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Cancer mortality of granite workers
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KOSKELA R-S, KLOCKARS M, JARVINEN E, KOLARI PJ, ROSSI A. Cancer mortality of granite
workers. Scand J Work Environ Health 13 (1987) 26-31. A retrospective cohort study was undertaken
to investigate the cancer mortality of granite workers. The study comprised I 026 workers hired between
1940and 1971. The number of person-years was 20 165, and the number of deaths 235. During the total
follow-up 46 tumors were observed and 44.9 were expected. An exess mortality from tumors was observed
for the workers followed for 20 years or more, the greatest excess occurring during the follow-up
period of 25 - 29 years (observed 11, expected 5.2). Of the 46 tumors, 22 were lung cancers (expected
17.1) and IS were gastrointestinal cancers (expected 9.7), nine of which were cancers of the stomach (ex­
pected 6.0). Mortality from lung cancer was excessive for workers with at least IS years since entry into
granite work (latency) (21 observed and 9.5 expected), being highest during the follow-up period of 25 - 29
years (observed 8, expected 2.1). The results indicate that granite exposure per se may be an etiologic
factor in the initiation or promotion of malignant neoplasms.
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Bronchial carcinoma occasionally occurs in silicotic
lungs , but there is incomplete evidence of a causal re­
lationship between cancer and silicosis or siliceous
dusts. Recent epidemiologic data have suggested an ex­
cess of lung cancer mortality among silicotic patients
(7, 10,28,33). From the epidemiologic point of view,
these studies are not "clean" because the silica expo­
sure has usually been accompanied by other exposures,
eg, in mining (radon daughters) and in foundries (po­
lycyclic aromatic hydrocarbons).

Studies on workers exposed to pure silica dust are
rare (6, 29). Those that do exist have shown decreased
or only slightly higher lung cancer rates than expect­
ed. Mortality studies on silica-exposed coal miners sug­
gest a decreased risk for lung cancer but an increased
risk for gastrointestinal cancer (2, 23, 27).

In this paper we report a study in which granite
workers exposed to pure silica had an excess cancer
mortality.

Subjects and methods

Subjects

The study population was composed of Finnish gran­
ite workers employed in quarries and processing yards
from three different regions of Finland (Vehmaa, Vii­
tasaari and Kuru). The cohort comprised 1026 work­
ers hired for at least three months between 1940 and
1971. The workers' ages ranged from 15 to 72 (medi­
an 27) years at the time of entry into the cohort. The
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mean exposure time to quartz dust was approximately
12 years.

The workers' names, dates and places of birth, and
work history at each firm were collected from the em­
ployers' personnel records. The workers were traced
through the Population Data Register, and all of them
were traced .

The causes of death were ascertained from the death
certificates according to the eighth revision of the In­
ternational Classification of Diseases (25). The histo­
logical classification of cancer was obtained from the
cancer registry.

Exposures

A survey of dust, vibration, and noise exposure and
the health, disability and mortality of the workers in
the Finnish granite industry (quarrying, crushing and
block processing) was performed by the Institute of
Occupational Health in 1970-1972 (I, 16). Dust mea­
surements were made in 28 quarries and processing
yards and in four crushing plants . The dust concen­
trations were high in several stages of the work phases.

The highest concentrations were noted in drilling,
the hygienic standard for quartz (for total inorganic
dust , 10 mg/rn", and for quartz with an aerodynamic
diameter of < 5 pm, 0.2 mg/rrr') being exceeded, on
the average, ten times. The dust concentrations varied
with the stage of work, the total dust concentrations
ranging from 12 to 116 mg/rn' for drilling, from 4 to
94 rng/rn! for the surfacing of blocks with a pneuma­
tic hammer, and from 0.3 to 90 mg/rn' for other
stages of the work. The range of the quartz concen­
trations was 0.3-4.2 mg/rn", 0.2-4.9 mg/rn', and
0.02 - 3.6 mg/rn! for the drilling, block surfacing and
other work phases, respectively (1).



Basis for comparison

The mortality of the granite cohort was compared to
that recorded for the general Finnish male population
in the official statistics on causes of death in 1972 (34).
The year 1972 was the median year of the deaths in
the cohort (from 1940-1981). The selection of this
year for comparison was based on previous analyses
that showed a high correlation between the mortality
in the median year of deaths and the calendar period­
specific mortality figures (17, 31).

Potential confounders
The location of the granite workplaces probably ex­
cludes exposure to major confounders such as radia­
tion, asbestos or polycyclic aromatic hydrocarbons
from organic combustion products (24). Earlier or lat­
er confounding occupational exposure can be consid­
ered minor because of the stability of the workers'
employment in granite work (I). For example, two­
thirds of the granite workers were still living in their
native parish in 1972, and only 7 % of the current gran­
ite workers had been employed in other industrial
work .

Data on smoking habits were collected by question­
naire during the health screening in 1970-1972. The
percentage of nonsmokers was 21, that of exsmokers
17, and that of smokers 62. The smoking habits of the
granite workers were thus similar to those of other
Finnish groups of active male workers of the same age
(3).

Statistical analysis
In an analysis of the mortality pattern, age-specific ob­
served and expected numbers of deaths and standard­
ized mortality rat ios were computed for the causes
of death . The observed and expected numbers
were subdivided into five-year periods of follow-up and
calculated according to years since entry (latency peri­
ods) . The observed age-specific and cause-specific
numbers of deaths were tested by the Poisson distri­
bution model (21) against the corresponding expected
numbers on the basis of national figures .

Results

Comparison of mortality rates for the three
follow-up periods

By the end of the first follow -up in 1972 the number
of person-years was 13 184, and 119 deaths had been
observed. By the end of the third follow-up (1981) the
number of person-years had accumulated to 20 165,
and the number of deaths was 235 (18, 20).

Comparison of the mortality results at the end of
the three follow -up periods revealed variations in the
cause-specific results. The first follow-up in 1972 in­
dicated a slightly higher mortality from respiratory dis­
eases and cancer of the digestive organs than expect-

ed on the basis of national rates. The second follow­
up in 1975 confirmed an excess mortality from both
types of disease . Mortality from cardiovascular dis­
eases was clearly lower than expected. The third follow­
up in 1981revealed-increasing mortality from lung can­
cer. Mortality from respiratory and cardiovascular dis­
eases was similar to the figures determined in the first
and second follow-up periods.

Mortality f rom respiratory diseases

By the end of 1981, 28 respiratory deaths had been ob­
served; this value was statistically significantly great­
er than the 13.9 expected (table I) . Of the respiratory
diseases, 10 cases were silicotic and 18 nonsilicotic (em­
physe ma, chro nic bronchitis, bronchial asthma, and
pneumonia) pulmonary diseases. Silicosis was thus the
primary cause of death for 4.3 % and a secondary
cause of death for 2.6 % of all the deceased. Silicocis
as the primary cause of deat h was connec ted with lung
cancer in only one case, with other respiratory disease
in three cases, and with a cardiovascular disease in five
cases. Silicosis was considered a secondary cause in the
three cases of cardiovascular death (in one of them pul­
monary tuberculosis was mentioned as an additional
secondary cause), in one case of chronic pyelonephri­
tis, and in one case of pu lmonary tuberculosis. In all,
tuberculosis of the lung was observed in five cases as
the primary cause and in two cases as a secondary cause
of death. Apart from the two deaths caused by silico­
sis but with pulmonary tuberculosis mentioned on the
death certificate, pu lmonary tuberculosis was also
mentioned in connection with different cardiovascu­
lar deaths.

Mortality f rom tumors
At the end of 1981, the mortality from tumors was
nearly the same as that of the general male popula­
tion (46 observed versus 44.9 expected) (tables I and
2). Of the 46 observed tumors, 22 were lung cancer,
the corresponding expected number being 17.1. In ad­
dition lung cancer was mentioned as a secondary cause

Table 1. Observe d (0) and expected (E) numbers of certain
causes of death and the standardized mortality rati os (SMR)
for the cohort of granite workers at the end of 1981. The period
of entry was def ined as 1940- 1971.

Numbers of

Cause of deat h death

0 E SMR

All deaths 235 229.7 102
Cardiovascular diseases 100 115.5 87
Tumors 46 44.9 102

Lung cancer 22 17.1 129
Cancer of the digestive
organ s 15 9.7 155

Respiratory diseases 28 13.9* * * 201
Violen t deat hs 28 37.2 75

*** p<0.001, Poisson distribution.
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Table 3. Observed (0) and expected (E) lung cancer deaths
according to years since entry into granite work (latency).

Table 2. Mortality from tumors in the cohort from 1940 to
1981 in an age-specific comparison with the expected (E) num­
ber of deaths calculated on the basis of death rates for the
Finnish male pop ulation. (0 =observed number of deaths,
SMR = standardized mortality ratio)

Type of tumor
Years since entry
(latency)

o

Lung cancer
deaths

E

E

1.7
2.6
3.3
3.2
2.6
2.1"
1.2
0.4

9.5"
6.3"
3.7* '
1.6

Lung cancer
deaths

1
6
4
8
2
1

o

21
15
11
3

" p <0.01, Poisson distribution.

Period of fellow-up
(years)

15
20
25
30

Table 4. Observed (0) and expected (E) number of lung can­
cer deaths (based on age-specific f igures) accordi ng to differ­
ent periods of follow-up.

" p<0.01, Poisson distribution.

0.0- 4.9
5.0- 9.9

10.0-14.9
15.0-19.9
20.0-24.9
25.0-29.9
30.0-34.9
~ 35 .0

Type of malignancy
Number of

patients

Carcinoma of the lung 26

Squamous cell 10
Small cell 5
Adenomatous 2
Poorly differentiated 5
Unclassified 4

Carcinoma of the gastro-
intestinal tract 16

Esophag us 3
Stomach 9
Pancreas 1
Biliary duct 1
Metastatic carc inoma 2

Carcinoma of the prostate 3
Carcinoma of the kidney 1
Astrocytoma 1
Hodgkin 's disease 1
Reticulocellular sarcoma 1
Metastatic carci noma 2

Total 51

Tabl e 5. Distribution of subtypes of 51 cancer cases based
on cancer register data. The cases were observed both as prl­
mary and secondary causes of death on the deat h certificate.

ary causes (one in connection with lung cancer). These
tumors were not predominantly of any particular type
of cancer.

The mortality rate according to years since entry into
gran ite work (latency phases) revealed an excess mor­
tality from tumors in the group of workers followed
for 20 years or more (table 3). When analyzing differ-

E

0.0
0.2
0.4
1.5

6 3.1
5 3.6
3 0.9

Cancer
of the
diqes-

tive
tract

o

15 9.7
155

Eo

Lung
cancer

22 17.1
129

0.0
0.0
0.4

1 2.4
6 7.8

11 5.8
4 0.7
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15-24 2108 0.2
25-34 5188 1.0
35-44 4748 2 3.0
45-54 3985 5 6.5
55-64 2848 13 16.8
65-74 1150 18 14.5
~ 75 138 8 2.9

Total 20165 46 44.9
SMR 102
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P ER IOD OF FOLLOW-UP. YEARS

Figu re 1. Mortality from tumors in the cohort of granite work·
ers from 1940 to 1981. Standardized mortality ratios (SMR) for
all tum ors and lung cancer during different periods of follow­
up .
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of death in two cases of coronary heart disease and
in one case of suicide.

Mortality from cancer of the digestive organs was
1.6 times the expected value (observed 15, expected
9.7). Nine of these cases were cancer of the stomach,
the corresponding expected number being 6.0, and can­
cer of the stomach was reported as a secondary cause
as well in one other case in connection with a coro­
nary death. The other six were cancer of the esopha­
gus (two cases), cancer of the biliary tract (one case),
cancer of the pancreas (one case), and 'metastatic can­
cers of undefined origin (two cases). There were no
cancers of the colon or rectum.

Altogether, 11 other tumors were reported on the
death certificates, nine as primary and two as second-
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ent periods of follow-up, we found the greatest excess
for the period of 25- 29 years (observed II, expected
5.2, p < 0.05) (figure I). The excess was mainly caused
by lung cancer (observed 8, expected 2.1, p < 0.01)
(figure I and table 4). Gastrointestinal cancer was ob­
served mainly during two periods of follow-up, ie, 0-5
and 20 - 25 years.

Case analysis of patients with cancer

All 51 cases with cancer as a primary or secondary di­
agnosis on the death certificate were studied from
available cancer register data. The different types of
malignant neoplasms are shown in table 5. Thirty-five
cases (69 010) out of 51 had either cancer of the lung
or of the stomach, whereas about 35 % of all cancers
in the Finnish male population are cancers of the lung
or of the stomach (26).

Discussion

The present study showed an excess mortality from
lung cancer among granite workers exposed to pure
silica dust.

Earlier cohort studies of workers exposed to pure
silica are few and have been inconclusive. They have
indicated either a decreased or only slightly increased
risk of lung cancer (6, 29). However, both cohort and
case-referent studies of coal miners have repeatedly
shown a statistically significant excess of gastrointes­
tinal cancer (2, 23, 27). On the other hand, a number
of cohort studies on workers exposed predominantly
to crystalline silica in mines or foundries suggest an
excessive risk of bronchogenic cancer (5, 8, 9, 14, IS,
22,31). However, in these exposure cohorts the caus­
ative role of silica exposure is not indisputable, as
potential occupational exposures to other carcinogens
have often occurred simultaneously (radon daughters,
asbestos, polycyclic aromatic hydrocarbons).

Proportional mortality results derived from cohorts
of silicotic patients have shown excess lung cancer (7,
10, 28, 33). These cohorts mainly comprised workers
with some other occupational exposure (eg, miners,
foundry workers) and mixed groups (quarrying, min­
ing, and tunneling). A case-referent study of silicotic
patients has shown an increased lung cancer risk for
smokers, but no increase for nonsmokers (35). How­
ever , excess mortality from lung cancer has been re­
ported in a cohort study of silicotic stone workers ex­
posed to pure silica (10). Steenland & Beaumont (29)
also found an excess risk of lung cancer among a sub­
group of silicotic patients who had been exposed to
pure silica. On the other hand, no association between
silicosisand lung cancer was found among silicoticgold
miners (11).

The inconsistency of the mortality results of these
different studies may depend on differences in expo­
sure (including concomitant carcinogenic exposures),
study design, and methods of analysis. Thus even the

same exposure cohort may give different results de­
pending on how it is analyzed (17, 18).. Similarly , a
cohort of silicotic patients does not necessarily pro­
duce mortality rates consistent with those derived from
an exposure cohort (18, 19).

The cohort of the present study comprised outdoor
granite workers exposed to relatively pure silica. They
were not exposed to other carcinogens that could con­
found the outcome. The smoking habits of the gran­
ite workers did not essentially deviate from those of
Finnish industrial male workers (3). The observed rate
ratios for lung cancer during follow-up periods of 15
years to more than 35 years varied between 1.7 and
3.8. These ratios cannot even theoretically be explained
by asymmetrical smoking alone because its maximal
confounding effect would not be more than about two­
fold, in practice much less (4). Neither could regional
variations confound the observed cancer rates because
the three study regions are districts with medium
levelsof lung and stomach cancer incidence (26). Hence
we conclude that the lung cancer excess observed can­
not be ascribed to the confounding effect of smoking.

Compared with previou s cohort studies on pure sil­
ica exposure, the present one found a higher risk of
lung cancer. We believe that this difference is due to
the use of an optimum composition of the periods of
entry, the periods of follow-up and the age structure
of the cohort for revealing excess mortality from lung
cancer (12, 17).

Even though the periods of exposure (mean 12years)
and follow-up were long, the period-specific mortali­
ty ratios for cancer are probably underestimates . In­
formation about the time of first exposure was based
on employers' personnel records. However , prelimi­
nary results from a current questionnaire study of these
worker s has revealed that the period of exposure in
granite work in fact was longer than that evident from
employers' rolls. This difference may explain the unex­
pected number of deaths from gastrointestinal cancer
found for 0 - 5 years of follow-up. The different
follow-up periods at which lung cancer and gastroin­
testinal cancer were observed may be due to chance
or caused by social factors, or they may point to dif­
ferent latency phases and /or variable cellular prolif­
eration rates of cancer of the lung and the digestive
tract.

The aforementioned studies do not indisputably pro­
vide evidence for or against a causal association
between silica exposure and lung cancer. Whether the
association found in several studies is based on the ef­
fect of quartz dust per se or on the fibrotic silicosis
process is also unclear. The interpretation of the re­
sults has often been confused by methodological com­
plexity.

The present study suggests that silica exposure per
se may influence the development of lung cancer. First ,
the periods of exposure and follow-up were sufficiently
long in this study to reveal both silicosis and cancer.
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Silicosis was not very common. Second, if the devel­
opment of lung cancer requires a silicotic process, it
is remarkable that only one lung cancer patient had
silicosis (lung cancer was a secondary cause of death,
ie, not included in the statistical calculations). Third,
increased mortality from cancer of extrapulmonary
sites (gastrointestinal cancer) (table 4), as well as cer­
tain nonmalignant disease patterns (18), further sup­
port a direct carcinogenic effect of silica exposure per
se.

Hence, these mortality results support the hypothesis
of an association between silica exposure as such and
lung cancer. The reason earlier cohort studies on ex­
posure to pure silica have been negative or only slightly
positive with respect to cancer occurrence may presum­
ably be related to methodological factors. In addition,
a number of animal studies indicate that pure silica
can both promote and directly induce lung and other
tumors (30, 32). The International Agency for Re­
search on Cancer concluded in June 1986 that there
is "limited evidence" for the carcinogenity of crystal­
line silica to humans (13).
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