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Atmospheric air pollution is a significant problem of large cities, which leads to deterioration of the quality of life of the
population. The city of Kryvyi Rih is characterized by a significant concentration of industrial facilities of the mining and
metallurgical complex and motor vehicles, the combined effect of which causes technogenic stress on the environment.
As aresult of the study, it was established that the impact of motor vehicles on the atmospheric air of the city of Kryvyi Rih is
increasing. An analysis of the impact of the city's industrial facilities on the state of atmospheric air was carried out, and the
contribution of motor vehicles to air pollution was determined. Areas with the most intense traffic were identified, where
emissions from mobile sources were analyzed and recommendations were made to reduce the impact of these emissions
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3a0pyaHeHHS aTMOC(HEPHOTO MOBITPS € CYTTEBOIO MPOOJIEMOK0 BEIMKHUX MICT, IO MPU3BOJIMUTH IO MOTIPIICHHS SKOCTI )KUTTS
HaceJeHHs. Belika KOHIEHTpaLlisi IPOMUCIOBUX 00 €KTIB Ta aBTOTPAHCIIOPTY SABJISAETHCS FOJIOBHOKO IPUYHHOIO 3a0pYIHEHHS
aTMocdepnoro nositps. Micto Kpusuii Pir xapakTepu3yeTbcst 3HAYHOIO KOHIIEHTPALIEI0 IPOMUCIOBUX 00 €KTIB FipHUY0-Me-
TaJyprifHOTO KOMIUICKCY, CYKyIHHH BIUIMB SKUX CIPUYUHSE TEXHOTCHHE HaBAaHTa)KCHHS HA JJOBKIUIA, @ BUKUIM aBTOTPAHC-
HOPTY MOTIPIIYIOTh CUTYALIi0 i3 3a0pyJHEHHAM MOBITPSHOTO cepenoBuina. [Ipobiema BUKUIIIB BiJl aBTOTPAHCIIOPTY CTAE BCe
OLIBII aKTyaJbHOIO Ha (OHI MOCTIHHOTO 3pOCTaHHS KUTBKOCTI TPAHCIIOPTHUX 3aC00IB Ta 301IBIICHHS CEPEHBOTO BiKYy aBTO-
MOO1JIB, SIKi eKCIUTyaTyIOThcsl Ha TepHuTopii Hamroi kpainu. IlocriliHe 30UIbIIEHHS aBTOMOOUIIB IIPU3BOIHUTE IO YTBOPEHHS
3aTOpiB Ha HAHOLIBLI )KBABHX AUISHKAX AOPIr Ta Ha MEPEXPECTsiX, 1[0 MPU3BOJUTH JI0 JOKAIBHUX JKepel 3a0pyAHCHb B3JOBXK
uX NUsIXiB. OCHOBHOO 0COOJMBICTIO aBTOMOOUTLHOTO 3a0pYAHEHHS € TOH (haKT, IO IIKIUTNBI BUKUIH y CKJIaJl BiIIPaIbo-
BaHUX rasiB BiI0OYBA€ThCS B CAMHX HIDKHIX, IIPU3EMHUX LIapax atMocdepu, caMme TaM, Jie POTiKae OCHOBHA KUTTEMISUIbHICTh
TMOAWHU. Y pe3yibTaTi JOCIiIKEHHS BCTAHOBJICHO, L0 BIUIMB aBTOTPAHCIOPTY Ha atMocepHe nositps M. Kpusoro Pory
301IBLIYEThCS Ta 3/IHCHIOETHCS] TEXHOTCHHE HABAHTAKCHHS Ha EKOJIOTIYHUI CTaH MicTa. 30UIbIIEHHS KiTBKOCTI aBTOMOO1ITIB
CIIpHsIE 3pPOCTAHHIO KITBKOCTI BUKUAIB Bill IEPECyBHUX DKepes y 3araibHuii GpoH 3a0pyJHeHHsT aTMOC(EpHOro HOBITPS MicTa.
[TpoBeseHo aHai3 BIUIMBY NPOMUCIOBUX 00’ €KTIB MicTa Ha CTaH aTMOC(EPHOTO MOBITPsI Ta BU3HAYCHO BKJIA]] aBTOTPAHCIIOPTY
B 3a0pyIHEHHS TOBITps. Bu3HaueHO RiISHKY 3 HAHOLIBII IHTEHCHBHUM PYyXOM aBTOMOOITBHOTO TPAHCIIOPTY, A€ MPOBEACHO
aHaJIi3 BUKU/IB BiJl IEPECYBHUX [DKEPEIT Ta 3aIPONIOHOBAHO PEKOMEH/IALIIT I[010 CKOPOUCHHS BIUIUBY LIMX BUKHIIB.

KurouoBi ciioBa: aBroTpancnopt, atMocdepHe HOBITPs, BUKUIU 3a0pYIHIOIOYHX PEIOBUH
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Introduction

Atmospheric air is the main environment for people's
existence, the deterioration of atmospheric air quality
caused by anthropogenic influence leads to a decrease
in the quality of life and deterioration of the health of
the population. The air quality of industrial cities, such
as Kryvyi Rih, does not meet the established standards
of maximum permissible concentrations (MPC), which
is caused by emissions from enterprises and vehicles.

Against the background of a constant increase in the
number of cars in cities, emissions from motor vehicles
make up a large part of the total level of air pollution.
The increase in the number of motor vehicles causes
more stress on the urban infrastructure and leads to traf-
fic congestion at junctions and intersections, which
leads to the accumulation of cars at these nodes and in-
creased emissions. The problem is very relevant and
needs a more detailed consideration for its solution.

Review of the research sources and publications

The impact of motor vehicles is a painful problem for
society, therefore it is considered in many scientific
works.

In a number of studies, the negative impact of motor
vehicles on the state of the atmospheric air, risks for the
health of the population are indicated. Some sources
note that the rapid increase in the number of cars leads
to negative processes that complicate the normal func-
tioning of the road infrastructure of cities and the re-
lated problems of environmental pollution. Also, an
outdated, imperfect system of road infrastructure is
considered as a factor of influence, which is associated
with numerous traffic jams on highways and streets.
The problem of the aging of vehicles, ways and meth-
ods of handling this type of waste have been studied.
The problem of noise pollution from motor vehicles is
considered.

A number of sources indicate that motor vehicles are
the biggest factor in atmospheric air pollution in meg-
acities [1-9].

Definition of unsolved aspects of the problem

The constant development of industry in Kryvyi Rih
is causing constant pressure on the state of the city's en-
vironment, and vehicle emissions worsen the situation
with air pollution. The city of Kryvyi Rih is the longest
city in Europe, its length from north to south is 126 km
, every year there is an increase in the number of motor
vehicles, which in turn requires the development of
road infrastructure and the implementation of measures
to reduce such an impact on the environment.

Thus, a more detailed study of the impact of motor
vehicles on industrially loaded regions, the developme-
nt of comprehensive environmental protection mea-
sures, the implementation of a monitoring system for
emissions of pollutants from motor vehicles, and the
regulation of legal aspects are necessary to reduce risks
to public health.

Problem statement

The purpose of the study is to analyze the impact of
motor vehicles on general atmospheric air pollution in
the city of Kryvyi Rih and to develop recommendations
for reducing this impact.

The main tasks of the research are: 1) to determine the
impact of motor vehicles on the state of atmospheric air
pollution in the city; 2) to determine the intensity of
motor vehicle traffic on the busiest highways of the
city; 3) determine the intensity of emissions from ICE
vehicles; 4) propose recommendations for improving
the state of atmospheric air in the city of Kryvyi Rih.

Basic material and results

The city of Kryvyi Rih is one of the centers of heavy
industry in Ukraine. The state of the environment of
such cities is formed under the influence of long-term
intensive activity of mining, metallurgical, machine-
building, chemical industry, heat energy and building
materials enterprises. In general, despite the fact that in
recent years there has been a tendency to decrease an-
thropogenic impact on the environment, the level of
man-made load remains high, and the ecological situa-
tion is unsatisfactory.

The volume of emissions into the atmospheric air of
the city of Kryvyi Rih, including the volume of emis-
sions from mobile sources (vehicles) from 2008 to 2021
are shown in Table 1 [10-12].

As we can see from the table, the main contribution
to the air pollution of the city is made by the emissions
of industrial facilities. The implementation of environ-
mental protection measures to reduce emissions by en-
terprises during the last decade led to a decrease in the
volume of emissions by stationary sources, but in con-
trast to this, the city recorded an increase in the number
of cars. In this way, the impact of motor vehicles be-
comes more significant.

According to the data of the Ministry of Internal
Affairs of Ukraine, the Department of the State Traffic
Inspection of the Ministry of Internal Affairs and
Communications of Ukraine in the Dnipropetrovsk re-
gion, as of 2008, 105,901 vehicles belonging to legal
entities and the population were registered in the city
[13].

According to the Unified State Register of Vehicles,
as of January 1, 2022, 174,596 vehicles were registered
in the city of Kryvyi Rih [14].

Thus, the number of motor vehicles registered in the
city of Kryvyi Rih increased by 65% from 2008 to
2022.

The ecological situation in the city is also formed un-
der the influence of a number of factors related to the
increase in the number of road vehicles.

The observation was carried out from 8:00 to 10:00
in the morning and reflects the peak loads on the
transport infrastructure due to the movement of the
population from home to the place of work, the inten-
sity of traffic in other hours decreases.
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Table 1 — Dynamics of emissions of pollutants into the atmospheric air of the city of Kryvyi Rih

Years Total emission Emissions into atmospheric air of Emissions of pollutants into
thousand tons polluting substances by stationary atmospheric air by mobile sources
sources
thousand tons % thousand tons %

1 2 3 4 5 6
2008 487,835 449,433 92,1 38,402 7,9
2009 321,649** 321,649 - * -
2010 395,032%* 395,032 - * -
2011 411,555 358,56 87 52,995 13
2012 411,939 354,6 86 57,339 14
2013 404,506 351,778 87 52,728 13
2014 376,365 327,374 87 48,991 13
2015 369,149 327,031 89 42,118 11
2016 342,881%* 342,881 - * -
2017 323,904** 323,904 - * -
2018 267,433%* 267,433 - * -
2019 268,328** 268,328 - * -
2020 224,248** 224,248 - * -
2021 228,535%* 228,535 - * -

* — data are not available in open sources; ** — excluding emissions from mobile sources

Various factors influence the composition and
amount of emissions of pollutants from motor vehicles,
namely: the life of the car and the technical condition
of its engine; the speed of the car and the operating
mode of its engine; the quality of the fuel used.

As the mileage of the car increases, the components
and units wear out, which leads to an increase in toxic
emissions into the atmosphere. Only in the first three
years of their operation can the maximum allowable
content of pollutants in exhaust gases be maintained.

In order to determine the impact of motor vehicles on
certain parts of the city, three streets with the highest
traffic intensity were chosen: st. Volgogradska, inter-
section of Metalurhiv avenue and Nikopol highways, str.
Lermontova. During one hour, traffic intensity was
monitored in these areas, the number and type of road
traffic was determined. The results of the observations
are summarized in Table 2.

Table 2 — Intensity of motor vehicle traffic
in the studied areas

The observation was carried out from 8:00 to 10:00
in the morning and reflects the peak loads on the
transport infrastructure due to the movement of the
population from home to the place of work, the inten-
sity of traffic in other hours decreases.

In order to determine the amount of emissions, the
distance traveled by each type of motor vehicle along
the studied area was determined. The distance traveled
was calculated according to the formula:

L=NxlI, 1)

where N — the number of cars;
I — the distance that the cars traveled during the study
(conditionally 250 m).

The results of the calculations are summarized in
Table 3.

Table 3 — Distance traveled by each type of motor
vehicle on the studied area during an hour

Type of Number of vehicles per hour, Type of The path traveled by motor vehicles
vehicles unit vehicles during the study, km
St. Vol- [the intersection| St. Ler- St. Vol- |the intersection| St. Ler-
gogradska | of Metalurhiv | montova gogradska | of Metalurhiv | montova
avenue and avenue and
Nikopol Nikopol
highway highway
Light-duty | 3332 2372 1144 Light-duty | 833 593 286
Heavy duty 252 368 312 Heavy duty 63 92 78
Buses 720 596 180 Buses 180 149 45
Motorcycles | 80 132 12 Motorcycles | 20 33 3
Together 4384 3468 1648 Together 1096 867 412
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Pollutant emissions are calculated according to the
methodology EMEP/EEA air pollutant emission inven-
tory guidebook 2019 [15].

For calculations, it is assumed that light-duty vehicles
and motorcycles run on petrol, and heavy duty vehicles
and buses run on diesel fuel.

The methodology takes into account fuel consump-
tion by different categories of vehicles and their emis-
sion standards. According to the reports of the National

reports on the state of the natural environment in
Ukraine, it is known that the average age of vehicles is
10-20 years [16].

The emission coefficients separately by type of motor
vehicle (according to the data of tables 3.17, 3.18, 3.21-
3.25 of the specified methodology [15]) are given in
Table 4.

Table 4 — Emission factors for different types of transport

Release of pollutants, g/km
Type of transport CO NMVOC | NOx(NO») N,O NI PM
(CH4)
Passenger Cars
(Petrol Medium) 3,92 0,53 0,485 0,01 0,022 | 0,0022
Heavy duty
(Diesel 7.5 - 16 1) 1,02 0,326 5,31 0,008 0,0029 0,201
Buses
(Urban Buses Standard) 2,71 0,706 10,10 0,012 0,0029 0,479
Motorcycles
(2-stroke >50 cm?) 16,3 5,82 0,028 0,002 0,0019 0,064

Emissions of pollutants (except for SO, , the emis-
sions of which are determined by formula (3)) are cal-
culated by the formula:

E =kL 2)
where E; — emissions of the ith substance during the
study period, g;
ki — emission factors for different types of transport,
g/km;

L — the distance traveled by vehicles during the study,
km.

SO, emissions are calculated assuming that all sulfur
in the fuel is completely converted to SO, by the for-
mula:

ESOZ,m: 2. kS,m . FCm (3)

where Esoz»— SO2 emissions for the mth fuel, g;

ks — relative mass content of sulfur in m-type fuel
(g/g of fuel);

FC,,— fuel consumption of the mth fuel, g.

Typical values of the sulfur content in fuel are taken
according to the standard sulfur content in fuel (accord-
ing to table 3.14 of the specified methodology [15]),
for petrol it is 40 ppm, for diesel fuel it is 8 ppm
(1 ppm = 10-6 g/g of fuel).

The results of the calculations are given in Table 5.

Table 5 — Emissions of polluting substances in the studied areas during the hour

Emissions of pollutants
Unit of
R h pl
eseafch place CO NMVO NOx N,O NH;3 PM SO, measure-
C(CHy) | (NOy)
ment
St. Vol-
0,004143 | 0,00071 | 0,0026 | 1,1E-05 | 7,75E-05 | 0,000102 | 6,2E-09 {
gogradska
1,15095 | 0,195974 | 0,710304 | 0,003065 | 0,02154 | 0,028332 | 1,73E-06 |  g/s
the intersection | ) 0336 10000642 | 0,002282 | 8.52E-06 | 5.54E-05 | 9.33E-05 | 4.7E-09 t
of Metalurhiv
avenue and
Nikopol highway | 0:933358 | 0.178204 | 0,633875 | 0,002367 | 0,015399 | 0,025911 | 1,3E-06 g/s
St. Lermontova | 31395 | 0.000226 | 0001007 | 4,03E-06 | 2.67E-05 | 3.81E-05 | 2.2 E-09 {
0,380981 | 0,062844 | 0,279854 | 0,001119 | 0,007425 | 0,010571 | 6,1E-07 gls
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As we can see from the above calculation results, the
following pollutants are the largest emissions: CO,
NO,, NMVOC. With an increase in the number of mo-
tor vehicles, there is an increase in the intensity of emis-
sions of pollutants into the atmospheric air, which leads
to an increase in the concentration of pollutants in the
atmosphere and the formation of background pollution
in the city. The dependence of emissions on the number
of motor vehicles is shown in Figure 1.

The highest intensity of traffic was recorded on Vol-
gogradska Street and amounted to 4,384 vehicles per
hour, the amount of pollutants from these sources
amounted to 0.008563 tons.

This indicates the need to implement complex
measures to solve this problem.

Release of pollutants, g

Measures to improve the environment caused by road
transport include:

- organizing and streamlining the road infrastructure
by building bypasses, increasing car lanes, building un-
derground pedestrian crossings, etc.;

- development and popularization of public transport;

- improvement of environmental indicators of vehi-
cles, high-quality maintenance and control;

- improving the quality of fuel and fuel-lubricants;

- use of environmentally friendly fuels and electric
vehicles;

- during the operation of vehicles, it is necessary to
carry out work on dedusting roads in order to reduce
the concentration of dust;

- greening of city streets - creation of "green screens",
helps to reduce traffic noise and atmospheric air pollu-
tion in roadside areas, increases the aesthetic appeal of
the city.

Number of vehicles, unit

Release of pollutants, g

Number of vehicles, unit

Release of pollutants, g

Number of vehicles, unit

2000

® Light-duty

3000

£ Heavy duty

4000 5000 6000 7000 8000

Buses B Motorcycles

Figure 1 — Dependence of emissions on the number and type of motor vehicles

Conclusions

According to the results of the conducted research, it
was established that the air quality of the city of Kryvyi
Rih, in addition to industrial enterprises, is also signif-
icantly affected by road transport. During the research,
it was determined that during peak hours on highways,
emissions increase and lead to deterioration of the at-
mospheric air in the immediate vicinity of highways
and at intersections. An increase in the intensity of mo-
tor vehicle traffic leads to an increase in emissions of
pollutants, which in turn affects the quality of atmos-
pheric air, which is already loaded with industrial facil-
ities in the city. Therefore, we consider it necessary to
implement the proposed environmental protection
measures to improve the ecological situation in the city
of Kryvyi Rih. We also consider it necessary to create
and implement a system for monitoring emissions from
motor vehicles.
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