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Abstract We performed a population-based case—con-
trol study to examine the association between uranium
mining and lung cancer in Navajo men, a predominant-
ly nonsmoking population. The 32 cases included all
those occurring among Navajo men between 1969 and
1982, as ascertained by the New Mexico Tumor Registry.
For each case in a Navajo man, two controls with nonres-
piratory cancer were selected. Of the 32 Navajo patients,
72 per cent had been employed as uranium miners,
whereas no controls had documented experience in this

RANIUM miners work in an atmosphere that is

contaminated by radon daughters, the short-
lived decay products of radon gas. Investigations of
uranium miners and other underground miners have
established a causal association between inhalation of
radon daughters and the occurrence of lung cancer.'
However, only limited data have been available from
nonsmoking miners.

In the United States, the uranium industry devel-
oped during the late 1940s in the Colorado Platcau
region of Colorado, Utah, Arizona, and New Mexico,
including portions of the Navajo Indian Reservation
near Shiprock, New Mexico (Fig. 1).** Uranium pro-
duction from this portion of the Navajo reservation
reached a peak during the 1950s and declined through
the mid-1960s. Navajo men who were cmployed as
uranium miners worked primarily in this arca, but
some mined off the reservation as well. Little informa-
tion has been published concerning working condi-
tions in the mines on the Navajo reservation. Limited
surveys by the Public Health Service and other agen-
cies have documented exposures to radon gas and sili-
ca dust."®7 Anecdotal accounts describe dusty mines
with little effective ventilation.%'?

Excess mortality from lung cancer has been demon-
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industry. The lower 95 per cent confidence limit for the
relative risk of lung cancer associated with uranium mining
was 14.4. Information on cigarette smoking was avail-
able for 21 of the 23 affected uranium miners; eight
were nonsmokers and median consumption by the
remainder was one to three cigarettes daily. These
results demonstrate that in a rural nonsmoking popula-
tion most of the lung cancer may be attributable to one
hazardous occupation. (N Engl J Med 1984; 310:1481-
4)

strated in Navajo men who mined uranium in this
region. A follow-up study of 780 American Indian
mincrs, primarily Navajos, showed 11 deaths from
respiratory cancer through 1974, with only 2.6 expect-
ed.!' Among 17 Navajo men with lung cancer who
were admitted to the Shiprock Hospital between 1965
and 1979, 16 had mined uranium.!?

Since 1969, the New Mexico Tumor Registry, a
member of the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results Program, has
ascertained all incident cancer cases in the Navajo
population of New Mexico, Arizona, and Utah."? We
have used this resource to describe further the impor-
tance of uranium mining as a cause of lung cancer in
Navajo men, a largely nonsmoking group. To accom-
plish this goal, we have performed a population-based
casc—control study of all 32 cases of lung cancer diag-
nosed among Navajo men between 1969 and 1981.

METHODS

For this investigation, all cases of primary lung cancer (n = 33)
(International Classification of Diseases_for Oncology, code 162) in Navajo
males included in the New Mexico Tumor Registry file on August
31, 1982, were sclected. One subject with a histologically confirmed
carcinoid tumor was excluded. Of the 32 remaining cases, 28 were
histologically confirmed, two were diagnosed by x-ray film, and two
were identified by review of death certificates. Twelve of these cases
were included in the series of Gottlieh and Husen,'? six in a report
by Archer et al,,'" and six in both.

For each case, two deccased Navajo male controls with cancer
other than lung cancer were sclected from the Registry files. De-
ceased controls were used because only two of the Navajo subjects
with lung cancer remained alive at the time of this investigation and
death certificates were one source for occupational histories. The
controls were matched to the cases for age (£ five years) and diag-
nosis date (% five years). The primary tumor sites for the 64 controls
were digestive (n = 35), male genital (n = 5), kidney (n = 4), brain
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Figure 1. Residence at the Time of Diagnosis of Navajo Men with
Lung Cancer.

(n = 3), lymphoma (n = 2), multiple myeloma (n = 3), leukemia
(n = 4), and other, ill-defined and unknown sites (n = 8).

Sources of Data on Exposure

Multiple sources were used for all subjects to obtain information
concerning occupation and smoking. For occupation, these included
records maintained by the National Institute for Occupational Safe-
ty and Health (NIOSH), the Registry abstract of medical records,
the occupation and industry stated on the death certificate, and
listings of New Mexico uranium miners. Data from these sources
were combined to determine whether each subject had ever been
employed as a uranium miner. Each source is described separately
below.

The major source of occupational data was the NIOSH rosters of
uranium miners in the Colorado Plateau region, originally devel-
oped from annual censuses by the Public Health Service during the
1950s and 1960s and then maintained by NIOSH."!' We were able
to match 20 subjects, all cases, with this source on the basis of name
and identical birth date or Social Security number (or both).

New Mexico Tumor Registry abstracts, completed for all cases
and controls, sometimes mention occupation, although this item is
not always available in charts and is not routinely collected. Rel-
evant data from the abstracts were available for 21 cases and
26 controls. Death certificates could not be located for one case and
five controls, and two cases remain alive. The 88 available death
certificates provided information concerning occupation or industry
for 21 cases and 32 controls.

Finally, we matched two cases with lists of New Mexico uranium
miners that had been prepared for an ongoing mortality study."?
The lists included most persons who had had a mining-related phys-
ical examination in the Grants, New Mexico, area between 1957
and 1976.

The cigarette-smoking history is not routinely collected by the
New Mexico Tumor Registry but was obtained repeatedly in the
Public Health Service longitudinal study. Smoking histories were
unavailable for controls and were available for only 21 cases — from
the Public Health Service data for 19 and from the New Mexico
Tumor Registry for 2. For seven subjects who reported inconsistent-
ly over time, we selected the maximum amount smoked. Five of the
seven stated on at least one questionnaire that they had never
smoked cigarettes, and none reported a maximum greater than a
few cigarettes daily.

The dates of exposure and the cumulative doses of radon daugh-
ter exposure were available from NIOSH records.' Exposure to
radon daughters is measured in working-level months (WLM). The
working level is any combination of radon daughters in 1 liter of air
that ultimately releases 1.3X 10% MeV of alpha energy during decay.
Working-level months of exposure are calculated as the product of
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duration of exposure (measured as 170-hour working months) and
the working-level values in the mines.

Statistical Analysis

The data were analyzed with standard techniques for a matched
case—control study.'® The statistical significance of the association
between lung cancer and uranium mining was tested with an exact
test developed by Gart.'s A lower 95 per cent one-sided confidence
level for the relative risk (rr) was calculated from the binomial
distribution by setting (rr/rr + 2)" = 0.05, where n equals the num-
ber of exposure-discrepant triplets.'®

For a further description of the effects of uranium mining in Nav-
ajo men, incidence rates were calculated with and without the cases
in uranium miners. Mid-period (1975) denominators derived from
Indian Health Service population estimates'” were used. Rates were
adjusted by the direct method to the age of the 1970 U.S. population
for comparison.

REsuLTS

Of the 32 Navajo men with lung cancer in the peri-
od 1969-1981, 23 had been employed as uranium min-
ers. This occupational history was documented for 20
by the NIOSH rosters and for the remaining 3 by New
Mexico Tumor Registry abstracts. For 16 of the 20
included on the NIOSH lists, death certificates or
New Mexico Tumor Registry abstracts were confirm-
atory.

A history of uranium mining could not be docu-
mented for any of the controls. One had worked in a
lead, zinc, and silver mine. The association between
uranium mining and lung cancer was statistically sig-
nificant (P = 1.1X10~!"). The estimate of relative risk
was infinite because no controls were exposed. How-
ever, with use of the binominal distribution, the lower
95 per cent confidence limit for the relative risk
was 14.4.

The age distribution of the affected Navajo uranium
miners differed markedly from that of the affected
Navajos who were not uranium miners and from that
of men with lung cancer in the white U.S. population.
The median age of the affected miners was 44 years,
whereas that of the affected non-miners was 63 years
— similar to that of affected men in the white U.S.
population. The residences of the cases with a history
of uranium mining were clustered in the northeast
portion of the reservation around the Shiprock, New
Mexico, and Cove, Arizona, area where the mines had
been located (Fig. 1). In 1975, the Indian Health Serv-
ice unit that included these communities comprised 24
per cent of the total Navajo population. In contrast,
the residences of the nine affected non-miners were
scattered across Arizona and New Mexico, as were the
residences of the controls. During the 12-year study
period, the number of lung cancer cases among urani-
um miners did not decline; 11 were diagnosed during
1969-1972, and 9 during 1978-1981. The median age
for the earlier group of cases was 42 years, as com-
pared with 54 years for the more recent ones.

For the 23 cases with uranium-mining experience,
the median duration of employment in underground
mines was 13 years. Six were employed there for less
than 10 years. The median duration from the start of
employment in uranium mining until diagnosis (in-
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duction-latency period) was 23.5 years (range, 12 to
38), excluding one case for whom this period could not
be determined.

Lifetime working-level months, calculated from job
histories, were known for 14 cases and ranged from 30
to 2698, with a median of 1207. However, the two
lowest values, 30 and 103 WLM, appcar from our
review of the records to be based on incomplete work
histories. The third lowest value was 830.

Information concerning cigarette smoking was
available for 21 of the 23 affected uranium miners (Ta-
ble 1). Although the majority had smoked cigarcttes,
the amounts reported were low. Only five had smoked
as much as four to eight cigareties daily. No data on
cigarette smoking were available for controls because
the major source of these data was the Public Health
Service records.

Discussion

American Indians have substantially lower rates of

lung cancer than white and other nonwhite popula-
tions of the United States.'® 2" This pattern has been
confirmed in the Navajo and other southwestern tribes
by autopsy, mortality, and incidence data.?!"** A low
prevalence of cigarctic smoking by American Indians,
as suggested by the limited available data,?**® is the
most obvious explanation for these differences. Of the
American Indian miners in the Colorado Plateau in-
vestigation, 62 per cent had never smoked, and the
median consumption by smokers was only four ciga-
rettes per day.!t Of a sample of adult Navajos ad-
mitted to the Phocenix Public Health Service Indian
Hospital from 1961 through 1965, only 4.3 per cent
smoked more than one pack of cigarettes daily.?® In a
1977 survey of Navajos, only 13 per cent smoked and
only 6 per cent of the smokers consumed at least one
pack daily.?’

The present investigation thus offers an assessment
of the role of a single occupational risk {actor, uranium
mining, in a population at low risk for lung cancer.
Case ascertainment through a population-based tu-
mor registry for the Navajo tribe facilitated examina-
tion of the cffects of this exposure in the entire tribe in
this study, unlike previous studies,'"'?

The association between uranium mining and lung
cancer among the Navajos was strong, with a lower 95
per cent confidence limit of 14.4 for the relative risk. In
fact, 72 per cent of the cases (23 of 32) arc attributable
to this industry. For all male Navajos, the average
annual age-adjusted incidence rate of lung cancer for
the period 1969-1981 was 16.6 per 100,000. Exclusion
of the affected uranium miners lowered the rate to 5.2
per 100,000. This finding demonstrates that in a popu-
lation at low risk for a specific cancer, exposure to a
single risk factor may have readily detectable conse-
quences and cause the majority of cases.

Bias cannot satisfactorily explain the results, al-
though selection and information bias are possible.
With regard to selection bias, the diagnosis of lung
cancer may be more vigorously pursued in younger
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Table 1. Cigarette-Smoking Habits of 21 Male
Navajo Uranium Miners with Lung Cancer.*

No.
CIGARETTE USAGE OF MEN
Nonsmoker 8
Smoker
<1 cigarette/day 2
1-3 cigarettes/day 6
4-8 cigarcttes/day 5

*Data were not available tor 2 of the 23 cases in uranium miners.

men with a history of uranium mining. However, in
the younger age groups in which the proportion of
rases attributable to uranium mining is highest, con-
tact with medical care and intensity of evaluation were
probably comparable for miners and non-miners.
With regard to information bias, death certificates and
the New Mexico Tumor Registry abstracts provided
more complete occupational information for the cases.
The Public Health Service censuses, however, were
the major source used for identifying uranium miners,
These censuses were prospectively collected and uni-
formly applied to cases and controls. Because of
the size of the Public Health Service study group
(n = 780), we expected to find that several controls
had worked as uranium miners. The failure to identify
any exposed controls may reflect better occupational
information for cases or may have resulted from
chance. Nevertheless, even if several controls had been
uranium miners, the relative risk associated with this
exposure would have remained high.

Differing smoking habits of cases and controls also
cannot explain the effect of uranium mining. Because
smoking histories were unavailable for controls, we
could not directly assess the relative risk associated
with cigarctte smoking. In other populations, the rela-
tive risk for smokers of less than one pack per day
ranges from approximately 2 to 10.% With a formula
derived from a prospective study of British doctors,?
we have calculated that the relative risk of lung cancer
associated with smoking three cigarettes daily, the
average consumption of affected Navajos who smoked,
was only 2.3.

This investigation provides confirmation that urani-
um mining, without cigarette smoking, increases the
risk of lung cancer in human beings. In animal
models, inhalation of radon daughters alone causes
respiratory neoplasms.*™*! Supporting epidemiologic
evidence has been available from few populations, in-
cluding Colorado Platcau minerst!#2 and Swedish
metal miners.*** Smoking was probably not a preva-
lent risk factor among the carly Schneeberg and Joa-
chimsthal miners cither, but documentation ol their
smoking habits is unavailable,'*

Further follow-up will be needed for a complete
characterization of the consequences of uranium min-
ing in Navajos. The alfected Navajos in this study
were primarily younger men who began mining in the
carly 1950s. Exposure levels have declined sinee that
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time,'* and a federal standard of 4 WLM annually
was implemented in 1971. More recent miners should
have lower risks. However, the number of lung-cancer
cases in Navajo uranium miners did not decline from
1969 through 1981, and more cases must he anticipat-
cd as these early miners age.

We are indebted to Clorinda Battaglia, of the National Institute

for Occupational Safety and Health, for rescarch support, and to
Dr. John Gart, of the National Cancer Institute, for advice concern-
ing calculation of the P values and confidence limits.
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