Int Arch Occup Environ Health (2016) 89:857-865
DOI 10.1007/s00420-016-1126-6

@ CrossMark

ORIGINAL ARTICLE

Occupational exposure in the removal and disposal
of asbestos-containing materials in Italy

Alberto Scarselli' - Marisa Corfiati! - Davide Di Marzio!

Received: 29 May 2015 / Accepted: 2 March 2016 / Published online: 12 March 2016

© Springer-Verlag Berlin Heidelberg 2016

Abstract

Purpose A great variety of asbestos-containing materials
are present in both residential and work settings because
of the widespread use made in the past, and many occu-
pational activities still entail the risk of asbestos expo-
sure in Italy, more than 2 decades after the total national
ban, mainly those involved in the removal and disposal of
asbestos. The aim of the study was to evaluate the level
and extent of asbestos exposure in Italy between the years
1996-2013 in the sector of asbestos abatement.

Methods Data were collected from firm registries of
asbestos-exposed workers and descriptive statistics were
calculated for exposure-related variables.

Results  Overall, 15,860 measurements of asbestos expo-
sure were selected from the national database of registries,
mostly referring to the construction sector (N = 11,353).
Despite the mean exposure levels are low, the air concen-
tration of asbestos fibers measured during these activities
may overcome the action level established by the Italian
legislation and, in a limited number of cases, can exceed
even the occupational limit value. Among occupations at
higher risk, there are also garbage collectors and insulation
workers.

Conclusions Starting from the analysis of the Italian data-
base of occupational exposure registries, this study outlines
the current levels of asbestos exposure in abatement-related
sectors, discussing their possible implications for public
health policies and surveillance programs.
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Introduction

Adverse health effects from exposure to airborne asbestos
fibers were known since the beginning of twentieth century,
even if the first epidemiological evidences of cancer caus-
ing came in 1950s. The minerals classified as asbestos by
Italian law are: crocidolite (blue asbestos), amosite (brown
asbestos), anthophyllite, actinolite, tremolite and chrysotile
(white asbestos). These fibrous silicates are widely distrib-
uted in the earth’s crust and possess unique properties of
tensile strength, poor heat conduction and chemical resist-
ance. The biological effects of asbestos fibers depend on
their chemico-physical characteristics, such as size, solubil-
ity and biopersistence (Boulanger et al. 2014; Berman and
Crump 2008). Canada and South Africa were the world’s
leading producers of asbestos, whereas in Europe, the
major producers were Italy, Greece and the Soviet Union.
Despite the ban in many countries, asbestos is still widely
used in some parts of the world due to its low price and its
durability as a construction material; indeed, there is still a
very large market for asbestos cement products. Currently,
most of the asbestos extracted is used in Asia and Eastern
Europe (Stayner et al. 2013; Le et al. 2011).

In Italy, since post-war period up to the ban introduced
in 1992, 3,748,550 tons of raw asbestos were produced,
with a peak of 160,000 tons per annum between 1976 and
1980. Asbestos was mainly used in the asbestos cement
industry, but also for the insulation of buildings, ships
and trains (paints and plasters, vinyl flooring and wallpa-
pers, ceramic tiles), in textile products (blankets, ropes and
tapes), adhesives and friction materials (Marinaccio et al.
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2012). The use of asbestos was banned in Italy in 1992 by
Law no. 257, which set the deadline and procedures for
ending to all activities involving the processing and extrac-
tion of this mineral. After this date, the only permitted work
activities involving asbestos exposure are asbestos reme-
diation, insulation removal and disposal. All firms regularly
engaged in these activities have to be registered within spe-
cific categories in the Italian national registry of environ-
mental managers, held by the Ministry of environment and
protection of land and sea.

Asbestos has been widely used in building materi-
als, either in industrial or residential settings, and remains
mostly in place, representing a health hazard for workers
engaged in their maintenance and abatement, as well as for
unaware population groups. A great number of epidemio-
logical studies have been carried out since the 1960s and
1970s on groups of workers occupationally exposed to
asbestos. These studies have shown that workers exposed
to asbestos have an increased risk of lung cancer, meso-
thelioma, diffuse interstitial lung diseases and benign
pleural abnormalities (acute or chronic pleurisy, pleural
plaques, diffuse pleural thickening and round atelectasis).
There are also recent evidences that exposure to asbes-
tos is associated with larynx and ovarian cancer and, to a
smaller extent, with other cancers (pharynx, stomach and
colon) and immune disorders (IARC 2012; Pfau et al.
2014). As well as for asbestosis, a clear dose—response
relationship has been demonstrated for neoplastic dis-
eases, such as mesothelioma and lung cancer, but in these
cases, no evidence of a threshold exposure level emerges
from the scientific literature (Wolff et al. 2015). This is
also confirmed by well-documented mesothelioma occur-
rence from environmental asbestos exposure (Maule et al.
2007; Corfiati et al. 2015). Few studies have measured the
level of asbestos exposure in abatement workers and even
less in those involved in asbestos-containing material dis-
posal (Lange et al. 1996, 2006, 2008; Miscetti et al. 2014;
Bujak-Pietrek and Szadkowska-Stariczyk 2012; Dumortier
and De Vuyst 2012; Dufresne et al. 2009; Mlynarek et al.
1996; Price et al. 1992). Risk excesses for mesothelioma
and lung cancer were found in construction workers (Con-
sonni et al. 2015; Welch et al. 2015; Jarvholm and Englund
2014) as well as in asbestos removal workers (Frost et al.
2008), mainly referring to levels and circumstances of
asbestos exposure belonging to the past. The health effects
of current exposures in the asbestos removal and dis-
posal are expected to be smaller, also taking into account
the enforcement of prevention and protection measures at
workplace introduced by the most recent European Union
directives no. 2003/18/CE and 2009/148/CE. Neverthe-
less, these effects may not have been fully evaluated until
now because of the long latency of neoplastic diseases
and difficulties in conducting large cohort studies. Many
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epidemiological surveillance systems have also provided
the evidence of non-occupational mesothelioma cases
occurring during home renovation (Olsen et al. 2011).

In Italy, the workers’ compensation authority (INAIL)
centrally collects and stores the registries of exposed
workers that firms involved in activities entailing the risk
of asbestos exposure are obliged to institute by law. The
objective of this study was to provide summary statistics
on the level and extent of occupational exposures to asbes-
tos fibers in Italy between the years 1996-2013 during the
removal and disposal of asbestos-containing materials.

Methods
Data gathering

Data collected by INAIL are stored in a database named
SIREP. The SIREP database has been fully described else-
where (Scarselli et al. 2007). In brief, Italian law requires
that employers collect data on workers’ exposures to car-
cinogens and report these information to INAIL every
3 years. Reporting is mandatory for carcinogens classified
as 1 and 2 by the European Union (1, substance known to
be carcinogenic to humans; 2, substances that should be
regarded as if carcinogenic to humans). As regards occu-
pational exposure to asbestos, the notification of registry is
mandatory only if exposure level exceeds the value of 0.01
fibers per cubic centimeter of air, i.e., 1/10 of the occupa-
tional exposure limit value (OEL). However, some employ-
ers (about 49 % of firms that notified the registry) have
decided to voluntarily notify the registry, even if the asbes-
tos exposure level was under this action limit. Employers
are required to report carcinogen type, personal and occu-
pational data of exposed employees, and exposure levels.
The information reported by employers is standardized and
includes the firm’s economic activity sector and workforce
size; workers’ personal data and job type; year of meas-
urement and level of exposure (magnitude, frequency and
duration). Employers are responsible for the measurement
procedures and air sampling methods, to be carried out in
accordance with European standards, which provide tech-
nical guidance to implement a dust-monitoring strategy
(CEN 1995). The Italian law specifies phase contrast opti-
cal microscopy (PCOM) and scanning electron microscopy
(SEM) as the standard techniques to count airborne asbes-
tos fibers per unit volume (Health Decree Ministry of 6
September 1994).

Data selection

A total of 15,860 measurements of asbestos fibers, repre-
senting 6359 exposures (2470 workers in 241 different



Int Arch Occup Environ Health (2016) 89:857-865

859

firms) between 1996 and 2013 were obtained from the
SIREP database and selected for the analysis (3222 expo-
sures were excluded from analysis since the measurement
was not specified). The airborne concentration of asbestos
fibers for some exposures (N = 2229) was measured at
least twice between 1996 and 2013. These multiple meas-
urements always refer to the same asbestos form, i.e., acti-
nolite, amosite, anthophyllite, chrysotile, crocidolite or
tremolite. Measurements (N = 4876) that were below the
analytical limit of detection (LOD) were replaced with the
LOD value divided by two (LOD/2) (Hornung and Reed
1990). Air sampling measurements were collected over an
8 h work shift. The type of sampling methodology (per-
sonal or stationary) was reported in a very limited number
of measurements (<5 %), thus not usable for the analysis.
In order to increase the precision of the estimates, only
sectors and occupations having more than 50 measure-
ments were considered in the descriptive analysis. Inter-
national standard classifications were used to code firm
economic activity sector (NACE Rev. 1) and worker occu-
pation (ISCO-88). To investigate the regional distribution
of firms that have notified asbestos exposures to INAIL,
the proportion of firms currently involved in its removal
and disposal, i.e., those registered in the national registry
of environmental managers (in accordance with legisla-
tive decree 152/2006), was evaluated and mapped for each
Italian region (Italian Ministry of Environment and Protec-
tion of Land and Sea 2015). In particular, the registration
is required by law for firms whose activities fall into the
following categories: category 5, collection and transport
of hazardous waste; category 10, remediation of asbestos-
contaminated materials.

Descriptive statistical analyses were used to calculate
the arithmetic and geometric means (AM, GM) of asbes-
tos exposure levels, in addition to 95 % confidence inter-
vals (CI), arithmetic and geometric standard deviations
(SD, GSD) and the 75th percentile. Statistical analysis was
performed using SPSS software package v. 22 (SPSS Inc.,
Chicago, IL), and geographical data were mapped using
Maplnfo software v. 8 (Pitney Bowes Inc., Troy, NY).

Results
Descriptive statistics

The mean airborne concentration of asbestos fibers in
workplaces was 0.025 f/cc (N = 15,860, AM = 0.025 f/cc,
GM = 0.006 f/cc, GSD = 6.55, 95 % CI 0.0058-0.0061,
75th percentile = 0.0318). In the analysis by mineral type,
fiber concentrations were the highest for the anthophyllite
(N = 446, GM = 0.0093 f/cc, GSD = 5.60, 75th percen-
tile = 0.050) and actinolite (N = 420, GM = 0.0088 f/cc,

GSD = 5.54, 75th percentile = 0.050) and lowest for chry-
sotile (N = 8403, GM = 0.0040 f/cc, GSD = 6.46, 75th
percentile = 0.011). The analytic method most frequently
utilized to count asbestos fibers was the PCOM (57 % of
measurements), followed by the SEM technique (2 %).
Measurements made by these two main methods of fibers
counting (SEM and PCOM) gave the same AM (0.020 f/
cc) but different values of GM (N = 249, GM = 0.011,
GSD = 3.65, 75th percentile = 0.024 for the ones per-
formed by SEM, and N = 9020, GM = 0.006, GSD = 7.18,
75th percentile = 0.050 for those by PCOM).

The 37.3 % of measurements was equal or >0.01 f/cc
(the action level) while the 4.3 % resulted to be equal or
over the OEL. In about 8 % of firms the concentration of
asbestos fibers was above the OEL (>0.1 f/cc), and the 5 %
of all exposed workers suffered an exposure level upper
to this limit. If we limited the analysis only to mandatory
exposure reporting, i.e., those exceeding the action limit,
the mean asbestos exposure level was 0.066 f/cc (N = 5521,
GM = 0.045, GSD = 2.11, 75th percentile = 0.060).

The greatest number of measurements occurred in
the construction sector (N = 11,353), which also showed
a higher mean level of exposure (AM = 0.029 f/cc,
GM = 0.007 f/cc, GSD = 5.82) than the sewage and refuse
disposal sector (N = 4507, AM = 0.016 f/cc, GM = 0.003
f/cc, GSD = 7.67). Most of the data were sent by micro
(<10 employees)- and small-sized (10-20 employees)
firms, corresponding to over 78 % of all measurements,
while larger firms are mainly in the sector of collection
and disposal of solid waste (46 % of firms with more than
100 employees). The asbestos exposure level by industrial
sector is shown in Table 1, and the distribution by occu-
pational group (only male) is provided in Table 2. When
only measurements exceeding the action limit (>0.01) were
selected, mean levels of exposure resulted even higher for
constructions (N = 4225, AM = 0.071 f/cc, GM = 0.050
f/cc, GSD = 2.03) than for the sector of sewage and refuse
disposal (N = 1296, AM = 0.050 f/cc, GM = 0.030 f/
cc, GSD = 2.09). The percentage of measurements over-
whelming the OEL was 2.86 % in constructions and 1.13 %
in the sewage and refuse disposal. The occupational groups
showing the highest fraction of measurements above the
OEL were insulation workers and building finishers with,
respectively, 4.75 and 12.12 %.

As regard the job tasks in men, the first three groups con-
tain more than 75 % of all measurements. These are, in rank
order, Eternit removal operators (N = 9642, AM = 0.030
f/lcc, GM = 0.0058 f/cc, GSD = 7.97, 75th percen-
tile = 0.047), insulation removal operators (N = 3329,
AM = 0.015 f/lcc, GM = 0.0051 f/cc, GSD = 4.02,
75th percentile = 0.014) and asbestos-containing mate-
rials disposal workers (N = 1031, AM = 0.031 f/cc,
GM = 0.0138 f/cc, GSD = 5.08, 75th percentile = 0.050).
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Table 1 Descriptive statistics of asbestos exposure by economic activity sector (SIREP, 1996-2013)

Economic activity sector (NACE code) N AM SD GM GSD (95 % CI) P75
Demolition and wrecking of buildings; earth moving (45.11) 1454 0.005 0.032  0.003 231  0.0029-0.0031  0.005
General construction of buildings and civil engineering works (45.21) 986  0.010 0.022  0.004 3.76  0.0039-0.0046  0.010
Erection of roof covering and frames (45.22) 1208 0.045 0.155 0.006 11.30 0.0053-0.0070  0.050
Construction of highways, roads, airfields and sport facilities (45.23) 65 0.004 0.001 0.004 1.07  0.0038-0.0039  0.004
Other construction work involving special trades (45.25) 6650 0.036  0.090 0.011 5.63 0.0108-0.0117  0.050
Insulation work activities (45.32) 725 0.011 0.018 0.006 324 0.0052-0.0062  0.009
Other building installation (45.34) 79 0.017 0.019 0.008 3.73  0.0061-0.0109  0.014
Other building completion (45.45) 111 0.009 0.022 0.001 16.63 0.0004-0.0011  0.005
Sewage and refuse disposal, sanitation and similar activities (90.00) 4507  0.016  0.089  0.003 7.67  0.0032-0.0036  0.014
Other activities 75 - - - -

N Number of 8-h TWA exposure measurements (f/cc), AM arithmetic mean, SD standard deviation, GM geometric mean, GSD geometric stand-
ard deviation, CI confidence interval, P75 75th percentile. Only sectors with at least 50 exposure measurements are shown

Table 2 Descriptive statistics of asbestos exposure by occupational group (male only; SIREP, 1996-2013)

Occupational group (ISCO-88 code) N AM SD GM GSD (95 % CI) P75
Civil engineering technicians (3112) 102 0.127 051 0.0128  7.23 0.0087-0.0187  0.050
Safety, health and quality inspectors (3152) 3256 0.022 0.03 0.0072 5.81 0.0068-0.0076 0.050
Bricklayers and stonemasons (7122) 774 0.010 0.02 0.0036 4.15 0.0033-0.0040 0.009
Concrete placers, concrete finishers and related workers (7123) 457 0.003 0.01 0.0016 3.62 0.0014-0.0018 0.002
Carpenters and joiners (7124) 76 0.012 0.02 0.0046  3.94 0.0034-0.0062 0.018
Insulation workers (7134) 5111 0.033 0.09 0.0065 9.55 0.0061-0.0069 0.050
Plumbers and pipe fitters (7136) 55 0.009 0.02 0.0025 3.55 0.0018-0.0035 0.003
Building finishers and related trade workers not elsewhere classified (7139) 504 0.066 0.29 0.0070 6.50 0.0060-0.0083 0.016
Sheet-metal workers (7213) 104 0.036 0.03 0.0189 530 0.0137-0.0261 0.060
Cement and other mineral products machine operators (8212) 1351 0.019 0.02 0.0075 5.55 0.0069-0.0082 0.044
Chemical-products machine operators not elsewhere classified (8229) 156 0.017 0.03 0.0086 2.97 0.0072-0.0102 0.012
Garbage collectors (9161) 370  0.047 0.05 0.0105 13.68 0.0081-0.0138 0.100
Building construction laborers (9313) 341 0.009 0.02 0.0032 3.14 0.0028-0.0036 0.005
Manufacturing laborers (9320) 2879 0.014 0.05 0.0046 3.71 0.0044-0.0048 0.011
Other groups 201 - - - -

N Number of 8-h TWA exposure measurements (f/cc), AM arithmetic mean, SD standard deviation, GM geometric mean, GSD geometric stand-
ard deviation, CI confidence interval, P75 75th percentile. Only groups with at least 50 exposure measurements are shown

The distribution of exposure level (AM) and 95 % confi-
dence limits by job task and economic sector of activity
is shown in Fig. 1. Again, selecting only measurements
exceeding the action limit, mean levels of exposure resulted
to be more elevated (Eternit removal operators: N = 3223,
AM = 0.082 f/cc, GM = 0.053 f/cc; insulation removal
operators: N = 1100, AM = 0.045 f/cc, GM = 0.032 f/cc;
asbestos-containing materials disposal workers: N = 359,
AM = 0.049 f/cc, GM = 0.047 f/cc).

Regarding the distribution of asbestos exposure level by
workforce size, micro firms (<10 employees) had the low-
est exposure risk (N = 1528, GM = 0.0032 f/cc, 95 % CI
0.0029-0.0035, 75th percentile = 0.015), whereas the high-
est (N = 5020, GM = 0.012 f/cc, 95 % CI 0.0112-0.0123,
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75th percentile = 0.050) was found in larger firms (20-50
employees). During the analyzed time period (1996—
2013), the highest level of exposure was recorded in 2002
(N = 333, AM = 0.098 f/cc, GM = 0.026 f/cc, 95 % CI
0.021-0.032, 75th percentile = 0.15), while the largest
number of measurements in 2008 (N = 2966, AM = 0.030
f/cc, GM = 0.009 f/cc, 95 % CI 0.0082-0.0093, 75th per-
centile = 0.05). Figure 2 shows a clear inhomogeneity in
the distribution of exposure levels by industry type, work-
ers occupation and time period. Indeed, high exposures
(>0.1) are concentrated only in a few situations, especially
in the sector of other construction work (NACE code:
45.25), among insulation workers (ISCO-88 code: 7134)
and during the 1999-2004 time period.
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In Fig. 3 is illustrated the distribution (%) of firms that
have reported data, according to the national registry of
environmental managers (Italian Ministry of Environment
and Protection of Land and Sea 2015). The central area of
Italy (Marche 6.78 % and Umbria 6.19 %) is the one with
the highest percentage of firms reporting the registry, while
the highest absolute count of firms refers to Lombardy
region (N = 61) in the northwest. If only firms reporting
air asbestos concentrations higher than the action level are
considered (mandatory reporting), 1.6 % of firms in the
national registry of environmental managers emerges to
have transmitted the workers’ exposure register, percentage
varying between 0 and 3 across regions.

Discussion

The SIREP system, which tracks data about workers
exposed to carcinogens, represents one of the most reliable
information sources on current occupational asbestos expo-
sure in Italy. The epidemiological usefulness of such a kind
of surveillance system has been acknowledged for planning
public health policies either at national and international
level (Koné Pefoyo et al. 2014; Arrandale et al. 2014). In
particular, by making available a certain amount of stand-
ardized data collected from a large territory over time,
SIREP was able to compare in space and time the occupa-
tional asbestos exposure level, to provide information about
the real exposure situation at country level, and indirectly to

50% N=6.562
45%
40%
35% RS =0
30%
25%
20% -
15%
10%
5% 1
0% A

Exposure levels (fc)

N=4363

O<=0.01
m0.01-0.1
m>0.1

Prevalence of exposures (%)

& S > Q Q
o SR ﬂ/@”’

SRS & &

N v v ) v
\? 70%
& 60%
5 Exposure levels (ffc)
S 50%
o O0<=0.01
g 0% 80.01-0.1
S 30% _ m>0.1
3
= 20%
o
=
5 10% -] ‘
&

0% - T T T T T

N N Ay an S x el N
N v Vv 2R SEPN P S S N
EAF R R SIS

Economic activity sector (NACE code)

70%

60% -
Exposure levels (f'c)
50%

0<=0.01
40% @0.01-0.1
30% u>01

20% —

10% -j
0% -

O I I o T BN N TS AN IAN
I AN AR IO
Occupational group (ISCO-88 code)

Prevalence of exposures (%)

Fig. 2 Distribution of prevalence (%) of asbestos exposure levels
(broken down by classes of values) by time period, economic activity
sector and occupational group (SIREP, 1996-2013)

monitor the implementation of prevention measures among
different Italian regions. This study confirms that currently
many construction workers have exposure levels above the
action limit established by national legislation (0.01 f/cc),
and in a very limited fraction of cases also exceeding the
EU limit value (0.1 f/cc). These findings are in line with the
most recent studies conducted in United States and Euro-
pean countries in the asbestos abatement sector (Miscetti
et al. 2014; Bujak-Pietrek and Szadkowska-Stanczyk 2012;
Lange et al. 2008). The vast majority of measurements
exceeding the OEL in constructions were actually recorded
in 45.25 NACE sector (“Other construction work involving
special trades”), which includes most of asbestos abate-
ment specialized firms, confirming the importance of tar-
geted control programs by labor inspection authorities. The
measured level of asbestos fibers is lower in the sector of
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Fig. 3 Distribution of firms (%) that have reported data according to the Italian national registry of environmental managers (SIREP, 1996—

2013)

waste collection and disposal with respect to construction.
The number of measurements over time reflects the process
of implementation of notifying procedures set by law. On
the other hand, the temporal trend observed in exposure
levels must be interpreted with caution: Beyond the high
concentration of asbestos fibers registered between 1999
and 2004, which actually refers to relatively few measure-
ments (12.5 %), no clear change was detectable.
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Taking into account the number of firms regularly
enlisted in the national registry of environmental managers,
i.e., those firms specifically engaged in asbestos removal
and disposal, the percentage of firms in the SIREP is low,
with a clear difference among territorial areas. As noticed
elsewhere, one of the main limitation of SIREP database is
the inhomogeneous territorial coverage. This makes it dif-
ficult to compare the asbestos exposure among different
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Italian regions, despite the influence of the geographical
area suggested in our findings. This inhomogeneity is due
basically to the fact that the notification of registry is man-
datory only if exposure level exceeds the value of 0.01 f/
cc. Indeed the main differences refer to firms which volun-
tary reported lower asbestos fiber levels. Our study could
suggest that a small percentage (1-2 %) of firms in asbes-
tos abatement sectors have relevant occupational asbestos
exposure levels, but caution is demanded in the interpre-
tation of these data. Small and medium size enterprises
(SMEs) are prevalent in asbestos remediation, but micro
firms (<10 employees) are generally underreported in the
SIREP database, as shown in the comparison with indus-
try census data (0.02 % for this class of firms vs a mean
of 0.8 %) (ISTAT 2004). The possibility that firms neither
keeping nor transmitting data on exposures have higher
exposure levels may have affected our estimates. Coverage
or representativeness of a registry is a common issue, since
it has been found also in other similar situations such as in
the Ontario Asbestos Workers Registry (Koné Pefoyo et al.
2014). However, a recent study on eight registries, while
showing limitations and constraints, concluded that regis-
try data can be a valuable tool for epidemiology, as well
of usefulness for primary prevention, especially if based on
mandatory registration like the SIREP database (Arrandale
et al. 2014). A further limitation of this study may rely on
differences in air sampling, analytical procedures and sam-
ple collection methods (personal or stationary), which are
also possible contributing factors to the underreporting.
About 40 % of reporting firms do not fully detail the fiber
counting method used, and in most of cases, it is not speci-
fied whether personal or area sampling was performed.
Previous studies showed significant differences between
stationary and personal sampling methods, the latter pro-
viding significantly higher levels (Miscetti et al. 2014;
Dufresne et al. 2009; Lange et al. 1996). The scarcity of
information on type of sampling (personal versus station-
ary) in our dataset did not allow to assess the influence of
this variable on data. Similarly, SEM and PCOM analytic
techniques of fibers counting are known to give different
results. The advantage of using SEM is that it has a bet-
ter resolution than PCOM, whereas the latter is relatively
fast and inexpensive but does not distinguish between
asbestos and non-asbestos fibers (ATSDR 2001). Although
the PCOM method is still most commonly recommended
by international standards, also providing a more direct
correlation with risk assessment due to its use in histori-
cal epidemiological studies, the possible underestimation
of asbestos exposure with this method remains a debated
issue. Our analysis failed to find difference in average
exposure levels measured by the two analytical methods,
but the relative few measurements performed with SEM
and the lack of exposures measured with more than one

method made no possible to correctly interpret this aspect.
Moreover, no specific laboratory standards and certification
procedures were yet stated in Italy, likely causing a certain
uncertainty of our estimates. Previous Italian studies actu-
ally found poor agreement between asbestos fiber measure-
ments effected by National Health System labor inspec-
tion services and those performed by firms (Miscetti et al.
2014). Bias may also have been introduced into the expo-
sure estimate by substituting censored data (measurements
below the LOD) with LOD/2. Additionally, due to the wide
difference in the number of measurements among different
industrial sectors and occupational groups, caution should
be used in the interpretation of results especially in the
presence of great data variability. In order to increase the
precision of estimates, only sectors and occupations having
more than 50 measurements recorded were included in the
descriptive analysis. A possible misclassification of some
variables (e.g., industrial sector or job/occupation) may
have also occurred, although its effect is partially reduced
by the use of standard international classifications. In read-
ing of Tables 1 and 2, it is important to keep in mind that
an occupational group may be transversal among economic
sectors of activity. For example, garbage collectors in this
study were employed mainly in firms belonging to the con-
struction sector (65.1 %). Great differences between AM
and GM together to high values of 75th percentile under-
line the important asymmetry of some distributions, since
the GM is less affected by extreme values.

The occupations at higher risk for asbestos exposure
were found to be sheet-metal workers, garbage collectors,
civil engineering and cement and other mineral products
machine operators, but the highest number of workers
exposed (769 male workers) was insulation workers. More-
over, this occupational group showed the higher number of
measurements exceeding the OEL, followed by building
finishers. Considering the job tasks with asbestos expo-
sure, most of the exposures were associated with removing
asbestos cement materials or asbestos insulation. Mainte-
nance activities on asbestos-containing building materi-
als or other insulating products are traditionally at risk for
indirect exposure to asbestos fibers, and there are great
evidences of occurrence of mesothelioma, lung cancer and
asbestosis in the occupational groups involved (Frost et al.
2008; Ulvestad et al. 2004). The more favorable environ-
mental conditions and the use of more adequate respiratory
protective equipment make the current asbestos exposure
clearly lower than in the past, and thus the expected health
effects not easily predictable. Moreover, as it results from
our analysis, uncontrolled exposure circumstances may
still occur, because of the incomplete compliance with pre-
vention and protection measures recommended by law, as
reported elsewhere (Dufresne et al. 2009; Miscetti et al.
2014). Interventions aimed at improving compliance with
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prevention and protection standards are recommended to be
targeted to specific occupational groups at higher risk, such
as insulation workers.

This is the first study, in our knowledge, that provides
data on asbestos exposure in waste collecting and pro-
cessing firms. Despite the low levels of asbestos exposure
reported in this sector, the relatively high exposure level
recorded in workers engaged in asbestos disposal during
abatement within the construction sector suggests the need
to specifically consider the activities related with disposal
of asbestos-containing materials for health surveillance
and education programs. Another job group to consider
for such interventions is “safety, health and quality inspec-
tors”, which includes, in our database, mostly technicians
engaged in industrial waste inspections. These data are
mainly useful in countries like Italy where asbestos abate-
ment work is a big business, due to the great number of
asbestos products to be removed or treated, and the public
economic incentives provided, such as those for the substi-
tution of asbestos roof with photovoltaic panels. Further-
more, it must be borne in mind that the vast majority of
firms of asbestos removal and disposal are SMEs, as it also
results from our study, likely experiencing more difficulties
in the occupational safety and health management.

The findings of this study, overall, support the major
contribution of in-place asbestos materials to the cur-
rent occupational exposures and the need of monitoring
air concentration levels in sectors and occupations at risk.
It is also strongly recommended to warrant the epidemio-
logical surveillance of mesothelioma and of other asbestos-
related cancers among workers exposed also after the ban
on the use of asbestos, in order to assess their contribution
to the public health burden. Moreover, the dissemination of
results on occupational exposure levels to asbestos may be
useful as a tool for the exposure monitoring and control,
and in improving the system notification.
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