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The aim of this observational study was to assess the relationship between environmental risk factors and some aspects of social
economic status (SES) of the population in different Italian municipalities. Nitrogen dioxide (NO,) and particulate matter (PM,,)
annual means were extracted from ISPRA-BRACE (environmental information system of 483 Italian municipalities, 6% of the
total amount of administrative units) from 2002 to 2012. As an indicator of sociodemographic and SES data, we collected the
following: resident population, foreign nationality, low level of education, unemployment, nonhome ownership, single-parent
family, and overcrowding. Low educational level, unemployment, and lack of home ownership were indirectly associated with the
higher mean values of NO, at the statistically significant level (p < 0.05). Major resident population and rental housing percentage
determined higher levels of PM; . Northern regions showed similar results compared to the national level, with the exception of
foreign residency that showed direct correlation with the increase of PM,o. The central regions showed a direct relationship
between NO, and PM levels and higher educational levels and between NO, levels and percentage of single-parent family. In the
southern areas, higher NO, levels were correlated with a higher rental housing percentage, as well as higher PM;, levels with a
higher percentage of unemployment and lower housing density. The study shows high heterogeneity in the findings but confirms
the relationship between high educational level and employment with the increased concentration of pollutants. The higher rental
housing percentage may increase the pollutants’ levels too. The housing density does not seem to be in relationship with NO, and
PM at the national level. The analysis stratified by geographical areas showed that the direction of the correlations was different
over time as the analysis was at a national level. The study represents an example of how data from national information systems
can provide a preliminary evaluation and be a comparative tool for policy-makers to assess environmental risk factors and
social inequalities.

ozone (O3), nitrogen dioxide (NO,), and sulfur (SO,) [1].
The present study focused on two of these substances,
i.e., PM and NO.,.

Air pollution, both indoors and outdoors, is caused by
contamination by chemical, physical, or biological agents
that modify the natural characteristics of the atmosphere.

Primary pollutants are released into the atmosphere
from a specific source (such as powders); secondary pol-
lutants are the result of a modification (such as ozone). In
particular, primary pollutants derive from human activities
or from natural sources.

Primary and secondary pollutants of major public health
interest are particulate matter (PM), carbon monoxide (CO),

The PM, due to its physiological and toxicological
characteristics, is considered one of the most important
pollutants. It is a suspension in the air of solids and liquids
with a variable size distribution based on the emission
sources. The size of the particles (10 or 2.5 microns of di-
ameter, PM;y and PM, 5) reflects the toxicological proper-
ties, the depth of penetration and deposition in the airways.
The chemical composition is an issue of particular health
importance; in fact in the PM, polyaromatic hydrocarbons
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and metals do exist, whose carcinogenicity is certain or
probable.

NO, is a toxic gas, irritant for mucous membranes. It is
responsible for respiratory diseases (bronchitis, allergies,
and irritations). NO, derives both from natural sources
(bacteria, volcanoes, and lightning) and from anthropogenic
sources (thermoelectric power stations, domestic heating,
and petrol and diesel vehicles).

Despite the general reduction in emissions of air pol-
lutants in recent decades, the concentrations are still high
and air-quality problems are persistent particularly in urban
areas [2].

Epidemiological studies document the harmful effects on
human health in the short and long terms; there is a direct
correlation between exposure to these risk factors and
pathological processes of different nature and intensities
[3-7].

In recent years, evidence has focused on vulnerable
populations, such as elderly populations, children, patients
with disabilities, and disadvantaged socioeconomic classes
[8-18]. Health inequalities are unjust differences that de-
termine lack of fairness in health.

In the United States, a bipartisan coalition of aca-
demics, researchers, and political activists, called the
Congressional Black Caucus, demonstrated that racial
minorities and low-income populations were exposed to a
higher environmental risk than the general population [19].
Further studies have documented that poorest population
tends to concentrate in areas with higher levels of pollution
[10, 19-23].

Other surveys have confirmed that the most polluting
companies and waste management plants are often located
in more deprived residential areas, where green areas are
often lacking or not fully accessible [24-28].

Although the literature suggests that increased exposure
to pollutants is associated with the ethnicity and socio-
economic status of individuals, many of these studies are
limited to population living near monitoring networks.
Furthermore, associations are often complex and difficult to
refute.

In order to specifically target welfare policies and apply
the most appropriate measures to mitigate health in-
equalities, geographical models are particularly interesting;
they explain how these determinants are distributed
throughout the country and their temporal trends. These
aspects are not yet adequately assessed in Italy. Therefore,
the purpose of the present study is to carry out a preliminary
investigation on the possible relations between PM;, and
NO, atmospheric pollution and some of the main charac-
teristics of socioeconomic status (SES) of the population in a
subset of Italian municipalities.

2. Materials and Methods

2.1. Data Collection. The observational study used the
monitoring stations as statistical units; the stations were
considered at a national level and for single municipalities.

Data from each control unit and relative municipality
have been collected:
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(1) Air pollution
(ii) Socioeconomic characteristics

(iii) Demographic characteristics

All the control units that had at least one year of data from
2002 to 2012 were collected for all macro-areas (Table 1).

A database was created in the Excel format, containing
all the parameters of the macro-areas available at the local
level. Data were imported into the statistical software SPSS
21.0 for analysis.

2.2. Data on the Macro-Area: “Atmospheric Pollution”.
PM,, and NO, concentrations have been considered as
indicators of air quality, detected in the network of moni-
toring stations located throughout the national territory, and
contained in the online database BRACE, an Information
System of the Italian Institute for Environmental Protection
and Research (Istituto Superiore per la Protezione e la
Ricerca Ambientale (ISPRA)) [28].

The following statistical parameters available per year and
per monitoring station in yg/m’ have been extrapolated from
raw data available at http://www.brace.sinanet.apat.it/web/
struttura.html?p_livello_1=3&p_main=web/sh_dg.inizio&
p_scroll=yes:

(i) Total average annual concentration

(ii) Annual concentration per station: for NO,, the data
are hourly, equal to 23 per day, about N = 8298 per
year; for PM;,, the data are daily, one per die, ap-
proximately N = 365 per year

The BRACE statistics report that the average parameter
is calculated when the annual series presents at least 50% of
the values uniformly distributed over the year [29].

Municipalities that have several monitoring stations in
their territory have been considered several times (Table 1).

2.3. Data on the Macro-Area: “Socioeconomic Characteristics”.
The socioeconomic characteristics (SE) were used for the
construction of the Synthetic Deprivation Index (IDS), as
provided by Caranci et al. [30].

The IDS was calculated as the sum of the standardized
indicators listed in the following:

(1) Low educational level: percentage of the population
with educational level equal to or less than the el-
ementary license (6 years)

(2) Unemployment: percentage of unemployed or job-
seeking active population

(3) Rented housing: percentage of rented dwellings as a
proxy for nonpossession of the dwelling

(4) Single-parent family: percentage of single-parent
families with cohabiting dependent children

(5) Housing density: number of occupants per 100 m* in
homes

These variables were collected in the census of 2001 at a
national level and aggregated by municipality.
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TaBLE 1: Description of sample size.

Macro- . No. of municipal No. .Of ar
. Region . monitoring
region districts .
stations
Emilia Romagna 57 111
Friuli Venezia Giulia 24 38
Liguria 21 56
Lombardy 86 116
Northern Ple.dmont 30 45
Trentino-South
20 30
Tyrol
Aosta Valley 6 10
Veneto 43 67
Total 287 473
Abruzzo 8 13
Latium 21 42
Marches 20 31
Central Tuscany 36 71
Umbria 8 21
Total 93 178
Basilicata 7 12
Calabria 7 9
Campania 6 20
Molise 6 11
Southern Puglia 26 61
Sardinia 26 65
Sicily 25 69
Total 103 247
Total 483 898

2.4. Data on the Macro-Area: “Demographic Characteristics”.
Population data were obtained from the online database
“Demo” of the National Institute of Statistics (ISTAT) [31].
In particular, demographic data were available at http://
demo.istat.it/ and extracted stratified for nationality: Italians
and foreign citizens.

The data collected at the municipality level refer to the
following:

(i) Italian resident population on December 31 of each
year. The resident population consists of Italian
citizens, with residence in the national territory, even
if temporarily absent.

(ii) Foreign citizens on December 31 of each year: non-
Italian citizens having their usual residence in Italy.

2.5. Statistical Analysis. In order to assess the relationship
between territorial distribution of NO, and PM,, concen-
trations and the social/material deprivation of the local
resident population, Pearson’s correlations (r) were
performed.

The relationship between the NO, and PM;, atmo-
spheric pollutants and social/material deprivation for the
years 2002 to 2012 was studied by applying linear regression
models. The concentration of pollutants was the dependent
variable. The following variables were considered
independent:

(i) IDS that includes the five indicators of social and
material deprivation

(ii) Number of resident population (Italian citizens)
(iii) Number of foreign citizens

(iv) Geographical area of the municipality (northern,
central, and southern regions)

Therefore, twelve regression models (one for each year)
were realized with the stepwise backward elimination
method with the level of significance at p <0.1.

The goodness of fit of the model was determined by
evaluating the R® coefficient. The multicollinearity was
checked using variance inflation factors (VIFs). The ho-
mogeneity of variance was checked using the scatterplot of
the residuals.

In addition, the IDS or the five components of depri-
vation were considered in the models separately in order to
avoid problems of collinearity. The model that showed the
highest R* value was chosen and reported in the present
article.

Finally, a comparison between the models at national
and local levels (northern, central, or southern regions) was
made (Table 1). For these groups, defined as macro-regions,
the same criteria of significance, analysis, and interpretation
were adopted in the national model.

The results of the statistical analyses have been sum-
marized in tables. The level of significance was set at
p<0.05.

3. Results

The number of monitoring stations of the study was 898,
which includes 483 municipalities. Table 1 shows the re-
gional frequency distribution.

The correlation coeflicients between IDS and its com-
ponents towards the annual average values of pollutants per
year are shown in Table 2.

The mean annual values of NO, are inversely correlated
with the percentage of low education (in all the years
considered) and unemployment rate (in 10 out of 11 years).
On the contrary, they are directly correlated with the per-
centage of rented housing and the percentage of single-
parent families (9 out of 11 years).

The annual average values of PM;, have similar corre-
lations with those of NO,: low level of education (in 9 out of
11 years), rented accommodation (in 9 out of 11 years), and
unemployment (in 6 out of 11 years), although there is
greater discontinuity in terms of significance. Furthermore,
the population density per 100 m? is inversely associated
with PM,, (in 5 out of 11 years).

Linear regression analysis of IDS showed R” values lower
than those of the five individual components. Table 3 shows
the results divided by year and by outcome of interest.

The percentage of individuals with a low level of edu-
cation (covariate referred to as “low education %”) have
negative coeflicients in all models for the NO, outcomes and
are statistically significant since 2006. Instead, for the PM,,,
the association with low educational level changes sign over
time and reaches significance in two years: it turns out to be
inverse in 2002 (8 = —0.454, p = 0.004) and direct from 2010
(B = 0.124, p = 0.020).
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The percentage of unemployment was significantly and
inversely associated with NO, in 9 out of 11 models. The
PM;, concentration showed the opposite of the report over
time and was statistically significant in four out of 11 models,
from 2005 to 2008, with negative values.

The percentage of “rented houses” were directly and
significantly associated with both the average values of NO,
and PM;,, respectively, in all and 9 out of 11 years
examined.

The covariate monoparenting families had an inverse
association with the two pollutants, but this relationship had
an inconsistent significance over time.

The independent variable housing density was directly
associated, but never significantly, with the annual average
value of NO,. It was also inversely associated with PM,,,
which was constantly statistically significant from 2009
onwards.

The resident population parameter had positive and
statistically significant coefficients (p <0.001) in nine out of
eleven models for the dependent variable NO,, while for
PM,, these coeflicients were statistically significant in all 11
years but with an inverse association in 4.

The covariate foreign citizens presented an inconstant
relation with both pollutants in terms of direction of the
association and statistical significance.

The R* of models, related to the NO,, ranged from 0.268
to 0.352, while for PM,, R* of models ranged from 0.110 to
0.233.

3.1. Comparison by Geographical Area

3.1.1. Northern Regions. Table 4 shows the results about
northern regions of Italy. Concerning the mean value of
NO,, statistically significant relationships were observed:

(i) Direct association with “rented housing” and “res-
ident population”

(ii) Indirect association with the “low level of education”
from 2007

The average concentration of PM;, results had statisti-
cally significant relationships too:

(i) Direct association with “rented housing” in 7 out of
11 years and “percentage of foreign citizens” in 9 out
of 11 years

(ii) Indirect association with the “housing density per
100 m*” from 2007 onwards

3.1.2. Central Regions. Table 5 shows results about central
regions of Italy. As regards the average value of NO,, a
direct relationship with the “monoparent families” was
observed, statistically significant in 6 out of 11 models,
while an inverse association with the low level of education
was observed in 5 out of 11 models. The mean PM,,
concentration showed statistically significant inverse
association with a low level of education from 2009
onwards.

Journal of Environmental and Public Health

3.1.3. Southern Regions. Table 6 shows the models related to
Southern Italy. The average value of NO, was directly as-
sociated with the rented housing indicators (in 7 out of 11
years) and foreign nationality (in 9 out of 11 years). The
average concentration of PM;, resulted to be inversely as-
sociated with the “housing density” in 5 out of 11 years and
directly associated with the percentage of “unemployment.”

4. Discussion

The study shows linear correlations between the NO, and
PM,, concentrations and the indicators of social and ma-
terial deprivation of the local resident population. The re-
sults are in line with the results of previous studies, including
some conducted in the United States, North Carolina, and
Spain [10, 20, 32]. The study confirms that higher education
and employment are related to higher average annual values
of PM;, and NO,, encouraging the interpretation about the
association between pollution and anthropogenic activities.
This report is also shown in the analysis carried out in the
northern regions.

In addition, the areas with a higher number of rented
houses are linked to higher average values of PM;, and NO,.
This situation is confirmed in the stratified analysis except
for the central region. It could be explained from the fact that
younger people often live in rented house and move more
for work and for social activities, using motor vehicles,
compared to older people. A higher number of residents
seem to be associated with an increase of the annual average
values of NO, more than of PM;, even if this relationship is
not confirmed in terms of the direction of relationship and
its significance from the statistical point of view. It is
therefore necessary to reflect on the fact that a higher
number of residents may not correspond to a higher pop-
ulation density. Moreover, always with regard to the number
of residents compared to PM,p, a greater number of resi-
dents can lead to an increase in human activities, such as
vehicular traffic, which is one of the main sources of the
increase of this pollutant. However, this relationship in the
stratified analysis by geographical area is not confirmed.

The NO, concentrations at the national level seem to be
greater where a greater number of residents do exist, and this
is confirmed in the analysis conducted on the regions of
Northern Italy; probably, the atmospheric and climatic
conditions contribute to a greater consumption of heat in
homes or even greater to the presence of industrial com-
bustion plants. A higher number of residents seem to in-
crease the annual average values of NO, more than of PM,,,
even if this relationship is not confirmed both in terms of
sign and significance of population density per 100 m>. It is
therefore necessary to consider that a higher number of
residents may not correspond to a high population density.
Moreover, a greater number of residents can lead to an
increase in human activities, such as vehicular traffic, which
is one of the main sources of increase of PM;,. However, this
relationship in the stratified analysis by geographical area is
not confirmed. The NO, concentrations at the national level
seem to be greater where there are a greater number of
residents, and this is confirmed in the analysis conducted on
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the northern regions; probably, the atmospheric and cli-
matic conditions contribute to a greater consumption of
heat in homes or even greater to the presence of industrial
combustion plants.

Probably, this variable as well as education, un-
employment, rented housing, and single-parent families
seem to be indicators influenced by geographical area. In this
regard, in some respects, the northern regions seem to re-
produce in small what is shown at the national level, while
the central and southern regions show situations either
reversing or discontinuous over time or changing in the
statistical significance level. In conclusion, there is not a
common trend, in sign and significance, between national
level and the three areas, except for the population density
that, at both national and subarea levels, does not show
statistically significant relations about average NO,.

In the analysis of stratified regression by macro-area,
geographical position modifies the effect of some SES
components on NO, and PM;, levels. The relationships
between dependent and independent variables are very
different in the three groups in terms of sign, time, and
significance and are not imputable to the case. The differ-
ences should be analyzed and weighted to reduce social
disparities.

The scientific literature reports that the relationships
between the various social and environmental risk factors
are not always constant and homogeneous over time in the
geographical areas and in the territory [10, 20]. Differences
documented are spatial and temporal and often depend on
the historical social structure, the economic development of
individual cities, and their evolution [23].

One of the strength points of our study is the evaluation
of relationships between variables not only on a national
scale but also for territorial divisions. Moreover, the data
refer to the individual local realities and are then aggregated
by macro geographical areas.

Another point of strength is that the study included
observations from 483 Italian municipalities, around 6% of
the total administrative units. Although the sample distri-
bution among regions is not completely homogeneous, it is
representative of the Italian municipal situation. In terms of
data, northern regions gave the greatest contribution at a
national level, considering geographical areas Emilia
Romagna and Lombardy in the north, Tuscany in the center,
and Puglia and Islands in the south.

Furthermore, the linear regression model was generally
suitable to describe the relationship between the dependent
(mean NO, and PM;, per year) and independent (depri-
vation index and related indicators) variables.

Considering possible limitations, the study has a cross-
sectional design that does not allow to highlight causal links
between SES and pollution level. Data collected, thanks to
the databases, are not exhaustive to explain the complexity of
the causal link between environmental and social in-
equalities. Moreover, we cannot fully understand whether or
not epidemiological measures obtained in the current study
represent an under- or overestimation of the true effect and
the potential magnitude of sources of bias. So, the results
must be considered with care.

Journal of Environmental and Public Health

Another limiting aspect is the lack of pollution estimates
for small areas, which could have led to a misclassification of
environmental exposure.

Further variables could be included in the models to
explain the relationships. The models show a reduced re-
liability of relationship using the linear function, in par-
ticular for PM,, that has an R” that does not exceed the value
of 0.233 in the national analysis. In this sense, it is possible
that structural equation modeling (SEM) would yield better
results than linear regression modeling. Other aspects to
consider are the annual quantification of vehicular traffic,
the urban setting (presence of parks, industries, etc.), and
altitude and proximity to the coast, which could mitigate the
effects of dispersed air pollution. Variables such as the
nonuse or delay of dental care, often used as a proxy for the
economic condition of a family, could be included to de-
scribe aspects related to SES.

5. Conclusion

The study confirms previous literature about the relationship
between SES and atmospheric pollution from PM,;, and
NO,. In particular, low level of education, lack of possession
of the home, and the population density seem to be related to
high levels of PM;, and NO,. Furthermore, the geographic
area appears as a modifier effect that changes the correlation
sign between pollutants and SES components. The study
represents a proposal for the possible use of data in Italian
information systems to discuss environmental and social
inequalities.

The models proposed are a starting point for the analysis
of the correlation between social determinants of health and
environmental risk factors; therefore, we can limit ourselves
to general statements about environmental and social in-
equalities. It is necessary to consider the specific local
context in order to find data that are more robust.
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