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Abstract 
Introduction. A method to select populations living in areas affected by diffuse 
environmental contamination is presented, with particular regard to oil refineries, in the 
Italian context. The reasons to use municipality instead of census tract populations for 
environment and health small-area studies of contaminated sites are discussed. 
Methods. Populations most affected by diffuse environmental contamination are 
identified through a geoprocessing model. Data from the national census 2001 were 
used to estimate census tract level populations. A geodatabase was developed using 
the municipality and census tract layers provided by the Italian National Bureau of 
Statistics (ISTAT). The orthophotos of the Italian territory – year 2006 – available on 
the geographic information systems (GIS) of the National Cartographic Portal, were 
considered. The area within 2 km from the plant border was used as an operational 
definition to identify the area at major contamination. 
Results. The geoprocessing model architecture is presented. The results of its application 
to the selection of municipality populations in a case study are shown. 
Conclusions. The application of the proposed geoprocessing model, the availability of 
long time series of mortality and morbidity data, and a quali-quantitative estimate of 
contamination over time, could allow an appraisal of the health status of populations 
affected by oil refinery emissions.

INTRODUCTION
In Italy it is possible to plan ecological small-area 

studies to evaluate environmental risks using rou-
tinely collected data at municipality or census tract 
level. Municipality data are used in several ecological 
studies [1-3], while census tract data are adopted in 
small-area analysis in urban areas of some big cities 
[4-6]; studies at census tract level are suggested to 
overcome, at least in part, the limits of studies based 
on municipality data [7].

Environmental contamination from large industrial 
plants is extremely variable in both qualitative and 
quantitative terms. The amount of emissions from 
plants changes in time depending on the amount of raw 
materials and products, and on the characteristics of 
work processes (i.e. technologies applied to the produc-
tion cycles and to the contaminants abatement).

Oil refineries (OR) are industrial plants for transfor-
mation of crude oil in several petrochemical products; 
they can be included in complexes together with other 
petrochemical plants. OR plants have extremely vari-

able production cycles and their production can be 
partly tailored to the market needs [8].

The main environmental issues in the OR sector 
are linked to the emission of pollutants into the atmo-
sphere, to the production of industrial waste, and to soil 
and groundwater contamination. Some major problems 
such as noise, light, smoke (flaring) and odour emis-
sions, are caused by the vicinity of some plants to resi-
dential areas [9]. 

Emissions into the atmosphere are the main contami-
nation from OR [10]. These emissions are continuous 
in the plants lifetime, except for short interruptions due 
to some necessary activities, such as maintenance oper-
ations. The soil and groundwater contamination is dif-
ficult to be estimated, especially its evolution in time.

Emissions from OR into the atmosphere can be dis-
tinguished in: emissions from chimneys, fugitive emis-
sions, and accidental or maintenance losses. Main air 
pollutants are: carbon monoxide (CO), carbon dioxide 
(CO2), nitrogen oxides (NOx), particulates including 
metals, sulfur oxides (SOx), volatile organic compounds 
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Figure 1
The geoprocessing model to calculate the proportion of municipality populations within the contaminated area using 
population data at census tract level.
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(VOCs) [10]. Exposure to most of these pollutants is 
associated to severe health effects [11] (http://www.
atsdr.cdc.gov).

In 2010, the worldwide total number of OR was 
about 650 and 200 plants were located in Europe [12]. 
In 2009, Italy was ranked the 14th for oil consumption 
(http://www.energy.eu/). 

Despite the relevant number of OR, few studies 
have been performed in order to evaluate their possible 
health impact in populations residing in their neighbor-
hood. These studies have several limitations, mainly in 
defining the most affected populations and in the evalu-
ation of exposure over time [13]. The latter issues are 
the main weak points in evaluating the health risk as-
sociated with long term environmental contamination 
from different industrial sources [7].

The main objective of this contribution is to de-
scribe a method to identify municipality populations 
most affected by diffuse environmental contamina-
tion, referring to the case of OR emissions. Further-
more, strengths and weaknesses of a municipality 
approach vs an approach based on smaller areas are 
discussed. 

METHODS
At first, a geoprocessing model was implemented, 

then it was applied to select the populations supposed 
to be affected by contamination from the Sannazzaro 
de’ Burgondi oil refinery (Lombardy Region), that was 
used as a case study.

Data from the Italian National Census 2001 were 
used to estimate census tract level populations. The fol-
lowing procedure was implemented in order to define 
the proportion of municipality populations most affect-
ed by OR emissions.

A geodatabase was developed using the municipal-
ity and census tract layers provided by the Italian Na-
tional Bureau of Statistics (ISTAT). The orthophotos 
of the Italian territory – year 2006 – available on the 
geographic information systems (GIS) of the  National 
Cartographic Portal, (http://www.pcn.minambiente.it/
GN/progetto_scc.php?lan=en) were considered. The 
distance from the refinery was used as a proxy of area’s 
contamination level; the area within 2 km from the 
plant border was defined as an operational definition of 
the area at major contamination. 

The geoprocessing model was implemented using the 

Figure 2
Estimate of municipality populations within the buffer of 2 km from the border of the Sannazaro de’ Burgondi oil refinery.
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Model Builder application of the ArcGIS ArcInfo soft-
ware©. This software enables to: i) model input and out-
put processes in a visual modality; ii) reiterate the de-
veloped model; iii) use parametric variables. The model 
was developed using the main geoprocessing tools, i.e. 
buffer, join, clip, union, spatial and attribute queries.

RESULTS
The architecture of the GIS model adopted to se-

lect municipality populations is shown in Figure 1. The 
model is based on parameters used to identify the spa-
tial diffusion of pollutants (in the case study a buffer of 
2 km from the plant border), and the following steps 
are taken: 1) the census tracts even partly included in 
the buffer are identified; 2) the proportion of census 
tract areas included in the buffer is calculated; 3) the 
total population of each census tract is multiplied by 
the proportion calculated in the step 2 to estimate the 
potentially most exposed population for each census 
tract identified in the step 1; 4) the populations of all 
census tracts within the same municipality calculated in 
the step 3 are summed up for each municipality at least 
in part included in the buffer; 5) for each municipality 
at least partly included in the buffer, the proportion of 
the potentially most exposed population is estimated 
dividing the population obtained in the step 4 by the 
total population.

The results for the case study of the Sannazaro de’ 
Burgondi refinery are shown in Figure 2. Seven munici-
palities have at least part of their territory included in 
the buffer. The proportion of population in the area 
with major contamination is more than 95% for two 
municipalities, while for the other five municipalities is 
less than 1%.

DISCUSSION
The geoprocessing model adopted in the case study, 

considered the distance from oil refinery as a proxy for 
the area’s contamination level, and indirectly for expo-
sure of residing populations. This approach is, however, 
particularly problematic in the case of a complex con-
tamination, such as the one resulting from emissions 
into the atmosphere from OR. In fact, in the case  of 
oil refineries, the pollutants dispersion is influenced by 
multiple factors. The proposed geoprocessing model 
can be adopted to define the populations affected by 
contamination, independently from the model of pol-
lutants diffusion/dispersion. On the other hand, the 
definition of areas most affected by contamination, and 
the consequent identification of populations most af-
fected by the emissions, depends on the accuracy of 
the model of pollutants diffusion/dispersion. There are 
several models used to evaluate the areas affected by 
the emissions, their implementation and improvement 
depend on the available information on several parame-
ters, i.e. characteristics of emission sources – e.g. height, 
flow rate, composition of emissions, exit temperature; 
local orography and meteorological conditions [14].

In small-area environment and health studies, the 
geographical unit of observation (area level) should 
be selected so that the contamination under study, for 
example the atmospheric concentration of a given pol-

lutant, equally contributes to the exposure of subjects 
within the same area/population [15]. It should be un-
derlined that choosing the smallest area level, could 
not necessarily result in a better capacity of represent-
ing exposure-disease associations. Moreover, exposure 
misclassification could not be greater when using larger 
rather than smaller areas (i.e. larger rather than small-
er populations). These considerations apply when the 
emissions are particularly considerable and the con-
tamination is diffuse over large areas, as in the case of 
emissions into the atmosphere from OR.

In small-area studies, it should be considered that 
the possibility to calculate risk estimates depend on the 
availability of data for both denominators (i.e. popula-
tions of each area) and numerators (i.e. cases that arise 
from each population). Populations and cases are at-
tributed to a given area on the basis of residence. In the 
case of a diffuse air pollution, the exposure contribution 
due to the contamination, not only depends on expo-
sure profile of residential area (i.e. house location), but 
also on those of the locations of daily activity patterns, 
for example the ones of work/study, or those of recre-
ational and leisure activities. Furthermore, in case of 
complex industrial contamination, as the one from OR, 
populations can experience several route of exposure, 
mainly through inhalation of pollutants emitted into the 
atmosphere, also through ingestion when contaminants 
fall out and are accumulated in soil, water and in the 
food chain [7].

In Italy, the municipality level can be the most appro-
priate to study, with a small-area approach, the associa-
tions between the diffuse contamination resulting from 
emissions from OR and the health profiles of popula-
tions residing in their neighborhood. In fact, munici-
palities are administrative and social life units, where 
the main daily activities usually occur and the majority 
of working and study daily flows take place [16]. Fur-
thermore, routinely collected data are available at mu-
nicipality level for the whole Italian country since 1980 
for mortality, and for the last ten years for morbidity 
(i.e. hospital discharges). 

The selected municipalities should be small or medi-
um sized (small-medium populations) to curb the with-
in municipality heterogeneity of risk factors other than 
the considered environmental contamination. In fact, 
it was shown that the within municipality variability of 
health determinants at small-area level, as for example 
the socioeconomic conditions, increases with the size of 
the municipality population [17].

Census tracts are the other geographic level used 
in small-area environment and health studies in Italy. 
At that level, residential exposure could be more ho-
mogeneous, but exposure profiles linked to daily ac-
tivities are worse represented. Furthermore, even if 
census tract denominators can be estimated for the 
whole Italian country, the cases needed to estimate 
the numerators are available or can be retrieved only 
for some locations.

It should also be underlined that migration flows, 
which can distort risk estimates at area level [18], in 
particular for long period evaluations, are more con-
siderable using census tracts instead of municipalities. 
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In fact, using census tracts, the bias of migration flows 
within municipalities is added to that of migration flows 
between municipalities.

Only a largely diffuse and homogeneous environmen-
tal contamination can allow an efficient evaluation at 
small-area level of the association between a source of 
contamination and the health profile of populations 
living in the neighborhood. In order to evaluate the 
specificity of the associations, it is important that other 
sources of contamination are not located in the area at 
study, or that they are adequately accounted for. 

Ecological small-area approaches have several well 
known limitations [15, 19], though in some cases they 
are the only feasible investigations. Some studies at in-
dividual level are applied to retrospectively evaluate the 
health risk for populations living in contaminated areas 
[20, 21]. In those cases individual residence history are 
reconstructed using registry office records. However, 
carrying out such studies may prove too costly in time 
and financial resources, and it depends on the availabil-
ity of individual residential information in an electronic 
format.

CONCLUSIONS
In Italy small-area studies at municipality level are 

used to define health profiles of populations living in 
the neighborhood of contamination sources. The most 
recent example is the SENTIERI study (mortality study 
of residents in Italian polluted sites) [1]. In that study 
municipalities at major risk were defined on an admin-
istrative basis, as municipalities somehow involved in 
remediation activities for each polluted site were in-
cluded. That criterion did not necessarily identified the 
exposed municipalities, which would have been identi-
fied if a model of diffusion/dispersion of contaminants 
was used.

The geoprocessing model proposed in the present 
paper allows the identification of populations most af-

fected by environmental contamination from OR; it is 
applicable to other sources of contamination. A novel 
approach to study OR using small-area data has been 
recently proposed [22]. It has the potential to provide 
a quali-quantitative estimate of the different contami-
nants in time, using data on crude oil consumption, 
information on refinery cycle, and applying specific 
emission factors. However, there are some limitations 
that might hinder a quali-quantitative assessment of 
the emissions, such as the variability of the combus-
tibles used and the resulting products over time within 
the same plant and between different plants. For this 
reason, the quali-quantitative emissions estimate per-
formed on the basis of this approach, should be vali-
dated in settings where it is possible to compare results 
from the predictive models with direct assessments 
made by environmental monitoring 

On the whole, the proposed approach could allow an 
appraisal of the health status of populations residing near 
OR, through: a) quali-quantitative reconstruction of con-
tamination and consequent definition of areas at high 
environmental risk; b) selection of populations at major 
exposure applying the proposed geoprocessing model; c) 
definition of population health profiles using long term 
series of mortality and morbidity data. Finally, this ap-
proach has the potential for methanalysis of data from 
different OR at national and international level.
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