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Summary. This article aims to examine the emission of pollutants utilising
transport in different points of the city in question at two different intervals, then
show whether the means of transport negatively affects the city through pollution.
The study of air pollutant emissions from transport sources is a key aspect towards
solving problems related to environmental pollution. A study on the measurements
of selected PM10 and PM2.5 pollutants to be able to determine the quality of air
from transport sources in Pila at different times of the year and with appropriate
assumptions regarding the appropriate distance by the road is included in this
article. This study analysed data on air pollutants and compared it with the results
of the Chief Inspectorate for Environmental Protection. This made it possible to
propose solutions for the development of the air condition in Pila.
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1. INTRODUCTION

Air pollution is substances that take various forms, come from an anthropogenic source or
are the result of human activity. Air pollution has a strong impact on the environment and
human health; it causes many diseases for the respiratory and circulatory systems. The elderly,
people with respiratory problems and children are the most endangered by polluted air. The
main reason places have polluted air is because of high traffic due to exhaust emissions.
Therefore, air quality programmes are being introduced to prevent further deterioration of air
quality.

This article aims to present places in Pila that are most endangered by the emission of air
pollutants from transport sources. For this purpose, an appropriate device for measuring PM10
and PM2.5 pollutants was used for the study, and then the measurements were compared with
data from the Chief Inspectorate for Environmental Protection (CIEP). The tests were carried
out in eight locations in Pila with the appropriate assumptions regarding the specified distances
by road during measurement. Based on the obtained measurement results, charts were made to
present the value of pollutants and show how the pollutants changed at a specific time and on a
specific day, and proposed directions for improving the air quality in Pila.

2. AIR POLLUTION

Air pollution plays an important role in the functioning of the environment and negatively
affects the health of society [3, 10, 13, 16, 22]. These are substances in solid, liquid or gaseous
form, which may be derived from a natural source or result from human activity (anthropogenic
origin). They include carbon dioxide, sulfur dioxide, nitrogen oxide and dust [20].

Air pollution is influenced by various factors that cause changes in the atmosphere. They
include dust, gas and aerosol contamination of suspended liquid particles [17].

Due to the type of air pollution, there is primary and secondary pollution. Primary pollutants
occur in the air in the form in which they were directly released into the atmosphere. However,
secondary pollutants are not emitted from sources; they arise in the atmosphere from chemical
reactions and primary pollutants [1].

The substances that pollute the air are solid, gaseous or liquid, present in the air in greater
amounts than they should be. Air pollution is one of the most dangerous pollutants because it
spreads very quickly and can contaminate large parts of the environment [34]. There are two
sources of air pollution; pollution of natural origin and pollution of anthropogenic origin [7, 24,
32, 33].

The most common substances that pollute the atmosphere are primarily carbon dioxide,
sulfur dioxide, nitrogen oxide and dust, which are generated by the intensity of cars, fuel
combustion and production processes. Sulfur dioxide (SO) takes a colourless form, a gas with
a pungent and suffocating odour. It has a high specific gravity (2.93 kg/m3, relative density
2.26), therefore, spreads slowly in the atmosphere. It is produced by burning large amounts of
fuels containing sulfur. Sulfur dioxide can stay in the air for several days, allowing it to travel
long distances. Carbon dioxide (COy) is a colourless gas with an odourless odour. It is produced
through the combustion of solid, liquid and gaseous fuels. Carbon monoxide (CO) is colourless,
odourless and flammable. It is a highly toxic gas. It can cause severe asphyxiation. This gas has
an extremely low specific gravity (1.25 kg/m?, relative density 0.97), allowing it to spread easily
in the atmosphere. Other substances that contribute to air pollution are nitrogen oxides (NO,
NO.). The first is NO, a colourless, toxic gas, and NO3, nitrogen dioxide with a brown colour
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and a suffocating odour. Nitrogen oxides are formed during the combustion of fuels at very
high temperatures from cars and ships, and during energy production. They are responsible for
the increased ozone content and the photochemical smog that occurs [19, 20].

Suspended dust (PM10, PM2.5) is a mixture of various particle diameters and chemical
compositions. They are harmful to health due to the content of hazardous elements. Particulate
matter is produced during the combustion of coal in combined heat and power plants, domestic
stoves or during public transport, which plays important roles in everyday life. Due to the
particle diameter, the following are distinguished: PM10 are fine grains with a diameter of up
to 10 micrometres and PM2.5 grains with a diameter not exceeding 2.5 micrometres. Dust is a
transboundary pollutant, which means that PM10 is transported up to 1000 km, while PM2.5 is
transported up to 2500 km [19].

Toxic exhaust fumes, which are generated while driving, also contribute to polluted air. The
exhaust fumes are released from the exhaust pipes, polluting the natural environment, adversely
affecting the functioning of society with attendant problems, for example, with the respiratory
tract. Toxic exhaust gases include carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides
(NOx), sulfur oxides (SOx), solid particles (PM) [25].

Environmental pollution is associated with the unfavourable phenomena that currently occur
in the natural environment. These include smog, ozone hole, acid rain, and the greenhouse
effect; all of these phenomena have an impact on the environment and human health.

The problem of air pollution caused by using transport has been analysed in many
publications. Idzior et al. presented the problem related to air pollution by particulate matter
PM10 and PM 2.5 in urban agglomerations [8], while Sowka [23] analysed road transport as a
source of air pollution in cities [28]. The study [27] investigates the impact of pollution caused
by various means of transport. And the works [11, 31] include the prevention of air pollution
in the transport sector is important for the future improvement of air quality.

2. AIR POLLUTION IN POLAND

Smog in Poland is a common phenomenon, every year more cities are polluted by this
phenomenon. Against the background of the European Union, Poland comes out negatively
when it comes to polluted air [2]. Smog occurs cyclically, but it is most noticeable in the heating
season (autumn-winter) due to many negative factors such as burning in stoves with poor
quality coal, burning rubbish or rapidly developing car transport. In Poland’s large cities,
industrial plants, coal-fired power plants, households and transport are sources of polluted air
[26].

Examples of provinces belonging to the most polluted are Slaskie and ELodzkie [29].
Pollution accumulates in highly urbanised cities; an exemplary city is Krakow. Smog in Krakow
Is a serious problem that negatively affects the health of its society and environment, mainly in
the autumn and winter period. In 2016, in Krakow, the level of PM10 pollution for the average
daily concentration standard was as high as 188 times [26].

Considering the information contained in the Directive of the European Parliament and of
the Council of 21 May 2008 on cleaner air quality for Europe, the maximum allowable average
annual standard for PM10 dust concentration is 40 pg/m?, and for PM2.5 it is 25 pg/m? [12].
A summary of the annual average of the ten most polluted cities in Poland is presented in
Table 1, and the ranges of permissible concentrations for individual pollutants are included in
Table 2.
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Tab. 1
A comparison of the annual average of the ten most polluted cities in Poland [30]
City together The concentration level of |The concentration level of
with the province PMZ2.5 impurities PM10 impurities
Zywiec - voiv. $laskie 43 pug/m? 58 ug/m?
Pszczyna - voiv. $laskie 43 pg/m? 58 ng/m?
Rybnik - voiv. §lagskie 40 ug/m? 53 pg/m3
Wodzistaw Slaski - voiv. s s
dlaskie 39 ug/m 53 pg/m
Opoczno - voiv. todzkie 39 pg/m? 53 pg/m?
Sucha Beskidzka - voiv. s s
malopolskie 39 pg/m >3 pg/m
Krakow - voiv. matopolskie 37 pg/m? 51 pg/m?
Skawina - voiv. matopolskie 37 pg/m? 51 pg/m?
Nowy Sacz - voiv. s s
matopolskie 36 pg/m 30 pg/m
Niepotomice - VoiVv. s s
matopolskie 36 pg/m 45 pg/m
Tab. 2
The range of permissible concentrations of individual pollutants [15]
Air
quality PM10 PM2,5 O3 NO2 SO2 CsHs CO
index | [ng/m’] | [ng/m’] | [ng/m?] | [ng/m?] | [ng/m’] | [ng/m?] | [mg/m?]
0-20 0-13 0-70 0-40 0-50 0-6 0-3
Good 20.1-50 | 13.1-35 | 70.1-120 | 40.1-100 | 50.1-100 | 6.1-11 3.1-7
Moderate | 50.1-80 | 35.1-55 | 120.1- 100.1-150 | 100.1-200 | 11.1-16 | 7.1-11
150
80.1- 55.1-75 | 150.1- 150.1-200 | 200.1-350 | 16.1-21 | 11.1-15
110 180
110.1- | 75.1-110 | 180.1- 200.1-400 | 350.1-500 | 21.1-51 | 15.1-21
150 240
VYAl >150 | >110 >240 >400 >500 >51 >21

Referring to the above-mentioned annual average for the ten most polluted cities in Poland,
we noted that the obtained measurements exceed the maximum permissible dust concentrations
specified in the directive. The main reason for air pollution is low emissions, which is related
to the heating of apartments, and transport and industry contribute to exceeding the standards.
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4. METHODS OF TESTING AIR POLLUTANT EMISSIONS FROM TRANSPORT
SOURCES

Each city or country in the world deals with the improvement of air quality with the help of
a fixed measurement station that analyses and measures the level of PM10, PM2.5 particulate
matter and other air pollutants. The methodology of these measurements is included in the
Directive of the European Parliament and of the Council of 21 May 2008 on ambient air quality
and cleaner air for Europe [6]. The rules for the location of measuring stations are also indicated
in the Regulation of the Minister of the Environment of 13 September 2012 on the assessment
of the levels of substances in the air [21].

The Inspection of Environmental Protection uses two methods to measure suspended dust:
the gravimetric method and the reference method. The advantages of these methods are a very
high accuracy and the automatic methods. These methods are equivalent to the gravimetric
method. The gravimetric (manual) method is performed for 24 hours; it consists of the use of
dust collectors wherein filters are placed to suck the air. Every two weeks, 14 disposable filters
are put on and the device changes them automatically. Before inserting the filter into the
extractor, the filters are weighed and reweighed after 14 days in the laboratory. On this basis,
the dust concentrations are calculated. This method is used in Poland, Europe and the United
States. However, in the automatic method, automatic metres which measure the concentration
of dust on an ongoing basis are used, thanks to which we can obtain a given measurement result
every hour [15].

Currently, there is one measuring station in Pila belonging to the Chief Inspector of
Environmental Protection. It measures individual pollutants (PM10, NO2, CO) and is located
on Kusocinski Street. The measuring station is shown in Figure 1.

Fig. 1. Measuring station in Pila at Kusocinskiego Street [4]

5. RESEARCH
5.1. Purpose of research
This study aimed to measure air pollutant emissions from transport sources in eight places

in the city of Pila. The Laser Air Quality Monitor-SDL607 device (Figure 2) was used to
perform the measurements, designed to measure specific pollutants (PM10 and PM2.5).
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The sensor is designed to measure PM2.5 and PM10 dust, measure pollutants using laser light
and collect air samples that were analysed. The sensor has the parameters listed in Table 3.
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Fig. 2. Laser Air Quality Monitor - SDL607 [18]

Tab. 3
SDL607 device parameters [18]

SDL607 device parameters
PM2.5 measurement range 0-999.9 pg/m?
PM2.5 resolution 0.1 pg/m?
The detection range of the PM10 0-999.9 pg/m?
PM10 resolution 0.1 pg/m?
The minimum size of the detected particle 0.3 pg/m?

5.2. Subject of study

The subject of this research is the emission of air pollutants from transport sources in Pila,
it aims to show that road transport is a significant source of environmental pollution, harmful
to human health. This study was carried out in the city of Pila, and precisely in 8 selected places,
the measurements were compared between individual places and the overall results from the
CIEP measuring station. The places where the tests were carried out and the location of the
CIEP measuring station are presented in the figure below.

Pila is a city in northwestern Poland, in the Wielkopolska Province, Pilski County. Most of
which are forests, parks and lakes. It belongs to a city with a well-developed technical
infrastructure. Thanks to it, there are many opportunities for the development of the economy.
In the Pila poviat, the electronic industry, agri-food processing and tourism are available, which
are important elements for visiting tourists due to the landscape views. There are also shopping
and service centres. Pila is located near national roads no. 10 and 11 and provincial roads no.
179, 180 and 188. It crosses the road and railroads leading from the coast to the south, to
Poznan, Gorzéw, and even Germany, and from Szczecin and Swinoujscie to Bydgoszcz, Torun
and Warsaw. In 2011, the construction of the bypass in Pila was completed; the bypass was to
improve traffic between settlements, bypassing the city itself. Furthermore, it is worth
mentioning the well-developed railway infrastructure, which enables connection with major
Polish cities. The city's infrastructure provides its inhabitants with good living conditions,
which increases the standard of living [9].
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O

0 CIEP

Fig. 3. Map of Pila with marked places of the performed examination [14]

When selecting places in Pila for the study of air pollutant emissions from transport sources,
specific factors were considered, such as heavy traffic, the very centre of the city, places near
shopping malls, schools, supermarkets, streets leading to the city of Pila, as well as streets
surrounded by single-family houses. On this basis, the emission of pollutants in the city of Pila
was analysed.

The study was divided into two stages: the first stage concerned measurements made at the
turn of November and December, and the second stage, in February and March. Measurements
were taken 24 hours a day, seven days a week for each point selected. Measurements were made
on both sides of the street, on the left and on the right, considering the specified distances: at
the very edge of the street, 1 m from the street, 2 m, 3 m and 4 m. During the test, accompanying
measurements were made too, such as traffic volume, traffic conditions atmospheric conditions
(wind force, direction and pressure). Figure 4 shows the scheme of making measurements
relative to the road while maintaining appropriate distances.

Fig. 4. Diagram of the road with defined distances when taking measurements [5]

5.3. Findings

The first stage of the research was carried out at the turn of November and December, and
the second stage in February and March, in eight selected locations in Pila. The measurement
results are presented in the table below, divided into PM2.5 and PM10 pollutants. During the
research, measurements for PM10 pollution were analysed by the measurement station in Pila
— CIEP. In addition, the strength and direction of the wind, pressure and traffic volume per 1
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hour were considered, and the results of PM10 were compared with the results of CIEP. Data
are the weekly average for each sampling point and the specified pollutant.

Tab. 4
Weekly average of measurements for PM2.5 pollution for the first series of measurements
Msgis:t;firr?;nt Point 1 | Point 2 | Point 3 | Point 4 | Point 5 | Point 6 | Point 7 | Point 8
00:00 16.06 | 1359 | 23.40 | 16.88 | 24.84 | 18.39 | 26.62 | 21.84
01:00 1580 | 13.00 | 20.31 | 1835 | 2159 | 18.88 | 24.13 | 19.49
02:00 16.71 | 1235 | 17.87 | 16,55 | 19.02 | 16.56 | 21.91 | 17.39
03:00 15.04 | 10.64 | 17.43 | 16.22 | 18.73 | 1597 | 21.94 | 16.53
04:00 14.37 9.72 2156 | 15.38 | 2154 | 1451 | 25.80 | 19.58
05:00 14.63 9.42 21.21 | 16.00 | 23.19 | 15.79 | 26.73 | 21.38
06:00 15.85 | 1045 | 20.14 | 17.06 | 2291 | 1595 | 26.29 | 20.37
07:00 16.10 | 11.75 | 1743 | 17.17 | 2042 | 15.81 | 24.00 | 19.12
08:00 16.08 | 13.03 | 1796 | 1760 | 20.76 | 17.18 | 25.87 | 20.35
09:00 15.61 | 13.64 | 2058 | 16.85 | 22.89 | 17.76 | 26.93 | 20.54
10:00 16.06 | 15.75 | 21.05 | 18.96 | 2596 | 1858 | 29.61 | 20.96
11:00 1795 | 1746 | 1953 | 1980 | 25.45 | 18.65 | 28.65 | 21.62
12:00 1896 | 18.92 | 18.18 | 20.47 | 23.77 | 19.87 | 27.05 | 22.29
13:00 19.48 | 1469 | 16.69 | 23.04 | 21.31 | 19.74 | 26.16 | 18.29
14:00 18.10 | 14.03 | 1358 | 19.20 | 16.50 | 17.50 | 20.69 | 17.83
15:00 16.66 | 15.95 | 1297 | 1852 | 14.79 | 16.25 | 20.28 | 16.58
16:00 18.48 | 1456 | 15.24 | 21.60 | 19.22 | 17.30 | 2483 | 19.54
17:00 20.35 | 15.95 | 18.22 | 21.74 | 2259 | 19.88 | 29.92 | 2247
18:00 1958 | 16.35 | 20.41 | 20.28 | 25.44 | 19.76 | 33.34 | 25.62
19:00 2093 | 18.83 | 2357 | 22.09 | 2759 | 2222 | 3524 | 26.58
20:00 21.13 | 20.84 | 26.66 | 21.45 | 29.36 | 2456 | 36.68 | 28.90
21:00 20.24 | 22.80 | 2551 | 2222 | 2895 | 23.01 | 33.39 | 27.71
22:00 1980 | 2048 | 24.45 | 20.80 | 27.33 | 24.09 | 30.93 | 27.45
23:00 18.40 | 2282 | 2473 | 20.01 | 2759 | 22.88 | 33.07 | 29.83
Tab.5
Weekly average of measurements for PM10 pollution for points 1-4 for
the first series of measurements
Measure- Point 1 Point 2 Point 3 Point 4
ment Stan Stan Stan Stan
pgir;‘;/ Results | CIEP 3:\;(; Results | CIEP gg‘vri‘; Results | CIEP gé"vrg Results | CIEP gsvrg
tion tion tion tion
00:00 | 2224 | 31.77 | 6.73 | 17.34 | 2350 | 435 | 26,54 | 29.12 | 1.82 | 22.39 | 29.10 | 4.75
01:00 | 22.44 | 30.10 | 5.41 | 17.10 | 21.90 | 3.39 | 23.27 | 2568 | 1.71 | 22.87 | 28.25 | 3.80
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02:00 | 21.07 | 26.73 | 4.00 | 15.10 | 19.17 | 2.88 | 21.41 | 2422 | 1.98 | 22.00 | 25.45 | 2.44
03:00 | 19.36 | 26.28 | 4.90 | 13.00 | 19.30 | 4.45 | 20.11 | 2045 | 0.24 | 21.16 | 23.38 | 1.57
04:00 | 19.60 | 2456 | 351 | 12.61 | 14.60 | 1.40 | 23.99 | 20.30 | 2.61 | 20.70 | 22.33 | 1.15
05:00 | 20.27 | 25.23 | 351 | 12.89 | 14.38 | 1.06 | 24.41 | 21.89 | 1.79 | 22.36 | 22.93 | 0.40
06:00 | 21.87 | 2353 | 1.17 | 1294 | 1567 | 1.93 | 23.04 | 2063 | 1.71 | 22.44 | 21.76 | 0.48
07:00 | 21.60 | 25.08 | 2.46 | 1573 | 17.55 | 1.29 | 21.80 | 19.30 | 1.77 | 22.77 | 2393 | 0.82
08:00 | 21.33 | 25.02 | 2.61 | 1754 | 1893 | 0.98 | 22.07 | 20.39 | 1.19 | 22.36 | 25.00 | 1.87
09:00 | 20.27 | 25.37 | 3.60 | 1864 | 1858 | 0.04 | 23.80 | 21.76 | 1.44 | 22.06 | 2560 | 2551
10:00 | 22.39 | 17.75 | 3.28 | 20.10 | 17.34 | 1.95 | 2469 | 20.10 | 3.24 | 23.74 | 2053 | 2.27
11:00 | 23.89 | 19.27 | 3.27 | 23.99 | 1923 | 336 | 2333 | 2393 | 0.43 | 2494 | 2505 | 0.08
12:00 | 2356 | 19.35 | 2.97 | 2417 | 18.89 | 3.74 | 21.89 | 16.26 | 3.98 | 24.70 | 24.68 | 0.01
13:00 | 2411 | 2012 | 2.83 | 19.41 | 1627 | 2.22 | 19.10 | 11.08 | 5.67 | 26.37 | 22.13 | 3.00
14:00 | 22.71 | 1840 | 3.05 | 17.17 | 1411 | 216 | 1490 | 1350 | 0.99 | 26.01 | 18.66 | 5.20
15:00 | 2217 | 17.04 | 3.63 | 1561 | 13.01 | 1.84 | 1470 | 12.04 | 1.88 | 22.81 | 16.27 | 4.63
16:00 | 23.57 | 1870 | 3.44 | 17.66 | 12.67 | 353 | 17.04 | 16.40 | 0.45 | 24.00 | 19.04 | 3.51
17:00 | 2520 | 21.14 | 2.87 | 20.39 | 1523 | 3.65 | 20.43 | 21.04 | 0.43 | 26.74 | 23.13 | 2.56
18:00 | 23.37 | 22.96 | 0.29 | 20.43 | 1853 | 1.34 | 2231 | 2510 | 1.97 | 26.04 | 2563 | 0.29
19:00 | 25.4 | 27.49 | 1.66 | 21.29 | 21.76 | 0.33 | 26.47 | 27.77 | 0.92 | 28.21 | 29.34 | 0.80
20:00 | 26.81 | 28.96 | 1.52 | 24.14 | 2520 | 0.75 | 29.87 | 31.07 | 0.85 | 28.20 | 30.69 | 1.76
21:00 | 2473 | 2644 | 1.21 | 2561 | 2557 | 0.03 | 28.14 | 31.54 | 2.40 | 27.77 | 30.09 | 1.64
22:00 | 24.83 | 2333 | 1.06 | 24.80 | 26.20 | 0.99 | 27.87 | 3253 | 3.29 | 2621 | 27.93 | 1.21
23:00 | 2279 | 21.37 | 1.00 | 25.93 | 29.78 | 2.73 | 28.29 | 33.86 | 3.94 | 24.87 | 26.06 | 0.84

Tab. 6

Weekly average of measurements for PM10 pollution for points 5-8 for
the first series of measurements
Measure- Point 5 Point 6 Point 7 Point 8

ment Stan Stan Stan Stan
Pgi:;/ Results | CIEP gjvri‘; Results | CIEP gj‘vri‘; Results | CIEP gjvrg Results | CIEP gg‘vrg
tion tion tion tion

00:00 | 27.19 | 30.92 | 2.64 | 23.29 | 30.48 | 5.09 | 27.93 | 30.92 | 211 | 2547 | 29.63 | 2.94
01:00 | 2319 | 25.82 | 1.86 | 22.44 | 29.08 | 470 | 25.37 | 2582 | 0.31 | 22.03 | 24.80 | 1.96
02:00 | 2164 | 2517 | 2.49 | 20.16 | 25.33 | 3.66 | 2354 | 2517 | 1.15 | 20.94 | 23.77 | 2.00
03:00 | 21.04 | 2143 | 0.28 | 19.16 | 24.47 | 3.75 | 2456 | 21.43 | 2.21 | 19.80 | 19.62 | 0.13
04:00 | 2419 | 19.27 | 3.47 | 18.07 | 2219 | 291 | 2832 | 19.27 | 6.40 | 21.43 | 16.90 | 3.20
05:00 | 26.01 | 2046 | 393 | 19.20 | 2251 | 2.34 | 29.19 | 2046 | 6.18 | 23.84 | 17.74 | 431
06:00 | 2627 | 21.83 | 3.14 | 19.20 | 20.94 | 1.23 | 2859 | 21.83 | 4.78 | 24.48 | 19.24 | 3.71
07:00 | 2330 | 21.99 | 0.93 | 20.60 | 22553 | 1.37 | 27.65 | 21.99 | 4.00 | 23.90 | 19.80 | 2.90
08:00 | 24.49 | 21.94 | 1.80 | 2236 | 2337 | 0.71 | 28.75 | 21.94 | 481 | 2370 | 2053 | 2.24
09:00 | 26.07 | 2239 | 261 | 21.83 | 2372 | 1.34 | 3091 | 22.39 | 6.03 | 24.28 | 2097 | 2.34
10:00 | 29.18 | 26.14 | 2.15 | 21.89 | 14.77 | 5.03 | 32.67 | 26.14 | 461 | 25.72 | 2359 | 151
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11:00 29.70 | 27.71 | 140 | 2193 | 16.60 | 3.77 | 3172 | 27.71 | 2.83 | 26.01 | 2543 | 0.41
12:00 2711 | 2038 | 476 | 23.84 | 1758 | 443 | 3032 | 20.38 | 7.03 | 2450 | 18.62 | 4.16
13:00 2420 | 16.20 | 5.66 | 2394 | 1773 | 439 | 29.10 | 16.20 | 9.12 | 2431 | 1382 | 7.42
14:00 1929 | 1681 | 1.75 | 21.29 | 16.20 | 3.60 | 23.92 | 16.81 | 5.03 | 24.21 | 1461 | 6.78
15:00 18.04 | 17.07 | 0.69 | 20.06 | 14.41 | 3.99 | 22.65 | 17.07 | 3.94 | 21.85 | 14.44 | 5.23
16:00 21.80 | 2040 | 0.99 | 19.64 | 1527 | 3.09 | 26.83 | 20.40 | 455 | 23.74 | 16.97 | 4.79
17:00 25.61 | 2346 | 153 | 23.11 | 1837 | 3.35 | 30.77 | 23.46 | 517 | 2531 | 20.69 | 3.27
18:00 28.14 | 2630 | 1.30 | 22.79 | 21.11 | 1.18 | 3393 | 26.30 | 540 | 29.12 | 24.46 | 3.30
19:00 30.16 | 2859 | 1.11 | 23.10 | 2530 | 1.56 | 36.54 | 28.59 | 5.62 | 30.88 | 26.40 | 3.17
20:00 32.34 | 3049 | 131 | 2756 | 2831 | 054 | 38.74 | 3049 | 5.83 | 31.78 | 29.84 | 1.37
21:00 31.29 | 29.87 | 1.00 | 27.34 | 27.06 | 0.20 | 34.79 | 29.87 | 3.48 | 31.70 | 30.49 | 0.86
22:00 2959 | 29.76 | 0.12 | 2830 | 26.27 | 1.43 | 3327 | 29.76 | 2.48 | 32.02 | 32.70 | 0.48
23:00 31.36 | 30.37 | 0.70 | 26.53 | 25.06 | 1.04 | 3566 | 30.37 | 3.74 | 3445 | 34.06 | 0.28

After analysing the obtained measurements, it can be observed that the degree of pollution
did not reach the maximum, bad value assumed for PM10 > 200 pg/m, and PM2.5 >
120 pg/m3. The pollution level was classified to the level of moderate and good quality.
Comparing the obtained measurements with the measurements from CIEP, we observed that
they were varied, everything depended on the day and the factors contributing to it. The highest
values were achieved in the mornings and evenings, where the heating of houses contributed
the most to the pollution level, in winter, it is normal that more coal was burned in domestic
stoves. Exhaust emissions also contributed to higher values, sometimes in rush hours, the values
increased, depending on which street the pollutant emissions were measured on. The values
were much higher from Monday to Friday than on weekends. After analysing the
measurements, we observed that the values were greater when measuring the measurements
along the road, whereas the further we moved away, the smaller the values became, the reason
for this was the escaping exhaust fumes, that is, they had a shorter distance to the device used
to measure the measurements. The exception was point 7, the measured values on the right side
were the opposite, that is, the closer to the road, the smaller the value, and the further it is, the
reason for this are single-family houses located there. The results from CIEP were similar to
the results in point 5, due to its proximity to the measurement.

The wind force had a great influence on the measurement value because the higher the wind
force, the lower the pollution value, as then the dust was blown by the wind and the pollution
did not accumulate around itself. Moreover, the amount of traffic influenced the amount of
pollution.

The second stage of the research was carried out at the turn of February and March. As in
the first measurement, during the research, measurements for PM10 pollution were similarly
analysed by the measurement station in Pila — CIEP. In addition, the strength and direction of
the wind, pressure and traffic volume per 1 hour were considered, and the standard deviation
from the given measurements was calculated as well. Data are the weekly mean for every single
point and the specified pollutant.
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Tab. 7
Weekly average of measurements for PM2.5 pollution for the second series of measurements
Mgg?#&firr?;nt Point 1 | Point 2 | Point 3 | Point 4 | Point 5 | Point 6 | Point 7 | Point 8
00:00 10.87 | 11.70 | 10.83 | 1230 | 10.77 | 11.25 | 11.15 | 10.48
01:00 12.03 | 1425 | 1462 | 1255 | 1187 | 1424 | 1290 | 11.73
02:00 11.64 | 13.76 | 11.31 | 1348 | 12.28 | 10.25 | 12.80 | 11.40
03:00 10.20 | 1186 | 12.42 | 1291 | 1246 | 10.83 | 13.26 | 10.50
04:00 9.71 13.70 | 12.24 | 11.36 | 1145 | 13.74 | 12.32 9.31
05:00 10.64 | 11.07 | 11.61 | 10.20 | 10.42 | 12.06 | 10.71 9.50
06:00 10.10 | 11.29 | 11.21 9.01 9.34 11.88 | 10.92 9.74
07:00 9.76 10.41 | 12.32 8.82 9.62 12.04 | 11.61 8.27
08:00 9.83 12.40 | 15.11 9.87 9.48 14.73 | 11.71 9.02
09:00 12.89 | 13.33 | 15.19 | 11.38 9.88 16.28 | 12.08 9.86
10:00 1159 | 1144 | 14.37 8.97 9.20 14.89 | 11.40 8.26
11:00 9.82 11.66 | 11.83 9.21 8.26 12.68 | 10.80 8.09
12:00 9.81 11.23 | 11.44 8.93 8.68 12.24 | 10.96 7.98
13:00 9.79 11.14 | 11.70 | 11.07 9.74 12.43 | 12.12 9.19
14:00 9.38 11.68 | 12.03 | 1250 8.70 1455 | 10.89 | 10.44
15:00 10.31 | 1166 | 12.34 | 12.62 | 10.17 | 1421 | 11.16 | 1047
16:00 8.90 10.56 | 10.44 | 12.21 9.60 12.73 | 10.80 9.20
17:00 8.59 10.64 | 11.03 9.95 8.91 12.25 | 10.51 8.19
18:00 8.64 10.70 | 1145 | 11.44 9.85 12.80 | 11.22 8.89
19:00 11.64 | 13.37 | 1251 | 11.07 | 11.01 | 11.66 | 13.40 8.95
20:00 1453 | 1582 | 15.02 | 11.14 | 11.79 | 16.32 | 15.97 | 10.20
21:00 1442 | 1731 | 16.72 | 1428 | 12.37 | 15.29 | 16.23 | 10.93
22:00 11.80 | 14.17 | 13.39 | 13.46 | 1405 | 12.12 | 18.30 | 13.08
23:00 11.09 | 12.13 | 12.34 | 10.82 | 14.05 | 11.79 | 16.41 | 11.05
Tab. 8
Weekly average of measurements for PM10 pollution for points 1-4
for the second series of measurements
Measure- Point 1 Point 2 Point 3 Point 4
ment Stan Stan Stan Stan
pgir;‘z/ Results | CIEP g:vri‘; Results | CIEP ((jjeavri(; Results | CIEP gjvrg Results | CIEP gg‘vrg
tion tion tion tion
00:00 |1229 [1760 [376 [1321 [1760 [3.10 [1206 |[17.60 |392 (1376 [16.69 |2.07
01:00 |1373 [1952 [409 [1601 [1952 [248 [1579 |[1952 [2.64 |1403 [17.89 |2.73
02:00 |1273 [2126 [6.03 [1499 [2126 [4.43 [1306 |2126 |580 1497 [17.30 |1.65
03:00 |1164 |[1801 |451 [13.04 [1801 |[352 [13.46 |[1801 322 (1426 [17.64 |2.39
04:00 |11.40 [1690 389 [1511 [1690 [1.26 [1366 |[1690 |229 [12.89 [17.00 [2.91
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05:00 |1213 |1387 |123 |11.94 [1387 |136 |1303 [1387 [059 |11.21 [13.90 |1.90

06:00 |11.36 |10.66 |0.50 |1291 1066 |1.60 [1231 |10.66 |1.17 |10.26 |1200 |1.23

o7:00 [11.13 |11.73 |043 [1234 |11.73 |043 |13.79 (1173 |145 [1017 |9.71 0.32

08:00 |1L97 |[1548 |248 |1424 (1548 |0.88 |1647 |1548 |0.70 |11.46 |1026 |0.85

00:00 |1420 |1627 |146 |1516 |16.27 |0.79 |16.84 |1627 |040 |12.66 |10.60 |1.45

10:00 |13.04 [1693 |275 |13.07 |1693 |273 |15.89 |16.93 (074 |10.34 |1139 |0.74

1100 |1116 [1329 |15 |1296 |1329 |0.23 |13.07 |1329 |015 |10.31 |1056 |0.17

12:00 |11.09 |1163 (038 |1244 |1163 |058 |12.77 |1163 |0.81 |10.04 |816 1.33

13:00 |1221 |11.09 [0.80 |13.14 |11.09 |1.45 |12.94 |11.09 (131 |1247 |1028 |1.55

14:00 |13.10 |9.99 220 1359 |9.99 255 |13.87 |9.99 275 |1411 1198 (151

15:00 |12.99 [10.96 |1.43 |14.46 |1096 |247 |13.74 |1096 |197 |1427 |8.62 4.00

16:00 |11.59 1094 (045 |13.16 |1094 |157 |11.84 |1094 |0.64 |14.00 |7.89 4.32

17:00 |10.57 |9.83 0.53 [12.19 |9.83 1.67 |1257 |9.83 194 |1134 |9.73 1.14

18:00 |9-80 1013 |0.23 |1216 |10.13 |1.43 (1277 |[1013 |1.87 |1274 |9.67 2.17

19:00 |1291 |1271 |0.14 |1503 |1271 |1.64 |1413 |1271 |1.00 |1273 |1021 |1.78

20-:00 |16.07 |17.61 |1.09 |17.67 |1761 |0.04 |16.73 |1761 |0.63 |1241 |13.14 |0.52

21-:00 |16.36 |21.97 |3.97 (1944 2197 |179 |1850 |21.97 |245 |1577 |1649 |051

22:00 |1341 [1811 |332 [1591 |1811 |156 1510 |1811 |213 |14.83 |1493 |0.07

23-00 |12.43 |1653 |290 |13.96 |1653 |1.82 [13.94 |1653 |1.83 |1193 |16.64 |3.33

Tab. 9
Weekly average of measurements for PM10 pollution for points 5-8 for
the second series of measurements
Point 5 Point 6 Point 7 Point 8
Measure-

ment Stan Stan Stan Stan
point/ | Results | c1EP | 9279 | Results | ciep | 9379 | Results | ciep | 9870 | results | ciep | 9ard
time devia devia devia devia
tion tion tion tion

00:00 |12.70 |16.69 |2.82 |1247 |1760 |[3.63 |13.10 |[16.69 |[254 |1213 |16.69 |[3.22

01:00 |1349 |17.89 |3.11 |1207 |1952 |526 |1480 (1789 (218 |13.03 |[17.89 |[3.43

02:00 |1363 |[17.30 |2.60 |1153 |21.26 |6.88 |15.00 |[17.30 |[1.63 |1277 |17.30 |3.20

03:00 |13.73 |17.64 |2.77 |1223 |18.01 |4.09 |1524 |1764 |[1.70 |1220 |17.64 |3.85

04:00 |12.64 |17.00 |3.08 1497 |1690 |[1.36 |1439 (1700 |[1.85 |10.89 |[17.00 |[4.32

05:00 |1150 |1390 |1.70 |13.03 |13.87 |[059 |1259 |[1390 (093 |10.79 |[1390 |(2.20

06:00 |1043 |[12.00 |1.11 |13.29 |10.66 |1.86 |12.97 |12.00 [0.69 |10.74 |1200 |0.89

07:00 |11.06 |9.71 0.95 |13.87 |11.73 |151 |1296 |9.71 2.29 |9.67 9.71 0.03

08:00 |24.09 |10.26 |9.78 |16.59 |[1548 |(0.78 |13.29 |10.26 |2.14 |10.16 |10.26 |0.07

09:00 |11.07 |10.60 |0.33 |17.57 |16.27 |0.92 |13.60 |10.60 |[2.12 |11.17 |10.60 |0.40

10:00 |10.20 (1139 |0.84 |16.06 |[16.93 |0.62 |1324 |11.39 |[131 |9.53 11.39 |1.31

11:00 [9.19 1056 |0.97 |1380 |1329 |0.36 |1239 |1056 |1.29 |9.40 10.56 |0.82

12:00 |9.76 8.16 113 |1366 |[11.63 |1.43 |1241 |(8.16 301 |9.11 8.16 0.67

13:00 |11.60 (1028 |0.93 |1440 |[11.09 |234 |1401 |10.28 |[2.64 |10.64 |1028 |[0.25
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14:00 |10.80 |11.98 |0.84 |16.54 |9.99 4.64 (1257 |1198 |[0.42 |1243 |1198 |0.31
15:00 |11.47 |8.62 202 (1587 |[1096 |[3.47 |1271 |8.62 290 |1241 |8.62 2.69
16:00 |[11.11 |7.89 228 |1456 |[1094 |[256 |1249 |7.89 325 |11.20 |7.89 2.34
17:00 |10.77 |9.73 0.74 |1391 |9.83 289 |11.77 |9.73 144 |9.74 9.73 0.01
18:00 |11.10 |9.67 1.01 |1463 |10.13 |3.18 |1293 |[9.67 230 |10.40 |9.67 0.52
19:00 |12.67 |1021 |1.74 |1329 |1271 |0.40 |1531 |10.21 |3.61 |10.63 |[10.21 [0.29
20:00 |13.36 |13.14 |0.45 |1829 |1761 |0.47 (1836 |13.14 |3.69 |11.71 |[1314 |1.01
21:00 |14.04 |1649 |1.73 |1747 |2197 |3.18 |1827 |1649 |1.26 |1291 |[1649 |2.53
22:00 |1541 |1493 |034 |1403 |18.11 |2.89 |[19.99 (1493 |3.58 |1541 |1493 |0.34
23:00 |1487 |16.64 |1.25 |13.36 |16.53 |2.25 |20.04 |16.64 |[2.40 |13.81 |16.64 |2.00

After analysing the results, we observed a significant improvement in the air quality of
PM2.5 and PM10 pollutants. Measurements made in the second stage are much lower than in
the autumn-winter period (November-December). Comparing the received measurements and
the measurements of CIEP, showed that they were similar. The obtained measurements from
PM10 were higher than PM2.5. The level of air quality was good and very good, which is a
significant improvement over the first stage. Measurements in the eight selected locations in
Pila were very similar. Higher level measurements were obtained mostly in rush hours and
morning hours when the traffic was much higher. The level of pollution in the evening hours
was much lower than in the winter. The highest values of pollutants were noted along the road,
both in the case of PM10 and PM2.5 on the left and right sides. Only in the case of point 6, the
values of the measurements on the right were sometimes opposite, as was the case in the winter
months due to household smoking. Of course, the weather conditions, pressure, wind direction
and strength, as well as the intensity of cars, contributed to the negative functioning of the
environment due to exhaust fumes from exhaust pipes, negatively affecting the air quality, also
contributed to the measurement values. The differences between measurement 1 and 2 are
presented in the diagrams below. Example comparison of the two stages is presented in the
charts below.

Summarising the stages of the November-December and February-March studies on PM2.5
and PM10 pollutants, we noticed significant differences between the measurements. In the first
stage, the measurements were much higher than in the second stage. Only in one case, during
the night hours, the measurement results were more favourable in the winter. This may be due
to the proximity of the park and the lack of residential buildings. Out of the eight selected places
in Pila, the areas in the city centre, that is, the place next to shopping malls, schools or main
roads in the city with the highest traffic density, take the highest values of pollution. The wind
force was of great importance for the measurement value because the higher the wind force, the
lower the pollution values were, as the dust is blown by the wind and the pollution does not
accumulate around itself. The direction of the wind was also important depending on which
side the wind was blowing, the values changed dynamically.

The comparison of both stages with the use of the above charts made it possible to illustrate
and prove that the measurements performed in the second stage, that is, February-March, were
lower than the measurements from the first stage, November-December. The main reason was
the season of the year, which is home heating.
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6. CONCLUSIONS

This article aimed to study air pollutant emissions from transport sources in Pila. This is an
important and recurring environmental topic. Road transport has a huge impact on the source
of air pollution. The main assumption of this work was to show the places most endangered by
the emission of air pollutants, based on which it is possible to propose development directions
for improving the air condition in Pila. The emission of pollutants has a decisive influence on
the state of air quality. The study on air pollutant emissions from transport sources in Pila
showed that there are no places particularly endangered by exhaust gas emissions in Pila. This
is confirmed by the range of permissible concentrations for individual pollutants; the level was
in the very good and moderate range, depending on the month of the study.

This study presents in detail selected places in Pila, which were examined 24 hours a day,
7 days a week with specific assumptions. From the conducted research, which was divided into
two stages, it can be concluded that the results of the research carried out at the turn of
November and December were much higher than at the turn of February and March. The main
reason was the heating period. While the traffic of cars during the study was similar to each
other, it is difficult to relate to the intensity of cars, which are the source of pollutant emissions.
The study showed that proposals to improve the directions of air quality development should
be introduced. It is a very important aspect of the environment and society, minimising the
emission of pollutants is not as difficult as it seems, limiting the use of a means of transport and
replacing it, for example, with a bicycle, is already to some degree related to the improvement
of air quality.
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