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eight BTHs in size-segregated urban
aerosol. Benzothiazoles in size-segregated urban aerosol

Ly Cpw (s

N N
QS%CHS [;S%S
N
(I on

g

twelve particle c=N
: : 4 AN 9
size fractions \ ¢ [ D—8;oH
o]
S

e Characterization of BTHs’ distribution
across twelve particle size fractions.

e Rooftop level aerosol composition as
reflective of the urban background
layer.

e BTHs diagnostic ratios as possibile
markers for photochemical processes.

Venice

ARTICLE INFO ABSTRACT
Keywords: Benzothiazoles (BTHs), commonly used in various industrial applications, have emerged as significant con-
Benzothiazoles taminants due to their widespread usage and potential adverse effects on ecosystems and human health. The aim

Emerging contaminants
Urban boundary layer
Particle size distribution
UHPLC-MS/MS

of this study is to quantify and, for the first time, to characterize the particle size distribution of eight BTHs across
twelve fractions of atmospheric aerosol representative of the urban boundary layer. Samples were collected from
August to October 2023 in the urban area of Venice, located in the Po Valley, known for its poor air quality.
Instrumental analysis was achieved via an UHPLC system coupled with a triple quadrupole mass spectrometer.

All target compounds were present in the samples analyzed and most of them tended to distribute mainly in
the fine fraction of aerosol (<1.8 pm). An exception is given by BTH-SO3H, which presents a bimodal distribution
with maxima centered in the coarse fraction; this may imply a different source compared to other BTHs. BTH-SH
is the most abundant benzothiazole derivative, suggesting tyre debris as the main source since it is the main
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compound used in vulcanizing accelerators in rubber manufacture. Given its mutagenic properties, its high
relative abundance could be of concern for human health.

Results: of this work provide valuable insights into the distribution of BTHs in urban aerosols, laying the
groundwork for future research aimed at better understanding their sources and environmental pathways, fate

and impacts.

1. Introduction

In the last decades, rapid urbanization and industrial and economic
growth have led to the acceleration of the anthropogenic impact on the
planet. The emission in the environment of Chemicals of Emerging
Concern (CECs) is consistently increasing, hence their monitoring is of
growing interest for the scientific community and policy makers. Among
other environmental compartments, the atmosphere is one of the most
affected by the growing number of CECs, as they are still poorly regu-
lated and not extensively monitored (Yadav et al., 2021). The Italian
legislation (D. Lgs. n. 152/06) set limits to the concentration of PM;( and
specific priority pollutants in the atmosphere, and an air quality moni-
toring system is implemented by Regional Agencies for Environmental
Prevention and Protection (ARPA). Nonetheless, several contaminants
are not determined despite their potential negative effects on the
ecosystem and/or human health.

Traffic pollution is one of the major contributors to the worsening of
air quality, particularly in urban areas, hence understanding how traffic
pollution markers can distribute in the environment is of utmost
importance. Benzothiazoles (BTHs) are tyre-derived particles often used
as markers for traffic pollution based on their high detection frequencies
in road runoff (Asheim et al., 2019; Feltracco et al., 2023; Maurer et al.,
2023). BTHs are a class of heterocyclic aromatic compounds whose main
skeleton is formed by a 1,3-thiazole ring fused to a benzene ring. Due to
their extensive use in a wide range of industrial and consumer products,
they are listed as high production volume chemicals (Liao et al., 2018).
They are mainly used as vulcanization accelerators in rubber
manufacturing, but also as fungicides in leather and paper production,
corrosion inhibitors in antifreeze formulations, pesticides and ultravio-
let light stabilizers in textiles and plastics (Kloepfer et al., 2004; Liao
etal., 2018; Ni et al., 2008). Some BTHs have been used as precursors for
pharmaceuticals as they exhibit different kind of biological activities
(Asiri et al., 2020; Chander Sharma et al., 2020; Gill et al., 2015; Keri
et al., 2015). BTHs can also have natural sources, as they are constitu-
ents of tea leaves and tobacco (De Wever and Verachtert, 1997; Seo
et al., 2000).

According to several studies, BTHs exhibit cytotoxic, mutagenic and
carcinogenic properties in microorganisms and humans (Ginsberg et al.,
2011; Sorahan, 2008; Ye et al., 2014). They can cause dermal sensiti-
zation and respiratory tract irritation (Ginsberg et al., 2011), and four of
them (benzothiazole, 2-hydroxy-benzothiazole, 2-aminobenzothiazole,
2-methylthiobenzothiazole) are reported to bioaccumulate in human
adipose tissue (Wang et al., 2015). In vitro and in vivo assays have
demonstrated endocrine disruption linked to BTHs (Hornung et al.,
2015). Studies have also shown high acute toxicity of 2-thiocyanate-me-
thyl-thiobenzothiazole and its transformation products in aquatic or-
ganisms (MacKinnon and Farrell, 1992; Nawrocki et al., 2005).

Their growing production in the past years led to an increased release
of BTHs in the environment (Liao et al., 2021). In fact, their presence has
been reported in wastewater and other receiving water bodies
(Asimakopoulos et al., 2013a; Kloepfer et al., 2005; Matamoros et al.,
2010; Ni et al., 2008) — as they are not completely removed by wastewater
treating plants — but also in sludge (Karthikraj and Kannan, 2017), sedi-
ment (Dsikowitzky et al., 2014; Spies et al., 1987), soil (Speltini et al.,
2016), indoor dust (Wang et al., 2013), indoor (Wan et al., 2016) and
outdoor air (Franklin et al., 2021; Liao et al., 2021), and background snow
(Maurer et al., 2023). Different studies have reported the presence of
BTHs in human urine (Asimakopoulos et al., 2013b; Wang et al., 2015).

BTHs are also linked to plastic pollution as they are used as additives.
In fact, they have been found in plastic leachate (Gunaalan et al., 2020),
which can represent a further pathway of diffusion in the environment.
Moreover, BTHs have been determined in clothing textiles (Avagyan
etal., 2015; Liu et al., 2017), suggesting that clothes can potentially be a
source of BTHs release into the environment and of dermal exposure to
these contaminants.

Studies on the presence of BTHs in environmental matrices such as
air particulate matter are scarce. BTH, BTH-SH, BTH-Me, BTH-MeS,
BTH-NH; and BTH-OH were found in urban aerosol in different loca-
tions (Avagyan et al., 2014; Liao et al., 2021; Nunez et al., 2020), but few
investigations have been carried out on other BTHs and their dimen-
sional distribution across particle-size fractions. Nunez et al. (2020)
reports a » BTHs mean concentration of 3.65 ng m~2 in PMcoarse
(2.5-10 pm) and 2.60 ng min PM, 5 in an urban area in Terragona,
Spain. The load of BTHs was also investigated by Franklin et al. (2021)
in the atmosphere of a coastal marine environment, concluding that
their emission in the atmosphere is primarily attributed to anthropo-
genic sources. The presence of BTHs in atmopsheric aerosol has impli-
cations for air quality in both urban and industrial centers, where these
compounds are more concentrated. BTHs seem to be potential contrib-
utors to secondary aerosol formation in coastal regions and to play a role
in atmopsheric sulphur chemistry (Franklin et al., 2021). Current
research is focusing more and more on emerging contaminants, but
there are still shorcomings regarding the occurrence, distribution and
behavior of BTHs in atmospheric aerosols.

The aim of the study is for the first time to characterize the particle
size distribution of eight BTHs in aerosol collected in the urban area of
Venice. This area is located in the Po Valley, which is considered the
worst area in Europe for air quality due to its unfavorable geophsysical
and micoclimatic characteristics, which prevents an adequate air recy-
cling determining low dispersion of natural and anthropogenic emis-
sions (Maranzano, 2022). The compounds investigated are
benzothiazole (BTH), 2-hydroxy-benzothiazole (BTH-OH), 2-aminoben-
zothiazole (BTH-NH2), 2-methylbenzothiazole (BTH-Me), 2-methylthio-
benzothiazole = (BTH-MeS), 2-mercaptobenzothiazole (BTH-SH),
2-thiocyanate  methyl thiobenzothiazole (BTH-SCNMeS) and
benzo-d-thiazole sulfonic acid (BTH-SO3H). Analyzing the distribution
of BTHs across different particle-size fractions is essential for future
assessments of environmental risk and human exposure, as particles’
properties such as size have a major effect on contaminants’ behavior
and bioavailability in the environment (Kim et al., 2015). The extensive
usage of BTHs implies that they will likely be an environmental issue in
the future, considering also the fact that this class of compounds poses
growing concerns regarding ecosystems and publich health. Hence,
research should focus on a comprehensive study of their occurrence and
fate in different environmental matrices, as to improve knowledge on
their behavior and better assess their efficiency as markers of tyre wear
particles.

2. Material and methods
2.1. Aerosol sampling

Aerosol samples were collected at the Scientific Campus of Ca’
Foscari University (45°28'47"N, 12°15'12"E, Mestre-Venice, Italy) from

August to October 2023, using the 110NR MOUDI™ cascade impactor,
which allows to segregate particles of different sizes in eleven stages
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with cut-off at 18 pm (S1), 10 pm (S2), 5.6 pm (S3), 3.2 pm (S4), 1.8 pm
(S5), 1.0 pm (S6), 0.56 pm (S7), 0.32 pm (S8), 0.18 pm (S9), 0.10 pm
(S10) and 0.056 pm (S11). A final back-up filter was used to collect
particles with D < 0.056 pm (S12). The sampler was placed on the
rooftop of a 35 m tall building, as to obtain data representative for the
aerosol mixing state and not directly influenced by ground level short-
range sources of pollution such as brake wear, tyre wear and the
resuspension of particles by local traffic-produced turbulence.

The impaction plates were made using aluminum foils cut with a
hollow cutter to create a 11 pym thick aluminum substrate with a
diameter of 47 mm. The back-up filter is made of quartz fiber and was
purchased from Filter-Lab (Filtros Anoia, Barcelona, Spain). Aluminum
plates were decontaminated with methanol, while the quartz fiber filter
(QFF) was decontaminated by a 4h pre-combustion at 400 °C in a muffle
furnace.

The sampling period for each sample varied from 159 to 242 h, with
a total average air volume of 358.6 m> per sample (Table S1). Two field
blanks were taken at the beginning and during the sampling period by
leaving aluminum disks and quartz filter for few minutes in the sampler,
with the air pump turned off.

2.2. Sample treatment

Reagent, standard solutions and materials are reported in Supple-
menting Material. After sample collection, the filters were stored at
—20 °C. Each substrate was weighted using a Ohaus® Pioneer™
analytical balance (+0.1 mg) before and after sampling, to determine
the aerosol mass collected.

All operations of sample treatment were carried out under a laminar
flow bench and all rubber-related materials were avoided to minimize
contamination, . Each filter was placed in a 15 mL vial, previously
decontaminated with methanol, and spiked with 100 ng of isotopically
labelled d4-benzothiazole (BTH-D4) as internal standard. The extraction
was performed with 10 mL of ultrapure water into a cold ultrasonic bath
for 30 min. The extract solution was filtrated using 0.45 pm PTFE filters
to remove all particulate and filter traces before instrumental analysis.

2.3. Instrumental analysis

The analytical determination of BTHs in aerosol samples was ach-
ieved following the instrumental method recently developed by Fel-
tracco et al., (2023). Briefly, an Ultimate 3000 UHPLC system was
coupled with a TSQ Altis™ Plus Triple Quadrupole Mass Spectrometer
(Thermo Scientific™, Waltham, USA), equipped with a heated electro-
spray source (H-ESI) operating both in negative and positive modes.

Chromatographic separation was performed through a Betasil™ C18
column (100 x 2.1 I.D. mm, 5 pm of particle size) equipped with a guard
column Betasil™ Javelin guard C18 (10 x 2.1 mm, 5 pm) (Thermo
Scientific™). Elution was performed using ultrapure water with 0.005%
of formic acid as eluent A and MeOH as eluent B. The binary gradient
elution program with flow rate of 0.25 mL min~' was as follows: 0-3
min isocratic step at 5% eluent B; 3-5 min gradient from 5 to 45%; 5-8
isocratic step at 45%; 8-19 gradient from 45 to 100%; 19-24 isocratic
washing step at 100%; and 24-28 equilibration stage at 5% eluent B.
Injection volume was 100 pL.

The mass spectrometer’s source parameters were set as follows: H-
ESI ion source type, static spray voltage, 2700 V positive ion spray
voltage, —2300 V negative ion spray voltage, sheath gas 40 Arb, auxil-
iary gas 10 Arb, sweep gas 0 Arb, ion transfer tube temperature 200 °C,
and vaporizer temperature 400 °C.

2.4. Quality control
To the best of our knowledge, no previous studies have investigated

all the selected BTHs (Table S3) in aerosols divided by twelve different
particle-size fractions. Quality control was performed by comparing the
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peak area of the native compounds with that of the internal standard
BTH-D4. To account for instrumental response fluctuations, concentra-
tions were corrected with a response factor calculated by analysing a
standard solution with a mean concentration of 10 ng mL™! of native
BTHSs and 10 ng mL™! of BTH-D4.

Blanks, MQL, MDL, trueness, recovery and precision were calculated
for both aluminum and quartz fiber substrates by analysing a filter
spiked with 100 ng of native BTHs. MDL and MQL were calculated as 3
and 10 time the standard deviation of the mean blank value, respec-
tively. Trueness was calculated by dividing the difference between the
quantified value (Q) and the true valute (T) by the true value: (Q - T)/T.
Precision is expressed as the relative percentual standard deviation, also
known as coefficient of variation (CV%). A summary of all validation
parameters is reported in Supplementary Material (Table S4).

3. Results and discussion
3.1. Total concentration and abundances of BTHs

All target compounds were present in the samples analyzed in this
study. The total concentration of BTHs (}_BTHs) in aerosol, calculated
as the sum of their twelve size distributions in all samples, ranged from
0.4 to 2.7 ng m~>, with a mean value of 1.1 + 0.7 ng m~>. Samples
collected during the summer period show the highest mean concentra-
tions, with a > BTHs mean concentration almost twice as high as those
collected during the early autumn weeks (Table S5). As shown in Fig. 1,
the predominant compounds are BTH-SH and BTH (which represents
respectively 30% and 28% of the total BTHs content, both with an
average concentration of 0.3 + 0.3 ng m ™), followed by BTH-SOsH and
BTH-MeS (both 17%, 0.19 + 0.05 and 0.19 + 0.13 ng m " respectively),
BTH-OH (8%, 0.09 + 0.06 ng m~>) and BTH-Me (1%, 5.6 + 6.3 pgm™>).
BTH-NH, and BTH-SCNMeS were the less abundant compounds (<1%,
2.2+ 0.6 pgm > and 1.2 + 1.3 pg m~° respectively).

3.2. Size-distribution of BTHs in size-segregated aerosol

Fig. 2 describes the size distribution of each BTHs in terms of geo-
metric mean aerodynamic diameter (a) and their temporal size-
segregated trend (b). All target compounds were mainly distributed in

BTH-SO,H
17%

BTH
28%

N

W BTH-Me
1%
/
BTH-SH

AN
30% BTH-MeS

17%

BTH-OH
8%

Fig. 1. Relative mean abundances of BTHs in Total Suspended Particles (TSP)
in atmospheric aerosol collected in the urban aera of Mestre-Venice from
August to October 2023. BTH-SCNMeS and BTH-NH, were not included as they
represented <1% of the total BTHs content.
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Fig. 2. Size distribution of BTHs (a) and their temporal size-segregated concentration (b) in aerosol sampled in the urban aera of Mestre-Venice from August to

October 2023.

the finest fractions of aerosol (<1.8 pm), apart from BTH-SOsH which is
equally distributed in the coarser and finer fractions. The fine fraction of
aerosols is usually defined as the one composed by particles in the range
between 0.1 and 2.5 pm; in our case, since the sampler employed did not
have a 2.5 pm cut-off, we decided to consider 1.8 pm as the upper limit
of the fine mode. The fine fraction of airborne particulate matter is the

most concerning regarding the potential to cause harmful effects on
human health. In particular, when inhaled, PM particles with diameter
<2.5 pm are more likely to penetrate the lungs and eventually reach the
blood stream, causing significant health problems (Kim et al., 2015) and
potentially act an exposure path to PMjs-bound pollutants
(Sanchez-Pinero et al., 2022). Exposure to the fine air particulate matter
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and traffic-related air pollution has been associated with enhanced
mortality, cardiovascular and respiratory diseases and allergic reactions
(Marconi, 2003; Poschl, 2005). The fact that BTHs in our samples tend to
accumulate in PM; g is in contrast to what was found by Nunez et al.
(2020), who observed higher concentrations in particulate matter whose
size ranged from 2.5 to 10 pm. We believe this could be due to two
reasons: 1) the peculiar orographic characteristics of the Po Valley,
where our sampling site is located; 2) the fact that we chose to sample at
35 m a.g.l, obtaining data more representative for the urban boundary
layer and less influenced by ground level emission sources and resus-
pension phenomenon. In the following paragraphs we aim to provide a
detailed explanation for both reasons.

The surrounding orography of the Po Valley, which is enclosed on
three sides by mountain ranges (Alps and Apennines), influences the
meteorological conditions and determines a regional climate charac-
terized by low wind regimes, especially in winter, and the onset of
thermal inversion conditions. This prevents atmospheric dispersion and
air masses exchange and can create situations where the upward
movement of air from underlying layers is hindered, thereby reducing
the vertical dispersion of atmospheric aerosol (Maranzano, 2022;
Speranza and Caggiano, 2023). Due to these mechanisms, fine aerosol
particles tend to persist in the atmosphere. Moreover, thermal inversion
can cause high humidity conditions and lead to an increase in the fine
size fraction of aerosols (Speranza and Caggiano, 2023).

Furthermore, the height of our sampling location is to be considered.
Previous studies (Brines et al., 2016; Chan and Kwok, 2000) show var-
iations in the vertical particle-size distribution profile of aerosols in
urban settings, with street level aerosols generally enriched in coarser
particles due to the presence of the emission sources (e.g. tyre wear,
brake wear). Rooftop level pollution, which is more reflective of the
urban background layer, is mainly influenced by meteorological and
transport situations, and less by the direct emissions sources (Schafer
et al., 2006).

We calculated PM mass concentrations for each dimensional class for
each of our samples (Table S6). All samples, except two (1st — 11th Aug
and 18th — 25th Sep), show a higher PM mass concentration in the
fraction composed by particles with diameter <1.8 pm. Suspended
particles greater in size are more affected by gravity and thus have a
shorter residence time in air, leaving only smaller particles to diffuse
towards upper levels (Chan and Kwok, 2000). This could further explain
why BTHs in our samples predominantly distribute in the fine fraction of
aerosol. It implies that the aerosol composition at rooftop level is mainly
influenced by atmospheric transport and processes, rather than by the
direct contribution of nearby ground level sources. This finding suggests
that further studies are necessary on the vertical distribution patterns of
traffic-emitted pollutants, as assessing their vertical profiles in urban
settings could aid in discriminating their sources and understanding
their behaviour.

BTH, BTH-Me, BTH-MeS, BTH-SH and BTH-OH show similar trend
and size distribution (Fig. 2). The majority of samples present a mono-
modal trend, with maxima centered between 0.2 and 1 pm; samples
corresponding to 21st — 31st August and 11th — 18th September show a
bimodal distribution instead, with maxima centered at 0.5 and 6 pm and
at 1 and 10 pm, respectively. The aerodynamic diameter of aerosol
particles is a factor that contributes to determining their residence time
in the atmosphere and their physical and chemical properties (Prospero
et al., 1983; Seinfeld and Pandis, 2016). A similar size distribution
suggests similar sources and environmental fate. It’s interesting to note
that BTH, BTH-MeS, BTH-SH and BTH-OH all present the highest con-
centration in the sampling period from 11th September to 18th
September, with an enrichment in the coarse fraction compared to other
samples, further implying a common origin.

The concentrations of BTH-SH and BTH are consistent with those
found by Avagyan et al. (2014) in urban air at Hornsgatan in Stockholm.
BTH-SH is the main compound used in vulcanizing accelerators in
rubber manufacture, suggesting tyre debris as its main source. It has

Atmospheric Environment 337 (2024) 120784

shown potential mutagenic effects (Haroune et al., 2004) and a study
found a significant increase of the incidence of cancer on production
workers exposed to BTH-SH (Sorahan, 2008). The high relative con-
centration of BTH-SH could imply that human exposure might be greater
than previously assumed and not limited to occupational exposure.

BTH-NH; shows a variable size distribution (Fig. 2a), ranging from
monomodal to trimodal depending on the sampling period, with max-
ima mainly laying on the fine and ultrafine regions.

BTH-SO3H presents a bimodal size distribution (Fig. 2a), with max-
ima centered in the coarse fraction. Its different distribution compared
to the other BTHs suggests a different source. BTH-SOsH was found to be
the most concentrated compound in road dust (Feltracco et al., 2023)
and in municipal wastewater (Kloepfer et al., 2004), which could
represent two major local sources of BTH-SOsH in the atmosphere.
While the nucleation and the accumulation mode can derive, respec-
tively, from the nucleation of super-saturated vapours and from coag-
ulation of existing particles or gas-to-particle conversion, coarse
particles tend to derive from resuspension and erosion phenomena.
Being our sampling site an urban area with low surfaces potentially
subject to erosion, resuspension is the most likely emission process for
coarse particles. This further support the hypothesis of resuspension of
road dust as an important source of BTH-SOsH in the atmosphere.
However, literature on the presence of BTH-SOsH in the air is scarce and
further research is necessary to determine its sources and behavior in the
particulate phase of aerosols.

BTH-SCNMeS has the lowest concentration compared to the other
target compounds, and is absent in samples corresponding to 11th — 21st
August and 9th October — 16th October (Fig. 2b). Its size distribution is
bimodal, with higher maxima in the fine fraction (Fig. 2a). BTH-SCNMeS
is a biocide used in leather, paper and water-treatment industries and it
is characterized by high acute toxicity for aquatic organisms (Nawrocki
et al., 2005). However, photolysis due to sunlight is efficient in
degrading BTH-SCNMeS into less toxic products (Bertoldi et al., 2020);
this could explain its scarse concentration in the analyzed samples.

3.3. Diagnostic ratios of BTHs and their temporal trend

BTH-SH photodegrades into BTH-SOsH, while BTH photodegrades
into BTH-OH (Zajickova and Parkanyi, 2008). The ratios between
BTH-SO3H/BTH-SH and BTH-OH/BTH can be indicative of the aerosol’s
state of oxidation. We calculated these ratios for the coarse, fine and
ultrafine fractions for each sample (Table S7) and plotted their temporal
trend (Fig. 3). Both BTH-SOsH/BTH-SH and BTH-OH/BTH values pre-
sent a spike corresponding to 25th September — 2nd October, particu-
larly evident in the ultrafine fraction. Another spike in the coarse
fraction is visible in the sampling period from 11th to 21st August (BTH
and BTH-SH concentration in the ultrafine fractions were below MQL
therefore the ratio could not be calculated for this specific sampling
period). This could carry the evidence of intense oxidative conditions,
which might have enhanced photochemical processes leading to an
enrichment of BTH-SOsH and BTH-OH relatively to BTH-SH and BTH
respectively. We could not find literature values of these ratios to
compare ours with; more extensive research would be beneficial to
assess their applicability as markers for photochemical aging processes
of organic aerosols.

4. Conclusions

Being high production volume chemicals having a wide range of
industrial applications, BTHs are being released in the environment at
an increasing rate. Despite being often investigated in urban waste-
water, most of the target compounds are not considered due to low
concentrations in environmental matrices, and the literature on their
presence in other matrices such as airborne particulate matter is limited.
The present study provides for the first time a basis for investigation of a
broad class of BTHs in aerosol representative of the urban boundary
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Fig. 3. Temporal trend of BTH-SO3H/BTH-SH and BTH-OH/BTH ratios in the
coarse, fine and ultrafine fraction of aerosol collected at Mestre-Venice during
our sampling period.

layer and of their distribution across different particle-size fractions. All
target compounds were present in our samples, with concentrations
ranging from pg m ™ to ng m~°>. The dimensional distribution indicates
an enrichment of all BTHs in the finest fraction of aerosol, probably due
to two reasons: 1) the peculiar orographic characteristics of the Po
Valley, which prevents air masses exchange thereby leading to an in-
crease in the fine size fraction of aerosols; 2) the fact that by choosing to
sample at 35 m a.g.] we obtained data more reflective of the aerosol
mixing state and less influenced by direct emission sources located at
ground level, which generally determine an enrichment in coarser par-
ticles. BTH-SOsH is the only compound which present a different size
distribution compared to the other BTHs, suggesting a different source.
The highest relative abundance of BTH-SH was not surprising, since it is
the main vulcanizing agent used in rubber manufacturing; this however
suggests that human exposure to its mutagenic properties may be
underestimated.

This study provides valuable data on the presence of BTHs in urban
size-segregated aerosol that will help future research on the sources,
pathways, and fate of these compounds in the environment. More
samples should be considered to monitor their seasonal trend and their
vertical distribution in airborne particulate matter, since there could be
differences in their dimensional distribution between street and rooftop
level.
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