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Abstract: Vehicle traffic pollution requires complex physicochemical analysis besides emission level
measuring. The current study is focused on two campaigns of emissions measurements held in May
and September 2019 in Alba Iulia City, Romania. There was found a significant excess of PM; 5 for all
measuring points and PMj for the most circulated points during May, along with significant VOC
and CO, emissions. September measurements reveal threshold excess for all PM along with increased
values for VOC and CO; emissions. These are the consequences of the complex environmental
interaction of the traffic. Street dust and air-suspended particle samples were collected and analyzed
to evidence the PM; 5 and PM sources. Physicochemical investigation reveals highly mineralized
particulate matter: PM, 5 fractions within air-suspended particle samples predominantly contain
Muscovite, Kaolinite, and traces of Quartz and Calcite, while PM fractions within air-suspended
particle samples predominantly contain Quartz and Calcite. These mineral fractions originate in
street dust and are suspended in the atmosphere due to the vehicles’ circulation. A significant amount
of soot was found as small micro-sized clusters in PM; 5 and fine micro-spots attached over PMj
particles, as observed by Mineralogical Optical Microscopy (MOM) and Fourier Transformed Infrared
Spectroscopy (FTIR). GC-MS analysis found over 53 volatile compounds on the investigated floating
particles that are related to the combustion gases, such as saturated alkanes, cycloalkanes, esters,
and aromatic hydrocarbons. It proves a VOC contamination of the measured particulate matters
that make them more hazardous for the health. Viable strategies for vehicle traffic-related pollutants
mitigation would be reducing the street dust occurrence and usage of modern catalyst filters of the
combustion gas exhausting system.

Keywords: PM; 5; PMp; volatile organic compounds; physicochemical analysis

1. Introduction

Nowadays, air quality is one of the most discussed research topics worldwide. Partic-
ulate matter (PM) and volatile organic compounds (VOCs) generated in the atmosphere
by road traffic and socio-industrial activities are situated among the main pollutants [1,2].
PM;g and PM; 5 are particles with aerodynamic diameters equal to or less than 10 pm and,
respectively, 2.5 um, retaining on their surface other toxic substances such as heavy metals
(Pb, Cd, Ni, As), cigarette ash, exhaust gases, polycyclic aromatic hydrocarbons (PAH),
viruses, pollen, bacteria, and other organic components [3-6].

Most of the PMs related to road vehicle traffic have two sources: the natural one, such
as street dust, which is highly mineralized due to the soil particles [7,8], and the particles
directly generated by car exhausts, such as soot and other combustion residues [9,10].
Another PM component related to vehicle circulation is the oxide material coming in from
the cars’ chassis rust [11].
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These PMs combined with dangerous organic compounds may affect environmental
aspects, such as climate change, the greenhouse effect, thinning of the ozone layer due to
their toxic effect on the plants and tree leaves, which further affects the oxygen balance in
the local atmosphere [12,13]. Mammals are also very exposed to the risk due to contam-
inated PM penetration into the respiratory system causing respiratory diseases, such as
asthma and silicosis [14,15], pulmonary cancer [16,17], and cardiovascular diseases [18,19],
which induce long-time illness until death. Nitrogen and sulfur oxide emissions into the
atmosphere facilitate acid rain formations that might affect PM sources (e.g., street dust)
composition increasing their hazardous potential [20].

The finest PMs are more hazardous due to their ability to be suspended in the atmo-
sphere for a long time and to travel at long distances along with air currents [21]. Rapid
urbanization, which implies an increase in combustion vehicle number (sometimes more
than one car/family), also generates particulate matter via tire wear and interaction with
street dust that induces fine mineral fraction suspension into the atmosphere [22] along
with large amounts of exhausting gases and soot emission into the air [23].

VOCs are chemical compounds originating from fuel combustion and industry, such as
benzene, ethylbenzene, toluene, hexanal, acetone, iso-pentane, formaldehyde, acetaldehyde,
and xylenes, which, through a chemical reaction with other compounds in the atmosphere,
contributed to ozone formation into the troposphere (which is very dangerous for living
beings), photochemical smog, and secondary organic aerosols. VOCs are debated in the
specialized literature because they distort the quality of the air and produce increased risks
for human health leading to pathologies, such as asthma, atopic dermatitis, neurological,
respiratory, cardiovascular, disorders irritations, allergies, and cancer [24,25].

The literature data show that atmospheric PM pollution remains responsible for the un-
favorable development of all ecosystems, causing a very large number of deaths; 6.7 million
casualties were reported only in 2019 [26]. This fact is also facilitated by population co-
morbidities (e.g., diabetes, arterial hypertension, asthma, and silicosis), which are sensitive
to short-term and long-term exposure to the finest PM fractions.

Due to these consequences, laws, and directives were implemented, imposing manda-
tory limit thresholds and measurement protocols in order to maintain an environment as
clean as possible: Directive 2008/50/EC; Council Directive 1999/30/EC; and Romanian
Law No. 104 of 15 June 2011 regarding Ambient Air Quality, updated on 22 May 2015 [27-29].
Thus, Table 1 shows the limit threshold values for PM7g, PM; 5, NO,, SO,, CO, Benzene,
and Pb.

Table 1. Atmospheric pollutants limits according to actual legislation.

Pollutants Period Concentration Refs.
24h 50 ug/m?

PMio Annual 40 nug/ m3 [27-29]

24h 25 pug/m?

PMy5 Annual 20 ug/ m3 [27-29]
NO, Annual 40 nug/ m3 [27-29]
S0, 24 h 125 pug/m3 [27-29]
co 8h 10 mg/m3 [27-29]

CeHg Annual 5 pg/m3 [27-29]

Pb Annual 0.5 ug/m?3 [27-29]

These measures educate and stimulate the authorities and civil society: to be aware of
the danger degree, how to protect the ecosystems from harmful anthropogenic actions, and
to intensify research regarding the harmful potential of atmospheric pollution [30].

According to Directive 2008/50/EC, the European Commission proposed two stages
of changing the limit thresholds for PMj; 5, meaning that from 1 January 2015, the maximum
limit is 25 pg/ m?3, and, from 1 January 2020, the threshold limit for fine fractions should be
20 pg/m3 (value not yet implemented in all regional actual laws). The air quality index
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(AQI) was introduced for a facile population to be informed about the quality of the air
they breathe and to warn about any hazard risks. In Romania, this codification system of
the National Air Quality Monitoring Network establishes the danger degree of suspended
particles. Air quality is deteriorating over the limit of 50 pg/m3 for PM;, respectively
25 ug/ m? for PM, 5 when the AQI becomes bad. It becomes very bad when a threshold
is significantly exceeded. People with co-morbidities, as well as children, should avoid
long-term exposure to such an atmosphere [31].

This research is based on the correlation between the pollutant emissions values mea-
sured in the field in Alba Iulia City with the physicochemical investigations carried out
on collected samples: street dust and air-suspended particles collected from the atmo-
sphere in the adjacent area of the emission measurement points. The aim is to highlight
the microstructural and morphological aspects, chemical bonds, and potentially harmful
compounds which might influence the environmental parameters measured on the sites
of interest.

2. Materials and Methods
2.1. Environmental Parameter Measuring and Sampling

The current article represents a part of a wide environmental research regarding
atmospheric pollution in Alba Iulia City, Romania, developed over several months in 2019.
The most important zones for environmental parameters measuring were identified and
marked on the map in Figure 1.

Figure 1. Geographical placement of the zones targeted for the environmental parameters measuring
[Google Maps display, GPS coordinates 46.07328° N; 23.58029° E].

There are some zones with several measuring points, and other zones have a single
measuring point:
Zone 1: Point P1—Tudor Vladimirescu Street;

Point P2—Calea Motilor Street;

Point P3—Tudor Vladimirescu Street;

Zone 2: Point P4A—Ferdinand Boulevard (Exit to Sebes);
Zone 3: Point P5—Railway Station Square and Bus Station;
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Zone 4: Point P6—Hotel Cetate;
Point P7—Central Park;
Zone 5: Point P§&—Horea Boulevard;

Point P9—Unirii Street;

Point P10—Closca Street (Exit to Cluj);
Point P11—Dedeman Market;

Point P12—OMYV Gas station.

VOC and CO; emissions into the atmosphere were measured using a portable device
UNIL-T UT 338C Air Quality Meter produced by UNI-T Company, Augsburg, Germany.
PM; and PM; 5 levels in the atmosphere were measured with a portable aerosol monitor
DUST TRAK DRX produced by TSI Company, Aachen, Germany. The total measuring time
for each point was 10 min, three different readings were effectuated, and the mean value
was considered representative of the evaluation of vehicle traffic-related emissions. All
measured values were statistically processed, and mean values and their standard deviation
were determined. Statistical relevance between collecting points and legal thresholds was
investigated using the Anova One-Way test, and the differences among mean values of
each collecting point were evidenced by the Tukey post hoc test. Statistical procedures
were effectuated using Origin 2019b Graphic and Analysis Software, Microcal Software
Inc., Northampton, MA, USA.

The number of passing vehicles during measurement time was counted. The tempera-
ture at the soil level and the wind speed were also measured as weather indicators. These
measurements were effectuated in two distinct campaigns: the first was effectuated on
31 May 2019, and the second was performed on 30 September 2019.

Statistical analysis of the measured values indicates that the most polluted points
with particulate matter are P3—Tudor Vladimirescu Street and P10—Closca Street (Exit
to Cluj). These points were considered for material sampling. An average representative
sample of street dust was collected from these sites. SD1 was collected from the P3 point,
and SD2 was collected from P10. Air-suspended particle (ASP)-collecting boxes were
placed on these two sites from May to the end of September, and the collected powders
were considered for analysis. Therefore, air-suspended particles collected from the P3
point became representative sample ASP1, and those collected from the P10 point became
representative sample ASP2.

2.2. Physicochemical Investigation Methods

X-ray diffraction (XRD) was effectuated with an XRD-6000 Shimadzu Diffractometer
produced by Shimadzu Company, Tokyo, Japan, using monochromatic Cuk radiation
with wavelength A = 1.540560 A. The patterns were registered at room temperature in
the range of 20-70 degrees 2 theta. Crystalline phases and compounds were identified
using Match 1.0 soft equipped with PDF2 database package, Crystal Impact Company,
Bonn, Germany.

Mineralogical optical microscopy (MOM) was effectuated using a Laboval 2 Micro-
scope produced by Carl Zeiss, Oberkochen, Germany, under the cross-polarized light
inspection of the samples. The images were acquired with a digital camera of 10 megapix-
els produced by Samsung, Seoul, Korea.

Scanning electron microscopy (SEM) was effectuated with Inspect™ SEM microscope
produced by FEI Company, Hillsboro, OR, USA. Particulate matter samples SD and FP
were deposited onto a double adhesive carbon disk for proper particle immobilization and
investigated in low-vacuum mode at an acceleration voltage of 20 kV.

Fourier Transformed Infrared Spectroscopy (FTIR) was effectuated with a
JASCO—610 spectrophotometer produced by JASCO International Co., Ltd., Tokyo, Japan.
Each spectrum was registered in the range of 400-4000 cm ™! in order to evidence the
specific absorption bands related to the chemical compounds within SD and ASP samples.
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Each of the particulate matter powders was embedded into a potassium bromide pellet for
an optimal infrared investigation.

Gas Chromatography—-Mass Spectrometry (GC-MS) was effectuated on an Agilent GC-
MS Gas Chromatograph-7890A /5975/2008 (Agilent Technologies, Inc. Europe, Waldbronn,
Germany) was used for analysis. The ASP samples (0.5 g) were diluted in 2 mL solvents
(dichloromethane: hexane = 1:3) mixture for 30 min, then they were ultrasound-treated
for 6 min and then centrifuged at 4400 rpm for 15 min. The volatile fraction was filtered
and concentrated, and 1 pL was injected in GC-MS. The analyses were performed in scan
mode on a DB-5MS (30 m x 0.25 mm X 0.25 um) capillary column (Agilent 190915-433M),
high purity He carrier gas at a flow rate of 1 mL/min. Temperature program: initial
temperature 40 °C with a ramp rate of 5 °C/min up to 300 °C, injection volume of 1 uL,
100:1 split ratio, MS 70 eV, mass range u.a.m. 40-500. Data acquisition and processing
were performed using MSD Chem Station software. The NIST L14 library was used for the
identification/confirmation of the structure components. In addition, a C8-C20 standards
alkanes (Alkane Standard Solution C8-C20, Sigma-Aldrich, Darmstadt, Germany) were
used for the calculation of the linear retention index (LRI) and matching the experimental
values with those reported in the literature for similar chromatographic columns in the same
condition. The qualitative analysis was based on the integrated area of compound peaks.

3. Results and Discussion
3.1. Environmental Parameter Measurements

Auto vehicle traffic pollution strongly depends on the local circulation characteristic,
such as the number of cars per time unit, their relative speed, and the weather parameters,
such as air temperature and wind speed. Vehicle circulation speed directly influences
the particulate matter sources by street dust engaging into the atmosphere as floating
particles [7,8] the PM emission is directly proportional to the car speed. Tires also act as
milling bodies that cause intensive fragmentation of silicate particles, such as Quartz, and
clays, such as Muscovite and Kaolinite. The literature data proves that the clay particles
fragmentation under road traffic conditions generates a lot of submicron particles that are
related to the PM; category (e.g., particulate matter with an aerodynamic diameter of 1 pm
and below) [32]; the advanced particle clay refinement under mechanical solicitation is also
described by Zhang et al. [33].

The other aspect related to the car’s high speed is a relatively lower amount of com-
bustion gas emission per atmospheric volume unit due to their intensive dissipation. Street
dust engaging into the atmosphere is significantly reduced at low car speeds, but the
combustion gas emissions tend to increase due to slow vehicle movement [34]. A natural
source of atmospheric particulate matter related to street dust is wind speed. In certain
conditions, the air currents might engage into the atmosphere the street dust, generating
local pollution in the absence of vehicle traffic [35,36].

The environmental parameters measured in May 2019 campaign are centralized in
Table 2. The weather conditions during measurements day (31 May 2019) were moderate:
cloudy sky and very low wind speed in the morning and partly sunny sky and low wind
speed. Temperature ranges from 23.2 to 24.7 °C. Similar weather conditions were observed
three consecutive days before starting measurements. Therefore, the weather conditions
are good and prevent particulate matter emissions due to the natural sources.

The measured values, Table 2, show that the most polluted measuring point is P3
which reveals a strong exceeding of the limits for PM; 5; PM;g and VOC for the Tudor
Valdimirescu Street in the close proximity of the intersection with Calea Motilor Street. A
number of 65 vehicles pass through the measuring point in 10 min, which confirms that it is
an agglomerated intersection which implies average car speed. The second most polluted
measuring point is P10, also having gross exceeding of the limit values. This zone is situated
around the exit to Cluj, a place associated with intensive car traffic. This fact has been
proved by those 50 vehicles counted in 10 min. The speed is relatively intense there because
of the proximity of the point, which allows increasing the speed limit from 40 km/h to
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70 km/h. This agglomerated urban traffic condition requires more detailed investigations
to trace physical and chemical evidence between mineral and organic particles involved in
the measured pollutants.

Table 2. Atmospheric pollutants measured in May 2019 campaign.

M.P PMy s, PMy,, VOC, CO,, Vehicles/10 min., Air Temp., Wind Speed,
: ug/m?3 ug/m3 ug/m?3 ppm Counts °C m/s
1 38+1.2 36 + 0.5 6.8 £1.6 608 + 13.22 59 23.2 0.18-0.85
2 28+ 1.1 38+ 1.1 0.5+0.0 556 + 5.03 48 23.2 0.18-0.85
3* 49+ 05 55+1.2 1.2+05 558 + 25.05 65 21.2 1.4
4 36 +1.8 48+ 1.7 1.6 £0.0 556 + 10.26 46 23.6 0.85-1.45
5 32+ 0.6 33+0.3 02+0.1 550 + 0.09 57 23.6 0.85-1.45
6 36 +14 31+08 0.4 +25 580 + 22.81 55 23.6 0.85-1.45
7 38+0.3 41+18 02+00 539 + 15.69 44 241 0.85-1.45
8 36 +1.7 40+ 0.5 04 +0.0 560 + 3.05 57 24.7 0.85-1.45
9 42+19 45+ 1.7 02+0.0 552 + 25.32 48 24.7 0.85-1.45
10* 46+ 1.4 30+14 04 £0.0 638 + 15.09 50 247 0.85-1.45
11 34+2 32+14 02+0.0 525 + 20.20 44 24.7 0.85-1.45
12 38+ 0.6 36 +1.3 02+0.1 506 + 5.04 44 24.7 0.85-1.45
Mean 37.75 38.75 1.025 560.64 51.41 - -
p 9.89 x 10710 177 x 10712 481 x 10718 430 x 1078 - - -

* significant statistical difference.

The opposite situations with relatively low amounts of particulate matter and VOC
emissions are observed for measuring points P2; P11; P5; P4; P6. These points belong both
to the residential areas, such as Hotel Cetate and Central Park, and economic activities areas,
such as Railway Station Square and Bus Station or Dedeman Market. Some of the literature
data mention lower levels of particulate matter pollution in residential areas [37,38], but,
in fact, the values are related to the low traffic. Measurements effectuated in the May
campaign show that the pollutant emission level is strongly dependent on the number
of cars per 10 min. Unfortunately, all measured values exceed the legal limits, and the
discussion is limited to where is placed higher and lower exceeding.

Anova statistical analysis for PM, 5 sustains the significant differences for all 12 measuring
points reported to the legal threshold by a p-value of <0.05. Tukey’s post hoc test reveals
less statistical difference for points P2 and P5, and the most significant difference regarding
the legal threshold is observed for points P3 and P10. Anova and Tukey’s post hoc test
results regarding PMjy reported to the legal threshold show that there are significant
statistical differences for all measuring points except P2, P4, and P9. Both PM, 5 and PM
statistical variances strongly depend on the traffic conditions, which is in agreement with
the literature [39,40].

Statistical results regarding VOC measured values indicate that all measuring points
except P1 and P4 present significant differences (p < 0.05) corresponding to the exceeding
of the legal threshold. Anova test regarding CO, values reveals strong differences among
all 12 measuring points and the legal threshold, the most relevant as pollution level being
P1 and P10.

The measured values evidence a strong connection between vehicle traffic and PM
emissions into the atmosphere. However, the data set is valid only for the measuring day
unless it represents a component of a repetitive pattern. Both points P3 and P10 are situated
in the action range of the governmental automated Air Quality Monitoring Station (AQMS)
operated by Alba County Environmental Agency but at a certain distance. PM;9 monthly
values measured with the automated station are available in Figure 2.
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Alba Iulia EPA Air Monitoring Station
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Figure 2. PM level variation during May 2019, according to Alba Iulia Environmental Protection
Agency, measured with the automated Air Quality Monitoring Station.

Therefore, values measured in May are as follows: mean value 15.46 pg/ m3; minimum
9.36 pg/m?; maximum 22.53 pg/m; and daily value for 31 May 2019 is 12.45 pug/m3. A
certain pattern is observed: high values on Monday and Friday due to the intensive traffic
and lower values during the weekend. The 31 May 2019 was a Friday, explaining the vehicle
pass rate of 6.5/minute at the measuring point P3. However, the values measured by the
AQMS are significantly lower than our measured values. This is explained by the average
distance between our measuring point and the AQMS, the pollutant concentration decreases
from the emission point (where we effectuate measurements) to the AQMS position.

The environmental parameters measured in September 2019 campaign are centralized
in Table 3.

Table 3. Atmospheric pollutants measured in September 2019 campaign.

M.P PMy 5, PMy,, VOC, CO,, Vehicles/10 min., Temperature, Wind Speed,
o pg/m3 pg/m?3 pg/m3 ppm Counts °C m/s
1* 70 £ 3.7 95 +53 64+15 608 + 10.4 74 15.1 0.1-0.45
2% 70+ 1 93+ 3 9.0 £3.0 686 + 11 73 12 0.2-0.4
3* 68 + 2.6 90 +5.5 41403 448 +£53 68 14.7 0.15-0.35
4+ 63 +3.2 72 +£3.2 31+£03 448 £ 0.6 64 171 0.15-0.3

5 35+ 37 42+ 05 02+0.1 445 + 104 48 15.2 0.18-0.35
6 30+2 36 +25 02+0.2 597 + 18.6 - 20.1 0.2

7 35+ 0.6 41+3 02+£0 399 +£21.5 - 23 0.15

8 40+ 4 4+1 1.6 £03 415+ 104 48 23 0.2-0.3
9 35+ 1.7 40+ 3.2 02+0.1 405 + 25.8 - 23 0.2-0.3
10* 68 + 3.2 87 + 1.1 14+05 562 + 22.1 74 23 0.2-0.5
11 49+ 1.1 64+ 1.5 1.1+0.1 439 + 189 - 23 0.25
12 46+ 5 56 + 5.6 25+04 429 +21.1 63 23 0.25

Mean 50.75 63.33 2.500 490.08 42.66 - -
p 171 x 1071¢ 808 x 1071  3.09 x 10710 324 x 1071° - - -

* significant statistical difference.

The weather is characteristic of the end of the summer and the beginning of the autumn.
The sky was partly cloudy all day without precipitations, and temperature ranged from 12
to 23 °C, and wind speed was moderate in the morning and 0.1-0.5 m/s during the rest of
the day. Similar weather conditions were observed for three days before measurements.

Values measured in the September campaign, Table 3, evidence a considerable increase
in the particulate matter and VOC emissions due to the traffic intensification. This fact is
sustained by the car number counting in 10 min for each measuring point. Anova statistical
approach followed by Tukey’s post hoc test shows significant differences regarding legal
thresholds of PMy 5 and PMjg, but severe excess is observed for P1, P2, P3, and P10
measuring points. There were also observed statistical differences regarding VOC values
reported to the legal threshold for points P1, P2, P3, P4, and P8, with a similar situation for
CO; for points P1, P2, P6, and P10.
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Values measured at P3 and P10 points in September are almost double the level in
May. Polluting conditions in both campaigns generate important levels of atmospheric
particulate matter mixed up with VOC compounds. These two categories might interact,
and some of the organic matter could be adsorbed onto the suspended particles, increasing
their health risk. Data in the literature evidence cases of such mixed contamination [41,42].

PMq variation measured with AQMS during September 2019 is presented in Figure 3.
The specific values are as follows: mean value 15.46 pg/m?; minimum 5.72 pug/m3; maxi-
mum 51.97 pg/m3; and daily value for 30 September 2019 is 21.62 j1g/m?3. These values are
significantly greater than the ones reported in May 2019, supporting our observations.

Alba Iulia EPA Air Monitoring Station

60.00

50.00

40.00

30.00

20.00 A

3
PM,, ng/m

10.00 A

03-09-2019
04-09-2019
05-09-2019
06-09-2019
07-09-2019
08-09-2019
09-09-2019
10-09-2019
11-09-2019
12-09-2019
13-09-2019
14-09-2019
15-09-2019
16-09-2019
17-09-2019
18-09-2019
19-09-2019
20-09-2019
21-09-2019
22-09-2019
23-09-2019
24-09-2019
25-09-2019
26-09-2019
27-09-2019
28-09-2019
29-09-2019
30-09-2019
29-09-2019
30-09-2019

Figure 3. PMj level variation during September 2019, according to Alba Iulia Environmental
Protection Agency, was measured with the automated Air Quality Monitoring Station.

The emission pattern is also observed for September 2019 AQMS data. Both Mon-
day and Friday have significantly increased values due to the traffic conditions. A single
legal threshold excess (51.97 pg/ m?®) was reported on 24 September 2019 (Tuesday), situ-
ated on the high level measured on 23 and 25 September 2019 due to the meteorological
conditions, such as fog, associated with low aerodynamic movements. The weather amelio-
rates due to moderate air currents prior to our measurement preventing fog persistence.
Thus, the increased values at the measuring points in our research are caused by the auto
vehicle traffic.

The simplest method for pollution reduction would be traffic restriction hence the
pollutant emission depends on the traffic intensity. It works only in theory because the
traffic is generated by domestic, economic, and industrial needs and cannot be restricted
due to the severe perturbation of all involved activities. Some of the heavy traffic might be
redirected, but it will redistribute the pollution to other points. Therefore, it is difficult to
figure out proper pollution-diminishing strategies based only on the measured values. A
complex physicochemical investigation is required for assessing the mineral and organic
compounds involved in the measured PM; 5 and PMyj.

3.2. Mineral Compound Assesment

The most important investigation method for crystallized compounds and phase
identification is X-ray diffraction. All collected samples were investigated, and the obtained
patterns are presented in Figure 4.

All recorded XRD patterns present well-developed peaks with narrow allure and
significant intensities that indicate an increased crystallinity level of the samples and a
complex mixture of different minerals mixed together.

SD1 sample has the dominant peak for Quartz, Figure 4a, followed by the clay particles
(such as Kaolinite and Muscovite) and calcite that originates in decayed soils from the
neglected green spaces around the streets. Lepidocrocite found in the SD1 sample indicates
an anthropogenic source in the rust from the car chassis. The literature data indicates that
rust from the car chassis is being incorporated into the street dust [11].



Atmosphere 2023, 14, 862

9 of 22

, a.u.

Intensi

Q C - Calcite

K - Kaolinite

M - Muscovite

L - Lepidocrocite
M Q - Quartz

C M
Kp QCQ?LQ Q ¢ @ a LQ

¢ K b
|

LJWL—;’M"MFW'MEJ‘.__JE

L

d

20

30 40 50 60 70
2 Theta, deg.

Figure 4. The XRD patterns for investigated samples: (a) SD1; (b) SD2; (c) ASP1; and (d) ASP2.

SD2 sample evidences very intense peaks, one for Quartz and the other for Muscovite,
Figure 4b. Both minerals are characteristic of friable sandy clay soil that allows easy
spreading of the particles into the surrounding environment if it is not properly wetted.
Thus, most of the SD2 street dust sample particles originate in the neglected adjacent green
spaces. XRD pattern in Figure 4b also features significant peaks for Kaolinite, Calcite,
and Lepidocrocite that indicate a complex mixture of minerals tumbled together by the
car’s wheels.

Diffraction patterns obtained for the air-suspended particle samples, ASP1 and ASP2,
Figure 4c,d have a similar aspect regarding peak positions and mineral distribution; only
some minor variation of the relative intensities varies. Thus, Quartz is the dominant mineral
in the ASP samples, followed by the clay mixture of Muscovite and Calcite. It represents
direct proof that the decayed soil is incorporated into the street dust, and its particles are
suspended in the atmosphere due to the traffic conditions. Particle size plays an important
role in their atmospheric suspension, and, therefore, mineralogical microscopy is required
to realize a direct connection between XRD results and particulate matter shapes and sizes.

The relative intensities of the most relevant peak of each of the identified minerals cor-
related with the corundum factor allow a proper determination of their weight percentage
in the sample. All XRD patterns in Figure 4 were analyzed, and the resulting composition
was centralized in Table 4.
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Table 4. Minerals distribution within investigated samples as results of XRD and MOM investigation.

Component Quartz Kaolinite Muscovite Calcite Lepidocrocite
Formula SlOz A125i205 (OH)4 KA12 (A18i3010)(F,OH)2 CaCO3 VFQO(OH)
Color nuances Green-gray White-blue Pink Yellow-brown Reddish-brown

SD1

Amount, wt. % 36 24 19 15 6

Particle size, pm 2-160 1-55 1-30 5-80 3-15
SD2

Amount, wt. % 29 18 27 16 10

Particle size, pm 2-180 1-60 1-40 3-75 3-15
ASP1

Amount, wt. % 39 19 16 21 5

Particle size, um 1.5-45 1-30 1-25 2-35 3-15
ASP2

Amount, wt. % 32 21 24 11 12

Particle size, um 1.5-50 1-20 1-25 1.8-15 3-15

Figure 5 presents the main visual characteristics observed under cross-polarized light
for the minerals identified in street dust and floating particle samples. Each of the minerals
evidenced in Figure 5 was found in the investigated samples. Calcite has a boulder shape
and brown-yellow nuances (Figure 5a) and evidenced dark spots on its surface when it is
stained with soot (Figure 5b).

50 pm

*200 pm

Figure 5. Cross polarized light images of the representative minerals found in SD and ASP samples:
(a) Calcite; (b) Calcite with soot stains; (c) Kaolinite; (d) Muscovite; (e) Lepidocrocite; and (f) Quartz.

Kaolinite has a blue-white nuance (Figure 5c); the intense blue shade is characteristic
at complete light extinction, and white nuance is observed at maximum illumination.
Muscovite particles present pink shades and their intensity varies on the particle position
regarding the optical axe of the microscope (Figure 5d). Lepidocrocite is an iron hydroxide,
and the specific color nuance is based on red—orange shade, as observed in Figure 5e; there
is observed a part of a macroscopic particle that is related to the cars rust. Several dark
spots appear on its surface that belong to an amorphous material that could be of organic
nature. Quartz particles normally exhibit green—gray nuance but taking into consideration
the intense level of pollution within the street dust samples, they appear with an intense
green shade on their top, Figure 5f.

Street dust sample SD1 has a grainy structure and a heterogeneous composition, as
observed in Figure 6a. The MOM image is dominated by bigger micro-scaled particles,
such as quartz and calcite, which are surrounded by the finest fractions that contain
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predominantly clay particles, such as Muscovite and Kaolinite. There also appear some
small particles (e.g., 2-10 pm) with green-gray shade and several sharp edges intersected
under a small angle that indicates a pronounced fragmentation of Quartz.

o}‘ e ’\"'

; . Ty "-. 6s.
St e TR |
) ‘ 200 pm

Figure 6. Cross-polarized light images of the particulate matter samples: (a) SD1; (b) SD2; (c) ASP1;
(d) ASP2; (¢’) fine fractions of ASP1; and (d’) fine fractions of ASP2.

It sustains the silicate fragmentation process under intensive milling induced by the
vehicles’ tires [32]. MOM investigation allows the proper correlation between visualized
particles and XRD data, and thus, the size range is precisely established for each of the
minerals, with values centralized in Table 4. Some of the bigger particles observed in the
SD1 sample present dark spots that represent amorphous matter which is highly possible
to be of organic nature.

SD2 sample also presents a grainy aspect with well-individualized particles in a wide
range of sizes. The larger particles evidenced in Figure 6b are Quartz of about 180 pm and
calcite of about 75 um, which are surrounded by finer fractions that contain predominantly
clay particles in the range of 1-60 um but also a significant amount of fine Lepidocrocite
in the range of 3-15 um (Table 4). These fine fractions are very susceptible to being
elevated into the atmosphere even by the slowest air currents. Some small black particles
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are also observed, along with the finest fractions that indicate the presence of granular
amorphous material.

Air-suspended particle samples that were collected from the atmosphere during
May-September 2019 are very similar regarding particle size range and mineral composi-
tion, as observed in Figure 6¢,d. The dominant mineral is Quartz, with particles ranging
from 1.5 to 50 pm, followed by the clay particle mixture, which is preponderantly fine to
ultrafine; however, their range is situated between 1 to 30 pm. It is relatively scarce in
calcite presence among floating particles, but still significant content was observed in the
range of 2-35 pm.

These entire minerals originated from the soil disintegration under road traffic and
have dimensional components able to generate PM; 5 and PM;g. Lepidocrocite proves
to be the anthropogenic marker of the street dust samples SD1 and SD2 fine fractions
incorporation into the ASP1 and, respectively, ASP2 because it keeps the same weight
percentage from the source.

The finest fraction within the air-suspended particle samples was investigated by
MOM at high magnification (Figure 6¢’,d’). There can be observed the particulate char-
acteristics of PMj 5 and PMjy. Both of the samples reveal that Quartz and Calcite form
predominantly PM;o, while Muscovite and Kaolinite are predominantly situated in PM; 5
ranges along with Lepidocrocite.

Figure 6¢’,d’ clearly reveals some black particles with rounded shapes and sizes
predominantly situated in the PM, 5 range, but there are some bigger clusters formed by
the coalescence of these particles that are situated in the PM; category. These fractions need
special attention because they are amorphous (the black shade of the particles observed
in cross-polarized light indicates very low crystallinity or amorphous state) and are not
detected by the XRD investigation. The literature data mention soot emissions associated
with exhausting vehicle combustion gases [43,44].

Soot formation in combustion gases is a complex process that implies many variables,
such as fuel quality, burning temperature and pressure, and environmental oxygen con-
centration [45]. Generally, older vehicles have combustion problems due to engine wear
and lack of catalysts on the exhausting system. Diesel engines are more susceptible to
forming soot due to the combustion particularities and extra lubricant requirements. Arora
et al. show that initially, soot particles are nanostructured, having about 80-100 nm when
generating their exact diameter depending on the Diesel working regime, a fact evidenced
by TEM microscopy [46]. On the other hand, carbon nanoparticles feature a high affinity
each to another, favoring their coalescence in generating bigger particles [47,48]. Finally,
they drop on the soil surface, being incorporated in street dust, where they are milled
together with the mineral particles. This fact is proved by the amorphous stains observed
on the Calcite particle in Figure 5b and on the Lepidocrocite particle in Figure 5e. Soot
particle release into the atmosphere might be correlated with the VOC values that were
measured, but a more enhanced analysis is required to fulfill this allegation.

Sample morphology was investigated with Scanning Electron Microscopy (SEM) for a
better observation of the particle morphology and sizes using magnifications and resolution
better than MOM. Bigger street dust particles found in SD1 and SD2 samples were first
investigated (Figure 7).

Bigger particles of street dust are practically inevitable in the conditions of a big city
with complex socio-economical activities. These particles are visible to the eyes without
any magnifying device because of their sizes close to 1 mm. They are not susceptible to
being lifted into the atmosphere but could play an important role in the particulate matter
pollution mechanism.
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Figure 7. SEM images for large particles within street dust samples SD1: (a) macroscopic detail;
(b) single particle view; and (c) microstructural details. SD2: (d) macroscopic detail; (e) single particle
view; and (f) microstructural details.

For example, SD1’s bigger particles’ general aspect is observed in the SEM image
presented in Figure 7a. Their sizes range from 500-800 um and look as freshly-broken
quartz particles due to the sharp edges intersecting on small angles. This fact is in good
agreement with the silicate fragmentation mechanism [32]. The freshly broken quartz
particles apparently disagree with the MOM observation, where the Quartz particles
appear to be covered with pollutants. Therefore, a closer look at one of the bigger particles
(Figure 7b) allows observing its irregular surface with a lot of the finest fractions embedded
into some kind of coating. The examination at high magnification (Figure 7c) evidences a
lot of small lamellar particles belonging to clays with dimensions predominantly found
in the PMj, 5 ranges. This fact explains the reddish color ring around the green top of the
quartz particle exemplified in Figure 3f. The embedding binder might be soot generated by
an old vehicle combustion exhausting system.

A similar aspect is observed for the SD2 sample featuring bigger Quartz particles with
blunted edges as a consequence of intensive mechanical stress involved in their interaction
between them and cars’ tires (Figure 7d). The detail on SD2 bigger particle evidences better
the finest particles coating on its surface (Figure 7e,f). There appear to be few evident PM1g
particles that are surrounded by a lot of fine particles in the range of PM; 5. Some of them
are small enough to be categorized as PM; fractions.

Microstructured fractions of the SD1 sample are observed by SEM microscopy in
Figure 8a, revealing a heterogeneous mixture with the aspect of intensive milling of the
mineral particles.
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Figure 8. SEM images of the particulate matter samples: (a) SD1; (b) SD2; (c) ASP1; and (d) ASP2.

The right side of Figure 8a evidence a fresh quartz sliver having a length of 150 um
and a width of about 60 pm and presents a few small clay particles adsorbed on its surface,
while the upper right corner evidences a rounded calcite particle of about 40 pm and a
quartz fragment with a sharp arrow tip of about 42 um. These features are surrounded
by a lot of fine Quartz and Calcite particles situated in the PMj, size range and a lot of
finer clay particles in size range corresponding to PM, 5. Similar aspects regarding PM; 5
and PM;g particulate fractions are observed for the SD2 sample (Figure 8b); the differences
consist of two quartz particles with dimensions over 100 um that are fully covered with
finest fractions, as observed in the upper left corner and on the right side of the images’
observation field.

Air-suspended particle sample ASP1 was investigated with SEM microscopy, and
the resulting image is presented in Figure 8c and assures a better visual quality than the
complementary MOM image in Figure 6¢” (both images have the same scale bar). Particles
situated in the range of 11-45 um belong predominantly to quartz and calcite. These sizes
exceed the particulate matter standard, but they also were lifted into the atmosphere by the
intense auto vehicle traffic, but their suspension time was slightly shorter than the other
finest fractions. Figure 8c reveals that the PM; fraction contains predominantly Quartz and
Calcite, and PM; 5 contains predominantly Kaolinite and Muscovite particles. It consists of
solid proof that mineral particulate matter within the ASP1 sample originates in the SD1
street dust.

The ASP2 sample was also investigated by SEM microscopy (Figure 8d) in order to
assure a better morphological view than the MOM observation in Figure 6d’. There appear
some quartz particles of about 50 um (in good agreement with MOM investigation) with
sharp edges and small fraction, adsorbed on their surfaces. The other particles in the range
of 11-30 um belonged both to quartz and calcite and were lifted into the atmosphere by the
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intensive car traffic along with the particulate matter. Mineral distribution within PM; 5 and
PM categories is similar to the one observed for ASP1, but the intensive fragmentation of
the clay particles, which predominates into the PMj 5, is more evident in Figure 6d, and a
lot of those particles are eligible to be categorized as PM;. However, this class is included
in PMy 5 and is not treated as a separate category since there are no legal provisions and
devices for their level measurement as distinct indicators.

The mineral compounds assessment concludes that street dust is a main source of
particulate matter in the atmosphere due to intensive vehicle traffic. Their tires act over
the dust particles as a mill and the bigger quartz particles as milling bodies. Therefore,
clay particles are more brittle and are fragmented until a lot of the finest fractions are
formed. These are enclosed in the PM; 5 fraction. Calcite and some of the Quartz particles
are fragmented during the milling process until they reach small sizes, but they are found
predominantly in PM;g and less in the PM; 5 category.

In consequence, mineral particulate matter mitigation might be implemented by a
more enhanced street cleaning using dust collectors and do not require traffic limitations.
The measure would be more powerful if the street dust sources were reduced. Therefore,
supplementary care of the green areas would reduce the street dust occurrence.

3.3. Organic Compound Assessment

The first step of the organic matter assessment was conducted with an FTIR investiga-
tion. Street dust and air-suspended particle samples were investigated, and the obtained
spectra are presented in Figure 9. This spectroscopic investigation reveals the vibration
bands of each chemical bond in the sample compounds, which appear at specific wave
numbers. Therefore, each evidenced absorption band was compared with the database and
the literature for the proper vibrations assignment; all measured peaks were centralized
in Table 5, and on their right side is presented the proper assignment according to the
cited literature.
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Figure 9. FTIR spectra for investigated samples: a—SD1; b—SD2; c—ASP1; and d—ASP2.
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Table 5. FTIR absorption band assignment.

Measured Peak Wavenumber (cm—1)

Species ASPL ASP2 v PS2 Vibrations Assignment References
3431 3431 3446 3421 H-O-H stretching
Water (OH) 1626 1620 H-O-H bending [49,50]
2923 2923 2923 2923 -CHj, asymmetric stretching
C-H (alkanes) 2852 2852 2854 2854 -CH, Symmetric stretching (501
_ . 1873 1870 Saturated symmetric C=0O stretch
C=0 (organic compounds) 1647 1676 C=O stretch [49]
CO32~ (calcium carbonate) 1795 1797 CO52~ ions [51]
NH,* 1421 1425 1419 1421 NH,* ions [52]
NO;3;~ 1320 1320 NO~3 ions [50,53]
1081 1080 S-O stretch
2—
50, 638 646 5-O bend (52,531
1035 1035 1039 1029 in-plane Si-O stretching
777 777 779 777 Si-O-Si vibration [50]
. 694 694 694 692 Si-O symmetrical bending
Silicates 582
511 512 526 526 O-5i-O bending deformation [54]
460 461 470 468 O-5i-O bending deformation

All samples contain adsorbed water evidenced by H-O-H stretching at 3421-3431 cm !
and H-O-H bending evidenced at 1620-1626 cm~! only in SD1 and SD2 samples, which is
in good agreement with the literature [49,50]. It proves that floating particles contain less
adsorbed water than street dust.

Organic matter proves to be strongly represented by alkanes and their -CH, asymmet-
ric stretching evidenced at 2923 cm ! and -CH, Symmetric stretching at 2852-2584 cm ™.
The other organic compounds categories evidence C=0 bounds as saturated symmetric
C=0 stretch at 1870-1873 cm ™! for street dust samples and C=0 stretch at 1647-1676 cm ™!
for the floating particle samples. The C=0O absorption band difference between street dust
and floating particles might be explained by the fresh interaction of the floating particles
with combustion gases, and, thus, some organic volatile compounds might be adsorbed
on their surface. On the other hand, street dust samples contain a significant amount of
amorphous matter that is related to the soot clusters bonded together by the other C=O
organic compounds evidenced by FTIR analysis.

Mineral fractions within street dust and floating particle samples are strongly repre-
sented by the CO32~ ions absorption band at 1795-1797 in close relation with calcite and
silicates absorption bands related to the Quartz, Muscovite, and Kaolinite. These are as
follows: in-plane Si-O stretching at 1029-1035 cm™!; Si-O-Si vibration at 777-779 cm™};
Si-O symmetrical bending at 692-694 cm~!; O-Si-O bending deformation at 511-526 cm~!;
and O-Si-O bending deformation at 460-468 cm~!. It is very interesting that species, such as
NH,4*; NO;~, and SO42~, are evidenced by the absorption bands of 1421 ecm~1:1320 cm™1,
and 1080 cm~!. These might be related to the derivative sub-product of SO, and NO,
emissions into the atmosphere, which is related to the acid rain compounds [20]. Ammonia
chemical bonds were found both in street dust samples and in air-suspended particle
samples, while sulfate chemical bonds were observed only in street dust.

A significant amount of VOC measured during May and September 2019 is expected
to influence particulate matter emissions. Some of these compounds might be adsorbed on
the mineral and soot particles, increasing their hazardous potential. This fact was proved
by the gas chromatography and mass spectrometry GC-MS analysis effectuated on ASP1
and ASP2 samples. The obtained TIC chromatograms are presented in Figure 10, and the
relevant peaks are marked with their retention time (RT).
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Figure 10. TIC chromatograms for investigated samples: (a) ASP1; and (b) ASP2.
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TIC chromatograms were processed by the soft instrument, and the total composition
of volatile compounds extracted from ASP1 and ASP2 samples was obtained. The results
are centralized in Table 6: each of the identified compounds is listed according to the
retention time (RT), and its weight percent is presented.

Table 6. Volatile Organic Compounds identified by GC-MS analysis in ASP1 and ASP2 samples.

c d RT, VOC, % c d RT, VOC, %

No ompoun min.  ASP1 ASP2  \° ompoun min.  ASP1 ASP2
1  Toluene 7.747 0.56 0.52 28. Undecanoic acid, ethyl ester 29913 0.50 -
2. 2-Hexanone 8.223 1.31 1.05 29. Cyclohexane,1,1,3,5-tetramethyl 32.165 2.42 1.14
3. 2-Hexene-1-methox 8.349 0.49 0.57 30. Cyclohexane,1,2-diethyl-3-methyl 32.577 1.52 1.01
4. Ethanel,1,2,2-tetrachloro 12.168 2.73 - 31. Cyclooctane,1-methyl-3-propyl 32.815 3.67 2.57
5. Butyl angelate, 3-methyl 13.399 2.05 1.05 32. Octacosylheptafluorobutyrate 33.271 1.29 1.12
6. D-Limonene 14.966 0.69 0.66 33. Tetradecanoic acid 33.885 5.93 -
7. Pentanoic acid, 2-propenyl ester 15.217 1.00 - 34. Octadecane 33.919 - 0.63
8.  Pentanoic acid, ethylhexyl ester 15.816 191 - 35. Tetradecanoic acid, ethyl ester 34.264 1.53 -
9.  2-methyl-6-methyleneocta-2,4-dienone 17.255 1.76 - 36. Nonadecane 35.956 0.34 -
10. 10-chloro-1-decanol 18.642 0.84 - 37. Hexadecanoic acid, methy] ester 36.983 1.13 3.71
11. Undecane 19.247 2.00 1.27 38. Hexadecanoic acid 37.958 19.86 9.21
12. Undecane,4,6-dimethyl 20.234 0.56 0.21 39. Hexadecanoic acid, ethyl ester 38.229 3.28 -
13. Decane,2,3,5,8-tetramethyl 20.438 0.76 - 40. Z7,7-3,13-Octadien-1-ol 40.347 - 1.87
14. 1.3-Di-tert-butylbenzene 21.205 3.91 1.81 41. Methyl stearate 40.738 - 2.41
15. Undecane-3,7-dimethyl 22.003 3.04 1.57 42. Z-9-octadecenoic acid 41.306 6.34 4451
16. Cyclohexane, 1,2,4-trimethyl 22.244 2.81 1.30 43. Octadecanoic acid 41.627 4.20 5.66
17. Cyclopentane, 2-methylbutyl 22.476 211 1.12 44, Ethyl tridecanoate 41.859 0.51 -
18. n-decanoic acid 24.569 0.53 - 45. Tricosan 43.274 0.44 -
19. Tetradecane 24.670 1.63 1.48 46. Pentadecane, 2,6,10,14-tetramethyl 45.012 1.06 1.78
20. Dodecane,2,6,10-trimethyl 25587 071 - 47. L~ octadecenoic acid, pentyl 45678 050 -
21. 2,6,10-trimethyltridecane 26.060 0.89 0.71 48. Bis(2-ethylhexyl)phtalate 47.719 0.29 0.70
22. Pentadecane 27.166 0.66 0.38 49. Decyloleate 47.796 0.98 -
23. CyCIOﬁentane (2-methylbutyl) 27.655 - 1.14 50. Pentadecene 47.930 1.83 1.18
24. Cyclohexane,1-ethyl-2-propyl 28.098 1.52 0.95 51. Heptacosan 49.491 0.66 0.4
25. 2,4-Di-tert-butylphenol 28.312 4.16 2.98 52. Squalene 51.398 0.93 -
26. Dodecanoic acid 29.445 1.00 - 53. E-9-octadecenoic acid, pentyl ester ~ 51.483 - 1.96
27. Hexadecane 29.531 0.70 1.18 Total 99.54 99.81

Results show with no doubt that air-suspended particles retain a lot of the VOCs re-
sulting from the combustion gases. Saturated alkanes, cycloalkanes, fat acid, and fatty acid
esters were dominant compounds in good agreement with the data in the literature [55,56].
Kim and Koh divided the VOC identified in the street dust into four groups, such as
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aliphatic hydrocarbons, phenol derivatives, aromatic hydrocarbons, and oxidized hydro-
carbons [55]. The amount of VOC allows for establishing emission patterning, according
to the sample source. However, in our case, it is sufficient that VOCs’ presence in the
air-suspended particle samples is sufficient as a first point of view.

Moreover, the literature data relates the saturated alkanes to the combustion gasses
residues, especially from diesel fuels which are further incorporated into the soot par-
ticles [57,58]. This observation deals with the Diesel combustion type, which requires
supplementary lubrication of the fuel, a fact that facilitates soot formation and incorpora-
tion of the volatile compounds in its particles. Diesel fuel also contains significant aromatic
hydrocarbons that generate specific VOCs after combustion [59]. Such aromatic compounds
were identified in ASP1 and ASP2, such as toluene, 1.3-Di-tert-butylbenzene, and Bis(2-
ethylhexyl)phthalate, which are hazardous for the health, which is in good agreement with
the data in the literature [60].

The most efficient soot mitigation strategy and combustion-related VOCs are using
modern catalyst systems and advanced filters installed on the exhausts. These devices con-
vert dangerous VOCs to less hazardous compounds and retain associated particle emissions.

3.4. Study Limitations and Future Prospective

The complexity of the present research is given by the correlation established between
PM emissions measured directly on the street at the most polluted points in Alba Iulia and
their generation mechanism caused by vehicle traffic.

The most intriguing aspect is the apparent discrepancy between the PM level measured
directly on the street and the values measured by the Automated Air Quality Monitoring
station. Our measurement shows limit threshold excess for almost investigated points
during May and for all measuring points during September, while AQMS evidences only
mild excess of PMjj during September. It means that the high level of pollutant measured
directly at the source is partially dissipated until reaching the AQMS, but it also means
that PM pollution issues are strictly limited at most intense traffic nodes, and it is not
propagated in the whole city. Therefore, one of the main limitations of this study is given
the reduced number of direct observations in the street, a fact which should be improved
during future research.

Physicochemical investigations evidence that street dust causes significant particulate
matter emissions due to the intense traffic and air current intensity, which causes particle
suspension into the atmosphere. These air-suspended particles are very heterogeneous,
containing mineral and organic fractions. ASP mineral fractions, such as Quartz, Calcite,
Muscovite, Kaolinite, and Lepidocrocite, are generated by street dust, while organic frac-
tions are mostly soot resulting from vehicle combustion. Mineralogical optical microscopy
allows proper dimensional classification of the observed PMs. Therefore, Quartz and
Calcite are predominantly found in the PM;q fraction category, and the PM, 5 fraction
contains predominantly Muscovite and Kaolinite. Thus, the investigation of street dust and
air-suspended particles from the P3 and P10 measuring points is another limitation of the
present research. It requires more samples to be collected and investigated in the future in
order to establish a proper mitigation strategy.

Soot microparticles are formed by their nanoparticles clustering in the presence of
combustion VOCs. Therefore, some volatile organic compounds might be retained in such
clusters. GC-MS analysis evidenced 53 different VOCs belonging to different classes, such
as aromatic hydrocarbons, alkanes, cycloalkanes, complex alcohols, and ketones. All these
VOCs were extracted from the ASP samples, and their presence proves that their hazardous
potential is increasing. Unfortunately, a limitation of this study is that atmospheric VOC
emission measurements allowed us to establish the value of total emitted VOCs but didn’t
allow their individual speciation to be compared with GC-MS data obtained for ASP
samples. The further approach to this issue requires more enhanced measuring devices for
the proper detection of certain individual VOCs.
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The mitigation of PM emission into the atmosphere strategy identified in the obtained
results implies better care of the street adjacent green fields to avoid their decaying for a
drastic limitation of mineral particles occurrence in the street. Another useful strategy is
the implementation of advanced filters for all vehicles to reduce soot and VOC emissions.

4. Conclusions

The atmospheric parameter measuring campaigns effectuated in Alba Iulia in May
and September 2019 revealed a significant excess of particulate matter pollution associated
with a significant amount of VOC and CO, emissions caused by intensive vehicle traffic.

Physicochemical investigations reveal that air-suspended particles, including PM; 5
and PMj, contain significant amounts of mineral fractions originating in the street dust
and organic particles of soot. These results show that PM; fractions contain predominantly
Quartz and Calcite and traces of clay particles, and PMj 5 fractions contain predominantly
Muscovite and Kaolinite particles and traces of Quartz, Calcite, and Lepidocrocite.

Soot particles are found as small micron clusters that proliferate mainly into the
PMj; 5 category, but some of them are found in PMjg. The presence of soot and its related
VOCs was confirmed by the CH; and C=0 bonds, evidenced by FTIR spectroscopy. GC-
MS investigation proves that the combustion gases related to VOCs are retained by the
particulate matter, increasing their hazardous potential.

The results indicated that the most efficient particulate matter mitigation strategy is
to reduce street dust occurrence by better care of the street-adjacent green areas and an
enhanced street cleaning program. The organic compounds and soot mitigation strategy
is the implementation of modern filters and catalytic systems on the vehicle combustion
gases exhausting systems. Another VOCs’ mitigation strategy would be the replacement of
the oldest combustion vehicles with new electrical ones.
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