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The incidence of malignant pleural mesothe-
lioma (MPM), one of the most aggressive and yet in-
curable human malignancy that was virtually un-
known until the second half of the 20th century, has
rapidly increased due to the widespread mining and
industrial use of asbestos in many western countries
[1, 2]. The causal relationship between asbestos ex-
posure and MPM has been proven by a number of
epidemiologic surveys, case reports, and experimen-
tal studies [3-12]. Despite the International Agency
for Research on Cancer having acknowledged the
carcinogenic effect of asbestos on the basis of previ-
ous studies [13-15], in Italy the use of this mineral
was definitively prohibited from 1992, whereas oth-
er European countries have adopted measures to
drastically decrease the use asbestos throughout Eu-
rope [16]. Thus occupational exposure to asbestos
has been highlighted as the main cause of MPM in
humans [17-18], although this causative link in some
instances may be hardly recognised due to the long
latency period between exposure and the clinical oc-

currence of mesothelioma that in individual cases is
up to 30-40 years after the initial exposure [19].
More recently, the importance of inadvertent expo-
sure to asbestos fibres in urban and extra-urban areas
has been emphasised [20-22].

A number of sources of asbestos in the ordinary
life environment may be identified including road
vehicle traffic and indoor pollution in public build-
ings or private houses. In the domestic environ-
ment, asbestos can be found in various house utili-
ties, such as stoves, electrical appliances, and insu-
lation materials. Other sources of pollution can de-
rive from the demolition and removal of materials
containing asbestos, the erosion of roof tiles, shel-
ters, or the release of asbestos from the water sup-
ply pipeline [20-22]. However, although putative
asbestos exposure of human beings has been de-
scribed not only in polluted areas, but also in the ice
of Greenland [23], the risk of pleural mesothelioma
from non-occupational exposure to environmental
asbestos has not been fully characterised.
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ABSTRACT: Non-occupational malignant pleural
mesothelioma due to asbestos and non-asbestos fibres. 
L. Proietti, L. Spicuzza, A. Di Maria, R. Polosa, E. Sebastian
Torres, V. Asero, G.U. Di Maria.

Background and aim. The occurrence of malignant
pleural mesothelioma (MPM) has been reported among
population groups with no documented professional expo-
sure to asbestos fibres living in different geographic areas.
This paper reviews existing data related to non occupa-
tional MPM including its occurrence in the province of
Catania (Sicily, Italy).

Methods. An electronic search of literature related to non
occupational MPM was performed including the year 2005.

Results. Non occupational MPM in subjects living in
areas contaminated by a variety of asbestos and non as-
bestos fibres has been well documented through a number

of epidemiologic studies including cases series, case-con-
trol studies, and a cohort study. In addition, the observa-
tion of familial clustering of MPM, suggests that genetic
factors may play a role in the pathogenesis of this malig-
nancy. The epidemiological evidence also suggests that
MPM may occur as a result of the interaction between en-
vironmental carcinogens, genetic factors, and virus infec-
tion.

Conclusion. It is likely that genetic predisposition and
non-occupational exposure to low doses of asbestos and as-
bestos-like fibres may concur to the development of ma-
lignant mesothelioma. However, additional epidemiologi-
cal and laboratory studies are needed to further under-
stand the relationship between environmental exposure
and individual susceptibility to this malignancy.
Monaldi Arch Chest Dis 2006; 65: 4, 210-216.
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The aim of this paper is to quantitatively de-
scribe the occurrence of MPM due to environmen-
tal, and non-occupational exposure to asbestos or
asbestos-like fibres in the general population. In
order to pursue this objective we conducted a sys-
tematic review of the published medical literature
on this topic.

Methods

A comprehensive electronic search of the litera-
ture (1960 to December 2005) pertinent to pleural
mesothelioma due to non occupational exposure
was performed by using the most important data-
bases for medical literature including PubMed
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi)
and HighWire (http://www.highwire.stanford.edu/).
To carry out the searches we used the exploded
MeSH terms asbestos and mesothelioma combined
with pleural mesothelioma, malignant pleural
mesothelioma, asbestos-like fibres, asbestos expo-
sure, environmental exposure, non-occupational ex-
posure, domestic exposure, and contaminated soil
and housing. To supplement electronically derived
information, we also searched the reference lists of
related reviews and original articles for relevant epi-
demiologic studies and case reports. The search was
further limited to experimental animal studies and
animal models of mesothelioma.

Four reviewers (LP, ADM, EST and VA) inde-
pendently examined the titles and abstracts of all
identified papers to confirm fulfilment of inclusion
criteria. They recorded the paper characteristics in-
dependently by using a pre-designed data abstrac-
tion form. No disagreements occurred among re-
viewers on the data extracted.

Results

The initial search identified 174 studies of po-
tential interest including 15 non-English language
articles. After title and abstract review, 90 studies
were excluded. Of 84 studies meeting the initial in-
clusion criteria, 41 were accepted for data abstrac-
tion. This analysis allowed us to identify 17 geo-
graphical areas whose populations were at risk for
the onset of MPM related to the exposure to as-
bestos and non-asbestos fibres in their daily living
environment (table 1).

In 1960 Wagner and co-workers [15] described
cases of malignant mesothelioma among individu-
als who had neither worked in extraction industries
of South Africa nor were assigned to the selection
or transportation of asbestos.

A systematic review of the death certificates
listing the usual occupation and industrial activity
of 487 mesothelioma deaths recorded in Wisconsin
from 1959 to 1989 identified 41 persons with like-
ly exposure to asbestos-containing building mate-
rials (ACBM), leading to the conclusion that indi-
viduals occupationally exposed to in-place ACBM
are at risk for the subsequent development of
mesothelioma [24].

In 1978 the epidemic MPM was described
among the population of Karain, a small village
300 km south-east of Ankara, due to erionite, a par-
ticular zeolite, that were present in the local rocks
and used to build houses and road floors [25-26].

In 1987 McKonnochie reported cases of MPM
due to environmental pollution by tremolite in
Cyprus [27]. In the same year Langer and co-
workers also reported cases of MPM due to the
high concentration of tremolite in the white plaster
used in the construction of houses in the North
West of Greece [28]. In 1991 Golberg and co-
workers recorded and compared with five cancer
registers all cases of primary pleural cancers that
were reported during a 10-yrs period (i.e. 1978-
1987) in New Caledonia. They found that there
was an excess of primary pleural cancers in the
area of New Caledonia that was particularly evi-
dent among the Melanesian ethnic group [29].

In 1992, five cases of MPM were described in
a rural population of Macedonia, Greece. A high
content of asbestos (chrysotile and tremolite) up to
90% by volume was subsequently found in the ma-
terial used for whitewashing the houses up to 1935
[30].

Rey and co-workers in 1993 reported 14 cases
of MPM due to environmental pollution by tremo-
lite in the north east of Corsica [31].

In some parts of rural Anatolia, central Turkey,
it has been shown that environmental exposure to
asbestos due to the use of asbestos-contaminated
soil mixtures was associated to an increased risk of
MPM in these rural regions [32-33].

Cases of MPM due to environmental pollution,
rather than occupational exposure, have been de-
scribed in the town of Biancavilla in Eastern Sici-
ly [34]. In 1996 for the first time data on mortality
due to MPM in this town was provided [35], show-
ing a significant local increase in mortality due to
MPM between 1988 and 1992. According to offi-
cial statistical data in Italy, the prevalence of MPM
in this area significantly increased in the period be-
tween 1993 and 1997. In this area there was no oc-
cupational risk and consequently the population
was exposed to mineral fibres present in a stone
cave located immediately outside the town [36-
37]. This fibres, previously found in a Japanese
volcano [38], is a yellowish and grey-whitish as-
bestos-like amphiboles with strongly asymmetric
morphology, identified as fluoro-edenite, that had
been traced in lung tissue from a patient who died
as a result of pleural mesothelioma in 2001.

In the population living in the area of Broni
(Pavia, Italy), an increased mortality rate for ma-
lignant pleural neoplasms was reported in both
genders in 1980 to 1997, compared to the general
population. However, this high death rate was at-
tributed to the presence of an asbestos-cement fac-
tory in that area rather than to environmental ex-
posure [39].

Another example of MPM due to exposure to
environmental contamination is provided by a
study conducted among the population living in
the area of Casale Monferrato. This study confirms
the association of environmental asbestos expo-
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sure and MPM, after careful control for other
sources of asbestos exposure, and suggests that in
Casale Monferrato, environmental exposure
caused a greater risk than domestic exposure [40].

A multi-centre study conducted in some Italian
areas, in Spain and in Switzerland, to assess the ef-
fect of the environmental exposure to asbestos, has
established the risk of exposure among 53 cases of
mesothelioma and 232 controls who had never
been exposed. Compared to controls, the study
showed a relative risk of 2.2 for low exposure, 9.5
for intermediate exposure and 45.0 for high level
exposure [41].

Camus and co-workers in their study on the
risk of lung cancer due to non-occupational expo-
sure to chrysotile asbestos in mining areas in the
province of Quebec, Canada, found that the rela-
tive risk of death for pleural cancer was 7.63 [42].
Similarly, in the Wittenoom residents’ cohort
study, it was observed that the proximity of a cro-
cidolite industry was associated with a dose-de-
pendent increase in the risk of mesothelioma
among people not directly employed in industrial
activity [43].

In Lucania, Italy, in the towns of Lauria and
Castelluccio Superiore, between 1998 and 2002, 3
cases of non-occupational pleural mesothelioma
were identified, and possible asbestos pollution
sources sought. Pollution from asbestos manufac-
tured articles was excluded, whereas in three sub-
sequent campaigns of collecting and chemical-
mineralogical investigations the presence of
“green stones”, which had always been known to
the local inhabitants, was highlighted. These
stones resulted to be partly constituted by amphi-
bole asbestos classified as tremolite [44, 45].

Recently, we observed cases where there was
an occurrence of MPM in housewives living in the
province of Catania [46]. Therefore, in order to as-
sess one or more potential risk factors, we retro-
spectively reviewed clinical records of all patients

with diagnosis of MPM made in our hospital be-
tween April 1999 and December 2002. A total of
24 patients were reviewed, all were residents in the
area of Catania. For all male patients occupational
or environmental exposure to asbestos was docu-
mented, whereas for the 7 women either occupa-
tional or environmental exposure could not be
shown. In addition, none of the women had lived
with a partner who had been exposed to asbestos,
or had been exposed to ionizing radiation or had a
smoking history. Although the etiology of
mesothelioma in these women remains unknown,
it is likely that an individual genetic susceptibility
could have determined the disease in response to a
low environmental exposure to asbestos or as-
bestos-like fibres. A recent review on mesothe-
lioma and low dose exposure was unable to
demonstrate a threshold level below which there is
no risk of disease occurrence [47]. Some observa-
tional studies conducted in the villages of Karain
and Tuzkoy, in Anatolia, Turkey, revealed the ex-
istence of an individual genetic predisposition to
mesothelioma [48]. The authors of this observa-
tion constructed a genetic-epidemiology map to
test whether or not some villagers were genetical-
ly predisposed. Analysis of a six-generation ex-
tended pedigree of 526 individuals showed that the
susceptibility to mesothelioma was genetically
transmitted, likely in an autosomal dominant way.
Erionite, that was present in stones used to build
the villages of Karain and Tuzkoy (zeolite vil-
lages), had been mined from nearby caves and was
supposed to be the cause of mesothelioma in a rel-
evant proportion of villagers. Measurable levels of
airborne erionite fibres were detected in houses,
annexes, and streets of those villages. Zeolite is a
non-asbestos mineral, which has been identified as
the fibrous zeolite, erionite. The diagnosis of
MPM was made histologically and confirmed
through electron microscopy and immunohisto-
chemistry. It has been demonstrated that both as-

Table 1. - Geographical areas naturally contaminated with asbestos or asbestos-like fibres identified throughout
the literature search

Contaminating fibre type Geographic area Year of first report Refs.

Tremolite Bulgaria 1970 59
Tremolite, chrysotile Turkey (South-east) 1976 60, 61
Erionite Turkey (Central Cappadocia) 1978 25, 26, 77, 78, 82, 83
Tremolite Greece (Metsovo) 1981 28, 66, 80, 81 
Tremolite, chrysotile Cyprus 1987 23, 27
Crocidolite Cina (Da-yao) 1990 62, 73
Tremolite New Caledonia (South Pacific) 1991 29, 69, 72
Chrysotile, tremolite Greece (various area) 1991 68
Chrysotile, tremolite Corsica 1991 31, 79
Chrysotile, tremolite Greece (Macedonia) 1992 30
Tremolite Afganistan 1994 63
Tremolite Botswana 2000 65
Tremolite, actinolite Turkey (Southern Anatolia) 2000 64
Fluoro-edenite Italy (Sicily) 2000 34, 36, 37, 75, 76
Tremolite Italy (Piedmont) 2002 67, 74
Actinolite, tremolite Turkey (Anatolia) 2002 32, 33, 48, 49, 58
Tremolite Italy (Basilicata) 2003 44, 45
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bestos and erionite cause a variety of benign and
malignant chest diseases. Among the diseases, cal-
cified pleural plaques (CPP) are the most frequent-
ly seen and may be used as an indicator of miner-
al fibre exposure [49].

Discussion

The results of this search show that in the last
thirty years clusters of pleural mesothelioma have
been reported in populations with non-profession-
al environmental exposure to asbestos – mainly
tremolite – and other mineral fibres, including eri-
onite and fluoro-edenite, contaminating soils,
roads and buildings of various geographical areas.
Industrial sources of hazardous mineral fibres
were not identified in any of the areas listed in
table 1. However, despite this evidence – mostly
circumstantial – none of the published reports has
determined the level and duration of exposure rep-
resenting a significant risk for subjects living in a
given area. The intensity of environmental non-oc-
cupational exposure can vary according to a num-
ber of individual and environmental factors. In ad-
dition, the physical characteristics of mineral fi-
bres and the individual susceptibility of exposed
subjects might also influence causal relationships.
The risk of developing asbestos-related MPM de-
pends on the dose, dimensions, surface reactivity
and biopersistence of inhaled materials. Thus the
magnitude of risk for the inhabitants of naturally
contaminated areas remains undetermined.

Taking into account the epidemiological data
and the long latency period between exposure and
the occurrence of mesothelioma one could expect
that the banning of asbestos will not result in a
rapid decrease of related health problems. More
than 30 million tons of asbestos in its various
forms have been mined and used in a variety of
manufacturing activity throughout the world in the
past century. Peto and colleagues using an
age/birth group model to calculate the number of
male deaths from pleural mesothelioma for six
countries in Western Europe including Great
Britain, France, Italy, Germany, The Netherlands,
and Switzerland, predicted that the annual death
rates from mesothelioma will increase from 5,000
up to 9,000 between 1998 and 2018, after which a
decline is expected [50]. According to these au-
thors, the highest risk will be suffered by male sub-
jects born around 1945-50.

The causal relationship between asbestos or
asbestos-like fibres and mesothelioma either in
workers exposed in the workplace or in subjects
living in areas polluted by the presence of asbestos
extraction facilities and manufacturing has been
well documented by several studies, and it has
been reported in cases series, case-control and co-
hort studies.

The link between asbestos and MPM has been
firmly established, and the great majority of
mesothelioma are caused by asbestos and most of
them are due to occupational rather than environ-
mental exposure [51]. The different types of as-
bestos seem to differ considerably in their ability

to cause pleural neoplasms. Chrysotile is consid-
ered by many authors to be a weak carcinogen in
humans, [51], whereas it is well known that the
amphiboles crocidolite and tremolite seems to be
much more dangerous [52]. Nevertheless, to date
the mechanism of asbestos carcinogenicity, the
causal role of chrysotile asbestos compared with
crocidolite and tremolite in the genesis of MPM
[51-52], the amount of asbestos necessary to cause
MPM, remain unclear and are still being debated
by many authors. Furthermore, several studies [46-
49, 53-57] suggest that genetic factors may play a
more important role in the etiology of this disease
than currently appreciated. The interplay of genes
and environment in the pathogenesis of MPM re-
quires further elucidation. Additional epidemio-
logical and laboratory studies are needed to pro-
vide a better understanding of the relationship be-
tween environmental carcinogen mineral fibres
and genetics and viruses.

The most frequent naturally contaminating ma-
terial in our review was tremolite asbestos. It oc-
curred in 14 out of the 17 areas identified (table 1).
In contrast non-asbestos fibrous materials such as
erionite and fluoro-edenite were less frequently
found. More recently, attention has been paid to the
outbreak of mortality from MPM recorded in the
population of Biancavilla (Sicily, Italy) in the late
eighties-early nineties [35]. This was subsequently
attributed to the non-occupational exposure to flu-
oro-edenite, the new fibrous amphibole end-mem-
ber found in the inert material extracted from a
nearby quarry located in “Monte Calvario” in the
Etna volcanic complex. This mineral had been al-
ready found in another volcanic setting [38], and
later characterised [84].

The interpretation of epidemiological studies
aimed at unravelling disease etiology revolves
around the question of whether or not there is a
causal association between a putative risk factor
and the disease under study. Whereas the associa-
tion between exposure to tremolite and mesothe-
lioma either in the workplace or in the daily life
environment is clear, for all new members of the
amphibole family collaborative epidemiologic, en-
vironmental, and experimental studies are neces-
sary to determine if they are the true cause of the
disease under investigation. Interestingly, in the
municipality of Biancavilla, along with the unex-
pected increase in death rate from non-occupation-
al mesothelioma, an increased mortality due to
chronic obstructive pulmonary disease (COPD)
was observed, suggesting that fluoro-edenite
might also have a role in the etiology of non-ma-
lignant respiratory diseases [76]. This possibility is
indirectly supported by the results of a recent tox-
icity study showing that fluoro-edenite fibres alter
the cellular tropism and increase the production of
pro-inflammatory cytokine IL-6 in pulmonary ep-
ithelial cells in vitro [85]. Conflicting with this ev-
idence, a mineralogical website states that for this
mineral there is no specific data on health dangers
or toxicity [86].

Taken together the data obtained from our lit-
erature review suggests that despite the banning of
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asbestos from industrial activity, naturally occur-
ring mineral fibres will probably be at stake as
cause of pleural malignancy and other respiratory
disorders in the near future. The principal aim in
public health care should be the prevention of en-
vironmental exposure to asbestos and asbestos-like
fibres, educating to avoid use of asbestos-contam-
inated materials for whitewashing, and wall plas-
tering. Whenever possible, potential sources of
contamination from previously known or newly
discovered mineral fibres should be carefully lo-
calised and adequately contained. These measures
will not only limit the dispersion of fibres in adja-
cent areas but also prevent the inadvertent trans-
port of fibres to more distantly located sites and
avoid construction-related contamination of roads
and buildings.
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