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Abstract. Road transport is one of the sources of environmental pollution.
Nowadays, the impact of transport on the environment is the most urgent and
pressing problem of modern society. The relevance of the study lies in the fact that
adverse environmental factors affect the condition and health of people. A huge
role in the formation of atmospheric air pollution is played by emissions of
impurities from fuel combustion process. One of the reasons for the increase in the
volume of pollutants from exhaust emissions is the growth of the car fleet. The
environmental situation is worsened by: poor environmental performance of fuels
and vehicles in Kazakhstan, an ageing vehicle fleet and deteriorating maintenance,
inadequate road development and deterioration, and underestimation of
architectural and planning factors in cities. Carbon dioxide and other gases, which
have a greenhouse effect, spread throughout the atmosphere, causing global geo-
environmental impacts. The purpose of the research was to determine the impact of
automobile exhaust gases on the ecology of the city and to improve the
methodology for assessing the environmental and economic damage from chemical
pollution by motor vehicle emissions to the environment of Almaty. The levels of
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atmospheric air pollution by carbon monoxide on a particular section of the
motorway were determined. The coefficient of toxicity of CO emissions into the
atmosphere, the background pollution of the surface layer of the atmospheric air,
the total traffic intensity of cars on the streets of Almaty, a certain type of cars for
CO emissions into the atmosphere; the coefficient taking into account aeration on
a given road section and the value of the slope of the roadway; wind speed, air
humidity, dependence of carbon monoxide concentration on the type of road
crossing were calculated. The research was conducted on control points of
emissions of chemical pollutants. The work was carried out in the laboratory of the
Department of Chemistry, Chemical Technology and Ecology of Almaty
Technological University.

Keywords: maximum permissible concentration, atmospheric pollution
index, carbon monoxide, chemical air pollutants, motor transport, toxicity factor,
exhaust gases
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AHHOTauus. ABTOMOOWIb K6Jiri KopliaraH OpPTaHBI JIACTAay Ke3[epiHiH
0ipi Oonbin TabbuTaABl. Kazipri yakeiTTa KemiKTiH KOopIlaraH opTara acepi Kazipri
KOFaMHBIH €H ©3€KTI JKOHE ©3CKTI Moceleci OOJbIm TaObIIaabl. 3epTTEYHiH
©3CKTLIr - KoJaichl3 SKOJOTHSIBIK (akTopiap agaMAaplAblH SKarnaiibl MeH
JeHCayNbIFbIHA acep eTeai. ATMocdepaliblK ayaHbIH JaCTaHyblH KalbIITaCTHIPYyAa
OTBHIHHBIH JKaHy MpOIeciHie Maiya OoNaTelH KOCHAaJap/blH HIBIFAPBIHBIIAPHI
YJIKEH pej arkapajsl. [laiijanaHelirad ra3nap IIbFapbIHABUIAPEIHAH JIACTAYIIIbI
3aTTap KeJEeMiHiH YIFalobIHBIH ceOenTepiHiH Oipi aBTOMOOMIIbAEp MapKiHiH ecyi
Oonbinm  TaObuIaAbl. KazakCTaHHBIH OTBIHBI MEH aBTOKOJNIK TEXHHKACHIHBIH
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KaHAFaTTaHAPJBIKCHI3 DKOJOTHSUIBIK —CUIAaTTaMaliapbl, aBTOMOOWIb MapKiHiH
KapTarobl )KOHE OHBIH KYTIMiHIH HaIIapJIayhl, >KOJIIAPIBIH KETKITIKCI3 TaMyhl )KOHE
OJIapIbIH JKaii-KyHiHiH Halapiaysl, KajJaJapAblH cayjeT-Kocnapiay GakropaapbsiH
KeTte Oaramamay. KeMipKBITIKBUT Ta3bl JKOHE MApHHUKTIK ocepi Oap Oacka raszmap
Oykin arMocdepara Tapanbii, xahaHIbIK T€03KOIOTUSIBIK SCEPIePIi TyAbIPAIbL.
3eprreyniH MakcaThl aBTOMOOWNIBIACPAIH MaijanaHbUIFAaH Ta3dapblHBIH Kaja
9KOJIOTHSICBIHA OCEPiH aHBIKTAy >KOHE AJIMAaThl KaJlaCbIHBIH KOpIIaraH OPTAaHBIH
ABTOKOJIK IIBIFAPBIHIBIIAPBIMEH XHMUSUIBIK JIACTAHYJIAH OOJIATBIH IKOJIOTHSUTBIK-
SKOHOMHKAJIBIK 3USHABI Oarayay oJicTeMEcCiH KeTiuihipy Oonabl. ABTOKeJIK
MarucTpaniHid Oenrimi Oip ywackeciHae armocgepanblk ayaHblH KeMipTeri
TOTBIFBIMEH JIACTaHY JICHTeWi AHBIKTANIBL. 3epTTEYNIep XUMUSUIBIK JIaCTayIIlbI
3aTTap IIbIFapBIHABUIAPEIH OaKblIay HyKTenepiHae xyprizinmi. JKymbic AmMars
TEXHOJOTHSJIBIK ~ YHUBEPCUTETiHIH "XHUMHS, XUMHSUIBIK TEXHOJIOTHUS JKOHE
akojiorus" kadeapachIHbIH 3¢PTXaHAChIHIA OPBIHIAAIIIBI.

Tyiiin ce3mep: KeMipTeri TOTHIFbI, ayaHbl XUMISUIBIK JIACTAYIIBI 3aTTap,
ABTOKOJTIK, YBITTBUIBIK K03 (DUIIMEHTI], MaiifanaHbuIFaH raaap
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AHHOTAmMsl. ABTOMOOWIBHBIA TPAHCIIOPT SBISICTCS OOHUM U3
HCTOYHHKOB 3arpsi3HEHUs OKpYy’Kalollel cpenpl. B HacTosee BpeMs BO3ACHCTBHE
TpaHCTIOpPTa Ha OKPYXKAIOIIyI0 Cpedy SBIeTCSd HauOoJjee akKTyaJdbHOH W
aKTyaJIbHOH TIpOo0JIeMOi COBPEMEHHOTO O0IIeCcTBa. AKTYaIbHOCTh MCCIICIOBAHUS
3aKIII0YaeTcs B TOM, YTO HEOJArONpPHUSATHBIC HKOJIOTHYECKUe (HaKTOPhI BIUIOT Ha
COCTOSHHE W 30pOBbE Jrofed. boipuryio pons B GOpMUPOBAaHMU 3arpsi3HEHUS
atMocepHOTO BO3TyXa UTPAIOT BRIOPOCHI MMPUMECEH, 00pa3yIONTUXCs B IIPOIECCe
ropeHus Toriusa. OHON W3 MPUYHH yBEJTHUCHHS 00beMa 3arpsI3HSIOIINX BEIIECTB
OT  BBIOPOCOB  BBIXJIONHBIX ~ Ta30B  SIBISIETCS  pOCT  aBTONApKa.
Hey,llOBJ’IeTBOpPITeHBHLIe OKOJIOTUYECKHE XapaKTECPUCTUKHU TOIJIMBA u
aBTOTpaHCIOPTHOW TexHWKH KaszaxcraHa, cTapeHHe aBTOMOOWIILHOTO Iapka U
VXYIIIEHHE €ro YyXoAa, HEAOCTaTOYHOE pa3BUTHE MAOPOr M YXYIAILICHHE HX
COCTOSTHUSI, HEIOOIIEHKA apXHUTEKTYPHO-TUIAHUPOBOUYHBIX (PAKTOPOB TOPOIOB.
VTIIeKuCIblii Ta3 ¥ Ipyrue ra3bl ¢ MapHUKOBBIM 3Q(EKTOM pacpoCTPAHSIOTCS MO
Bcell arMocdepe, BbI3bIBas II00ajbHBIE Teodkosnoruueckue >dexrrl. Llenbio
WCCIIeNIOBaHUS OBbLTO BBISBICHUE BIUSHHS BBIXJIOMHBIX T'a30B aBTOMOOWICH Ha
SKOJIOTUIO TOpPOa U  COBEPIICHCTBOBAHWME METOJAMKH OIICHKH  JKOJIOTO-
SKOHOMHYECKOTO yiiepba OT XMMHYECKOTO 3arpsi3HEHHs OKPYXKAroIIeH cpelrsl
aBTOTPAHCIIOPTHBEIMHU BhIOpocaMu ropoma Anmarbl. Ha ompeneneHHOM ydacTke
ABTOMOOWJIGHOW MAarucTpaidl BBISIBICH YpPOBEHb 3arps3HEHUs aTMOC(HEpHOTrO
BO3/IyXa YrapHbIM ra3zoM. MccienoBaHus MpOBOAMIMCH HA KOHTPOJIBHBIX TOYKaX
BEIOPOCOB XMMHYECKWX 3arps3HuTeieil. Pabora BemonmHeHa B maboparopuu
kadenper "Xumusa, XuMHUUECKas TEXHOJOTHS M OJKOIOTHA" AJIMaTHHCKOTO
TEXHOJIOIMYECKOTO YHUBEPCHUTETA.

KaroueBble coBa: yrapHbld ra3, XHMHYECKHE 3arps3HHUTEIN BO3IyXa,
aBTOMOOMIIb, KOA(MPHUIINEHT TOKCUIHOCTH, BEIXJIOITHBIE Ta3bl

Introduction

In recent years, vehicular pollution has been increasing. Today, 60 % of
emissions in large cities in the country are caused by motor vehicles. In Almaty,
the situation with air pollution from motor transport is particularly difficult. The
criterion for assessing the negative impact of motor transport can be the
environmental damage caused to the environment.

Along with energy, industry, agricultural construction, road transport has a
negative impact on the environment. At present, transport, along with production,
is the main source of air pollution.

The main cause of air pollution is the incomplete and irregular combustion
of fuel. Only 15 % is consumed by road traffic and 85 % by air. In addition, the
combustion chamber of a car engine is a kind of chemical reactor which synthesises
toxic substances and releases them into the atmosphere. Reducing toxic waste from
cars is therefore becoming a very topical issue.
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The impact of a vehicle on the environment can be divided into positive
and negative effects. Each type of positive effect can be matched by one type of
negative effect. Chemical pollutants emitted by motor vehicles enter directly into
the surface layer of the atmosphere and are much worse dispersed than industrial
emissions entering the atmosphere at a high altitude (Zhenyu, 2022; Masoud, 2022;
Aiman, 2018; Kashin, 2007). Atmospheric pollution occurs due to imperfect design
of equipment, engine and plant systems, violations of operating rules, low technical
culture and environmental illiteracy of operating personnel, and sometimes as a
result of accidents or emergencies. The level of greenhouse gas emissions in the
atmosphere has exceeded the previous natural maximum. CO2 levels in the
atmosphere, which are considered in studies comparing the climate then and today,
have been associated with only a small increase in carbon dioxide (Ang, 2018;
Zheng, 2020; Xuan, 2022; Shaojun, 2018).

Internal combustion engine exhaust contains more than 170 harmful
components, about 160 of which are derived from hydrocarbons produced by
incomplete combustion of fuel in the engine. The presence of pollutants in exhaust
emissions is directly related to the type of fuel and the combustion conditions. The
chemical pollutants emitted by the car engine are well researched. In addition to
nitrogen, oxygen, carbon dioxide and water, these emissions include harmful
substances such as carbon monoxide, hydrocarbons, nitrogen and sulphur oxides
and particulate matter. Plants growing up to 200m away are affected by the harmful
elements emitted by the exhaust (lead, cadmium, cobalt, aluminium, arsenic, etc.).
Exhaust and exhaust gases of heat engines, in their turn, emit more than 70 % of
carbon oxides and hydrocarbons (benzene, formaldehyde, benz(a)pyrene), about 55
% of nitrogen oxides, up to 5,5 % of water, as well as soot (heavy metals), cinders,
soot, etc. into the air. Together with waste, exhaust and exhaust gases about 60-80
% of all heat received during the combustion of hydrocarbon fuel is discharged into
the atmosphere as hot gases and warmed water which also leads to thermal pollution
of the atmosphere. Flue gases of installations and engines contain tens of thousands
of chemical substances, compounds and elements, more than two hundred of which
are highly toxic and poisonous.

Carbon monoxide (CO) is an odourless gas. Its MAC in the working area
is 20 mg/m3. At concentrations of 300 to 600 mg/m3 people are easily poisoned, at
1,800 mg/m3 people are severely poisoned. Toxicity of exhaust, combustion and
exhaust gases emitted into the ambient air mainly depends on the quality, type and
kind of combusted hydrocarbon fuel, conditions of its combustion process
organization, technical conditions of heat engines and fuel combustion installations
(Ma, 2021; Yang, 2019; Adriana, 2019).

Automotive gases are a mixture of 1000—1200 individual components,
including non-toxic: N, O, water vapours, CO; toxic: C oxides, hydrocarbons, N
oxides, aldehydes, soot, benzopyrene, lead compounds, formaldehyde, benzene, as
well as many other components.

Today, automobiles are among the leading sources of pollution in many
cities. According to most data, it has been established that the amount of incomplete
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combustion products of hydrocarbons emitted from a petrol engine is significantly
higher than that from a diesel engine. Combusted hydrocarbons are emitted most in
the smoke coming out of the car, especially when the car engine is running slowly.
The gas emitted from an uninterrupted transport with quality petrol filling contains
2.7 % of non-flammable hydrocarbon monoxide.

The purpose of the research was to determine the impact of car exhaust on
the ecology of the city and to improve the methodology for assessing the
environmental and economic damage from chemical pollution by vehicular
emissions in the environment of Almaty.

Research methods

Scientific studies indicate that there are around 15 million different types
of chemical pollutants emitted from cars, many of which have not yet been fully
investigated.

The analysis of air for pollutants consists of sampling directly at the source
of emission, for this purpose special automatic gas analysers, such as GANK-4 have
been used. With the instrumental-laboratory method, impurities are first sampled
and then analysed in the laboratory with special instruments. The indicator method
is considered to be an express method. Here selective indicators are used which
change colour depending on the composition of the emission. It is used for a
preliminary evaluation of the production process and in situations where no other
methods are available. Calculations are made using information on the composition
of raw materials, fuels, fumes and gases emitted. The frequency of atmospheric air
analyses depends on the hazard class of substances, on the technological process
itself and on the proximity of the actual emission value to the normative value.

Results and discussion

The level of carbon monoxide pollution of atmospheric air was determined
during the research, which was conducted at the intersection of Tole Bi Street —
Utegen Batyra Street on 24.11.2022 at 17.50 (according to the table).

Table 1. Determination of the CO emission toxicity factor (CT)

Type of vehicle Number of vehicles | Share of total traffic | Kri
flow, Pi

Light truck (including Gazelle | 62 0,15 2,3

minibuses)

Medium truck (including foreign made | 32 0,1 2,9

PAZ taxi buses)

Heavy freight (including diesel | 12 0,15 0,2

vehicles, including buses)

Heavy Duty Truck (including | 23 0,05 3,7

combustion  internal  combustion

engine)

Passenger cars 864 0,55 1,0

Total vehicles per hour 993

Pi - traffic composition (in fractions of the total traffic flow)
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KTi - emission factor (in terms of CO2 emission) for each mode of
transport.

Kco=(0.5-0.01NKT)KA*KY*KC*KB*KII

Kco - carbon monoxide concentration

0.5 - background (non-transport) pollution of ground layer of atmospheric
air within the city boundaries of Almaty (in mg/l)

N - total traffic intensity of cars on the streets of Almaty,

KT- a coefficient of certain type of cars for CO emissions into the
atmosphere,

KA - coefficient taking into account aeration on the given road section,

KU - coefficient that takes into account the slope of the roadway (in
percent),

CW is a coefficient taking into account wind speed,

EF is a coefficient that takes into account the humidity of the air,

KP is a coefficient that takes into account the dependence of carbon
monoxide concentration on the type of road crossing.

The value of the CO emission toxicity coefficient (CT) is determined by

the formula:

K= PiKri

Kwn=0,15%*2,6+0,1*%29+0,15*%0,21+0,05*3,7+0,55*1,0=0,345+0,25+0,03+0
,185+0,55=1,4

Ka=1,06

Ky=2,00

Kc=1,15

Kg=1,8

KHZI,O

Keo=(0,5+0,01-0,03*1,4)*1,0*1,06%2,00*1,15*1,8=63,20

Total: MPC exceeded by more than 9 times.

The level of atmospheric air pollution by carbon monoxide was determined
at a specific section of Almaty — Bishkek (Fabrichnyi) motorway on 22.11.22 / time
17.50 (according to table).

Table 2. Determination of the CO emission toxicity factor (CT)

Type of vehicle Number of | Share of total traffic | Kri
vehicles flow, Pi

Light truck (including Gazelle | 66 0,16 2,4

minibuses)

Medium truck (including foreign | 50 0,1 2,9

made PAZ taxi buses)

Heavy freight (including diesel | 90 0,19 2,9

vehicles, including buses)

Heavy Duty Truck (including | 140 0,15 3,8

combustion internal combustion

engine)
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Passenger cars 621 0,75 1,5
Total vehicles per hour 967

Keo=(0,5+0,0INK)Ka*Ky*Kc*Kp*Kn

Kr=0,15%2,3+0,1*2,9+0,15*%0,2+0,05*3,7+0,55*1,0 = 1,4

Ky=1,06
Kce=2,00
Kg= 0,60
Kn:1,9

Keo= (0,5+0,01*967*1,4)*1,06*2,00*0,60*1,9 =17,85
The level of carbon monoxide air pollution on a particular section of the
motorway was also calculated on Abai Avenue in Almaty on 24.10.22 at 17.20

(according to the table)

Type of vehicle Number of | Share of total traffic | Kni
vehicles flow, Pi

Light truck (including Gazelle | 70 0,15 2,3

minibuses)

Medium truck (including foreign | 63 0,1 2,9

made PAZ taxi buses)

Heavy freight (including diesel | 10 0,15 0,2

vehicles, including buses)

Heavy Duty Truck (including | 10 0,05 2,7

combustion internal combustion

engine)

Passenger cars 905 0,55 1,0

Total vehicles per hour 1058

Kr=0,15%2,3+0,1*2,9+0,15*%0,2+0,05*3,7+0,55*1,0 = 1,4

Ky=1,06
Kc=2,00
Ks=1,5
Kn=1,8

Keo =(0,5+0,01*1058*1,4)*1,0*1,07*1,0*0,75*1,8 = 22,40.

Thus, the concentration of toxic substances in the exhaust gases of internal
combustion engines can vary widely. In addition to factors such as fuel type,
technical condition of the vehicle, and meteorological conditions, the emission of
pollutants also depends on the mode of operation of the engine. Therefore, it is
necessary to assess the toxicity of each individual component when all emissions
are reduced to a single component that is taken as a reference. Typically, carbon
monoxide is taken as the reference component. For the most typical automotive
engine exhaust gases, the component composition of the fuel is plotted below.

As a result of the study the content of carbon monoxide (CO) in the
atmospheric column above the central streets of Almaty according to the data of
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2022 was analysed. The association of areas of elevated CO content with major
urban agglomerations, as well as with places of heavy vehicular traffic has been
revealed. The results of data processing have shown that a stable local maximum
of CO content is diagnosed over the Almaty agglomeration.

Table 4. Values of empirical coefficients determining vehicle emissions depending on fuel type

Fuel type Value of coefficients (K)

Carbon monoxide (CO) Hydrocarbons Nitrogen oxide
Petrol 0,6 0,1 0,04
Diesel fuel 0,1 0,03 0,04

The K-factor value is required to drive 1 km in quantity (i.e. own
consumption), the amount of fuel is equal to the amount of harmful substances
emitted by this component during combustion. Figure 1 shows the increase in the
toxicity factor of carbon monoxide compared to other exhaust gases. Nitrogen
oxides form a photochemical fog which forms peroxyacetyl nitrates, its content of
0.1-0.5 mg/m3 irritates the eyes and causes plants to dry out. The main origin of
nitrogen dioxide comes from the high combustion temperature of the fuel and the
lack of oxygen. Often, as a consequence, it originates from vehicle exhaust fumes.

NO2

0,02 C (isotope

U3 U= (L8 B u

factor value

Figure 1. Vehicle exhaust gases depending on the fuel type

Table 5: Input data for emission calculation

Vehicle type Average fuel consumption (100 km/l) | Own  fuel consumption
V(1km/l)

Car 11-13 0,11-0,13

Cargo truck 29-33 0,29-0,33

Bus 41-44 0,41-0,44

Diesel truck 31-34 0,31-0,34
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diesel truck
0.35 bus

0.3 truck

0.25

car

own fuel consumption

0.05
o 1 2 3 4 5

average fuel consumption

Figure 2. Fuel consumption depending on the type of vehicle

Exhaust gases contain about 300 chemical components belonging to
Hazard Class 1-4 according to GOST 12.1.007, many of which are toxic (carbon
monoxide (II), nitrogen oxides, hydrocarbons, aldehydes, carbon black,
benzapyrene etc.) (Table 6).

Table 6. Hazardous substance emissions depending on fuels

Vehicle type Quantity of harmful substances, 1

CO2 benzapyrene NO2
Petrol 0,014 0,004 0,0015
Diesel fuel 0,04 0,006 0,008

The amount of harmful substances in petrol has a MPC of 76 mg/ml from
the exhaust gas (MPC 3 mg/ml ) carbon monoxide, benz(a)pyrene MPC is 1.5
mg/ml, nitrogen oxides MPC is 0.6 mg/ml. The toxicity of gasoline is less toxic.
Diesel fuels are more toxic than benz(a)pyrene. The maximum permissible
concentration of diesel in the air is 0.3 mg/l. The amount of harmful substances in
diesel fuel composition - carbon oxide MPC is 0.3 mg/l, benz(a)pyrene (MPC 0.001
ug/m), nitrogen oxide MPC is 8-22 mg/mL.
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Figure 3. Vehicle emissions as a function of fuel type
1-Carbon dioxide; 2-Benzapyrene; 3-Nitrogen dioxide

The results allowed us to determine the area of variation in optical density
for each group of experimental oils. The term "basicity factor" (optical density
decreased by 10) has been conventionally adopted for clarity of results. The
research showed that coefficient of basicity for mineral oils is 1,4—1,7, for semi-
synthetic oils - 1,8-2,2, for synthetic oils - 2,5-3,5. Thus, this technology makes it
possible to determine the basis of engine oil is mineral, semi-synthetic or synthetic
and to identify counterfeit and low-quality oils.

Conclusion

Summarizing the results of the study, it is possible to assess the congestion
of the street section by different types of vehicles, to compare different streets in
this respect and to study the surrounding environment. In this work, the level of
atmospheric air pollution by carbon monoxide in Almaty has been determined. The
parameters collected are necessary to calculate the level of air pollution. The
toxicity coefficient for CO emissions into the atmosphere, the background (non-
transport) pollution of the surface layer of atmospheric air within the city limits of
Almaty (in mg/l), the total traffic intensity on the streets of Almaty, a certain type
of vehicles for CO emissions into the atmosphere; the coefficient taking into
account aeration on a given road section; the coefficient taking into account the
value of the slope of the roadway; the coefficient taking into account the wind
speed; the coefficient taking into account the humidity; the coefficient taking into
account the dependence on the end the study of air pollution by motor vehicles
allowed for determining the amount of CO, emissions into the atmosphere; the
calculated level of pollution exceeds the maximum permissible concentration.
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The methods of calculation of amount of chemical pollutants from motor
transport emissions in the city have been developed taking into account the vehicles
working on liquefied petroleum gas. The calculation of emissions of chemical
pollutants from motor transport in Almaty was clarified.
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