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ABSTRACT

The process of urbanization in this new millennium is characterized by the fact that more than three quarters
of Europe's population is concentrated in urban areas, thus it becomes essential the issue of how to reconcile
the development of our cities with the respect and protection of the environment. Polluting vehicle emissions
constitute a major contribution to the deterioration of urban air quality and represent a potential risk to public
health of citizens. The qualitative improvement of processes of production it is to be considered in the near
future, a priority for urban pollution reduction and for improving the quality of life of our cities. This paper
shows the air pollution analysis of the urban center of four Sicilian city, and the concentrations of the critical
pollutants (PM1o, NO2, SO, Oz, CO, CsHs, NH3, NMVOC). Linear regressions were performed to represent
the relationships between the main pollutants; they were analyzed also the differences between the
concentrations of pollutants, and their progress over the years.

Keywords: Environmental pollution, Pollution levels, Linear regression, Air quality index, Statistical

analysis, PM1o, NO2, SO, O3, CO, CsHg, NH3, COVNM.

1. INTRODUCTION

The process of urbanization in this new millennium is
characterized by the fact that more than three quarters of
Europe’s population is concentrated in urban areas, thus it
becomes essential the issue of how to reconcile the
development of our cities with the respect and protection of
the environment.

With the persistence of the crisis that weighs on our
country and on much of the Western world, you begin to
glimpse a turnaround in the development of the City, they
must implement development policies geared towards greater
sustainability, essential for growth.

The qualitative improvement of urban development
processes is to be considered central in view of a better
quality environment and in the use of exhaustible resources.

In this context, the ISPRA provides at the city managers,
data that can be used for future choices of local government
and in the evaluation of what has been done.

These data provide insight for improving the
environmental indicators, such: as the decrease in the
concentration of pollutants in the air, due to the spread of
green vehicles, the increasing separate waste collection and
the use of renewable energies.

The Italian Cities with the “Covenant of Mayors”have
shown particular attention to the initiatives to combat climate
change and to the protection and the quality of the
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environment, more than 2,100 Italian municipalities are
involved in the drafting and implementation of plans to
reduce of the climate altering emissions.

These are projects aimed at upgrading the buildings, at the
energy saving, at energy production from renewable sources,
at integrated waste management.

These measures to improve air quality, at the urban
mobility policies sustainable can represent at local level an
motor in the development and the revival of investment and
employment [1,13].

2. THE REGULATORY FRAMEWORK

During 2010 the regulatory framework for air quality has
changed substantially, the previous legislation, articulated in
a framework law (DL 351/99) and decrees (which provided
the measurement mode, information on the number and
placement of monitoring stations, limits and reference values
for different pollutants), has been replaced by a single
standard, the Legislative Decree of 13 August 2010, 155
“Implementation of Directive 2008/50/EC on the quality of
“ambient air and cleaner air for Europe.”

The decree transposing the European Directive 2008/50
/EC, provides new tools that have the goal of reduced
effectively the air pollution [14,15].



In addition to providing a benchmark methodology for the
characterization of the zones (the zoning) defines the
reference values which allow an assessment of air quality, on
an annual basis, in relation to the concentration of various
pollutants.

In particular are defined:

- Limit Value (LV): level to be attained within a given
period, and not to be exceeded thereafter;

- Objective Value: Level to be achieved, wherever
possible, by a given date;

- Critic Level: level above which, risks may occur and
damage to ecosystems and at the vegetation, not for humans;

- Tolerance Limit: Percentage of the limit value by which
it is accepted to go beyond the LV;

- Alarm Threshold: level beyond which there is a risk to
human health, the achievement of which requires it to ensure
adequate and timely information;

- Information Threshold: level beyond which there is a
risk to human health for certain sensitive groups, the
achievement of which requires it to ensure adequate and
timely information;

- Objective at Long-term: Level to be achieved in the
long run through determined measures;

- Average Exposure indicator: Level to be verified on the
basis of selected national background stations, which reflects
the average exposure of the population;

- Obligation of exposure at the concentration: Level to
be reached by a given date;

- National exposure reduction target: reduction average
exposure percentage compared to a base year, to be achieved
by a given date.

3. EMISSIONS AND AIR QUALITY

Air pollution is an environmental emergency that affects
particularly the large urban areas, where the highest human
settlement of the territory and where consequently the levels
of pollutants are high and the high is the exposure for the
population. The Italian municipal administrations to obtain
comparable results, generated by a same methodology, they
have proposed as a primary objective for the feedback of
pollutant emissions, the production and standardized
presentation of the main emission sources in cities.

With this criterion they can be assessed in the Italian urban
areas, for each type of pollutant, the main sources of emission
into the atmosphere.

As it regards the local reality is preferable to refer at local
monitoring, undoubtedly more specific and detailed, but
difficult to compare between them why often made with
different methodologies.

The starting point for a municipal level estimates is made
by the provincial disaggregation of values national of
emissions, conducted every five years by ISPRA, taking as
the basic hypothesis that the urban area is coincident with the
municipal area.

This approximation allows you to estimate emissions
related to all sources contained in the municipal limits, or
ignore the others outside the city limits.

It is important, that the approach used is uniform so as to
have results comparable to identify the greatest sector of the
impact emissive to be able to program synergistic actions and
effective.

The current legislation in Italy and Europe, stipulates that
individuals responsible for the management of air quality are
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required to draw up plans for air quality, to bring at fixed
standards the air pollutants in the zone where they have been
overcome, and to ensure its respect.

This is achieved through the adoption of measures to limit
and reduced the emissions into the atmosphere, and for
obtained the non-critical values of the ambient air quality, in
the land areas that have higher value standards.

For several decades, the scientific community is also
studying the effects of air pollution also on the wealth of
historical and artistic interest.

The interaction between the airborne substances and the
cultural heritage is a phenomenon that usually damages the
work of art, both visually and from a structural point of view.
This phenomenon in our cities, can be monitored by
performing studies of blackening and erosion/corrosion of the
materials constituting cultural property (marble, glass,

copper).
3.1 Suspended particulate, PM1o

Most of the suspended particulate, PM10 emitted in cities,
comes from sources distributed on the territory and
employees on the one hand by the urban planning and on the
other by the habits of citizens. For particulate material from
anthropogenic sources, the sector most emissive is that of
home heating followed by road transport.

The presence of pollutants can be caused by the issue of
civil and residential installations [16, 25].

Emissions from home heating, are subject of investigation
by the national and international scientific community. In
some urban areas, the presence of certain industrial activities
have hired a predominant role, despite, in recent years, the
abatement technologies have enabled significant reductions.

The contribution of the sector to the heating of primary
particulate emissions is approximately 37%, while that due to
road transport is estimated at 31%.

The emissions from heating are concentrated mainly in
winter, where, for details weather conditions, a large numbers
of the overruns of the limits for particulate concentrations of
the air, prescribed by law occur.

3.2 The nitrogen oxides, NOx

The nitrogen oxides (NOy) are a family of gases that are
produced during the high-temperature combustion.

The air comburent in the combustion processes, is
constituted by 80% from nitrogen.

The main emission sources are represented by the exhaust
gases of motor vehicles and domestic heating, and from large
plants in which there are combustion processes.

The second sector by emissivity, turns out to be the home
heating. The presence of an industrial pole may become
predominant in specific situations, in each case the trend of
the emission in recent years are decreasing.

The NOx contribute to the formation of secondary
particulates inorganic and ozone (O3) tropospheric (at ground
level).

Among the chemical species designated by the term NOx,
is nitrogen dioxide (NO.), which is associated with adverse
health effects: high concentrations cause inflammation of the
airways and function reduced lung.

The NOy, and SO, contribute to acid deposition, but also,
and if in excessive amount, they can produce eutrophication
of soil and water.



3.3 NMVOC, volatile organic compounds, non-methane

The Volatile Organic Compounds (VOCs) are a set of
chemicals, which are in the liquid or vapor form, they are
characterized by the ability to easily evaporate at room
temperature.

These compounds are emitted from a large number of
sources, the application of paints, the road transport, the dry
cleaning and other uses of solvents.

The NMVOCs are secondary precursors of PMyg and of
ozone tropospheric.

The compounds that fall into this category are more than
300, among the best known: benzene, the chloroform and
formaldehyde (known carcinogenic to humans), and ethanol.
In the cities the main source of emissions is the use of
solvents although in some cities have equaled the values of
emissions from road transport.

3.4 Sulphur oxides, SOx

They are essentially consist of sulfur dioxide (SO,), a gas
colorless, irritating, very soluble in water and a pungent
smell, and in small part by sulfur trioxide (SOs), the sulfur
oxides are mainly emitted from the use of fuels and chemical
industry.

The health effects can range from simple irritation to the
respiratory tract and eye, and in the case of an acute
exposure, to phenomena of bronchial constriction for
prolonged exposure to even quantities not high; oxides of
sulfur are also precursors of secondary PMo.

The progress made over the last 20 years in the regulatory
and in technology environment with the consequent reduction
in the sulfur content in fuels and the use in the production of
electricity of fuels without sulfur content, have resulted in a
considerable reduction of domestic emissions and,
consequently, at the level of urban areas. During rainy days,
the fallout of pollutants produced from sulfur oxides is a
major component for the formation of “acid rain”, which can
represent significant impacts on aquatic ecosystems in rivers
and lakes and damage to forests.

3.5 Carbon monoxide, CO

The Carbon monoxide CO, is an incomplete combustion
product of organic fuels (coal, oil, wood, fuels) and is a gas
particularly poisonous and insidious, odorless, colorless and
tasteless.

The carbon monoxide is toxic because, by binding to iron
atoms of hemoglobin in the blood, it form a much more stable
complex, capable of releasing, in the mode more difficult,
oxygen to tissues.

Also for the carbon monoxide, the road transport,
constitutes the principal source emission for the main Italian
cities and its contribution is above 50%.

The second source of CO emissions in the cities is the
heating, with contributions generally lower but still
comparable to those of road transport.

3.6 Benzene, CsHs

The benzene is produced by incomplete combustion of
carbon-rich compounds, it is produced naturally in volcanoes
or in a forest fires, but also by smoke cigarette and by exhaust
gases from motor vehicles.

For benzene, road transport is the main emission source,
almost all of the emissions are generally attributable to
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products linked to the fuel cycle: refining, fuel distribution
and above all vehicular traffic.

The second source of emission is usually made up of the
activities related to the use of solvents, with contributions that
can exceed 30% of city emissions.

Even for benzene, the existence of particular sector
industries, are can provide make a dominant contribution of
these activities.

The policies undertaken at various levels over the years
have led to sharp reductions in benzene emissions of -42%
and -78%, compared to 2000.

3.7 Ammonia, NH3

The ammonia, NHj3 is a nitrogen compound, is presented as
a colorless, toxic, with characteristic smell pungent. At the
national level, almost all emissions is in agriculture and in the
management animal waste.

In urban areas, the total weight of these activities is lower,
it also emerge other sources.

The second source of ammonia in urban areas it is
represented by the road transport; in particular the
contribution is due to catalyzed vehicles and the possibility
that the catalytic processes used to reduce NOx emissions, can
generate ammonia emissions.

4. ANALYSIS OF THE AIR QUALITY IN THE FOUR
SICILIAN CITIES

The ISPRA in 2000-2010 has performed research about air
quality in the national territory [15].

In this paper, an analysis of air quality in some cities of the
Sicilian territory is been carried out, in particular in the cities
of Palermo, Messina, Catania and Syracuse.

The data used are referred at the years 2000, 2010 and
2012, and they consist to values of PM ¢ particles, nitrogen
oxides (NO and NO.), benzene (CsHjs), of ground-level ozone
(O ), carbon monoxide (CO), compounds organic volatile,
non-methane (NMVOC), oxides of sulfur (SO) and ammonia
(NHa).

To understand how it changed air quality over the years
they are analyzed the trends of time series of concentration
data of the pollutants main: PM;o, NO, and Os. In these four
Sicilian cities were analyzed the main pollutants in
atmosphere, and the measured values were compared with the
limits set by the legislation

- SUSPENDED PARTICULATE, PM1o_and PMbs :For
the purpose of protecting human health, the Legislative
Decree n0.155/2010 establishes for PMj, and PMas.,
respectively the values limits annual of 40 and 25
micrograms/m , and a limits value daily for PMjy, of 50
pg/m3 not to be exceeded more than 35 times in a year. The
daily limit value, is the more stringent than the annual value,
and is the most frequently exceeded limit.

- NITROGEN DIOXIDE, NO: :The Legislative Decree
155/2010, with regard to polluted emissions of nitrogen
dioxide, for the protection of human health establishes the
hourly limit value of 200 pg/m?, and for the hourly average
concentration, not must exceeded more than 18 times in a
year, an annual limit value 40 g/m .

-OZONE, O3 : The Legislative Decree no. 155/2010 as a
long term goal, establishes for the protection of human health,
a value ozone of 120 pg/m? (under this concentration value of
O3, are possible, on human health and on the environment, of
the effects harmful); an information threshold of 180 g/m? (a




level beyond which there is a risk to human health, for from
brief exposure, for particularly sensitive sections of the
population and at which the measures provided for by rules to
be adopted and regulations), and a alert threshold level of 240
pg/ms.

- BENZENE, C¢Hs: The Legislative Decree 155/2010,
defines for benzene for the purpose of protecting human
health an annual limit value of 5.0 pg/m?.

The Tab.1 below shows, for each pollutant, the limit values
and reference the DL 155/2010.

Table 1. Limit values and reference set by Decree 155/2010 for the various pollutants

PMio 40 L!g/m3 50 ug/m3
< 35times a year
PMas | 25ugny
NO2 40 pg/m? 200 pg/m?
<18times a year
03 120 pg/m? 180 pug/m3 240 pg/m?
CeHes | 0 ugm’
Pb 0.5
CO 10 mg/m?
S0z 125 pg/m? 350 pg/m?

In Fig.1 and in Tab.2 are shown for the years 2000 and
2010, the values annual emissions, expressed in t/year, of the
main pollutants. It can be seen from the graphs, that all
emissions of the various pollutants in the four cities have

been reduced on average by 30% and 50% with the exception
of the, matter particulate PM10, which has remained constant
on average; in the SO present reductions more than 70%.

Table 2. Values of the annual emissions of major pollutants, expressed in t/year

Palermo 2000 633 §582 13829 559 40062 175 488
2010 590 4337 8634 132 19506 47 252
Messina 2000 325 4329 5038 564 15347 65 272
2010 314 2815 3296 101 7732 19 174
Syracuse | 2000| 201 1836 2528 463 20480 85 230
2010 168 709 1536 83 9589 26 112
Catania 2000 | 404 4990 5897 274 7832 31 277
2010 | 406 2196 3567 13 3845 8 152
40000 - 700 -
t/year co COVNM NO t/year PM1o SO CgHg NH3
35000 - 600
30000 - 500 -
25000 - 200 -
20000 - 300 4
15000 -
200 -
10000 -
100 -
5000 - B
0 .
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M Year2000 ®Year 2010 H year 2000 = Year 2010

Figure 1. Values of the annual emissions of major pollutants, expressed in t/year

In the Fig.2 are shown respectively the minimum and
maximum values emission of PM¢ and NO,, values related at
the years 2011 and 2012, expressed in mg/m?, for in the four
Sicilian cities.

In the Fig.3 are shown the minimum and maximum
values of the annual average concentration by C¢He.

In the Fig. 4 are shown for the years 2010 and 2012, the
minimum and maximum number of hours for which there
have been NO,, concentration with values higher than 200
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mg/m? (levels beyond which there is a risk to human health,
and for brief exposures the measures provided for by rules
and regulations should be adopted, as an hourly average).

In the Fig. 5 are shown the correlations between the
COVNM and the PM;9 and PM;y and NO, it is observed that
the two straight lines of equation [1] and [2] show good
correlation coefficients.

In the Fig. 6 are shown the correlations between the
C¢H¢ -PM1o, and PM;o-NHj3, it is observed that the two



straight lines of equation [1] and [2] show good straight lines
of of equations [3] and [4] have acceptable correlation

coefficients but lower than the case of Fig.5.

jag/m

60

PM1q

max2011 min 2011 max 2012 min 2012
mPA m ME W SR mCT

max2011 min 2011 max2012 min 2012
mPA = ME = SR mCT

COVNM = 22,03 PMy, - 2833,6 R;=0,913 [1]

Figure 2. Max and Min values, of the annual mean concentrations of PM1g and NO2
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Figure 3. Max and Min values, of the

annual mean concentration CgHs, for the

four locations

Figure 4. Number hours with NO;
concentrations greater than 200 mg/m?3
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Figure 5. Correlation between PM;
and NO red curve end correlation
between PM;o and COVNM blue curve

Figure 6. Correlation between PM;o and CsHg
red curve end correlation between PM ¢ and
NH; blue curve
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5. FINAL CONSIDERATIONS

The persons responsible for the assessment and
management of air quality, ie regions and autonomous
provinces, as required by Legislative Decree no. 155/2010,
are required to prepare the “Air quality plan™, in cases where
levels in ambient air and pollutants:sulfure dioxide, nitrogen
dioxide, benzene, carbon monoxide, lead and particulate
matter PMao, exceeded the respective limit values or target
values, established by the said decree. Main objective of the
“Air quality plans”is to identify effective measures to ensure
compliance with the limits within the time allowed.

The study carried out by ISPRA, reports that the daily limit
value for PM;o was exceeded in the four cities of Sicily, the
average levels are usually lower in the cities of Catania and
Messina, the daily limit is exceeded in Palermo and Syracuse,
as annual limit value. In 2011 and 2012 is showed that in all
four cities, the annual limit value for benzene has respected,
this reduction of benzene levels at lower values than the limit,
it is very important in view of the known serious health
effects associated at the exposure inhalational. The exceeding
the annual limit value for NO, is frequent and extended to
most urban areas of the four Sicilian cities of the present
study, in spite of the years from 2006 in 2011, there has been
a widespread tendency to reduce the concentration of NO,
with a trend descending statistically significant.

Nationally VOC emissions, in the period between 2000
and 2010, they respected the limits imposed by the National
Emissions Ceilings Directive. The emission trends of sulfur
oxide, taking as reference the year 2000 it was generally
down, mainly due to the evolution of the containment
technologies in the automotive field.
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