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Abstract. Atmospheric air pollution with fine particles PM2.5 and PM10 is one of the main
environmental problems of the city. This paper presents the results of the study of quantitative and
structural components of solid particles’ emissions in the city of Almaty, released during the
operation of cars: by an engine with exhaust gases, by tire abrasion, by braking devices (linings)
and road pavement wear. PM solid particles in the amount of 543.2 tons are released annually into
the atmospheric air of Almaty by motor transport. The bulk PM10 is released totally from the tires,
brakes and road — 65.4 %, from the engine — 34.6 %. On diesel buses and trucks, the bulk PM
particles’ emissions are released from the exhaust gas engines. Recommendations are given to
reduce PM particles emitted by motor transport.

Keywords: vehicle emissions, solid particles, PM10, PM2.5, TSP dust, engine, tires, brakes,
roads, diesel bus.

1. Introduction

According to WHO, air pollution is one of the most serious environmental threats to human
health. Reducing the level of air pollution, countries can decrease the burden of such diseases as
stroke, heart disease, lung cancer and chronic or acute respiratory diseases, including asthma [1].

Among atmospheric air pollutants, a special role belongs to solid particles, including fine
particles PM10 and PM2.5. PM10 solid particles are fine particles with an aerodynamic diameter
less than 10 microns, and PM2.5 are fine particles with an aerodynamic diameter less than
2.5 microns. When inhaled, PM2.5 particles penetrate deep into the lungs and enter the
bloodstream. The concentration of fine particles is a frequently used indirect indicator of the level
of air pollution. There is convincing evidence that exposure to this pollutant negatively affects
human health [1].

Serious consequences for health, such as: respiratory diseases, cardiovascular disorders,
cerebrovascular diseases, cancer, reproductive health and other diseases, and increased mortality,
are related to PM solid particles, [2-6].

Maximum levels of atmospheric air pollution by fine particles are observed in the cities with
developed industry and heavy traffic [7]. Not only the emission sources are concentrated in cities,
but the ability of pollutants to disperse into the air is limited by the physical characteristics of the
urban environment [7-9]. In addition, due to the high density of the residential buildings, large
number of urban populations may be adversely affected by polluted air [9].

Researchers register an increase in average annual concentrations of PM2.5 in 65 % of urban
areas between 2000 and 2019 [8]. Vehicle emissions are an important source of fine particles’
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entry into the atmospheric air [10-12]. Thus, according to research by Wei-Yi Pan and Hong-Yan
Shen, car emissions amounted to 77 % of total PM10 emissions in the studied city [10]. According
to Brazilian researchers, vehicle emissions amounted to, at least, 40 % of PM2.5 amount in the
cities [13]. According to the US EPA, the transportation sector is responsible for 10 % of U.S.
PM2.5 and PM10 emissions [14].

Emissions from the operation of various types of vehicles have their own specifics. Emissions
of solid particles during operation of cars occur not only from the exhaust gases of the engines,
but also during tire abrasion, from braking devices (linings) and road pavement wear [15-17].

Mainly carbon compounds enter the atmospheric air with exhaust gases/ Particles formed
during mechanical abrasion of brakes and tires include microelements (Ba, Cu, Mn, Pb and Zn),
road dust includes such elements as Al, Ca, Fe, Mn, Si and Ti [15].

Solid particles emitted during the operation of cars settle on the road, and then re-transform
into the suspended status together with particles of mineral dust and road wear materials. This
creates a high risk of human exposure to minerals, metalloids and heavy metals [15-17].

Atmospheric air pollution is the key environmental problem in large cities of Kazakhstan. This
problem is most acute in the cities of Almaty, Astana, Ust-Kamenogorsk and Karaganda. These
cities are characterized by high air pollution by harmful substances, especially PM solid particles,
the content of which is several times higher than the established standards [18], [19].

The city of Almaty, where more than 2 million people live, deserves special attention. The
specific geographical and meteorological conditions of the city of Almaty, low level of air
exchange contribute to the accumulation of pollutants in the air and formation of smog. The main
sources of air pollution in the city are coal-operated thermal power plants, heating devices of the
private sector using solid fuel, as well as vehicle emissions. The latter amounts to more than 60 %
of the total gross emissions in the city. The most polluted areas of the city are mainly confined to
the areas with heavy traffic [20].

The average annual concentration of PM2.5 in 2018 was 53 micrograms/m>, which was
5.3 times higher than the WHO annual limit for PM2.5. The average annual concentrations of
PM10 and NO; in the air exceeded the WHO annual limits by 3.9 and 3.2 times, respectively [19].
In 2021, the average annual concentration of PM2.5 in Almaty was 35.3 micrograms/m?®, which
exceeded the WHO standard by 7.1 times. The average daily levels of PM2.5 in the atmospheric
air were exceeded during 217 days [21].

Emissions from road transport in the city of Almaty have the priority impact on the quality of
atmospheric air in the residential areas, primarily, adjacent to the roads with heavy traffic. It was
found out that the increase of PM10 and PM2.5 fine particles level in the atmospheric air, as well
as NO; and CO, grows when the traffic intensity increases. During the daytime, as the traffic
enhances, the concentration of PM2.5 increases above the permissible standards. The significance
of the impact of road transport emissions on the atmospheric air quality in Almaty was confirmed
by observations made during the Covid 19 quarantine in 2019 [19] and the January 2022 events
[20].

Thus, the movement of motor vehicles is an important source of solid particles inflow into the
environment. Cities around the world are working on measures to reduce emissions from motor
vehicles and prevent exposure to traffic-related air pollutants [15]. The similar task is acute in the
city of Almaty. The proposed measures should take into account quantitative data and the
composition of solid particles and dust emitted into the city's atmospheric air by motor transport
in total and separately - by the types of their formation. At the same time, there was no information
on emissions from motor transport in Almaty. This was the basis for this study, the main purpose
of which was to investigate the quantitative and structural components of solid particles emitted
during operation of cars with the engines’ exhaust gases, from tire abrasion, braking devices
(linings) and road pavement wear.

The originality and novelty of this work lies in the quantitative and qualitative analysis of PM
solid particles’ emissions of motor transport released by sources of their formation, by groups of
motor vehicles according to types and ecological classes as regards the municipal scale.
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2. Methods

The assessment of the impact of emissions from road transport on the city’s air environment
was carried out by calculating the amount of pollutants’ emissions using a methodology developed
on the basis of the international EMEP/EEA Emission Inventory methodology (CORINAIR).
COPERT 5.7 computer program was used to calculate emissions generated by road transport,
taking into account the structure and condition of the fleet of vehicles in Almaty [22], [23].

The emissions of fine solid particles (PM10 and PM2.5) and total suspended solids (TSP) are
calculated totally and separately for each source of emissions: exhaust gases of the engines, wear
of brake linings and abrasion of the road pavement.

The effect of urban traffic intensity on solid particles’ emissions was carried out on the basis
of emission calculations for average traffic speeds of 20 km/h and 40 km/h.

To compare specific emissions from different types of vehicles in Almaty, emissions of PM 10,
PM2.5 solid particles and TSP dust from passenger cars, diesel trucks and diesel buses were
determined.

3. The results of the study

The status of the atmospheric air in Almaty is under constant control of the environmental
service and the akimat of the city. Decisions are being made and a wide range of diverse activities
are being carried out aimed at reducing the negative environmental impact of road transport,
industrial enterprises and private sector. Constant monitoring of the air condition is carried out at
KazHydromet monitoring posts on the level of atmospheric air pollution, at the environmental
posts of ECOSERVICE-S and others. However, despite the measures taken, the levels of air
pollution in the city remain increased today.

For example, continuous measurements at ecological post No. 2 ECOSERVICE-C on
Shevchenko Street during the day (February 6, 2024) confirm an increased level of fine particles
in the atmospheric air. It was found out that the average daily concentration of PM10
(0.082 mg/m?) exceeds the maximum permissible concentration (MPC.c. 0.06 mg/m®) by
1.37 times, the maximum concentration (0.140 mg/m®) by 2,3 times. The average daily
concentration of PM2.5 (0.058 mg/m?®) exceeds maximum permissible concentration (MPC.c.
0.035 mg/m?) by 1.7 times, maximum concentration (0.10 mg/m?) by 2.8 times. The exceedance
of the concentration of PM solid particles above standard values is observed in the daytime and in
the evening, which is associated with emissions from moving vehicles.

As per August 2023, 585354 motor vehicles were registered in the city of Almaty. The amount
of emissions of pollutants from road transport is 65964.7 tons per year. Including: carbon
monoxide (CO) emissions amount to 46490.3 tons (70.5 % of the emissions of all pollutants),
hydrocarbons (CH) — 5509.6 tons (8.4 %), nitrogen oxides (NOx) — 7371.7 tons (11.3 %), sulfur
oxides (SO,) — 146.7 tons (0.3 %), non-methane hydrocarbons (NMVOC) — 5260.1 tons (8.1%),
PM10 and PM2.5 solid particles — 543.2 tons (0.8 %).

As it was noted earlier, PM solid particles during the operation of cars in the city are emitted
not only from the exhaust gases of the engines, but also from tire abrasion, brake wear and abrasion
of the road pavement. The results of calculations of solid particles’ emissions (PM10 and PM2.5)
and total suspended particles (TSP) in total and separately for each source of vehicle emissions in
the city of Almaty are given in Table 1.

Emissions of PM10 particles from motor vehicles amount to 543.2 tons per year. Including,
187.6 tons (34.6 % of all PM10 emissions), are emitted by engines, 84.5 tons (15.5 %) — due to
tire abrasion, 188.8 tons (34.8 %) — due to brakes wear and 87.1 tons (15.1 %) — due to road
pavement wear. PM10 bulk is emitted totally due to the abrasion of tires, brakes and roads —
65.4 %, the engine — 34.6 %.

Emissions of PM2.5 particles amount to 366.6 tons per year. Including: 187.6 tons (51.3 % of
all PM2.5 emissions) are emitted by the engines, 59.1 tons (16.1 %) — due to tire abrasion,
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75.1 tons (20.5 %) — due to brake wear and 44.1 tons (12.1 %) — due to road pavement wear. The
main part of PM2.5 is emitted by the engines — 51.3 %, the rest — due to tires, brakes and the road

wear (48.7 %).

Table 1. Emissions of PM10, PM2.5 solid particles and TSP dust from motor vehicles in Almaty

Emissions under Emissions under Relation of emissions
Name average speed of average speed of | under speed of 40 km/h to
20 km/h 40 km/h emissions under speed of
Tons % Tons % 20 km/h, %

Engines| 187.6 34.6 118.0 24.8 62.9
PM10 Tires | 84.5 15.5 84.5 17.7 100.0
emissions, | Brakes | 188.8 34.8 188.8 39.8 100.0
Solid tons/year | Roads | 81.7 15.1 81.7 17.7 100.0
particles To.tal 543.2 | 100.0/59.7 | 473.6 | 100.0/61.5 87.2
PM Engines| 187.6 51.3 118.0 39.8 62.9
PM2.5 Tires | 59.1 16.1 59.1 19.9 100.0
emissions, | Brakes| 75.1 20.5 75.1 254 100.0
tons/year | Roads | 44.1 12.1 44.1 14.9 100.0
Total | 366.6 | 100.0/40.3 | 297.0 | 100.0/38.5 81.1
Total dust Engines 187.6 27.4 118.0 19.2 62.9
Total dust TSP Tires | 140.8 20.6 140.8 22.9 100.0
TSP emissions, Brakes | 192.6 28.2 192.6 314 100.0
tons/year Roads | 163.4 23.8 163.4 26.5 100.0
Total | 685.0 100.0 615.4 100.0 89.8

Total TSP dusts are emitted in the amount of 685.0 tons per year, including: by the engines -
187.6 tons (27.4 % of all TSP emissions), due to tire abrasion — 140.8 tons (20.6 %), due to brake
wear — 192.6 tons (28.2 %) and due to road pavement wear — 163.4 tons (12.1 %). Total TSP dust
emissions include 79.3 % of PM10 and PM2.5 emissions. The distribution of solid particles’
emissions by the types of their formation is presented in Fig. 1.
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Fig. 1. Emissions of solid particles from motor vehicles by different types of formation

With an increase of the average speed of traffic in the city from 20 km/h to 40 km/h, emissions
of PM particles and TSP dust from engines’ exhaust gases alone decrease by 37.1%. Emissions
due to abrasion of tires, brakes and roads do not change (Table 1).

To compare emissions from different types of vehicles in Almaty, emissions of solid particles
PM10, PM2.5 and TSP dust from passenger cars, diesel trucks and diesel buses were determined
(Table 2).

Emissions of PM 10 particles by passenger cars amounted to 296.7 tons per year (54.7 % of all
PM10 emissions). Including, 29.3 tons (15.7 % of PM10 emissions) are emitted by engines,
247
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66.6 tons (79.3 %) — due to tire abrasion, 145.3 tons (77.3 %) — due to brake wear and 54.8 tons
(67.0 %) — due to road pavement wear. Emissions of PM2.5 particles amount to 164.0 tons per
year and to 44.8 % of all emissions of PM2.5. The distribution of emissions of PM2.5 by type of
formation is approximately the same as for PM10. Total TSP dust from passenger cars is emitted
in the amount of 398.9 tons per year and 58.2 % of all TSP emissions.

Table 2. Comparative emissions of PM10, PM2.5 solid particles and TSP dust from passenger cars,
diesel trucks and diesel buses in Almaty

Name All vehicles | Passenger cars | Trucks, diesel | Buses, diesel
Number of vehicles, units 570330 519167 29339 3547

Solid particles Emissions Emissions Emissions Emissions

Tons Tons % Tons % Tons %
Engine 187.6 293 157 | 50.1 28.8 | 103.5 | 553

PM10 emissions Tires 84.5 66.6 79.3 5.5 6.5 6.8 8.1
fons/year i Brakes 188.8 1453 | 77.3 12.8 6.8 19.3 | 10.2
Roads 81.7 54.8 67.0 8.9 10.9 13.5 | 16.6
Total 543.2 296.7 | 547 | 77.3 14.2 | 143.1 | 26.3
Engine 187.6 293 156 | 50.1 26.8 | 103.5 | 55.3

PM?2.5 emissions Tires 59.1 46.6 78.9 3.9 6.6 4.8 8.1
tons/year ’ Brakes 75.1 57.8 77.0 5.1 8.6 7.7 13.0
Roads 44.1 29.6 67.2 4.8 10.9 7.3 16.6
Total 366.6 164.0 | 448 | 63.8 17.4 | 123.2 | 33.7
Engine 187.6 29.3 15.6 | 50.1 26.8 | 103.5 | 55.3

.. Tires 140.8 111.0 | 78.7 9.2 6.6 11.4 8.1
Emlss‘ontsoonfst/‘;teagrd““SP’ Brakes | 192.6 1483 | 772 | 13.0 | 68 | 197 | 103
Roads 163.4 109.7 67.3 17.8 10.9 27.0 16.5
Total 685.0 398.9 58.2 90.1 13.1 161.5 | 23.6

PM10 emissions, kg / car 0.95 0.57 2.63 40.34
PM2.5 emissions, kg / car 0.64 0.31 2.17 34.73 -
Note: the percentages indicate the share of emissions depending on the car type in total amount of
emissions from all motor vehicles

PM10 77.3 tons per year (14.2 %), PM2.5 — 63.8 tons (17.4 %) and TSP — 90.1 tons (13.1 %)
are emitted by diesel trucks. By diesel buses: PM10 — 143.1 tons per year (26.3 %), PM2.5 —
123.2 tons (33.7 %) and TSP — 161.5 tons (23. 6%) are emitted.

It is typical that PM particles’ bulk emissions from diesel buses and trucks occur because of
the exhaust gases of the engine. Thus, PM10 emissions from the bus engine amount to 55.3% of

total emissions, the remaining emissions (due to abrasion of tires, brakes and roads) — 44.7 %
(Table 2).

800
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types vehicles

emissions, tons/year

all vehicles cars buses diesel

EPMI10 ®mPM2.5 ®dust TSP
Fig. 2. Solid particles’ emissions by motor vehicles types

Emissions of PM10 (including PM2.5) from passenger cars amount to 296.7 tons per year
(54.7 % of all PM emissions), from diesel trucks — 77.3 tons (14.3 %) and diesel buses — 143.1 tons
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(26.4 %). It should be noted that diesel buses have the highest specific emission of PM particles
equal to 40.34 kg per car per year, whereas passenger cars — 0.57 kg and diesel trucks — 2.63 kg.
The distribution of the solid particles’ emissions by types of motor vehicles is presented on Fig. 2.

Euro 2 eco-class diesel buses in Almaty emit PM10 particles, in average, 27.45 kg per year
per bus, of which 15.68 kg per year — with exhaust gases from the engine. The Euro 5 eco-class
diesel bus emits RM10 18,13 kg per year, with exhaust gases from the engine — 7.2 kg. The Euro
eco-class diesel bus emits PM10 11.77 kg per year, with exhaust gases from the engine — 0.7 kg.
The total emissions of PM10 particles from Euro 5 and Euro 6 eco-class diesel buses are 1.3 and
2.3 times less than the Euro 2 buses, respectively, and engine emissions are 2.2 and 22.4 times
less. This also regards to emissions of PM2.5.

4. Conclusions

1) Despite the measures taken to reduce emissions of pollutants from road transport, from
industrial enterprises and in the private sector, the levels of air pollution in Almaty remain
increased today.

2) Solid particles PM10 in the amount of 543.2 tons per year, PM2.5 — 366.6 tons per year and
total dust TSP — 685.0 tons per year are emitted into the atmospheric air of Almaty from motor
transport. In total emissions, emissions of PM10 solid particles amount to 79.3 %, and PM2.5 —
53.0 %.

3) PM solid particles during the operation of cars in the city are emitted not only by the exhaust
gases of the engines, but also due to tire abrasion, brake wear and wear of the road pavement.

4) PM10 bulk is emitted totally by the abrasion of tires, brakes and roads — 65.4 %, from the
engine — 34.6 %. The main part of PM2.5 is emitted from the engine — 51.3 %, the rest — due to
the abrasion of tires, brakes and the road — 48.7 %.

5) With an increase in the average speed of traffic in the city from 20 km/h to 40 km/h,
emissions of PM solid particles and TSP dust from engines’ exhaust gases only decrease by
62.9 %. Emissions due to wear of tires, brakes and roads do not change.

6) The bulk of PM particles emitted by diesel buses and trucks occur due to the engines’
exhaust gases. Diesel buses have the highest emission of PM particulate matter equal to 40.34 kg
per vehicle per year, whereas passenger cars — 0.57 kg and diesel trucks — 2.63 kg.

7) The total emissions of PM10 solid particles produced by Euro 5 and Euro 6 eco-class diesel
buses are 1.3 and 2.3 times less than Euro 2 buses, respectively, and engine emissions are 2.2 and
22.4 times less. This also regards to emissions of PM2.5.

8) The following measures are recommended in order to reduce PM solid particles emitted by
motor road transport:

— Replacement of diesel buses with electric buses and buses operated by compressed natural
gas CNG.

— The use of diesel buses of ecological classes Euro 5 and Euro 6.

— Increase in the average speed of traffic in the city.
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