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Abstract

The preliminary results of aromatic hydrocarbon (AR) levels and PM, s physico-chemical characterization in Rome urban air
throughout the 2014 are reported. A gas chromatograph was used for continuous measurements of AR concentrations with 30
minute time intervals. PM, 5 was collected by PM swam Dual Channel. Metal content was determined by ICP-MS. Single particle
characterization was performed by Scanning Electron Microscopy equipped with a thin window system for X-ray microanalysis
by energy dispersion spectrometry. X-ray microanalysis data were used to classify the particles into clusters of similar chemical
composition. Results showed variations in seasonal AR levels, higher concentrations in winter and lower in summer. Toluene
was the most abundant compound, followed by m,p—xylene and benzene. The compounds showed similar correlations in winter
and summer. According to T/B ratio and meteorological analysis, AR levels were under the influence of vehicular sources.
Seasonal variation of different inter-species ratios showed a decreasing trend from winter to summer and an increase from
August to December. ICP-MS analysis revealed Fe, Al and Zn as the most abundant elements, decreasing from March to July
(except Zn). PM, 5 single particle characterization detected four particle clusters: C-rich particles, metal particles, sulphates and
soil dust. C-rich particles were constituted of a large number of spherule aggregates carrying trace of S, Na and K. Metal particles
are the second significant component, including Fe, Pb, Cu, Zn, Ni and Ti.

Further studies must be performed to better understand the processes of transformation that undergo the carbonaceous particles in
the atmosphere.
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1. Introduction significant fraction of total VOCs, and they are

emitted by fuel combustion and evaporation of fuels

Volatile organic compounds (VOCs) attracted
much attention due to their wide occurrence and
health impacts, especially in wurban area.
Quantification of VOCs in the ambient air is
important for air quality assessment and for
understanding the photochemical formation of smog.
Aromatic hydrocarbons (ARs) usually represent a

and solvents. Among ARs, benzene, toluene and
xylene are well known as major components with a
potential health risk (Lawryk and Weisel, 1996;
Leung and Harrison, 1999). Atmospheric ARs
participate in complex chemical reaction to form
secondary pollutants. Several studies suggest that
10%-60% of fine particulate matter (PM,s) is
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composed of organic compounds (Pandis et al., 1992;
Seinfeld and Pandis, 1998; Zhang et al., 2011). PM, 5
is composed of a wide variety of organic and
inorganic components of primary and secondary
origin. Atmospheric hydrocarbons may contribute to
particulate matter generation via semi-volatile
reaction products that undergo gas-to-particle
conversion.

In particular, aromatics typically contribute
with 0.1 to 0.45 pg/m® to the observed PM,s
concentrations as shown in several studies
(Kleindienst et al., 2010; Lewandowski et al., 2008;
Offenberg et al., 2011; Stone et al., 2009).

Epidemiological studies have linked ambient
particulate matter (PM) levels to an increased
incidence of adverse cardiovascular events.
Numerous epidemiological studies have associated
short-term and long-term PM exposures to increased
mortality (Dockery et al., 1993; Hart et al., 2015;
Kloog et al., 2013; Peters et al., 2005; Pope et al.,
2006; Samet et al., 2000). Moreover, several studies
have shown that iron and other transition metals
leaching from particles or by their presence on
particle surfaces play a role in the generation of
reactive oxygen species (ROS) in biological systems
(Ghio et al.,, 2000) and ROS production activate
cellular inflammatory response pathways (Heal et al.,
2005).

Rome has a surface area of 1300 kmz, 2.5
million inhabitants and the highest number of
vehicles (~1.8 millions in 2013) among Italian cities.

In the present work are reported the
preliminary results of a collaboration, started in
January 2014, between the Italian National Institute
of Health (ISS, Department of Environmental Health
and Primary Prevention) and National Institute for
Insurance against Accidents at Work (INAIL,
Department of Technological Innovations and Safety
of Plants, Products and Anthropic Settlements)
whose main purpose is to undertake very in-depth
studies on fine particulate matter through the
physical-chemical characterization of individual
particles and the study of the processes of
transformation that undergo the particles in the
atmosphere. For these reasons the AR levels, the
concentration of several trace metals in PM,s and
single particle characterization of PM,s have been
evaluated in the urban air of Rome.

Moreover, natural radioactivity has been used
as a reliable tracer of the dilution properties of the
lower atmosphere.

2. Experimental
2.1. Sampling site description

The measurements presented in this work
were carried out at the monitoring station located in
the front yard of the Italian National Institute of

Health (ISS) (2 km east of the city center) on the
right side of the ISS main building central entrance.
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The station is about 8 m from the curb of the street, a
large road with medium-high traffic intensity.

2.2. AR monitoring and analytical method

Continuous ~ measurements of AR
concentrations were carried out between January 1
and December 10, 2014. The January data were not
taken into account because the measurements for
most of the days did not cover more than 90% of the
daily hours. A Syntech Spectras 955 gas
chromatograph (GC) was used for continuous
measurements of 7  aromatic  hydrocarbon
concentrations with 30 minute time intervals, in
2014. A detailed description of the analytical system
can be found elsewhere (Fanizza et al., 2014; Xie et
al., 2008; Wang et al., 2004). The GC was calibrated
according to Syntech recommendations; one
complete full dynamic calibration was performed
before each seasonal campaign by using a standard
certified calibration gas mixture, containing 28 target
species with mixing ratios of 1 ppm in nitrogen
(Sapio, Italy), prepared by the gravimetric method
(SR ISO 6142/2001). The calibration gas was diluted
with zero air (quality 5.0) to prepare six calibration
spans; the dilutions were prepared using a calibration
system  (Calibration System CMKS5, MCZ,
Umwelttechnik, DE). For every concentration (3, 5,
10, 15, 30, 50 ppbV) at least 6 samples was analyzed.

For each analysis, an air sample with a
volume of 250 mL was sampled. The height of air
intake was at road level. The daily averages were
taken into account when the measurements covered
more than 90% of the daily hours. The detection
limits are estimated to be 0.03 to 0.05 pug/m’, and the
uncertainty is estimated to be 5%.

2.3. Natural radioactivity

The knowledge of the low atmosphere
dilution properties layers makes possible to
understand the accumulation of pollutants as well as
the temporal evolution of all air pollution processes.
We applied the technique based on the monitoring of
a chemically stable compound (Radon) with an
emission flow in order to get information about
dilution potential of the Planetary Boundary Layer
that can be considered constant in the space-time
scale of interest.

The Radon gas is produced in the ground by
the 222Rn and the 220Rn isotope (Thoron)
radioactive decay and it is released in atmosphere
where it disperses prevalently by turbulent scattering.
Therefore, the concentration of Radon in atmosphere
is mostly dependent on the vertical dilution factor,
while the Radon products could be seen as natural
tracers of mixing properties for low PBL layers. In
case of convective mixing or advection, the natural
Radon accumulation is allowed the in the low PBL
layers (Perrino et al., 2009). A sequential automatic
system, namely PBL Mixing Monitor (FAI
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Instruments, Fontenuova, Italy) was used to assess
the mixing ratio of low PBL layers.

The instrument samples on hourly basis the
atmospheric particulate matter where Radon progeny
fixes and, by a Geiger-Muller counter, determines the
sample radioactivity level. The instrument
manufacturing characteristics allow getting 24
averages per hour of the natural radioactivity values
per every sampling day.

2.4. PM,;s sample collection and metal content
determination

PM,s was collected by PM swam Dual
Channel FAI Instruments, operating at 2.3 m*/h flow
rate. Six particulate sampling for metal content
determination and single particle physico-chemical
characterization by analytical electron microscopy,
were conducted from March 2014 to July 2014.

For the determination of metal content PM, 5
was collected on mixed cellulose ester membrane
(pore size 1.2 um) during 24 h; for single particle
characterization by electron microscopy particulate
matter was collected on polycarbonate membranes
(pore size 0.8 um) during 8 h. In a quartz tube
sampled cellulose filters were added with 3 ml HNOj;
(67-69% Romil, ICP grade, metallic impurities less
than 5 ppb), put in a closed vessel and mineralized by
Microwave Digestion System (START D -
Milestone). The obtained solutions were diluted with
purified water (MilliQ Integral A10 System -—
Millipore) and analyzed using ICP-MS (Elan 9000 -
Perkin Elmer) for 9 elements. The -elemental
concentrations were obtained by external calibration
(3 points each element) using indium as internal
standard.

A Dblank’s elemental concentration has been
subtracted in order to obtain the final values. The
analytical  uncertainty for each  elemental
concentration was determined. The minimum
detection limit (MDL) for each element was defined
as 3 times the blank’s standard deviation.

2.5. Physico-chemical characterization of PM, s

Single particle characterization of PM, s was
performed by SEM equipped with a thin —window
system for X-ray microanalysis by energy dispersion
spectrometry. A semi-automatic analysis system
(Particle Analysis, EDAX) was used.

For each particle morphological parameter
(mean diameter, Feret Diameter, Aspect ratio, shape
factor) and chemical composition were determined
(De Berardis et al., 2007). The intensities of the
characteristic X-ray lines, collected from each
particle and converted to the corresponding atomic
concentration by standardless ZAF correction
method, were analyzed by hierarchical cluster
analysis (HCA) to determine the principal
components of PM, s (Paoletti et al., 2003).

2.6. Data analysis

Pearson correlation test was carried out to
study the relationship between compounds. p<0.05
was considered significant, p<0.001 highly
significant.

3. Results and discussion
3.1. AR monitoring

The seasonal mean concentrations of ARs are
given in Table 1. AR levels ranged from 19 pg/m’ in
the winter period to 4.4 ug/m’ in the summer. The
fall AR concentrations (7.3 pg/m’) were lower than
spring levels (8.6 pg/m’), which can be linked to
atmospheric conditions. Generally, VOC
concentrations were higher in winter and autumn
than in spring and summer, as found in many other
cities (Batterman et al., 2002; Fanizza et al., 2014;
Kourtidis et al., 2002; Pankow et al., 2003; Zou et al.,
2015). Because November 2014 has been the hottest
since 1800 and the wettest from 1926 (Brunetti,
2014), the correlations (hourly averages) between
concentrations and temperature during spring,
summer and fall were carried out to verify the
influence of temperatures on AR levels. The AR/T
winter correlations were not developed because of
the lack of data related to hourly average
temperature.

All ARs had highly significant (p<0.01)
negative correlations with temperature during the
periods taken into account. These results are
consistent with the effects of photochemical
reactions, in summer these reactions must proceed
faster than in winter. The average temperature during
spring and fall period was 20°C and 18°C,
respectively.

Table 1. Seasonal and annual AR concentrations (pg/m®)

Aromatic hydrocarbons WINTER SPRING SUMMER FALL 2014
Avg | Max-Min | Avg | Max-Min | Avg | Max-Min | Avg | Max-Min | Avg | Max-Min
Benzene 1.95 | 4.55-0.83 | 139 | 3.66-0.34 | 1.16 | 2.52-0.37 | 1.06 | 10.28-0.46 | 1.28 | 10.28-0.34
Toluene 6.86 | 23.49-1.34 | 2.58 | 14.03-0.32 | 1.39 | 9.47-0.15 | 2.27 | 22.41-0.17 | 2.57 | 23.49-0.15
Ethylbenzene 1.15 6.95-0.21 | 0.46 | 5.21-0.04 | 0.16 | 1.08-0.04 | 0.36 | 4.53-0.04 | 0.40 | 6.95-0.04
m, p-xylene 6.04 | 23.86-1.09 | 2.47 | 19.40-0.28 | 1.04 | 6.94-0.04 | 2.22 | 24.63-0.15 | 2.32 | 24.63-0.04
o-xylene 1.68 | 7.41-LOD* | 0.70 | 6.33-0.07 | 0.31 | 2.13-0.04 | 0.66 | 7.62-0.04 | 0.67 | 7.62-LOD*
1,3,5-TMB° 0.60 | 3.49-0.06 | 0.26 | 10.35-0.02 | 0.12 | 2.80-0.05 | 0.22 | 3.17-0.05 | 0.25 | 10.35-LOD*
12,4 -TMB® 1.24 | 7.70-0.16 | 0.72 | 16.01-0.07 | 0.28 | 4.27-0.05 | 0.59 | 8.65-0.05 | 0.60 | 16.01-0.05
Total 18.97 | 69.23-4.27 | 8.55 | 64.09-1.37 | 4.39 | 20.36-0.67 | 7.25 | 69.88-0.78 | 7.87 | 69.88-0.67

“LOD = below the limit of detection, estimated to be 0.03 to 0.05 ug/m’; "TMB = trimethylbenzene
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However, other atmospheric parameters have
probably contributed to the low AR concentrations in

fall as rain

and

relative

humidity. During

summertime the AR total concentration reduced of
77%. The minimum concentrations during summer
months are probably due to the seasonal variation in
the reactivities of ARs and to the higher mixing
height in summer period.

Fig. 1 shows variations of all measured AR
seasonal averages (mean, minimum and maximum
values, standard deviation). All AR showed the same
seasonal variation (Fig. 1), registering the highest

concentration

during winter

an

d the lowest

concentration during summer. Toluene was the most
abundant ARs with an annual mean concentration of
2.57 ug/m’, the second and third ARs measured were
m,p—xylene (2.32 pg/m’) and benzene (1.28 pg/m’)
(Table 1). Toluene was found the most abundant AR
in other cities around the world, such as Rome
, 2014; Fuselli
Weldgegund (South Africa) (Jaars et al., 2014), and
Pamplona (Parra et al., 2009).

AR concentrations measured in this study are
smaller than levels reported for Asiatic urban areas

(Fanizza et al.

et al, 2010),

(Ran et al., 2009; Song et al., 2007), Pamplona,
Spain, (except for m,p—xylene) (Parra et al., 2009),
Kocaely, Turkey, (Pekey et al., 2011), Mexico City
(Sosa et al., 2009) and for an urban area located in a
relatively medium-size town from Mures County,
Romania (Roba et al., 2014). On the contrary AR
concentrations were higher than London levels
(Russo et al., 2010) and tend to follow within the
range of the Los Angeles measurements (Warneke et
al., 2012). These differences can be attributed to
particular characteristics of the studied cities.
correlations
measured, during winter and summer period, are

The

reported in Table 2.

Pearson’s

among AR

The evaluated correlations resulted to be
highly significant (p<0.01) and positive and remained
quite similar in both periods, even if the correlations
were slightly higher in summer than in winter, which
could be due to range of atmospheric and traffic
conditions. Most AR concentrations were very

strongly

correlated (r>0.61)

in both

suggesting that they came from the same sources
during both periods, like vehicular traffic (Khoder,

2007).
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Fig. 1. AR seasonal variations during this study
Table 2. Pearson Correlation Coefficients
WINTER
toluene ethylbenzene m, p-xylene o-xylene 1,3,5-TMB 1,2,4-TMB
Benzene 0.58 0.48 0.53 0.53 0.35 0.35
Toluene 0.87 0.95 0.94 0.69 0.66
Ethylbenzene 0.93 0.96 0.84 0.83
m, p-xylene 0.99 0.85 0.83
o-xylene 0.85 0.83
1,3,5-TMB 0.96
SUMMER
Benzene 0.61 0.61 0.67 0.64 0.30 0.45
Toluene 0.76 0.85 0.81 0.40 0.54
Ethylbenzene 0.92 0.90 0.57 0.69
m, p-xylene 0.97 0.67 0.79
o-xylene 0.68 0.79
1,3,5-TMB 0.91
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The inter-compound ratios can also be used to
determine possible sources for ARs and the age of
the air masses (Hoque et al., 2008). The T/B ratio is
usually high close to anthropogenic emissions and
decreases with an increase of distance from the
sources and, based on T/B ratio, several studies
individuate the possible sources (Lan and Minh,
2013). A T/B<3 was characteristic of fresh emissions
originating from traffic. In our study the T/B ratio
was 2 highlighting that vehicular emissions are the
main source of VOCs in Rome urban air. Seasonal
variation of different inter-species ratios is graphed in
Fig. 2. AR concentrations in ambient air are higher in
winter than in summer period.

4

The inter-species ratios showed a decreasing
trend from winter to summer, with the lowest value
in August, and an increase from August to
December.

The lowest values observed during the hottest
months were due to enhanced photochemical
reactions: the abundance of more reactive species
decreased leading to reduction in inter-species ratios.
Diurnal variations of all sampling days, monitored
throughout the four seasons, showing the evolution
of aromatics are presented in Fig. 3. AR levels
followed every week day a similar pattern that
changed during the weekends, e.g., Fig. 4 shows a
typical week for each season.
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The AR concentrations were not the same
throughout the day. Higher concentrations were
recorded in the morning and in the evening and lower
ones during the first afternoon on working days. The
AR concentrations were cyclically lower during
weekends than on working days in all four season,
reflecting reduced levels of vehicular emissions on
weekends, as it can be observed in Figs. 3-4. At
weekends, there were slight increases in
concentrations on evening.

These increases in concentrations coincided
with traffic rush hours usually registered in the
morning and in the evening on working days. A
similar trend was found in previous studies
developed in Rome urban air (Brocco et al., 1997;
Fanizza et al., 2014).

Observed seasonal variations in AR
concentrations are probably due to two different
reasons: the seasonal variation in the reactivities of
ARs and the height of the mixing layer that
influences the dilution or the concentration of
volatiles. In cold seasons (winter and fall) the
thinning of the mixing layer and the occurrence of
temperature inversion layers near the ground inhibits
the vertical dilution of pollutants at night causing an
increase of pollutants.

Consequently, AR trend follows mainly traffic
emissions. In winter the second peak was slightly
higher than the first, while in fall the peak in the late
afternoon was considerable higher. In these periods
the lowest values are found in the early morning
around 5 am. During spring and summer,
photochemical reactions are more rapid during the
day and in the afternoon than in the morning, then the
first concentration peak in the morning is higher than
that in the late afternoon. Moreover the increase of
mixing layer in the warmest hours of the day lead to
a pollution dilution and a decrease of pollutant level
in late afternoon.

The monthly variations of AR concentrations
expressed as media, median, minimum and
maximum values are graphically presented in Fig. Sa.

The AR concentration decrease, registered
during the hottest months (July-September), was due
to photochemical activity resulting from enhanced
solar flux, temperature and higher OH radical
concentrations in summer period. Traffic activity also
contribute to observed seasonal variation in AR
concentration, indeed a decrease in vehicular traffic
volume was generally observed during the warmest
months (July-August) compared to other months of
the year in the center of Rome.

70

60 H

ten

50 o

40 -

teessessennnn,

ng/m?

e,
LTI
N
ve

APAALILY

Tiee,
.

. seee
“es RTTCCLLL
he

s tsteseange

Teestinnenaa,
YL LA

ot

..... Winter s Spring

Moﬂday Tuesday, WE'G'neSday Thursg, y

Friday, SSturday Sunday,

Fall

Fig. 4. Weekly averages of AR concentrations

& -
70 - = .
60 - -
50 - M
% ol
3 oA
%4 —median
08
L
o0 U] H |;| of o
0 T T — T T T T T T T 1
1 2 3 4 5 6 7 8 9 101 12
months a

25

20 +

11,2,4-TMB
15 - 1,35-TMB

mo-xylene

pg/m?

10 - # m&p-xylene

SIS

m Ethylbenzene
:Toluene

& Benzene

months b

Fig. 5. (a) Monthly variations in AR concentrations during the period of study; (b) the contribution of individual compounds in
the different months of the year

1588



Aromatic hydrocarbon levels and PM, s characterization in Rome urban area

The highest concentrations of ARs were found
in February and March. In November, AR
concentration was lower than April, this was
probably due to abnormal weather condition
registered in this month. As above mentioned, in
November temperatures higher as the seasonal
averages were recorded and this month was
particularly rainy.

The contribution of individual compounds in
the different months of the year is shown in Fig. 5b.
The maximum monthly average concentrations of all
measured compounds were found in February,
whereas the minimum were observed in August.
Monthly average concentrations varied from 2.03
pg/m’ to 1.00 pg/m’ for benzene, from 7.64 pg/m’ to
1.76 pg/m’® for toluene, from 1.45 pg/m’ to 0.35
pg/m’ for ethylbenzene, from 7.15 pg/m’ to 1.99
pg/m’ for m,p—xylene, from 2.05 pg/m® to 0.61
pg/m’® for o—xylene, from 0.85 pg/m’ to 0.23 pg/m’
for 1,3,5-TMB and from 1.84 pg/m’ to 0.69 pg/m’
for 1,2,4-TMB.

Moreover, Fig. 6 shows examples of typical
sequences for summer and winter periods of natural
radioactivity, which can be considered a good natural
tracer of the mixing properties of the lower
atmosphere. The variation with time of the radon
concentration provides immediate information on
current atmospheric conditions and on their changes.
During summer the pattern indicated high nocturnal
stability and low values from early morning to late
evening (Fig. 6). The mixing period typically starts
early in the morning and lasts until the late evening.
During wintertime the pattern indicated an
alternation between atmospheric stability (high night-
time radon values and daytime minima) and
advection (steady low radon values) (Fig. 6).

To estimate the potential health risk of
benzene in our monitoring site, formulas recently
reported by Zhang et al. (2015) were used. Based on
our collected data, benzene concentrations was
1.28E-03mg/m’, the average daily exposure was
3.92E-04 mg/kg per day, the lifetime cancer risk
(LTCR) resulted 1.13E-05, while the non-cancer risk
of benzene (HQ) was estimated to be 0.04.
According to USEPA, the acceptable LTCR for
adults is 1E-06, and the HQ should be lower than 1
(USEPA, 2009). In our case, LCTR exceed the limit,
implying that the potential cancer risk due to ambient
benzene exposure should be a health concern in the
urban Rome area. Moreover, calculated HQ indicated
that non-cancer risk of benzene is not as distinctive
as its cancer risk, as already reported also for four
background sites in China (Zhang et al., 2015).

3.2. PM, s metal content analysis

Table 3 shows the concentration’s mean
value, expressed in ng/m’, for the six campaigns of
PM, s sampling. Fe was the most abundant element,
followed by Al and Zn in agreement to chemical
composition of fine particulate particles collected in

areas heavily impacted by traffics, as Milan and New
York (Perrone et al., 2010; Song and Gao, 2011).

Table 3. Mean value (SD) of elemental concentration
expressed in ng/m’

Analyzed Metal Mean value (SD)
Al 2.671 (2.704)
Cd 0.006 (0.005)
Cu 0.450 (0.162)
Fe 6.589 (3.172)
Ni 0.093 (0.042)
Pb 0.241 (0.141)
Ti 0.098 (0.069)
\Y% 0.103 (0.056)
Zn 0.615 (0.123)

As in sampling site industrial plants or thermo
electrical sites were absent and vehicular traffic was
the main source of pollution the metals were
attributed to fuel combustion, tyre and brake wear
(Kumar et al., 2013; Pant and Harrison, 2013). Many
study showed that abrasion particles contribute
significantly to fine particulate (Lin et al., 2005;
Narvaez et al., 2008; Song and Gao, 2011). In Fig. 7
the concentrations of metals in PM, 5 collected from
March 2014 to July 2014 are displayed. Generally,
metal's concentrations decreased from March to July;
Zn, instead, remained mostly constant during the
sampling period.

3.3. PM, s characterization by SEM/EDX

HCA allow us to classify the PM, s into four
principal components or cluster with similar
chemical composition: C-rich particles, sulphates,
soil dust and metals (Fig. 8). C-rich particles were the
most important component of PM, s making up 90%
of PM, 5. Many authors showed the prevalence of C-
rich particles in PM,s in different urban
environments (Baulig et al., 2004; He et al., 2001;
Longhin et al., 2013; Pipal et al., 2011).

This kind of particles were mainly spherules
with size ranging from 40 to 70 nm showing two
different morphologies: chains of spherules with
dimensions up 2 pum and aggregates of large number
of spherules ranging from 360 nm to 4 pm. Our data
on morphological characteristics of this type of
particles are in agreement with Longhin et al. (2013).
These authors showed that carbon soot particles were
mainly aggregates constitute by round-shaped
nanoparticles of 40 nm in diameter.

Moreover analytical electron microscopy
characterization showed that C-rich aggregates act as
carrier, on their surface, of different elements. X ray
microanalysis data showed traces of S, Na, and K on
12% of aggregates, suggesting that carbonaceous
particles act as vehicles of alkaline metal sulphates,
produced by SO, photochemical oxidation catalysed
by C-rich particles themselves. 18 % of C-rich
aggregates showed traces of S and heavy metals, as
Fe, V, Zn and Pb.
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These carbonaceous particles, coming from
fuel oil combustion (Chen et al., 2005, Moldanova et
al., 2009), showed an average size of 512 nm. In
addition, larger and pure spherical carbonaceous
particles (in the size range 200-600 nm), deriving
from incomplete fuel oil combustion, were rarely
observed.

Metal particles are the second more important
cluster of PM,s. They showed a size distribution
ranging from 670 nm to 200 nm. This component
includes oxides and metal compounds of Fe, Pb, Cu,
Zn, Ni, Ti. Iron oxides are the most abundant
particles in this cluster. The cluster of soil dust
consists of silica and clay (Si, Al or Si, Al, Fe)
particles. This component made up only 1.6% of
PM, 5.

4. Conclusions

AR concentrations in this work showed values
comparable to those reported for Los Angeles, while
resulted lower than other cities like Pamplona and
Mexico City. AR seasonal variations showed the
highest concentrations during winter, decreasing
during warmer seasons and registering the lowest
value during summer. Moreover, AR fall
concentrations were lower than spring levels due to
the particular meteorological conditions during this
period. According to T/B ratio and the
meteorological analysis, AR levels were under the
influence of vehicular sources.

Vehicular traffic was the most important
source of PM, s as shown by the main components
(C-rich particles and metals) identified in the
particulate by physico-chemical characterization.
Moreover X-ray microanalysis data focused out a
coating of alkaline metal sulphates on the
carbonaceous particle surfaces, due to the catalytic
action of particles themselves. However, it is
necessary to carry out further studies in this site on
ozone, nitrogen oxides, carbon monoxide and sulphur
dioxide analysis in order to better understand the
processes of transformation that undergo the
carbonaceous particles in the atmosphere.
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