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Abstract: Road transport is an important and necessary part 
of modern society, but its rapid expansion is recognized as a 
major cause of adverse side effects. Traffic jams make cities 
less pleasant to live in and it reduces traffic efficiency, 
increasing travel time, fuel consumption and drivers' stress. 
One of the major problems is the impact on human health 
caused by exhaust gases emissions. It is of ecological, 
economic and social importance that the traffic is organized 
in the best possible manner to meet human needs with the 
least possible adverse side effects i.e. the negative impact on 
the environment must be minimized. This paper impact of 
emission of motor vehicles on air pollution and quality of life 
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1. INTRODUCTION 

 
Motor vehicles are the biggest gas emitters 

in urban areas. The highest concentration of 
polluting substances from motor vehicles is 
found at intersections and other roads in the city 
centers because of the large number of vehicles, 
with engines working even when the cars are not 
moving (traffic lights, etc.) [1]. 

People annually spend more than one 
billion tons of oil by using motor vehicles. 
Combustion of 1 kg of fuel of oil origin takes 
about 15 kg of air or 3.5 kg of oxygen. This 

means that annually internal combustion 
engines only consume nearly 4 billion tons of 
oxygen from the atmosphere (more than one 
generation of people!). 

It is considered that 1000 liters of fossil 
fuel, which burns in a motor vehicle, emits 98 kg 
of carbon monoxide into the atmosphere, 6 to 8 
kg of nitrogen oxides, 4 to 5 kg of unburned 
hydrocarbons and about 4.5 kg of sulfur dioxide. 

 
2. EMISSION OF GASES FROM 
MOTOR VEHICLES 

 
Main air pollutants and gases that cause 

greenhouse effect originating from motor 
vehicles are: unburned hydrocarbons (HC), 
nitrogen oxides (NOx), carbon dioxide (CO2), 
carbon monoxide (CO), water vapor (H2O), 
sulfur dioxide (SO2), particles (Pm), and ozone 

(O3). Process of combustion of fossil fuels in 
motor vehicles (equation 1) [2]. 

 

Fuel + Air HC + NОx + CО2 + CО + 
H2О + SО2 + Pm + O3 (1) 

 
Other polluting substances from motor 

vehicles get into the air from motor vehicles, as 
well, such as toxic gases that cause various 
cancerous diseases in humans. 

Unburned hydrocarbons (HC) – The 
emission of unburned hydrocarbons is the result 
of incomplete combustion of fossil fuel. The 
main cause is a local lack of oxygen and low 
temperatures in zones along the walls of the 
chamber. Hydrocarbons are important 
participants in photochemical reactions in the 
atmosphere; they react in the presence of 
nitrogen oxides and sunlight and contribute to 
the formation of ground-level ozone, the main 
component of photochemical smog. This is best 
reflected in the fact that smog shows maximum 
concentrations at the end of winter and warm 
summer days, which is associated with weaker 
and stronger photochemical activity in the 
troposphere. Hydrocarbons react quite rapidly 
with hydroxyl and nitrate radicals, wherein the 
reaction with nitrate radicals in the night time is 
the basic way of the removal of many organic 
compounds from the troposphere. Most of the 
hydrocarbons in the exhaust gases are toxic, as 
well, with possible carcinogenic effects. 
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Nitrogen oxides (NОx) - Under conditions 
of high temperatures and pressures in the engine, 
the atoms of nitrogen and oxygen from the air 
react by creating a series of nitrogen oxides, 
which are all marked with NOx. It is confirmed 
that nitrogen monoxide has toxic effects on 
humans and animals. Nitrogen dioxide causes 
pulmonary edema with deadly consequences for 
humans. Nitrogen oxides, as well as 
hydrocarbons, are the main causes of the 
formation of ozone. They can remain in the 
atmosphere for several days and move over a 
distance of several thousand kilometers, where 
they are transformed into nitric acid. Nitrogen 
oxides and their reaction products after 
deposition and change fall on the surface of the 
ground and surface waters (acid rain) and cause 
acidification of the environment. The effects of 
acid rain are reflected on: water organisms that 
are sensitive to an increase in pH and the 
increase of toxic metals in the water, plants that 
are sensitive to the increase in the concentration 
of hydrogen ions in the soil, people who also 
suffer the consequences of acidification due to 
consumption of underground or surface water, 
which often have improper pH value and 
increased concentration of metals. 

Carbon dioxide (CО2) - EPA 
(Environmental Protecting Agency) recently 
started to monitor the emission of carbon 
dioxide. It does not directly affect human health, 
but it is one of stuffy gases that contribute to the 
increased global warming of our planet. Thus, 
carbon dioxide, as a product of complete 
combustion, is treated as pollutant. Three 
quarters of carbon dioxide emissions caused by 
human activities are a result of burning of fossil 
fuels, and the rest is caused mainly by 
destruction of forests. Carbon dioxide emission 
in the world due to the combustion of fossil fuels 
has reached 6500 million tons per year. Due to 
constant increase of CO2 emission, its 
concentration has increased by 32% compared to 
pre-industrial period (280 ppm).  

For the last 20 years, the concentration of 
CO2 in the atmosphere has been increasing at 
nearly constant growth rate of 1.5 ppm per year. 
The role of motor vehicles in the emission of 
carbon dioxide is huge in all countries of the 
world, especially in populated countries and 
those where the number of vehicles per capita 
reaches world records. An average modern 
vehicle, of average technology, produces 2 tons 
of carbon dioxide annually. Let us imagine how 
big the annual pollution with carbon dioxide for 

all vehicles on the planet is, if there is a total of, 
let say, only one billion vehicles. By 2100, the 
concentration of CO2 will reach the value of 650-
970 ppm (according to the prognosis of IPCC - 
Intergovernmental Panel on Climate Change), 
which is three times the value from the pre-
industrial period. Stabilization of CO2 at 450 
ppm requires that CO2 emission is reduced to the 
value from 1990 in the next few decades, and to 
do this, it is necessary to apply alternative 
propulsion in motor vehicles. 

Carbon monoxide (CO) – It is a toxic gas 
without smell and color; it is a product of 
incomplete combustion and it is produced when 
the engine works with a rich mixture. Then the 
carbon from the fuel is only partially oxidized. 
Carbon monoxide influences human health by 
slowing down the perception and thinking, 
causing respiratory problems and problems with 
blood circulation, and in high concentrations it 
can cause death. 

Water vapor (Н2О) – Water makes 0.3% of 
the weight of the atmosphere and 80% of that is 
in gaseous phase. Water vapor participates in so-
called "greenhouse" (stuffy) gases with 90%. In 
theory, the heats of evaporation and 
condensation are equal, but only in theory. Solar 
radiation directly causes the creation of cloud 
covers (global dimming), which darkens the sky. 
Once raised clouds are still heated, and then 
chemical processes supported by dust, particles 
and sulfates cause decomposition of all vapors. 
Large masses of clouds are overheated and they 
are piling up. The mass that is lifted is physically 
and chemically modified to that extent that it 
changes the Earth's climate. 

Sulfur dioxide (SO2) – Emission of sulfur 
dioxide from motor vehicles occurs when fuel 
that contains sulfur is used. Sulfur dioxide and 
its secondary products (sulfuric acid and 
sulfides) can cause serious health problems in 
humans (conjunctivitis, effects on the 
respiratory system), as well as in plants 
(phenomenon of acid rain and withering of 
forests), and adverse side effects on metals, 
leather, paper, and textiles were noticed. The 
emission of sulfur dioxide in an urban area is 
dramatically higher in winter than in summer, 
due to the heating of residential buildings. 
Winter smog most frequently appears in central, 
southern and south-eastern Europe. Authorities 
in the countries of these regions are leading a 
campaign to reduce the use of vehicles in central 
city areas, and one of the solutions to avoid this 
is alternative propulsion of vehicles. 
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Particles (Pm) – Most of the particles 
present in the air are generated by motor vehicles 
(especially diesel), and these particles are mostly 
submicron-sized (smaller than 1 micron). In the 

exhaust gases of motor vehicles, particles mostly 
come from unburned carbon in fuel. Such 
particles would only be mechanical pollutants.  

 

Table 1 - Effect of certain polluting substances from motor vehicles [2] 

Type of 
emission 

Source of 
pollution 

Influence to 

Public health Vegetation Atmosphere 

HC 
Incomplete 
combustion 

irritates eyes and  
mucous 
membranes 

it is built into 
vegetation 

greenhouse 
effect 

NOx 
Incomplete 
combustion 

pulmonary edema acid rain 

creates 

ground-level 
ozone 

CO2 
Fuel 
combustion 

irritates 
respiratory organs 

– 
greenhouse 
effect 

CO 
Incomplete 
combustion 

affects the heart 
and nervous 
system 

– 

creates 

ground-level 
ozone 

SO2 
Fuel 
combustion 

irritates 
respiratory organs 
and skin 

acid rain and 
withering of 
forests 

creates 

smog 

Pm 
Fuel 
combustion 

irritates 
respiratory organs 

reduces 
assimilation 

creates 

dust 

 
However, in the engine chamber, these 

particles absorb a variety of compounds from 
fuels and lubricants, including polycyclic 
hydrocarbons. In humans, 30÷50% of the 
inhaled particles is retained in the respiratory 
system, and larger particles of 5 to 10 microns 
are generally deposited in the upper respiratory 
tract and cause a lot of cancerous diseases (lung 
cancer). 

Ozone (O3) – Ozone molecules consist of 
three oxygen atoms and they are an allotropic 
modification of oxygen. The intensity of 
creation of ozone is affected by the 
concentration of hydrocarbons and nitrogen 
oxides. It is also proportional to the temperature 
and the radiation of the sun, so long hot summer 
days are most convenient for the creation of 
ozone. Ozone irritates the eyes, damages the 
lungs and causes breathing problems. Ozone that 
is formed in the ground layers of the atmosphere 
is a special problem of pollution in urban areas. 

The effect of certain polluting substances  
from motor vehicles on public health, vegetation 

and the environment is shown in Table 1. 
 
3. THE SHARE OF EMISSIONS OF 
MOTOR VEHICLES IN THE 
OVERALL POLLUTION OF THE 
ATMOSPHERE IN SERBIA 
 

In considered research domain, designing 
of network of ELV dismantling centers has both 
environmental and economical significance. 
From classification results the  ways for 
determination of network of ELV dismantling 
centers. 

Emission from motor vehicles is generally 
small, compared to the emission caused by 
anthropogenic activities. As the number of 
motor vehicles on roads continuously grows, 
cars are one of the biggest causes of pollution in 
many cities. Thus, the overall air pollution in 
populated areas is very much influenced by 
motor vehicles and it is caused by their high 
concentration, Figure 1. 
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Figure 1 - Share of emissions from anthropogenic sources [3] 
 
Final energy consumption in Serbia in 2011 

amounted to 9.29 Mten (million tonnes of oil 
equivalent), and it is increased by 2.9% 
compared to 1990, and by 4.5% as compared to 

2010. The share of industry in the structure of 
consumption is 28.4%, in the sectors of 
households, agriculture, public and commercial 
activities it is 47.9% and in the sector of traffic 
it is 24.2%, Figure 2. 

 
Figure 2 - Final energy consumption by sectors [4] 

 
Total fuel consumption in the transport 

sector in Serbia has been growing steadily, Table 
2 

The most commonly applied technical 
solutions to the vehicles used in Serbia are: 
• Carburetor engines, with unregulated 
emission. 
• Injection engines, with different levels of 
equipment installed. 
• Engines with different levels of emission 
standards (US83, Euro 1 to Euro 4). 
• Very few vehicles using alternative fuels 
(liquefied petroleum gas, hybrid, etc.). 

The following tables show the number of 
light freight vehicles (Table 4), heavy freight 
vehicles (Table 5) and buses (Table 6) in the 
transport sector of Serbia. 

To date, no comprehensive research has 
been done within the territory of the Republic of 

Serbia with the aim of determining the amount 
of emitted gaseous pollutants that come from 
road transportation. Only partial, limited 
research in this field was done. 

The amount of emitted unburned 
hydrocarbons (HC) since 2001 is slightly 
decreasing (Table 7). HC emission was 
28124.73 tons in 2011, which is by 22.45% less 
as compared to 2001, when the amount of 
emitted HC was 34439.89 tons. The amount of 
emitted nitrogen oxides (NOx) has an increasing 
trend (Table 7). Emission of NOx was 70924.31 
tons in 2011, which is by 27.17% more as 
compared to 2001, when the emission of NOx 
was 51655.18 tons. The amount of emitted 
carbon dioxide (CO2), which comes from road 
transportation, has a growing trend (Table 7). 
CO2 emission amounted to 10235817.63 t. in 
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2011, which is by 44.18% more, compared to 
2001, when CO2 emission was 5713723.27 tons. 

The concentration of carbon monoxide 
(CO), which comes from road transportation, 

has a mild declining trend (Table 7). Emission of 
CO amounted to 153243.36 tons in 2011, and 
compared to 2001, it was less by 30.61%, when 
the amount of emitted CO was 200149.79 tons. 

 
Table 2 - Total fuel consumption in the transport sector in Serbia, 2001÷2011 [5] 

 2001 2003 2005 2007 2009 2011 
Fuel consumption, 106 tona 1.815 2.036 2.371 2.768 3.024 3.291 

 
Table 3 - Number of passenger vehicles in the transport sector in Serbia, 2001÷2011 [2] 

Technology 2001 2003 2005 2007 2009 2011 
Convention. 998840 943538 889823 754148 635161 497128 

Euro 1 67121 68097 70403 66975 82434 71634 
Euro 2 82572 120125 150920 137450 140226 145302 
Euro 3 38527 82924 113630 149404 185941 201173 
Euro 4 – – 21387 91742 132145 153798 

∑ Gasoline 1187060 1214684 1246163 1199719 1175907 1069035 
Convention. 100428 100718 105172 106611 119613 121761 

Euro 1 13292 13916 14849 16274 25962 34326 
Euro 2 11382 24088 36686 39107 47953 53548 
Euro 3 4086 11039 27483 76401 110053 127472 
Euro 4 – – 6559 39351 72248 105957 

∑ Diesel 129188 149761 190749 277744 375829 443064 
Convention. 149 1189 5930 20367 30284 38520 

Euro 1 5 147 610 3269 4720 6154 
Euro 2 4 357 1461 6125 7871 9270 
Euro 3 6 441 1930 7153 6195 6726 
Euro 4 – – 337 6918 4923 5327 
∑ LPG 164 2134 10268 43832 53993 65997 
Hybrid – – 2 3 8 13 
Total 1316412 1366579 1447182 1521298 1605737 1578109 

 
Table 4 - Number of light freight vehicles in the transport sector in Serbia, 2001÷2011 [2] 

Technology 2001 2003 2005 2007 2009 2011 
Conventional 13208 13385 14244 16072 17743 19254 

Euro 1 1189 1245 1544 1960 2169 2357 
Euro 2 294 623 858 784 839 863 
Euro 3 151 311 515 588 921 1289 
Euro 4 – – – 196 224 251 

∑ Gasoline 14842 15564 17161 19600 21896 24014 
Conventional 30996 29185 26717 30023 29497 30176 

Euro 1 4316 6166 6475 7633 8253 8785 
Euro 2 2747 3700 5164 6106 5307 5537 
Euro 3 1177 2055 4750 5597 5215 5432 
Euro 4 – – – 1527 2060 2609 

∑ Diesel 39236 41106 43106 50886 50332 52539 
Total 54078 56670 60267 70486 72228 76553 

 
Table 5 - Number of heavy freight vehicles in the transport sector in Serbia, 2001÷2011 [2] 
Technology 2001 2003 2005 2007 2009 2011 

Conventional 48105 42370 43254 39825 39273 38754 
Euro 1 6645 8935 11284 12025 11839 11923 
Euro 2 11305 15618 19872 21565 21839 22107 
Euro 3 15757 22029 28130 30162 30546 30856 
Euro 4 – – – 6917 7666 8312 
Total 81812 88952 102540 110494 111163 111952 
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Table 6 - Number of buses in the transport sector in Serbia, 2001÷2011 [2] 

Technology 2001 2003 2005 2007 2009 2011 
Conventional 6355 5527 5291 4020 3446 2734 

Euro 1 638 667 696 733 632 523 
Euro 2 887 899 967 930 879 817 
Euro 3 869 1973 2584 2441 2349 2215 
Euro 4 – – – 945 1363 1759 
Total 8749 9066 9538 9069 8669 8048 

 
Table 7 - Quantities of polluting substances in the transport sector in Serbia, 2001÷2011 [5] 

Emission 2001 2003 2005 2007 2009 2011 
HC, tona 34439.89 34178.81 34223.24 32046.11 30245.69 28124.73 

NOx, tona 51655.18 54940.21 60605.74 64269.21 67755.92 70924.31 
CO2, 103 t. 5713.72 6406.77 7454.36 8693.39 9493.64 10235.82 
CO, 103 t. 200.15 197.96 192.63 178.97 166.85 153.24 
SO2, tona 11.11 12.53 14.72 17.17 18.81 20.27 
Pm, tona 6736.22 7002.1 7558.09 8102.38 8717.49 9276.83 

 
Table 8 - Total damage from air pollution coming from road traffic, 106 € 

Type of 
emission 

Annual 
emission 
103 tons 

Unit low 
level damage 

 €/tons 

Unit high 
level damage 

€/tons 

Low 
level 

damage 

High 
level  

damage 
NC 28.12 7.6 15.5 0.21 0.44 

NOx 70.92 87 145 6.17 10.28 
CO2 10235.81 1.31 10.0 13.41 102.36 
CO 153.24 73 112 10.95 16.81 
SO2 0.02 541 1341 0.01 0.03 
Pm 9.28 1174 2126 10.89 19.73 

Total damage from air pollution 41.63 149.65 

 
Pollution by sulfur dioxide (SO2) is quite a 

problem in Serbia due to poor fuel quality. The 
amount of emitted SO2 that comes from road 
transport has a growing trend (Table 7). 
Emission of SO2 amounted to 20.27 tons in 
2011, which is by 45.19% more, compared to 
2001, when the SO2 emission amounted to 11.11 
tons. 

The amount of emitted particles (Pm) has 
an increasing trend (Table 7). Pm emission was 
9276.83 tons in 2011, which is 27.39% more 
than in 2001, when the Pm emission was 
6736.22 tonnes. 

Pollution of air and the environment from 
road traffic in the urban level in Serbia is a 
source of many problems: 
• Health risks mainly associated with the 
inhalation of gases and particles. 
• Environmental risks in the form of 
degradation of the quality of parts of the 
environment and damage to vegetation within 
and around cities. 

 

A study made by the European Agency for 
Reconstruction in 2012, entitled Assessment of 
the Economic Value of Environmental  

 
Degradation in Serbia, was the first attempt 

to quantify the amount of economic damages to 
the environment in Serbia. By applying adjusted 
unit values of the damages, low and high levels 
of damage from air pollution in Serbia in 2011 
were calculated and they are shown in Table 8. 

 
4. CONCLUSION 
 

This paper shows that the impact of motor 
vehicles to overall air pollution in urban areas is 
substantial and it is caused by their high 
concentration. The amount of exhaust gases 
emitted from motor vehicles in the transport 
sector of Serbia in the period from 2001 to 2011 
has increased slightly, except for the amounts of 
emitted unburned hydrocarbons and carbon 
monoxide, which have decreased during the 
observation period. Also, the total damage of air 
pollution from road transport in Serbia for 
2011was determined and it can be seen that it 
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amounts to several million. 
To solve these problems, it is necessary to 

stimulate the introduction of alternative fuel 
vehicles in the transport sector of Serbia. 
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