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Abstract 

Contribution of Vehicle Exhausts Gas Emissions to the Traffic Air Pollution of Selected 

Areas of Addis Ababa City 

Emission from vehicles especially automobiles are responsible for air pollution in the urban area. 

This study demonstrates the presence of pollutants in the air due to the contribution of vehicle 

exhausts gas emission on selected ambient sites kera,megenagna and urael using Model 

HM5000( for CO and HC) and pDR1000AN( for PM) devices. The data realize that the daily 

and 1, 3 and 6 hourly average concentration values of CO, HC and PM emission level directly 

affected by vehicle exhaust emission and distribution of old vehicles and the daily CO emission 

for urael ranges 17 times higher than US standard especially on Thursday and Friday, kera and 

megenagna get 2 times higher than US standard), for 1 hour CO emission urael get 6 times 

higher and kera gets 1 up to 5 times higher than US 1 hour standard. HC emission ranges for 

urael 6 times,for kera 5 times and 2 times for megenagna  higher than the US standard. PM 

emission for kera and megenagna ranges little variation than the US standard especially for 

megenagna. 

 Statically analysis is used in this study. The finding of this thesis realize that vehicles in the city 

contribute in high level of pollution totally 516 vehicles were inspected using bridge four gas 

analyzer 417 were gasoline vehicles CO(18.47%),HC(75.3%),CO2(60.37%) and O2(17.77%), 

and from 99  diesel vehicle inspection  result CO(7.99 %),HC(39.59 %),CO2 (40.1%)  and 

O2(26.14 %) emissions were observed and  show that most pollutant comes from gasoline 

vehicles especially HC,CO2 and CO during high speed and idling of vehicles but this is not mean 

that diesel vehicles are not polluter there is also high O2 emission and lower HC ,CO and CO2 

emission compare to gasoline one even though the samples are to small of diesel vehicles their 

average pollutant emission is very high and also very risky on  causing ambient air pollution 

finally better to use gasoline vehicles than diesel one for health but for  the environment they are 

very risky and urgent national standard for ambient air quality and vehicle exhaust emission is 

needed. 



Keywords: Exhaust Pollution, Gasoline engines, Diesel engines, HC emission, CO Emissions, 

O2 Emissions, CO2 Emissions, Particulate matters, Idle, 2500RPM, and Ambient Air Effect. 
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CHAPTER ONE 

1.INTRODUCTION 

Addis Ababa is not an exception to the air pollution reality because over 85% of households in 

the City use biomass fuel and also 80% of total country fleet are registered in Addis Ababa. 

However, the status of both indoor air pollution and ambient air pollution has not been studied 

sufficiently. Environmental pollution has increased over time as motor vehicle ownership 

expands in Addis Ababa and the other major cities of the country. For instance, the largest source 

of atmospheric pollution in Addis Ababa is the rapid increase in the number of road motor 

vehicles. About 53% of the total vehicles in Addis Ababa are more than 20 years old 

(http://www.telecom.net.et~aata, Accessed January 2007). Old vehicles emit hydrocarbons and 

smoke to the atmosphere at up to five times the rate of emissions from new vehicles. This 

happens because the engines of old vehicles cannot burn fuel efficiently. Motor vehicles emit 

carbon monoxide, carbon dioxide, nitrogen-oxide, volatile organic compounds and methane 

(Fact book, 2011). Effective interventions for reducing vehicular emissions could be achieved in 

reducing emissions at a vehicle level, improving and controlling vehicle technology, establishing 

strong inspection and maintenance systems for vehicles and setting ambient air quality standards, 

all these interventions require appropriate policy framework and institutional capacity for 

implementation is needed.In this regard, the Roads Transport Authority has power to prepare 

standards relating to smoke, gas, and vapor emitted from the exhaust pipes of vehicles On the 

other hand, as per the requirements of Environmental Policy of Ethiopia and the Environmental 

Pollution Control Proclamation the Federal EPA is expected to formulated Air Quality Standard 

in consultation with the Roads Transport Authority. 

1.1 Back ground of the Study 

The city of Addis Ababa is located on the foothills of the Entoto mountain range. Mountain 

peaks surround the city of Addis Ababa with elevations up to 3000 meters. The city has since 

expanded east and west along the foot of the mountain range, and more recently southwards out 

to the plains. Addis Ababa cover 527 km2(203sq mi) of which about 24 % is residential, 7 % is 

used by government institutions and urban services, 6 % by light and heavy industry, with the 



remaining 63 % covered by agricultural land, forestry and other open spaces (The Federal 

Republic of Ethiopia Population Census Commission, 2008). 

Based on the 2007 Census, Addis Ababa has a total population of 3, 384, 569; its population is 

growing by 3.7 % per annum or about 100,000 persons every year .people are coming mostly 

from suburban and rural areas, looking for work. Industry is also coming to Addis Ababa. Each 

year, the city builds new roads and investors open more factories. Construction is a dynamic 

industry, accommodating the rapid growth in the city’s population and transportation needs. 

However, the growth in industry and population has a downside. The population increase has 

inevitably led to an increase in the number of vehicles, which, in turn, along with the steady 

increase in factories, has resulted in rapid ambient air deterioration and environmental 

degradation. Expanding industrialization and increasing traffic volume in developing countries 

will drastically increase total emissions of many air pollutants, as has been predicted by a study 

on air pollution trends in East Asian countries. Currently, most of these mobile and stationary 

emission sources are not subject to pollution control regulations, and little is known about either 

the concentration levels of air pollutants or their sources. This seriously limits policy formulation 

and decision making in terms of control and mitigation strategies. As a result, it is timely and 

necessary to conduct study on vehicle exhaust gas emissions to assess their contribution to 

overall air pollution in the city of Addis Ababa. 

1.2 Statement of Problem 

In now days in Addis Ababa, vehicles are increasing alarmingly. However, the effect of the 

emissions from these vehicles has got little attention. Vehicles emit hazardous gases to the air. 

This in turn has consequences of exposing the people to cancer and other respiratory diseases. 

Fuel gas emission in Addis has also got little attention. In Addis Ababa where large part of the 

population is using fuel wood for their daily life, it is unreasonable to ignore the air pollution that 

results from this burning. Almost 85 % of the people live in Addis Ababa uses fuel wood for 

cooking as well as other daily activities that need fire (The Federal Republic of Ethiopia 

Population and Housing Census, 2008). Thus the fact that the contribution of these process to the 

environment pollution should not be treated as insignificant. 

 



1.3 Hypothesis of the study 

The major research questions are follows: 

1.What are the pollutants that come from gasoline and diesel vehicles? 

2.What are the factors of vehicles exhaust gas emission for both gasoline and diesel? 

3.What variations are there on emitting pollutant during high speed (2500RPM) and idling? 

4.Which vehicles type and fuel types emit more pollutant? 

5.What are the areas well known for high traffic volume and traffic congested to observe ambient 

air quality study and to determine pollutants that comes from vehicles? 

6.What is the impact of speed (driving speed) on vehicle exhaust gas emission on high speed 

way? 

7.What are the possible solutions to mitigate for traffic air pollution related to vehicle exhaust 

gas emission? 

1.4 Scope of the study 

Due to different reasons it was challenging to collect traffic data during road side sample taking 

because of some drivers are volunteer to inspect their vehicles,  And due to  financial, time 

constraints data’s were limited but by the help of traffic polices some limited data’s were 

collected for this thesis work. 

1.5 Significance of the study 

Now a day’s vehicle exhaust gas emission has a serious effect on once country development 

(economically, socially and politically) so, without a doubt this thesis on assessment of vehicle 

exhausts gas emissions contribution on traffic air pollution of selected areas of Addis Ababa city 

has a wide range of significance for the researcher, city administer, Addis Ababa environmental 

protection authority (AAEPA), Federal transport authority (FTA) and society. The researcher 

will have a better understanding regarding the determination of level vehicle exhaust gas 

emission on traffic air pollution measures. For the city admiration, AAEPA and FTA the 



research will help them to identify how much serious problem vehicles exhaust gas emission is 

causing on air quality problem these result we can predict what will happen in the future and also 

create collaborative work between, AAEPA, FTA and city administration on planning the 

national standards for vehicle exhaust gas emission and for PPM (prevention, promotion and 

mitigation) program  and also be the source for policy makers regarding vehicles exhaust gas 

emission. 

1.6 Objective of the study 

General objective 

To evaluate the contribution of vehicle exhausts gas emissions on traffic air pollution of selected 

areas of Addis Ababa city. 

Specific objective 

 To determine some pollutant that comes from the vehicle exhaust by taking road side 

vehicle exhaust emission test on selected area. 

 Conduct ambient air quality test result for selected area based on ambient air quality test 

guide lines that are high traffic volume and traffic congestion roads sites. 

 Compare the emission relation and variation based on fuel type, vehicle type, and number 

of piston inside the cylinder, engine size and mileage (odometer). 

 

 

 

 

 

 

 



CHAPTER TWO 

2.LITERATURE REVIEW 

2.1 Sources and Types of Emissions and Air Pollutants 

Sources can be natural or caused by humans. Natural sources of pollutants include forest fires, 

wind-blown dust and volcanoes. Human sources include emissions from fossil fuel burning (oil, 

gas and coal), wood burning and stirred-up dust from vehicles. A point source is a single, 

stationary source of pollution, such as an industrial facility, that typically operates under some 

kind of government authorization (e.g., a permit, approval or regulation). A nonpoint source 

includes stationary and mobile sources that are individually small compared to point sources, but 

collectively large, such as wood stoves, motor vehicles and lawnmowers. It also includes sources 

whose emissions are spread out over a broad area, such as prescribed burning construction [50]. 

There are four main types of air pollution sources: mobile sources – such as cars, buses, planes, 

trucks, and trains stationary sources – such as power plants, oil refineries, industrial facilities, 

and factories area sources – such as agricultural areas, cities, and wood burning fireplaces natural 

sources such as wind-blown dust, wildfires, and volcanoes Mobile sources account for more than 

half of all the air pollution in the primary mobile source of air pollution is the automobile, 

according to the Environmental Protection Agency. Stationary sources, like power plants, emit 

large amounts of pollution from a single location, these are also known as point sources of 

pollution. Area sources are made up of lots of smaller pollution sources that aren't a big deal by 

themselves but when considered as a group can be. Natural sources can sometimes be significant 

but do not usually create ongoing air pollution problems like the other source types can be 

Mobile, stationary, area, and natural sources all emit pollution into the air [50]. 

 

 

 

 

 



2.1.1 Traffic Air Pollution 

The World Health Organization evaluated the magnitude of urban air pollution using four main 

Indicators: PM10, CO, CO2, HC, NO2, SO2, and troposphere ozone in 24 mega cities of the 

world. The study showed the presence of increased level of urban air pollution in larger cities of 

developing countries compared to those of the developed nations. Annual particulate matter was 

the single most important pollutant of ambient air, often exceeding 4-5 times the WHO guideline 

(20 μg /m3), in Asian mega cities. Cairo had the highest PM10 nearly 150 μg/ m3, Johannes burg 

and Cape Town had less than 40 μg/m3. The continued use of coal and biomass fuel in Beijing 

was a factor that contributed to the annual PM10 level of 140 μg/ m3. The labeled city as the 

most polluted in the World. Developing countries must learn from previous experiences in 

Europe and America where increased hospital admissions and deaths occurred due to ambient air 

pollution in the 1950’s and 1960’s.Generally, Asian and African cities have about 4 times higher 

concentrations of ambient air pollutants than cities in developed countries. It will take far longer 

time for the developing countries to reach the current level that developed nations have attained 

[29]. 

2.1.2 Factors Affecting the Level of Traffic Emissions 

Many factors affect the amount of emissions of vehicular sources. The type of fuel (petrol or 

diesel), the efficiency of internal combustions, the driving velocity (idle, fast or slow), the 

topography of road (uphill, downhill or plain), the age of the vehicle, temperature changes on the 

surface of the earth and weather conditions such as wind velocity, its strength and direction are 

some of the factors [34]. 

Distance between motorway and home, traffic density as measured by cars and Lorries as 

proxies of traffic air pollution were associated with reduced lung functions and increased 

respiratory diseases among children living near major motorways. Spending at least one year in 

schools located closer to a road with high traffic density was associated with asthma among 

school children. Traffic density within distance of 90 to 150 meters was associated with 

increased [47]. The physical and chemical characteristics of air pollutants determine their 

disposition in air and in the breathing high level of these ambient pollutants were observed 



during spring season due to the dessert storm in addition to the increased urban and industrial 

activity [42]. 

2.1.3 Factors Affecting Emission Rates 

The vehicular emissions are due to a variety of factors. The emissions vary according to the 

environment, fuel quality, vehicle, etc. emissions are higher in congested and urban areas. Fuel 

adulteration and overloading also cause higher amount of emissions. The emissions from 

vehicles depend on the following factors [11]: 

 Travel related factors 

 Highway Network related factors  

  Vehicle related factors 

  Other factors 

Travel Related Factors 

The number of trips, distance travelled and driving mode are the major travel related factors 

affecting emissions. As the number of trips increases, the amounts of emissions also increase. 

Emissions increase with the distance travelled by the vehicle. The vehicular emissions also 

depend on the driving mode. The driving modes may be idling, cruising, acceleration and 

deceleration. These modes complete one driving cycle. Other factors affecting the emission rates 

are the speed, acceleration and engine load of the vehicle. Low speeds, congested driving 

conditions, sharp acceleration, deceleration, etc. result in higher emissions. On the other hand, 

intermediate speeds and low density traffic conditions cause lower emissions. 

Highway Network Related Factors 

These include the geometric design features of the highway such as grade. The emission rate is 

very high at steep gradients, as the vehicle needs to put in more effort to maintain its speed. The 

highway network facilities such as signalized intersections, freeway ramps, toll booths, weaving 

sections, etc. also influence the vehicular emission rates. 

 

 



 Vehicle Related Factors 

Vehicle related factors include the engine sizes, horsepower and weight of the vehicle. Vehicles 

with large engine sizes emit more pollutants. Since larger sized engines are seen in vehicles with 

more horsepower and more weight, these factors also contribute to the emission rates. Another 

important factor is the age of the vehicle. Older vehicles have higher emission rates. The age of 

the vehicles has increased relevance to the case of developing countries. Because of the tendency 

of developing countries to import low priced used vehicles from the developed countries, the 

effect of traffic pollution is assumed to be high. The average Pakistani vehicle emits 20 times 

more hydrocarbon, 25 times more Carbon Monoxide (CO) and 3.6 times more nitrous oxide of 

grams per kilometer than the average vehicle in the United States. The poor road infrastructure 

facility is also of great importance. High traffic congestion and slow driving due to limited road 

ways leads to energy inefficiency, causing the rise of travel time per each traveled distance 

resulting in an increase of emissions per each kilometer. The reduction of speed by half doubles 

emission of carbon monoxide and volatile organic compounds. 

Other Factors 

Ambient Temperature:  Evaporative emissions are higher at high temperatures. 

Type of engine:  Two stroke petrol engines emit more amounts of pollutants than the four stroke 

diesel engines. 

Urbanization:  Congestion is higher in urban areas, and hence emissions are also higher. 

2.1.4 Assessment of exposure to traffic-related air pollution 

In daily activities, individuals come in contact with a variety of air contaminants in several 

microenvironments. Time spent in these environments results in personal exposures that relate to 

both chronic and acute health effects, particularly for sensitive individuals. Air-pollutant 

exposures are chemically, physically, and biologically complex and the air pollutants derive from 

a variety of sources. Motor vehicles represent a major source of air pollutants that have a 

substantial impact on ambient air exposures, indoor air exposures, and personal exposures. 

Pollutants from motor vehicles number in the thousands and include toxic, mutagenic, and 

carcinogenic compounds that vary greatly in their physical and chemical properties. Pollutants 



from vehicle emissions are related to vehicle type (e.g., light- or heavy-duty vehicles) and age, 

operating and maintenance conditions, and exhaust treatment. Resulting ambient concentrations 

are determined by emission rates in combination with vehicle-use conditions, including traffic 

characteristics, meteorological conditions, road dust, and topography. Traffic-related emissions 

contribute to both primary and secondary ambient pollutant concentrations against a background 

of similar contaminants emitted from stationary (point and area) sources. Traffic-related 

emissions also contribute to pollutant concentrations found in microenvironments [26]. 

Generally Exposure to air pollution is part of urban living throughout the world. Effective 

control, implementation and enforcement of legislation program in many countries needed. For 

the improvement of air quality However, further economic development (and increasing personal 

wealth) has resulted in increase in industrial emissions, and especially in motor vehicle traffic. 

2.1.5 Occupational Exposure to Traffic Air Pollution 

2.1.5.1 Exposure to diesel and gasoline emissions 

The effects of occupational exposure to diesel and gasoline emissions were modeled using 5 

exposure metrics: ever exposure, highest attained exposure concentration, duration of exposure, 

frequency of exposure, and cumulative exposure. Ever exposure was modeled as a binary 

variable indicating that an individual had worked in a job that was classified as exposed across 

any of the dimensions evaluated in the exposure assessment. The highest attained exposure 

concentration corresponded to the maximum concentration value assigned to jobs with an 

individual’s employment history. Duration of exposure corresponded to years of employment in 

occupations classified as exposed. Duration was modeled continuously, as well as using ordinal 

categories of exposure duration among the controls. Each set of cut-points was determined 

separately for diesel and gasoline emissions [23]. 

Occupational lung cancer, chronic obstructive lung diseases and chronic bronchitis are well 

documented as occurring in association with workplace exposures. Occupational asthma is now 

increasingly common, with the list of substances known to be capable of causing asthma 

growing rapidly. There are by far more cases of disease caused by air pollution inside a 

workplace than by exposures to the general community outside. Also, for many people, the 

distinction between the work environment, the home, and the general environment is an artificial 



distinction. Exposure control in the community should always be linked to exposure control 

inside the plant, and the fact that exposures are usually much higher inside the plant should 

always be taken into account in prioritizing prevention activities and also the report show that 

most People with outdoor occupations in urban areas are typically exposed to higher 

concentrations of transport-related air pollution or are in contact with it for longer periods, or 

both. Such people include postal workers, rubbish collectors, street sweepers, traffic wardens, 

police officers, tollbooth workers, taxi/bus/tram drivers, underground-railway operators and 

attendants, street vendors, bicycle messengers and delivery-lorry drivers. The extent of exposure 

to transport-related air pollution for many of these occupations is poorly understood or unknown 

[12]. 

2.1.6 Main articles of the gasoline and diesel vehicle exhaust gas emission 

2.1.6.1 vehicle exhaust Process descriptions 

The engine categories addressed by this manual cover a wide variety of applications including 

petrol, diesel, LPG, dual-fuel and natural gas combustion engines. A dual-fuel engine uses both 

diesel and natural gas for fuel. Various other fuels are also accounted for. Combustion engines 

are used in a wide variety of equipment, for example: aerial lifts, forklifts, mobile refrigeration 

units, generators, irrigation pumps, industrial sweepers/scrubbers, material handling equipment 

(e.g. conveyors) and portable well-drilling equipment. In determining substance emissions it is 

the characteristics of the engine more than the equipment the engine drives that are important. 

Often the term internal combustion is used. This simply refers to the fuel burning within the 

engine in contrast to external combustion (such as in a steam engine), where the combustion 

process is separate from the moving piston. In this manual the term combustion engine is used to 

mean internal combustion engine [20]. 

  

 

 

 



Figure 1 illustrates the basic combustion engine process [20]. 

 

The Diesel engine (also known as a compression-ignition or CI engine) is an internal combustion 

engine in which ignition of the fuel that has been injected into the combustion chamber is caused 

by the high temperature which a gas achieves when greatly compressed (adiabatic compression). 

This contrasts with spark-ignition engines such as a petrol engine (gasoline engine) or gas engine 

(using a gaseous fuel as opposed to petrol), which use a spark plug to ignite an air-fuel mixture. 

In diesel engines, glow plugs (combustion chamber pre-warmers) may be used to aid starting in 

cold weather, or when the engine uses a lower compression-ratio, or both. The original Diesel 

engine operates on the "constant pressure" cycle of gradual combustion and produces no audible 

knock. The diesel engine has the highest thermal efficiency (engine efficiency) of any practical 

internal or external combustion engine due to its very high expansion ratio and inherent lean 

burn which enables heat dissipation by the excess air. A small efficiency loss is also avoided 
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compared to two-stroke non-direct-injection gasoline engines since un burnt fuel is not present at 

valve overlap and therefore no fuel goes directly from the intake/injection to the exhaust. Low-

speed diesel engines (as used in ships and other applications where overall engine weight is 

relatively unimportant) can have a thermal efficiency that exceeds 50%. Diesel cars have higher 

energy efficiency and produce better performance than gasoline cars. Diesel cars emit about 2/3 

amount of CO2 compared to gasoline cars; a higher proportion of diesel cars will help to reduce 

the global warming effects. Today diesel exhaust treatment devices have improved substantially 

compared to 30-years ago, and we also have increasing stricter emission standards, which are 

forcing diesel and gasoline to meet the same emission levels. Nonetheless, modern diesel cars 

still emit about ten times higher NOX and PM compared to gasoline cars [28]. 

A petrol engine (known as a gasoline engine in American English) is an internal combustion 

engine with spark-ignition, designed to run on petrol (gasoline) and similar volatile fuels. The 

first practical petrol engine was built in 1876 in Germany by Nikolaus August Otto, although 

there had been earlier attempts by Étienne Lenoir, Siegfried Marcus, Julius Hock and George 

Brayton. The first petrol combustion engine (one cylinder, 121.6 cm3 displacements) was 

prototyped in 1882 in Italy by Enrico Bernardi. In most petrol engines, the fuel and air are 

usually pre-mixed before compression (although some modern petrol engines now use cylinder-

direct petrol injection). The pre-mixing was formerly done in a carburetor, but now it is done by 

electronically controlled fuel injection, except in small engines where the cost/complication of 

electronics does not justify the added engine efficiency. The process differs from a diesel engine 

in the method of mixing the fuel and air, and in using spark plugs to initiate the combustion 

process. In a diesel engine, only air is compressed (and therefore heated), and the fuel is injected 

into very hot air at the end of the compression stroke, and self-ignites. Gasoline cars are expected 

to emit less NOX and PM compared with diesel cars. A higher proportion of gasoline cars may 

help to minimize the human health effects However, when we takes more consideration on 

global warming and climate changes, gasoline cars seems have no advantages anymore, because 

gasoline cars emit 50% more CO2 than diesel cars. In addition, gasoline cars emit about ten 

times more CO, PAHs and five times more HC than diesel cars [28]. 

Today, the use of a TWC (two wheeler converter) with gasoline engines can effectively reduce 

the CO, NOX, HC and O3 by a factor of six, four, five and ten times, respectively; the use of a 
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diesel WFPF can effectively reduce over 90% of diesel PM emissions; this quite high efficiency 

was determined for all dimensions of PM emissions, which include fine and ultrafine PM (range 

from 0.023μm to 2.5μm).Today’s diesel technologies have made the diesel engines cleaner than 

ever before. Clean diesel systems have combined with more advanced engines (turbo charging 

system, fuel injection time control and better configuration of diesel combustion), more effective 

exhaust after treatment devices (oxidation catalyst converter, wall flow particulate filter and 

NOX trapping system) and clean diesel fuels (biodiesel). Clean diesel system might be able to 

supply the better efficiency of fuel burning and less GHG emissions than conventional diesel.In 

the future, diesel cars may play an important role in reducing the global warming effects and the 

dependency on fossil fuels. It might be that the diesel hybrid electric car is the best choice, 

because it may provide the highest fuel efficiency and the greatest reduction in GHG emissions. 

However, the greatest challenge is whether modern diesel cars can meet the same level of toxic 

emissions (NOX and UFPs) as today’s gasoline cars [8]. 

2.1.7 Characteristics of Motor Vehicle Exhaust Emissions 

In an internal combustion engine, a chemical reaction occurs between the oxygen in air and the 

hydrocarbon fuel. In theory, the products of this chemical reaction are carbon dioxide (CO2) and 

water (H2O), along with a release of energy (mainly heat). Oxides of nitrogen (NO, NO2 and 

small amounts of others) are invariably produced in any combustion process involving air, which 

contains a high proportion of nitrogen. The rate of NOX production is dependent on the pressure 

and temperature, with higher temperatures being conducive to higher production rates [51]. 

Engines operate at what is termed the “stoichiometric” air/fuel ratio when there is the correct 

quantity of air to allow complete combustion of the fuel with no excess oxygen. In reality, all 

engines may burn rich (a lower air/fuel ratio than stoichiometric) or lean (a higher air/fuel ratio 

than stoichiometric). A richly tuned (or out of tune) petrol engine will produce more products of 

incomplete combustion, including carbon monoxide (CO) and numerous hydrocarbons (HC) 

from unburned fuel. When a petrol engines burn lean, combustion is more complete, however 

there is a reduction in the power output of the engine. Diesel engines are always set to operate at 

leaner than stoichiometric air/fuel ratio, whereas petrol engines may burn rich (particularly when 

warming up) or lean shows the relationship between fuel consumption, engine power output and 

emissions from petrol engines. The maximum power output is achieved when the mixture is 



richer than stoichiometric, whereas best fuel economy and minimum CO emissions are achieved 

when the mixture is slightly lean. Higher levels of CO and HC emissions are associated with rich 

mixtures, whereas NOx (mainly NO and a smaller proportion of NO2) emissions peak when the 

mixture is slightly lean. CO - The oxidation of the carbon contained in the fuel does not proceed 

to the final product (CO2) due to a lack of combustion air. Fuel-rich conditions will cause a steep 

rise in CO formation and emission due to insufficient oxygen being available in the air: fuel 

mixture. A relatively low amount of CO in the exhaust gases indicates that a relatively high 

amount of complete combustion has taken place in the engine. This is also indicated by a 

relatively higher amount of CO2 in the exhaust gases [51]. 

2.1.8 Main Contaminant Generated from Gasoline and Diesel Vehicle Exhaust 

According to a report from the car industries (Volkswagen and Audi), N2, CO2, H2O and O2, 

are the major components of vehicle exhaust emissions. The toxic exhaust components, the terms 

which used repeatedly are: CO, NOX, SO2 O3, HC and Diesel PM [60]. 

Carbon monoxide (CO) 

Carbon monoxide is produced when a fuel does not burn completely. The United States 

environmental protection agency has estimated as much as 95% of carbon monoxide comes from 

vehicles. A high level of carbon monoxide is harmful to human health, because CO has great 

effect on the oxygen delivery to the body’s organs (e.g. heart and brain) and tissues (e.g. skin). 

Normally CO will cause headaches and even visual impairment. At comparatively high levels, 

CO can directly cause death, especially to people with heart diseases. 

Hydrocarbons (HC) 

Hydrocarbons are produced from incomplete fuel combustion and from the evaporation of fuels. 

HC is an essential part of photochemical smog, and HC is considered as a serious air pollutant 

especially in urban areas. Surroundings with a comparatively high level of HC may cause cancer, 

and some HC also can cause harmful effects on tissues and the human immune system, such as 

benzene (C6H6). Modern vehicles with catalytic converters will help to reduce the HC emissions; 

however, HC emissions are still as a major problem of vehicle exhausts. 



Nitrogen oxides (NOx) 

Nitrogen oxides (NO, NO2, N2O etc.) are the compounds of N2 and O2. NOX is produced when 

fuels burn at high temperatures, high pressures and excess oxygen in the engine combustion 

chamber. Almost half of NOX emissions are caused by vehicles utilizing spark and compression 

ignition engines burning gasoline and diesel respectively.  

Particulate matter (PM) 

FPs is often produced from fuel combustion especially in the diesel exhaust emissions. PM can 

travel long distances and has great health impact on human health, such as asthma, chronic 

bronchitis and difficult painful breathing. The epidemiological studies have shown that FPs is 

responsible for and/or aggravating respiratory problems such as asthma.FPs and UFPs will cause 

the greatest problems, because they can get deep into people’s lungs, and the UFPs (0.1μm) may 

get into the bloodstream as well. Exposure to such kinds of particles can affect both lungs and 

heart functions [39]. 

Polycyclic aromatic hydrocarbons (PAHs) 

PAHs were known as poly-aromatic or poly-nuclear aromatic hydrocarbons, it commonly occurs 

in crude oil and other fossil fuels. The vehicle exhausts contained a lot of PAHs compounds, 

some of those compounds have been identified as mutagenic and carcinogenic, such as 

anthracene, fluorene, phenanthrene, and their benzo compounds. Exposure to PAHs is associated 

with many human health problems, like heart disease, reducing the lung functions, and may 

cause asthma and cancer [7]. PAHs are highly lipophilic (fat soluble) and therefore are found 

naturally in oil, coal, and tar deposits. They are also found in the consumer products coal tars, 

crude oils, creosote, and roofing tar. More than 100 PAHs are formed during the incomplete 

burning of coal, oil, and gas for fuels; the incineration of garbage; smoking tobacco; or the 

charbroiling of meat. In short, the burning of anything that is carbon-based may produce PAHs. 

 

 

 



Ozone (O3) 

O3 is formed when NOX and volatile organic compounds react in the presence of heat and 

sunlight. Children, older people, people with lung diseases such as asthma, and people who work 

or exercise outside are at risk of adverse effects from O3. These include reduction in lung 

function, increased respiratory symptoms, and possibly premature deaths. 

Carbon dioxide (CO2) 

CO2 is the most important greenhouse gas. It is mainly produced by the combustion of fossil 

fuels. The discussions about global warming and CO2 effect have increased people’s awareness 

on the subject of CO2 emissions. As a GHG, CO2 absorbs the emitted heat, and heats in the 

atmosphere, causing widespread climate change. After industrial revolution, the concentration of 

CO2 in the world has raised by over 30%. In 2005, the transport contributed to 25% of all the 

world anthropogenic CO2 emissions released into the atmosphere. Approximately 80% of those 

emissions are from road transport, of which60% is from automobiles, SUVs and pick-up trucks 

[47]. 

2.2 Emission Control Methods for Gasoline and Diesel Vehicles 

The emissions that come out of a vehicle depend greatly on the fuel that goes into it. 

Consequently, programs to control air toxics pollution have centered around changing fuel 

composition as well as on improving vehicle technology or performance. One of the first and 

most successful programs has been the removal of lead from gasoline. The lead phase out began 

in the mid-1970s. It will be complete January 1, 1996 when lead is banned from gasoline. The 

removal of lead from gasoline has essentially eliminated mobile source emissions of this highly 

toxic substance [19]. 

2.2.1 Mitigation Measures 

There are two main mitigation measures for the current model vehicles and for the vehicles produced 

early the detail is explained below [46]. 

1) By the use of new and innovative technologies 

2) By the use of alternative fuels. 



First of all, the new and innovative technologies related to automobiles are in consideration as follows. 

1) Mitigation Measures by the Use of New and Innovative Technologies 

Exhaust Emissions 

Basically, there are two ways,  

 changing the operating or design parameters or by some device to reduce the peak 

combustion temperature The other possible methods to control NOx emissions at 

the sources are Recirculation of the part of the exhaust gas and Water injection 

into the inlet manifold. 

 Charge dilution with some gas like carbon-dioxide, helium, argon, etc. 

Exhaust Gas Recycling (EGR) 

It is proved from the experiments that EGR is a promising method to control NOx emission. 

EGR controlled 81-88% of NOx at 30% recycling. With 30% recycling, there is a fuel penalty of 

23.1% to 28% considered to minimize BSFC value increased from 3.85% to 28% when the 

percentage recycling increased from 10% to 30%. With 30% recycling, as the speed increased 

from 1200 rpm to 1800 rpm, the loss is maximum power output increasing from 9% to 13.5% 

and from 1.88% to 13.5% in the recycling range of 10% to 30%. Even with 20% recycling, the 

loss is maximum and power is high as 31.8% with running at 2400 rpm. The rate of reduction of 

NOx emission is much faster at higher speeds with increase in percent recycling. The peak 

exhaust temperature increases with the rise in percent recycling as well as speed. The exhaust gas 

recycling helps in the reduction of carbon monoxide emission as well [14]. 

Some other   measures that may be adopted to reduce fuel consumption and air pollution 

are given below [15]. 

Control at source using catalytic converters: A catalytic converter is a vehicle emissions 

control device which converts toxic by-products of combustion in the exhaust of an internal 

combustion engine to less toxic substances by way of catalyzed chemical reactions. The specific 

reactions vary with the type of catalyst installed. Most present-day vehicles that run on gasoline 

are fitted with a "three way" converter, so named because it converts the three main pollutants in 



automobile exhaust: an oxidizing reaction converts carbon monoxide (CO) and unburned 

hydrocarbons (HC) to and water vapor, and a reduction reaction converts oxides of nitrogen to 

produce, nitrogen and water. 

Modifications in engine - (Exhaust gas recirculation) a system in the engine of a vehicle that 

routes a metered amount of exhaust into the intake tract under particular operating conditions. 

Exhaust neither burns nor supports combustion, so it dilutes the air/fuel charge to reduce peak 

combustion chamber temperatures. This, in turn, reduces the formation of toxic exhaust. 

Modification or replacement of fuel: Petroleum and diesel are known as fossil-fuels; during 

burning the emitted gas is very harmful to living and non-living thing and also to climate. So, 

modification or replacement of fuels is a way to reduce emission, by curtailing the amount of 

some particular components of fuel, we can modify it, for e.g. as sulphur is most harmful gas 

emitted from the vehicles, so we can use low-sulphur fuel. Also we can replace the fossil fuels 

by so many available alternatives, for e.g.bio-diesel, methanol, ethanol battery powered vehicles, 

LPG, natural gas etc. 

Setting of standards: by setting stringent emission standard, the amount of emission from the 

vehicles can be reduced. 

Legislative measures: under legislative measures the various factors responsible for emission 

from the vehicle can be put under certain restriction, for e.g overloading of heavy vehicles is a 

cause of more fuel consumption and emission, so a standard load or weight can be fixed beyond 

that load, the vehicles should be considered overloaded and penalties for the amount of overload 

can be charged, this measure will discourage the overloading, other legal measures are deciding 

the type of engine installed in the different category of vehicles. 

Vehicle Pollution Monitoring: vehicles should be monitored regularly at a certain interval of 

time for their fuel efficiency, their engines condition, rolling power, etc. this step will help in 

keeping the vehicles in proper condition by the vehicle owners and hence reducing the emission 

from the vehicle. 

Burn less fuel: we should implement the "burn less fuel" strategy. Burning the less fuel will lead 

to lesser emission and consequent the lesser air pollution and its harmful effect. 



Vent Controls: for reducing the evaporative emission vent control is necessary. By controlling 

the vent we can control the leakage of the vapors. 

Vehicle maintenance: as we know the poor vehicle characteristic is one of the factor responsible 

of higher emission, so proper maintenance of vehicles can be helpful to reducing the emission 

specially the old vehicles should be checked and examined for amount of emission. 

Enhancing dispersion: once the harmful gases from the vehicles are emitted, they should not be 

allowed to concentrate surrounding area, they should be immediately dispersed. 

Using vegetation: we know that plants and trees are a good sink of harmful gases like CO2 etc. 

so we should encourage the vegetation on the sides of the roads as much as possible to reduce the 

amount of pollutants in ambient air. 

2.2.1 Environmental and Health Effect of Traffic Air Pollution Exposure 

We know that vehicle emissions have a variety of negative effects on public health and the 

environment. So if we want more in-depth understanding the impact of vehicle exhausts, we can 

divide this large problem into two major areas: the global scales and the local scales: Traffic 

represents one of the largest sources of primary air pollutants in urban areas. Large amount of 

vehicle exhaust emissions will have seriously adverse effects on human health. On a global scale, 

people are more concerned about air pollution and global climate change which are contributed 

to by vehicle exhausts. Combustion engines contribute to greenhouse gas accumulation in the 

atmosphere. There are many climate researchers who support the view that emissions of heat 

trapping gases into the atmosphere, particularly CO2, from the combustion of fossil fuel, cause 

global warming. The concentration of CO2 are currently rising by 2 ppm (parts per million) 

annually [58]. 

According to the World Health Organization It is estimated that 7 million premature deaths may 

be attributed to air pollution. India has the highest death rate due to air pollution. India also has 

more deaths from asthma than any other nation according to the World Health Organization. In 

December 2011 air pollution was estimated to kill 500,000 people in China each year. There is a 

positive correlation between pneumonia-related deaths and air pollution from motor vehicle 

emissions. Air pollution is estimated to reduce life expectancy by almost nine months across the 
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European Union. Causes of deaths include strokes, heart disease, COPD, lung cancer, and lung 

infections [29]. 

The US EPA also estimates that a proposed set of changes in diesel engine technology could 

result in 12,000 fewer premature mortalities, 15,000 fewer heart attacks, 6,000 fewer emergency 

room visits by children with asthma, and 8,900 fewer respiratory-related hospital admissions 

each year in the United States [36]. 

Health problems associated with vehicular exhaust include increased mortality, cardiovascular 

illness, respiratory illness, neurological problems, and endocrine disorders including obesity, 

diabetes, and infertility [47]. 

Cardiovascular Disease 

The official journal of the American Heart Association, published a statement saying that there is 

an established causal relationship between exposure to PM2.5 and cardiovascular morbidity and 

mortality. This group also noted that reductions in PM exposure were associated with reduced 

rates of cardiovascular mortality within just a few years’ timeframe. Exposure to PM<2.5µm 

(PM2.5) over a few hours to weeks can trigger cardiovascular disease-related mortality and 

nonfatal events; longer-term exposure increases the risk for cardiovascular mortality to an even 

greater extent than exposures over a few days and reduces life expectancy within the more highly 

exposed segments of the population by several months to a few years. Yet even with this clear 

statement by the American Heart Association, the use of measures to reduce PM exposure to 

prevent the number 1 killer of Americans today has received little or no public exposure. 

Hypertension is a major risk factor for stroke and heart attack, as well as increased morbidity to 

other organs in the body; it is also clearly associated with air pollution levels. Long-term 

exposure to elevated levels of all PM sizes leads to an elevation in diastolic blood pressure in 

both adults and children. 
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Respiratory Illness 

Numerous investigations have shown the role of traffic related pollution in respiratory health. It 

has long been established that children have far higher rates of asthma, bronchitis, bronchiolitis, 

pneumonia, phlegm production, and wheezing when exposed to vehicular exhaust. the rates of 

respiratory disease in those living close to busy roadways vs those who live farther from main 

thoroughfares confirmed that the closer one is to a higher level of vehicular exhaust (especially 

diesel truck exhaust), the greater the risk of asthma [33]. 

Neurological Effects 

Exposure to vehicular exhaust has been clearly linked to reduce cognitive functioning in both 

children and adults. In adults, it has been associated with depression, and in children, it may 

influence the risk and severity of autistic spectrum disorder. Prenatal exposure to PAH 

compound from vehicular exhaust leads to reduced intelligence quotient (IQ) levels in children 

[4].  

Endocrine Effects 

Urban air pollution has been linked to increased risk of infertility, obesity, and diabetes,all 

common problems in the modern population. Italian traffic policemen who were exposed daily to 

vehicular exhaust throughout their shifts had significantly lower levels of free testosterone than 

police assigned to other duties. Exposure to vehicular exhaust and cigarette smoke are also 

strongly associated with multiple sperm abnormalities associated with male infertility. Similarly, 

exposure to vehicular exhaust is also associated with increased female infertility rates. In infertile 

couples who have chosen to undergo in vitro fertilization, PM exposure during the preconception 

period also greatly increases risk of pregnancy loss. Long-term exposure to vehicular PM has 

also been directly associated with higher risk in adults for developing both metabolic syndrome 

and type 2 diabetes. Exposure to high levels of PM2.5 during the second trimester of pregnancy 

gave women a far higher risk of developing impaired glucose tolerance during pregnancy. 

Women with the highest PM2.5 exposure levels and with the closest proximity of heavy traffic 

were 2.6 times more likely to have problems with their blood sugar levels, although no direct 

link was found between vehicular exhaust and the risk of overt gestational diabetes mellitus [49]. 



2.2.2 Air Pollution Status in Addis Ababa City 

It is very difficult to get the data related to the traffic air pollution from vehicles most of them are 

only focus on one pollutant and most of them are focus on fuel efficiency and reduction in 

specific areas so it is hard to get data that realize the status of the air pollution of the city and also 

there are no monitoring data of air quality in Ethiopia as general. But most of them   show that 

directly or indirectly Breathing is a challenge in Addis Ababa.  As we know Addis Ababa is 

sitting at 2,300 meters above sea-level, it is one of the highest capital cities in the world. Even 

those who can handle the elevation are toppled by the black exhaust that puffs out of aging 

vehicles. Like many up and coming cities whose populations are soaring wildly, Addis Ababa 

struggles to ensure that infrastructure keeps up with unparalleled urbanization rates. And the 

trend is mirrored across the country having risen to become the second most populous country in 

Africa. 

Literally, clean air has become lost in the glory of this case. Pollutants of air quality in Addis 

Ababa originate from many sources, such as inadequate waste management practices involving 

burning trash, as well as indoor air pollution from cooking stoves and non-renewable fuels. 

However, it is vehicles that represent the major source of air pollution in urban areas across 

Ethiopia [2].Three quarters of the country’s vehicles are concentrated in Addis Ababa (Addis 

Ababa City transport and Road Authority web site).Significant contributors to air pollution in the 

capital city have been identified as particulate matter, carbon monoxide and nitrogen oxide. 

These pollutants are associated with many negative health effects such as higher rates of 

cardiovascular and pulmonary illnesses, as well as atmospheric pollutants such as smog. 

Factors that influence health outcomes related to this type of air pollution include vehicle age 

and efficiency, type of fuel and driving speed, among others. Particularly vulnerable are those 

who risk work-related exposure, such as bus, truck, and taxi drivers, as well as communities that 

live in close proximity to roadways with high volume traffic. Despite the gravity of the issue, it 

has been a struggle to enforce air quality standards and monitoring systems. The World Health 

Organization (WHO) has stated that air pollution is a significant environmental risk to health, 

leading to devastating impacts such as premature death, heart and respiratory disease, and 

increased cancer rates. The vast majority of air pollution’s health effects are concentrated in 

developing regions [44]. 



 The study[2] conducted on outdoor air pollution of Addis Ababa city confirm that Addis Ababa 

faces a rapid increase in air pollution due to increasing number of automobiles which do not 

follow emission standards set by various environmental agencies. Lack of retirement policy for 

the vehicles worsens the problem. the study clarify that the age of vehicles in Addis Ababa city is 

mostly  about  53.5% vehicles were more than 20 years old, while 29.3% were more than 30 

years old. The result was high tailpipe emission from the exhaust system (Addis Ababa City 

transport, Addis Ababa Road Authority web site). The major pollutants emitted include 

Hydrocarbons (HC), Nitrogen dioxide (NO2), Carbon monoxide (CO), Carbon dioxide (CO2), 

Suspended Particulate Matter (SPM), and Sulphur dioxide (SO2). These hazardous chemicals 

cause various respiratory infections and diseases in human beings [2].This study also assures that 

Addis Ababa city need urgent solution on air pollution. 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER THREE 

3.MATERIALS AND METHODS 

3.1 Description of Study area 

Addis Ababa has 10 sub cities, located about 2,355m (7,726 ft) above sea level at 

9.02°00’16.68” N 38044’49.39” E. In this thesis three main sites were selected for ambient air 

quality test mainly based on the ambient air quality guidelines and based on the goal of showing 

the direct impact of vehicles exhaust gas emission on traffic air pollution this sites were 

megenagna, kera and urael datas were collected for 5 days for each site starting from Jan 25-Feb 

12. 

Megenagna is located in Yeka sub-city, which is situated in the central part for commercial 

house centers, offices, transportation center high population activity and distribution. Megenagna 

is one of the high traffic volume areas in the city.  

Urael is located between Kirkos and Bole sub-city. Land use around this site includes the St. 

Urael church and a funeral ground which significant numbers of orthodox Christians frequent for 

church and funeral services. In addition, there are commercial activities, offices and residential 

housing. Urael is one of the highly traffic congested areas in the city. 

 Kera is located in Nefas Silk sub-city, which is situated in the central part of Addis Ababa. Kera 

is well known for its mixed land use, including commercial centers, garages, industries, and 

residential housing. Kera is one of the high traffic volume areas in the city. 

For the road side vehicle exhaust emission test 18 sites (Autobustera, AU ,Bole ,Carle square 

,German square , Gergi , Gemu, Gotera ,Gurdshola ,Kality ,Kera ,Mechanisa ,Mexicosquare, 

MND, Saris,Sarbet,18 square and high way. Sites were selected by considering Roads with at 

least two parallel lines so that traffic would not be blocked, Sites where vehicles would be fully 

warmed up  means the vehicles had been driven for at least five to ten minutes , Sites that would 

result in a broad mix of vehicle types, model years, usage etc… Data’s were collected starting 

from March 14- March 25 and 396 gasoline vehicles were inspected ,80 diesel vehicles were also 

inspected and 40 vehicles inspected on  high speed way inspection of vehicles. 



  

Figure 2 Addis Ababa city map with ambient air quality study sites. 

3.1.2 Research Approach 

In this thesis the methods followed were designed in such a way that the key questions of the 

research be answered properly. The research involves both quantitative and qualitative 

approaches. Quantitative data and analysis were used to determine the level of vehicle exhaust 

gas emission on causing impact on traffic air pollution of the selected sites and to measure the 

ambient level of pollutants in main vehicle congested and high vehicle volume areas. As a data 

source both primary data or direct field measurements and secondary data were the main sources 

of quantitative data. Although, qualitative data from visual inspection were also used to 

determine all necessary data’s of vehicles and also to assess other related parameters. 

3.2 Methods of data collection and equipments 

In order to test the specific objective of investigation, data’s were collected from the primary and 

secondary sources. For both data sources recommended techniques and steps were followed to 

minimize errors. 

 



3.2.1 Data Collection Techniques and measurements 

The primary data’s were collected using the following techniques: 

 Road side vehicle exhaust gas emission test were used 

 Road side ambient air quality sampling test were used 

For each day of inspection of vehicles bridge four gas analyzer HM5000, 12-Volt Battery was 

used and CO, CO2 ,HC &O2 for both Idle and 2500RPM were measured. The inspection include 

fuel type, age (model year), vehicle type, engine size, number of cylinders and mileage 

(odometer readings) of vehicles for the normal way and high way vehicle inspection test 

sampling. Inspections were performed from 9:00 AM to 4:00 PM. Data collection was limited to 

these hours because of the problems encountered in transporting and equipment from the test 

sites were return back on time. Visual Inspection were done by raising vehicle hood to record the 

vehicle’s make, model name, model year, engine size, number of cylinders, odometer reading 

(mileage), fuel type and vehicle type. 

For the ambient air quality sampling Model HM4000 (to measure HC and CO) and pDR1000AN 

(to measure PM) were used. PM level was measured within 1minutes and HC and CO level were 

measured within 30 seconds. At the beginning of each day, the ambient air measuring 

instrument, CO, HC and PM level were zeroed and their calibration checked in accordance with 

the manufacturer’s specification.  At each site, the instrument was placed on a wooden stand 

approximately six to eight feet above the ground.  The instrument was turned on and collects 

data and the data’s   were downloaded to a laptop computer. These steps were repeated for five 

consecutive days of the study for each site. 

3.2.2   Methods of Analysis 

In order to characterize the contribution of vehicle exhaust emission statistical analysis were 

applied to determine the uniformity of the collected data. Road side vehicle inspection and 

ambient air quality data’s were characterized using descriptive analysis to examine the 

relationships among factors and to identify possible causes and contributing factors of vehicle 

exhaust gas emission on traffic air pollution of the city. This helps to know which pollutants are 



significantly exist at higher range from vehicles. Emission was calculated through using 

experimental formula  

Direct Emission = Number of vehicles (sampled vehicles)*Emission factor………equation (1) 

Emission factor were also used to compare the total emission rate of vehicles by considering the 

emission factors to be type of the vehicle, model of the vehicle, age, fuel type, engine size and 

number of piston inside the vehicles. The ambient air quality data’s were categorized as follows 

using those equations based on the ambient air quality guidelines. 

The Daily CO, HC and PM reading were calculated using the following equations. 

Daily CO, HC and PM Reading =
 Daily  total  sample  size

Total  time  taken
…………………equation (2) 

1 hour CO reading = 
One  hour  sample  size

3600  seconds
………………………….…..equation (3) 

3 hour HC reading = 
Three   hour  sample  size

10800  seconds
……………………………equation (4) 

6 hour PM reading = 
Six   hou r sample  size

360minutes
……………………………....equation (5) 

The Road side vehicle inspection data’s and ambient air quality data’s were also converted using 

Microsoft Excel. Graphical techniques were providing for an excellent method to visualize the 

variability and other properties of a set of data. To the powerful interactive system of one’s brain 

and eyes, graphical displays provide insight into the form and shape of the data and lead to a 

preliminary concept of the generating process. There are numerous types of graphs and tables are 

given in this thesis using the word and excel program of the computer system. 

 

 

 

 

 



CHAPTER   FOUR 

4. RESULTS AND DISCUSSION 

4 .1 AMBIENT AIR QUALITY STUDY ANALYSIS 

4.1.1 DAILY CO EMISSION COMPARISON OF AMBIENT AIR QUALITY SITES 

The daily ambient  CO concentration reading were collected  using HM4000 device and the 

collected data’s were analyzed  using equation (2)  that means based on the equation each site 

have 720 samples within 6 hour of daily sample taking time. It is know that most elevated 

ambient CO concentrations are mainly due to incomplete combustion of gasoline vehicles 

especially light-duty vehicles, such as passenger cars and pickup tracks according to the 

Committee on Carbon Monoxide Episodes in Meteorological and Topographical Problem Areas, 

2003 report on vehicles pollutant sources. 

The figure shown below realize that the daily average CO emission comparison of ambient air 

quality study areas kera,megenagna and urael sites  there were little emission variation on day 1 , 

day 2 and day 3 but on day 4 and day 5 especially in urael site big CO emission record observed 

than kera and megenagna this is because of that on such days more vehicles in this region, 

leading to heavy vehicle congestion, Ambient conditions, such as wind, could also be 

contributing factors  because wind has great capacity on increasing the dispersion level be main 

reason for urael for having higher CO reading for those days of test and the two sites shows 

dynamic high traffic volume distribution.  

 

 

 

 

 

 



Figure 3 Daily CO emission comparison for kera,megenagna and urael sites 

 
4.1.2 DAILY 1 HOUR CO EMISSION READING COMPARISON FOR THE AMBIENT 

SITES 

The 1-hour averages CO concentration reading was calculated using equation (3) based on the 

equation 360 samples were taken to show the one hour CO emission and each hourly samples 

were divided by 3600 seconds then best hourly calculated maximum value taken. The kera site 

shows on day 1 and day 3 there were high amount of CO concentration than other days. This is 

due to most vehicle engines operate with serious malfunction and most of elevated ambient CO 

concentrations were mainly due to incomplete combustion of gasoline vehicles especially by 

light-duty vehicles, such as passenger cars and pickup tracks and this shows that there were high 

amount of such vehicles distribution on day 1, day 5 and day 3 of test dates of kera site. For 

Megenagna there were better amount of CO concentration on day 3, day 4 and day 5 than other 

days this suggests that, in this days, most of the vehicle distributed were gasoline vehicles. urael 

site shows that there were high CO emissions on certain days of the week. This occurrence 

suggests more traffic congestions on these days of the week and was the reason for having high 

values on those days and assure that on those days the recorded values were more higher than the 

USA  1 Hour CO emission standard that is 35ppm.  

 

0
100
200
300
400
500
600
700

Day 1 Day 2 Day 3 Day 4 Day 5

D
ai

ly
 A

m
bi

en
t C

O
(p

pm
) 

Sample Days

CO  at Urael CO at Kera CO  at Megenagna



Figure 4 Daily 1 hour Maximum CO emission comparisons for kera, megenagna and urael sites 

 

4.1.3 DAILY HC EMISSION COMPARISON OF AMBIENT AIR QUALITY SITES 

The daily ambient hydrocarbon reading was calculated using equation (2) for ambient sites.   

This equation also shows that each site had 720 samples in each day of sample taking time. The 

Kera daily HC readings differ qualitatively from each other for all test dates these findings 

indicate that this site has continuously high traffic flow on most days of the week the study also 

confirmed that this is due to the land mix use, industry, and residential establishments of this site. 

But the daily ambient hydrocarbon reading for Megenagna sites differ from the other two sites 

(kera and urael) because from The findings it  indicate that this site has low  traffic flow on most 

days of the week compare to other two sites. The urael site vehicles distribution and vehicular 

traffic density is the main reason for having high HC reading. 
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Figure 5 Daily HC emission comparisons for kera, megenagna and urael sites 

 

4.1.4 DAILY 3 HOUR HC EMISSION READING COMPARISON FOR THE READINGS 

FOR AMBIENT SITE 

The 3 hour average ambient hydrocarbon reading were calculated using equation(4) The ambient 

hydrocarbon levels were extremely high at kera site even on the most days of the week especially 

on day 2 and day 4 was so high. HC is a major precursor to photochemical smog. Since the HC 

levels were much higher this indicates that the ozone levels in most congested and high traffic 

volume regions of Addis Ababa could be unacceptably high. The 3 hour average ambient 

hydrocarbon levels at megenagna site even on the most days of the week especially on day 4 and 

day 2 were so high, at urael site even on the most days of the week especially on day 1, day 4, 

day 3 and day 5 and also higher than kera and megenagna and confirm that the values were 

above of the USA 3 hour HC emission standard that is 0.24 ppm.  
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Figure 6 Daily 3 Hour Maximum HC emission comparisons for kera, megenagna and urael sites 

 

4.1.5 DAILY PM EMISSION COMPARISON OF AMBIENT AIR QUALITY SITES 

Traffic-generated emissions were estimated to account for more than 50% of the total emissions 

of particulate matter in the urban areas of highly industrialized countries. In London, UK, more 

than 80% of particulate matter is from road traffic (UK), 2000). In Athens, Greece, the 

contribution of road traffic to total PM2.5 emissions was estimated to be 66.5% [49]. The daily 

PM reading was calculated using equation (2) the equation also show that there were 360 

samples collected for each sites within the total time interval on which data’s were collected and 

the higher value taken to show the final result Even though there are more spikes in the result in 

PM reading for kera but it is not denied that there is high traffic volume in kera. The graph 

shown below deals about the PM reading of kera site get more spikes than urael site, which is 

consistent with the relative differences in the observed volumes of traffic in these regions. It is 

estimated that One of the major sources of RSPM are vehicles especially diesel vehicles. On 

other hand the major sources of SPM include soil borne dust, dust originating from construction 

activities. It is also known that megenagna is well known in people activity area in transportation 

and also the distribution of people activity is very high so having this in mind the test in this site 

also assure that the PM level reading of the megenagna area were more high in the working days 

especially.  
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Figure 7 Daily PM emission comparison for kera, megenagna and urael sites 

 

4.1.6 DAILY 6 HOURS PM EMISSION READING COMPARISON FOR THE 

READINGS FOR AMBIENT SITES 

The 6 hour PM reading was calculated using equation (5) by considering the sample time to be 

360 minutes of 6 hour final sample taking time. For kera different variation such as the 

increasing of PM level on day 1, day 4 and day 5, decreasing on reading values in day 3 and day 

2 reading observed this suggest that the proportionality between PM level with high traffic 

volume of vehicles. For megenagna site there were high PM reading due to high traffic volume, 

high congestion and due to high population distribution activity during this three test days day 4, 

day 3 and day 2 mainly. There were also high PM reading in urael due to high traffic volume, 

high congestion and due to high population distribution activity during this two test days day 1 

and day 2 and higher than the USA 6 hour PM standard 0.0375mg/m3. 
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Figure 8 Daily 6 hours Maximum PM emission comparison for kera, megenagna and urael sites 

 
 

4.2. VEHICULAR EXHAUST STUDY ANALYSIS 

The urban city widely suffers from high levels of traffic congestion leading to ambient air and 

noise pollution due to vehicular emissions. Air and noise pollution in particular has a negative 

effect on health, pollution from decrepit vehicles is also a major problem to the city [16] 

Moreover, there also exist no proper provisions in the scope of new infrastructure development 

and maintenance. This is particularly true in projects relating to road construction and 

maintenance. The lack of such adequate environmental related provisions creates adverse effects 

on the environment. Degradation of the environment due to these factors reduces the quality of 

life of the people and it has become imperative to enforce more stringent environmental control 

on the projects. Though the use of renewable fuel (blended to gasoline) is gaining acceptance and 

is to be encouraged. The use of hydrocarbon especially petrol and diesel fuels still remain the 

cause for environmental pollution in the city [59]. 
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4.2.1 AVERAGE CO, HC, CO2 AND O2 COMPARISON OF SAMPLE AREAS AT IDLE 

AND 2500RPM 

The main goal of comparing the average pollutant in sample areas were to show which areas get 

more pollution of exhaust emission and to show how the fleet differences are likely to be caused 

by diversity of vehicle age, fuel type and purpose of use, the vehicle distribution, type of 

vehicles, model of vehicles and sample size of vehicles cause impact on emitting pollutant at Idle 

and 25000RPM during the vehicle fleet at that moment. Here one thing must be known  gasoline 

vehicles were considered as major pollutant on causing impact  on environment especially on 

urban area than diesel one because diesel vehicles had low CO,CO2,O2 and HC but more emitter 

of PM particle even though it is not measured. 

Table 1 Average CO, HC, CO2 and O2 comparison of sample area at Idle and 2500RPM 

 

 

Name of site Average polutant readings (ppm)  at Idle Average polutant readings (ppm) at 25000RPM 

 HC CO CO2  O2  HC CO CO2  O2  

Autobis tera 1005.1 5.52 10.76 2.98 712.2 4.94 11.68 1.52 

AU 1065.2 5.67 7.38 5 1595.1 5.77 8.18 4.69 

Bole 840.6 5.21 8.78 6.18 297.3 4.64 9.95 4.66 

Carle square 799.8 5.97 10.55 3.26 345.5 5.07 11.46 1.81 

Gergi 1053.5 5.58 8.48 44.6 609.9 4.56 9.82 4.17 

German square 721.6 5.59 7.83 3.10 300.7 6.53 7.44 2.11 

Gemu 473.7 2.92 6.26 2.51 510 9.58 361.8 9.42 

Gotera 1166.6 5.03 7.99 6.21 873.7 4.04 10.32 4.08 

Gurd shoal 852.6 3.65 11.23 2.63 798.4 3.85 12.25 1.47 

Kaliti 606.3 6.73 8.74 4.19 445.9 6.36 9.37 4.51 

Kera 494.6 5.37 8.43 3.54 294.2 5.76 9.37 3.33 

Mechanisa 844.7 3.91 8.02 5.01 710.5 4.50 8.60 4.09 

MND 779.6 6.67 12.2 4.34 771.3 4.48 11.04 3.64 

Mexico square 786.1 3.48 10.39 2.16 553.2 4.59 11.46 1.38 

Saris 836.7 5.41 10.0 4.83 707.9 4.82 9.89 2.91 

Sarbet 556.4 2.82 8.91 6.50 444.6 2.67 10.10 4.82 

18 711 4.83 11.31 4.09 389.1 4.65 12.4 2.72 



Figure 9 Average CO, HC, CO2 and O2 comparison of sample area at Idle and at 2500RPM 

 

 

The above graphs clarify that the idea of most of pollutant comes during idling than high speed 

of engine system that means there were high amount of HC, CO2 CO and O2emission reading 

observed during idling this is mainly due to the small engine size gasoline vehicle distribution 

and the sampled vehicle problem with high maintenance problem.  

4.2.2 EMISSION STUDY ANALYSIS FOR HIGH SPEED WAY VEHICLES 

 Typically, the target set of driving conditions would be defined as something like steady speed 

at 80 km/hr. As vehicles move away (above or below) from these target driving conditions, the 
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performance of the vehicle diminishes. The decline in vehicle performance is marked by 

increased fuel consumption and higher pollutant emissions. Therefore the opportunity for drivers 

to operate their vehicles at (or close to) optimum performance is steadily decreasing. Associated 

with this change in driving conditions is an increase in vehicle emissions. This is an increasingly 

important issue in almost all major urban areas. The data realize that there is high HC emission 

observed on high speed way. 

Table 2 High speed way data analysis 

Fuel 

type 

Driving 

speed 

(km/hr) 

Number    

of 

vehicles 

Average polutant readings (ppm) at 25000RPM Average polutant readings (ppm) at Idle 

   HC CO CO2 O2 HC CO CO2 O2 

Gasoline 80 14 677.3 4.93 7.53 2.35 799.6 4.81 5.43 3.03 

 120 11 397.1 2.88 8.32 2.10 712.4 2.42 6.43 3.01 

Diesel 80 10 526.5 2.88 15.01 4.49 739.7 2.48 13.52 6.70 

 120 5 282 0.27 7.10 5.45 506.4 1.09 6.21 7.11 

 

Figure 10 Average polutant readings at 25000RPM and IDLE for high speed way at speed of 

80/120Km/hr both diesel and gasoline vehicles 
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The graph shows there is great emission of HC for both idle and 2500rpm case great emission is 

observed on gasoline vehicles than diesel one this confirm that speed highly affect the gasoline 

vehicles than diesel ones due to high incomplete combustion activity of the engine and the 

temperature impact on engine of gasoline vehicles but at higher speed diesel vehicles were also 

affected this is not denied when visually observed.  

4.2.3 HIGH SPEED WAY EMISSION RELATION WITH DRIVING SPEED OF 

VEHICLES 

For the emission relation for the high speed way inspected vehicles the emission factors were the 

driving speed of vehicles to show how much emission comes out when the vehicles are drive in 

higher speed. The table shown below clarify that the driving speed had high impact on emission 

visually it can be determine that lower speed emit more than the higher one but it depend on 

vehicle type if the vehicle is old with low speed it is observed that the emission is very high but 

also it is not denied that new vehicles with high speed emit more due to the driver usage of fuel 

pedal. 

Table 3 High speed way emission calculation 

Fuel type Driving 

speed(km/hr) 

Number    of vehicles Emission calculation(gram/mile) 

Gasoline 80 14 1120 

 120 11 1320 

Disele 80 10 800 

 120 5 600 

 

The figure try to modify the emission dependency or direct relationship of emission versus 

driving speed of vehicles but this also shows that the higher speed (120km/hr and 80km/hr) of 

gasoline vehicle emit more exhaust than the diesel one but better emission on 80km/hr of diesel 

vehicles this is due to momentum and torque effect of gasoline vehicles. 

 

Figure 11 High speed way emission relations versus driving speed of the vehicles 



 

 

4.3. EMISSION RELATION STUDY ANALYSIS 

The main aim of the emission calculation analysis for both fuel type considering the type of 

vehicle, model year, number of piston, speed (driving speed for high way), odometer (mileage) 

reading, at 2500RPM, Idle and engine size as the emission factor this emission factors realize 

their impact on emission and also shows the invisible and unmeasured pollutant that comes from 

the vehicles also assure their interaction on emission evaluation using this experimental formula. 

𝐸 = 𝑁𝑉 ∗ 𝐸𝐹              Where   E is direct emission from vehicle 

                                                                          NV number of sampled vehicles 

                                                                           EF emission factor 

4.3.1 EMISSION RELATION STUDY ANALYSIS FOR GASOLINE VEHICLES 

4.3.1.1 EMISSION RELATION WITH MODEL YEAR OF GASOLINE VEHICLES 

The model year of a vehicle is another primary factor that determines the quantity of pollutants 

discharged. For example, age of a vehicle tends to be well correlated with how worn out the 

engine is and of the type of emissions control technology that is installed. 

There are two main reasons for this: 
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1. The model year of a vehicle closely correlate to the type of emissions control equipment         

installed in the vehicle. 

2. Older vehicles tend to have traveled a greater number of kilometers, which causes both 

engines and emission control equipment to wear. 

The combined effect of these two issues is that older vehicles tend to have higher emissions than 

similar newer vehicles. 

The table and the figure shown below deal that the direct relationship between ages of gasoline 

vehicles with exhaust emission. This is due to the petrol engines capacity reduction through age 

on the fuel and air pre-mixing process compression capacity. 

Table 4 Emission relation with model year of vehicles 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model year of 
gasoline 
vehicles 

Pollutant reading(ppm) 

 CO CO2 O2 HC 

1955-1965 16.81 15.13 5.7 19341 
1966-1975 7.06 21.57 12.29 861 
1976-1985 13.2 89.65 8.38 1845.5 
1986-1995 10.77 26.69 7.33 1639.5 
1996-2006 9.32 52.16 7.82 1187.3 
2007-2016 10.34 23.39 8.4 1408.6 



Figure 12 Emission relations with model year of gasoline vehicles 

 

 

4.3.2 EMISSION RELATION WITH NUMBER OF PISTON OF GASOLINE AND 

DIESEL VEHICLES 

The observation shows that the piston number inside the cylinder consider the emission pistons 

in petrol engines tend to have much shorter strokes than pistons in diesel engines, typically it 

takes less time for a piston in a petrol engine to complete its stroke. However the lower 

compression ratios of petrol engines give petrol engines to prefer to have lower efficiency and 

main reason for gasoline vehicles with number of piston 4 get more emission than the diesel one. 

The piston inside diesel vehicles  is mainly  characterized by the  piston connecting rods are 

heavier and more forceful and enables them to  transmitted through the connecting rods and 

crankshaft to change the momentum of the piston this enable the diesel vehicles to  emit more 

exhaust especially when  visually observed.  
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Table 5 Emission relation with number of piston of Gasoline vehicles 

Fuel type Number of vehicles Num_Piston Emission 

calculation(gram/mile) 

Gasoline 305 4 1220 

 91 6 546 

Diesel 80 4 320 

 

Figure 13 Emission relations with number of piston of Gasoline and diesel vehicles 

 

 

4.3.3 EMISSION RELATION WITH ENGINE SIZE OF GASOLINE VEHICLES 

The size (capacity) of the engine that powers a vehicle is a variable which can influence the 

amount of pollutants that are discharged. The number of cylinders is a useful indicator of engine 

size. The lower compression ratios of petrol engines give petrol engines lower efficiency than 

diesel engines and main reason for gasoline vehicles with large engine size emit more. The table 

and the figure shown below show that engine size of gasoline vehicles are directly related with 

emission. 
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Table 6 Emission relation with engine size of gasoline vehicles 

Fuel type Number of vehicles Veh_Eng_Size Emission  

calculation(gram/mile) 

Gasoline 38 1.2cc-1.8cc 50.92 

 141 2cc-2.8cc 356.73 

 118 3cc-4.3cc 441.32 

 43 380cc-1996cc 57628.6 

 24 3636cc-8264cc 110500.8 

 

Figure 14 Emission relations with engine size of gasoline vehicles 

 

4.3.4 EMISSION RELATION WITH ODOMETER (MILEAGE) OF VEHICLES 

Odometer (odograph) is an instrument that indicates the distance travelled by vehicles. The table 

shown below clarify that the odometer impact on emission from vehicles some vehicles with 

small odometer reading emit low on other side high odometer also emit more too finally 

odometer is directly  proportional to each other but depend on the vehicle type. 
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Table 7 Emission relation with odometer (mileage) of vehicles 

 

Figure 15 Emission relations with odometer (mileage) of gasoline vehicles. 
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Name of site Number of 

vehicle 

Average  mileage (odometer) reading for  

gasoline vehicles 

Emission 

calculation(gram/mile) 

Autobus tera 20 171292.017 3425840.34 

AU 21 150630.467 3163239.807 

Bole 19 92656.51902 1760473.86138 

Carle square 20 162364.9846 3247299.692 

Gergi 23 139555.62764 3209779.43572 

German square 17 139336.0385 2368712.6545 

Gemu 26 391496.10578 10178896.75028 

Gotera 28 125851.45846 3523840.83688 

Gurd shoal 22 120729.69324 265605325128 

Kaliti 33 160315.85596 5290423.24668 

Kera 30 164188.60718 49256582154 

Mechanisa 22 204637.5838 4502026.8436 

MND 21 103248.717 2168223.057 

Mexico square 24 125536.7815 3012882.756 

Saris 30 111216.24566 3336487.3698 

Sarbet 16 416881.60072 6670105.61152 

18 24 129230.6938 31015366392 



4.4 EMISSION RELATION STUDY ANALYSIS FOR DIESEL VEHICLES 

4.4.1. EMISSION RELATION WITH MODEL YEAR OF DIESEL VEHICLES 

Model year of vehicles also had its own impact on vehicle exhaust emission most old vehicles 

emit more than their age due to the life time of the vehicles especially engine efficiency 

reduction through age and the technology it follow during the modification of the vehicles now a 

day vehicles modification technology become more modernize but the main deference’s between 

them is most old vehicles had Freon gases which are very hazardous for human and for 

environment. The table also shows the relation between model year and emission of vehicles. 

Table 8 Emission relation with model year of vehicles 

 

 

 

 

Figure 16 Emission relations with model year of diesel vehicles 
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 CO CO2 O2 HC 

1970-1980 8.76 16.12 11.46 479 
1982-1992 6.15 22.48 10.48 1548.1 
1993-2002 60.45 15.69 24.88 1264.3 
2003-2012 2.21 21.4 28.41 75.7 



4.4.2 EMISSION RELATION WITH ENGINE SIZE OF DIESEL VEHICLES 

Diesel engines can produce black soot from their exhaust. The black smoke consists of carbon 

compounds that have not burned because of local low temperatures where the fuel is not fully 

atomized. These local low temperatures occur at the cylinder walls, and at the surface of large 

droplets of fuel. At these areas where it is relatively cold, the mixture is rich. The rich mixture 

has less air to burn and some of the fuel turns into a carbon deposit. Modern car engines use a 

diesel particulate filter (DPF) to capture carbon particles and then intermittently burn them using 

extra fuel injected directly into the filter. This prevents carbon buildup at the expense of wasting 

a small quantity of fuel. 

The interaction between the engine size and emission of diesel vehicles clarify the fact of diesel 

vehicles with small engine size during morning time they emit more because of the mass of the 

cylinder block and the cylinder head which absorb the heat of compression, preventing ignition 

but not mean that higher engine size vehicles are not emitter but they are more exhaust emitter 

especially on uphill way than the normal way. 

Table 9 Emission relation with engine size of diesel vehicles 

Fuel type Number of vehicles Veh_Eng_Size Emission  

calculation(gram/mile) 

Diesel 33 1.3cc-1.8cc 45.54 

 10 2cc-2.5cc 23.6 

 4 3cc-3.5cc 13 

 18 12R-1800cc 17.94 

 12 2445cc-4164cc 40.35 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Black_carbon
https://en.wikipedia.org/wiki/Diesel_particulate_filter


Figure 17 Emission relations with engine size of diesel vehicles 

 

4.4.3 EMISSION RELATION WITH ODOMETER (MILEAGE) OF DIESEL VEHICLES 

This relation shows the fact of odometer impact on exhaust emission the table shown below 

shows there are different odometer reading for different vehicles collected some of them are very 

high than the number of sampled vehicles some of them are lower than the sampled vehicles. But 

high odometer vehicle emit more too because odometer determine the number of trips and 

distance travel. 

 

 

 

 

 

 

 

 

0
5

10
15
20
25
30
35
40
45
50

E
m

is
si

on
(g

ra
m

/m
ile

)

Engine Size of Diesel Vehicles



Table 10 Emission relation with odometer (mileage) of diesel vehicles 

 

 

 

 

 

 

 

 

 

 

Figure 18 Emission relations with odometer (mileage) of diesel vehicles. 
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Emission 

calculation(gram/mile) 

AU 10 134387.00886 1343870.0886 

Bole 3 193166.72622 579500.17866 

Carle square 7 149351.87436 1,682,431.8 

Gerji 5 169691.2906 848456.453 

Gemu 3 235630.90304 706892.70912 

Gurd shoal 8 89002.43846 712019.50768 

MND 5 273879.68868 1369398.4434 

Mexico square 10 100510.2072 1005102.072 

Kality 13 141275.35214 1836579.57782 

Kera 3 177293.4982 531880.4946 

Mechanisa 7 111459.8966 780219.2762 

Saris 6 74823.30399 448939.8239 



4.5 EMISSION VARIATION STUDY ANALYSIS AT 2500RPM AND AT IDLE 

4.5.1 EMISSION VARIATION WITH ENGINE SIZE OF GASOLINE VEHICLE AT 

2500RPM 

Gasoline vehicles with large engine size had better amount of HC emission  but the gasoline 

vehicle with small engine size had better HC and CO2 value compare to those who are in large 

engine size of vehicles this is due to the incomplete combustion increase in small engine size 

gasoline vehicles due to temperature difference inside the engines cause those variation and 

make them to have high HC on higher engine size gasoline vehicles this happen during 

2500RPM condition oxidizer (usually air) in a combustion chamber is very low on small engine 

size gasoline vehicles . The table and the figure shown below also show that. 

Table 11 Emission variation with engine size of Gasoline vehicle at 2500RPM 

Fuel type Veh_Eng_Size Pollutants (ppm) 

CO CO2 HC O2 

Gasoline 

 

1.2cc-1.8cc 7.59 161.6 568.2 4.67 

2cc-2.8cc 4.58 10 616.9 3.32, 

3cc-4.3cc 5.07 40.4 419.3 3.52 

380cc-1996cc 5.86 11.6 1157.3 3.31 

3636cc-8264cc 5.44 9.8 561.2 6.18 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Oxidizer
https://en.wikipedia.org/wiki/Combustion_chamber


Figure 19 Emission variations with engine size of Gasoline vehicle at 2500RPM 

 

 

4.5.1.1 EMISSION VARIATION WITH ENGINE SIZE OF GASOLINE VEHICLE AT 

IDLE 

During idling of gasoline vehicles there is better  amount of emission of HC and O2  emission on 

small size engine vehicles on the other hand big engine size vehicles during idling they emit 

more O2 and HC in to the air but lower CO and CO2  emission for both engine size. This may 

sometimes happen due to the maintenance problem of engines and during air fuel mixing system 

problem. The table and the figure shown below give more clarification. 

Table 12 Emission variation with engine size of Gasoline vehicle at Idle 

Fuel type Veh_Eng_Size Pollutants (ppm) 

CO CO2 HC O2 

 

 

Gasoline 

 

 

1.2cc-1.8cc 3.74 9.91 864.6 2.52 

2cc-2.8cc 4.91 8.98 826.4 10.59 

3cc-4.3cc 4.89 9.47 646.8 4.47 

380cc-1996cc 5.88 8.24 880.6 3.29 

3636cc-8264cc 6.62 8.56 1270.4 5.15 
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Figure 20Emission variations with engine size of Gasoline vehicle at Idle 

 
 

During idling even high engine size gasoline vehicles have great emission of HC this is due to 

the chemical content of the gasoline fuel, shortage of the O2 and incomplete combustion of the 

fuel than the small engine size. 

4.5.1.2 EMISSION VARIATION WITH ENGINE SIZE OF DIESEL VEHICLE AT 

2500RPM 

Diesel engines produce more torque than petrol engines for a given displacement due to their 

higher compression ratio this is due to the higher pressure in the cylinder and higher forces on 

the connecting rods and crankshaft strength and heavier components. Heavier rotating 

components prevent diesel engines from revving as high as petrol engines for a given 

displacement of the engine system. Diesel vehicles during 2500RPM with smaller engine size 

had great emitting capacity of O2 and HC because the temperature inside the engine increase 

cause them crank case emission this type of emission is evaporate by collapsing the piston 

reaction by increasing speed than big engine size vehicles but both engine size are similar on 

having lower CO and CO2. The table and also the figure shown below realize that too. 
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Table 13 Emission variation with engine size of Diesel vehicle at 2500RPM 

 

 

 

 

 

Figure 21 Emission variations with engine size of Diesel vehicle at 2500RPM 

 

 

4.5.1.3 EMISSION VARIATION WITH ENGINE SIZE OF DIESEL VEHICLE AT IDLE 

The maximum amount of power generated by an engine is determined by the maximum amount 

of air ingested. Medium engine size diesel vehicles are well known in emitting the HC during 

idling time or condition this is because of the ambient impact like temperature and wind are the 

reasons for them that during the idling means during slow speed there are also entering air 

through the tailpipe of the vehicles that increase the reactivity those pollutant to escape from 

them. When a diesel engine runs at idle, enough oxygen is usually present to burn the fuel 

completely than those from petrol vehicles; diesel engine power is directly controlled by the fuel 

Fuel 

type 

Veh_Eng_Size Pollutants (ppm) 

CO CO2 HC O2 

 

 

Diesel 

 

 

1.3cc-1.8cc 3.88 11.04 771.1 4.65 

2cc-2.5cc 2.37 11.02 907.1 11.30 

3cc-3.5cc 3.77 8.41 537 9.63 
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supply, not by control of the air/fuel mixture as in conventional gasoline engines. As a result of 

these differences, diesel engines generally produce a different array of pollutants than spark-

driven engines. 

Table 14 Emission variation with engine size of Diesel vehicle at Idle 

Fuel type Engine size Pollutants (ppm) 

CO CO2 HC O2 

Diesel 1.3cc-1.8cc 2.64 10.12 721.4 5.76 

2cc-2.5cc 2.79 9.69 763.4 11.60 

3cc-3.5cc 2.4 12.15 2179.6 11.54 

12R-1800cc 2.02 7.31 125.7 10.04 

2445cc-4164cc 2.71 12.02 22.6 16.51 

 

Figure 22 Emission variations with engine size of Diesel vehicle at Idle. 
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4.5.2 EMISSION VARIATION NUMBER OF PISTON WITH GASOLINE AND DIESEL 

VEHICLES AT 2500RPM 

The main function of piston is to control the fuel inlet and out let of combusted gas from the 

engine of the vehicles. The number of piston is limited based on the type of the vehicle for all 

heavy duty truck there is 6 piston inside the cylinder on the other hand for the passenger truck it 

is 4 piston inside the cylinder of the vehicles. Most gasoline vehicles with piston number with 4 

and 6 emit more HC during 2500RPM than diesel vehicles with 4 one and they also have better 

CO2 for further see the table and figure shown below. 

Table 15 Emission variation Number of piston with Gasoline and Diesel vehicles at 2500RPM 

 

Fuel type 

 

Num_Piston 
Pollutants (ppm) 

 

CO 

 

CO2 

 

HC 

 

O2 

Diesel 4 2.84 10.4 517.3 4.24 

Gasoline 4 5.28 39.8 642.7 3.85 

 6 4.91 10.12 540.7 2.32 

 

Figure 23 Emission variations Number of piston with Gasoline and Diesel vehicles at 2500RPM 
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5.2.1EMISSION VARIATION NUMBER OF PISTON WITH GASOLINE AND DIESEL 

VEHICLES AT IDLE 

When comparing  the diesel vehicles  with number of piston  4 had low emission during idling 

but the gasoline vehicle with piston number 6 had more better emission of HC during idling so 

from this the piston number 6 valued gasoline vehicles are very risky on emitting those 

dangerous pollutant to the air than diesel ones. 

Table 16 Emission variation with Number of piston Gasoline and Diesel vehicles at Idle 

Fuel type Num_Piston Pollutants(ppm) 

CO CO2 HC O2 

Diesel 4 2.53 9.87 531.9 9.68 

Gasoline 4 4.98 9.02 782.7 4.24 

 6 5.16 9.15 830.7 3.32 

 

Figure 24 Emission variations with Number of piston of Gasoline and Diesel vehicles at Idle 
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were inspected the private ones so from the observation the data analyzed in two table and figure 

show there is high amount of pollutant emission especially HC and CO2 at 2500rpm of heavy 

duty trucks of gasoline vehicles than passenger gasoline vehicles due to load effect of heavy duty 

trucks. 

Table 17 Emission variations with vehicle type at 2500RPM 

 

 

 

 

Figure 25 Emission variations with vehicle type at 2500RPM 

 

5.2.3 EMISSION VARIATIONS WITH VEHICLE TYPE AT IDLE 

During idling of gasoline passenger vehicles and heavy duty truck of gasoline vehicle there is 

CO2 emission but there is great emission of HC during idling of both passenger and heavy duty 

truck of gasoline vehicles this is due to the weak action of the piston, poor engine performance 

and load of the vehicles were the main reason for that and the table and the figure also modify 

those ideas. 
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Table 18 Emission variations with vehicle type at idle 

Vehicle 

type 

Pollutants (ppm) 

CO CO2 HC O2 

P/T/D 2.53 9.87 531.9 9.68 

P/T/G 4.98 9.02 782.7 13.93 

H/D/T/G 5.01 9.28 830.7 4.29 

 

Figure 26 Emission variations with vehicle type at idle. 

 

5.3.1 EMISSION VARIATIONS WITH AGE OF VEHICLES AT 2500RPM 

The age of the vehicle cause great variation during 2500RPM most vehicles whose ages are more 

than 20 are very polluter and main sources of CO, HC and O2 of gasoline vehicles on other hand 

the age has great impact on diesel vehicles and reason for them on having high, HC as the age 

increase the emission of those pollutant also increase. The data also show that more current age 

(young vehicles had low HC, CO and CO2 values compare to the old ones). 
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Table 19 Emission variations with age of vehicles at 2500RPM 

 

 

 

 

 

 

 

 

Average  age  

of 

gasoline  

vehicles 

Average polutant readings (ppm) at 25000RPM 

for  gasoline vehicles 

Average  

age  of 

diesel  

vehicles 

Average polutant readings (ppm) at 25000RPM 

for  diesel vehicles 

 HC CO CO2 O2  HC CO CO2 O2 

13.9 389.1 4.65 12.4 2.72 10.14 264.3 2.09 8.2 7.62 

15.8 510 9.58 361.8 9.42 3.01 73.6 0.07 10.02 0.36 

15.8 444.6 2.67 10.10 4.82 7.05 524 1.46 13.16 8.48 

16.8 300.7 6.53 7.44 2.11 5.06 597.8 8.28 15.14 1.61 

18.8 297.3 4.64 9.95 4.66 3.01 264.3 2.09 8.2 7.62 

19.8 712.2 4.94 11.68 1.52 8.07 597 3.23 16.76 15.87 

19.8 345.5 5.07 11.46 1.81 5.05 296.9 4.79 9.47 3.95 

20.7 1595.1 5.77 8.18 4.69 10.01 1049.3 2.95 8.39 6.67 

20.7 771.3 4.48 11.04 3.64 13.12 27.3 2.4 4.79 13.52 

20.8 798.4 3.85 12.25 1.47 3.03 109.6 0.12 5.94 11.8 

21.7 294.2 5.76 9.37 3.33 7.06 36.57 1.13 4.44 15.39 

21.7 710.5 4.50 8.60 4.09 6.05 4.16 1.8 12.89 16.02 

22.7 609.9 4.56 9.82 4.17 10.14 264.3 2.09 8.2 7.62 

23.6 553.2 4.59 11.46 1.38 3.01 73.6 0.07 10.02 0.39 

27.7 873.7 4.04 10.32 4.08 7.05 524 1.46 13.16 8.48 

32.7 445.9 6.36 9.37 4.51 10.14 264.3 2.09 8.2 7.62 

39.7 707.9 4.82 9.89 2.91      



Figure 27 Emission variations with age of vehicles at 2500RPM 
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The finding of the emission variation with age of both gasoline and diesel vehicle during idling 

show the pollutants distribution O2, CO and CO2 and HC depend on age and realize that this is 

due to most old vehicles engine reduce their performance through age and reduction of piston, 

crankshaft piston head power and torque efficiency reduction for them and shows great effect for 

both fuel types of vehicles for further see the table and the figure shown below. 

0
200
400
600
800

1000
1200
1400
1600
1800

Em
iss

io
n 

V
ar

ia
tio

n(
pp

m
)

Age of Gasoline Vehicles

O2 CO2 CO HC

0

200

400

600

800

1000

1200

E
m

is
si

on
 V

ar
ia

tio
n(

pp
m

)

Age of Diesel Vehicles

O2 CO2 CO HC



Table 20 Emission variations with age of vehicles at Idle 

Average  
age  of 

vehicles 

Average pollutant readings  (ppm) at Idle Average  
age  of 

vehicles 

Average pollutant readings (ppm) at Idle 

 HC CO CO2 O2  HC CO CO2 O2 

3.01 73.6 0.07 10.02 0.39 13.9 711 4.83 11.31 4.09 

3.01 264.3 2.09 8.2 7.62 15.8 473.7 2.92 6.26 2.51 

3.03 90.6 0.12 5.94 11.8 15.8 556.4 2.82 8.91 6.5 

5.05 296.9 4.79 9.47 3.95 16.8 721.6 5.59 7.83 3.1 

5.06 109.8 8.28 15.14 1.61 18.8 840.6 5.21 8.78 6.18 

6.05 191.6 1.8 12.89 16.02 19.8 1005.1 5.52 10.76 2.98 

7.05 502.4 1.46 13.16 8.48 19.8 799.8 5.97 10.55 3.26 

7.06 326.57 1.13 4.44 15.39 20.7 1065.2 5.67 7.38 5 

8.07 597 3.23 16.76 15.87 20.7 779.6 6.67 12.2 4.34 

10.14 864.3 2.09 8.2 7.62 20.8 852.6 3.65 11.23 2.63 

13.12 970.3 5.4 4.79 13.52 21.7 494.6 5.37 8.43 3.54 

     21.7 844.7 3.91 8.02 5.01 

     22.7 1053.5 5.58 8.48 44.6 

     23.6 786.1 3.48 10.39 2.16 

     27.7 1166.6 5.03 7.99 6.21 

     32.7 1606.3 6.73 8.74 4.19 

     39.7 1836.7 5.41 10 4.83 

 

 

 

 

 

 

 

 

 

 



Figure 28 Emission variations with age of vehicles at Idle 
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This comparison is needed to show which fuel type emit more pollutant during idling and 

25000RPM (high speed) so from the data collected and organized below clarify that most 
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diesels one but it is not denied that there better emission of CO2 and O2during idling of diesel 

vehicles. 

Table 21 Emission comparison versus Average pollutant vehicle exhausts gas emission of 

gasoline and diesel vehicles in both case either in 2500RPM or Idle. 

Vehicle  Exhaust pollutants (ppm) at 

Idle 

Average pollutant reading for diesel 

vehicles 

Average pollutant reading for 

Gasoline vehicles 

CO  253 501 

CO2  987 905 

O2  968 650 

HC 531.9 793.9 

Figure 29 shows the diesel and gasoline vehicles average pollutant emission at idle.  

 

The above figure show that there is high amount of emission of CO and HC reading during the 

idling of gasoline vehicles this is mainly because of when idling the gasoline vehicle the piston 

descending the combustion gases performance and due to the reduction of the crankcase 

pressure. On other hand there is high emission reading of CO2and O2 during idling of diesel 

vehicles because of high air fuel system of this kind of vehicles.  
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Table 22 Emission comparison versus Average pollutant vehicle exhausts gas emission of 

gasoline and diesel vehicles at 2500RPM 

 

 

 

 

Figure 30 shows the gasoline and diesel vehicles average pollutant emission at 2500RPM. 

 

 

This figure shows that there is high amount of CO and CO2 emission from gasoline vehicles and 

there is high emission of O2 and HC emission of diesel vehicles at high speed observation result 

due to the reduction of ventilation system inside the cylinder of gasoline vehicle than the diesel 

vehicles. But during normal drives the small amount of gases that escape past the pistons during 

normal operation (the blow-by gases) out of the crankcase so that it does not accumulate 

contaminating things to the oil and creating corrosion. Generally Emissions from diesel vehicles 

are to be significantly more harmful than those from petrol vehicles because of the diesel 

combustion exhaust is a source of atmospheric soot and fine particles, which is a component of 

Vehicle Exhaust 

pollutants (ppm) 

at 2500RPM 

Average pollutant reading 

for 
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Average pollutant reading for  Diesel 
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HC 616.9 877 
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the air pollution implicated in human cancer, heart and lung damage, and mental functioning. 

Moreover, diesel exhaust contains contaminants listed as carcinogenic for humans. 

 

CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion 

This study on its ambient air quality inspection found that high amount of  emission of (CO,HC 

and PM)  were recorded due to the congestion and traffic volume of heavy duty gasoline and 

diesel vehicles and road side vehicle inspection study from the inspection of  416 gasoline and 99 

diesel vehicle result using  bridge four gas analyzer shows that high amount of HC and CO2 

observed from gasoline vehicles , high amount of O2 observed from diesel vehicles this is due to 

improperly functioning of motor vehicles and shows this is very risky because this are main 

reason for the cause of photochemical smog existence and increase the ozone concentration too. 

Motor vehicle emissions are major contributors to environmental damage of Addis Ababa city.   

5.1.1Recommendation 

The following suggestions are recommended for further investigation. 

 Develop PPM (PROMOTION, PREVENTION, and MITIGATION). 

 Develop the environmental technology centre (ETC) in the city with well equipped 

laboratories, to develop the capacity of ambient air quality especially traffic air pollution 

related researches. 
 Control vehicle growth and control their quality during importation too. 

 Formulating national standard for vehicle exhaust gas emission. 

 Develop well organize vehicle inspection institutions. 

 Encourage the plantation program near to road especially on high traffic volume and congested 

areas. 

 Maintain your car including regular oil changes and checking the tire pressure. 

 Avoid revving the car engine. 



 Reduce the amount of use of car or preferring Walk or bike. 

Finally the joint effort of AATA and AAEPA needed and must work together to reduce the 

vehicle related pollution risk on environment. 
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Appendix A Ambient Inspection Data for kera,megenagna and urael sites 

 

 

 

 

 

 

Date  of data 
collection 

Daily  
HC(ppm) 
pollutant 

reading for  
kera 

Date  of data 
collection 

Daily  
HC(ppm) 
pollutant 

reading for  
megenagna 

Date  of data 
collection 

Daily 
HC(ppm) 
pollutant 

reading for 
urael 

Feb -15 932 Feb -08 996.8 Feb -22 981 
Feb -16 990 Feb -09 996.8 Feb -23 1054 
Feb -17 1142 Feb -10 997.4 Feb -24 1347 
Feb -18 1212 Feb -11 997.5 Feb -25 405 
Feb -19 679 Feb -12 996.1 Feb -26 1526 

Date  of data 
collection 

Daily 
PM(mg/m3) 

pollutant 
reading for  

kera 

Date  of data 
collection 

Daily  
PM(mg/m3) 

pollutant 
reading for  
megenagna 

Date  of data 
collection 

Daily 
PM(mg/m3) 

pollutant 
reading for 

urael 
Feb -15 172 Feb -08 822.7 Feb -22 110 
Feb -16 156 Feb -09 818.4 Feb -23 110 
Feb -17 260 Feb -10 820.4 Feb -24 85 
Feb -18 126 Feb -11 822.7 Feb -25 80 
Feb -19 106 Feb -12 818.2 Feb -26 47 

Date  of data 
collection 

Daily 
CO(ppm) 
pollutant 

reading for  
kera 

Date  of data 
collection 

Daily   
CO(ppm) 
pollutant 

reading for  
megenagna 

Date  of data 
collection 

Daily 
CO(ppm) 
pollutant 

reading for 
urael 

Feb -15 451 Feb -08 386.4 Feb -22 365 
Feb -16 420 Feb -09 386.7 Feb -23 422 
Feb -17 332 Feb -10 384.7 Feb -24 332 
Feb -18 386 Feb -11 384.8 Feb -25 928 
Feb -19 472 Feb -12 384.8 Feb -26 928 



Appendix B Road side vehicle inspection data for gasoline vehicles 

Date 
of 
data 
collect
ion 

Site Veh_Mo
d_Year 

Veh_Mo
d_Name 

Veh_M
ake 

Veh_
Type 

Veh_L
ic 

Veh_E
ng_Size 

Num_
Piston 

Fuel_
Type 

Odo_me
ter_Rdg 

CO(PPM)
2500RPM 

CO(PP
M)Idle 

CO2(PPM)
2500RPM 

CO2PP
M)Idle 

O2(PPM)2
500RPM 

O2(PP
M)Idle 

HC(PPM)
2500RPM 

HC(PP
M)Idle 

March 
14/03
/2016 

Aut
obis 
tera 

2003 Truck sinotru
k 

H/D
/t 

3et575
776 

2.5 6 Gasol
ine 

150980 10.26 10.34 15.6 23.05 0.23 0.22 167 364 

March 
14/03
/2016 

Aut
obis 
tera 

2004 minitrac
k 

isusutr
uck 

H/D
/t 

3aa49
417 

2.5 6 Gasol
ine 

134769 0.03 0.07 15.51 15.56 0.11 0 0 0 

March 
14/03
/2016 

Aut
obis 
tera 

2009 Picup nisan p/t 2aaa43
837 

2.8 4 Gasol
ine 

222490 8.15 8.05 9.96 5.58 0.33 5.71 202 585 

March 
14/03
/2016 

Aut
obis 
tera 

2002 Minbus D4Dtoy
ota 

p/t 2aaa12
162 

2.8 4 Gasol
ine 

431897 6.99 4.64 5.82 7.6 5.9 6.9 4653 4208 

March 
14/03
/2016 

Aut
obis 
tera 

2006 Picup toyota p/t 4et015
82 

2.4 4 Gasol
ine 

259124 8.84 7.35 9.85 10.64 0.42 0.5 513 319 

March 
14/03
/2016 

Aut
obis 
tera 

1997 Landcros
er 

tyotatur
bo 

p/t 3aa04
696 

4.3 4 Gasol
ine 

43902 3.84 10.8 13.75 8.35 0.42 6.36 159 581 

March 
14/03
/2016 

Aut
obis 
tera 

2006 fotdntruc
k 

fotdntr
uck 

H/D
/t 

3aa722
54 

4.1 6 Gasol
ine 

343003 10.37 11.34 8.56 7.02 0.58 1.32 457 1934 

March 
14/03
/2016 

Aut
obis 
tera 

2001 minibus toyota p/t 3aaa01
443 

2.8 4 Gasol
ine 

545667 0.01 0.01 14.98 14.48 0.22 0.9 52 48 

March 
14/03
/2016 

Aut
obis 
tera 

2013 truck isusu H/D
/t 

3aaa0
0040 

4.2 6 Gasol
ine 

317071 3.65 0.27 15.58 17.94 0 0 170 407 

March 
14/03
/2016 

Aut
obis 
tera 

2004 landcros
er 

toyota p/t 3aa82
8447 

2.5 4 Gasol
ine 

192249 7.36 5.63 10.98 12.14 0.34 0.36 357 1419 

March 
14/03
/2016 

Aut
obis 
tera 

1997 minibus toyota p/t 1aa160
65 

4.1 4 Gasol
ine 

528550 1.8 8.75 13.03 8.08 1.08 1.37 562 1401 

March 
14/03
/2016 

Aut
obis 
tera 

1990 landcros
er 

nisanla
ncroser 

p/t 3aa60
374 

2.4 4 Gasol
ine 

293139 0.68 0.38 14.85 14.8 0.5 0.44 254 424 

March 
14/03
/2016 

Aut
obis 
tera 

1998 minibus polfinm
inibus 

p/t 3aaa07
306 

4.3 4 Gasol
ine 

34386 8.3712 11.04 9.46 7.01 2.39 2.83 1549 2268 

March 
14/03
/2016 

Aut
obis 
tera 

1996 landcros
er 

toyota p/t policea
a0053 

1.2 4 Gasol
ine 

281910 8.501 10.15 7.28 5.55 4.9 5.01 3116 2593 

March 
14/03
/2016 

Aut
obis 
tera 

1992 picup toyota p/t 3aaa05
914 

2.4 4 Gasol
ine 

290636 0.3 2.55 9.22 8.04 8.11 8.05 1105 511 

March 
14/03
/2016 

Aut
obis 
tera 

2014 truck isusutr
uck 

H/D
/t 

3aa99
672 

2.4 6 Gasol
ine 

509025 4.45 9.53 10.08 0.01 2.4 10.7 377 1360 

March 
14/03
/2016 

Aut
obis 
tera 

1986 picup toyota p/t 3aa655
96 

4HG1 4 Gasol
ine 

126249 12.2 0.58 5.22 10.2 0.83 6.86 124 113 

March 
14/03
/2016 

Aut
obis 
tera 

1990 picup 4WDpi
cup 

p/t 2aa60
601 

3 4 Gasol
ine 

501336 1.8 8.75 13.08 8.08 1.08 1.37 362 1401 

March 
14/03
/2016 

Aut
obis 
tera 

1986 picup toyota p/t 3aa972
90 

2.5 4 Gasol
ine 

101130 0.23 0.09 15.6 15.7 0.33 0.18 21 124 

March 
14/03
/2016 

Aut
obis 
tera 

2009 truck isusuFS
R 

H/D
/t 

3aa753
54 

4HG1 6 Gasol
ine 

205587 1 0.12 15.21 15.37 0.33 0.634 45 42 

March 
14/03
/2016 

18 2010 truck isusutr
uck 

H/D
/t 

3aa626
86 

4.1 6 Gasol
ine 

343620 7.29 8.56 11.26 6.57 0.39 4.42 247 395 

March 
14/03
/2016 

18 2004 truck isusutr
uck 

H/D
/t 

3ae146
70 

2.4 6 Gasol
ine 

162278 8.2 5.47 10.43 9.53 7.07 7.071 240 1408 

March 
14/03
/2016 

18 2006 picup toyota p/t 2aa82
082 

2.4 4 Gasol
ine 

503771 2.8 10.75 16.08 10.08 2.08 2.36 421 1546 

March 
14/03
/2016 

18 1995 minibus toyota p/t 4et038
89 

2.8 4 Gasol
ine 

189011 0.02 0.02 15.87 16 2.02 3 0.01 0 

March 
14/03
/2016 

18 1995 toyota minibu
s 

p/t 3aa787
71 

4HG1 4 Gasol
ine 

180433 5.95 11.36 10.3 6.03 0.85 1.15 683 1813 

March 
14/03
/2016 

18 2011 citybus isusuFS
Rbus 

p/t 3aa786
91 

2.4 4 Gasol
ine 

237142 5.22 5.84 11.06 8.93 0.53 1.85 301 781 

March 
14/03
/2016 

18 2008 toyota sup.pic
up 

p/t 3aaa03
822 

2.8 4 Gasol
ine 

30748 0.21 0.01 15.22 15.65 0.13 0.02 64 44 

March 
14/03
/2016 

18 1998 toyota Hilux p/t 3et330
68 

4.3 4 Gasol
ine 

118643 7.89 8.84 13.39 10.94 16.55 25.25 165 210 

March 
14/03
/2016 

18 2000 isusutruc
k 

isusutr
uck 

H/D
/t 

3aa04
499 

2.5 6 Gasol
ine 

258809 4.85 5.25 12.47 11.83 0.57 1.19 255 616 

March 
14/03
/2016 

18 2006 minibus D4Dtoy
ota 

p/t 3aaa06
507 

4.1 4 Gasol
ine 

230794 11.76 4.92 7.07 12.08 1.2 1.11 907 935 

March 
14/03
/2016 

18 1999 landcros
er 

toyota p/t 4et110
42 

4.1 4 Gasol
ine 

383439 4.98 3.14 10.53 9.95 0.82 3 231 452 

March 
14/03
/2016 

18 1997 picup toyota p/t 3aa662
28 

2.5 4 Gasol
ine 

278993 4.91 2.82 10.77 11.72 2.94 3.85 1726 1371 

March 
14/03
/2016 

18 2013 minibus toyota p/t 4et184
86 

2.5 4 Gasol
ine 

264019 0.3 0.21 15.06 15.1 1.53 1.23 103 173 

March 
14/03
/2016 

18 2002 truck isusutr
uck 

H/D
/t 

3or137
46 

4HG1 6 Gasol
ine 

211970 0.75 0.55 14.19 14 1.45 1.89 105 211 

March 
16/03
/2016 

Sar
bet 

1996 picup toyota p/t 35ao12
36 

3 4 Gasol
ine 

428563 2.94 0.29 12.53 13.84 0.71 0.97 195 199 

March 
16/03
/2016 

Sar
bet 

2001 minibus toyota p/t 3aa562
04 

2.8 4 Gasol
ine 

366045 0.47 0.44 16.06 16.04 0.51 0.41 21 41 

 



Appendix c Road Side Diesel Vehicle Inspection Data Analysis 

Date 
of 
data 
colle
ction 

Site Veh_
Mod_
Year 

Veh_M
od_Na
me 

Veh
_Ma
ke 

Veh
_Ty
pe 

Veh_
Eng_S
ize 

Num
_Pist
on 

Fuel
_Ty
pe 

Odo_m
eter_R
dg 

CO(PPM
)2500RP
M 

CO(P
PM)I
dle 

CO2(PP
M)2500
RPM 

CO2(P
PM)Id
le 

O2(PPM
)2500R
PM 

O2(P
PM)I
dle 

HC(PPM
)2500RP
M 

HC(P
PM)I
dle 

Marc
h 
17/0
3/20
16 

ge
mu 

1989 Cor toyo
ta 

p/t 2.1l 4 Dies
el 

12345 0 0 0 0 21.044 21.1 0 0 

Marc
h 
17/0
3/20
16 

ge
mu 

1984 Vitz toyo
ta 

p/t 1.3 4 Dies
el 

625236 0.02 0.02 14.82 14.03 0.34 1.23 8 24 

Marc
h 
17/0
3/20
16 

ge
mu 

1958 Deluxe dalc
en 

p/t 1425cc 4 Dies
el 

50000
0 

9.71 6.27 8.28 10.59 0.61 0.54 619 769 

Marc
h 
25/0
3/20
16 

Nat
ion
al 
def
ens
e 

1983 Cor toyo
ta 

p/t 1.3 4 Dies
el 

493198 8.66 10.41 9.24 7.55 0.32 0.69 484 12.42 

Marc
h 
25/0
3/20
16 

Nat
ion
al 
def
ens
e 

2007 Defend
ed 

toyo
ta 

p/t 1.3 4 Dies
el 

850505 0.09 0.06 4.66 4.07 15.73 16.33 13 6 

Marc
h 
25/0
3/20
16 

Nat
ion
al 
def
ens
e 

2000 Corolla toyo
ta 

p/t 1.3 4 Dies
el 

277002 6.68 6 11 11.46 0.25 0.15 222 319 

Marc
h 
25/0
3/20
16 

Nat
ion
al 
def
ens
e 

1990 Corolla toyo
ta 

p/t 1.3 4 Dies
el 

154000 8.11 6.68 10.04 10.29 0.3 1.03 446 814 

Marc
h 
25/0
3/20
16 

Nat
ion
al 
def
ens
e 

1990 Corolla toyo
ta 

p/t 1.3 4 Dies
el 

429026 0.85 0.8 14.54 13.99 0.98 1.59 89 330 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

2005 Vitize toyo
ta 

p/t 1.3 4 Dies
el 

179376 0.01 0.01 15.7 15.35 0 0.07 330 376 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

1982 Erios daih
atis 

p/t 1.3 4 Dies
el 

22000
0 

0.03 0.01 15.54 0.18 0 20.91 1891 1769 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

1992 Corolla toyo
ta 

p/t 1.3 4 Dies
el 

229071 0.95 0.88 13.72 13.94 1.7 1.49 586 1675 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

1988 Picup toyo
ta 

p/t 1.3 4 Dies
el 

515365 9.08 6.67 15.4 14.9 2 1 57 59 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

1970 Corolla engl
adfo
rd 

p/t 3Y 4 Dies
el 

43980 3.19 4.88 6.5 6.81 3.49 5.04 937 1885 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

2006 Corolla toyo
ta 

p/t 1.6 4 Dies
el 

60878 0.02 0.01 11.48 5.67 2.12 7.97 1391 1718 

Marc
h 
18/0
3/20
16 

Mix
ico 
squ
are 

1986 Corolla lada p/t 2NE 4 Dies
el 

46437 1.82 1.86 14.88 11.33 0.25 5.04 162 183 

 



Appendix D High speed way data analysis 
Date 

of data 

collect

ion 

Veh_Mod

_Year 

Veh_Mod_

Name 

Veh_

Make 

Driv

ing 

spee

d 

Veh_Eng

_Size 

Num_P

iston 

Fuel_

Type 

Odo_mete

r_Rdg 

CO(PPM)25

00RPM 

CO(PP

M)Idle 

CO2(PPM)2

500RPM 

CO2(PP

M)Idle 

O2(PPM)25

00RPM 

O2(PP

M)Idle 

HC(PPM)25

00RPM 

HC(PP

M)Idle 

March 

25/03/

2016 

1990 EE90L toyota 80 1295cca 4 Gasoli

ne 

21088 3.2 3.47 5.13 3.53 4.07 4.07 140 148 

March 

25/03/

2016 

1958 deluxe dalcen 80 1425cc 4 Diesel 5000 6.71 6.27 8.28 10.59 0.61 0.54 619 769 

March 

25/03/

2016 

1997 ATOZ HYU

NDA 

140 997cc 4 Gasoli

ne 

26834 6.04 5.01 4.18 0.06 1.96 0.27 1331 654 

March 

25/03/

2016 

2000 Vitize toyota 120 997cc 4 Gasoli

ne 

27281 4.9 3.8 9.89 8.83 7.88 10.55 1094 614 

March 

25/03/

2016 

1989 A1217A mistib

ushi 

120 1285cc 4 Gasoli

ne 

96548 5.12 5.1 14.43 14.45 0.33 0.23 41 78 

March 

25/03/

2016 

2005 vitize toyota 120 1.3 4 Diesel 79376 0.01 0.01 15.7 15.35 0 0.07 330 376 

March 

25/03/

2016 

1982 erios daihati

s 

80 1.3 4 Diesel 22000 0.03 0.01 15.54 0.18 0 20.91 1891 1769 

March 

25/03/

2016 

1992 corolla toyota 80 1.3 4 Diesel 29071 0.95 0.88 13.72 13.94 1.7 1.49 586 1675 

March 

25/03/

2016 

1988 picup toyota 80 1.3cc 4 Diesel 15365 9.08 6.67 15.4 14.9 2 1 57 59 

March 

25/03/

2016 

1997 ATOZ HYU

NDA 

80 997cc 4 Gasoli

ne 

26834 6.04 5.01 4.18 0.06 1.96 0.27 1331 654 

March 

25/03/

2016 

1992 EEBOL toyota 120 1.3 4 Gasoli

ne 

14958 3.65 0.27 5.58 7.79 0 0 170 407 

March 

25/03/

2016 

1984 ISUZU KB ISUZ

U 

120 1.2 4 Gasoli

ne 

52342 6.12 4.43 2.17 5.99 0.4 3.16 1045 4367 

March 

25/03/

2016 

1985 EEBOLEE

KDSW 

toyota 120 1295cc 4 Gasoli

ne 

58281 7.19 7.69 9.27 8.4 2.08 2.52 1286 1192 

March 

25/03/

2016 

1987 RX5DL toyota 80 1972cc 4 Gasoli

ne 

42458 8.52 8.43 10.23 5.51 5.99 11.55 1336 3559 

March 

25/03/

2016 

1985 Honda Honda 80 1298cc 4 Gasoli

ne 

92177 0.38 1.35 4.81 4.31 1.57 1.14 0 307 

March 

25/03/

2016 

2008 PICANTO toyota 120 997cc 4 Gasoli

ne 

53173 1.12 0.95 4.87 4.75 0.71 0.7 170 179 

March 

25/03/

2016 

1990 ETDO1V toyota 80 1996cc 4 Gasoli

ne 

99370 6.05 5.02 4.47 3.53 2.14 7.2 420 720 

March 

25/03/

2016 

2010 vitara toyota 120 997cc 4 Diesel 181065 0.61 1.07 3.94 2.67 13.91 13.42 94 145 

March 

25/03/

2016 

2011 vits chevro

let 

120 1.3 4 Diesel 150980 0.03 1.71 2.32 3.05 12.4 15.38 210 408 

March 

25/03/

2016 

1985 corolla toyota 80 1.6 4 Diesel 134769 0.3 0.03 4.77 2.75 0.04 3.01 360 485 

March 

25/03/

2016 

1984 Chevrolet toyota 120 1.3 4 Diesel 222490 0.01 2.41 5.82 5.96 0.09 0.52 340 393 

March 

25/03/

2016 

2006 corolla toyota 120 1.3 4 Diesel 431897 0.69 0.27 7.74 4.06 0.87 6.2 436 1210 

March 

25/03/

2016 

2005 corolla toyota 80 1.3 4 Diesel 259124 5.34 0.21 7.56 7.15 5.38 4.2 479 940 

March 

25/03/ 

2006 corolla toyota 80 1.8 4 Diesel 3902 5.12 0.06 13.3 12.5 3.2 0.41 218 213 



 

 

 

  

 


