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ABSTRACT The relation of mining and smelting exposure to arsenic and lung cancer was studied
among tin miners in Yunnan Province in the People's Republic of China. Interviews were conducted
in 1985 with 107 living tin miners who had lung cancer and an equal number ofage matched controls
from among tin miners without lung cancer to obtain information on risk factors for lung cancer
including detailed history ofemployment and tobacco use. Occupational history was combined with
industrial hygiene data to estimate cumulative arsenic exposure. Similar methods were also used to
estimate radon exposure for simultaneous evaluation in this analysis. The results indicate that
subjects in the highest quarter of cumulative arsenic exposure have a relative risk of 22-6 compared
with subjects without exposure after adjusting for tobacco and radon exposure, and a positive dose
response relation was observed. Simultaneous evaluation ofarsenic and tobacco exposure indicates a
greater risk for arsenic, whereas simultaneous assessment of arsenic and radon exposure suggests
radon to be the greater risk. There is no evidence ofsynergism between arsenic and tobacco exposure.
Among arsenic exposed individuals, cases of lung cancer have longer duration but lower average
intensity of arsenic exposure than controls, indicating that duration of exposure to arsenic may be
more important than intensity in the aetiology of lung cancer. Finally, risk of lung cancer among
workers exposed to arsenic only in mining is only slightly less than for miners whose exposure to
arsenic was limited to smelting, although risks are highest when workers were exposed to both mining
and smelting.

Based largely on the results of studies among workers
manufacturing arsenical pesticides or working in
copper smelters, inorganic arsenic is considered to be a
lung carcinogen in man.' Few studies, however, have
had sufficient data to evaluate a dose response
relation, to distinguish effects of tobacco from arsenic
exposure, or to evaluate specifically the risk of lung
cancer due to arsenic from underground mining
exposure.

In 1985 we conducted a case-control study among
employees of the Yunnan Tin Corporation (YTC)
where lung cancer has for decades been the main cause
of death.2 We report here the results of our investi-
gation of arsenic among both mining and smelting
workers of the YTC.
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Subjects and methods

STUDY SUBJECTS
All male cases of lung cancer between the ages of 35
and 80 who were reported to the Labor Protection
Institute of the YTC during 1971-84 who were alive in
1985 and resided in the Gejiu area were included in this
study. A pool ofcontrols was chosen systematically by
selecting every 20th person from a master list of all
living past or present workers from the YTC who lived
in the Gejiu area. The master list was organised
hierarchically by census bureau, family, and street
address. Controls were then matched to cases by year
of birth (within the same five year age group).
Altogether 107 cases were confirmed by an
independent panel of pathologists, clinicians, and
cytologists according to diagnostic criteria for
pulmonary carcinoma. Each case had one matched
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control (total = 107). Data concerning smoking,
occupation, residence, diet, prior medical conditions,
family history, and other information were collected
by questionnaire during a personal interview that took
30-40 minutes to complete. Respondents were mostly
the cases and controls themselves (90% and 94%
respectively) though for a few subjects the respondent
was a close relative. The most common reason for
interviewing surrogates instead of cases was due to
poor health of the cases whereas the most common
reason for controls was their absence from home at the
time of interview. All completed questionnaires and
medical abstracts were edited by a field supervisor or
assistant for completeness and accuracy. Data were
coded in Gejiu City by trained coders according to an
established coding system and keypunched from
coding sheets in Bethesda, MD.

ARSENIC EXPOSURE
A detailed occupational history included information
on job title, worksite, and starting/stopping dates by
year for eachjob held at the YTC for at least one year.

Exposure to arsenic containing ore dust (arsenic
exposure) was quantitatively estimated from indus-
trial hygiene data obtained separately for each of the
four mines (Laochong, Makuang, Songkuang,
Kafang) over five eras (before 1952, 1952-9, 1960-9,
1970-9, and after 1980) and three smelters in three
periods (1959-80, 1967-70, and 1969-75).

Airborne dust concentrations at the YTC were first
measured in the 1950s, when dry drilling was common
and large scale mining was taking place. Underground
airborne dust concentrations reached 20-102-6 mg/m3,
then fell appreciably to about 6-2 mg/m3 around 1964
when the practice of wet drilling became widespread.3
Typically, arsenic represents about 134% of the
mined ore by weight as trivalent arsenic (As203).

Airborne arsenic concentration before 1970 was
estimated as the product of arsenic content of dust
times the concentration of dust in the air. Airborne
time weighted average arsenic concentration was
calculated for ambient air in the mining environment
for each mine and smelter based on the arsenic content
of dust, the concentration of dust in the air, and the
specific time.4 After 1970, direct air arsenic concentra-
tions were measured. Calculated or measured mean
values by era are:

Era Arsenic (mg/m3)
< 1951 0-42
1952-9 0-06
1960-9 0 04
1970-9 0-03
> 1980 0-01

Individual worker exposure to arsenic for each job
was estimated by using an index (index of arsenic
exposure month or IAEM) as follows:

IAEM = time weighted average arsenic
concentration (mg/m3) x exposure months

One IAEM is equivalent to exposure for 25 days (one
month) at 1 mg/m3. If total inspired air per day is
estimated at 3 6 m3 and 100% absorption is assumed
then one IAEM is equivalent to 90 mg total arsenic
exposure. Cumulative arsenic exposure was estimated
by summing the exposure levels from each job before
diagnosis for cases or to the matched case for controls.

OTHER COVARIATES
Exposure to radon and radon daughters was also
estimated from industrial hygiene values measured or
estimated for each individual mine (Laochang,
Makuang, Songkuang, Kafang) and era (before 1953,
1953-72, after 1973). Mine, job, and era specific
exposure to radon daughters was estimated as work-
ing level months (WLM) for each job for each subject.
A cumulative exposure estimate for each subject was
obtained by summing across the estimated WLM for
eachjob held at the YTC before the diagnosis for cases
or to the matched case for controls.
Tobacco use in water pipes and cigarettes was

ascertained by interview. Because cigarette use was
limited both in duration and amount in these data and
thus occurred at levels too low to influence the risk of
lung cancer significantly, assessment of tobacco
exposure was limited to water pipe use. An index of
lifetime consumption and pipe years was calculated
for water pipe use which incorporated level of use and
duration. Pipe years were determined as average liang
(50 g) smoked per month times the number of years of
reported water pipe use. To avoid ambiguity among
subjects who quit smoking after diagnosis of cancer,
duration of smoking was based on status one year
before diagnosis (for cases) or one year before
diagnosis of the matched case (for controls).

OTHER EXPOSURES
The ore mined in the YTC mines is a complex mixture
of minerals with the exact mineral content varying by
mine, area within the mine, and distance from the
surface. The predominant component ofthe ore is iron
oxides (- 37%), but several minerals suspected of
being pulmonary carcinogens are also present in the
ore and have been measured in the air in the mines. Air
measurements, for example, from 1977 showed
median air values for cadmium of < 0 05 pg/m3, nickel
of 0 075 pg/in3, and chromium of 0-55 pg/m3.3

STATISTICAL METHODS
Statistical analyses were performed using the
statistical analysis software (SAS).' Chi-squared
values were calculated using the Mantel-Haentzel
procedure. Means of differences were computed
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parametrically using paired t tests and repeated with
the Wilcoxon signed rank test, a non-parametric test.
PROC LOGIST was used to estimate the exposure
odds ratio (OR) as a surrogate for the relative risk
(RR) in bivariate and multivariate analyses. All
analyses were run with age (the matching factor) as a

main effect term. Confidence intervals (CI) of the
regression coefficients were estimated under the
assumption of normal distribution of the estimates of
the coefficients.

Results

Data were available for 107 living cases of lung cancer

from the YTC at the end of 1985. Average age at
diagnosis for cases was 57. Sixty four per cent of cases
and 47% of controls reported no formal education.
Forty five (42%) of the cases were diagnosed in 1984,
29 in 1981-3, and the remaining 33 in 1967-80. All but
one of the cases had a positive radiograph, 67% had
positive sputum cytology, and 53% had positive
biopsy specimens of which 82% were squamous cell
carcinoma.
The median level of arsenic exposure for cases was

45.9 IAEM (range 0-255 6) whereas the median for
controls was only 7 9 IAEM (range 0-132-9)
(Wilcoxon signed rank statistic, S = 1655,
p = 0-0001).

Table 1 shows the bivariate (age adjusted) and
multivariate estimates of relative risk by quarter of
arsenic distribution. Mean values within quarters 1-4
ofthe distribution ofarsenic exposure are 0,11 5, 46-6,
and 97 5 IAEM, respectively. Compared with no

arsenic exposure, subjects in the highest quarter of
arsenic exposure have a relative risk of 21-1 in the
bivariate analysis, a result that is essentially un-

changed in the multivariate analysis (OR = 22-6),
despite radon and arsenic exposures being highly

Table 1 Age adjusted relative risk oflung cancer among tin
minersfrom exposure to arsenic

Quarter ofarsenic exposure: IAEM (range)*

Quarter It Quarter 2 Quarter 3 Quarter 4
(0) (0-003-24 3) (24-4-66-5) (66 6-255-6)

No of cases 4 24 41 38
No of

controls 39 34 16 16
ORt 1.0 65 246 21-1§
(95% CI) (-) (20-21-0) (7-5-80 0) (6 5-68-3)

Multivariate
ORII 1.0 6-8 23-9 226¶¶
(95% CI) (-) (20-23 9) (5-5-104-0) (4-8-106 4)

*IAEM = Index of arsenic exposure month.
tReference category.
tControlling for age.
§Chi-squared for trend = 35-55, p < 0-0001.
IlMultivariate model includes age, radon, year first worked at YTC,
and pipe years (in addition to arsenic).
¶1Chi-squared for trend= 13 83, p= 0-0002.
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Table 2 Comparison ofrisk oflung cancer by categories of
duration and rate ofarsenic exposure

Duration ofarsenic exposure (y)

(0)* (1-23) (24-55)

No ofcases 4 41 62
No of controls 39 48 20
Multivariate
ORt$ 1-0 6-8 19 8
(95% CI) (-) (20-23-7) (44-88-6)

Rate ofarsenic exposure (IAEM/y)

(0)* (0-001-2-07) (2-08-6-69)

No of cases 4 55 48
No of controls 39 30 38
Multivariate
ORt§ 1-0 8 7 3.9
(95% CI) (-) (25-30-5) (1-0- 15 3)

*Reference category.
tMultivariate model includes age, radon, year first worked at YTC,
pipe years, and total arsenic exposure (IAEM).
IChi-squared for trend= 15-25, p=000001; model chi-squared =
59-84, p < 0-0001.
§Chi-squared for trend = 061, p = 0-435; model chi-squared = 57-98,
p < 0 0001.

correlated in these data (Spearman r = 0 70,
p = 0-0001). Both bivariate and multivariate analyses
suggest a monotonic increase in risk with exposure.
Some arsenic exposure was reported in 103 cases

and 68 controls. Among arsenic exposed individuals,
cases had a median duration of exposure of 28 years
(range 2-55), whereas the median for controls was
only 15 years (range 1-48). The estimated rate of
exposure was 1-99 IAEM/year for cases and 2-39
IAEM/year for controls. Table 2 shows a comparison
of risk estimates separately by duration and rate of
arsenic exposure.

Table 3 shows cross categorisation of arsenic
exposure with tobacco use as pipe months controlling
for age and radon exposure. The relative risk for
subjects in the highest third of arsenic exposure and
the lowest third of tobacco exposure was 5-0, whereas
for the highest tobacco and lowest arsenic exposure
categories it was only 14.

Table 4 shows cross categorisation of arsenic
exposure with radon exposure (controlling for age and
pipe months). Relative risk for subjects in the highest
third of arsenic exposure and lowest third of radon
exposure was 5 4. For the highest radon and lowest
arsenic exposure the relative risk was 2-2.
Of the 214 combined cases and controls, 40 had no

occupational exposure to arsenic, 142 had exposure to
arsenic limited to mining, six had exposure only from
smelting, and 26 had exposure to both mining and
smelting. Table 5 shows risk estimates for any
exposure to arsenic in these jobs compared with no
occupational exposure. Highest risk was observed for
workers with exposure to both mining and smelting.
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Table 3 Relative riskfor lung cancer by cross categories ofarsenic and tobacco exposure*

Arsenic category (range)t
Low third Mid third High third
(0-10 4) (105-58-5) (58 6-2556) Total

Lowthird Noofcases 8 10 8 26
(0-84) No of controls 31 10 4 45

OR 1-0§ 3-2 5-0 10
(95% CI) (-) (10-10-9) (1.1-22.4) (-)

Tobacco Mid third No of cases 4 16 17 37
pipe years (85-185) No of controls 16 8 11 35
(range)l OR 1-0 4-9 4-4 1-2

(95% CI) (0 3-3-8) (1-4-16-7) (1-4-14-3) (0-6-2-5)
High third No of cases 3 20 20 43
(186-560) No of controls 9 7 11 27

OR 1-4 8-9 49 1-6
(95% CI) (0-3-6-5) (2.7-29.8) (1-4-16 7) (0 7-3 6)

Total Noofcases 15 46 45
No of controls 56 25 26
OR 1.0 4-6 40
(95% CI) (-) (20-10-4) (16- 9 6)

*Controlling for age and pipe months.
tlndex of arsenic exposure month (IAEM).
tAverage liang per month times number of years smoked.
§Reference category.

Discussion arsenic exposure is more important as a risk factor for
lung cancer than intensity. This observation may have

In this study ofthe relation ofexposure to arsenic from important implications for environmental exposures
mining and smelting to lung cancer among tin miners to arsenic outside the occupational setting.
in southern China arsenic is observed to be a strong Most previous studies of the effect of smoking and
risk factor for lung cancer, with the highest quartile of arsenic exposure to lung cancer have not observed an
exposure having in excess of a 20-fold rise in risk interaction'9; however, at least one recent study did
compared with non-arsenic exposed subjects after see such an effect.'0 We find little evidence that tobacco
controlling for tobacco and radon exposures. Further, exposure affects risk estimates for arsenic exposure.
a strong dose response relation is observed. As shown in table 3, risks in the highest tertile of
Our observations on duration and intensity of arsenic exposure are similar for all categories of

arsenic exposure, similar to our findings for radon tobacco use.
(Y-L Qiao, unpublished data) suggest that duration of Evaluating the potential interaction between arsenic

Table 4 Relative riskfor lung cancer by cross categories ofarsenic and radon exposure*

Arsenic category (range)t

Low third Mid third High third
(0-10-4) (10S-58-5) (58-6-2556) Total

Low third No of cases 9 2 2 13
(0-89) No of controls 52 4 2 58

OR 1-0§ 2-7 5-4 1-0
(95% CI) (-) (0-4-17-1) (0-7-4-3) (-)

Radon Mid third No of cases 5 23 17 45
category (90-414) No of controls 2 17 8 27
(range): OR 13-8 6-4 10-4 4-0

(95% CI) (2-2-84-9) (2-4-16-8) (3-4-31-9) (1-4-11-5)
High third No of cases 1 22 26 49
(415-1762) No of controls 2 4 16 22

OR 2-2 26-7 8-1 5-4
(95% CI) (0.2-24.4) (7-3-96 9) (3-1-21-1) (1-8-16-3)

Total Noofcases 15 47 45
No of controls 56 25 26
OR 1-0 2-0 1-7
(95% CI) (-) (0-7-5-9) (0-6-5-3)

*Controlling for age and pipe months.
tlndex of arsenic exposure month (IAEM).
tWorking level months (WLM).
§Reference category.
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Table 5 Risk oflung cancer by type ofarsenic exposure*

Arsenic No of No of
exposure cases controls ORt 9S% CI

None 3 37 1-0 -

Smelter only 3 3 12-3 1 7-91-9
Mining only 82 60 8-8 24-32-2
Smelter +
mining 19 7 22-0 4-9-98-2

*Controlling for age, radon, and pipe years.
tOdds ratio.

and radon is complex. The relative increase in risk for
increasing arsenic exposure in the lowest category of
radon exposure is high (1 0, 2-7, and 5-4, respectively),
whereas risk estimates in the mid and high third radon
categories are highly variable. For radon vis-a-vis
arsenic, relative increases in risk from radon are high
in the mid third arsenic category (2-7, 6-4, and 26-7,
respectively) but are quite variable elsewhere. The high
correlation between arsenic and radon exposure

makes assessing exposure to each agent individually
problematical. Perhaps the clearest view of the risk of
arsenic independent of radon is found by examining
the lowest radon exposure category from table 4 where
the contrast between high and low categories of
arsenic exposure is a relative risk of 5-4. This estimate
is consistent with the up to 10-fold rise in risk reported
in other studies of arsenic exposure as reviewed by
Axelson." Even this category of low radon exposure

(up to 89 WLM), however, may not be free ofinfluence
from radon. Archer's recent review of a large number
of studies of underground miners in relation to radon
observed a significant excess of lung cancer in groups
with cumulative radon exposure as low as 25 WLM.'2
Whereas most subjects in this study had exposure to
arsenic only from mining, a few had exposure only
from smelting or from both mining and smelting. Our
attempts to assess magnitude of risk from different
sources of arsenic exposures suggest that the relative
risk for mining only is slightly less than for smelting
only which is, in turn, less than for mining plus
smelting together. Although numerous studies have
documented increased risk for lung cancer from
arsenic exposure to smelting,S91}21 few studies have
directly considered the issue of the risk of lung cancer

from underground exposure to arsenic, and results
from the studies that have done so have been conflic-
ting.92223 Although an influence from radon or other
mine exposures cannot be completely excluded, data
from the current study suggest that exposure to arsenic
from mining, independent of exposure to smelting,
results in an increased risk of lung cancer.

In conclusion, we studied the relation ofexposure to
arsenic to lung cancer among workers at the tin mines
in Yunnan, China, and observed an increased risk
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among workers exposed to arsenic. Although this
study was based on prevalent cases of lung cancer so
that we measured characteristics ofboth incidence and
survivorship, the comparisons are valid because we
have used a comparable series of controls. The risk of
lung cancer increased directly with exposure to
arsenic, appeared to be independent of exposure to
tobacco, was more related to duration than intensity
of exposure, and was comparable for exposure to
mining and smelting.
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