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A mortality study of workers employed in a German

rock wool factory
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CLAUDE J, FRENTZEL-BEYME R. A mortality study of workers employed in a German rock wool
factory. Scand J Work Environ Health 10 (1984) 151—157. As part of a coordinated European study
including 13 plants, 2,096 workers employed in rock wool production, packing, and maintenance activi-
ties in a German factory were followed until 1979 for cause-specific mortality. There were no consistent
differences between the observed and expected deaths in the study cohort on the basis of the experience
of the general population. The separate analysis of persons engaged in rock wool production and packing
and those engaged in maintenance yielded an excess of lung cancer deaths with borderline significance
for occurrence among the maintenance workers and an elevation in standardized mortality ratio for
stomach cancer related to time since first employment in the production group. Comparison with a
factory-based reference cohort did not show any increased health risk for the exposed cohort. An exten-
sion of the follow-up for five years is planned in an attempt to clarify the present findings.
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Man-made mineral fibers (MMMF) have gained
widespread application in recent years due to the
need for increased thermal insulation to conserve
energy and due to their role as a substitute for asbes-
tos for certain uses.

Such fibers are amorphous silicates made from
glass, natural rock, or slag. Although glass fibers dif-
fer from asbestos physiochemically and do not split
up longitudinally, both man-made mineral fibers and
asbestos are fibrous substances. Due to the over-
whelming evidence on the pathological and carcino-
genic effects from exposure to asbestos, increased re-
search has been directed towards the evaluation of
health effects presented by exposure to man-made
mineral fibers.

The fibrogenicity and carcinogenicity of man-
made mineral fibers have been demonstrated in ani-
mal experiments by Stanton & Wrench (22), Pott et
al (16), Davis (5), and Kuschner & Wright (11), who
injected fibrous materials into the pleural and perito-
neal cavities and into the trachea. This pathogenicity
was found to be related to the structural properties of
the injected fibers. Inhalation studies using man-
made mineral fibers in the form of dust produced
minimal rates of lung cancer (12, 24). Different
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authors have quoted particular fiber dimensions
found to produce the highest carcinogenic response
(17, 21), although the relation between biological
effectiveness and the geometric characteristics of the
fibers (diameter and length) is a continuous one over
a large range of values.

Concerning health effects in man, a few case re-
ports can be found in the literature associating dis-
eases of the respiratory tract to exposure to glass
fibers (10), but cross-sectional prevalence studies of
current employees in the fibrous glass industry have
consistently shown negative results (9, 15, 23, 25).
The common limitation, however, of prevalence-
oriented morbidity studies is that the former em-
ployees and the deceased are not accounted for. Re-
sults of a retrospective cohort mortality study by
Bayliss et al (1) and preliminary findings from a simi-
lar study by Enterline & Marsh (7) suggested an ex-
cessive risk only for nonmalignant respiratory dis-
eases, excluding influenza and pneumonia.

In view of the limited evidence on human working
populations at the time, the Joint European Medical
Research Board invited the International Agency for
Research on Cancer (IARC) to carry out an interna-
tional epidemiologic investigation of the possible
health effects of man-made mineral fibers among
workers engaged in their production in Europe. For
this first international multicentric endeavor, which
began in 1978, 13 factories in seven countries were
chosen for inclusion in the coordinated study (20).
The results of the retrospective follow-up mortality
study of a rock wool factory in West Germany are
reported in the present communication.
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Table 1. Some characteristics of the exposed and the refer-
ence cohorts.

Exposed Reference

cohort cohort Total-
(N)

N % N %

Number of persons 2,096 1,778 3,874
Alive 1,655 79.0 1,372 77.2 3,027
Dead 242 115 219 123 461
Lost to
follow-up 199 9.5 187 105 386

Number of Germans 1,842 87.9 1,596 89.8 3,438

Number of migrant

workers 254 121 182 10.2 436

Length of

employment

< 1 vyear 907 433 904 50.8 1,881

1— 9years 671 32.0 548 30.8 1,149

10—29 years 456 21.7 274 154 730

=30 years 62 3.0 52 29 114
Person-years

at risk 33,755 29,118 62,873

Table 2. Mortality analysis by time since first employment
for the exposed cohort of production and maintenance work-
ers. (SMR = standardized mortality ratio, CL = confidence
limits, 1ICD = International Classification of Diseases and
Causes of Death, eighth revision)

Material and methods

The factory selected for this study produced rock
wool by a steam-blowing process from 1942 until
1977 when this branch of the company was closed
down. Owing to this fact, an environmental survey of
the plant was not feasible.

All persons eligible for inclusion in the exposed
cohort were ascertained through the available com-
pany payroll records; they comprised all those em-
ployed in rock wool production, packing, shipping,
and maintenance activities some time between 1942
and 1977, classified according to the main occupa-
tion. No restrictions were made on minimal duration
of employment.

A reference cohort was selected in a similar manner
from workers in cork and styropor panel production
of the same company. The exposed and reference co-
horts were subsequently limited to male employees,
consisting then of 2,096 males in the former and
1,778 males in the latter group.

Table 3. Mortality analysis by time since first employment
for the subcohort of production workers. (SMR = standard-
ized mortality ratio, CL = confidence limits, ICD = interna-
tional Classification of Diseases and Causes of Death, eighth
revision)

Time since first Deaths

Time since first Deaths

employment Ob- Ex- SMR CL employment Ob- Ex- SMR CL
(years) served pected {years) served pected
All causes (ICD 000—999) All causes (ICD 000—999)

=9 53 56.1 94 72—123 = 9 36 36.1 100 71—137
10—19 83 85.9 97 77—120 10—19 46 55.0 84 62—111
20—29 86 74.4 116 92—143 20—29 49 491 100 75—131

=30 20 18.3 109 68—166 =30 12 12.0 100 57—176
Total 242 2347 103 91—117 Total 143 152.1 94 79—111
Malignant neoplasms (ICD 140—209) Malignant neoplasms (ICD 140—209)

=9 6 9.3 64 26—134 =9 4 6.0 66 21—161
10—19 19 18.8 101 63—156 10—19 10 12.0 83 42—149
20—29 27 17.5 154~ 104—221 20—29 17 11.6 147 88—230

=30 6 4.2 144 57—297 =30 5 26 189 71—426
Total 58 49.8 116 88—151 Total 36 32.2 112 78—155
Stomach cancer (ICD 151) Stomach cancer (ICD 151)

= 9 0 1.5 — — =9 0 0.9 - —
10—19 5 3.2 155 57—346 10—19 3 2.1 144 36—389
20—29 6 28 217 87—446 20—29 5 1.8 273" 102—616

=30 0 0.8 — — =30 o] 0.5 - —
Total 11 8.3 132 70—230 Total 5.4 147 69—281
Lung cancer (ICD 162) Lung cancer (ICD 162)

=<9 2 2.1 97 16—315 =9 1 1.3 77 4—379
10—19 7 5.2 134 59—266 10—19 4 33 122 39—202
20—29 5 5.1 98 36—217 20—29 1 3.3 30 2—150

=30 2 1.1 176 31—601 =30 1 0.7 143 7—705
Total 16 135 118 70—188 Total 7 8.6 81 36—161
Diseases of the respiratory system (ICD 460—519) Diseases of the respiratory system (ICD 460—519)

= 9 1 2.3 44 2—214 = 9 1 1.5 68 3—329
10—19 4 4.8 83 27—201 10—19 4 3.1 131 41—311
20—29 4 5.2 77 24—186 20—29 4 3.4 118 37—284

=30 2 16 127 21—413 =30 1 1.1 95 5—448
Total 11 13.9 79 42—138 Total 10 9.0 112 56—198
* p<0.05. * p<0.05.
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In an effort to ascertain the vital status until 31 De-
cember 1979, follow-up of all cohort members was
attempted through multiple contacts and inquiries at
the registrar’s offices of a worker’s last residence or
at his birthplace. Death certificates were requested
from the government health offices of each place of
death.

The ascertainment of the cause of death was
impeded by the increasingly stringent interpretation
of the ‘‘Datenschutzgesetzgebung’’ (legislation on
data protection) and by the fact that, in some munic-
ipalities, the death certificates are only kept for 5 or
10 years. Nevertheless, death certificates were ob-
tained for 93 % of those known to be dead.

The underlying cause of death was coded by a
qualified coder according to the eighth revision of the
International Classification of Diseases and Causes
of Death.

Analysis of the study data was carried out with the
help of computer programs prepared at the German
Cancer Research Center (2, 3).

A modified life-table technique was used to obtain
person-years at risk of dying beginning at the first
date of employment or on 1 January 1942, whichever
came later. Individuals with unknown vital status
contributed to person-years at risk until the date of
last information. The deceased for whom no death
certificates were available were assumed to have died
from an unknown cause.

For the external comparison, person-years at risk
were calculated by five-year age groups, five-year
calendar time periods, number of years since first
employment (latency), and duration of exposure. The
observed numbers of deaths were compared to those
expected on the basis of age-calendar time and cause-
specific mortality rates for the general male popula-
tion of West Germany. Standardized mortality ratios
(SMR) between observed deaths and the expected
ones multiplied by 100 were calculated, and exact
95 % confidence limits (CL) were computed (19).2

In addition, an internal comparison with the refer-
ence cohort was carried out by 10-year age groups
and latency. A weighted average of the stratum-
specific rate ratios, proposed by Rothman & Boice
(19), was employed for the estimation of the relative
risk (RR) in preference to Miettinen’s rate ratio esti-
mate (13) due to the presence of strata with zero or
small numbers.

Ninety-five percent test-based confidence limits
were calculated from the point estimate with the use
of the standard normal deviate (13). The hypothesis
testing of the data was achieved through the calcula-
tion of p-values (19).

2 In a previous report on this study, person-years were cal-
culated starting from 1946 and standardized mortality
ratios were calculated with reference to regional mortality
rates (from the Federal State of Rhineland-Palatinate), so
results are not comparable (4).

Results

General characteristics

There was no apparent difference in the general char-
acteristics of the exposed and reference cohorts
(table 1). The inclusion of migrant workers led to a
rather conservative estimate of the standardized mor-
tality ratio when it is considered that they represent
62 % of the persons who were lost to follow-up.

The mean duration of employment was 6.2 (me-
dian 1.6) years for the exposed cohort and 4.9 (me-
dian 0.9) years for the reference cohort; 43.3 % of
the exposed cohort and 50.8 % of the reference
cohort were employed for less than one year and only
3 % for = 30 years.

External comparison

For the exposed cohort, as well as the subcohorts of
production workers and maintenance workers; tables
2—4 show the observed and expected numbers of

Table 4. Mortality analysis by time since first empioyment
for the subcohort of maintenance workers. (SMR = stan-
dardized mortality ratio, CL = confidence limits, ICD = In-
ternational Classification of Diseases and Causes of Death,
eighth revision)

Time since first Deaths
employment i ) SMR CL
(years) Ob Ex

served pected

All causes (ICD 000—999)

=9 17 20.0 85 51— 133
10—19 37 30.9 120 86— 163
20—29 37 253 146* 106— 200

=30 8 6.3 126 59— 241
Total 99 82.5 120 98— 146
Malignant neoplasms (ICD 140—209)

< 9 2 3.3 60 10— 200
10—19 9 6.8 183 65— 243
20—29 10 6.0 167 85— 297

>30 1 1.5 66 3— 329
Total 22 17.6 125 80— 186
Stomach cancer (ICD 151)

<9 0 0.6 — —
10—19 2 1.1 174 31— 601
20—29 1 0.9 107 6— 548

=30 0 0.3 — —
Total 3 29 104 26— 282
Lung cancer (ICD 162)

<9 1 0.8 133 6— 617
10—19 3 1.9 156 40— 430
20—29 4 1.8 228 71— 536

=30 1 0.4 228 13—1,233
Total 9 4.9 185 90— 337

Diseases of the respiratory system (ICD 460—519)

= 9 0 0.8 — —
10—19 0 1.7 — —
20—29 0 19 — —

=30 1 0.5 193 10— 986
Total 1 49 20 1— 101
* p<0.05.
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deaths for five selected groups of causes of death and
the standardized mortality ratios with the 95 % con-
fidence limits. No significantly increased mortality
was found for any of the groups of causes for the
entire period of observation. The analysis of the ex-
posed cohort by time since first employment showed
neither increased mortality with time nor standard-
ized mortality ratios with a significant departure
from 100 for all causes or diseases of the respiratory
system. The standardized mortality ratio for malig-
nant neoplasms tended to increase with time since
first employment and attained a statistically signifi-
cant excess in the group 20—29 years since first em-
ployment (SMR = 154, CL = 104—221). The stan-
dardized mortality ratios for stomach cancer were
high although deaths occurred in only two time
periods, 10—19 years and 20—29 years since first
employment. In the latter time period there were 6
observed deaths versus 2.8 expected ones. There was
a slight tendency towards higher mortality for lung
cancer, but the findings were not significant, the
highest standardized mortality ratio being observed
for the group = 30 years since first employment.
The separate analysis of the subcohorts of produc-
tion workers and of maintenance workers revealed
discernible differences in the mortality from stomach
cancer and from lung cancer. The standardized mor-
tality ratio for stomach cancer among the production
workers reached statistical significance with 20—29
years since first employment (SMR = 273, CL =
102—616), whereas mortality remained insignificant
for the maintenance workers. On the other hand,
mortality from lung cancer among the maintenance
workers increased steadily with time since first em-

ployment, and all the standardized mortality ratios
exceeded 100. For the total period of observation the
standardized mortality ratio was 185 (CL = 90—337).

The standardized mortality ratios were also calcu-
lated for the reference group. They showed statistical
significance only for all causes for the groups 10—19
years (SMR = 126, CL = 103—154) and = 30
years (SMR = 170, CL = 105—260) since first em-
ployment but not for any of the other groups of
causes examined.

The analysis by duration of exposure for the ex-
posed cohort revealed a discernible trend of increase
in the standardized mortality ratios with increasing
duration of exposure only for stomach cancer, but
they were not statistically significant.

Internal comparison

In the attempt to remove some of the potential
sources of noncomparability of an occupational
cohort with respect to the general population, relative
risks were calculated for the exposed versus the refer-
ence cohort for selected causes of death or groups of
causes for the entire period of observation (table 5).
Despite cause-specific excesses and deficits, there was
no statistically significant departure from 1.00 in the
relative risks except for neoplasms of unspecified
nature (RR = 7.03, CL = 1.17—42.3). In this
group only one death was observed in the reference
cohort, whereas in the exposed cohort there were
eight deaths of which six were tumors located in the
brain. A larger number of neoplasms of unspecified
sites was also found for the exposed cohort, but the
relative risk was not statistically significant. For

Table 5. Cause-specific deaths among the exposed and the reference cohorts and the relative risks for the total period of

observation.
Cause of death? Number of deaths Relative Confidence
Study cohort Reference cohort risk limits
All causes (000—999) 242 219 0.91 0.76— 1.10
Malignant neoplasms (140—209) 58 44 1.09 0.74— 1.61
Esophagus (150) 2 0 — —
Stomach (151) 11 9 1.06 0.44— 254
Intestine except rectum (152, 153) 3 2 1.30 0.21— 7.92
Rectum (154) 2 5 0.31 0.07— 1.31
Liver (155) 2 1 1.45 0.12—17.54
Pancreas (157) 5 0 — —
Larynx (161) 2 2 0.85 0.12— 6.05
Bronchus and lung (162) 16 11 1.23 0.57— 268
Mesothelioma (163) 0 1 — —
Prostate (185) 2 3 0.37 0.06— 2.44
Unspecified sites (195—199) 8 3 2.20 0.60— 8.17
Others (172, 189—193) 3 4 — —
Leukemia and lymphatic system (200—207) 2 3 0.57 0.10— 3.37
Neoplasms of unspecified nature (230—239) 8 1 7.03* 1.17—42.29
Circulatory system (390—458) 70 80 0.70 0.51— 0.97
Respiratory system (460—519) 11 9 1.00 —
Influenza, pneumonia (470—486) 6 5 1.04 0.32— 3.37
Others (460—466, 490—519) 5 4 0.95 0.24— 3.75
Digestive system (520—577) 17 23 0.60 0.32— 1.13
Accidents, poisonings, violence (800—999) 42 32 1.12 0.71— 1.77

a2 The numbers of the International Classification
* p<0.05.
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pancreas cancer, for which five versus no deaths were
observed, the p-value was significant (p < 0.05).
Relative risks by time since first employment were
also performed for the five groups of causes of death
of particular interest. The point estimates of the rela-
tive risk tended to decrease in the first 10 years after
first employment and then increase slightly up to 30
years since first employment although not a single
relative risk estimate was statistically significantly
increased. The number of person-years at risk for the
period = 30 years since first employment may be too
small to give a reliable estimate of the relative risk.

Discussion

The results of this study showed no significantly in-
creased risk for any cause of death among persons
engaged in rock wool production, packing, and
maintenance activities with reference to the mortality
of the general population.

A separate analysis of persons engaged in rock
wool production and packing and those engaged in
maintenance activities was performed in order to ac-
count for the presumed difference in the intensity of
exposure. An excess of lung cancer deaths with bor-
derline statistical significance was found among the
maintenance workers (SMR = 185, CL = 90—337).
For the production workers, elevated standardized
mortality ratios were observed for stomach cancer,
weakly related to duration of exposure, as well as
with the time since first employment, although no
deaths were observed after 30 years since first em-
ployment. ]

Also the analysis with reference to persons engaged
in other production processes did not reveal any
other risks. An unusual finding was an excess of neo-
plasms of unspecified nature, in particular that of the
brain. Four of the six cases of tumors of the brain
turned out to have been employed for only one year
or less, the causal role of man-made mineral fiber ex-
posure therefore being less probable.

The main objective of this study was to investigate
whether exposure to respirable man-made mineral
fibers induces malignant and nonmalignant respira-
tory diseases. Unfortunately, measurements on the
level of respirable fibers in the production environ-
ment were not available.

The interpretation of positive findings may be
complicated by the possibility of exposure to asbestos
used for manufacturing certain other products within
the company premises. Interestingly though, no
single case of mesothelioma was found in the exposed
cohort, whereas one death from mesothelioma oc-
curred in the reference cohort. The presence of other
substances in the environment of the workers, in-
cluding silica, formaldehyde, oil binders, and coal
tar, constitutes a further complication in the identifi-
cation of the health effects associated with exposure

to man-made mineral fibers. In particular, for per-
sons engaged in maintenance activities and not neces-
sarily confined to the man-made mineral fiber pro-
duction, a mixed exposure was unavoidable. Neither
was there any information available on previous
occupational history and tobacco smoking habits.

In addition, the majority of the workers were em-
ployed (thus exposed) for a short period of time
(43 % were employed for less than one year), and
only a few hundred person-years occurred for the
group exposed = 30 years after first employment.

On the other hand, due to the missing information
on causes for 7 % of the deaths and the uncertainty
of location for many of the neoplasms of unspecified
sites, our standardized mortality ratios for specific
causes of death may be underestimated.

Thus the evidence from this study indicates some
adverse health effects from the production environ-
ment which cannot be causally related to man-made
mineral fiber exposure.

The results of our study are not directly compara-
ble to those presented for the coordinated European
Study (20) since in their evaluation person-years and
expected values were computed starting from the first
year in which the national reference rates were avail-
able (for West Germany, 1952). Moreover, period of
observation was accounted for since actual first em-
ployment in the company, whereas this study used
time since the beginning of the man-made mineral
fiber production (1942) for persons who entered the

company earlier.

With regard to lung cancer mortality, the results of
our study are consistent with the findings of other in-
vestigators reported at the Conference on the Biologi-
cal Effects of Man-Made Mineral Fibres in Copen-
hagen, April 1982, which did not confirm an in-
creased risk of lung cancer (6, 8, 14, 20). On the other
hand, Enterline & Marsh (8) observed an excess of
deaths from nonmalignant respiratory diseases but
could not support a causal role for man-made min-
eral fibers because the standardized mortality ratios
by duration of employment and by time since onset
of employment did not show any trend. Moreover,
asbestos may have been used in some of the plants.
They also found a slightly elevated standardized mor-
tality ratio for digestive cancer. An increase in deaths
due to digestive cancer and nonmalignant respiratory
diseases was also observed in another study of work-
ers in a plant producing mineral wool (18).

Thus it is interesting that an increase of stomach
cancer deaths among persons engaged in production
and packing has been found in our study.

Although the evidence does not seem to confirm
adverse health effects from respirable man-made
mineral fibers inhaled in a normal work environ-
mernt, the excess of deaths from lung cancer, digestive
cancer, and nonmalignant respiratory diseases ob-
served in several studies, including our own, even
though not always statistically significant, warrant
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further investigation. As a consequence, continuing
efforts are being considered to follow-up the cohort
for another five years in order to increase the size of

the essential part of the cohort, namely, those ob- -

served for = 30 years.
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