia to Guam, many suggest that cancer in these jurisdic-

tions has been caused by nuclear testing in the Pacific.  While

the US government program for those exposed to fallout

from the 1954 Bravo test acknowledges the occurrence of

thyroid cancer and leukemia among that group of patients1,

the Nuclear Claims Tribunal2 compensates for a number of

other conditions.  Many Marshallese people believe that

other health problems stem from exposure to radiation.

These include reproductive ailments3 and diabetes4.

This paper explores the documentation for, and the

plausibility of such claims, in light of medical and public

health science.  It also examines the history of nuclear

testing in Micronesia in its large-scale historical context and

explores its legacy to the health of Micronesian people.

Rather than provide an exhaustive accounting, these issues

are approached with a broad brushstroke.  Further inquiry

is suggested.

The Bravo Test

The 50-year commemoration of the March 1, 1954 Bravo

thermonuclear test has rekindled interest in investigating

the health effects of nuclear testing.  At 15 megatons, the

equivalent of 15 million tons of TNT, Bravo was the largest

thermonuclear device ever tested by the United States.  The

people of Bikini Atoll in the Marshall Islands consented to

give up their home as a nuclear test site in 1946, “…for the

good of mankind and to end all world wars,” as they were

told by Commodore Ben H. Wyatt, the US military governor

of the Marshall Islands5.  Bravo was detonated at Bikini and

winds blew fallout toward populated islands to the east.

Fallout fell most directly on 67 people on Rongelap Atoll, 18

Rongelapese visiting Ailinginae, 167 people on Utrik Atoll,

23 Japanese fishermen on board the Fukuryu Maru, and 28

US military weather personnel on Rongerik Atoll1,6. Lesser

amounts fell on other atolls as well, most notably Ailuk and

Likiap.

The  US personnel at the weather station were evacuated

the following day, March 2.  The fishermen returned to Japan

on March 16 with acute radiation sickness.  One died some

months later, secondary to hepatitis contracted during

blood transfusions7.

The people of Rongelap were evacuated on March 3, after

51 hours, and the people of Utrik on March 4, after 78

hours6.  People moved back to Rongelap in 1957 and stayed

there until 1985, when it was then determined that food

grown on Rongelap was unsafe for consumption.

What did its planners know about the possible health

consequences of Bravo?  What was known in 1954 about the

health effects of radiation?  It should be noted that medical

science established the harmful effects of radiation over the

course of some decades.  In the US, radiation was used from

the 1930s through the 1950s to treat benign conditions

such as acne, tinea capitis, enlarged tonsils, and apparently

enlarged thymus glands8.  However, nuclear testing in the

Pacific was carried out in the post-Hiroshima/Nagasaki era.

In 1979, Donald Frederickson, Director of the National

Institutes of Health, testified that “…by 1950, the Interna-

tional Commission on Radiological Protection and the Na-

tional Committee for Radiation Protection concluded that

there was no safe threshold” for exposure to radiation9.

Therefore, those who conducted the Bravo test were well
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aware of the dangers that radiation posed for humans.

Navy radiobiology physicians Cronkite, Conard, and Bond,

who made up the staff of Project 4.1 (a sub-project within the

Castle test series to study the effect on humans of radiation

secondary to fallout), were assembled within days of Bravo.

As the people of Rongelap were the most heavily exposed,

followed by the people of Utrik, they were made the subjects

of the  US government medical program.  In recognition of

what counts as evidence in medical studies, the medical

program followed the radiation-exposed people together

with a control population of unexposed people1.  Told that

it was safe to move back to Rongelap in 1957, the exposed

and the unexposed Rongelapese ate locally grown food,

thus acquiring further body burdens of radioactivity.  By

1961, their body burdens of cesium-137 was, “…300 times

that of the medical team10.”

The Project 4.1 physicians subsequently followed

Marshallese patients at the Brookhaven National Labora-

tory.  A summary published in 19971 described the acute

radiation sickness that occurred initially.  An infant exposed

at one year of age died at age 19 of leukemia.  They

described thyroid cancer peaking 12 to 14 years after the

radiation exposure.  Thus, leukemia and thyroid cancer are

acknowledged to have occurred as a result of Bravo. This

summary is available on a  US Department of Energy (DOE)

web page dedicated to “dismantl[ing] the barriers that have

contributed [to] distrust….11” and can be considered to

represent the US government’s position.

Of note, the Brookhaven program involved only the

exposed 252 people of Rongelap and Likiap and a control

group of 177 ostensibly non-exposed individuals.  Popula-

tion studies conducted throughout the country have found

elevated rates of thyroid nodules and thyroid cancer in other

areas of the Marshall Islands that received lesser quantities

of fallout12,13.

Nuclear tests in the continental  US

Atomic testing was carried out at the Nevada Test Site

from 1951 to 1962, with blast exposure to military person-

nel who were preparing for the use of nuclear devices as

assault weapons.  The Nevada Test Site (NTS) was chosen for

its relatively constant westerly winds, which carried fallout

over much of the continental  US.  Richard Miller’s Under the

Cloud has maps of the well-documented fallout trail of each

continental  US shot.  As the NTS lies northwest of Las Vegas

and northeast of Los Angeles, the winds first took fallout

over relatively sparsely populated, southwestern Utah.  This

area nevertheless includes the Mormon communities of St.

George and Carson City, where an increased incidence of

leukemia and other cancers began to occur in the 1960s.

While the increase in illness and deaths was rapidly evident

to the families of the area, epidemiological documentation

followed.  The early studies that documented the excess of

cancer cases did not have a cancer registry and therefore

relied upon death certificate data15.

In 1997 a National Cancer Institute study16 reviewed by

the Institute of Medicine17, delineated the estimated dosage

to the thyroid, of radioactive iodine 131 (I-131) in every

county in the continental  US.  The study concluded that an

excess of 46,000 thyroid cancers (confidence interval 11,300

to 212,000) will occur in the  US as a result of the Nevada

testing18.

The mechanism for the production of thyroid cancer in the

US is the consumption of milk from cows grazing on

grasslands contaminated by I-131.  Iodine is naturally

concentrated in the thyroid gland where radioactive iodine

exerts its carcinogenic effects.  This causal mechanism was

known at the time of the Windscale accident of 1957 when

a uranium fire occurred at a British nuclear reprocessing

plant on the Irish Sea, thereby contaminating nearby dairy

farms.  Milk from those farms had to be destroyed19.  I-131

has a relatively short half-life of 8 days, however, and most

of its effects are expected to occur in the course of a few

months.

Implications of the Nevada Tests for

cancer in the Pacific

As noted by the Nuclear Claims Tribunal2, in comparing

the Nevada testing with testing in the Pacific, it is important

to keep in mind that only relatively small kiloton shots were

conducted at the NTS,  totaling about 1000 kilotons (kt,

equivalent to a thousand tons of TNT), or 1 megaton (mt),

one-fifteenth the blast energy of the single Bravo test.  The

largest of these was 74 kilotons.  In the Pacific, a total of 152

mt of devices were tested:  77 mt at Bikini Atoll, 32 mt at

Enewetak Atoll, 23 mt at Christmas Island, and 20 mt at

Johnston Atoll20.

Thermonuclear fusion of hydrogen is, by itself, relatively

clean.  However, to achieve the temperatures necessary for

fusion, it is necessary to use fission (of heavy elements such

as uranium or plutonium), which creates many radioactive

elements.  The world’s first thermonuclear device, Ivy Mike,

detonated at Enewetak in 1952 used liquid hydrogen.  Bravo

was the first thermonuclear device to use solid lithium

deuteride.  It was composed of 200 pounds each of uranium-

235 and lithium deuteride, and over a ton of uranium-23821.

It thus created much radioactive fallout.  The relative

fission/fusion yield of nuclear devices has not been declas-

sified, but the standard estimate is 50%20.  The Centers for

Disease Control and Prevention Radiation Studies Branch

estimates that more than 6 billion curies of I-131 were

released by weapons testing in the Marshall Islands.  This

contrasts with an estimated 150 million curies released by

weapons testing at NTS and 40 million curies released by the

Chernobyl nuclear power plant accident22.
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Although there is no dairy production in the Marshall

Islands, I-131 was ingested by Marshallese because the

fallout from Bravo contaminated food and water supplies. It

is estimated that on Rongelap Atoll, a one-year old child may

have had as much as 5,200 Centigrays [cGy - preferred term

for measurement of the amount of radiation dose absorbed

by the body (1 cGy = 1 rad)] and an adult woman may have

had as much as 1,300 cGy of radiation to the thyroid23.

Over the decades since the testing, residents also assimi-

lated radioactive material—particularly cesium-137 and

strontium-90—into their bodies by eating locally grown

plants and surrounding reef resources.  Upon determining

that the coconut crab, in particular, concentrates strontium-

90 into its body, the Brookhaven medical team instructed

the residents returning to Rongelap in 1957 not to eat it24.

In studying the whole of the Marshall Islands, the Marshall

Islands Nationwide Radiological Study of 1990-1994 found

levels of radiation only slightly higher than the average

background radiation worldwide (2.4 mSv y-1), insufficient to

account for significant further carcinogenesis25.

In Micronesia, the dominant trade winds blow from east to

west.  The west-to-east wind direction at the time of Bravo

was unusual.  Given the sheer megatonnage (152 mt, as

noted above) of the nuclear testing and the radioactive

elements released in all the

Pacific tests, the areas of Micro-

nesia to the west of the

Marshall Islands presumably

sustained fallout of consider-

able quantity.

These considerations lead

to the possibility that thermo-

nuclear testing in the Pacific

has caused cancer in areas of Micronesia to the west of the

Marshall Islands—what is now the Federated States of

Micronesia, the Commonwealth of the Northern Mariana

Islands, and the territory of Guam.  Most likely, the bulk of

any such morbidity occurred in these jurisdictions during

the 1960s, through the 1970s, with an expected tapering

over time.  The health services in these jurisdictions were

not advanced enough to make specific cancer diagnoses

during this period and would have been relatively incapable

of identifying diseases such as leukemia or thyroid cancer.

What of other cancers?  The Nuclear Claims Tribunal (NCT)

in the Marshall Islands compensates individuals for a variety

of conditions, mostly cancers of various organs26.  Cancer

studies from Hiroshima and Nagasaki document that those

who were closer to the hypocenters of the blasts had a

higher relative risk of developing cancer of various organs,

with differing excess risks for different organs27.  Such

population measures are difficult to translate into causal

attribution for individuals because cancer is generally mul-

tifactorial, and a variety of environmental and host factors

impinge upon any given individual.  The NCT effectively

discounts other such factors (such as smoking) and at-

tributes cancers qualifying for compensation solely to radia-

tion.  In adopting this approach, the Tribunal concluded

that: 1) the failure of the US to maintain contemporaneous

exposure data during and after the testing period, 2) the

lack of advanced medical diagnostic services, and 3) the

absence of baseline non-radiation risk factors for people of

the Marshall Islands, all combined, make the “presumed list”

method of assessing claims both reasonable and fair28.

Thus, for example, when made a compensable condition

in 1996, 51 awards were made for bronchial cancer, the

largest for any diagnosis that year29.  While there are public

policy reasons to pursue such an approach, it encourages

the popular view that all cancers are the result of radiation.

Other health effects in the Pacific

The effects of high-dose radiation on human reproduc-

tion were evident from Hiroshima and Nagasaki, where

cessation of menstruation and congenital abnormalities

were seen30. In reporting on reproductive problems among

their patients, Cronkite, Conard, and Bond merely observed,

“There was an increase in miscarriages and stillbirths in the

exposed Rongelap women, but the numbers were small and

it is uncertain if this increase

was related to radiation ef-

fects1.”

Marshallese women reported

giving birth to many deformed

fetuses.  A type of abnormal

birth, probably representing

hydatidiform moles, are called

“jellyfish babies” and described

by Marshallese women as looking like a mass of grapes31.

Abnormal births described as looking like “peeled grapes33”

were also described by women in Utah who were downwind

of the Nevada Test Site.  In 1990-1991, Glenn Alcalay

conducted a survey of 830 women, every woman of child-

bearing age on ten atolls in the Marshall Islands.  For the

period 1952 and after, he found a strong correlation

between the number of congenital anomalies, as well as

stillbirths and miscarriages, and the distance of residence

from Bikini.  The incidence of congenital anomalies in-

creased between the periods, ≤1951 vs. ≥1952 (the first test

in the megaton range being Ivy Mike in 1952)34.

What of other diseases prevalent now?  Diabetes is highly

prevalent in the Marshall Islands35.  Medical practitioners

there consider it to be the number one chronic health

problem, and the nuclear testing looms large in the memo-

ries of Marshallese.  It is perhaps natural for Marshallese to

ascribe the increasing occurrence of diabetes to radiation.

Although diabetes is not considered to be a radiogenic

disease in the medical literature, the increasing prevalence

Marshallese women reported giving

birth to many deformed fetuses.

A type of abnormal birth, probably

representing hydatidiform moles, are

called “jellyfish babies” and described

by Marshallese women as looking like

a mass of grapes-.
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of diabetes globally is certainly related to social and cultural

factors.  In the Marshall Islands, the social disruption caused

by nuclear testing has been a primary feature of its modern

history36,37.

With regards to endocrine diseases, however, I-131 is

used to ablate functional thyroid tissue in Grave’s disease.

That is, it kills normal thyroid cells, rendering people

hypothyroid, deficient in thyroid hormone.  The number of

thyroid nodules and cancer found among Marshallese peo-

ple are indicative of exposure to I-131, which as noted

above, has a relatively short half-life of 8 days.

As laboratory testing methods were inadequate in the

early years of the Brookhaven program, hypothyroidism was

not initially recognized as the cause of the growth lag in

children.  When hypothyroidism was recognized, these

patients were placed on thyroid hormone.  In 1966, exposed

Rongelapese were place on suppressive doses of thyroid

hormone to inhibit the growth of thyroid tumors1.  In 1994

a thyroid ultrasound survey of the Rongelapese and Utrikese

was conducted by the Brookhaven program.  Thyroid func-

tion was measured at the same

time and some patients were

found to be hypothyroid23,13.

It is important not to attribute

too great a proportion of the

health problems in Micronesia

to nuclear testing, since there

are other factors, such as smok-

ing, which contribute to the

cancer burden.  In their educa-

tion program, the Scientific Advisory Panel suggested that,

“Smoking one pack of cigarettes a day carries a risk more

than 100 times greater than an exposure level of 1mSv y-1

(100mre y-1)38.”

As noted by Erikson and Lifton in their 2002 review of the

social, cultural, and psychological effects of Bravo on the

people of Utrik, it is common for people who have been

exposed to radiation to believe themselves to be ill and

infirm.  The attribution of a variety of diseases to radiation

exposure has been seen among survivors of Hiroshima,

Chernobyl, and Three Mile Island39.

The social production of cancer in the

Pacific

A way to view cancer in Micronesia would be to identify

large-scale social and economic forces that have negative

impacts upon health40,41.  At the most fundamental level, the

domination by successive colonial powers has led to an

abandonment of sustainable, self-sufficient social forms in

favor of integration into the globalized, cosmopolitan

economy.

Some of the consequences have been as follows:  Firstly,

as a strategic asset, the Pacific islands became one of the

main battlegrounds of the war in the Pacific.  When the US

was granted control over most of Micronesia as Trust

Territories after World War II by the United Nations, the US

ostensibly assumed responsibility for the health and wel-

fare of the people.  In the post-war period, however, the

Marshall Islands and Kiribati were used as test sites for

nuclear weaponry.  Even now, weapons are tested in the

Pacific.  France last tested a nuclear device in Polynesia in

1996.  The Marshall Islands continue to be used as a test site

for the Ballistic Missile Defense system42.  Intercontinental

ballistic missiles are launched from California toward the

Marshall Islands, from where extra-atmospheric kill vehicles

are launched to shoot them down.

Secondly, the displacement of people by weapons testing

has diminished the people’s ability to produce staples such

as taro and breadfruit.  Pacific Islanders have become more

dependent upon imported white rice and processed foods

such as canned meats. In addition, both tobacco and

processed foods are commodities produced, imported, and

promoted by multinational cor-

porations.  Finally, social forces

that privilege the rights of cor-

porate interests over the rights

of people to healthful lives

facilitates the importation of

such unhealthful commodities.

Thirdly, the Pacific Islanders

have witnessed a breakdown

of traditional cultural values

and increases in rates of obesity, alcohol, tobacco, and other

drug use.  Extended families have been separated.  Cultural

norms regarding the care of children have been disrupted.

As communities lose their ability to produce their own food,

the people lead more sedentary lives.  This has led to an

epidemic of obesity throughout the Pacific Islands.  Obesity

is believed to contribute to 20% of the cancer mortality in the

US43. The breakdown of cultural value systems also leads to

people seeking refuge in tobacco, alcohol, and unsafe

sexual practices.  Increased sexual contacts within

populations and with other populations have contributed to

the spread of pathogens such as the human papillomavirus

and the hepatitis B virus, both with roles in cancer causation.

Conclusion

Given the megatonnage of nuclear testing that the US

conducted in the Pacific, it appears plausible that excess

cancer would have occurred in areas of Micronesia other

than the Marshall Islands.  Unfortunately, it is probably not

possible to document whether excess cancer occurred in

Micronesia during the 1960s.  A major reason is that health

services in most of Micronesia were not sufficiently equipped

to make specific cancer diagnoses then.

... it is common for people who have

been exposed to radiation to believe

themselves to be ill and infirm.  The

attribution of a variety of diseases to

radiation exposure has been seen

among survivors of Hiroshima,

Chernobyl, and Three Mile Island.
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An excess of birth abnormalities in the Marshall Islands

has been documented.  Such also appears to be part of the

local knowledge of the people, and the occurrence of

congenital abnormalities in other radiation-affected areas

of the world lends support.

While diabetes is not a radiogenic disease, and other

cancers are generally less radiogenic than leukemia or

thyroid cancer, the social and cultural effects of nuclear

testing specifically, and the strategic uses to which Micro-

nesia has been put generally44, have each had a role in the

social production of disease.  Integration into the glo-

balized, cosmopolitan economy—with attendant phenom-

ena such as the importation of tobacco, alcohol, foods of

poor nutritional value, and new cultural mores—have also

contributed.  It will not do to ascribe all diseases to nuclear

testing.  The prevention and control of cancer in the

Micronesia will need to be a broad-based effort.
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