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Abstract 
In the paper two informative systems for the integration of environmental, health and demographic data are presented. 
These activities were performed within an European Interreg IIIC Project on Environmental-Health Surveillance Sys-
tems in Urban areas near incinerators and industrial premises. The main goal of these systems is a better assessment 
of the relationships between environmental pollution and health status. 
The architecture of two systems and a web-based tool for surveillance systems are illustrated in details. Main advan-
tages and criticalities of implementing such systems are also described. 

1. Introduction 
Most European cities are tackling the problem of managing over the same area urban dwellings, industrial 
premises and waste management plants (specifically incinerators). This situation causes great concerns 
among citizens and policy makers likewise regarding adverse effects caused by air pollutants. The epide-
miological studies published to date have shown an increase in deaths caused by cancers in various or-
gans and systems (larynx, lungs, esophagus, stomach, intestine, liver, kidneys, bladder and breasts), an 
increase in adverse reproduction outcomes (spontaneous abortion, low birth weight, birth defects and pre-
natal mortality) and an increase in symptoms such as anxiety and stress. 

Despite the fact that these are only partial results and are sometimes contradictory, the wide range of 
documented warnings and the preoccupation of the people living in the areas near the incinerators re-
quires a more in-depth study to find out whether or not there are any possible adverse effects on health 
that can be traced back to this kind of exposure. 

Integrating health and environmental information would allow to define exposure levels of different 
pollutants in the populations of interest, as well as the generation of hypotheses on causal relationship. 
Such an approach represents the foundation to activate a query system for environmental-health surveil-
lance in areas characterized by intense environmental pressures, like the presence of incinerators. 

The European INTERREG III-C project (“ENHance Health”) was conducted within these issues. 
The main objective of the “ENHance health” project was the Processing of Guidelines and Good Prac-
tices for implementing Environmental-Health Surveillance Systems, specifically characterized by a high 
level of model transferability, thanks to the common work of the partners done to identify the indicators 
to use. The result aims to represent an advanced cross border planning over the studied environmental and 
health issues. 
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The project involved eight European partners from six countries. In three of these countries, a pilot site 
was identified to perform different kinds of environmental, epidemiological and communication analyses. 

2. Environmental-health Informative systems 
In order to better assess the relationships between environmental pollution and health status, two informa-
tive systems were built up: the first, an integrated database, to define retrospective population exposure to 
different kind of pollutants and provide suitable environmental and health indicators of the area, the se-
cond to construct a prospective surveillance system framework for an ongoing monitoring of environmen-
tal and health indicators. 

2.1 Integrated database 
The industrial area of the Italian site (Coriano, Forlì) in the Emilia Romagna Region is characterized by 
the presence of two incinerators. Within the project, a G.I.S. database with environmental, health and po-
pulation data has been developed for this site, in order to better define population exposure for epidemio-
logical analyses in the area. The study area is defined as a 3.5 km radius circle around the two incinera-
tors.  

The ADMS-Urban dispersion model was used to model the impact of different sources of pollution, 
such as road traffic, industrial plants, incinerators and heating. Estimated average concentration maps of 
environmental pollutants (NOx, SOx, COV, CO, PTS, C6H6, Ni, Pb, HCl) were produced. 

Performed modelization activities identified a point of maximum fallout and a point of minimum fal-
lout for incinerators. A point of maximum fallout for all sources was also identified. Monitoring campa-
igns in these points conducted for several pollutants (SOx, NOx, CO, PTS, BTX, HCl, heavy metals, IPA, 
PCDD/F, HCl) revealed that heavy metals seem to be more directly associated to incinerator pollution 
than others. 

The study area has been divided in seven concentric circles, with a linear distance increment of 500 
metres. We requested the collaboration of the Informatics Office of the Municipality of Forlì, to identify 
all the streets and street numbers of the examined area. 

We obtained, after a collaboration with this Office, an address archive of about 9000 records, with the 
following items: 
 

ID 
Street code 
Street number 
Street type 
Street name 
Electoral division 
Ring 
x_coord 
y_coord 

 
As one of the main objective was the usability of this database for retrospective cohort study, in order to 
identify all subjects of the cohort, the Informatics Office of the Municipality of Forlì provided us with 
different archives, containing information about population characteristics changes in the area of Coriano, 
referred to the period from 1990 to 2004. Therefore the population includes all the people that were living 
in the industrial area of Coriano between 1990 and 2004. 
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In these years such Office changed the methods of recording people and thus the data structure of its 
archives. A hard work on three different archives allows us to obtain a unique data structure and to identi-
fy subjects who, at least one time, between 1990 and 2004, have been in the area of Coriano. 

For this study is essential to examine the exposure of the subjects to the effects of the air pressure, so it 
is necessary the analysis of some variables for each subjects, such as: 
 

 the temporal window of exposure, 
 the residence ring, 
 the age at the beginning of exposure. 

 
Those variables are fundamental for the estimation of the individual exposure in the area. Three tables 
were created for the selected population: 

Table: Personal data 

ID 
Sex 
Birthdate 
Municipal code of birth 

Table: Residence time in Coriano area data 

ID 
ID 
Starting date 
Ending date 
Street code 
Street number 
Age at starting time 

Table: Coriano area data 

Street code 
Street number 
Ring 

 
With analogous time criteria we selected health information from main health databases: 
 

 Mortality Register: from 1990 to 2003 
 Cancer Register: from 1990 to 2003 
 Hospital Admissions: from 1999 to 2003 

 
For each database have been listed the following variables: 
 

Mortality Registry 
ID 
Death date 
Municipal code of death 
ICD9 code 
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Hospital Admissions 
ID 
Hospital 
Kind of admission 
ICD9 code 
Date od admission 
Date of discharge 

 
Cancer registry 

ID 
Date of diagnosis 
ICD9 code 

 
Since the record layout of the above-mentioned archives, during the observation, have been modified, 
different method of linkage were used, according with the health database examined. 

Furthermore, for the individuals of the study cohort who had a link in the health database, it has been 
verified if, at the time of cancer diagnosis, the decease or the admission, the residence address correspon-
ded with that in the analyzed archives. 

The environmental analysis have considered the estimation of concentration of polluting, caused by 
the activity of the area, in the air, in the atmosphere, in dry and damp sediment, in the soil and in the 
plant. 

The polluting considered are: Sulphur Oxide (SOx), Nitrogen Oxide (NO, NO2, NOx), Carbon Mo-
noxide, Total Suspended Particulates (PTS), Heavy metals, Polycyclic Aromatic Hydrocarbon (IPA), 
Polychlorodibenzodioxin (PCDD) and Polychlorodibenzofuran (PCDF). 

Substantially, the environmental data are three types: 
 
 Estimate emission data; 
 Estimate concentration data 
 

The first two type of estimate data come from analysis that have been used to create emission and concen-
tration maps over all the area. This allows to identify spatial difference about pressure factor and concen-
tration polluting, but it can not give information about temporal evolution, even if some considerations 
have been possible only at the end of analysis, when have been obtained emission and concentration maps 
of the years 1999-2003. 
We obtained the following tables: 
 

Estimated emission and concentration data: 
Pollutant 
Reference year 
Concentration 
Type (emission/concentration) 
Ring or square of measurement 
X_coord 
Y_coord 

 
The integrated system permits a join of all this database, allowing the creation of one database, where the 
single record has represented by the health case. 
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Residents in the study area between 1/1/1990 and 31/12/2003 have been considered for epidemiological 
investigations. Residence history and the geographical coordinates of residencies have been traced back 
by the General Registry Office. A total of 39,586 individuals have been resident in the study area during 
the study period. Individual residential data were linked with the Mortality database (from 1990 to 2003), 
the Cancer Registry database (from 1990 to 2003) and the Hospital Admission database (from 1999 to 
2003), provided by the Local Health Authority. 
An integrated database was built, linking health, environmental and socio-demographic data. The linkage 
was defined on a geographical basis (coordinates of residence at diagnosis). 
In the integrated database each record includes the demographic information, as well as the information 
of health episodes and the concentration of environmental indicators in the point of residence. 
Two epidemiological studies used data from this database: the first one is a cohort study were residents’ 
health is analyzed with respect to the value of the relative incinerator indicators. The concentration map 
for heavy metals was selected as an environmental indicator for exposure to incinerator pollution, the 
concentration map for NO2 calculated on all sources represented the indicator for exposure to global pol-
lution of the entire area. Starting from census data information, a socio-demographic indicator was built 
up and considered into the analyses. 
A second study subdivided the area in a 500m-side grid, that constituted the analysis unit for the creation 
of disease maps using Bayesian estimators. 

2.2 Environmental-health surveillance system 
The need to develop a monitoring system derives mainly from the need to assess the state of health of the 
population at risk (a issue of public health). Assessing the state of health may be necessary for ordinary 
reasons (routine information on the state of health), or extraordinary reasons (in the case of emergencies). 

This involves a series of investigations to identify the most effective environmental and biological-
health indicators to use in a surveillance system. Such a system has to be able to provide information that 
can be used to make decisions concerning the programming of activities, the communication with the po-
pulation and the assessment on how effective any action taken is, etc. 

Within the ENHANCE Health project, based on the above mentioned integrated database, an query 
system has been developed meant to be the basis for an environmental-health surveillance system. Such a 
tool, designed as a web based platform, enable the collection of georeferenced environmental and health 
data and consequently the query of the integrated database and the release of personalised reports. The 
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three pilot site characteristics are included into the system, in order to allow to load environmental and 
health data and perform queries and reports. 

Furthermore, the definition of the data type for entry into the system is possible. In particular, for each 
indicator the name, measure units, indicator category (environmental, health or socio-demographic), obse-
rvation frequency (daily, monthly, yearly), expected level and the maximum allowed level need to be ap-
pointed. 

 
 

 
Figure 1: Factor insertion form 

Bar plots, line plots, pies are implemented to view distributions of environmental and health parameters in 
space and time. 
 
 

 
 

The system provides geographical information about the three sites studied by the project, so a spatial 
representation of the distribution of pressure factors and health outcomes in the three sites is feasible. 
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For each factor it’s possible to generate a table with the CUSUM analysis. CUSUM analysis is a useful 
mathematical tool to detect sharp changes in the value of an in-control process. In the CUSUM table, for 
each area of the map, the CUSUM value over time period is displayed. When this value exceeds a pre-
defined threshold value, an alert is indicated. 

3. Advantages and criticalities in using such systems 
Two informative systems have been presented for the integration of environmental, health and demogra-
phic data functioning as a basis for a surveillance system. 
The main advantages in using an environmental health surveillance system would be: 
 

• To track environmental hazards to guide exposure-prevention efforts; 
• To track disease trends to understand if they are changing over time, in residents, in specific 

populations, or in certain geographic areas; 
• To link environmental-hazard information, exposure data, and disease reports to support envi-

ronmental health research; 
• To inform the development and evaluate the effectiveness of disease-prevention and environ-

mental protection programs and policies; and 
• To facilitate public access to information on environmental-health issues. 

 
In the setting up of these databases, some criticalities could be tackled, in particular: 
 

• Reconstruction of residential history, as electronic and georeferenced registry office data were 
not available for the whole study period; 
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• Homogenization of aggregation levels considering health and environmental data, due the fact 
that spatial and temporal data collection is different according to the data type and flow of in-
formation. 
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