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Cancer incidence among employees
in one mineral wool production plant in Denmark

by Jergen H Olsen, MD, Ole M Jensen, MD!

OLSEN JH, JENSEN OM. Cancer incidence among employees in one mineral wool production plant
in Denmark. Scand j work environ health 10 (1984) 17—24. The initiating hypothesis of the present study
was that exposure to respirable fibers from mineral wool in concentrations seen at the place of production
is carcinogenic to the respiratory system. In a test of this hypothesis 5,369 employees in the mineral wool
production plant in question were followed from first employment at the plant until day of death or until
the end of 1977. The factory started producing mineral wool in 1937 and the Danish Cancer Registry
started working on a nationwide scale in 1943; therefore there was a maximum 40 years’ duration of
employment and 35 years’ follow-up in the Cancer Registry. The observed numbers of cancer cases were
compared with the expected numbers calculated on the basis of the age-, sex-, and time-specific incidence
rates for cancer among the Danish population. Within the study period the Registry received notification
of 136 cohort members with one cancer and 4 with two primary cancers, ie, a total of 144 cancer cases
was observed against the 133.8 expected. Among workers with 20 or more years from first employment
in the plant a significant excess of cancer of the lungs, bladder, and skin was found (observed versus
expected cases: 9 vs 4.3, 4 vs 1.6 and 5 vs 2.4, respectively). This study thus supports the working
hypothesis of an association between lung cancer and mineral wool production when the latency period
for this type of cancer is taken into consideration.
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The carcinogenicity of asbestos fibers is beyond
dispute (7), and some 10 years ago animal studies
showed that intrapleural inoculation with fibrous
glass causes mesothelioma similar to the effect of
asbestos (20, 21, 22). Since then additional animal
evidence has shown that synthetic fibers are capable
of producing tumors (4, 10, 13, 15) and that this phe-
nomenon is due to their physical rather than to their
chemical properties (14, 18, 19).

Fibrous glass and fibrous rock are manufactured
principally as insulation materials in the form of
glass wool and rock wool. In view of the widespread
and increasing use of these products — also for re-
placing asbestos — it is important to determine quali-
tatively and quantitatively whether they represent a
carcinogenic hazard to man. Thus the purpose of the
present study was to examine whether exposure to
respirable fibers from mineral wool increases the risk
of cancer of the respiratory system in humans. This
hypothesis was tested in a retrospective study of the
incidence of cancer in persons employed in the manu-
facture of man-made mineral fibers for insulation
purposes.

! Danish Cancer Registry, DK-2100 Copenhagen, Den-
mark.

Reprint requests to: Dr JH Olsen, the Danish Cancer Reg-
istry, Danish Cancer Society, Landskronagade 66, DK-2100
Copenhagen &, Denmark.
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Material and methods

Study population

The cohort was formed from the employees of a
single Danish factory which started producing min-
eral wool in 1937. Every person employed at the plant
during 1937—1977 was included in the cohort, irre-
spective of duration of employment. Follow-up was
carried out through linkage with central and munic-
ipal registries, the name and date of birth (when
death before April 1968) and the national personal
identification number (when alive in April 1968)
being used as identifiers for the employees. As of 31
December 1977, 174 persons, ie, 3.36 % of the
cohort, could not be traced by this procedure, and
they were consequently excluded from further study,
as many of them were foreign workers.

The cohort under study then consisted of 5,369
employees. Table 1 shows their characteristics with
regard to sex, position in the factory, year of first
employment at the factory and the cumulative num-
ber of persons ever employed over time. From the
table it can be seen that 84 % of the employees was
male and that only 25 % of the total cohort was em-
ployed at the factory before 1960. Figures 1 and 2
show that the workforce was young at first employ-
ment and that duration of employment in the factory
was, as a rule, rather short, only 25 % of the em-
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Table 1. Number of employees grouped according to sex, position, and year of first employment in the mineral wool produc-

tion plant.

Year of first Manual workers Salaried employees Total
employment Males Females Males Females

1937 3 — 5 — 8
1938—1942 59 12 3 — 74
1943—1947 81 11 3 1 96
1948—1952 87 13 14 3 117
1953—1957 241 6 19 3 269
1968—1962 825 6 46 26 903
1963—1967 916 14 65 65 1,060
1968—1972 974 11 97 91 1,173
1973—1977 1,308 81 186 94 1,669
Total 4,494 154 438 283 5,369
Years at risk?® 45,908 1,882 3,726 2,300 53,816

a Because of minor differences in the inclusion criteria, a slight discrepancy exists between these reported years at risk
and those reported in the Danish part of the European Man-Made Mineral Fibre Study.
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Figure 1. Age distribution for all em-
ployees at the time of first employ-
ment in the mineral wool production
plant.

Figure 2. Number of employ-
ees in the mineral wool pro-
duction plant in 1937—1977
according to duration of em-
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ployees working at the factory for more than two
years.

Exposures

Mineral fibers. The concentration of respirable fibers
in the plant at the time of the study was between 0.1
and 0.001 fibers per millilitre of air with dimensions
as shown in table 2 (personal communication from E
Smith, Rockwool International). No previous mea-
surements of airborne fibers were available, but ex-
posure to mineral fibers in the factory is likely to
have changed over the years as the production pro-
cess and hygienic conditions have developed. Since
1949 oil has been used in the production of mineral
wool, and from the beginning of the 1950s also bind-
ers. The work conditions before the introduction of
oils and binders were imitated in another, but similar,
factory, and it was estimated that the concentration
of respirable fibers at the production lines in the past
was between 9.8 and 26.5 fibers per millimetre of air
(personal communication from E Smith, Rockwool
International).

Smoking. No information was available on the smok-
ing habits of the persons in the cohort. In order
to evaluate the smoking habits of the employees of
the mineral wool production plant in comparison to
those of the general population, we carried out a sur-
vey of the smoking habits at the time of the study. As
part of a regular health check-up in 1982 every em-
ployee examined was interviewed by the company
physician about his or her present and past smoking
habits. Questions were identical to those used in 1979
in a survey of smoking habits of the general popula-
tion in the eastern part of Denmark, where the fac-
tory under study is situated.

Other occupational exposures. No knowledge was
available on industrial exposures prior to or fol-
lowing employment at the mineral wool production
plant, or to other exposures outside the workplace.

Cancer morbidity

As 1943 was the year when the Danish Cancer Reg-
istry started reporting incidence data, the analysis of

cancer morbidity was restricted to the period 1943—
1977. Members of the cohort were searched for in the
files of the national Danish Cancer Registry. All per-
sons alive on 1 April 1968, when national identifica-
tion numbers were introduced, were identified by
means of a computerized record linkage. All other
persons were searched for on the basis of date of
birth, and the record was given a visual check taking
additional account of full name, sex, place of resi-
dence and place of birth; thus a previously well-
established scheme was followed (8). If cancer was
registered, the site of cancer and time of diagnosis
were obtained directly from the files.

Analysis

From the first day of employment all persons in the
cohort were followed to the day of death, emigration,
or the end of 1977. Person-years at risk were calcu-
lated (table 1) with a modified life-table method
taking account of the ageing of the cohort.

In the calculation of the expected numbers of can-
cer cases the cancer incidence rates, specific for age
(five-year groups), sex and calendar time (quin-
quennia), for the total Danish population were used,
differences in these characteristics of the study and
reference populations thus being adjusted indirectly.
The expected numbers of cases were compared with
the observed ones.

Number of years from first employment, duration
of the employment, and specification of cancer site
were considered in the analysis. It was presumed
that the number of observed cancer cases would fol-
low a Poisson distribution which can be regarded
as an approximation to the normal distribution.
The test statistic u was therefore calculated as
u = (O—E)/VE, where u is the number of standard
deviations with the corresponding p-value in the nor-
mal distribution, ie, the probability of observing the
actual cases of cancer or a number which deviates
even more than expected under the assumption of the
null hypothesis. The results of both one-sided and
two-sided tests of significance have been given, the
latter being the more appropriate test strategy with
cancer sites for which no strong a priori hypothesis of
increased risk exists.

Table 2. Fiber proportions in airborne dust at the production plant, 1982 (12).

Length Diameter (u)
() =< 0.24 0.25—0.49 0.50—0.99 1.00—2.99 = 3.00®
(%) (%) (%) (%) (%)
0—5 26 21 4.2 1.1 0.0
5—10 11 3.7 42 10.9 0.0
>10 0.6 1.8 8.2 311 29.0

2 Fibers of more than 3 u in diameter are not respirable.
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Table 3. Number of observed and expected cases of cancer among the male and female employees of the mineral wool pro-

duction plant, 1943—1977.

Manual workers

Salaried employees

All employees

Site

Observed Expected Observed Expected Observed Expected
Buccal cavity
and pharynx 5 4.1 —_ 0.3 5 4.4
Digestive organs
and peritoneum 39 31.0 3 23 42 333
Respiratory system 28 26.4 1 1.7 29 28.1
Breast 2 1.8 2 0.9 4 27
Genital organs 12 13.8 1 1.7 13 15.5
Urinary system 16 13.1 1 0.9 17 14.0
Skin 14 14.4 3 1.4 17 15.8
Brain and
nervous system 1 4.8 — 0.5 1 5.3
Lymphatic and
hemotopoietic tissues 9 8.8 — 0.8 9 9.6
Other organs
including metastases 6 4.7 1 0.4 7 5.1
Total 132 1229 12 10.9 144 133.8

Table 4. Number of observed (O) and expected (E) cases of cancer reported for selected sites among the workers of the

mineral wool production plant, 1943—1977.

Years elapsed from first employment

Site 0—9 10—19 =20 Total
Observed Expected Observed  Expected Observed  Expected Observed  Expected
Digestive organs
and peritoneum 21 13.82 15 113 3 5.9 39 31.0
Respiratory
system 12 11.9 7 9.7 9 4,80 28 26.4
Larynx 3 1.0 — 0.7 — 0.3 3 2.0
Lungs and
pleurae 8 10.2 7 8.4 9 4.3¢ 24 22.9
Urinary system 9 5.9 3 4.8 4 24 16 13.1
Kidney 3 1.8 1 1.4 — 0.7 4 3.9
Bladder 6 4.0 2 3.3 4 1.64 12 8.9
Skin 4 6.8 5 5.2 5 2.4¢ 14 14.4
Other Organs 17 19.3 13 12.6 5 6.3 35 38.0
Total 63 57.7 43 436 26 21.8 132 129.9
a Q/E = 1.5, p = 0.03 (one-sided test); p = 0.05 (two-sided).
b O/E = 1.9, p = 0.03 (one-sided test); p = 0.06 (two-sided).
¢ O/E = 2.1, p = 0.01 (one-sided test); p = 0.02 (two-sided).
4 O/E = 2.5, p = 0.03 (one-sided test); p = 0.06 (two-sided).
e O/E = 2.1, p = 0.05 (one-sided test); p = 0.09 (two-sided).

Table 5. Number of observed (O) and expected (E) cases of lung cancer and all cancers occurring 20 years or more since first
employment in different subgroups of the employees of the mineral wool production plant, 1943—1977.

Lung cancer All cancers
Sub-group of employees
Observed Expected Observed Expected

Male manual workers 8 4.1 126 116.0
Female manual workers 1 0.2 6 6.8
Male salaried employees 1 0.5 8 7.4
Female salaried employees — 0.0 4 35
All employees 10 4.8 144 133.7

a O/E = 2.0, p = 0.03 (one-sided test); p = 0.05 (two-sided).
b O/E = 2.1, p = 0.01 (one-sided test); p = 0.02 (two-sided).
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Table 6. Number of observed and expected cases of cancer occurring among the workers, grouped according to duration of

employment in the mineral wool production plant.

Duration of employment (years)

Organ? <1 1

2—4 5—9 10—39

Observed Expected Observed Expected

Observed Expected Observed Expected Observed Expected

Lungs 4 2.0 3 0.4 1 05 - 0.3 1 0.9
Bladder 2 0.8 — 0.2 - 0.2 — 0.1 2 04
Skin 3 1.2 — 0.3 2 0.3 - 0.2 — 0.5
Total 9 40 3 0.9 3 1.0 - 0.6 3 1.8

a Only cancer cases diagnosed 20 years or more from first employment are included.

Table 7. Age- and sex-standardized smoking habits of the workers in the mineral wool production plant in 1982 in comparison

to those of the general population surveyed in 1979.

Smokers Heavy smokers
Male Female All Male Female All
(%) (%) (%) (%) (%) (%)
Workers? 69 72 69 37 6 35
General population 59 46 59 43 18 42
Difference + 10 + 26 + 10 —6 —12 —7

a The figures for female workers are based on 18 workers only.

Results

The observed and expected numbers of cancer cases
among the 5,369 identified employees at the mineral
wool production plant are given in table 3 according
to site. During the study period 136 persons were
found with one cancer and four persons with two pri-
mary cancers, ie, a total of 144 cancer cases were ob-
served. None of the organ systems showed a statisti-
cally significant excess of observed cases in compari-
son to the expected numbers.

The manual workers formed the only group of
employees providing a sufficient number of cases for
a detailed analysis by specific cancer sites and time
since first employment. Table 4 shows the observed
and expected numbers of cancer cases for selected
sites during the periods 0—9 years, 10—19 years, and
= 20 years from first employment at the mineral
wool production plant. Cancer of the digestive
organs was increased during the first 10 years since
first employment. In the subgroup of workers with 20
years or more having elapsed from first employment
at the factory, more cases than expected were found
for the respiratory system, the urinary system, and
the skin, in particular cancer of the lung and cancer
of the bladder (table 4).

One case of pleural mesothelioma was observed in
a person 13 years after first employment in the fac-
tory.

The observed and expected numbers of cases of
Iung cancer, as well as cancer of all sites, are given in
table 5 for all four categories of employees. In the
= 20-year subgroup of the total cohort (males and

females) the observed : expected ratio for lung can-
cer was 2.1 (10 observed, 4.8 expected), a figure sig-
nificantly in excess of 1.0 (p = 0.009). The pattern
of increase seems to be similar for the two male
groups, but, except for the male manual workers, the
numbers of lung cancer cases were too small to allow
for meaningful evaluation.

Information on exposure within the plant was in-
complete or missing. Using the duration of employ-
ment as an indicator of the degree of exposure, we
examined the data for a dose-response relationship
for all the workers at the factory (table 6) for the sites
showing an increased rate 20 years or more after first
employment. No relationship between duration of
employment and cancer risk emerged.

Table 7 shows the smoking habits of the workers
employed at the mineral wool production plant in
1982, ie, the time of the study. For comparison the
smoking habits of the general population in the
eastern part of Denmark are given for 1979 (accord-
ing to the unpublished results of B Roed-Petersen)
after standardization for differences in age and sex.
There were 10 % more smokers among the rockwool
workers than among the general population, but 7 %
less heavy smokers among the former.

Discussion

In this study of cancer morbidity among the em-
ployees of a single mineral wool production plant in
Denmark no increased risk of cancer was found for
all cancer cases together or for cancer cases grouped
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according to site of appearance when the cohort was
analyzed as a whole. However, if one considers the
group of persons among whom the highest risk would
be expected to emerge a priori, ie, workers for whom
20 years had elapsed since first employment at the
plant, a twofold increase in risk of cancer of the lung,
bladder, and skin was found (table 4). Although the
observed numbers of cases on which these risk esti-
mates were based were small, the deviations from
unity were statistically significant.

In a comprehensive study like the present one the
possibility of chance variation could explain the ex-
cess of skin and bladder cancer due to the many com-
parisons undertaken. It seems reasonable however to
consider a possible association with the work envi-
ronment and to include these cancers in future studies
of the mineral wool production industry.

The major objective of this study was to evaluate
whether an association exists between exposure to
mineral wool — especially fibers — and cancer of the
respiratory tract. The increased risk among workers
20 or more years after first employment is in line with
this hypothesis, but a number of potential errors
must be considered.

The group of people under investigation was
formed on the basis of existing documentation in the
factory, and without knowledge of later cancer devel-
opment. The follow-up of the group was almost
complete (96.6 %), and the information about inci-
dent cancer cases was obtained from an independent
source — the Danish Cancer Registry — without
knowledge of the person’s occupation within the
plant. Thus the study is unbiased with regard to the
registration of cancer incidence among the factory’s
personnel.

On the other hand, in a retrospective cohort study,
it is difficult to evaluate to what degree confounding
factors have influenced the risk estimates. In the
study of lung cancer in particular the role of tobacco
smoking must be considered, as well as the possible
influence of other occupational exposures. As in
most retrospective cohort studies information on
such factors was missing and attempts to control or
assess such confounding could only be indirect.

Several different approaches were used to deter-
mine whether the use of rates for all of Denmark as
the reference could explain the increased lung cancer
risk among the mineral wool workers, as it was un-
known to what degree the total Danish population
differed from our study population with respect to
other occupational exposures and life-style factors in
particular. First, an alternative computation of the
expected number of cancer cases was undertaken by
using cancer rates for a population composed like the
cohort under study with regard to place of residence,
a factor indicative of both smoking and occupation
(3, 9). This additional standardization for place of
residence resulted in an overall 8.3 % decrease in the
expected number of lung cancer cases, a figure cor-
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responding to a 9 % increase in the calculated ob-
served : expected ratios (12).

Second, the standardized mortality ratio for cancer
of the respiratory system is 1.13 for unskilled male
workers in Denmark in comparison with all males
(11); this value contrasts with the finding of a stan-
dardized incidence ratio of 1.95 for male workers in
the present study (table 5).

Third, we surveyed the smoking habits of presently
employed workers at the mineral wool production
plant and compared them with those of the general
population of the eastern part of Denmark, where the
plant is located, assuming that the differences ob-
served represented different smoking habits in the
study population and the reference population. It is
unlikely that the finding of 10 % more smokers in the
cohort, but 7 % less heavy smokers, could explain
the observed excess of lung and bladder cancer
among the factory workers. Thus, if the relative risk
of lung cancer estimated by Doll & Peto (5), ie, 1 for
nonsmokers, 10 for moderate smokers (less than 15
cigarettes/d) and 20 for heavy smokers (more than 15
cigarettes/d), are applicable also to the present mate-
rial, then it can be calculated (1, 2) that the differ-
ences in smoking habits seen in the present investiga-
tion would lead to a relative risk of 1.04 among rock
wool workers when compared with the general popu-
lation. In addition the increased risk of lung cancer
20 years or more after first employment at the factory
seems incompatible with an effect of tobacco, since
an elevated risk caused by this latter risk factor would
appear throughout the observation period indepen-
dently of the date of entry into the mineral wool pro-
duction plant. Finally, there has been no exposure to
asbestos in the factory except for underwater sawing
of prefabricated building material containing asbes-
tos during the period 1967—1980. To our knowledge
no asbestos-consuming industry has been located
near the plant or in the area from which the plant
draws its labor.

In conclusion, it is unlikely then that the associa-
tion between employment in the plant producing
man-made mineral fibers and the risk of lung cancer
development 20 or more years after first employment
could be ascribed to bias in cancer ascertainment or
to factors such as tobacco smoking or other occupa-
tional exposures unrelated to the hypotheses under
study.

A similar American study, comprising nearly
17,000 employees in the mineral wool industry in the
United States, found the mortality from respiratory
tract cancer increased, but only in that part of the
cohort which was involved in rock wool (standard-
ized mortality ratio = 160), rather than glass wool,
production (6). The authors could not exclude asbes-
tos as contributing to this increased risk. The in-
creased mortality was associated neither with the
length of time since first employment nor with the
estimated degree of exposure to fibers during work.



In a similar collaborative European investigation (of
which the Danish cohort is a part) the standardized
mortality ratio for cancer of the trachea, bronchus,
and lung among the group of rock wool workers was
91, 124, and 195 for 0—19 years, 20—29 years, and
30 years or more from the date of first employment
in the factory, respectively (17). Neither in this study
is the increased mortality related to the extent of esti-
mated fiber exposure. In a review of the epidemio-
logic evidence of respiratory cancer among workers
exposed to man-made mineral fibers it is stated that
five studies out of nine present some association
between respiratory cancer with work involving min-
eral fibers. These five studies include the two largest
cohort studies already mentioned. In neither study
and for none of the production types, was any rela-
tion of respiratory cancer to exposure duration and
exposure intensity found (16).

In conclusion the results of the present study sup-
port the hypothesis of a relationship between occupa-
tion in the mineral wool production industry and can-
cer of the lung; the suspicion raised by this study, of
an association between occupation in this industry
and cancer of the skin and bladder, should be investi-
gated further. In this connection it may be profitable
to consider exposure to substances other than fibers
since, from the period around 1950, oils and binders
have been added to the mineral wool in considerable
quantities.

The increased cancer risk that has emerged from
this study was presumably initiated before 1960 and
therefore relates to the environmental conditions,
including dust levels, prevailing in the factory from
the beginning of production up to around 1960. This
factor points to a need for the continued follow-up
and investigation of workers employed in the mineral
wool industry to investigate possible risks associated
with exposure to present-day airborne fiber concen-
trations. The lack of a dose-response relationship
also requires additional follow-up to be better deter-
mined, as it is of importance for establishing evidence
of causality. Further investigations are thus of para-
mount importance in view of the widespread use of
mineral wool for insulation purposes in most kinds of
building construction today.
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