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Abstract

The German Commission for the Investigation of Health Hazards of Chemical
Compounds in the Work Area has re-evaluated aluminium silicate fibres considering
all toxicological end points. Aluminium silicate fibres cause mesotheliomas and
lung tumours in rats and hamsters. In epidemiological studies, cancer risk was not
associated with exposure to aluminium silicate fibres. Tumour formation in animals
is a result of chronic inflammation; therefore, aluminium silicate fibres are a candidate
for Carcinogen Category 4. However, the re-evaluation showed that a maximum
concentration at the workplace (MAK value) cannot be derived and aluminium silicate
fibres thus remain classified in Carcinogen Category 2. Aluminium silicate fibres are
not taken up via the skin in toxicologically relevant amounts. There are no studies of
sensitization.
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MAK value -

Peak limitation -

Absorption through the skin -
Sensitization -
Carcinogenicity (1993) Category 2
Prenatal toxicity -

Germ cell mutagenicity -

EKA -

Note: Cristobalite can develop from aluminium silicate fibres used in building materials under thermal load. Exposure
to cristobalite that occurs during the removal or demolition of these types of products is to be assessed separately.

Since the last documentation in 1993 (Greim 1997), numerous studies of aluminium silicate fibres have been published
which make a re-evaluation necessary. The present documentation is based partly on the SCOEL documentation of
refractory ceramic fibres (SCOEL 2011).

The name commonly used today is aluminium silicate fibres. As the publications cited use the older designation re-
fractory ceramic fibres (RCF), it is also used in this documentation.

General characteristics

Aluminium silicate fibres/RCF are oxide ceramic materials of different composition based on SiO,/Al,0,, which are
used as heat protection (see Table 1). RCF consist of approximately 50% fibrous and 50% non-fibrous, largely non-in-
halable material with a diameter of 1.2-3.5 um and variable length (Fireman 2014). Unlike asbestos fibres, the fibres do
not split longitudinally into thinner fibres (fibrils), but instead into fragments perpendicular to the longitudinal side
of the fibre, down to particles of the dimension of granular dust (Mast et al. 2000 a).

Tab.1 Physico-chemical properties and composition in percent of asbestos and ceramic fibres. Deviations in composition may occur
according to product (Drummond et al. 2016; Schnegelsberg 1999; SCOEL 2011; Sonnenschein 2003; Tonnesen and Telle
2007). RCF4 fibres are produced from RCF1 fibres after sintering at 1300 °C for 24 hours.

Chrysotile Crocidolite RCF1 RCF2 RCF3 RCF49
Chemical composition in %
Sio, 35-44 49-57 50-54 48-50 49-54 50-54
Al,O4 0-9 20-40 45 29 53 45
MgO 35-45 3-15 <0.01 0.01 <0.01 <0.01
Fe,O, 0-9 20-40 0.97 <0.05 <0.2 0.97
Cr,04 no data no data <0.03 <0.01 <0.01 <0.03
CaO 0-2 2-8 <0.01 <0.05 <0.05 <0.01
K,0 no data 0.07-0.4 <0.01 <0.01 <0.01 <0.01
Na,O 0-2 2-8 0.5 <03 0.2 0.5
TiO, no data 0.01 2 0.04 0.02 2
ZrO, no data no data 0.1 15-17 0.2 0.1
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Tab.1 (continued)

Chrysotile Crocidolite RCF1 RCF2 RCF3 RCF49
Density (g/cm?®) 2.2-2.6 2.8-3.6 no data no data no data no data
Fibre diameter 18-30 nm 60-90 nm no data no data no data no data
T,, (C)? 1500 1180 1800 1690 1800 1800
c (kJ/(kg x K)) 1.1 0.8 no data no data no data no data
Surface (m?%/g) 10-60 10 no data no data no data no data

 melting temperature
b specific heat capacity
9 after service materials

RCF are divided into RCF types 1, 2, 3 and 4 according to their composition. RCF4 fibres are RCF1 fibres sintered at
1300 °C over 24 hours (see Section 5.7). RCF1 fibres can transform into RCF4 fibres over a longer period of time under
high thermal load in technical applications. RCF1, RCF3 and RCF4 fibres consist of more than 50% silica and alumina.
In RCF2, some of the aluminium oxide is replaced by zirconium dioxide. The differences in composition result in an
increasing heat resistance of the aluminium silicate fibres of at least 1050 °C and higher, for the zirconium aluminium
silicate fibres of at least 1424 °C and higher.

The main physical properties of RCF are low thermal conductivity, low bulk heat capacity and low density. RCF are
produced and used in various technical forms such as bulk, and refractory thermal insulation material in the form of
blanket, felt, putties, cements and textile (IARC 2002).

Exposure

Although some epidemiological studies have investigated the frequency and severity of health effects in exposed work-
ers, it is difficult to derive a dose-response relationship from the data due to previous higher exposures and additional
exposure to other dusts. One study describes the results of a hygiene report from the mid 1970s on the total amount
of dust and RCF of the three largest production plants in the USA (Esmen et al. 1979). For the individual air samples,
values between < 0.01 and 16 fibres/ml and average concentrations between 0.05 and 2.6 fibres/ml were obtained. The
highest concentrations were found in factories and manufacturing plants without ventilation systems. The total dust
load was between 0.05 and 100 mg/m?®, the average mean values were between 0.85 and 6.05 mg/m?®. The airborne fibres
were <4.0 um in diameter and < 50 pm in length, with geometric mean values of 0.7 um in diameter and 13 pm in length.

Recently, the concentrations determined in ongoing epidemiological studies in European and US workplaces between
2004 and 2008 were summarized (Table 2; SCOEL 2011). The concentrations were in the range of 0.146 fibres/ml during
fibre production and 0.579 fibres/ml during kiln cleaning. These data are consistent with previous concentrations de-
termined and show that, since 1993, concentrations have generally been below 0.6 fibres/ml.

Tab.2 Summary of personal exposure data obtained from workplaces in Europe and the US between 2004 and 2009 (from SCOEL
2011, modified). 1482 studies from Europe and 2679 from the US (geometric mean) are available for the given period.

Workplace types Description of workplace Workplace concentration
(fibres/ml)

Fibre production all worksites producing bulk and blankets 0.146

Mixing/forming wet-end production of shapes, boards, paper, mixing putties, compounds or castables  0.162

Finishing cutting, sanding or machining products 0.322

Assembly combining with other materials, e.g. module making, laminating, encapsulating 0.152

Installation installation in furnaces, boilers, petrochemical plant and foundry equipment, electric  0.254

power generators, includes maintenance, mould wrap and car builds

Removal removal from industrial furnaces, boilers etc.; mould knock out, kiln car removal 0.579
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1 Toxic Effects and Mode of Action

See the documentation from 1993 (Greim 1997) and the supplement entitled “Fibrous dusts, inorganic” from 2018
(Hartwig and MAK Commission 2019).

2 Mechanism of Action

The most important factors influencing the toxicity of RCF are length, diameter and biopersistence (Hartwig and
MAK Commission 2019; IARC 2002; Mast et al. 2000 b). The longer a fibre can exert its irritant effect in a sensitive
area of the lung or pleura, the greater the likelihood that the tissue at the affected site will degenerate, resulting in
the formation of a tumour.

For ceramic fibres, the production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) has been
demonstrated both in cell-free systems and in cell systems such as alveolar macrophages of rats and guinea pigs,
human polymorphonuclear leukocytes and human monocyte-derived macrophages (IARC 2002).

In humans and rodents, fibres deposited in the lungs are wholly or partially absorbed by phagocytes (macrophages
and polymorphonuclear granulocytes). The incomplete phagocytosis of such fibres, the length of which exceeds the
absorption capacity of the phagocytes, forms a strong inflammatory stimulus associated with the release of ROS and
RNS and specific inflammatory mediators. This has also been demonstrated for ceramic fibres in several studies (Brown
et al. 2005; Hartwig and MAK Commission 2019; IARC 2002; Mast et al. 2000 b).

The reactive species can induce DNA damage, which in turn, if not fully repaired, can cause secondary genotoxic ef-
fects. For ceramic fibres, such genotoxic effects have been demonstrated in vitro in CHO cells (a cell line derived from
Chinese hamster ovary), hamster tracheal epithelial cells, pleural mesothelial cells of rats, Syrian hamster embryo
cells, and human amniotic fluid cells (IARC 2002). However, these mutagenicity/genotoxicity data are considered to
be of little relevance for RCF (Mast et al. 2000 a).

Chronic inflammation, which plays a crucial role in the development of fibrosis and tumours, has been found in nu-
merous animal studies after exposure to ceramic fibres (IARC 2002; SCOEL 2011). Chronic inflammation is promoted
by impairment of fibre clearance. Initially, macrophages, alveolar cells and mesothelial cells release pro-inflammatory
chemokines and cytokines as well as growth factors and proteases, which in turn trigger cell proliferation and gradual
degeneration of the “target” cells (Hartwig and MAK Commission 2019).

Interaction with the spindle apparatus leading to the loss of chromosomes or missegregations was found in several
studies also for ceramic fibres, although no dose-response dependence could be demonstrated (Dopp et al. 1997; Dopp
and Schiffmann 1998). Furthermore, fibres can induce the stimulation of cell receptors and inflammasomes, which
activate intracellular signalling pathways and thereby set impulses for cell proliferation and apoptosis resistance.
However, the effects of these mechanisms cannot be estimated on the basis of the current data.

In summary, it can be stated that tumour formation in the lungs and also in the pleura is mainly a consequence of
chronic inflammation.

Ceramic fibres can induce malignant mesotheliomas and lung tumours in rodents after inhalation, intratracheal or in-
traperitoneal administration (Greim 1997; IARC 2002; SCOEL 2011). To date, only negative epidemiological findings are
available regarding an association between exposure to ceramic fibres and the development of mesotheliomas or lung
tumours in humans. Ceramic fibres, like asbestos and erionite fibres, induce pleural plaques in humans (IARC 2002;
Lockey et al. 1996, 1998, 2002, 2012; Utell and Maxim 2010). Although it has not been proven that pleural plaques are a
causal consequence of inflammatory processes, several studies provide evidence of inflammatory infiltrations in the
area of the plaques. Pleural plaques should therefore be regarded as adverse effects (Brockmann 1991; Konstantinidis
2001; Roberts 1971). There are no reliable positive findings of the fibrosing effect of RCF in humans. There are, however,
several animal studies that show that exposure to RCF leads to pulmonary fibrosis (IARC 2002; SCOEL 2011).
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Biopersistence

The biopersistence of the fibres can be measured in vivo and in vitro. In the in vitro experiments, crocidolite fibres
have the highest biopersistence, RCF have a biopersistence lower by one order of magnitude, and rock wool and slag
wool are even less biopersistent (Zoitos et al. 1997).

The biopersistence of RCF in vivo has been repeatedly investigated in animal studies. Key influencing factors were the
dose-time relationship for clearance, the presence of non-fibrous components and the amount of fibres absorbed. The
arithmetic mean WT,,, (weighted half-time) for biopersistence in vivo was 59 days (Hesterberg et al. 1998). Another
study reported an extension of the clearance half-time in rats from 50 to 100 days to about 1200 days (Creutzenberg et
al. 1997). The fibre lung burdens after 24 months reached 5.6 x 10 to 27.8 x 10* fibres/mg dry lung tissue (Mast et al. 1995
a, b). The clearance rate of RCFla, a fibre with specifically reduced particulate mass, was, however, normal (t, <100
days) (Mast et al. 2000 a).

This difference can be explained by the higher inflammatory potency of RCF1 compared with that of RCFla. RCFla
were specially prepared for inhalation experiments in rats. Furthermore, several studies have shown that the bioper-
sistence of RCF1in the lungs of rats is approximately twice as high as that of RCF1a (Mast et al. 2000 a). The results also
show that fibre exposures which do not cause inflammatory processes in the lungs also do not affect lung clearance.

3 Toxicokinetics and Metabolism

The removal of fibres by macrophages is an essential mechanism of fibre elimination from the lungs. This process of
macrophage-mediated lung clearance is much slower in humans than in rats (Greim 1999).

The clearance function of alveolar macrophages was investigated by Bellmann et al. (2001). Female Wistar rats were
exposed to RCF1 and RCF1a for 6 hours daily, on 5 days per week over a period of 3 weeks. The aerosol contained 125
fibres/ml with a length of more than 20 pm. The treatment was followed by a 12-month observation period. It was
found that clearance was severely impaired by RCF1.

Clearance was not impaired by RCFla (Drummond et al. 2016).

4 Effects in Humans

4.1 Single exposures

There are no data available.

4.2 Repeated exposure

Respiratory symptoms, lung function, radiological findings, and mortality in worker cohorts in the USA and Europe
were investigated in various studies (NIOSH 2006). The first commercial production of RCF and RCF products in the
USA started in 1953; in Europe RCF production started in 1968. In 1986, the average longest duration of employment
of a European cohort was 10.2 years (between 7.2 and 13.8 years) (Trethowan et al. 1995) and 13.0 years in 1996 (Cowie
et al. 2001).

The MAK Collection for Occupational Health and Safety 2021, Vol 6, No 4 5



[GMS] PUBLISSO® "

MAK Value Documentations — Aluminium silicate fibres (refractory ceramic fibres, RCF)

4.2.1 Effects in the lungs

4.2.2 Respiratory symptoms/questionnaire

In a retrospective cohort study, respiratory complaints and the lung function of 742 workers in five different US fac-
tories with a permanent exposure level below 1 fibre/ml were investigated. A questionnaire on the functioning of the
respiratory system was developed to obtain information on chronic coughs, chronic phlegm, dyspnoea, wheezing,
asthma, and pleuritic chest pain. The analysis covered various other parameters such as smoking, asbestos exposure,
length of employment and the period between the survey and work at the last RCF workplace. The occurrence of dys-
pnoea after RCF exposure was the most commonly reported symptom. The OR (odds ratio) in male workers employed
in production (n=>517) compared with those not employed in production (n=_80) was 2.9 (95% CI (confidence interval):
1.4-6.2) for one or more symptoms. The OR for female workers was 2.4 (95% CI: 1.1-5.3). In summary, the authors found
that, in general, the number of respiratory responses was comparable to that of other populations exposed to dust
(LeMasters et al. 1998).

In a cross-sectional study from 1995, the lung function of workers from all the companies in Europe producing RCF
was examined. The fibre dust concentrations for the inhalable fraction were 1.7-3.4 mg/m?> for primary production
workers and 1.8-11.2 mg/m? for secondary production workers, and for respirable fibres 0.2-0.88 fibres/ml for primary
production workers and 0.49-1.36 fibres/ml for secondary production workers. There was a correlation between the dust
concentration and also the inhalable fibre concentration and the prevalence of respiratory symptoms, including a dry
cough, nasal congestion, eye and skin irritation and shortness of breath (Burge et al. 1995). In addition, a significant
increase in respiratory distress was reported for the above-mentioned workers with increasing cumulative exposure to
RCF (2.88 to 6.83 fibre-years/ml) (Trethowan et al. 1995). In six of seven previously investigated factories (774 workers:
692 men and 82 women), the occurrence of chronic bronchitis, shortness of breath, the increased frequency of chest
diseases and pleuritic chest pain were recorded as a response to previous cumulative exposure. Although rare, the
occurrence of these symptoms was related to previous cumulative exposure to inhalable fibres (Cowie et al. 2001).

4.2.3 Lung function/spirometric measurements

In a lung function cross-sectional study, the dependence of the parameters FVC (forced vital capacity), FEV; (forced
expiratory volume in 1 second), FEV,/FVC or FEF,;_;; (forced expiratory flow), on RCF exposures was not found to be
statistically significant. In current and past smokers (men) who had worked in RCF production for 10 years, a signifi-
cant decrease in FVC of 165 ml and 156 ml, respectively, compared with 40.6 ml for non-smokers, was observed. There
was a decrease in FEV| (135 ml per 10 years exposure) only in male smokers working in RCF production. No significant
decrease was observed among non-smokers. A significant decrease in the FVC parameter was observed also among
female non-smokers employed in RCF production. Previous fibre and dust exposure, the length of employment (strati-
fied) and the duration of each type of activity determined the strength of the exposure—-effect relationship. The median
time-weighted average exposure was 0.03-0.61 fibres/ml for dry fabrication, 0.01-0.27 fibres/ml for wet fabrication,
0.01-0.47 fibres/ml for kiln operations and 0.02-0.62 fibres/ml for maintenance. The current fibre levels in this cohort
were thus below 1 fibre/ml (LeMasters et al. 1998).

In five US plant sites, a long-term analysis was carried out in 361 male workers employed in production. Five or more
spirometry tests were performed. They showed a decrease in FVC and FEV, parameters between the first (1987) and
the last test (1994). The exposure-response relationship was modelled with two different exposure variables: years of
work in a production job and cumulative fibre exposure (fibre-months/ml). Groups of workers in the non-production
area and employees with a cumulative exposure up to 15 fibre-months/ml were used for comparison. A statistically
significant decrease in FVC was found among workers employed in production jobs for more than seven years prior
to the initial test. A similar, but not statistically significant result was obtained for FVC in workers with more than 60
fibre-months/ml cumulative exposure prior to the initial pulmonary function test. Similar results were obtained for
FEV.. Such findings were not obtained in the subsequent period after 1987. Lower RCF exposures since the 1980s may
be responsible for the elimination of any further effect on pulmonary function. In summary, the authors concluded
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that further short-term exposures from the late 1980s until 1994 did not cause a deterioration of FVC and FEV, (Lockey
et al. 1998).

The results are consistent with those from earlier higher exposure conditions from the 1950s (estimated maximum
of 10 fibres/ml) compared with the most recent exposures, which were estimated to be in the range from 1 fibre/ml to
below the detection limit (Rice et al. 1997).

In a cross-sectional study, the respiratory function of workers (n=628) in seven European RCF manufacturing com-
panies was investigated. The mean cumulative exposure was 3.84 fibre-years/ml. The mean duration of employment
was 10.2 years. After adjusting for age, sex, height, smoking habits and previous exposure to respiratory hazards, a
significant relationship was found between decreased FEV, and FEF,;_;; on the one hand and cumulative exposure in
current smokers on the other hand. The same relationship was found for FEV] in ex-smokers. In contrast, no change
in lung function after RCF exposure was seen in non-smokers (Trethowan et al. 1995).

In a study with 774 subjects, only a slight decrease in FVC and FEV, was observed in relation to cumulative RCF ex-
posure for male active smokers, compared with the findings in the study by Trethowan et al. (1995) with 1987 subjects
(Cowie et al. 2001). No exposure-related decrease in the FEV,/FVC ratio or CO diffusion capacity was found in the lung
function test. When the groups were separated with respect to smoking habits, effects were found only in current
and ex-smokers. Lung function was found to be impaired by cumulative exposure to ceramic fibres only in current
smokers. Thus, smoking seems to be an essential cofactor for the effects on lung function of ceramic fibre exposure.

On average, the study participants had worked at the plants for 13 years, mostly for around 8 years in production. The
main estimated cumulative exposure index for respirable fibres was 4.9 (range 0.01-36) fibre-years/ml; for non-res-
pirable fibres the exposure index was 0.7 (0.001-5.0) fibre-years/ml. Both values of fibre exposure were higher in the
production jobs and among smokers and ex-smokers, proportionally more of whom worked in production jobs. The
mean exposure for total dust was 15.9 (0.05-79) mg/m?® x years and for respirable dust 5.2 (0.02-45) mg/m? x years. The
occurrence of dust makes it difficult to assign the effects of fibre exposure in particular on the lungs (Cowie et al.
2001) (Table 3).

Tab.3 Mean exposure to respirable and non-respirable fibres, [f/ml x years] respirable and total dust [mg/m3 x years] and average
years of work in production (Cowie et al. 2001)

Years Mean exposure to Mean exposure to non- Mean exposure to Mean total exposure Mean years in
respirable fibres  respirable fibres respirable dust to dust production jobs
before 1971 0.88 0.12 193 4.98 2.88
1971-1976 1.22 0.17 1.44 4.43 2.38
1977-1981 1.92 0.29 2.02 6.12 3.74
1981-1986 2.05 0.31 2.16 6.52 3.80
1987-1991 1.66 0.24 1.75 5.29 3.98
1992-1996 1.06 0.15 0.96 3.13 391

In a study from 2010, 933 male and 244 female current workers and a further group of 219 former workers exposed to
certain cumulative RCF levels were examined and selected longitudinally by age group (McKay et al. 2011). The study
followed workers from five RCF manufacturing locations for up to 17 years who were exposed to the exposure con-
ditions described in Maxim et al. (2008). The tests were conducted annually from 1987 to 1994 and then every 3 years
until 2004. No consistent decrease in FVC or FEV; could be attributed to the exposure.

4.2.4 Radiographic examinations

Radiological changes, such as the frequency of pleural plaques in workers exposed to RCF, were detected by chest
imaging. In a study of 1008 individuals, the frequency of interstitial changes did not differ from that of workers exposed
to other types of dust. Pleural changes were found in 27 workers exposed to RCFE. In 22 cases, pleural plaques were
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involved. Of the workers who had initially been employed in production and were examined after a latency period
of >20 years, or who had been employed in a production plant for 20 years, 16 and 5 workers respectively had pleural
changes. Diffuse pleural thickening and pleural plaques with defined thickening were counted together as “pleural
changes”. Results from the cumulative exposure analysis (> 135 fibre-months/ml) yielded an OR of 6.0 (95% CI: 1.4-31.0)
for pleural changes, for workers with exposure to >45-135 fibre-months/ml an OR of 5.6 (95% CI: 1.5-28.1), related to
workers with an exposure <15 fibre-months/ml in each case. The authors concluded that RCF are significantly asso-
ciated with pleural changes but without a statistically significant increase in interstitial changes (Lockey et al. 2002).

No relationship was found between category 1/0+ opacities and exposure. A weak association between category 0/1+,
small opacities, and cumulative RCF exposure was noted, but the relationship was not further investigated. Pleural
changes, after adjustment for age and previous exposure to asbestos, provided some evidence, although not statistically
significant, of a relationship with time since first exposure to RCF (Cowie et al. 2001).

Thus, it can be concluded from the studies conducted in the USA that pleural plaques observed in the examined US
cohort of RCF plants were related to cumulative exposure (Lockey et al. 2002). Similarly, some evidence of a relation-
ship between latency and pleural plaques but not between the duration and level of RCF exposure was reported in the
European studies (Cowie et al. 2001). No evidence of parenchymal disease was found in any of the studies.

The frequency of pleural plaques is significantly dependent on the cumulative RCF exposure. Individuals with pleural
plaques do not exhibit other symptoms or limitations of lung function (Utell and Maxim 2010). However, this requires
that the pleural plaques are of low frequency and do not exceed a critical thickness (Pairon et al. 2013).

4.3 Local effects on skin and mucous membranes

There are no new data available.

4.4 Allergenic effects

There are no data available.

4.5 Reproductive and developmental toxicity

There are no data available.

4.6 Genotoxicity

There are no data available.

4.7 Carcinogenicity

A retrospective cohort study examined the mortality from cancer of 942 male workers employed in two RCF facto-
ries between 1952 and 2000. Over the period 1987-1988, at the start of the study, the time-weighted average fibre dust
concentrations were 0.03-0.61 fibres/ml in dry fabrication, 0.01-0.27 fibres/ml in wet fabrication, 0.01-0.47 fibres/ml in
kiln operations and 0.02-0.62 fibres/ml in maintenance. Subsequently, the exposure levels remained relatively stable;
the most recent time-weighted average exposure estimates were 0.03-0.57 fibres/ml in dry fabrication, 0.07-0.40 fibres/
ml in wet fabrication, 0.11-0.12 fibres/ml in kiln operations and 0.05-0.53 fibres/ml in maintenance. Mortality was no
higher for all causes of death (SMR=69.8) than for deaths from all cancers (SMR =94.2), for cancer of the lungs and
respiratory tract including mesotheliomas (SMR =78.8) and for diseases of the respiratory system (SMR =106.8). A sig-
nificant relationship between exposure and cancer of the urinary organs was found: SMR =344.8 (95% CI: 111.6-805.4).
When related to age and sex, there was no significant increase in deaths after exposure to RCF (LeMasters et al. 2003).

The MAK Collection for Occupational Health and Safety 2021, Vol 6, No 4 8



[GMS] PUBLISSO® "

MAK Value Documentations — Aluminium silicate fibres (refractory ceramic fibres, RCF)

A parallel analysis with 10 years of exposure came to the same results. After comparing the categories of exposure
with the initial exposure of <1 fibre-month/ml with regard to age and sex, the risk levels were 1.35 (95% CI: 0.47-3.88),
1.45 (95% CI: 0.48-4.37), 1.90 (95% CI: 0.64-5.59) and 1.45 (95% CI: 0.46—4.59) for the categories >1-15, >15-45, >45-135
and >135 fibre-months/ml. A disadvantage of this study was that it was not suitable to show increased mortality
from respiratory diseases due to the low age and the relatively small number of cohort members (942 male workers
examined) (LeMasters et al. 2003).

Another study investigated whether RCF resemble asbestos in their carcinogenicity. The authors examined 605 persons
employed in the production of these fibres from 1987 onwards for cancers associated with exposure. The participants
were observed for an average of 27.8 years. In a total of 15 281 person-years, 12 lung cancer deaths were recorded, com-
pared with 11.8 expected. The authors accordingly concluded that the exposure to aluminium silicate fibres did not
lead to an increased incidence of lung cancer or mesotheliomas among the workers (Walker et al. 2012 a, b).

5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

There are no data available.

5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

Groups of 140 male F344 rats were exposed nose-only to four different fibres, RFC1, RCF2, RCF3 and RCF4, each at a
concentration of 30 mg/m? for 6 hours daily, on 5 days per week, for 24 months. A group of 80 rats exposed to 10 mg/
m3 chrysotile served as a positive control. At the end of exposure, the lung fibre content was 2.6 to 9.6 x 10° per mg
dry lung tissue. Macrophage infiltration, bronchiolization of the alveoli, microgranulomas, interstitial fibrosis and
minimal to mild focal pleural fibrosis, all dose-dependent, were detected histopathologically (Mast et al. 1995 a; see
also Section 5.7).

In another study, groups of 140 F344 rats were exposed nose-only to three different exposure concentrations of RCF1
of 3, 9 or 16 mg/m?® (about 36, 91 or 162 fibres/cm®; geometric mean diameter 0.8 +1.96 um; geometric mean length
16.5+ 2.6 um), for 6 hours a day, on 5 days a week, for 24 months. Lung clearance was unchanged over the exposure
period in the rats exposed to 3 mg/m3. A 35% increase in lung weights was observed in the animals exposed to 16 mg/
m?3. The fibre lung burden at the end of exposure was 4.3 x 10* fibres/mg dry lung tissue for the animals exposed to
3 mg/m?® and 22.1 x 10* fibres/mg dry lung tissue for the rats exposed to 16 mg/m3. Histopathological examination of
the lung tissue revealed a dose-dependent increase in fibrous macrophages, minimal fibrous microgranulomas at the
broncho-alveolar junction and early bronchiolization with minimal progression of the effects over time. Interstitial
fibrosis was observed in the animals exposed to 9 and 16 mg/m?®. On an intensity scale of 1 to 4, changes in the lungs
were considered negligible for the animals exposed to 3 mg/m3. The effects were dependent on the fibre lung burden
(Mast et al. 1995 b).

5.2.2 Oral administration

There are no data available.

5.2.3 Dermal application

There are no data available.
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5.2.4 Intraperitoneal injection

The studies are summarized in Section 5.7.

5.3 Local effects on skin and mucous membranes

There are no new data available.

5.4 Allergenic effects

There are no data available.

5.5 Reproductive and developmental toxicity

There are no data available.

5.6 Genotoxicity

5.6.1 Invitro

In acellular systems, RCF can cause direct oxidative damage to DNA (Gilmour et al. 1995). RCF form DNA adducts from
the end products of lipid peroxidation (Howden and Faux 1996).

Positive results in the in vitro micronucleus test and the in vitro chromosomal aberration test with human amniotic
fluid cells and Syrian hamster embryo fibroblasts (SHE cells) have been reported for 0.5 to 10 ug/cm? amosite, chrysotile
and crocidolite asbestos and ceramic fibres (Dopp et al. 1997; Dopp and Schiffmann 1998). In the presence of RCF, the
induction of micronuclei and an increased rate of apoptosis were observed in SHE cells (Dopp et al. 1995). However,
information on cytotoxicity was not given in these studies, although the authors describe that cells can remain capable
of division (Dopp et al. 1997).

In vitro, RCF1, RCF2 and RCF3 caused DNA damage (breaks and crosslinks) in the human lung epithelial cell line A549
at a dose of 200 ug/ml (40 pg/cm?). In addition, structural chromosomal aberrations were observed in human embryo
lung cells after treatment with RCE. Also in this test, cytotoxicity was not examined and the genotoxic properties
cannot, therefore, be evaluated. However, the inhibition of DNA repair was reported, indicating a possible mechanism
of action (Wang et al. 1999 b).

Nuclear abnormalities (micronucleus and polynucleus formation) were found in Chinese hamster ovary (K1) cells after
treatment with RCF (Hart et al. 1992, 1994). RCF1 concentrations of up to 40 pg/cm? did not cause HPRT mutations in
human hamster hybrid A; cells (Okayasu et al. 1999).

Investigations of human mesothelial cells (MeT-5A) with glass wool, rock wool, RCF and crocidolite revealed very
little oxidative DNA damage for RCF compared with ferrous rock wool (about 8% Fe). On the other hand, comet tests
with RCF revealed direct DNA damage (DNA strand breaks) and a marked loss of microvilli on the cell surfaces even
at the lowest dose tested of 1 pg/cm?, but without there being any further increase at higher doses up to 10 pg/cm?
(Cavallo et al. 2004).

In summary, RCF can cause clastogenic effects in cells in vitro (IARC 2002). The uptake of the fibres into cells and a
mechanical disruption of chromosomal segregation followed by or associated with cell division may cause chromo-
somal/nuclear abnormalities and genetic changes. A possible consequence is cell transformation. Furthermore, several
studies showed that the treatment of alveolar macrophages of rodents and human granulocytes with RCF leads to the
production of reactive oxygen species. The reactive oxygen species can damage DNA (IARC 2002).
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5.6.2 Invivo

In Drosophila melanogaster, aneuploidy was observed after feeding with different ceramic fibre samples. However, no
dose-response relationship was reported in these studies (Osgood 1994).

5.7 Carcinogenicity

Already in the documentation entitled “Fibrous dust” from 1993 (Greim 1997), inhalation experiments in hamsters and
rats were mentioned which demonstrated the carcinogenicity of RCF. Both lung tumours and mesotheliomas were
found in rats, only mesotheliomas in hamsters.

In more recent studies, rats were exposed to fibres by inhalation. The fibres had a geometric mean diameter of 1 pm
or smaller, with a large proportion of long fibres; 50% of the fibres had an arithmetic mean length of 20 pm and were
inhaled in a concentration representative of occupational exposure (Hesterberg and Hart 2001).

Two long-term inhalation studies with RCF were performed in F344 rats. One study used a concentration of 30 mg
fibres/m® (an estimated 190 WHO fibres/ml for four different types of RCF (RCF1, RCF2, RCF3 and RCF4)) (Mast et al.
1995 a). Groups of 140 male rats inhaled the material for 6 hours daily, on 5 days per week, for 24 months. A group of
80 rats was exposed to 10 mg chrysotile/m?>. The rats were observed for up to an age of 30 months. The number of WHO
fibres was determined to be 187 + 53 for RCF1, 220 + 82 for RCF2, 182 + 66 for RCF3, 206 + 48 for RCF4 and 1.06 x 10* fibres/
m?3 for chrysotile. Table 4 shows the incidence of pulmonary and mesothelial proliferative lesions and tumours in the
treated animals. An increased incidence of exposure-related tumours (broncho-alveolar adenomas and carcinomas)
was observed with all four types of RCF (RCF1-4). A small number of mesotheliomas was also seen in the exposed
animals (Mast et al. 1995 a).

The second study (same study design: 6 hours daily, on 5 days per week, for 24 months) was conducted with exposure
concentrations of 3, 9 or 16 mg RCF1/m? corresponding to 26, 75 and 120 WHO fibres/ml). No statistically significant
increase in lung neoplasms was observed. Only one animal exposed to 9 mg/m? developed a very small mesothelioma
(Mast et al. 1995 b).

Subsequently, it was found that to obtain respirable fibre samples, the commercial RCF were extensively ground and
therefore the animals were exposed with a relatively high particle to fibre ratio of 25% by weight and 10 particles per
fibre (Turim and Brown 2003).

Tab.4 Incidence of pulmonary and mesothelial proliferative lesions and tumours in male F344 rats exposed to RCF and chrysotile
asbestos (percentages in brackets) (according to Mast et al. 1995 a)

Group n? BAHY Adenomas Carcinomas Adenomas and Mesothelial Mesotheliomas
carcinomas proliferation

Controls 130 5( 3.8) 2( 1.5) 0 2( 15) 0 0

Chrysotile 69  13(18.8) 7 (10.1) 6 (8.7) 13 (18.5) 0 1(1.4)

RCF1 123 17 (13.8) 8 ( 6.5) 8 (6.5) 16 (13.0) 9(7.3) 2(1.6)

RCF2 121 15(12.4) 4(3.3) 5(4.1) 9( 7.4) 2( 1.7) 3(2.5)

RCF3 121 15(12.4) 10 ( 8.3) 9 (7.4) 19 (15.7) 13 (10.7) 2 (1.7)

RCF4 118 8 ( 6.8) 2( 1.7) 2(17) 4( 3.4) 9( 7.6) 1(0.8)

¥ number of animals at risk (number of animals that had survived exposure for 12 months)
b bronchioalveolar hyperplasia

In another long-term study, 140 male hamsters were exposed nose-only to 30 mg/m?® (260 fibres/ml) by inhalation for
6 hours daily, on 5 days a week, for 18 months. In this study, the same RCF fibre type was used as in the studies by
Mast et al. (1995 a, b). The exposed hamsters developed lung fibrosis and a significant number of pleural mesotheliomas
(42/102, 41% of the animals), but no lung tumours. Animals (n = 80) exposed to 10 mg chrysotile/m? served as a positive
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control group. These animals did not develop neoplasms in the lung and mesothelium, but did develop pronounced
fibrosis (McConnell et al. 1995).

After intraperitoneal injection in rats, mesotheliomas occurred depending on the length and dose of the fibres (Miller
et al. 1999). Groups of 24 male Wistar rats were treated once with different fibres (SiC whisker, amosite asbestos, man-
made vitreous fibres MMVF10, MMVF21, MMVF22, MMVF100/475, and RCF1, RCF2 and RCF4) at a dose of 10° fibres. 88%
of the rats exposed to amosite asbestos and RCF1 fibres developed mesotheliomas, as did 92% of the animals exposed
to SiC fibres and 72% of the animals treated with RCF2 fibres. The animals that received an injection with RCF4 fibres
did not develop mesotheliomas.

The risk of tumour occurrence was calculated using data from a long-term study in female Wistar rats after intraperi-
toneal administration. A total of 330 female F344 rats divided into 24 groups were given intraperitoneal injections with
5 to 20 mg of different fibres and observed for up to 2 years. All rats injected with 10 mg SiC whiskers developed meso-
theliomas. In the chrysotile asbestos group, 85% of the rats developed mesotheliomas. Mesotheliomas also developed
in 20% of the rats that received 20 mg RCF2, and in 10% of the animals that received 20 mg RCF1 (Adachi et al. 2001).

Biological effects of RCF1 ceramic fibres on the lungs and pleura of rodents were studied to clarify the transferability
of the animal model to humans. For this purpose, 55 Nf2*/) mice (hemizygous for the tumour suppressor gene Nf2
= neurofibromatosis-2) were given two intraperitoneal injections of 3 mg RCF1 fibres (22.4 +19.0 pm in length and
1.1+ 0.8 pm in diameter) at an interval of 2 or 3 months (Andujar et al. 2007). In the control group, 33 mice received an
injection of saline solution. The dosage was determined based on studies with mice exposed to crocidolite (Lecomte
et al. 2005). The median survival of the treated animals was 478 days and 629 days for the control group. From day 233
onwards, 26 (55%) of the treated mice developed mesotheliomas. These were classified as 7 epithelial, 10 fusiform and
9 biphasic mesotheliomas. In contrast, the animals of the control group developed 2 biphasic mesotheliomas (7.1%) on
days 450 and 676. As in humans, an association between ascites and mesotheliomas was found. However, Nf2(*/ ) mice
were not significantly more sensitive than the corresponding wild-type strain (Andujar et al. 2007).

On the basis of these studies, the IARC classified the ceramic fibres (RCF, aluminium silicate fibres) in carcinogen
category 2B due to sufficient evidence in animals and insufficient evidence in humans (IARC 1988, 2002). Further in-
formation can be found in Baan and Grosse (2004).

So-called “after service materials (ASM)” represent a special case. These can be linings of kilns which have to be re-
placed after their service life has expired. It is known that RCF can crystallize if they are exposed to high temperatures
over a longer period of time. This produces crystalline silica, cristobalite and other species that can be released when
the kiln lining is removed. The transformation process takes place mainly at sustained temperatures of about 1300 °C,
but also to a lesser extent at lower temperatures (Gualtieri et al. 2009). Fibres that are close to the surface of the kilns
are completely crystallized. Since silica is a carcinogen, it was feared that these ASM could cause serious diseases
after exposure to them. However, various in vitro studies have shown that the content of crystalline silica has little
or no effect on the toxicity of heated RCF, and that heat-treated RCF are even less toxic than untreated RCF (Brown
and Harrison 2014). The authors suggest that the silica in the process of crystallization is not formed on the surface of
the fibres, but mainly inside the fibres, so that no interactions can occur and the fibres are accordingly toxicologically
inactive. Other studies have, however, shown that this is not the case (Binde and Bolender 2002).

5.8 Other effects

The nuclear translocation of NFkB was investigated by immunohistochemical staining with an antibody against p50
(NFxB subunit) as a marker for oxidative stress and a potential activator of pro-inflammatory genes in human A549
lung epithelial cells. Hydrogen peroxide causes dose-dependent activation of NFkB. The RCF1 and SiC fibres yielded
positive results, as did amosite asbestos (Brown et al. 1999).

In an in vitro experiment, the ability of different fibres to stimulate superoxide production and thus hydroxyl radicals
in rat alveolar macrophages was examined (Hill et al. 1996). The cells were exposed to different fibre types (amosite
asbestos, MMVF21, MMVF100/475, SiC and RCF1) and to fibres coated with rat immunoglobulin (IgG), a component of
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the alveolar fluid. The “naked” fibres induced only a modest release of superoxide anion, while those with adsorbed
IgG induced a higher release. RCF1 and MMVF21 fibres induced a strong release of superoxide, which correlated with
their high affinity for IgG. The SiC whiskers and MMVF100/475 fibres showed a poor affinity for IgG and only a modest
release of superoxide. Adsorbed amosite asbestos fibres generated a high release of superoxide, and thus hydroxyl
radicals, despite a poor affinity for IgG.

In the acellular system, RCF can directly cause oxidative damage to DNA. RCF1-4 fibres were used to study free radi-
cal damage to a plasmid. The end point was the reduction of supercoiled DNA in the plasmid. The aluminium silicate
fibres caused little damage (Gilmour et al. 1995). In another experiment, RCF1 formed small amounts of DNA adducts
from the end products of lipid peroxidation (Howden and Faux 1996).

Anaphase or telophase aberrations could not be observed in rat pleural mesothelial cells treated with different high
temperature ceramic fibres (Yegles et al. 1995). In the reticular cell sarcoma cell line ]J774, no deoxyguanosine hydrox-
ylation occurred after treatment with high temperature ceramic fibres (Murata-Kamiya et al. 1997).

For genetic analyses, early passages of cell cultures obtained from ascites of 12 Nf2*/) mice exposed to RCF1 with
mesotheliomas were used. Nf2 was inactivated in all cultures, often together with the inactivation of genes of the Cdkn
gene loci; these encode tumour suppressor proteins (see below), more rarely by co-inactivation by mutations in the
Trp53 gene (transformation related protein 53). The genetic analyses of the ascites cultures showed that inactivation
of the Cdkn2a/2b/2d gene loci is frequent in mesotheliomas, mutations in the Tirp53 gene are less frequent. The authors
suggest that these somatic cell transformations can determine different pathways of mesothelial cell transformation.
Similar genetic alterations were shown in 12 ascites cultures from mice treated with crocidolite and 12 ascites cultures
from mesothelioma patients (Lecomte et al. 2005). Thus, RCF1 fibres can induce tumours similar to human mesotheli-
omas in a way similar to that of crocidolite in Nf2*~) mice. The validity of the animal model is supported by similar
genetic alterations in cell cultures obtained from ascites, equally from mice treated with RCF1 or asbestos fibres or
from ascites of mesothelioma patients.

The uptake of fibres into cells and a mechanical disturbance of chromosomal segregation followed by or associated
with cell division may cause chromosomal/nuclear abnormalities and genetic changes with the possible consequence
of cell transformation. Furthermore, several studies showed that exposure to high temperature fibres led to the pro-
duction of reactive oxygen species in alveolar macrophages of rodents and human granulocytes. These reactive oxygen
species can damage DNA (Luoto et al. 1997; Wang et al. 1999 a).

Comparison of ceramic fibres with rock wool and slag wool

In a recent review, the toxic potential of ceramic fibres was compared with that of rock wool/slag wool (Greim et al.
2014). Ceramic fibres and rock wool/slag wool from different sources have similar diameters of 1.09-1.27 um (arithmetic
mean values) and similar lengths of 22.4-37.52 pm (arithmetic mean values). For biopersistence in vivo, the arithmetic
mean WT;, (weighted half-time) was 59 days for rock wool/slag wool and 41-64 days for ceramic fibres. The breakage
behaviour of the two types of fibre is also similar. Both the ceramic fibres and the rock wool/slag wool do not split
lengthwise, but transversely, resulting in fibre fragments with the same diameters. After inhalation, the ceramic fibres
induced fibrosis and tumours of the lungs and mesotheliomas in rats, whereas the rock wool/slag wool induced only
fibrosis but no tumours. In a long-term inhalation study, ceramic fibres induced mesotheliomas in hamsters. Inhalation
studies with rock wool/slag wool in hamsters are not available. After intraperitoneal administration in rats, both rock
wool/slag wool and ceramic fibres caused peritoneal mesotheliomas. Epidemiological studies show that ceramic fibres
induced a dose-dependent increase in pleural plaques in the exposed persons, but not interstitial fibrosis. In epidemi-
ological studies, no increase in the lung cancer and mesothelioma risk has been observed for ceramic fibres and for
rock wool/slag wool. However, the available studies with rock wool/slag wool are of greater statistical power than the
studies with ceramic fibres. The authors conclude that, based on the analogies with rock wool/slag wool, it is reasonable
to believe that increases in lung cancer or any mesotheliomas are unlikely to be found in the RCF-exposed cohort.
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6 Manifesto (MAK valuelclassification)

MAK value. Epidemiological studies have not demonstrated an association between workplace exposure to alu-
minium silicate fibres and an increase in pulmonary fibrosis. However, these studies have shown that high exposures
in the past caused pleural plaques in workers. There is a dose-response relationship for pleural plaque formation.
Pleural plaques can be considered an exposure marker, but are not a precursor for the development of mesotheliomas.
Epidemiological studies from the USA and Europe show a correlation between exposure to aluminium silicate fibres
and the frequency of respiratory symptoms such as dyspnoea, wheezing, chronic coughs, impairment of lung func-
tion, skin and eye irritation and irritation of the upper respiratory tract. These results, which mainly affected workers
before 1980, could not be observed in subsequent production years because exposure has been reduced (Utell and
Maxim 2010). Exposures since the 1980s until 2004 had no adverse health effects in the long-term development of the
parameters FVC and FEV,. During this period, RCF workplace concentrations have consistently fallen below 1 fibre/
ml or below the detection limit (Rice et al. 1997). Since 1993, workplace concentrations have been around 0.2 fibres/ml
in RCF manufacturing plants and 0.3 fibres/ml in processing plants. However, a concentration at which pulmonary
effects are not observed cannot be derived from these studies.

In a cross-sectional study, a significant reduction of FVC and FEV,; was found for exposed persons with the highest
cumulative exposure of > 60 fibres x months/ml compared with exposed persons with <15 fibres x months/ml. However,
no significant decrease in lung function parameters was measured in a later longitudinal study in the same workers
(McKay et al. 2011). SCOEL (2011) gives a value of 147.9 fibres x months/ml for the average cumulative exposure among
all exposed persons in the group > 60 fibres x months/ml, based on a personal communication from the authors of the
study by McKay et al. (2011). The average cumulative exposure value for exposed persons aged at least 60 years in this
group was 184.8 fibres x months/ml. Assuming a 45-year exposure duration, these exposures result in average annual
fibre concentrations of 0.27 and 0.34 fibres/ml, respectively, at which no effects on lung function are observed.

However, an exposure concentration at which no effects on lung function are to be expected does not protect against
possible chronic inflammatory effects in the lung and pleura. Therefore, no MAK value can be established for ceramic
fibres.

In rats, the NOAEC (no observed adverse effect concentration) for lung fibrosis is reported to be 3 mg/m? (26 WHO
fibres/ml) and for lung tumours 16 mg/m® (120 WHO fibres/ml) (NIOSH 2006). These concentrations are much higher
than the concentrations of aluminium silicate fibres determined at the workplace in recent years in production plants.
They cannot be taken into account for the establishment of a MAK value because there are no NOAECs from experi-
mental animal studies for chronic fibre-related inflammatory reactions in the lungs and pleura. NIOSH questions the
extrapolation of data from experimental animals to humans because of their different sensitivity for fibre toxicity.
NIOSH has recommended 0.5 fibres/ml as a TWA (time-weighted average) for up to 10 hours of exposure per day for
40 hours per week. At this limit value, the risk of developing lung cancer is reduced to values between 0.073/1000 and
1.2/1000. The risk of developing mesotheliomas is not quantifiable due to insufficient data. However, since no meso-
theliomas have been observed in workers and pleural plaques are unlikely to occur at low exposure levels, the risk of
mesotheliomas would be lower than the calculated risk for lung cancer (NIOSH 2006).

Carcinogenicity. Aluminium silicate fibres can induce malignant mesotheliomas of the pleura and lung tumours in
rats and hamsters after inhalation, and intratracheal or intraperitoneal administration. Hamsters are more sensitive to
mesothelioma formation than rats, but less sensitive to the formation of lung tumours. No dose-response relationship
was found for mesotheliomas. To date, epidemiological studies have not provided evidence of a relationship between
exposure to aluminium silicate fibres and the development of mesotheliomas or lung tumours in humans. However,
the necessary latency period may not have been reached in these studies and the statistical power may be too low. So
far, mesotheliomas in humans have been observed only after exposure to asbestos and erionite, but not after exposure
to other artificial mineral fibres.

According to current knowledge, tumour development in the lungs and pleura of rats and hamsters is mainly a conse-
quence of chronic fibre-related inflammatory processes. Rats and hamsters seem to differ in sensitivity. It is currently
believed that exposure that does not lead to chronic fibre-related inflammation is not associated with an increased risk
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of cancer. However, there are no long-term inhalation studies in animals available with a NOAEC for inflammatory
changes in the lungs and pleura.

More recent epidemiological studies published since the last documentation in 1993 have not provided evidence that
there is a need to deviate from the previous classification in Carcinogen Category 2. Animal studies have shown that
aluminium silicate fibres persist in the lungs and pleura and induce tumour formation due to their length and bio-
persistence. There is evidence that pleural plaques are associated with inflammatory processes.

Aluminium silicate fibres therefore remain classified in Carcinogen Category 2.

Germ cell mutagenicity. From the available data for genotoxicity, aluminium silicate fibres are not suspected of
having a mutagenic effect on germ cells. Therefore, classification in one of the categories for germ cell mutagens is
not regarded necessary.

Absorption through the skin. Dermal absorption of aluminium silicate fibres is unknown. Designation with an
“H” (for substances which can be absorbed through the skin in toxicologically relevant amounts) is therefore not
required.

Sensitization. No data are available for sensitizing effects of aluminium silicate fibres on the skin and respiratory
tract. Aluminium silicate fibres are therefore not designated with either “Sh” or “Sa” (for substances which cause
sensitization of the skin or airways).
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