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ABSTRACT
BACKGROUND: this paper is based upon work from COST Ac-
tion ICSHNet. Public health surveillance (PHS) of industrially 
contaminated sites (ICSs) is likely to play a role in supporting the 
monitoring of harmful aspects of ICSs and related interventions. 
Environmental public health tracking (EPHT) has been proposed 
and developed as an approach to PHS when environmental factors 
affecting health are involved. 
OBJECTIVES: to identify existing arrangements for continuous col-
lection and analysis of environmental and health data to guide the 
development of an optimal EPHT approach which would support 
the characterization of the impact on health of ICS. 
METHODS: a literature search was conducted in PubMed following 
a structured approach to identify methodological aspects relevant 
to surveillance of ICSs. In addition, eight further studies on this 
topic, mainly from three European Countries (Spain, Italy, and 
France), were included by the research team.
RESULTS: the identified 17 examples of surveillance studies in-
clude a heterogeneous variety of industrial activities, covering from 
cross-national to local scenarios. Continuous monitoring systems 
for gathering environmental data related to ICSs were used only 
in two cases; a qualitative approach and/or punctual sampling for 
soil, air, and water of local foodstuff took place in the rest. Expos-
ure assessment was conducted according to four main methods: 
qualitative definition for the presence/absence of a source, distance 
to a source, dispersion modelling, and biomonitoring. Health data 
relied on routinely vital statistics, hospital admission records, spe-
cific morbidity registers, and cancer and congenital abnormalities 
registries. 
DISCUSSION: our revision identified an overall lack of national 
surveillance programmes of ICSs, rather than gaps in individual 
dimensions of surveillance. The epidemiological approaches re-

Environmental and health data needed to develop national 
surveillance systems in industrially contaminated sites

Piedad Martin-Olmedo,1,2 Rebecca Hams,3,4 Michele Santoro,5 Andrea Ranzi,6 Gerard Hoek,7 Kees de Hoogh,8,9 Giovanni S. Leonardi4,10

1 Escuela Andaluza de Salud Pública, Granada (Spain)
2 Instituto de Investigación Biosanitaria (ibs.GRANADA), Granada (Spain)
3 UK Field Epidemiology Training Programme, Public Health England (UK) 
4 Environmental Epidemiology Group, Centre for Radiation, Chemicals and Environmental Hazards, Public Health England (UK)
5 Unit of Environmental Epidemiology and Disease Registries, Institute of Clinical Physiology, National Research Council, Pisa (Italy)
6 Environmental Health Reference Centre, Regional Agency for Environmental Prevention of Emilia-Romagna, Modena (Italy)
7 Institute for Risk Assessment Sciences, Utrecht University (The Netherlands)
8 Swiss Tropical and Public Health Institute, Basel (Switzerland)
9 University of Basel, Basel (Switzerland)
10 Department of Social and Environmental Health Research, London School of Hygiene and Tropical Medicine, London (UK)

Corresponding author: Piedad Martin-Olmedo; piedad.martin.easp@juntadeandalucia.es

viewed provided methods, some of which could be adopted for an 
EPHT in ICSs. However, a large proportion of examples suffers 
from poor exposure characterization, relying on a qualitative defin-
ition approach, which cannot account for the multiple pathways 
that take place in ICSs. Use of more individual data from health 
registries combined with improved environmental data collection 
and exposure assessment would improve future surveillance. 
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KEYPOINTS
What is already known 
n Industrially contaminated sites (ICSs) represent a long-term 

legacy of past and current development, and a probable last-
ing cause of preventable non-communicable disease.

n Environmental public health tracking (EPHT) could be a 
valuable approach to monitor the evolution of the health pro-
file of populations residing close to industrially contaminated 
sites (ICSs) and to assess the efficacy of remediation and pre-
ventive actions.

What this paper adds
n Further improvements for gathering and/or getting access to 

specific environmental data and exposure assessment models 
in ICSs seem crucial for improving the validity of environ-
mental epidemiology and surveillance programmes.

n Great governmental stewardship would be required for allow-
ing disparate public agencies to make progress in collecting 
routine exposure and health data sets with their linkage for fu-
ture epidemiology research and EPHT in the context of ICSs.

ARTICLE 1



12

ENVIRONMENTAL HEALTH CHALLENGES FROM INDUSTRIAL CONTAMINATION

  www.epiprev.it

ARTICLES

Epidemiol Prev 2018; 42 (5-6) Suppl 1:11-20. doi: 10.19191/EP18.5-6.S1.P011.084

INTRODUCTION
Development of industry and its products has brought 
many benefits to modern societies, including a reduction 
in average deprivation, although it has also generated a 
huge dispersion of hazardous materials, in many cases 
dumped in places where some of the most disadvant-
aged people live. Such pattern could engender potential 
harm to health and wellbeing attributable to chemical ex-
posure and to socioeconomic deprivation.1-3 Industrially 
contaminated sites (ICSs) represent a long-term legacy of 
past and current development,4 a probable lasting cause 
of preventable non-communicable disease (NCDs), and 
a living reminder of the inherent lack of sustainability 
of the linear economy.5,6 Public health agencies have re-
cognised a responsibility for addressing health issues at-
tributable to ICSs, by characterising the hazards released 
to the environment and mitigating any potential impact 
on human health attributable to those sites. There is an 
urgent need to identify the most suitable interventions 
aimed at prevention in affected communities, to facilitate 
a better social and economic development, while minim-
ising population exposure to harmful compounds associ-
ated with ICSs.7
Public health surveillance of ICSs is likely to play a role in 
supporting the capacity of society to monitor the harmful 
aspects of an ICS as well as providing a tool for document-
ing any benefit attributable to actions aimed at remedi-
ation or more widely regeneration of ICSs alongside their 
urban or rural context.7,8 Environmental public health 
tracking (EPHT) has been proposed and developed as 
an approach to public health surveillance when envir-
onmental factors affecting health are involved.9 EPHT 
can be defined as: “the ongoing collection, integration, 
analysis, and interpretation of data about environmental 
hazards, exposure to environmental hazards, human 
health effects potentially related to exposure to environ-
mental hazards. It includes dissemination of information 
learned from these data and implementation of strategies 
and actions to improve and protect public health”.9,10 
The tracking approach strives to achieve its vision of 
“Healthy Informed Communities” by empowering en-
vironmental and public health practitioners, healthcare 
providers, community members, policy makers, and oth-
ers to take information-driven decisions that affect their 
health, while maintaining appropriate data protection 
measures.9,10

Application of the EPHT approach has taken a number 
of forms, with a variety of terms used to describe it. For 
example, in Europe air pollution monitoring and model-
ling has been used as a tool for public health surveillance 
with little reference to EPHT terminology,11 while com-

parable activities in the USA have been developed using 
EPHT as a descriptor.12 Lead surveillance programmes 
in France and USA have been implemented as specifically 
designed surveillance activities,13,14 while in England it is 
part of an EPHT programme.15 In Italy, monitoring of 
mesothelioma as an indicator of exposure to asbestos has 
taken place, at times described as tracking,16 with success-
ful results in terms of identification and management of a 
newly identified hazard.17 Other EPHT success stories of 
relevance to ICSs include using environmental health in-
dicators for assessment and planning in Colorado.18 The 
differences in terminology and topics across Countries 
reflect variation in history and culture. However, several 
shared dimensions have been agreed, such as the aim to 
provide public-health decision makers with timely, accur-
ate, and systematic data to inform and develop policies 
that reduce environmental health burdens and prevent 
disease efficiently and cost-effectively.19 EPHT has been 
proposed as part of the ‘wicked’ solutions to the preven-
tion and management of NCDs and protection and pro-
motion of planetary health.20 Developing surveillance of 
ICSs using an EPHT approach may provide a framework 
for further documenting health and social impacts of ex-
isting sites, and for strengthening the capacity to attrib-
ute any changes in health to interventions in specific loc-
ations or across sites in the same sector.
In 2015, a COST Action on Industrially Contaminated 
sites and health Network (ICSNet, https://www.icshnet.
eu/) was launched; its main objectives were: • to clarify 
knowledge gaps and research priorities; • to support col-
lection of relevant data and information; • to stimulate 
development of harmonised methodology; • to promote 
collaborative research initiatives; • to develop guidance 
and resources on risk assessment, management, and com-
munication in ICSs.21 As part of this network, in this 
study we aimed to provide a background for understand-
ing how public health researchers in surveillance studies 
have used health and environmental data, and what im-
provements would be necessary for accommodating new 
demands on these data sets to define a useful EPHT re-
lated to ICSs. We had the following specific objectives:
n to identify examples where environmental data were 
used in epidemiological surveillance studies in ICSs;
n to identify examples with different approaches for ex-
posure assessment;
n to identify examples where routine health data were 
used in epidemiological surveillance studies in ICS.
The purpose was not to perform a systematic review, but 
to collect some case studies with different methodological 
approaches to identify strengths and gaps, with more em-
phasis to the European context.
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METHODS 
A literature search was conducted between February and 
March 2018 following a structured approach to identify 
examples of surveillance studies that used a range of 
methods for assessment of exposure and/or health effects 
reported in relation to ICSs. This search was conducted 
in PubMed, with no time limits, although publishing 
language was restricted to English.
The search strategy and keywords were truncated as follows:
[(((contaminat*) OR pollut* OR waste) AND (site OR 
land) AND industr*) AND surveillance] 
When using the term ‘surveillance’, PubMed automat-
ically searches for the term ‘epidemiology’ as one of its 
synonyms, identifying articles where routine health data 
were used.

CRITERIA FOR THE SELECTION OF ARTICLES 
UNDER THE STRUCTURED SEARCH
The literature review was conducted over two screen-
ing stages: the first one was applied only to titles and ab-
stracts, the second to the full texts (figure 1). All final se-
lected papers had to fulfil the following four inclusion 
criteria, and were excluded if any of the four exclusion 
criteria were met.
Inclusion criteria:
1. English language abstract;
2. Five years as minimum period of follow-up for obser-
vations (relevance as surveillance public health activity);
3. Inhalation and ingestion as potential routes of exposures;
4. Reference to industrial activities. 
Exclusion criteria:
1. Infections;
2. Animals not used as sentinel or food source;
3. Studies focusing on radiation;
4. Studies mainly focused on occupational exposure.
Considering the large extent of affected areas, the coexist-
ence of numerous toxic substances and the concurrence 
of several exposure pathways that potentially occur in 
many ICSs,4,8 the structured literature search used in this 
study was designed with the intention of identifying sur-
veillance case studies where inhalation and ingestion ex-
posure pathways were at least considered. Dermal contact 
was not intentionally excluded from the search. However, 
we did not look specifically for those articles focusing on 
dermal contact since this exposure pathway is mainly as-
sociated with occupational studies rather than with gen-
eral public health.4,6

The defined search strategy generated 319 PubMed re-
cords that were transferred from Endnote to a file with the 
following format: “Annotated and numbered”. To ensure 
a consistent approach when reviewing articles, a spread-

319 
articles identified 

in PubMed

3
duplicates excluded

1
article excluded as full text 

not available

290
articles excluded for failing 

to meet the inclusion criteria 
and meeting the exclusion 

criteria set

16
articles excluded for failing

 to meet the inclusion criteria 
and meeting the exclusion 

criteria set when full reviewed

316 
articles screened 

at stage 1

26 
articles screened 

at stage 2

9
articles included
in the analysis

Figure 1. Flowchart of the selection 
of the articles included in the review.
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sheet was created to record how each identified study ac-
complished the inclusion/exclusion criteria, as well as other 
study characteristics. Two researchers reviewed the first 40 
abstracts and compared their analysis before one reviewer 
went on reviewing the remaining 279 articles.
A great majority of the 316 identified abstracts under the 
structured search mentioned only inhalation as the main 
route of exposure by comparison to those considering ex-
clusively ingestion (146 versus 69), with only a few stud-
ies (41) suggesting both potential exposure pathways. 
The follow-up period was clear in 170 of the abstracts, 
out of which only 32% covered >5 years. Finally, 9 full-
text articles were selected as meeting the inclusion criteria 
without violating the exclusion requirements.22-30

ADDITIONAL CASE STUDIES 
ADDED BY THE RESEARCH TEAM
In addition, the research team included 8 further stud-
ies31-38 which were relevant to surveillance in ICSs, 
mainly centred on three European Countries (Spain, 
Italy, and France). Those case studies were selected based 
on the exchange of experience in the course of the IC-
SHNet, covering an important variety of environmental 
and health data sources as well as different indicators for 
exposure assessment, supporting in this way the analysis 
proposed under the specific objectives of the present pa-
per. By no mean, authors consider those case studies the 
only reference papers on the topic. These case studies ful-
fil all previous selection criteria, although they mainly fo-
cus on the inhalation exposure pathway.

RESULTS
The 17 examples selected throughout both search strategies 
(structured and ad hoc) cover a heterogeneous variety of in-
dustrial activities that in many cases had been operating for 
several decades before the study period. They include com-
plex sites, comprising multiple polluting sources (chemical 
plant, petrochemical, oil refineries, etcetera),22-23,31-35 to 
more particular activities such as incinerators,36-38 chem-
ical plants24-26 or waste disposal of industrial origin.27,28 
These examples include cross-national,23,28 national,31-33 
regional,35,37,38 and local approaches.24-26,29,30,36

A detailed description of each case study can be consulted 
in the on-line supplementary material (tables A1 and A2). 

COLLECTED ENVIRONMENTAL DATA USED 
IN SURVEILLANCE STUDIES CONDUCTED IN ICSs
See table 1 to consult the data this paragraph refers to.
Only in two cases35,38 continuous monitoring systems 
were used to provide information on real concentrations 
of ambient air pollutants, in combination with meteoro-

logical, topography, and geocoding information. In three 
cases,31-33 considering multiple sites across a Country, the 
European Pollutant Emission Register (EPER), combined 
with the European Pollutant Release and Transfer Register 
(E-PRTR) was the source of data for emissions of pollut-
ants and geocoding information of each industrial facility. 
In four other studies,28,34,36,37 the type and concentrations 
of the environmental hazards released from the different 
sources were estimated based on the description of the in-
dustrial activity that took place in each site, supported by 
the expert opinion of professionals from different fields 
and, in some cases, also by short-term environmental mon-
itoring campaigns. The remaining examples make refer-
ence to historical data gathered in different sampling sur-
veys, affecting one or more environmental media (air, soil, 
agricultural local products, drinking water, etcetera), but 
not always supported by a qualified data source. 

EXPOSURE ASSESSMENTS INDICATORS USED
IN SURVEILLANCE STUDIES CONDUCTED IN ICSs
See table 2 to consult the data this paragraph refers to.
One of the papers did not provide an indicator for expos-
ure, but a description of the environmental pollution in 
the affected area.23 In the other 16 selected articles, we 
differentiated four main approaches for exposure assess-
ment. The most common one, applied in 43% of cases, is 
a qualitative definition of exposure according to the pres-
ence/absence of a source or the presume delimitation of 
the ICS boundaries based on the compilation of histor-
ical data and/or the expert advice (i.e., local/regional en-
vironmental authorities).22,24-27,30,34 A second exposure 
indicator (25% of cases) referred to a measure of distance, 
both on a continuous scale and by defining concentric 
areas around the site with arbitrary radius (from 1.5 to 
10 km concentric rings).28,31-33 The third one, involving 
25% of cases, used atmospheric dispersion models sup-
ported by more or less completed sets of input data.35-38 
Only in one case, a biomonitoring approach was imple-
mented, measuring PCDD/F in serum of a subsample of 
the exposed population (individuals who lived in the sur-
roundings of a past polluted area).29

All the studies used residence as a reference to define the 
population distribution according to the exposure indic-
ator, although different levels of detail were used in de-
fining residence location (postcode of the municipality or 
community of residence, exact geographic coordinates of 
the residence address, or census/bloc unit).
Temporal variability, considered as the third dimension 
in defining exposure scenarios,39 was not taken into ac-
count in most of the papers. Only in three cases31,35,38 
the fluctuations in exposure due to changes through time 
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TYPE OF SITE COLLECTED ENVIRONMENTAL DATA SOURCE OF DATA REFERENCE(S)

Local site affecting ample 
area, including trans-national 
pollution

No direct monitoring conducted. Compilation of valuable 
historical environmental data of contamination of air, water, 
agriculture local products, and soil.

Geographic Academic institution Kachur 200323

Local, past intense polluting 
activity

No direct monitoring conducted. Reference to historical data 
for soil and air.

Not reported Biggeri 200622 
Eizaguirre-Garcia 200024

Reference to historical data for soil and groundwater. Reports from Public Health and Environmental 
Protection Agencies

Karouna-Renier 200729

No direct monitoring conducted. Presumed distribution of 
past contamination in the surroundings of the main polluting 
activity.

Not reported Mannes 200525

No historical data or monitoring. Reference to the 
contaminants potentially released from main polluting 
source.

Not reported Pasetto 201330

Reference to punctual monitoring results referring to soil, 
interstitial soil gas, and ground water contamination.

Published report not available in English Pukkala 201427

Local, past, and ongoing 
intense polluting activities

Reported dioxin content in soil, local grown vegetables, 
drinking water, and cow’s milk samples at different distances 
from the source. One single campaign.

Data produced by the research team Sampling 
and analysis procedure only described for cow’s 
milk

Revich 200126

20 landfill sites in 14 study 
areas from 5 European 
Countries

Valuable historical information referring to many 
characteristics of each site reported by local waste authority 
or their regulators, plus some past monitoring results of 
surface and ground water contamination or landfill gas.

Compilation of information throughout an ad hoc 
questionnaire design by the research team, and a 
consensus expert approach

Vrijheid 200228

Multiple national ICS with 
different characteristics

Indirect quantification of multiple pollutants released to 
ambient air based on the emissions from industrial facilities. 
Geocoded information.

EPER and E-PRTR databases. A validation analysis 
of the geocoding of the industries reflected in the 
registry was previously conducted

Fernández-Navarro 201731

García-Pérez 201632

Castelló 201333

No direct monitoring conducted. Assumptions on the 
contaminants present in each site according to the type of 
polluting activity.

Prioritisation national list of ICSs defined by 
Ministerial decrees, which provide information 
about ICS boundaries, and documented 
qualitative and/or quantitative data on 
contaminants per site

Santoro 201734

Ample region, comprising  
13 active municipal solid 
waste incinerators

Few campaigns gathering real emission data from sources. 
Meteorological and topographic data.

Technical description of each source and a 
consensus approach (Delphi method) with experts 
to provide an estimate of emission flow rates 
from each polluting source

Viel 200837

Local sites close to 2 active 
incinerators

Technical information about the polluting activity and 
emission inventories of all polluting activities in the site. 
Several ad hoc ambient air monitoring campaigns. 
Meteorological and geographic data.

Data provided by the industry and from the 
Regional Environmental Protection Agency

Ranzi 201136

Ample region involving 
different active polluting 
activities

Continuous monitoring systems for ambient air pollutants. 
Meteorological and geographic data.

Data provided by monitoring stations linked to 
National or Regional Air Quality Network

Pascal 201335

Candela 201338

Table 1. Environmental data collected in epidemiological studies of surveillance on ICSs.
EPER: European Pollutant Emission Register; E-PRTR: European Pollutant Release and Transfer Register

EXPOSURE INDICATOR REFERENCE(S)

Geocoded information or residential register of potential exposed population  
according to the presumed/defined ICS boundaries 

Biggeri 2006,22 Eizaguirre-Garcia 2000,24 Mannes 2005,25 Revich 2001,26  

Pukkala 2014,27 Vrijheid 2002,28 Pasetto 2013,30 Santoro 201734 

Distance between industrial facilities and potential exposed population based on geocoded 
information and an isotropic model (homogeneous dispersion of pollutants around the 
source), not adjusted by meteorological or topographical variables

Fernández-Navarro 2017,31 García-Pérez 2016,32 Castelló 201333

Modelled concentration maps (Atmospheric Dispersion Model System adjusted with 
meteorological or geographical variables) of selected pollutants as proxy of being 
representative of the main industrial activity/ies and concentration maps of other pollutants 
assigned to other sources of contamination

Pascal 2013,35 Ranzi 2011,36 Viel 2008,37 Candela 201338

Biomonitoring Karouna-Renier 200729

Table 2. Exposure assessment indicators used in surveillance studies conducted in ICSs. 
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HEALTH OUTCOMES PRIMARY SOURCE OF HEALTH DATA STUDY DESIGN REFERENCE(S)

Mortality Routinely-collected vital statistics, 
cancer registries

Ecological Kachur 2003,23 Mannes 2005,25 
Revich 2001,26 Fernández-Navarro 201731

Retrospective cohort Biggeri 2006,22 Pasetto 2013,30

Ranzi 201136

Morbidity Specific morbidity registries Descriptive; study specific collection Kachur 2003,23 Revich 2001,26

Karouna-Renier 200729

Hospitalizations Routinely-collected hospitalization records Ecological Pascal 201335

Retrospective cohort Biggeri 2006,22 Ranzi 201136

Cancer incidence (childhood) Cancer registers and National 
Birth registries

Population based case-control García-Pérez 201632

Cancer incidence (adults) Cancer registries and routinely 
vital statistics

Ecological Mannes 2005,25 Revich 2001,26

Viel 200837

Retrospective cohort Pukkala 2014,27 Pasetto 2013,30

Ranzi 201136

Congenital anomalies 
and birth outcomes 

Routinely collected vital statistics, 
congenital anomalies registries

Ecological Eizaguirre-Garcia 2000,24

Castelló 2013,33 Santoro 201734

Retrospective cohort Candela 201338

Multicentre case-control Vrijheid 200228

Table 3. Routine health data used in epidemiological studies conducted in ICSs.

in the emissions from the polluting sources were really 
considered. However, the possible variability in the resid-
ential history of the affected population throughout the 
follow-up period was not analysed. As a proxy to minim-
ise this potential bias, some researchers defined a min-
imum residential time of five years for selected subjects.27

ROUTINE HEALTH DATA USED IN EPIDEMIOLOGICAL STUD-
IES CONDUCTED IN ICSs
See table 3 to consult the data this paragraph refers to.
The rationale behind the selection of health outcomes 
were influenced by the concerns of local residents due to 
their proximity to an ICS and perceived health impacts 
of the industrial activity and/or on previous studies show-
ing increased incidence of cancer, mortality rates or cer-
tain morbidity outcomes.
Most of the studies (10/17) used an ecological 
design,23-26,29,31,33-35,37 based on standardized mortality 
or morbidity ratios, hospitalization, cancer in adult pop-
ulation (CIAP), or congenital anomalies (CAs) and birth 
outcomes, searching for a possible excess in the incidence 
of mortality or any of the other health outcomes. Five stud-
ies used a retrospective cohort design22,27,30,36,38 focusing 
on mortality ratios, CIAP, CAs or hospital admissions for 
several diseases, mostly related to cardiovascular diseases, 
ischemic heart diseases, respiratory diseases, and chronic 
pulmonary diseases. Two examples applied a population 
case-control design28,32 centring in the incidence of child-
hood cancer and CAs. Poisson regression and similar stat-
istical designs were used to assess a relationship between 

health indicators and exposure, taking into account con-
founding factors (mostly age, sex, and socioeconomic 
factors). In all cases, and independently of the study design, 
the follow-up period for the selection of the health out-
comes was longer than five years, reaching up to 35 years.27

The most frequently investigated health outcomes were mor-
tality and hospital admissions/morbidity records (in 7/17 and 
6/17 studies, respectively) based on routinely collected vital 
statistics and hospitalization records. Other relevant health 
outcomes considered were cancer incidence in adult popu-
lations (6/17 studies), mostly lung cancer, non-Hodgkin’s 
lymphoma, leukaemia, digestive cancers, and sarcoma, based 
on routine data gathered from national or regional cancer re-
gistries, and birth outcomes (5/17 studies) using data from 
routinely collected vital statistics and/or CA registers.

DISCUSSION
The number of selected papers is certainly small, but con-
sidering they cover a wide variety of industrial activities in 
different Countries, diverse health outcomes, and different 
study periods, we are still confident that the present study 
can provide a good overview of the type of environmental 
data, exposure approaches, and health data normally avail-
able for surveillance studies conducted in ICSs.
EPHT has been proposed as an approach to public health 
surveillance when environmental factors affecting health 
are involved. Development of a national EPHT network 
depends on the availability, quality, timeliness, compatib-
ility, and utility of existing hazard, exposure, and health 
effect data.9 
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ENVIRONMENTAL DATA AND EXPOSURE ASSESSMENT 
IN EPIDEMIOLOGICAL STUDIES CONDUCTED IN ICSs 
The requirements for optimum data collection of envir-
onmental hazards in a national EPHT system imply the 
development of a standardized routine process for data 
collection and reporting, in addition to the existence of 
an ongoing data quality control, appropriate geographic 
coverage for the population at risk, and timely data avail-
ability.9,19,20

In ICSs, the characterization of hazards denotes an im-
portant challenge due to the complexity of mixtures 
emitted from the sources, which can vary in composition 
and over time and space, affecting several environmental 
media (air, water, soil, food, and others).8 The overall 
exposure depends on the time spent by fractions of the 
population in different environments (outdoor, indoor 
at home or at work), resulting of a cumulative exposure 
through inhalation, ingestion of contaminated water or 
food, and/or dermal contact.8,39 The structured literat-
ure search used in this study was designed with this in-
tention of identifying surveillance case studies where in-
halation and ingestion exposure pathways were at least 
considered. However, very few papers complied with 
these criteria for inclusion, and, in fact, data for inges-
tion were poor, referring to historical data mainly related 
to soil sampling,22-24,26,27 water,22,26,28 and, in two cases, 
agricultural local products.23,26

Continuous data collection of environmental data tends 
to focus on air and drinking water quality monitoring 
networks, which are often restricted to urban areas, not 
covering the whole boundaries of ICSs where popula-
tion might be exposed.40 So, the existing monitoring net-
works should be better adapted to properly cover the area 
of the ICSs, recording not only pollutants typically from 
urban sites (i.e., particulate matter or nitrogen oxide), but 
also pollutants associated to the industrial activity.
Similar findings are recorded in the examples proposed 
by the research team, all focused on data from ambient 
air pollution, with only two cases using routine data from 
regional or national air quality networks.35,38 However, 
even in those cases, modelling was necessary for estimat-
ing the emission/immission concentrations since, as men-
tioned above, the existing networks are not really designed 
to cover all the population potentially at risk in relation to 
ICSs. In their review, Pascal et al.40 centred on epidemi-
ological studies of the impact of health of major industrial 
sites, focused specifically on air pollution, reporting lack 
of environmental data as a major obstacle. They also iden-
tified, as in our examples, that complex epidemiological 
studies are driven by a high concern of the residents close 
to ICSs, but relying on poor environmental data, which 

limit extracting good conclusions about the associations 
between health outcomes and potential sources. Some au-
thors also underline that environmental data collection is 
often designed according to regulatory purposes and that 
the procedure and frequency in which they are gathered 
may be optimal for enforcement activities, but less than 
ideal for public health surveillance practise.9,40

A large proportion of examples included in the present 
study suffers from poor exposure characterization, relying 
on a qualitative definition approach, which cannot ac-
count for the complexity of interactions of multiple path-
ways, not to discriminate between different levels of ex-
posure. All residents of the study areas were classified as 
highly and equally exposed, which would have probably 
not been the case. A similar appreciation was reported by 
Cordioli et al.39

Some European databases with routinely collected envir-
onmental data could be useful for characterising – directly 
or indirectly – the exposure of population living near ICSs. 
The EPER, for example, is a public inventory which in-
cludes all industrial installations that have acknowledged 
exceeding the thresholds for one or more of the pollutants 
listed in the European regulatory framework for air quality 
and IPPC. This database provides not only data on pollut-
ant emissions, but also the postal address and the geocod-
ing of each industrial facility. This information, combined 
with the one from the E-PRTR, have been used31-33 as a 
useful and inexpensive tool for proposing aetiological hy-
potheses about the risk related to living close to industrial 
settings, but also for performing preventive measures in 
the environment and/or conducting more specific public 
health actions. The challenge of using E-PRTR database 
as a tool for health impact assessment in ICSs has been 
addressed by the COST Action activities, with a prac-
tical example on landfills reported in the present issue.41 
However, prior to use these data within a Country, it is re-
commended to run a validation analysis of the geocoding 
of the industries reflected in the EPER registry, using or-
thophotos and detailed information provided by the new 
Internet tools (aerial images and street view application). 
Fernández-Navarro et al.31 made a thorough analysis of 
several studies conducted using such approach, reporting 
further aspects that regard the utility and the assumptions 
to be taken for the interpretation of the obtained results. 
Among the limitations, it is highlighted that the use of an 
isotropic model could introduce an exposure misclassifica-
tion, because the dispersion patterns of pollutants around 
the source is not normally homogenous, but depends on 
meteorological and topographical variables. It also fails in 
inferring that the whole municipal population is exposed 
to the same type and amount of pollutant substances.
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Other studies have relied on measurements and model-
ling of a subset of pollutants to assess an integrated expos-
ure, in an attempt to reduce exposure misclassification. 
However, several authors mentioned that environmental 
data and modelling are not easily accessed, especially 
when investigating past exposures.39,40 The difficulties in 
getting good emission data for modelling were overcome 
by some groups by using a complex process on exposure 
judgment.37

Independently of the study design and the exposure ap-
proach applied, most of the examples fail in considering 
the mobility of persons, and assessing individual poten-
tial confounding or effect-modifying (smoking, diet, and 
occupation). Another limitation of current epidemiolo-
gical studies in ICSs lies in assuming inhalation as the 
major exposure pathway, not measuring or modelling 
the possible exposure through ingestion of contaminated 
food or contact with contaminated soils.8,39,40

Exposure tracking of biomonitoring data provides in-
formation on the levels of chemicals or their metabol-
ites in human biologic specimens such as blood or urine, 
and allows us to capture the footprint of combined chem-
ical exposures in humans and its variation over space 
and time.9 Currently, few biomonitoring data are be-
ing tracked, with only one example included in our revi-
sion.29 In this sense, the Information platform for chem-
ical monitoring (IPChem) might represent a step forward. 
IPChem is the European Commission’s reference access 
point for searching, accessing, and retrieving chemical 
occurrence data collected and managed in Europe. The 
platform has been developed to fill the knowledge gap on 
chemical exposure and its burden on health and the en-
vironment (https://ipchem.jrc.ec.europa.eu)

ROUTINE HEALTH DATA USED IN EPIDEMIOLOGICAL STUD-
IES CONDUCTED IN ICSs
The final component in the conceptual model of an 
EPHT system is health effects tracking, which represents 
traditional public health surveillance efforts.9 The con-
sidered health effects were those related to environmental 
factors according to the current scientific evidence, 
mainly birth defects, asthma and other chronic respirat-
ory diseases, cardiovascular and ischemic diseases, cancer, 
and neurologic diseases, including Parkinson, multiple 
sclerosis, and Alzheimer. 
Disease registries (cancer, congenital anomalies), vital stat-
istics data, and hospital discharge data are the main sources 
used in all reported examples for tracking health condi-
tions. Only in one example (Finland) authorities were able 
to access individual health records through mandatory 
personal identity codes, providing a summary of all of the 

individual healthcare usage through life.27 Such a linking 
of health records across databases – from medical exam-
inations with family practitioners, emergency department 
visits, hospital admissions, and death records at individual 
level – would lead to a greatly enhanced ability to identify 
special susceptible sub-populations for adverse health ef-
fects related to environmental hazards in ICSs.
There are several other important considerations when 
using routine data sources for surveillance purposes, such 
as accuracy, precision, completeness, timeliness, cover-
age, analysis, accessibility, confidentiality, and the ori-
ginal purpose of the data collection.9 While some sources 
of routine health data are mandatory, such as registering 
a birth or a death, there are differences in the approaches 
taken between Countries (i.e., registered time for birth 
or death) or between regions within a Country. This will 
create data lags, which may need to be considered when 
using routine data for surveillance purposes at specific 
sites or making comparisons between Countries.12

Reviewing the different studies, we observed that the dif-
ficulties to gather health data at individual level, whereas 
protecting the privacy of patients, have restricted the abil-
ity of researchers to assign individual exposure estimates 
at smaller geographic units, or to investigate potential ef-
fect modifiers, such as race, ethnicity, health insurance 
coverage, and socioeconomic status.

IMPROVEMENTS NEEDED FOR DEFINING A USEFUL EPHT 
SYSTEM RELATED TO ICSs
Key dimensions of any public health surveillance system 
include clear definition of: 
n purpose and objectives;
n health-related event under surveillance;
n legal authority for data collection;
n population under surveillance;
n time-period for data collection;
n data to be gathered and methods for analysis;
n dissemination-information-governance aspects.42 
In the context of ICSs, the key elements for developing 
an EPHT would include the points already described 
above, setting up as “health-related event” the “monitor-
ing of health consequences associated to the continuous 
exposure of a population to a hazardous chemical”.
None of the epidemiological studies reviewed here com-
prised the continuous monitoring of either health or ex-
posure events. Even in studies that analysed decades of 
health data, the purpose was typically to reach a conclu-
sion based on a single analysis, rather than report on an 
ongoing, chronic situation with regular surveillance ana-
lyses. This may be a limitation of our search, and grey 
literature may contain examples of continuous analysis 
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of ICS-related events, although our access to investiga-
tions conducted by national public health institutes in 
Italy, UK, and Spain did not bring up any reports of that 
nature. Therefore, it seems necessary to define surveil-
lance programmes specifically aimed at the continuous 
analysis of ICS-related health impact.
The scarcity of surveillance programmes for ICSs could 
be interpreted in the light of the difficulty of designing, 
developing, and delivering an analysis that is repeated at 
regular intervals for an environmental situation of such 
large complexity. However, many of the results appear to 
indicate that epidemiology methods are capable of detect-
ing harmful effects attributable to ICSs, although further 
improvement of exposure models are needed for improv-
ing the validity of the epidemiology or surveillance. The 
latter situation is well exemplified by the SENTIERI pro-
ject, the Italian epidemiological surveillance system de-
signed to monitor the health status of populations living 
in national priority contaminated sites (NPCSs).43 SEN-
TIERI is based on a multi-outcome approach address-
ing mortality, hospital discharges, congenital anomalies, 
and cancer incidence.34,44,45 This is a first level descript-
ive approach, with the novelty of implementing an a-pri-
ori identification of health endpoints linked with pollu-
tion sources in each NPCSs. Its weakness is that it relies 
on a qualitative definition of exposure, mainly based on 
the presence of contamination sources (i.e., chemical and 
petrochemicals plants, refineries, steel plants, disposal 
sites, incinerators, etcetera), although its results con-
tribute to identify needs for preventive action in Italian 
NPCSs.
Certainly, a key distinction between EPHT and tradi-
tional surveillance is the emphasis on data integration 
across health, human exposure, and hazard informa-
tion systems. Such linkage would require standardising 
methods for data collection in order to maximize the spa-
tial and temporal resolution of both health and environ-
mental data related to ICSs.9 This type of approach, as 
it has been proved in the USA, needs of a great govern-

mental stewardship, providing funding and developing 
and maintaining partnerships between health and envir-
onmental agencies at the regional and Country level.46,47 
The present contribution indicates ICS as a suitable con-
text for the development of such approach.
Therefore, for a EPHT at ICS to be successful, it is neces-
sary not only further research on the association between 
exposure to environmental hazards and health, but a great 
political commitment and funding to contend with exist-
ing data silos. Furthermore, a tracking system needs to 
promote partnership, bringing together scientific inform-
ation, technology, and health communication to make 
data accessible, usable, and understandable by a variety 
of users.9,47 In this sense, it is quite important the role 
of open society as an audience for EPHT, particularly at 
local level, and their influence on political decisions.47,48

Another critical factor to bear in mind for the establish-
ment of an EPHT system is the socioeconomic condi-
tions of regions and Countries. This would limit not 
only the required funding for data collection and expos-
ure scenarios characterization (i.e., in low and middle-in-
come Countries more people lives quite close to ICSs in-
cluding waste disposal sites, being dermal contact a more 
relevant exposure pathway),49 but also the culture for ac-
cessibility to data, transparency, and interdisciplinary col-
laboration. Promoting training at all levels seems the first 
step forward. The analysis of the influence of socioeco-
nomic factors in the development of an EPHT system in 
ICSs deserves further research.
This contribution will support the ICSHNet COST Ac-
tion main goal to produce guidance documents on how 
to face the complex environmental health scenarios of 
ICSs across Europe.
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