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A cohort study of approximately 68,000 persons employed during 1972 to
1974 at metal mines and pottery factories in south central China was
conducted to evaluate mortality from cancer and other diseases among

workers exposed to different levels of silica and other dusts. A follow-up of
subjects through December 31, 1989 revealed 6,192 deaths, a number close
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istorically, silica dust levels in many
metal mining and factory operations
in China have been high.! Respiratory
diseases have been a leading cause of
death throughout the country, partic-
ularly among occupational groups,
but risks associated with dust expo-
sure have seldom been quantified. To
evaluate mortality from respiratory
diseases, cancer, and other causes
among workers exposed to silica
dusts, a cohort study was undertaken
among workers from four types of
industrial factories/mines in south
and central China where dusty con-
ditions prevailed. Because of reports
of lung and other cancers among dust-
exposed workers, especially silicotics,
and because crystalline silica has in-
duced tumors in experimental ani-
mals,>? particular attention was paid
to ascertainment of cancer deaths
among these workers.

Materials and Methods

Study Population

Personnel records, rosters, and files
of 21 mines and eight factories were
used to compile lists of all employees
who had completed at least 1 year of
employment between January 1, 1972
and December 31, 1974 in certain
dusty trades. The factories/mines in-
cluded were: (a) 10 tungsten mines
located in Jiangxi, Henan, and Hunan
provinces; (b) six copper and iron
mines located in Hubei province; (c)
four tin mines located in Guangxi
province; and (d) eight pottery facto-
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to that expected based on Chinese national mortality rates. There was,
however, a nearly 6-fold increase in deaths from pulmonary heart disease
(standard mortality ratio, 581; 95% confidence interval 538 to 626), and a
48% excess of mortality from nonmaligant respiratory diseases (standard
mortality ratio, 148; 95% confidence interval, 139 to 158), primarily because
of a more than 30-fold excess of pneumoconiosis. Pulmonary heart disease
and noncancerous respiratory disease rates rose in proportion to dust expo-
sure. Cancer mortality overall was not increased among the miners or pottery
workers. There was no increased risk of lung cancer, except among tin
miners, and trends in risk of this cancer with increasing level of dust exposure
were not significant. Risks of lung cancer were 22% higher among workers
with than without silicosis. The findings indicate that respiratory disease
continues to be an occupational hazard among Chinese miners and pottery
workers, but that cancer risks are not as yet strongly associated with work in

these dusty trades.

"ries and one clay mine also located in

Jiangxi and Hunan provinces. Oper-
ations in all of these factories and
mines began before 1949, although
there were government reorganiza-
tions and expansions between 1952
and 1957. For each employee, the fol-
lowing data were obtained: name,
identification number, sex, place and
date of birth, and job history, includ-
ing the dates work started and ended
and job titles,

Occupational Exposure Data

Data from workplace air samplings
for total dust (mg/m?), percent free
silica, and dust size from the 1950s
through the 1980s were abstracted at
the 29 factories and mines. The meas-
urements typically were collected on
a monthly basis. These data were used
to estimate an exposure level for every
dust-exposed job in each of several
calendar-year periods. For missing
data on years or jobs, consensus esti-

- mates were made by industrial hy-
giene experts, public health doctors,
safety engineers, samplers, and local
supervisors based on the history of
control measures and major changes
in technical processes in the factories
and mines and on comparisons
among the jobs.

Based on job titles and job-specific
exposure estimates, each cohort mem-
ber was classified into one of four total
dust exposure levels: (a) high, mostly

from underground open cast or sepa-
ration jobs, (b) medium, (c) low, and
(d) not dust-exposed.

If the subject had more than one
job at the factory or mine, his or her
exposure level was based on the job in
which he or she was exposed to the
highest dust level of at least 1 year’s
duration. The average annual dust
levels by facility type were: 6.1 mg/m?
(range, 2.0 to 26.3 mg/m?) for tung-
sten mines, 5.6 mg/m? (range, 3.8 to
16.1 mg/m?) for copper/iron mines,
7.7 mg/m? (range, 3.4 to 29.7 mg/m>)
for tin mines, and 11.4 mg/m? (9.4 to
23.8 mg/m?) for pottery factories. The
lower range in each facility type rep-
resents more recent dust levels.

Mortality Follow-Up

All subjects were traced for vital
status as of December 31, 1989. Vital
status and cause of death information
were obtained mainly from employ-
ment registers, accident records, and
medical records, although personal
contacts and oral information were
used for a few subjects. We divided
the cause-of-death diagnoses into four
levels of decreasing confidence, as fol-
lows: level 1, medical history or cause-
of-death confirmation from a hospi-
tal; level 2, confirmation of cause by
a personal doctor at a local hospital;
level 3, cause confirmed by roentgen-
ogram records; level 4, cause of death
determined from oral sources. Of the

reported deaths, 77% were at levels 1
or2, 17% were at level 3, and 6% were
at level 4.

The causes of death were coded us-
ing the Chinese Health Ministry cod-
ing system, which included 15 cate-
gories of cancer and 37 other cate-
gories of disease and accidents. For
subjects who died of primary lung
cancer, roentgenograms oOr reports
were sought and were reviewed by
radiologists at the Tongji Medical
University to confirm further diagno-
sis.

Silicosis Data

Since 1963, registries of employees
with silicosis have been required by
law in workplaces with silica expo-
sure. Yearly roentgenograms are given
to dust-exposed workers, and silicosis
diagnoses are included in a silicosis
registry. Cohort subjects who had
been diagnosed with silicosis or sus-
pected silicosis were identified from
dust-exposed-worker medical cards in
the silicosis registry in each factory
and mine. The stage of silicosis at first
diagnosis and any subsequent changes
in stage were recorded along with the
date(s) of diagnosis. Prevalent cases
(initially diagnosed before 1972) were
included as well as incident cases
newly diagnosed through 1989.

For all subjects, a silicosis diagnosis
was based principally on 1963
Chinese pneumoconiosis roentgen-di-
agnostic criteria, which classified sili-
cosis as suspected or as stage 1, 2, or
3.

Analytic Methods

Standardized mortality ratios
(SMRs), defined as 100 times the ratio
of observed to expected deaths, were
calculated for the total cohort and
various subcohorts. Observed num-
bers of deaths during 1972 to 1989
were totaled for specific causes. Per-
son-years at risk of fatal disease were
accumulated for each study subject
from date of entry (ie, January 1972
to December 1974) to date of exit
(date of death or loss to follow-up, or
December 1989). Expected numbers
of deaths were calculated by multiply-
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ing age-, sex-, and cause-specific na-
tional death rates by the age- and sex-
specific person-years at risk, National
rates for cancer, tuberculosis, respira-
tory diseases, infectious diseases, cer-
ebrovascular diseases, and accidents
were computed as the average of rates
from mortality surveys in 1973 to
1975% and 1987.5 (National data for
intervening years were unavailable.)
For other causes of death for which
only rates from 1987 were available,
only deaths occurring during 1985 to
1989 were used to calculate SMRs.

Poisson regression models were
used to estimate the relative risks
(RRs) of cancer and other causes of
death in high and medium relative to
low/non-dust-exposed groups.® Simi-
lar internal comparisons were made
to estimate RRs of cancer and other
diseases for cohorts members with
versus without silicosis. The regres-
sion models adjusted for decade of
birth, sex, factory type, and age (in 5-
year categories).

Results

A total of 70,179 workers were
identified in the four groups of mines
and pottery factories. Vital status was
confirmed for 97.2% of the total co-
hort. The remaining 2.8% of workers
had moved or had incomplete records
and were considered lost to follow-up
as of their date of entry in 1972 to
1974, The analyses thus were re-
stricted to the 68,241 workers whose
vital status was known. There were
28,442 (42%) workers in the tungsten
mines, 18,231 (27%) in the copper/
iron mines, 7,849 (11%) in the tin
mines, and 13,719 (20%) pottery
workers. Eighty-five percent of the
subjects were male, and the mean age
at entry into the cohort in 1972 to
1974 was 34 years. Less than 2% of
the workers had begun employment
before 1950, 50% during 1950 to
1959, and 47% during 1960 to 1974,

Forty-three percent of the study
subjects were classified in the high
dust-exposure level, 15% in the me-
dium level, 7% in the low level, and
35% with no dust exposure. Among

the workers, tungsten miners had the
highest percentage of heavily exposed
workers (65%), followed by tin (41%)
and copper/iron (34%) miners and
pottery workers (9%). Subjects with
no and low dust exposure served as
the referent for the analyses of trends
in mortality by dust exposure level.
Among occupational categories, the
most common was underground min-
ing (43% of the total, and 55% of the
miners). Six percent worked in open
cast areas, 8% in ore separation, and
the remainder in a variety of jobs in
the mines and factories.

The numbers of deaths and the
SMRs during 1972 to 1989 for specific
causes of death are shown in Table 1.
In total, 6,192 deaths were reported.
Cancer was the leading cause of death,
but rates were significantly low (SMR,
86) when compared with national lev-
els. However, cancers of the naso-
pharynx (SMR, 154) and liver (SMR,
115) were significantly elevated. Cir-
culatory system diseases were the sec-
ond most common cause of death,
occurring at above-expected levels pri-
marily because of high risks of pul-
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monary heart disease (SMR, 581).
The numbers of deaths attributed to
nonmalignant respiratory diseases
were also significantly elevated (SMR,
148).

Table 2 presents the SMRs sepa-
rately for the four groups of mine and
pottery workers. For each group, the
SMRs were highest for pulmonary
heart disease. Numbers of deaths due
to nonmalignant respiratory diseases
were elevated among tungsten miners
and pottery workers but not among
other groups. Total cancer mortality
was significantly elevated only among
tin miners, where rates for nasopha-
ryngeal, liver, and lung cancer were
all high.

Table 3 shows SMRs during 1985
to 1989, using national data for 1987
to calculate expected numbers of
deaths from several categories of res-
piratory disease (these categories were
not available in the 1973 to 1975 na-
tional data) and from all causes of
death. The values for all respiratory
diseases combined and for lung cancer
were qualitatively similar to those
shown in Tables 3 and 4 for the entire

TABLE 1

Numbers of Deaths and Standardized Mortality Ratios (SMRs) during
1972 to 1989 by Cause of Death, 1972 to 1989, among All Cohort

Members*
Cause of Death Obs Exp SMR 95% Cl
All causes 6192 5825.2 106 104-109
Cancer 1572 1835.6 86 81-90
Nasopharynx 78 50.6 154 122-193
Esophagus 91 2084 44 35-54
Stomach 225 352.7 64 56-73
Colorectal 72 94.5 76 60-96
Liver 474 411.9 115 105-126
Lung 330 417.4 79 71-88
Leukemia 58 48.5 120 91-155
Respiratory disease 925 623.6 148 139-158
Pulmonary tuberculosis 312 404.4 77 69-86
Cerebrovascular disease 730 945.4 77 72-83
Heart disease
Hypertensive 99 30.0 330 268-402
Ischaemic 152 122.8 125 105~145
Rheumatic 66 58.9 112 87-143
Pulmonary 695 119.6 581 538-626
Infectious disease 151 261.5 58 49-68
Accidents 602 663.3 91 84-98

* Abbreviations used are: Obs, observed; Exp, expected; Cl, confidence

interval.
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TABLE 2
Standardized Mortality Ratios by Cause of Death 1972 to 1989 According
to Type of Mine/Factory
Cause of Death Tungsten  Copper/iron Tin Pottery
All causes 115* 104 1M1 93*
Cancer 74* 108 140* 67*
Nasopharynx 173* 101 371* 68
Esophagus 19" 100 53* 46*
Stomach 48* 103 60* 66*
Colorectal 87 87 68 55*
Liver 104 140* 179* 85
Lung 53* 104 198* 58*
Leukemia 142 84 165 94
Respiratory disease 185" 92 98 144*
Pulmonary tuberculosis 56* 40* 38* 158*
Cerebrovascular disease 79* 85* 101 63"
Heart disease
Hypertensive 430" 186 310* 273"
Ischaemic 120 257* 144 57*
Rheumatic 144 78 123 88
Pulmonary 819" 262" 372* 490"
Infectious disease 86 60* 24* 23*
Accidents 85* 131* 95 51*
Total no. of deaths 2870 1108 705 1509

* 95% confidence interval excludes 100.

TABLE 3

Standardized Mortality Ratios during the 1985 to 1989 for Selected
Causes of Death According to Type of Mine/Factory

Cause of Death

Tungsten Copper/lron Tin

Pottery Total (n)*

All causes 102
Lung cancer 451
Respiratory disease 1641
Pneumonia 531t
Chronic bronchitis 14t
Pneumoconiosis 5006t
Other 93
Pulmonary heart disease  395¢
Total no. of deaths 1097

81t 126t 111t 103 (2480)
79 262+ 78 77 (160)
96 76 155t 144f (381)
77 80 79 2771 (44)
55t 19t 63t 37t (78)

15041 2428t 2966t 3625t (199)
75 40 399t 185t (60)

105 309t 415t 3491 (269)
375 245 763 2480

* Numbers of deaths across all mine/factories in parentheses.
1 95% confidence interval excludes 100.

follow-up period, although the SMRs
for pulmonary heart disease were not
as high in the late 1980s. The distri-
bution of nonmalignant respiratory
diseases in this later period reveals
that the excess was largely attributable
to pneumoconiosis, with 16- to 50-
fold increases across the four subco-
horts.

Relative risks of total mortality and

deaths from pulmonary heart disease
and nonmalignant respiratory dis-
eases rose with increasing dust expo-
sure levels, but no strong or consistent
dose-response  relationships  were
found between cancer risks and dust
exposure levels (Table 4). The pat-
terns with dust exposure tended to be
similar within each mine/factory
group. Only among tin miners was

there a rising trend in the risks for
lung cancer with increasing dust ex-
posure: the RRs and 95% confidence
intervals for medium and high relative
to non/low dust exposure were 1.15
(0.4 to 3.3) and 1.72 (1.1 to 2.7).
Although the SMRs for nasopharyn-
geal and liver cancers were elevated
among tin miners, there were no clear
dose-response trends for either (the
RRs for none/low, medium, and high
dust exposure were 1.0, 0,99, and 1.09
for nasopharynx cancer and 1.0, 0.23,
and 1.08 for liver cancer).

Table 5 presents RRs for specific
categories of death for workers with
silicosis relative to those without it.
Workers diagnosed with silicosis had
a higher overall risk of death (RR,
1.72), with large excesses attributed to
pneumoconiosis (including silicosis)
and other nonmalignant respiratory
diseases. The risks for total cancer
were lower for silicotics than for non-
silicotics (RR, 0.85) (0.7 to 1.03). The
RR for lung cancer was 1.22 (0.9 to
1.6). Excesses of lung cancer were seen
in all groups except tungsten miners:
the lung cancer RRs and 95% confi-
dence intervals for silicotics relative to
nonsilicotics were 0.63 (0.4 to 1.1),
2.22(1.2t0 4.0), 1.38 (0.9 t0 2.1), and
1.63 (0.8 to 3.4) in tungsten, copper/
iron, tin, and pottery workers, respec-
tively.

Discussion

Dust exposures have long been im-
plicated as a serious cause of occupa-
tional disease in China.” Although na-
tional mortality data have been avail-
able only since the 1970s in China
(and not for every year since then),
nonmalignant respiratory disease is
believed to have been one of the lead-
ing causes of death in the general pop-
ulation throughout much of the first
two thirds of this century, and silicosis
a primary cause of mortality among
groups of dust-exposed workers.! Our
data indicate that increased mortality
from respiratory disease persisted
through the 1980s among miners and
pottery workers. There were clear
dose-response trends, with respiratory
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TABLE 4

Relative Risks (RRs) for Various Causes of Death, 1972 to 1989, for

Medium and High Relative to Non/Low Levels of Dust Exposure
Dust Exposure

Cause of Death Medium High P (For Trend)
RR 95% CI RR 95% Ci
All causes 1.11 1.0-1.2 134 1.3-1.4 <.01
Cancer 0.99 0.8-1.2 1.083 0.9-1.2 NS*
Nasopharynx 1.50 0.7-3.2 1.15 0.7-2.0 NS
Esophagus 1156 0.7-2.0 115 0.7-1.9 NS
Stomach 114 0.8-17 1.00 0.7-14 NS
Colorectal 075 04-15 0.47 0.3-0.8 <.01
Liver 0.69 0.5-0.9 1.02 0.8-1.3 NS
Lung 1.38 1.0-1.9 110 0.9-1.4 NS
Leukemia 0.60 0.2-1.5 0.61 0.3-1.1 NS
Respiratory disease 239 1.9-3.0 3.65 3.0-45 <.01
Pneumonia 261 1.2-5.8 200 1.1-3.6 .02
Pneumonoconiosis 7.29 45-11.8 13.57 8.9-21.0 <.01
Chronic bronchitis 127 09-1.9 143 0.9-2.2 .09
Other 135 0.9-2.0 1.00 0.6-1.7 NS
Pulmonary tuberculosis  0.89 0.7-1.2 0.84 0.6-1.1 NS
Cerebrovascular disease 0.99 0.8-1.2 092 0.8-1.1 NS
Heart disease 1.03 0.9-1.2 155 1.3-1.8 <.01
Hypertensive 099 0.6-1.7 1.38 0.9-2.0 10
Ischaemic 0.65 0.3-1.3 1.16 0.7-1.9 NS
Rheumatic 155 0.7-3.3 1.27 0.7-24 NS
Pulmonary 1.27 1.0-1.6 193 1.6-24 <.01
Infectious disease 0.89 0.5-1.7 1.39 0.9-21 10
Accidents 1.35 1.0-1.8 1.68 1.4-2.0 <.01

* NS, not significant; P > 0.10.

and pulmonary heart disease mortal-
ity rising within each type of mine/
factory as dust exposure increased.

The higher rate of nonmalignant
respiratory disease in the cohort was
due primarily to silicosis and other
pneumoconioses, which accounted
for about half of all deaths attributed
to respiratory diseases and 8% of all
deaths in the late 1980s. Pulmonary
heart disease, occurring at 5 times the
expected level, accounted for an ad-
ditional 11% of all recent deaths, It is
noteworthy that during 1985 to 1989,
there were more deaths due to silicosis
in this cohort than in the entire US
population under age 65.% In the
United States, total chronic obstruc-
tive pulmonary disease accounts for
only 4% of all deaths.?

The existence of silicosis registries
permitted the identification of cases
with this occupational lung disease. In

total, nearly 10% of the cohort mem-
bers had been diagnosed with silicosis.
As expected, death rates for pneu-
monoconiosis were markedly elevated
among those with prevalent silicosis,
as were rates for pulmonary heart dis-
ease. Risks for other causes of death,
however, tended to be similar between
those with and without silicosis. Ex-
cept for lung cancer, risks for cancer
were not higher among silicotics.
Investigations outside China have
reported increased risks of lung cancer
associated with silica exposure in gen-
eral and among silicotics in particu-
lar,2? Perhaps the most consistent re-
ports have come from follow-up stud-
ies of silicosis patients. Cohort studies
of silicosis registrants in the United
States, Canada, Sweden, Finland, It-
aly, and Hong Kong generally show
1.5- to 3-fold excesses for subsequent
lung cancer.*'¢ The nearly 6,500 sili-
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cotics among the miners and pottery
workers in China represent the largest
cohort studied to date. The up to 18-
year follow-up of this group found a
modest (22%) excess of lung cancer
among silicotics. In a companion re-
port (J. K. McLaughlin, J. Q. Chen,
M. Dosemeci, et al, unpublished
data), ancillary data on lung cancer
case and control subjects revealed that
cigarette smoking does not account
for this excess risk of lung cancer
among silicotics. The relatively small
size of the excess and the inconsistent
dose-response trend between lung
cancer mortality and the estimated
level of silica dust exposure in the total
cohort, however, suggest that lung
cancer risk is not strongly associated
with occupational dust exposure in
these Chinese workers.

Stomach cancer has been linked to
dust exposure in several cohort and
case-control  studies.'”® Because
stomach cancer is a leading cause of
cancer death in China, there were rel-
atively large numbers (225 observed)
for evaluation. However, the observed
number was below national expecta-
tions, there were no rising trends with
increasing dust exposure levels, and
the RRs for stomach cancer were
lower in silicotics than in nonsilicot-
ics. There were also no consistent
trends in the RRs with dust exposure
or silicosis for nasopharyngeal cancer,
but the SMR was significantly ele-
vated, primarily because of higher
risks among tungsten and tin miners.
Many of the tungsten and tin mines
are located in parts of south China
where rates of nasopharyngeal cancer
exceed national levels (eg, the age-
adjusted nasopharyngeal cancer death
rate among men in Guangxi province
is more than double the all-China
rate), so that much of the increase in
the SMR may be due to high back-
ground levels in the general popula-
tion. Provincial or local mortality
rates by age and calendar period were
not available, and thus we were una-
ble to adjust for such geographic dif-
ferences directly. Variation in mortal-
ity also affects the SMRs for lung and
stomach cancers; rates for both of
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TABLE 5
Relative Risks (RRs) for Various Causes of Death 1972 to 1989 among
Silicotics
Cause of Death RR 95% CI P
All causes 1.72 1.6-1.8 <.01
Cancer 0.85 0.7-1.0 .03
Nasopharynx 0.95 0.5-1.7 NSt
Esophagus 0.67 0.3-1.3 NS
Stomach 0.73 0.5-11 NS
Colorectal 0.55 0.3-1.2 NS
Liver 0.72 0.5-1.0 .03
Lung 1.22 0.9-1.6 NS
Leukemia 0.63 0.2-1.7 NS
Respiratory disease 11.05 9.4-13.0 <.01
Pneumonia* 2.39 1.5-8.7 <.01
Pneumoconiosis* >600 - <.01
Chronic Bronchitis* 1.43 0.9-2.2 NS
Other* 1.80 1.2-2.8 <.
Pulmonary tuberculosis 0.19 0.1-0.3 <.01
Cerebrovascular disease 0.77 0.6-0.9 .01
Heart disease 274 2.4-3.1 <.01
Hypertensive 1.17 0.8-1.8 NS
Ischaemia 1.10 0.7-1.8 NS
Rheumatic 0.77 0.4-1.7 NS
Pulmonary 4,92 4,1-5.8 <.01
Infectious disease 0.87 0.5-1.5 NS
Accidents 0.46 0.4-0.7 <.01

* SMRs for 1985 to 1989 deaths.

T NS, not significant.
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