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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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Аннотация. Автомобиль көлігі қоршаған ортаны ластау көздерінің 
бірі болып табылады. Қазіргі уақытта көліктің қоршаған ортаға əсері қазіргі 
қоғамның ең өзекті жəне өзекті мəселесі болып табылады. Зерттеудің 
өзектілігі - қолайсыз экологиялық факторлар адамдардың жағдайы мен 
денсаулығына əсер етеді. Атмосфералық ауаның ластануын қалыптастыруда 
отынның жану процесінде пайда болатын қоспалардың шығарындылары 
үлкен рөл атқарады. Пайдаланылған газдар шығарындыларынан ластаушы 
заттар көлемінің ұлғаюының себептерінің бірі автомобильдер паркінің өсуі 
болып табылады. Қазақстанның отыны мен автокөлік техникасының 
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қанағаттанарлықсыз экологиялық сипаттамалары, автомобиль паркінің 
қартаюы жəне оның күтімінің нашарлауы, жолдардың жеткіліксіз дамуы жəне 
олардың жай-күйінің нашарлауы, қалалардың сəулет-жоспарлау факторларын 
жете бағаламау. Көмірқышқыл газы жəне парниктік əсері бар басқа газдар 
бүкіл атмосфераға таралып, жаһандық геоэкологиялық əсерлерді тудырады. 
Зерттеудің мақсаты автомобильдердің пайдаланылған газдарының қала 
экологиясына əсерін анықтау жəне Алматы қаласының қоршаған ортаның 
автокөлік шығарындыларымен химиялық ластанудан болатын экологиялық-
экономикалық зиянды бағалау əдістемесін жетілдіру болды. Автокөлік 
магистралінің белгілі бір учаскесінде атмосфералық ауаның көміртегі 
тотығымен ластану деңгейі анықталды. Зерттеулер химиялық ластаушы 
заттар шығарындыларын бақылау нүктелерінде жүргізілді. Жұмыс Алматы 
технологиялық университетінің "Химия, химиялық технология жəне 
экология" кафедрасының зертханасында орындалды. 

Түйін сөздер: көміртегі тотығы, ауаны химиялық ластаушы заттар, 
автокөлік, уыттылық коэффициенті, пайдаланылған газдар 
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Аннотация. Автомобильный транспорт является одним из 
источников загрязнения окружающей среды. В настоящее время воздействие 
транспорта на окружающую среду является наиболее актуальной и 
актуальной проблемой современного общества. Актуальность исследования 
заключается в том, что неблагоприятные экологические факторы влияют на 
состояние и здоровье людей. Большую роль в формировании загрязнения 
атмосферного воздуха играют выбросы примесей, образующихся в процессе 
горения топлива. Одной из причин увеличения объема загрязняющих веществ 
от выбросов выхлопных газов является рост автопарка. 
Неудовлетворительные экологические характеристики топлива и 
автотранспортной техники Казахстана, старение автомобильного парка и 
ухудшение его ухода, недостаточное развитие дорог и ухудшение их 
состояния, недооценка архитектурно-планировочных факторов городов. 
Углекислый газ и другие газы с парниковым эффектом распространяются по 
всей атмосфере, вызывая глобальные геоэкологические эффекты. Целью 
исследования было выявление влияния выхлопных газов автомобилей на 
экологию города и совершенствование методики оценки эколого-
экономического ущерба от химического загрязнения окружающей среды 
автотранспортными выбросами города Алматы. На определенном участке 
автомобильной магистрали выявлен уровень загрязнения атмосферного 
воздуха угарным газом. Исследования проводились на контрольных точках 
выбросов химических загрязнителей. Работа выполнена в лаборатории 
кафедры "Химия, Химическая технология и экология" Алматинского 
технологического университета. 

Ключевые слова: угарный газ, химические загрязнители воздуха, 
автомобиль, коэффициент токсичности, выхлопные газы 

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 
flow, Pi 

KTi 

Light truck (including Gazelle 
minibuses) 

62 0,15 2,3 

Medium truck (including foreign made 
PAZ taxi buses) 

32 0,1 2,9 

Heavy freight (including diesel 
vehicles, including buses) 

12 0,15 0,2 

Heavy Duty Truck (including 
combustion internal combustion 
engine) 

23 0,05 3,7 

Passenger cars 864 0,55 1,0 

Total vehicles per hour 993 

Pi - traffic composition (in fractions of the total traffic flow) 



Reports of the Academy of Sciences of the Republic of Kazakhstan 

133 

KTi - emission factor (in terms of CO2 emission) for each mode of 
transport. 

Κco=(0.5-0.01NKт)KA*KУ*KС*KВ*KП 
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: 
Кm=∑PiKTi 

Кm=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 

KА= 1,06 
KУ= 2,00 
KС=1,15 
KВ=1,8 
KП=1,0 
Kco=(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 
vehicles 

Share of total traffic 
flow, Pi 

KTi 

Light truck (including Gazelle 
minibuses) 

66 0,16 2,4 

Medium truck (including foreign 
made PAZ taxi buses) 

50 0,1 2,9 

Heavy freight (including diesel 
vehicles, including buses) 

90 0,19 2,9 

Heavy Duty Truck (including 
combustion internal combustion 
engine) 

140 0,15 3,8 
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Passenger cars 621 0,75 1,5 

Total vehicles per hour 967 

Kco=(0,5+0,01NKт)KA*KУ*KС*KВ*KП

КТ = 0,15*2,3+0,1*2,9+0,15*0,2+0,05*3,7+0,55*1,0 = 1,4 
KУ= 1,06 
KС= 2,00 
KВ= 0,60 
KП=1,9 
Kco= (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 
vehicles 

Share of total traffic 
flow, Pi 

KTi 

Light truck (including Gazelle 
minibuses) 

70 0,15 2,3 

Medium truck (including foreign 
made PAZ taxi buses) 

63 0,1 2,9 

Heavy freight (including diesel 
vehicles, including buses) 

10 0,15 0,2 

Heavy Duty Truck (including 
combustion internal combustion 
engine) 

10 0,05 2,7 

Passenger cars 905 0,55 1,0 

Total vehicles per hour 1058 

КТ = 0,15*2,3+0,1*2,9+0,15*0,2+0,05*3,7+0,55*1,0 = 1,4 
KУ = 1,06 
KС = 2,00 
KВ = 1,5 
KП =1,8 
Kco = (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. 

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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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, l 
СО2 benzapyrene NО2 

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 
µg/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 CO2 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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	Введение
	Солёные озера Мойылды и Тузкала располагаются в северной области Казахстана и содержат большие объемы нативной грязи, толщиной слоя около 0.6 м. Они были популярны среди местного населения издревле. Если на базе грязевых запасов озера Мойылды создан е...
	Материалы и методы эксперимента
	Образцы отбирали из района, где добывается грязь, методом точечных проб глубиной до 20 см в одном слое через каждые 5м в радиусе источника и подвергались дальнейшему квартованию согласно ГОСТ 17.1.5.01-80. На рисунке 1 обозначены координаты места отбо...
	Также были определены содержание подвижных форм азота в нитратной форме согласно ГОСТ 26951-86 потенциометрическим методом; фосфора и калия по методу Мачигина согласно ГОСТ 26205-91; серы  фотометрическим методом согласно ГОСТ 26490-85. Были определен...
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	ОПРЕДЕЛЕНИЕ УРОВНЯ ЗАГРЯЗНЕНИЯ ПРИЗЕМНОГО СЛОЯ АТМОСФЕРНОГО ВОЗДУХА ОТРАБОТАННЫМИ ГАЗАМИ ОТ АВТОТРАНСПОРТА ПО КОНЦЕНТРАЦИИ ОКСИДА УГЛЕРОДА
	Аннотация. Автомобильный транспорт является одним из источников загрязнения окружающей среды. В настоящее время воздействие транспорта на окружающую среду является наиболее актуальной и актуальной проблемой современного общества. Актуальность исследов...
	Ключевые слова: угарный газ, химические загрязнители воздуха, автомобиль, коэффициент токсичности, выхлопные газы
	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 lay...
	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...
	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 mo...
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	Исследования проводили   методами:
	ИК - спектрального анализа на приборе ИК-Фурье спектрометр ShimadzuIRPrestige-21 с приставкой нарушенного полного внутреннего отражения (НПВО) Miracle фирмы PikeTechnologie (рис. 1).
	Из результатов испытаний полученных вулканизатов видно, что прочность при растяжении у вулканизатов с ШРС (образец 1) на 2 % выше, а с ШРЖКВС (образец 2) на 1,57 % выше, относительное удлинение образца 1 на 3,48 % выше, а образца 2 на 4,52 % выше по с...
	Вывод
	Нами получен шинный регенерат с использованием отходов масложировой промышленности. Результаты испытании показали, что отходы масложировой промышленности обеспечивают технические характеристики эталонного регенерата при использовании в шинном регенерате.
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