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Abstract The present study describes cause-specific mor-
tality of asbestos cement workers in the Emilia Romagna
region of Italy The cohort included workers in ten facto-
ries, most of which started operating between 1955 and
1965 Asbestos, mainly chrysotile, constituted 10 % 20 %
of the dry component of the mixture Crocidolite range
between 5 % and 50 % of total asbestos Asbestos concen-
trations up to 44 ff/cc were reported prior to 1975, while
in recent years they have usually been below 0-1 ff/cc.
The cohort included 3341 workers who had at some time
been employed in the ten factories under study Their
mortality experience was compared with that of the popu-
lation resident in Emilia Romagna Vital status was ascer-
tained at 1989 Seventy-three subjects were lost to follow-
up ( 2 2 %) Mortality from all causes and from all types of
cancer was increased in the cohort Malignant neoplasms
of the respiratory tract showed a significant increase
(SMR: 134 ; 90 % confidence interval: 101-175 ; 40 ob-
served) due to lung cancer (SMR: 124 ; 90 % confidence
interval: 91-166 ; 33 observed) and neoplasms of the
pleura, mediastinum, and other parts of the respiratory
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tract (SMR: 602 ; 90 % confidence interval 237-1267 ; 5 ob-
served) The discrepancy between observed and expected
mortality mainly concerned subjects with at least 20 years
of employment in the factories Five more cases of histo-
logically confirmed mesothelioma occurred after the end
of follow-up.
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Introduction

The asbestos cement industry has been the subject of a
number of epidemiologic investigations, mainly cohort stud-
ies In Canada, Finkelstein l 7, 8 l reported an increased risk
of all cancer (especially respiratory and digestive tract neo-
plasms) and the occurrence of both pleural and peritoneal
mesothelioma in asbestos cement workers In France,
Alies-Patin et al l 3 l reported an increased risk for all can-
cer and lung cancer Hugues et al l 11 l described an excess
of lung cancer and the occurrence of some cases of meso-
thelioma in a factory in the United States No excess mor-
tality was found by Gardner et al l 10 l in the United King-
dom Increased risk for mesothelioma, but not for lung
cancer (after correction for smoking), was reported in
Austria by Neuberger and Kundi l 17 l No major increase in
lung cancer mortality was reported in Sweden by Ohlson
and Hogstedt l 18 l, while Albin et al described a cohort
with increased mortality and incidence of all cancer and
respiratory cancer, showing a dose-response relationship
for pleural mesothelioma l 2 l In Denmark, an increased
incidence of cancer of the lung, pleura, and mediastinum
was reported, together with an increased mortality; the di-
gestive tract and other sites were also at risk l 20 l In Italy,
a study by Magnani et al l 14 l described an increased risk
of all cancer, lung cancer, and pleural and peritoneal
mesothelioma in a facility located in Piedmont; the same
authors reported an increased risk for pleural mesothe-
lioma among the population resident in the area, even in
the absence of occupational exposure to asbestos l 13 l.
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The second major settlement of the asbestos cement in-
dustry in Italy (after the aforementioned facility in Pied-
mont) is located in Emilia Romagna, the region around
Bologna; ten factories and many craftsmen's shops have
operated in this region since the mid-1950 s.

The purpose of the present study was to investigate the
mortality of the asbestos cement workers in Emilia Ro-
magna in order to clarify further the cancer risk associated
with this industrial activity Notwithstanding the existence
of the aformentioned previous epidemiologic investiga-
tions, it was felt that this was a valuable opportunity for
the implementation of a new study, given the fair size of
the study population, the good quality of record keeping
and death registration in the area, and the active coopera-
tion of health authorities, companies, and trade unions.

Table 2 Median asbestos concentration in air (ff/cc) for different
activities and in different calendar years (from Poletti et al l 19 l)

1983-84 1975-76 a
Median

No of Median Min Max.
samples

Mixture preparation
Manual 23 0 99 0 30 9 70 4 20
Automatic 23 0 81 0 51 2 23 ND

Manufacturing
Pipes, slabs 16 0 20 0 18 0 35 0 50
Other products 27 0 24 0 12 0 60 ND

Trimming or 20 0 52 0 35 0 72 2
finishing

ND, not determined
a Based on about 20 samples

Materials and methods

The asbestos cement industry in Emilia Romagna includes ten fac-
tories and many craftsmen's shops; the latter were not included in
the study Six factories started between 1952 and 1962, while the
other four started between 1965 and 1973 The number of workers
employed in these factories was about 800 around 1970 and is now
close to 400 in the six plants still operating Pipes, slabs, tanks,
chimneys, and other products for the construction industry were
manufactured in these factories.

Table 1 reports some information on the historic patterns of as-
bestos occurrence in the factories under study Asbestos fibers,
mainly chrysotile, constituted 10 %-20 % of the dry component of
the mixture Crocidolite ranged between 5 % and 50 % of total as-
bestos, and its use was discontinued between 1982 and 1986 Mix-
ture preparation and finishing were the activities implying higher
asbestos exposure; bags were manually opened and emptied until
the 1980 s The operation causing the highest fiber release was prob-
ably asbestos grinding, which was performed in four factories only.

Table 1 Use of crocidolite and grinding of asbestos in the ten
plants enrolled in the study

Plant Year of Use of % of
starting crocidolite asbestos
work in the blend

A 1965 1965-1980 Mixturea
1981-1982 30 %

B 1968 

C 1961 1961-1977 30 % Open air grinding
Only one worker
Exposed until 1979

D 1957 1957-1963 Mixturea
1964-1983 4 %-22 %

E 1955 1955-1979 Mixturea Grinding in pro-
1980-1986 4 %-30 % tected conditions

since 1977
F 1952 1952-1984 30 % Open air grinding

from 1956 to 1970
G 1962 1962-1985 15 %-50 % Open air grinding

from 1962 to 1966
H 1969 1970-1979 5 %
I 1954 1954-1982 15 %
L 1973 1973-1985 20 %

a Commercial mixture not prepared by the
centage

plant, unknown per-

Asbestos concentrations were measured in different work
stages and time periods l 19 l; median values are shown in Table 2.
No systematic hygienic monitoring had been performed prior to
1975, but up to 40 ff/cc had been reported with respect to manual
opening of asbestos bags.

Measurements performed in 1988-91 constantly showed as-
bestos concentrations below 0 5 ff/cc, in most instances below 0 1
ff/cc.

The cohort included all subjects who had ever been employed
in the factories under study between the start of their operation (or,
alternatively, from the earliest year for which company files were
available) and 1987 Vital status was ascertained at 30 June 1989.
Causes of death were coded according to the VII Ith and I Xth Re-
visions of the International Classification of Diseases, depending
on whether death occurred before or after 1980.

Standardized mortality ratios (SM Rs) were computed using the
Life Table Analysis System Computer Program l 24 l and their 90 %
confidence intervals (C Is) were computed according to Poisson
distribution The choice of using 90 % confidence was taken a pri-
ori in order to decrease the impression of falsely negative results
l 1 l The number of expected deaths was obtained using cause-,
age-, sex-, and calendar time-specific mortality rates of the popu-
lation resident in Emilia Romagna.

Results

At the end of follow-up, 2994 subjects were alive, 274
were deceased, and vital status was unknown for the re-
maining 73 subjects, corresponding 'to 2 2 % of the total
cohort Lost subjects were regarded as being alive at the
end of follow-up It was not possible to ascertain the cause
of death for five subjects, corresponding to 1 8 % of the
deceased.

Table 3 shows observed and expected mortality in the
cohort Mortality from all causes and from all cancers was
increased Malignant neoplasms of the respiratory tract
showed a significant increase (SMR: 134 ; 90 % CI: 101-
175) due to lung cancer (SMR: 124 ; 90 % CI: 91-166) and
to neoplasms of pleura, mediastinum, and other parts of
the respiratory tract (SMR: 602 ; 90 % CI: 237-1267) A
significant increase in "other malignant neoplasms", in-
cluding nine cases of ill-defined neoplasms, was detected
as well.
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Table 3 Observed and expected mortality in the cohort Table 5 Mortality from respiratory
sure and latency time

cancer by duration of expo-

Obs.

All causes

All malignant neoplasms
Mouth and pharynx
Digestive tract and

peritoneum
Peritoneum
Respiratory tract
Larynx
Trachea, bronchi, and lungs
Pleura, mediastinum, and

other parts of respiratory
tract

Prostate
Urinary tract
Hematopoietic system
Others

Diabetes mellitus

Circulatory diseases

Respiratory diseases

Hepatic cirrhosis

Ill-defined and missing causes

Accidents

Other causes

274

103
0

28

Exp.

255 66

91.87
2.18

30.80

1 0 63
40 29 81

2 2 43
33 26 54

5 0 83

0 2 45
5 4 81
7 6 88

23 14 95

1 3 37

75 88 14

13 11 10

4 12 18

8 2 05

45 29 76

25 17 19

SMR

107

112
0

91

159
134

82
124
602

0
104
102
154

30

85

117

33

390

151

145

90 % CI

97 118

95 132
0 137

65 125

8 753
101 175

15 259
91 166

237-1267

0 122
41 219
48 191

105 218

2 141

70 103

69 186

11 75

194 704

116 194

101 203

Table 4 Mortality from respiratory cancer over time

-1974 1975-79 1980-84 1985-89 1955-89

Obs 3 5 8 24 40
Exp 2 61 5 50 9 62 12 08 29 81
SMR 115 91 83 199 134
90 % CI 31-297 36-191 41-150 137-279 101-175

Mortality from cancer of the digestive tract was not in-
creased, even if a case of peritoneal neoplasm was reported.

Circulatory disease and hepatic cirrhosis showed a
deficit with respect to expected figures There were 13
deaths due to respiratory disease versus 11 expected One
of these cases was certified as being affected by asbesto-
sis, which was reported as a concurrent cause on three
other certificates Finally, significant increases in mortal-
ity from ill-defined and missing causes, accidents, and
other causes were detected.

The increased mortality from respiratory cancer was
further investigated Table 4 shows that the number of ob-
served cases significantly exceeded the expected number
only in the most recent years The epidemic curve thus
shows that a significant excess of respiratory cancer oc-
curred about 30 years after the start of operations and thus
the beginning of exposure to asbestos This finding is sup-
ported by the fact that the discrepancy between observed
and expected cases essentially concerned subjects who
had worked in the factories for at least 20 years (Table 5).

Latency Exposure (years) Total
(years)

< 10 11-20 21-30 30

< 10
Obs 7 0 0 0 7
Exp 6 68 0 0 0 6 68

11-20
Obs 9 4 0 0 13
Exp 8 79 4 71 0 0 13 5

21-30
Obs 7 8 3 0 18
Exp 4 87 2 61 1 52 0 9 01

30
Obs 0 2 0 0 2
Exp 0 03 0 46 0 1 0 03 0 62

Total
Obs 23 14 3 0 40
Exp 20 37 7 78 1 63 0 03 29 81

Table 6 Observed (O) exprected (E) deaths from respiratory can-
cer in the different plants by latency time

Plant Latency < 20 years Latency > 20 years

O E O E

A 1 0 45 
B 2 0 36 
C 3 3 61 3 1 94
D 3 1 87 2 0 44
E 5 5 47 4 2 99
F 4 3 54 8 3 37
G 1 1 41 3 0 50
H 1 1 39 

I 1 69 0 36
L 0 36 

All 20 20 17 20 9 63

Table 6 shows observed and expected cases in the indi-
vidual subcohorts, taking into account time since start of
work Notwithstanding low statistical power due to the
limited sample size, it was possible to evidence some
points of interest When the four factories characterized
by open air grinding (Table 1) were grouped, the SMR
rose to 149 ( 90 % CI: 108-201), while in the remaining
factories nine cases were observed versus 8 98 expected.
Two cases of pleural tumor, one case of pericardial tumor,
and one case of peritoneal tumor came from the same fac-
tory, (factory F), in which, furthermore, nine cases of lung
cancer were observed versus six expected.

Five more cases of histologically confirmed pleural
mesothelioma were reported after the end of follow-up,
and at least ten more deaths occurred due to respiratory
cancer.
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Discussion

The present study does not appear to be affected by major
biases The study population was derived from company
files and it is reasonable to assume that it was complete;
the proportion of subjects lost to follow-up ( 2 2 %) is in
agreement with current standards of epidemiologic research.

The issues concerning quality of death certification are
crucial, especially when dealing with asbestos-induced
diseases Misclassification is known to affect the report-
ing of pleural mesothelioma on death certificates: the pro-
portion of misclassified cases in Italy has been estimated
by Delendi et al l 4 l as close to 50 % Such misclassifica-
tion is a random phenomenon and does not appear to be
conditional on asbestos exposure, so that it may presum-
ably result in an underestimation of the SMR In the pre-
sent study, the excess mortality from ill-defined cancer is
consistent with the occurrence of unreported cases of
mesothelioma.

The reference population whose mortality rates were
employed in the computation of expected figures is that of
the Emilia Romagna region This choice ensures overall
comparability, while the observed deficit in circulatory
disease and hepatic cirrhosis may be indicative of a
"healthy worker effect".

No data on smoking habits at an individual level were
available in this study This problem is commonly met in
occupational cohort studies, and has been the object of
several studies (for a review, see Steenland et al l 23 l) In
order to evaluate whether smoking habit may have been
an actual confounding variable, some points should be
considered First of all, the excess in lung cancer mortal-
ity that was reported occurred together with the detection
of an excess mortality from pleural neoplasms, and an eti-
ologic role of asbestos exposure on both cancer sites is
well known Furthermore, in the experience of the occu-
pational physicians who were in charge of medical sur-
veillance in the factories studied, the smoking habits of
asbestos cement workers seemed to be comparable to
those of other working populations of the same areas Fi-
nally, if the excess of lung cancer had been due to the pre-
sence of a higher cigarette consumption among cohort
members in comparison with the regional population, one
would have expected increases in mortality from other
smoking-related causes, such as respiratory disease, circu-
latory disease, and laryngeal and bladder cancer, which in
fact did not occur It can thus be suggested that smoking
habits did not play an appreciable confoudning role in the
present cohort study.

The present findings seems to be consistent with those
of other authors who have reported increased mortality
from lung and pleural cancer in the asbestos cement in-
dustry, and with those on other asbestos-related industries,
especially allowing for induction-latency time l 3, 7, 8, 11,
15, 16, 21 l The situation was considerably less severe
than in the other Italian study, which concerned the Pied-
mont asbestos cement industry, where deaths from pleural
and peritoneal neoplasms had numbered, respectively, 28

and 10 in men ( 2 expected) and 15 and 4 in women ( 0 6
expected) l 14 l.

On the other hand, no excess was detected in respect of
some other neoplasms whose association with asbestos
exposure is still being debated Mortality from laryngeal
cancer was not increased in this cohort, analogously to re-
ports in other cohorts of asbestos workers (see reviews by
Liddell and Edelman l 6, 12 l, even if a causal role of as-
bestos exposure in the induction of laryngeal neoplasms
has recently been suggested l 22 l Furthermore, no excess
was seen with regard to gastrointestinal tract neoplasms,
in agreement with the findings reviewed by Edelman l 5 l;
it should be noted, though, that other authors, such as
Frumkin and Berlin l 9 l, suggest that elevated exposures
to asbestos are associated with an increased risk of diges-
tive tract cancer, implying, indicatively, exposures caus-
ing a twofold increase in lung cancer.

In conclusion, the asbestos cement workers of Emilia
Romagna show an increased mortality from respiratory
cancer The discrepancy between expected and observed
mortality started in the mid 1980 s, and there have been
several new cases of mesothelioma subsequent to the end
of follow-up Most of the cases have so far been detected
in the factories that were the first to start work, and in
which dusty operations such as open air grinding of as-
bestos and dry cutting of pipes took place The detection
of an increased occurrence of respiratory cancer in the
study population and the study of its trend over time are of
interest in the evaluation of cancer risk associated with as-
bestos cement facilities On-going epidemiologic surveil-
lance will provide further information on the occurrence
of respiratory cancer in the cohort and on the role of vari-
ous etiologic agents, including smoking habits, thereby
supplementing the body of knowledge provided by the
present investigation.
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