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aBstract

BacKgroUnD: industrially contaminated sites (ICSs) have 
been recognised as a major public health concern since they 
involve exposure to multiple environmental stressors, nor-
mally distributed unevenly within population. The COST Ac-
tion on Industrially Contaminated Sites and Health Network 
(ICSHNet) comprises a European network of experts and in-
stitutions to clarify needs and priorities for better character-
ising the impact on environment and health of ICS.
oBJectiVes: evaluate the availability of information and 
studies concerning selected ICSs in participating Countries 
within the ICSHNet, with particular consideration on the ac-
cessibility to environmental, health and demographic data, 
and research and assessment tools. 
methoDs: to evaluate the availability of data, an Action 
Questionnaire (AQ) was developed based on previous ques-
tionnaires used in different European projects and on expert 
consultation. The AQ, with 84 items organised in eight sec-
tions, was adapted to an on-line version using the software 
LimeSurvey. The survey was sent to 47 participants within 
the ICSHNet, to report over a list of 99 ICSs previously iden-
tified.
resUlts: information was gathered from 81 sites out of 
the initially selected 99, reported by 45 participants from 
27 Countries (82% of Countries in the ICSHNet). The pre-
dominant polluting activities were waste disposal (46%) and 
chemical industries (37%), affecting all environmental me-
dia, but more extensively surface and groundwater (70%) 
and soil (68%). Main categories of contaminants affecting 
different media were heavy metals and chlorinated hydro-
carbons, but also BTEX (benzene, toluene, ethylbenzene, 
and xylene) and ambient air pollutants (e.g., particulate mat-
ter, SOx). Human health risk assessment was the most preva-
lent methodological approach for characterising impacts on 
health (32%), followed by epidemiological studies (26%), 

What is alreaDY KnoWn
n Industrially contaminated sites (ICSs) remains a sig-
nificant source of environmental pollution, and a last-
ing cause of preventable non-communicable diseases, 
with important inequalities in exposure within the 
population.
n The theme of waste and contaminated sites has 
been recently recognised as one of the seven prior-
ity areas for the European policy agenda in environ-
mental health (Ostrava Declaration), with emphasis in 
preventing and eliminating associated health risk and 
health inequalities 
n Evaluating data availability within ICSs is a priority 
for defining best methodological approaches that al-
lows characterising health impacts of ICSs. 

What this article aDDs
n This paper identifies a set of issues that risk assess-
ment programmes on ICSs should address.
n Improving the collection and access to specific en-
vironmental, health, and demographic data related to 
ICSs is crucial to meet methodological requirements to 
better analyse the health impact of ICSs.
n Promoting a strong interdisciplinary approach 
would be required, with greater collaboration and 
sharing of data and expertise between environmental 
and public health experts.
n Accurate measurement of health outcomes, includ-
ing breakdown of outcomes for different sub-popula-
tion groups, is an important methodological considera-
tion for responding to the impacts on health of ICSs.
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and health impact assessment (12%). The low reporting, 
both referring to data availability or methodologies, could 
be due to absence of data, or to the fact that the reporting 
person (many of them from the public health sector) did not 
know how to reach the environmental information.
conclUsions: survey findings suggest that improving 
the collection and access to specific environmental, health 
and demographic data related to ICSs is crucial to meet the 
methodological requirement to better analyse the health im-
pact of ICSs.

Keywords: industrially contaminated sites (ICSs), data availability, 
human health risk assessment, health impact assessment, 
environmental epidemiology

riassUnto

introDUZione: i siti industriali contaminati (ICS) sono stati 
riconosciuti come un importante problema di salute, poiché 
implicano l’esposizione a numerosi fattori di stress ambien-
tali, normalmente distribuiti in modo non uniforme all’inter-
no della popolazione. La COST Action on Industrially Conta-
minated Sites and Health Network (ICSHNet) è una rete di 
esperti a livello europeo finalizzata a chiarire le lacune di co-
noscenza, le necessità  e le priorità per meglio caratterizza-
re l’impatto che gli ICS hanno sull’ambiente e sulla salute.
oBiettiVi: valutare la disponibilità di informazioni e studi ri-
guardanti i siti industriali contaminati presenti nei Paesi ap-
partenenti alla rete ICSHNet, prendendo in considerazione in 
particolare l’accessibilità ai dati ambientali, sanitari e demo-
grafici, e la disponibilità di strumenti di ricerca e valutazione.
metoDi: per valutare la disponibilità di dati, è stato svilup-
pato un questionario chiamato Action questionnaire (AQ), 
basato su questionari precedenti utilizzati in altri progetti eu-

ropei e sulla consultazione di esperti. L’AQ, contenente 84 
item organizzati in 8 sezioni, è stato adattato creando una 
versione on-line tramite il software LimeSurvey. L’indagine è 
stata condotta inviando l’AQ a 47 partecipanti scelti all’inter-
no della rete ICSHNet, che avevano precedentemente  con-
tribuito a costruire una lista di 99 ICS.
risUltati: sono state raccolte informazioni da 81 siti sui 99 
inizialmente selezionati, segnalati da 45 partecipanti prove-
nienti da 27 Paesi (l’82% dei Paesi presenti nella rete ICSHNet). 
Le attività inquinanti predominanti sono state lo smaltimen-
to dei rifiuti (46%) e le industrie chimiche (37%), che inte-
ressano tutti i comparti ambientali, ma in modo più estensi-
vo le acque superficiali e sotterranee (70%) e il suolo (68%). 
Le principali categorie di contaminanti che interessano com-
parti ambientali sono i metalli pesanti e gli idrocarburi cloru-
rati, ma anche BTEX (benzene, toluene, etilbenzene e xilene) 
e inquinanti atmosferici (per esempio, particolato, SOx). La 
valutazione del rischio sulla salute umana è stato l’approccio 
metodologico prevalentemente utilizzato per caratterizzare 
gli impatti sulla salute (32%), seguito da studi epidemiologici 
(26%) e valutazione di impatto ambientale (12%). La bassa 
numerosità nella risposta, in riferimento sia alla disponibilità 
di dati sia alle metodologie, potrebbe essere dovuta all’assen-
za di dati o al fatto che la persona che li ha comunicati (i più 
erano provenienti dal settore della sanità pubblica) non era in 
grado di ottenere informazioni esaustive di tipo ambientale.
conclUsioni: i risultati dell’indagine suggeriscono che è di 
cruciale importanza migliorare la raccolta e l’accesso ai dati 
specifici ambientali, sanitari e demografici legati agli ICS. In 
questo modo, sarà possibile soddisfare i requisiti metodologi-
ci per meglio analizzare l’impatto sulla salute degli ICS.

Parole chiave: siti industriali contaminate, disponibilità dei dati, 
valutazione del rischio per la salute, valutazione di impatto sanitario, 
epidemiologia ambientale 

introDUction
The term “contaminated site” is included in Article 3 of 
Regulation (EC) No. 1272/2008,1 and refers to sites where 
hazardous substances are present in a level that pose a sig-
nificant risk to the environment and human health. The 
concept of polluting activities, as recorded in the Propos-
al of a Soil Framework Directive,2 refers to certain instal-
lations and industrial activities that are damaging the ca-
pacity of soil to perform in full its broad variety of crucial 
functions.3 These concepts, though extremely important, 
address the soil dimension of the problem, while air, water 
and food-chain contaminations are also relevant aspects of 
the multifaceted nature of many industrial polluted areas 
that deserve to be dealt with an integrated approach. 
Environmental regulation and improved pollutant abate-
ment technology, among other factors, have led to de-
creasing environmental pollution in Europe, especially 
referring to air and water quality, but industrial activi-
ty still remains a significant source of contamination 
(mainly from hazardous substances)4 that can serious-

ly affect human health.5 Industrial related air pollution 
include greenhouse gases (e.g., carbon dioxide, nitrogen 
oxide pollutants), but also sulphur oxides (SOx), partic-
ulate matter, non-methane volatile organic compounds 
and heavy metals. Surface and ground water can be af-
fected by chemicals that contain nutrients such as nitro-
gen and phosphorous causing eutrophication, and also by 
trace elements (including heavy metals) and chlorinated 
hydrocarbons. Soil contamination as a result of industrial 
activity is less documented but encompasses heavy met-
als, mineral oils, and a host of different types of hydrocar-
bons with potential relevance to human health, includ-
ing known or suspected carcinogenic, teratogenic and/
or endocrine disrupting capacity.4,6 In fact, exposure to 
mixtures of chemicals of toxicological interest, typically 
found on Industrial Contaminated Sites (ICSs), has been 
associated with a broad range of different health out-
comes: the body of literature is large and systematic re-
views on the impact of ICSs are available.7-13 On the oth-
er hand, a recent review on scientific evidence conducted 
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in the WHO European Region highlighted that the anal-
ysis of exposure and health risk from an ICS by socio-
economic/demographic characteristics, and according to 
mechanisms of their generation and maintenance, is in its 
early stages with the exemption of the UK.14

In recent years, networking, research initiatives, and sci-
entific literature on industrial contamination and health 
has increased following the need to acquire evidence for 
risk management and policy actions.15 In this respect, 
many ICSs need to adequately address issues such as con-
tamination related health risks, the prioritisation of ef-
forts for remediation, and cost-effective actions for pro-
moting public health. This information could be relevant 
for prioritising actions and research agendas in the future 
allowing progress in improving the characterisation of the 
health impact of populations living close to an ICS.
The COST Action on Industrially Contaminated Sites and 
Health Network (ICSHNet) (https://www.icshnet.eu/) 
was launched in 2015 with the general aim to establish a 
European network of experts and institutions involved in 
assessing the health impacts and/or managing remedia-
tion and response in ICSs. Additionally, it aims to clarify 
needs and priorities, by collecting and evaluating availa-
ble data and experiences throughout Europe. The ICSH-
Net involves in overall about 150 researchers and experts 
from public health institutions, universities, and environ-
mental agencies from 33 Countries plus official support 
from the World Health Organisation (WHO) and Euro-
pean Commission with DG Joint Research Centre and 
DG Environment.
The work conducted in the course of the ICSHNet was 
focused in the review and analysis of research tools, as-
sessment procedures, and sound methodologies available 
in the scientific literature to deal with ICSs and health. 
This target has been mainly achieved through the pub-
lication on this Journal of a Monographic volume dedi-
cated to environmental health challenges from industri-
al contamination.13,15-18 The aim of the current paper, 
also included as a main goal of this COST Action, was to 
evaluate the availability of information and studies con-
cerning selected ICSs in participating Countries within 
the network, with particular emphasis on the accessibility 
to environmental, health and demographic data, and re-
search and assessment tools.

materials anD methoDs
A recent report on the status of local soil contamina-
tion in Europe reveals the possible existence in all 28-
EU Member States of around 2.8 million sites where pol-
luting activities took or are taking place, with more than 
650,000 sites identified and registered in national and/
or regional inventories.3 It should be noticed that these 
sites include also small point sources like petrol stations, 

while the target of this study is a small proportion of the 
650,000 sites, i.e., those with documented industrial 
contamination. Trying to quantify the issue, an approxi-
mate number of the ICSs across Europe would therefore 
be a fraction of the 14,009 industrial facilities recorded in 
all 28 EU member states by the European Pollutant Re-
lease and Transfer Register (E-PRTR) in 2017. E-PRTR 
is the Europe-wide register that provides accessible key 
data on emissions from industrial facilities in all Europe-
an Union Member States (https://prtr.eea.europa.eu/#/
industrialactivity).
The evaluation under study was anyway not feasible for 
all known ICSs among the 33 Countries participating in 
the ICSHNet, and a shortlist of sites at Country level was 
obtained. This list did not aim to identify national prior-
ity sites, nor priority settings across Europe. Rather, the 
proposed list of ICSs intended to gather some relevant 
examples for evaluating the capacity to deal with ICS-re-
lated environmental health issues in Europe. With this 
purpose, all participating Countries within the COST 
Action were invited to list up to five sites based on the 
operational definition adopted by the ICSHNet, and cer-
tain selection criteria. This definition, based on a previ-
ous one established by WHO,19 consider ICSs as “are-
as hosting or having hosted industrial human activities 
which have produced or might produce, directly or indi-
rectly (waste disposals), chemical contamination of soil, 
surface or ground-water, air, food-chain, resulting or be-
ing able to result in human health impacts”.
The ICSs proposed by partners within the ICSHNet 
were also requested to fulfil one or more of the follow-
ing criteria:
n	 policy relevance: sites for which citizens, politicians, 
environment and health experts, scientists, media and 
other interested parties, raised concern;
n	 available evidence: sites for which local environmen-
tal contamination by industrial activities has been doc-
umented as dangerous or potentially dangerous for the 
possible health effects;
n	 extent of exposure: sites involving large or in any case 
non-negligible size of the population directly affected by 
the contaminations exposed or potentially exposed in the 
neighbourhood of the contaminated sites. 
A list of 99 ICSs from 30 Countries was generated at the 
end of 2017. 
To evaluate the availability of data and studies concern-
ing the 99 ICSs an Action Questionnaire (AQ) has been 
implemented (see on-line supplementary material). The 
design of AQ was first drafted on the base of previous 
questionnaires for data availability conducted in differ-
ent European projects (e.g., APHKEKOM research pro-
ject for the characterization of the impact on health of 
ambient air20 or the Guidelines for the collection of con-
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taminated sites data through European Environment In-
formation and Observation Network – EIONET21).The 
proposed draft of the questionnaire was then submitted 
for a consultation with environmental and health experts 
participating in the ICSHNet. The AQ consisted of 84 
items organised in the following eight sections: 
1 industrial activities operating at the ICS; 
2 data regarding environmental pollution of different 
media and main categories of contaminants monitored 
by type of media;
3 population data;
4 exposure assessment conducted at each site
5 health data;
6 health studies; 
7 communication strategies; 
8 available references. 

A cover letter explaining the purpose and structure of the 
survey was sent to ICSHNet delegates, together with a 
privacy policy statement to clarify that no personal infor-
mation or site-specific information were going to be re-
vealed or made public.
The AQ was adapted to an on-line version using the 
software LimeSurvey (http://www.limesurvey.org), an 
open source tool that allows branching and recovery of 
partially or completed questionnaires. The survey was 
hosted at the Andalusian School of Public Health serv-
ers and managed by two professionals from this institu-
tion who were available for answering any enquiry par-
ticipants might have. The survey was piloted before its 
launch and tested for language, workflow, and accurate 
interpretation of questions by six experts of the ICSH-
Net who had not participated in the development of the 
questionnaire itself.
In the process of identifying the short list of ICSs, par-
ticipants were invited to propose a reporting person for 
each single site; even do this person could contact other 
experts in their institutions, regions or Country for gath-
ering information about certain specific sections they did 
not feel so expert about. The survey with 99 sites was ad-
dressed to a list of 47 participants within the ICSHNet.
The survey was launched on 22nd February 2018, being 
accessible until 15th July 2018. Each site was assigned to 
one single reporter with a code/password for entry that 
was used together with their email address to identify po-
tential duplicate entries from the same sites. No further 
personal information from participants was recorded, 
and the brief analysis of participant’s profile (institution 
they work for) was extracted from the reported informa-
tion in the COST website. Participants were able to re-
view and change their answers before submitting the final 
version of the questionnaire.
Data analysis was conducted using R.5.3.1 software.

resUlts anD DiscUssion
Information was gathered from 81 sites out of the ini-
tial 99, reported by 45 participants from 27 Countries, 
which corresponded to 82% of all Countries integrated 
in the ICSHNet. The geographical distribution of Coun-
tries participating in the survey is shown in Figure S1 
(on-line supplementary material)
This survey concerns a very small proportion of sites from 
the estimated total number of ICSs that exist in the area 
covered within this network. However, sites were iden-
tified based on environmental health and policy criteria 
and therefore expected to provide an important insight 
about data and tools availability across Europe for assess-
ing the impact on health of the pollution caused by in-
dustrial contamination.
Respondents of this survey worked mainly in the public 
health sector (22), followed by environmental science (11), 
medicine (3), agronomy (2), economy (2), occupational 
health (1), and ethics (1). The majority of them worked 
in research institutions (56%) followed by national health 
agencies (36%), national environmental organisations 
(9%), and regional/local health institutions (2%). 
Results referring to the number of main industrial sec-
tors leading to contamination in the ICSs included in 
the survey, and the percentage that were still operating in 
the moment of answering are accessible in Table S1 (on-
line supplementary material). The predominant report-
ed polluting activities were waste disposal (45.7%), fol-
lowed by chemical industries (37%), metallurgic plants 
(29.6%), mining industry (23.5%), and electric power 
plants (16%). Other types of industrial activities listed by 
respondents included oil refinery, steel plan, petrochem-
ical plants, pharmaceutical industry, and oil extraction. 
Panagos et al. (2013)22 reported similar findings in the 
data collection for the indicator CSI015 on “Progress in 
the Management of Contaminated sites” conducted by 
the European Soil Data Centre (ESDAC) for the peri-
od 2011-2012 with participation of Counties involved 
in EIONET. In that survey, responses from 22 Countries 
also pointed out to waste disposal and industrial activi-
ties as the two main sectors leading to pollution (37.2% 
and 33.3%, respectively). A similar description was also 
reported in the literature search published by De Sario et 
al. (2018)13 over a selection of 655 epidemiological stud-
ies from all over the world.

A large proportion of sites in our survey (33/81) were 
reported to have at least two industrial activities estab-
lished in the same area, illustrating the complexity and 
challenges that ICSs represent for characterizing the 
health impacts of the associated environmental contam-
ination.15,19 All of the reported pharmaceutical indus-
tries and steel plants and the majority of the electric pow-
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er plants, metallurgic plants, and oil refinery sites were 
still operating at the moment when the survey was con-
ducted. Data related to emissions and activity from each 
main category of reported industrial activity (Table S1) 
was available only for 60% of the informed steel plants 
and 54% of the sites with electric power plants, while for 
the rest such availability was even lower, ranging from 
20% for oil extraction and 44% for petrochemical plants.

Figure 1 shows the percentage of sites with different envi-
ronmental media (soil, sediments, biota, locally-produced 
foodstuff, surface and ground water, and ambient air) re-
ported being polluted due to the presence of any kind of 
industrial activity. According to this data, polluting activ-
ities affected most extensively surface and ground water 
(70%), followed by soil (68%) and ambient air (49%), 
with some limited information for sediments, biota, and 
locally-produced foodstuff. An important finding in this 
section was the large percentage of “don’t know” report-
ed in many cases (60% regarding data for contamination 
of biota; 20% related to surface and ground water). This 
could be due to absence the of data or to the fact that the 
reporting person (many of them from the public health 
sector) did not know how to reach that information. A 
better collaboration between environmental and public 
health experts is needed as well as a better integration and 
accessibility to environmental data as reported by Mar-
tin-Olmedo et al. (2018)16 in their review on environ-
mental and health data needed to develop national sur-
veillance systems in ICSs. 
Participants were asked to report on the main categories 
of contaminants affecting different environmental media 
in each ICS, as well as the monitoring frequency for each 
contaminant (for presentation purposes, such frequen-
cy have been summarised as routine or ad hoc). Results 
shown in Table 1 reflect that heavy metals and chlorinat-
ed hydrocarbons were the contaminants identified with 
greater impact in all environmental media, being more rel-
evant in soils and surface and ground waters (76% and 
74% for heavy metals, 40% and 46% for chlorinated hy-
drocarbons, respectively). Other relevant reported pollut-
ants were arsenic and its compounds, especially in water 
and air (40% and 45%, respectively) and BTEX (benzene, 
toluene, ethylbenzene, and xylene). A special mention de-
serves all main pollutants included in the EU regulation 
for ambient air quality (e.g., particulate matter, SOx, etc.) 
for which there is ample scientific evidence linking human 
exposure to health effects.23-25 The legal requirement for 
establishing local monitoring networks for routine data 
collection on ambient air quality increases availability of 
those data, as reported in our survey, with data available for 
particulate matter (PM10 and PM2.5) in 83% of all sites, 
in a 70% for SO2 and SOx or in a 65% for NOx. Howev-

er, the utility of the data generated by this type of air qual-
ity networks in epidemiological studies focused on ICSs is 
often hampered by the location of the monitoring sites re-
stricted mainly to urban areas, and thereby potentially not 
covering the population at risk from pollution generated 
by industrial activity. 16,26 
The percentage for the monitoring frequency of main 
contaminants (Table 1) indicate that only pollutants sub-
jected to EU regulations either under ambient air qual-
ity (e.g. Directive 2008/50/EC;27 Directive 2004/107/
EC2628), water (e.g. Directives 98/83/EC27)29 or food 
safety legislation (e.g. Regulation EU 1881/200628)30 
were most frequently monitored on a regular basis. For 
the rest of contaminants, data collection was conducted 
by ad hoc campaigns, at the best. It seems paradoxical 
that, despite soil being one of the most extensively media 
affected by almost all reported industrial activities, pol-
lutants detected in this environmental media were only 
routinely monitored in 33% of the sites. The lack of con-
sensus for the establishment of a soil framework direc-
tive at EU forces that legal quality control standards for 
the general protection of soil only exist at national levels, 
with different criteria among Countries.19,22,31 Li and 
Jennings (2017)32 or Weber et al. (2019)31 provided in-
formation on the very important disparities worldwide 
in soil regulatory guidance values for many pollutants, 
showing that the limit value for many of them might vary 
to above six order of magnitude, compromising the pro-

Figure 1. Percentage of environmental media reported to be polluted over total 
number of ICS (No. 81).
Figura 1. Percentuale di comparti ambientali che sono segnalati come inquinati 
sul totale degli ICS esaminati (n. 81).
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tection of human health, especially in soils with agro-
nomic purposes.
Information on demographic characteristics of popula-
tion living close to an ICS was available for 53 out of 81 
sites included in our survey (65%), with around 42% of 
those being updated yearly. Among the 28% for which 
frequency of population data was reported as “others”, 
the majority referred to Census surveys, renewed every 
10 years on average. For another 17 sites, respondents in-

formed that no data was accessible, and for 11 that they 
were not sure how to get that information, if available at 
all. As expected, age and gender were the most easily ac-
cessible information (76% of reported sites with demo-
graphic data), followed by ethnicity and socioeconom-
ic position (57% and 45% of cases, respectively), with 
the following disaggregated type of data: educational lev-
el (40%), income (34%), occupation (32%), and house-
hold characteristics (32%). 

Soil 
(no.  55)

SediMenTS 
(no. 25)

bioTa/food
 (no. 29)

waTeR 
(no. 57)

aiR 
(no. 40)

Contaminants No. Monitoring 
(%)

No. Monitoring 
(%)

No. Monitoring 
(%)

No. Monitoring 
(%)

No. Monitoring 
(%)

R AH R AH R AH R AH R AH

Chlorinated Hydrocarbons 22 32 27 10 30 50 7 43 2 26 46 11 8 50 50

Mineral Oil 8 25 25 3 33 0 1 0 0 – – – – – –

PAH 18 33 22 8 25 38 5 40 5 – – – – – –

Heavy metals 42 33 36 17 18 41 17 35 9 42 36 28 23 48 17

Phenols 11 27 18 6 0 17 1 100 1 – – – – – –

Cyanides 4 25 25 1 0 0 1 0 0 – – – 1 100 0

BTEX 14 14 29 5 0 20 1 100 1 20 30 10 14 18 0

PCDDs PCDFs 9 33 33 6 33 33 5 60 2 8 38 0 7 8 8

Organophosphorus Compounds – – – – – – – – – 8 50 2 – – –

Organotin Compounds – – – – – – – – – 6 67 2 – – –

Arsenic and derivate – – – – – – – – – 23 43 9 18 50 28

Biocides and Pesticides – – – – – – – – – 8 50 2 – – –

SO2 and SOx – – – – – – – – – – – – 28 75 0

NOx – – – – – – – – – – – – 26 69 4

CO – – – – – – – – – – – – 20 70 0

VOCs – – – – – – – – – – – – 13 62 15

Black carbon – – – – – – – – – – – – 9 33 11

PM10, PM2.5 – – – – – – – – – – – – 33 61 3

Asbestos – – – – – – – – – – – – 2 50 50

Chlorine – – – – – – – – – – – – 3 100 0

Fluorine – – – – – – – – – – – – 5 80 0

Others 13 15 31 0 0 0 4 25 0 5 40 3 9 33 33

* Frequency calculated as a percentage over that declared number. / Frequenza calcolata come percentuale sul numero dichiarato. 
PAH: polycyclic aromatic hydrocarbon / idrocarburi policiclici aromatici
BTEX: benzene, toluene, ethylbenzene, and xylene / benzene, toluene, etilbenze, xylene
PCDDs PCFs: polychlorinated dibenzodioxins and polychlorinated dibenzofurans / dibenzodiossine policlorurate e dibenzofurani policlorurati
VOCs: volatile organic compounds / composti organici volatili

Table 1. Reported number of sites and industrial contaminants by environmental media; frequency* of data reporting: regularly (R) or ad hoc (AH).
Tabella 1. Numeri riferiti di siti e di contaminanti industriali, per comparto ambientale; frequenza* dei dati riportati: regolare (R) o ad hoc (AH). 
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them in the context of ICS. Table 2 also records different 
software used to model exposure in the context of our sur-
vey, with atmospheric dispersion modelling being the most 
frequently reported one. Hoek et al. (2018)17 included in 
their article a critical analysis of most of these models, as 
they are often used in the context of ICSs in several Euro-
pean Countries, mostly in the framework of soil. 
According to the respondents in our survey, the availability 
of health data for population close or near an ICS is usual-
ly low, being reported as available only for 30% of sites for 
mortality data and 21% for morbidity information (Ta-
ble 3). For an important proportion of sites, such data sets 
were reported either as not existing or participants did not 
know how to reach that information. For both health indi-
cators, information was available mostly at municipal level, 
although for some sites, data was also accessible at individ-
ual level. When available, the diagnosis of relevant health 

Exposure assessment of people living close to an ICS was 
conducted only in 39 sites, less than half of those sur-
veyed (42%), and, when available, focused mainly on gen-
eral population (82.1%) followed by children (53.8%) 
and workers (38.5%). Two other cases focused on home-
less people and on the age group 20-44 years, respectively. 
The main categories of contaminants monitored in the in-
formed exposure assessments were heavy metals (71.8%), 
those encountered in ambient air, mainly particulate mat-
ter (56.4%), sulphur (41%) and nitrogen oxide (35.9%), 
chlorinated hydrocarbons (35.9%) and BTEX (35.9%). 

Table 2 shows the reported indicators applied for charac-
terising the exposure in the ICSs included in this survey. 
Environmental sampling together with distance of resi-
dence to the industrial activity in each site were the two 
most frequent approaches. More precise methods, such as 
the use of dispersion modelling, biomonitoring or personal 
exposure measurements, were also applied, but in a lower 
number of sites. A very similar proportion among existing 
methods for exposure assessment was identified in two re-
cent literature reviews. The first one focused on data avail-
ability in surveillance studies conducted by Martin-Olme-
do et al. (2018),16 and the other more specifically centred 
on methods for exposure assessments used in epidemio-
logical studies conducted by Hoek et al. (2018),17 both of 

expoSuRe aSSeSSMenT indicaToR no. %*

Distance of residence to ICS 21 54

Environmental sampling 28 72

Dispersion models plus environmental sampling 19 49

Personal exposure measurements (e.g., dosimeters) 7 18

Human biomonitoring 18 46

SofTwaRe uSed in Modelling no. TiMeS 
MenTioned

Atmospheric dispersion modelling 5

RISC5 3

Visual MODFLOW 1

INTEGRA platform 1

Box model 1

CLEA 1

Stata 1

AIVIRO 1

IEUBK model 1

* Percentage were calculated over the total number of declared exposure assessments (No. 
39) / Percentuale calcolata sul numero totale dichiarato di valutazioni dell’esposizione (n. 39). 

Table 2. Reported number of sites and environmental exposure assessment 
indicators, and type of dispersion models applied.
Tabella 2. Numero riportato di siti e di indicatori per la valutazione dell’esposi-
zione ambientale e tipologia di modello di dispersione applicato.

MoRTaliTY daTa MoRbidiTY daTa

Data availability No. %
over 81

No. % 
over 81

Yes 24 29.6 17 21.0

No 30 37.0 35 43.2

DN/DA 27 33.0 29 35.8

Smallest level 
for data availability

No. % 
over 24

No. %
over 17

Municipality 14 58.3 7 41.2

District 1 4.2 0 0.0

Individual level 6 25.0 6 35.3

DA 1 4.2 1 5.9

Other 2 8.3 3 17.7

Diagnosis 
(death or illness)

No. % 
over 24

No. %
over 17

Yes 20 83.3 16 94.1

No 2 8.3 0 0.0

DN/DA 2 8.3 1 5.9

Population 
characteristics 

No. % 
over 24

No. %
over 17

Gender 23 95.8 16 94.1

Age 22 91.7 16 94.1

Place of birth 14 58.3 12 70.6

Place of residence 17 70.8 13 76.5

Place of death 13 54.2 9 52.9

SEP 8 33.3 8 47.1

Individual address 9 37.5 8 47.1

DN: do not know / non so
DA: do not answer / nessuna risposta
SEP: socioconomic position / livello socioeconomico

Table 3. Reported number of sites and mortality and morbidity data availability
Tabella 3. Numero riportato di siti e disponibilità di dati di mortalità e morbilità.
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outcomes (cause of death or disease) was reported for near-
ly all the sites (94% for mortality and 83% for morbidity 
data), with information stratified by age and gender, be-
tween 70% and 52% by places of birth, death or residence, 
and for one third of sites by socioeconomic position or in-
dividual address. When asked about the presence of specif-
ic disease registries, respondents reported that 36% of all 
sites were served by a cancer registry and 20% by any reg-
istry of congenital anomalies. 
Table 4 summarises characteristics about contaminants, 
exposure assessment, population under investigation, and 
health outcomes for the three main types of strategies 
adopted for characterising the health impact on health of 
ICSs: Human Health Risk Assessments (HHRA); Envi-
ronmental Epidemiology (EE) studies and Health Impact 
Assessments (HIA).

Human Health Risk Assessment is a procedure that al-
lows to estimate the nature and probability of occurrence 
of an adverse health effects in humans who may be ex-
posed to certain hazards (e.g., chemicals) in contaminated 
environmental media, in the past, now or in the future. 
HHRA involves combining a level of exposure dose to a 
given agent based on environmental monitoring data and 
biometric parameters, with toxicity benchmarks available, 
to calculate the excess lifetime cancer risks and non-cancer 
hazards (hazard quotient) for each of the exposure path-
ways and receptors identified.33,34 Environmental Epi-
demiological studies aim at identifying and quantifying 
the associations between exposure to environmental fac-
tors and the risk of health effects.35 EE studies are carried 

out by analysing the exposure and health events directly 
in the affected human populations. The most informative 
EE studies are those referred to as “analytical” studies, co-
hort or case-control studies, able to control for confound-
ing factors at individual level. Health Impact Assessment 
is defined by WHO as “a combination of procedures, 
methods, and tools by which a policy, program, or pro-
ject may be judged as to its potential effects on the health 
of a population, and the distribution of those effects with-
in the population”.36 One approach for the quantification 
of such impacts could be the HHRA approach based on 
toxicological dose-response functions. Another approach, 
many times called HIA itself, implies calculating the po-
tential impact fraction defined as the proportion of bur-
den of disease or injury that could be avoidable if current 
or future exposure levels to a risk factor or group of risk 
factors are reduced to hypothetical lower scenarios. This 
is a population-based approach, which aims at assessing 
changes in the specific studied population, using epide-
miological methods and evidences.34,37 
In the ICSHNet survey, the most extensively methodo-
logical approach used for characterising the potential im-
pact on health of ICSs was HHRA (Table 4), applied 
in one third of the sites (26 out of 81), epidemiological 
studies were conducted in 21, and HIA performed in 10. 
The higher prevalence of HHRA is well correlated with 
findings reported by Xiong et al. (2018).18 In their liter-
ature search, these authors revealed that 90% of the total 
identified published studies focused on the quantification 
of health impacts in ICSs conducted worldwide (No. 92) 
used HHRA, either by calculating the hazard quotient 

hhRa (no. 26) epideMiological STudieS (no. 21) hia (no. 10)

Main 
contaminants

Metals (81%)
PAH (59%)
POPS (46%)

Not applicable* Metals (50%)
PM (50 %)
BTEX & As (40%)

Exposure 
indicators

Environmental monitoring (73%)
Modelling (50%)
HBM (23%)

Residence (71%)
Environmental monitoring (52%)
Distance from the ICS (43%)
HBM (38%)

Environmental monitoring (70%)
Modelling (60%)
HBM (50 %)

Health 
outcomes

Cancer incidence (39%)
Others (31%)
Morbidity (23%)
Mortality (19%)

Morbidity (71%)
Mortality (62%)
Cancer incidence (57%)
Congenital anomalies (24%)

AC/AF (50%)
YPLL (30%)
DALYs (20%)

Population General population (73%)
Children (42%)
Workers (23%)
None (4%)

General population (86%)
Children (52%)
Workers (24%)
None (5 %)

General population (80%)
Children (50%)
Workers (10%)
Others (10%)

* This question was not included in the survey. / Domanda non inculsa nella survey. 
HHRA: human health risk assessment / valutazione del rischio sulla salute umana - HIA: health impact assessment / valutazione di impatto sulla salute - POPs: persistent organic pollutants / 
inquinanti organici persistenti - PAH: polycyclic aromatic hydrocarbons / idrocarburi policiclici aromatici - HBM: human biomonitoring / biomonitoraggio umano - PM: particulate matter (mainly 
PM10 and PM2.5) / particolato (sopratuttto PM10 e PM2,5) - AC/AF: attributable cases/attributable fraction / casi attribuibili/frazione attribuibile - YPLL: years of potential life lost / anni di vita 
potenzialmente persi - DALYS: disability adjusted life years / anni di vita vissuti con disabilità

Table 4. Characteristics about contaminants, exposure assessment, population under investigation, and health outcomes for the three main strategies adopted for 
characterising the health impact of ICS
Tabella 4. Caratteristiche dei contaminanti, della valutazione dell’esposizione, della popolazione considerata e degli outcome di salute per le tre strategie principali 
adottate per la caratterizzazione degli impatti sulla salute dei siti contaminati industriali.
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for non-cancer endpoints (25%) or by estimating the 
probability excess risk of cancer (65%). However, once 
again, an important percentage of participants in our sur-
vey were not sure about possible HHRA/epi studies or 
HIA conducted around the ICSs they were reporting for, 
showing the difficulties in accessibility to the informa-
tion in this field. It is important to highlight that in many 
ICSs worldwide, environmental departments (national or 
regional level) are normally responsible for conducting 
HHRA, particularly for categorising soils contamination 
level, but those reports are not easily accessible as they are 
often published in restricted databases.
According to the epidemiologic design to assess the extent 
of the exposure and associated risks, we observed a pre-
dominance of cross-sectional/descriptive studies, followed 
by ecological studies, case-control, and geographical stud-
ies (Table 4). De Sario et al. (2018)13 from a literature 
search capturing 655 studies on the health impact of ICSs 
on resident populations, similarly found that most of the 
studies were descriptive (32.5%), cross-sectional (16.3%) 
or narrative review (14.8%), while analytical studies - 
case-control and cohort studies (9.6% and 8.4%, respec-
tively) – were rarer and HBM were only 6.9%.
The main contaminants monitored both in the reported 
HHRA and HIA studies were heavy metals, polycyclic ar-
omatic hydrocarbons, and persistent organic pollutants 
(Table 4), but other contaminants especially considered 
under the HIA approach were arsenic, BTEX, and partic-
ulate matter measured in air. This finding is well correlated 
to the most extensive scientific evidence available for epi-
demiological dose-response function related to those pol-
lutants in air.23,24 The exposure indicators most broadly 
used in the identified HHRA and HIA were ad hoc en-
vironmental monitoring (73%), followed by modelling 
(50%), and human biomonitoring (23%), while for epide-
miological studies were residence (at individual or area lev-
el) (73%) and environmental monitoring (52%), followed 
by distance (43%) and human biomonitoring (38%).
The reported health outcomes differ according to the 
methodological approach adopted. Cause-specific mor-
tality and morbidity, and cancer incidence were the more 
reported outcomes (Table 4) while congenital anomalies 
were evaluated only when an epidemiological study de-
sign was applied, and years of potential life lost (YPLLs) 
and disability adjusted life years (DALYs) were specific of 
the HIA approach.
In the AQ, a specific section was dedicated to commu-
nication strategies. Survey respondents were asked about 
communication campaigns on risk issues in the reported 
ICSs. Survey findings show that almost half (47%) of re-
spondents were either not aware or did not know wheth-
er a risk communication campaign was ever undertaken 
on the industrial contaminated site of interest or wheth-

er stakeholders were involved in the development of the 
communications strategy. About two thirds of reported 
communication strategies focused on either environmen-
tal pollution only or environment pollution combined 
with health risk data. There were very few campaigns fo-
cusing solely on health risk data. Brochures, websites and 
research reports have been the main tools adopted. The 
main stakeholders involved in the community strategy 
were the public sector, voluntary organisations, popula-
tions living close to industrially contaminated sites, the 
public and the private sector.
At least 40% of survey respondents thought that there is 
underreporting of uncertainty in health risk estimates, in-
dependently of the stakeholder categories involved in the 
risk communication strategies. 

Addressing messages referring to control groups at risk 
is considered an important principle in risk communi-
cation, going beyond the mere provision of information 
(institutional trust and personal efficacy).38 “What could 
inhabitants - inspired by authorities and risk managers - 
practically do to prevent or reduce further personal exposure 
and protect from adverse health effects?” In our survey, 29 
cases (out of 81) included recommendations for action 
into the communication strategy, which could by classi-
fied into 4 types:
1 regulation and management (governance); e.g., opti-
mizing and tightening the legislation on open fires, de-
velopment of waste-water treatment plants;
2 Exposure reduction recommendation (households); e.g., 
children not to eat eggs, washing hands after gardening;
3 technological recommendations (industry); e.g., im-
plement new cleaner technologies, water-service compa-
nies had installed activated carbon filters in the water-
treatment plants;
4 monitoring and surveillance (science); e.g., epidemio-
logical surveillance of population living in an ICS, regu-
lar blood tests for anaemia in children.

final remarKs
This study has some limitations concerning aspects of 
representativeness of the surveyed areas within partici-
pating Countries and in terms of most relevant indus-
trial sectors. In this respect, it is important to emphasise 
that this survey was not aimed at identifying neither na-
tional priority sites, nor priority settings across Europe. 
No comparison among Countries was either intended or 
feasible. The ICSs included in the survey are examples 
proposed by participating Countries within the ICSH-
Net in order to get a first overview of the capacity to deal 
with ICS-related environmental public health issues in 
Europe. In fact, this is, to our knowledge, the first avail-
able international survey specifically addressing the avail-
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ability of environment, health and demographic data, as 
well as research tools and methodologies applied for char-
actering the impact on health in ICSs. This paper ena-
bles to evaluate the availability of key information, as well 
as needs and priorities among the surveyed ICSs in par-
ticipating Countries in terms of which issues and fields 
should be mainly addressed in the future. 
With the normal caution required by the reduce num-
ber of sites analysed in this survey, these findings sug-
gest certain variability across Countries in getting access 
to different type of data (environmental, health or popu-
lation data), that could be partially explained by the way 
each Country interpret the definition of ICS. The al-
ready mentioned lack of a common regulation for soil, 
and therefore in a common methodology for gathering 
data and assessing contamination levels of sites affected 
by industrial pollution, can contribute to such variabil-
ity and to the lack of information. Moreover, the report-
ed data are usually based on expert judgement, which in-
cludes a high degree of uncertainty.
On the bases of our results and those from the reviewed 
literature, it is possible to identify a preliminary list of ac-
tions and recommendations requested to improve the ca-
pabilities of dealing with environmental health issues in 
ICSs. Desirable improvements should concern a system-
atic collection and access to industrial emissions, environ-
mental, health, and demographic data in order to be able 
to characterize the multiple impacts on health from ICSs. 
This survey also shows that experts in specific fields are not 
sufficiently aware of the activities carried out by other sec-
tors, suggesting that national government should support 
the implementation of a strong interdisciplinary and in-
tersectoral approach, with greater cooperation and sharing 
of data and expertise between environmental and public 
health experts.
Environmental and exposure assessments should involve 
measuring key pollutants related to industrial emissions 
and of toxicological concern in all affected environmental 

media. In addition, further research should include meth-
ods for exploring exposure to mixtures of pollutants and 
their potential synergisms/antagonisms.39 On the other 
hand, accurate measurement of health outcomes should 
include breakdown of information for different groups, 
as these data will help to assess the impact, and imple-
ment preventive actions, on the behalf of vulnerable sub-
populations like children, workers, and socio-economic 
deprived communities. If the data are already available, 
then greater sharing and promotion of this data with en-
vironment and health researchers and public health ex-
perts and policy makers involved in ICS is required.
This survey highlights the priority need to build up and 
implement national health and environmental informa-
tion systems in contaminated areas so that they could feed 
programmes to monitor changes in exposure and health 
profiles of affected resident populations. Stronger efforts 
should be also addressed to integrate risk communication 
strategies as essential elements of any approach for char-
acterizing the impacts on health of ICSs. These strategies 
should be implemented at all stages of the process and in-
volve all potential affected stakeholders, putting emphasis 
on a better understanding of the results and its uncertain-
ties. The relationship between scientific research, informa-
tion, and political decisions is very complex and a greater 
sharing and promotion of information among interested 
stakeholders in ICSs is required. The most tangible output 
of this survey is the AQ that can be updated and used in 
contexts in which there is no information on environmen-
tal media and the health of the exposed population.
This Action Survey and the review of methods previous-
ly conducted within the ISCHNet are actually strongly 
interrelated allowing the identification of different ap-
proaches for characterising the impacts on health in ICSs 
that can fit to the data and resources available in ICS sce-
narios across Europe. This last goal is the aim of the Ac-
tion Guidance Document that is going to be jointly pub-
lished by WHO and COST Action.
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Authors are very grateful to all participants who take part in the survey, who are those in bold here above, plus: Silvia Toro Cárdenas (ES), Michele Santoro 
(IT), Carla Ancona (IT), Lucia Fazzo (IT), Ann Colles (BE), Andrej Ursic (SI), Dijana Djurovic (ME), Elena-Roxana Ardeleanu (RO), Enver Roshi (AL), Harri 
Helminen (FI), Sari Myllyoja (FI), Timo Kinnunen (FI), Visa Niittyniemi (FI), Petri Siiro (FI), Adam Hofer (HU), Hrönn Jörundsdóttir (IS), Lokman Hakan Tecer 
(TR), Lorand Ferencz (RO), Maja Colovic Daul (BA), Milada Eštóková (SK), Nabil Seyidov (AZ), Nataša Janev Holcer (HR), Nikolay Panayotov (BG), Spyros 
Karakitsios (EL), Sarah Dack (UK).

Epidemiol Prev 2019; 43 (4):238-248. doi: 10.19191/EP19.4.A02.069



248

www.epiprev.it

 anno 43 (4) luglio-agosto 2019

r a s s e g n e  e  a r t i c o l i

references 
1. Regulation (EC) No1272/2008 of the European Parliament and of the Council of 

16 December 2008 on classification, labelling and packaging of substances and 
mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and 
amending Regulation (EC) No1907/2006. OJ L 353, 31.12.2008, p. 1–1355

2. European Commission. Proposal for a Directive of the European Parliament and of 
the Council establishing a framework for the protection of soil and amending Di-
rective 2004/35/EC. COM/2006/0232 final - COD 2006/0086

3. Payá Pérez A, Rodríguez Eugenio N. Status of local soil contamination in Europe: 
Revision of the indicator “Progress in the management Contaminated Sites in Eu-
rope”, 2018, ISBN 978-92-79-80072-6.

4. European Environmental Agency (EEA). Industrial pollution in Europe. 2018. Avi-
lable from: https://www.eea.europa.eu/data-and-maps/indicators/industrial-pollu-
tion-in-europe/assessment-1

5. WHO. Public health impact of chemicals: knowns and unknowns. WHO Document 
Production Services, Geneva, 2016.

6. EEA. SOER 2015 – The European environment – state and outlook 2015. Synthesis 
report. Copenhagen: European Environment Agency, 2015. Available from: www.
eea.europa.eu/soer

7. Benedetti M, Iavarone I, Comba P. Cancer risk associated with residential proximity 
to industrial sites: a review. Arch Environ Health 2001;56(4):342-9.

8. Grant K, Goldizen FC, Sly PD, Brune MN, Neira M, van den Berg M, Norman RE. He-
alth consequences of exposure to e-waste: a systematic review. Lancet Glob Health 
2013;1(6):350-61. 

9. Kim J, Bang Y, Lee WJ. Living near nuclear power plants and thyroid cancer risk: A 
systematic review and meta-analysis. Environ Int 2016;87:42-8. 

10. Kihal-Talantikite W, Zmirou-Navier D, Padilla C, Deguen S. Systematic literature re-
view of reproductive outcome associated with residential proximity to polluted si-
tes. Int J Health Geogr 2017;16(1):20. 

11. Lin CK, Hung HY, Christiani DC, Forastiere F, Lin RT. Lung cancer mortality of resi-
dents living near petrochemical industrial complexes: a meta-analysis. Environ He-
alth 2017;16(1):101. 

12. Cortes-Ramirez J, Naish S, Sly PD, Jagals P. Mortality and morbidity in popula-
tions in the vicinity of coal mining: a systematic review. BMC Public Health 
2018;18(1):721. 

13. De Sario M, Pasetto R, Vecchi S, et al. A scoping review of the epidemiological me-
thods used to investigate the health effects of industrially contaminated sites. Epi-
demiol Prev 2018;42(5-6) Suppl1:59-68.

14. Pasetto R, Mattioli B, Marsili D. Environmental justice in industrially contaminated 
sites: a review of scientific evidence in the WHO European Region. Int J Environ Res 
Public Health 2019; 19;16(6).

15. Iavarone I, Pasetto R. ICSHNet. Environmental health challenges from industrial 
contamination. Epidemiol Prev 2018;42(5-6 Suppl1):5-7.

16. Martin-Olmedo P, Hams R, Santoro M, Ranzi A, Hoek G, de Hoogh K, Leonardi GS. 
Environmental and health data needed to develop national surveillance systems in 
industrially contaminated sites. Epidemiol Prev 2018;42(5-6) Suppl1):11-20.

17. Hoek G, Ranzi A, Alimehmeti I, et al. A review of exposure assessment methods for 
epidemiological studies of health effects related to industrially contaminated sites. 
Epidemiol Prev 2018; 42(5-6) Suppl1:21-36.

18. Xiong K, Kukec A, Rumrich IK, Rejc T, Pasetto R, Iavarone I, Hänninen O. Methods of 
health risk and impact assessment at industrially contaminated sites: a systematic 
review. Epidemiol Prev 2018; 42(5-6 Suppl1):49-58.

19. WHO – Regional Office for Europe. Contaminated sites and health. Report of two 
WHO workshops: Syracuse, Italy, 18 November 2011; Catania, Italy, 21-22 June 
2012. Copenhagen, 2013. 

20. Aphekom Project. http://aphekom.org/web/aphekom.org/home 
21. Van Liedekerke M. Guidelines for the collection of contaminated sites data through 

EIONET (Based on “Guidelines for EIONET data collection on contaminated sites 
2006”, ETC/TE), European Commission, Joint Research Centre, European Soil Data 
Centre, 2011.

22. Panagos P, Van Liedekerke M, Yigini Y, Montanarella L. Contaminated sites in Eu-
rope: review of the current situation based on data collected through a European 
network. J Environ Public Health 2013;2013:158764.

23. Brook RD, Rajagopalan S, Pope CA 3rd et al. Particulate matter air pollution and 
cardiovascular disease: An update to the scientific statement from the American 
Heart Association. Circulation 2010;121(21):2331-78.

24. Pope CA 3rd. Mortality effects of longer term exposures to fine particulate air 
pollution: review of recent epidemiological evidence. Inhal Toxicol 2007;19 Suppl 
1:33-8.

25. WHO. Ambient air pollution: A global assessment of exposure and burden of dise-
ase. WHO Document Production Services, Geneva, 2016.

26. Pascal M, Pascal L, Bidondo ML, et al. A review of the epidemiological methods 
used to investigate the health impacts of air pollution around major industrial are-
as. J Environ Public Health 2013;2013:737926.

27. Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 
on ambient air quality and cleaner air for Europe. OJ L 152, 11.6.2008, p. 1-44.

28. Directive 2004/107/EC of the European Parliament and of the Council of 15 De-
cember 2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic 
hydrocarbons in ambient air. OJ L 23, 26.1.2005, p. 3-16.

29. Directive 98/83/EC of 3 November 1998 on the quality of water intended for hu-
man consumption. OJ L 330, 5.12.1998, p. 32-54.

30. Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maxi-
mum levels for certain contaminants in foodstuffs. OJ L 364, 20.12.2006, p. 5-24.

31. Weber R, Bell L, Watson A, Petrlik J, Paun MC, Vijgen J. Assessment of pops conta-
minated sites and the need for stringent soil standards for food safety for the pro-
tection of human health. Environ Pollut 2019;249:703-15.

32. Li, Z., Jennings, A. Worldwide regulations of standard values of pesticides for hu-
man health risk control: a review. Int J Environ Res Public Health 2017;14(7):826

33. ATSDR. Public Health Assessment: guidance manual (update). Atlanta: U.S. De-
partment of Health and Human Services-Agency for Toxic Substances and Disease 
Registry, 2005

34. Martin-Olmedo P. and Mekel O. “Risk Assessment, Impact assessment and evalua-
tion”, in Assessment of Population Health Risks of Policies (Guliš, G., Mekel, O., 
Ádám, B., Cori, L. Eds.). Springer Science Business Media New York 2014, pp. 13- 
35. ISBN 978-1-4614-8597-1

35. Dean Baker, Mark Neuwenhuijsen. Environmental Epidemiology. Study, Methods, 
and Application. Oxford University Press, 2008

36. WHO. Health Impact Assessment. Main concepts and suggested approaches. Go-
thenburg Consensus Paper. December 1999.

37. Murray CJ, Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S. Comparative quantifi-
cation of health risks conceptual framework and methodological issues. Popul He-
alth Metr 2003;1(1):1

38. Huurne, EFJ, Gutteling J M. How to Trust? The Importance of Self-Efficacy and 
Social Trust in Public Responses to Industrial Risks. Journal of Risk Research 
2009;12(6):809-24.

39. Artacho-Cordón F, León J, Sáenz JM, Fernández MF, Martin-Olmedo P, Olea N, Arre-
bola JP. Contribution of Persistent Organic Pollutant Exposure to the Adipose Tissue 
Oxidative Microenvironment in an Adult Cohort: A Multipollutant Approach. Envi-
ron Sci Technol 2016;50 (24):13529-38. Epub 2016 Dec 5.

Epidemiol Prev 2019; 43 (4):238-248. doi: 10.19191/EP19.4.A02.069




