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Abstract. The aim of the present study is to investi-
gate cancer mortality and residence in the neigh-
bourhood of the petrochemical plant located in
Brindisi, South-eastern Italy. Cases were all subjects
resident in Brindisi and in three neighbouring mu-
nicipalities who died in the study area in 1996–1997
from lung cancer, pleural neoplasm, bladder cancer
and lymphohematopoietic malignancies. Controls
were subjects resident in the same area and deceased
in 1996–1997 for any cause except those listed for the
cases. Next of kin’s of all study subjects were visited
by an interviewer who collected anamnestic informa-
tion. The main residence of each subject, defined as
the longest held residence with exclusion of the last
10 years, was reported on a digitalized map of the
study area (MapInfo). The study included 144 cases

and 176 controls; response rate was 98%. Residence
within 2 km from the centre of the petrochemical
plant was associated with a 3 fold increase of the Odds
ratios (OR) for lung cancer, which did not reach sta-
tistical significance. Living close to the petrochemical
plant was associated with moderate increases of OR
for bladder cancer and lymphohematopoietic neo-
plasms which did not reach statistical significance. In
conclusion the present study has shown moderate
increases in risk for lung, bladder and lympho-
hematopoietic neoplasms in the population resident
within 2 km from the centre of the petrochemical
plant in Brindisi. These figures were confirmed after
adjusting for smoking habit, occupation and school
level. Random misclassification may have somehow
resulted in risk underestimation.

Key words: Bladder cancer, Environmental exposure, Lung cancer, Lymphohematopoietic neoplasms, Petro-
chemical plants

Introduction

The association between air pollution and cancer,
especially lung cancer, has been studied by various
authors and is the object of several reviews of the
literature [1–4]. In the last years both ecological and
case–control studies have provided increasing sup-
port to the hypothesis of an etiological role of the
association between air pollution and lung cancer. In
this frame a specific issue addressed by some authors
is lung cancer risk associated to residence in the
neighbourhood of an industrial site emitting volatile
compounds and particulate matters. Some authors
reported an association between lung cancer and
residence in the neighbourhood of smelters [5, 6],
complex industrial sites [7–9] and other point sources
of air and soil pollution [10–12]. Pleural mesothe-
lioma cases associated with residential proximity to
plants where asbestos products were manufactured,
or asbestos was employed in large quantities for in-
sulation, have been repeatedly reported in the litera-
ture; a recent European case–control study has
provided estimates of the relationship between Odds

ratio (OR) and distance of residence from the plant
[13]. A lower number of studies have shown an in-
creased risk for lymphohematopoietic neoplasms [14,
15]. A study from Taiwan has associated bladder
cancer with residence near a petrochemical site [16].

The aim of the present study is to investigate
mortality from lung, pleural, bladder and lympho-
hematopoietic neoplasms and residence in the
neighbourhood of the petrochemical plant located in
Brindisi, South-eastern Italy. Potential confounding
variables (namely age, sex, school level, occupational
exposures and smoking habits) have been allowed for.

Methods

Cases were all subjects resident in Brindisi and in three
neighbouring municipalities (Carovigno, Torchiarolo
and San Pietro Vernotico) who died in the study area
in 1996–1997 from lung cancer (ICD IX revision
162.0–162.9), pleural neoplasm (163.0–163.9), bladder
cancer (188.0–188.9) and lymphohematopoietic ma-
lignancies (200.0–208.9). These subjects constitute
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84% of the total number of death for the above
mentioned causes; another 16% died from these
causes out of the Brindisi area, and their information
is not available in the local population registries.

Controls were a random sample of the subjects
resident in the same area and deceased in 1996–1997
for any cause except those listed for the cases. The
distribution of age and sex among controls was made
similar to the corresponding distribution among cases
by frequency matching. The distribution of controls
according to residence thus reflects the distribution of
the population resident in the study area. The case–
control ratio ranged between 1:2 for lung cancer to
about 1:6 for lymphohematopoietic neoplasms and
1:13 for bladder cancer.

The source of cases and controls was the death
register available in each municipality, integrated by
the archive of causes of death held by the Local
Health Authority. Feasibility constraints related to
the entity of work required for information retrieval
and quality control, led to a restriction of the study
period to 1996–1997 biennium. Notwithstanding
predictable low statistical power, the study was re-
garded as being potentially informative because of
the lack of previous investigations in this highly in-
dustrialized area.

Next of kin’s of all study subjects were identified
through Registry Offices and, subsequent to obtain-
ing their informed consent, were visited by an inter-
viewer who was not aware of the caseness of their
relatives. The interviewer collected information on
residential history, occupation, school level, smoking
habits and alcohol consumption of the study subject.

The main residence of each subject, defined as the
longest held residence with exclusion of the last ten
years, was reported on a digitalized map of the study
area (MapInfo). Distance between the central point
of the petrochemical plant was computed for each
study subject.

OR’s were estimated by logistic regression by use
of the STATA package. Estimates were adjusted by
age, sex, smoking habits and school level (none, pri-
mary, secondary, bachelor, universitary degree).

Results

The study included 144 cases (121 men, 23 women)
and 176 controls (127 men, 49 women); mean age at
death for cases and controls was 66.87 (±0.93) and
66.97 (±0.87) respectively. Six relatives of controls
either were not retrieved or refused to be interviewed.
Response rate was thus 98%.

Table 1 shows the distribution of cases and con-
trols by occupation. Some branches of occupation
(metal industry, chemical industry, mining, con-
struction and road works) were identified a priori as
potential sources of exposure to carcinogens, on the
basis of information retrieved by the Local Health
Authority. It was also decided to have an ad hoc
category including farmers, breeders and fishermen,
given the remarkable proportion of subjects active in
these occupation in the province of Brindisi.

Lung cancer

Residence within 2 km from the centre of the petro-
chemical plant was associated with a 3 fold increase
of the OR, which did not reach statistical significance
(Table 2). The proportion of smokers and former
smokers among cases and controls was 90.4 and
62.4% respectively. This corresponds to an OR of 5.7
(95% confidence interval [CI] ¼ 2.7–11).

Alcohol consumption was also associated to lung
cancer (OR ¼ 2.9; CI ¼ 1.4–5.9), but statistical sig-
nificance was not achieved when smoking habits
(notably associated with alcohol consumption) were
introduced in the model (OR ¼ 1.8; CI ¼ 0.80–3.9).

Table 1. Distribution of cases and controls by occupation, both sexes combined

Cases

Cancer site

Job title Lunga Pleurab Bladderc
Lympho-
hematopoieticd Controls Total

Farmers, fishermen, breeders 24 0 5 5 47 81
Metal foundry, iron and steel industry workers 5 1 1 0 4 11

Chemical and petroleum plants workers 11 0 1 2 10 24
Building trade workers, miners, road-workers 16 0 0 2 14 32
Other jobs 39 4 6 22 95 166

Total 95 5 13 31 170 314

a ICD code (IX revision) = 162.0–162.9.
b ICD code (IX revision) = 163.0–163.9.
c ICD code (IX revision) = 188.0–188.9.
d ICD code (IX revision) = 200.0–208.9.
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School level was not associated to lung cancer
(p ¼ 0.955). Risk estimates associated with occupa-
tion are reported in Table 3. A doubling of risk was
detected for metal workers, chemical workers and
building trade workers, but confidence intervals were
rather wide because of the limited size of the study
population.

Pleural neoplasms

Five cases were observed (two men and three wom-
en), all of them resident in Brindisi. Only one subject
lived at less than 2 km from the centre of the petro-
chemical plant. Occupational exposure to asbestos
was regarded as probable for the pipe fitter, while it
could not be evaluated for the other subjects.

Bladder cancer

The proportion of smokers and former smokers
among cases and controls was 92.3 and 62.4% re-

spectively, resulting in an OR of 7.2 (CI ¼ 1.2–4.3).
Allowing for smoking habits, alcohol consumption
was not significantly associated with bladder cancer
(OR ¼ 2.5; 95% CI ¼ 0.3–21).

Table 4 shows an increase of OR corresponding to
residence within 2 km of the centre of the petro-
chemical plant, which does not reach significance
because of the low number of cases.

School level was not associated with bladder can-
cer (p ¼ 0.407). OR’s associated with occupational
branches are shown in Table 5; sparse numbers do
not allow to draw conclusions.

Lymphohematopoietic neoplasms

The diseases entities included in this paper were leu-
kaemia (13 cases), non-Hodgkin lymphomas (10
cases), multiple mieloma (7 cases) and Hodgkin’s
disease (1 case). Living close to the petrochemical
plant was associated with an increase of OR for

Table 2. Crude and adjusted OR for lung cancer, and distance from the petrochemical plant

Distance from the source (km) Cases Controls Crude OR (95% CIa) Adjusted ORb (95% CIa)

O2 10 5 3.2 (1.1–9.9) 3.1 (0.83–12)
2–3 11 41 0.43 (0.20–0.95) 0.34 (0.14–0.87)

3–4 27 44 0.99 (0.52–1.9) 1.0 (0.47–2.2)
4–5 13 25 0.84 (0.38–1.9) 0.70 (0.26–1.9)
>5c 34 55 1 1

aCI = Confidence interval.
bOR adjusted for: Age, sex, smoking and education.
c Reference category.

Table 3. Adjusted OR for lung cancer by job title

Job title Cases ORa (95% CIb) ORc (95% CIb)

Farmers, fishermen, breeders 24 0.99 (0.52–1.9) 1.0 (0.48–2.1)
Metal foundry, and iron and steel industry workers 5 2.0 (0.50–7.9) 2.3 (0.54–9.8)
Chemical and petroleum plants workers 11 1.9 (0.73–5.1) 1.9 (0.67–5.1)
Building trade workers, miners, road-workers 16 1.9 (0.83–4.4) 1.9 (0.77–4.7)

Other jobs 39 1 1

aOR adjusted for: Age and sex.
b CI = Confidence Interval.
c OR adjusted for: Age, sex, smoking and education.

Table 4. Crude and adjusted OR for bladder cancer, and distance from the petrochemical plant

Distance from the source (km) Cases Controls Crude OR (95% CIa) Adjusted ORb (95% CIa)

O2 2 5 5.5 (0.93–32) 3.9 (0.33–47)
2–3 1 41 0.34 (0.04–2.9) 0.30 (0.02–3.9)
3–4 6 44 1.9 (0.50–7.0) 2.8 (0.52–15)

4–5 0 25 – –
>5c 4 55 1 1

aCI = Confidence interval.
bOR adjusted for: Age, sex, smoking and education.
c Reference category.
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lymphohematopoietic neoplasms which did not reach
statistical significance (Table 6).

Smoking habits were negatively associated with
these diseases (OR ¼ 0.38; 95% CI ¼ 0.18–0.82),
while no association was observed with alcohol con-
sumption (OR ¼ 0.98; 95% CI ¼ 0.42–2.3).

No association was detected with school level
(p ¼ 0.101). OR’s relative to occupation were not
informative because of the low number of cases
(Table 7).

Discussion

The present study was based on mortality data, which
implies the probability of introducing both false
positive and false negative. The detection of cancer
cases from death certificates may imply an underes-
timation of the number of cases, especially among
older subjects and, for lung cancer, among non-
smokers [17, 18]. The erroneous inclusion of some

cases among controls may have contributed to un-
derestimation of risk because of random misclassifi-
cation. Furthermore, it should be noted that 43% of
controls were affected by cancer of all sites, except
those of the case series, or respiratory diseases. Since
these outcomes might be to some extent associated
with emissions from the petrochemical plant, this
finding suggests a possible underestimation, rather
than overestimation, of risk. On the other hand, there
is no evidence to hypothesise selective misclassifica-
tion of cause of death associated with residence, thus
resulting in a systematic error.

Information on risk factors and potential con-
founders was retrieved by interviewers to next of kin’s
of deceased subjects. This procedure implies some
loss of information which can be particularly relevant
for remote events and for quantitative variables [19,
20]. This effect is less likely for dichotomous variables
(e.g. smokers, non-smokers) or question related to
easily definable variables, like main occupation. In
the present study, all interviews concerned relatives of

Table 5. Adjusted OR for bladder cancer, by job title

Job title Cases OR 1a (95% CIb) OR 2c (95% CIb)

Farmers, fishermen, breeders 5 1.6 (0.43–5.7) 1.3 (0.29–5.6)

Metal foundry, and iron and steel industry workers 1 3.0 (0.26–33) 1.6 (0.12–23)
Chemical and petroleum plants workers 1 1.5 (0.14–14) 1.5 (0.13–17)
Building trade workers, miners, road-workers 0 – –
Other jobs 6 1 1

aOR adjusted for: Age and sex.
b CI = Confidence interval.
c OR adjusted for: Age, sex, smoking and education.

Table 6. Crude and adjusted OR for lymphohematopoietic malignancies, and distance from the petrochemical plant

Distance from the source (km) Cases Controls Crude OR (95% CIa) Adjusted ORb (95% CI a)

O2 4 5 4.4 (1.1–18) 2.7 (0.45–17)
2–3 7 41 0.94 (0.33–2.7) 0.39 (0.10–1.6)
3–4 5 44 0.63 (0.20–2.0) 0.26 (0.06–1.1)

4–5 5 25 1.1 (0.34–3.6) 0.57 (0.14–2.4)
>5c 10 55 1 1

aCI = Confidence interval.
bOR adjusted for: Age, sex, smoking and education.
c Reference category.

Table 7. Adjusted OR for lymphohematopoietic malignancies, by job title

Job title Cases OR 1a (95% CIb) OR 2c (95% CIb)

Farmers, fishermen, breeders 5 0.62 (0.21–1.9) 0.62 (0.21–1.9)
Metal foundry, and iron and steel industry workers 0 – –

Chemical and petroleum plants workers 2 1.2 (0.23–6.7) 1.2 (0.23–6.7)
Building trade workers, miners, road-workers 2 1.0 (0.20–5.4) 1.0 (0.20–5.4)
Other jobs 22 1 1

aOR adjusted for: Age and sex.
b CI = Confidence interval.
c OR adjusted for: Age, sex, smoking and education.
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deceased subject, and were performed blindly with
respect to caseness. It is likely that only random
misclassification may have been introduced, thus
further contributing to underestimating the risk.

Environmental exposure to emission from the pet-
rochemical plant was indirectly estimated by means of
distance. This criterion is largely used in ecological
studies, in which health data are disaggregated at the
individual level, while environmental and socio-eco-
nomic data are aggregated at group level [21–23]. In
case–control studies the use of distance as a proxy of
exposure is generally associated with a better defini-
tion of residence (main residence rather than last
residence), furthermore it is possible to allow for
confounding variables. The use of main residence,
defined as the longest held residence with exclusion of
the last 10 years, requires a comment. The case-enti-
ties at study are characterized, among else, by differ-
ent median latency times, ranging from over 30 years
for mesothelioma to 10–20 years, for lymphohema-
topoietic malignancies and bladder cancer. In this
frame, the search for a common time window aimed at
taking into account latency might have been somehow
arbitrary, while the adoption of different time win-
dows for the various case entities might have implied
comparability problems.

In the present study, OR’s relative to environ-
mental exposure were adjusted for age, sex, smoking,
occupation and school level, regarded as an indirect
indicator of socio-economic level.

Notwithstanding low statistical power due to li-
mited sample size, the present study has shown a
moderate increase of cancer mortality associated with
residence near the petrochemical plant. On the other
side, the study did not provide evidence supporting
the presence of a trend in the distribution of cases and
the finding of a significantly decreased mortality from
lung cancer in 2–3 km ring remains unexplained.

In conclusion the present study has shown mod-
erate increases in risk for lung, bladder and lym-
phohematopoietic neoplasms in the population
resident within 2 km from the center of the petro-
chemical plant in Brindisi. These figures were con-
firmed after adjusting for smoking habit, occupation
and school level. No major bias has been suggested,
while random misclassification may have somehow
resulted in risk underestimation.
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