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Incidence of cancer among anthophyllite asbestos 
miners in Finland

Lauri O Meurman, Eero Pukkala, Matti Hakama

Abstract
A cohort of 736 male and 167 female 
workers of two anthophyllite mines in 
Finland was followed up through the 
Finnish Cancer Registry for cancer in 
1953-91. Compared with the total cancer 
incidence of the east Finnish population, 
the men had a raised risk of total cancer 
(standardised incidence ratio (SIR) 1*7; 
95% confidence interval (95% Cl) 
1*4-1 *9), mainly attributable to an excess 
in lung cancer (SIR 2*8; 95% Cl 2*2-3*6). 
The risk of lung cancer was somewhat 
higher among workers classified as 
heavily exposed (SIR 3*2; 95% Cl 2*4-4* 1) 
than among those moderately exposed 
(SIR 2*3; 95% Cl l*5-3*6) and the risk 
increased with increasing smoking and 
with increasing time of work with expo­
sure. There were four cases of mesothe­
lioma v 0*1 expected, all in men who 
smoked and had had a long and heavy 
asbestos exposure. Among women, a 
non-significant excess in total cancer 
(SIR 1*5; 95% Cl 0*9-2*4) was found in 
die subgroup with heavy exposure to 
asbestos. Anthophyllite asbestos seems to 
have high potency in the carcinogenesis 
of lung cancer and low potency in car­
cinogenesis of mesothelioma in compari­
son with the other types of asbestos.
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Numerous epidemiological studies on indus­
trial workers exposed to asbestos have been 
published but there are still only a few studies 
of miners exposed to only one type of 
asbestos.1-5 In a sparsely populated area of 
Finland, two anthophyllite mines were in 
operation between 1918 and 1975. One, 
Paakkila, had a dry hammer mill that pro­
duced much dust. The average fibre concen­
tration was still 50 fibres/ml in the late 
1960s.6 Two reports on the cancer mortality 
of the workers of these mines have been pub­
lished earlier.7 8

The main purpose of this study was to find 
out whether the biological effects of antho­
phyllite asbestos dust differ from the effect of 
other asbestos types and whether earlier 
reports that it does not cause mesothelioma 
in humans are still valid after an extended

follow up period. Because the use of antho­
phyllite asbestos in Finland has been excep­
tionally high and anthophyllite fibres, as well 
as fibres of other types of asbestos, have often 
been found in lung specimens of Finnish 
industrial workers,910 the biological effect of 
anthophyllite is of national importance.

Materials and methods
Two anthophyllite asbestos mines (Paakkila 
and Maljasalmi) were in operation from 
1918, and the salary lists had been main­
tained fairly completely by the mining com­
pany since 1936. The lists included the 
names of the workers and their periods of 
employment, and mostly the types of work 
they had carried out. The cohort analysed in 
this study consisted of all those who had been 
working for a period of at least three months 
in the mines between 1 January 1953 and 
1 July 1967.

The identification of the persons and 
follow up for death and emigration for the 
years 1936-67 was done manually from the 
Finnish national population registry and 
local church registrars.7 A further follow up 
for death and emigration was done auto­
matically in the Population Register Centre 
from die unique personal identification 
number given to everybody residing in 
Finland since 1 January 1967.

Also the follow up for cancers through the 
files of the Finnish Cancer Registry was made 
manually for those who died before 1 January 
1967 and automatically for those who had the 
personal identification number. The follow 
up for cancer started on 1 January 1953, the 
date when a nationwide cancer registration 
started in Finland. The members of the 
cohort who had died in 1952 or earlier were 
thus excluded. The calculation of person- 
years started three months after the beginning 
of work or on 1 January 1953, whichever 
occurred last, and ended at emigration, at 
death, or on 31 December 1991, whichever 
occurred first. There were no losses for follow up.

Meurman and coworkers had collected 
additional information about all except 20 
asbestos mine workers who were alive on 
1 July 1967.7 These data included smoking 
habits (duration and amount) and work his­
tory (duration, quality, and intensity of any 
dusty work). The working population was
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divided in this study into two subgroups: (a) 
“heavily exposed”—that is, those who had 
been at work either in the mines or the mill 
and (b) “moderately exposed”—that is, the 
rest of the personnel.

The numbers of observed cases and per­
son-years at risk were counted, by five-year 
age groups, separately for five calendar 
periods and various categories according to 
the follow up time since the beginning of 
work. Further division was made by smoking 
category and analysed only for those inter­
viewed. In these calculations, the follow up 
for incidence of cancer was started at the 
beginning of the year after the interview—that 
is, on 1 January 1968. Those that died before 
that date and the 20 persons for whom no 
interview data were available were excluded 
from these analyses.

The expected numbers of cases for total 
cancer and for specific cancer types were cal­
culated by multiplying the number of person- 
years in each age group by the corresponding 
average cancer incidence in the same larger 
administrative unit of Finland where the 
mines were located (population 0*9 million) 
during the period of observation. The specific 
cancer types selected to be studied separately 
were cancers of the oesophagus, stomach, 
colon, rectum, larynx, lung, breast, female 
genitals, prostate, and bladder as well as can­
cers of the pleura or peritoneum histologically 
confirmed as mesothelioma. Lung cancer was 
studied also by histological type as recorded 
in the Cancer Registry files. The necropsy 
percentage in this cohort was about 30.

Table 1 Details of workers in two anthophyttite asbestos 
mines under follow up

Exposure 
(minimum 
time exposed)

Men Women

No Person-years No Person-years

Heavy:
3 months 459 13303 98 2882
5 years 174 3718 25 366

Moderate:
3 months 277 6941 69 2281
5 years 38 785 14 309

Total:
3 months 736 20244 167 5163
5 years 212 4503 39 675

To calculate the standardised incidence 
ratio (SIR), the observed number of cases 
was divided by the expected number. The 
statistical significance was tested by the 
Mantel-Haenszel x2 test, on the presumption 
that the number of observed cases had a 
Poisson distribution.

Results
WHOLE COHORT
There were 736 men and 167 women under 
follow up in the cohort. The numbers of per­
son-years were 20 244 and 5163, respectively 
(table 1). The mean duration of follow up of 
a person was thus 28 years.

During the total 39 year follow up period, 
137 cases of cancer were found among men; 
the expected number was 82*7 (table 2). The 
SIR for those with heavy asbestos exposure 
was 1*7 (95% confidence interval (95% Cl) 
1*4-2T) and for those with moderate expo­
sure 1*6 (95% Cl 1 *2-2*1). For lung cancer, 
a more increased risk was obtained for those 
heavily exposed (SIR 3*2; 95% Cl 2*4-41) 
than for those moderately exposed (SIR 2*3; 
95% Cl 1 *5-3*6). No significant differences 
were found between histological types (table 
2). There were four cases of mesothelioma 
among the heavily exposed men (three in the 
pleura and one in the peritoneum) v 0*06 
expected (SIR 67; 95% Cl 18-172; table 2).

There was no trend by time of follow up 
since first employment in any of the cate­
gories defined by the duration of exposed 
time. The risk ratios (RRs) among the heavily 
exposed men were higher among the men 
with at least five years of exposed time than in 
the total male cohort (table 3).

In the subcohort of 98 heavily exposed 
women there were 16 cases of cancer v 10*7 
expected (table 4). Most of this excess was 
attributable to endometrial cancer (SIR 6*8; 
95% Cl 2*2-16). The excess was concen­
trated in the women with the longest follow 
up since first employment and oldest age 
groups.

INTERVIEWED COHORT
The interview information was not available

Table 2 Observed (Obs) numbers of cancer cases and standardised incidence ratios (SIRs) with 95% confidence 
intervals (95% CIs) among 736 male anthophyttite asbestos miners in 1953-91 with at least three months of exposed timey 
by level of the exposure

Exposure

Heavy (n = 459) Moderate (n — 277) Total (n = 736)
Primary site or --------------------------------------- ---------------------------------------- ----------------------
histological type Obs SIR (95% Cl) Obs SIR (95% Cl) Obs SIR (95% Cl)

All sites 91 1-69 (1-36-2-07) 46 1-60 (1-17-2-13) 137 1-66 (1-39-1-95)

Oesophagus 2 218 (0-26-7-88) 1 1-70 (0-04-9-44) 3 1-99 (0-41-5-81)
Stomach 7 1*24 (0-50-2-56) 6 1*71 (0-63-3-72) 13 1-42 (0-76-2-43)
Colorectum 1 0-28 (001-1-56) 2 1-06 (0-13-3-82) 3 0-55 (0-11-1-60)
Larynx 3 1-95 (0-40-5-69) 1 1-33 (003-7-40) 4 1-75 (0-48-4-47)
Lung 55 315 (2-37-409) 21 2-35 (1-45-3-58) 76 2-88 (2-27-3-60)

Adenocarcinoma 1 1-49 (0-18-5-37) 1 1-61 (0-04-8-97) 2 1-53 (0-32-4-47)
Squamous cell 16 2-85 (1-63-4-63) 11 4-12 (2-06-7-37) 27 3-27 (2-15-4-75)
Small cell 12 502 (2-59-8-76) 3 2-66 (0-55-7-76) 15 4-26 (2-39-703)
Other or no histology 25 304 (1-97-4-48) 6 1*31 (0-48-2-84) 31 2-09 (1-42-2-97)

Mesothelioma 4 670 (18-3-172) - expO-03 (0-00-131) 4 45-6 (12-2-115)
Prostate 1 0-22 (0-01-1-23) 2 0-83 (0-10-2-99) 3 0-43 (009-1-27)
Bladder 2 0-79 (0-10-2-86) 2 1-57 (0-19-5-65) 4 1-05 (0-29-2-70)
Others 16 0-91 (0-52-1-47) 11 1*18 (0-59-2-12) 27 1-00 (0-66-1-46)
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for 197 persons who died before the date of 
the interview (1 July 1967) and 20 other 
members of the cohort. The prevalence of 
smoking among interviewed men with heavy 
asbestos exposure was 86% and among men 
with moderate asbestos exposure 69%. Only 
15% of the female workers smoked.

During a follow up period from 1968 to

1991, 92 cases of cancer were observed 
among men in the interviewed cohort (table 
5). The SIR of lung cancer systematically 
increased with increasing level of smoking in 
both exposure categories, which strongly 
affected the pattern of total cancer risk (table 
5). All seven cases of cancers of the oesopha­
gus, larynx, and bladder were observed

Table 3 Observed (Obs) numbers of cancer cases, and standardised incidence ratios (SIRs) with 95% confidence 
intervals (95% CIs) among 212 male anthophyUite asbestos miners in 1953-91 with at least five years of exposed time, by 
level of exposure

Exposure

Primary site

Heavy (n = 174) Moderate (n = 38) Total (n = 212)

Obs SIR (95% Cl) Obs SIR (95% Cl) Obs SIR (95% Cl)

All sites 54 2-70 (202-3-51) 6 1-59 (0-58-3-46) 60 2-52 (1-93-3-25)

Oesophagus 2 5-92 (0-72-21-4) — exp 0-06 (000-61-0) 2 5-00 (0-61-181)
Stomach 2 0-99 (0-12-3-56) 1 2-86 (0-07-15-9) 3 1-26 (0-26-3-68)
Colorectum 1 0*76 (0-02-4-25) 1 3-85 (0-10-21-4) 2 1-27 (0-15-4-60)
Larynx 2 3-60 (0-44-13-0) — exp 0-10 (0-00-36-2) 2 3-03 (0-37-10-9)
Lung 37 5-54 (3-90-7-63) 2 1-63 (0-20-5-89) 39 4-93 (3-51-6-74)
Mesothelioma 4 95-8 (26-1-245) — exp 0-01 (000-407) 4 154 (42-1-395)
Prostate 1 0-56 (0-01-312) 1 3-21 (008-17-9) 2 0-96 (0-12-3-46)
Bladder 1 104 (0-03-5-76) — exp 0 -19 (000-19-3) 1 0-86 (002-4-80)

Others 4 0-63 (0-17-1-62) 1 0-79 (0-02-4-42) 5 0-67 (0-21-1-54)

Table 4 Observed (Obs) numbers of cancer cases and standardised incidence ratios (SIRs) with 95% confidence 
intervals (95% CIs) among 167 female anthophyUite asbestos miners in 1953-91 with at least three months of exposed 
time, by level of exposure

Exposure

Heavy (n- 98) Moderate (n = 69) Total (n - 167)

Primary site Obs SIR (95% Cl) Obs SIR (95% Cl) Obs SIR (95% Cl)

All sites 16 1-49 (0-85-2-42) 7 1-02 (0-41-210) 23 1*31 (0-83-1-96)

Oesophagus _ exp 0-23 (0-00-16-1) 1 8-68 (0-22-48-4) 1 2-86 (0-07-15-9)
Stomach — exp 0-97 (0-00-3-81) 1 1-89 (0-05-10-5) 1 0-67 (0-02-3-71)
Colon 2 3-66 (0-44-13-2) 1 3-14 (008-3-14) 3 3-45 (0-71-10-1)
Rectum 1 2-39 (0-06-13-3) — exp 0-24 (0-00-15-2) 1 1*52 (004-8-44)
Larynx — exp 0-02 (0-00-207) — exp 0-01 (0-00-339) — exp 0-03 (0-00-123)
Lung 1 3-58 (009-20-0) — exp 0 -17 (000-21-1) 1 2-22 (006-12-4)
Mesothelioma — exp 0-01 (0-00-398) — exp 0-00 (0-00-551) — exp 0-02 (0-00-190)
Breast 1 0-42 (0-01-2-36) 2 1-16 (0-14-4-18) 3 0-74 (0-15-2-15)
Cervix uteri 1 1-69 (004-9-40) 1 2-92 (0-07-16-3) 2 2-15 (0-26-7-77)
Corpus uteri 5 6-77 (2-20-15-8) 1 2-04 (0-05-11-4) 6 4-88 (1-79-10-6)
Ovary — exp 0-68 (0-00-5-42) — exp 0-46 (0-00-7-99) — exp 1-14 (0-00-3-24)
Bladder — exp 0 -16 (0-00-23-3) — exp 0-09 (0-00-40-5) — exp 0-25 (0-00-14-8)

Others 5 0-71 (0-23-1-66) — exp 4-50 (000-0-82) 5 0-43 (014-1-01)

Table 5 Observed (Obs) numbers of cancer cases, and standardised incidence ratios (SIRs) with 95% confidence 
intervals (95% CIs) among the 588 interviewed male anthophyUite asbestos miners in 1968-91 with at least three months 
of exposed time, by level of exposure and smoking (cigarettes!day)

Exposure

Primary site 
and smoking

Heavy (n = 398) Moderate (n - 200) Total (n = 598)

Obs SIR (95% Cl) Obs SIR (95% Cl) Obs SIR (95% Cl)

All sites:
No 3 0-45 (0-09-1-31) 2 0-34 (0-04-1-22) 5 0-40 (0-13-0-93)
1-15 33 1*55 (1-04-2-11) 14 1-82 (1-00-3 05) 48 1-60 (119-213)
^ 16 30 2-28 (1-54-3-26) 10 1-80 (0-86-3-31) 40 2-14 (1-53-2-92)
Total 66 1-57 (1-22-2-00) 26 1-36 (0-89-1-99) 92 1-51 (1-21-1-84)

Lung:
No 1 0-48 (001-2-64) 1 0-58 (001-3-21) 2 0-52 (0-06-1-88)
1-15 20 2-79 (1-70-4-30) 4 2-65 (0-45-4-21) 25 2-60 (1-68-3-83)
^16 21 4-91 (304-7-50) 8 4-49 (1-94-8-84) 29 4-79 (3-21-6-87)
Total 42 3-15 (2-28-4-24) 13 2-18 (1-16-3-73) 55 2-79 (2-10-3-63)

Mesothelioma:
No — exp 0-01 (0-00-395) — exp 0-01 (0-00-389) — exp 0-02 (0-00-196)
1-15 4 146 (39-9-374) — exp 0-01 (0-00-409) 4 99-7 (27-2-256)
$sl6 — exp 0-02 (0-00-188) — exp 0-00 (0-00-517) — exp 0-02 (0-00-180)
Total 4 69-0 (18-8-177) — exp 0-03 (000-134) 4 44-2 (121-114)

Other cancers:
No 2 0-43 (0-05-1-55) 1 0-23 (001-1-28) 3 0-33 (0-07-0-98)
1-15 9 0-61 (0-28-1-16) 10 1-91 (0-92-3-51) 19 0-95 (0-57-1-49)
^ 16 9 1-02 (0-47-1-94) 2 0-53 (006-1-92) 11 0-87 (0-44-1-56)
Total 20 0-71 (0-43-1-10) 13 0-97 (0-52-1-67) 33 0-79 (0-55-1-12)
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Standardised incidence 
ratios (SIRs) of lung 
cancer (with 95% Cls) 
among male anthophyllite 
asbestos miners with heavy 
asbestos exposure: by 
duration of exposure and 
smoking.

among smokers and all four cases of mesothe­
lioma were among heavily exposed men who 
smoked.

The SIR of lung cancer among the heavily 
exposed men strongly increased with increas­
ing duration of exposure up to about 20 years 
(figure). In the moderately exposed group 
there seemed to be no such trend.

Among the interviewed 86 women classi­
fied as heavily exposed 14 cases of cancer 
were observed v 7*8 expected. A significant 
excess of endometrial cancer was observed 
among heavily exposed non-smokers.

Discussion
The cohort consisted of all workers with at 
least three months of employment in the two 
anthophyllite asbestos mines in the heart of 
Finland. The identification and follow up for 
deaths and emigration are complete for the 
period of this study, 1953-91. Also the can­
cer registration system in Finland is virtually 
complete11 and the computerised record link­
age procedures are accurate. The potential 
problems—if any—are in manual linkage— 
that is, they concern those who have died 
before 1 January 1967. The workers of this 
cohort resemble in many aspects the average 
population of eastern mid-Finland used as 
the reference population of this study.

In a study based on the record linkage 
between the Finnish Cancer Registry and the 
population census of 1970, a standardised 
incidence ratio of 2T (p < 0-001) for total 
cancer was found in 35-69 year old men in 
mining and quarrying in Finland during the 
period 1971-5,12 a similar excess seemed to 
continue into later periods.13

The incidence of lung cancer clearly 
increased with smoking but did not depend 
much on the level of asbestos exposure 
(heavy or moderate). The SIR increased, 
however, with the duration of asbestos expo­
sure. The reference population also includes

smokers. In the early 1960s some 60% of 
Finnish men smoked.14 This means that the 
SIRs for, for example, lung cancer obtained 
for smokers, should be multiplied by a factor 
of at least three (given that one half of the 
population are smokers and thus have a five­
fold RR of lung cancer in comparison with 
non-smokers) if a comparison with a non­
smoking non-exposed population is required. 
In that case the risk estimates of Meurman 
and coworkers7 still seem to be valid. Among 
Danish asbestos cement workers exposed to 
mixed types of asbestos the highest RR (3-3) 
was for adenocarcinoma; the risk for all other 
histological types of lung cancer was about
1- 6.15 Our results suggest the opposite risk 
pattern, or maybe no difference at all by 
histological type.

All the four cases of mesothelioma were 
among men who had been heavily exposed 
for 13-31 years and who also smoked. The 
time from the first employment to the detec­
tion of mesothelioma was long (39-53 years). 
Mesothelioma cases are rare in Finland: for 
the whole reference area with a population of 
0-9 million, 47 cases of mesothelioma were 
registered in 1982-91. This corresponds to 
an age adjusted (world standard) incidence of 
0-4/105 both in males and in females. The 
liability of the reference incidence in the case 
of mesothelioma makes the estimation of real 
SIR more unstable than in the case of other 
sites analysed here. The RR for mesothelioma 
among asbestos workers, however, seems to 
be several orders of magnitude higher than 
that of the Finnish average.

The numbers of other types of cancer were 
so small that no clear conclusions can be 
drawn. The only significantly increased 
SIR—besides the SIRs of lung cancer and 
mesothelioma—was the 6-8-fold risk (95% Cl
2- 2-16) for cancer of the corpus uteri. This 
association has not been reported in any ear­
lier study and there are no biological mecha­
nisms known to account for asbestos 
exposure and risk of this cancer.

Although all types of asbestos cause 
asbestosis and lung cancer, the differences in 
the mechanisms of different types of asbestos 
are not well known. In animal tests it has 
been proved that all types of asbestos, includ­
ing anthophyllite, can cause mesothelioma.16 
Therefore it was expected that there would 
be mesothelioma also among anthophyllite 
miners.

The chemical composition varies between 
the different types of asbestos and only the 
fibrous structure is common for all the types. 
Therefore it is likely that the carcinogenic 
properties of different asbestos types depend 
on the fibre structure. Chrysotile asbestos is 
spiral and tubular whereas the amphibolic 
types are straight and not hollow. Instead, the 
thickness of the fibres is systematically differ­
ent between the amphibolic asbestoses. 
Anthophyllite asbestos is more crude than 
crocidolite asbestos. The potential to cause 
pulmonary fibrosis depends on the surface 
area of the fibre, and not on the aspect ratio.17 
Therefore, the potential of crocidolite to
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cause fibrosis is higher than that of the antho­
phyllite asbestos. Assuming that the carcino­
genic potential and fibrogenic potential are 
correlated, the surface area of fibre should 
also be related to the carcinogenic potential 
of the asbestos type.

Most of the earlier studies suggest that cro- 
cidolite and amosite asbestos would be more 
strongly associated with causation of lung 
cancer than chrysotile or anthophyllite.218 
The results for asbestos factory workers differ 
from the results for asbestos miners. It is 
suggested that the “textile anomaly”19 is 
caused by the mineral oil spray used for elim­
inating dust in factories that is contaminated 
with asbestos fibres. Workers in a factory that 
had used only amosite asbestos experienced 
an SMR of 5-4 for lung cancer20 whereas the 
SMR among white male miners of amosite 
mines in South Africa was only T4.5 We 
found an SIR of 2*9 for lung cancer among 
anthophyllite asbestos miners (anthophyllite 
seems to have a stronger effect on lung cancer 
than amosite). In comparison with crocidolite 
miners in Western Australia (141 lung can­
cers among 1350 deaths)4 our results showed 
a slightly higher proportion of deaths from 
lung cancer (76/593 deaths).

A detailed study of chrysotile asbestos 
miners1 revealed only a moderate risk of lung 
cancer; the SMR of the miners with at least 
one year of exposed time did not exceed T3 
even with the longest follow up times. 
Comparison of the studies of risk of lung can­
cer for miners of different types of asbestos is 
difficult because of inconsistencies in study 
materials. The follow up times vary, dust 
concentrations were not systemically mea­
sured in earlier times, smoking habits, and 
exact information about the nature of the job 
and about the exposed time are often not 
known.

Comparison of mesothelioma risk asso­
ciated with different types of asbestos is easier 
as smoking has no role in the cause of 
mesothelioma. The moderate excess of meso­
thelioma among chrysotile miners may not in 
every case be caused by chrysotile asbestos 
itself but by the fibrous tremolite found in 
small quantities among the chrysotile mine 
dust.321 22 The fibre analysis of the Finnish 
anthophyllite asbestos miners’ lungs did not 
show tremolite,23 so the four cases of 
mesothelioma in our study are likely to be 
caused by anthophyllite. The frequency of 
mesotheliomas (four among 736 men, corres­
ponding to an incidence of 23/105 after a lag 
of 10 years) in our cohort was much lower, 
however, than that among crocidolite miners 
in Australia4 or in South Africa.5 The relative 
risk of mesothelioma associated with amosite 
asbestos has been estimated to be between 
the risks caused by anthophyllite and crocido­
lite.2 The number of mesotheliomas in our 
anthophyllite mines cohort, however, equals 
the number of mesotheliomas in an amosite 
asbestos miner cohort in South Africa with an 
almost identical number of deaths.5

Our results indicate that anthophyllite is a 
more potent carcinogen for lung cancer than 
chrysotile and amosite and is almost as potent 
as crocidolite. The number of mesothelioma 
cases was small and the risk lower than 
among crocidolite miners, almost as high as 
among amosite miners but higher than 
among chrysotile miners.
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