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Abstract: Particulate matter significantly contributes to environmental pollution, negatively affects
human health and irreparably damages all living things. The purpose of the research is to help
determine the concentration of particulate matter in metropolitan areas. Three measuring stations
in a city in central Slovakia were selected for the research. The sites were located at the main
bus terminal, near primary schools, and at a railway crossing. Each station formed a measuring
point. During the investigation, we monitored the amount of flying dust; at the same time, the
intensity of traffic in the vicinity of the measuring stations was monitored. The research made it
possible to determine the link between the volume of traffic and the concentration of particulate
matter. The level of dependence between the concentration of particulate matter and the volume
was first evaluated based on correlation coefficients. From the results of the research, it is possible to
consider the dependence of the concentration of pollutants and the intensity of traffic as high. For
each measurement, the correlation coefficient values were above 0.7 and, in some cases, exceeded
0.9, which can be considered very high levels of dependence. The highest level of pollution was
detected at the bus station where the concentration of PMjj exceeded the value of 83 ng/ m? and
the concentration of PM; 5 was at a level exceeding the limit of 16 ug/ m3. This evidence can be
considered very negative due to the high occurrence of people in this place. Different concentrations
of particulate matter can also be monitored at other measuring points. According to research results,
metropolitan road transport has a significant impact on the concentration of particulate matter, which
have an adverse effect on nearby pedestrians.

Keywords: particulate matter; emissions from road transport; urban environment; air quality

1. Introduction

The results of recent studies have found that air quality in cities has deteriorated due
to the increasing concentration of human activities that produce polluting emissions [1].
The main cause of current air pollution is mainly emissions from household heating and
emissions from transport. Studies [2,3] have shown that solid particles and nitrogen oxides
contribute to excessive pollution. Their increased concentration is particularly observable
in metropolitan areas with an extreme number of cars. Residents in such conditions have
difficulty breathing. In such environmental conditions, pollutants begin to accumulate,
especially particulate matter PM;g and PM; 5 [4]. These are very small particles that are
hardly visible to the naked eye. Particulate matter from city roads contain toxic metals
and act as carriers of pollutants released into the air as well as carcinogens, which pose a
potential risk to human health [5,6].

The resuspension of PM and road wear particles accumulated on the surface, in
addition to fine and coarse space particles that are mostly produced by tire and brake
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wear, are the main contributors to non-exhaust emissions [7,8]. Particulate matter (PM) air
pollution is largely the result of burning fossil fuels. The AQLI (Air Quality Life Index)
study shows that the life expectancy of all women, men, and children worldwide who
live in areas with a PM concentration higher than what was considered safe by the World
Health Organization (WHO) [9] could be reduced by almost 2.2 years. Poor air quality
shortens human lives around the world and has a negative effect worse than cigarettes,
therefore, there is no greater risk to human life at present [10].

When investigating the concentration of particulate matter, size is important. A study
by Schneider et al. points to the formation and impact of particles smaller than 1 um
in metropolitan areas [11]. The smaller the fine dust particles, the more insidious their
inhalation is for our organisms. Much also depends on their chemical composition. PM
is composed of liquid and particulate matter, that can remain suspended in the air for
long periods of time. Particles that are larger than PM;g are already filtered out in the
nasal cavity and do not pose a considerable risk to human health. However, smaller
particles (PM; 5) penetrate the larynx and lower respiratory tract, subsequently settling in
the bronchi. Because of their small sizes, PMj; 5 particles can remain in the air for days after
being emitted or formed in the atmosphere and can be transported long distances from
their source [12-14].

According to the World Health Organization, PM was responsible for 3 million prema-
ture deaths worldwide in 2016 [15]. Decreasing PMj 5 levels by 10 pug/ m? could increase
life expectancy by 0.61 years [16]. Moreover, the results of several studies have shown
a significant positive association between the quantities of PM; 5 in road dust and the
frequency of hospitalization due to cardiovascular and respiratory complications [17,18].

Young children, the elderly, and people suffering from allergies or asthma are sensitive
to air pollution. The biggest air quality problem in Slovakia is air pollution comprising
dust particles (PMjg); furthermore, PM also causes the greatest damage to human health in
Europe [19-21].

Air pollution is hard to escape, no matter where one is. Particulate matter in gen-
eral can come from very diverse sources both natural and anthropogenic. The natural
sources include processes that normally occur in nature (forest fires, erosion processes, etc.).
Anthropogenic sources include emissions from combustion processes household heating,
transport, electricity production, heating plants, waste incinerators, and various other
production processes. To a lesser extent, increased dustiness is also contributed by dust
from the road residues from the wear of brakes and tires, winter litter, and road pollution.
The harmfulness of particulate matter to human health depends not only on the size of the
particles but also on their composition, which is conditioned by what source they come
from [22,23]. In the studies of Tomar et al., the amount of concentration of particulate matter
depending on the road surface is characterized. The research results show that in the rural
urban landscape, the main source of PMj 5 is automobile activity. Suspended particulate
matter accounts for 89% and 75% of total PM; 5 on rural and urban roads, respectively. The
proportion is higher in rural areas due to the poor condition of roads. In addition, vehicles
driving on rural roads contribute to emissions in a similar proportion to the length of rural
roads. It seriously affects human health as well as the environment [24,25].

Several studies have been conducted to investigate the state of PM pollution, which in
most cases exceeds global air quality guidelines [26,27]. Therefore, air quality has become
an important measure of life quality in densely populated cities and industrial areas. Air
quality control is currently highly desirable to improve the sustainability of cities and the
quality of life of their inhabitants [28,29]. Legislative air quality standards and emission
control policies regulate the release of harmful substances into the atmosphere and manage
the concentrations of air pollutants, such as PM; 5, PM;g, NOx, and O3 [30,31].

However, it is necessary to monitor and forecast air quality for the effective prevention
of air pollution. Several studies have been conducted that focus on different method-
selection strategies for effective PM concentration mapping [32,33]. Several authors have
addressed the relationship between the number of vehicles and PM concentration; however,
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they declared uneven results. Some researchers found that increases in traffic congestion in
urban areas resulted in increasing PM levels [34-36], while others discovered very weak or
zero [37-40] correlation between variables. The COVID-19 pandemic also had an impact on
improvements to air quality when there were mass restrictions on human activities, which
led to changes in air pollution levels in many regions around the world [41,42].

The research conducted was aimed at evaluating the relationship between the number
and category of vehicles in relation to the concentration of particulate matter. The research
points to different levels of pollution depending on the category and number of vehicles
that were registered during the research. Currently, the Slovak Republic does not have a
universal tool for monitoring air quality in urban areas. Within cities or larger agglomera-
tions, there is no study available on how to monitor and evaluate air quality in a specific
section. In the near future, it is planned to create measuring points in selected places that
will continuously monitor air quality. One of the assessed values is the concentration of
particulate matter. For this reason, the research is carried out in such a form. The results
of the study can serve as a tool for the correct placement of measuring devices in order
to permanently monitor air quality. Based on the results of measurements and current
data, specific measures can be introduced (entry ban, limited entry for selected types of
vehicles, etc.) with the aim of permanently reducing emissions in the urban environment.
The research findings further provide support for planning the optimization of air quality
management policies toward the creation of sustainable cities. In the Slovak Republic, there
is still no instrument to prevent the movement of passenger traffic in the city center. To
a large extent, the study could be beneficial in building a green policy and permanently
reducing emissions due to traffic within cities.

We evaluated data provided by the Slovak Hydrometeorological Institute, the only
institution in the Slovak Republic that deals with monitoring and evaluating air quality.
However, the institution only participates in the assessment (it is informative in nature).
Based on the results, it is not possible to implement any steps that would lead to the
improvement of the current situation in the territory of the Slovak Republic.

Table 1 shows the categorization of the measured components of particulate matter
based on intervals. After placing the measured value in the appropriate interval, we receive
information about air quality. The color design provides visual information to alert the
reader if there is a deterioration in air quality, and this information is traceable online. The
results of the particulate matter examination are also reproduced with the same expressions.

Table 1. Evaluation of air quality in measurement of particulate matter (according to Slovak Hydrom-
eteorological Institute).

Air Quality Evaluated According to Slovak Hydrometeorological Institute [1g/m3]

Quality Level PM; 5 PMjo
very good
good 14-25 2040
worse 25-70 40-100
bad 70-140 100-180

very bad o w aw

2. Measurement Methodology

For our research, we chose the measuring points where the measurements were carried
out. We performed the study in a city located in central Slovakia. We selected places with a
high intensity of pedestrians and traffic congestion that are located directly in the built-up
area of the city. We aim to quantify the concentration of particulate matter at selected
locations (Figure 1). A thorough analysis of the monitoring stations showed that there were
no places in the vicinity that could affect the measurements and distort the results of the
particulate matter concentration research. Our results highlight that air pollution is mainly
due to traffic activity.



Appl. Sci. 2023,13,1845

40f18

Figure 1. Distribution of measuring points in the city (based on mapy.cz).

Figure 1 shows the distribution of the measurement points. We selected the points
based on the high intensity of pedestrian movement in the area. Additionally, a high
intensity of vehicle movement was also a key consideration when choosing a location. In
our paper, we examine whether an increase in the number of vehicles in a given location can
negatively affect air quality. We chose the following locations for conducting our research:
a bus station, a location near elementary schools, and a railroad crossing.

We chose places where there is an increased intensity of vehicles and pedestrian
movement. In the research on the number of vehicles, a record of the passage of vehicles
was made. Each vehicle was assigned to a category. Three categories were monitored:
passenger vehicles, trucks (weight over 3.5 tons), buses. Because the measuring points are
located in the city center, the passage of non-passenger vehicles is excluded furthermore, as
only vehicles with a valid exemption are allowed to enter the area. For that reason, we do
not record these vehicles in our results. Moreover, their ratio to the passenger vehicles we
recorded at the measurement points is negligible. (For example, for a measurement point
near a railway crossing, the number of passenger vehicles/number of trucks/number of
buses was 10,296:24:21.) Regarding trains, most are powered exclusively by electric energy;
therefore, we do not expect the results to be distorted by the passage of trains.

We selected all locations based on their pre-observed characteristics, such as traffic
intensity, the number of departures and arrivals of buses at the bus station, the number of
trains passing, and the average length of stops at the railway crossing. During our research,
we monitored the values of PM, 5 and PM; particulate matter. We measured and recorded
these values using a measuring device at regular intervals. For research purposes, we
repeated particulate matter measurements every 15 min for the duration of the survey. This
means that we conducted four particulate matter measurements within 1 h of the survey.
At the same intervals, we also monitored the number of vehicles that passed through the
road near the measurement point. Figure 2 shows the individual measuring points. We
took the measurements immediately one after the other during working days. We carried
out the first measurement on Tuesday and the last on Thursday. We excluded the beginning
and end of the week due to distorted measurement results.
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Explanation:
1—Railway crossing

2 —Bus station

3—Primary school

Figure 2. Photographic representation of measurement points.

Figure 2 shows the individual measuring points. Each measuring point is located
near a road or a place with increased vehicle traffic. Figure 2(2) shows particulate matter
levels measured at the bus station. For that reason, we monitored the intensity of bus
traffic, as well as the movement of buses, that arrived and left the station. Figure 2(1)
shows the particulate matter measurement at a railway crossing. Large numbers of vehicles
accumulated at this measuring point when waiting for the train to pass at the crossing. The
average waiting time for the train departure and subsequent opening of the mechanical
crossing safety device was 3.5 min. Figure 2(3) shows the vicinity of two elementary schools,
which are located in the built-up city center. At this type of measuring site, we predicted
increased PM concentration in the morning hours, similar to that at the bus station. We
set the measurement duration at the elementary schools from 7:00 to 10:00 a.m. according
to the start of classes at 8:00 a.m. For this reason, we predicted increased pedestrian and
vehicle mobility in the specified interval. At the measuring point near the bus station,
we set the measuring time from 6:00 a.m. to 10:00 a.m. As with elementary schools, we
predicted an increase in the mobility of pedestrians and buses at a specified interval.

We carried out traffic intensity monitoring with the help of a team of collaborators
who manually recorded the vehicles that passed through the measuring location on tally
sheets. After the measurement, we evaluated the individual counting sheets and compared
the data with the measured particulate matter values.
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Measuring Device

We used a portable, handheld PCE-PCO 2 measuring device to record the concen-
tration of particulate matter in the air. The device is primarily designed for monitoring
environments that are exposed to exhaust gas, smoke, and other harmful substances. We
held the device in a fixed location during the measurement. The distance of the device from
the ground was 160 cm. This is the height at which a pedestrian’s head normally moves
when walking. However, because our research focusses on negative impacts to human
health, the data acquisition level was set to the average height of the human olfactory
organs. The device (Figure 3) sucks air through the upper part [43].

1. Display 9. Particle sensor

2. Function buttons 10. Temp. / RH sensor
3. Arrow up 11. Camera sensor

4. Enter 12. USB Interface

5. Start/ Stop button 13. AC/DC connection
6. ESC button 14. Battery compartment
7. Arrow down

8. On/ Off button

Figure 3. PCE-PCO 2 measuring device [43].

We manually switched on the measuring device every 15 min. Before we began actual
measurements, the device automatically performed a flushing test. Immediately after
performing the flushing test, the device automatically started sucking in ambient air. The
length of the sample recording lasted 5 s then, the device determined the concentration
of PM; 5 and PMj particulate matter. Table 2 shows the technical parameters of the
measuring device.
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Table 2. Technical parameters of measuring instrument [43].

Particle Specifications

Particulate matter channels PM, 5/PMyy
Particle concentrations 0...2000 ug/ m?3
Resolution 1ug/ m3
Particle counter specifications
Particle sizes (in micrometers) 0.3/0.5/1.0/2.5/5.0 and 10 um

Flow rate 2.83 L/min

Coincidence error <5% at 2,000,000 particles per cubic foot

Counting efficiency 50% at 0.3 pm
Memory capacity Stores up to 5000 data sets
Counting modes Cumulative, differential, concentration

3. Measurement Results
3.1. Bus Station

We performed the measurements at the bus station between 6:00 a.m. and 9:00 a.m.
At this time, there is the greatest mobility of buses and pedestrians at the station. Buses
have their engines off during their stay at the bus station. Due to longer boarding and
disembarking of passengers, vehicle drivers turn off their engines. Since all vehicles
are powered by diesel combustion engines, this phenomenon is strongly reflected in the
concentration of particulate matter emissions. The morning peak at the bus station is at
67 a.m. At this time, we observe the largest number of passengers boarding buses, which
increases the time it takes for buses to stop at individual platforms.

Figure 4 shows the detected values of PMj 5 and PMj particulate matter concen-
trations at the bus station. From the graph, we can see the increased concentration of
particulate matter, especially in the morning hours from 6:00 to 7:00. This is due to the high
intensity of buses that served the bus station at that time. In the graph’s background, we
show the fluctuations in the number of buses at the station. The highest number of vehicles
at the station was between 6:30 and 6:45 (27 vehicles). The measured values of particulate
matter emissions and the number of buses at the station show correlation. The higher the
number of vehicles serving the station, the higher the concentration of particulate matter
emissions. The values of PM;g emissions worsened, especially in the morning between 6:30
and 6:45 when their value rose to 83 pg/m?3. The average value of PMjj emissions in the
first hour of the survey is at the level of 61 ug/m?>. According to the Slovak Hydrometeo-
rological Institute, this value corresponds to a deterioration in air quality. PM; 5 emission
values were normal during this measurement. From the graph, it is possible to observe
the decrease in emissions of particulate matter from 8:00 a.m. This is due to the reduced
number of buses at the station at the end of the morning peak.

From such a course of data, when comparing two consecutive series of data, a situation
may arise that the increasing number of buses in the monitored time interval will not mean
an increase in the concentration of particulate matter. This phenomenon can be caused
by several factors. For example, the length of the vehicle standing on the platform, or the
emission class of the buses in operation. We then consider the determination index to be
relevant, which in other graphs confirms the hypothesis of the impact of the monitored
categories of vehicles on the concentration of particulate matter in the air.
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Figure 4. Particulate matter concentration at bus station.

Table 3 shows the hourly concentrations of particulate matter at the bus station. During
the first hour of measurement, we assessed the air quality as deteriorated based on the
concentration of PMjg emissions. The graph in Figure 4, which tracks the increase in
the number of vehicles and the production of emissions, supports our conclusions. The
increased number of buses serving the bus station at that time is responsible for the increase
in emissions concentration.

Table 3. Hourly particulate emissions at bus station.

Interval PM; 5 [ug/m3] PMy [ng/m?3] Number of Buses
6:00-7:00 12 61 89
7:00-8:00 5.25 12.5 50
8:00-9:00 4.5 11.5 30
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3.2. Railway Crossing

We chose the location near the railway crossing due to the large accumulation of
stationary vehicles during the passage of the train through the railway crossing. Vehicles
are forced to stop and wait for the train to leave the station when the no entry signal
activates. We carried out measurements at this location for 12 h because of the high all-day
traffic intensity levels.

Figure 5 shows similar results for the railway crossing as those in Figure 4. There
was a high intensity of vehicles in the monitored section in the morning hours. For this
reason, we monitored the increased amounts of PMjy and PM; 5 emissions. The highest
number of vehicles passed through the location in the morning hours between 7:30 and 7:45
(411 vehicles). This corresponds to the amount of emissions produced, which also reached
the highest levels at that time. The graph shows the high dependence between the produced
emissions and the number of vehicles that passed the measuring section. As the number
of vehicles decreases at the end of the morning rush hour, emission values also decrease.
During the afternoon rush hour, which starts at 3:15 p.m., we observe a further increase in
emissions, though this increase is not as intense as that during the morning peak.
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Figure 5. Particulate matter concentration at selected location—railway crossing.
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Table 4 shows the hourly concentrations of particulate matter at the measuring point.
Table 4 and the graph (Figure 5) show the increase in emissions, especially in the morning
and afternoon hours. This increase is mainly attributed to the increased passage of vehicles
through the measuring point. In the morning peak, the particulate matter emissions values
were at 62 pg/m> however, this does not mean that the overall air quality can be assessed
as deteriorated from the PM;( emissions concentration point of view. On the other hand,
after 10 a.m., the intensity of vehicle traffic decreases, and the emission values also decrease.
This difference represents up to a 28% drop in PMj particulate matter emissions in the air.

Table 4. Hourly particulate emissions in measurement location.

Interval PMy5 [p.g/m3 1 PMyg [ pg/m3] Number of Vehicles
7:00-8:00 15.25 62 930
8:00-9:00 125 47.75 587
9:00-10:00 10.5 38.5 454

10:00-11:00 9.25 345 383
11:00-12:00 5.5 17.25 247
12:00-13:00 5.25 28 346
13:00-14:00 45 31.75 332
14:00-15:00 5.75 34 472
15:00-16:00 7.5 36.25 506
16:00-17:00 11.75 61.25 842
17:00-18:00 14.5 68.5 933
18:00-19:00 8.75 64.5 675

3.3. Measuring Points at Primary Schools

For primary schools, we expect an increased intensity of vehicle traffic in the morning
hours, which is caused by the transportation of pupils to schools. We set the duration of
the survey from 7:00 a.m. to 10:00 a.m. During our measurement, we also monitored the
number of vehicle stops near the schools.

Figure 6 shows similar trends to the other measurements. Particulate matter emissions
concentration increases directly corresponding with the number of vehicles that pass the
measuring point. When the monitoring vehicle stopped at schools, only 16% of the total
number of 335 vehicles that passed stopped. This means that the air pollution in this section
is not caused by the transportation of children to schools; instead, air pollution is attributed
to general traffic activity. When monitoring the air quality, we found that the air quality
in the monitored section reached a good level despite the high number of vehicles in the
morning rush hour.

Table 5 shows a worsening of the hourly air quality in the vicinity of elementary
schools. However, this pollution is high enough to represent deteriorated air quality. Based
on our results, we assumed that the air quality deterioration was because of the increased
passage of vehicles through the measuring point.

Table 5. Hourly particulate emissions in measurement location.

Interval PM, 5 [ug/m3] PM;y [ug/m?3] Number of Vehicles
7:00-8:00 5.5 32.75 172
8:00-9:00 3.5 12 110

9:00-10:00 25 11 109
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Figure 6. Particulate matter concentrations at selected location—primary school.

4. Assessment of Dependence between Monitored Data

For research purposes, we measured the dependence between the size of particulate
matter (PM;9 and PM; 5) and the number of vehicles that passed each measurement point.
We found that the amount of particulate matter air pollution depends on the number of
vehicles that pass the measuring point. We evaluated the dependence between monitored
data within the framework of correlation, which is a measure of dependence between two
or more variables.

Figure 7 shows a linear relationship between particulate matter emissions concentra-
tion and the number of vehicles that passed the measuring point. We monitored the highest
PM; emissions values at the bus station measuring point; the values are comparable to
those at the railway crossing measuring point, despite the number of vehicles at the railway
crossing being several times higher. This may be because the emissions at the bus station
were mainly created by buses, in contrast to the measuring point at the railway crossing
where the emissions were mainly produced by passenger vehicles. The exact values of the
correlation coefficients can be found in Table 6.
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Figure 7. Relationship between the number of vehicles and concentration of particulate emissions.

Table 6. Evaluation of monitored data dependence.

Correlation Coefficient Values of Monitored Data

Measuring Point PM;5 PMi
Bus station 0.907 0.895
Primary school 0.904 0.727
Railway crossing 0.818 0.882

Based on the results of our correlation analysis, we observed a high dependence
between the number of vehicles passing a measuring point and the particulate matter emis-
sions concentration values. The highest degree of dependence for PM;q particulate matter
is at the bus station. The correlation coefficient is 0.895, which means that the observed data
have great dependence, and we observed a high dependency in all assessments. Table 7
shows there is a high degree of dependence for the monitored data, with a correlation
coefficient value of 0.7.
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Table 7. Evaluation of correlation coefficients [44].

Degree of Dependence of Monitored Data

very high dependence 0.9-1
high dependence 0.7-0.9
moderate dependence 0.5-0.7
low dependence 0.3-0.5
no dependence 0-0.3

Table 7 shows a high dependence between the number of vehicles passing each
measuring point and the amount of particulate matter emissions concentration. Based
on these results, we attribute particulate matter air pollution with traffic activity in the
monitored areas.

5. Discussion

Our results show that the concentration of particulate matter does not only depend
on the number of vehicles but also on their category and vehicle emission class. These
facts were also confirmed by studies aimed at identifying the biggest polluters by cate-
gory and vehicle emission class [45,46]. In addition to vehicle emission class, the type of
fuel is also important, e.g., diesel engines recorded a lower amount of PM compared to
LNG and CNG [47]. Researchers have also studied the environmental impacts of trucks
using LNG [48]. The stationary measuring location within the city’s urban area is also
an important factor. Researchers conducting studies on PM; 5 pollution within the city of
Philadelphia recorded lower values in locations surrounded by greenery. In addition, they
found that proximity to major roads (60 m) was associated with higher pollution levels [49].
The graphs displaying the results of our research show the immediate impact of traffic
during the day on PM values; however, the results of other studies also show that temporal
variations of air pollutants are related to traffic during the morning/evening peaks in the
winter/summer seasons. Increased concentration levels of PM;y, PM, 5, and PM; were
observed more often during the morning and in winter seasons than at other times in all
locations of the city of Dhanbad in India [50].

To a large extent, it is also necessary to pay attention to the correct location of the
sensor that records the quality of the surrounding air. In the research, the sensor is placed
according to land use and also according to the possibility and logical behavior of the traffic
stream. A similar procedure was described in a study by Kanaroglou et al. [51]. Another
study [52] presents a new approach based on information theory to the deployment of air
pollution sensors. This entropy-based approach has been compared with methods based
on hotspots and random metrics. A final approach to sensor placement is their ability to
produce accurate pollution maps [53].

The results found during the research show that the highest concentration (PM;() was
measured at the railway crossing (68.5 ug/ m?), while PM, 5 values (15.25 ng/ m?) reached
their lowest values when there were lower numbers of vehicles at other time intervals.

These figures represent an hourly average value. The concentration was at a relatively
low level in the areas near the elementary school and the bus station. This could be caused,
on the one hand, by low traffic intensity, but also by the location of the measured places,
which were located on the outskirts of the city [54-56]. This can also point to sources of
emissions other than transportation. In terms of dispersion and concentration, mobility
in individual parts of cities is also important [57,58]. However, meteorology itself also
has a high influence on PM concentration. Researchers have found that they reach their
maximum values in the morning peaks, decrease during the day due to atmospheric
dilution processes (increases in wind speed and the height of the boundary layer), and then
rise again in the evening [59]. Values measured during the winter period with the lowest
mean solar radiation are characterized by a sharp increase in pollutant levels during peak
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hours, especially in the evening when wind speeds are at their lowest levels [60]. In the
case of relative humidity, a strong positive correlation with fine particles was observed
during the peak hours of winter morning (r = 0.75; PM; 5) and evening (r = 0.67; PM,5).
However, very small positive correlations were also observed during the summer morning
and evening peaks [61]. The results of wind direction and speed studies show a better
understanding of the dispersion of air pollutants in a specific urban built environment
under different wind conditions, which can support urban management, planning and design,
leading to the effective mitigation of traffic induced air pollution in urban areas [62—64].

Correlation was used to determine dependence where increased PM values due to
traffic can be seen. We observed the lowest dependence for PMjy around the elementary
school and the highest value of PM; 5 at the bus station. Researchers conducting studies
in the central and western regions of North China also used correlation coefficients for
analysis, and their results pointed to increased concentrations of PM , 5 [65]. Additionally,
Schwarz et al. observed local impacts resolved by correlations of PM; 5 with size-resolved
particle counts [66].

Despite the same traffic volume, there were also differences between PM;y and PM; 5
values, and they did not always increase or decrease in tandem. This result indicates
that vehicle category considerably affects air quality levels, in addition to whether they
move smoothly or stand still in congested traffic. The COVID-19 pandemic also had a
considerable impact on the overall reduction of air pollution, and several studies have
evaluated the state of pollution during the lockdown [67-69].

The values we obtained in our correlation analysis can be used to approximate the
concentration of PM in different locations of the city. Therefore, it is necessary to take into
account the impact of emissions from transport when planning, designing, and building a
residential community.

A measurement based on a study of emissions of particulate matter at a bus station [70]
proves the increase in emissions precisely with the increase in the number of bus passes—
and confirms conclusions drawn from measurements. Particulate matter pollution at
bus stations is primarily attributable to fuel combustion in vehicles, wear and tear of
vehicle components (e.g., tires and brakes), suspended road dust, cigarette smoking, and
industrial emissions. In addition, meteorological factors including wind speed, vehicle
flow, temperature, relative humidity, pressure, rain volume, and cloud cover, as well as the
structure and direction of bus stops, also affect the distribution of PM inside or outside bus
stops [71].

6. Conclusions

When monitoring PM concentration at the bus station, only the number of buses was
recorded, and there were no other vehicles nearby. At the railway station, we recorded
all vehicles that passed through the measuring area. In 12 h, 10,290 passenger vehicles
and 21 buses passed through. However, we detected greater concentrations of PM at the
bus station than at the railway crossing, despite the fact that the number of vehicles at the
railway crossing was much higher. We hypothesize that the concentration of particulate
matter emissions is higher in connection with bus transport in this specific city. In future
research, we must focus on the vehicle fleet of specific carriers and analyze the emission
standards of buses used in the given location.

We continuously monitored the number of vehicles that passed the measuring ar-
eas, and recorded the highest number of vehicles near the railway crossing. During the
monitored period, 10,296 passenger vehicles, 24 trucks, and 21 buses passed through the
measuring area. The number of other means of transport is negligible due to the consid-
erable preponderance of the number of passenger vehicles. At elementary schools, we
only monitored the number of vehicles in the morning hours when the intensity of driving
and the concentration of PM are the highest. We recorded 391 passenger vehicles in this
area. Only buses travelled through the bus station, and during the observed period, we
recorded 169.
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We used a correlation between the monitored values to monitor the dependence
between the number of vehicles and the detected levels of pollution. From our results,
we observed a strong dependence between the intensity of traffic and the level of air
pollution, and the values of the correlation coefficient were >0.7 at each point. We observed
deteriorated air quality during our measurements, especially at the railway crossing, where
the concentration values of PMjg emissions ranged from 47 to 67 pg/m?3. This pollution
was detected in peak intervals. At this time, an increased number of vehicles moves on the
measuring section. We assessed the air quality levels based on assessments provided the
Slovak Hydrometeorological Institute.

However, we did not consider other meteorological influences, such as wind speed
or direction, during our measurements. In future projects, we want to assign data on
air temperature and humidity, and wind speed, to the factors influencing the degree of
correlation between traffic and air quality. In further research, it would be possible to
expand the methodology of the work by processing data indicating air quality. It is possible
to assume that the results of such measurements would be similar. The results of research
confirmed that road transport considerably contributes to air quality, especially near roads.
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