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smoking habits and other information were determined by questions during the medica1

examination (Engholm et al., 1984). The numbers of lung cancer cases were 440 observed

and 483 expected, giving an SIR of 91 (95% confidence interval, 83- 100). A nested
case-control study was carried out to examine the relationship between lung cancer and
exposures to man-made mineraI fibres and to asbestos, classified on the basis of a

combination of job category and self-reported information. The authors suggested that
these construction workers had had exposure to asbestos because of the occurrence of 23
cases of pleural mesothelioma, with 1 1 expected; an analysis within the paper suggests that
heavy exposure to asbestos was underreported by the workers. Using a revIsed classification

of heavy exposure and adjusting for smoking habits and population density of area of
residence in a logistic regression analysis, the authors reported a relative risk of 1.21 (95%

confidence interval, 0.60-2.47) for exposure to man-made mineraI fibres (adjusted for
asbestos exposure) and a relative risk of2.53 (0.77-8.32) for exposure to asbestos (adjusted
for man-made mineraI fibre exposure). The authors discuss the difficulty caused in the
analysis by the large overlapping of reported exposures to asbestos and man-made mineraI
fibres.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

More than 5 millon tonnes of man-made mineraI fibres are produced annually in more
than 100 factories located throughout the world. Glass fibre products comprise over 50% of

the total. Most glasswool, rockwool and slagwool is used for thermal and acoustical
insulation in the construction industry. Glass filaments are used mainly as textiles and as
reinforcement materials in plastics. Ceramic fibres are being produced in increasingly large

quantities for high-temperature insulation and in specialty products.
Man-made mineraI fibre products release airborne respirable fibres during their
production and use. ln general, as the nominal diameter of man-made minerai fibre
products decreases, both the concentration of respirable fibres and the ratio of respirable to
total fibres increase. Exposure levels in glasswool production have generally been 0.1
respirable fibre/ cm3 or less; in rockwool and slagwool production, exposures have been
somewhat higher. Higher occupational exposures may occur when man-made mineraI fibre
products are used in confined spaces, such as in the application of loose insulation.
Concentrations of man-made mineraI fibres have been measured in outdoor air and in
nonoccupational settings indoors and found to be much lower than those associated with
occupational settings.
4.2 Experimental carcinogenicity data

Glasswool

Several samples of glasswool with different particle size distributions in the respirable
range were tested by inhalation in five experiments in rats, in one experiment in hamsters,
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and in one limited experiment in baboons. There was no statistically significant increase in
the incidence of tumours of the lung or pleura; however, a few respiratory-tract tumours
occurred in most experiments in rats. It should be noted that in the intended positive control
groups, crocidolite produced no statisticany significant increase in lung tumour incidence,
while chrysotile usually did.

Glasswool was adequately tested in two experiments in rats and in one experiment in
hamsters by intratracheal instillation. Lung tumours were observed in one experiment in
rats, and lung tumours and mesotheliomas were observed in the experiment in hamsters,

after repeated instinations of samples of glasswool with median fibre diameter less than
0.3 t.m. No lung tumour or mesothelioma was induced by glasswool in the other experiment

by intratracheal instillation in rats; however, in the positive control group treated with
crocidolite, there was a low incidence of lung tumours.
Various samples of glasswool were tested by intrapleural implantation or injection in
five studies in rats and in one in mice. Pleural tumours were induced in four offive studies in
rats, the incidence varying with the size of the instined fibres. No pleural tumour was
observed in treated mice.

Samplcs of glasswool were injected into the peritoneal cavity in eight studies in rats and
in one in hamsters. Mesothe1iomas or sarcomas were induced (the incidence depending on
dose and fibre size) in the peritoneal cavity in aIl studies in rats, but prior 'leaching' of the
fibres with hydrochloric acid in two studies reduced or eliminated the incidence of these
tumours. Treatment ofthe fibres with sodium hydroxide did not reduce the carcinogenicity.
No tumour was induced in hamsters.
Glass filament
ln experiments in which three types of glass filaments of relatively large diameter

(::3 t.m) were administered intraperitoneany to rats, no statisticany significant tumour
response was found.

Rockwool
ln two studies in which rats were exposed to rockwool by inhalation, no statisticany
significant increase in lung tumour incidence was 0 bserved in one study and no lung tumour
in the other. Chrysotile was used as the positive control in both studies and led to high
pu1monary tumour incidence.
Rockwool was tested by intrapleural injection in one experiment in rats, producing a
low, statistically nonsignificant increase in the incidence of pleural mesotheliomas. After
intraperitoneal injection oftwo samples ofrockwool in two experiments in one laboratory,
a high incidence of tumours was observed in the abdominal cavity; however, in one study,
the histopathology had not been completed.
Slagwool
Slagwool was tested in one experiment by inhalation in rats and hamsters; no increase in
the incidence of respiratory-tract tumours was reported. ln the intended positive control

groups, crocidolite induced no or few tumours. ln two experiments in rats, intrapleural
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injection of slagwool produced no thoracic tumour in one study and one pleural sarcoma in
the other. ln one study in rats by intraperitoneal injection, equivocal findings were obtained.
Ceramic fibres

ln an experiment in which rats were exposed to ceramic fibres by inhalation, a
statistically significant increase in the incidence of benign and malignant tumours of the

lung was observed. Two further studies, one in rats and one in hamsters, by inhalation
showed no increased tumour incidence in groups exposed to ceramic fibres, whereas, iD the

intended positive control group, crocidolite produced a few lung tumours in rats but not in
hamsters. No pulmonary tumour was found in an experiment in which rats were exposed by
inhalation to relatively thick ceramic fibres.
Intratracheal instilation of ceramic fibres did not produce lung tumours in one study in

rats and in one study in hamsters, while, in the intended positive control group, crocidolite
produced a high percentage of benign and malignant lung tumours in hamsters but only a
few in rats.
ln one study, intrapleural implantation in rats of several kinds of ceramic fibres

produced variable incidences of pleural mesotheliomas or sarcomas. Another study of
ceramic fibres injected into the pleural cavity of rats produced equivocal results.
After intraperitoneal injection of ceramic fibres into rats in three experiments,

otheliomas were found in the abdominal cavity of hamsters after intraperitoneal injection in one
experiment; however, the ceramic fibres tested were of relatively large diameter.
ln interpreting all these experiments, the Group had in mind considerations outlined in
the 'General Remarks on Man-made Mineral Fibres', pp. 34-35.

mesotheliomas were found in the abdominal ca

vit

y in two studies. Only a few mes

4.3 Human carcinogenicity data

No increase in the occurrence of mesothelioma has been observed in man-made mineraI
fibre production workers.
Glasswool
The main study of glasswool workers in the USA showed a slightly raised mortality from

respiratory cancer compared to local rates. Mortality from respiratory cancer increased
with time since first exposure, but was not related to duration of exposure nor to an
estimated time-weighted measure of fibre exposure. A subcohort of these workers who were
exposed to small-diameter fibres had a higher standardized mortality ratio for respiratory
cancer than those not exposed, which increased with time since first exposure. Neither the
overall increase nor any of these trends was statistically significant.

ln the multinational European study, there was no overall excess mortality from lung
cancer compared to regional rates. Mortality from lung cancer showed a statistically
nonsignificant increase with time since first exposure but was not related to duration of

MAN-MADE MINERAL FIBRES

15 i

exposure or to different technological phases reflecting differences in the intensity and
quality of exposure.
A study of Canadian glasswool workers showed a substantiany raised mortality from
lung cancer, which was statisticany significant, but this was not re1ated to time since first
exposure or to duration of exposure.
Glass filament

Among glass filament workers in the US study, there was no excess of respiratory
cancer, and in the European study no excess oflung cancer, and no upward trend with time
since first exposure or with duration of exposure in either study. ln the US study, there was
also no trend with an estimated time-weighted measure of exposure.

Rockwool and slagwool
Effects of exposures in rockwool and slagwool industries could not be distinguished in
the studies reported. The two are therefore referred to together as 'rock-j slagwool'.

The study of rock-j slagwool workers in the USA indicated a statistically significant

raised mortality from respiratory cancer compared to local rates. ln this cohort, however,
there was no relationship with time since first exposure, duration of expOSUfe or an

estimated time-weighted measure of fibre exposure.
ln the European study, there was an overan, statisticany nonsignificant excess of lung

cancer among rock-j slagwool workers compared to regional rates, as weIl as a statisticany
nonsignificant increasing mortality with time since first exposure. There was no relationship

between lung cancer mortality and duration of exposure. The highest and statistically
significant lung cancer rates were found after more than 20 years' fonow-up among persons
first exposed during the early technological phase (i.e., before the introduction of oil binders
and during the use of batch processing methods). Slag was used as a raw mate

rial
particu1arly during this phase of the industry. There was a statistically significant decreasing
trend in lung cancer mortality with the introduction of oil binders and modern mechanized
methods of production. The presence of asbestos, biturren, pitch and forma1dehyde as work
place contaminants could not explain the' lung cancer excess.
ln the US and European studies combined, there was a statisticanysignificant excess of
mortality from lung cancer for rock-j slagwool workers.

The raised lung cancer mortality rates were considered un1ikely to be the resu1t of
confounding due to cigarette smoking, although this was not directly measured in the cohort
studies.
4.4 Other relevant data

Many samples of man-made mineraI fibres with large fibre diameter have low
respirability.
The solubility of man-made mineraI fibres in vitro and their durabi1ity in vivo vary with
chemical composition. While, in genera1, glasswool fibres appear to be relatively nonpIe was shown to be very insoluble in vitro. Conversely, while in one study

durable, one sam
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pIe proved to be as soluble as glasswool used for
comparison in the same experiment in vitro. Insufficient samples of slagwool and rockwool
have been tested to allow a prediction of their overall range of solubility in tissues. On the
available evidence, no generalization can be made regarding the durability of any single
class of man-made minerai fibres.
There is little evidence for acute toxicity after the inhalation of man-made mineraI fibres.
Glasswool, rockwool and slagwool administered by inhalation produced little pulmonary
ceramic fibres were very durable, one sam

fibrosis in experimenta1 animaIs. Glasswool was fibrogenic following intratrachea1
instillation in sorne but not an studies. ln one study in rats, inhaled ceramic fibres were
fibrogenic.

Olasswool induced numerical and structural chromosomal alterations but not sister
chromatid exchanges in mammalian cells in vitro. It caused morphological transformation

in rodent cells in vitro; transformation was found to be dependent on fibre length and
diameter. Glasswool did not induce mutation in bacteria.
Ceramic fibres caused a weak response in an assay for morphological transformation
but did not induce DN A damage in mouse cells in vitro.
No adequate data on genetic and related effects of rockwool and slagwool were
available.
4.5 Evaluation!

There is sufficient evidence for the carcinogenicity of glasswool and of ceramic fibres in
experimental animais.
There is limited evidence for the carcinogenicity of rockwool in experimental animaIs.
There is inadequate evidence for the carcinogenicity of glass filaments and of slagwool in
experimental animais.
There is inadequate evidence for the carcinogenicity of glasswool and of glass filaments

in humans.
There is limited evidence for the carcinogenicity of rock-j slagwoo1 in humans.
No data were available on the carcinogenicity of ceramic fibres to humans.
Overall evaluation!

Glasswool is possibly carcinogenic ta humans (Group 2B).

Glass filaments are not classifiable as ta their carcinogenicity ta humans (Group 3).
Rockwool is possibly carcinogenic ta humans (Group 2E).
Slagwool is possibly carcinogenic ta humans (Group 2B).

Ceramic fibres are possibly carcinogenic ta humans (Group 2B).

1 For definition of the italicized terms, see Preamble, pp. 28-34

