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Cancer in Populations Living Near
Nuclear Facilities
A Survey of Mortality Nationwide and Incidence in Two States
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Reports from the United Kingdom have described increases in leukemia and
lymphoma among young persons living near certain nuclear installations. Be-
cause of concerns raised by these reports, a mortality survey was conducted in
populations living near nuclear facilities in the United States. All facilities began
service before 1982. Over 900000 cancer deaths occurred from 1950 through
1984 in 107 counties with or near nuclear installations. Each study county was
matched for comparison to three “control counties” in the same region. There
were 1.8 million cancer deaths in the 292 control counties during the 35 years
studied. Deaths due to leukemia or other cancers were not more frequent in the
study counties than in the control counties. For childhood leukemia mortality, the
relative risk comparing the study counties with their controls before plant start-up
was 1.08, while after start-up it was 1.03. For leukemia mortality at all ages, the
relative risks were 1.02 before start-up and 0.98 after. For counties in two states,
cancer incidence data were also available. For one facility, the standardized
registration ratio for childhood leukemia was increased significantly after start-
up. However, the increase also antedated the operation of this facility. The study
is limited by the correlational approach and the large size of the geographic areas
(counties) used. It does not prove the absence of any effect. If, however, any
excess cancer risk was present in US counties with nuclear facilities, it was too
small to be detected with the methods employed.

ALTHOUGH there have not been, in
the United States, massive accidental
releases of radioactivity from nuclear
facilities such as the one at Chernobyl,1

questions continue to be raised about
possible adverse health effects result-
ing from events such as the releases at
Three Mile Island2 and Hanford,3 or
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even from routine operation of nuclear
facilities.

Higher incidence of leukemia in chil-
dren has been reported in the environs
of the Sellafield fuel reprocessing facili-
ty in England, 4,5 near the Dounreay re-
processing plant in Scotland,6,7 and in
children who lived within a few kilome-
ters of the Aldermaston or Burghfield
military weapons facilities in England.8

In a comprehensive survey, Forman et
al9 and Cook-Mozaffari et al10,11 reported
excess mortality due to leukemia and
Hodgkin’s disease in young persons in
the vicinity of 14 nuclear facilities, eight

of them electric generating plants.
Crump et al, 12 however, found no varia-
tions in cancer incidence rates in the
vicinity of the Rocky Flats weapons
plant, and studies in France by Dous-
set, 13 Viel and Richardson,14 and Hill and
Laplanche 15 found no excess mortality
from leukemia or other cancers in per-
sons who lived near any of six nuclear
facilities (including two reprocessing
plants).

See also p 1438.

Studies of populations living near
power plants have yielded mixed re-
sults. In the United Kingdom, Ewings
et al16 found increased incidence of leu-
kemia and lymphoma in young persons
near the Hinckley Point power station.
Clapp et al17 reported an excess inci-
dence of leukemia in men in five towns
near the Pilgrim nuclear power station
in Massachusetts, but Enstrom18 found
no excess mortality near the San Onofre
plant in California, and Clarke et al19

reported no increased leukemia in Ca-
nadian children under 5 years of age
who lived near any of several facilities,
including plutonium refining plants.

Certain British investigators have re-
ported that the increased occurrence of
cancers in persons living near nuclear
facilities could not have resulted from
radioactive emissions from the facili-
ties, as these emissions are far below
the dose received from natural back-
ground radiation. 11,20 Further, there was
little consistency among the several re-
ports as to the distance from facility,
time after operations began, or even age
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and disease groupings. To examine
these issues systematically in the Unit-
ed States, data on deaths from cancer by
county were evaluated, as well as can-
cer registration data, where they were
available and of good quality.21

METHODS

Kinds of Cancer

The following 15 kinds of cancer were
studied in addition to benign and un-
specified neoplasms: leukemia and aleu-
kemia; all malignant neoplasms exclud-
ing leukemia; Hodgkin’s disease; other
lymphoma; multiple myeloma; cancers
of the stomach; cancers of the colon and
rectum; primary liver cancer; cancer of
any digestive organ; cancer of the tra-
chea, bronchus, and lung; female breast
cancer; cancers of the thyroid gland;
bone and joint cancer; bladder cancer;
and cancer of the brain and other parts
of the central nervous system. Leuke-
mia is the radiogenic cancer that ap-
pears soonest after large radiation
doses are received at high-dose rates,
but risks from low doses, received at
low rates, are a subject of scientific
uncertainty. 22

Mortality and Incidence Data

Counties are the smallest areas for
which both population estimates and an-
nual counts of the number of deaths for
specific causes are available nation-
wide. Counts of deaths by cause, sex,
race, and 5-year age group were ob-
tained for every county for each year
from 1950 to 1984. Quality registration
(incidence) data, however, were avail-
able only from Connecticut and Iowa
with respect to four facilities. The ana-
lyses were, therefore, based primarily
on the mortality data. Estimates of an-
nual county populations by sex, race,
and age group were obtained by inter-
polation in census counts for 1950 to
1969 23 and for later years were prepared
by the Bureau of the Census using de-
cennial censuses and other data
sources.

Study Counties

Radiogenic leukemia has a minimum
latent period of at least 2 years, 22  so no
deaths due to leukemia that may have
resulted from exposures in 1982 or later
are identified in these data. Therefore,
the set of facilities studied is limited to
the 62 that were in operation prior to
1982, including 52 commercial nuclear
electric plants, nine facilities operated
for the Department of Energy (DOE),
and one former commercial fuel repro-
cessing plant (Table 1). The 62 facilities
are located in 64 counties (the Idaho
National Engineering Laboratory and

1404 JAMA, March 20, 1991–Vol 265, No. 11 Cancer in Populations Near Nuclear Facilities–Jablon et al



the Oak Ridge laboratory each have in-
dividual plants in two counties). Al-
though there were more than 80 com-
mercial power reactors in operation
before 1982, there are fewer study sites
than reactors as some plants have more
than one reactor. Facilities are some-
times located on or near the boundary
between counties, and adjacent coun-
ties were included when they consti-
tuted at least 20% of the area within a
16-km radius of a facility. In a few in-
stances, however, adjacent counties
that satisfied the selection criteria were
rejected because of the presence of a
large city, far from the plant, that would
have dominated the cancer mortality
statistics. There are 107 different study
counties included. The Point Beach and
Kewaunee (Wisconsin) power plants,
located in adjacent counties, are treated
as a single installation. Data are pre-
sented, therefore, for 61 study areas.

Control Counties -

Three comparison counties were se-
lected for each study county (Table 2). It
was not always possible to choose a dif-
ferent control set for each study county,
and 292 different control counties were
selected. Control counties were
matched to study counties by the follow-
ing characteristics: percentages of per-

Table 2.– Data for Nuclear Facilities and Counties

Included in Survey

No of counties
Population (1980)

Total
Median

Area, km2

Largest
Median
Smallest

No of deaths
(1950-1984)

Leukemia
Other cancers

Study Control
Counties Counties

107 292

18 720 000 32 980 000
62 900 41 600

10 951 52156
1503 1498
218 234

37 200 78500
838 000 1794000

sons in the population over age 25 that
were white, black, American Indian,
Hispanic, urban, rural, employed in
manufacturing, and high school gradu-
ates; mean family income; net migration
rate; infant death rate; and population
size. Data were all for the year 1979,
except for population data, which were
for 1980.

The large differences among cancer
death rates in different geographic ar-
eas cannot, however, be accounted for
completely from routinely available
population statistics. Data on diet or
specific ethnic background, for exam-
ple, were not available. Since the distri-
butions of these factors tend to vary
over broad geographic areas (eg, eth-
nicity in the Southwest), control coun-
ties were chosen from the same region
as the study counties.

FORM OF ANALYSIS
Individual Facilities

For each type of cancer and each
county the “expected” number of
deaths, based on concurrent US experi-
ence, was calculated for each year dur-
ing the 35-year study period (1950 to
1984). Annual US death rates were mul-
tiplied by the estimated populations,
separately by 5-year age group, sex,
and race (white, nonwhite). The values
for the two races and two sexes were
then summed for all counties in the
study area (if more than one) and for all
of the corresponding control counties.
The data were then summed for all of
the years from 1950 until the facility
went into service, and for all of the years
after the start-up through 1984, thus
producing numbers of deaths expected
before and after plant start-up.

The ratio of the actual number of
deaths to the number expected at US
rates is the standardized mortality ra-
tio. Similarly, the ratio of the number of
incident cancer cases registered to the
number expected at overall state rates

is the standardized registration ratio
(SRR). Ratios of the standardized mor-
tality ratios or SRRs for the study and
control counties were called “relative
risks” (RRs), although this is not the
traditional usage of the term relative
risk. Ratios were not calculated if the
number of deaths in the study or control
areas was less than three, or if their sum
was less than 10. The difference be-
tween each RR and 1.00 was assessed
by calculation of the probability that a
difference of the observed magnitude,
or larger, might have arisen by chance.

Combinations of Facilities

The mortality data were also exam-
ined for combinations of facilities using
an adaptation of the Mantel-Haenszel
procedure for stratified data.24 Each
study area and associated control area
served as one stratum. Data for electric
power reactors and DOE facilities were
examined separately as well as
together.

RESULTS

Mortality

Table 3 shows that, for childhood leu-
kemia mortality, for each group of facili-
ties, whether they were electric utilities
or DOE facilities, the RRs comparing
the study counties with the control
counties were smaller after start-up
than before. (It should be noted that
some DOE facilities began operating in
the 1940s, and since the time periods
available for this study commenced in
1950, data for most of the DOE facilities
are limited to their experience after
start-up. ) For no facility was the RR for
childhood leukemia mortality signifi-
cantly elevated. For deaths of children
from cancer other than leukemia, for no
facility, or group of facilities, was the
RR comparing study with control areas
after start-up significantly raised.

Table 4 concerns leukemia mortality
in all age groups combined and also

*SMR indicates Standardized mortality ratio and iS the ratio of the number of deaths observed to me number expected at concurrent US national death rates
†RR indicates relative risk and compares the risks in the study and control areas. The RR for combined facilities iS obtained by a Mantel-Haenszel-type procedure and

sometimes differs from the simple ratio of the SMRs.
‡P <= 05.

JAMA March 20.1991–Vol 265, No. 11 Cancer in Populations Near Nuclear Facilities–Jablon et al 1405



shows smaller RRs after start-up than
before. After start-up, the RRs were all
less than 1.00; the deficits are signifi-
cant (P < .05) for the combined DOE
plants and for all facilities combined.

Table 5 shows the data for all age
groups for all types of cancer except
leukemia. The RRs after start-up were
all close to 1.00 and vary only between
0.98 and 1.04. The RR for the DOE
plants is significantly high (1.04) but
smaller than the corresponding RR be-
fore start-up. More than 2 million
deaths are included in the tabulation, so
even such small variations of the RRs
from 1.00 are sometimes statistically
significant.

Incidence

Incidence data were available only for
counties in Connecticut and Iowa (Table
6). Since incidence data were not avail-
able for all of the control counties, the
evaluation is based on the SRRs before
and after plant start-up. For childhood
leukemia, for the four facilities com-
bined, the SRR before start-up was 1.13
(not significant), but increased to 1.36
(P < .01) after start-up. Only for the
Millstone plant, in New London Coun-
ty, Connecticut, was there a significant-
ly raised SRR after start-up, 1.55
(P < .01). The SRRS were 1.46 in 1971 to

1975, 1.34 in 1976 to 1980, and 2.02 in
1981 to 1984, based on a total of 44 cases.
During the 10 years before start-up
(1961 to 1970), however, there were 30
cases of leukemia in children (SRR,
1.34). For all ages combined, there were
no significantly increased SRRs for leu-
kemia after start-up for any individual
facility or for all facilities combined.

The SRRs for cancers other than leu-
kemia among children did not vary sig-
nificantly from 1.00. Similarly, the
SRRs for breast cancer or thyroid can-
cer (all ages) did not vary significantly
from 1.0 after start-up.

COMMENT

This survey was stimulated by the
study reported by the British Office of
Population Censuses and Surveys.9,10

The US survey covered a much longer
time frame (35 years), enabling more
detailed analyses, including compari-
sons of plants before and after start-up
and comparisons with both control ar-
eas and the entire United States. Also,
there are many more nuclear facilities in
the United States than in the United
Kingdom. Cancer registration (inci-
dence) data were available to the Office
of Population Censuses and Surveys
study, but because of concerns about
the comparability of case ascertainment

in different areas, the authors chose to
base inferences on only the mortality
data. In evaluating incidence in the US
survey, we have restricted attention to
the limited set of facilities and counties
for which registration data of good qual-
ity were available.

No general increase in cancer mortal-
ity was found in counties in the United
States with or near nuclear electricity
generating plants. Unlike some studies
reported from the United Kingdom,4-8

no excess incidence of leukemia was
found in children who lived near repro-
cessing and weapons plants.

The cancer data reported herein re-
sulted from a survey, not an experimen-
tal study. No information on radiation
exposures to individuals was available.
Although counties were matched using
available data concerning racial compo-
sition, urban-rural mix, income, and
other factors, it is not possible to choose
control counties that are exactly compa-
rable with the study counties. Counties
vary with respect to industries, occupa-
tions, educational levels, and life-style.
Moreover, the matching was based on
data for the years 1979 and 1980. Since
county characteristics in the 1950s and
1960s were undoubtedly different from
those in 1979, the matching of study and
control counties in the earlier years may

Table 4.– Mortality due to Leukemia, All Ages, by Type of Facility*

*Abbrevtatlons are explained in the footnotes to Table 3
†P <= .05.

Table 5.– Mortahty due to All Types of Cancer Except Leukemia, All Ages, by Type of Facility’

*Abbreviations are explained in the footnotes to Table 3.
†P <= .05.
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Table 6.– Incidence Of Leukemia in Connecticut and Iowa Study Counties in Relation to Time of Plant Start-
Up

*SRR indicates standardized registration ratio and IS the ratio of the number of cancer cases registered to the
number expected at concurrent statewide registration rates,

†Start-up year indicated in parentheses.
‡ P <= .05
§ P <= .01

have been inadequate in some in-
stances. Cancer deaths in each county
were also compared with the numbers
expected on the basis of concurrent US
mortality rates and, when possible, the
number of incident cases with the num-
ber expected on the basis of statewide
rates. National or state disease rates,
however, are not necessarily appropri-
ate bases of comparison for particular
counties that have their own individual
characteristics with respect to smoking
and other risk factors for cancer.

The analysis treats each set consist-
ing of a study county (or counties) and
the associated controls as a stratum in
which all departures from overall US
rates are the same. This cannot, howev-
er, be exactly true, and the data are
therefore affected by variation arising
from extraneous factors. The technical
term statistically significant refers
only to the probability that a difference
arose from mere chance and has nothing
to do with biological as opposed to
mathematical significance. Although
many RRs are significantly different
from 1.00, values such as 0.98 or 1.03
have little meaning or biological rele-
vance. The fact that thousands of RRs
have been computed and tested for sig-
nificance must be taken into account in
assessing the meaning of the RRs that
achieve statistical significance.

The survey has other limitations, in-
cluding the following:

●� Data were available only for coun-
ties. Some counties with nuclear facili-
ties also contain large cities distant from
the plants. Local effects associated with
the plants might be impossible to detect
using county death rates because of the
dilution resulting from the inclusion of
the city populations. Similar problems,
however, affect the health districts in
the United Kingdom used by Roman et
al25 in their studies of Harwell, Alder-
maston, and Burghfield, and by Cook-
Mozaffari et al11,26 in their subsequent
survey of cancer mortality around all
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nuclear facilities (and potential facili-
ties) in England and Wales.

● This study relied mainly on mortal-
ity data. Incidence data were available
only for counties associated with four
facilities. Mortality data, however, are
not optimal for monitoring such cancers
as those of the thyroid or the female
breast, or childhood leukemia, for which
improved therapy has markedly low-
ered death rates in recent years while
not affecting incidence. On the other
hand, the British survey that stimulat-
ed the present investigation did identify
significant excess mortality from child-
hood leukemia.

● The kind of cancer responsible for
death was taken from physicians’ state-
ments on death certificates. However,
in the absence of an autopsy, it can be
difficult to decide whether a cancer of
the lung or of the liver is primary or
metastatic. The quality of medical care
available undoubtedly varies from coun-
ty to county and may affect the accuracy
of cause-of-death certification and the
comparability of county data.

● Although the DOE facilities have
operated for more than 30 years, most of
the commercial power plants came into
service only in 1970 or later. Because of
the long latent period for most radiogen-
ic cancers, only during the first few
years of operation would it have been
possible for plant emissions to induce
cancers (other than leukemia) that
would be detectable in the years prior to
1985.

●� This was an “ecological” survey in
which the exposures of individuals are
not known. Persons who lived in partic-
ular counties at the time of death may
not have been long-term residents.
Some residents will have moved else-
where and died in another part of the
country. Some residents of counties
that have a nuclear facility may live far
from the plant, not be at any risk, and
their experience may dilute that of resi-
dents living closer to the plant.

CONCLUSION
Despite the limitations inherent in an

ecological study of cancer mortality in
counties with and without nuclear facili-
ties, the methods used have been ap-
plied effectively in the past to identify
environmental carcinogens. For exam-
ple, based on findings from the “cancer
maps” constructed from county mortal-
ity statistics by the National Cancer In-
stitute, counties with shipyard indus-
tries were found to have elevated lung
cancer death rates, particularly among
men. Subsequent case-control studies
in the high-risk areas linked the excess
lung cancer deaths to asbestos expo-
sures.27

If conventional estimates of the can-
cer risks attributable to radiation are
accepted, exposures from the moni-
tored emissions from nuclear facilities
in the United States, typically less than
3 mrem per year to the maximally ex-
posed individual,28 were too small to re-
sult in detectable harm. Such levels are,
in fact, much smaller than the popula-
tion exposures from natural back-
ground radiation, which amount to
about 100 mrem per year excluding lung
doses from radon. A similar situation
existed in the United Kingdom. Howev-
er, excess childhood leukemias were
still identified in the areas around the
Sellafield and Dounreay reprocessing
plants and the Aldermaston and Burgh-
field weapons facilities.20-25 It has not
been shown, however, that those ex-
cesses were caused by radioactive emis-
sions from the plants. A recent case-
control study of the cases of leukemia
that occurred near the Sellafield plant
concluded that a possible causative fac-
tor might be paternal occupational ex-
posure to radiation prior to conception.29

It also has been hypothesized that the
clusters in the United Kingdom might
have an infective, possibly viral,
explanation. 30

The fact that significant differences
were found in our survey for the period
before facilities went into service illus-
trates the need for caution before inter-
preting all differences after start-up as
evidence of adverse health effects at-
tributable to operation of the facilities.
Help in interpretation is also available
from the knowledge about radiation car-
cinogenesis that has been accumulated
during the past 50 years, and especially
the last 15 years.22 Although radiation-
induced leukemia may occur as soon as 2
years after exposure, other cancers
such as those of the breast and lung
develop more slowly and are unlikely to
be identified in mortality data for 10
years or more after radiation expo-
sures. Only with the passage of some
years after the first operation of a facili-
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ty can it be expected that residents of
the surrounding area could accumulate
sufficient exposure to ionizing radiation
or any other potentially harmful dis-
charges to induce a detectable increase
in mortality due to malignant
neoplasms.

No statistically significant increases
in deaths from childhood leukemia were
found. Only in the incidence data avail-
able for the Millstone nuclear power
plant in Connecticut did the leukemia
rate in children appear to be significant-
ly increased. The increase, however,
antedated the operation of Millstone. In
1972, the Centers for Disease Control
investigated a cluster of childhood leu-
kemia and lymphoma in the town of Wa-
terford, where Millstone is located. Six
of the 11 cases, however, had onset of
disease prior to October 1970, when the
Millstone I reactor first became opera-
tional (Public Health Service, Cancer
and Birth Defects Branch, Bureau of
Epidemiology; memorandum to Direc-
tor, Centers for Disease Control; De-
cember 10, 1973 [EPI-74-27-1]). In this
survey, the SRR for childhood leukemia
was found to be elevated before and
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