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Cancer incidence among Danish stone workers
by Pascal Guemel,1,2 Gunvor Hejberq," Elsebeth Lynge 1
GUENEL P, H0JBERG G , LYNGE E. Cancer incidence among Danish stone workers. Scand J Work
En viron Health 1989;15:265-270. The lung cancer incidence of 2071 Danish stone workers was follo wed
for a 42-year period. The expected numb ers of cancer cases were ba sed on the incidence rate s for all Danish men after adjustment for region , and the dat a were analyzed sepa rately fo r skilled and unskilled stone
workers. The standardized incidence ratio (SIR) for lung cancer was 200 (44 observed, 22.0 expected)
for all skilled stone workers, 808 (7 observed, 0.9 expected) for skilled sandstone cutt ers in Cop enhagen,
119 (8 observed, 6.5 expected) for skilled gra nite cutters in Bornholm, 181 (24 observed, 13.2 expected)
for all unskilled sto ne workers, 246 (I7 observed, 6.9 expected) for unskilled worker s in th e road and
buildin g mat erial indu stry, and III (7 observed, 6.3 expected) for unskilled workers in the stonecutting
indu stry. Smokin g was unlikel y alone to explain the excess risk, and the available data on levels of exposure in th e Danish stone indu str y point to a possible dose-respon se relation ship between exposure to
respirabl e silica dust and the incidence of lung cancer .
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In 1987, the International Agen cy for Research on
Cancer concluded that there is sufficient evidence for
the carcinogenicity of crystalline silica in experimen tal animals and limited evidence for a corresponding
effect in humans (1). An excess risk for lung cancer
has been found in several occupational groups exposed
to silica dust (2). Most of these groups are, however,
also exposed to known lung carcinogens in the workplace, such as polycyclic aromatic hydroca rbon s
(P AH) in foundries and radon daughter s in mines.
Data are therefore needed on the occurrence of lung
cancer in populations with exposure to silica dust without concomitant exposure to kno wn lung carcinogens
in an occupational setting. Stonecutters are of parti cular intere st. Register data from a lO-year follow-up
of the cancer incidence record ed for the Danish population in the 1970census showed a relative risk for lung
cancer of 2.10 (95070 CI 0.77-4.57) among skilled
stonecutters and of 2.90 (95% CI 1.17-5.98) amon g
self-employed stonecutters (3) . A cohort stud y with a
larger group of persons and a longer follow-up period
was undertaken to determine further the risk of lung
cancer among Danish stone cutters.
The Danish stone indu stry can be divided into two
part s, the stonecutting industr y, which produ ces monuments from granite or sandstone, and the road and
building material industry, in which granite and flint
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are crushed and sorted. Small stonecutting workshops
are scattered throughout the country , whereas road and
building material firms are located only where the raw
material is. Bornholm is the only place in Denmark
where granite rocks are found, and the island has therefore been a place of importance for the Danish stone
industry.
The stonecutting industry mainly employs skilled
workers, who carry out operat ions such as cutting,
sawing, edging, grinding, or carving blocks of stone
(eg, for tombstones). Skilled workers usually start in
the trade at the age of 15 years and practice it for their
entire worklife. Some unskilled workers are emplo yed
in the stonecutting industry, mainly producing curb
stones by splitting stone blocks in open sheds . Unskilled workers are emplo yed in the road and building material industry in operations such as stone block
crushing and gravel sieving. Most unskilled work ers
are employed in the stone indu stry for short periods
only.
Measurem ents of exposure to silica dust in the Danish stone industry, 1948-1980, were availabl e in the
archives of the Danish Nat ional Inst itute of Occupational Health . These data were retrieved, and the analysis has been reported separately (4). The anal ysis
showed the highest exposure levels to be found in the
road and building material industry, where th e median exposure to respirable quartz in the 1970s was 0.16
(ran ge 0.02-1 2.7) mg/m', whereas the equi valent
value for the stonecutting industry was 0.05 (range
0.02-0.57) mg/m' . Th e exposure levels were thus the
highest in the part of the stone indu str y in which the
employment periods were on the average the shortest.
In the present study, workers were included both from
the man y small stonecutt ing work shops scatte red
throughout the country and from one road and building mate rial comp any in Denmark.
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Subjects and methods

Different data sources are available in Denmark for
identifying skilled workers because they have separate
unions, the ir occupation is recorded in administrative
registers , etc. Unskilled workers all belong to the same
union, and their occupation is normally not recorded.
In most cases unskilled workers from a given industry can therefore be identified onl y from employer
records. Man y of the small road and building material compa nies in Denm ark have been closed down ,
and complete records going back to the 1940s could
onl y be found in one company.
Table 1 presents the data sources in the study. Stone
workers fro m Bornholm were identified fro m four
sources. The 1940and 1950census forms from the relevant municipalities were used to retrieve the name, date
of birth, address, and job title of any stone worker
or any worker in the stonecutting industry. The 1938
address book of Bornholm was used to identify the
name and address of all residents listed as stone workers. Emplo yer records were used to identify employees
from the road and build ing material company "Super fos" for the period 1941-1970, and employees
from the relativel y big stonecutting company "De
forenede Granitbrud," where records were unfortunately onl y availa ble for the period 1957-1970.
Two sources were used to identify sto ne workers
from other parts of Denmark. Trade union lists were
available for stonecutters in Copenhagen , Sealand, and
Jutland for different time periods, as listed in table
I. These lists included name s and addresses and , for
Copenhagen, information on the main stone mat erial
used (granite or sandstone). Self-employed stonecutter s were identified from the annual lists publi shed by
the stonecutter associati on for the period 1941-1978.
These lists included information on the name and address of the workplace.

Table 1. Number of men in the cohort by data source and
status as traced or untraced .
Source

Year of
identifi cation

Traced

1940, 1950
1938
1941-1970

735
319
678

1957-1 970

114

1931-1965
1950
1960-1970

172
52
202

Untraced
Untraced percentage
of tot al

Bornho/m
Cen sus
Addr es s book
Superf os
De For enede
Granitbrud

18
14
27

2.4
4.2
3.8
5.8

Other parts
oj Denmark
Union li sts
Copenh agen
Seal and
Jutland

14
4
7

7.5
7.1
3.3

All Denma rk
List s of
self-em ployed

1941-1 978

277

18

6.1

Total '

1931-1 978

2071

104

4.8

• Due to the overlap bet ween dat a sou rces 1he to ta l numb er of stone
workers is lower than the sum of worke rs from each of the data sources.
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Date of birth was available in only two of the six
data sources, ie, in the 1940 and 1950 census form s
and in some of the Superfos record s. For most of the
identified stone workers the date of birth was ther efore provided by the municipality population registers
on the basis of name, address, job title, and time of
identification . A unique personal identification number has been given to every resident in Denmark since
I April 1968. If this number was available for a given
person , the possible date of death and emigration was
tr aced through the Central Population Register. For
the remaining one-third of the cohort the tracing of
death and emigrat ion was carried out manually in the
municipality population registers. Any stone worker
was included in the cohort if he was alive on I January 1943 or born later and if he was below the age of
65 years at the time he was first identified in one of
the six data sources . A total of 2175 stone workers fulfilled these criteria, and 95 % were successfully traced.
Thu s a total of 2071 stone worke rs was included in the
study. The identification of cancer cases in the cohort
was carried ou t by linkage with the Dani sh Cancer
Registry, which keeps records of all cancer cases diagno sed in Denmark since 1943.
When an individual was identified for the first time
in a list before 1943, he contributed to the person-years
from I Januar y 1943. When the date of first identification occurred later, his contribution to the personyears started at the date of first identification. The date
of first identification was not necessarily the dat e of
first employment, since most of the data sources used
in the present study were cro ss-sectional listings . The
two dates were identical onl y for workers identi fied
from emplo yer records. Indiv idual follow-up was terminated at the date of death, date of emigration , date
of cancer diagno sis, or on 3I December 1984.
Person- years were calculated by five-year calendar
periods and five-year age groups with a person-year
computer program (5) developed in the Dan ish Can cer Registry . The expected numbers of can cer cases
were computed with the Danish national incidence
rates for men for corr esponding calendar periods and
age groups. Standardized incidence ratio (SIR) values
were calculated by dividing the observed number of
cases with the expected number, and the 95 0J0 con fidence inter vals (95 070 CI) for the SIR values were calculated on the assumption that the observed number
of cases follo wed a Poisson distribution and that the
expected number was a constant.
Smoking data were not available for the cohort
members. An attempt was made to control for this factor in two ways. First, the lung cancer incidence varied
in Denmark in the 1970s primarily due to regional
differences in smoking habits, from a relative risk,
compared to the national average, of 0040 for th.esn:all
population of Bornholm (24 000 men) to a relative r.ls~
of 1.66 for the population in the Copenhagen mum cipalit y (264 000 men) and 0.84 for the rest of Denmark
(I 856 000 men) (6). Adjustment for region was made

by multiplying the expected number of cancer cases
with the relat ive risk for the region. Sta ndardiza tion
with age- and time-specific incidence rates for regio ns
was no t made, as the rat es for Bornholm were un stable due to the small numbers . Use of tim e-specific relative risks for region s was fo und to cha nge the adj ustment o nly slightly, and the data have not been reported . Second, the incidence of bladder can cer in the
cohort was analyzed in parallel to the incidence of lung
can cer, as bladder ca ncer is a relatively frequent disease and etiol ogically related to smok ing but probably not to silica dust exposure. Migrations within Denmark a fter the date of first identificati on were not
recor ded, but such migrat ions are of qu antitat ively minor importance.

51-235). An adj usted SIR of 21I for bladder cancer
was ob ser ved fo r the skilled wo rkers in Copenhagen .
T his figur e was, how ever, ba sed on a small number
of observed cases, and none of the SIR values for bladder cancer among the skilled work ers differed significa ntly from 100.
Table 3 shows the observed and expected numbers
of lun g can cer among the skilled stonecutters fro m
Table 2. Observed and expect ed numbers of lung and bla dder
ca nc er among t he skill ed w orkers by regio n. (SI R = standardized incidence ratio, 95 % CI co nf idenc e interval)

=

Observ ed

Expected

SIR

95 % CI

8
8

16.7
6.7

48
119

21- 94
51- 235

8
8

6.9
6.4

115
125

50-227
54- 247

Unadjusted"
Adjusted>
Bladder

18
18

3.9
5.9

465
306

274- 729
181 - 482

Unadjusted"
Adjusted>

4
4

1.4
1.9

292
211

80- 747
57-539

18
18

11.2
9.4

161
192

95 - 254
167-303

5
5

4.6
4.0

109
125

35-254
40-292

44
44

31.8
22.0

138
200

100-189
149-269

17

13.0
12.3

132
138

77- 211
80-221

Region
Bornholm
Lung
Unadjusted"
Adjusted>

Results

The ana lysis of cancer incidence in the cohort was carried out separately for the skilled and unskilled workers becau se of th e differen ces in work tasks and in the
length of employment. Of the 2071 stone workers, 1081
were skilled work ers (479 fro m Bornholm, 199 from
Copenh agen , and 403 from other parts of Denm ark ),
and 990 were unskilled wor kers (all of them fro m
Bornholm, 581 being from the road an d building material industry and 409 being from the stonecutt ing industry). The indi vidual length of follo w-up averaged
30 years in each gro up, except for skilled wor kers in
oth er parts of Den mark , fo r who m th e mean period
of follo w-up was 24 years.

Bladder
Unadjusted"
Adjusted ?
Co penhagen
Lung

Oth er Denmark
Lun g
Unadjust ed"
Adjusted>
Bladder

Skilled workers. A total of 21 I cancer cases was observed for the cohort of skilled workers, 159.3 cases
being expected on the basi s of national incidence rate s
(SIR 132, 95070 CI 115-151). Table 2 show s the observed and expected numbers for lung and bladd er cancer am ong the skilled workers by region. When the national incidence rates were used for compa riso n, the
SIR fo r lun g cancer for all skilled wor kers was 138,
which was on th e border o f statistical signifi cance
(44 observed, 31.8 expected, 95 % CI 100-189). When
the expected numb ers were adjusted for region , the SIR
for lun g ca ncer fo r all the skilled workers increased
to the statistically significant value of 200 (44 observed,
22.0 expected , 95 % CI 149-269). The unadjusted SIR
for bladder can cer for all the skilled workers was 132
(17 ob served , 13.0 expect ed, 95 % CI 77-21 I). The
regional adjustment changed this value only slightly.
A statistically significant excess risk of lung cance r was
ob ser ved in the adj usted figures for Co penhagen , fo r
which the SIR was 306 (I 8 observed, 5.9 expected ,
95 % CI 181-482), and for the other pa rts of Denmark (except Bornholm), for which the SIR was 192
(18 ob ser ved , 9.4 expected, 95 % C I 167-303). The
adjusted SIR for lung canc er among th e skilled workers from Bornholm was onl y slightly increased with
an SIR of II9 (8 observed, 6.7 expected, 95 % C I

Unadju sted"
Adjusted>
All Denmark
Lung
Unadjusted"
Adjusted b
Bladd er
Unadju st ed"
Ad justed>

17

= based on national inc idence rates.
Adjusted = based on national incidence rates adjusted for
region . (See the text.)

a Unadjusted
b

Table 3. Observed and expected numbers of lung cancer
among the sk illed workers in Copenhagen by type of stone materi al, time of first ident ificati on. (SIR = st andardized inci denc e
rat io adjusted fo r Copenhagen , 95 % CI = co nfi denc e int erval)

oe-

Exserved pected

SIR

95 % CI

Stone material
Sand stone
Granite
Other/un known

7
11
0

0.9
2.7
2.3

808
404

323- 1 657
202-723

Before 1940
Aft er 1940

14
4

All Copenhagen

18

3.9
1.8
5.9

357
221
306

195-599
60-566
181- 482

Time of first
ident if ic ation
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Copenhagen, for whom the main stone material used
was known for most of the workers. From a total of
18 lung cancer cases observed in Copenhagen, 1I were
granite workers (adjusted expected number 2.7) and
seven were sandstone workers (adjusted expected number 0.9). Fourteen lung cancer cases were identified before 1940 (3.9 expected), and four were identified after
this date (1.8 expected).

Unskilled workers. All the unskilled workers came
from the Bornholm area. A total of 155 cancer cases
were observed in this group, for which 144.3 cases were
expected on the basis of national incidence rates (SIR
145,95 0,70 CI 123-170). Table 4 shows the observed
and expected numbers for lung and bladder cancer
among this group. A total of 24 lung cancer cases was
observed, the SIR being 72 (95 % CI 46-108) when
the national rates were used for comparison. The SIR
increased to the statistically significant value of 181
(95 % CI 116-270) when adjustment was made for
region. The SIR for bladder cancer was significantly
below 100 in both comparisons.
Table 4 also shows the SIR for lung and bladder cancer among the unskilled workers by industry. When
the adjusted expected numbers were used for comparison, the unskilled workers in the stonecutting industry had an SIR of III (7 observed, 6.3 expected, 95 %

Table4. Observed and expected numbersof lungand bladder
cancer among the unskilled workers by industry. (SIR = standardized incidence ratio, 95 % CI = confidence interval)
ObExserved peeted
Stonecutting
industry workers
Lung
Unadjusted
Adjusted?

SIR

95 % CI

44
111

18-92
45-229

7
7

15.8
6.3

0
0

6.2
5.7

17
17

17.3
6.9

99
246

57-158
143-394

5
5

6.4
5.9

78
84

25-182
27-198

24
24

33.1
13.2

72
181

46-108
116-270

5
5

12.6
11.6

40
43

13-93
14-101

Bladder
Unadjusted"
Adjusted"

Road material
industry workers
Lung
Unadjusted"
Adjusted>

Bladder
Unadjusteds
Adjusted>

Total (all Bornholm)
Lung
Unadjusted"

Adjusted
Bladder
unadlustedAdjusted>
a
b

Unadjusted =based on national incidence rates.
Adjusted =based on national incidencerates adjusted for
region. (See the text.)
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CI 45-229) for lung cancer, whereas the unskilled
workers in the road and building material industry had
a statistically significantly increased SIR of 246 (17 observed, 6.9 expected, 95 % CI 143-394). Among the
unskilled workers all the cases of bladder cancer were
observed among the workers from the road and building material industry, but the SIR for bladder cancer
was below 100 in this group.
Discussion

The study showed an excess risk of lung cancer among
the skilled stonecutters from Copenhagen and from
other parts of Denmark with SIR values, adjusted for
region, of 306 and 192, respectively. The lung cancer
risk of the skilled stonecutters from Bornholm was only
marginally increased with an adjusted SIR of 119. All
the sub cohorts were observed with a long latency period since time of first exposure as the follow-up periods averaged more than 20 years. The few available
exposure measurements from the stonecutting industry from the 1970s showed a median exposure to
respirable quartz of 0.06 mg/m' for Copenhagen compared to 0.03 mg/m' for other parts of Denmark (except Bornholm). Unfortunately, no measurements were
available from the stonecutting industry in Bornholm.
The excess risk of lung cancer in Copenhagen was
higher for those workers identified before 1940 than
for those identified later. Mechanical ventilation was
introduced in the stonecutting industry for cutting with
pneumatic tools in the early 1950s (7) and for handcutting in the late 1950s (8). The first list of Copenhagen workers dated back to 193I, and these workers
were therefore expected, on the average, to have experienced higher exposure levels than skilled workers
from the other parts of Denmark, where the identification started about 10 years later.
In Copenhagen, the excess risk of lung cancer was
particularly high for stonecutters known to have
worked with sandstone. Only 47 men belonged to this
group, of whom seven developed lung cancer during
the follow-up period. In 1938, a radiographic examination was made of 114 Copenhagen stonecutters who
had worked at least five years in this occupation. Silicosis was found in 56 % (10 of 18) of the sandstone
cutters, in 14 % (9 of 65) of the granite cutters, and
in 23 % (7 of 31) of the men cutting both minerals (9).
Another examination of stonecutters was made in
1952; these workers were mainly from Copenhagen and
mainly above the age of 45 years. Silicosis was found
in 53 % (10 of 19) of the sandstone cutters and in 22 %
(10 of 46) of the granite cutters (10). The Copenhagen sandstone cutters, whose lung cancer risk during
the follow-up period was eight times higher than the
risk of the general population, thus had a heavy burden of silicosis in their worklife.
The unskilled workers were all identified in Bornholm and had been exposed mainly to granite dust.
The results for lung cancer differed between the work-

ers from the stonecutting industry, for which the adju sted SIR was 111, and the workers from the road
and building material industry, for which the adjusted
SIR was 246. No exposure measurements were avail able from the stonecutting industry in Bornholm. The
unskilled workers in the stonecutting industry worked
predominantly in open sheds and produced curb stones
by splitting stone blocks. Exposure measurements were
available from the Danish road and building material
industry, and in the I970s the highest median exposure
to respirable quartz was 0.29 mg/rn"; it was recorded
for Bornholm. The work operations were not given in
the employer records, and we were therefore not able
to identify those who worked in the dusty crushing
operations (4).
A radiographic examination was made of 300 Bornholm stone workers in 1935. Silicosis was found in
22 070 (60 of 278 qualified radiographs) of the workers . The men were recorded to work predominantly
in open air with different processes. Crushing was done
indoors and was found to be associated with a considerably higher risk of silicosis than other processes
(11). A survey in 1953 of skilled granite cutters from
Bornholm showed 47 % (23 of 49) to have silicosis .
Unfortunately, no information was available on the
age and work processes of the men in this 1953 survey
(12). From 1958-1986 silicosis was reported as the primary cause of death on only six death certificates from
Bornholm (Knud Juel, personal communication ,
1988).
Tobacco consumption could not be controlled for
in the analysis, and the bladder cancer incidence was
therefore analyzed in parallel to that of lung cancer.
The adjusted standardized mortality ratio for lung cancer in the total cohort was 193, whereas the adjusted
standardized mortality ratio for bladder cancer was 92,
and an excess use of tobacco alone is therefore unlikely
to explain the excess risk of lung cancer. The cohort
data could not be analyzed separately for stone workers with and without silicosis, as a reliable register of
silicosis patients was not available for the study period .
In the Vermont stone quarries of the United States
dust control was installed in the granite sheds in
1937-1940 (13). The precontrol dust exposure level
to respirable silica was estimated to be 0.37 mg /m! for
stonecutters in comparison to an estimated postcontrol dust level of 0.07 mg /rn '. Dust controls were installed in the quarries themselves in 1950. A proportionate mortality study covered 1023 deceased mer!
identified from records from the periodic radiographic
examinations. The men who had work experience in
the Vermont stone industry from I January 1952
through I July 1978 had been employed for at least
one year and had died prior to I July 1978. The subjects were divided into two groups on the basis of entry
into the industry before and after the installation of
dust control. The proportionate mortality ratio based
on national rates for lung cancer was 1.1 for the
precontro! group and 1.4 for the postcontrol group .

It is difficult to interpret the figures for the first group,
as these men were survivors from the precontrol period
and were still active in the industry in 1952-1978.
A proportionate mortality study covered those members of a granite cutters union for whom death benefits
had been paid in the period 1948-1982 in the United
States (14). A total of 2274 deaths was identified,
one-third of the decedents being workers from the Vermont granite sheds. Death certificates were obtained
for 1911 of the deaths. The proportionate mortality
ratio for lung cancer based on national rates was 1.19
(95 % CI 0.97-1.46). In this study death certificates
were traced for 84 % of the deaths, which occurred
mainly among workers who had had many years of
good standing in the union and had had a next-of-kin
to claim for the death benefit. These restrictions in the
study design complicate the interpretation of the
results.
A cohort study from quarries and processing yards
from three regions of Finland covered 1026 workers
hired for at least three months in 1941-1970 (15, 16).
They were all traced and followed to 1981. The exposure levels to respirable quartz were measured in
1970-1972. The observed ranges were 0.3-4.2 mg/rn'
for drilling , 0.2-4.9 mg/rn ' for block surfacing , and
0.02-3.6 rng/rn ' for other work processes. In 19701972 the smoking habits of granite workers were similar to those of Finnish men . A total of 22 lung cancer
deaths were observed in the cohort compared with 17. I
expected deaths based on rates for Finnish men in
general. A significant excess risk for lung cancer was
observed for workers with at least 15 years since entry
into granite work (standardized mortality ratio 221).
Differences in the study design make a comparison
between the American studies and the Danish study
difficult. In Finland, the work processes included operations carried out both by workers in the Danish road
and building material industry (quarrying, crushing)
and by workers in the stonecutting industry (block
processing) . In the 1970s some work processes entailed
higher levels of exposure to respirable quartz in Finland (geometric mean 1.47 mg/rrr' and 0.82 mg/rrr' for
drilling and block surfacing, respectively) than in Denmark (geometric mean 0.20 mg/rrr ' and 0.11 mg/rri').
An analysi s by latency period was not made in Denmark (the data sources being mainly cross-sectional listings) as it was in Finland. However, the long follow up period in the present study allowed the majority
of cancer cases potentially caused by silica dust exposure to be revealed.
Skilled stonecutters, particularly sandstone cutters,
from Copenhagen, unskilled workers from the road
and building material industry in Bornholm, and
skilled stonecutters from other parts of Denmark have
experienced an excess risk of lung cancer over the past
40 years. For those groups with the highest risk of lung
cancer, there was also evidence of high exposure to silica dust, including a high prevalence of silicosis (eg,
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sandstone workers from Copenhagen), high exposure
to quartz in industrial hygiene measurements (eg, from
the road and building material industry in Bornholm),
and an absence of ventilation at the workplace (eg, for
workers identified before 1950 in Copenhagen).
The unskilled workers from the stonecutting industry and skilled stonecutters from Bornholm did not
share the excess risk of lung cancer. No exposure measurements were available for the stonecutting industry in Bornholm. However, the outdoor operations carried out by the unskilled workers in the stonecutting
industry may have entailed relatively low exposure
levels.
The stone workers in this study have not been exposed to known lung carcinogens at the workplace, and
the results of the study therefore point to a possible
dose-response relationship between lung cancer and exposure to respirable silica dust.
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