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[bookmark: _Toc13467621]ABSTRACT
In cities like Addis Ababa, due to the increase of population and rapid spatial expansion of urban area generate travel demand, which directly causes motorization in urban areas.  The increase of motorization in urban areas directly affects the quality of the urban environment, especially it deteriorate air quality due to continuous increase in traffic congestion and fuel consumption (more emission). The corridor from Torhailoch to Ayat is one of the congested routes in the city through which both LRT and road public transport give regular services. The aim of this study is to investigate air quality at public transport stations and its health effects along the major route from Torhailoch to Ayat focusing on measuring the concentration of Pm2.5, Pm10, AQI (US) and CO2. Observation, interview questionnaires and field measurements were used to collect the data and concentrations of air pollutants near public transport stations.  It was found that increasing vehicle population in the city contributes the high levels of PM2.5, PM10, AQI and CO2. High concentrations of PM2.5, PM10 and AQI were found during rush hours compared to off peak hours. The maximum 30minutes average concentrations of PM2.5 were found to be 89µg/m3 during peak hours and 61µg/m3 during off peak hours, which is far exceeding the WHO air quality standard (35.4µg/m3 which is unhealthy state). Factors contributing to high level of air pollutants are vehicular traffic congestions, road gradients, road side enclosure, vehicle types and road surface quality of the areas. Therefore, it was recommended that, the city government should encourage zero emission vehicles, provision of efficient public transport and green development along the street in order to reduce the current condition of transport related air pollutants.




Key Words: Air, pollutant, quality, Particulate Matters,  transport,  stations and  congestion.
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[bookmark: _Toc13467625][bookmark: _Toc5884860]CHAPTER ONE
[bookmark: _Toc13467626]INTRODUCTION
1.1. [bookmark: _Toc1569770][bookmark: _Toc5884861][bookmark: _Toc13467627]Background of the Study
Currently, the quality of air is becoming a serious issue of large cities of the world. The death of 6.5 million people worldwide is linked to air pollutions.  More than 11% of the deaths were related to air pollutions (World Health organization, 2016). As shown by WHO studies, the PM10, NOx and other volatile organic compound (VOC) in urban air are found to be exceeded than WHO guideline limit due to pollutants from transport, industries and other sources. 
As pointed out by Khare and Sharma (2002), urban air pollution is one of the major problems confronting the urban population. The harmful emissions that are produced from the exhaust pipes of the vehicles are Hydrocarbons (HC), Nitrogen Oxides (NOx), Carbon monoxide (CO), Carbon dioxide (CO2), Particulate Matter (PM) and Sulfur Oxide (SOx). The consequences of these emissions entail air pollution, smog, acid rain, liver damage, cancer, heart disease and acceleration in global warming.
Cities and traffic have developed hand-in-hand, since the industrial revolution. The rapid increase in urban population due to the natural causes and rural urban migration exacerbates the issue of air quality problem in the developing country due to higher demands of transport service that use fossil fuel, which in turn emit more air pollutants into the surrounding urban environment (Huang et al., 2016).
Similarly, due to urban expansion and rapid vehicle growth in Addis Ababa, currently the city is facing air pollution problem. Poor air quality (pollution) is a serious problem of the poor people in the developing countries such as Ethiopia. The condition of public transport and infrastructure in Ethiopia and specifically in the Addis Ababa is regarded as one of the poorest among developing countries. The relative rise in automobile ownership together with lower capacity of the roads has resulted in high levels of congestion, which is the cause of heavy traffic air pollution around the roadside particularly during peak hours. Currently, vehicular related air pollution is a serious problem, particularly in the Addis Ababa city.
There is a continuous growth in vehicle miles travelled together with the rapid increase in traffic congestion on the highways of Addis Ababa city, which brings the deterioration of urban air quality. To end transport emission related air quality deterioration and to secure safe and healthy environments and improve the quality of life in cities, it is useful to investigate the treat of traffic congestion on urban air quality in the city. 
In Addis Ababa city, specifically the Ayat-Torhailoch route is the most congested route of Addis Ababa city due to the increase of motorized use to integrate the spatial location of different places. Even though both LRT and road transport provides regular services for the passengers, the route is characterized by high volume of traffic flow and has relatively high emission to the environment. Rapid urban expansion of Addis Ababa city in the eastern direction along with social change has resulted in an increasing need of travel from the city center to east for different purpose/activities. The expansion of Ayat-Torhailoch route and large increase in the number of vehicles along the route have exposed the prevalence of transport related air pollution and its health impact to the community near the side of the roads. As shown by different literature, emissions from vehicles are the major cause of loss of valued human life and property damage.

1.2. [bookmark: _Toc1569771][bookmark: _Toc5884862][bookmark: _Toc13467628]Statement of the problem 
As urbanization progresses faster than ever before (United Nations, 2014), the global number of people living in urban areas was 54 percent in 2014 that exceeds the number of people living in rural areas. Consequently, urban areas often face significant transport related challenges like congestion and air pollution as the environmental and social footprints of the urban transportation sector expand. 
Currently, in the discipline of urban planning, sustainability issues are a crucial component in the growth and development of urban areas throughout the world (Cervero, 2013). According to the description of Wangs (2012), Sustainability issues are considered as an important and a foundation for decisions in different areas of studies such as environmental issues (air pollution and then greenhouse gas emission). As Kumie et al. (2010), the concentrations of outdoor air pollutants such as CO, also noted it PM10, NOx and PM2.5 near and on the roadsides of Addis Ababa city were above 50% of the World Health Organization guideline limit. This rise of the concentrations of outdoor air pollutants can limit the concept of environmental sustainability. 
As previous studies indicated, ambient air pollution is getting serious in developing countries due to an increasing motorization, high rate of urbanization and industrial expansion. The adverse impact of air pollution on the environment and health for which, it has threatened the living conditions of human beings and the existence of all creatures in the world is well understood by the international community at a global level. Related to the health impact of roadside traffic emission (Liu et al., 2013) reported that the exposure of PM2.5 causes inflammation, which may cause other cardiovascular diseases. 
Similarly, According to Addis Ababa City Transport Authority (AACTA), due to rapid population growth, rapid urban expansion and motorization, different mode of public transport (such as public buses, mid-buses and minibuses) and private vehicles are currently introduced and used in the Addis Ababa city. Among this public transport mode, only 26% of mobility takes place by public buses and mid-buses that carry 100 and 27 passengers, respectively.  Around 72% of mobility takes place by minibuses that carry 11 passengers. 
The number of vehicles, including public transport is increasing from time to time in the city due to the need of additional transport services with increasing population. For instance, as stated by Benjaminson et al. (2013), there were about 275,500 vehicle fleet in Addis Ababa in 2013 and reaches about 465,508 and 586,737 in 2017 and 2019, respectively. Corresponding with this increasing number of vehicles, Addis Ababa is characterized by high levels of traffic congestions, which is responsible for high gas emissions and higher concentration of particulates posing a major threat to human health and natural resources. As stated by Gebre et al. (2010), the concentration of suspended particles in the Addis Ababa city was about 195μg/m3, which is above the WHO safe guideline value that is 120μg/m3. This shows that the city is overwhelmed by pollutants.
The relative rise in the number of vehicles together with the poor condition of the roads and poorly functioning traffic system in Addis Ababa have resulted in the high levels of congestion. This high level of Traffic congestion along the road is the cause of heavy transport related air pollution along the road, particularly during peak hours especially near and on the side of the road. As the use of vehicle increases, high traffic congestions, which is characterized by slower speed, longer trip time and increased vehicular queuing, occur on the road. During extreme traffic congestion, vehicles are fully stopped for a period of times and emit high vehicular emission which deteriorates the quality of air at the station as well as on the roadside. The community those stay long periods of time near the station can be exposed to health effects of this vehicular emission.
In addition to congestion, the age of the vehicles has significant contribution in the deterioration of air quality. As discussed by Benjaminson et al. (2013), the average age of the vehicles in Addis Ababa is 17 years. In the case of Addis Ababa, specifically for the study area most of the vehicles such as higerbus, ladas and blue taxis are old aged. However, they are still used and give transportation services for transport users in the city. So, the purpose of this study is to deal with air quality at public transport stations by investigating the major air pollutants from vehicles, the relationships between vehicular congestion and vehicle emission and its health effect. 
1.3. [bookmark: _Toc1569772][bookmark: _Toc5884863][bookmark: _Toc13467629]Objective of the study
[bookmark: _Toc1569773][bookmark: _Toc5884864]General Objective:
To investigate the level of air pollution emitted from vehicles at public transport stations and its effect on human health.
[bookmark: _Toc1569774][bookmark: _Toc5884865]Specific Objectives:
1. To identify the major air pollutants at selected public transport station.
2. To  measure the concentration of air pollutants 
3. To compare and contrast the air quality between bus and train stations. 
1.4. [bookmark: _Toc13467630][bookmark: _Toc1569775][bookmark: _Toc5884866]Research questions
Main research question:
What is the level of air quality at public transport stations?
Specific Research questions:
1. What are the major air pollutants at public transport stations?
2. What is the magnitude of air pollutants at public transport stations?
3. Which station is in better state or less polluted?
1.5. [bookmark: _Toc13467631][bookmark: _Toc1569779][bookmark: _Toc5884870][bookmark: _Toc1569777][bookmark: _Toc5884868]Scope  
The study is confined in Addis Ababa city, focusing on the main East-West road that connects Ayat to Torhailoch. It dealt only transport related air pollution at public transport station and its health effects. It was done for on (8-10AM and 16-17PM local time) and off peak (10-16 hours local time) hours.
1.6. [bookmark: _Toc13467632]Significance 
This study will be helpful for the respective city and national government ( such as  the Addis Ababa city administration, Addis Ababa Transport Authority, Addis Ababa local communities) to be aware of  the transport induced  air quality problems  and take the necessary policy action.. It could be a baseline for further research for urban planners, transport planners and other professionals so as to conduct similar study. Commuters would also benefit in understanding the air quality of the stations at which they used to stay longer and safeguard themselves from the consequences of air pollutants. 
1.7. [bookmark: _Toc13467633]Limitation
Air quality study demands time and instrument. In this study, the time given to accomplish, was a maximum of four months. Though it was hard to do it in such short time, maximum effort has been exerted to bring it to the level of time taking research. The measurements were done twice, so this might not be effective. Lack of baseline data was also the other problem encountered. Despite all these limitations, the study was done diligently. 
1.8. [bookmark: _Toc13467634]Organization of the Paper 
The paper has been organized with six chapters. 
The first chapter deals about the general background of the study, statement of the problem, objective of the study, research questions and scope and limitation of the study. The second chapter deals with the reviewed concept, theoretical perspectives, previous research findings and works of some country related to subjective and objective assessment air quality across the international and local level to reduce transport related air pollutions. The third chapter summarized the overall methods and materials used to carry out this study. The fourth chapter deals and discusses the general background of the research area socioeconomic and physical characteristics of the city along Ayat-Torhailoch route. The fifth chapter deals about the analysis, results and discussion of the study. The sixth chapter discusses about the conclusions being made and the possible solution forwarded.









[bookmark: _Toc13467635]CHAPTER TWO
[bookmark: _Toc13467636]REVIEW OF RELATED LITERATURE
2.1. [bookmark: _Toc1574334][bookmark: _Toc13467637]Overview of the Literature
This chapter presents a review of various transport-related concepts; which are important in deeper understanding of the various dynamics of urban transportation and transport related urban problems, especially air quality problem which were found to be relevant to this study. The chapter examines the importance of urban transport, the relationships between the transportation modes and  air quality and the current features of transportation modes and its impact on air quality, transport-land use interactions; the concept of traffic congestion and air quality in general.
2.2. [bookmark: _Toc1569776][bookmark: _Toc5884867][bookmark: _Toc13467638]Conceptual framework
This topic is intended to establish a conceptual framework and discuss the theoretical issues related to the issue of air quality at public transport station and its health effect in urban areas. Transport, settlement development (urban expansion and population growth), economic growth and air pollution are directly related to each other. In order to investigate the issue of air quality in the study area, understanding the relationship between emission generating activities, the concentration of air pollution and its health impact is important. The development of one variable affects the other as it is seen in Fig. 1.
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[bookmark: _Toc13474133]Figure 1: Research Conceptual Framework
2.3. [bookmark: _Toc1574336][bookmark: _Toc13467639]The importance of urban transportation and its environmental problem
Transportation is an important aspect of life for both rural and urban residents. The ability of individuals, families and firms to exchange goods and services and interact with people on a regular basis is crucial for both economic life and the quality of life (Roger, 2002). In line with the growth of economic and social networks as well as the increase of spatial dispersion of activities within urban areas, transportation has become a vital part of the system providing access to those activities with the spatial dispersion of activities. It is also seen as a crucial factor in economic growth and social interaction in the Addis Ababa city.
Transportation is likely to remain the key element of accessibility. It plays an increasingly important role in making certain activities accessible to people to meet the accessibility needs of its resident and passengers. However, the use of spatial proximity in providing access to activities in the Addis Ababa city is becoming more difficult; as economies diversify, activities are dispersed and it needs the demand for transportation. Currently, the use of transport vehicles has increased in the city; which will bring a greater impact on the natural and human environment because of the technology used in transportation causes emissions of pollutants that have been proved to damage human health and plant life as well as to upset sensitive ecosystem balances.
2.4. [bookmark: _Toc13467640]Source and Types of Urban Air Pollutants and Pollution
2.4.1. Sources of urban air pollutants
The source of air pollutants are numerous and varied. Sher, E. (1998) and O. P. Singh, (2010), categorized Pollutant source as natural and caused by human activities (anthropogenic). O. P. Singh, (2010) stated that, the human sources of air pollution include emission from fossil fuel burning like gases and oil, stirred-up dust from the road by vehicles while, Natural sources of pollutants include windblown dusts along urban roads.
[bookmark: _Toc1574339]In the urban areas, a large share of air pollutants comes from vehicular emission. Pollutants from vehicular emissions can come directly from a smoke stack or tailpipe, or they may be the result of a chemical reaction between these emissions and sunlight (Dr. Veetil, 2012). According to (Dr. Veetil, 2012), air pollutants include greenhouse gases, toxic gases, particulates and other compounds react with oxygen and water in the atmosphere to form acids, heavy metals and CO2. Generally, in terms of their source, urban air pollution can be categorized as point and non-point source of pollution. 
i. Point sources of air pollution
As defined by different studies, (Sher, 1998), point sources of air pollution a source that has a stationary location or fixed facility from which pollutants are released into the air surrounding us. Some examples of point sources include power stations, steel works, wood and pulp processors, paper mills, refineries and chemical production which are common near our daily living environment. 
ii. [bookmark: _Toc1574340]Non-point sources of air pollution
Apart from point sources, air pollution may be released from non-point sources such as mobile sources such as road traffic and area sources such as emissions from many smaller stationary sources (homes, dry cleaners, petrol stations, etc.). Generally, air pollution sources can be classified as: Mobile sources (cars, buses, planes, trucks, and trains); Stationary sources (power plants, oil refineries, industrial facilities, and factories); Area sources (agricultural areas, cities, and wood burning fireplaces) and Natural sources (windblown dust, wildfires, and volcanoes).
According to the US Environmental Protection Agency, Mobile sources of air pollution account for more than half of all the air pollution; out of which the primary mobile source is the automobile. As quantified by Veetil (2012), among the sources of urban air pollution, 49% of the average air pollution is produced by transportation, 28% is produced from fuel burned in factories and power plants, 13% from evaporation of volatiles, 3% from solid waste disposal, and 7% from miscellaneous other sources. 
Factories and power planets

From Solid waste disposal
Sources of urban air pollution
Evaporation of volatiles


Transportation
Miscellaneous other sources

[bookmark: _Toc1571831][bookmark: _Toc13474134]Figure 2: Sources of Pollution
Source: Organized by researcher from different literatures (2018).
2.4.2. [bookmark: _Toc1574341]Types of air pollutant emissions
Particles in the air are classified as coarse and fine on the basis of aerodynamic diameter size and as primary and secondary particles on the basis of their chemical composition (Panyacosit, 2000). As described by Panyacosit, (2000) and Vallius (2005), primary particles are emitted directly as particles, whereas secondary particles are formed from the reaction of gases in the atmosphere through gas-to-particle conversion. Both primary and secondary types of particles are subject to growth and transformations since there can be the formation of secondary material on the surface of existing particles (Vallius et al., 2005).
The notation PMx refers to particulate matter comprising particles less than X µm in diameter. Based on this definition, particulate matters are classified as: PM10, PM2.5. Particles greater than 2.5µm in diameter are generally referred to as coarse particles, and particles less than 2.5µm and 100nm in diameter as fine particles and ultra-fine particles respectively (Vallius, 2005; Gualtieri, et al., 2009 and Araújo,et al., 2014).
2.5. [bookmark: _Toc1574342][bookmark: _Toc13467641]Possible Transport related urban air pollutants
Numerous studies (Wallington et al., 2006,   Zhang & Batterman, 2013 & Bell et al., 2015) argued that vehicle emissions are comprised of volatile organic compounds (VOCs), CO, nitrogen oxides (NOx), and particulate matter (PM). VOCs and NOx form photochemical smog in urban atmospheres as well as CO and PM may have adverse health impacts. The major pollutants include ozone, particulates, sulfur dioxide, nitrogen dioxide, carbon monoxide, and the heavy metal lead. Thousands of motorized vehicles work along the major urban roads and streets daily.  In doing this, the vehicles consume millions of liters of petrol daily. 
[bookmark: _Toc1574348]As pointed out by Zannetti (1992), once emitted into the atmosphere, air pollutants undergo mixing or diffusion, the degree of which depends on topographic, climatic, and meteorological conditions. The combustion of transportation fuels by motorized vehicles releases several contaminants into the atmosphere as a result of incomplete combustion or species formed at high temperature in the cylinder. These transport related emissions includes the primary incomplete combustion products such as carbon monoxide (CO) and unburned or partially-burned fuel usually denoted as hydrocarbon (Wallington et al., 2006 and Shuhaili et al., 2013), oxides of nitrogen, and lead and other particulate matter. As defined in the argument of different studies, transportation is responsible for the biggest share of CO, HC and NOx in the atmosphere as well as a large proportion of the particulate matter.
Generally, the major transport related air pollutants are the contaminants that are generated from gasoline and diesel vehicle Exhaust. As pointed out by Wallington et al. (2006) & Greenbaum (2013), the combustion of gasoline and diesel fuel in vehicle engines produces emissions of several potentially harmful and toxic substances such as nitrogen oxides, carbon monoxides, carbon dioxide and other particulate matters which are the major component of vehicle exhaust emissions.
i. [bookmark: _Toc1574349]Carbon monoxide (CO) 
According to World Health Organization (1979), a high level of carbon monoxide is harmful to human health, because CO is produced as a result of incomplete combustion of fuel (Wallington et al., 2006). The United States Environmental Protection Agency has estimated as much as 95% of carbon monoxide comes from vehicles that use more than 95% fossil fuels. Comparatively high levels of CO can directly cause death, especially to people with heart diseases. 
ii. [bookmark: _Toc1574350]Hydrocarbons (HC) 
Hydrocarbons are produced from incomplete fuel combustion and from the evaporation of fuels. According to Wallington et al. (2006), emissions caused by evaporation of unburned fuel into the atmosphere make-up roughly one third of total gasoline vehicle are HC emissions. 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) (Abha and Swaranjit, 2012). Modern vehicles with catalytic converters will help to reduce the HC emissions; however, HC emissions are still as a major problem of vehicle exhausts.
iii. [bookmark: _Toc1574351]Nitrogen oxides (NOx) 
Nitrogen oxides (NO, NO2, N2O etc.) are the compounds of N2 and O2. As stated by Wallington et al. (2006), NOX is produced when fuels burn at high temperatures, high pressures and excess oxygen in the engine combustion chamber. Cox and Blaszczak (1999) stated that, half of NOX emissions are caused by vehicles utilizing spark and compression ignition engines burning gasoline and diesel, respectively. 
iv. [bookmark: _Toc1574352]Particulate matter (PM) 
Particulate matter (PM) is the pollutant that composed of inert carbonaceous cores with multiple layers of various adsorbed molecules, including metals, organic pollutants and biological elements (Gualtieri, et al., 2009 and Araújo,et al., 2014). According to the above researchers, traditionally particulate matters can be classified as coarse (Particles with aerodynamic diameter ranging from 2.5µm to 10 µm), fine (particles with diameters less than 2.5 µm) and ultra-fine (particles with diameter of less than 0.1 µm and belongs to nano-scale). 
As pointed out by Gwilliam et al. (2004), fine particle (FP) is often produced from fuel combustion, especially in the diesel exhaust emissions and also from natural gas-fueled vehicles as a result of combustion of lubricants. The emission of these particulates can increase substantially where the engines are under-powered or poorly maintained. In this case, for example, over-fueling to increase power output, results in higher smoke emissions and pollute the air surrounding us. The PM emitted from vehicles can travel long distances and has a greater health impact on human health, such as asthma, chronic bronchitis and difficult painful breathing. 
The epidemiological studies have shown that, fine particles are responsible for and/or aggravating respiratory problems such as asthma. Fine particles (FPs) and ultra-fine particles (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 (Krewski, 2009) PM2.5 is an ambient fine particulate matter (PM smaller than 2.5 μm) can be directly emitted by both primary and secondary sources (Keuken, et al., 2013).  
According to the description of Keuken, et al. (2013), the primary source of PM2.5 is the source that emits PM2.5 directly as a result of combustion processes from human activities such as road traffic, household activities, energy production and building work within urban areas; whereas secondary sources are sources where PM2.5 is formed in the atmosphere by the conversion of gases emitted from human activities into particles. PM2.5 can be regional or local in its nature. When it is regional in nature the secondary source is dominant over primary source while at the local level the primary source is dominant over secondary source.
Concerning size and composition, particulate matters can vary in different location and within varying situation. Merkisz and Pielecha (2015) stated that, the form, size and composition of particulate matter depend to a large extent on the location and temperature within the system such as the cylinder within moving vehicles, the exhaust system from the vehicles and the surrounding system. Based on these, the solid particles emitted from burning of fossil fuels can be divided into two main type fractions which are called soluble particulate matter (PMSOF) and insoluble particulate matter (PMSOL).
v. [bookmark: _Toc1574353]Ozone (O3) 
The primary emission from gasoline fueled automobiles and trucks such as volatile organic compounds NOX and CO contribute to the formation of ground level ozone (National Research Council, 1999). Ozone (O3) is formed when NOX and volatile organic compounds react in the presence of heat and sunlight (Karthik et al., 2017). The formation of ozone at ground level brings air pollution and climate change. 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. 
vi. [bookmark: _Toc1574354]Carbon dioxide (CO2) 
As described in the document entitled as the Intergovernmental Panel on Climate Change (1995), the concentration of CO2 produced by in-use vehicles, have been increasing in large cities as a result of fossil fuel combustion. Wangs (2010) stated that developing countries are responsible for the increasing proportion of CO2 emissions from transport related activities. Carbon dioxide (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. 
2.6. [bookmark: _Toc1574356][bookmark: _Toc13467642]Types of traffic emissions that contribute to urban air pollution
Along the roadways, vehicle emissions are the primary source of air pollution in urban areas and these vehicular emissions can result in severe local air quality problems.  As described by previous researchers like Hussein et al. (2008) and Amato et al., (2011b), particulate matter in traffic emissions come from both combustion (tailpipe/exhaust emissions) and non-combustion (non-exhaust emissions) traffic activities. 
According to different researchers’ point of view, a number of factors such as engine type and size, fuel composition, combustion temperature and pressure, road conditions, age and maintenance of vehicles, traffic volume, and driving behavior significantly affect emission levels (Pant and Harrison, 2013) and also besides particles, exhaust emissions contain different gaseous pollutants such as NOx, CO, CO2, VOCs and ozone (Rogers et al., 2006). Generally particles emitted as a result of road traffic vehicles can be categorized as exhaust and non-exhaust based on their sources. 


2.6.1. [bookmark: _Toc1574357]Exhaust emissions
Exhaust traffic related particle emission is produced due to incomplete combustion of fuel during the combustion processes of vehicle (Grigoratos and Martini, 2014).  As stated in different literatures, there are two modes of exhaust particulate emissions. This are: primary particles or soot generated as a result of fuel combustion in the engine and Secondary particles formed as a result of nucleation in the atmosphere during dilution and cooling of exhaust. 
According to the study of Dahl et al. (2006), Kam et al. (2012) and Kwak et al. (2013), exhaust emissions contribute to fine particles and ultrafine particles (UFP). Generally, as studied by different researchers (Westerdahl et al., 2005, Mejía, et al., 2008 and  Pey et al., 2009), among the fuel used by vehicular transport, diesel vehicles were associated with higher emission of particles than gasoline vehicles. The size of particles emitted from the diesel engines ranges from 20 to 130nm, while those from gasoline engines range from 20 to 60 nm (Morawska et al., 2008 and Ristovski et al., 2004). Kirchstetter et al. (2010) observed that heavy-duty diesel trucks emitted 24, 37, and 21 times more PM2.5, black carbon (BC), and sulfate mass per unit mass of fuel burnt than gasoline powered light-duty vehicles. 
Fruin et al. (2008) found that diesel powered vehicles, despite constituting only 6% of the total traffic contributed to the highest concentrations of UFP, BC and nitric oxide (NO). In high traffic density areas, Mejía et al. (2008) found that UFP constituted 82 – 90% of particle number concentrations. Related to the speed and the concentration of particulate matters along the side of the road, the highest concentrations of PM were associated with high traffic speed, which was due to the increase in engine load, exhaust temperature and flow at higher vehicle speeds (Kittelson et al., 1998). 
2.6.2. [bookmark: _Toc1574358]Non-exhaust emission
Dahl et al. (2006), Kam et al. (2012) and Kwak et al. (2013), found that non-exhaust particulate matter emissions result from re-suspension of road dust, wear and tear of vehicle parts (such as brake, tyre), and road pavement abrasion, mainly contributing to a coarse range (PM2.5-10μm). Keuken et al. (2010) also found this re-suspension of accumulated road dusts and road wear particles constitute the major fraction of non-exhaust emissions, while particles from tyre and brake wear make minimal contributions.  Primary PM10 in urban areas, mainly originate from non-exhaust traffic emissions (Dahl et al., 2006 and Hussein et al., 2008). However, some studies have confirmed the UFP presence in non-exhaust emissions, which were linked to tyre road pavement interaction (Dahl et al., 2006 and Kwak et al., 2014).
[bookmark: _Toc1574343]While zero tailpipe emissions can be achieved with the adoption of cleaner fuels and emission standards, non-exhaust emissions are expected to remain the dominant vehicular emissions (Kaur et al., 2005; Dahl et al., 2006; Rexeis and Hausberger, 2009).  As it was estimated by Rexeis and Hausberger (2009), between 80 – 90% of total PM emissions from road traffic will come from dust suspension and other abrasion processes by 2020; because of the absence of reduction strategies for non-exhaust emissions currently (Amato et al., 2011a). Even though, significant research on characterization of exhaust emissions has provided a large body of knowledge, understanding of non-exhaust emissions is currently limited (Amato et al., 2011a; Pant and Harrison, 2012).


2.7. [bookmark: _Toc13467643]Factors Affecting the Level of Traffic Emissions 
As identified by different studies, there are several factors that affect the amount of emissions from vehicular sources. According to (Weaver et al., 1996; Hussain et al., 2015 and Liang et al., 2017), the type of fuel (petrol or diesel) and characteristics, the efficiency of internal combustions(the operating conditions of the vehicles), the driving velocity (idle, fast or slow), the topography of road (uphill, downhill or plain), the age of the vehicle(level maintenance), temperature changes (ambient condition) on the surface of the earth and weather conditions such as wind velocity, its strength and direction are some of the factors. 
As Kumares C. Sinha and Samuel Labi (2007) pointed out, vehicular emissions are caused due to a variety of factors. The emissions vary according to the environmental condition of urban area, the quality of fuel used, vehicle and vehicle type used in the area. Transport emission
Emission per unit fuel
Total transport services demanded
Fuel consumption per unit of transport services
=
*
*

 

[bookmark: _Toc13474135]Figure 3: Factors Contributing to Transport emission
Source: Reducing Air Pollution from Urban Transport by Ken Gwilliam, Masami Kojima and Todd Johnson in (2004).
According to Fig 3, emissions per unit fuel means the concentration of pollutant in specific area produced from a one liter of fuel used for transport. Different fuel type emits a different amount of pollutants in relation to energy they are produced; Total transport services demanded is the total number of traffic vehicles provided to give services on particular road/route; fuel consumption per unit of transport services can be the total amount of fuels consumed by single vehicle to give services. Different type of road transport mode has different fuel consumption capacity to provide services. Accordingly, emissions from vehicles depend on the following factors that may also be the cause of emission in the Addis Ababa city especially in the study area.
2.7.1. [bookmark: _Toc1574345]Travel Related Factors 
Travel related factors of pollutant emission can be directly affected by different factors of driving mode of on-road vehicles. Based on their detail studies, (Weaver et al., 1996; Sinha and Samuel, 2007), stated that travel related factors depend on vehicle engine operating modes, speed of a moving vehicle, and vehicle accelerations and decelerations (driving mode). Accordingly, the number of trips, distance travelled and driving mode along the given road are the major travel related factors affecting emissions. 
Segregating traffic along their dedicated lanes can decrease variability of vehicular speed, increase the efficiency and attractiveness of public transport, resulting in significantly lower fuel consumption and emissions per passenger kilometer (Gwilliam et al., 2004). From this point of view, emissions increase with the distance travelled by the vehicle as the fuel used by in-use vehicle is directly related to the distance travelled. 
The vehicle emissions also depend on the driving mode. The driving modes may be idling, cruising, acceleration and deceleration. Other factors affecting the emission rates are the speed, acceleration and engine load of the vehicle. As stated by Sinha and Samuel (2007), speed and acceleration are inversely related with vehicle emission. However Zacharof and Fontaras (2016) stated that aggressive driving can increase the amount of fuel consumption which in turn increases emission into the air. This means, low speeds, congested driving conditions, sharp acceleration, deceleration, etc. result in higher emissions. 
2.7.2. [bookmark: _Toc1574346]Highway Network Related Factors 
Highway related factors of emission is the factors that are directly related to the condition of the road where the vehicles are driven and includes both the actual characteristics of the road (pavement quality, inclination, straight or curved) and the actual traffic conditions (average speed, maximum speed, presence of traffic lights, free flows (Zacharof and Fontaras, 2016).  In the same ways as provided in the different previous studies, factor such as road grades (or road slopes) and road surface materials have significant effects on on-road vehicle emissions, particularly on Heavy-Duty Vehicles (Zhang et al., 2013). These include the geometric design features of the highway such as grades. 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.
2.7.3. [bookmark: _Toc1574347]Vehicle Related Factors 
Grieshop et al., (2006) stated that, motor vehicles are among the most important sources of gas- and particulate pollutants in the urban atmosphere. These emissions are related to factors such as the engine sizes, horsepower and weight of the vehicle. Accordingly, 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. According to Chen and Borken-Kleefeld (2016), as the age of vehicle increase, the exhaust emission from specific vehicle also increases because of the deterioration of engine control and particle filter system of the vehicles. From this argument, older vehicles have higher emission rates than the newer one. 
There are high numbers of age vehicles in developing countries like Ethiopia than in developed countries, because of the tendency of developing countries to import low priced used vehicles from the developed countries and as a result the effect of traffic pollution is assumed to be high. High traffic congestion and slow driving due to limited roadways leads to energy inefficient, causing the rise of travel time per each traveled distance resulting in an increase of emissions per each kilometer.
2.8. [bookmark: _Toc1574363][bookmark: _Toc13467644]Determinants of air pollutants from transportation 
According to Rogers (2002), a number of factors can be identified as influencing the amount of emissions attributable to the transport sector. This includes,
· The amount of vehicles used in a given urban area
· The age of the vehicle fleet and the technology used within it
· The extent to which vehicles are properly maintained
· The availability of appropriate fuels and the extent to which they are used properly
· Atmospheric and topological conditions.

2.8.1. [bookmark: _Toc1574364]Excessive vehicle use
Level of activity or vehicle use is an important factor to take into account in the overall analysis of transportation emissions, particularly in those cases where long-run solutions are intended to help to avoid the development of emission problem. As discussed by Rogers (2002), in the absence of a policy to address vehicle use, growth in vehicle kilometers travelled in developing countries is projected to average between 2.5 and 4 percent per year between 1990 and 2030. This is due to the extension of road surface improvement corresponding uncontrolled urban expansion.
[bookmark: _Toc1574365]On a macroeconomic scale, transport activity can be described as excessive if there are more vehicle kilometers travelled than are necessary to achieve and maintain an aspired-to the quality of life for a given income or level of wealth. Excessive car use is a particular and likely manifestation of excessive travel under conditions where a cultural phenomenon of car (or motorcycle) dependence develops, in combination with a number of potential price distortions that favor car use (Rogers, 2002).
2.8.2. Older vehicles are associated with higher emission
[bookmark: _Toc1574366][bookmark: _Toc1574367]As (Rogers, 2002 ; Chen and Borken-Kleefeld, 2016), stated in their previous studies, emissions from aged vehicles are higher both at global and local pollutants than newer vehicles, because the performance the vehicle deteriorates as a function of age and older vehicles are more likely to use obsolete and  higher emitting technology. Mis-fuelling of catalyst-equipped gasoline vehicles with leaded fuel can seriously damage the ability of the catalyst to operate properly and these catalysts can also degrade over time because of other natural contaminants in fuels.
2.8.3.  Unavailability or improper use of appropriate fuels 
Owners may mis-fuel, out of ignorance or in response to a poorly established price signal. Finally, dishonest retailers might adulterate or substitute fuels, again often in response to an unfortunate price signal (Rogers, 2002). According to Gwilliam et al. (2004), over-fueling to increase the power output of the vehicle in-use results in higher smoke emission which can pollute the urban air.
2.8.4. The quality of the road surface
[bookmark: _Toc1574368]The interaction between vehicles and the road surface causes various urban environmental irritations such as air pollution; even if, the scope and intensity of these disturbances vary from place to place depending upon the character of the driver, traffic and road characteristics that affect the motion of the vehicles. As stated be Gwilliam et al. (2004), unpaved road surface releases abrasion of vehicle tires that in turn increases the concentration of rubber particles in the atmosphere. Road surface pavement characteristics and condition are expected to influence the emission of environmental pollutants (Akbarian et al., 2012). This is due to the power required by the vehicle to move is affected by road pavement characteristics and condition. The power of the vehicle to move is directly associated with vehicle fuel consumption and affect the exhaust emissions from the traffic. 
2.9. [bookmark: _Toc1574359][bookmark: _Toc13467645]The factors that influence the distribution of air pollutants at street-level
As described by Maria Grundström (2015), the severity of poor air quality is largely connected to the emission sources, the prevailing weather conditions and the condition of the environment. Based on this, three important factors can affect the dispersion of air pollutants in urban areas. These are fixed infrastructure (station location, building height near the stations), Flow intensity and control system (traffic light).
2.9.1. Intensity of traffic flow
The quantity of pollutants emitted varies from street to street and even from spot to spot along the same street based on a function of traffic volume, speed, distance travelled and fuel used (Gwilliam et al., 2004). The greater number of vehicles traveling along a street, the greater the quantity of pollutants emitted. Vehicles emit fewer air pollutants at even speeds, when engines operate more efficiently, and emit greater quantities in stop-and-go traffic and while idling at stoplights. Under calm conditions, the concentration of air pollutants can therefore vary significantly along a single street or between two streets a block apart. CO emissions, for example, tend to peak at intersections, where concentrations may be ten times higher in the intersection than at a point eighty meter further down the road (Horowitz, 1982). In calm weather, there are even variations within an intersection; pollution levels tend to be higher, for instance, along stopping or queuing lanes. The quantity of pollutants emitted by a vehicle is also influenced by thermal conditions; engines starting up in cold weather, for example, emit more pollutants. This can affect the quality of the air in urban area.
2.9.2. [bookmark: _Toc1574361]Proximity to the Roadway
According to Krzyżanowski et al. (2005), the mixture of air pollutants varies in time and space, depending on the proximity of the road and the composition of the vehicle fleet. Under calm conditions in flat, open terrain, air pollution concentrations tend to be highest near the roadway and to decline with increasing distance from it. 
One study along a highway in Los Angeles found that CO dropped by more than a factor of ten between the center of the road and points 300 to 450 feet away on either side (Horowitz, 1982). Atmospheric concentrations of particulate have been found to drop by a factor of two at a point 50 meters away from the road and by a factor of four at a point 100 meters away. 
2.9.3. [bookmark: _Toc1574362]Urban Form, Building height and Air Circulation
The relationships between urban form and air quality are complex and not fully understood in urban areas of Ethiopia, especially in the large city of Addis Ababa.  As pointed out by different scholars compact and walkable urban forms have been associated with lower per capital vehicle kilometers travelled (VKT) and thus lower emissions of transport related air pollutants (Frank L. et al., 2006 and Koracin et al., 2009). Some literatures show that, motor vehicles are a major air pollution source.  As a result, urban designs that decrease private automobile use and allow the circulation of the air could improve air quality and decrease air pollution health risks within urban areas.
In other hand, meteorological and topographical conditions can either enhance the dispersion of street-level air pollutants or permit their build-up. Several conditions affect air circulation at street-level: the degree to which winds and breezes penetrate the city, the presence of inversion conditions, and degree of spatial confinement.
2.10. [bookmark: _Toc13467646]Human exposure to air pollution and its Health effects
World Health Organization (2006) defines human exposure to transport related air pollution as the event when a person comes in contact with a pollutant of a certain concentration during a certain period of time. Its conceptual pathway can be summarized in Fig 4.
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[bookmark: _Toc13474136]Figure 4: The way of human exposure to air pollutants
Source: Organized by Researcher, (2019)
Traffic exhaust gases contain pollutants such as nitrogen, hydrocarbons, carbon monoxide (CO), and particles; when emitted in urban streets with poor dispersion conditions substantial air pollution concentrations can be reached, especially at low wind speeds (Hertel O. et al., 2001).
As stated by Hertel et al. (2001), transport related air pollution that is the most important aspect of human exposure includes; the concentration of the pollutants in µg/m3, duration, location of the residence, workplace. People who spent more time in traffic with elevated concentrations are expected to have higher exposures to transport related air pollution, except for ozone, which is formed in the atmosphere at some distance from traffic is widespread and not very different for people living in urban and rural and it depend on time spent outdoors.  
“Air pollution at high concentrations in some cases has led to acute health effects on human beings. Studies of long-term exposure to air pollution (especially particulates) suggest an increased risk of chronic respiratory illness” (Hertel et al., 2001). Generally, human exposure to air pollutant can be described as follows (Fig 5).
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[bookmark: _Toc13474137]Figure 5: Factor of Human Exposure to air pollutants
2.11. [bookmark: _Toc1574369][bookmark: _Toc13467647]Air Quality Index and its Health Implication
[bookmark: _Toc13474170][bookmark: _Toc1574370]Table 1:: Air quality standard guideline revised by U.S. Environmental Protection Agency in 2012
	AQI value (US)
	AQI level of health concern
	PM10 standard value
	PM2.5 standard value
	CO2 standard value

	0-50
	Good
	0-50
	0-12
	0-700

	51-100
	Moderate
	50.1-150
	12.1-35.4
	701-1,000

	101-150
	Unhealthy for sensitive groups
	151-250
	35.5-55.4
	1,001-1,500

	151-200
	Unhealthy
	251-350
	55.5-150.4
	1,501-2,500

	201-300
	Very unhealthy
	351-420
	150.5-250.4
	2,500-5,000

	301-500
	Hazardous
	421-600
	250.5-500
	5,001-10,000


Source: (U.S. Environmental Protection Agency revised in 2012)
2.12. [bookmark: _Toc13467648]Policy for controlling transport emissions
Re-suspension of road dust contributes significantly to elevated ambient concentrations of particulate matter, the pollutant of concern in South Asia (South Asia Urban Air Quality Management, 2002). This is something that can be directly and easily addressed by simple urban designs and landscaping. Whenever these urban design features have been implemented, local air quality improves markedly as a result of smoother traffic flows and dramatically lower dust re-suspension. To help control transport emissions, it would be helpful to develop a policy that increases, or at least maintains, the population density and that favors the concentration of employment and retail in a centrally located CBD. The important questions are then what type of land use legislation, infrastructure investments and fiscal policy are likely to achieve these outcomes, and what potential negative consequences might be (World Bank, 2002).
2.12.1. [bookmark: _Toc1574371]Reducing Emissions through Transport System Improvement
The study by (Frederik, Litman and Daniel, 2012) illustrates that, transport sector emissions can be reduced through a variety of changes to the overall transport system: efficiency improvements in the urban transport system, changes in modal shares through infrastructure investments or land use policy, or through fiscal policies that can affect fuel and vehicle technology choice, fuel consumption, and vehicle use.
2.12.2. [bookmark: _Toc1574372]Traffic management and land use 
Traffic system management is intended to smooth the flow of traffic and enhance mobility, but can also have the added benefit of reducing emissions and fuel consumption. According to Xie et al., (2017), the emission from vehicles can be reduced by reducing vehicle travel mileage, which in turn can decrease traffic speed; enhance safety and increase the efficiency and attractiveness of public transport and resulting in significantly lower fuel consumption and emissions per passenger-kilometer. 
According to Gwilliam et al. (2004), the other options for traffic demand management include promoting appropriate land use planning to reduce trip lengths, placing restraints on vehicle movements through parking policies, and location- and time-specific charges on certain categories of vehicles. For the structure of land use, high-population density and retail in a centrally located central business district is likely to encourage public transport and reduce trip length, thus reduce transport related emissions. 
2.12.3. [bookmark: _Toc1574373]Increasing Fuel Efficiency through Vehicle Operation 
As the description of Greene and Schafer in (2003), transport fuel efficiency can be achieved through operating vehicles effectively and shifting the activities from more energy intensive than less energy intensive. Poor vehicle maintenance and certain operational practices such as overly retarded injection timing and driving behavior characterized by sudden acceleration and deceleration lower fuel economy (Gwilliam et al., 2004; Zacharof and Fontaras, 2016). Gwilliam et al. (2004) also stated that, driver behavior also affects fuel economy: minimizing unnecessary braking, observing the speed limit, and avoiding excessive rapid acceleration can improve fuel economy by a few percent over normal driving behavior.
2.13. [bookmark: _Toc13467649]Air Pollution Status in Addis Ababa City 
It is very difficult to get the data related to the traffic related air pollution from vehicles in Etiopia and Addis Ababa.  Most of the Literatures are only focused on one pollutant or focused on fuel efficiency and reduction in specific areas so that 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.
Literally, clean air has become lost in the city due to different reasons. 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 fuel use. As stated by Kumie et al. (2010), it is vehicles that represent the major source of air pollution in urban areas across Ethiopia. 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. 
The study by Kumie et al. (2010) conducted on outdoor air pollution of Addis Ababa city confirm that Addis Ababa faces a rapid increase in air pollution due to the 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. 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. This study also assures that the Addis Ababa city needs urgent solution to air pollution.

2.14. [bookmark: _Toc13467650]The Research Gaps
Like other countries of the world, Addis Ababa city has experienced the transformation of mobility. As a result a variety of motorized (which includes Private and public vehicles) and non-motorized modes of mobility exist side by side. There are an increasing number of vehicles for the purpose of mobility in the city. However the impact of vehicle growth on urban air quality has not been studied so far for policy making purpose as it is important to know the relative contribution of transportation related source of air pollution.
Currently, in Addis Ababa city, corresponding to economic growth and travel demand, people move quickly into personal vehicle ownership and thus the city allows a higher rate of driving which in turn affect urban air quality because of emission. With increasing number of vehicles and growing usage of motorized transport in Addis Ababa, the challenge of congestion and air pollution from vehicular emission is also rising. But there is no research work concerning transport related air quality at public transport stations to mitigate its health impact on the community. In addition to this, even though the number of vehicles working in the city of Addis Ababa is increasing; there is no car ownership regulation standard, vehicle age regulation/restriction, emission measuring instrument and generally vehicle emission regulation standard in the city that is adopted in cities of developed countries to regulate and reduce vehicle related emission and the improve urban air quality of the city. 




[bookmark: _Toc13467651]CHAPTER THREE
[bookmark: _Toc13467652]RESEARCH MATERIALS AND METHODS
0. [bookmark: _Toc13467653][bookmark: _Toc1574374]General description of the study Area
Addis Ababa, is one of the City Administrations of Ethiopia, it serves as a seat of international organization and more than 100 Embassies; it serves as the capital city of Ethiopia and Africa, which is by far the largest in the country located almost in the geographical center of the national territory, covers an area size of 51,948.85 hectares (Atlas map, 2014: 11/ 87). Astronomically the city of Addis Ababa is located between 9° 0' 19’’ North latitude and 38° 45' 48’’ East longitude.  Addis Ababa is built on the steep escarpment of Mt. Entoto in the North of 3,400 meters in reference to the south with an average altitude of 2, 400 meters.
In Addis Ababa city is experiencing rapid urban expansion, the city of Addis Ababa is experiencing high transportation demand. Light rail transport for passenger transport was begun in 2015. Until then, all passengers and freight mobility was ensured through road vehicle transport in the city.
According to Addis Ababa road transport Authority at the end 2019, the total vehicle population in the city reached 586,737. Out of these, there were about 9,219 taxis (5,976 code 3 minibuses and 3,243 taxis), 1,611 public buses (388 Anbesa bus, 234 sheger bus and 168 public services and 379 mid-buses (166 higerbus and 213 Izuzu kitkit) having different frequency per day. These numbers of on road vehicles, transports around an average of 2,501,456 passengers per day, among which large share is covered by minibus taxis (1,692,216 passengers per day). Even though, Addis Ababa city is characterized by lower level of car ownership, traffic congestion is becoming a more serious problem in day to day activity of all people in all parts of the city, especially during peak hour (morning and evening). The highly observable congestion in the city is causing long periods of both cruise and stop idling of vehicles on roads. During this time, vehicles consume fuel under no engine load and emit exhaust pollutant gases from tailpipes which are one of the causes of air pollution in the city and affecting the health of the city inhabitants and the climate of the city.
Availability of street trees in connection with pedestrian road and medians in Addis Ababa city is quite limited, and those that are available have no protection and appropriate management. As it is observed, recently the street along the study area lacks plantation both along the road and near the side of public bus stations due to lack of experience with green frame intervention along the road in the city. The study area of this research is located along the major route of east-west direction of LRT (Light Rail Transit) line of Addis Ababa city. This route connects the center of the city with the residential areas of Ayat and touches four sub-cities (Lideta, Kirkos, Bole and Yeka). This LRT line has 22 stations which share five of the stations with North – south LRT line. Among these stations the researchers took 5 stations; Torhialoch, Mexico, Stadium, Megenagna and Ayat stations.
0. [bookmark: _Toc1574376][bookmark: _Toc11737653][bookmark: _Toc13467654]Description of Sample stations
The study area of this research is located along the major route of east-west direction of LRT (Light Rail Transit) line of Addis Ababa city. This route connects the center of the city with the residential areas of Ayat and touches four sub-cities (Lideta, Kirkos, Bole and Yeka). This LRT line has 22 stations which share five of the stations with North – south LRT line. Among these stations the researchers took 5 stations; Torhialoch, Mexico, Stadium, Megenagna and Ayat stations. These stations will be selected based on purposive sampling with sound reasons.
Torhialoch station is located at the junction of Winget-Ayer Tena and Mexico-Ayer Tena or Mexico-Betel. This station is consists four types of station-LRT station, bus station, taxi station and mixed station. These all stations are at grade (on ground) stations. The Torhailoch LRT station is the end station to west direction of east-west LRT route. 
The location of this station has feeder routes to vehicular transport station such as taxi and bus station. There is a high flow of people in this nodal location. The station is congested every pick hours by the users. It is surrounded by the congested streets to cross and the ticketing office for LRT users is located across the street which is difficult to access easily. The land use surrounding the Torhailoch LRT station is a special function (military camp). But for the existence of commercial and residences, it said to be mixed use. The general land use of Torhailoch station is mixed use of commercial, services, residential and special function.
Mexico Station is located at the center of the city in a very active area and has seven feeder streets from all directions. The LRT station of Mexico station is located in front of Ethiopia Road Authority next to Debrework tower. Mexico LRT station is on the elevated overhead structure. It is one of the five common stations in the east-west and north-south routes. It is also served for mass LRT transport users. The ticket office is located south direction of the East-west route and at the ground which creates challenges for the users, especially for the users who travel towards Torhailoch and Merkato-Piazza. This location is congested due to different activities such commerce and services and there is a taxi and higerbus station under the Mexico LRT station. Mexico bus station is located in front of Federal police head quarter office, on Mexico-Sarbet-Mekannisa-Jamo route. This station is very congested during peak hour.
Stadium station is located in a very active area which is highly accessible the station is located at the crossroad of Megenagna-Mexico and Piazza-Gotera-Adey Ababa. There are taxis, bus, mixed and LRT stations at this station. The LRT station is located on the elevated overhead structure. It is one of the five interchange station for the east-west and north - south routes. It provides services for mass LRT transport users to Megenagna, Piazza, Torhailoch and Kaliti. The ticket office is located at the ground on the right sides of Ayat-Torhaich route and creates challenges for the users especially for the interchange users. The stadium bus station is located at the crossroad of Gotera-Berawi and Estifanos-Mexico and used one of the four terminals of Addis Ababa city and the taxi station is located in front of the Addis Ababa stadium. Both, bus station and taxi stations are separated station from the carriage way. 
Megenagna station is the busiest station compared to other stations of the study area. The station is one of the major bus terminals of Addis Ababa city, which is located at the intersection of stadium-Ayat or Stadium-Kotobe and Arat-kilo-Kotobe or Arat kilo-Ayat. The LRT station on Megenagna station is located under the ground, which is hard to access for disables without elevator. The Megenagna station has many feeder (from the Stadium, Ayat, Kotobe, Saris and Goro) vehicular transport routes; it also has high flow of people. Therefore the LRT station which is located in this area is congested during pick hours. It has common space for both directions of train routes. The station is known by its characteristics of having highly congested street vendors near side of the road. 
Ayat station is located at the end of east direction of east - west LRT route. It is a ground station which has feeder vehicular routes with taxi station. Since the area is dominated by residence; the users commute long trip to come to the inner part of the city.














[bookmark: _Toc13474138]Figure 6: Study Area and Sample station for the Study
(Source: Mapped from Addis Ababa road map, 2016)
0. [bookmark: _Toc13467655]Research Design
The goal of this study is to investigate air quality at public transport station and its effect on human health by investigating the major air pollutants from vehicles and its concentration at public transport station in the study area. Therefore, the procedures in this research were deployed for identifying transport related air quality problem through different data collection methods and find possible solutions to reduce vehicle emission air pollution in the study area.
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[bookmark: _Toc1571833][bookmark: _Toc1571807][bookmark: _Toc1569690]
[bookmark: _Toc13474139]Figure 7: Research Design               
0. [bookmark: _Toc1574378][bookmark: _Toc13467656]Site selection criteria 
In order to investigate urban air quality at a public transport station, the major road from Torhailoch to Ayat was selected using purposive sampling due to its location at the center of the city through which variety of vehicles move every day. Secondly, the core idea of this research is a comparative analysis of air quality between LRT and public bus/taxi transportation and Torhailoch to Ayat route is open to all modes of public transport. 
In order to investigate the air quality problem the sample public transport station, station classification was made as a public bus station, taxi station, train station and mixed station (common station for both public bus and taxi). In the same way train stations were classified as underground station, at grade station and on elevated station. Based on these classification data were collected using purposive sampling from the selected stations for this study. Based on data collected from these stations, air quality problems, the pollutant type and concentrations in the study area were assessed and analyzed. 
0. [bookmark: _Toc1574379][bookmark: _Toc13467657]Sampling Techniques and size
The sample frame for this study includes all the transport users along the major route Ayat-Torhailoch station. The purposive non-probability sampling method was used for the administration of instrumentation of air quality measurement during data collection at each station because of the reason that this research needs congested stations and stations in this research cannot be arranged according to their condition of congestion systematically. In this research, five stations were selected purposively from train stations along the east west line, based on the characteristics of each station. Five public buses and five taxi stations were selected either following train stations or based on its characteristics (mixed, taxi and public bus station) using purposive sampling. 
At the second stage, since the author has no exact number of taxis, public city bus and both taxi and public city bus users in the study area, the purposive sampling techniques were also used to select representative respondents for interview questionnaires prepared to answer the objectives of this study. Accordingly, 30 respondents from each station (bus, taxi, mixed and LRT station) of Torhailoch, Mexico, Stadium and Megenagna stations because, this station has similar characteristics in terms of vehicular congestion and 25 respondents from each station at Ayat station were selected based on the character of the sample stations and stay time of the individuals. Accordingly, the total sample sizes for the purpose of this research were 580 respondents that were selected using purposive sampling. This sample size was determined based on the characteristics of the sample stations, as a result, those stations that have almost a similar congestion character has equal and uniform sample populations. Based on this, all the sample stations have a similar character in terms of vehicular and foot traffic congestion except Ayat station which is less congested compared with the other stations. So the sample size for this study can be distributed as follows:
Total Sample size 
Torhailoch station
Mexico station
Stadium station
Megenagna station
Ayat Station
30 at bus station
30 at taxi station
30 at LRT station
30 at mixed station
30 at bus station
30 at taxi station
30 at LRT station
30 at mixed station
30 at bus station
30 at taxi station
30 at LRT station

30 at mixed station
30 at bus station
30 at taxi station
30 at LRT station
30 at mixed station
25 at bus station
25 at taxi station
25 at LRT station
25 at mixed station
120
120
120
120
100
Five Sample stations consisting four sub-stations
Number of sample respondents at each sample station
Total at sample station

[bookmark: _Toc13474140]Figure 8: Sample Stations and size
0. [bookmark: _Toc1574380][bookmark: _Toc13467658]Research Approach
For the purpose of this study, data  about the quality of the stations, the character of traffic congestions in their natural setting and about the experience of the passengers and other community about air quality near the selected stations were collected through field observation. It also involved the use of previously studied and collected data from a variety of secondary sources related to air quality at public transport station and its effect on human health. The concentration of air pollutants (PM2.5, PM10, AQI (US) and CO2), the relationships between vehicular congestion and the concentration of air pollutants acquired from field observation and measurement. 
0. [bookmark: _Toc1574381][bookmark: _Toc13467659]Data Source
Reliable data were used to design research objectives in order to define research method and methodological evaluation of research analysis. Basically, there are two types of data sources which are engaged in the research definition and analysis, which really related to primary and secondary data. Data were collected by site observations, field surveying using Air Visual and from community and municipal questionnaire survey.  Data were basically collected from Addis Ababa city road authority (AACRA) and Addis Ababa environmental protection authority (AACEPA). 
0. [bookmark: _Toc13467660]Research variables and its indicators
[bookmark: _Toc13474171]Table 2: Research Variables and its indicators
	Variables
	Indicators
	Remarks

	Vehicular growth in urban area
	Total number of the motor vehicles 
	The relationships between the increase of vehicle and air pollution

	Air Pollution and pollutants
	The concentration of emission
	The major air pollutants at a public transport stations in the study area were identified and analyzed

	Vehicular congestion
	Total number of vehicles on road
	The relationships between congestion and air quality at a  public transport stations were identified and analyzed

	The concentration of air pollutant near the congested road
	The volume of pollutant in space
	The relationships between pollutant concentration and congestion at station



0. [bookmark: _Toc1574382][bookmark: _Toc13467661]General Process of Data collection and analysis 
Data collection and analysis has been based on different steps, data sources, methods and tools. 
Data source
Data type
Data collection Methods
Secondary data
Primary Data
· Researchers’ experience
· Local community
· Government officials
· Measuring on field
Data collection Tools
Data Analysis Tools
Data Analysis Methods
Results
· Addis Ababa city Environmental Authority
· AACRA 

· Observation
· Measurement at Station
· Interview Survey 

· Data reviewing
· photocopying
· Note taking
· Metric tape
· Digital camera
· Mobile phone
· Air Visual tools

· Document reviewing
· Computer and  its software
· Maps, Tables, Graphs, Charts and report
· Comparing and contrasting 
· GIS for mapping
· MS office for report writing
· MS Excel or SPSS for correlation and regression analysis
· Reports
· Figures
· Findings and Recommendation



















[bookmark: _Toc1571835][bookmark: _Toc13474141]Figure 9: General Process of Data collection and analysis
0. [bookmark: _Toc1574383][bookmark: _Toc13467662]Data collection methods and tools 
Mostly data are collected in different mechanisms that easily identifiable to the researcher and concerned body who want to analyze the data. One of the mechanisms used in data collection methods is described as follows:
i. [bookmark: _Toc1574385]Observation 
Observation was used as a data collection tool in order to understand the types, location and the characteristics of public transport stations in the study area along both LRT lines and public bus stations with regards to its traffic volume (congestion).  In the study, observation was employed both during peak hour and off peak hour. 
ii. [bookmark: _Toc1574386]Field Measurements
Investigation on air quality was conducted on the main roads from Torhailoch to Ayat that pass through the center of the city in the direction of east-west. The stations were selected on the bases of different criteria such as the location of the station, nature of the station, building height and density near the station, carrying capacity of the road near the side of the sampled stations that are believed to be the representative for all stations.
In this research, PM2.5, PM10, AQI (US) and CO2 measurement have been done starting from the end of February to the end of March for one month to identify and test the concentration of pollutants emitted from vehicular emission at public transport stations. The measurements were conducted in two stages, with a maximum of 30 minutes both during peak hour (8:00 to 10:00 AM and 16:30 to 19:00PM) and off peak hour (10:00AM to 16:00PM) at all sample stations. The reason why 30minutes of measurement used in the study is because of the shortage of time and Airvisual battery has low capacity to measure for a long time. In order to answer the objective of this research, double measurement (peak hour and off peak hour) per station was conducted at the selected station on different days. 
Air quality measurement was taken place by using +IQAir air tracking device, IQAir AirVisual pro model to identify the concentration of pollutants such as AQI, PM2.5, PM10 and CO2 at each station. To measure the concentration of AQI, PM2.5, PM10 and CO2, the instrument was placed within 10 meters radius for bus, taxi and mixed stations, depending on the size of space around the station, type of shade around the station, location of the station. Here is the image of +IQAir air visual pro.
AQI (US)
PM2.5
CO2

 




[bookmark: _Toc13474142]Figure 10: IQAir Visual pro used to measure air pollutants
The concentrations of air pollutants near the selected stations were measured using the above instrument. Airvisual pro has high precision (±5 for 5second and ±2 for 10 second record). It is a combination of laser technology and artificial intelligence that able to deliver immediate and accurate indoor and outdoor air quality levels.
Generally the concentration of AQI, PM2.5, PM10 and CO2, were measured for 30 minutes at each of the sample station by this study. +AQI Air-Visual pro record the value of air pollutants within 10 seconds and 180 records of each pollutant are stored within 30 minutes. After measuring the concentrations of each of the above pollutants at the sample stations, the mean (average), the maximum and minimum were taken for the analysis of the concentration and spatial-temporal variations of each pollutant during peak and off-peak hours. The average concentration of the measured pollutant in the study area was calculated using the general formula;
…………. (Eq. 1)
Therefore the concentration of all pollutants recorded within 30 minutes was calculated as follows;
………………………… (Eq.2)
…………………. (Eq.3) …………………….. (Eq. 4)
……………………. (Eq. 5)
iii. Questionnaire Survey
For the purpose of this research, a questionnaire survey was employed to gather the perception of passengers, drivers and local resident whom are located around the station about transport related air quality problems and its effect on human health with face to face information gathering through an open and closed form of questionnaires. In the study, the interview was used to investigate the piece of evidence and opinions about the condition of air quality and the methods to reduce the condition of transport related air pollution the study area. 
To identify the subjective perception of the respondents, the author this study used questionnaire surveys which include both closed and open ended questionnaires. The respondents were given a chance to encircle or tick the most appropriate response from the closed ended questions. The questionnaires were delivered to the respondents by data collectors. Where necessary, the data collectors read out and explained the questions to the respondents whose literacy level were low and were unable to read and understand for relevant responses.
0. [bookmark: _Toc1574389][bookmark: _Toc13467663]Data Analysis methods and tools
After organizing data in terms of source, collection method and analysis methods were developed and organized, then the data were inserted into data analysis tools (SPSS and Microsoft Excel) in order to produce charts, graphs and tables and made a comparison of air quality in the study area and air quality standards set by world health organization. Firstly, simple averages (mean) and frequency were taken to analyze data collected from the respondents and  measurement by tracking device (IQAir air visual pro) in the selected stations and its health effects. 
The collected data from selected stations were triangulated to produce comparison of the subjective views of the passengers about air quality and the objective of the study. The major tools used for analysis of organized data are ArcGIS to map station locations; Microsoft Excel and SPSS to developed regression and correlation analysis if necessary and Microsoft word to develop reports. At the end of this research, the relation between traffic congestion and air quality can be analyzed by using correlation and regression analysis tools to identify whether they have direct relationships or not. Generally, all above methods were used for processing of data that the author has in hand for forwarding solution about transport related air quality problem in the study area.
[bookmark: _Toc13467664]CHAPTER FOUR
[bookmark: _Toc13467665]RESULT AND FINDINGS OF THE STUDY
5.1. [bookmark: _Toc13467666]Introduction
For the purpose of this study, about 580 numbers of respondents were asked in order to understand the subjective opinion about air quality in the study area. Based on this, about 49.2% of the respondents (37% said low quality and 12.2% said very low quality), estimated that the study area is characterized by polluted air. Exposure to traffic related pollutants in the air threatens the health of people of all ages in urban areas, but it affects the most sensitive groups. As shown on Figure 21 below, out of 140 respondents from 16-24 age groups, about 72 numbers of the respondent has experienced by traffic emission related health problems, while 68 numbers of the respondents have not experienced any kind of traffic emission related health problem. On the other hand, out of 333 numbers of respondents from 25-54 age groups, about 164 numbers of the respondent has experienced by traffic emission related health problems, whereas 169 numbers of the respondents have not experienced any kind of traffic emission related health problem.
5.2. [bookmark: _Toc11737664][bookmark: _Toc13123628][bookmark: _Toc13467667]Number of respondents who has experienced different types of disease
Table 3 shows the total number of the respondent those have experienced different types of air pollution related disease at the sample stations. As shown in table 3, about 293 (50.5%) of the interviewed respondents has experienced different types of  air pollution related diseases such as common cold, repetitive coughing, short breathing, asthma, throat irritation and bronchitis while about 293 (50.5%) have not experienced any kind of transport emission related disease. From this, almost about half of transport users in Addis Ababa are affected by transport emission related health problem.
[bookmark: _Toc11401873][bookmark: _Toc13474172]Table 3: Number of respondents who have experienced different types of disease at sample stations
	Types of disease the respondent have experienced
	Ayat Station
	Megenagna Station
	Mexico station
	Stadium station
	Torhailoch station
	Total

	Asthma
	4
	5
	4
	1
	5
	19

	Bronchitis
	1
	5
	3
	1
	5
	15

	Bronchitis and Common cold
	0
	0
	0
	6
	0
	6

	Bronchitis and Short breathing
	0
	0
	0
	1
	0
	1

	Common cold
	17
	23
	26
	17
	23
	106

	Common cold and Asthma
	1
	3
	1
	5
	0
	10

	Common cold and Short breathing
	0
	0
	3
	9
	0
	12

	Common cold and Coughing
	4
	2
	3
	0
	1
	10

	Coughing
	6
	6
	8
	2
	11
	33

	Coughing and Bronchitis
	1
	0
	0
	0
	0
	1

	Eye disease
	0
	3
	0
	0
	2
	5

	Fatigue
	3
	1
	3
	
	3
	10

	Short breathing
	3
	10
	14
	2
	1
	30

	Strong headache
	1
	0
	1
	0
	1
	3

	Nose irritation
	2
	0
	0
	0
	1
	3

	Throat irritation
	1
	0
	0
	8
	9
	18

	Tonsillitis
	4
	0
	1
	
	0
	5

	Have not experienced
	52
	62
	53
	68
	58
	293

	
	100
	120
	120
	120
	120
	580


Source: Field Survey by the researcher (from mid-March to mid-April 2019)
5.3. [bookmark: _Toc11737665][bookmark: _Toc13123629][bookmark: _Toc13467668]The Subjective View of the Respondents About Air Pollution at Sample Stations
Figure 11 shows the subjective views of the respondents about air quality in the study area. As shown in figure 11, about 34% (199 respondents) which means 34 respondents at Ayat station, 40 respondents at Megenagna, 52 at Mexico, 49 at Stadium and 24 at Torhailoch responds as the quality of air in the study area is in a good state in terms of its quality, whereas, 37% of the respondent responds as the study area is polluted, as well as about 12.2% estimate as the area is very polluted and needs some kind of improvement intervention. On the other hand, about 0.3% of the respondent stated that the air quality of the study area is excellent. 

[bookmark: _Toc11564000][bookmark: _Toc13474143]Figure 11: The subjective view of the respondents about air pollution at sample stations, N=580
i. [bookmark: _Toc11737663]Waiting Time of the Respondent at Sample Station
Figure 12 shows, the average waiting time of the respondents at sample stations. A total of 580 surveys of passengers has been conducted across the five sample stations about the waiting time of the passengers. The passengers were asked by the interviewers about their perception of waiting time at the LRT, bus, taxi and mixed stations of the sample, along with other information. Accordingly, about 488 (84%) of the passengers estimates their waiting time for public transport as longer than 10 minutes that is; about 183 (32%) of the respondents estimates their waiting time is greater than 30 minutes and 169 (29%) estimates their waiting time is 11-12 minutes respectively and followed by the estimates between 21-30 minutes which accounts 139 (24%). Of the total number of the respondents, about 16% of the respondents estimate their waiting time of the public transport is less than 10 minutes long that is about 75 (12.9%) estimates 6-10 minutes and 12 (2%) estimates less than 5 minutes.
As figure 12 shows, the waiting time for public transport in the sample station is long, due to lack of sufficient public transport vehicles (19,266 in numbers according to AACTA, 2019) including bus, minibus, kitkit, higerbus and etc. This long waiting time at public transport station implies a high level of human exposure to the high concentration of vehicle emissions and pollutants both during rush and off-peak hours.

[bookmark: _Toc13474144]Figure 12: Passengers perceived Waiting time at sample station, N=580
ii. [bookmark: _Toc11737671]Waiting time versus Number of the Respondent Experienced by Air Quality Related Disease at Sample Stations 
As shown in the Figure 13, many times the buses don't arrive at their stations on time and passengers and users can end up waiting a very long time for public buses. This has its own implications on the level of human exposure. From the graph below, the longer the time the passengers wait at stations, the higher the level of exposure by air pollutants measured at stations depending of the size of the pollutant, the mass concentration of the pollutants, wind direction and the environmental condition of the stations (presence of vegetation and green infrastructure near the stations).

[bookmark: _Toc11564006][bookmark: _Toc13474145]Figure 13: Waiting time Versus Number of Exposed Respondents, N=580    
5.4. [bookmark: _Toc11737672][bookmark: _Toc13467669]Analysis of the Characteristics of Sample Station Location
i. [bookmark: _Toc11737674]Availability of shelter at sample stations
About 60% of the selected bus stations (Ayat, Mexico and Torhailoch) have walls and roof shelter while about 40% has no shelter (e.g. Megenagna and Stadium stations). The major problem with sheltered stations is that all the existing stations are open towards the road and allow the pollutant to enter easily.  Generally speaking, the selected LRT stations have walls and roof shelters, but have no completely closed walls. It is opened wall that allows vehicular emitted pollutants to enter the LRT station easily. As a result, stations of the same grade are characterized by high concentrations of air pollutants (PM2.5, PM10 and AQI (US)). 
ii. [bookmark: _Toc11737676]The Vehicular Traffic Character of Sample Stations
As observed, the study area is characterized by highly congested vehicular traffic during peak hours. High congestion of vehicular traffic occurs when there are a large number of drivers overcrowded on the road. As a result traffic flow does not run smoothly and then interrupt the daily activities of the users. The time consumed on the road gives a lot of negative impacts on the environment, due to consumption of more fuel during congested times. As shown in Figure 14, Megenagna, Stadium, Mexico and Torhailoch stations are highly congested from the selected stations and characterized by low vehicular speed, ranging from 14 and 22km/Hrs, while Ayat station is less congested with vehicular speed range between 25 and 28.5km/hrs. 

[bookmark: _Toc13474146]Figure 14: vehicular traffic versus speed (km/hr) at sample stations during peak and off peak hours, N=20
iii. [bookmark: _Toc11737678]Street Surface Condition of the sample stations
Road surface cracking, deterioration and the existence of dust on the surface of the sample station are inspected manually. As identified through field observation, the surface condition of the road near the selected stations, are in very good condition(about 65%) having no significant dust, no cracking, no potholes and  has very excellent drivability while about 35% are good condition having little dust and little cracks and some potholes at some area.
The irregularity of road surface condition discourages the movement of the vehicles travelling through the route. It causes excitation of different modes of vibration in vehicle at different speeds. The increase in vibration of vehicles, produce more smoke emitted due to decrease in driver quality or more fuel consumption and dust blown due dynamic loading on the surface of the pavement.

[bookmark: _Toc11564011]




[bookmark: _Toc13474147]Figure 15: Percentage of street surface condition	
iv. [bookmark: _Toc11737679]Availability of Street Trees within 10 meters of the Sample Station
The existence of street trees and vegetation has overall health benefit of the passengers as well as for nearby communities. The existence of vegetation and green infrastructure near the roadside produce an opportunity to reduce roadside concentration of air pollutants. However, the study area lacks street trees.  Most of the selected stations have no street trees within 10 meters of the location of the station.
5.5. [bookmark: _Toc13467670]Analysis of the major air pollutants in the study area
A drastic increase in the number of vehicles has resulted in a significant increase in the emission load of various pollutants in urban areas of developing countries like Addis Ababa. As it was found in different literatures, urban air quality has been deteriorating over time due to different reasons such as the growth of vehicle number, expansion of industrial areas and the increasing use of fossil fuel for a different purpose in urban areas. The distribution of pollutant levels in the urban area may vary from place to place within specific city based on its sources and meteorological conditions of the city. 
Passengers and freight vehicles in the study area are the major contributors of air pollution, producing significant amounts of CO2, AQI, PM2.5 and PM10. However, for the purpose of this study, it was focused on measuring only particulate matters (PM2.5, PM10), Air quality index (AQI) and CO2 at all the sample stations. Particulate matters are formed because of internal combustion of fossil fuel by operating vehicles or from suspended road dusts and wearing of tyres and brake.
As data from field measurement shows us, urban air quality is different in different places of specific city depending on the contribution of the local sources such as vehicle types, meteorological condition and road surface quality. The highest concentrations of particulate matters were emitted during peak hour or where the road is congested by heavy duty vehicles. In the case of the study area, Megenagna, Stadium and Mexico stations are congested stations with high concentration of heavy duty vehicles such as higerbus and Izuzu kitkit at mixed station. Due to the existence of cars, trucks and buses powered by diesel, air pollutants such as PM2.5, PM10, and CO2 were measured both during peak and during off-peak hours of the measurement at sample stations.
The above pollutants can be emitted from combustion of fossil fuels for different urban activities such as transportation, power generation and other human activities that produces complex pollutants in the urban environment of the study areas or stations. Pollutants from fossil fuels contains certain primary gaseous pollutants such as CO2 that is emitted directly from the combustion of fossil fuels from vehicles and particulate matters (PM) that are small enough to be inhaled into the lung either as primary emissions such as diesel soot or as secondary particles through atmospheric transformation. The major pollutants identified in this study were PM2.5 and PM10 that is inhale-able and gaseous CO2. 
5.6. [bookmark: _Toc13467671]The concentration of air pollutants during peak and off peak hours
Air pollutants were measured in the study area with the purpose to identify the concentration of each pollutant near the roadside especially around public transport stations. In the study area, traffic related PM2.5, PM10, AQI (US) were Measured in public site of the route (public transport stations). The average concentration of PM2.5 ranging from 16µg/m3 to 89µg/m3, the concentration of PM10 ranging from 47µg/m3 to 257µg/m3, while the average concentration of AQI (US) was ranging from 52 to 230 during peak hours, which were found to exceed the US. EPA standard limits 35.5µg/m3, 151µg/m3 and 101, respectively.
As shown in the Table 4 and 5, the amount of air pollutants (such as PM2.5, PM10, AQI and CO2) variations in concentrations at different station of the same location depending on the congestion level of the vehicles at the stations, the flow of air and types of the vehicles on the road as observed during field measurements. Increasing the severity and duration of traffic congestion has the potential to greatly increase pollutant emissions and degrade air quality along the busy road. The following tables describe the measured value of the concentration air pollutants in the study area.


[bookmark: _Toc13474173]Table 4: 30 minutes Average Air Pollutant Concentrations During peak hours (8:00 -10:00AM and 16:00 -17:00PM)
	Station Name
	Station Type
	Measurement Duration 
	AQI (US) value
	PM10  Value
	PM2.5 Value
	CO2  value

	Ayat
	LRT
	30 min
	72
	64
	23
	396

	
	Bus
	30 min
	98
	108
	36
	403

	
	Taxi
	30 min
	69
	55
	21
	477

	
	Mixed
	30 min
	104
	98
	41
	583

	Megenagna
	LRT
	30 min
	60
	47
	16
	428

	
	Bus
	30 min
	139
	257
	69
	472

	
	Taxi
	30 min
	119
	111
	54
	541

	
	Mixed
	30 min
	146
	136
	89
	538

	Stadium
	LRT
	30 min
	52
	65
	19
	400

	
	Bus
	30 min
	230
	125
	70
	574

	
	Taxi
	30 min
	140
	129
	64
	463

	
	Mixed
	30 min
	157
	126
	53
	514

	Mexico
	LRT
	30 min
	47
	32
	12
	429

	
	Bus
	30 min
	114
	89
	50
	756

	
	Taxi
	30 min
	110
	98
	44
	521

	
	Mixed
	30 min
	103
	84
	42
	685

	Torhailoch
	LRT
	30 min
	125
	147
	50
	427

	
	Bus
	30 min
	139
	116
	62
	606

	
	Taxi
	30 min
	131
	105
	60
	443

	
	Mixed
	30 min
	139
	190
	66
	590


Source: (Field Survey by the researcher, 2019)
[bookmark: _Toc13474174]Table 5: 30 minutes Average Concentration of Air Pollutants Measured during Off-Peak Hours (10:00AM to 16:00PM) 
	Station Name
	Station Type
	Measurement Duration 
	AQI(US)
	PM10
	PM2.5
	CO2

	Torhailoch
	LRT
	30 min
	78
	72
	29
	412

	
	Bus
	30 min
	93
	77
	36
	599

	
	Taxi
	30 min
	88
	45
	30
	562

	
	Mixed
	30 min
	101
	98
	45
	431

	Mexico
	LRT
	30 min
	34
	24
	8
	426

	
	Bus
	30 min
	91
	67
	34
	522

	
	Taxi
	30 min
	96
	91
	36
	456

	
	Mixed
	30 min
	76
	78
	25
	502

	Stadium
	LRT
	30 min
	49
	37
	13
	410

	
	Bus
	30 min
	90
	132
	37
	404

	
	Taxi
	30 min
	74
	65
	24
	414

	
	Mixed
	30 min
	120
	143
	46
	437

	Megenagna
	LRT
	30 min
	58
	49
	15
	470

	
	Bus
	30 min
	101
	98
	45
	431

	
	Taxi
	30 min
	97
	107
	34
	415

	
	Mixed
	30 min
	137
	118
	61
	460

	Ayat
	LRT
	30 min
	54
	41
	15
	405

	
	Bus
	30 min
	66
	37
	19
	577

	
	Taxi
	30 min
	56
	49
	16
	402

	
	Mixed
	30 min
	78
	39
	25
	465


Source: (Field Survey by the researcher, 2019)
As shown in Table 4 above, the concentration of PM2.5 is higher during peak hours of the study area.  Out of the total measurement taken at all sample stations, about 45% of the sample stations have a high level of PM2.5 concentrations that is found in red color and unhealthy for all people. According to US environmental protection agency (2012), the air quality is considered unhealthy for the sample station at Torhailoch (bus, taxi and mixed) station, Mexico (bus and mixed) stations, Stadium (bus and taxi) station and Megenagna (bus and mixed) stations with unhealthy air quality. Thus, high risk and sensitive people are not allowed to carry out daily outdoor activities. While the concentration of PM10 at the sample station falls under the moderate category of US environmental protection agency (2012) standard and suitable for carry out normal daily activities for all groups of people.
However, as shown in Table 5 above, the concentration of measured air pollutants in the study stations was low during off peak hours compared to the rush hour concentrations. Corresponding with this, only about 5% of the sample stations have a high level of PM2.5 concentrations that is found in red color and unhealthy for all people, whereas about 30%, of the sample stations were measured to have unhealthy level for sensitive people. In the same manner, about 60% and 40% of the sample stations was measured to have a moderate and good level of PM10 concentrations, respectively, while about 20% the sample stations were unhealthy for sensitive people and about 80 % are good levels of AQI (US) respectively.
5.7. [bookmark: _Toc13467672]Spatial Variations of the Concentrations Air Pollutants at the Sample Station
Figure 16 presented below shows, the variation of mass concentrations of AQI (US) among the sample stations, and even within short distances at specific stations of the same location. A high concentration of AQI (US) was measured at Torhailoch, Mexico, Stadium and Megenagna, because of the gradient of the location of the station and high level of vehicular traffic. As shown in Figure 17, a high concentration of PM2.5 was measured at Torhailoch stations, because of the gradient of the location of the station in addition the high level of vehicular traffic. Torhailoch station is located at slightly at steep gradient of the land form and as a result, vehicles need high power upward and consume more fuel and emit more smoke both from Ayer Tena and Mexico. Not only at Torhailoch, the average concentrations of PM2.5, PM10 and AQI are varying at Megenagna, Stadium and Mexico stations as described in below, exceeding the WHO air quality standard.
i. AQI (US) concentration during peak hour
 Figure 16 shows the sample stations with regards to AQI (US) during peak hours of the measurements. The value of AQI hits unhealthy level of air quality with a value of 149, 139, 126, 104 and 103 at mixed stations of Megenagna, Torhailoch, Stadium, Ayat and Mexico stations respectively. Such a situation is not suitable to carry out daily outdoor activities for all groups of people.

[bookmark: _Toc13474148]Figure 16: Concentration of AQI (US) during peak hour at sample stations, N=20
In the same manner, the value of AQI for sample bus stations at Torhailoch, Megenagna, Stadium and Mexico station hits unhealthy level of air quality with concentration value of 139, 139, 125 and 114 i.e., the station are not suitable to carry out daily outdoor activities respectively and moderate level of air quality at the Ayat bus station with the concentration value of 98µg/m3.
For sample taxi stations, the concentration of AQI at Torhailoch, Stadium, Megenagna and Mexico stations hit unhealthy level of air quality with concentration value of 131, 129, 119 and 110, respectively, while at the Ayat taxi station the concentration of AQI hits the moderate level of air quality with the concentration value of 73. In the same manner, the concentrations of AQI at LRT station was measured to be 72, 65, 60 and 47 and hit the moderate air quality level at Ayat, Stadium, Megenagna and Mexico stations respectively, while it hits unhealthy air quality at the Torhailoch LRT station with the concentration value of 125 that is unsuitable to carry out daily activities for sensitive groups of people. 
ii. PM2.5 concentrations during peak hours
The daily average PM2.5 concentrations were collected using the Air visual pro device and the collected data were analyzed using Microsoft Excel. During field measurement, the higher ambient PM2.5 concentrations were observed as a result of either incomplete combustion of diesel/gasoline vehicles such as heavy duty vehicles such as higerbus, izuzu and long vehicles or the quality of road surface near the stations. As shown on the graph below, the concentration of PM2.5 is high at Megenagna mixed station due to the existence of different vehicles (higerbus, izuzu kitkit, Lonchin) at the same time. 
At a different location of the study area, the concentration of PM2.5 is different in amount. The concentrations of PM2.5 during peak hour was measured to be 89µg/m3, 69µg/m3, 54µg/m3 and 16µg/m3 at mixed, bus, taxi and LRT stations of Megenagna station, respectively. In the same manner, the concentrations PM2.5 at Stadium is 70µg/m3 at the bus station, 64µg/m3 at taxi station, 54µg/m3 at Mixed station and 19µg/m3 at the LRT station and 66µg/m3 a mixed, 62µg/m3 at bus, 60µg/m3 at taxi and 50µg/m3 at LRT stations of Torhailoch station. 
Mexico station is also one of the five sample stations in this study. The concentration of PM2.5 is also high at this station compared to the WHO standard of 2005. As data from field measurements show us, the concentration of PM2.5 is 50µg/m3 at the bus station, 44µg/m3 at taxi station, 42µg/m3 at mixed station and 12µg/m3 at the LRT station in Mexico station as well as 41µg/m3 at the bus station, 39µg/m3 at taxi station, 36µg/m3 at the LRT station and 21µg/m3 at mixed stations of Ayat station. 
As described in figure 17, there is a variation of the concentration of PM2.5 at mixed, bus, taxi and LRT stations of the study area even if the stations are located at short distance to each other. For instance, the concentration of PM2.5 is high at Megenagna mixed station. The reason might be the existence highly congested vehicles of various types and age with various fuel consumptions and soil dusts on the surface of the station. 

[bookmark: _Toc13474149]Figure 17: The Concentration of PM2.5 at the study stations during peak hour, N=20
iii. Average PM10 concentrations during peak hours
As described in different studies provided in the literature, PM10 in the atmosphere comes mainly from two sources: primary aerosols that are emitted directly by human emission sources like factories and vehicle emissions as well as from non-human emission sources such as street and soil dust. 
Among the leading pollutants measured at each station in the study area, PM10 is also found with a high level of 257µg/m3 and 230µg/m3 at Megenagna and Stadium bus station respectively (see Figure 16 below). In the same manner, 190µg/m3 and 157µg/m3 at Torhailoch and Stadium mixed station, whereas 147µg/m3, 140µg/m3 and 136µg/m3 at Torhailoch LRT, at the Stadium taxi station and Megenagna mixed station during peak hour and is therefore an important indicator of air pollution in this area. As shown on figure 18, the level of vehicle congestion on the road near the side of the public transport station is directly related to the concentration of PM10.  The concentration of PM10 is high when the concentration of vehicle on the road increases. This has happened due to the increase of fuel consumption and emission of more pollutants during peak-hour (when the speed of the vehicle is reduced or comes to stop). 





[bookmark: _Toc13474150]Figure 18: The Concentration of PM10 at the Sample Stations During Peak Hour, N=20
iv. Average CO2 concentrations during peak hours
Motor vehicle emission is the result either from fuel combustion or from evaporation of the surface of the vehicles. The main combustion products emitted from vehicle exhaust are CO2 that is the major significant greenhouse gas influencing the climate change, posing a threat to public health and the environment.
As shown on the figure 19, the concentration of CO2 emitted from vehicle exhausts varies from location to location based on different factors. Factors that increase the concentration of transport related emission of CO2 can be Topography of the stations, vehicle types and the concentration of vehicles on the road. The 30 minutes average concentrations of CO2 was calculated using the equation,
  = . 
Based on this equation, high concentration of CO2 was measured at Mexico and Torhailoch stations compared to other stations. For instance, the concentration of CO2 at Mexico was 756ppm, 685ppm, 521ppm and 429ppm at the bus, mixed, taxi and LRT stations, whereas, 606ppm at the bus station, 590ppm at mixed station, 443ppm at taxi station and 427ppm at LRT stations of Torhailoch. The reason why the highest concentration of CO2 is that the slope of the area is sloppy, which needs the vehicles more power for movement and as a result more smoke is emitted from the vehicles. For Torhailoch, Mexico, Stadium and Ayat station the concentration of CO2 is high at the bus station, but for Megenagna stations the concentration of CO2 is high at the taxi station because, at Megenagna taxi station there is the a bride that block the flow of air in sufficient manner. Due to this, the concentration of CO2 becomes high.

[bookmark: _Toc13474151]Figure 19: The Concentration of CO2 at the Sample Stations During Peak Hours, N=20 
Generally, as shown in Figure 20a and b, the spatial variation of the concentration of PM2.5 at Megenagna station is 3*PM2.5 at Ayat minus 39 of the concentration of Ayat station, whereas, the concentration of PM2.5 at Torhailoch is 0.65*PM2.5 at Ayat plus 38.89, respectively.

[bookmark: _Toc13474152]Figure 20: Comparison of air pollutant at sample stations

5.8. [bookmark: _Toc13467673]Spatial variation of the concentration of air pollutants during off-peak hours 
i. Average AQI (US) concentrations during off peak hours
Figure 21 shows the sample stations with regard to the API for AQI (US) during off-peak hour of the measurements. It is noticeable that the AQI is higher than PM10 and PM2.5 at all sample stations. The value of AQI for Megenagna, Stadium Torhailoch stations hit unhealthy level of air quality with a value of 137µg/m3, 120µg/m3, 101µg/m3 and moderate level of air quality with value of 78µg/m3 at Ayat station respectively.

[bookmark: _Toc13474153]Figure 21: Concentration of AQI (US) during off peak hours at Sample Station, N=20
In the same manner, the value of AQI for sample bus stations of Torhailoch, Mexico, Stadium and Ayat station fall within the moderate level of air quality with concentration value of 93, 91, 90 and 66 respectively and unhealthy level of air quality at Megenagna with the concentration value of 101.
For the sample taxi stations, the concentrations of AQI at Megenagna, Mexico, Torhailoch, Stadium and Ayat stations hit the moderate level of air quality with concentrations value of 97, 96, 88, 74 and 56 respectively, in the same manner, the concentration of AQI at LRT station was measured to be 78, 58 and 54 and hit unhealthy air quality level at Torhailoch, Megenagna and Ayat respectively and 49 and 34 at Stadium and Mexico stations that is good to carry out daily activities for all group of people. 
Generally, from the study one can understand the concentration of transport emission related air pollutants increase as the variety of vehicle types exist near public transport stations and decreases at the LRT station, even variation in concentration exist. For instance, the concentration of AQI is low at over elevated and underground LRT station of Mexico and Stadium accounting 34 and 49, respectively, due to the existence of free flow of air which contribute to distribute the concentration of vehicular emitted smoke and reduce the concentration of AQI in the atmosphere. On the other hand, the concentration of AQI at LRT stations of Ayat and Torhailoch is almost the same with that of the other public transport stations. This is the because of the closeness of the LRT station to the congested road transport at on grade LRT station. At these stations, the concentration of smoke and dust blown due to the movement of road vehicle reach the LRT station with the same concentration as emitted or as blown amount.
ii. Average PM2.5 Concentrations during off peak hours
At a different location of the study area, the concentration of PM2.5 is different in amount. For instance, the concentrations of PM2.5 during off-peak hours were measured to be 61µg/m3, 46µg/m3, 45µg/m3 and 25µg/m3 at the mixed station of Megenagna, Stadium, Torhailoch and Ayat respectively. 
As shown in Figure 22, the concentrations PM2.5 were 25µg/m3 at the mixed station, 19µg/m3 at the bus station, 16µg/m3 at taxi station and 15µg/m3 at the LRT station, at Ayat station while 61µg/m3 at mixed, 45µg/m3 at the bus, 34µg/m3 at taxi and 15µg/m3 at LRT stations of Megenagna station. Accordingly, the most elevated ambient PM2.5 concentrations were observed at the mixed station during off-peak hours.
In the same manner, the concentration of PM2.5 is 46µg/m3 at the mixed station, 37µg/m3 at the bus station, 24µg/m3 at taxi station and 13µg/m3 at the LRT station at Stadium station. At this station the concentrations of PM2.5 during peak hour is high at mixed station due to the existence of high raised buildings and a bridge that is a barrier for air to flow freely. In addition to high raised buildings and bridge, there is a high concentration of vehicle movement on the road near this station. For Mexico stations the concentration of PM2.5 is 36µg/m3 at the taxi station, 34µg/m3 at the bus station, 25µg/m3 at mixed station and 8µg/m3 at the LRT station. At these stations the concentration of PM2.5 is high at the taxi station due to its location under high building height. 

[bookmark: _Toc13474154]Figure 22: Concentration of PM2.5 during off-peak Hours at Sample Station, N=20
iii. Average PM10 Concentrations during off peak hours
Figure 23 shows the average concentrations of PM10 during off-peak hours of measurement. Similar with PM2.5, the concentration of PM10 at different location of the study area is different in amount. For instance, the concentrations PM10 is 143µg/m3 at the mixed station, 132µg/m3 at the bus station, 65µg/m3 at taxi station and 37µg/m3 at the LRT station at Stadium station while 118µg/m3 at mixed, 107µg/m3 at the taxi, 98µg/m3 at bus and 49µg/m3 at LRT stations of Megenagna station. Accordingly, the most elevated ambient PM10 concentrations were observed at the mixed station during off-peak hour.
In the same manner, the concentration of PM10 is 98µg/m3 at the mixed station, 77µg/m3 at the bus station, 72µg/m3 at taxi station and 45µg/m3 at the LRT station at Torhailoch station. At these stations the concentrations of PM10 during off-peak hour is high at mixed station due to the existence of the high concentration of vehicle on the road and a bridge that is a barrier for air to flow freely. In addition to a high concentration of vehicle movement on the road and elevated bridge, Torhailoch station is located at sloppy that needs more power input for the vehicles to move at this station.
For Mexico stations the concentration of PM10 is 91µg/m3 at the taxi station, 78µg/m3 at mixed station, 67µg/m3 at the bus station and 24µg/m3 at the LRT station. At these stations the concentration of PM10 is high at the taxi station due to the location of the taxi station that is under high building height and slightly sloppy land form. According to the data, building height block the flow of the air near roadside and increase the concentration of vehicular emitted air pollutants at public road transport stations. 

[bookmark: _Toc13474155]Figure 23: Concentration of PM10 during off-peak hour at sample stations, n=20
iv. Average CO2 Concentrations during off peak hours
Figure 24 shows the sample stations with regard to the concentration of CO2 during off-peak hour. The value of CO2 hits a good level of air quality with a value between 402ppm and 599ppm at all the sample stations of the study area. Even if the concentration of CO2 is below the standard, there is a high concentration of CO2 at Torhailoch bus station, the Ayat bus station, the Torhailoch taxi station and the Mexico bus station with the concentration value of 599ppm, 577ppm, 562ppm and 522ppm respectively. 

[bookmark: _Toc13474156]Figure 24: Concentration of CO2 during off peak hour at sample station, N=20
Figure 21, 22, 23 and 24 above shows, the concentration of air pollutants such as PM2.5, AQI (US), PM10 and CO2 at the sample stations of the study area during off-peak hours. The highest average concentrations of PM2.5 and AQI during off-peak hour was measured at Megenagna, Stadium, Torhailoch (61µg/m3, 46µg/m3, 45µg/m3), (137, 120, and 101) at mixed station respectively, and Megenagna bus station (45µg/m3, 101); while the highest concentrations of PM10 were measured at Stadium mixed station (143µg/m3), stadium taxi station 132µg/m3), Megenagna mixed station (118µg/m3) and Megenagna taxi station (107 µg/m3) respectively.
5.9. [bookmark: _Toc13467674]Analysis of the Temporal Variation of Air Pollutants at the Sample Stations
5.9.1. [bookmark: _Toc13467675]Temporal Variations of PM2.5, PM10 and AQI within 30 minutes of the measurement
The daily variation of PM2.5, PM10 and AQI concentration at the sample stations were shown in Table 6 and 7, respectively. During the peak hour period of measurement, the maximum and minimum concentrations of PM2.5, PM10 and AQI were varied at each station of the sample stations. Table 6 and 7 shows the variation of roadside air pollutants such as PM2.5, PM10, AQI and CO2 at the sample stations within 30 minutes of the measurement periods. As observed during field measurement, the variation is due to the variation of vehicular congestion, the existence of old vehicles and the presence of large and more emitting vehicles such as Higerbur, Kitkit, dump truck, ladas and etc. At the instant of these vehicles pass along the station, high concentration of air pollutants has been recorded by the tracking device. The difference between the maximum and minimum values were large. This implies the variation of the concentrations of air pollutants at a specific location within a short period of time. The 30 minutes minimum concentrations of air pollutant were observed at the time where there is low level of congestion near the road around the stations due to traffic light. 

[bookmark: _Toc13474175]Table 6: Temporal Variations of PM2.5, PM10, AQI and CO2 within 30 minutes of the measurement during peak hours
	  Station Name
	Station type
	PM2.5 concentrations
	AQI (US) concentrations
	PM10  concentrations
	CO2  concentrations

	
	
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean

	Torhailoch
	LRT
	150
	14
	50
	200
	55
	125
	749
	23
	147
	458
	400
	428

	
	Bus
	306
	27
	62
	356
	82
	139
	609
	40
	116
	467
	428
	442

	
	Taxi
	107
	17
	52
	178
	61
	124
	346
	22
	150
	2482
	427
	607

	
	Mixed
	285
	22
	66
	335
	72
	139
	1039
	25
	190
	2317
	400
	588

	Mexico
	LRT
	37
	6
	12
	105
	25
	47
	81
	9
	32
	988
	350
	429

	
	Bus
	244
	13
	50
	298
	53
	114
	352
	13
	89
	2494
	408
	756

	
	Taxi
	272
	15
	45
	322
	57
	110
	323
	21
	98
	3024
	416
	521

	
	Mixed
	254
	9
	42
	304
	38
	104
	502
	13
	84
	2377
	404
	685

	Stadium
	LRT
	66
	10
	19
	156
	42
	65
	349
	15
	52
	448
	389
	400

	
	Bus
	1799
	7
	70
	1358
	29
	126
	2000
	7
	230
	1807
	402
	574

	
	Taxi
	1260
	9
	64
	1002
	13
	129
	2000
	12
	140
	517
	350
	464

	
	Mixed
	405
	11
	53
	437
	46
	126
	1982
	11
	157
	2236
	413
	514

	Megenagna
	LRT
	40
	10
	16
	112
	42
	60
	73
	19
	47
	745
	350
	428

	
	Bus
	324
	14
	69
	374
	55
	139
	1404
	21
	257
	655
	417
	472

	
	Taxi
	278
	19
	54
	329
	66
	119
	433
	25
	111
	2254
	409
	541

	
	Mixed
	1799
	6
	89
	1358
	25
	146
	2000
	6
	136
	1666
	408
	538

	Ayat
	LRT
	192
	9
	23
	242
	38
	72
	295
	9
	64
	632
	381
	396

	
	Bus
	192
	10
	36
	242
	42
	98
	501
	25
	108
	748
	381
	403

	
	Taxi
	230
	8
	25
	280
	33
	73
	402
	12
	71
	3750
	408
	477

	
	Mixed
	446
	10
	41
	464
	42
	104
	593
	13
	583
	2222
	421
	583


Source: Field Survey by the researcher (from mid-March to mid-April 2019)
[bookmark: _Toc13474176]Table 7: Temporal Variations of PM2.5, PM10, AQI and CO2 within 30 minutes of the measurement during off peak hours
	Station Name
	Station type
	PM2.5 concentrations
	AQI (US) concentrations
	PM10  concentrations
	CO2  concentrations

	
	
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean

	Torhailoch
	LRT
	263.9
	7
	29
	314
	29
	78
	419
	9
	72
	472
	388
	412

	
	Bus
	307.8
	4
	36
	358
	17
	93
	473
	4
	49
	1749
	407
	599

	
	Taxi
	37
	23
	29
	105
	74
	88
	62
	30
	45
	598
	529
	562

	
	Mixed
	1106.7
	6
	45
	900
	25
	101
	1691
	10
	98
	786
	390
	431

	Mexico
	LRT
	18
	5
	8
	63
	21
	34
	55
	8
	24
	1063
	391
	426

	
	Bus
	155
	2
	34
	206
	8
	91
	362
	8
	67
	2353
	350
	522

	
	Taxi
	191
	13
	36
	241
	53
	96
	1037
	18
	91
	537
	409
	456

	
	Mixed
	121
	8
	25
	185
	33
	76
	262
	11
	78
	1207
	410
	502

	Stadium
	LRT
	39
	4
	13
	110
	17
	49
	153
	7
	37
	588
	391
	410

	
	Bus
	1026.9
	11
	37
	848
	46
	90
	2000
	12
	132
	429
	392
	404

	
	Taxi
	228
	12
	24
	278
	50
	74
	350
	15
	65
	612
	394
	414

	
	Mixed
	168
	17
	46
	218
	61
	120
	326
	22
	143
	929
	401
	437

	Megenagna
	LRT
	54
	9
	15
	147
	38
	58
	492
	15
	49
	584
	407
	470

	
	Bus
	1107
	6
	45
	900
	25
	101
	1691
	10
	98
	786
	390
	430

	
	Taxi
	156
	10
	34
	207
	42
	97
	573
	20
	107
	481
	385
	415

	
	Mixed
	241
	20
	61
	290
	68
	137
	272
	27
	118
	505
	430
	460

	Ayat
	LRT
	65
	5
	15
	156
	21
	54
	268
	6
	41
	535
	389
	405

	
	Bus
	28
	15
	19
	84
	57
	66
	50
	22
	37
	1273
	509
	577

	
	Taxi
	74
	4
	16
	160
	17
	57
	338
	4
	51
	467
	386
	402

	
	Mixed
	32
	19
	25
	93
	66
	78
	55
	24
	39
	498
	451
	465


Hazardous Concentration
Very unhealthy Concentration

5.9.2. [bookmark: _Toc13467676]The Concentrations of Air Pollutants During Rush and Off Peak Hours
i. AQI Concentration during Peak and Off-Peak Hours
As shown in figure 25, the concentration of AQI (US) at sample stations during peak and off-peak hour of the measurement. It was found in the state of unhealthy level of air quality for sensitive groups having the concentration value (146 and 137 at Megenagna mixed station, 139 and 101 at Megenagna bus station, 126 and 120 at the Stadium bus station, as well as 139 and 101 at the Torhailoch mixed station) in both peak and off peak hours. At these stations, the value of AQI during peak and off peak hours is observed to be almost the same, showing less variation.
However, the study shows the variation of the value of AQI concentration at these stations throughout the day, as well as the variation between the sampling stations, showing varies average concentrations and maximum concentration within 30 minutes of the measurement.  

[bookmark: _Toc13474157]Figure 25: The Concentration of AQI (US) at the study stations during peak and off-peak Hour, n=20


ii. Average Concentration of PM2.5 during peak and off-peak hours 
The concentrations of PM2.5, PM10, AQI and CO2 that are emitted from motor vehicles into the atmosphere are varying from station to station the same location. The concentration of PM2.5 at Megenagna, Ayat, Stadium, Mexico and Torhailoch during peak hour varies in concentration from that of the off peak hour. For instance, at Megenagna stations the concentration of PM2.5 during peak hour ranges from 16µg/m3 to 89µg/m3, whereas during off-peak hours, the concentrations of PM2.5 ranges from 15µg/m3 to be 61µg/m3 at mixed, bus, taxi and LRT station, respectively. However, the concentrations of PM2.5 are lower during off-peak than that of peak hours. 

[bookmark: _Toc13474158]Figure 26: The Concentration of PM2.5 during Peak and off-peak Hours, N=20
Figure 26 above shows, the variations in the value of AQI concentrations at these stations throughout the day, as well as the variation between the sampling stations, showing varying average concentrations within 30 minutes of the measurement both during peak and off-peak hour at all sample stations.  
iii. Average Concentration of PM10 during peak and off-peak hours 
As shown on figure 27, the concentrations of PM10 at each station were measured to be lower during off-peak hour than off peak hour. The difference in concentration of PM10 between peak hour and off peak hour at a similar spatial location is due to vehicular congestion on the road. This implies a significant increase in vehicular road traffic congestion; increase the concentrations of PM10 pollutants as a result of more smoke emitted and some kind of dust blown.

[bookmark: _Toc13474159]Figure 27: Concentration of PM10 of the study area during peak and off-peak hour, N=20.
As shown in figure 27, the variation of the value of PM10 concentration at the sample stations throughout the day, as well as the variation between the sampling stations, showing varying average concentrations within 30 minutes of the measurement.  This means with time variations in the day the concentration of air pollutant varies in mass concentrations even at a specific spatial location within urban areas depending on different factors (congestion, road gradient, road surface quality).
5.10. [bookmark: _Toc13467677]Comparison Air Quality between LRT and Road transport stations
Both bus and taxi is an evolving public transportation mode, consisting of rubber tired vehicles running on the road. Bus and taxis are diesel powered vehicles in Addis Ababa. Data of outdoor air pollutants at bus, taxi and mixed stations revealed that the concentration of AQI, PM2.5 and PM10 are higher than that of LRT stations at the sample stations. The study found that travel by LRT is cleaner than using road automobiles such as taxi and bus, because the train station less polluted than other public transport stations. 
From field survey, it was found that, Megenagna Stadium and Mexico are the polluted stations. As shown in Figure 28 and 29, Megenagna station is characterized by high concentrations of PM2.5 at bus, taxi and mixed stations is 4.3, 3.4, 5.7 times higher than at LRT station and 5.5, 2.4, 2.9 times higher concentration of PM10 at bus, taxi and mixed stations respectively when compared with  LRT station; the concentrations of PM2.5 at Stadium bus, taxi and mixed stations is 3.7, 3.4 and 2.8 times higher than the concentrations of PM2.5 at LRT station respectively, and also the concentrations of PM10 at stadium bus, taxi and mixed station is 4.4, 2.7 and 3 times higher than the concentration of PM10 at LRT station respectively. Similarly, the concentration of PM2.5 at Mexico bus, taxi and mixed stations respectively is 4, 3.8 and 3.5 times higher than the concentrations of PM2.5 at LRT station, whereas, the concentrations of PM10 at Mexico bus, taxi and mixed stations is 2.8, 3 and 2.6 times higher than the concentration of PM10 at LRT station respectively. However, the concentrations of air pollutants at Torhailoch and Ayat bus, taxi and mixed stations were found to be almost the same with that of LRT station, except there is a small amount of variations at Ayat bus and mixed stations.
From this perspective, it was found that the higher the concentrations of air pollutant at on road transport stations is due to the internal fossil fuel combustion and the presence of dust blown from the road in the study area. In addition, the location of the public bus station is one of the contributors to the increasing concentration of air pollutants at on road public transport stations. All the bus and taxi stations of the study area are located on the main roads or near the intersections; thus, particles originally exhausted from bus, taxi and other private personnel vehicles will easily accumulate during rush hour, when vehicle flows are high. As a result, the concentrations of air pollutants were increased near the side of the road and at public transport stations.

[bookmark: _Toc13474160]Figure 28: The Concentration of Air Pollutant at on road transport station (Taxi, Bus and Mixed), N=15

[bookmark: _Toc13474161]Figure 29: Concentration of Air Pollutant at LRT stations, N=5
5.11. [bookmark: _Toc13467678]Analysis of the Relationships Between the Concentration of Air Pollutants
i. Correlation Analysis of air pollutants and Number of respondents exposed 
Correlation analysis is a statistical tool that helps to measure and analyze the degree of relationship between independent and dependent variables in the study. As shown in the below table, the correlation coefficient between the concentration of air pollutants such as PM2.5, AQI, PM10 and CO2 and the number of respondents exposed by air quality related disease is positive. The positive relationship shows, if the concentration of transport related air pollutant increases, the level of human exposure by air quality related disease also increases.
According to the Table 8 below, there is a strong relationship between PM2.5 and the number of respondents exposed by air quality related disease as the coefficient of correlation between them is larger than other pollutants. This implies a high level of human exposure to the existence of PM2.5 in the air than other air pollution. The increase in mass concentration of one pollutant has also a direct relationship with other pollutants. For instance, as the concentration of AQI (US) increase in urban air, there is the increase in mass concentration of PM2.5, PM10 and CO2.
[bookmark: _Toc13035106][bookmark: _Toc13474177]Table 8: Correlation Analysis between the Concentration of Air Pollutants and Number of Respondents Exposed 
	 
	PM2.5 concentration
	AQI (US) 
	Average PM10 
	Average CO2 
	Number of respondents exposed

	Average PM2.5 concentration
	1
	
	
	
	

	Average AQI (US) concentration
	0.959632867
	1
	
	
	

	Average PM10  concentration
	0.783752848
	0.7723855
	1
	
	

	Average CO2 concentration
	0.399458872
	0.4175697
	0.176398196
	1
	

	Number of respondents exposed
	0.728771446
	0.6546954
	0.565125606
	0.502186902
	1



ii. The Relationship between average concentration of air pollutants
Figure 30 and 31 shows the relationship between the concentrations of air pollutants in the study area. The results of short term measurement (30-minutes averages) of air pollutants (PM2.5, PM10) best fit linear straight line as it is shown in the figure26 and 27.  The concentration of PM2.5 is directly related to the concentration of PM10.  In this case, when the level of PM10 increases, the concentration of PM2.5 also increases as shown in the Figure 30 and 31 below.

[bookmark: _Toc13474162]Figure 30: The Relationship between Average concentration of PM2.5, PM10 and AQI 






	


[bookmark: _Toc13474163]Figure 31: The Relationship between Average concentration of PM2.5 and PM10 

iii. [bookmark: _Toc11737708]Simple Regression Analysis of Concentration of Air Pollutants and Exposed Respondents
Figure 32 and 33 below shows the relationships between the concentration of PM2.5, PM10 and AQI(US) and the level of human exposure. As shown in the graph, the coefficient of determination of the simple regression model of the independent variable (PM2.5, PM10 and AQI) is quite good, which is 0.53, 0.31 and 0,42, respectively. The larger the R2-value in simple regression analysis indicates that the change in the independent variable (the concentration of air pollutants) is directly related to the change in the dependent variable (the number of respondents exposed by air quality related disease at sample stations). In this study, 53%, 31% and 42%of variations in the change in the number of people exposed by air pollution related disease in the study area are due to the change in the concentration of PM2.5, PM10 and AQI respectively. So, the increase in the concentration of PM2.5 in the micro-environment at public transport stations increases the number of people exposed by air quality related health problems such as Asthma, Common cold and coughing (respiratory diseases). 
Generally from the graph below, the researcher concludes that,
 ………………………………………………………………… 6
In this case, alpha is the Coefficient intercept= 9.203467,  is the coefficient of x-variable (coefficient of PM2.5).

[bookmark: _Toc13474164]Figure 32: Relationships between PM2.5, PM10 and Number of people exposed by air quality related disease
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[bookmark: _Toc13474165]Figure 33: Relationships between AQI (US) and Number of people exposed by air quality related disease











[bookmark: _Toc13467679]CHAPTER FIVE
[bookmark: _Toc13467680]DISCUSSIONS
As stated by David et al. (2014), due to the rapid urban expansion along with a sharp increase of motor vehicles and fuel consumption in major cities of china after 1980s, air pollution becomes a shaking problem. In the same manner with this study, the rapid growth in vehicle population is being observed in Addis Ababa since 2013. The vehicle population in 2013 was observed to be around 275,500 which increased to about 465,508 at the end of 2017. As data from Transport Authority, Currently the vehicle population in the city reached about 586,737. As a result, there were high concentrations of transport related air pollutants at a public transport station as described above.
According to Yougeng Lu (2016), the concentration of air pollutants (PM2.5, PM10 and AQI(US) and CO2) is dependent on the daily traffic density along the street. The increased traffic in urban transportation networks has led to widespread traffic congestion and also increase vehicle emissions of particulate matters (PM2.5 and PM10), carbon dioxide (CO2), volatile organic compounds (VOCs) and AQI (US). Emissions increase as vehicles spend more time in congestion, idling or crawling, and undergoing numerous acceleration and deceleration events (Yougeng, 2016). Similarly, the study route is characterized by high traffic congestion, which significantly worsen air quality, particularly near major roadways in the city.
The concentration of traffic related air pollutants depend on such factors as traffic intensity (Buonanno et al., 2011), time of the day and  type of vehicles (Dons et al., 2011;), and distance to the road (Kaur et al., 2007). As reported by Badami (2005), the rapid growth in motor vehicles in the city has brought in its wake a range of serious socioeconomic, environmental problems and health impacts. This is due to the increment of vehicular traffic volume along the road. As shown in the comparison section of peak and off peak hour in this study, when there is high level of vehicular traffic congestion on the urban road, the mass concentrations of vehicular emitted air pollutants increases. Corresponding with, Torhailoch, Megenagna, Mexico and Stadium stations are highly congested stations during peak hour and also are polluted having high mass concentration of air pollutants such as PM2.5 and PM10.
Similar to the findings of this study, many studies performed in urban areas report relatively the existence of spatial variation of air pollutants within urban areas. The concentrations of traffic related air pollutants show strong spatial patterns within urban areas (Funasaka et al., 2000 and Zhu et al, 2002) and according WHO (2005) within 200 to 500 meters away from roadways there is variation of the concentrations of air pollutants. In the same manner, the concentrations PM2.5, PM10, AQI and CO2 vary between stations and even within short distance at specific locations. For instance, there is the variation of the above pollutants at Torhailoch, Megenagna, Mexico, Stadium and Ayat among mixed, bus, taxi and LRT stations. 
Martuzevicius et al., 2004, described the temporal patterns of vehicular traffic related concentration of air pollutants as the factors traffic quantities (congestions) and substantially related to the time of the day, day of the week and season. To the purpose of this study, temporal variation is related to the time of the day (peak and off peak hours). High temporal variations were highlighted in all studies similar to the findings of this study in all sample stations. The concentrations of PM2.5, PM10 and AQI measured in the sample stations was higher during peak hour than during off peak hours. These air pollutant concentration variations observed during peak and off peak hours may be attributed to the increased level of traffic congestion and more fuel combustion due to traffic congestions and long idling time near public transport stations during peak hours.
The study in London by Aristodemou et al. (2018) stated that, when the building height surrounding the pollution source is increased, the concentration of the air pollutants is also increased. This is happening because of, high-rise building block and changes the direction of air flow along urban road. Similarly, most of the selected stations- Megenagna, the Stadium and Mexico are characterized by giant buildings that block the flow of air to the north and south from the surface of the road. This can affect the accumulation of recirculating air along the road. This is the reason why the higher concentrations of air pollutants (PM2.5, PM10 and AQI) were measured at the above stations. In the same ways, even if there is no giant building height at Torhailoch stations compared to other stations, high concentrations of air pollutants were measured due to the existence of high level of vehicular traffic congestion plus bridge that block the flow of air towards the west. The existence of the bridge changes the flow direction of the air towards the bus, taxi and mixed stations.
Numerous epidemiological studies on the effects of transport related air pollutant have suggested that exposure to PM2.5 leads adverse health effects, particularly cardiovascular and respiratory diseases as well as premature death (USEPA, 2009b). According to U.S. Environmental Protection Agency (USEPA, 2009b), long term exposure to PM2.5 may be responsible for certain reproductive outcomes and cancers. Similar to the above study, the relationships between the concentrations of measured air pollutants and the number of respondents exposed by air pollution related disease such as the common cold, coughing, Asthma and bronchitis in the sample stations show that the existence of strong relationships between the concentration of air pollutants and the number of people affected as hypothesized in the introduction part of this study. As described in this study, when the concentration of air pollutants along urban road increases, the level of human exposure that lives and stays long time near road side also increases. 
As observed from the findings of this research, there exist high mass concentrations of PM2.5 at public transport stations in Addis Ababa specifically along the study axis. As a result, short and long term exposure to high concentrations of PM2.5 and PM10 causes adverse health effects such as cardiovascular, respiratory, cancer and reproductive problems on the commuters and residents that live and stay long time near public transport stations.
Frey et al. (2001) used on-board measurements of CO, NO and PM and found that emissions increased by 50% in congested areas.  Anderson et al. (1996) found that congestion increased CO, PM and NOx emissions by 71%, 53% and 4% respectively, compared to free-flow conditions. Even though, the relationship between congestion and vehicle emissions is complex, the above studies showed considerable variability. These emission variations resulted, due to rapid growth in vehicle miles traveled (VMT) and vehicular congestion. In congestion, driving patterns are altered, and the norm in stop-and-go traffic is frequent acceleration and deceleration. The acceleration increases the load on engines, and engines operated under load in a fuel-rich and high emission mode can overload catalytic converters, which increases CO2 and HC emissions. PM (PM2.5 and PM10) emissions can increase under deceleration due to the presence of unburned fuel.
According to the study by Barmparesos et al.( 2016) ,the concentration of air pollutants at the bus station is up to 3 times higher than the concentration in the train stations. In line with this study, the concentration of PM2.5 at Megenagna bus station was 4.4 times higher than the train stations; 3.3 times higher than the train station at Stadium bus stations and 3.7 times higher than the train station at the Mexico bus station. The same is true for PM10 at the selected stations. However Torhailoch and Ayat stations has almost similar concentrations of PM2.5 and PM10 both at bus and train stations, due to its locations closed with the other public transport stations that allow the entrance of air pollutants.














[bookmark: _Toc13467681]CHAPTER SIX
[bookmark: _Toc13467682]CONCLUSIONS AND RECOMMENDATIONS
6.1. [bookmark: _Toc13467683]Conclusions
The research dealt with the level of air quality at public transport stations along the Ayat- Torhailoch major route, focusing on the research objectives and questions. The study used observation, interview questionnaires and field measurement in order to answer the research questions. Based on the analysis and generated results of the study, the following conclusions were drawn:
· It was learnt that, there is a high concentration of transport related air pollutants (PM2.5, PM10, AQI (US)) that exceeds the WHO air quality standard. 
· Temporal distributions of the air pollutants in this study demonstrated that rush hours were the most polluted by PM2.5, PM10 and AQI, having high concentrations while an off-peak hour was less polluted compared to rush hours having low concentration of air pollutants. Even within 30minutes time interval, there are high variations in the concentrations of air pollutants. 
· High vehicular traffic congestion profile with heavy duty vehicles at Megenagna stations, indicates that high mass concentration of air pollutants or High congestion profile analysis with giant building height at Stadium stations indicates that high mass concentration of air pollutants. So, highly congested areas are highly polluted.
· The monitoring results revealed that PM2.5 and PM10 were the major contributors to the air pollution in the study area and that CO2 remained relatively important pollutants, but it is not the major contributor compared with particulate matter since it is within the limit of WHO standard guidelines. There is a direct relationship between the speed of the vehicles and the concentrations of air pollutants, as vehicle speed is decreased during peak hours while the concentrations of air pollutants were increased at the sample stations in the study areas.
6.2. [bookmark: _Toc13467684]Recommendations
Based on the data and results acquired during the study, the author provides the following recommendation for future study and policy:
· The scope of this study can be extended to the effect of emission on economic condition of the communities and urban developments as the whole by extending the sampling duration to month or year in order to see the trend of the concentration of air pollutants in the city along transport routes. 
· The concentration of CO, SO2, NO2 and O3 should be studied during both peak and off-peak hour.
· Intensive studies should take place in the city of Addis Ababa in order to identify the ambient concentration of air pollutant emitted from transportation and other sources and develop measures to reduce its concentration separately.
· The city government should encourage the introduction of the zero emission vehicles (vehicles that use battery, direct electric power) that has no exhaust emission.
· The city government should ban old vehicles and set limits for old vehicles.
· Change the current fossil fuel to less pollutant such as hydrogen and gasoline.
· Emphasis should be given to the provision of efficient public transport such as rapid bus transit (RBT), light rail transit (LRT). 
· The City Transport Authority should encourage sustainable transport such as non-motorized transport like cycling and walking by providing safe comfortable infrastructure for the users.
· More space should be provided for planting around the stations during the planning stage of the city
· Install user friendly pollutant meter at each station to indicate its level for customer so as to be careful.
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[bookmark: _Toc13467687]Appendix A:  Data Collection Format for Field Survey
	Station name
	Station type
	Time of Observation
	Concentration of pollutants 

	
	
	 
	CO2
	AQI (US)
	PM2.5
	PM10
	Temp. in 0C 
	Humidity

	Torhailoch
	LRT 
	 
	 
	 
	 
	 
	 
	 

	
	Bus 
	 
	 
	 
	 
	 
	 
	 

	
	Taxi 
	 
	 
	 
	 
	 
	 
	 

	
	Mixed 
	 
	 
	 
	 
	 
	 
	 

	Mexico
	LRT
	 
	 
	 
	 
	 
	 
	 

	
	Bus 
	 
	 
	 
	 
	 
	 
	 

	
	Taxi 
	 
	 
	 
	 
	 
	 
	 

	
	Mixed 
	 
	 
	 
	 
	 
	 
	 

	Stadium
	LRT 
	 
	 
	 
	 
	 
	 
	 

	
	Bus 
	 
	 
	 
	 
	 
	 
	 

	
	Taxi
	 
	 
	 
	 
	 
	 
	 

	
	Mixed 
	 
	 
	 
	 
	 
	 
	 

	Meganagna
	LRT
	 
	 
	 
	 
	 
	 
	 

	
	Bus 
	 
	 
	 
	 
	 
	 
	 

	
	Taxi
	 
	 
	 
	 
	 
	 
	 

	
	Mixed 
	 
	 
	 
	 
	 
	 
	 

	Ayat
	LRT
	 
	 
	 
	 
	 
	 
	 

	
	Bus 
	 
	 
	 
	 
	 
	 
	 

	
	Taxi 
	 
	 
	 
	 
	 
	 
	 

	
	Mixed 
	 
	 
	 
	 
	 
	 
	 











[bookmark: _Toc13467688]Appendix B: Interview questionnaires for transport users and vendors around Stations
1. Name of the Station________________  Station type_____________________
2. Gender   of the respondent       1. Male                            2. Female
3. Age of the respondent
1. 0-14        2.  15-24       3.  25-54     4.  55- 64      5. <=65
4. Income of the respondents
1.  >=2000         2. 2000-4000          3. 4001-6000      4. 6001-8000    5. <8000
5. From where to, where do you travel? _______________________________
6. What is the purpose of your trip?
1. Home to work   2.  Home to School   3. Home to Shopping   4. Home to special trip
7. How often do you use public transport per week?
	Types of public transport
	How often do you use?

	
	Always
	Often 
	Sometimes
	Never

	Bus
	
	
	
	

	Taxi
	
	
	
	

	LRT
	
	
	
	



8. How long do you stay at station to wait for public transport you often use?
1. Less than 5 minutes           3. 11 to 15 minutes              4. 16 to 20 minutes
2. 6 to 10 minutes                  5. Greater than 20 minutes
9. How would you evaluate the quality of air at this transport station?
1. Excellent    2. Good        3. Average            4. Poor   5. Very poor    6. Don’t know 
10. How important is the issue of air quality to you personally?
1. Very important            3. Not very important 
2. Quite important          4. Not at all important
11. Have you experienced air pollution related health problems?
1. Yes                                      2. No
12. If yes, what?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
13. Do you think anything that can be done to tackle air pollution from transport emission?
1. Yes                      2.  No                       3. Don't know
14. If yes, what do you suggest to tackle transport emission related air pollution? _________________________________________________________________________________________________________________________________________________________________________________________________________
15. Who do you think should have the main responsibility for tackling vehicle emission related air pollution?
1. The national government           3. Business and industry       5. Individual citizens
2. Local government                      4. Environmental organizations
16. Do you think air quality, particularly along the major road from Torhailoch to Ayat has improved since LRT has introduced?  
 1. Yes              2. No
17. If yes in what way?
________________________________________________________________________
[bookmark: _Toc13467689]Appendix C: Checklist for Observation of the characteristics of the Road near stations
1. Station/stop Location name_______________
2. Time of station/stop observation: 1. At Peak hour                   2. Off peak hour
3. Station location (bus/taxi) across running way
1. By the road curb                         3. Separate from the sidewalk (bus/taxi)
2. On the sidewalk                          4. On the median
4. Station location (bus/taxi) related to intersections
1. Near side            2.  Far side               3. Mid-block
5. Station type under the study
1. Train station- Elevated          3. Train station- Underground        5.  Bus station
2. Train station- On grade         4. Taxi station                                 6. Bus/taxi station
6. Foot traffic around the station1. Super heavy 15-23P/min/ft
2. Heavy (10-15 P/min/ft)  
3.  Medium (7-10 P/min/ft)
   

3. light(5-7 P/min/ft)
4. Very Light (>=5P/min/ft)




7. Vehicular traffic on the road at public transport station
1. Super heavy (0-25km/h)     
2.  Heavy (25.1-33.6km/hr)      
3. Medium (33.6-43km/hr) 

4. Light (43.1-54.4km/hr)
5. very light 54.5-67km/hr
5. Super Light (>67km/hr)



8. Number of lanes of the nearby road _____________
9. Land use (activity type)
1. Purely residential                 4.  Purely industrial          6. Recreation area
2. [bookmark: _Hlk526574135]Purely commercial               5. Social Services
3. Mixed (Commercial and Residence, commerce and offices)
10. The quality of road pavement around the station
1. Asphalt in very good condition                        4.  Non asphalt, in good condition
2. Asphalt in good condition                                5. Non asphalt in bad condition
3. Non asphalt in very good condition
11. The availability of street trees/shade within 5 meters around the station
1. More than 2 street trees within 5 meters     3.  No street trees within 5 meters at all
2. 1 or 2  street trees within 5 meters
12. The highest building near the side of the road at station
1. G+0          2.   G+1      3.  G+2     4. G+3        5. G+4    6.  G+5     7.  >= G+6     
13. The major types of vehicles on the road at station within 20 minutes.
1. Private vehicle (for one or two people)     3. minibuses(blue Taxi and others       
2. Public transport (Anbesa, sheger, etc)     4. Heavy trucks (IZUZU and other types)



[bookmark: _Toc13467690]Appendix D: 30 minutes Average Concentrations of Air Pollutants during peak hours

	Station Name
	Station Type
	Date
	Time of measurement
	PM2.5 
	AQI(US) 
	PM10 
	CO2 
	Temp(C)
	Humidity

	Torhailoch
	LRT
	3/23/2019
	8:44 - 9:14
	50
	125
	147
	427
	24
	51

	
	Bus
	4/3/2019
	16:43-17:13
	62
	139
	116
	606
	23
	47

	
	Taxi
	4/8/2019
	17:36-18:06
	60
	131
	105
	443
	31
	36

	
	Mixed
	3/23/2019
	9:21-9:51
	66
	139
	190
	590
	25
	41

	Mexico
	LRT
	3/20/2019
	18:00-18:30
	12
	47
	32
	429
	26
	29

	
	Bus
	3/28/2019
	17:25-17:55
	50
	114
	89
	756
	26
	36

	
	Taxi
	3/29/2019
	16:32-17:02
	44
	110
	98
	521
	23
	39

	
	Mixed
	3/20/2019
	18:40-19:10
	42
	103
	84
	685
	24
	30

	Stadium
	LRT
	3/21/2019
	8:59-9:29
	19
	65
	52
	400
	25
	37

	
	Bus
	3/23/2019
	17:43-18:13
	70
	125
	230
	574
	27
	28

	
	Taxi
	3/22/2019
	17:36-18:06
	64
	129
	140
	463
	28
	32

	
	Mixed
	3/22/2019
	16:32-17:02
	53
	126
	157
	514
	30
	30

	Megenagna
	LRT
	3/21/2019
	16:51-17:21
	16
	60
	47
	428
	30
	30

	
	Bus
	4/8/2019
	17:05-17:35
	69
	139
	257
	472
	28
	56

	
	Taxi
	3/27/2019
	17:23-17:53
	54
	119
	111
	541
	25
	46

	
	Mixed
	3/27/2019
	16:34-17:04
	89
	146
	136
	538
	27
	44

	Ayat
	LRT
	3/23/2019
	9:23-9:53
	23
	72
	64
	396
	25
	41

	
	Bus
	3/22/2019
	9:22-9:52
	36
	98
	108
	403
	25
	41

	
	Taxi
	
	16:59-17:29
	25
	73
	71
	477
	26
	37

	
	Mixed
	
	16:50-17:20
	41
	104
	98
	583
	30
	38







[bookmark: _Toc13467691]Appendix E: 30 minutes Average Concentrations of pollutants during off peak hours
	Station Name
	Station Type
	Date
	Time of measurement
	PM2.5 
	AQI (US) 
	PM10 
	CO2 
	Temp (C)
	Humidity

	Torhailoch
	LRT
	3/20/2019
	14:01-14:31
	29
	78
	72
	412
	28
	29

	
	Bus
	3/27/2019
	16:14-16:44
	36
	93
	77
	599
	27
	42

	
	Taxi
	4/9/2019
	10:50-11:20
	30
	88
	45
	562
	21
	58

	
	Mixed
	3/21/2019
	13:45-14:15
	45
	101
	98
	431
	28
	28

	Mexico
	LRT
	3/20/2019
	14:49-15:19
	8
	34
	24
	426
	29
	39

	
	Bus
	3/28/2019
	15:31-16:01
	34
	91
	67
	522
	29
	37

	
	Taxi
	3/29/2019
	15:57-16:27
	36
	96
	91
	456
	25
	35

	
	Mixed
	3/28/2019
	16:07-16:37
	25
	76
	78
	502
	28
	38

	Stadium
	LRT
	3/20/2019
	15:28-15:58
	13
	49
	37
	410
	27
	26

	
	Bus
	3/22/2019
	11:38-12:08
	37
	90
	132
	404
	28
	36

	
	Taxi
	3/22/2019
	12:13-12:43
	24
	74
	65
	414
	27
	38

	
	Mixed
	3/22/2019
	15:53-16:23
	46
	120
	143
	437
	28
	32

	Megenagna
	LRT
	3/21/2019
	16:13-16:43
	15
	58
	49
	470
	29
	29

	
	Bus
	3/21/2019
	13:45-14:15
	45
	101
	98
	431
	28
	28

	
	Taxi
	3/21/2019
	14:52-15:22
	34
	97
	107
	415
	31
	35

	
	Mixed
	4/2/2019
	15:06-15:36
	61
	137
	118
	460
	23
	62

	Ayat
	LRT
	3/21/2019
	10:04-10:34
	15
	54
	41
	405
	24
	32

	
	Bus
	4/8/2019
	10:29-10:59
	19
	66
	37
	577
	21
	56

	
	Taxi
	3/21/2019
	10:46-17:14
	16
	56
	49
	402
	28
	33

	
	Mixed
	4/9/2019
	9:30-10:00
	25
	78
	39
	465
	20
	59




Appendix F:  Coding

Gender 
1= Male 
2= Female 
Age 
1=<15 
2= 16-24 
3= 25-55 
4= 55-64
5= 64+
Income 
1= <2000 
2= 2001-4000 
3= 4001-6000 
4= 6001-8000 
5= 8000+ 
Public transport use 
0= Never
1=Always 
2= Most often 
3=sometimes 
Purpose of trip 
1= work trip 
2= Education 
3= Shopping 
4= Family 
5= Special 
Station Types
1= Train elevated 
2= Train on ground 
3= Train underground
4= Bus station
5= Taxi station
6= Mixed station 
Waiting Time
1=<5 minutes
2=6-10minutes
3=11-20minutes  
4=21-30minutes
5= >30minutes 
Level of Air quality
0=I don’t know 
1=Excellent
2= Very good
3=Good 
4=Fair 
5= Low quality
6= Very low quality 
The importance of air quality related study
1= Not important 
2= slightly important 
3= moderately important 
4= Important 
5= Very important 
Respondents’ experience of air quality related disease
0= No 
1=Yes 
Building height within 10 meters
1= G+0 
2= G+1
3= G+2
4= G+3
5= G+4
6= G+5
7= >G+6
Land use near the stations
1= purely residential
2= Purely Commercial
3= Manufacturing and Industry
4= Mixed use
5= Services
6= Recreation
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LRT Station
Bus Station
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I don't know	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	2	1	Excellent	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	2	Very good	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	20	12	17	21	3	Good	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	34	44	53	44	24	Fair	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	3	4	Low quality	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	39	42	37	39	65	Very low quality	
Ayat Station	Meganagna Station	Mexico Station	Stadium	Torhailoch Station	7	22	8	10	27	Stations of the study area

Number of Respondents


Ayat Station	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers at sample stations	3	15	30	25	27	Meganagna Station	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers at sample stations	3	15	36	28	38	Mexico Station	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers at sample stations	2	15	45	25	33	Stadium	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers at sample stations	4	20	27	28	41	Torhailoch Station	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers at sample stations	0	10	31	33	46	
Number of respondents


Number of respondents not exposed by air quality related disease	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers	6	48	85	74	83	Number of respondents exposed by air quality related disease	
<	5 minutes	6-10minutes	11-20minutes	21-30minutes	>	30 minutes	The waiting time of the passengers	1	22	76	82	103	
Number of the respondents


 km/hr(peak)	Mixed	Taxi	Bus	LRT	mixed	Taxi	Bus	LRT	Mixed	Taxi	Bus	LRT	Mixed	Taxi	Bus	LRT	Mixed	Taxi	Bus	LRT	Ayat	Megenagna	Stadium	Mexico 	Torhailoch	25.8	27.2	28.4	25.6	14	16.5	18	16	20	20.399999999999999	18.8	19.600000000000001	21.4	18.600000000000001	20.5	19.8	16.5	15.2	18.399999999999999	21.8	 km/hr (off)	Mixed	Taxi	Bus	LRT	mixed	Taxi	Bus	LRT	Mixed	Taxi	Bus	LRT	Mixed	Taxi	Bus	LRT	Mixed	Taxi	Bus	LRT	Ayat	Megenagna	Stadium	Mexico 	Torhailoch	33.799999999999997	30.6	34	35.299999999999997	24.5	22.2	21.9	23.7	24.8	24.6	26	28.6	26.2	24.3	27.4	25.8	26.8	24.7	24.6	27.8	Level of vehicular traffic at sample stations
Vehicular Speed 
atsample station



Percent	
Good condition	Very good  condition	35	65	
PM10 	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	64.38333333333334	108.03867403314918	71.111111111111114	98.055248618784532	Station types of sample stations

Concentration of AQI

PM2.5 at Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	12.171270718232044	50.032777777777795	43.587292817679561	41.513259668508297	18.822651933701657	69.696132596685089	64.378687131460282	53.291712707182313	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	23.031111111111112	36.440883977900562	20.940983606557378	41.440883977900555	Station Types of sample stations

Concentration of PM2.5µg/m3

PM10 At Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	64.38333333333334	108.03867403314918	55.10928961748634	98.055248618784532	Station Types of sample stations

Concentration of PM10µg/m3

CO2 	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	427.49723756906076	606.17777777777781	443.38888888888891	589.85082872928172	428.87845303867402	756.29444444444448	521.33701657458562	684.56353591160223	399.99447513812157	574.11049723756901	463.45994328252397	513.71823204419888	428.2707182320442	472.16666666666669	540.93922651933701	537.56111111111113	396	403.49171270718233	401.06010928961751	582.98342541436466	Station Types of sample stations

Concentration of CO2ppm

PM2.5 torhailoch and Ayat
PM2.5 torhailoch	
23.031111111111112	36.440883977900562	24.745555555555558	41.440883977900555	50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	PM2.5 at Ayat



PM2.5 Megenagna and Ayat
PM2.5 Megenagna	
23.031111111111112	36.440883977900562	24.745555555555558	41.440883977900555	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	PM2.5 at Ayat

PM2.5 at Megenagna


AQI(US) Off-Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	78.394444444444446	93.00555555555556	87.738888888888894	100.65745856353591	34.458563535911601	91.2	96.309392265193367	76.375690607734811	49.154696132596683	90.151219512195127	73.944444444444443	119.56906077348066	57.646408839779006	100.65745856353591	96.779005524861873	137.35	53.668508287292816	65.588888888888889	56.027624309392266	78.444444444444443	Station Types of sample stations

Concentration of AQI

PM2.5 off-Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	29.333333333333332	35.542777777777779	29.533333333333335	45.489502762430938	8.3480662983425411	33.582777777777771	36.107734806629836	24.693370165745858	13.381215469613259	36.60926829268292	23.622777777777781	46.271270718232039	15.436464088397789	45.489502762430938	34.054696132596682	60.80888888888888	14.711602209944752	19	15.675138121546963	25.166666666666668	Station types of sample stations

Concentration of PM2.5µg/m3


PM10 off Peak Hour	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	71.944444444444443	76.849999999999994	45.261111111111113	98.44198895027624	24.325966850828728	67.472222222222229	91.132596685082873	78.370165745856355	36.872928176795583	132.00487804878048	65.388888888888886	142.60773480662982	48.856353591160222	98.44198895027624	107.10497237569061	117.51666666666667	41.276243093922652	37.238888888888887	49.005524861878456	38.783333333333331	Station types of sample station

Concentration of PM10µg/m3 


CO2 Off Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	411.75	598.86666666666667	562.46111111111111	430.88397790055251	425.98895027624309	522.14444444444439	455.86187845303868	502.28176795580112	410.26519337016572	403.67804878048781	414.21111111111111	436.96685082872926	469.54696132596683	430.88397790055251	415.14917127071823	460.03333333333336	405.46961325966851	577.21111111111111	401.94444444444446	465.18333333333334	Station types of sample station

Concentration of CO2ppm

PM10 	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	64.38333333333334	108.03867403314918	71.111111111111114	98.055248618784532	PM2.5 	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	29.333333333333332	35.542777777777779	29.533333333333335	45.489502762430938	8.3480662983425393	33.582777777777771	36.107734806629836	24.693370165745858	13.381215469613259	36.60926829268292	23.622777777777781	46.271270718232039	15.436464088397789	45.489502762430938	34.054696132596682	60.80888888888888	14.711602209944752	19	15.675138121546963	25.166666666666668	Station types of the sample stations

Concentration of AQI


PM2.5 at Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	12.171270718232044	50.032777777777795	43.587292817679561	41.513259668508297	18.822651933701657	69.696132596685089	64.378687131460282	53.291712707182313	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	36.440883977900562	41.440883977900555	38.830555555555556	20.940983606557378	PM2.5 off-Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	29.333333333333332	35.542777777777779	29.533333333333335	45.489502762430938	8.3480662983425411	33.582777777777771	36.107734806629836	24.693370165745858	13.381215469613259	36.60926829268292	23.622777777777781	46.271270718232039	15.436464088397789	45.489502762430938	34.054696132596682	60.80888888888888	14.711602209944752	19	25.166666666666668	15.675138121546963	Stations and its type

Concentration of PM2.5 µg/m3



PM10 At Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	108.03867403314918	98.055248618784532	93.477777777777803	55.10928961748634	PM10 off Peak Hour	
LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	LRT	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	71.944444444444443	76.849999999999994	45.261111111111113	98.44198895027624	24.325966850828728	67.472222222222229	91.132596685082873	78.370165745856355	36.872928176795583	132.00487804878048	65.388888888888886	142.60773480662982	48.856353591160222	98.44198895027624	107.10497237569061	117.51666666666667	41.276243093922652	37.238888888888887	38.783333333333331	49.005524861878456	Station and its type

Concentration of PM10µg/m3



PM2.5 concentration	
Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	61.941988950276276	59.565555555555569	66.028176795580109	50.032777777777795	43.587292817679561	41.513259668508297	69.696132596685089	64.378687131460282	53.291712707182313	69.371666666666684	53.863535911602227	88.61722222222221	36.440883977900562	24.745555555555558	41.440883977900555	AQI(US) concentration	
Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	138.86187845303868	131.0888888888889	139.4364640883978	113.88333333333334	109.56906077348066	103.34806629834254	125.47513812154696	129.11963842609003	125.73480662983425	139.20555555555555	118.9171270718232	145.73333333333332	97.95580110497238	72.644444444444446	104.27624309392266	PM10  concentration	
Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Bus	Taxi	Mixed	Torhailoch	Mexico	Stadium	Megenagna	Ayat	115.98895027624309	105.04444444444445	189.50276243093921	89.066666666666663	98.254143646408835	83.60220994475138	230.292817679558	140.3656504785537	156.88397790055248	257.27222222222224	111.45303867403315	136.20555555555555	108.03867403314918	71.111111111111114	98.055248618784532	Station Types of the sample stations

Concentration of Air pollutants


PM2.5 concentration	
LRT	LRT	LRT	LRT	LRT	Torhailoch	Mexico	Stadium	Megenagna	Ayat	50.003867403314928	12.171270718232044	18.822651933701657	16.425414364640883	23.031111111111112	AQI(US) concentration	
LRT	LRT	LRT	LRT	LRT	Torhailoch	Mexico	Stadium	Megenagna	Ayat	124.8342541436464	46.546961325966848	64.906077348066304	59.8232044198895	71.766666666666666	PM10  concentration	
LRT	LRT	LRT	LRT	LRT	Torhailoch	Mexico	Stadium	Megenagna	Ayat	147.11602209944752	32.127071823204417	52.138121546961329	46.696132596685082	64.38333333333334	Station types of the sample station

Concentration of air pollutants


The Relationship between AQI(US) and PM10 
AQI(US) 	
147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	64.38333333333334	108.03867403314918	71.111111111111114	98.055248618784532	124.8342541436464	138.86187845303868	131.0888888888889	139.4364640883978	46.546961325966848	113.88333333333334	109.56906077348066	103.34806629834254	64.906077348066304	125.47513812154696	129.11963842609003	125.73480662983425	59.8232044198895	139.20555555555555	118.9171270718232	145.73333333333332	71.766666666666666	97.95580110497238	72.644444444444446	104.27624309392266	The Concentration of PM10(µg/m3



The Relationship between AQI(US) and PM2.5 
AQI(US) 	
50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	12.171270718232044	50.032777777777795	43.587292817679561	41.513259668508297	18.822651933701657	69.696132596685089	64.378687131460282	53.291712707182313	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	23.031111111111112	36.440883977900562	24.745555555555558	41.440883977900555	124.8342541436464	138.86187845303868	131.0888888888889	139.4364640883978	46.546961325966848	113.88333333333334	109.56906077348066	103.34806629834254	64.906077348066304	125.47513812154696	129.11963842609003	125.73480662983425	59.8232044198895	139.20555555555555	118.9171270718232	145.73333333333332	71.766666666666666	97.95580110497238	72.644444444444446	104.27624309392266	The Concentration of PM2.5(µg/m3)


The concentration of AQI(US)


The Relationship between PM10 and PM2.5 
PM10 	
50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	12.171270718232044	50.032777777777795	43.587292817679561	41.513259668508297	18.822651933701657	69.696132596685089	64.378687131460282	53.291712707182313	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	23.031111111111112	36.440883977900562	24.745555555555558	41.440883977900555	147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	64.38333333333334	108.03867403314918	71.111111111111114	98.055248618784532	The Concentration of PM2.5PM10(µg/m3


The Concentration of PM10(µg/m3)


The Relationships betweeen the Concentration of PM10 and Number of respondents exposed
Number of respondent exposed	
147.11602209944752	115.98895027624309	105.04444444444445	189.50276243093921	32.127071823204417	89.066666666666663	98.254143646408835	83.60220994475138	52.138121546961329	230.292817679558	140.3656504785537	156.88397790055248	46.696132596685082	257.27222222222224	111.45303867403315	136.20555555555555	64.38333333333334	108.03867403314918	71.111111111111114	98.055248618784532	15	15	17	14	12	19	15	17	14	19	15	14	13	20	14	20	9	10	9	13	The concentration of PM10

Number of respondent exposed 



The Relationships betweeen the Concentration of PM2.5 and Number of respondents exposed
Number of respondent exposed	
50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	12.171270718232044	50.032777777777795	43.587292817679561	41.513259668508297	18.822651933701657	69.696132596685089	64.378687131460282	53.291712707182313	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	23.031111111111112	36.440883977900562	24.745555555555558	41.440883977900555	15	15	17	14	12	19	15	17	14	19	15	14	13	20	14	20	9	10	9	13	The concentration of PM2.5

Y-Axis (Number of respondent exposed) 


The Relationships betweeen the Concentration of AQI (US) and Number of respondents exposed

Number of respondent low air quality	
50.003867403314928	61.941988950276276	59.565555555555569	66.028176795580109	12.171270718232044	50.032777777777795	43.587292817679561	41.513259668508297	18.822651933701657	69.696132596685089	64.378687131460282	53.291712707182313	16.425414364640883	69.371666666666684	53.863535911602227	88.61722222222221	23.031111111111112	36.440883977900562	24.745555555555558	41.440883977900555	22	25	23	23	8	11	14	12	11	12	14	12	9	16	19	20	8	13	14	11	Concentration of PM2.5 at sample stations

Number of respondents
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