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C. The man-made mineral fiber European historical cohort study: Extension of the follow-up. Scand J
Work Environ Health 12 (1986): suppl 1, 34—47. The study concentrated on 21 967 workers producing
rock wool/slag wool, glass wool or continuous filament in 13 European factories. The expected deaths
and incident cancer cases were derived from multiplying the accumulated person-years by national refer-
ence rates across sex, age, and calendar-year strata, correction factors for regional lung cancer mortality
also being used. Exposure assessment was based on the results of a historical environmental investigation
reported elsewhere. There were 189 deaths (151.2 expected), and for rock-wool/slag-wool and glass-wool
workers the standardized mortality ratios for lung cancer showed a pattern of increasing mortality with
time since first exposure but not duration of employment. There was an excess of lung cancer among
rock-wool/slag-wool workers employed during an early technological phase before the introduction of
dust-suppressing agents, and fiber exposure, either alone on in combination with other exposures, may
have contributed to the elevated risk. No excess of the same magnitude was evident for glass-wool produc-
tion, and the follow-up of the continuous filament cohort was too short to allow for an evaluation of
possible long-term effects. There was no evidence of an increased risk for pleural tumors or nonmalig-
nant respiratory diseases.
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In this paper we present the results of the extension
of the follow-up of a historical cohort of European
man-made mineral fiber (MMMF) production workers
carried out through international collaboration
between the International Agency for Research on
Cancer (IARC) and a number of scientific institutions
in seven European countries. The preliminary results
of the study have been published in Cancer Letters (25).
The epidemiologic and animal evidence on the car-
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cinogenicity of MMMEF is reviewed elsewhere in this
same supplement (6, 21).

Material and methods

The population under study, as in the previous follow-
up, was the workforce ever employed (with at least one
year of employment in England and Sweden) in the
13 factories already enrolled in the study (22, 23). These
factories are listed in table 1 along with their date of
starting MMMF production and the country in which
each is located. More information on the factories and
their workforces may be found in this supplement in
the papers specific to each country.

The current total size of the cohort (24 609 persons)
was smaller than in the previous report (22, 23). Some
individuals had been removed from the cohort, almost
entirely due to two reasons. First, a group of workers
had been found in factory 8 to have been employed
in a different production area, away from MMMF
production. Second, in factories 7, 8, and 9, the popu-
lation of individuals employed less than one year was
incomplete at the factory level or the quality of the
data was inadequate for tracing vital status, and so,
to minimize the potential for bias, they were excluded
from the cohort. The total of 24 609 persons remained



after these changes. After separation of the office
workers most of the analysis concentrated on 21 967
MMMF production workers.

In at least two of the factories (factories 1 and 6)
the factory records available at the time of cohort
definition were incomplete for the early years. For a
number of workers who had worked in MMMF pro-
duction for relatively short periods and then left, the
records had not been kept.

Age- and sex-specific national mortality reference
rates were computed at IARC for the study extension
period with the use of the mortality data bank of the
World Health Organization (WHOQO). A conversion
table was prepared at IARC to allow the pooling of
the results over different revisions (26, 27, 28) of the
International Classification of Diseases (ICD). Na-
tional mortality reference rates were extrapolated back
to the date of starting MMMF production when this
date was prior to the availability of the rates. National
reference rates for cancer incidence, all according to
the seventh ICD revision, were supplied by the national
investigators and used for calculating expected incident
cancer cases. This procedure applied to factories 1 to
9 located in four countries providing nationwide can-
cer registration.

The data processing and analysis were centrally per-
formed at IARC in close collaboration with the na-
tional investigators. The expected deaths or incident
cancer cases were derived from multiplying the accu-
mulated person-years by the national reference rates
across sex, age, and calendar-year strata, and ratios
[standardized mortality ratio (SMR) or standardized
incidence ratio (SIR)] between observed deaths (or
cancer cases) and expected values, multiplied by 100
(4) were calculated. The 95 % confidence intervals for
the two types of ratio were computed on the basis of
the Poisson distribution. Ratios with confidence in-
tervals excluding 100 were considered significant at the
5 % level.

As it has been suggested that local reference popu-
lations may be more comparable to a study popula-

tion in terms of exposure to general pollution, social
class composition, or cultural habits (for example
cigarette smoking), locally adjusted standardized mor-
tality ratio (SMR) values for cancers of the trachea,
bronchus, and lung (referred to as ‘‘lung cancer’’) were
estimated from multiplying the expected deaths by a
locally derived SMR (16). In the choice of the most
appropriate SMR, the following factors have been
taken into account: the area should be representative
of the area from which the employees are drawn; the
size of the reference population should not to be too
small, and the period for which the SMR was available
should not have been too short. For factories 2 and
11, no adjustment was made because the national pop-
ulations were already quite small. SMR values for the
immediate local areas were used for factories 1 and
10, and for the remainder SMR values were calculated
at the regional or county level.

All but one of the factories could be uniquely as-
signed to one of the three production processes, rock
wool/slag wool, glass wool, or continuous filament.
Factory 14, currently a continuous-filament produc-
tion plant, was also a glass wool producer during
1946—1960. The results of the hygiene measurements
summarized in the previous report (18) indicate that
respirable fiber levels are (and presumably have been)
higher in glass-wool than in continuous-filament
plants. Therefore during 1946 to 1960 the factory was
categorized as a glass-wool factory, and the factory
cohort has been subdivided into two, those only em-
ployed in continuous-filament production (all of whom
started in 1961 or later) and those ever employed dur-
ing the period of glass-wool production. The results
by production process or for the total have been
generated from the summing of the observed and ex-
pected deaths over the relevant factories.

Of the 24 609 members of the cohort, 2 642 (11 %)
had only worked in office jobs, and they were con-
sidered unexposed to the production environment. The
proportion of office workers varied by factory between
0 and 29.5 %.

Table 1. Factories included in the study by country, type of process, and dates of follow-up.

Year Final year of follow-up

Factory? production Country Type of process
started Mortality Incidence

01 (C) 1937 Denmark Rock wool/slag wool 1982 1982
02 (F) 1941 Finland Glass wool 1981 1981
03 (1) 1950 Norway Rock wool/slag wool 1982 1983
04 (H) 1940 Norway Rock wool/siag wool 1982 1983
05 (G) 1948 Norway Rock wool/slag wool 1982 1983
06 (L) 1935 Norway Glass wool 1982 1983
07 (D) 1933 Sweden Glass wool 1982 1982
08 (K) 1943 Sweden Rock wool/slag wool 1982 1982
09 (M) 1938 Sweden Rock wool/siag wool 1982 1982
10 (E) 1943 United Kingdom Glass wool 1983 ..
1) 1946 United Kingdom Continuous filament 1983
12 (O) 1941 Germany Rock wool/slag wool 1982
14 (N) 1961 Italy Continuous filament 1983
14 (N) 1946 Italy Glass wool 1983

2 The alphabetic code used in previous publications is given in parentheses.
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For most of the factories in the cohort, workers
could not be assigned to detailed occupational cate-
gories; thus the analysis was carried out using fairly
broad occupational categories. Each individual was
allocated to one category as follows: (i) employed in
the production and preproduction areas only, (ii) em-
ployed in secondary processes only, (iii) employed in
maintenance occupations only, (iv) employed in other
jobs (eg, internal transport drivers, storemen) only, (V)
manual worker, unspecified job title or mixed expo-
sure having been employed in more than one of the
previously mentioned job categories, (vi) job category
unknown, or (vii) mixed exposed and unexposed,
having worked some time both in one of the preceding
categories and also in office employment.

For analysis by length of exposure, the duration of
employment of most of the population was known.
However there were 320 individuals who had at least
one period of employment of unknown duration, and
these plus 372 individuals in the mixed exposed and
unexposed category were assigned to the unknown
length category.

A historical environmental investigation was carried
out which involved a team from the Edinburgh Insti-
tute of Occupational Medicine and IARC visiting the
13 factories included in the study and collecting de-
tailed information on the production processes oper-
ating in each factory since the start of activity, the raw
materials used, the use and type of dust-suppressing
agents (mineral oil, resin/binders, pitch) in the dif-
ferent periods of industrial activity, any presence of
other contaminants, asbestos in particular, and the

Table 2. Person-years for mortality among both sexes by
length of employment and foliow-up

Length of Years since first exposure
employment Total
(years) <9 10—19 20—29 =30
<1 72474 30171 7002 1276 110 923

1—4 85690 35627 14275 4671 140 264

5—9 27904 16810 6842 2219 53 775
10—19 — 26222 7483 2021 35726

=20 — — 7095 2587 9682
Unknown 5797 5204 2658 573 14 232
Total 191866 114034 45355 13347 364 601
Table 3. Study population by vital status.
Males Females Total
N % N % N %

Alive at end of
follow-up 16777 825 3725 871 20502 833
Dead 2540 125 296 6.9 2836 115
Emigrated 624 3.1 102 2.4 726 30
Lost to follow-up 389 19 156 3.7 545 22
Total 20330 100 4279 100 24609 100
Exposed cohort 18753 92.2 3214 751 21967 893
Unexposed cohort 1577 7.8 1065 249 2642 107
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general and local ventilation systems in use since pro-
duction started (3). All the information was collected
from the factory files, management, and personnel
presently or previously employed at the factory, and
a summary was agreed upon by the factory personnel
involved in the survey. No hygiene measurements from
the past were available, but the aforementioned infor-
mation was used to discriminate periods in each fac-
tory when the potential for respirable fiber exposure
was higher than at present.

An important change from the previous follow-up
derived from information newly acquired through the
historical environmental investigation. Because of it,
workers could be entered into the cohort from the date
of their first exposure to MMMEF, rather than (as pre-
viously) from the date of their first employment at the
plant.

The type of process operating and the use and ty-
pes of dust-suppressing agents having been taken into
account, the ‘‘technological phases’’ judged to involve
different and decreasing levels of exposure to fibers
were defined in advance of the statistical analysis. The
similarity of the technology used in the different facto-
ries, although at quite different dates, implied suffi-
cient homogeneity in fiber exposure to justify pooling
the workers employed within each of the phases for
the analysis of mortality.

Airborne levels of MMMF in the factories were
estimated to be the highest when no dust-suppressing
agent (mainly mineral oil) was used and/or a batch
process involving labor intensive and hand-operated
production methods were in operation. These condi-
tions were called the early technological phase; the lung
cancer mortality experience of the part of the cohort
employed during this period has been presented for
comparison with the part of the cohort employed dur-
ing periods when oil and resin binder were in use with
modern mechanized production methods (late tech-
nological phase). The intermediate phase with expo-
sure during the use of processes both with and without
dust suppressors was called the intermediate tech-
nological phase.

For the analysis by technological phase, individuals
were allocated into the group within which their date
of first exposure fell. Thus individuals who were em-
ployed for long periods covering, for example, two or
three technological phases only contribute to the first
subgroup they entered.

The person-years at risk subdivided by length of
employment and follow-up are presented in table 2.
The contribution to person-years of the longer ob-
servation periods (ie, 20—29 and = 30 years since first
exposure) was, respectively, 12.4 and 3.7 % of the
entire total. The total number of deaths, lost to follow-
up, and emigration are presented in table 3. Complete
follow-up was successful for 95 % of the cohort.

Due to the exclusion of some individuals and the
improved estimates of dates of first exposure, the
presented results are not directly comparable with the



previously published findings (23). In addition, other
deaths which occurred prior to 1977 have since been
identified. To allow a direct comparison of the results
with the earlier follow-up, the current cohort was also
analyzed up to the date of the end of the previous
follow-up (1977 for most factories), the results of
which were found to differ only slightly from those
previously published (25).

Results

Mortality

As previously stated, the analysis focused on the ex-
posed part of the cohort. However the SMR values for
a selected number of causes of death among office
workers are presented in table 4. There was a consistent
mortality deficit by cause apart from an elevated SMR
for bladder cancer.

Observed and expected deaths from selected causes
for the entire exposed cohort are presented by sex and
for both sexes combined in table 5. All the subsequent
results are presented for both sexes combined. A total
of 2 719 deaths occurred during the study period ver-
sus 2 457 expected, yielding a SMR of 111, which is

statistically significant (p<0.05). For 46 deaths the
cause of death was not available. The major contri-
bution to the excess came from mortality from vio-
lent causes of death, which was concentrated among
workers with less than one year of employment, for
whom the SMR was 242 (table 6). This group of work-
ers with short-term employment also had an increased
mortality in the categories ‘‘diseases of the respiratory
system,”’ ““diseases of the nervous system,’” and ‘dis-
eases of the digestive system.”” Within this last cate-
gory deaths from liver cirrhosis were about four times
more frequent than for longer term employees. Lung
cancer mortality was not however significantly raised,
the SMR being 116. For only 9 out of the 13 factories,
workers with less than one year’s employment were in-
cluded, and they altogether comprised about one-third
of the cohort. Within the cohort employed for at least
one year, the overall SMR was 102, that for violent
causes fell to 117, and those for most specific causes,
except lung cancer, were close to 100.

Mortality from all malignant neoplasms in the total
exposed cohort was statistically significantly elevated,
the excess mainly (but not exclusively) being due to
lung cancer. For no site other than lung cancer did the
overall SMR values present a statistically significant
departure from 100. Moderate excesses were however

Table 4. Mortality of the office workers by detailed cause, both sexes included.

Standardized 95 %
Cause of death? Observed Expected? mortality confidence
ratio interval
All malignant neoplasms (140—209) 35 40.7 86 60—120
Buccal cavity & pharynx (140—149) 1 0.7 147 4—819
Esophagus (150) — 0.8 0 0—465
Stomach (151) 3 3.7 82 17—240
Intestine, except rectum (152—153) 2 27 75 9—270
Rectum (154) 1 16 61 2—339
Larynx (161) — 0.4 0 0—1045
Trachea, bronchus and lung (162) 7 9.6 73 29—151
Bone (170) — 0.3 0 0—1263
Prostate (185) 1 1.5 68 2—381
Bladder (188) 4 1.0 396 108—1014
Leukemia (204—207) 2 1.7 121 15—438
Other lymphatic and hematopoietic neoplasms
(200—203, 208—209) 1 2.2 45 1—251
Other malignant neoplasms 13 14.8 88 47—151
Benign and unspecified neoplasms (210—239) 1 0.8 125 3—698
Diseases of the circulatory system (390—458) 46 59.8 77 56—103
Ischemic heart disease (410—414) 35 40.4 87 60—121
Cerebrovascular disease (430—438) 6 10.9 55 20—120
Diseases of the respiratory system (460—519) 5 99 51 16—119
Acute infections (460—466) — 0.2 0 0—2277
Influenza (470—474) — 0.4 0 0—997
Pneumonia (480—486) 3 4.0 74 15—217
Bronchitis, emphysema and asthma (490—493) 1 4.5 22 1—124
Diseases of the digestive system (520—577) 2 6.8 29 4—106
Accidents, poisoning and violence (E800—E999) 13 23.9 54 29—93
Suicide (E950—E959) 4 9.0 45 12—114
Other known causes 12 16.8 72 37—125
Cause of death unknown 3
All causes (000—999) 117 158.6 74 61—88

2 The code of the International Classification of Diseases, eighth revision, in parentheses.
b Based on national age-, sex-, cause-, and calendar-year-specific death rates.
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Table 5. Mortality by detailed cause and sex, the total exposed cohort inciuded. (O = observed number of deaths, E = expected
number of deaths based on national age-, sex-, cause-, and calendar-year-specific death rates, SMR = standardized mortality

ratio, 95 % Cl = 95 % confidence interval)

Males Females Both sexes
Cause of death? SMR 95 % ClI
0 E 0] E 0 E
All malignant neoplasms (140—209) 564 509.4 97 88.4 661 597.7 111 102—119
Buccal cavity & pharynx (140—149) 10 9.7 3 0.9 13 10.6 123 65—210
Esophagus (150) 14 1.7 — 1.3 14 13.0 108 59—181
Stomach (151) 55 617 9 6.8 64 68.5 93 72—119
Intestine, except rectum (152—153) 35 337 2 6.8 37 40.5 91 64—126
Rectum (154) 29 23.9 4 3.2 33 27.0 122 84—172
Larynx (161) 9 6.1 — 0.2 9 6.3 143 66—272
Trachea, bronchus and fung (162) 181 1438 8 7.4 189 151.2 125 108—144
Bone (170) 6 34 — 0.5 6 3.9 153 56—332
Prostate (185) 31 334 ; ; 31 33.4 93 53—132
Bladder (188) 22 16.9 2 1.0 24 17.9 134 86—199
Leukemia (204—207) 15 18.5 2 2.8 17 21.3 80 47—128
Other lymphatic and hematopoietic neoplasms
(200—203, 208—209) 25 25.9 8 3.7 33 29.6 112 77—157
Other malignant neoplasms 132 120.8 59 53.8 191 17486 109 94—126
Benign and unspecified neoplasms (210—239) 17 11.2 1 2.0 18 13.2 136 81—216
Diseases of the circulatory system (390—458) 951 9335 92 105.8 1043 1039.3 100 94—107
Ischemic heart disease (410—414) 669 644.7 53 54.4 722 699.0 103 96—111
Cerebrovascular disease (430—438) 156 170.2 22 325 178 202.8 88 75—102
Diseases of the respiratory system (460—519) 152 146.9 13 18.0 165 164.9 100 85—117
Acute infections (460—466) — 21 2 0.4 2 2.5 79 10—287
Influenza (470—474) 8 5.5 — 1.0 8 6.5 124 53—244
Pneumonia (480—486) 58 58.6 7 9.8 65 68.4 95 73—121
Bronchitis, emphysema and asthma (490—493) 64 68.1 2 5.3 66 73.4 90 70—114
Diseases of the digestive system (520—577) 112 97.3 1 10.5 123 107.8 114 95—136
Accidents, poisoning and vioience (E800—E999) 384 2477 22 171 406 264.8 153 139—169
Suicide (E950—E959) 102 78.4 8 6.2 110 84.6 130 107—157
Other known causes 226 229.8 31 39.6 257 2694 95 84—108
Cause of death unknown 43 3 v 46
All causes (000—999) 2449 2175.7 270 2813 2719 2457.0 111 107—115

a2 Code of the International Classification of Diseases, eighth revision, in parentheses.

Table 6. Mortality from selected causes subdivided by dura-
tion of empioyment of less than and more than one year, both
sexes included. (SMR = standardized mortality ratio)

Less than More than

one year one year
Cause of death? oh ok

served L served SMR

All causes
(000—2999) 741 147" 1978 102
Malignant neoplasms
(140—209) 143 119° 518 109
Lung Cancer
(162 35 116 154 128~
Circulatory diseases
(390—458) 216 113 827 98
Respiratory diseases
(460—519) 39 150" 126 91
Digestive diseases
(5620—577) 40 171" 83 99
Violent deaths
(E800— E999) 200  242* 206 117"
Other known causes 80 133" 195 89

a Code of the International Classification of Diseases, eighth
revision, in parentheses.
* p<0.05.
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present for death from cancers of the buccal cavity and
pharynx, rectum, larynx, and bladder. As shown in
table 7 for all malignant neoplasms, there was no rela-
tionship between the SMR values and time since first
exposure, but for lung cancer an increasing pattern was
apparent, a statistically significant SMR of 173 ap-
pearing for the category =30 years since first expo-
sure.

The lung cancer findings are presented separately
for the three production processes in table 8. The over-
all SMR values for lung cancer were elevated for each
of the three processes when compared to national rates.
For each of the rock-wool/slag-wool and glass-wool
subcohorts statistically nonsignificant increasing trends
for the SMR values were present for time since first
exposure (x* 1.7 and 2.9, respectively, 1 degree of
freedom (df), for national figures). No such pattern
was apparent for the continuous-filament subcohort,
for which, however, the number of expected deaths
more than 20 years after first exposure were very small.
Except for continuous filament, the highest SMR
values were found for the period =30 years from first
exposure. However, when adjustment factors based on



local lung cancer mortality are applied the results are
modified. The SMR values for glass wool and con-
tinuous filament are no longer raised, but that for rock
wool/slag wool remains almost unchanged, similar
trends remaining.

The lung cancer mortality by individual factory is
reported in table 9, showing the effect of regional cor-
rection for each factory. For rock wool/slag wool, the
largest excess was evident for factory 4, although an
excess was alsc present for four other factories. (Fac-
tories 1, 4, and 9 contribute most of the excess in the
long follow-up periods.) For glass wool, the excess was
mainly in factories 7, 10, and 14, reaching statistical
significance for the largest (ie, factory 10). The excess
mortality was substantially reduced by regional cor-
rection for factories 10 and 14.

The lung cancer mortality among workers with at
least 20 years of follow-up is presented by occupational
category in table 10. For rock-wool/slag-wool workers
the excess is evident among the production/preproduc-
tion, maintenance, and unknown groups. The un-
known category dates from early in the history of
MMMF production when most of the workforce was
engaged directly in production work. For glass wool
the lung cancer excess was distributed over production-

preproduction, maintenance, and unspecified and
mixed production workers.

In table 11, lung cancer mortality 20 years or more
since first exposure in the rock-wool/slag-wool sub-
cohort is presented by duration of employment. The
total length of employment and employment during
the early and intermediate technological phases only
are presented before and after correction for regional
mortality rates. The total employment showed no pat-
tern, with a high SMR for the one to four years’
employment group. When only the employment in the
first two technological phases is considered, the SMR
is consistently high up to 20 years, after which both
observed and expected deaths are truncated by the re-
stricted length of the two technological phases. Within
the early phase, the number of expected deaths was
rather small for carrying out an analysis by duration
of employment. For the ten cases in the early phase,
the average duration of employment was 9.8 years,
with 2.5 years within the early-phase period, compared
with 12.5 years (2.7 within the early phase) for the
whole early-phase subcohort (331 individuals). These
figures compare to an average duration of employment
of 3.8 years for the whole rock-wool/slag-wool sub-
cohort.

Table 7. Mortality of the total exposed cohort (both sexes included) from selected causes by time since first exposure to man-
made mineral fibers. (O = observed number of deaths, E = expected number of deaths based on national age-, sex-, cause-,
and calendar-year-specific death rates, SMR = standardized mortality ratio, 95 % CI = 95 % confidence interval)

Cause of death?

Years since ; Cancer of trachea, All nonmalignant
first fél(l)ocaugsgzs) All mall(%ggiznoegciplasms bronchus and lung respiratory diseases
exposure - (162) (460—519)
0 E SMR 95% Ci (e} E SMR 95% CI o E SMR 95% CI e} E SMR 95% CI

=9 721 654.7 110 102—118 146 1494 98 83—115 39 36.3 107 76—147 24 34.7 69 44—103
10—19 936 835.8 112 105—119 237 207.9 114 110—129 70 553 127 99—160 61 557 110 84—141
20—29 724 655.9 110 102—119 196 163.7 120 104—138 51 428 119 89—157 51 50.6 101 75—133

=30 338 310.7 109 97—121 82 76.7 107 85—133 29 16.8 173 116—248 29 239 122 81—175
Total 271924570 111 107—115 661 597.7 111 102—119 189 151.2 125 108—144 165 164.9 100 85-—117

a8 Code of the International Classification of Diseases, eighth revision, in parentheses.

Table 8. Lung cancer mortality by time since first exposure and by process, both sexes included. The expected number of
deaths (E) and standardized mortality ratio (SMR) are shown according to both the national and local reference populations.
(O = observed number of deaths)

Rock-wool/slagwool Continuous-filament

Glass-wool subcohort Total cohort

Years subcohort subcohort

?infe Reference population Reference population Reference population Reference population
irs

exposure O National Local O National Local O National Local O National Local

E SMR E SMR E SMR E SMR E SMR E SMR E SMR E SMR

<9 17 16.5 103 16.4 104 13 158 82 193 68 9 40224 5.1 176 39 36.3 107 40.8 96

10—19 30 246 122 24.7 122 34 245 139 30.0 113 6 63 9 79 76 70 55.3 127 62.5 112

2029 22 176 125 17.8 124 29 233 125 289 100 — 20 O 21 0 51 428 119 48.8 104
=30 12 6.7 178 6.5 185 17 9.8 173" 12.4 138 — 03 0 03 0 29 16.8 173* 19.1 152*

Total 81 654 124 653 124 93 73.3 127* 90.5 103 15 125120 154 97 189 151.2 125" 171.2 110

* p<0.05,
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In table 12, the equivalent data are presented for
glass wool. Whether the total employment or only that
in the early and intermediate technological phases is
considered, the risk appears to be unrelated to length
— high for the second- and fourth-duration categories,

Table 9. Lung cancer mortality (both sexes included) by fac-
tory and process according to both the national and local
reference populations. (O = observed number of deaths,
E = expected number of deaths, SMR = standardized mortality
ratio)

Reference population

Factory (o] National Local

E SMR E SMR
Rock-wool/slag-wool process
Factory 1 39 320 122 323 121
Factory 3 — 1.3 0 1.2 0
Factory 4 7 1.9 360 23 300*
Factory 5 6 51 119 51 119
Factory 8 — 2.4 0 241 0
Factory 9 8 52 153 29 275*
Factory 12 21 175 120 19.4 108
Totai 81 654 124 65.3 124
Glass-wool process
Factory 2 4 5.9 68 5.9 68
Factory 6 1 25 40 25 40
Factory 7 10 88 114 11.. 87
Factory 10 71 50.6 140" 61.7 115
Factory 142 7 56 125 9.0 78
Total 93 733 127 905 103
Continuous-filament process
Factory 11 8 7.8 103 7.8 103
Factory 142 7 4.7 148 7.7 9N
Total 15 125 120 15.4 97

2 Glass-wool producer from 1946 to 1960, continuous-filament
producer from 1961 on.
* p<0.05.

low for the others. By average length of employment,
the 16 early-phase lung cancer deaths were employed
for 8.5 years (3.8 within the early phase) compared to
an average of 7.2 years (4.4 within the early phase) for
the 1 182 early-phase individuals. The average dura-
tion of employment was 5.6 years for the whole glass-
wool cohort.

The SMR values for lung cancer classified by the
technological phase during which workers first entered
a plant are shown in table 13. For rock wool/slag wool
the results for the periods 20—29 years and =30 years
since first exposure in the early technological phase
showed the highest values. They ranged from 244 to
317, depending on the reference population used.
Somewhat lower values, ranging from 161 to 217, were
found for the intermediate technological phase, but
all the latter ones have wide confidence limits, and
none is statistically significant. For the late technolog-
ical phase the corresponding SMR values ranged from
77 to 93. For 20 or more years since first exposure the
decreasing trend for lung cancer from the early to the
late technological phase was statistically significant
(x* = 6.5 or 9.8 for national or local, respectively). For
the same time intervals since first exposure, the SMR
values for glass wool were much lower in the early
technological phase (SMR 80 to 145), but slightly
elevated in the intermediate technological phase (SMR
106 to 194).

Only one case of mesothelioma was found out of
364 601 person-years at risk. The person involved was
employed for less than one year and died 13 years after
first exposure. Reference rates were not available for
pleural mesothelioma; however a reasonable expec-
tation of the number of cases from a male population
of that size would probably lie in the range of 1 to 3.

Table 10. Lung cancer mortality (both sexes included) by occupational category =20 years since first exposure to man-made
mineral fibers according to both the national and local reference populations.

Rock-wool/slag-wool production

Glass-wool production

Reference population

Reference population

National Local National Local
Job category Ob- Ob-
served Stan- Stan- served Stan- Stan-
Ex- dardized Ex- dardized Ex- dardized Ex- dardized
pected mortality pected mortality pected mortality pected mortality
ratio ratio ratio ratio
Production/pre-
production 1 6.1 181 5.3 209* 13 7.2 180 9.0 144
Secondary
process 1 0.2 455 0.2 455 i) 6.5 77 77 65
Maintenance 7 4.1 169 43 161 9 46 196 59 152
Others — 0.5 0 0.4 0 2 3.0 67 3.8 53
Unspecified
and mixed
production 7 9.4 75 10.0 70 15 8.7 173 11.2 134
Unknown 8 36 222 36 220 — 2.0 0 24 0
Mixed exposed
and unexposed — 0.4 0 0.3 0 2 1.1 190 1.3 154
Total 34 24.4 140 242 140 46 33.1 139* 41.3 111

* p<0.05.
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Table 11. Lung cancer mortality (both sexes included) for the

rock-wool/slag-wool production subcohort =20 years since first

exposure to man-made mineral fibers by duration of employment according to both the national and local reference population.

Total employment

Employment in early and intermediate phases

Reference population

Reference population

Duraltion Oft National Local National Local
employmen = Ob-
(years) sé)r\?ed Stan- Stan- served Stan- Stan-
Ex- dardized Ex- dardized Ex- dardized Ex- dardized
pected mortality pected mortality pected mortality pected mortality
ratio ratio ratio ratio
<1 8 5i7 141 59 136 8 3.8 210 3.8 211
1—4 9 4.9 185 4.5 200 7 3.1 225 27 257"
5—9 3 22 138 21 140 4 1.9 209 1.7 236
10—19 5 49 102 5.0 100 2 1.0 195 0.9 214
>20 9 6.3 142 6.4 141 — 0 0 0 0
Unknown — 0.4 0 0.3 0 — 03 ¢] 03 0
Total 34 24.4 140 242 140 21 10.2 206* 9.4 223*
* p<0.05.

Table 12. Lung cancer mortality (both sexes included) for the

glass-wool production subcohort =20 years since first exposure

to man-made mineral fibers by duration of employment according to both the national and local reference population.

Total employment

Employment in early and intermediate phases

Reference population

Reference population

Duration of National Local National Local
employment Ob- Ob-
(years) served Stan- Stan- served Stan- Stan-
Ex- dardized Ex- dardized Ex- dardized Ex- dardized
pected mortality pected mortality pected mortality pected mortality
ratio ratio ratio ratio
<1 1 1.6 63 1.9 53 1 1.6 62 1.9 52
1—4 19 97 197* 12.0 158 19 10.0 191* 12.4 154
5—9 1 5.1 20 6.4 16* 2 5.7 35 71 28
10—19 15 79 190* 10.2 146 17 10.5 163 13.4 127
=20 5 6.9 73 8.3 60 2 3.2 62 3.9 51
Unknown 5 20 249 25 202 5 2.0 249 25 202
Total 46 33.1 139* 41.3 111 46 33.0 139* 41.2 112
* p<0.05.

The only other cause of death showing an increasing
pattern with time since first exposure was bladder can-
cer (table 14). When broken down by type of process,
no excess was discernible in the continuous-filament
subcohort, while an elevated SMR was present in both
the rock-wool/slag-wool and glass-wool groups. Anal-
ysis by time since first exposure showed no trend for
glass wool, while an increasing trend (p<0.05) was
evident for rock-wool/slag-wool production. The
bladder cancer mortality was also analyzed by tech-
nological phase and did not show the same pattern as
the lung cancer results, but after subdivision the num-
bers were very small.

The extension of the follow-up confirmed the pre-
vious finding of an elevated mortality from larynx can-
cer in factory 14; this finding is discussed in detail in
another paper in this issue (2). In the rest of the study
population three deaths were observed versus 4.78 ex-
pected.

No overall death excess from nonmalignant respi-
ratory diseases was present for the total cohort (ta-

ble 5). Workers with less than one year of exposure
showed however an elevated SMR which was statisti-
cally significant (table 6). Aside from these short-term
workers, when mortality from this group of causes was
analyzed by process, by time since first exposure, and
by length of employment, no excess was discernible
in any of the industrial processes. The analysis by tech-
nological phase did not show any pattern either in the
glass-wool or in the rock-wool/slag-wool production
subcohorts. These results are not presented in the
tables.

Incidence (factories 1—9)

The SIR for the total cohort did not indicate an over-
all cancer excess (table 15). The overall lung cancer in-
cidence was increased in the rock-wool/slag-wool sub-
cohort but not in the glass-wool one, for which how-
ever the results were less informative due to the ex-
clusion of two large factories for which incidence data
were not available. In both processes the lung cancer
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Table 13. Lung cancer mortality (both sexes included) by time since first exposure to man-made mineral fibers and by technological ph
tion and as determined according to both the national and local reference populations. (O = observed number of deaths, E = expec

Rock-wool/slag-wool technological phase

Year:

s;acg Early Intermediate Late Early

first ; ; ; :

exposure National Local National Local National Local National Local

O E SMR E SMR O E SMR E SMR O E SMR E SMR O E SMR E Sv

<9 — 02 0 0.1 0 — 10 O 1.0 0 17 153 111 15.2 112 2 16 123 1.9 10

10—19 — 06 0 0.5 0 3 28 106 28 107 27 21.2 127 214 126 3 38 80 43 7

20—29 4 15 270 1.3 317 7 43 161 43 164 11 11.8 93 12.2 90 5 54 93 63 8
>30 6 25 244 2.0 295* 4 19 211 1.8 217 2 24 84 26 77 6 4.1 145 50 12

Total 10 4.7 214~ 39 257 14 10.1 139 9.9 141 57 50.7 113 515 111 16 14.9 107 174 9

Table 14. Bladder cancer mortality (both sexes included) by the time since first exposure and by process. (O = observed num-
ber of deaths, E = expected number of deaths, SMR = standardized mortality ratio, 95 % Cl = 95 % confidence interval)

Rock-wool/slag-wool Continuous-filament

;s:trs since Drocess Glass-wool process process Total
exposure O E SMR 95% Cl O E SMR 95% CI O E SMR 95%Cl O E SMR 95% Cl

=<9 1 21 48 1-—267 2 13 157 19564 — 03 0 0-—1476 3 36 83 17—242
10—19 3 35 87 18—254 3 24 127 26—372 — 05 0 0— 802 6 63 96 35—208
20—29 6 2.7 221 81—480 4 26 156 43—400 — 02 0 0—2459 10 5.4 184 88—332

>30 3 1.2 249 51-—-725 2 1.4 147 18-527 — 00 0 0-—1844 5 26 193 63—451
Total 13 95 137 73—235 11 7.6 145 73—260 — 09 0 O0— 373 24 179 134 86—199
Table 15. Cancer incidence of the total exposed cohort (both sexes included) by site.

Standardized 95 %
s R

Cancer site Observed Expected |ncr|§t?gce confidencs interval
Buccal cavity and pharynx (140—148} 28 17.0 164 109—238
Esophagus (150) 8 6.0 133 57—262
Stomach (151) 46 40.1 115 84—153
Intestine, except rectum (152—153) 36 36.8 98 69—136
Rectum (154) 28 26.1 107 71—155
Larynx (161) 6 7.3 82 30—179
Trachea, bronchus and lung (162—163) 87 75.1 116 93—143
Breast (170) 16 20.7 77 44—125
Cervix uteri (171) 4 6.0 67 18—172
Uterus (172—174) 9 5.7 157 72—299
Prostate (177) 45 54.7 82 60—110
Bladder (181) 35 32.2 109 76—151
Melanoma of skin {190) 12 13.8 87 45—152
Bone (196) 3 1.6 184 38—537
Leukemia (204) 15 15.3 98 55—162
Other lymphatic and hematopoietic
neoplasms (200—203, 205) 22 22.7 86 54—130
Other malignant neoplasms 137 146.33 94 79—111
All malignant neoplasms (140—205) 537 530.6 101 93—110

a2 Code of the International Classification of Diseases, seventh revision, in parentheses.

incidence tended to increase with the time since first  entirely to the observed and expected values in the mor-

exposure, as shown in table 16. The analysis by tech-
nological phase (table 17) tended to confirm the lung
cancer mortality patterns with slightly lower ratios. For
glass wool the intermediate technological phase was
not informative due to the exclusion of factories 10
and 14, the results from which contributed almost

42

tality analysis.

In table 18 the pattern of the 87 incident respira-
tory cancer cases is shown subdivided by histological
type and country. The 10 cases occurring among those
employed during the early phase comprised three squa-
mous cell, two small cell, three ““others,”” and two with



. exposure as identified in the historical environmental investiga-
ar of deaths, SMR = standardized mortality ratio)

s-wool technological phase

Intermediate Late

lational Local National Local

E SMR E SMR O E SMR E SMR
7.7 52 95 42 7 66 107 79 88
7.7 164* 220 132 2 31 66 3.6 55
7.8 135 226 106 — 01 0 01 O
5.7 194 74 149 — 00 0 00 0
8.8 139* 61.4 111 g9 97 93 1.7 77

no histological confirmation.

The histological breakdown was not available for
all the Nordic countries for comparison, but recent
data from Norway (12) and Finland (all lung cancers
1974—1978) suggest that our reported patterns are not
unusual. In Norway, for squamous, small cell, and
adenocarcinoma, there were 34, 9, and 11 %, respec-
tively. In Finland there were 28, 13, and 7 %, respec-
tively. The proportion of adenocarcinoma appeared
to be higher than is normally expected. However the
interpretation of this finding is limited by the small
numbers involved and because reference proportions

Table 16. Lung cancer incidence of the total cohort (both sexes included) by process and time since first exposure. (O = observed
number of cases, E = expected number of cases, SIR = standardized incidence ratio, 95 % CIl = 95 % confidence interval)

Years since Rock-wool/slag-wool process Glass-wool process Total

firet exposura o] E SIR 95%Cl o] E SR 95% Cl o E SIR 95%Cl
<9 15 169 89  50—147 1 38 26 1—146 16 207 77 44—126

10—19 31 220 141 96—200 4 60 67 18—172 35 280 125 B87—174

20—29 18 123 146  87—231 6 55 110 40—240 24 178 135 87—201
230 8 51 158 68—311 4 36 111 30—285 12 87 139 72—242

Total 72 563 128 100—161 15 188 80 45—132 87 751 116 93—143

Table 17. Lung cancer incidence by time since first exposure and by technological phase at first exposure as identified in the
historical environmental investigation, both sexes included. (O = observed number of deaths, E = expected number of deaths,
SIR = standardized incidence ratio, 95 % Cl = 95 % confidence interval)

Years Rock-woolislag-wool technological phase Glass-wool technological phase
?ilrr;?e Early Intermediate Late Early Intermediate Late
exposure o E SIR 95%CI O E SIR 95%Cl O E SIR 95%Cl O E SIR 95%Cl O E SIR%%ClI O E SIR 95%Cl
<9 — 01 0 0—7233 — 11 0 0—335 15157 95 53—157 1 12 83 2—460 — 03 0 0—1146 — 23 0 0—162
10—19 — 05 0 0-—716 4 33120 33—308 27182148 98—216 3 37 82 17—239 — 05 0 0—700 1 1.8 57 1-—315
20—20 4 17 232 63—593 10 53190 91—350 4 53 75 21—193 6 54112 41—244 — 01 0 0—7094 — 00 0 0—9222
=30 6 28214 78—465 2 22 93 11—33¢ — 01 0 0-—3581 4 36111 30—285 — 00 O . — 00 0 .
Total 10 5.1 196 94—360 16 11.8135 77—219 46393117 86—156 14 138101 55—170 — 09 0 0—409 1 41 25 1—137
Table 18. Respiratory cancer cases by histological type and country.
Percentage of
Type of cancer Denmark Finl the total of
yp ce and Norway Sweden Total all countries
together
Squamous cell carcinoma 14 1 4 6 25 29
Small cell carcinoma 11 2 — — 13 18
Adenocarcinoma 8 — 5 3 13 15
Others 2 1 5 9 18 21
No histology 13 — 5 1 19 22
Total 45 4 19 19 87 100

Table 19. Incidence of cancer of the buccal cavity and pharynx? by follow-up and process, both sexes included. (O = observed
number of cases, E = expected number of cases, SMR = standardized mortality ratio, 95 % Cl = 95 % confidence interval)

Rock-wool/slag-wool

Glass-wool subcohort

Total cohort

Years since subcohort
first exposure
E SMR 95 % CI 0 E SMR 95 % CI (0] £ SMR 95 % CI
=9 5 40 125 40—290 — 1.1 0 0—326 5 5.1 97 32—227
10—18 11 46 238 119—426 — 15 0 0—249 11 6.1 180 90—323
20—29 26 272 109—559 3 13 231 48—674 10 3.9 258 124—475
>30 1 1.0 102 3—569 1 1.0 105 3—587 2 19 104 13—376
Total 24 12.2 197  126—293 4 4.9 83 28 170 164 109—238

23—211

2 Code 140—148 in the International Classification of Diseases, seventh revision.
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of histological type were not available for Denmark,
which alone contributed more than half of the cases.

For cancer of the buccal cavity and pharynx there
was a statistically significant excess (table 19). The in-
cidence for these sites increased with time since first
exposure till the 20- to 29-year group (10 observed
versus 3.9 expected) and then fell in the group =30
years since first exposure (2 observed versus 1.9 ex-
pected).

No other cancer site showed a relationship between
SIR and time since first exposure.

Discussion

For a number of cancer sites (buccal cavity and phar-
ynx, larynx, bladder, rectum) increases in mortality
and/or cancer incidence have been observed which,
however, are not large, are not consistently related to
time since first exposure, nor appear to be consistent
across factories within a given production process. In
addition, for these sites, there were no suspicions
emerging from a priori evidence derived from animal
experiments or previous epidemiologic findings. Such
evidence, on the other hand, makes two malignancies,
mesotheliomas and lung cancer, as well as nonmalig-
nant respiratory disease worth special attention. For
mesothelioma and nonmalignant respiratory disease no
excesses were found in the present study. In none of
the other published studies of MMMF-exposed popula-
tions has any case of mesothelioma been reported (9,
21). For nonmalignant respiratory disease an increased
risk was reported in the large cohort study of MMMF
workers in the United States (8). For lung cancer an
elevation in mortality (paralleled, to a less extent, by
an elevation in incidence) was found among workers
with a long period of observation (at least 20 years
since first exposure) and was particularly marked with-
in the early technological phase of rock-wool/slag-wool
production.

In assessments of the validity of death certificate
data cancer registration data can be used. In the four
Scandinavian countries where cancer incidence data
were available, 75 deaths from lung cancer occurred.
Sixty-eight of these cases were also registered as inci-
dent cases of lung cancer. Of the remaining seven
deaths, one took place in 1948 (before the cancer
register was established), one had been registered as
a stomach cancer, one had not been registered, and
four were coded as secondary and unspecified cancers.
The stomach cancer and one secondary and unspeci-
fied cancer occurred during the early technological
phase in a glass-wool worker. The other three sec-
ondary and unspecified cases occurred in rock-wool
workers, one each in the early, intermediate, and late
phases. On the other hand 9 of the 87 persons with
registered cases of respiratory cancer were certified as
having died from some other cause.
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In order to explain the lung cancer excess, on which
the discussion is centered, several possible causes have
to be considered.

Tobacco is the most important single cause of lung
cancer, and the absence of information on smoking
habits of the population under study is certainly a
limitation, as it is in most historical cohort studies.
However for the following reasons smoking is unlikely
to explain the entire excess: (i) the magnitude of the
risk in the rock-wool/slag-wool early group was larger
than can be plausibly explained by differences in smok-
ing habits between the study population and the gen-
eral population (1, 5, 16) and (ii) the use of local
reference populations should have, at least partially,
taken into account the effect of different smoking
habits within the countries where such differences may
exist.

No information was available on other occupational
exposures experienced before or after employment in
MMMF production. In order to have a confounding
effect, however, the other occupational exposures
should both carry a carcinogenic risk for the lungs and
be associated with the part of the workforce (ie, em-
ployed in rock-wool/slag-wool production, early tech-
nological phase) estimated to be at risk of higher ex-
posure to MMMF. Such a situation, although it can-
not be excluded, appears to be a rather remote pos-
sibility. In addition, the group estimated to be at high
risk of exposure to MMMEF started to show an excess
20 years after first exposure, which is the lag-time
usually needed for a display of effect, for example,
for asbestos fibers.

As part of the historical environmental investigation,
occupational exposures were identified which could
conceivably be associated with an excess lung cancer
risk. Of particular concern was asbestos. While major
amounts of asbestos usage disqualified factories from
being included in the study, some minor uses were iden-
tified. Some use of asbestos insulation for furnaces or
asbestos gloves and aprons were reported, as is to be
expected in an industry involving hot processes. Some
limited use of asbestos, such as stitching yarn, was
identified in factories 1, 2, 10, and 12. Analysis of the
mortality of those workers employed during these
periods of asbestos use did not show any excess for
lung cancer. In factory 1, there was one lung cancer
death (0.2 expected) with less than 10 years since first
exposure. Factory 2 showed a slight deficit for lung
cancer, and none of the four who died from lung can-
cer was employed during the relevant years. In both
factory 10 and factory 12, most of the cohort was em-
ployed for some time during the reported use of as-
bestos. Factory 10 was one of the three glass-wool fac-
tories contributing to the excess in 30 or more years
since first exposure. Factory 12 did not contribute to
the excess of lung cancer deaths in the long observa-
tion period in rock-wool production.

Bitumen and pitch have both been used to varying
extents as dust suppressive agents early in the history



of MMMF production, and they can contain carcino-
genic polycyclic aromatic hydrocarbons. Within the
rock-wool category the following four factories had
used bitumen or pitch binders: factory 1 (1950—1954),
4 (1942—1955), 5 (1948—1960), and 9 (1946—1949).
Within the glass-wool production only factory 10 used
bitumen during 1945—1962. Within the rock-wool
category mortality of the group employed during
periods of bitumen use accounted for some of the ex-
cess in the 20- to 29-year follow-up (7 observed versus
4.6 expected) but none of the excess in the group with
30 or more years since first exposure (1 observed ver-
sus 1.2 expected).

The industrial hygiene measurements previously car-
ried out in these factories indicated that respirable fiber
levels tended to be higher for rock wool/slag wool than
for glass wool and higher in secondary processes than
in production areas (18). However the relative posi-
tion of respirable dust levels between production and
secondary processes may not have been the same in
the past, especially when the production methods were
less automated and less enclosed. The lung cancer mor-
tality analyzed by occupational category did not ap-
pear to be concentrated in any particular group. For
the rock-wool/slag-wool subcohort the SMR in the
secondary process is hard to interpret given the small
number of exposed persons in the group.

The most convincing evidence of a causal associa-
tion would derive from a relationship of increasing
lung cancer risk with increasing dose. Taking length
of employment instead of dose gives no evidence in
this study of such a relationship for the total cohort
or single process. For none of the three processes was
there any association between lung cancer mortality
and length of employment, whether for the complete
follow-up or for the observed and expected deaths
more than 20 years since first exposure. However
length of employment is not necessarily a reliable
estimate of the true cumulative dose. The MMMF in-
dustry has, since its inception, undergone improve-
ments in industrial hygiene with a reduction in respi-
rable fibers. Short periods during the dustier exposures
could lead to cumulative doses as high or higher than
long periods of exposure to low dust levels. Quanti-
tative estimates of exposure levels in the early tech-
nological phase were not available for any of the fac-
tories under study, although the respirable fiber levels
are generally thought to have been higher than today
(3, 10, 24). Airborne levels have recently been mea-
sured in a rock-wool factory during the manufacture
of a product without any use of oil or binder, giving
results ranging from 9.8 to 25.6 fibers/ml (17). The
line was completely mechanized, and no worker ex-
posure occurred in the area.

Using these latter results and the average duration
of exposure in the rock-wool early phase (2.7 years)
to estimate the highest cumulative exposure, we ob-
tain a cumulative dose in the range of 25—70 fibers-
years/ml. Such cumulative fiber dose and the SMR

values observed in the early phase group are compati-
ble with the dose-response estimates from other studies
on workers exposed to chrysotile asbestos (7, 14, 15,
19, 20). However the preceding exposure estimates are
highly imprecise, and the dose estimates in the asbestos
studies themselves suffer from errors related to the con-
version of limited particle count data into fiber levels.

Quantitative measures of present airborne fiber
levels (18) have not been used for constructing a
cumulative dose because of the uncertainty of extra-
polating present levels back to the past MMMF expo-
sure. A qualitative approach has been chosen that takes
into account the type of process operating, the use of
binders, and the types of binder so as to identify a
priori the groups with highest exposure. As previous-
ly mentioned, during the early technological phase in
rock-wool/slag-wool production, mainly because of
the absence of oil, higher concentrations of airborne
fibers were very probably present (no direct measure-
ments were available) than in the intermediate and late
technological phases. This situation contrasts with that
in glass-wool production where two changes (introduc-
tion of oil binders but also a reduction in nominal
diameter of the fibers produced) took place between
the early and the subsequent technological phases, the
effects of which act in opposite directions on airborne
fiber levels. As a result changes in airborne fiber ex-
posure between the early and intermediate techno-
logical phases were likely to have been less conspicu-
ous than in rock-wool/slag-wool production.

The results of the lung cancer analysis indicated that
the lung cancer excess was associated with the early
technological phase in the rock-wool/slag-wool sub-
cohort. The SMR values are still raised, but lower, in
the intermediate technological phase. Restricting the
analysis by duration of exposure to the technological
phases (early and intermediate) which show elevated
SMR values revealed no clear association although the
pattern was less irregular than in the analysis by over-
all duration of employment. No risk excess was de-
tected in the late technological phase. This finding,
which certainly requires further confirmation, is how-
ever suggestive of a decrease or absence of risk among
workers entering work during more recent MMMF
production.

The historical environmental investigation identified
some use of slag in the rock-wool/slag-wool plants
during their early history. This use was on a limited
or experimental basis in factories 4 and 5 but was a
large component of the material in factories 1, 8, and
9 (for the first 8, 25, and 16 years, respectively). For
a short period in factory 1, copper slag was used, which
would therefore have been contaminated with arsenic,
an element which has been shown to be carcinogenic
in some compounds (11).

The industry has reported that during the early years
of production and thus the early technological phase,
environmental conditions were affected by poor ven-
tilation which might have also resulted in a potential
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exposure to polycyclic aromatic hydrocarbons from
furnace fumes. Possible effects of such exposure, either
alone or in combination with fiber exposures, cannot
be excluded.

For glass wool, after adjustment for local popula-
tions’ mortality, no clear excess or pattern was dis-
cernible, apart from a slight increase in the SMR for
the middle technological phase, which was dominated
by the presence of factory 10. This factory was char-
acterized by different production lines which used
bitumen, oil binder, and no binder at all and which
had been operating at the same time, as well as a line
producing microfibers, some continuous-filament pro-
duction, and some reported asbestos use. This excess
might be related to one or more of these specific
processes, but the currently available occupational his-
tories do not allow allocation of individuals according
to the different processes or exposures. A more-de-
tailed analysis is underway.

The results from the extension of this study are con-
sistent with those from other cohort studies reviewed
elsewhere in this supplement (21). They show an ex-
cess of lung cancer in the long-term follow-up of work-
ers in the MMMF production industry. In particular
a large cohort study conducted by Enterline & Marsh
in the United States (19) found an excess of lung can-
cer 30 or more years since first exposure among work-
ers in rock-wool/slag-wool production (14 observed
versus 8.1 expected).

Conclusions

No excess mortality from nonmalignant respiratory
diseases has been found in the study population in any
of the three production processes.

An elevated mortality for lung cancer among rock-
wool/slag-wool workers was associated with employ-
ment during the early technological phase of this
process. Exposures such as smoking or previous em-
ployment were considered unlikely to provide a suf-
ficient explanation for the excess. The concentration
of the lung cancer excess in the group of workers em-
ployed during periods identified a priori as having a
potential for the highest levels of fibrous dust expo-
sure indicates that the association may be of causal
nature. Environmental conditions during the early
technological phase of production were also reported
to be affected by the use of slag, some of which con-
tained arsenic and, because of poor ventilation, re-
sulted in potential exposure to polycyclic aromatic
hydrocarbons from furnace fumes. Possible effects of
such exposures either alone or in combination with
fiber exposures cannot be excluded on the basis of the
information available. Since respirable fibers were a
significant component of the ambient pollution, it is
plausible that fiber exposure during the early period
of rock-wool/slag-wool production — alone or in com-
bination with other factors — may have contributed
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to the observed lung cancer excess. No increased risk
was found after the full introduction of dust-sup-
pressing agents. No excess of the same magnitude was
present in glass-wool production, where a lung can-
cer excess 30 or more years since first exposure was
largely reduced by adjustment for local mortality rates.
Due to the short follow-up of the continuous-filament
subcohort, no evaluation of possible long-term effects
of occupational exposure could be made.

The data provide no evidence of an increased risk
for pleural tumors in the study population.
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