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Several scientific papers and reviews published in the 
last few years have dealt with the health impact of resi-
dence in the neighborhood of industrial contaminated 
sites. The journal Annali dell’Istituto Superiore di Sanità 
has contributed to this exercise by publishing studies 
concerning contaminated areas both in Italy and abroad 
[1-11]. The purpose of the present Commentary is to 
examine one specific and to some extent controversial 
issue, that is the contribution of epidemiological sur-
veillance to the detection of certain or suspected causal 
agents amenable to preventive action.

In Europe, earlier industrialization and poor envi-
ronmental management practices have left a legacy of 
thousands of contaminated sites and the issue of con-
taminated sites has been included among the priorities 
of the Declaration of the Sixth Ministerial Conference 
on Environment and Health of the European Region of 
WHO [12].

Estimates of the overall health impact of contaminat-
ed sites in Europe are not yet available. Nevertheless, 
a series of documents provided by the COST Action 
Industrial Contaminated Sites and Health Network (a 
collaborative effort coordinated by the Istituto Supe-
riore di Sanità – ISS, that involved experts and practi-
tioners in the environmental and health fields of about 
30 countries in the years 2014-2018 www.icshnet.eu), 
reported some tools for the assessment of health risk 
and impact associated to single contaminated sites in-

cluding how to develop and feed communication strate-
gies. A compilation of reviews on the main approaches 
to study health risks and impacts from industrially con-
taminated sites resulting from the ICSHNet activities 
are documented within a collection of articles published 
in a special issue dedicated to “environmental health 
challenges from industrial contamination” [13, 14].

When considering both the available evidence of an 
ascertained health impact of contaminated sites on the 
population living in their surroundings and the aims 
and procedures of ad hoc epidemiological surveillance 
programs, a red thread connecting the two issues is un-
doubtedly represented by the search for cause-effect 
relationships.

There is consensus in the international scientific lit-
erature about the requirements that epidemiological 
studies should meet to corroborate or confute a specific 
etiological hypothesis concerning the association be-
tween environmental exposures and health outcomes, 
and the criteria for such evaluation have been defined. 
A comprehensive discussion of such issues is included 
within the latest edition of the preamble of the IARC 
monographs on the evaluation of carcinogenic risk to 
humans [15].

The availability of a body of epidemiological evidence 
in assessing causal hypotheses has been thoroughly 
debated. The heart of the matter is that the possibility 
that bias, confounding or misclassification of exposure 
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Abstract
The search for cause-effect relationships is a central aspect of epidemiological surveil-
lance programs applied to populations living close to contaminated sites. Here are de-
scribed needs for assessing causality in using different epidemiological study designs in 
association with the aim of promoting environmental public health, where uncertainties 
should be considered under a precautionary driven approach.
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and outcome that could explain the observed associa-
tion should be ruled out with reasonable confidence. 
This generally implies that the epidemiological evidence 
be based on analytical studies adopting a cohort, case-
control or other study designs with direct observation of 
the individual study subjects, rather than on geographic 
studies where the unit of observation is represented 
by spatially aggregated data [16]. Nevertheless, in the 
context of contaminated sites, optimal study designs 
for contributing to assessing causality are often infea-
sible due to scarce resources in economic, technical and 
temporal terms. In fact, analytical epidemiological stud-
ies are quite complex, generally designed to respond to 
single specific research questions, require years to be 
finished and are always expensive.

Epidemiological study models applied in contami-
nated sites are often based on descriptive approaches 
mostly useful for generating hypotheses, while analytic 
studies are mainly used for testing hypotheses, though 
each type of study can be used for both purposes [17].

Some study designs applicable in contaminated sites 
can potentially be used for epidemiological surveillance, 
that is, the capacity to assess the evolution of health 
risk and impact over time. Such models are principally 
based on cross-sectional area-based designs, while the 
best option among analytical designs is essentially based 
on a (residential) cohort approach that can be eventu-
ally modelled by combining different designs (e.g., with 
a nested biomonitoring study for a fine-grained evalua-
tion of chemical exposure, if appropriate) [4, 14].

The key points to be considered in deciding on epide-
miological study designs and their potential application 
to a given contaminated site are the following:
• the need to set goals before selecting the study de-
sign. This point, apparently obvious, is not always ful-
filled since it is not rare to see chosen a study design 
before setting the goals because of previous knowledge 
and confidence with that design;
• the need to assess the feasibility of the study design in 
a given context;
• the validity of exposure assessment, considering that 
it is essential in weighing the value of results, in particu-
lar, if the study is chosen to verify a given hypothesis;
• the fact that “before initiating a new epidemiological 
study in a contaminated site, it is important to be cer-
tain that the expected goals are attainable and that the 
research itself will support – rather than interfere with 
– pursuit of needed public health actions” [18];
• the fact that “where data systems are in place, risk 
assessment combined with epidemiological surveillance 
may often be the most efficient, informative response to 
the exposure event in a contaminated site” [18].

As described above, the most common study design 
adopted in contaminated sites is represented by the 
analysis of current health information systems or data 
from pathology registries (e.g., cancer registries), often 
based on aggregated data (geographic or micro-geo-
graphic approaches).

In Italy, for example, an epidemiological surveillance 
project (Progetto SENTIERI) is being applied to moni-
tor cause-specific mortality and hospitalization, cancer 
incidence and prevalence of malformations at birth in 

46 among the main Italian sites of interest for remedia-
tion activities (almost all of them, with few exemptions 
mainly due to feasibility aspects) [19, 20]. 

In this frame, it should be stressed that in SENTIERI 
both environmental and health data are aggregated at 
the municipality level (around 310 out of a total of about 
8,000 in Italy at large). Municipalities are characterized 
in terms of the presence/absence of the main sources of 
contaminants. For some contaminated sites, health out-
comes are defined considering priority index contami-
nants identified through data and information collection 
on contamination, followed by an indepth analysis of in-
trinsic toxicological profiles of single contaminants and 
the likelihood of exposure for the population [20].

Some authors have criticized the geographic epide-
miological study design adopted in SENTIERI, stating 
that “Establishing causal links between specific environ-
mental exposures and complex, multifactorial diseases 
and conditions is a challenging endeavor and requires 
stronger evidence than the one provided by studies 
based on aggregated data” [21].

Soskolne, et al. [22] have criticized this last paper 
speaking of research financially supported by special 
interests as a common and worrisome practice.

Since, in this frame, we are dealing with epistemo-
logical, not deontological, issues, it seems appropriate 
to refer to the underlying selected study design in terms 
of the methodology of scientific research.

Some authors suggest adopting a consequential epide-
miological approach that extends beyond etiologic stud-
ies to test and document solutions [23]. Galea [24] stated 
that the purpose of epidemiology has to do with health 
organization and disease reduction, where methods are 
tools convenient only insofar as they help us get there. 
Brownson, et al. [25] had previously raised the point that 
the natural observation unit is made not at the individual 
level but rather at multiple levels of an ecologic frame-
work. This last point perfectly fits with the contribution 
of epidemiological surveillance based on aggregate data 
to causal inference: “Epidemiological surveillance should 
integrate general systems of observation at macro-area 
level with particular systems of observation at local lev-
el... Regulatory guidelines and adequate financial sup-
port would make possible the implementation of cohort 
or other analytical studies apt to pursue the epidemio-
logical characterization of a given area” [26].

Epidemiological evidence generated by health infor-
mation systems available at different levels of geographic 
aggregation may contribute to detecting causal links in 
the frame of an integrated multidisciplinary approach. 
The “epidemiological characterization” of a given con-
taminated area resulting from the application of differ-
ent study models is apt to assess causal links at a local 
level and can be seen as analogous to “triangulation” in 
aetiological epidemiology, that is the practice of obtain-
ing more reliable answers to research questions through 
integrating results from several different approaches, 
where each approach has different key sources of poten-
tial bias that are unrelated to each other [27].

For the evaluation of causal links, the gold standard 
remains the aforementioned IARC Monograph para-
digm. In particular settings, geographic epidemiologi-
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cal methods and case series can constitute sufficient 
evidence of cancer risk in humans, as it was for fluo-
roedenite, the asbestiform fibre naturally occurring in 
soils at the slopes of the Etna Volcano in Sicily initially 
reported by ISS (see Bruno, et al. 2017 for a thorough 
reconstruction of the whole issue) and subsequently 
recognized by IARC as carcinogenic to humans with 
sufficient evidence [28].

The publication of the WHO Report “Urban redevel-
opment of contaminated sites” [29] has recently con-
tributed to the increase in collective awareness about 
the relevance of the health impact of contaminated 
sites in Europe and the need to develop appropriate 
strategies of monitoring and intervention. Among the 
key messages, it is important to translate scientific evi-
dence into practical action and provide competent au-
thorities with financial resources and operational tools 
to evaluate the success (in terms of health) of remedia-
tion interventions.

Epidemiological surveillance may thus contribute to 
priority setting for prevention and health promotion, 
assessment of the decreased occurrence of diseases re-
garded as being of etiological interest (based on a priori 
knowledge), with a specific focus on vulnerable subpop-
ulations [19, 20].

Geographic epidemiological studies, conducted in 
the context of a permanent updating of environmental 
characterization of the contaminated sites, have the po-
tential to indicate both preventive action of ascertained 
effectiveness and, in front of uncertainties, interventions 
justified in terms of the precautionary principle. Adopt-
ing a precautionary-driven approach is of great interest 
considering promoting public health in contaminated 
sites, especially in those areas where polluting industri-
al activities have operated for decades. In these places, 
whatever study design recently implemented would be 
unable to assess causal links without any uncertainties. 
Nevertheless, in such sites, the final aims of epidemio-
logical studies from a public health perspective should 
be to promote actions to prevent future risks, that is, 
considering partial and uncertain evidence on observed 
past and present risks as signals (i.e., facts) when giving 
recommendations for interventions. 

Another final aspect being highlighted is that epide-
miological surveillance studies and systems, if appropri-
ately designed, can be used not only for assessing the 
risks and impacts associated with contamination but 
also for considering issues arising from an environmen-
tal justice perspective [30]. 

Communities living where polluting human activities 
are located often show disadvantages associated with 
exposure to noxious environmental contaminants and 
socioeconomic deprivation [31]. For such communi-
ties, there is a need to assess inequalities and inequities 
associated with contaminated sites in terms of distribu-
tive and procedural injustice [32]. National assessments 
based on country surveillance systems like SENTIERI, 
can thus be designed to assess the presence of distribu-
tive injustices at a country level and by geographical 
macro-area. This means identifying communities close 
to contaminated sites where the potential exposure to 
harmful contaminants is combined with the presence 
of socioeconomic deprivation and with health profiles 
showing higher than expected observed risks [33]. The 
primary aim of such efforts is thus not to assess causal 
links between environmental exposure, socioeconomic 
deprivation and health profiles, but to identify the com-
munities with an overburden of fragilities, while local 
surveillance systems can be developed to assess the con-
tribution of different factors to health risks thus allow-
ing specific actions to reduce them.

In different contexts, e.g., toxic torts litigations or 
criminal prosecution, the aim may be to pursue the 
identification of causal links, respectively “more likely 
than not” and “beyond any reasonable doubt”. This may 
occur in some particular settings. For public health 
goals, though, the priority is to throw light on complex 
causal webs with the aim of reducing the likelihood of 
occurrence of environmentally-related adverse health 
effects with different degrees of credibility.
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