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ABSTRACT

ASSOCIATION BETWEEN TRAFFIC-RELATED AIR POLLUTIONS
(TRAPS) WITH AIR QUALITY PERCEPTION AND RESPIRATORY
SYMPTOMS AMONG PEDESTRIAN AND CYCLISTS IN UNIVERSITI
PUTRA MALAYSIA

MOHAMAD FADHIL BIN ZAKARIA

Introduction: Air pollution has recently received greater attention as a cause of
respiratory disease, and research has shown that air pollutants and traffic in urban areas
lead to the occurrence and worsening of respiratory diseases especially for those with
active transport like cyclists and pedestrian when ventilation take into accounts.
Objectives: To determine an association between traffic-related air pollutions with air
quality perception and respiratory symptoms among pedestrian and cyclists in
Universiti Putra Malaysia UPM campus. Methodology: A self-administered, validated
and pre-tested questionnaire was used to collect data on sociodemographic, air quality
perception and respiratory health symptoms in a university campus from January to
March 2018 among pedestrian (N=90) and cyclists (N=90). Air quality assessment
was conducted in three different roads around UPM including Jalan Alpha, Jalan
Alpha-Kolej 2 and Jalan Universiti 1. All measurements were taken during three-time
rush hour (moming, aftemoon and evening) which include parameters of PMa.s, PM1o
and ozone (O3) simultaneously with traffic count. Results and Discussion: Among
180 respondents, 89 (49.4%) of respondents believed that air quality was better than
six months ago. The results of this study reveal that the study roads in UPM suffer
with high concentration of air pollutants (PMjo = 83.8 ug/m?; PM2s = 48.9 ug/m’; O3
= 314.9 ug/m*) during rush hour which exceeded the 1-hour and 24-hour standards.
Most of respondents (52.8%) indicated that old vehicles and too many private vehicles
were the major contributor of air pollution. Most of respondents agreed with initiatives
that carpooling, reducing number of private vehicles, improving the facilities of
pedestrian and cyclists’ lane and also walking and cycling to class could reduce air
pollution emission from vehicles. Traffic volume was significantly corelated with the
traffic-related air pollutants (PM;o, PM2s and O3). Most of the pollutants were
significantly associated with all six respiratory health symptoms (p = 0.001).
Conclusion: The finding concluded that air quality in UPM campus was good. Old
vehicles and too many private vehicles were the main contributor of air pollution. The
highest concentration of air pollutants (PM;o, PM2s and Os3) was recorded in Jalan
Alpha — kolej 2 and Jalan Universiti 1. Therefore, the findings from this study suggest
the need for the university management to improve air quality and facilities, to more
effectively and efficiently control and reduce traffic air pollution in UPM campus.

Keywords: traffic-related air pollutions, air quality perception, respiratory
health symptoms



ABSTRAK

HUBUNGKAIT ANTARA PENCEMARAN UDARA BERKAITAN LALU
LINTAS DENGAN PERSEPSI KUALITI UDARA DAN GEJALA
PERNAFASAN DALAM KALANGAN PEJALAN KAKI DAN
PENUNGGANG BASIKAL DI UNIVERSITI PUTRA MALAYSIA (UPM)

MOHAMAD FADHIL BIN ZAKARIA

Pengenalan: Pencemaran udara baru-baru ini mendapat perhatian yang lebih besar
sebagai penyebab penyakit penafasan, dan penyelidikan menunjukkan bahawa
pencemaran udara yang berkaitan dengan lalu lintas di kawasan bandar menyebabkan
terjadinya penyakit penafasan terutama bagi mereka yang menggunakan
pengangkutan aktif seperti penunggang basikal dan pejalan kaki jika penafasan
diambil kira. Objektif: Untuk menentukan hubung kait antara pencemaran udara yang
berkaitan dengan lalu lintas dengan persepsi kualiti udara dan gejala-gejala kesihatan
penafasan dalam kalangan pejalan kaki dan penunggang basikal di Universiti Putra
Malaysia (UPM). Metodologi: Satu soal selidik yang diselia sendiri, disahkan dan
disemak telah digunakan untuk mengumpul data mengenai simptom sosiodemografi,
kualiti udara dan gejala pernafasan di kampus universiti dari Januari hingga Mac 2018
di kalangan pejalan kaki (N=90) dan penunggang basikal (N=90). Penilaian kualiti
udara dijalankan di tiga jalan yang berlainan di sekitar UPM termasuk Jalan Alpha,
Jalan Alpha-Kolej 2 dan Jalan Universiti 1. Semua ukuran telah diambil pada tiga
waktu puncak (pagi, petang dan malam) termasuk parameter PM, s, PM;o dan ozon
(O3) serentak dengan jumlah lalu lintas. Keputusan dan Perbincangan: Antara 180
responden, 89 (49.4%) responden percaya kualiti udara lebih baik dari enam bulan
yang lepas. Keputusan kajian ini menunjukkan bahawa jalan kajian di UPM
mengalami kepekatan tinggi bahan pencemar udara (PM;0=83.8 ug/m’; PM2s=48.9 ug
/m*; 03=314.9 pg/m®) semasa waktu puncak yang melebihi piawai 1 jam dan 24 jam .
Kebanyakan responden (52.8%) menunjukkan bahawa kenderaan lama dan terlalu
banyak kenderaan persendirian merupakan penyumbang utama terhadap pencemaran
udara. Kebanyakan responden bersetuju dengan inisiatif yang kongsi kenderaan,
mengurangkan bilangan kenderaan persendirian, memperbaiki kemudahan laluan
pejalan kaki dan basikal dan juga berjalan dan berbasikal ke kelas dapat mengurangkan
pelepasan bahan pencemar udara dengan ketara. Jumlah lalu lintas berkait rapat
dengan pencemaran udara berkaitan lalu lintas. Kebanyakan bahan pencemar itu
dikaitkan dengan kesemua enam gejala kesihatan pernafasan (p=0.001). Kesimpulan:
Hasil kajian menyimpulkan bahawa kualiti udara di kampus UPM adalah baik.
Kenderaan lama dan terlalu banyak kenderaan persendirian merupakan penyumbang
utama kepada pencemaran udara. Pencemaran udara tertinggi (PMio, PMa2s dan O3)
dicatatkan di Jalan Alpha - Kolej 2 dan Jalan Universiti 1. Justeru, penemuan kajian
ini mencadangkan keperluan pengurusan universiti untuk meningkatkan mutu udara
dan kemudahan, untuk mengawal dan mengurangkan pencemaran udara di kampus
UPM dengan lebih berkesan dan cekap.

Kata Kunci: pencemaran udara berkaitan lalu lintas, persepsi terhadap kualiti
udara, gejala-gejala kesihatan pernafasan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Air quality plays an important role in the quality of life, affecting humans’
health and also welfare. Poor air quality is closely related to adverse health effects or
even premature death, especially of individuals who are susceptible such as children
and elderly (WHO, 2016). A World Health Organization (WHO) report in order to
promote health and well-being, how much and in what ways that improving
environment can contribute to those items. Pruss-Ustun et al. (2016), stated that 23%
of global death in children aged below five years could have prevented if

environmental risks able to manage or change.

Air quality is a main contributor of the environmental risks including air, water,
soil quality and climate change. Household and ambient air pollution (WHO, 2016)
are linked with diseases such as respiratory infections, asthma, chronic obstructive
pulmonary disease, cardiovascular diseases, cancers, tuberculosis, neonatal conditions,
as well as mental, behavioural and neurological disorders. This is line with the study
conducted by Pruss-Ustun et al. (2016), where all of those diseases contribute to the

environmental burden of the disease in 2012 which exceeded 46% worldwide.
1



Several epidemiological studies’ reviews or meta-analyses have demonstrated
the adverse effects of air quality on human health like respiratory disease, coronary
heart disease, cerebrovascular disease and lung cancer (Kim et al., 2013; Shah et al.,
2015; Zheng et al., 2015). In Southern European areas, the findings suggest among
numerous of studies, increased risk association of particulate matter (PM) and
respiratory disease, cerebrovascular disease and lung cancer (Beelen et al., 2014;
Faustini et al., 2013) for nitrogen oxides (NOx) and coronary heart disease and
cerebrovascular disease (Katsoulis et al., 2014) and for ozone (O3) and mortality,
which is during heat waves episodes (Analitis et al., 2014). Other studies have reported
that air quality especially from traffic-related factors influence not only respiratory
disease like asthma, but also occurrence of the allergic diseases (C. Lee et al., 2015;
Jung et al., 2015) although some studies did not find the association (Bowatte et al.,

2015)

The main concern is focusing on traffic-related air pollutant exposures to the
street users during active transportation which including walking and cycling whereby
linked to adverse health effects and associated with of increased mortality
(Macnaughton, Melly, Vallarino, Adamkiewicz, & Spengler, 2014). A study in Santa
Monica, California found that walking and cycling are associated with highest particle
number and PM: s respiratory exposure than driving (Quiros, Lee, Wang, & Zhu,
2013). Another study by Macnaughton et al. (2014), found that the impact of bicycle
route type on exposure to pollutants from traffic were to have significantly higher
concentrations of black carbon (BC) and nitrogen dioxides in bike lanes than in bike

paths. Another similar study in Lisbon, Portugal found that PM concentrations in



different cycling routes indicates that using a bicycle commute route of lower traffic
intensity showed a reduction in exposure. Therefore, route selection is very significant
factor in order to decrease cyclist exposure to air pollutants from traffic. During
walking and cycling, the healthy population is not immune to the adverse effects of the
PM inhalation. In 2013, PM as a human carcinogenic from group 1 have been declared
by the International Agency for Research on Cancer (IARC) from World Health
Organization (WHO) (IARC, 2013). This population is at greater risk to
nasopharyngeal irritation, acute airway inflammation and decreased in lung function
(Cole-hunter et al., 2013; Park, Gilbreath, & Barakatt, 2017) although some studies
did not find the association (Jarjour et al., 2013) but few studies suggest further study

to determine long-term health effects (Park et al., 2017).

In order to reduce human health risks, several strategies and preventive public
health measures have been implemented (Pruss-Ustun er al., 2016). The way people
perceive environmental stimuli depends on the people’s behavior and also response to
the preventive measures, therefore in order to protect public health through adaptation
and mitigation measures it is very fundamental to take into account people’s perception
and behavioural changes (Berry et al., 2011). In the study of Kamp, Leidelmeijer, &
Marsman (2003), the sense of air quality, involves subjective perceptions and attitudes

which differ among groups and individuals.

Last but not least, exposure to air pollutants can cause respiratory health
infection which is the major concern in air quality. Based on National Health Services,

respiratory tract infections (RTIs) are any infection of the sinuses, throat, airways



or lungs. Therefore, this study aims to explore air quality perception, traffic-related air
pollutants level and respiratory health symptoms among pedestrian and cycliSts in

university campus, UPM.

1.2 Problem Statement

In Malaysia, by the end of 2015, there were 26.3 million vehicles registered
compared to 20.1 million in 2010, an increase of almost 6.2 million vehicles (Road
Transport Department Malaysia, 2017). This traffic congestion may increase vehicle
emission that contribute to outdoor air pollution especially in urban areas (Health
Effects Institute, 2010). The anthropogenic sources primarily from the automobile
exhaust the ambient air pollutants comprise of carcinogenic and mutagenic compounds
and lead to possible health risk among the population especially young adults that are

very active outdoor.

Poor outdoor air quality can result in significant adverse impacts on human
health and the environment. In recent years, comparative risk studies performed by the
USEPA and its Science Advisory Board have consistently ranked outdoor air pollution
among the top five environmental risks to public health (USEPA, 1993). As young
adult spend time outdoor and very active more than children, their health would

directly be affected.

As mention earlier, the prevalence of respiratory illness such as asthma, allergy

and respiratory disease among adult is also high and increases by day. Because of that,
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monitoring and study of asthma and lung disease have been established around the
globe. A project called the International Union Against Tuberculosis and Lung Disease
or JIUATLD study developed a standardized case definition, questionnaire and
methodology, and established databases for tuberculosis and lung disease. The focus
has been in improving tuberculosis control and have targeted acute respiratory
infections in children and chronic airways diseases in adults and in children ([UATLD,

1995).

Traffic-related air pollution is a major hazard especially in urban areas. The
adverse effects of traffic-related air pollution among pedestrian and cyclists is well
recognized worldwide, but there are still limited studies in Malaysia. Therefore, it is
utmost importance to carry out this study to explore traffic-related air quality
perception among them in order to suggest improvement of transportation system in

the campus and reducing personal’s risk to adverse health effects.

1.3 Study Justification

The purpose of this study is to determine the association between traffic-related
air pollutions (TRAPs) with air quality perception and respiratory symptoms among
pedestrian and cyclists in Universiti Putra Malaysia. This study will add to knowledge

and benefits to the topic.

Since there is less study performed locally studying the perception and

respiratory symptoms on traffic-related air pollutions among pedestrian and cyclists in



Malaysia, especially in university campus. Therefore, this study needed to perform in
order to reveal and evaluate the exposure of particulate matter (PMjo, PM2 5), 0zone
level and air quality perception. This will help to add, widen and diverse the air quality
perception. In addition, this study will be able to provide data on the air quality and
traffic-related air pollutants in campus area. This data will be used to provide tools for
transportation system planners and managers to more explicitly consider the health
risks of air pollution in decision making, and for students to make informed choices

about their own travel.

Other than that, the participants were university students since they are call to
later hold-decision making positions, in both public and private sectors. It is very
important to assess the exposure of traffic-related air pollutions in order to reduce the
risk of adverse health effects. In a study by Liu et al. (2001) found a significant
relationship between chronic low-level traffic-related air pollution exposure and

neurobehavioral function in exposed adults.

The Green Mandate is one of the important milestones in Universiti Putra
Malaysia’s towards Green Campaign in order to tun UPM to green campus. This study
is relevant because perception’s students towards air quality in UPM campus are very
helpful and important. We consider this is crucial since students’ participation in such

university agenda can lead to generate strategies for a better environment.



On the other side, this study also hopefully will give benefit to regulatory
bodies. It can be used to identify strategies or intervention by health care professionals

for improving the quality and overall health safety of the students.

1.4 Conceptual Framework

The aim of this study was to determine the association between traffic-related
air pollution with air quality perception and respiratory symptoms among pedestrian
and cyclists in UPM. From the conceptual framework (Figure 1), the studied pollutants
are PMzs, PMjo, and ozone. Exposure to these pollutants is from the vehicles in
campus. There are three main routes of exposure which are; ingestion, inhalation and
direct contact. The exposure from inhalation is being highlighted because it is the main
route for air pollutants and will give adverse health effect to student’s respiratory

system.

This research has focused on the perception of traffic pollution and the effect
of pollutant to the student’s respiratory health, where the exposure level of pollutant
through inhalation during peak time was measured by the suitable instruments. The
respiratory health air quality perception was assessed and determined by using

modified questionnaire from [TUALTD and Air Quality Perception (AQP) scale.
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1.5 Study Objective

1.5.1 General Objective

To study the association between traffic-related air pollutions (PMio, PM2s,

and ozone) with air quality perception and respiratory symptoms among pedestrian and

cyclists in Universiti Putra Malaysia (UPM).

1.5.2 Specific Objective

i. To determine the socio-demographic characteristics of respondents.

ii. To determine the traffic-related air quality perception among respondents.

ili. To measure and determine the traffic-related air pollutants (PM;o, PMa s, and

ozone) level and traffic volume in the three different roads (Jalan Alpha, Jalan

Alpha-Kolej 2 and Jalan Universiti 1) in three-time rush hour (momning,

afternoon and evening).

iv.  To determine the respiratory symptoms (wheezing, chest tightness, coughing,

phlegm, shortness of breath and breathing difficulties) among respondents.



Vii.

1000740315

To determine the correlation between traffic volume and traffic-related air
pollutants (PMjo, PM2 s, and ozone) level in the three different roads (Jalan

Alpha, Jalan Alpha-Kolej 2 and Jalan Universiti 1).

To determine the association between the exposure to PMio, PM2 5, and ozone

level with traffic-related air quality perception among respondents.

To determine the association between the exposure to PM;o, PM2 s, 0zone level
with respiratory symptoms (wheezing, chest tightness, coughing, phlegm,

shortness of breath and breathing difficulties) among respondents.

1.6 Study Hypothesis

1.

There is a significant correlation between traffic volume and traffic-related air
pollutants (PMio, PM5, and ozone) level in the three different roads (Jalan

Alpha, Jalan Alpha-Kolej 2 and Jalan Universiti 1).

There is a significant association between the exposure to PM;o, PM2s, and

ozone level with traffic-related air quality perception among respondents.

There is a significant association between the exposure to PM;o, PM. s, 0zone

level with respiratory symptoms (wheezing, chest tightness, coughing, phlegm,

shortness of breath and breathing difficulties) among respondents.

10



1.7 Definition of Variables

1.7.1 Conceptual Definition

Traffic-Related Air Pollution

The principal air quality pollutant emissions from petrol, diesel, and alternative fuel
engines are carbon monoxide, oxides of nitrogen, un-burnt hydrocarbons and
particulate matter. It includes nitrogen oxides (NOx), particulate matter (PM),

hydrocarbon (HC) and carbon monoxide (CO). (Vehicle Certification Agency, 2017).

Perception

Perception can be defined as important component of behavior change and plays a
major role in public response to environmental exposures (Berry et al., 2011),
influenced by visual and olfactory experience, experience of psychological and

physical effects or impacts on health (Oltra & Sala, 2014).

Respiratory Health Symptom

The respiratory system is a biological system consisting of specific organs and
structures used for the process of respiration in an organism. The respiratory system is
involved in the intake and exchange of oxygen and carbon dioxide between an

organism and the environment. Respiratory health is when this system works with its

11



normal function (Maton et al., 2010). Symptoms of respiratory illness commonly
include cough, sore throat, runny nose, nasal congestion, headache, low grade fever,
facial pressure and sneezing. The onset of symptoms usually begins 1 to 3 days after

exposure. The illness usually lasts 7 to 10 days (Eccles et al., 2007).

Healthy Young Adults

An adult is a person older than 19 years age unless national law delimits an earlier age

(World Health Organization, 2016).

1.7.2 Operational Definition

Traffic-Related Air Pollutions

In this study, traffic-related air pollution is assessed by measuring the traffic-related
air pollutants in the studied location. Traffic-related air pollutants that will be studied
are particulate matter (PMjo0, PM..s) and ozone (O3). These pollutants are measured

by using respective suitable traffic-related air pollutants instruments.

Perception

Perception in this study can be defined as students’ perception towards traffic-related
air pollution among pedestrian and cyclists regarding to the exposure towards this air

pollutants during to class. Perception is based on three which are perception about the

12



cause and sources of traffic pollution, perception about the level of air pollution and

perception about the health effects of air pollution.

Respiratory Health Symptom

Respiratory health is the dependent variable in this study and will be presented with
respiratory health symptoms (wheezing, coughing, phlegm, breathing difficulties,
shortness of breath and chest tightness). The data is taken by using a modified
questionnaire from The Intemational Union Against Tuberculosis and Lung Disease
(IUALTD) based on related symptoms that appear in participants for the past three

months.

Healthy Young Adults

An adult is a person in aged range from 19 to 22 years old that walking and cycling to

the academic zones and free from history of respiratory diseases which involved in this

study.
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CHAPTER 2

LITERATURE REVIEW

2.1 Air Pollution

Air pollution refers to the emission of pollutants into the atmosphere that are
deleterious to human health and the planet as a whole (NRDC, 2016). A National
Institute of Environmental Health Sciences (NIEHS) define air pollution as a mixture
of natural processes as well as anthropogenic substances in the air we breathe (NIEHS,

2017).

Natural sources of air pollution like volcanic eruptions, forest fires and
windblown dust. While, anthropogenic air pollution from sources like motor vehicles
and industries countries that become a major and serious problem worldwide (Figure
2.1). Its thoughtfulness is due to the fact that elevated air pollutant levels from man-
made sources tend to occur in environments where serious harm to human health and
welfare is more likely, namely the more densely populated urban areas (Jamal et al.,
2004). The Klang Valley of Malaysia, which includes the largest city of Kuala Lumpur

and the new capital city of Putrajaya, is one such area.
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major concern among environmental issues that can cause adverse health effects
(Guarnieri & Balmes, 2014). Burnett et al. (2014), stated that the percent of population
attributable fractions to ambient air pollution exposure varied among countries for
ischemic heart disease, stroke, chronic obstructive pulmonary disease, lung cancer and

acute lower respiratory infection.

2.2 Exposure to Air Pollution

World Health Organization (2017) reported that in 2012, ambient air pollution
was responsible for three million deaths, representing 5.4% of the total deaths in the
world. Ambient air pollution was estimated to cause about 25% of the lung cancer
deaths, 8% of chronic obstructive pulmonary disease (COPD) deaths, about 15% of
ischemic heart disease and stroke, and about 17% of respiratory infection death. Thus,
particulate matter pollution is an environmental health problem that affects people
worldwide (Kim et al., 2014) but low-and middle-income countries disproportionately
experience this burden (WHO, 2017). Exposure to particulate matter increases the risk

of many acute and chronic respiratory and cardiovascular conditions in children and/or

adults (WHO, 2017).

2.3 Traffic-Related Air Pollution

Motor vehicles are a significant source of urban air pollution and are
increasingly important contributors of carbon dioxide (CO.), particulate matter (PM),
ozone (Os), nitrogen dioxide (NOz), carbon monoxide (CO), polycyclic aromatic
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hydrocarbons (PAH), and volatile organic compounds (VOCs) (Health Effects
Institute, 2010). In urban environments, motor vehicles are a significant source of
particulate matter smaller than 2.5 micrometer in diameter (PMa s), coarse particulate

matter (PMo) and ozone (O3) (Advisory Committee on Tunnel Air Quality, 2014).

2.3.1 Components of Traffic-Related Air Pollution

2.3.1.1 Particulate Matter (PMio and PM2s)

Particulate matter (PM) is a heterogenous mixture of particles from natural
sources such as dust storms, vegetation, and/or anthropogenic sources like industry and
vehicles (Kim et al., 2013). The USEPA has been has been categorized particles into
two categories which are coarse particulate matter (PMio) with an aerodynamic
diameter of 10 pm and fine particulate matter (PM2s) with an aerodynamic diameter
of 2.5 um (USEPA, 2016). In a review studies by Kim et al. (2014), states that the size
of particles precisely linked to being major cause of adverse health effects. Therefore,
the smaller the size, the deeper particles will penetrate to be deposited on the
respiratory tract at an increasing rate. Numerous of epidemiological studies reviews
point out evidence that exposure to PMs has been identified as the cause of diverse

health problems (Kim e al., 2013; Kim et al., 2015).
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2.3.1.2 Ozone (03)

As the chief component of urban smog, ozone is formed by photochemical
reaction in ambient air through a chemical interaction between sunlight and gases like
nitrogen oxides, carbon monoxide and volatile organic compounds (VOCs) (US. EPA,
2017). These happens when pollutants emitted by cars, power plant and other sources.
United States Environmental Protection Agency states that ozone is most likely to
reach unhealthy levels on hot sunny days in urban environments and also can be
transported long distances by wind, so even rural areas can experience high levels (US.

EPA, 2017).

Ozone in the air we breathe may cause harm to our health. People most at risk
from breathing air containing ozone include people with asthma, children, older adults
and people who are active outdoors, especially outdoor workers. Exposure to ozone
may trigger a diverse of health problems including chest pain, coughing, throat
irritation, and airway inflammation. This exposure can reduce lung function and harm

lung tissues. Meanwhile, the worst case of exposure to ozone may lead to bronchitis,

emphysema, and asthma (US. EPA, 2017).

2.4 Mechanism of How Particulate Material Deposited in Human Body

EPA defines particulate matter as a mixture of solid particles and liquid found

in the air. Particles such as dust, dirt, soot, or smoke are visible enough to be seen with
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the naked eye. Some particles are so small they can only be detected using an electron

microscope (US. EPA, 2016).

Exposure to particulate material may affect human heart and lungs, especially
the fine particles which contained microscopic solids or liquid droplets which small in
size that may penetrate deeper into the lungs and cause harm to human health (US.
EPA, 2002). United States Environmental Protection Agency is concerned about
particles that 10 micrometers in diameter or smaller (PM)o). This is because those
particles can pass easily through the human throat and nose. Once it passes through,

these particles affect the heart and lungs and may harm the human health.

EPA classified particle pollution mainly into two size categories based on their
predicted penetration capacity into the lung as either coarse particulate matter (PMo)
and fine particulate matter (PMz.5). Therefore, the coarse particulate matter is particle
with an aerodynamic diameter of 10 um whereas fine particulate matter with an
aerodynamic diameter of 2.5 pm (US. EPA, 2016). The coarse particulate matter will
be deposited into head region of the airway when inhaled due to its bigger size compare
to fine particulate matter which will be deposited further into the tracheobronchial
region (Lilian and Aline, 2013). Figure 2.2 below shows mechanism of particulate

matter when entering human body.
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Nevertheless, researcher consider another two categ s well named
inhalable particulate matter (PM;) and ultrafine pariicoi. ¢ mnaiter. Inhalable
particulate matter is smaller than 1 pm these particles may have deposited into the
pulmonary alveoli. Ultrafine particulate matter 1s 100 nm in diameter and smaller.
They comprise a high concentration of organic compounds in their composition and
may deposit in the alveolar region and enter into the bloodstream (Lilian and Aline,
2013). These PMs primarily comes from the traffic due to the wear of vehicle
components like brakes and tire as well as suspension of road dust in urban areas (Kim

etal.,2015).
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In a review study by Kim et al. (2015), the health effects of PMio and PM2 s are
well documented. Numerous of studies proved that exposure to PMs is related to
respiratory problems and cardiovascular health effects. Evidence of the size of the
particle are related to most harmful effects of PMs. Though, there are still insufficient
studies or evidence yet able to determine a safe level of exposure to PMs. Therefore,
in 2013, PM as a human carcinogenic from group 1 have been declared by the
International Agency for Research on Cancer (IARC) from World Health Organization

(WHO) (IARC, 2013).

2.5 Exposure of Traffic-Related Air Pollutants and Its Health Effects

Traffic-related air pollution is one of the significant environmental issues in
densely populated urban areas including Malaysia. Traffic congestion increase vehicle
emission that contribute to urban air pollution. In most high-income countries, the
vehicular emissions and ambient concentrations of traffic-related air pollutants have
decreased due to the improvements in vehicular emission control technologies and also
air quality regulations. However, those positive development unable to compensate the
rapid growth of the world’s motor vehicle population, economic improvement,
increased vehicular congestion and also the presence of the older vehicles on the road

(Health Effects Institute, 2010).

A Health Effects Institute (2010) report that large quantities of nitrogen dioxide
(NO>), particulate matter (PM) and ozone (O3) emit motor vehicles. In addition, Health
Effects Institute (2010) report that the epidemiologic associations between exposure to
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pollutants from traffic and health outcomes like cardiovascular morbidity and

mortality, asthma and respiratory symptom, allergy and cancer.

A review studies by Brunekreef and T Holgate (2002), found that Austria,
France and Switzerland (population about 74.5 million), 40 000 million deaths per year
are estimated to be attributable air pollution about half to air pollution from traffic. In
addition, a study in the former German Democratic Republic, estimating has been
made based on three major assumptions which are causality of the epidemiological
associations, linearity of exposure-response relations and threshold is absent or has

very low value, this is consistent with the review studies by Kim et al., (2015).

According to systematic review studies in Southern European areas, incre
increased risk association of particulate matter (PM) and respiratory disease,
cerebrovascular disease and lung cancer (Beelen et al., 2014; Faustini et al., 2013,
Moustris et al., 2015; Raaschou-Nielsen et al., 2013), for nitrogen oxides (NOx) and
coronary heart disease and cerebrovascular disease (Katsoulis et al., 2014) and for

ozone (O3) and mortality, which is during heat waves episodes (Analitis et al., 2014).

2.6 Active Travel Impact: Walking and Cycling

The major concern is about the traffic-related air pollutant exposures of street
users during active transportation which are walking and cycling which have been
linked to adverse health effects and associated with increased mortality (P.
MacNaughton et al., 2014). A study in California found that active transportation
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modes which were cycling and walking are associated with highest particle number
and PM; s respiratory exposure than passive modes for driving (D.C Quiros et al.,

2013).

Another study by P. MacNaughton et al. (2014), found that the impact of
bicycle route type on exposure to pollutants from traffic were to have significantly
higher concentrations of black carbon (BC) and NO: in bike lanes (adjacent to traffic)

than in bike paths (separated from vehicle traffic).

Another similar study in Portugal found that PM concentration in different
cycling routes indicates that using a bicycle commute route of lower traffic intensity
compared to heavy traffic intensity showed a reduction in exposure. During exercise
in active transportation (walking and/or cycling), the healthy population is not immune
to the adverse effects of the PM inhalation. In 2013, PM as a human carcinogenic from
group 1 have been declared by the International Agency for Research on Cancer
(IARC) from World Health Organization (WHO) (IARC, 2013). This population is at
greater risk to nasopharyngeal irritation, acute airway inflammation and decreased in
lung function (Cole-Hunter e al., 2013; Park et al., 2017) although some studies did
not find the association (Jarjour et al., 2013) but few studies suggest further study to

determine long-term health effects (Jarjour et al., 2013; Park et al., 2017).
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2.7 Perception on Air Quality

Perception plays a fundamental role on people’s response to preventive
measures (Pantavou et al., 2017), in consistent with study by Berry et al. (2011), states
that people’s behaviour and response to preventive measures depends on the way they
perceive environmental stimuli, therefore to protect public health through adaptation
measures it is significant to consider people’s perception and behavioural changes. In
another study of air quality perception, they found that sense of air quality varies

among groups and individuals (Van Kamp et al., 2003).

However, a study on indoor and outdoor air quality perception by Dorizas et
al. (2015), found that there is no significant association of perceived air quality to the
measured pollutants concentrations. According to a study conducted in Mediterranean
of urban outdoor air quality perception, found that particulate matter concentrations
were associated with dust perception, while NOx and CO associated with overall
quality. People more likely to perceive dusty or poor air quality conditions when the
respective pollutant concentrations increased. Thus, air quality perception affected by

personal factors like age, area of residence and health symptoms (Pantavou et al.,

2017).

In another study in Rural Alaska (Region 1 and Region 2) of indoor and
ambient air pollution perception and sources, found that the most frequently reported
air concerns in Region 1 are from smoke (21.2%) and road dust (6.6%). Meanwhile,
in Region 2, most concerns of outdoor air are open burning or smoke (11.5%), road
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dust (6.9%), vehicles/ATV snow machines (4.6%). The main findings in this study are
even in rural, there were many sources of particulate matter (PM2.s) from indoor (wood

stoves, fuel stoves, dust) and outdoor (road dust, vehicle emission from snow

machines) (Ware et al., 2013).

In the study by Ramirez et al. (2017), found that the major environment issues
were air pollution (74%) and water pollution (77.89%). When deciding leading
environmental problem in the city, about 40% of the participants select air pollution
among others. Proportion was higher in large cities, about 60% of the response.
Meanwhile, perception on local air quality. With OR > 1, CI > 1, and p-values < 0.05,
found an association between the size of the participants city of the residence and the
perception on high local air pollution. They concluded that person living in a larger
city is likely to have a negative perception on its air quality condition. While other

variables like gender, age, socioeconomic strata showed not statistical significance.

2.8 Scenario in Malaysia

The rapid development in infrastructure, industrialization, and urbanization
including transportation in Malaysia causes the quality of urban air turned to unhealthy
air (Abdullah et al. 2012; Afroz et al., 2003; Ash’aari et al., 2015; Rahman et al., 2015;
Talib et al., 2014). The urban environment experiences poor air quality due to the
increasing number of vehicles as the major sources of air pollutants. There are various
studies attempted to provide an overview of the air pollution trend in Malaysia,

especially in Klang Valley. The Klang Valley is one of the economic zones in
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Malaysia. It consists of Kuala Lumpur, Putrajaya and adjoining cities and towns in the

State of Selangor such as Petaling Jaya, Shah Alam, Gombak, Hulu Langat and

Sepang.

Abdullah et al. (2012), found the overall air quality was moderate for 66% of
the days throughout the year of 2009 while only 5% of the days were classified at the
unhealthy level in Klang Valley. Shah Alam and Kuala Lumpur were recorded the
highest number of unhealthy days from 2001-2009. In addition, some places around
Klang Valley are suffering from quite acidified rain due to the heavy air pollution that

are still occurring in some areas around the Klang Valley.

In the study of trend and status of air quality monitoring stations in Klang
Valley, the heavy traffic in Petaling Jaya cause higher concentration of carbon
monoxide (CO), nitrogen dioxide (NO;) and sulphur dioxide (SO2). There are
relatively stronger inter-pollutant correlations at the stations of Gombak and Shah
Alam and the result also suggest that heavy traffic flow induces high concentrations of
PM,o, CO, NO: and SO at Petaling Jaya, Gombak and Shah Alam monitoring stations

(Azmi et al., 2010).

The major problem of urban air pollution, with its long- and short-term impacts
on human health has been widely recognized. There are numerous of studies in
Malaysia have been studies related to air pollution and health impacts (Afroz, Hassan,
& Akma, 2003; Talib, Dominick, Ahamad, Khan, & Juneng, 2014; Rozita et al., 2013;

Mabahwi, Ling, Leh, & Omar, 2015), significant associations for PMio, O3, NO2, SO2
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with natural mortality (Rozita et al., 2013), respiratory problems including bronchitis,

emphysema and asthma (Mabahwi et al., 2015; Afroz et al., 2003).

2.9 Air Quality Standard

2.9.1 World Health Organization (WHO) Standards

Based on a systematic review of literature on adverse health<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>