
Mesothelioma Risk among Construction Workers 
According to Job Title: Data from the Italian 
Mesothelioma Register
Luigi Vimercati1,*, Domenica Cavone1, Luigi De Maria1, Antonio Caputi1,  
Floriana Pentimone1, Stefania Sponselli1, Giuseppe Delvecchio1,  
Elisabetta Chellini2, Alessandra Binazzi3, Davide Di Marzio3, Carolina Mensi4, 
Dario Consonni4, Enrica Migliore5, Dario Mirabelli5, Alessia Angelini6,  
Andrea Martini6, Corrado Negro7, Flavia D'Agostin7, Iolanda Grappasonni8, 
Cristiana Pascucci8, Lucia Benfatto9, Davide Malacarne9, Veronica Casotto10,  
Vera Comiati10, Cinzia Storchi11, Lucia Mangone11, Stefano Murano12,  
Lucia Rossin12, Federico Tallarigo13, Filomena Vitale13, Marina Verardo14,  
Silvia Eccher15, Gabriella Madeo16, Tommaso Staniscia17, Francesco Carrozza18, 
Ilaria Cozzi19, Elisa Romeo19, Paola Pelullo20, Michele Labianca21, Massimo Melis22, 
Giuseppe Cascone23, Alessandro Marinaccio3, Giovanni Maria Ferri24 and  
Gabriella Serio25

1Section of Occupational Medicine “B. Ramazzini”, Department of Interdisciplinary Medicine, Regional Operating Center of Puglia 
(COR Puglia), University of Bari, Bari, Italy
2Occupational Physician, Florence, Italy
3Occupational and Environmental Medicine, Epidemiology and Hygiene Department, Italian Workers’ Compensation Authority 
(INAIL), Rome, Italy
4Epidemiology Unit, Regional Operating Center of Lombardia (COR Lombardia), Fondazione IRCCS Ca’ Granda Ospedale Mag-
giore Policlinico, Milan, Italy
5Unit of Cancer Epidemiology, Regional Operating Center of Piemonte (COR Piemonte), University of Turin and CPO-Piemonte, 
Turin, Italy
6Prevention and Clinical Network, Institute for Cancer Research, Regional Operating Center of Tuscany (COR Toscana), Florence, 
Italy
7Clinical Unit of Occupational Medicine, Regional Operating Center of Friuli-Venezia Giulia (COR Friuli-Venezia Giulia), Univer-
sity of Trieste -Trieste General Hospitals, Trieste, Italy
8Regional Operating Center of Marche (COR Marche), School of Medicinal and Health Products Sciences, University of Camerino, 
Camerino, Italy
9Regional Operating Center of Liguria (COR Liguria), Clinical Epidemiology Unit, IRCCS Ospedale Policlinico San Martino, 
Genova, Italy
10Azienda Zero, Epidemiological Department, Regional Operating Center of Veneto (COR Veneto), Veneto Region, Padova, Italy
11Health Local Unit, Public Health Department, Regional Operating Center of Emilia-Romagna (COR Emilia-Romagna), Reggio 
Emilia, Italy, Epidemiology Unit, AUSL-IRCCS di Reggio Emilia, Italy
12Occupational Medicine Unit, Alto Adige Health Authority, Regional Operating Center of Autonomous Province of Bolzano 
(COR A.P. of Bolzano), Bolzano, Italy
13Public Health Unit, Regional Operating Center of Calabria (COR Calabria), Crotone, Italy
14Valle d’Aosta Health Local Unit, Regional Operating Center of Valle d’Aosta (COR Valle d’Aosta), Aosta, Italy
15Hygiene and Occupational Medicine, Provincial Unit of Health, Regional Operating Center of the Autonomous Province of 
Trento (COR A.P. of Trento), Trento, Italy
16Center of Umbria (COR Umbria), Servizio Prevenzione, Sanità Veterinaria e Sicurezza Alimentare-Regione Umbria, Perugia, Italy
17Occupational Medicine Unit, Health Local Unit, Regional Operating Center of Abruzzo (COR Abruzzo), Pescara, Italy
18Oncology Unit, Cardarelli Hospital, Regional Operating Center of Molise (COR Molise), Campobasso, Italy
19Regional Operating Center of Lazio (COR Lazio), Department of Epidemiology, Epidemiology Lazio Regional Health Service, 
ASL Roma 1, Rome, Italy

Original article

Med Lav 2023; 114 (3): e2023025
DOI: 10.23749/mdl.v114i3.14538



Vimercati et al2

20Department of Experimental Medicine, “Luigi Vanvitelli” University, Regional Operating Center of Campania (COR Campania), 
Naples, Italy
21Epidemiologic Regional Center, Regional Operating Center of Basilicata (COR Basilicata), Potenza, Italy
22Regional Epidemiological Center, Regional Operating Center of Sardegna (COR Sardegna), Cagliari, Italy
23Cancer Registry ASP Ragusa and Sicilia Regional Epidemiological Observatory, Regional Operating Center of Sicilia (COR 
Sicilia), Ragusa, Italy
24Occupational Physician, Bari, Italy
25Department of Emergency and Organ Transplantation (DETO), Pathological Anatomy Section, University of Bari Aldo Moro, 
Bari, Italy

Keywords: Mesothelioma; Construction Workers; Italian Mesothelioma Register; Job Title

AbstrAct
Background: An increased risk of mesothelioma has been reported in various countries for construction workers. The 
Italian National Mesothelioma Registry, from 1993 to 2018, reported exposure exclusively in the construction sec-
tor in 2310 cases. We describe the characteristics of these cases according to the job title. Methods: We converted into 
18 groups the original jobs (N=338) as reported by ISTAT codes (‘ATECO 91’). The exposure level was attributed to 
certain, probable, and possible in accordance with the qualitative classification of exposure as reported in the Registry 
guidelines. Descriptive analysis by jobs highlights the total number of subjects for every single job and certain expo-
sure, in descending order, insulator, plumbing, carpenter, mechanic, bricklayer, electrician, machine operator, plasterer, 
building contractor, painter, and laborer. Results: The cases grow for plumbing in 1993-2018, while, as expected, it 
decreased for the insulator. Within each period considered, the most numerous cases are always among bricklayers and 
laborers; these data confirm the prevalence of non-specialized "interchangeable" jobs in the Italian construction sector 
in the past. Conclusions: Despite the 1992 ban, the construction sector still presents an occupational health preven-
tion challenge, and circumstances of asbestos exposure may still occur due to incomplete compliance with prevention 
and protection measures.
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1. IntroductIon

Despite the gradual introduction of bans in vari-
ous countries, asbestos exposure in the construction 
sector remains a serious risk factor for workers as-
signed to various tasks due to the widespread use 
of asbestos in building materials during a large part 
of the last century, from the 1930s to the 1990s. 
Moreover, a lack of awareness also of indirect or 
secondary asbestos exposure may have affected sev-
eral types of workers, such as carpenters, electricians, 
plumbers, bricklayers and welders. With regard to 
cases of malignant mesothelioma (MM) exposed 
in construction, the widespread interchangeability 

of jobs among workers should be emphasized; this 
is especially true in small and medium construction 
companies, where recognizing different risk profiles 
is difficult. Furthermore, construction activities are 
normally performed without the use of personal 
protective equipment for the respiratory tract.

According to the existing Italian ban, currently 
potentially exposed construction workers are among 
the only workers involved in the reclamation work, 
but a large amount of asbestos in situ is still pre-
sent in construction and represents a dangerous risk 
factor for those who carry out maintenance of old 
buildings [1-5]. In Italy, data from I  ISTAT (The 
Italian National Institute of Statistics) reported 
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497,709 firms in the construction sector and 
1,355,917 workers in the same sector in 2020 [6]. 
An increased risk of MM has been reported in vari-
ous countries for both construction workers and as-
bestos removal workers, mainly concerning levels 
and circumstances of asbestos exposure in the past 
and genetic aspects [7-20].

For Belgian non-manual workers in the construc-
tion industry, asbestos-related mesothelioma mor-
tality is significantly higher than in manual workers 
(SMR: 260; 95%CI: 149-422 vs. SMR: 227; 95% 
CI: 168-302) [21].

In the Netherlands, the estimated overall risk 
ratio of mesothelioma among men in construction 
from 1990-2000, based on the population-at-risk 
from 1947-1960, was 5.1. In the construction in-
dustry, many carpenters and laborers worked with 
asbestos cement products, commonly used in the 
second half of the last century. Craftsmen such as 
electricians and mechanical engineers were most 
likely to be exposed to asbestos while handling, re-
moving, and repairing asbestos lagging [22].

Regarding the risk of mesothelioma for individual 
jobs, several reports have accumulated evidence from 
various countries regarding maintenance workers, 
pipefitters, and electricians who were exposed to a 
higher cumulative dose of asbestos fibers [23]. In the 
period 2011-2015, the Korea Workers’ Compensa-
tion and Welfare Service (KCOMWEL) approved 
claims for malignant mesothelioma in the construc-
tion sector with job classifications such as plumber, 
slate roof painter, building maintenance and repair-
man, interior product installer, worker repairing a 
roof, duct installer, building construction supervisor, 
building demolition worker, electric equipment in-
stallation and repairman, electricity, and cable set-
ting man, and elevator installer [24].

Dement (2009) studied construction and craft 
workers employed at the Department of Energy nu-
clear sites in the USA and found significant excess 
mortality for mesothelioma with an SMR of 5.93, 
(95%CI 2.56-11.68) [25]. These data were con-
firmed in the subsequent follow-up in a sample of 
24,086 workers with an SMR of 6.38 [26]. High 
risks of mesothelioma have also been reported for el-
evator construction workers [27], drywall construc-
tion workers [28], and asbestos removal workers [4]. 

Mesothelioma cases occurring during the home 
renovation were also described [29, 30]. Franzblau’s 
(2020) [31] study of asbestos-containing materials 
in abandoned residential dwellings demolished be-
tween 2014 and 2017 in Detroit confirmed that as-
bestos was used in a variety of common construction 
materials and found asbestos-containing materials in 
flooring, roofing, siding, and duct insulation as well 
as in pipe insulation, cement, siding, flooring, roof-
ing, sealants, caulks, and glazes. The type of asbestos 
generally present was chrysotile. This study confirms 
an existing asbestos risk for workers and the general 
population during renovation/demolition work.

Recently, De Bono (2021) conducted an analy-
sis of the incidence of mesothelioma in the Ontario 
workforce (1983-2016) and found a hazard ratio of 
2.38 (95%CI: 2.03-2.78) among construction work-
ers. Rates were particularly elevated for insulators, 
pipefitters, plumbers, and carpenters. Estimates 
were elevated for construction trades workers in the 
following subgroups: forepersons, carpenters, brick 
and stone masons, plasterers, painters, insulators, 
and pipefitters [32]. Scarselli (2016) [33] used a na-
tion-wide occupational exposure registry (SIREP) 
to provide summary statistics on the level and extent 
of occupational exposure to asbestos fibers in Italy 
between 1996 and 2013, during the removal and 
disposal of asbestos-containing materials. The study 
confirmed that many construction workers have ex-
posure levels above the action limit established by 
national legislation (0.01 f/cc) and, in a very limited 
fraction of cases, exceed the current EU limit (0.1 f/cc). 
No information about air measurement (fibers/cm3) 
was available, especially in the years before 1992.

The Italian National Mesothelioma Registry 
 (ReNaM) analyzed the occupational history of af-
fected people and found that the construction sec-
tor was the main source of asbestos exposure in 
recent years [34]. As reported in a recent paper [35], 
 ReNaM collected 31,572 incident MM cases from 
1993 to 2018, and occupational exposure was re-
ported for 3,574 who had worked in the construc-
tion sector. Exposure exclusively in the construction 
sector involved 2,310 cases; only those classified in 
code 45 of the Italian classification of economic ac-
tivities ‘ATECO 1991’ were considered, including 
all subsectors, sectors, and tasks [36].
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Safety and Employment Services (FORMEDIL)’ 
[40], as shown on Supplementary Table 1.

Qualitative assessment of retrospective exposure is 
a key element in identifying subjects exposed to asbes-
tos and examining the association between asbestos 
exposure and mesothelioma occurrence [41]. Quan-
titative data on asbestos exposure, i.e., information 
about measurement (fibers/cm3) at the workplace for 
any subjects, are not available in ReNaM. The exposure 
level for the analyses was attributed to certain, prob-
able and possible in accordance with the qualitative 
classification of exposure as reported in the ReNaM 
guidelines according to responses and information 
collected from the patient through a standardized 
questionnaire evaluated by industrial hygienists  [37] 
and in agreement with the literature [17, 41].

 - Certain occupational exposure was attributed 
to subjects whose work involved using asbes-
tos or materials containing asbestos.

 - Probable occupational exposure was attrib-
uted to subjects who had worked in a firm 
where asbestos was used but whose exposure 
could not be documented with the frequency 
of direct or bystander asbestos exposure.

 - Possible occupational exposure was attributed 
to subjects who had worked in an economic 
sector where asbestos had been used together 
with the frequency of direct or bystander as-
bestos exposure, such as typical tasks, work 
practices, and materials used over time.

The data analyzed refer to the incidence period 
1993-2018. Descriptive analysis, the arithmetic 
means of the year of first exposure, duration of ex-
posure (the time period from the year exposure be-
gan to the year exposure ended), and latency (the 
time period from the year exposure started to the 
year of MM diagnosis) were calculated for each job 
of construction workers with STATA 12 software 
(College Station, TX: StataCorp LP).

3. results

Among 2,310 cases with exclusive asbestos ex-
posure in the construction sector, the mean dura-
tion of exposure reported was 30.9 years (SD 371.4, 

This study describes the characteristics of MM 
cases recorded by the Italian registry (ReNaM) 
among construction workers by individual tasks ac-
cording to the job title.

2. Methods

Data were collected by ReNaM, a national epi-
demiological surveillance system characterized by 
a network of regional operating centers (‘Centri 
Operativi Regionali’: COR) established in all 20 
Italian regions through a systematic active search 
of MM over the entire national territory with 
standard criteria for active case search, diagnosis 
classification, and qualitative assessment of asbes-
tos exposure. ReNaM obtained occupational and 
residential histories of exposure and lifestyle habits 
by interviewing affected subjects (or next of kin) 
through a standardized questionnaire. Asbestos 
exposure was categorized as “occupational” (with 
three degrees of certainty: “definite”, “probable”, 
“possible”) or “non-occupational” (in-house, en-
vironmental, and other non-occupational–such as 
leisure-time-related activities). “Unlikely” exposure 
was assigned to subjects whose information was in-
adequate or asbestos exposure could be reasonably 
ruled out [37].

Subjects with occupational exposure exclusively 
in the construction sector (code 45 of the Italian 
classification of economic activities ‘ATECO 1991’) 
[36] were analyzed. As reported in a previous paper 
[35], the occupational codes by the Italian classifi-
cation of economic activities ‘ATECO 1991’ [36], 
‘CLASSIFICAZIONE DELLE PROFESSIONI 
ISTAT 1991’ [38], were based upon the salaried re-
porting system of the industry to which the exami-
nee belonged. Some workers performed more than 
one task, which resulted in different circumstances 
of asbestos exposure. For this analysis, we converted 
the ISTAT codes (‘ATECO 91’) into the reported 
tasks of the building sector’s national collective labor 
agreement for the construction sector in 2010 [39], 
modified concerning possible asbestos exposure. The 
original tasks (N=338), which included both skilled 
workers and laborers, were merged into 17 groups 
by experienced technical staff in the construction 
industry: the ‘National Joint Body for Training, 
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to exposure in many different activities in the con-
struction industry. The widespread risk indicates the 
difficulties of safely handling asbestos in this occu-
pational sector. Among the cases registered during 
1993-2018 by the Italian mesothelioma register, 
16.2% of all occupational exposures concerned con-
struction workers [34]. The results are consistent 
with available data related to mesothelioma in the 
construction sector in other countries. In addition, 
several studies report the excess risk of mesothe-
lioma in various jobs in the construction sector, as 
shown in Supplementary Table 2 [42-77].

These studies provide evidence that workers who 
experienced essentially intermittent and indirect ex-
posure to asbestos are at increased risk of asbestos-
related diseases, i.e., mesothelioma [25]. In the past, 
the construction industry was a major consumer 
of raw asbestos for insulation and asbestos cement 
products. All construction workers may have been 
exposed when working in contaminated spaces in 
the early stages of construction phases.

Building construction workers, such as electri-
cians, masons, and carpenters, who do not work di-
rectly with asbestos-containing materials were and 
may still be sufficiently exposed to asbestos-related 
diseases [11, 17, 25]. Another peculiar characteristic 
of the construction sector is the temporary nature 
of the work and the workplace, especially in recent 
years with frequent improvised work practices and 
frequent self-employment as small  self-employed 
entrepreneurs who are both employers and 
workers [78].

Construction workers who install asbestos- 
containing materials were and may be exposed dur-
ing the cutting and drilling of building materials such 
as cement pipes or tiles. Especially in the past, these 
materials were not labeled as hazardous, and users 
did not wear respiratory protective masks capable of 
filtering out tiny fibers; thus, some of these secondary 
users have developed asbestos-related diseases [11].

In Italian companies in the construction sec-
tor, each worker often performs more than one job 
in the same environment. Before the ban in 1992, 
when working near colleagues engaged in other 
processes, a worker could have been involved in 
using asbestos or asbestos-containing materials or 
near insulation workers while asbestos was sprayed. 

range 1-68 years), the mean latency was 47.8 years 
(SD 11.8, range 11-82), the mean age at onset of ex-
posure 22.5 years (SD 8.5, range 9-66) and mean age 
at diagnosis 70.3 years (SD 9.9, range 29-97 years).

Among the 2,310 mesothelioma cases, the most 
represented jobs are bricklayer, laborer, plumber, 
building contractor, carpenter, electrician, and insu-
lator. If the single jobs with exposure classified as 
certain are considered, the ranking shows bricklayer, 
plumber, laborer, carpenter, insulator, building con-
tractor, and electrician (Table 1).

Table 1 shows that 64% of all cases were clas-
sified with certain exposure. Considering the total 
number of subjects for every single job and certain 
exposure among the 18 jobs in descending order, 
we find insulators, plumbers, carpenters, mechanics, 
bricklayers, electricians, machine operators, plaster-
ers, building contractors, painters, and laborers. For 
all these jobs, more than 50% of the subjects in the 
register were classified with certain exposure.

From the distribution of individual jobs accord-
ing to the year of exposure beginning, 52% of cases 
started work between 1924 and 1960. Considering 
each job individually, the most frequent exposure 
beginning in 1924-1960 was bricklayer, tiler, laborer, 
and painter. If exposure started in 1961-1991, the 
most frequent jobs were machine operator, me-
chanic, electrician, and building contractor (Table 2).

According to the distribution of individual jobs 
within the initial exposure periods, in each of the 
three periods considered, the largest percentage is 
represented by the bricklayers, while that of the la-
borers remains stable (Table 2).

The number of cases grows in the three periods 
considered especially for plumber, while as expected 
it decreases for insulator in the last period (Table 3).

Within each period of incidence considered the 
most numerous cases are always among bricklayers 
and among laborers, except in the period 2011/2018 
where the most numerous are thermohydraulic 
workers (Plumbing and heating, plumbing, refrig-
eration, fountain) (Table 3).

4. dIscussIon

Our findings on an extensive series of  Italian cases 
of mesotheliomas show that the use of asbestos led 
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were the predominant industrial activities in the 
past, construction workers can have been exposed, 
sometimes accidentally, to asbestos during other 
work activities in the shipyards, due to the extensive 
use of asbestos-containing materials for insulation 
and fire protection.

Regardless of the level of exposure, Table 1 shows 
that the 2,130 occasions of exposure are distributed 

Moreover, in some geographic areas of Italy, sev-
eral occupational groups (e.g., plumbers, insulators, 
pipe fitters, carpenters, and electricians) employed 
in the construction sector can have worked in dif-
ferent industrial settings other than in the mainte-
nance and refurbishment of buildings. For instance, 
in the coastal area of Northeastern Italy (Trieste- 
Monfalcone), where shipbuilding and ship repairing 

Table 2. Distribution of cases by job and year of exposure beginning (column and row percentages).

Job

1924-1960 1961-1991 1992-2010 Total

N
% by 
job

% by 
year of 

beginning N
% by 
job

% by 
year of 

beginning N
% by 
job

% by 
year of 

beginning N
% by 
job

Building contractor 
technical surveyor

57 41.3 4.6 77 55.7 7.1 4 2.8 21.05 138 100

Miner, Fochino, 
bricklayer in the tunnel

- - - - - - - - - - -

Asphalter, Stonecutter, 
Paver, railway roadman

6 35.2 0.4 11 64.7 1.02 -  - - 17 100

Bricklayer, foreman 654 59.9 53.6 433 39.6 40.4 4 0.3 21.05 1091 100
Carpenter, Blacksmith, 
Welder, Tinsmith

66 47.8 5.4 71 51.4 6.6 1 0.7 5.2 138 100

Plasterer, prefabricated 
packager, cement 
builder

3 42.8 0.2 4 57.1 0.3 - - - 7 100

Tiler, Plasterer 20 55.5 1.6 16 44.4 1.4 -  -  - 36 100
Insulator 38 45.2 3.1 46 54.7 4.2 -  -  - 84 100
Glazier 3 60.0 0.2 2 40.0 0.1 -  - - 5 100
Plumbing and heating, 
plumbing, refrigeration, 
fountain

127 48.2 10.4 132 50.1 12.3 4 1.5 21.05 263 100

Electrician, elevator 
operator

47 41.5 3.8 66 58.4 6.1 -  - - 113 100

Painter, Plasterer 33 50.7 2.7 30 46.1 2.8 2 3.07 10.5 65 100
Cleaner -  - - 1 50.0 0.09 1 50.0 5.2 2 100
Diver -  -  - - - - - - - - -
Mechanic 13 38.2 1.06 20 58.8 1.8 1 2.9 5.2 34 100
Machine operator 16 30.7 1.3 36 69.2 3.3 - 52 100
Labourer 137 51.8 11.2 125 47.3 11.6 2 0.7 10.5 264 100
Various1 - - - 1 100 0.09 - - - 1 100

- - 100 - - 100 - - 100 - -

Total 1220 52.8 - 1071 46.3 - 19 0.8 - 2310 100
1Upholsterer, Armed Forces, Chemical Plant Worker, Verifier, Farmer, Sander, Metallurgical Worker.
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Table 3. Distribution of cases by job and incidence year (column and row percentages).

Job

1993-2000 2001-2010 2011-2018 Total

N
% by 
job

% by 
incidence 

year N
% by 
job

% by 
incidence 

year N
% by 
job

% by
incidence 

year N
% by 
job

Building contractor 
technical surveyor

18 13.04 6.9 63 45.6 5.7 57 41.3 6.01 138 100

Miner, Fochino, 
bricklayer in the tunnel

- - - - - - - - - - -

Asphalter, Stonecutter, 
Paver, railway roadman

-  - - 8 47.05 0.7 9 52.9 0.9 17 100

Bricklayer, foreman 102 9.3 39.2 540 49.4 49.0 449 41.1 47.3 1091 100
Carpenter, Blacksmith, 
Welder, Tinsmith

18 13.04 6.9 69 50.0 6.2 51 36.9 5.3 138 100

Plasterer, prefabricated 
packager, cement 
builder

1 14.2 0.3 3 42.8 0.2 3 42.8 0.3 7 100

Tiler, Plasterer 5 13.8 1.9 16 44.4 1.4 15 41.6 1.5 36 100
Insulator 18 21.4 6.9 46 54.7 4.1 20 23.8 2.1 84 100
Glazier 4 80.0 1.5 1 20.0 0.09 - - - 5 100
Plumbing and heating, 
plumbing, refrigeration, 
fountain

22 8.3 8.4 108 41.06 9.8 133 50.5 14.02 263 100

Electrician, elevator 
operator

11 9.7 4.2 53 46.9 4.8 49 43.3 5.1 113 100

Painter, Plasterer 11 16.9 4.2 27 41.5 2.4 27 41.8 2.8 65 100
Cleaner 1 50.0 0.3 -  - - 1 50.0 0.1 2 100
Diver -  - - -  -  - -  - - - -
Mechanic 3 8.8 1.1 17 50 1.5 14 41.1 1.4 34 100
Machine operator 5 9.6 1.9 28 53.8 2.5 19 36.5 2.0 52 100
Labourer 41 15.5 15.7 122 46.2 11.07 101 38.2 10.6 264 100
Various1 -  - - 1 100 0.09 -  -  - 1 100

- - 100 - - 100 - - 100 - -

Total 260 1.1 - 1102 47.7 - 948 41.03 - 2310 100
1Upholsterer, Armed Forces, Chemical Plant Worker, Verifier, Farmer, Sander, Metallurgical Worker.

47% among bricklayers, 11% among plumbers and 
laborers, 6% among carpenters and building con-
tractors, followed by 4.8% among electricians and 
finally 3.6% among insulators. These data confirm 
the prevalence of non-specialized “interchangeable” 
jobs. Of all the jobs analyzed, 64.8% are classified 
as having certain exposure. For the jobs for which 
50% and more are classified as certain exposure, the 

most frequent are, in decreasing order, the follow-
ing: insulators, plumbing workers, carpenters, as-
phalters, mechanics, machine operators, electricians, 
and bricklayers (Table 1).

As shown in Table 1, the beginning of consid-
ered exposures ranged between 1924-1960 in 52.8% 
of cases versus 46.3% in 1961-1991. As expected, 
the cases with the starting year of exposure between 
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Recall bias cannot be excluded due to the collection 
of data on exposures even many years their occur-
rence at the time of diagnosis of the disease; however, 
this possible bias was minimized by the structured 
questionnaire used, and our analyses are based on job 
title and exposures reported in the cases' question-
naires evaluated by expert industrial hygienists.

About the validity of qualitative exposure assess-
ment, it could reflect the different expertise of the 
evaluators in the different regional registers (COR) 
and the different level of confidence of exposure data 
based on questionnaires and a priori knowledge, also 
based on the different local and territorial realities 
in the construction sector. However, only analysis by 
region would help highlight misclassifications.

It must be highlighted that the study on such a 
large number of cases was made possible by the Re-
NaM, the epidemiological systematic surveillance 
system for public health purposes, which provides 
important information to improve knowledge on 
malignant mesotheliomas, such as monitoring the 
evolution of its incidence in high-risk occupations 
and economic sectors, as the construction indus-
try. In addition, it provides data on the trends of 
the mesothelioma epidemic. It is a valuable tool for 
identifying and controlling the potential and un-
known sources of asbestos exposure in cases.

5. conclusIons

In conclusion, our data, in consideration of the 
long latency of this pathology, confirm that both 
specialized (skilled) and unspecialized (unskilled) 
workers in Italian construction industry, still after 
the banning asbestos law, frequently especially in 
the past decades, remained uninformed and un-
trained in dealing with asbestos exposure as previ-
ously evaluated in other countries [79]. Although 
asbestos has been banned and safety measures 
have been implemented in Italy since 1992, a large 
amount of asbestos remains in situ in many older 
buildings, and construction workers might be still at 
risk of asbestos exposure and its associated occupa-
tional diseases. During building repair, renovation, 
maintenance and demolition that involves the dis-
turbance of settled dust, when building materials ul-
timately wear out and must be replaced, the process 

1992/2010 dropped drastically after the law ban-
ning asbestos. From the analysis for single jobs, the 
highest percentage of initiation of exposure in the 
period 1961/1991 is among machine operators, as-
phalters, mechanics, and electricians.

This study, although it analyzes qualitatively clas-
sified exposures, confirms that some of the job of the 
construction sector, such as insulators and thermo-
hydraulic workers (plumbing and heating, plumb-
ing, refrigeration, fountain), continues to be a source 
of a certain level of exposure (Table 1) [48]. Stud-
ies of plumbers showed that many do not recognize 
the friable asbestos materials they still sometimes 
encounter [12, 17, 79]. Analyzing the percentages 
of each job by the period of beginning exposure, 
both in 1924-1960 and in 1961-1991, the highest 
percentages are among bricklayers, plumbing work-
ers, and laborers are stable at around 11% (Table 2). 
From the analysis by periods of incidence (Table 3), 
while, as expected, the insulator cases decreased in 
the two periods 2001-2010 and 2011-2018, in plas-
terers and painters remained stable, and in plumbers 
increased from 41.1 to 50.5%. The low percentage 
(1.1%) of cases in this sector in the incidence period 
1993-2000 is likely to be due to the start of the reg-
istry activities in 1993 only in a few regions. From 
the analysis of the jobs in the three incidence periods 
1993-2000, 2001-2010, and 2011-2018 (Table  3), 
the highest percentages are always for bricklayers 
and laborers. Only in the most recent 2011-2018 are 
plumbing workers in second place after bricklayers 
(47.3%) with 14.02% and before laborers (10.6%).

The data on building contractors confirm the 
structuring of the construction sector into small 
self-employed companies where the role of entre-
preneur and construction worker coincide and indi-
cate that historic exposures are still producing cases. 
The excess mortality results for masons and carpen-
ter-welders confirm the wide diffusion of asbestos 
in construction work and the various contiguous 
processes in unconfined environments with second-
ary or indirect exposure [18].

Despite the high number of cases considered at the 
national level, the major limitations of our study must 
be highlighted. The exposure assessment is qualita-
tive, and the ability to identify the specific modalities 
is not entirely consistent among regional registries. 
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volves a large number of relatively small employers, 
multiemployer construction sites and a highly mo-
bile workforce, mostly from foreign countries. In this 
sector, circumstances of exposure to asbestos may still 
occur due to incomplete compliance with prevention 
and protection measures. Construction workers must 
be informed and educated about the risks of indirect 
past and possible current asbestos exposure, being of-
ten unable to identify the asbestos materials handled 
and/or to recall a substantial asbestos exposure [43]. 
Unfortunately, non-complete compliance regarding 
the correct use of personal protection devices, safety 
procedures and best practices is still frequent today 
among construction workers. The results, although 
in agreement with the previously descriptive studies, 
suggest the importance of analytical studies to con-
firm and define on time the association for specific 
job and mesothelioma risk. Moreover, they point out 
the importance to educate labourers regarding safe 
work practices, mandatory use of personal protective 
equipment included, and that all cases of mesothe-
lioma still occurring in construction workers should 
be identified as a professional disease [13, 35] from a 
public health perspective.

FundIng: This research received no external funding.

InstItutIonAl revIew boArd stAteMent: In Italy ma-
lignant mesothelioma reporting to the national Registry is 
compulsory by law (Legislative Decree 9 April 2008, no. 81, 
art. 244), therefore ethics approval is not required.

InForMed consent stAteMent: Not applicable.

declArAtIon oF Interest: The authors declare no 
 conflict of interest.

reFerences

1. Law 27 March 1992, N. 257 “Norme Relative Alla Ces-
sazione dell’impiego dell’amianto”. Official Journal N. 87 



Mesothelioma Risk among Construction Workers 11

26. Ringen K, Dement J, Hines S, Quinn P, Chen A, Haas 
S. Mortality of older construction and craft workers em-
ployed at department of energy nuclear sites: Follow-up 
through 2016. Am J Ind Med. 2019;62(9):742-754. Doi: 
https://doi.org/10.1002/ajim.23018

27. Bresnitz EA, Gilman MJ, Gracely EJ, Airoldi J, Vogel 
E, Gefter W. Asbestos-related radiographic abnormali-
ties in elevator construction workers. Am Rev Respir Dis. 
1993;147(6 Pt1):1341-4. Doi: https://doi.org/10.1164/
ajrccm/147.6_Pt_1.1341

28. Dahlgren J, Peckham T. Mesothelioma associated 
with use of drywall joint compound: a case series 
and review of literature. Int J Occup Environ Health. 
2012;18(4):337-43. Doi: https://doi.org/10.1179/2049
396712Y.0000000009

29. Olsen NJ, Franklin PJ, Reid A, et al. Increasing inci-
dence of malignant mesothelioma after exposure to as-
bestos during home maintenance and renovation. Med 
J Aust. 2011;195(5):271-4. Doi: https://doi.org/10.5694 
/mja11.10125

30. Kirby T. Fears of a new wave of mesothelioma in home 
renovators? Lancet Respir Med. 2013;1(1):18. Doi: 
https://doi.org/10.1016/S2213-2600(13)70034-1

31. Franzblau A, Demond AH, Sayler SK, D'Arcy H, 
Neitzel RL. Asbestos-containing materials in aban-
doned residential dwellings in Detroit. Sci Total Envi-
ron. 2020;714:136580. Doi: https://doi.org/10.1016/j 
.scitotenv.2020.136580

32. DeBono NL, Warden H, Logar‐ Henderson C, et al. 
Incidence of mesothelioma and asbestosis by oc-
cupation in a diverse workforce. Am J Ind Med. 
2021;64: 476‐487. Doi: https://doi.org/10.1002 
/ajim.23245

33. Scarselli A, Corfiati M, Di Marzio D. Occupational ex-
posure in the removal and disposal of asbestos-containing 
materials in Italy. Int Arch Occup Environ Health. 
2016;89:857-865.

34. Il registro nazionale dei mesoteliomi VII rapporto INAil 
2021 https://www.inail.it/cs/internet/docs/ alg-pubbl 
-il-registro-nazionale-mesoteliomi-settimo-rapporto 
.pdf [Last accessed on February 20, 2023].

35. Binazzi A, Di Marzio D, Verardo M, et al. Asbestos 
Exposure and Malignant Mesothelioma in Construc-
tion Workers-Epidemiological Remarks by the Italian 
National Mesothelioma Registry (ReNaM). Int J Envi-
ron Res Public Health. 2021;19(1):235. Doi: https://doi 
.org/10.3390/ijerph19010235

36. ISTAT https://www.istat.it/it/archivio/262125 [Last 
accessed on February 20, 2023].

37. Nesti M, Adamoli S, Ammirabile F, et al. Linee Guida 
per la Rilevazione e la Definizione dei casi di Meso-
thelioma Maligno e la Trasmissione delle Informazioni 
all’ISPESL da parte dei Centri Operativi Regionali; 
ISPESL: Roma, Italy, 2003.

38. ISTAT https://www.istat.it/it/archivio/18132 [Last ac-
cessed on 31 October 2022].

fibre di amianto, domande e riconoscimenti per malat-
tia professionale nel Registro regionale veneto dei casi 
di mesotelioma [Mesothelioma in construction work-
ers: Risk estimate, lung content of asbestos fibres, 
claims for compensation for occupational disease in 
the Veneto Region mesothelioma register]. Med Lav. 
2009;100:120-132.

14. Ringen K, Dement J, Welch L, et al. Mortality of older 
construction and craft workers employed at department 
of energy (DOE) nuclear sites: Follow-up through 
2011. Am J Ind Med. 2015;58:152-167.

15. Stocks SJ, Turner S, McNamee R, Carder M, Hussey L, 
Agius RM. Occupation and work-related ill-health in 
UK construction workers. Occup Med. 2011;61:407-415.

16. Jung SH, Kim HR, Koh SB, et al. A decade of ma-
lignant mesothelioma surveillance in Korea. Am J Ind. 
Med. 2012;55:869-875.

17. Järvholm B, Englund A. The impact of asbestos expo-
sure in Swedish construction workers. Am J Ind Med. 
2014;57:49-55.

18. Welch L, Dement J, West G. Mortality among sheet 
metal workers participating in a respiratory screening 
program. Am J Ind Med. 2015;58:378-391.

19. Vimercati L, Cavone D, Caputi A, et al. Malignant 
mesothelioma in construction workers: The Apulia re-
gional mesothelioma register, Southern Italy. BMC Res 
Notes. 2019;12:636.

20. Serio G, Vimercati L, Pennella A, et al. Genomic 
changes of chromosomes 8p23.1 and 1q21: Novel 
mutations in malignant mesothelioma. Lung Cancer. 
2018Dec;126:106-111. Doi: https://doi.org/10.1016/j 
.lungcan.2018.10.012. Epub 2018 Oct 27.

21. Van den Borre L, Deboosere P. Enduring health effects 
of asbestos use in Belgian industries: a recordlinked co-
hort study of causespecific mortality (2001-2009). BMJ 
Open. 2015;5:e007384. Doi: https://doi.org/10.1136 
/bmjopen-2014-007384

22. Burdorf A, Dahhan M, Swuste P. Occupational char-
acteristics of cases with asbestos-related diseases in The 
Netherlands. Ann Occup Hyg. 2003;47:485-492.

23. Amati M, Tomasetti M, Mariotti L, Tarquini LM, Val-
entino M, Santarelli L. Assessment of biomarkers in 
asbestos-exposed workers as indicators of cancer risk. 
Mutat Res. 2008 Aug-Sep;655(1-2):52-8. Doi: https://
doi.org/10.1016/j.mrgentox.2008.06.011

24. An YS, Kim HD, Kim HC, Jeong KS, Ahn YS. The 
characteristics of asbestos-related disease claims made 
to the Korea Workers' Compensation and Welfare 
Service (KCOMWEL) from 2011 to 2015. Ann Oc-
cup Environ Med. 2018 Jul 11;30:45. Doi: https://doi 
.org/10.1186/s40557-018-0256-6

25. Dement JM, Ringen K, Welch LS, Bingham E, Quinn 
P. Mortality of older construction and craft workers em-
ployed at Department of Energy (DOE) nuclear sites. 
Am J Ind Med. 2009;52(9):671-82. Doi: https://doi 
.org/10.1002/ajim.20729



Vimercati et al12

 cancer registrations in England, 1981-87. Br J  Cancer. 
1996;73(7):935-9. Doi: https://doi.org/10.1038/bjc 
.1996.167

52. Kang SK, Burnett CA, Freund E, Walker J, Lalich N, 
Sestito J. Gastrointestinal cancer mortality of work-
ers in occupations with high asbestos exposures. 
Am J Ind Med. 1997;31(6):713-8. Doi: https://doi 
.org/10.1002/(sici)1097-0274(199706)31:6<713::aid 
-ajim7>3.0.co;2-r

53. Robinson CF, Petersen M, Palu S. Mortality pat-
terns among electrical workers employed in the U.S. 
construction industry, 1982-1987. Am J Ind Med. 
1999;36(6):630-637.

54. McDonald JC, Edwards CW, Gibbs AR, et al. 
Case-referent survey of young adults with mesothe-
lioma: II. Occupational analyses. Ann Occup Hyg. 2001; 
45(7):519-23.

55. Mazurek JM, Syamlal G, Wood JM, Hendricks SA, 
Weston A. Malignant Mesothelioma Mortality - United 
States, 1999-2015. MMWR Morb Mortal Wkly Rep. 
20173;66(8):214-218. Doi: https://doi.org/10.15585 
/mmwr.mm6608a3

56. Teta MJ, Lewinsohn HC, Meigs JW, Vidone RA, 
Mowad LZ, Flannery JT. Mesothelioma in Connecti-
cut, 1955-1977. Occupational and geographic associa-
tions. J Occup Med. 1983;25(10):749-56.

57. Firth HM, Herbison GP, Cooke KR, Fraser J. Male 
cancer mortality by occupation: 1973-86. N Z Med J. 
1993;106(961):328-30.

58. Robinson CF, Petersen M, Sieber WK, Palu S, Halp-
erin WE. Mortality of Carpenters' Union members 
employed in the U.S. construction or wood products 
industries, 1987-1990. Am J Ind Med. 1996;30(6):  
674-94. Doi: https://doi.org/10.1002/(SICI)1097-0274 
(199612)30:6<674::AID-AJIM4>3.0.CO;2-R Erratum 
 in: Am J Ind Med. 1997;31(1):126.

59. Plato N, Martinsen JI, Sparén P, Hillerdal G, Weider-
pass E. Occupation and mesothelioma in Sweden: up-
dated incidence in men and women in the 27 years after 
the asbestos ban. Epidemiol Health. 2016;38:e2016039. 
Doi: https://doi.org/10.4178/epih.e2016039

60. Malker HS, McLaughlin JK, Malker BK, et al. 
 Occupational risks for pleural mesothelioma in Sweden, 
 1961-79. J Natl Cancer Inst. 1985;74(1):61-6.

61. Cantor KP, Sontag JM, Heid MF. Patterns of mor-
tality among plumbers and pipefitters. Am J Ind Med. 
1986;10(1):73-89. Doi: https://doi.org/10.1002 
/ajim.4700100109

62. Malker HS, Weiner JA, McLaughlin JK. Register epi-
demiology studies of recent cancer trends in selected 
workers. Ann N Y Acad Sci. 1990;609:322-32; discussion 
332-3. Doi: https://doi.org/10.1111/j.1749-6632.1990 
.tb32079.x

63. Engholm G, Englund A. Mortality and cancer inci-
dence in various groups of construction workers. Occup 
Med. 1995;10(2):453-81.

39. CCNL http://www.fenealuil.it/wp-content/uploads 
/2015/05/CCNL-EDILI-ED-AFFINI-2010.pdf 
[Last accessed on February 20, 2023].

40. FORMEDIL https://www.formedil.it/ [Last accessed 
on 31 October 2022].

41. Spinazzè A, Consonni D, Borghi F, et al. Asbestos Ex-
posure in Patients with Malignant Pleural Mesotheli-
oma included in the PRIMATE Study, Lombardy, Italy. 
Int J Environ Res Public Health. 2022;19:3390. Doi: 
https://doi.org/10.3390/ijerph19063390

42. Coggon D, Inskip H, Winter P, Pannett B. Differ-
ences in occupational mortality from pleural cancer, 
peritoneal cancer, and asbestosis. Occup Environ Med. 
1995;52(11):775-7. Doi: https://doi.org/10.1136/oem 
.52.11.775

43. Goldberg M, Imbernon E, Rolland P, et al. The French 
National Mesothelioma Surveillance Program. Oc-
cup Environ Med. 2006;63(6):390-5. Doi: https://doi 
.org/10.1136/oem.2005.023200

44. Rake C, Gilham C, Hatch J, Darnton A, Hodgson J, 
Peto J. Occupational, domestic and environmental mes-
othelioma risks in the British population: a case-control 
study. Br J Cancer. 2009;100(7):1175-83. Doi: https://
doi.org/10.1038/sj.bjc.6604879

45. Pukkala E, Martinsen JI, Lynge E, et al. Occupation and 
cancer – follow-up of 15 million people in five Nordic 
countries. Acta Oncol. 2009;48(5):646-790. Doi: https://
doi.org/10.1080/02841860902913546

46. Rolland P, Gramond C, Lacourt A, et al. Occupa-
tions and industries in France at high risk for pleural 
mesothelioma: A population-based case-control study 
(1998-2002). Am J Ind Med. 2010;53(12):1207-19. Doi: 
https://doi.org/10.1002/ajim.20895

47. Stocks SJ, Turner S, McNamee R, Carder M, Hussey 
L, Agius RM. Occupation and work-related ill-health 
in UK construction workers. Occup Med (Lond). 2011 
Sep;61(6):407-15. Doi: https://doi.org/10.1093/occmed 
/kqr075

48. Roelofs CR, Kernan GJ, Davis LK, Clapp RW, Hunt 
PR. Mesothelioma and employment in Massachusetts: 
analysis of cancer registry data 1988-2003. Am J Ind 
Med. 2013;56(9):985-92. Doi: https://doi.org/10.1002 
/ajim.22218

49. Ringen K, Dement J, Hines S, Quinn P, Chen A, Haas 
S. Mortality of older construction and craft workers em-
ployed at department of energy nuclear sites: Follow-up 
through 2016. Am J Ind Med. 2019;62(9):742-754. Doi: 
https://doi.org/10.1002/ajim.23018

50. Migliore E, Consonni D, Peters S, et al.  Pleural 
mesothelioma risk by industry and occupation: 
 results from the Multicentre Italian Study on the 
 Etiology of Mesothelioma (MISEM). Environ Health. 
2022 18;21(1):60. Doi: https://doi.org/10.1186 
/s12940-022-00869-5

51. Fear NT, Roman E, Carpenter LM, Newton R, 
Bull D. Cancer in electrical workers: an analysis of 



Mesothelioma Risk among Construction Workers 13

workers. Occup Environ Med. 1998;55(11):766-70. Doi: 
https://doi.org/10.1136/oem.55.11.766

73. Ulvestad B, Kjaerheim K, Martinsen JI, Mowe G, 
 Andersen A. Cancer incidence among members of the 
Norwegian trade union of insulation workers. J Oc-
cup Environ Med. 2004;46(1):84-9. Doi: https://doi 
.org/10.1097/01.jom.0000105981.46987.42

74. Becker N. Cancer mortality among arc welders ex-
posed to fumes containing chromium and nickel. 
Results of a third follow-up: 1989-1995. J Occup En-
viron Med. 1999;41(4):294-303. Doi: https://doi 
.org/10.1097/00043764-199904000-00012

75. Rolland P, Gramond C, Lacourt A, et al. Occupa-
tions and industries in France at high risk for pleural 
mesothelioma: A population-based case-control study 
(1998-2002). Am J Ind Med. 2010;53(12):1207-19. Doi: 
https://doi.org/10.1002/ajim.20895

76. MacLeod JS, Harris MA, Tjepkema M, Peters PA, De-
mers PA. Cancer Risks among Welders and Occasional 
Welders in a National Population-Based Cohort Study: 
Canadian Census Health and Environmental Cohort. 
Saf Health Work. 2017;8(3):258-266. Doi: https://doi 
.org/10.1016/j.shaw.2016.12.001

77. Stern FB, Ruder AM, Chen G. 2000 Proportionate 
mortality among unionized roofers and water-proofers. 
Am J Ind Med. 37(5):478-492.

78. Ringen K, Englund A. The construction industry. 
Ann N Y Acad Sci. 2006;1076:388-93. Doi: https://doi 
.org/10.1196/annals.1371.007

79. Järvholm B. Carcinogens in the construction industry. 
Ann N Y Acad Sci. 2006;1076:421-8. Doi: https://doi 
.org/10.1196/annals.1371.055

64. Teschke K, Morgan MS, Checkoway H, et al. Meso-
thelioma surveillance to locate sources of exposure to 
asbestos. Can J Public Health. 1997;88(3):163-8. Doi: 
https://doi.org/10.1007/BF03403881

65. Engholm G, Englund A. Mortality and cancer inci-
dence in various groups of construction workers. Occup 
Med. 1995;10:453-481.

66. Stern FB, Sweeney MH, Ward E. Proportionate mor-
tality among unionized construction ironworkers. Am J 
Ind Med. 1997;31(2):176-187.

67. Welch L, Dement J, West G. Mortality among sheet 
metal workers participating in a respiratory screen-
ing program. Am J Ind Med. 2015;58(4):378-91. Doi: 
https://doi.org/10.1002/ajim.22421

68. Selikoff IJ, Churg J, Hammond EC. Asbestos exposure 
and neoplasia. J Am Med Assoc. 1964;188:22-6.

69. Selikoff IJ, Hammond EC, Seidman H. Mortality ex-
perience of insulation workers in the United States and 
Canada, 1943-1976. Ann N Y Acad Sci. 1979;330:91-
116. Doi: https://doi.org/10.1111/j.1749-6632.1979 
.tb18711.x

70. Malker HS, McLaughlin JK, Weiner JA, Blot WJ, 
 Ericsson JL. Peritoneal mesothelioma in the construction 
industry in Sweden. J Occup Med. 1987;29(12):979-80.

71. Selikoff IJ. Influence of age at death on accuracy of 
death certificate disease diagnosis: findings in 475 con-
secutive deaths of mesothelioma among asbestos insu-
lation workers and asbestos factory workers. Am J Ind 
Med. 1992;22(4):505-10. Doi: https://doi.org/10.1002 
/ajim.4700220405

72. Järvholm B, Sandén A. Lung cancer and mesothelioma 
in the pleura and peritoneum among Swedish insulation 



Vimercati et al14

Supplementary Table 1. Conversion table for converting ISTAT codes into ReNaM building code.

Occupational code 
 (ISTAT 1991)*

Occupational code 
(ISTAT 2011)

Proposal of ReNaM Tasks from national collective 
labour agreement Construction 2010 CCNL - 
Formedil (modified for asbestos exposure) ReNaM building code

1213 1213 Building contractors, builders, engineers, architects, 
surveyors, technicians, real estate agents,  
office workers, warehouse workers, caretakers, 
guardians, etc.

 1.  Building contractor 
technical surveyor1223 1223

1313

2216 2216
2221

3125 3135
3345 3152
41 41

4312

6111 Fireman, shimmer, miner  2. Miner

6112 Stonemason, marble worker, stone cutter, asphaltist  3.  Asphalter, 
stonecutter, paver, 
railway roadman

6121 6121 Bricklayers  4. Bricklayer
6122 6122
6123 6123 Carpenters in iron, wood, scaffolding, shipowner, 

railway shipowner, etc.
 5. Carpenter

6124 6124
6125 6125
6126 6126 Road paver, asphalter  3.  Asphalter, 

stonecutter, paver, 
railway roadman.

6127 Packaging prefabricated fitter, cement, liming, 
plasterer

 6.  Prefabricated 
packaging cementist 
plaster

6131 6131 Paver, tiler  7. Cladding installer
6132 6132
6133 6133 Plasterer  6.  Prefabricated 

packaging cementist 
plaster

6134 6134 Waterproofing, thermal and acoustic insulation, 
insulator

 8. Insulator

6135 6135 Glazier  9. Glazier
6136 6136 Plumbing and heating, pipe makers, plumbers, etc. 10.  Thermo-hydraulic, 

tubist, welder
6137 6137 Electricians, splicers, wire guards, etc. 11. Electrician

6138 Fabricators  5. Carpenter

AppendIx
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Occupational code 
 (ISTAT 1991)*

Occupational code 
(ISTAT 2011)

Proposal of ReNaM Tasks from national collective 
labour agreement Construction 2010 CCNL - 
Formedil (modified for asbestos exposure) ReNaM building code

6141 6141 Painters, plasterers, etc. 12. Painter
6142 Facade cleaner 13. Cleaner

6142 Parquet installer for synthetic floors  7. Cladding installer

6143 Facade cleaner 13. Cleaner

6151 Cleaning workers 13. Cleaner

6152 Sewer maintenance technician 10.  Thermo-hydraulic, 
tubist, welder

6212 6212 Welders, tinsmiths 10.  Thermo-hydraulic, 
tubist, welder6213 6213

6214 6214 Iron carpentry fitters  5. Carpenter
6215 Elevator operators 11. Electrician

6216 Underwater works, diver etc. 14. Diver

6217 Welders 10.  Thermo-hydraulic, 
tubist, welder

6236 Mechanics 15. Mechanic

6238 Painters 12. Painter

7424 Truck drivers, earthmoving machinery operators, 
concrete mixers, cranes, forklifts,  
drilling machines, etc.

16. Machine operator

7441 7441
7442 7442
7443 7443
7444 7444
8621 8424 Unqualified labourers, civil road construction etc. 17. Labourer
8622 8422
8629

*Used in the ReNaM softwar.

Supplementary Table 2. Summary of cancer studies showing excess risk of mesothelioma in various job tasks of the 
 construction sector.

Construction trade Author (Year)Reference
Labourers, builders, 
handymen, other 
construction workers

Coggon (1995), Goldberg (2006), Rake (2009), Pukkala (2009), Roland (2010), Stocks (2011), 
Roelofs (2013), Järvholm (2014), Ringen (2015) (2019), De Bono (2021), Migliore (2022) 
[14,17,32,42-50].

Electricians Fear (1996), Kang (1997), Robinson (1999), McDonald (2001),Koskinen (2002), Engholm (2005), 
Rake (2009), Stocks (2011), Roelofs (2013), Järvholm (2014), Ringen (2015), Mazurek (2017), 
Ringen (2019), De Bono (2021), Migliore (2022) [9,11,14,17,26,32,44,47,48,50,51-55].

Carpenter and iron 
carpenter

Teta (1983), Firth (1993), Coggon (1995), Robinson (1996), Kang (1997), McDonald (2001), 
Dement (2003), Rake (2009), Roland (2010), Stocks (2011), Roelofs (2013), Ringen (2015),  
Plato (2016), Ringen (2019), De Bono (2021) [14,25,32,44,47-49,52,54,56-58].

Table S2 (Continued )



Vimercati et al16

Construction trade Author (Year)Reference
Plumber, 
plumbing and 
heating engineers, 
pipefitters

Teta (1983), Malker (1985), Cantor (1986), Malker (1990), Engholm (1995), Coggon (1995),  
Kang (1997), Teschke (1997), McDonald (2001), Engholm (2005), Goldberg (2006),  
Pukkala (2009), Rake (2009), Roland (2010), Stocks (2011), Roelofs (2013), Järvholm (2014), 
Ringen (2015), Plato (2016), Mazurek (2017), Ringen (2019), De Bono (2021), Migliore (2022) 
[11,14,17,32,42-50,52,54-56,59-64].

Brickmasons, 
stonemasons, 
bricklayers

Firth (1993), Teschke (1997), Pukkala (2009), Roland (2010), Roelofs (2013), Järvholm (2014), 
Plato (2016), De Bono (2021) [17,32,45,46,48,57,59,64].

Sheet metal Engholm (1995), Stern (1997), Kang (1997), Teschke (1997), Engholm (2005), Goldberg (2006), 
Dement (2009), Roland (2010), Roelofs (2013), Järvholm (2014), Welch (2015), Plato (2016), 
Mazurek (2017), Ringen (2019) [11,17,25,43,46,48,49,52,55,59,64-67].

Insulators Selikoff (1964) (1979), Malker (1987), Selikoff (1992), Kang (1997), Järvholm (1998),  
McDonald (2001), Koskinen (2002), Ulvestad (2004), Engholm (2005), Roelofs (2013),  
Järvholm (2014), Plato (2016), Mazurek (2017), De Bono (2021) 
[9,11,17,32,48,52,54,55,59,68-73].

Painters Malker (1987), Kang (1997), Teschke (1997), Engholm (2005), Pukkala (2009), Rake (2009), 
Järvholm (2014), Plato (2016), De Bono (2021), Migliore (2022) [11,17,32,44,45,50,52,59,64,70].

Welders Becker (1999), Goldberg (2006), Pukkala (2009), Roland (2010), Roelofs (2013), MacLeod (2017) 
[43,45,48,74-76].

Crane operators Järvholm (2014) [18].
Wood workers Järvholm (2014) [18].
Drivers Järvholm (2014) [18].
Foremen Järvholm (2014) [18].
Concrete workers Järvholm (2014) [18].
Floor layers Järvholm (2014) [18].
Refrigeration 
repairers

Järvholm (2014) [18].

Construction 
managers

Coggon (1995), Mazurek (2017) [42,55].

Plasterers Coggon (1995), De Bono (2021) [32,42].
Architects and 
surveyors

Coggon (1995) [42].

Foreperson: other 
construction trades 
occupations

Plato (2016), De Bono (2021) [32,59].

Operating engineer Ringen (2019) [49].
Scaffolders Stocks (2011) [47].
Roofers Stern (2000), Migliore (2022) [50, 77].


