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        Table S1. Key characteristics of included studies identified through the structured literature review. 
 

Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

22 Sardinia, Italy: 18 
areas comprising 
of 73 
municipalities. 

Chemicals, 
petrochemicals, 
steel plant, 
metallurgic plant, 
waste disposal of 
industrial origin 
and mining 
industries.  

(2006) 

 

Previous studies had 
documented the areas to 
be contaminated by air 
sampling and modelling. 

Previous studies had 
documented the areas to 
be contaminated by 
water, and soil sampling 
and modelling, and by 
lead testing for wine. 

Residence of the case at 
time of diagnosis or 
death, within a 
geographic area of 
circular shape, identified 
based on industrial 
history of the area, with 
centre in the demographic 
centre of the same area 
and circle including at 
least 50 municipalities.  

Confounding by age 
(old/young ratio >64/<20 
years of age), 
socioeconomic 
characteristics (education, 
material deprivation, 
unemployment, 
overcrowding). 

 

Retrospective cohort 
study, mortality in the 
period 1981-2001. 
Comparison with Italian 
rates. 

Rates for mortality and 
hospital admissions for 
17 groups of causes 
including infectious, 
respiratory 
cardiovascular, liver, 
diabetes, neurological, 
and cancer.  
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Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

23 Russia: single 
town. 

Mining industry. 

(2003) 

Air samples were taken at 
various locations and 
intervals. 

Soil, precipitation, dust, 
vegetation, agricultural 
products were tested at 
numerous settings 
including residential 
gardens and school 
playgrounds.  

The population from the 
town local to the site was 
included, although no 
information was given 
about the demographics 
of this population and 
how they were exposure 
other than living in the 
vicinity of the site which 
was not defined. 

Follow-up occurred in 
two stages, 1972-1989 
and after 1989. 
Exposure had been 
ongoing since 1898. 

Descriptive study. No 
statistical analysis 
shown. 

Routine sources of 
health data including 
disease specific 
morbidity registers  

Various morbidity and 
mortality disease 
specific rates including 
respiratory diseases, 
endocrine diseases, and 
cancers (lung, stomach, 
lymphatic and blood 
forming tissues). 

24 UK: single town. 

Metallurgic plant. 

(2000) 

Exposure through 
inhalation was suggested 
as a possible route of 
exposure although air 
monitoring was not 
performed. 

Soil was sampled across 
the former factory site 
and surrounding areas for 
contamination.  

Concentric rings around 
the central point of the 
site were created starting 
at 2 km, then every 1km 
until 10 km from the 
central point. 
Women giving birth 
residing in these areas 
were followed up. 

 

Ecological design.  

Health data recorded 
for the period 
1982-1989. 

Analysis: RR by rings 
obtained by Possion 
regression. 

Congenital 
abnormalities (CAs) 
drown from local 
register of CAs. 
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Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

25 Australia: single 
town.  

Chemical industry.  

(2005) 

Source of inhalation and 
ingestion were both based 
on the presumed 
distribution of past dioxin 
concentration and 
postulated routes of 
exposure.  

Source of inhalation and 
ingestion were both based 
on the presumed 
distribution of past dioxin 
concentration and 
postulated routes of 
exposure. 

Distance from the site 
was used as a proxy to 
exposure. 
11.800 individuals 
residing in 20 census 
collector districts within 
1.5 km of the site during 
the 30-year study period. 

Ecological design 

Up to 30-year follow-
up following closure of 
factory site, exposure 
prior to closure of site 
will vary. 

Analysis: age-sex 
standardised incidence 
ratios and mortality 
ratios for all cancers, 
lung and bronchus 
carcinoma and 
haematopoietic cancers. 

Cases of cancer 
incidence and mortality 
for cancer provided by 
Regional cancer registry 
and census. 

 

26 Russia: single 
town. 

Chemical industry. 

(2001) 

Air quality was 
monitoring when the 
plant was operating at 
20% capacity, this was 
then extrapolated to full 
capacity.  

Soil and drinking water 
sources were sampled.  

Distance from the site 
was used as a proxy to 
exposure. 
The whole town 
surrounding the site was 
included (population: 
83,000).  

Ecological study. 

Health outcomes were 
considered from 1990 
onwards. No specific 
information was 
provided about the 
length of exposure of 
individuals however the 
chemical plant had been 
operating for several 

Disease specific rates of 
morbidity and mortality 
including cancer risk, 
reproductive health 
status and congenital 
morphogenetic effects. 

Official medical 
statistics, no further 
information given.  
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Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

decades at the point of 
investigation. 

Analysis: standardised 
mortality ratio and 
standardised incidence 
ration for several 
diseases including 
cancer. 

27 Finland: single 
town. 

Waste disposal of 
industrial origin.  

(2014) 

Indoor air quality was 
monitored.  

Soil samples and ground 
water were tested.  

Former residents on the 
site with sub analysis by 
ownership status and 
level of residence 
(ground floor versus 
others).  

Retrospective Cohort 
study. 

Follow-up started at the 
date of move to a house 
on the former site or on 
1st January 1976 
(whichever was later) 
and ended at 
emigration, death or on 
31st December 2011 
(whichever occurred 
first). Mean follow-up 
was 24.9 years in the 
exposed cohort. 

Analysis: standardised 

Incidence cases of 
cancer obtained from 
National cancer registry.  
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Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

incidence ratio of 
cancer, all sites and 
site-specific.   

 

28 Belgium, 
Denmark, France, 
Italy, UK: towns 
surrounding 20 
landfill sites in 14 
areas. 

Waste disposal of 
industrial origin.  

(2002) 

The study reports that 
“for the majority of sites 
some monitoring results 
of either leachate, ground 
water, surface water, or 
landfill gas were 
available”.  

The study reports that 
“for the majority of sites 
some monitoring results 
of either leachate, ground 
water, surface water, or 
landfill gas were 
available”. 

Distance from the site 
was used as a proxy to 
exposure. Population 
residing within 7 km of 
the site split by 0-3 km as 
a proximate zone and 3-7 
km as a distant zone. 

Multicentre case-
control study 

Health outcomes to 
occur before 31st 
December 1994 and 
after five years of 
operation of the landfill 
site among mothers 
who were resident in 
the study area. 

Analysis: odds ratios 
stratified by study area 
and year of birth and 
adjusted for maternal 
age and socioeconomic 
status using logistic 
regression models. 

 

Regional population 
based congenital 
malformations registers 
within the five EU 
Countries. Including 
register of prenatal 
health outcomes 
including reasons for 
terminations. 

Malformed live births, 
stillbirths, foetal deaths 
from 20 weeks of 
gestation, and 
termination of 
pregnancy following 
prenatal diagnosis. 
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Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

29 USA: single town. 

Chemical industry. 

(2007) 

Complaints from 
members of the public 
about strong odours and 
respiratory distress 
suggested inhalation as a 
potential route of 
exposure, although not air 
monitoring is explicitly 
mentioned. 

Monitoring of soil and 
groundwater for 
polycyclic aromatic 
hydrocarbons, and 
dioxins when activity at 
the site closed was 
conducted, followed by 
further soil sampling and 
analysis for dioxins, 
benzo(a)pyrene, arsenic, 
and lead. 

This was a follow-up 
study to a previous wider 
scale investigation. In this 
study, blood samples 
were taken from a smaller 
group of former site 
workers, their household 
members, and individuals 
who lived in the 
neighbourhood 
surrounding the site.  

Various interventions 
were put in place 
between 1995 and 
2004, which included 
relocating some 
households 
permanently. The 
follow-up period, 
therefore, varied among 
individuals but was 
greater than 5 years in 
all cases. 

Analysis: logistic 
regression (stepwise 
backward). 

Health status was 
determined by either 
self-report, cross 
checking medication 
prescribed for the 
conditions of interest or 
based on clinical 
findings during the 
study.  

Diabetes, hypertension, 
cancer prevalence, liver 
function indicators, and 
haematological 
parameters were 
considered as health 
outcomes. 

30 Italy: single town. 

Waste disposal of 
industrial origin.  

(2013) 

Sources of inhalation 
were part of a previous 
environmental 
monitoring programme 
referred to by this study 
but not expanded upon, 
combined with past land 
use. 

Sources of ingestion were 
part of a previous 
environmental 
monitoring programme 
referred to by this study 
but not expanded upon, 
combined with past land 
use. 

An area surrounding the 
site was identified as an 
area of interest due to 
evidence of the presence 
of organohalogen 
compounds in the 
groundwater. Residents 
from this area were 

Retrospective cohort 
study. 

Mortality for the period 
1994-2010 and cancer 
incidence for 1994-
2007, therefore, follow-
up ranged from zero to 
16 years, also reported 

Vital statistics including 
local health death 
registry and provincial 
cancer registry.  

Cancers of the stomach, 
colon, liver, lung, 
lymphatic system, non-
Hodgkin lymphoma, 
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Ref. Location and type 
of site* 

(year of study) 

Main route of exposure and source of 
environmental data 

Methods for 
characterising the 

exposure  

Study period 
Design and analysis 

Health outcomes and 
source of health data 

 Inhalation exposure Ingestion exposure  

assumed to be exposed.  as minimum of five 
years in sub analysis. 

Analysis: standardised 
mortality ratio and 
standardised incidence 
cancer ration. 

diseases of the 
respiratory system, acute 
respiratory disease, 
asthma, congenital 
malformations, perinatal 
morbidities. 
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   Table S2. Key characteristics of included studies proposed by the research team. 

 
Ref. Location and type 

of industrial activity*  
Main route of exposure 

and source of environmental data 
Methods for characterising 

the exposure and confounders 
Study period 

Design and analysis 
Health outcomes and 
source of health data 

31 Spain: any town situated 
less than 5 km far from any 
industrial polluting activity 
recorded under the 
European Pollutant 
Emission Register (EPER) 
or the European Pollutant 
Release and Transfer 
Register (E-PRTR). 

(2017) 

Indirect exposure measurements to 
carcinogens compounds released 
from industrial facilities in Spain, 
based on the emissions to air 
recorded in EPER and E-PRTR 
databases in the period 2007-2010. 

Distance of the centroids of 
population centres to the industrial 
pollutant sources, based on an 
isotropic model (homogeneous 
dispersion of pollutants around the 
source). No meteorological or 
topographical variables were taken 
into account. 

Confounders factors: population 
size, percentage of illiteracy, 
percentage of farmers, percentage 
of unemployed, average persons 
per household, and mean income as 
reported. 

Ecological design with 
exposure data from 
2007 to 2010. 

Analysis: RR of dying 
for cancer using mixed 
Poisson Regression 
models or Bayesian 
conditional 
autoregressive models. 

 

Mortality data drawn 
from the Spanish 
National Statistics 
Institute (NSI) 
corresponding to deaths 
due to 33 types of 
cancer from different 
periods of time. 

Adult population older 
than 18 years. 

 

 

32 Spain: 30 towns with 
≥75,000 inhabitants located 
in the influence area of 
1,271 industrial facilities 
recorded in the EPER and 
E-PRTR databases 

(2016) 

Indirect exposure measurement to 
pollutants released from 1,271 
industrial facilities that reported 
emissions to air in 2009, classified 
into one of the 25 categories of 
industrial groups listed in the EPES 
and E-PRTR databases. 

Proximity between industrial 
facilities and urban sites, according 
to three different criteria: 
1. Distances (5, 4, 3, and 2 km); 
2. Category of industrial groups; 
3. Groups of carcinogens (IARC 
classification) and other toxic 

Population-based case-
control study. 

Health outcomes were 
considered from 1996-
2011 for some regions, 
and between 2000-2011 
for others. 

Cases were incident 
cases of rare tumours in 
children (0-14 y), 
gathered from the 
Spanish registry of 
Childhood tumours. 
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Ref. Location and type 
of industrial activity*  

Main route of exposure 
and source of environmental data 

Methods for characterising 
the exposure and confounders 

Study period 
Design and analysis 

Health outcomes and 
source of health data 

Reference to release to water from 
industrial facilities recorded under 
the EPES and E-PRTR databases is 
mentioned, but not direct 
measurements were conducted. 

substances released by the industry. 

Home address of cases were 
geocoded at the moment of 
diagnosis, and the home address of 
mothers at birth for controls. 

Analysis: odd ratios and 
95% confident intervals 
according to different 
distances to the sources. 

6 controls/case were 
selected by simple 
random sampling from 
among all live births 
registered in the Birth 
Registry of the Spanish 
National Institute of 
Statistics for the period 
1996-2011. 

 

33 Spain: 8,098 municipalities 
located in the influences 
area of 2,458 industrial 
facilities included in the 
EPER database provided by 
the Spanish Ministry for 
Agriculture, Food and 
Environment (MAGRAMA 
2012). 

(2013)  

Indirect exposure measurement to 
pollutants released from 2,458 
industrial facilities that reported 
emissions to air, classified into one 
of the 24 categories of industrial 
groups listed in the EPES and E-
PRTR databases as high polluting. 

 

Proximity between industrial 
facilities and municipality 
administrative centroids, according 
to the following criteria: 1) Non-
exposed: municipality with no 
industries within a 3.5-km radius; 
2) Exposed to other activities not 
included in the 24 selected 
categories within a 3.5-km radius; 
3) Exposed: municipality with at 
least one industry of the selected 
polluting activities within a 3.5-km 
radius. 

 

Ecological design using 
data between 2004 and 
2008. 

Analysis: hierarchical 
Bayesian models. 

Several adverse birth 
outcomes all single live 
births registered in the 
country between 2004 
and 2008 drawn from 
the Spanish National 
Institute for Statistics. 

Individual 
sociodemographic and 
sanitary information was 
also included. 
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Ref. Location and type 
of industrial activity*  

Main route of exposure 
and source of environmental data 

Methods for characterising 
the exposure and confounders 

Study period 
Design and analysis 

Health outcomes and 
source of health data 

34 Italy: 13 ICSs characterized 
by the following industrial 
activities: chemicals, 
petrochemicals and/or 
refineries, steel plants, 
power plants, harbour 
areas, asbestos or other 
mineral fibres, landfills, 
and incinerators. 

(2017) 

 

No direct environmental 
monitoring. 

Assumptions on the contaminants 
present in each site according to a 
prioritisation national list of ICSs 
defined by Ministerial decrees, 
which provide information about 
ICS boundaries (constituted by one 
or several municipalities). 

 

Exposed population = residence in 
the ICS boundaries. 

Non-exposed population: residence 
in the whole reference area covered 
by the congenital anomalies (CAs) 
registries related to each one of the 
13 ICSs. 

No confounders factors were 
included. 

Ecological study with 
health data covering the 
period ranged from 
1992 to 2012. 
Analysis: 
observed/expected 
ratios (O/E) with 90% 
confidence intervals 
(CI) for the total and 
specific subgroups of 
CAs were calculated 
using the regional areas 
as references. 

7 subgroups of CAs. 

O/E with 90%CI for the 
total and specific 
subgroups of CAs were 
calculated using the 
regional areas as 
references. Expected 
cases were calculated 
using the prevalence in 
the total area covered by 
the corresponding CA 
registry. 

35 France: the Provence-
Alpes-Côte-d’Azur region, 
comprising 29 
administrative districts, 
which represent in total 
399,962 inhabitants 

Chemical industry, oil 
refining, petrochemical 
industry, incinerators, port 
for ore and oil tankers 

(2013) 

Continuous monitoring systems for 
sulphur dioxide (SO2) 
concentrations as a proxy for 
industrial emissions, provided by 
the local Air Quality Network. 

 

Coupling of dispersion model 
(ADMS4), a meteorological model 
and kriging to assess the SO2 level. 

Confounding factors: the 
socioeconomic status estimated by 
the index of Townsend and the 
proportion of male workers in the 
working population. 

Ecological design with 
health data covering the 
period ranged from 
2004 to 2007. 

Analysis: Poisson 
regression models. 

Hospitalizations for 
cancer, cardiovascular, 
and respiratory diseases 
drawn from national 
hospitalization database 
held by the French 
programme for hospital 
information system. 
Covariates obtained 
from the French 
National Institute for 
Statistics and Economic 
studies. 
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Ref. Location and type 
of industrial activity*  

Main route of exposure 
and source of environmental data 

Methods for characterising 
the exposure and confounders 

Study period 
Design and analysis 

Health outcomes and 
source of health data 

36 Italy: 3.5 km radius circle 
around two incinerators 
located near the town of 
Forlí (107,827 inhabitants 
in 2001). 

(2011) 

 

Indicator for exposure to 
atmospheric pollution was 
conducted using modelled 
concentration maps of heavy metals 
(annual average); exposure to other 
polluting sources was estimated 
with concentration maps of nitrogen 
dioxide (NO2). 

Several ad-hoc monitoring 
campaigns were conducted to adjust 
modelled concentration maps. 

 

Modelled concentration maps 
(Atmospheric Dispersion Model 
System) of heavy metals and NO2 
together with geo-coded addresses 
of subjects who were residents in 
the study area in 01.01.1990, or 
subsequently became residents up 
to 31.12.2003. 

Confounding factors: a composite 
indicator of socioeconomic 
position based on education, 
employment, housing conditions, 
and family composition. 

Retrospective 
longitudinal study. 

Environmental data was 
recorded from 1997-
2000, while health 
outcome and 
information about 
confounders from 1990-
2003. 

Analysis: Poisson 
regression models. 

Health outcomes were 
obtained from the 
regional mortality 
register, cancer registry, 
and hospital admissions 
databases.  

Confounding factors: 
retrieved from census 
data from 2001. 

37 France: four administrative 
departments comprising a 
total of 2,270 block groups, 
each one with relatively 
homogenous population of 
approximately 2,000 
inhabitants. 

Municipal solid waste 
incinerators (MSWI). 

(2008) 

Data from emissions to air of 
dioxins from the 13 MSWI in the 
study area was revised with the 
support of local public authorities 
for technical advice. A consensus 
approach (Delphi method) with 
experts was conducted to provide 
an estimate of the concentration for 
each pollutant, which were then 
transformed into emission flow 
rates (in ng/s or mg/s). 

Atmospheric Dispersion Model 
System for estimating immissions 
in the surroundings (from 5 to 20 
km) of MSWI, as proxies for 
annual ambient air concentrations 
of dioxins in each block group. 
Geo-coded address was assigned to 
each case resident in the study area. 

Confounding factors: population 
density, urbanisation, socio-
economic level, airborne traffic 
pollution, and industrial pollution. 

Health data was 
recorded for the period 
1990-1999. 

Analysis: standardised 
incidence ratio. 

Subject aged 15 years 
and over, who had been 
diagnosed of non-
Hodgkin’s lymphoma 
(NHL) during the period 
1990–1999, and were 
living in the study area 
at the time of diagnosis. 
Data were drowned 
from Cancer registries. 
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Ref. Location and type 
of industrial activity*  

Main route of exposure 
and source of environmental data 

Methods for characterising 
the exposure and confounders 

Study period 
Design and analysis 

Health outcomes and 
source of health data 

38 Italy: the study area 
comprises 4-km radius 
around each of the 8 
incinerators operating in the 
Emilia-Romagna region 
(Northern Italy). 

(2013) 

Indicator for exposure to pollution 
due to incinerators were constructed 
using dispersion models 
constructed using continuous 
monitoring systems for PM10. 

Exposure to all other sources was 
estimated with dispersion models of 
nitrogen dioxide (NO2) due to 
traffic, heating, industry and 
agricultural activities. 

 

Monthly modelling estimations 
(ADMS-Urban system dispersion 
models) of PM10 and NOx over the 
9 months of pregnancy were 
assigned to mothers who were 
residents in the study area at the 
time of delivery. All addresses were 
geocoded. 

Covariates: maternal age, country 
of origin, educational level 
(considered an indicator of 
socioeconomic status [SES]), new-
born birth order, and sex. From 
2007 onwards, it was also included 
an area-based deprivation index 
(census block of residence) as a 
further SES indicator, and 
information on smoking patterns 
and previous maternal morbidity. 

Cohort study design on 
pregnancies, using data 
between 2003 and 
2010. 

 

Analysis: logistic 
regression models, 
adjusting for exposure 
to other pollution 
sources, and maternal 
covariates. 

Several reproductive 
outcomes obtain from 
the Regional database of 
the Delivery Certificate 
for all births. 
Information referring to 
dates of birth and 
mothers’ addresses were 
obtained from the 
municipal General 
Registry Offices in the 
study areas. 

Information about 
covariates was retrieved 
from the Delivery 
Certificates database, 
and the Hospital 
Discharges database. 

 


