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asbestos exposure among Italian oil refinery workers. Scand J Work Environ Health 1994;20:213-5.
OBJECTIVES - The association between asbestos exposure and risk of mesothelioma was studied among
workers from two oil refineries located in the northern Italian cities of Genoa and La Spezia, given
that previous cohort analyses revealed two clusters of mesotheliomas and that international cohort studies have so far not reported an excess of this neoplasm among oil refinery workers.
METHODS - Men (N = 2300) who had been employed between 1914 and 1988 in two oil refineries
located in northern Italy were studied. The follow-up covered the mortality of 639 white-collar and
1661 blue-collar workers from 1950 to 1991.
RESULTS - Among the cases, the median duration of employment was 14.5 years, and the median
time since first employment was 27.5 years. The job titles of the 10 men with pleural mesothelioma
were maintenance worker (seven men), electrician (one man) and unspecified blue-collar worker (two
men). Blue-collar workers experienced a significantly increased risk of pleural neoplasms, five deaths
in each plant, in respect to both the provincial [standardized mortality ratio (SMR) 266] and national
(SMR 1663) reference populations. The SMR, based on eight deaths, was 320 for workers with more
than 10 years of employment and 20 years since first exposure.
CONCLUSIONS - The results uphold the notion that exposure to asbestos in oil refineries causes pleural mesotheliomas. This is the first study to find an excess of pleural mesotheliomas among oil refinery workers exposed to asbestos.
KEY WORDS - cohort study, employment, fibers, late effects, mortality, occupation, petroleum workers, pleural tumor.

In oil refinery plants, asbestos is used mainly as a
thermal insulator or gasket material and for protective screens around on-site welding operations. Other
carcinogens, or agents suspected as such, in oil refineries include arsenic compounds, hexavalent chromium, nickel, mixtures of polycyclic aromatic hydrocarbons (PAH), and silica. Although mesothelioma is known to be caused by asbestos exposure, international cohort studies have so far not reported an
excess of this neoplasm among oil refinery workers
(l). Employment in oil refineries was classified by
the International Agency for Research on Cancer
(IARC) as probably involving a carcinogenic risk to
humans (IARC group 2A). This evaluation was based
on the increased risk of leukemia among boilermakers and pipe fitters exposed to benzene and of skin
cancer among wax pressmen. However, many years
ago, Lilis et al (2) suggested that the number of pleural mesotheliomas and lung cancers might increase
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among maintenance workers in oil refineries as a
consequence of the growth of oil refining and chemical industries.
We studied the association between asbestos exposure and the risk of mesothelioma among workers from two oil refineries, one located in Genoa and
the other in La Spezia, in northern Italy, given that
previous and preliminary cohort studies of these populations revealed two clusters of mesotheliomas (3).
The two provinces in which the plants are located
have the highest mortality rates for pleural mesotheliomas in Italy, mainly because of widespread asbestos exposure in shipbuilding [mortality rate for men
in 1975-1977 (Italian standard) Genoa: 4.8/
100000; La Spezia: 6.1/l00 000; Italy: 0.9/l00 000).

Subjects and methods
Personal information, including name, gender, date
of birth, address, registration number, job title, age
at hiring, and period of employment, was obtained
from company records. The subjects were classified
as blue- or white-collar workers from the job titles
provided by the companies. Maintenance workers
represented 50% of the blue-collar workers in La
Spezia. In both cohorts women were excluded from
the analysis because of their low number (about 9%).
In La Spezia, 932 men were employed between
1914 and 1977, and the follow-up covered the mor213
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Table 1. Number of workers, person-years, and deaths from pleural mesothelioma in the two oil refinery plants.

La Spezia refinery
Group

Workers

Person-

Genoa refinery

Deaths

Workers

(N)

(N)

Personyears

Total
Deaths

Workers

(N)

(N)

Person-

Deaths

(N)

years

White-collar workers
Blue-collar wor kers

221
711

6277
18978

5

418
950

10224
22901

5

639
1661

16501
41879

10

Total

932

25255

5

1368

33125

5

2300

58380

10

(N)

Table 2. Mortality from pleural mesotheliomas In two oil reo
finery cohorts (blue-colla r workers only). (SMR = standard ized
mortality ratio , 95% CI = 95% confidenc e interval)
Type of reference populati on
Refinery

Genoa
La Spezia
Total

Deaths
(N)

Provinci al

National

SMR

95% CI

SMR

95% CI

5
5

388
203

126-904
66- 473

1926
1435

624- 4487
465- 3344

10

266

128-489

1663

797- 3058

tality of 22 1 white-collar and 71 1 blue-collar workers from 1955 to 1991. In Genoa, 1368 men were
employed between 1949 and 1988, and the followup from 1950 to 1991 covered the mortality of 418
white-collar and 950 blue-collar workers.
For the refinery workers vital status was ascertained by postal follow-up up to 1987 ( 1991 for the
La Spezia cohort). In addition, an automatic record
linkage was performed for the Genoa cohort with the
mortality records for the years 1988-1 991.
Causes of deaths were found in the regional and
national morta lity files and coded according to the
eighth revisio n of the International Classification of
Diseases (ICD-8). Six percent of the La Spezia
workers and 7% of the Genoa workers were lost to
follow-up.
The expected number of pleural neoplasms was
obtained by multip lying the age -specific mortality
rates of the national or provincial reference populations by the person-years of the correspondi ng age
groups. Three age groups (25-54, 55- 74, 2 75
years) were used. The reference rates of 1975-1 977
were applied to the whole study period (4).
The number of observ ed deaths among the bluecollar workers (including maintenance workers) was
compared with the number expec ted to obtain the
standardized mortal ity ratios (SMR). The standardized mortality ratios, based on the Poisson distribution, and 95% confidence interva ls (95% CI) were
calculated with two-tailed significance tests using the
statistical package Epilog (5).
Results
Among the blue-collar workers, a significant excess
risk for pleural neoplasms was detected in both
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(N)

years
(N)

(N)

plants, five deaths in each. The numbers of workers
and person-years are shown in table I.
Overall, five cases had pleural mesothelioma specified on the death certifica tes, while the diagnosis
was less precise in the remaining cases.
The refinery workers in both cohorts showed an
increased risk of pleural neoplasms in respect to both
the provincial and national reference populations (table 2). However, the standardize d mortality ratio was
not significantly increased when the La Spezia cohort was compared with the local population. In each
plant the standardiz ed mortality ratios were higher
for persons aged 75 years and over, and there was a
posit ive trend with age.
A standardized mortality ratio of 266 (95% CI
128-489) was calc ulated from the combined data
of the two cohorts (table 3).
For the cases, the median duration of employment
was 14.5 (range 1- 33) years, and the median time
since first employment was 27.5 (range II - 53)
years.
The job titles of the 10 men with pleural mesothelioma were maintenance worker (two men in Genoa
and five men in La Spezia), elec trician (one man in
Genoa), and unspecified blue-collar worker (two men
in Genoa).
For the workers with more than 10 years of employment and 20 years since first expos ure, a threefold increased risk for pleural mesotheli omas
(8 death s, SMR 320, 95% CI 138- 63 1) was observed (table 3). However, no consistent pattern was
noted when the two plants were analyzed separately
(data not shown in detail).
Discussion
Mortality from pleural mesotheliomas has risen during the last few decades in Italy (SMR 106 in 19691973 versus SMR 165 in 1984-1 988)(6). It is therefore likely that, in our study, the use of 1975-1 977
rates for the whole period of follow -up caused a
slight underestimate of the standardized mortality
ratios for the period before 1975 and an overestimate
for the peri od after 1977.
Although the group of workers actually exposed
to asbestos in the oi l refineries was probably small,
in both plants, all of the pleural tumors were detected
only among employe es, in particular maintena nce
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Table 3, Mortality rates for pleural mesothelioma in the two oil refineries combined (blue-collar male workers) by duration of
exposure and time since first exposure . [SMR standardized mortality ratio (versus provincial reference populations), 95%
CI 95% confidence intervall

=

=

Time since first exposure
Duration
of exposure

,.;20 years
Deaths

:s 10 years
> 10 years
Total

2

>20 years

Total

SMR

95% CI

Deaths

SMR

95% CI

Deaths

SMR

95% CI

214
228

5-1192
6-1269

8

0
320

138-631

1
9

122
306

3-682
140-581

221

27- 797

8

281

121-553

10

266

128-489

workers, probabl y exposed to asbestos. Indeed , a
hygienic survey conducted using infrared spectrophotometry detected crocidolite around pipes and
amosite fibers in topping and prehe ating areas in the
Genoa oil refinery. In the La Spezia refinery, in many
sites of the boiler areas, each sample measured by
the diffractometric method and polarized light microscope revealed a concentration of 95% amosite,
crocid olite, and chrysotile. Amosite fibers were also
found around pipes.
All of the cases were documented on the death certificates by a general practitioner, and 50% were confirmed as pleural mesotheliomas . However, the cases
were not histologicall y confirmed, and no asbestos
bodies were searched for. Although an underestimate
of pleur al tumor death s due to the misclassification
of some pleural mesotheliomas as lung cancers was
possible , because autops y is seldom performed in
Genoa and La Spezia (as in Ital y in general), it is
likely that the number of pleural mesotheliom as, but
not the standardized mortality ratios, has been underestimated for these cohort s.
The higher rate of pleural mesothelioma in Genoa
and La Spezia compared with the whole of Italy is
probably due to the widespread use of asbestos in
many indu stries, especially shipbuilding. Therefore
occup ational exposure to asbestos outside employment in oil refineries is likely to have been a confounder in these cohorts. However, the use of provincial mortality rates might to some extent control
its effect. On the other hand, the analyses of duration of employment and time since first employment
with the two cohorts combined revealed a trend according to both variables. This finding suggests a role
of exposure to asbesto s inside the refinery .
This issue cannot be completely solved on the basis of these data , and it will be studied in detail in a
case-referent study in which the entire occupational
history of the workers will be evaluated. In our opinion, pleur al mesotheliomas should be considered an

occupational disease among oil refinery worker s
since the use of asbestos has been widespread in this
work and many of the workers share the same env ironment.
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