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Preface
Air pollution is part of the daily existence of the many thousands of people who work,
live and use the streets in Asian cities. The poor and socially marginalized in particular
tend to suffer disproportionately from the effects of deteriorating air quality. Despite
improvements in many Asian cities, air pollution is still relatively high compared to
cities in the developed world. Particulate matter, nitrogen dioxide and ozone are key
pollutants that still pose a signiﬁcant challenge to improving urban air quality.
There is a growing need to determine the state of urban air quality and to identify
the most effective measures to protect human health and environment. Learning from
experience and successes in urban air quality management from other countries can
assist in the formulation and implementation of strategies to achieve better air quality
in Asia.
This book provides the results of an exercise to benchmark air quality management
in Asian cities initiated by the Air Pollution in the Megacities of Asia (APMA) project,
which involved the Stockholm Environment Institute (SEI), the Korea Environment
Institute (KEI), the United Nations Environment Programme (UNEP) and the World
Health Organization (WHO). The study was completed in collaboration with the Clean
Air Initiative for Asian Cities (CAI-Asia). It builds upon the APMA Benchmarking
Stage I Report (2002), which provided an initial assessment of 12 Asian cities.
The aim of the study on which this book is based was to determine the current
status of air quality management in 20 Asian cities. It builds upon the UNEP/WHO
(1992) Urban Air Pollution in the Megacities of the World and the MARC/WHO/
UNEP (1996) Air Quality Management Assessment Capabilities in 20 Major Cities
reports as well as the WHO (2001) Air Management Information System (AMIS). It
is intended to provide a benchmark from which future initiatives and progress in Asia
can be assessed and to allow the exchange of lessons learnt in addressing urban air
pollution issues in different countries.
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The book provides the ﬁrst comprehensive and systematic assessment of 20 megaand major cities in Asia. It assesses the current status, challenges and management
in urban air pollution in Bangkok, Beijing, Busan, Colombo, Dhaka, Hanoi, Ho Chi
Minh City, Hong Kong, Jakarta, Kathmandu, Kolkata, Metro Manila, Mumbai, New
Delhi, Seoul, Shanghai, Singapore, Surabaya, Taipei and Tokyo. It determines the
air quality management capability of each city and the current trends and challenges
they face in managing air quality. It identiﬁes the stage of air pollution development
for each city, which can assist cities in setting priorities and developing strategies to
strengthen their air quality management capability. By monitoring progress, learning
from experience and identifying priorities, national and local authorities can be
assisted in achieving a better quality of life for the millions of people living in Asian
cities.
Despite gaps in data, which are reﬂective of the challenges of air quality management in the cities, and limitations in methodology used, we believe this book will
provide a useful resource on the current status of urban air quality in Asia. It is a
timely contribution to the exchange of information and knowledge on management of
air quality and will be of interest to policy makers, air pollution practitioners, students
and anyone else interested in achieving clean air in Asian cities.

REFERENCES
Haq, G., Han, W., Kim, C. and Vallack, H. (2002) ‘Benchmarking urban air quality
management and practice in major and minor cities in Asia Stage I’, Air Pollution
in the Megacities of Asia, www.cleanairnet.org/caiasia/1412/propertyvalue-15186.
html accessed in May 2006
UNEP/WHO (1992) Urban Air Pollution in Megacities of the World. United Nations
Environment Programme/World Health Organization, Oxford, Blackwell
WHO (2001) ‘Air Quality and Health, Air Management Information System (AMIS
3.0)’, (CD-ROM), World Health Organization, Geneva
WHO/UNEP/MARC (1996) Air Quality Management and Assessment Capabilities in
20 Major Cities, UNEP/DEIA/AR.96.2/WHO/EOS.95.7, United Nations Environment Programme, Nairobi, Kenya

List of Acronyms and
Abbreviations
ABC
ADB
AEAT
AirMAC
AMIS
APCA
APCEL
APCO
API
APMA
AQM
AQMP
AQO
ARI
ARRPET
ASEAN
BaP
BAPEDAL
BAQ
BJEPB
BMA
BMR
BP
BRT
CAA

atmospheric brown cloud
Asian Development Bank
AEA Technology Environment
Air Resource Management Centre (Sri Lanka)
Air Management Information System
Air Pollution Control Act
Asia-Paciﬁc Centre for Environmental Law
Air Pollution Control Ordinance
Air Pollution Index
Air Pollution in the Megacities of Asia
air quality management
Air Quality Management Project
Air Quality Objective
acute respiratory infection
Asian Regional Research Program on Environmental Technology
Association of Southeast Asian Nations
Benzo(a)pyrene
Indonesian Environmental Impact Management Agency
Better Air Quality
Beijing Environmental Protection Bureau
Bangkok Metropolitan Administration
Bangkok Metropolitan Region
British Petroleum
bus rapid transit
Clean Air Act

xvi Urban Air Pollution in Asian Cities

CACL
CAFE
CAI-Asia
CEA
CEC
CEN
CMR
CNG
CO
CO2
COPD
CPCB
DENR
DEP
DOE
DOSTE
DOTC
DPSIR
DUTP
EANET
EC
EC
ECR
EEA
EKC
EPD
ENPHO
EPCA
EPTRI
ESMAP
EST
FADA
FEV1
FVC
GDP
GEF
GHG
GNI
GONCT
GVW

Clean Air Conservation Law
Clean Air for Europe
Clean Air Initiative for Asian Cities
Central Environmental Authority
cation exchange capacity
Clean Energy Nepal
Colombo Metropolitan Region
compressed natural gas
carbon monoxide
carbon dioxide
chronic obstructive pulmonary disease
Central Pollution Control Board
Department of Environment and Natural Resources
Department of Environmental Protection
Department of Environment
Department of Science, Technology and Environment
Department of Transportation and Communications
Driving Force-Pressure-State-Impact-Response framework
Dhaka Urban Transport Project
Acid Deposition Monitoring Network in East Asia
electric conductivity
elemental carbon
Environmental Conservation Rules
European Environment Agency
Environmental Kuznets Curve
Environment Protection Department
Environment and Public Health Organization
Environmental Pollution Control Act
Environment Protection and Training Research Institute
Energy Sector Management Assistance Programme
Environmentally Sustainable Transport
Federation of Automobile Dealers Associations
forced expiry volume in 1 s
forced vital capacity
gross domestic product
Global Environment Forum
greenhouse gases
gross national income
Government of National Capital Territory of Delhi
gross vehicle weight

List of Acronyms and Abbreviations xvii

HC
HCMC
HEI
HEPA
HTAP
IAEA
IEA
INDOEX
JAMA
KEI
KMA
LEP
LDO
LEP
LGC
LPG
LRTAP
LSHS
LTO
MARC
MINAS
MOC
MOE
MoEF
MONRE
MOPE
MPCB
MRTH
MVIS
NASA
NBRO
NEA
NEERI
NEQA
NMVOC
NO2
NOx
NORAD
NRTEE
O3

hydrocarbons
Ho Chi Minh City
Health Effects Institute
Ho Chi Minh Environmental Protection Agency
hemispheric transport of pollutants
International Atomic Energy Agency
International Energy Outlook
Indian Ocean Experiment
Japan Automobile Manufacturers Association
Korea Environment Institute
Kolkata Metropolitan Area
Law on Environmental Protection
light diesel oil
Law on Environmental Protection (Vietnam)
Local Government Code
liquid petroleum gas
Convention on Long-range Transboundary Air Pollution
low sulphur heavy stock
Land Transportation Ofﬁce
Monitoring and Assessment Research Centre
Minimum National Standards
Ministry of Construction (Vietnam)
Ministry of Environment
Ministry of Environment and Forests
Ministry of Natural Resources and Environment
Ministry of Population and Environment
Mumbai Pollution Control Board
Ministry of Road Transport and Highways
Motor Vehicle Inspection System
National Aeronautics and Space Administration
National Building Research Organization
National Environment Agency
National Environmental Engineering Institute
National Environmental Quality Act (Thailand)
non-methane volatile organic compounds
nitrogen dioxide
nitrogen oxides
Norwegian International Development Agency
National Round Table on Environment and the Economy
ozone

xviii Urban Air Pollution in Asian Cities

OC
OECD
PAH
PAPA
Pb
PCBs
PCD
PCFV
PETC
PM
PPP
PRD
PSI
QA/QC
RAPIDC
RHAP
RSPM
SAR
SARS
SEI
SEMC
SEPA
Sida
SO2
SPCB
TAQMN
TLEV
TSP
UIC
UK
ULEV
UN
UNCED
UNCRD
UNECE
UNEP
UNESCAP
UNESCO
UN-Habitat
UNPD

organic carbon
Organisation for Economic Co-operation and Development
polycyclic aromatic hydrocarbons
Public Health and Air Pollution in Asia
lead
polychlorinated biphenyls
Pollution Control Department
Partnership for Clean Fuels and Vehicles
Private Emission Testing Center
particulate matter
power purchasing parity
Pearl River Delta (Hong Kong)
Pollutant Standard Index
quality assurance and quality control
Regional Air Pollution in Developing Countries Programme
Regional Haze Action Plan
respirable particulate matter
Special Administrative Region
severe acute respiratory syndrome
Stockholm Environment Institute
Shanghai Environmental Monitoring Centre
State Environmental Protection Agency
Swedish International Development Cooperation Agency
sulphur dioxide
State Pollution Control Board
Taiwan Air Quality Monitoring Network
Transitional Low Emission Vehicle
total suspended particulate
Uranium Information Centre
United Kingdom
Ultra Low Emission Vehicle
United Nations
United Nations Conference on Environment and Development
United Nations Centre for Regional Development
United Nations Economic Commission for Europe
United Nations Environment Programme
United Nations Economic Social Commission for Asia and the Paciﬁc
United Nations Education, Scientiﬁc and Cultural Organization
United Nations Human Settlements Programme
United Nations Population Division

List of Acronyms and Abbreviations xix

US
USEPA
USOMB
VOC
WBPCB
WBSCD
WHO
WMO
WSSD

United States
United States Environmental Protection Agency
United States Ofﬁce of Management and Budget
volatile organic compound
West Bengal Pollution Control Board
World Business Council for Sustainable Development
World Health Organization
World Meteorological Organization
World Summit on Sustainable Development

one
Urban Air Pollution in Asia
INTRODUCTION
Urban air pollution affects the health, well-being and life chances of hundreds of
millions of men, women and children in Asia every day. It is responsible for an estimated 537,000 premature deaths annually with indoor air pollution being responsible
for over double this number of deaths (WHO, 2002). It is often the poor and socially
marginalized who tend to suffer disproportionately from the effects of deteriorating
air quality due to living near sources of pollution (Martins et al, 2004; Gouveia and
Fletcher, 2000; Stern, 2003). The ubiquitous Asian street hawker who sits beside
strategic road junctions experiencing the general hustle and bustle of daily life and
trafﬁc is being exposed to high concentrations of motor vehicle pollutants increasing
the risk of developing respiratory disease and cancer (Chakraborti, 2003). Children ill
with respiratory disease caused by exposure to high concentrations of air pollutants
will be children who will not learn very well, will suffer in adult life from low levels
of qualiﬁcations and skills, which in turn has implications for their quality of life and
the economic development of the country as a whole.
Levels of air pollution in Asian cities regularly exceed World Health Organization
(WHO) recommended guidelines with smoke and dust particles being double the
world average (WHO, 2000a; 2005). The main cause of urban air pollution is the use
of fossil fuels (coal, oil and natural gas) in transport, power generation, industry and
domestic sectors. In addition, the burning of biomass such as ﬁrewood, agricultural
and animal waste also contributes to pollution levels. Pollutant emissions have direct
and indirect effects (e.g. acidiﬁcation, eutrophication, ground-level ozone, stratospheric ozone depletion) on air quality with a wide range of impacts on human health,
ecosystems, agriculture and materials.
The severity of air pollution problems in Asian cities reﬂects the level and speed
of their economic development and the effectiveness of past air quality management
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(AQM) and current efforts. Each city is unique in terms of its economic, physical and
social characteristics which inﬂuence the spatial and temporal patterns of emission
sources and air pollution problems.
To gain an understanding of urban pollution in Asia it is necessary to understand
the economic development context and the key factors which inﬂuence the emission
of air pollutants. This chapter examines the development of air pollution problems
and the key drivers and pressures of air pollution which affect the current state of air
quality. It discusses the key impacts on human health and environment and provides
an overview of the measures taken to address air pollution in the region.

DEVELOPMENT OF AIR POLLUTION PROBLEMS
As cities undergo economic development the environmental risks to human health
generally decline both in absolute and relative terms with different types of risks
tending to dominate each phase of development, moving from the household to community and global scale (Smith, 1997; McGranahan et al, 2001) (see Figure 1.1).
In poor cities, household sanitation, water quality and fuel quality are usually
severe problems. Before rapid industrial development, the main source of air pollution is from domestic and low-scale commercial activities. The concentration of air
pollution is generally low and it increases as the population increases. As cities develop
and undergo industrial development, urbanization and motorization the community

Figure 1.1 Urban environmental transition model
Source: Smith (1997); McGranahan et al (2001)
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risk from urban activities increases. Outdoor air quality becomes a serious public
health issue as carbon emissions increase and the severity of the household sanitation
problem decreases. As countries develop further, environmental controls are tightened
and community-level risks (urban air pollution) tend to decline. In wealthy cities
strict regulation and the implementation of abatement technology reduce polluting
emissions to ensure they meet health guidelines, but this is not without considerable
ﬁnancial cost to the community. This decline in community risk leads to the richest
countries contributing the most to global risks such as global climate change due to
greenhouse gas emissions on a per capita basis. For example, in 2002, the carbon
dioxide (CO2) emissions per capita for North America, Western Europe and Centrally
Planned Asia (mostly China) amounted to 1.7, 0.7, and 1.0 trillion metric tons,
respectively. However, the absolute CO2 emissions per capita were 5.42, 2.05 and
0.73 metric tons of carbon respectively, illustrating that the CO2 emissions from
Europe and China together are one-half of the North American emissions (Maryland
et al, 2005).
The trends in environmental risk at the household, community and global scales
across the development process generally support the environmental risk model (Smith
and Ezzati, 2005). While there can be signiﬁcant local departures from this overall
trend, the urban environmental transition model provides an aid to understanding the
development and management of urban environmental problems and the risk they
pose to human health.

The Environmental Kuznets Curve
The 1992 World Bank Development Report noted that ‘most forms of pollution …
initially worsen but then improve as incomes rise’ (World Bank, 1992). Following
this ﬁrst model, which demonstrated a relationship between air quality and economic
growth, a number of studies have further examined the link between air pollution
and economic development (Seldon and Song, 1994; Shaﬁk, 1994; Cole et al, 1997;
Goklany, 1999; Gangadharan and Valenzuela, 2001; Hill and Magnani, 2002; Cole,
2003). These studies established that the relationship consisted of an inverse U-shape
curve, called the Environmental Kuznets Curve (EKC).
The EKC describes the relationship between levels of environmental quality and
national economic development. It suggests a certain inevitability of environmental
degradation as a country develops, especially during the early stages of industrialization.
As the city develops, there is an increase in the use of natural resources, pollutant
emissions, use of inefﬁcient and relatively dirty technologies and a high priority
is given to material output with a disregard for the environment (Smith, 1997;
McGranahan et al, 2001). With increasing energy and resource use, industrialization
and motorization, ambient air quality becomes a serious public health problem.

4 Urban Air Pollution in Asian Cities

As economic growth continues and life expectancy and income increase, the general public place a greater value on environmental quality and demand better environmental protection (Hettige et al, 1992; Antle and Heidebrink, 1995). Environmental
controls are tightened and community-level risks such as urban air pollution tend to
decline. In the post-industrial stage, cleaner technologies and a move to information
and service-based activities combine with a growing ability and willingness to
improve environmental protection (Lindmark, 2002; Munasinghe, 1999).
While the EKC curve is a good model for the link between environmental change
and income growth, this is not necessarily applicable to all types of air pollutants
(Yandle et al, 2004). Ozone (O3), nitrogen oxides (NOx) and particulate matter (PM)
are pollutants of concern (Lenzen et al, 2006). In addition, improvements in air quality
with income growth are not inevitable but are dependent on government policies,
social institutions and the functioning of the economy. Therefore, it is important to
establish appropriate institutions as well as transboundary approaches to air pollution
(Arrow et al, 1995). In countries where the general public have political power, and
civil as well as economic rights, air quality improves (Torras and Boyce, 1998).

Development of urban air pollution
Many Asian governments have recognized air pollution as a key environmental
problem that needs to be addressed. Those cities that have been able to introduce emission control early in their development path (e.g. Hong Kong, Tokyo and Singapore)
have avoided the extremely high levels of urban pollution that are often associated
with other cities that have introduced emission control measures later. The earlier
integrated AQM systems are introduced, the lower the maximum pollution levels that
will occur (UNEP/WHO, 1992). Figure 1.2 relates the development of air pollution
problems in cities to their development status (UNEP/WHO, 1992). This general
developmental path is one that is current in many cities around the world.
While conventional wisdom expects air pollution to increase as Asian countries
undergo economic development, this is not the case for all countries and pollutants.
Since the 1990s, sulphur dioxide (SO2) emissions in Asia have declined, mostly due to
a reduction of SO2 emissions in China (Sinton and Fridley, 2000). China has decreased
its emissions of SO2 from 23.8 million tons in 1995 to 20 million tons in 2000. This
decrease is due to a general reform of industry and power generation including a
substantial decline in industrial high-sulphur coal use and an improvement in energy
efﬁciency and economic growth (Cofala et al, 2004). The reduction of particular
pollutants (e.g. NOx, PM and O3) has been slow in some Asian countries due to an
increase in the number of vehicles, which offsets the emission reductions achieved by
improved vehicle technology.
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Figure 1.2 Development of air pollution problems in cities
Source: based on UNEP/WHO (1992)

UNDERSTANDING URBAN AIR POLLUTION
As the wealth of a city increases so do the key driving forces. These are mainly road
transport, power and heat production, industry and agriculture. In some countries
such as China, where climatic conditions require space heating at least in the northern
provinces, domestic air pollution may be signiﬁcant in the urban and rural areas.
These sectors create a pressure on the environment in the form of emissions of air
pollutants, which affect the state of air quality.
Once released into the atmosphere, air pollutants undergo chemical reactions
resulting in a wide variation in pollutant concentrations with time and location and
corresponding exposure of the population. Pollutants such as SO2, NOx and carbon
monoxide (CO) typically occur in high concentrations close to their sources (e.g.
streets and industrial plants) and show low concentrations elsewhere (EEA, 2003).
A pollutant such as O3 and the deposition of acidic compounds can occur over larger
areas (both rural and urban) which can result in high regional background concentrations (Vingarzan, 2004). Particulate matter (PM2.5 and PM10) can also show a rather
high regional background level (Hien et al, 2004). Particulate matter (PM) in this
context refers to the sum of primary PM and the weighted emissions of secondary
PM precursors. Primary PM refers to particles emitted directly to the atmosphere.
Secondary PM precursors are pollutants that are partly transformed into particles
by photochemical reactions in the atmosphere. In some countries, PM background
concentrations may become extremely high at certain times, e.g. when sandstorms
occur in China and move to urban areas (UNEP, 2005).

6 Urban Air Pollution in Asian Cities

Air pollution has an impact on human health, ecosystems and materials with
corresponding economic losses. The response of many national and city authorities
has been air quality regulations such as the regulation of the sources of pollutant
emissions and the monitoring of air quality against speciﬁc air quality standards
and guidelines. Historically, the combination of driving forces and pressures seldom
overwhelmed the natural resilience of urban ecosystems in the early stages of economic development. However, many Asian cities now have to suffer the pressure of
a combination of different driving forces, which are occurring simultaneously, each
with a greater intensity than has occurred elsewhere or in the past (McGranahan et
al, 2001). Therefore many cities have to make greater efforts to cope with the combined pressures. While reductions may be achieved for certain pollutants, others
are becoming more difﬁcult to address due to the absence of a well-developed infrastructure, integrated planning and the ﬁnancial resources to restore environmental
quality.
A causal framework to describe these interactions in society is the Driving Forces,
Pressures, States, Impacts, Responses (DPSIR) framework, which can be used to
understand urban air pollution in Asia (EEA, 1999) (see Figure 1.3).

DRIVERS OF AIR POLLUTION IN ASIA
The Asian region has experienced a rapid growth in population and urbanization over
the last decade, especially within South Asia. The percentage of the population living
in cities is expected to substantially increase over the coming years. The growth in
population, urbanization and a strong economy has been accompanied by a rapid
growth in motorization and a considerable increase in energy use. The cumulative
impact of these different driving forces has been experienced in some of the more
populous countries in Asia such as China and India.

Demography and urbanization
Asian cities have grown very rapidly as Asia’s population increased from 2.4 billion
in 1975 to 3.8 billion in 2003 (see Figure 1.4) and many cities will continue to grow.
Overall, population growth has slowed to the world average of 1.3 per cent a year.
However, Asia’s share of the global urban population has risen from 9 per cent in
1920 to 48 per cent in 2000 and is expected to rise to 53 per cent by 2030 (UNHABITAT, 2004).
Economic development in many Asian countries has caused rural-to-urban migration with people from the village moving to the city in the hope of a better life. In the
mid-1960s approximately one person in ﬁve lived in a city. In the mid-1990s the ratio
became one person in three. It is expected that by 2020, approximately one in two
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precursors and

Figure 1.3 The Driving Force-Pressure-State-Impact-Response (DPSIR)
Framework
Source: EEA (1999)

people in Asia will be living in a city. An estimated 11 megacities with a population
of 10 million or greater – as of 2003 – exist in the Asian region (Beijing, Delhi,
Dhaka, Jakarta, Karachi, Kolkata, Metro Manila, Mumbai, Osaka-Kobe, Shanghai
and Tokyo) with Greater Tokyo being the largest urban conurbation with a population
of approximately 35 million (UN, 2004).
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Figure 1.4 Estimated population of selected Asian cities in 2003 and projected
population in 2015
Source: UN (2004)

Economic development
Developing countries in Asia have experienced economic development and higher
standards of living over the past 30 years; this is especially true for China, India
and South Korea. In 2002 real gross domestic product (GDP) in Asia grew by 5.6
per cent compared with 3.9 per cent in 2001. The economic structure of the region
has changed, with the importance of agriculture diminishing and the service sector
growing.
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In the period 2001–2025 the highest growth in world economic activity is expected
to occur in Asia. Regional GDP in Asia is predicted to increase by 5.1 per cent per
year compared with 3 per cent per year for the world as a whole. China is expected
achieve the highest annual growth of 6 per cent per year placing it, by 2023, among
the world’s major economies behind Japan and the US (IEA, 2004).

Energy consumption
The growth in GDP has resulted in increasing levels of energy consumption. Primary
energy consumption in the Asia Paciﬁc region has been steadily increasing over the
past 30 years, reﬂecting the economic development of the region (BP, 2004).
Asia is responsible for 23 per cent of world energy consumption with China
having a high share at 13 per cent. During the period 2002–2003, China accounted
for 57 per cent of the increase in world energy consumption. The growth in Chinese
energy demand was approximately 11 per cent in the period 2002–2003 (Enerdata,
2004). Coal is a dominant source of energy in Asia, with both China and India
estimated to be responsible for approximately 67 per cent of the increase in coal use
worldwide (IEA, 2004). Constrained reﬁning capacity combined with a large demand
for gasoline and diesel is expected to result in an increase in coal use, especially in
the power sector. This might offset the recent reductions achieved in SO2 emissions
in China if no desulphurization measures are taken.
Population growth and urbanization in China and India is expected to result in a
continued increase in energy use over the coming decades. Also, increases in residential energy use, rising incomes and rural electriﬁcation are expected to result in a
high demand for electrical appliances (e.g. air conditioning, refrigeration and laundry
equipment) which currently are not widely used (IEA, 2004).
Asian economies have become more efﬁcient in their consumption of supplied
energy (less energy intensive) over the period 1990–2000. The energy per unit of GDP,
which indicates the extent to which economies are efﬁcient in their consumption of
supplied energy, has decreased, reﬂecting the global trend. Nevertheless, the increasing overall consumption of coal, natural gas and oil has resulted in higher levels of
emissions of certain pollutants. China aims to quadruple GDP from 2000 to 2020
while only doubling energy use. This is seen as a challenge to energy security, social
welfare and environmental objectives. At the same time, the country seeks to move
towards cleaner fuels in all sectors. However, more recently, energy use has been
rising faster than GDP indicating energy inefﬁciency. The dependence on coal shows
no sign of diminishing and imports of oil and gas are set to rise in the future (Sinton
et al, 2005).
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Motorization
The level of motorization in Asian countries has been growing at different rates and
has been inﬂuenced by increasing afﬂuence and population growth. The number of
vehicles in Asia will continue to grow, with the possible exception of Singapore and
Hong Kong, where active controls have been implemented to limit the number of
vehicles and promote alternative public transport options.
The majority of additional vehicles will be new ones, while for some countries a
substantial number of reconditioned vehicles, for which there is no adequate emission
control in place, will be added to the ﬂeet. These are often buses or other public
transport utility vehicles imported from other Asian countries where stringent in-use
emissions and safety requirements have made the engines obsolete. These are typically
vehicles which are used intensively and not maintained very well. At present, vehicles
in major industrialized Asian countries are being used for longer than was considered
would be their normal useful life.
Two-wheelers play an important role in Asia as they are accessible to a larger
portion of the population who cannot afford to own a motor vehicle. This region
has a very large population of two- and three-wheelers that dominate the emissions
inventory for some compounds in most major cities. More than 75 per cent of the
world’s ﬂeet of two-wheelers and three-wheelers is in Asia. China alone accounts
for approximately 50 per cent and India for 20 per cent of the world’s ﬂeet of twowheelers (WBSCD, 2004). In some cases, the inclusion of motorized two-wheelers in
total motorization rates brings these motorization rates up to the same level as cities
with much higher average per capita (or per household) incomes. For example, when
motorized two-wheelers are included, Mexico City, with a GDP per capita 10 times
higher than Chennai, has a lower motorization rate than Chennai. As the income of
individuals rises, the two-wheeler becomes accessible and therefore accelerates the
motorization process in Asia.
A high proportion of the population in Asian cities currently depends on public
transport and non-motorized forms of transport such as walking and cycling as the
main mode of transport. As cities grow in area and decline in average density, the
relative share of trips made by public transport and the absolute number of nonmotorized trips are decreasing.
The rising trend in car ownership and decline in public transport as an alternative
to the private motor vehicle has varying effects on different countries often affecting
the poor, elderly and disabled who are dependent on public transport for their personal
mobility (WBSCD, 2004). The continued growth in motorization in Asia will further
exacerbate current levels of trafﬁc congestion and result in increased motor vehicle
emissions.
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PRESSURE OF AIR POLLUTION IN ASIA
Pollutant emissions
Economic development, together with population growth, urbanization, motorization
and high levels of energy consumption, has resulted in pressures on the environment
in the form of pollutant emissions. Local sources of air pollution include:







small sources such as boilers, generators, light industries
point sources such as major industrial sites
mobile sources such as on-road motor vehicles
area sources such as waste deposits and places where open burning of waste
materials from agriculture, forestry and land clearance occur
local biogenic or natural sources such as deserts and eroded areas
transboundary air pollution from distant sources comprising emissions from ﬁxed,
mobile and other sources.

Total anthropogenic emissions in Asia for the year 2000 show that the power, industry
and transport sectors are major contributors to key urban air pollutants (Streets et al,
2003a). In particular, China is a signiﬁcant contributor to emissions of PM, SO2, NOx,
CO and CO2 in the region, reﬂecting the rapid economic development that has been
taking place in this country (see Figure 1.5). From studies in many Chinese and Indian
cities it is evident that these cities are major sources of PM (Wang et al, 1999; 2005;
Streets et al, 2001; Bi et al, 2002; Duggal and Pandey, 2002; Cao et al, 2003; Fu,
2004; Li et al, 2004; NEERI, 2004; Sun et al, 2004; Zheng et al, 2004; Bhattacharya,
2005). PM is also emitted from desert areas during periods of higher wind speed,
vegetation ﬁres and agricultural burning, and through chemical processes during
transport of gases. South Asia has the second highest PM emissions in the region. O3
is also produced through the transformation of NOx and hydrocarbons; however, O3
levels are mostly unknown as monitoring of O3 is limited in Asia.
In 2000 China was estimated to have produced approximately 45 per cent of total
Asian SO2 emissions due to the use of coal-ﬁred power stations and 36 per cent due to
the industrial sector. The transport sector is estimated to have produced 37 per cent of
NOx while power generation produced 27 per cent in Asia. Estimates for the domestic
sector suggest that it is responsible for 64 per cent of black carbon and 65 per cent of
organic carbon emissions from the combustion of coal, kerosene and biofuels. The
estimated residential sector (34 per cent) and the transport sector (27 per cent) were
key contributors to emissions of non-methane volatile organic compounds (NMVOC)
in Asia in 2000 (Street et al, 2003b).
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Figure 1.5 Total anthropogenic emissions in Asia for selected pollutants for the
year 2000
Source: Streets et al (2003a)
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A study of the sources of ﬁne particulate pollutants in New Delhi, Kolkata and
Mumbai indicated that there is no single dominant source. Sources of PM differ by
location and season among the three Indian cities examined (World Bank/ESMAP,
2004). For example, mobile sources and biomass combustion contribute substantially
to PM emissions and in several cases approximately in equal proportions (spring
and autumn in Delhi and autumn in Mumbai). The contribution of road dust can also
be signiﬁcant (summer in Delhi and spring and autumn in Mumbai). The combined
contribution of biomass and coal is highest in winter in New Delhi and Kolkata as
a result of heating. Contributions from solid fuel combustion are also signiﬁcant in
non-heating seasons: in spring and autumn in New Delhi and in autumn in Mumbai,
probably due to the use of solid fuels in small-scale industries and by households for
cooking. The study concluded that vigorously pursuing control measures in one sector
alone (e.g. transport), while leaving other sectors largely untouched, is less likely to
result in a marked improvement in urban air quality than if a multi-pronged approach
addressing a number of sources and sectors is adopted (World Bank/ESMAP, 2004).

Greenhouse gases
Fossil fuel, such as coal, is a predominant fuel in Asia’s developing countries. It is
expected to continue to be so as levels of economic growth and energy consumption
increase. By 2020 CO2 emissions from developing countries, especially China and
India are expected to surpass those in the industrialized countries. CO2 emissions in
developing countries in Asia are expected to increase from 6012 million metric tons
in 2001 to 11,801 million metric tons in 2025 (IEA, 2004).
The Kyoto Protocol sets targets for industrialized countries to cut their greenhouse
gas emissions; it became legally binding on 16 February 2005. It requires a 5.2 per
cent cut in greenhouse gas (GHG) emissions from the industrialized world as a whole
by 2012. In 2001, China and India together accounted for 17 per cent of total world
CO2 emissions compared with the US at 24 per cent. Although both countries account
for a signiﬁcant amount of the world’s CO2 emissions, they have no commitment
under the Kyoto Protocol as they are classed as developing nations (IEA, 2004).
However, the most rapid improvement in CO2 intensity is expected to occur in
developing countries in Asia. As the economy develops, there will be an improved
efﬁciency of capital equipment and an increased use of less carbon-intensive fuels
such as natural gas for new electricity generation. In particular, China is expected to
remain heavily dependent on fossil fuels, yet CO2 intensity is expected to decrease by
2.6 per cent during the period 2001 to 2025 (IEA, 2004; IGES, 2004).
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Transboundary air pollution
Urban air quality in Asia is becoming increasingly affected by pollution resulting from
neighbouring jurisdictions. Transboundary air pollution in the form of atmospheric
brown cloud, acidiﬁcation and dust and sandstorms all contribute directly or indirectly
to effects on human health, environment and the economy in the region (Lam et al,
2005; Min, 2001).
The high levels of direct and indirect GHG emissions such as SO2, NOx, CO,
NMVOC and ammonia (NH3) are strongly linked to the consumption of fossil fuels
and have also contributed to the problem of transboundary air pollution within the
region.

Atmospheric brown cloud
The atmospheric brown cloud (ABC) is a regional phenomenon of aerosol and PM
plumes which occurs across parts of Asia. In 2001 the Indian Ocean Experiment
(INDOEX) documented the vast extent of a 3 kilometre thick brownish layer of pollutants hovering over most of tropical Indian Ocean, South, Southeast and East Asia.
The haze consists of sulphates, nitrates, organics, black carbon and ﬂy ash among
several other pollutants, which can be transported far beyond their source region,
particularly during the dry season. The potential direct effects include a signiﬁcant
reduction in the solar radiation reaching the surface; a 50–100 per cent increase in
solar heating of the lower atmosphere; rainfall suppression; agricultural productivity
decline; and adverse human health effects (UNEP, 2002).
The indirect effects include cooling of the land surface, increase in frequency and
strength of thermal inversions which trap more pollution; evaporation reduction; soil
drying; and disruption of monsoon rainfall. The regional and global impacts of the
ABC are set to intensify over the next 30 years as the population of the Asian region
and sources increase.

Southeast Asia haze
Forestland conversion involving uncontrolled use of ﬁre in land preparation has been
identiﬁed as a major source of ﬁres in the Southeast Asian region. Transboundary air
pollution caused by these ﬁres, used to clear land in Indonesia, remains a perennial
problem. In the years when the El Niño phenomenon returns to the Southeast Asian
region with its drier conditions, the worsening haze from forest and brush ﬁres becomes
an increasing challenge for adjacent countries. The impacts of the haze include major
disruption of travel and transport, increasing risk of trafﬁc accidents, public health
risks through the transboundary transport of ﬁne and ultraﬁne PM and environmental
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damage. PM pollution levels during the episode in 1997/1998 were extremely high
in Indonesia (more than 1 mg/m3 in Sumatera) and high (several hundreds µg/m3) in
Malaysia (Frankenberg et al, 2005; Sastry, 2002).
As a consequence of the 1997/1998 ﬁre event, the Association of Southeast Asian
Nations (ASEAN) and the Asian Development Bank (ADB) developed a Regional
Haze Action Plan (RHAP). The primary objectives of the RHAP are to: (i) prevent forest
ﬁres through better management policies and enforcement; (ii) establish operational
mechanisms to monitor land and forest ﬁres; and (iii) strengthen regional land and
forest ﬁreﬁghting capacity with other mitigation measures (ADB/ASEAN, 2001).
At the same time WHO, in collaboration with UNEP and the World Meteorological
Organization (WMO), developed the Health Guidelines for Vegetation Fire Events
(WHO/UNEP/WMO, 1999). These guidelines emphasized the global occurrence
of ﬁres, analysed their causes, discussed the methods of observation and developed
an early warning system for vegetation ﬁre events with respect to the protection of
public health.
In 2002, ASEAN adopted the ASEAN Agreement on Transboundary Haze Pollution to prevent and monitor transboundary haze pollution as a result of land and/or
forest ﬁres, and to control sources of ﬁres (ASEAN, 2002).

Regional acidiﬁcation
The rapid growth of cities in Asia has resulted in greatly increased emissions of SO2
and NOx. Acid deposition can take the form of wet precipitation, such as rain, fog, mist
or snow, or dry deposition involving the deposition of acidic gases and aerosols. Acid
deposition, also called ‘acid rain’, is caused mainly by SO2 and NOx, NH3 emissions
from fossil fuel combustion, industrial processes and agricultural practices. Acid wet
deposition refers to rainwater with a pH of 5.6 or less. In the 1990s, acid rain as severe
as that in Europe and North America was widely observed in Japan, with pH values
as low as pH 4.3 (MoE Japan, 1998; EEA, 2005). Acid deposition has far-reaching
impacts. It affects ﬁsh and other aquatic biota due to the progressive acidiﬁcation of
inland waters, including marshes, lakes, rivers and streams. Acid deposition threatens
forests due to soil acidiﬁcation. It accelerates and aggravates the decline and decay of
monuments and buildings of cultural importance.
SO2, NOx and NH3 have only short residence times in the atmosphere (1–5 days)
and can, therefore, be transported only over a few hundred kilometres before becoming deposited or transformed into secondary ﬁne particles. Effects of these gaseous
compounds include impacts on human respiratory health; adverse impacts on forest
and crop growth, particularly in sensitive soils; corrosion of human-made structures;
and adverse changes in natural ecosystems. The deposition of sulphur in some areas
of Asia is now equal to or higher than in the most polluted areas of Europe and
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North America. Soil acidiﬁcation and acidiﬁcation-induced vegetation damages have
been observed in parts of China (Seip et al, 1999). In addition, acid aerosols such as
sulphates, nitrates and ammonium aerosols have a much larger residence time allowing
for transport of these particles over several thousand kilometres. In order to cope
with increasing risks of problems related to excess deposition of acidic substances,
the Acid Deposition Monitoring Network in East Asia (EANET) was established as
a regional cooperative initiative to promote efforts for environmental sustainability
and protection of human health. The ten countries participating in the preparatory
phase activities, namely, China, Indonesia, Japan, Malaysia, Mongolia, Philippines,
Republic of Korea, Russia, Thailand and Vietnam, decided to start the EANET activities on a regular basis from January 2001. Cambodia and Laos joined the network in
November 2001 and November 2002 respectively, with monitoring activities being
started in these countries in 2003 (EANET, 2005a). Monitoring activities include wet
deposition, dry deposition and assessment of adverse impacts of acidic substances
on the vegetation, the soil and the inland aquatic environment. Table 1.1 gives an
overview of variables considered in the project. Since 2001 data reports on the Acid
Deposition in the East Asian Region have been published and made available on the
internet (EANET, 2005b).

Hemispheric transport of air pollutants
While local and regional emissions sources are the main cause of air pollution problems worldwide, there is increasing evidence that air pollutants are transported on a
hemispheric or global scale. These include:

Table 1.1 Monitored variables of EANET
Wet deposition

pH, EC, concentrations of ions (SO42–, NO3–, Cl–, NH4+,
Na+, K+, Ca2+, Mg2+, etc.)

Dry deposition

Gas concentrations (SO2, NO/NO2, O3, HNO3, NH3,
etc.)

Soil

pH, CEC, concentrations of exchangeable ions, etc.

Vegetation

Degree of decline of trees, abnormalities of leaves and
branches, etc.

Inland aquatic environment

pH, EC, alkalinity etc.

Notes: EC: electric conductivity; CEC: cation exchange capacity.
Source: EANET (2005b)
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ozone and its precursors
ﬁne and ultraﬁne particles
acidifying substances
mercury
persistent organic pollutants.

In the northern hemisphere, the hemispheric transport of air pollutants (HTAP) may
be important for understanding air pollution problems in urban areas. In 2005, the
Executive Body of the United Nations Economic Commission for Europe (UNECE)
Convention on Long-range Transboundary Air Pollution (LRTAP) established a
Task Force on Hemispheric Transport of Air Pollution to examine this issue further
(UNECE, 2004; LRTAP, 2005).

Dust and sandstorms
The Asian region has a wide range of terrain and climates. Much of it is dry land but
some of it is desert. Many countries within the Asian region are experiencing severe
and, in some cases, accelerating desertiﬁcation. High population density, low levels
of economic development, poor infrastructure and isolation exacerbate the problems.
Sand and duststorm events are frequent and serious causing loss of crops, destruction
of houses, disruption in transport and communication, as well as putting human health
at risk.
Dust from these regions is often distributed beyond the national borders and this
poses a problem for neighbouring countries, often directly affecting any improvements
in air quality. Dust and sandstorms are now occurring in Northeast Asia nearly ﬁve
times as often as they were in the 1950s. The storms, which originate in the dry regions
of northern China and Mongolia and blow across the Korean peninsula and Japan, are
also growing in intensity. In April 2002 dust levels in Seoul, 1200 kilometres away
from their source, reached 2070 µg/m3, almost 14 times the 24-hour PM10 level of 150
µg/m3, the United States Environmental Protection Agency (USEPA) standard. The
storms cause considerable hardship though respiratory problems and related deaths,
loss of income, disruption of communication and loss of livestock and crops over
large areas (UNEP, 2004; 2005).

STATE OF AIR POLLUTION IN ASIA
Some of the highest levels of outdoor air pollution in the world are found in Asian
cities. However, limited AQM systems, capacity and resources have meant that
monitoring of air quality in some Asian cities has been ad hoc and data on air quality
trends and exceedance of national WHO guidelines are not always available.
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Using the WHO Air Management Information System (AMIS) it is possible to
calculate the average concentrations for selected pollutants over the period 1990–
1999. In addition, annual air quality data provided by the 20 Asian cities were
averaged to provide data for the period 2000–2004. Air pollutant concentrations for
2000–2004 compared with AMIS data (WHO, 2001) shows that there has been a
general improvement in air quality (see Figure 1.6). In 4 of the 13 cities, which are
covered by AMIS and this study, air quality conditions have worsened for SO2, NO2
and PM10. All the cities recorded an improvement in total suspended particulate (TSP)
levels. For some cities, the data are insufﬁcient to allow comparison (see Table 1.2).
The data presented in Figures 1.6, and in Table 1.2 have to be interpreted with caution
since monitoring stations even of the same type (industrial, commercial, residential,
kerbside) may have different deﬁnitions in different cities and monitoring may not be
of the same quality.
Table 1.2 Air quality data for 2000–2004 compared with 1990–1999
SO2

NO2

SPM

PM10

Bangkok

≥

>

<

<

Beijing

<

?

?

<

Busan

<

>

?

≥

Colombo

>

<

?

≤

Hong Kong

>

<

<

<

Kolkata

<

>

<

<

Manila

?

?

<

?

Mumbai

<

<

<

<

New Delhi

<

<

<

<

Seoul

<

>

<

<

Shanghai

<

<

<

?

Taipei, China

<

<

?

>

Tokyo

<

≤

?

<

Notes:
> (<) = Data for 2000–2004 larger (smaller) by more than 5 per cent than data for 1990–1999.
≥ = approximately 5 per cent increase.
≤ = approximately 5 per cent decrease.
? = no data available.
Source: WHO (2001), CAI-Asia (2006c)

Taipei
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Figure 1.6 Average air quality levels of selected Asian cities, 1990–1999 (AMIS)
and 2000–2004
Note: (top) 1990–1999, (bottom) 2000–2004.
Source: CAI-Asia (2006c)
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Figure 1.7 presents a macro-analysis of the air pollution trends in the 20 cities.
Air quality data for O3 and NOx levels are insufﬁcient to formulate clear trends for
the period 1994–2004. The number of cities monitoring these pollutants is still relatively limited, especially in the case of O3, while the quality of monitoring is varied,
especially for NOx. In general, TSP and PM10 have decreased in the period 1994
to 2004. However, ambient levels remain above USEPA standards. In contrast, the
aggregated data for SO2 clearly show that it is below the annual EU limit and USEPA
standard indicating that this pollutant has been satisfactorily addressed by most Asian
cities.

Figure 1.7 Trends in major criteria pollutants (1994–2004)
Source: CAI-Asia (2006c)

IMPACTS OF AIR POLLUTION IN ASIA
The impact of air pollution has a range of direct and indirect effects on human health,
ecosystems, vegetation and material assets. The spatial scale of pollution impacts
ranges from the street level to urban, peri-urban and rural areas. The timescale of
effects also varies ranging from hours to years. Table 1.3 presents the issues associated
with the impact of air pollution.

Human health
In a comparative risk assessment of global human health risks, WHO ranked urban
outdoor air pollution as the tenth leading cause of premature deaths and indoor air
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Table 1.3 Impacts of air pollution
Issue

Spatial scale

Effects-related timescale

Human health-related
impacts due to exposure to
ozone and particles (and to
a lesser extent to NO2, SO2,
lead and benzene)

Urban areas, streets
Ozone: also rural areas

Hours, days, years

Acidiﬁcation and
eutrophication of water,
soils and ecosystems

Range: 100–1000 km

Years

Damage to vegetation and
crops due to exposure to
ground-level ozone

Range: 100–1000 km

Hours, growing season

Damage to materials and
cultural heritage due to
exposure to acidifying
compounds and ozone

Urban, rural areas

Years

Source: EEA (2003)

pollution as the fourth leading cause (WHO, 2002). WHO estimate that 537,000
persons die prematurely each year in the Southeast Asia and Western Paciﬁc regions
due to exposure to urban air pollution. Even more people, approximately 1.06 million,
die annually from exposure to indoor air pollution in these regions. In addition,
millions of people are affected by respiratory diseases, which are either caused or
aggravated by exposure to ambient air pollution (WHO, 2002).
High levels of outdoor air pollution from stationary and mobile sources contribute
considerably to the burden of disease from disorders of the cardiovascular and
respiratory systems. In addition, indoor air pollution resulting from domestic use
of solid and fossil fuels, particularly in rural areas, account for a large number of
diseases (including respiratory infections and chronic obstructive pulmonary disease),
especially among young children and women (WHO, 2002).
WHO estimate that two-thirds of the world’s statistics in deaths and lost life
years due to urban outdoor air pollution occur in Asia (WHO, 2002). These estimates,
however, are based largely on exposure–response relationships derived in Europe
and North America before 2000 and extrapolated for Asia (WHO, 2000a; 2000b).
Since the publication of the air quality guidelines for Europe (WHO, 2000b) a large
body of evidence has emerged on the effects PM and O3 on human health. In 2003
WHO reviewed the health effects of PM, O3 and NO2 in Europe. A meta-analysis
of European timescale studies of PM and O3 was undertaken, which resulted in the

22 Urban Air Pollution in Asian Cities

Table 1.4 Percentage change estimates for a 10 µg/m3 increase in PM10, black
smoke and O3 and all-cause respiratory and cardio-vascular mortality, all ages
(95% conﬁdence intervals)
Outcome
disease

Number of PM10
estimates

Number of Black
estimates smoke

Number of
estimates

O3
(8-hour)

All-cause
mortality

33

0.6
(0.4, 0.8)

33

0.4
(0.2, 0.7)

20

0.20
(0.05, 0.35)

Respiratory
mortality

20

1.0

24

–0.1
(–1.0, 0.8)

15

–0/1
(–0.5, 0.4)

Cardiovascular
mortality

23

0.5
(0.1, 1.0)

22

0.4
(0.1, 0.6)

17

0.4
(0.3, 0.5)

Source: WHO (2004)

revision of the relative risk estimates for a 10 µg/m3 increase in PM10, black smoke
and O3. Table 1.4 presents the revised estimates, expressed in terms of percentage
changes in health outcomes for a 10 µg/m3 increase in PM10, black smoke and O3.
Compared to Asia, Europe and North America differ in the type and exposure
to air pollution and the health status of the population as well as the provision and
accessibility to health care systems. These differences give rise to uncertainties when
the results of health impact studies from more developed countries are applied to
developing countries in Asia. In 2002 the Clean Air Initiative for Asian Cites and the
Health Effects Institute initiated the Public Health and Air Pollution in Asia (PAPA)
programme to reduce these uncertainties.
The PAPA programme conducted a comprehensive literature review of studies
on health impacts of air pollution in Asia. The review covered 138 studies that were
published in peer-reviewed literature from 1980 to 2003. These studies were also
conducted mostly in East Asia (mainland China, Taipei, Hong Kong, South Korea
and Japan) with a few conducted in South and Southeast Asia (HEI, 2004).
Results of the literature review showed that summary estimates of PM10 and SO2,
which is approximately a 0.4 to 0.5 per cent increase in all-cause mortality for every
10 µg/m3 of exposure, resemble the values reported by the large-scale European and
North American studies that used comparable methods (see Table 1.5).
The interaction between air pollution, health and poverty in Asia is important,
especially in areas with high air pollution and large populations at the lowest
socioeconomic levels. The potential public health and social policy implications are
signiﬁcant, yet they are not well understood. While there have been several studies
which document the overall health impact of air pollution in Asian cities, there
have been very few studies on the relationship of air pollution, health and poverty

4

SO2

11

SO2

4

10

TSP

NO2

4

Number
of
estimates

PM10

Pollutant

0.03

<0.01

<0.001

0.55

0.14
(0.25, 0.56)

Heterogeneityc

0.07
(–0.28, 0.41)

0.28
(0.09, 0.47)

0.35
(0.26, 0.45)

0.20
(0.14, 0.26)

0.41

Fixedeffects
estimates

0.16
(–0.46, 0.77)

0.95
(–0.05, 1.94)

0.52
(0.30, 0.74)

0.20
(0.14, 0.26)

0.49
(0.23, 0.76)

Randomeffect
estimates

0.03

0.53

Test of
publication
Biasd

APHEA 1g 0.40 (0.3,
0.5)

APHEA 2e 0.6 (0.4,
0.8)
NMMAPSf 0.41 (0.29,
0.53)

Multiplicity
study summary
estimates (95% CI)

Source: HEI (2004)

Notes: a per 10 µg/m3 increase in ambient pollutant concentration.
b
calculated when four or more studies provided estimates for individual pollutant–outcome pairs.
c
P value for χ2 test (P values < 0.05 were considered statistically signiﬁcant).
d
P value from Begg test. The test was not conducted for those pollutant–outcome pairs with too few estimates (P value < 0.05 were considered
statistically signiﬁcant).
e
29 European cities (Katsouyami et al, 2001).
f
90 US cities (Samet et al, 2000).
g
12 European cities (Katsouyami et al, 1997).

Respiratory
admissions

All-cause
mortality

Outcome

Table 1.5 Summary of estimates of percentage changea in health outcomesb
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in developing countries in general, and in Asia in particular (HEI, 2004). There
is emerging evidence that the poor are affected disproportionately by ambient air
pollution due to greater exposures, weaker biological defence mechanisms against air
pollution and more limited abilities to seek medical assistance once affected by air
pollution (Martins et al, 2004; Gouveia and Fletcher, 2000; Stern, 2003).
The poor are subject to higher exposures of air pollution and may be more
susceptible to air pollution due to inadequate nutrition, access to medical care, and
other factors. At the same time, air pollution could exacerbate the conditions of poverty. It is also expected that the poor will not seek medical assistance quickly, nor be
able to afford medicines and treatment. In Hong Kong, it is estimated that the poor
suffer increased exposure to air pollution and those in low-income areas are ﬁve
times as likely to be hospitalized as those residing in high income areas (Stern, 2003).
The economic consequences of an increased burden of disease due to air pollution,
including cost of illness and loss of income, could also be substantial.
High levels of outdoor air pollution from stationary and mobile sources contribute considerably to the burden of disease with disorders of the cardiovascular and
respiratory systems. In addition, indoor air pollution resulting from domestic use
of solid and fossil fuels, particularly in rural areas, accounts for a large number of
cases of several diseases (including respiratory infections and chronic obstructive
pulmonary disease), especially among young children and women (WHO, 2002). A
number of key air pollutants have the most deleterious effect on human health. These
include PM, O3, CO, SO2 and NO2. A brief description of the health effects of each of
these pollutants is given below (Schwela, 2000; WHO, 2000b; 2003; HEI, 2004).

Particulate matter
Health effects of PM in humans depend on particle size and concentration, and can
change with daily ﬂuctuations in PM10 or PM2.5 levels. They include acute effects such
as increased daily mortality, increased rates of hospital admissions for exacerbation
of respiratory disease, increases in the prevalence of bronchodilator use and coughing, and peak expiratory ﬂow reductions. An extensive body of experimental and
epidemiological literature demonstrates that signiﬁcant associations between shortterm and long-term exposure to concentrations of PM and rates of mortality and
morbidity exist in the human population. Relationships between PM10 or PM2.5 exposure and acute health effects appear to be linear at concentrations below 100 µg/
m3. Current epidemiological time-series studies do not indicate a threshold below
which no effects occur. Rather they suggest that even at low levels of PM, short-term
exposure is associated with daily mortality, daily hospital admissions, exacerbation
of respiratory symptoms, bronchodilator use, cough and peak expiratory ﬂow. WHO
performed a meta-analysis of existing European time-series studies and estimated
relative risks and their 95 per cent conﬁdence intervals for a 10 µg/m3 increase in
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PM10, black smoke and O3 for all-cause and cause-speciﬁc mortality (see Table 1.4)
and for respiratory hospital admissions (see Table 1.6).
A small number of studies refer to the long-term effects of PM with respect to
mortality and respiratory morbidity. However, the database on health impacts due
to long-term exposure to PM has been expanded by new cohort studies and the
extension and re-analysis of existing ones (WHO, 2003; HEI, 2003). Strong evidence
on the effect of long-term exposure to PM on cardiovascular and cardiopulmonary
mortality can be inferred from these studies. For all-cause and cardiopulmonary
deaths, statistically signiﬁcant increased relative risks were found for PM2.5. Cardiopulmonary and cardiovascular mortality was strongly associated with sulphates
and PM2.5. Life expectancy may be shortened due to long-term exposure to trafﬁcrelated air pollution (WHO, 2003). The associations of morbidity and lung-function
parameters with long-term exposure to particles and gaseous compounds were studied
in various North American and European cohort and cross-sectional investigations.
Signiﬁcant reductions of lung function parameters (forced expiry volume in 1 s
(FEV1) and forced vital capacity (FVC)) were observed for elevated concentrations
of PM10, NO2 and SO2. Bronchitis, chronic cough, wheeze and conjunctivitis were
also associated with a mixture of pollutants. The strong association between PM10,
SO2, NO2, and O3 did not allow the causal nature of the associations to be determined
(WHO, 2003; WHO 2000b; Schwela, 2000).

Ozone
Epidemiological studies have shown the effect of short-term exposure to O3 on
mortality and respiratory morbidity. Short-term acute effects of O3 include decreased

Table 1.6 Percentage change in estimates of respiratory hospital admissions for a
10 µg/m3 increase in PM10, black smoke and O3 (95 per cent conﬁdence interval in
brackets)
Age group
(years)

No. of
estimates

PM10

No. of
estimates

Black
smoke

No. of
estimates

O3
(8-hour)

15–64

—

—

5

0.6
(0.1, 1.0)

5

0.1
(–0.9, 1.2)

65+

10

0.7
(0.2,
1.3)

7

0.1
(–0.7, 0.9)

5

0.5
(–0.2, 1.2)

Source: WHO (2004)
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pulmonary function, increased airway responsiveness and airway inﬂammation. In
addition, pre-existing respiratory diseases such as asthma are aggravated and there is
an increase in daily hospital admissions, emergency department visits for respiratory
causes, and excess mortality. Exposure–response relationships appear to be nonlinear for the associations between O3 concentration and the lung function parameter
(forced expiratory volume in one second, FEV1), inﬂammatory changes and changes
in hospital admissions, respectively. A linear relationship has been established for the
association between the percentage change in symptom exacerbation among adults
and asthmatics. In studies on the relationships between O3 exposure and daily mortality
and hospital admissions for respiratory diseases, single-pollutant associations between
O3 and these health effects remained statistically signiﬁcant even in multi-pollutant
models (Schwela, 2000; WHO, 2003, 2000b).
Few studies on the health effects of long-term exposure to O3 exist. Available
evidence suggests that long-term O3 exposure reduces lung function development
in children. A difference of 20 µg/m3 in average O3 exposure was associated with
a signiﬁcant reduction in lung function of 2 per cent. The incidence of asthma in
male adults and among children was found to increase with long-term exposure to
O3. The evidence linking exposure to O3 and asthma prevalence is not consistent.
Incidence of mortality due to lung cancer among non-smoking males is found to
be strongly associated with long-term concentrations of PM and O3. Due to a high
correlation between PM and O3, the individual contribution of each pollutant could
not be separated. Another cohort study found no such association (WHO, 2003).

Carbon monoxide
CO absorbed in the lungs binds with haemoglobin to form carboxyhaemoglobin, which
reduces the oxygen-carrying capacity of the blood and impairs the release of oxygen
from haemoglobin. Potential health effects of CO include hypoxia, neurological
deﬁcits, neuro-behavioural changes, and increases in daily mortality and hospital
admissions for cardiovascular diseases. Several studies have shown small, statistically
signiﬁcant relationships between CO and daily mortality. Other pollutants and other
environmental variables, however, were shown to also be signiﬁcant. There is still a
question of whether the demonstrated associations are causal or whether CO might be
acting as a proxy for PM. Some studies appear to show that the association between
ambient CO and mortality and hospital admissions due to cardiovascular diseases
persists even at very low CO levels indicating no threshold for the onset of these
effects. It is possible that ambient CO may have more serious health consequences
than carboxyhaemoglobin formation, and at lower levels than that caused by elevated
carboxyhaemoglobin levels (WHO, 2000b; Schwela, 2000).
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Sulphur dioxide
Several single- and multi-pollutant time-series studies have observed associations
between SO2 and daily mortality and morbidity, while others have not. In particular,
single-pollutant correlations sometimes disappeared when other pollutants, especially
suspended PM, were included. In cross-sectional studies with asthmatics, a particularly
susceptible group, signiﬁcant, non-threshold relationships were found between SO2
exposure and reduction of the forced expiratory volume in one second (WHO, 2000b;
Schwela, 2000).

Nitrogen dioxide
There are indications of weak associations between short-term NO2 exposure due
to gas cooking and respiratory symptoms and lung function parameters in children.
This association is not consistently found in women exposed to NO2 in the short
term. A number of outdoor studies indicate that children with long-term exposure
exhibit increased respiratory symptoms, decreases in lung function, and increases in
the incidences of chronic cough, bronchitis and conjunctivitis. Other long-term NO2
studies provide little evidence of such effects in adults. In multi-pollutant time-series
studies of the association between NO2 and mortality and morbidity, no association
was found, or a single-pollutant association disappeared, when other pollutants were
included in the analysis (Schwela, 2000; WHO, 2000b). However, a clear association
between personal NO2 exposure and lung function (FEV1 and FVC) was found in
communities with presumably homogeneous PM concentrations (WHO, 2003).

Agricultural crops
Adverse impacts of air pollution on agricultural crops and tree species around power
stations, steel plants, smelters, cement factories and other industries have been documented in several countries in Asia, i.e. China (Zheng and Shimizu, 2003), Taiwan
(Sheu and Liu, 2003) and India (Agrawal, 2003). In Pakistan, effects have been
observed after exposure to high concentrations of SO2, NOx and O3 alone and/or in
combination, while in China ﬁeld evidence established adverse impacts on crops due
to exposure of SO2, ﬂuorides and PM alone and/or in combination (Wahid, 2003). The
air pollutants emitted from a coal-burning power station in Hunan Province resulted
in severe impacts on local agricultural productivity and sometimes caused 100 per
cent losses in yield (Bao and Zhu, 1997). Dust from a steel plant not only reduced the
yield of vegetables and fruit but also increased the heavy metal content of the crop
and reduced its quality (Wu et al, 1990; Fu et al, 1996).
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SO2 in low concentrations can signiﬁcantly affect the growth and yield of plant
crops and also change plant sensitivity to other environmental stressors such as low
temperatures, droughts, and pathogens and pests. In China, SO2 alone was found in a
study with ﬁeld-based open-top chambers to be the main factor responsible for 5–8
per cent losses in yield in seven provinces (Feng et al, 1999). In India, the average
yield loss in paddy due to exposure to cement dust was estimated to amount to almost
20 per cent (Varshney et al, 1997).
Ground level O3 is a widespread phytotoxic pollutant that frequently exceeds
the WHO air quality guideline value of 100 µg/m3 and the critical levels AOT40
accumulated exposure over a threshold of 40 ppb (80 µg/m3)1 (WHO, 2000b; 2005)
for agricultural crops across many parts of Asia. Emissions of O3 precursors, in
particular NOx, have increased over the past decade due to rising energy demands
resulting from urbanization, rapid increases in industrialization and motorized
transport and increases in the use of nitrogenous fertilizers. A survey in Taiwan
indicated that O3 might be affecting sweet potato and spinach over a large area of
the Taipei Basin (Sun, 1994). Crops of tropical fruits, vegetables and ornamental
crops showed symptoms associated with O3 injury while crops such as cucumber,
muskmelon, guava and Indian jujube all showed signs of injury that could be attributable to the mixture of air pollutants (Lin and Yang, 1996). Wheat and soybean plants
exposed to O3 concentrations of less than 200 µg/m3 showed a decrease of yield and
biomass accumulation with increasing O3 concentration in India. A study by Zheng
et al (1998) indicated a potential for adverse growth effects of O3 on several Chinese
plant species (green pepper, rice, aubergine, cauliﬂower).
Since emissions of NOx are projected to rise until 2020, O3 concentrations may
also increase. This will result in an increasing frequency, magnitude and duration
of ground-level O3 pollution episodes across large areas of the South Asian region
(Streets and Waldoff, 2000). As a consequence, there may be a substantial reduction
in crop yields.
Experimental and observational studies conducted at locations across the South
Asian region during the 1990s have indicated that current ambient O3 levels can cause
signiﬁcant losses in agricultural productivity. O3 exposure can result in yield reductions
(up to 40 per cent for rice and approximately 50 per cent for wheat); visible injury
reducing the economic value of leafy crops and the reduction of nutritional quality of
grain and vegetables (Emberson et al, 2003). Given that current WHO critical level
guidelines for Europe use a threshold of 40 ppb (80 µg/m3) above which levels of O3
are potentially damaging to agricultural crops, the threat to food production would
seem to already exist and the implications for the future sustainability of agriculture
may be serious. In addition to O3 pollution, stresses to agricultural productivity
may also arise from climate change (through altered precipitation and temperature
patterns affecting drought and heat stress) and through the continued occurrence of
the atmospheric brown cloud during the winter months.
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The challenge for the Asian region is to provide sustainable increases in productivity to balance the reduced per capita area harvested.

Material assets and cultural heritage
In developing countries in Asia emissions of SO2 in combination with nitrogen compounds, O3 and PM pose a potential hazard to material assets and cultural heritage.
Warm temperatures with high relative humidity and a high frequency of precipitation
increase the potential corrosion damage, especially that caused by wet deposition.
Corrosion is a process that causes damage to materials by chemical or electrochemical
reactions with the surrounding environment. Acidifying pollutants deposited on
materials often dramatically increase deterioration rates. Materials affected include
metal, painted surfaces, calcareous stones, rendering, polymer materials and paper
(RAPIDC, 2004).
The effects on buildings, including loss of mechanical strength, leakage, failure
of protective coatings or loss of details in carvings, provide some of the most striking
evidence of damage related to fossil fuel use (Tiblad and Kucera, 1998). One key
example of the effect of air pollution on cultural heritage is the Taj Mahal. In recent
years, the impact of air pollution on the Taj Mahal has become a matter of grave
concern (UNESCO, 2000). It has been recognized that pollutants from century-old
industries and increased tourism and transportation in Agra and the Taj Trapezium
Zone have had a corrosive impact on the buildling. Pollution has been partially
eliminated through strict limits on the numbers of cars and buses allowed into the
area near the monument, which is a ﬁrst step in the conservation effort.

Economic impact of air pollution
The economic costs of urban air pollution run into hundreds of millions of US dollars.
The majority of studies examining the economic impact of air pollution in Asia have
focused on the costs attributed to the effects of air pollution on human health. The
poor are particularly vulnerable to the effects of urban air pollution as they are more
likely to be directly exposed to polluting emissions. They often suffer from poor nutrition which exacerbates any condition caused by exposure to high concentrations of
air pollutants.
The World Bank estimated the costs related to PM10 for cities in the Philippines
and Thailand. The estimated costs for Manila due to PM10 amounted to US$392
million, while the combined costs for the other three cities included in the study were
only US$40 million in 2001 (World Bank, 2002). For Thailand, the costs attributed to
PM10 for six cities totalled US$643.9 million in 2000, while for Bangkok they totalled
US$424 million, equivalent to 0.5 per cent of the national GDP in 1999 (World Bank,
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2002). Using a baseline scenario for the Clean Air for Europe (CAFE) project, the EU
estimated that in 2000 the annual health damage due to air pollution ranged between
275.8 and 789.9 billion euro and would be reduced to between 188.8 and 608.9 billion
euro in 2020 when the current EU legislation is implemented in the 25 member states
(AEAT, 2005). The health beneﬁts would amount to between 87.0 and 181.0 billion
euro.
A 2001 ADB study estimated that the costs of premature mortality and morbidity in
Jakarta attributed to PM10 were approximately US$181 million in 1998 (Syahril et al,
2002). In India, the estimated annual health damage of emissions before introduction
of European standards for 25 cities ranged from a low of US$14 million to a high of
US$191.6 million in 2002 (Mashelkar et al, 2002).
Health beneﬁts were also estimated from studies as part of the USEPA Integrated
Environmental Strategies programme for cities in China, India and South Korea.
Different energy-related policies were analysed and compared to business-as-usual
scenarios.
In Shanghai, the estimated health beneﬁts derived from implementing various
policies in controlling air pollution were in the range US$113–950 million in 2010
and US$327 million–2 billion in 2020 (Chen et al, 2001). Similarly, the estimates
derived for Beijing amounted to US$270–760 million in 2010 and US$380 million–
1 billion in 2020 (Dept of Environmental Science and Engineering, Tsinghua University et al, 2005). In Hyderabad, India, the costs of impacts on health were estimated at US$200 million dollars per year in 2011 and US$1.2 billion dollars per year in
2021 (EPTRI, 2005). For Seoul, South Korea, the ﬁnal assessment found that implementing integrated measures between 2000 and 2020 would result in cumulative
health beneﬁts of up to US$1.03 billion (1999), a signiﬁcant ﬁgure when considering
the low costs of the mitigation measures considered (Joh et al, 2001).
Only a small number of studies have investigated the monetary costs of air pollution impacts on agriculture in Asia. The Chinese Environmental Protection Agency
estimated the economic losses due to damage caused by acid rain to forests and
farmlands increased by ﬁve times from 1996 to 2000 to US$13.25 billion in 2000
(Shah et al, 2000). East Asian countries are considered to be on the cusp of substantial
reductions in grain yield due to projected increases in O3 concentrations (Wang and
Mauzerall, 2004). It is estimated that East Asia lost 1–9 per cent of wheat, rice and
corn yield and 23–27 per cent of soybean yield in 1990 due to O3 concentrations. By
2020 it is estimated that grain loss due to damage by O3 will increase to 2–16 per cent
of wheat, rice and maize yield and 28–35 per cent of soybean yield. Compliance with
O3 air quality standards would increase yield by a value of US$2.6–27 billion in grain
revenues (Wang and Mauzerall, 2004).
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RESPONSE TO AIR POLLUTION
Clean air is recognized as a key component of a sustainable urban environment in
international environmental agreements and increasingly in regional environmental
declarations in Asia. Agenda 21, a result of the 1992 United Nations Conference
on Environment and Development (UNCED), supports a number of environmental
management principles on which governmental policies should be based, and promotes
the adoption of national action programmes of urban air pollution (UNCED, 1992).
In 2002 the World Summit on Sustainable Development (WSSD) further recognized the problem of air pollution in Section IV 37 of its Plan of Implementation
which requests states to enhance cooperation at the international, regional and national
levels to reduce air pollution, including transboundary air pollution, acid deposition
and stratospheric ozone depletion. The Plan also acknowledges the signiﬁcant impact
of air pollution on human health, in particular respiratory diseases and other health
impacts resulting from air pollution, with special attention to women and children
(WSSD, 2002).
Based on the recognition of the importance of environmental sustainability
at the WSSD, the Association of Southeast Asian Nations (ASEAN) adopted the
Framework for Environmentally Sustainable Cities. The aim of the Framework is to
address environmental sustainability challenges in the areas of clean air, water and
land. The area of clean air aims to achieve ASEAN’s long-term goal of maintaining
good ambient air quality to safeguard public health. It addresses emissions from both
stationary sources as well as mobile sources and includes land-clearing activities
(ASEAN, 2003).
The 2005 Declaration on Environment and Development at the Fifth Ministerial
Conference on Environment and Development in Asia and the Paciﬁc emphasized the
need to improve environmental sustainability (UNESCAP, 2005). The Declaration
calls upon the members and associate members of the Economic and Social Council
for Asia Paciﬁc to seek to improve environmental sustainability and address poverty
by reducing the pressure of unsustainable economic growth on the environment and
improving environmental performance.
The Ministerial Conference also adopted the Regional Implementation Plan
for Sustainable Development in Asia and the Paciﬁc Region, 2006–2010. The Plan
provides a framework for action to address key constraints to sustainable development
in the context of the needs and priorities of the region in the period following the
WSSD (UNESCAP, 2005). In the same year the regional Environmentally Sustainable
Transport (EST) forum adopted the Aichi Statement which promotes integrated
transport policies, strategies and programmes incorporating air quality monitoring
and assessment (UNCRD, 2005).
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In 2001 the Clean Air Initiative for Asian Cities (CAI-Asia) was established to
promote better AQM in Asian cities through the exchange of information, knowledge
management, capacity building, policy dialogues and pilot projects. CAI-Asia has
become the main regional initiative on AQM in Asia with local city networks in seven
countries (CAI-Asia, 2006a). The now biannual Better Air Quality (BAQ) workshops
are an important venue to review the state of the art in regional approaches to urban
and transboundary air pollution in Asia. Future workshops aim to bring together
senior government ofﬁcials and representatives of key stakeholders from across Asia
to achieve optimal air pollution abatement strategies (BAQ, 2006).

National and local government response
National and local governments have begun to develop AQM strategies to address
the deterioration in urban air quality. However, the scope and effectiveness of such
strategies vary widely between countries and cities. The aim of AQM is to maintain
the quality of air that protects human health and welfare but also provides protection
for animals, plants (crops, forests and natural vegetation), ecosystems, materials and
aesthetics, such as natural levels of visibility. In order to achieve this goal, appropriate
policies and strategies to prevent and control air pollution need to be developed and
implemented. Some of these policies have been based on developments in Europe
and North America.
It was once thought that by increasing the height of industrial chimney stacks,
pollutants would be released much higher in the atmosphere and the environmental
impacts would be reduced as a consequence of the dilution and dispersion of these
pollutants. However, this approach to abating air pollution in the developed world has
proved ineffective. More sophisticated strategies have involved ‘end-of-pipe’ abatement approaches, which involve the use of ﬁlters and scrubbers at the end of emission
pipelines and chimney stacks to control the release of a particular air pollutant into
the atmosphere, or prevention of the pollution altogether (Jackson, 1996).
Over the past 20 years, there has been a considerable expansion in air pollution
regulation in Europe and North America. Table 1.7 provides an overview of the
different types of environmental regulation available. Mandatory regulations and
voluntary initiatives have demanded that businesses assume more responsibility for
the environmental impacts which they create during the production process or in
the ﬁnal end product. However, voluntary initiatives, commonly used in the UK in
the 1980s have not proved any more or less effective in achieving environmental
objectives than the more adversarial and regulatory approach adopted by nations such
as the US. US regulatory policy has been more ambitious and this has resulted in
greater resistance from business. In contrast, it has been argued that because the UK

Urban Air Pollution in Asia 33

Table 1.7 Types of environmental regulation (after WHO, 2000a)
Type

Description

Examples

Command
and control

Issue of licences, setting
of standards, checking for
compliance with standards,
sanctions for non-compliance

Air pollution control regulations
Government monitoring
Emission standards
Enforcement policies

Economic
instruments

Use of pricing, subsidies,
taxes and charges to change
production and consumption
patterns

Load-based emission charges
Tradeable emission permits
Differential taxes
True cost pricing of resources

Co-regulation
and voluntary
initiatives

Adoption of rules, regulations
and guidelines, negotiated within
prescribed boundaries
Voluntary adoption of
environmental management
measures

National registers of pollution
emission inventories
Environmental management systems

Self-regulation

Self-imposition of rules and
guidelines and environmental
audits by industry groups

Industry codes of practice
Self-audit within industry groups
Emission reduction targets

Education and
information

Education and training
Community right-to-know
Corporate reporting programmes

Education, training and information
programmes
Pollution inventories
Corporate sustainability reports

Source: WHO (2000a), Bradﬁeld et al (1996)

approach demanded less, the demands were perceived as reasonable, and therefore
industry was more likely to comply with environmental regulations (Vogel, 1986).
An alternative to the command and control approach is the use of market-based
instruments such as emission charges, taxes on resource use, tax relief on new capital
investments and penalties for the infringement of environmental regulations. For
example, most European countries have encouraged the use of unleaded petrol and
diesel by using taxes to make leaded petrol more expensive. Market-based instruments
are seen to increase ﬂexibility by allowing progressive shifts to less polluting fuels
and by encouraging cost-effective abatement. The effectiveness of such instruments in
achieving a particular environmental standard depends on the technical feasibility of
removing pollutants, the elasticity of substitution among different fuels, the equitable
availability of investment capital as well as general responsiveness of the market to
price signals (Jackson, 1996).
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Many Asian cities have developed some form of AQM system involving environmental regulation. However, the sophistication and completeness may not always be
adequate to effectively address the problem of urban air pollution. To be effective, an
AQM programme is dependent on a number of factors such as emission inventories
and source apportionment, air quality monitoring networks, dispersion modelling,
exposure and health and environmental impact assessment. A viable means is the
development of emission and air quality standards together with a range of costeffective pollution control measures and the legislative powers and resources to
implement and enforce them (Elsom, 1996). In this context, public awareness and
stakeholder participation are helpful to achieve the goal of better air quality.
The formulation and implementation of integrated AQM strategies requires the
cooperation and coordination of national, regional and local authorities and the different groups of stakeholders that contribute to the problem. Many Asian countries have
developed air quality prevention and control strategies including air quality standards
for main pollutants as well as emission standards for power plants, certain industries
and motor vehicles.
Options for reducing emissions range from measures which address fuel quality
(including switching to cleaner fuels and improving the quality of fuels to reduce
emissions), rationalization of fuel prices to provide incentives for efﬁcient fuel use,
adoption of technologies that reduce emissions at source, and energy efﬁciency
measures that reduce emissions through reduction in the quantities of fuel used.
Control technologies have been generally based on the modiﬁcation of fuel or the
combustion technique or removal of ﬂue gases.
In most Asian countries lead in gasoline has been phased out while some countries
have introduced cleaner fuels and cleaner vehicles and strengthened inspection and
maintenance programmes. Hong Kong is an example of one city that used a creative taxing scheme to promote the use of unleaded fuel and low-sulphur diesel and
was thus able to stop importing leaded fuel and the use of high-sulphur diesel. India
has adopted a two-tier approach to adopting increasingly stringent fuel and vehicle
requirements with the 11 largest cities tightening their standards at a faster pace than
the rest of the country. India is also introducing one of the most stringent sets of
requirements for its two- and three-wheelers and has thus signiﬁcantly reduced the
use of two-stroke engine motorcycles (PCFV, 2002).
Those countries that face severe air pollution problems have begun to adopt
European standards for both fuel and automobile speciﬁcations and aim at being
in parity with the Euro standards in the next decade (Bellagio Principles, 2001).
Recently, China has taken signiﬁcant steps to control motor vehicle emissions,
phasing out leaded gasoline nationwide, replacing several hundred diesel buses
with new natural gas buses, and within a few years converting most of Beijing’s onroad car ﬂeet to catalyst technologies with a combination of new vehicle emissions
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standards, retroﬁts and scrappage programmes. In December 2005 the State Council
of China approved the implementation of State Phase III and IV (similar to Euro III
and IV) vehicle emission standards in Beijing (Xin, 2005). In Japan, the national
government has established a series of weight-class fuel economy standards that
require an approximately 23 per cent improvement in the fuel economy of gasolinefuelled light-duty vehicles by 2010 (Bellagio Principles, 2001).
Indonesia has adopted Euro II emission standards for all new vehicles and
existing models by 2007. However, according to the Indonesian Ministry of Energy
and Mineral Resources, Directorate General of Oil and Gas, corresponding fuel
quality regulations are expected to be ready by 2006 (JAMA, 2006). Vietnam will
adopt Euro II standards by 1 July 2007. The Philippines has implemented Euro II
compliant diesel standards but has not yet instituted the adoption of Euro II vehicle
emissions standards. The adoption of Euro II, for diesel- and gasoline-fuelled vehicles
is planned by the end of 2006 (JAMA, 2006). Table 1.8 shows the level of sulphur in
diesel while Table 1.9 shows the current and proposed vehicle emissions standards
in Asia. A high sulphur level in diesel prevents the adoption of emission control
technologies for vehicles and causes high sulphate concentrations. Most countries
in the ASEAN region are examining the harmonization of fuel quality and vehicle
emissions standards. Euro IV standards are currently envisaged to be implemented
by ASEAN countries by 2010 with the exception of Indonesia and Vietnam (planned
for 2012) (JAMA, 2006).
Other measures adopted to reduce motor vehicle pollution include diverting
trafﬁc away from heavily populated areas (e.g. by building ring roads around cities
or restricting downtown trafﬁc); converting high-use vehicles to cleaner fuels (e.g.
converting buses to natural gas); improving vehicle maintenance; increasing the
share of less polluting trafﬁc modes; using more fuel-efﬁcient vehicles; and installing
catalytic control devices. Supply-side trafﬁc management measures are aimed at
reducing congestion (e.g. by improving road infrastructure). However, such measures
rarely lead to signiﬁcant overall emissions reductions because they may simply
increase trafﬁc ﬂows.
Asian cities are increasingly implementing demand-side trafﬁc management
measures by prioritizing public transport users. Bangkok and Jakarta have a bus rapid
transit (BRT) network to complement their existing public transportation system
and reduce trafﬁc congestion. Jakarta is in the process of opening two additional
BRT corridors in 2006. Although the constructed BRT system has had a number of
setbacks in terms of design and operations, the government is fully committed to
improving the system and making it work. Other cities have also begun to examine
the potential of BRT systems in improving public transportation, trafﬁc ﬂow and
urban air quality.
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STRUCTURE OF THE BOOK
The book is divided into ﬁve chapters, including this introductory chapter which
provides an overview of urban air pollution in Asia. Chapter 2 explains the methodological approach used to benchmark AQM in Asian cities. Chapter 3 provides an
overview of AQM in 20 Asian cities. Chapter 4 discusses the different stages of
AQM development in Asia and attempts to categorize cities according to their AQM
capability. Finally, Chapter 5 outlines the key trends in AQM and key challenges
faced by Asian cities in achieving better air quality. It concludes by providing general
recommendations to improve AQM and achieve clean air in Asian cities.

NOTE
1 AOT40 means the sum of the difference between hourly concentrations greater
than 80 µg/m3 and 80 µg/m3 over a given period using only the 1-hour values
between 08:00 and 20:00, expressed in [(µg/m3).hours] (EC, 2002).
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Air Quality Management
Capability in Asian Cities
INTRODUCTION
The majority of Asian cities are currently experiencing similar challenges in addressing
urban air pollution and the exceedance of international air quality guidelines and standards (EU, 1999; 2000; 2002; USEPA, 1997; 2006; WHO, 2000; 2005). However, some
advanced countries and cities (e.g. Hong Kong and Singapore) have successfully
developed AQM capabilities and have seen improvement in air quality.
Considerable interest among policy makers exists for international comparisons
of urban air pollution trends and policy measures. Comparative analyses of urban air
pollution (e.g. UNEP/WHO, 1992; WHO/UNEP/MARC, 1996) and benchmarking
studies (e.g. BEST, 2000; 2003; OECD, 2002) have demonstrated that learning
from current practice can contribute to a better understanding and more effective
implementation of environmental policies. By understanding the current stage of a
city’s development, additional action can be outlined to effectively reduce pollutant
emissions and achieve better air quality (Gudmundsson, 2003).
This chapter outlines the methodological approach undertaken to provide a systematic assessment of AQM in 20 Asian cities. It provides an overview of the current
state of AQM in these cities, which can assist in determining the city’s stage in its
development of air pollution problems.

SELECTION OF ASIAN CITIES
The 20 cities examined here differ widely in topography, size, complexity and level
of economic development. They include megacities as well as smaller cities which
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are members of the CAI-Asia city network. The range of cities allows a comparative
assessment of the different challenges encountered at the various stages of economic
development. The choice of cities was partly dependent on whether it was possible
to obtain information. This introduces an unavoidable bias in the selection as those
cities unable or unwilling to provide information may be the cities with the most
limited capabilities in AQM.
The cities covered here are: Bangkok, Beijing, Busan, Colombo, Dhaka, Hanoi,
Ho Chi Minh City, Hong Kong, Jakarta, Kathmandu, Kolkata, Metro Manila, Mumbai,
New Delhi, Seoul, Shanghai, Singapore, Surabaya, Taipei and Tokyo (see Figure 2.1
and Table 2.1).

METHODOLOGICAL APPROACH
The approach taken to provide an assessment of AQM in 20 Asian cities consists of
three components:
1 Assessment of city authorities’ AQM capabilities using a questionnaire survey
completed by city authorities;
2 Compilation of information on current policy and practice for key aspects of
AQM in the form of a City Proﬁle; and

Figure 2.1 Cities covered in the study
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Table 2.1 Data on 20 Asian cities
City

Coordinatesa

Climatea

Bangkok

13° 44’N, 100° 33’E

Tropical savannah

6.49

7.46

Beijing

39° 52’N, 116° 27’E

Continental warm
summer

10.85

11.06

Busan

35° 09’N, 129° 03’E

Humid sub-tropical

3.58

3.40

Colombo

6° 56’N, 79° 50’E

Tropical rain forest

—

—

Dhaka

23° 43’N, 90° 24’E

Tropical rain forest

11.56

17.91

Hanoi

21° 01’N, 105° 51’E

Humid sub-tropical

3.98

5.28

Ho Chi Minh
City

10° 45’N, 106° 42’E

Tropical savannah

4.85

6.31

Hong Kong

22° 16’N, 114° 11’E

Sub-tropical

7.05

7.87

Jakarta

6° 07’S, 106° 48’E

Tropical rain forest

12.30

17.50

Kathmandu

27° 42’N, 85° 18’E

Humid sub-tropical

Kolkata

22° 32’N, 88° 21’E

Tropical savannah

13.81

16.80

Metro Manila

14° 34’N, 120° 59’E

Tropical rain forest

10.35

12.64

Mumbai

18° 56’N, 72° 51’E

Tropical savannah

17.43

22.65

New Delhi

28° 38’N, 77° 17’E

Dry steppe

14.15

20.95

Seoul

37° 32’N, 127° 00’E

Continental warm
summer

9.71

9.21

Shanghai

31° 14’N, 121° 30’E

Humid sub-tropical

12.76

12.67

Singapore

1° 19’N, 103° 51’E

Tropical rain forest

4.25

4.71

Surabaya

7° 13’S, 112° 45’E

Tropical rain forest

2.62

3.45

Taipei

25° 04’N, 121° 33’E

Humid sub-tropical

2.51

2.45

Tokyo

35° 41’N, 139° 48’E

Humid sub-tropical

35.00

36.21

Notes:
a
The Times (2003).
b
UN (2004).

UN
estimate
(2003)
(million)b

UN
projectionb
(2015)
(million)
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3 Comparative analysis based on current policy and practice and some general
recommendations to improve AQM in Asian cities.

Air quality management capability
In order to assess the AQM capabilities of the 20 Asian cities the WHO/UNEP/MARC
AQM capability index was used. The WHO/UNEP/MARC study (1996) developed
an AQM capability index with indicators to assess each component of capability. This
AQM capability index questionnaire survey was applied to 20 major cities throughout
the world and 64 major European cities (WHO/UNEP/MARC, 1996; EEA, 1998).
The index provides a useful tool to identify deﬁciencies and to allow comparisons
between cities at different stages of economic development. Four sets of indicators
(indices) to represent the key components of AQM capability were used:
1 Air quality measurement capacity index
Assesses the ambient air monitoring taking place in a city and the accuracy,
precision and representativeness of the data collected.
2 Data assessment and availability index
Assesses how air quality data are processed to determine their value and how they
are used to provide information in a decision-relevant format. It also assesses
the extent to which there is access to air quality information and data through
different media.
3 Emission estimates index
Assesses emission inventories undertaken to determine the extent to which
decision-relevant information is available about the sources of pollution in the
city.
4 Management enabling capabilities index
Assesses the administrative and legislative framework through which emission
control strategies are introduced and implemented to manage air quality.
Each of the four component indices consists of a number of indicators, which are
designed to determine whether a city has useful capacity with respect to a particular
element of management capability. Figure 2.2 presents the different AQM indices and
their constituent indicators.
Using the AQM capability index, city authorities in the 20 Asian cities were asked
to complete a questionnaire with Yes or No answers for a number of the component
indicators (see Annex I). In order to effectively manage urban air pollution, a city
authority requires capabilities for each component of the AQM system. (WHO/
UNEP/MARC, 1996). An assessment of AQM capabilities enables the identiﬁcation
of the strengths and weakness of a city’s current capabilities.
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Indices of capabilities to:

Industry

Industry

Figure 2.2 Hierarchy of AQM capability indicators
Source: WHO/UNEP/MARC (1996)

Representatives from city authorities, some of whom are members of the Clean Air
Initiative for Asian Cities network (CAI-Asia, 2006), provided the information for
this assessment. Questionnaire responses were reviewed by external experts and have
been cross-checked, where possible, with other available information to ensure that
the data presented are correct and that the questions have been fully understood.
The survey was undertaken in the period 2002–2004 and additional clariﬁcation and
updates were made until May 2005.
Each question was allocated a score. The total number of indicator points available
for each component index is 25. The more questions answered positively the greater
the management capability of that city. The original questionnaire was modiﬁed taking
into consideration technological developments and the situation unique to Asia. The
revised questionnaire and the steps of revision are presented in Annex II.
Table 2.2 presents the grouping of scores obtained into ﬁve bands of AQM
capabilities. Each component index has also been combined to provide an overall
assessment of the AQM capability. Each index has a maximum score of 25 indicator
points; by adding these together an overall assessment of capability is obtained with a
maximum score of 100. An equal weighting of each component index has been given
to the overall assessment. The same ﬁve bands used for the component index are used
for the overall capability index. The bands describe a range of values comprising a
particular level of capability (WHO/UNEP/MARC, 1996).
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Table 2.2 Bandings for the component and overall capability indices
Effectiveness of
capability

Component index score

Overall capability index score

Minimal

0 – ≤5

0 – ≤20

Limited

>5 – ≤10

>20 – ≤40

Moderate

>10 – ≤15

>40 – ≤60

Good

>15 – ≤20

>60 – ≤80

Excellent

> 20 – ≤25

>80 –≤100

Note: ≤ smaller than or equal to; > larger than.
Source: WHO/UNEP/MARC (1996)

The capability index provides quantitative information which can be used to examine
the relationship between different components of AQM. The index scores obtained
from the answers given in the questionnaire provide an indication of the capabilities
of Asian cities with respect to the four main components: (i) air quality management,
(ii) data availability and access, (iii) estimation of emissions and (iv) presence of
management enabling capabilities. The index scores identify the areas where the city
could develop more effective capacity. It allows a comparison with the level of capabilities of other cities of similar and different levels of development.
An external review process was conducted and comments received were used to
revise and update the survey information.

City proﬁle
In addition to the AQM capability questionnaire, information was collated by local
experts on AQM for each city in the form of a city proﬁle. The local experts provided
information for each city proﬁle, which covered the following seven areas:
1
2
3
4
5
6
7

general information
air quality management
emissions
air quality monitoring
air quality situation
health and environmental impacts
conclusions.
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The information in the city proﬁle was provided by the cities to give an overview
of AQM and provide a context for the results of the capability questionnaire and air
quality trends. This information was reviewed by at least two independent experts
based in the city or country. The city proﬁles were also used to clarify questions or
discrepancies within the questionnaire. A summary of each city proﬁle is presented
in Chapter 3.
Therefore, the overall ﬁnal classiﬁcation of cities in the questionnaire survey was
inﬂuenced positively or negatively by the proﬁles. For most cities, this procedure led
to a change in capabilities scores of less than 10 per cent. In a few cases, for example
Colombo, the scoring was substantially changed by the city proﬁle, increasing the
score by approximately 30 per cent.

AIR QUALITY MANAGEMENT CAPABILITY
The following sections examine the capacity of each city with respect to different
elements of AQM capability. The AQM capability index has been used to provide a
quantitative means of assessment and to determine the current state of AQM in Asian
cities. Four indices on AQM capabilities have been calculated:
1
2
3
4

air quality measurement capacity
data assessment and availability
emission estimates
management enabling capabilities.

This AQM index and the city proﬁle provide a benchmark against which future progress can be assessed and will serve to identify priorities for action in achieving better
air quality in Asia.

Air quality measurement capacity
The main objective of air quality monitoring is to collect data to provide information
for scientists, policy makers and planners to make informed decisions on managing
and improving the environment. Speciﬁc objectives may include:
the assessment of population or ecosystem exposure to air pollutants
 determining compliance with statutory air quality criteria
 providing a sound basis for the development of air quality management plans or
 informing the public about environmental quality.
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More detailed technical objectives include the classiﬁcation of pollution sources,
land use planning, trafﬁc planning/management, the determination of spatial and
temporal patterns of exposure, the estimation of risks for public health and the
environment, or identifying long-term trends. One particular objective of monitoring
of air pollutant concentrations is to test compliance with air quality standards. The
results of monitoring together with source apportionment can provide feedback for
the continuous process of improving air quality by lowering emissions from mobile
and stationary sources.
The rationale behind these objectives is to protect human health and the environment. This means that air pollutant concentration levels are considered at those locations where people live. Local levels in the immediate vicinity of power stations and
industrial facilities are therefore not included since they are more representative of
emissions and less so of human exposure.
A quantitative assessment of the monitoring capabilities of the cities examined
is provided by the measurement capability index. This index assesses the ambient air
monitoring taking place in each city and the accuracy, precision and representativeness
of data produced. Monitoring capabilities have been considered for six pollutants of
concern to human health and environment. These are: NO2, SO2, PM, CO, O3 and
lead (Pb). Although there is concern over the health impact of other pollutants such
as polycyclic aromatic hydrocarbons (PAHs), volatile organic compounds (VOCs),
acidic substances, dioxins and polychlorinated biphenyls (PCBs), these have not been
addressed as they are not widely or routinely measured in many Asian countries and
are currently considered to be of a lower priority.
As indicated earlier, air quality measurements undertaken in cities are dependent
on monitoring objectives. The four most frequently used monitoring objectives considered in the context of the questionnaire survey are:
1 assessment of the potential for acute and chronic health effects resulting from
exposure to the six pollutants considered, determined by compliance with national
air quality standards and international air quality guidelines
2 measurement of trends in pollutants concentrations
3 measurement of the spatial distribution of the pollutants within the city
4 measurement of kerbside concentrations to indicate the contribution of road
vehicles and to estimate maximum exposure to trafﬁc-related pollution.
Indicators have been developed to determine the capabilities of cities to meet the
above monitoring objectives for the different pollutants. However, no direct indicator
has been used for testing compliance with national standards as such standards differ
substantially from country to country and have not been established in all countries
for all relevant exposure times of all air pollutants in question. Although this is a
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deﬁciency in a city’s management capability it is not a deﬁciency in the ability to
measure air quality (WHO/UNEP/MARC, 1996). However, if, for example, longterm standards are not set, there is no scale for interpretation of the monitoring
results; this fact makes monitoring results less useful. Indicators associated with air
quality standards show the capability to assess air quality acceptability and these are
considered within the management capabilities index.
Monitoring which is taking place regularly, at least once in six days, is considered as meeting the air measurement capacity index criteria to measure the
potential for chronic effects. This index also includes indicators of data validity
and representativeness, which can be determined through the quality assurance and
control that are currently in place.

Assessment of health effects of pollution
Monitoring at at least one site in a residential area for one year or more is considered
as an indicator of the capacity to assess chronic health effects (this does not mean
that chronic health effects due to air pollution are assessed in the city). Provision of
daily or hourly mean values for each day of a year or more, at at least one site in a
residential area, is considered as an indicator of the capacity to assess acute health
effects.
Table 2.3 presents the capacity of 20 Asian cities to assess the potential of chronic
and acute health effects of different air pollutants. Only six cities have the capacity
to assess the potential for both chronic and acute health effects of the six pollutants
considered (Bangkok, Beijing, Hong Kong, New Delhi, Shanghai and Taipei). Kathmandu only has the capacity to assess the acute effects of PM and Jakarta can only
assess the chronic effects of NO2, SO2, PM and CO. Hanoi and Ho Chi Minh City do
not appear to be in a position to assess long-term impacts of NO2, SO2, PM and Pb,1
while Metro Manila at present cannot assess chronic effects of NO2, CO and Pb. As
Colombo is not monitoring O3, it cannot assess the impacts due to this compound.
Only eight cities (Bangkok, Beijing, Hong Kong, Kolkata, Mumbai, New Delhi,
Shanghai and Taipei) measure the chronic effects of lead, which may reﬂect the lower
concern given to this pollutant as leaded petrol has been phased out in all these cities
with the exception of Surabaya.
Table 2.4 shows the capacity to estimate trends for six pollutants. This is where
there is at least one site in a residential area in the city monitoring a pollutant for a
minimum of ﬁve years and it is possible to provide annual mean values.
Nine cities (Bangkok, Beijing, Busan, Hong Kong, Seoul, Shanghai, Singapore,
Taipei and Tokyo) estimate trends in all the pollutants while Dhaka, Kathmandu and
Surabaya have no capability to estimate trends for any of the pollutants. Kolkata
and Mumbai can determine trends for PM, SO2 and NO2 with Metro Manila having
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Table 2.3 Capacity to assess the potential for health effects of pollutants
City

NO2
Chronic

SO2

Acute

Chronic

Acute

PM

Chronic

CO

Acute

Chronic

Pb*

Acute

O3

Chronic Chronic

Acute

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh
City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Notes:
* There is no indicator for acute effects of lead since short-term exposure to airborne lead is of little effect.
Chronic: At least one site in a residential area which has been monitoring for one year or more with a frequency of more
than one day in six.
Acute: At least one site in a residential area which has been monitoring for one year or more and provides daily or hourly
mean values, each day.

Compound measured and standard is set
Compound not measured or standard not set
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Table 2.4 Capacity to measure trends in pollutant concentrations

City

PM

O3*

CO

SO2

NO2

Pb

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Notes: * Annual mean ozone, calculated from all measurements in a year, is not a useful indicator and maximum, an annual
mean calculated from eight-hour daylight means, the 98th percentile, second highest value or equivalent statistic should be
used.
At least one site in a residential area which has been monitoring for a minimum of ﬁve years capable of providing annual
mean values.
Compound measured
Compound not measured
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time-series for only PM and SO2. A total of 11 cities are able to determine O3 trends.
However, Colombo, Dhaka, Hanoi, Kathmandu, Kolkata, Metro Manila, Mumbai
and New Delhi and Surabaya do not have the capability to estimate O3 trends.
With regard to the spatial distribution of pollutants, only 13 cities (Bangkok,
Beijing, Busan, Ho Chi Minh City, Hong Kong, Jakarta, Metro Manila, New Delhi,
Seoul, Shanghai, Singapore, Taipei and Tokyo) have the capacity to measure the spatial
distribution of O3 and seven cities that of Pb (Bangkok, Beijing, Hong Kong, Kolkata,
Mumbai, Shanghai and Taipei). Three cities do not determine the spatial distribution
of any of the pollutants (Colombo, Dhaka and Surabaya) (see Table 2.5).
Table 2.6 shows that 11 cities (Bangkok, Beijing, Ho Chi Minh City, Hong Kong,
Jakarta, Kolkata, Mumbai, New Delhi, Shanghai, Singapore and Taipei) undertake
kerbside measurements for ﬁve pollutants (PM, CO, SO2, NO2 and Pb). Dhaka, Hanoi
and Surabaya do not undertake kerbside measurements for any of the pollutants while
Kathmandu only measures PM.
Quality assurance and quality control (QA/QC) measures are the backbone of
any air quality monitoring programme. Therefore, the establishment and implementation of QA/QC programmes and adoption of QA/QC plans ensure that air quality
monitoring data (and emissions data and health and environmental monitoring data)
are reliable and provide a sound basis for policy making. The quality of the data
from monitoring is important to determine whether air quality objectives are being
met. Data quality has been assessed here based on the quality assurance and control
procedures adopted and reported to be followed by participating cities. Table 2.7
shows that all cities except Hanoi and Jakarta calibrated instruments at least monthly.
Flow checks with the certiﬁed solutions or gases were performed in all cities except
Hanoi, Jakarta, Kolkata, Mumbai and Surabaya. However, such checks are not a
guarantee of producing data of known quality. Therefore, auditing of procedures by an
independent body is a further requirement for ensuring data quality. Twelve cities have
such auditing performed but Colombo, Dhaka, Hanoi, Jakarta, Kathmandu, Kolkata,
Mumbai and Surabaya do not. Twelve cities have a sample analysis accredited by a
laboratory (Beijing, Busan, Ho Chi Minh City, Hong Kong, Kathmandu, Kolkata,
New Delhi, Seoul, Shanghai, Singapore, Taipei and Tokyo). All cities except Kolkata,
Mumbai and New Delhi report validation of data once it has been generated although
the procedures and accuracy may vary considerably between cities and networks.
Fourteen cities (excluding Colombo, Jakarta, Kathmandu, Metro Manila, Surabaya
and Taipei) check the location of each site at least every ﬁve years to ensure that they
are acceptable and meet the objectives of the network.
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Table 2.5 Indicator of the capacity to measure the spatial distribution of pollutants

City

PM

O3*

CO

SO2

NO2

Pb

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Notes: At least three sites, one site in each of a predominantly residential, commercial and industrial area
of the city, which have been monitoring for at least one year using equivalent equipment and methodologies
(or those for which inter-comparisons have been conducted), with a monitoring frequency greater than one
day in six, for the above pollutants.
* The O3 sites should be located upwind and downwind in the suburbs of the city, and in the city centre, due
to the secondary nature of O3 pollution.
If mapping of pollutants had been conducted using modelling and an emissions inventory, this would be
considered as meeting the indicator’s criteria.
Compound measured
Compound not measured
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Table 2.6 Indicator of the capacity to measure kerbside concentrations.

City

PM

CO

SO2

NO2

Pb

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Notes: There is no indicator for O3 since concentrations normally are very low at the roadside due to
depletion by reaction with NO.
A site monitoring within 3 m of the roadside or kerb operating for one year or more at least one day in six,
for the above pollutants.
Compound measured
Compound not measured

Tokyo

Taipei

Surabaya

Singapore

Shanghai

Seoul

New Delhi

Mumbai

Metro Manila

Kolkata

Kathmandu

Jakarta

Hong Kong

Ho Chi Minh City

Hanoi

Dhaka

Colombo

Busan

Beijing

Bangkok

City

Flow checks
with certiﬁed
gases

Procedure not conducted

Procedure conducted

Monthly
calibration

Auditing by an
independent
body

Sample
analysis by
accredited
laboratory

Data
validation

Table 2.7 Quality assurance and control procedures followed
Site reviews
at least every
5 years
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Figure 2.3 shows the scores for the air quality measurement capability index for
each city. Eleven cities (Bangkok, Beijing, Busan, Ho Chi Minh City, Hong Kong,
New Delhi, Seoul, Shanghai, Singapore, Taipei and Tokyo) are classiﬁed by the index
as having excellent measurement capabilities; six are moderate (Colombo, Hanoi,
Jakarta, Kolkata, Metro Manila and Mumbai), two limited (Dhaka and Surabaya) and
one minimal (Kathmandu). Those cities with excellent status are those which have an
established AQM network capability of monitoring six key pollutants.

Data assessment and availability
In addition to QA/QC it is also important that the information, once validated and
assessed, are widely disseminated in an appropriate format for decision makers who
are responsible for maintaining acceptable air quality levels. Widespread access to
data and information enables inputs to be made to the decision-making process and
encourages transparent decision making (WHO/UNEP/MARC, 1996).

Capability in data assessment
The index of data assessment and availability assesses the statistical operations and
data assessment performed on raw data and public access to this data and information.

Figure 2.3 Air quality measurement index
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This index is a measurement of the data analysis performed by cities rather than those
assessments for which data are available and could be conducted – this is assessed by
the measurement index.
Indicators of data assessment reﬂect the data analysis performed by the city and
how this analysis is achieved. Data availability indicators, on the other hand, determine
where information is published, whether and how it is reported to the public and if
warnings and advice are issued to the public during pollution episodes.
Table 2.8 shows the assessments which are undertaken on air quality data in
each of the cities. It demonstrates that simple data analysis procedures, such as
mean and maximum values, are performed by all cities participating in the study.
However, only ﬁve cities (Bangkok, Hong Kong, Shanghai, Singapore and Tokyo)
undertook percentiles. All cities except Dhaka, Kathmandu and Surabaya undertake
trend analyses in pollutant concentrations. An analysis of compliance with national
air quality standards, USEPA standards or WHO guidelines is undertaken by all
cities. Nine cities (Beijing, Busan, Ho Chi Minh City, Hong Kong, Seoul, Shanghai,
Singapore, Taipei and Tokyo) undertake mapping of the spatial distribution of
pollutants. Eleven cities undertake prediction modelling (Bangkok, Beijing, Hanoi,
Ho Chi Minh City, Hong Kong, Metro Manila, Shanghai, Singapore, Surabaya,
Taipei and Tokyo). Exposure assessment, the essential ingredient for epidemiological
studies, is performed by only seven cities (Bangkok, Beijing, Hong Kong, Shanghai,
Singapore, Taipei and Tokyo) while 11 cities (Bangkok, Beijing, Hong Kong, Metro
Manila, Mumbai, New Delhi, Seoul, Shanghai, Singapore, Taipei and Tokyo) report
epidemiological studies being performed.

Data dissemination
Table 2.9 shows the mechanism by which air quality data is disseminated in the cities.
All cities except Jakarta, Mumbai, New Delhi and Shanghai have raw air quality
data available. Eleven cities (Bangkok, Ho Chi Minh City, Hong Kong, Kathmandu,
Kolkata, New Delhi, Seoul, Shanghai, Singapore, Taipei and Tokyo) formally publish data in reports. All cities except Busan, Dhaka, Hanoi, Ho Chi Minh City and
Metro Manila use the media, either press, television or radio, to release information
on pollution levels to the public. The issuing of air quality alerts is important for
vulnerable groups. Acute exposure to SO2, PM, NO2, CO and O3 can affect individuals
with respiratory or cardiovascular disease. The issuing of advice to such groups can
directly reduce the consequences of a pollution episode on human health without
affecting the actual levels of pollution (WHO/UNEP/MARC, 1996). However, only
ten cities (Beijing, Busan, Hong Kong, Jakarta, Kolkata, Seoul, Shanghai, Singapore,
Taipei and Tokyo) issue air quality alerts during periods of poor air quality. Thirteen

Tokyo

Taipei

Surabaya

Singapore

Shanghai

Seoul

New Delhi

Mumbai

Metro Manila

Kolkata

Kathmandu

Jakarta

Hong Kong

Ho Chi Minh City

Hanoi

Dhaka

Colombo

Busan

Beijing

Bangkok

City

Percentiles

Assessment not conducted

Assessment conducted

Simple
statistics

Compliance

Trends

Mapping

Table 2.8 Air quality assessments
Prediction
modelling

Exposure
assessment

Epidemiological
studies

Tokyo

Taipei

Surabaya

Singapore

Shanghai

Seoul

New Delhi

Mumbai

Metro Manila

Kolkata

Kathmandu

Jakarta

Hong Kong

Ho Chi Minh City

Hanoi

Dhaka

Colombo

Busan

Beijing

Bangkok

City
Published reports

Air quality information not available

Air quality information available

Raw data

Reported in the
media

Table 2.9 Data dissemination
Air quality alerts
issued

Information
boards in
city centre
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cities provide air quality information on information boards in city centres. Beijing,
Dhaka, Hanoi, Hong Kong, Metro Manila, Shanghai and Singapore do not.
Figure 2.4 shows the overall capacity of the cities to make sufﬁcient use of their
air quality data. Seven cities are considered excellent (Bangkok, Beijing, Hong Kong,
Shanghai, Singapore, Taipei and Tokyo); one is good (Seoul); six are moderate (Busan,
Ho Chi Minh City, Jakarta, Kolkata, Mumbai and New Delhi); ﬁve limited (Dhaka,
Hanoi, Kathmandu, Manila and Surabaya) and one minimal (Colombo). The scores
for this index are generally lower than those for the capability to measure ambient air
pollution, which indicates that cities could make better use of their data.

Emission estimates
Quantitative and reliable knowledge of the sources of various pollutant emissions
is an important component of AQM. Emission estimates through the compilation of
emission inventories enable better targeting of control measures for major sources of
emissions. Without emission inventories, regulatory action may be taken on sources
which are not the most polluting and the emission reduction is not achieved. Emission
estimates allow the spatial distribution of emission across the city to be determined
and with the use of dispersion modelling pollution hotspots or poor air quality can be
identiﬁed.

Figure 2.4 Air quality assessment and availability index scores
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Capability in emission estimates
Table 2.10 shows the major source categories each city includes in its emissions
inventory. The majority of the cities have made some estimates of industrial emissions
and car emissions (excluding Dhaka for industrial and Surabaya for mobile sources).
Most cities have estimated emissions from motorcycles and heavy goods vehicles
and buses (excluding Beijing, Hanoi, Ho Chi Minh City, Kathmandu and Surabaya)
and domestic/commercial sources (excluding Dhaka, Kolkata, Mumbai and New
Delhi). With regard to emission estimates from energy sources, ﬁve cities have not
undertaken any estimates (Dhaka, Hanoi, Ho Chi Minh City, Kathmandu and Taipei).
Only seven cities estimated emissions from other sources such as aircraft and ships
(Bangkok, Busan, Hong Kong, Seoul, Singapore, Taipei and Tokyo).
Table 2.11 shows that all cities except Hanoi, Kathmandu, Kolkata, Mumbai
and Surabaya have undertaken emission estimates for at least ﬁve of the pollutants.
Only four cities undertake emission estimates for Pb (Busan, Dhaka, Hong Kong
and Taipei). The reason for this observation may be that most cities do not consider
Pb a pollutant of concern since lead was phased out in gasoline. Five cities did not
provide estimates for hydrocarbons (HC) (Hanoi, Kathmandu, Kolkata, Mumbai and
Surabaya).
Information on emissions needs to be decision relevant and therefore requires a
minimum level of certainty. However, only eight cities (Bangkok, Busan, Hong Kong,
Seoul, Singapore, Surabaya, Taipei and Tokyo) have estimates of emissions based on
actual measurements (see Table 2.12), which suggests that the degree of uncertainty
in the emission estimates may be substantial. Twelve cities (Bangkok, Beijing, Busan,
Hanoi, Hong Kong, Jakarta, Metro Manila, New Delhi, Seoul, Singapore, Taipei,
Tokyo) include estimates of non-combustion sources (e.g. waste deposits).
Validation of emissions inventories involves ascertaining the completeness of
data for each sector and activity and consistency of emissions factors and estimates
relative to those applied in other countries of similar size and level of industrialization
and development. Validation of emissions inventories is essential to produce data
of known quality and to ensure that it is adequate for its intended use. Only six
cities (Beijing, Busan, Seoul, Singapore, Taipei and Tokyo) validate their emission
estimates while two cities (Bangkok and Metro Manila) actually publish the emission
data in full. Non-validated emission inventories produce data of unknown quality and
value and are equivalent to monitoring data with no quality control and assurance
(WHO/UNEP/MARC, 1996). Emission inventories have to be regularly reviewed
and updated in order to ensure the efﬁciency of measures taken and decisions made.
Only half of the cities (Beijing, Busan, Ho Chi Minh City, Hong Kong, Metro Manila,
Seoul, Shanghai, Singapore, Taipei and Tokyo) review their emission inventories
every two years.
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Table 2.10 Emission estimates for major source categories
City

Industrial

Energy

Cars

Motor
cycles

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh
City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Emission estimate available
Emission estimate not available

HGV/
Buses

Other
mobile
sources

Domestic/
commercial
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Table 2.11 Pollutants for which emission estimates have been derived
City

PM

CO

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Emission estimate derived
Emission estimate not derived

SO2

NOx

HC

Pb
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Table 2.12 Emission estimates validity and availability
City

Noncombustion
sources
included

Based on
actual
measurement

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi Minh
City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Procedure conducted
Procedure not conducted

Validated

Twoyear
review

Published
in full
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Figure 2.5 illustrates the diverse capacity among the cities to estimate emissions.
Using the index, six cities have an excellent capability (Busan, Hong Kong, Seoul,
Singapore, Taipei and Tokyo), six are rated as good (Bangkok, Colombo, Jakarta,
Metro Manila, New Delhi and Shanghai), four as moderate (Beijing, Kolkata and
Mumbai) and four as limited (Hanoi, Ho Chi Minh City, Kathmandu and Surabaya).
At least eight cities with a score below 15 have a signiﬁcant deﬁciency in making the
information useful for the development of rational AQM strategies.

Figure 2.5 Emission estimation capability

MANAGEMENT ENABLING CAPABILITIES
AQM aims to maintain the quality of the air that protects human health and well-being
but also provides protection of animals, plants (crops, forests and natural vegetation),
ecosystems, materials and aesthetics, such as natural levels of visibility. AQM is a tool
which enables government authorities to set objectives to achieve and maintain clean
air and reduce the impacts of air pollution on human health and the environment.
AQM enables government authorities, in collaboration with other stakeholders, to
identify and establish appropriate policies and regulatory frameworks for air quality.
It enables all major sources of air pollution to be identiﬁed and objectives and targets
for human and environmental health to be set. AQM establishes the institutional
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structure and programmes to implement policies and achieve objectives and targets
such as monitoring and urban planning.
The management-enabling capacity indicators are intended to assess the basic
AQM tools which are used to control air pollution in each Asian city. Theses
indicators are associated with how the ﬁrst three capabilities (AQ measurement, AQ
data assessment and availability, and emission estimates) are applied to develop air
quality control strategies. These indicators do not relate to the relative success of
speciﬁc strategies introduced. Rather, they refer to the existence and application of
air quality standards and guidelines, the presence of emission controls and whether or
not adequate capabilities exist to ensure their enforcement. The aim is to determine
whether air quality information is used in planning and designing AQM strategies and
programmes in the city (WHO/UNEP/MARC, 1996).

Air quality standards
Air quality standards describe the acceptable level of air quality adopted by a regulatory authority as enforceable. In its simplest form, an air quality standard should be
deﬁned in terms of one or more concentrations and averaging times. The number of
times a short-term standard may be exceeded should also be determined. Once standards have been adopted, it is necessary to assess whether the level is being exceeded
or complied with.
Table 2.13 shows that, with few exceptions, all cities use national ambient air
quality standards or international guidelines for all air pollutants of concern to assess
the acceptability of air quality. Tokyo does not have a long-term standard for Pb,
possibly due to the early phasing out of leaded gasoline. The Indian cities, Kathmandu
and Metro Manila do not have a standard for O3. Colombo, Hanoi and Ho Chi Minh
City do not have long-term standards for SO2 and NO2. All cities have regulations to
enforce their air quality standards or take action in order to ensure that exceedances
do not routinely occur.

Capacity to impose emission controls and penalties and use of air
quality information
An AQM system requires the introduction of emission limits on stationary and mobile
sources and the monitoring of emissions to ensure they comply with such limits.
Emission monitoring is therefore an important component of management capability.
Moreover, information on local air quality should be considered in the planning and
development of new roads and industries. Table 2.14 shows that the majority of the
cities (excluding Colombo, Jakarta and Kathmandu) have emission limits and controls
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Table 2.13 Air quality standards
City

PM

O3

CO

SO2

NO2

Pb

Acute Chronic Acute Acute Acute Chronic Acute Chronic Chronic
Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi1
Ho Chi1
Minh City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro
Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Air quality standard set
No air quality standard

Regulations
to enforce
compliance
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set for key pollution sources. Additional emission controls in case of episodes with
extremely high air pollutant concentrations are imposed in only three cities (Hong
Kong, Singapore and Tokyo). Thirteen cities actually impose penalties for exceedance
of emission limits for both industrial and mobile sources while Jakarta, Kathmandu
and Mumbai impose limits for only mobile sources. There is no certainty, however,
as to what extent penalties are actually enforced.
Only four cities (Hong Kong, Singapore, Taipei and Tokyo) take into consideration
air quality information in the planning of new roads. Seven cities (Colombo, Dhaka,
Jakarta, Kathmandu, Metro Manila, New Delhi and Surabaya) do not consider air
quality information in the planning of new industries.
Figure 2.6 provides an overview of the capability of cities to utilize AQM tools
such as ambient air quality standards and emissions regulations. A total of six cities
(Busan, Hong Kong, Seoul, Singapore, Taipei and Tokyo) have excellent ratings;
seven good (Bangkok, Beijing, Kolkata, Metro Manila, Mumbai, New Delhi and
Shanghai), three moderate (Ho Chi Minh City, Jakarta and Surabaya) and four
limited (Colombo, Dhaka, Hanoi and Kathmandu). Many of the cities in the study
have introduced some of the management tools required to formulate and implement
AQM strategies.

Figure 2.6 Air quality management tools index
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Table 2.14 Emission controls, penalties imposed for no compliance, land use
planning
Emission controls

Additional
emission
controls
during
Mobile episodes

Penalties imposed

Consideration of
local air quality in
planning

Industrial

Industrial

Roads

Bangkok
Beijing
Busan
Colombo
Dhaka
Hanoi
Ho Chi
Minh City
Hong Kong
Jakarta
Kathmandu
Kolkata
Metro
Manila
Mumbai
New Delhi
Seoul
Shanghai
Singapore
Surabaya
Taipei
Tokyo
Procedure conducted
Procedure not conducted

Mobile

Industrial
plants
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OVERALL MANAGEMENT CAPABILITY
This chapter has brought together the information supplied by the 20 Asian cities to
provide an overview of AQM capability and to identify where poor capability exists
both generally and speciﬁcally. An overview of the capacity of cities to formulate
and implement AQM strategies is provided by combining the scores from the four
component indices (see Figure 2.7). A wide range of scores and capabilities exist
within the 20 Asian cities. Seven cities achieved an excellent rating (Bangkok, Hong
Kong, Seoul, Singapore, Shanghai, Taipei and Tokyo). Beijing, Busan and New Delhi
were rated with a good overall capability. A total of six cities were rated with an
overall moderate capacity in AQM (Colombo, Ho Chi Minh City, Jakarta, Kolkata,
Metro Manila and Mumbai). Dhaka, Hanoi, Kathmandu and Surabaya have limited
AQM capability. None of the cities considered had a minimal capability.

Figure 2.7 Overall air quality management index tools

Only Hong Kong, Singapore, Taipei and Tokyo have an excellent rating in every
element of AQM capability. All cities have some level of useful capability; however, at
least ﬁve cities require further capability for effective AQM. The overall performance
is summarized in Table 2.15.
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Table 2.15 AQM capability in 20 Asian cities
Overall capability

City

Excellent

Bangkok, Hong Kong, Seoul, Singapore, Shanghai, Taipei, Tokyo

Good

Beijing, Busan, New Delhi

Moderate

Colombo, Ho Chi Minh City, Jakarta, Kolkata, Metro Manila,
Mumbai

Limited

Dhaka, Hanoi, Kathmandu, Surabaya

Minimal

None

CONCLUSION
Participation in the assessment required city collaboration to complete a detailed
questionnaire survey and review a city proﬁle. The results from the questionnaire
survey were cross-checked with existing studies and data and, where necessary, additional information and clariﬁcation was sought. The survey was undertaken in the
period 2002–2004 and additional clariﬁcation and updates were made until May 2005.
While every effort was made to clarify the information obtained from the questionnaire
survey, the collaborative methodology used means that the cities may have achieved
higher scoring of their capability for AQM than exists in reality. Similarly, while every
effort has been made in updating the data changes, improvements in AQM within the
cities may have been made since this assessment and are therefore not considered
here. Future studies would need to address further the independent assessment of
the information obtained from the city authorities. The questionnaire survey used to
assess future AQM capability will also need to be adapted to include new priorities
in AQM.
Despite the potential limitations of such an approach, this chapter has demonstrated
the key components of a comprehensive AQM system and the range of AQM
capability that exists in a selected number of Asian cities of varying size and level of
economic development. In the course of time and development, AQM capability, and
consequently scores, may increase due to the installation of more extensive air quality
monitoring networks and application of the more sophisticated tools of AQM. An
example is the fully automated Metro Manila air quality monitoring network that has
been in operation since 2004. This network system has replaced the non-coordinated
monitoring activities of the Environmental Management Bureau, Department of
Environment and Natural Resources, as well as those of the Manila Observatory and
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Figure 2.8 Summary of AQM capabilities in 20 Asian cities

the Philippine Nuclear Research Institute in order to fully maximize the beneﬁts from
these different monitoring initiatives. Figure 2.8 provides a summary of each city
with respect to the four component elements of management capability.
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NOTES
1 This refers to the standards of TCVN 5937-1995 which deﬁnes only 1-hour and
24-hour standards for the compounds in question. A more recent regulation,
TCVN 5937-2005 also sets annual standards, which, however, have not yet been
enforced.
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Air Quality Management
in Twenty Asian Cities
INTRODUCTION
This chapter provides a summary of the current state of AQM in 20 Asian cities. It
synthesizes for each city the key data and information relevant to AQM and provides
general geographical, demographic and meteorological data. The estimated population
in 2003 and the projected population in 2015 is taken from UN sources (UN, 2004)
while the climate is classiﬁed according to the Köppen system (The Times, 2003).
The city summaries outline the most important legislation related to AQM in each
city and provide an overview of pollutant emissions and monitoring of key pollutants
such as CO, SO2, TSP, PM10, NOx, O3 and lead. Where possible, national air quality
standards are compared with WHO guideline values (WHO, 2000; 2005), United
States air quality standards (USEPA, 1997) and the EU limit values (EU, 1999, 2000,
2002). For each city the average concentrations of pollutants monitored is given for
2003 or 2004. These were the most recent air quality data for the cities that were
available to the authors. Where possible, ambient concentrations are compared with
national standards. Finally, the city summaries refer to major epidemiological studies
undertaken in the cities highlighting the impact of air pollution on human health.
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Table 3.1 Cities categorized according to climate
Cool summer
Cooler humid

Continental

Beijing

Warm summer

Seoul

Temperate
Warmer humid

Humid

Tokyo

Sub-tropical

Busan, Hanoi, Hong Kong, Kathmandu,
Shanghai, Taipei, Tokyo

Mediterranean
Steppe
Dry

Tropical humid

New Delhi

Desert
Savannah

Bangkok, Ho Chi Minh City, Kolkata,
Mumbai

Rain forest

Colombo, Dhaka, Jakarta, Metro Manila,
Singapore, Surabaya
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BANGKOK
UN estimated population 2003: 6.49 million
UN projected population 2015: 7.46 million
Area: 1569 km2
Climate: Tropical savannah
Map reference: 13° 44’N, 100° 33’E
Annual mean precipitation: 1500 mm
Altitude: 2.31 m
Annual mean temperature range: 20–35°C

SITUATIONAL ANALYSIS
General
Bangkok is the capital city of Thailand. It is situated on the low ﬂat plane of Chao
Phraya River which extends to the Gulf of Thailand. The city covers an area of
1568.737 km2 and is 2.31 metres above sea level (UNEP/BMA, 2004). Bangkok has
a tropical savannah climate.

Legislation
The 1992 Enhancement and Conservation of National Environmental Quality Act
(NEQA) outlines the responsibility of the Pollution Control Department (PCD) in
determining pollution control areas and establishing ambient air quality and emission
standards. The Act required the establishment of a Pollution Control Committee
chaired by the Permanent Secretary of the Ministry of Natural Resources and Environment (MONRE). The Committee is responsible for the formulation of plans, policies
and pollution prevention measures (World Bank, 2002; Mottershead, 2002). Thailand
has adopted ambient air quality standards and emission standards for both stationary
and mobile sources.
National ambient air quality standards exist for all main pollutants. The 24-hour
PM10 standard of 120 µg/m3 in Bangkok is stricter than the USEPA standard (150
µg/m3) but more lenient than the EU limit value (50 µg/m3). The annual means are the
same for Thailand and the US (50 µg/m3), while the EU limit value is slightly lower
(40 µg/m3). The Thai SO2 standard of 314 µg/m3 (120 ppb) for 24-hour averaging
time is lenient compared with the EU limit value (125 µg/m3) and WHO guideline
(20 µg/m3); the same is true for the annual standard of 105 µg/m3 (40 ppb) as compared
to the USEPA standard of 78 µg/m3. The lead standard is not directly comparable to
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the WHO guidelines and USEPA standards because of differences in the averaging
time. The 8-hour CO standard of 10,305 µg/m3 (9000 ppb) is practically the same
as the USEPA standard and slightly more lenient than the WHO guideline and EU
limit values (10,000 µg/m3). The 1-hour CO standard of Thailand of 34,200 µg/m3
(30,000 ppb) is more lenient than the WHO 1-hour guideline value (30,000 µg/m3)
and practically the same as the USEPA standard (35,000 µg/m3).
For mobile sources Euro II equivalent standards for new vehicles were adopted in
2001 and Euro III standards for light-duty vehicles in 2004. Correspondingly, levels
of sulphur in fuels have been reduced. Mobile source emission and fuel standards
in Thailand are more advanced compared to other developing countries in Asia. For
stationary sources, Thailand has introduced desulphurization units in power plants
and has set emission standards for key sources (Mottershead, 2002).

Emissions
Mobile sources contribute a substantial amount to the total NOx (80 per cent), CO
(75 per cent) and PM (54 per cent) in the Bangkok Metropolitan Region (BMR)
while stationary sources account for approximately 96 per cent of the total SO2 and
area sources for 94 per cent of total VOC emissions (PCD, 2000). With respect to
PM10, mobile sources and re-suspended dust from roads contribute approximately
51 per cent, industrial and commercial boilers 34 per cent, power plants 12 per cent,
and construction works 3 per cent to total PM emissions (Radian International LLC,
1998).

Monitoring
The PCD currently operates a comprehensive air quality monitoring network consisting of 51 automatic ambient air monitoring stations, of which 17 stations are located
in Bangkok, which continuously measure CO, SO2, Pb, TSP, PM10, NOx and O3. In
addition, Bangkok also has 21 temporary roadside monitoring stations measuring
CO, TSP and PM10. The Bangkok Metropolitan Administration has a mobile unit
and ambient air quality and noise monitoring station at Rajathevi district ofﬁce.
Meteorological parameters are also measured at many of the monitoring sites, which
increases the capability to analyse and interpret the pollution situation.
Ambient TSP concentrations have ﬂuctuated around the standard of 100 µg/
m3 since 1994. Roadside TSP concentrations decreased dramatically from values
around 500 µg/m3 in the mid-1990s to 180 µg/m3 in 2004. Since 1997 ambient
PM10 concentrations in Bangkok have been decreasing from 80 µg/m3 to 40–60
µg/m3 (see Figure 3.1). Roadside PM10 values are somewhat higher (approximately
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Figure 3.1 Average annual concentrations of PM10, O3, NO2, SO2,
Bangkok 1994–2004
Source: PCD (2005)
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10–30 µg/m3) and follow the general tendency of measurements in non-roadside
areas. Annual ambient NO2 concentrations vary between 50 and 60 µg/m3 since 1994.
Roadside NO2 concentrations are higher by 20–25 µg/m3. Both non-roadside and
roadside SO2 concentrations are relatively low, comply with the Thai annual standard
and show a decreasing tendency since 1998. Annual CO concentrations show a
decreasing tendency, both for roadside and non-roadside sampling stations. Annual
O3 concentrations, measured since 1999 ﬂuctuate around 30 µg/m3 with a stagnant
tendency.
Bangkok occasionally experiences photochemical smog due to high levels of O3. In
2003 0.25 per cent of hourly average ambient O3 concentrations exceeded the ambient
air quality standard of 100 ppb (196 µg/m3). The exceedance of the standard mostly
occurs in the areas downwind from the centre of Bangkok (Oanh and Zhang, 2004).

Health
Health studies conducted in Bangkok and surrounding areas focus on PM10. A 1998
World Bank study on PM showed an association between respiratory diseases and
PM10 concentrations. The effect of PM10 on daily mortality in Bangkok was statistically
signiﬁcant. For example, a 30 µg/m3 increase of PM10 is associated with a 3–5 per cent
increase in daily mortality, 7–20 per cent increase in respiratory mortality, and 2–5
per cent increase in cardiovascular mortality. In addition, approximately 4000–5500
premature deaths each year in the Bangkok Metropolitan Region are attributable
to short-term exposures to outdoor airborne PM (Radian International LLC, 1998).
Studies investigating the impacts of roadside PM (Tamura et al, 2003; Jinsart et al,
2002; Wongsurakiat et al, 1999) showed a signiﬁcant direct relationship between
levels of PM and exposure and the prevalence of respiratory symptoms.
The estimated health impacts and costs of PM10 in Bangkok for 2000 amount to
US$424 million. This takes into consideration an annual ambient concentration of
64 µg/m3 affecting 5.7 million people resulting in 1092 excess deaths and 4550 cases
of chronic bronchitis (World Bank, 2002).
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BEIJING
UN estimated population 2003: 10.85 million
UN projected population 2015: 11.06 million
Area: 16,800 km2
Climate: Continental warm summer
Map reference: 39° 52’N, 116° 27’E
Annual mean precipitation: 700 mm
Altitude: 44 m
Annual mean temperature range: –1–31° C

SITUATIONAL ANALYSIS
General
Beijing is the capital of the People’s Republic of China. It covers an area of approximately 16,800 km2, 38 per cent of which is on ﬂat land. Beijing is approximately 44
metres above sea level and 183 kilometres from the sea. It has a continental warm
summer climate. Sandstorms are also a common occurrence especially during spring
and winter.

Legislation
The 1989 national Environmental Protection Law is the framework law for the prevention and control of pollution. However, the 1987 Law on Prevention and Control of
Atmospheric Pollution sets out regulations for air pollution including environmental
impact assessment (Article 11); total emission control and emission licensing (Article
15); prohibition of industrial sources near protected areas (Article 16); banning of
equipment causing serious air pollution (Article 19); prohibition of coal washing
(Article 24); application of emission standards and controls for ﬁxed and mobile
sources (Articles 27, 30, 32).
National ambient air quality standards are categorized into three classes.
Designated industrial areas are expected to comply with Class III standards,
residential areas with Class II standards, and parks and specially protected areas
with Class I standards. Regulation GB3095-1996 requires Beijing to comply with
Class II standards. The annual Class II standards for SO2 (60 µg/m3) and NO2 (40
µg/m3) are more stringent than those of the USEPA (80 µg/m3 for SO2; 100 µg/m3
for NO2), but are lenient or equal to the EU limit values (20 µg/m3 for SO2; 40 µg/m3
for NO2). The EU limit for SO2 protects ecosystems and corresponds to the Class I
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standard. The Class II standards for 24-hour exposure to SO2 (150 µg/m3) are lenient
compared with the WHO guideline (20 µg/m3) and EU limit values (125 µg/m3) but
more stringent than the USEPA standard of 365 µg/m3. The Class II 1-hour standard
for SO2 (500 µg/m3) is lenient compared with the EU limit value of 350 µg/m3 as is
the 1-hour standard for NO2 (240 µg/m3) compared with the WHO guideline and EU
limit values (200 µg/m3). For O3 the Chinese standard (160 µg/m3) is more stringent
than the USEPA standard (235 µg/m3) but more lenient than the EU limit (120 µg/m3)
and the WHO guideline value (100 µg/m3). The PM10 standards for one year and 24
hours (100 µg/m3, 150 µg/m3) are more lenient than the EU limit values (40 µg/m3,
50 µg/m3), the WHO guideline values (20 µg/m3, 50 µg/m3) and the USEPA annual
standard (50 µg/m3) but the Chinese PM10 standard for 24 hours equals the USEPA 24
hour standard (150 µg/m3).
China has implemented a number of regulations to help prevent and control air
pollution from mobile sources including standards to regulate exhaust emissions
from gasoline and diesel vehicles with normal and full loads. Beijing implements all
these standards, with the exception of emission standards for motorcycles as more
stringent motorcycle emissions standards were introduced in Beijing before the rest
of the country (ADB, 2003).
Both gasoline and diesel fuels distributed in the city need to comply with legal
speciﬁcations for each fuel type. The sulphur contents of gasoline and diesel, however,
are still relatively high at 1000 and 2000 ppm, respectively. These fuel speciﬁcations
are only Euro I compliant. Gasoline is also monitored for benzene, aromatics and
oleﬁns content (ADB, 2003).
Stationary sources of air pollution are also regulated in Beijing. Emissions from
thermal power plants; cement plants; coal-burning, oil-burning and gas-ﬁred boilers;
coke ovens; industrial kilns and furnaces and even cooking fumes are all subject to
emission standards. Speciﬁc regulations and standards are also being implemented
for solid waste – speciﬁcally on incineration of municipal solid wastes and hazardous
wastes; storage and disposal sites of solid wastes from general industries; and on
pollutants from ﬂy ash use in agriculture (SEPA, 2006).

Emissions
Power plants, boilers and industrial sources are the main source of SO2 (100 per cent)
in Beijing while mobile sources are a main source of CO (74 per cent) (Yu, 2002a).
The main source of PM10 and PM2.5 is industry and power plants (41 and 44 per cent,
respectively), mobile-related sources (31 and 33 per cent, respectively) and domestic,
construction sources and soil (28 and 23 per cent, respectively) (Zhang et al, 2004).
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Monitoring
Beijing currently has 24 stations capable of monitoring Pb, NOx, O3, TSP,
benzo(a)pyrene (BaP), PM10 and PM2.5, SO2 and CO (Yu, 2002b). There are approximately 150 diffusive sampling sites monitoring NO2 in summer and winter, 100
diffusive sampling sites monitoring O3 in summer and approximately 100 diffusive
sampling sites monitoring SO2 during winter (Yu, 2002b). In addition, satellite
remote sensing and lidar are used for aerosol analysis and modelling. Meteorological
parameters such as wind speed, wind direction, temperature and relative humidity are
also measured. Figure 3.2 presents the annual means for PM10, NOx, CO and SO2.
Although TSP and PM10 concentrations have been decreasing in Beijing in the
period 1996–2004, they still exceed their respective Class II standards (200 µg/m3
and 100 µg/m3, respectively) (BJEPB, 2005). Annual concentrations of NOx (sum of
NO2 and NO) were approximately 130 µg/m3 between 1999 and 2003 and decreased
in 2004 to a value below the Class II standard (80 µgm3) of NO2. This means that NO2
concentrations in Beijing also complied with the standard in 2004. Since 1998 annual
means of CO have shown a decreasing tendency. The annual SO2 concentrations
decreased substantially by more than 50 per cent in the period 1997–2004 and now
comply with the Class II standard (60 µg/m3).
Sun et al (2004) collected aerosol samples of PM2.5 and PM10 simultaneously at
road, industrial and residential sites in Beijing to provide a representative picture
of air pollution in the city. The samples were collected in the summer and winter
seasons during the period 2002–2003. Twenty-three elements and 15 ions together
with organic carbon (OC) and elemental carbon (EC) were analysed systematically in
order to characterize the aerosol. PM2.5 was the major part of the inhalable particles
(PM10), as the ratios of PM2.5/PM10 were 0.45–0.48 in summer and 0.52–0.73 in winter.
Secondary aerosols (SO42-, NO3- and NH4+), road dust or/and long-range transported
dust, industry and motor vehicles emissions, and coal burning were the major contributors to the airborne particle pollution in Beijing (Sun et al, 2004). Dan et al (2004)
demonstrated that coal combustion was a dominant source of carbonaceous species
of PM2.5 in the urban area of Beijing during winter through comparisons of OC and
EC with trace elements (As, Zn, K and Pb) at various sites. Biomass burning, trafﬁc
and/or industry emission were the major sources of OC and EC in summer.

Health
In terms of health impacts due to air pollution, several time-series studies have
assessed the acute effects of air pollution on mortality, hospital outpatient visits
and birth weight in Beijing. The strongest effects of SO2 and TSP on mortality were
consistently seen for respiratory diseases. Studies also revealed increased mortality
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Figure 3.2 Average annual concentrations of PM10 , NOx , CO, SO2,
Beijing 1996–2004
Source: BJEPB (2005)
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associated with SO2 pollution levels below the WHO 2000 air quality guideline value
of 50 µg/m3 (Xu et al, 1994, 1995a, 1995b; Wang et al 1997; WHO, 2000; Chang et al,
2003). This result is consistent with the recent setting of the 24-hour guideline value
to 20 µg/m3 on the basis of European data implying an even lower annual guideline
value if any (WHO, 2005).
Kan et al (2005) studied the relationship between daily severe acute respiratory
syndrome (SARS) mortality, ambient air pollution and other factors from 25 April to
31 May, 2003 in Beijing. An increase of 10 µg/m3 over a ﬁve-day moving average
of PM10, SO2 and NO2 corresponded to 1.06 (95 per cent conﬁdence interval: 1.00–
1.12), 0.74 (0.48–1.13) and 1.22 (1.01–1.48) relative risks of daily SARS mortality,
respectively. The authors concluded that daily mortality of SARS might be associated
with certain air pollutants in Beijing.
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BUSAN
UN estimated population 2003: 3.58 million
UN projected population 2015: 3.40 million
Area: 763.30 km2
Climate: Humid sub-tropical
Map reference: 35° 09’N, 129° 03’E
Annual mean precipitation: 1483.5 mm
Altitude: 69 m
Annual mean temperature range: 2.4–23.9° C

SITUATIONAL ANALYSIS
General
Busan is located on the southeastern tip of the Korean Peninsula and lies approximately
450 km southeast of Seoul. It occupies the basin on the Nakdong River estuary and
borders the Blue Sea to the south. It has a total area of approximately 763.30 km2 and
is 69 metres above sea level. Busan has a humid sub-tropical climate.

Legislation
The 1977 Environment Conservation Law provides the basis for the 1990 Clean Air
Conservation Law (CACL) which requires mandatory monitoring of air pollutants,
stipulating emission limits and the procedures for the authorization of polluting
air emissions from different sources. Under this law, permission must be obtained
from the regional environment ofﬁce for major private and public developments or
smaller scale projects that are to be located in areas which do not meet national air
quality standards. An environmental impact assessment must be conducted to ensure
environmental considerations are included in the development plans to minimize
potential impacts.
National air quality standards exist for SO2, CO, NOx, O3, Pb and PM10. However,
due to differences in regional characteristics, local governments of each province have
the authority to enforce their own municipal ordinances for environmental quality
standards. Busan does not have its own air quality standards and follows the national
air quality standards. The Korean annual air quality standards for SO2 (57 µg/m3),
NO2 (94 µg/m3) and lead (0.5 µg/m3) are more stringent than the USEPA standards
(78, 100, 1.5 µg/m3, respectively) and, with the exception of lead, less stringent than
the EU standards (20, 40, 0.5 µg/m3, respectively). The Korean 8-hour standards for
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CO (10,305 µg/m3) and O3 (120 µg/m3) are equal or approximately equal to those of
the US and the EU. The Korean annual PM10 standard of 70 µg/m3 is less stringent
than the corresponding US standard (50 µm/m3) and EU limit value (40 µg/m3). The
Korean 24-hour standard for PM10 (150 µg/m3) equals that of the US but is three times
higher than that of the EU (50 µg/m3).
The current emission standards for new vehicles powered by gasoline and diesel
fuel meet Euro III and 2002 Transitional Low Emission Vehicle (TLEV) standards and
will be strengthened to Euro IV and Ultra Low Emission Vehicle (ULEV) standards
by 2006. From July 2002 the PM emission standard was lowered from 0.20 g/kWh to
0.10 g/kWh for heavy-duty diesel vehicles. From 2006 the standards will be lowered
further to 0.02 g/kWh. Vehicles undergo inspections at least every two years and are
subject to mandatory maintenance orders with the possibility of ﬁnes if any of the
pollutants are exceeded. Random roadside checks are also conducted with over 200
inspection teams based around Korea. The sulphur content of diesel fuel was lowered
to 0.043 per cent (430 ppm) in 2002 and will be further lowered to 30 ppm by 2006.
For stationary sources, the government has implemented policies to reduce the
sulphur content in fuels used by industry in order to meet the objective of lowering the
annual mean SO2 concentration below the standard of 55 µg/m3 (20 ppb). To manage
air pollutants emitted from manufacturing facilities, emission standards for 18 types
of gaseous substances, 9 types of particulate substances and 8 noxious substance
types equivalent to EU and Japanese standards were established out of the total of 52
pollutants speciﬁed in the CACL (MOE, 2006).

Emissions
On-road mobile sources and ships are responsible for approximately 46 and 19 per cent
of SO2 emissions, respectively. Since the amount of fuel sales was used in calculating
the emission rate for on-road mobile sources, the actual contribution rate of road
mobile sources may be lower than 46 per cent. Approximately 80 per cent of CO is
caused by on-road mobile sources. On-road mobile vehicles are the largest source of
NOx emissions at approximately 38 per cent followed by construction machinery (31
per cent). Together these sources account for almost 80 per cent of PM10 emissions
(Busan, 2002).

Monitoring
Busan comprises a network of 14 monitoring stations located in different areas to
include commercial, residential and industrial sectors. The network is intended to
provide early warning of high pollution episodes through measurement dispersion
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Figure 3.3 Average annual concentrations of PM10, O3 , NO2 CO,
Busan 1994–2004
Source: MOE (2006)
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modelling, enabling the implementation of emergency air quality control procedures
during pollution episodes. The network is fully automated to supply data averaged over
a one-hour period. SO2 levels in Busan have been substantially reduced compared to
1980 levels due to the introduction of cleaner fuels and the regulation of fuel burning
systems. Lead values are below the Korean standard and have shown a decreasing
tendency since 1998 reﬂecting the success of lead phase-out in vehicle fuel. TSP has
been measured since 1984 while levels of PM10 have been monitored since 1995. In
January 2000, all instruments were converted to a PM10-based control system. In this
process, the measuring sites have been changed and it is difﬁcult to interpret PM10
pollution levels from 1995 to 2000 in relation to those after 2000. Figure 3.3 shows
the annual means for PM10, O3, NO2 and CO.
Since 1995 ambient PM10 and CO concentrations have been decreasing, PM10
levels now being below the Korean standard of 70 µg/m3. NO2 concentrations
increased until 1996 and have now levelled off. The overall NOx emissions have
remained constant over this time period (APMA/KEI, 2002). In contrast, ambient O3
concentrations have been steadily increasing (Busan, 2001).

Health
In Busan, SO2 has been identiﬁed as a signiﬁcant predictor for all-cause deaths. An
increase of 133 µg/m3 (50 ppb) of SO2 corresponded to a 3.6 per cent increase in excess
deaths (95 per cent conﬁdence level: 0.4–6.9 per cent) having controlled for weather
conditions and the other pollutants (Lee et al, 2000). Assuming that the mortality in
Busan equals that of Korea (520/100,000), approximately 670 excess deaths per year
(95 per cent conﬁdence interval: 74–1280) can be associated with an increase of 133
µg/m3 in SO2. This ﬁnding is consistent with those of similar studies in Seoul (Lee
et al, 1999; Lee and Schwartz, 1999).
The total social costs resulting from air pollution in Busan are approximately 2.5
trillion Won (US$2.5 billion). The costs of PM10 account for the largest share at 890
billion Won (US$880 million) (MOE, 2002).
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COLOMBO
UN Estimated population 2003: —
UN Projected population 2015: —
Area: 37.29 km2
Climate: Tropical rain forest
Map reference: 6° 56’N, 79 °50’E
Annual mean precipitation: 2400 mm
Altitude: 6 m
Annual mean temperature range: 22–31° C

SITUATIONAL ANALYSIS
General
Colombo is the capital city of Sri Lanka and lies in a coastal area in the lowlands
on the southwestern part of the island. The city covers an area of 37.29 km2 and is
6 metres above sea level. Colombo has a hot and humid tropical climate.

Legislation
The 1980 National Environmental Act No. 47 was the ﬁrst comprehensive legislation
which covered environmental management and protection in Sri Lanka. In 1981
the Central Environmental Authority (CEA) was established to implement the
provisions of this Act. Since then, the CEA has been instrumental in developing the
necessary standards relevant for managing air quality in Colombo and for the rest of
the country. In 2000 the government approved a national AQM policy to facilitate
AQM programmes in Sri Lanka. In July 2001 the Air Resource Management Centre
(AirMAC) was formed. Since then AirMAC has been instrumental in improving
stakeholder participation in the country. AirMAC is formulating the Clean Air 2009
Action Plan which will need to be approved by the Cabinet of Ministers (Yalegama
and Senanayake, 2004). The plan aims to reduce vehicle emissions and improve fuel
quality. AirMAC has also focused on accelerating programmes to implement the
emissions standards that were scheduled in January 2004 (AirMAC, 2004). The 1994
National Environmental Regulations set out standards for CO, SO2, NO2, O3, TSP
and lead.
The Sri Lanka 8-hour CO standard (10,000 µg/m3) is identical to the USEPA
standard and the WHO guideline and EU limit value. The 1-hour CO standard
(30,000 µg/m3) equals that of the EU and is more stringent than that of the US (40,000
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µg/m3). For SO2 and NO2, Sri Lanka has introduced short-term standards. The 24-hour
standard for SO2 (80 µg/m3) is more stringent than the EU limit value (125 µg/m3) and
the USEPA standard (370 µg/m3) but less stringent than the WHO guideline value (20
µg/m3). Also the 1-hour standard for SO2 (200 µg/m3) is much more stringent than
the EU limit value (350 µg/m3). The 1-hour standard for NO2 (250 µg/m3) is lenient
compared to WHO guideline and EU limit values (200 µg/m3). The Sri Lanka O3
standard of 200 µg/m3 for 1-hour exposure is more stringent than the corresponding
USEPA standard (240 µg/m3) but lenient compared to the EU limit value (120 µg/
m3) and the WHO guideline value (100 µg/m3). Since Sri Lanka does not have air
quality standards for PM10 and the EU and the US do not have standards for TSP, a
comparison for PM is not possible. However, Sri Lanka uses the US PM10 standards
to estimate air quality as monitored by PM10. For lead the Sri Lanka standard (0.5
µg/m3) equals the WHO guideline and EU limit value and is more stringent than the
USEPA standard (1.5 µg/m3).
On 1 January 2003 standards for mobile emissions, fuel quality and vehicle
importation became effective. Since July 2003, gasoline for high and low octane is
unleaded. For sulphur in diesel, the standards require that the maximum allowable
sulphur level, now at 0.3 per cent (3000 ppm), be reduced to 0.05 per cent (500 ppm)
by 2007 (AirMAC, 2004). Emission standards for stationary sources have not yet
been introduced in Sri Lanka.

Emissions
In 1992 the transport sector was the largest contributor to the overall total emissions
for all pollutants for TSP (approximately 88 per cent), NOx (approximately 82 per
cent), HC (approximately 100 per cent) and CO (100 per cent) with industry the main
contributor to SO2 emissions (93.5 per cent) (Chandrasiri, 1999).
Emissions from diesel-powered vehicles in Colombo are estimated to account for
an annual average exposure to PM10 of 25–30 µg/m3. Approximately 70 per cent of
this is due to primary emissions of PM10, and the remaining 30 per cent is due to the
secondary formation of sulphates and, to a lesser extent, nitrates as a result of SO2
and NO2 emissions.

Monitoring
In 1997 two ﬁxed air quality monitoring stations were established in Colombo.
One station is located at the Fort railway station in the central business district of
Colombo, which experiences high volumes of trafﬁc. The second station was based
at the meteorological station in the city, which is in a residential area with low trafﬁc.
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This second station has now been moved to the premises of the CEA, which is also
a low trafﬁc area. These stations were purchased under the World Bank-funded
Colombo Urban Transport Project implemented by the Ministry of Transport and
handed over to the CEA. The National Building Research Organization (NBRO)
operated these stations until 2001; CEA has now taken over their operation. One
mobile station is also available and has been used to monitor air quality in areas
outside the Colombo Metropolitan Region (CMR), namely Hambantota in the south,
Ambewela in the central hill region, Katugastota in the central region, Anuradhapura
in the north central region and Puttalam in the northwestern region (Jayaweera, 2001;
Malé Declaration, 2000a).
The air quality monitoring stations have been collecting air quality data since
1997. Figure 3.4 presents annual means for PM10, NO2, CO and SO2. Ambient PM10
levels ﬂuctuate around 80 µg/m3 and exceed the USEPA annual standard (50 µg/m3) as
well as the EU limit value (40 µg/m3) and the WHO guideline value (20 µg/m3) every
year. NO2 annual concentrations show an overall decreasing tendency since 1997
and are below the USEPA standard (100 µg/m3) and in the last three years also below
the EU limit and WHO guideline values (40 µg/m3). Annual CO concentrations have
started to increase in 2003 after a downward tendency over ﬁve years. Despite high
SO2 emissions from industrial activities, especially power plants close to Colombo
city, the ambient SO2 levels have been below the adopted limit of 80 µg/m3. Since
2000 these levels have decreased to very low values. The low concentrations of most
pollutants could be attributed to the dispersion of pollutants due to the relatively
unstable atmosphere created by the sea–land breeze (AirMAC, 2004).

Health
Estimates from a World Bank report show that exposure to PM10 from diesel vehicles
in Colombo can add up to as much as US$ 30 million per year in terms of health
damages. The report stated that sulphur level reductions in diesel combined with
improved inspection and maintenance of vehicles can result in as much as 70 per cent
reduction in health costs (World Bank, 2003).
A study by the National Building Research Organization and the University of
Colombo, Faculty of Medicine, found a signiﬁcant association between ambient air
pollution (with respect to SO2 and NOx) and acute childhood wheezing episodes in
Colombo (Senanayake et al, 1999). According to the WHO, the current level of PM10
in Colombo, which is approximately 80 µg/m3, is sufﬁcient to cause a 7 per cent
increase in daily mortality, 30–35 per cent in bronchitis and other respiratory diseases
(WHO, 2000; The Island, 2003).
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Figure 3.4 Average annual concentrations of PM10, NO2, CO, SO2,
Colombo 1998–2004
Source: Clean Air Sri Lanka Net (2006)
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DHAKA
UN estimated population 2003: 11.56 million
UN projected population 2015: 17.91million
Area: 1530 km2
Climate: Tropical rain forest
Map reference: 23° 43’N, 90° 24’E
Annual mean precipitation: 1854 mm
Altitude: 220 m
Annual mean temperature range: 12–35° C

SITUATIONAL ANALYSIS
General
Dhaka is the capital city of Bangladesh. It covers an area of 360 km2 and is one of six
municipalities in the middle of the Dhaka Metropolitan Area with a total area of 1530
km2 (Dhaka City Website, 2006). The city is situated in the populous and ﬂood-prone
Ganges-Brahmaputra delta and is 220 metres above sea level. It has a tropical rain
forest climate.

Legislation
The 1995 Bangladesh Environmental Conservation Act and the 1997 Environmental
Conservation Rules (ECR) are the primary legislation introduced to mitigate air
pollution (DOE, 1997; 2002). The ECR outlines the national air quality standards.
However, the legislation failed to include appropriate monitoring methods, frequency,
averaging times, compliance requirements and other necessary factors, which are
important for the enforcement of the air quality standards. A World Bank project
proposed a new set of standards equivalent to USEPA standards for PM10, PM2.5, NO2,
SO2, CO, O3 and to the WHO guideline value for lead (AQMP, 2003a). Standards for
CO (1-hour: 40,000 µg/m3), SO2 (annual: 80 µg/m3; 24-hours: 370 µg/m3) and O3 (8hours: 157 µg/m3) tend to be more lenient than the guideline and limit values set by
the WHO (CO 1-hour: 30,000 µg/m3; SO2 annual: –, 24-hours: 20 µg/m3; O3 8-hours:
100 µg/m3) and the EU (CO 1-hour: 30,000 µg/m3; SO2 annual: 40 µg/m3, 24-hours:
125 µg/m3; O3 8-hours: 120 µg/m3) respectively. For NO2, the annual standard of 100
µg/m3 is more lenient than the WHO guideline and EU limit values (40 µg/m3).
The current motor vehicle emissions standards for Bangladesh are outlined in
the ECR. The ECR does not specify if the standards are applicable for new or in-use
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vehicles or both and for which vehicle type. The 1997 standards were reviewed in
2000 under the Dhaka Urban Transport Project (DUTP) and standards for new vehicles
were proposed (AQMP, 2003b). The 2002 Government of Bangladesh and the World
Bank Air Quality Management Project (AQMP) recommended standards for new
vehicles based on European standards. Euro II standards (to be termed Bangladesh
II) were recommended for gasoline and compressed natural gas (CNG) vehicles
excluding 2- and 3-wheelers, while Euro I standards (to be termed Bangladesh I) were
recommended for diesel vehicles. These standards are equivalent to those adopted in
Malaysia in 1999, Beijing in 2001 and Taipei, China in 1991.
For in-use vehicles, separate standards were recommended for buses and trucks.
The recommended standards are generally higher than those standards from other
countries within the region. These were found to be necessary to ensure that a large
proportion of the diesel vehicle ﬂeet did not fail the proposed standards. The recommendations included a progressive tightening of the standards over a ﬁve-year period
to enable government and the private sector to gradually prepare the necessary policies,
infrastructure, fuel and technology to meet stricter standards. These standards have
not yet been adopted and are published for public debate (DOE, 2005a, 2005b).
In 1997 the Ministry of Energy took action to reduce lead in gasoline due to the
heightened awareness of the dangers of lead pollution. The lead content was reduced
from 0.8 g/L to an average of 0.4 g/L by blending locally reﬁned leaded gasoline
with imported unleaded gasoline. In 1998 low-octane gasoline was made lead-free,
but high-octane gasoline still contained 0.4 g/L of lead. In July 1999, due to growing
public pressure, the Government of Bangladesh banned the sale of leaded gasoline in
the country (DOE, 2001).
At present, Bangladesh does not have a clear strategy to further improve diesel
fuel quality in the country. Local sulphur levels remain high at 5000 ppm, while
imported diesel contains 2500–5000 ppm sulphur (Chowdhury, 2003).

Emissions
Emission inventories in Dhaka are rare and have been limited to mobile sources, with
motor vehicles being responsible for approximately 57 per cent of total emissions
of CO from mobiles sources, 14 per cent of TSP, 10 per cent of SO2, 69 per cent of
lead, 12 per cent of NOx and 36 per cent of HC emissions (World Bank, 1998; ICTP,
2001). Approximately 55 per cent of coarse particulate emissions are attributed to
re-suspended soil and motor vehicles. The ﬁne particulates are mostly attributed to
motor vehicles (29 per cent) and natural gas/diesel burning (46 per cent) (Biswas
et al, 2000).
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Monitoring
In 2002 a continuous air quality monitoring station, which meets USEPA Federal
Reference Method speciﬁcations, was established in the centre of the city as part of a
World Bank AQM project. The station monitors NOx, CO, SO2, O3 and non-methane
hydrocarbons continuously (Core, 2003; Akhter et al, 2004).
The annual averages of ambient SO2 for 2002 and 2003 are below 9 µg/m3 for
each year. The annual mean concentrations of CO are approximately 1000 µg/m3.
The annual averages of ambient NO2 for 2003 and 2004 are approximately 40 and 50
µg/m3 respectively, below the proposed national and USEPA standard and near to the
WHO guideline and EU limit values. Annual averages for PM10 are between 110 and
140 µg/m3 and do not comply with the proposed national standard (50 µg/m3). Annual
averages of PM2.5 were 69 µg/m3 in 2002, 75 µg/m3 in 2003 and 96 µg/m3 in 2004 and
exhibit an increasing tendency. These annual averages are above the proposed annual
standard of 15 µg/m3 for this compound (AQMP, 2005).
Figure 3.5 shows the monthly mean concentrations of PM2.5 and PM10. There
is a strong monthly variation for PM2.5 and PM10 with high peaks during the winter
months reaching monthly peak PM10 levels at approximately 250 µg/m3.

Figure 3.5 Monthly average of PM concentration at a continuous air monitoring
station, Sangsad Bhaban (April 2002 – December 2004)
Source: AQMP (2005)
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Health
Health and environmental impact studies are rare in Dhaka. Air pollution is responsible
for an estimated 6000 deaths in Dhaka city each year and, on average, each city
dweller spends approximately US$12 per year on medical treatment for pollutionrelated illnesses (Islam, 2003). A few studies have addressed the issue of lead content
in blood (Kaiser et al, 2001). VOCs, which are known carcinogens, are a particular
problem as emissions of two-stroke auto-rickshaws exceed four to seven times the
maximum permissible levels (DOE, 2001). An estimated US$200–800 million per
year is the economic cost of sickness and deaths associated with air pollution in
Dhaka (World Bank, 1998).

106 Urban Air Pollution in Asian Cities

HANOI
UN estimated population 2003: 3.98 million
UN projected population 2015: 5.28 million
Area: 918 km2
Climate: Humid tropical
Map reference: 21° 01’N, 105° 51’E
Annual mean precipitation: 1800 mm
Altitude: 16 m
Annual mean temperature range: 13–33°C

SITUATIONAL ANALYSIS
General
Hanoi is the capital city of the Socialist Republic of Vietnam and is located in a
delta along the banks of the Red river. Hanoi has a land area of 918 km2 and is
16 metres above sea level. It has a humid tropical climate. The climate of Hanoi is
highly inﬂuenced by tropical monsoons and is characterized by four seasons.

Legislation
The 1993 Law on Environmental Protection (LEP) provides the basic framework
for Vietnam’s environmental policy. The 1993 LEP government decree provided
guidance on the implementation of the LEP and outlined the responsibilities of the
National Environmental Protection Agency. There is still no speciﬁc act addressing
air quality. However, the Department of Environment of the Ministry of Natural
Resources and Environment (MONRE) aims to develop a decree on air pollution
control in Vietnam and to adopt a law on clean air (Nguyen, 2004).
The 1995 Vietnamese standards TCVN 5937-1995 outlined national ambient air
quality standards for six key pollutants. The standards were updated in 2005 and new
standards have been proposed but are not yet enforced (TCVN 5937-2005). Additional standards to control other hazardous air pollutants were also established in
1995 by TCVN 5938-1995. In general, Vietnam standards for SO2 (24-hours: 125
µg/m3), NO2 (1-hour: 200 µg/m3), CO (1-hour: 30,000 µg/m3; 8-hours: 10,000 µg/m3)
and O3 (1-hour: 120 µg/m3) equal the limit values of the EU and are generally more
stringent than USEPA standards for SO2 (24-hours: 370 µg/m3), NO2 (1-hour: 280 µg/
m3), CO (1-hour: 40,000 µg/m3; 8-hours: 10,170 µg/m3) and O3 (1-hour: 240 µg/m3).
Only the Vietnam SO2 24-hour standard is lenient compared with the WHO guideline
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value of 20 µg/m3. The 24-hour and annual means for PM10, 150 µg/m3 and 50 µg/m3
respectively, correspond to the USEPA standards and are less stringent than the EU
limit values (50 µg/m3 and 40 µg/m3, respectively) and the WHO guideline values (50
µg/m3 and 20 µg/m3, respectively). The annual standard for NO2 (40 µg/m3) equals the
EU limit and WHO guideline values and is more stringent than the USEPA standard
(100 µg/m3).
TCVN 6438-2001 provides emission standards for both in-use and newly
registered gasoline or diesel vehicles in Vietnam. As with the other major cities in the
country, Hanoi is implementing more stringent standards than the rest of the country.
Future vehicle emissions standards are also being proposed (ADB, 2003).
Unleaded petrol in Vietnam has been available since July 2001. Benzene, as well
as sulphur content, is still higher than that already being implemented in other countries within the region. The sulphur content of unleaded gasoline in the city is 5 per
cent compared to 1 per cent in other Asian countries (TCVN 6776-2000). The city
offers two types of diesel fuel, one with sulphur content less than 0.5 per cent and
another with up to 1 per cent sulphur content (TCVN 5689-1997) (APCEL, 2006).
Vietnam has established a large number of national standards to limit industrial
emissions (TCVN 5939-1995; TCVN 5940-1995; TCVN 6991-2001 to TCVN
6996-2001; Le, Van Khoa, 2003). In addition to standards imposed on industries and
commercial establishments, a separate regulation is imposed on emissions from medical solid waste (TCVN 6560-1999) (APCEL, 2006).

Emissions
There is no comprehensive emissions inventory for Hanoi. Although a number of
studies have been undertaken on the contribution of mobile sources to pollution, data
is insufﬁcient to realistically identify the pollution levels caused by each type of fuel
and vehicle (ADB, 2002).
A city government-funded survey of 300 factories indicated that only 120 factories out of the 300 are signiﬁcant air polluters. The data were calculated based on
surveyed fuel consumption of every factory in the area although detailed results have
not been published (Swisscontact, 2005).
A source apportionment study on coarse and ﬁne particulates was conducted
using samples collected in the period January 2001 to July 2002. This showed that
soil dust and coal burning is a large contributor of coarse and ﬁne particulates with
soil dust contributing 45 per cent and coal ﬂy ash 15 per cent (Hien et al, 2003).
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Monitoring
There are currently seven automatic air quality monitoring stations in Hanoi, ﬁve of
which are ﬁxed and two are mobile. Six of these units were purchased by MONRE
within in the period 1999–2002. The last unit was purchased by the Ministry of
Construction (MOC) in 2004. These stations are able to measure concentrations of
PM10, CO, SO2, NOx, O3 and TSP as well as meteorological conditions. However, the
stations are managed and operated separately by different organizations. There is no
link between the different stations to compare air quality data. Data exist in various
formats. It is therefore difﬁcult to provide an overall assessment of air quality in the
city. One mobile station has not been in operation while the mobile station of MOC is
used only on a contract basis to assess large construction projects. Passive sampling
is also being conducted at a minimum of at least four times a year in various locations
(Swisscontact, 2005).
Pollutant concentrations from residential areas as monitored by the then Hanoi
Department of Science, Technology and Environment (DOSTE) show that mean
annual concentrations of SO2, NO2 and TSP levels measured at Van Phuc village are
generally much lower than those from the Ly Quoc Su area (Le, Tran Lam, 2003).
Annual TSP levels at both sites ranged between 200 and 350 µg/m3 and exceeded the
standard of 140 µg/m3 throughout all years between 1996 and 2002. Furthermore,
for the same time period annual means of SO2 in the Ly Quoc Su area exceeded the
respective standard while annual averages of NO2 just met the standard (Le, Tran
Lam, 2003). Figure 3.6 presents more recent monitoring data provided by MONRE.
Annual PM10 levels exhibit a decreasing tendency but values are well above the
Vietnam standard for all years. Annual O3 concentrations are below 25 µg/m3 and
began to level off in 2002. In contrast NO2 and SO2 concentrations show an increasing
tendency but still comply with their respective standards.

Health
Although epidemiological studies speciﬁc to Hanoi do not exist, the high prevalence
of allergy and asthma in Hanoi could be related to the degradation of air quality in
the city. There are approximately 13 million motorcycles on Vietnam’s roads and an
increasing number of motor vehicles. The health effects associated with mobile source
pollution include asthma, bronchitis and premature deaths, especially in children and
the elderly (Vietnam Panorama News Online, 2005).
It is estimated that the annual average cost for treatments of asthma patients in
the country is approximately US$301 per person and that approximately 2 million
working days and 3 million school days are lost annually due to asthma (Ha, 2004).
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Figure 3.6 Average annual concentrations of PM10, O3, NO2, SO2,
Hanoi 1999–2003
Source: Khaliquzzaman (2005)
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HO CHI MINH CITY
UN estimated population 2003: 4.85 million
UN projected population 2015: 6.31 million
Area: 2095 km2
Climate: Tropical savannah
Map reference: 10° 45’N, 106° 42’E
Annual mean precipitation: 1910 mm
Altitude: 2.25 m
Annual mean temperature range: 21–35 °C

SITUATIONAL ANALYSIS
General
Ho Chi Minh City (HCMC) is located in the southeastern part of South Vietnam and
is strategically located on the Sai Gon river at the centre of the Cuu Long delta. The
city has an area of 2095 km2 and is 2.25 metres above mean sea level (Do, 2003).
HCMC has a tropical savannah climate.

Legislation
The 1993 Law on Environmental Protection (LEP) provides the basic framework
for Vietnam’s environmental policy. The 1993 LEP government decree provided
guidance on the implementation of the LEP and outlined the responsibilities of the
National Environmental Protection Agency. There is still no speciﬁc act addressing
air quality. However, the Department of Environment of the Ministry of Natural
Resources and Environment (MONRE) aims to develop a decree on air pollution
control in Vietnam and to adopt a law on clean air (Nguyen, 2004).
The 1995 Vietnamese standards TCVN 5937-1995 outlined national ambient air
quality standards for six key pollutants. The standards were updated in 2005 and
new standards have been proposed but are not yet enforced (TCVN 5937-2005).
Additional standards to control other hazardous air pollutants were also established
in 1995 by TCVN 5938-1995. In general, Vietnam standards for SO2 (24-hours: 125
µg/m3), NO2 (1-hour: 200 µg/m3), CO (1-hour: 30,000 µg/m3; 8-hours: 10,000 µg/m3)
and O3 (1-hour: 120 µg/m3) equal the limit values of the EU and are generally more
stringent than USEPA standards for SO2 (24-hours: 370 µg/m3), NO2 (1-hour: 280 µg/
m3), CO (1-hour: 40,000 µg/m3; 8 hours: 10,170 µg/m3) and O3 (1-hour: 240 µg/m3).
Only the Vietnam SO2 24-hour standard is lenient compared with the WHO guideline

Air Quality Management in Twenty Asian Cities 111

value of 20 µg/m3. The 24-hour and annual means for PM10, 150 µg/m3 and 50 µg/m3
respectively, correspond to the USEPA standards and are less stringent than the EU
limit values (50 µg/m3 and 40 µg/m3, respectively) and the WHO guideline values
(50 µg/m3 and 20 µg/m3, respectively). The annual standard for NO2 (40 µg/m3)
equals the EU limit and WHO guideline values and is more stringent than the USEPA
standard (100 µg/m3).
Unleaded petrol in Vietnam has been available since July 2001. Benzene, as well as
sulphur content, is still higher than that already being implemented in other countries
within the region. As with the rest of Vietnam, most of HCMC’s transport means rely
only on either gasoline or diesel fuels, which are mainly imported from other countries.
Standard TCVN 5689-1997, requires Vietnam’s diesel fuel to have sulphur content no
higher than 1 per cent of its weight. In fulﬁlment of this requirement, Petrolimex, the
country’s largest petrol importer, imports diesel with sulphur content no higher than
0.5 per cent of its weight. By virtue of TCVN 6704-2000, the gasoline being imported
to and used in the country can only have a maximum of 0.013 g/L lead content. Since
July 2001 unleaded gasoline has been introduced with the aim to reduce ambient
lead concentrations to below the WHO guideline value (Vietnam Register, 2002).
Mandatory emission standards for new automobiles and motorcycles are laid down
in TCVN 6438: 2001 – Air quality – Road vehicles emission – maximum permitted
limit. Voluntary emission standards for motorcycles and mopeds are promulgated in
TCVN 7357-2003 and TCVN 7358-2003 (APCEL, 2006).
Vehicles failing to meet the emission standards set by law can be suspended from
operation with their drivers subject to a ﬁne of VND 500,000 (US$31). Inspection of
in-use vehicles in the country began in August 1995 and since then all motor vehicles
have been required to undergo periodic inspections before they are given appropriate
inspection certiﬁcates and allowed on the roads. Inspection certiﬁcates are given out
only after the vehicles pass all 55 inspection test items. Compulsory emissions testing
in the country began to be implemented in August 1999 (Vietnam Register, 2002).
Vietnam has established a large number of national standards to limit industrial
emissions (TCVN 5939-1995; TCVN 5940-1995; TCVN 6991-2001 to TCVN 69962001) (APCEL, 2006; Le, Van Khoa, 2003).

Emissions
As Vietnam’s industrial and economic hub, the more dominant emission sources in
HCMC are industry and transport. Industrial plants contribute largely to SO2 (92
per cent) and CO2 emissions while mobile emissions are the main emitters of CO
(84 per cent), NOx (61 per cent) and HC (94 per cent) (Vietnam Register, 2002).
Motorcycles are a main contributor to emissions of CO, hydrocarbons and volatile
organic compounds while trucks are a major contributor to vehicle-related emissions
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of SO2 and NO2. Both trucks and motorcycles are the major emitters of vehicle-related
CO2 (Dam, 2004).

Monitoring
The automatic air quality monitoring network in HCMC has been operational since
1992. Until 2002 the network was composed of four residential and three roadside
monitoring stations. The residential monitoring stations measured PM, SO2 and NO2
while the roadside stations measured PM, NO2, lead and noise. In November 2002,
three automatic residential and two automatic roadside stations were also installed with
support from Norwegian International Development Agency (NORAD) increasing
the total number of automatic stations to nine.
Generally, air quality has been improving for TSP and SO2. In 1998 TSP concentration at roadside stations decreased from levels between 500 and 2000 µg/m3 to
levels of approximately 500 µg/m3 in 2004. However, these levels exceed the annual
TSP standard of 140 µg/m3. The reductions in the measured levels can be attributed
to changes in trafﬁc pattern and improvements to the road surface (Sivertsen et al,
2005). Annual SO2 concentrations have decreased since 2002 for three of the four
long-established sites. Figure 3.7 presents the annual levels for PM10, O3, NO2 and
CO at roadside and residential stations. Roadside and residential PM10 concentrations
ﬂuctuate between 60 and 120 µg/m3 and exceed the 50 µg/m3 standard. O3 shows a
slight increasing tendency at roadside stations and is fairly stagnant at residential
stations but is not considered to be a pollutant of key concern in the city as hourly
ozone values for the year 2004 have not exceeded the 1-hour standard more than
0.20 per cent of the time. Annual concentrations of NO2 at roadside stations are
slightly increasing and exceed the standard (40 µg/m3) and are stagnant and below
the standard at residential stations. CO levels are fairly constant throughout the years
both at roadside and residential stations.

Health
In 1995 the health effects of air pollution on trafﬁc police ofﬁcers were studied
by the HCMC Labour Protection Unit. The average tuberculosis infection rate of
HCMC residents is 0.075 per cent. However, police ofﬁcers exposed to high levels
of air pollution have a higher infection rate of 2.9 per cent. Police ofﬁcers were also
observed to have higher incidences of ear, nose and throat infections (Dang, 1995).
Statistics on the most common illnesses in HCMC hospitals also show respiratory
illnesses were consistently at the top from 1996 to 2000. The high occurrence of
respiratory-related illnesses may suggest that polluted air in HCMC has important
implications for public health (Department of Public Health, 2001).
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Figure 3.7 Average annual concentrations of PM10, O3, NO2, CO,
Ho Chi Minh City 2000–2004
Source: HEPA (2006)
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HONG KONG
UN estimated population 2002: 7.05 million
UN projected population 2010: 7.87 million
Area: 1102 km2
Climate: Sub-tropical
Map reference: 22° 16’N, 114° 11’E
Annual mean precipitation: 2200 mm
Altitude: 0 m
Annual mean temperature range: 13–31oC

SITUATIONAL ANALYSIS
General
Hong Kong is located at the southeastern part of China and covers Hong Kong
Island, the Kowloon peninsula and the 235 outlying islands called the New Territories
totalling an area of 1102 km2. Since 1997 it has been a Special Administrative Region
of the People’s Republic of China (Mottershead, 2002). Its lowest point is at mean sea
level and it has a sub-tropical climate.

Legislation
The 1983 Air Pollution Control Ordinance (APCO) provides the statutory framework
that enabled the establishment of air quality objectives and subsidiary regulations
which address the control of emissions from vehicle exhausts, construction dust and
major stationary sources. Under the APCO, Hong Kong is divided into ten air control
zones all of which are targeting a uniform set of air quality objectives (AQOs). APCO
is made operational by various Technical Memoranda which establish the AQOs for
each zone (Mottershead, 2002).
Although mainland China has national ambient air quality standards, Hong Kong
enforces its own locally established AQOs. The Hong Kong ambient AQOs are a set
of standards for TSP, PM10, SO2, NO2, CO, O3 and lead for varying averaging times.
For most compounds and averaging times the AQOs are more lenient than Chinese
Class II standards except for TSP, lead and long-term PM10. Hong Kong SO2 AQOs
for 24 hours (350 µg/m3) and one year (80 µg/m3) are more lenient than the WHO
guideline (SO2 24-hour: 20 µg/m3) and EU limit values (SO2 24-hour: 125 µg/m3
and 1 year: 20 µg/m3) but slightly more stringent than or equal to USEPA standards
(SO2 24-hour: 365 µg/m3 and 1-year 78 µg/m3). For 1-hour exposure Hong Kong’s
SO2 AQO (800 µg/m3) is less lenient than the EU limit value of 350 µg/m3. A similar
relationship exists between the Hong Kong AQO for NO2 (1-hour: 300 µg/m3, 1-year:
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80 µg/m3) and the WHO guideline and EU limit values (1-hour: 200 µg/m3, 1-year:
40 µg/m3) Hong Kong’s CO AQOs are identical to WHO and EU for 1-hour (30,000
µg/m3) and 8-hours (10,000 µg/m3) averaging times, while the 1-hour standard is
more stringent than the USEPA standard (40,000 µg/m3). For O3 the Hong Kong
1-hour AQO (240 µg/m3) corresponds to that of the US. For PM10 the AQOs for
24-hours (180 µg/m3) and 1-year (55 µg/m3) are more lenient than those of the
EU (24-hours: 50 µg/m3, 1-year: 40 µg/m3) and the guideline values of the WHO
(24-hours: 50 µg/m3, 1-year: 20 µg/m3). The AQO for lead (1.5 µg/m3) is equal to the
USEPA standard and is more lenient than WHO and EU values (0.5 µg/m3).
In July 2000, Hong Kong became the ﬁrst city in Asia to introduce ultra-low sulphur diesel, which has a sulphur content of less than 0.005 per cent, for use in motor
vehicles. From April 2002, it became the statutory standard for motor diesel (Hong
Kong, 2003).
With regard to emission standards, Hong Kong has adopted Euro III emission
standards since January 2001 for all newly registered vehicles except newly registered
private diesel cars which must meet emission standards which are more stringent than
the Euro III standards. Cleaner fuels and tighter emission standards introduced in
the past few years have signiﬁcantly reduced motor vehicle pollution (Hong Kong,
2003).
Hong Kong has promoted cleaner fuels and vehicles by replacing diesel vehicles
with liquid petroleum gas (LPG) vehicles. This incentive programme was completed
at the end of 2003. A similar scheme was launched in August 2002 to encourage the
early replacement of diesel light buses with LPG or electric light buses. A programme
to retroﬁt pre-Euro diesel light vehicles with particulate reduction devices was completed in October 2001. A similar retroﬁt programme for pre-Euro diesel heavy
vehicles began in December 2002. A new regulation to mandate the installation for
pre-Euro diesel light vehicles of up to four tonnes was introduced in December 2003
(Hong Kong, 2003).
Another motor vehicle emission control strategy is to tighten the control against
smoky vehicles. All vehicles reported under the scheme must be smoke tested by an
advanced test method using a chassis dynamometer at designated vehicle emission
testing centres to conﬁrm that the vehicle owners have rectiﬁed the smoke defects. The
government has adopted a policy to promote mass transit systems that are pollutionfree at street level.
With regards to industrial facilities, the Environmental Protection Department
(EPD) operates a range of controls under the APCO and its subsidiary regulations,
including licensing of some large industrial facilities and speciﬁc controls on furnace
and chimney installations, dark smoke emissions, fuel quality, open burning, dust
emissions from construction works, emissions from petrol ﬁlling stations and
perchloroethylene emissions from dry-cleaning facilities (EPD, 2004a).
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Emissions
In Hong Kong, the public electricity generation sector is a major contributor to
emissions of SO2 (90 per cent), NOx (76 per cent) and PM (37 per cent). The road
transport sector is a major source of PM (38 per cent) and CO (85 per cent) while
non-combustion is a major emitter of NMVOC emissions (79 per cent). This includes
dust from road construction and other industries which can be transported to locations
far away from the source. Overall there is a downward trend in the emissions of all
these pollutants (EPD, 2004a).
A serious problem exists with respect to transboundary pollution from the Pearl
River Delta (PRD) affecting air quality in Hong Kong. The PRD emits approximately
95 per cent of PM10, 88 per cent of VOC, 87 per cent of SO2 and 80 per cent of NO2,
while Hong Kong is only responsible for 5 per cent, 12 per cent, 13 per cent and 20
per cent of emissions for these compounds (Civic Exchange, 2004).

Monitoring
Hong Kong’s air quality monitoring network consists of 14 ﬁxed monitoring stations,
11 of which are used to monitor ambient air quality while three are used to monitor
roadside air pollution. The Air Services Group of the EPD is responsible for the
operation, maintenance and management of these 14 ﬁxed stations. The pollutants
continuously monitored are SO2, NOx, NO2, O3, CO and PM10 (respirable suspended
particulate). Figure 3.8 shows the levels of PM10, O3, NO2 and SO2 for the period
1994–2004 (EPD, 2005).
While TSP in urban and new town areas have been steadily declining since 1995,
annual concentrations of PM10 have been stagnant and complied with the AQO (55
µg/m3) between 1998 and 2002. After 2002 slight increases of annual values have
been noted. Roadside concentrations of PM10 continue to exceed the AQO despite
decreasing by 13 per cent in 2003 compared with 1999 (EPD, 2004b). The annual
average of PM10 for urban stations decreased from 1992 to 2000 but the trend has
levelled off in subsequent years. Annual levels of O3 show a rising tendency since
2000 while annual average NO2 concentrations have remained relatively constant
for the past decade. Annual average O3 for urban stations in 2003 (34 µg/m3) was
70 per cent higher than the 1993 value (20 µg/m3), with rural areas experiencing
higher concentrations compared to urban areas. In 2002 roadside concentrations of
NO2 were reduced by 16 per cent compared to 1999, further reﬂecting the success of
additional vehicle emission control measures (EPD, 2004b). NO2 concentrations have
been observed to be lower than the annual air quality objective (80 µg/m3).
The introduction of low-sulphur fuel content contributed to the reduction in
SO2 concentrations, which have remained below the annual Hong Kong AQO of 80
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Figure 3.8 Average annual concentrations of PM10, O3, NO2, SO2,
Hong Kong 1994–2004
Source: EPD (2005)
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µg/m3. The average SO2 roadside concentration in 2003 (16 µg/m3) fell by 43 per cent
compared with the 2000 value (28 µg/m3) (EPD, 2004b). CO concentrations have
remained relatively low and below the AQOs.

Health
A number of studies have investigated the effects of air pollution on human health
in Hong Kong. Wong et al (1999) investigated short-term effects of ambient air
concentrations of NO2, SO2, O3 and PM10 on hospital admissions for cardiovascular
and respiratory diseases in Hong Kong. Signiﬁcant associations were found between
hospital admissions for all respiratory diseases, all cardiovascular diseases, chronic
obstructive pulmonary diseases, heart failure and concentrations of all four pollutants.
Admissions for asthma, pneumonia and inﬂuenza were signiﬁcantly associated with
NO2, O3 and PM10. The relative risk for admissions for respiratory disease for the
four pollutants ranged from 1.013 (for SO2) to 1.022 (for O3), and for admissions for
cardiovascular disease from 1.006 (for PM10) to 1.016 (for SO2). Those aged 65 years
old and above were at greater risk. Signiﬁcant positive interactions were detected
between NO2, O3 and PM10, and between O3 and winter months. However, Wong
et al (2001) found only marginally signiﬁcant associations between daily mortality due
to cardiovascular and respiratory diseases and PM10 levels. For hospital admissions
due to cardiac diseases, signiﬁcant associations were observed with PM10, SO2 and
NO2 (Wong et al, 2002).
In 2000 the direct medical costs, the amount spent on dealing with the excess health
problems due to the annual average air pollution level, amounted to approximately
US$167 million spending on health care (Wong, 2002).
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JAKARTA
UN estimated population 2000: 12.30 million
UN projected population 2010: 17.50 million
Area: 661.52 km2
Climate: Tropical rain forest
Map reference: 6° 07’S, 106° 48’E
Annual mean precipitation: 1760 mm
Altitude: 7 m
Annual mean temperature range: 23–31°C

SITUATIONAL ANALYSIS
General
Jakarta is the capital city of the Republic of Indonesia. It is located on a ﬂat terrain on
the northern coast of Java Island near the Ciliwung river, and covers an area of 661.52
km2. It is approximately 7 metres above sea level and has a tropical rain forest climate
(ADB, 2002; World Bank, 1997).

Legislation
The 1997 Government Act No. 23 on Environmental Management and the 1999
Government Regulation No. 44 on Air Pollution Control are the main acts controlling
air pollution in Indonesia. The 1999 Act sets out the mandate for setting up standards
and acceptable practices in air pollution control for stationary and mobile sources
(ADB, 2002). The 1999 Government Decree No. 41 established national ambient air
quality standards.
Under the 2001 DKI Jakarta Governor’s Decree No. 551 the city of Jakarta has
its own set of standards which are stricter than certain national standards for SO2,
NO2, O3 and CO. The standard for SO2 for 24-hour exposure (260 µg/m3) is more
lenient compared to WHO guideline (20 µg/m3) and EU limit values (125 µg/m3) but
more stringent than the USEPA standard (370 µg/m3). The annual mean for SO2 (60
µg/m3) is also more stringent than the USEPA standard (80 µg/m3). The SO2 1-hour
standard of 900 µg/m3 is more than twice the EU limit value of 350 µg/m3. The NO2
1-hour (400 µg/m3) and annual standards (60 µg/m3) for Jakarta are also more lenient
than WHO guideline and EU limit values (200 µg/m3 and 40 µg/m3, respectively).
The O3 standard for 1-hour exposure (200 µg/m3) is more stringent than the USEPA
standard (240 µg/m3), but more lenient towards the EU limit (120 µg/m3) and the
WHO guideline value (100 µg/m3) .The 24-hour PM10 standard (150 µg/m3) is lenient
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compared to the EU limit and the WHO guideline value (50 µg/m3) and equals the
USEPA standard. The CO 1-hour exposure standard (26,000 µg/m3) is stricter than
WHO, USEPA and EU values.
For mobile emission standards the MOE has issued a notiﬁcation of the enforcement
of Euro II type approval standards taking effect in 2005. The standards were decreed
by MOE in October 2003 (Tamin and Rachmatunisa, 2004). In Jakarta the standards
for in-use vehicles are stricter than those of the national government as notiﬁed under
the 2001 Governor of DKI Jakarta Decree No. 1041. This legislation was implemented
in order to support the development of the inspection and maintenance system for
private passenger vehicles in Jakarta. The local standards, unlike the national, specify
the emissions standard based on the production year and vehicle technology (ADB,
2002).
In 2000 the Local Government of Jakarta introduced an Inspection and Maintenance Programme (I&M) which requires all vehicles to comply with emission quality standards and stipulates that the inspection and maintenance system will use a
decentralized system, involving the private sector with the local government as the
facilitator (Tamin and Rachmatunisa, 2004; World Bank, 2003).

Emissions
In Jakarta mobile sources account for approximately 80 per cent of the total SO2
emissions and 87 per cent of the total NO2 emissions, while stationary sources
(industry and power generators, utilities and household) account for 91 per cent
of PM emissions compared to approximately 8 per cent emitted by mobile sources
(Wirahadikusumah, 2002). Passenger cars and motorcycles are each responsible for
approximately 40 per cent of HC emissions. More then 50 per cent of NOx is emitted
from private motor vehicles and approximately 30 per cent from buses. Private motor
vehicles, buses and trucks are responsible for an equal share of sulphur oxides and
PM10 emissions (Wirahadikusumah, 2002).

Monitoring
An air quality monitoring system has been operational in Jakarta since 2000. The Indonesian Ministry of Environment has one mobile station and the Jakarta Environmental
Management Board (DKI Jakarta) has ﬁve ﬁxed continuous monitoring stations
linked to the air quality monitoring station network (Tamin and Rachmatunisa, 2004).
Pollutants monitored include TSP, PM10, NO2, SO2, O3 and lead.
Data for SO2 are considered unreliable because of their large variance. Annual
values for TSP exceeded the standard (230 µg/m3) in 2001. Data for 2002 to the present
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are not available. In the 1990s lead concentrations were below the WHO guideline
value of 0.5 µg/m3. However, in 2000 this air quality guideline was exceeded (World
Bank, 2003). From 2002–2003 there was a substantial decrease in the average lead
concentrations at various sampling locations in Jakarta city due mainly to the phasing
out of lead in vehicle fuel in 2001 (Nugroho, 2003).
Figure 3.9 presents the air pollutant levels in residential areas for PM10, O3,
NO2 and CO in 2000–2004. Indonesia has not adopted an annual standard for PM10,
therefore compliance of the data with a national standard cannot be undertaken.
Annual PM10 levels show a rising tendency with values exceeding the USEPA
standard (50 µg/m3) and approaching 100 µg/m3 in 2004. Ambient concentrations
of O3 have an increasing tendency to exceed the national standard (30 µg/m3) in all
years with concentrations double this limit in 2003. In 2002 annual concentrations
of NO2 exceeded the Indonesian air quality standard (60 µg/m3) while annual CO
concentrations have remained relatively low and stagnant.

Health
Health impact studies related to outdoor air pollution are rare in Jakarta. A survey
of the respiratory health impacts on mothers and children in Jakarta and Tangerang
related prevalence of various respiratory symptoms with NO2 concentrations. An
estimate of the costs of workdays lost for adults amounted to approximately Rupiah
15,639–18,165 (US$6.80–7.90) per episode and adult in Central Jakarta (Duki et al,
2003).

122 Urban Air Pollution in Asian Cities

Figure 3.9 Average annual concentrations of PM10, O3, NO2, CO,
Jakarta 2000–2004
Source: MoE (2005)
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KATHMANDU
UN estimated population 2003: —
UN projected population 2015: —
Area: 50.67 km2
Climate: Humid sub-tropical
Map reference: 27° 42’N, 85° 18’E
Annual mean precipitation: 1307 mm
Altitude: 1300 m
Annual mean temperature range: 2–30° C

SITUATIONAL ANALYSIS
General
Kathmandu is the capital city of Nepal and is the largest urbanized area in the
country covering 50.67 km2. It lies in a valley and is 1300 metres above sea level. It
is surrounded by hills ranging from 2100 to 3132 metres. Kathmandu has a humid
sub-tropical climate. Due to the valley’s topography, the occurrence of calm low
wind-speed conditions is common in this region, and the formation of temperature
inversions, especially in winter, encourages air pollutants to accumulate at high
concentrations (Shrestha and Raut, 2002).

Legislation
The legislative framework to control air pollution in Nepal is fragmented over 16
different acts and by-laws. The 1997 Environment Protection Act and Environment
Protection Rules act as a framework law on the environment (MOPE, 2005). The
Act covers environment conservation; pollution control and prevention; conservation
of natural heritage sites; operation of environmental funds; additional incentives to
minimize pollution; and compensation for environmental damage.
In June 2003 the Ministry of Population and Environment set national ambient air
quality standards for TSP, PM10, SO2, NO2, CO, lead and benzene (MOPE, 2005). The
annual air quality standards for NO2 and lead coincide with the WHO guideline and
EU limit values (40 µg/m3 and 0.5 µg/m3, respectively) as does the 8-hour standard
for CO (10,000 µg/m3). While the CO 8-hour standard coincides with that of the
USEPA, the NO2 annual standard is more stringent than that of the USEPA (100
µg/m3). The 24-hour standard for SO2 (70 µg/m3) is much more stringent than the EU
limit value (125 µg/m3) and the USEPA standard (370 µg/m3) but lenient against the
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WHO guideline value (20 µg/m3). The 24-hour PM10 standard (120 µg/m3) is lenient
compared with the EU limit value (50 µg/m3) but more stringent than the US standard
(150 µg/m3). Nepal has not promulgated an annual standard for PM10.
The 1993 Motor Vehicle and Transportation Management Act empowers local
authorities to prescribe standards for the examination of vehicles and to ﬁne those
who violate trafﬁc and transport rules. Since February 2000 the registration or transfer
of ownership of 20-year-old vehicles in Nepal and the importation of reconditioned
and second hand vehicles have been banned. The government has given 99 per cent
tax exemption and full VAT exemption to owners of three-wheeler and 10–14 seater
microbuses which run on less polluting alternative energy sources, such as CNG or
liquid natural gas.
In 2000 Nepal adopted production emission standards for new private motor
vehicles, light-duty vehicles, two-wheelers and three-wheelers. The standards deﬁne
tests which include tests to verify exhaust emissions of CO, HC and NOx after a cold
start, idling speed and the durability of pollution control devices (MOPE, 2005). Since
October 2000 the ‘Vehicle Emission Standards for Green Stickers’ for in-use vehicles
have been used to limit CO and HC in gasoline- and gas-operated two-, three- and
four-wheelers. For diesel vehicles the Hartridge smoke unit has been limited.
In 2002, the Industrial Promotion Board of the Government decided that the
government would stop registering brick kilns that use outdated Bulls Trench Kiln
technology in the Kathmandu valley. The Board began the legal and administrative
process to convert existing polluting industries to cleaner production options (CEN,
2002).

Emissions
There have been few studies on an inventory of air pollutants sources. A 1997 World
Bank study estimated total emissions of TSP and PM10 for 1993 and this was updated
in 2002 for the base year 2001. The main sources of air pollutants in the Kathmandu
Valley are motor vehicle exhausts, road re-suspension, brick manufacturing industries, domestic fuel combustion and refuse burning. There has been a decline in the
production of bricks and the number of brick industries in operation. The total number
of brick kilns in 1993 was 135 while in 2001 the number decreased to 116 (ENPHO,
2001). A major source of air pollution was the Himal Cement Factory, shut down in
2002 (KFW, 2004). While industrial sources of pollution have declined, other sources
are increasing with the high rate of urbanization in the valley.
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Monitoring
Kathmandu has six monitoring stations within the Kathmandu valley. As of 2004
only PM10 and NO2 are being monitored routinely. The monitoring stations for PM10
automatically collect 24-hour samples through the eight ﬁlters mounted 3 metres above
ground. The samples are collected once a week and analysed in a local laboratory
(CEN/ENPHO, 2003). NO2 is sampled by diffusion tubes exposed for a week. Other
compounds (TSP, PM2.5, SO2, CO2, benzene) are collected in campaigns and PAHs
are analysed in campaigns as well (MOEST, 2005). A low-volume sampler without
pneumatic movement designed according to the EN 12341 standard is used for PM10
and PM2.5 sampling. It is equipped with a 24 volt pump in order to operate, with a
battery back-up during power breaks. Power cuts are frequent in Nepal and can last
from a few seconds to 12 hours (Gautam et al, 2004).
Measurements of NO2 and SO2 were undertaken by ESPS in February–March
2003 in the middle of the dry season, when the concentration is probably at its
highest. The highest SO2 level was recorded in Bhaktapur, where it was higher than 50
µg/m3 at all times. In one of the four weeks the SO2 concentration slightly exceeded
the national 24-hour standard of 70 µg/m3. At all the other stations the SO2 levels
remained below or around 50 µg/m3 throughout the monitoring period (MOEST,
2005).
The results of the four-week monitoring showed that the NO2 level was highest in
Putali Sadak where it reached 50 µg/m3 but at all the other stations the NO2 levels were
considerably lower than 50 µg/m3. The high concentration of NO2 at Putali Sadak is
due to motor vehicle emissions. Routine measurements of NO2 started in November
2003. Monthly averaged values in 2004 showed a peak of about 45 µg/m3 in the dry
season (December to May), and much lower concentrations during July to November
2004 (MOEST, 2005). These results indicate that annual NO2 and SO2 concentrations
in the Kathmandu Valley could possibly comply with the national standards. Almost
all studies undertaken so far in Kathmandu indicate that the levels of NO2 and SO2 are
not of major concern (CEN/ENPHO, 2003)
Figure 3.10 shows the monthly and annual mean concentrations of PM10. The
ambient concentrations of PM10 usually exceed the USEPA and EU annual standards
and are ﬁve times above the WHO guideline value. Concentrations are signiﬁcantly
higher during the dry season (December–May 2004) compared to concentrations
during the wet season (June–October 2004) (Gautam et al, 2004). Monthly PM10
concentrations exceed the national 24-hour standard at several sites throughout the
monitoring period and would not comply with any monthly standard if it were set.
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Figure 3.10 Average annual concentrations of PM10, in Kathmandu 2003–2004
Source: MOEST (2005)

Health
The impact of air pollution on health in the Kathmandu valley has been assessed by
examining the number of patients suffering from diseases related to air pollution.
Medical records from hospitals in the Kathmandu valley revealed that urban residents
have more respiratory diseases than rural residents (LEADERS, 1998). From 1996
to 1998, the number of patients with acute respiratory infection (ARI) increased by
22.89 per cent per year. Similarly, the share of ARI patients out of the total outpatient
department visits increased from 9.99 to 10.11 per cent within the same period. Based
on 1990 data, mortality in the Kathmandu valley due to air pollution is estimated to be
84 excess deaths annually while the number of respiratory symptom days was approximately 1.5 million. The annual cost of morbidity resulting from PM10 is estimated to
be US$6.1 million and total health damage to US$7.2 million (CEN, 2003).
A reduction of PM2.5 levels in Kathmandu by half of the existing (47.4 µg/m3) is
estimated to result in a reduction in daily mortality of 7 per cent and hospital admissions
of 24 per cent. Similarly, a reduction in the annual average PM10 level in Kathmandu
to the international standard (50 µg/m3) will avoid over 2000 hospital admissions,
over 40,000 emergency room visits, approximately 135,000 cases of acute bronchitis
in children, over 4000 cases of chronic bronchitis and half a million asthma attacks.
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The number of chronic obstructive pulmonary disease (COPD) patients admitted to
three major hospitals in Kathmandu as well as the percentage of COPD patients as a
percentage of total medical patients has increased signiﬁcantly in the last ten years
(CEN/ENPHO, 2003).
It is estimated that among the sources of air pollution, trafﬁc (exhaust and resuspension) has the largest impact on health. Furthermore, it is estimated that the
reduction in vehicle exhaust emissions is effective in reducing health damage
equivalent to US$11.61 per kg emission reduction (World Bank, 1997).
Approximately US$10 million in tourism revenue has been lost due to air pollution in the Kathmandu valley (World Bank, 1997; Business Age, 2001). The atmospheric data obtained from the Kathmandu airport from 1970 onwards show that there
has been a substantial decrease in visibility in the valley since 1980 (Sapkota et al,
1997).

128 Urban Air Pollution in Asian Cities

KOLKATA
UN estimated population 2003: 13.81 million
Area: 1785 km2
UN projected population 2015: 16.80 million
Climate: Tropical savannah
Map reference: 22° 32’N, 88° 21’E
Annual mean precipitation: 1582 mm
Altitude: 6 m
Annual mean temperature range: 13–36° C

SITUATIONAL ANALYSIS
General
Kolkata is the capital city of the state of West Bengal and the largest metropolitan city
in the eastern part of India. It is situated in the Ganges Delta on the eastern bank of the
Hooghly River, which divides the West Bengal region. The Kolkata Metropolitan Area
(KMA) covers 1785 km2, while the area covered by the core city, Kolkata Municipal
Corporation, is only 187.33 km2. There are 38 municipalities in the KMA and three
municipal corporations, namely, Kolkata, Howrah and Chandannagar (CMDA, 2005).
Its altitude above sea level is 5.8 metres. Kolkata has a tropical savannah climate.

Legislation
The 1981 Air (Prevention and Control of Pollution) Act amended in 1987 and the
1982 Air (Prevention and Control of Pollution) Rules provide the legal basis for air
pollution abatement measures (MoEF, 2002, 2004a). The Air Act provides for the
control and abatement of air pollution while the Air Rules deﬁne the procedures of
the Central Pollution Control Board (CPCB) and State Pollution Control Boards
(SPCBs). Additional key legislation and programmes relating to air pollution include:
(i) The Environment (Protection) Act, 1986 (MoEF, 2004b); (ii) The National Policy
Statement on Abatement of Pollution (1992); and (iii) The Environment Action
Programme (1993) (Malé Declaration, 2000b).
National ambient air quality standards for SO2, NO2, CO, TSP, PM10 and lead
with short-term (24-hours) and long-term (annual) limits have been set for industrial,
residential (including rural and other areas) and sensitive areas in order of decreasing
values for set limits (MoEF, 2004a). Except for the 24-hour standard for PM10 and the
annual standard for SO2, the Indian standards for industrial areas are more stringent

Air Quality Management in Twenty Asian Cities 129

than the USEPA standards, which refer to the general population. For CO 8-hour
and 1-hour exposures the Indian standards in industrial areas and consequently in
residential and sensitive areas are stricter than WHO guideline and EU limit values.
The Indian annual standard for SO2 in residential areas (60 µg/m3) is more lenient that
the EU limit value, designed for the protection of ecosystems (20 µg/m3), however, this
standard for sensitive areas (15 µg/m3) is more stringent. The 24-hour SO2 standard in
industrial areas (120 µg/m3), residential areas (80 µg/m3) and sensitive areas (30 µg/
m3) is more stringent than the EU limit value (125 µg/m3) but more lenient than the
WHO guideline value (20 µg/m3). In contrast, the annual mean for NO2 in residential
areas (60 µg/m3) is less stringent than the WHO guideline and EU limit value (40
µg/m3), but in sensitive areas it is more stringent (15 µg/m3). India does not have
NO2 standards for 1 hour but rather for an exposure time of 24 hours. For PM10,
Indian standards in the residential area (annual: 60 µg/m3; 24-hours: 100 µg/m3) are
lenient compared to the EU limit values for exposure times of one year (40 µg/m3)
and 24 hours (50 µg/m3) and the WHO guideline values (annual: 20 µg/m3; 24-hours
50 µg/m3). The annual PM10 standard for residential areas is more lenient than the
USEPA standard (50 µg/m3) but the 24-hour standard is more stringent than the
USEPA standard (150 µg/m3). The Indian annual lead standard in residential areas
(0.75 µg/m3) is more lenient than the WHO guideline and EU limit value (0.5 µg/m3)
but more stringent than the USEPA standard (1.5 µg/m3). No standard for O3 has been
adopted in India.
In 1999 the Kolkata High Court passed an order which required all private or
commercial vehicles in KMA to comply with Bharat Stage II (Euro II equivalent)
standard and all three- and two-wheelers to comply with India 2000 standard (Euro
I equivalent) (WBPCB, 2003; CSE, 2006) In 2001 stricter emissions standards
were introduced for new four-wheeled vehicles (with gross vehicle weight, GVW,
� 3500 kg) and all other vehicles (GVW > 3500 kg) in KMA with the exception of
four-wheeled transport vehicles which have national, inter-state or tourist permits.
Complementary to these emissions standards, auto-emission testing centres were
equipped for improvement with the installation of a photo-imaging facility.
Since 2001 there has been a ban on the distribution and sale of loose 2T oil (inert
mixture of mobil oil and petrol) in KMA to address the problem with two-stroke twoand three-wheelers. In addition, dedicated dispensers for the sale of pre-mixed 2T
(low smoke) oil are now provided in Kolkata.
In 2001, under a notiﬁcation by the West Bengal Pollution Control Board
(WBPCB), the standards for PM emissions were set at 150 mg/Nm3 for all boilers
irrespective of their steam generation capacity, for all ceramic kilns irrespective of the
nature of kiln, and for all cast iron foundries (cupola furnaces), irrespective of their
metal melting capacity, for all rolling mills (WBDoE, 2003).
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Emissions
Industrial sources are responsible for approximately 48 per cent of the air pollution in
Kolkata with mobile sources accounting for 50 per cent and the domestic sector 2 per
cent (WBDoE, 2003). Large and medium industries emit approximately 56 per cent
of PM, whereas the small units emit more than 40 per cent of PM consuming only 6
per cent of total coal used in the industrial sector in Kolkata every day (Chakraborti,
2003). Major sources of PM2.5 are diesel and gasoline emissions, road dust resuspension, coal and biomass burning, especially in the colder months (World Bank,
2004b).

Monitoring
Kolkata has 17 ﬁxed active monitoring stations evenly distributed throughout the
city which regularly monitor TSP, respirable particles (RSPM/PM10), SO2, NOx and
lead and are operated mostly by the WBPCB (WBPCB, 2003). Three stations are
operated and maintained by the National Environment Engineering Research Institute
(NEERI). In 2003 the WBPCB installed ﬁve automatic ambient air quality monitoring
units in Kolkata and in the industrial areas of Howrah, Haldia and Durgapur. Figure
3.11 presents the annual average concentrations for TSP, NO2 and SO2 for the
period 1994–2004 and PM10 for 1997–2004. Since 1997 there has been a decreasing
tendency in the annual mean concentrations of TSP and PM10 (RSPM); however, air
quality standards for residential areas have been exceeded (140 µg/m3 and 60 µg/m3
respectively) (WBPCB, 2003; Bhattacharya, 2005). In contrast, NO2 concentrations
have been increasing and exceeded annual standards for residential areas (60 µg/m3)
in 2001 and 2002 but complied with the standard in 2003 and 2004. Large and sudden
variations in the NO2 concentrations may indicate problems in data sampling. In the
period 1998–2004 Kolkata achieved a signiﬁcant reduction in annual SO2 levels with
average annual air quality standards for residential areas being met (60 µg/m3).
Since the nationwide ban on leaded gasoline in India in 2000, lead concentrations
have declined substantially and meet the stringent air quality standard (0.75 µg/m3)
(WBPCB, 2003).

Health
In 1995 an estimated 10,647 premature deaths were attributed to air pollution in
Kolkata (Ghose, 2002). Studies have demonstrated that children inhaling polluted air
in Kolkata suffer from adverse lung reactions and genetic abnormality in exposed lung
tissues (Lahiri et al, 2000a; 2000b). Approximately 47 per cent of Kolkata’s population
suffers from lower respiratory tract symptoms with the lungs of city residents being
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Figure 3.11 Average annual concentrations of TSP, NO2, SO2, Kolkata 1992–2004,
and PM10 , 1997–2004
Source: WBPCB (2003); Bhattacharya (2005)
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approximately seven times more burdened compared to their rural counterparts due
to air pollution (Roy et al, 2001; WBPCB, 2003). Kolkata’s street hawkers are at a
higher risk of developing cancer due to the inhalation of benzo(a)pyrene over a period
of eight hours each day sitting near strategic road junctions for an exposure time of
15 years (Chakraborti, 2003).
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METRO MANILA
UN estimated population 2003: 10.35 million
UN projected population 2015: 12.64 million
Area: 636 km2
Climate: Tropical rain forest
Map reference: 14° 36’N 120° 59’E
Annual mean precipitation: 2159 mm
Altitude: 5 m
Annual mean temperature range: 21–34° C

SITUATIONAL ANALYSIS
General
Metropolitan Manila is the capital of the Philippines and is located along the shores
of Manila Bay on the west side of Luzon Island. The metropolis is ofﬁcially called the
National Capital Region consisting of 14 cities and three municipalities covering an
area of approximately 636 km2. Metro Manila has a tropical rain forest climate and is
approximately 5 metres above sea level.

Legislation
The 1999 Clean Air Act (CAA) provides the legal framework for air quality management in the country and established the air quality standards (CAA, 1999). The
CAA mandates the Department of Environment and Natural Resources (DENR)
through the Environmental Management Bureau as the department responsible for
air pollution management, control and prevention. The DENR also collaborates with
local governments under the 1991 Local Government Code (LGC, 1991).
The national air quality standards for PM10 (24-hours: 150 µg/m3; 1-year: 60
µg/m3) are lenient compared to the EU limit (24-hours: 50 µg/m3; 1-year: 40 µg/m3)
and the WHO guideline values (24-hours: 50 µg/m3; 1-year: 20 µg/m3) but only the
annual standard is lenient compared to the USEPA standard (50 µg/m3) while the 24hour standard equals that of the USEPA. The SO2 standard for 24 hours (180 µg/m3)
is lenient compared to the EU limit value (125 µg/m3) and the WHO guideline value
(20 µg/m3) but more stringent than the USEPA standard (365 µg/m3). The annual SO2
standard (80 µg/m3) is also lenient compared to the EU limit value (20 µg/m3) for
protection of the environment but equals the USEPA standard. There is no annual
standard for NO2 in the Philippines and the 24-hour standard has no equivalent in
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the USA, EU or WHO. The 8-hour O3 standard of 60 µg/m3 is more stringent than
the WHO (100 µg/m3) and EU (120 µg/m3) values and the 1-hour O3 standard (140
µg/m3) is more stringent than the USEPA standard (240 µg/m3). The CO standards are
equivalent to the EU, WHO and USEPA limiting values. The Philippines have also
adopted extreme short-term (30 to 60 minutes) ambient air quality standards for air
pollutants emitted from industrial sources and operations such as ammonia, carbon
disulphide, hydrogen chloride, hydrogen sulphide, SO2, NO2 and TSP. For SO2 and
NO2 these values correspond roughly to those of the EU (CAA, 1999).
In 2003 stricter exhaust emissions limits, equivalent to Euro I standards, were
introduced for new vehicles and motorcycles. Test procedures for these emissions are
all based on Euro regulations (CAA, 1999; Walsh, 2000). There are plans to adopt
Euro IV standard by 2009 (Walsh, 2000).
As part of the CAA, the annual inspection of vehicles is now required prior to
registration. The Department of Transportation and Communications (DOTC) and
Land Transportation Ofﬁce (LTO) have been mandated to establish a Motor Vehicle
Inspection System (MVIS); however, the establishment of such a system has yet to be
implemented. By 2005, ﬁve Private Emission Testing Centers (PETCs) were created
in order to conduct tests prior to registration, voluntary tests and tests of apprehended
vehicles. These PETCs will operate until the establishment of a comprehensive MVIS
(LTO, 2005).
Aside from the emissions testing that the vehicles undergo prior to registration,
the vehicles may also be stopped on the road and subjected to smoke emission testing.
In-use emissions standards are provided for gasoline- and diesel-fuelled vehicles.
CO and HC are monitored for gasoline vehicles, while smoke is measured for diesel
vehicles. In the period 2001–2003 there was a noticeable increase in the number of
vehicles which passed the test (Santiago, 2003).

Emissions
In 2003 mobile sources in Metro Manila were responsible for 85 per cent of PM
emissions while stationary sources were responsible for 15 per cent (Anglo, 2004).
The food products industry is the largest contributor of industrial PM in Metro Manila,
followed by textile companies (World Bank, 2002).

Monitoring
Metro Manila has had a network of nine stations monitoring air quality since 2004.
These stations, funded by ADB, measure real-time PM10, SO2, NO2, O3, CO, benzene,
xylene, toluene, methane, non-methane hydrocarbons and total hydrocarbons as well
as meteorological conditions (DENR, 2005).
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Concentrations of SO2 have been signiﬁcantly reduced in Metro Manila and
currently comply with the air quality standard (80 µg/m3) (Amador, 2003; DENR,
2005). In the period 2000–2004 PM2.5 concentrations monitored in various locations
within Metro Manila (residential, trafﬁc, commercial, industrial, agricultural and
mixed land use areas) and averaged over this period showed that at trafﬁc and
industrial locations PM2.5 concentrations did not comply with the USEPA 24-hour
(65 µg/m3) and annual standards (15 µg/m3, respectively) (Villarin et al, 2004). Figure
3.12 shows the annual concentrations of TSP for the period 1994–2004.

Figure 3.12 Average annual concentrations of TSP in Metro Manila 1994–2004
Source: Villarin et al (2004), DENR (2005)

Annual mean concentrations of TSP exceed the national guideline value for TSP
(90 µg/m3) (DENR, 2005; Vergel, 2004). Annual averages of PM10 concentrations
monitored in 2002 and 2003 varied between 50 and 60 µg/m3. Ambient monitoring
of NOx as well as CO, O3 and lead is not well established in Metro Manila (DENR,
2005).

Health
Children exposed to high levels of TSP (259 µg/m3 per 24 hours) have developed
a history of allergy and nasal congestion, while at low/fair levels of TSP (130
µg/m3) sneezing was observed (Briones, 2002). An estimated additional 10,000 cases
of acute bronchitis, 300 cases of asthma, 9 cases of chronic bronchitis, 200 respiratory
hospital admissions, 40 cardiovascular admissions, up to 200 cardiovascular deaths
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and up to 330 respiratory deaths were attributed to PM10 levels (Torres et al, 2004)
annually. In the Philippines the impacts and costs on health attributed to air pollution,
particularly PM10, were estimated at US$392 million for 2001, based on the monetary
costs for excess deaths (1915), treatment of chronic bronchitis incidences (8439) and
respiratory symptom incidences (50.5 million) linked to PM10 (World Bank, 2001).
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MUMBAI
UN estimated population 2003: 17.43 million
UN projected population 2015: 22.65 million
Area: 437.71 km2
Climate: Tropical savannah
Map reference: 18° 56’N, 72° 51’E
Annual mean precipitation: 2078 mm
Altitude: 11 m
Annual mean temperature range: 7–41° C

SITUATIONAL ANALYSIS
General
Mumbai is located on the west coast of India and consists of a peninsula originally
composed of seven islets. Mumbai is approximately 11 metres above sea level and
consists of several islands on the Konkan coast. The city (Greater Mumbai) occupies
an area of approximately 437.71 km2. Mumbai has a tropical savannah climate. High
pollution concentrations usually occur in the winter due to adverse meteorological
situations and low wind speed (MCGM, 2004).

Legislation
The 1981 Air (Prevention and Control of Pollution) Act amended in 1987 and the
1982 Air (Prevention and Control of Pollution) Rules provide the legal basis for air
pollution abatement measures (MoEF, 2002; 2004a). The Air Act provides for the
control and abatement of air pollution while the Air Rules deﬁne the procedures of
the Central Pollution Control Board (CPCB) and State Pollution Control Boards
(SPCBs). Additional key legislation and programmes relating to air pollution include:
(i) The Environment (Protection) Act, 1986 (MoEF, 2004b); (ii) The National Policy
Statement on Abatement of Pollution (1992); and (iii) The Environment Action
Programme (1993) (Malé Declaration, 2000b).
National ambient air quality standards for SO2, NO2, CO, TSP, PM10 and lead
with short-term (24-hours) and long-term (annual) limits have been set for industrial,
residential (including rural and other areas) and sensitive areas in order of decreasing
values for set limits (MoEF, 2004a). Except for the 24-hour standard for PM10 and the
annual standard for SO2, the Indian standards for industrial areas are more stringent
than the USEPA standards, which refer to the general population. For CO 8-hour
and 1-hour exposures the Indian standards in industrial areas, and consequently in
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residential and sensitive areas, are stricter than WHO guideline and EU limit values.
The Indian annual standard for SO2 in residential areas (60 µg/m3) is more lenient that
the EU limit value, designed for the protection of ecosystems (20 µg/m3), however, this
standard for sensitive areas (15 µg/m3) is more stringent. The 24-hour SO2 standard
in industrial areas (120 µg/m3), residential areas (80 µg/m3) and sensitive areas (30
µg/m3) is more stringent than the EU limit value (125 µg/m3) but more lenient than the
WHO guideline value (20 µg/m3). In contrast, the annual mean for NO2 in residential
areas (60 µg/m3) is less stringent than the WHO guideline and EU limit value (40
µg/m3), but in sensitive areas it is more stringent (15 µg/m3). India does not have NO2
standards for 1 hour but rather for an exposure time of 24 hours. For PM10, Indian
standards in the residential area (annual: 60 µg/m3; 24-hours: 100 µg/m3) are more
lenient than the EU limit values for exposure times of one year (40 µg/m3) and 24
hours (50 µg/m3) and the WHO guideline values (annual: 20 µg/m3; 24-hour: 50 µg/
m3). The annual PM10 standard for residential areas is more lenient than the USEPA
standard (50 µg/m3) but more stringent for 24 hours than the USEPA standard (150
µg/m3). The Indian annual lead standard in residential areas (0.75 µg/m3) is more
lenient than the WHO guideline and EU limit value (0.5 µg/m3) but more stringent
than the USEPA standard (1.5 µg/m3). No standard for O3 has been adopted in India.
The Air and Environment Acts stipulate that the setting of automobile emissions
standards is the responsibility of the CPCB or Ministry of Environment and Forests.
The Transport Commissioner is responsible for the implementation and enforcement
of these standards under the 1988 Motor Vehicles Act and 1989 Central Motor
Vehicles Rules.
Mass emission standards for new vehicles were ﬁrst introduced in India in 1991.
Stringent emission norms along with fuel quality speciﬁcations were laid down in
1996 and 2000. Euro I vehicle emission standards were applicable from 1 April 2000
and Euro II standards were applicable all over India from 1 April 2005. In Mumbai
Euro II standards for all new non-commercial vehicles were adopted in October 2002
for all commercial vehicles (World Bank, 2004a).
Lead in gasoline was completely phased out in Mumbai and the rest of India in
February 2000. In 2000, the benzene and sulphur content in gasoline was reduced to
1 per cent and 0.25 per cent, respectively. Mumbai reduced sulphur in diesel to 0.25
per cent in 1998, and to 0.05 per cent in April 2000 (Ghose, 2002; Singh, 2002).
The Mumbai Pollution Control Board (MPCB) is responsible for implementing
the industry-speciﬁc discharge and emission standards, also commonly referred to as
MINAS (Minimum National Standards), as prescribed by the CPCB. Other institutions
and policies related to stationary sources which have been implemented in Mumbai
include the Environmental Safety Committee, established after the Bhopal accident,
which provides experts for safety inspection of major plants. In addition, the 1984
Industrial Location Policy of Mumbai Metropolitan Region prohibits the expansion
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of large-, medium- and small-scale units in Mumbai and the 1979 Use of Coal Rule
of the Urban Development Department prohibits the issuing of new permits for coal
use in Mumbai (World Bank, 1997).

Emissions
A comprehensive emissions inventory for Mumbai was developed under the URBAIR
project (World Bank, 1997). Major sources of TSP were identiﬁed as being resuspension of road dust (approximately 40 per cent), wood combustion (17 per cent),
domestic refuse burning (approximately 14 per cent) and diesel vehicle exhaust (9
per cent). The main source of SO2 emissions was industrial fuel oil combustion and
power plants (82 per cent) while motor vehicles and industrial fuel combustion were
major sources of NOx emissions (52 and 41 per cent, respectively). More recently,
stone crushers have been identiﬁed as accounting for 37 per cent of TSP emissions
(NEERI, 2005). Receptor modelling was conducted to provide reasonable order-ofmagnitude estimates of the contribution of different sources to RSPM (PM10) levels
(World Bank, 2004a).

Monitoring
The Municipal Corporation of Greater Mumbai operates and maintains 22 monitoring
stations in the city. These were manually operated on a non-continuous basis to monitor
the criteria air pollutants, namely SO2, NO2, TSP and ammonia. In addition, NEERI
has operated three monitoring stations (World Bank, 1997). Figure 3.13 presents the
annual averages of TSP, PM10, SO2 and NO2 for 1994–2004.
Annual levels of TSP ﬂuctuate around 250 µg/m3 and do not comply with the
Indian standard of 140 µg/m3. PM10 (RSPM) levels in Mumbai have continued to
exceed the national standard for annual averages in residential areas (60 µg/m3).
Between 1997 and 2002 PM10 levels had a decreasing tendency with the ambient
concentrations for commercial, industrial and residential areas nearly approaching
the annual ambient standard for residential areas. After 2002, concentrations of PM10
levelled off and show a slight increase.
Between 1998 and 2004 the annual average concentrations of NO2 in Mumbai
declined and they are well below the India standard (80 µg/m3). Between 1997 and
2004 SO2 concentrations also declined. The annual mean levels are very low and
comply with the standard (80 µg/m3).
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Figure 3.13 Average annual concentrations of TSP, PM10 , NO2, SO2,
Mumbai 1994–2004
Source: NEERI (2005)
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Health
Several epidemiological studies have shown that in three urban communities in
Mumbai, with moderately raised pollution levels (SO2, NO2, TSP), there was an
increased occurrence of dyspnoea, chronic and intermittent cough, frequent colds,
chronic bronchitis and cardiac disorders, mainly cough, high blood pressure and
ischaemic heart disease, and deaths due to non-tuberculous respiratory and ischaemic
heart disease (Kamat, 2000). Signiﬁcant health differentials were also shown to exist
between a high-polluted area and a low or less polluted area in Mumbai (Shankar and
Rao, 2002).
The cost of health impacts in Mumbai have been estimated to be a total of
US$44.9 million which is attributed to mortality using the ‘loss in salary approach’
and US$206.3 million for costs attributed to morbidity (Srivastava and Kumar, 2002).
Another study has shown that the pollution in Mumbai can lead to high health costs
of approximately 19 per cent of the income of patients suffering from severe air
pollution-related attacks (Parikh and Hadker, 2003).
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NEW DELHI
UN estimated population 2003: 14.15 million
UN projected population 2015: 20.95 million
Area: 1483 km2
Climate: Tropical steppe
Map reference: 28° 38’N, 77° 17’E
Annual mean precipitation: 60 mm
Altitude: 216 m
Annual mean temperature range: 7–41° C

SITUATIONAL ANALYSIS
General
New Delhi is the capital city of India. It lies along the banks of river Yamuna in the
northern part of India south of the Himalayas. It covers a total area of 1483 km2 and is
approximately 216 metres above sea level. New Delhi has a tropical steppe climate.
Due to westerly winds, it is affected by dust storms, which leads to hazy atmosphere
and high ambient levels of PM (CPCB, 1998).

Legislation
The 1981 Air (Prevention and Control of Pollution) Act amended in 1987 and the
1982 Air (Prevention and Control of Pollution) Rules provide the legal basis for air
pollution abatement measures (MoEF, 1981a; 1981b; 1983). The Air Act provides for
the control and abatement of air pollution while the Air Rules deﬁne the procedures
of the Central Pollution Control Board (CPCB) and State Pollution Control Boards
(SPCBs). Additional key legislation and programmes relating to air pollution include:
(i) The Environment (Protection) Act, 1986 (MoEF, 2004); (ii) The National Policy
Statement on Abatement of Pollution (1992); and (iii) The Environment Action
Programme (1993) (Malé Declaration, 2000a). In 1997, an action plan for cleaner air
in New Delhi was developed (MoEF, 1997).
National ambient air quality standards for SO2, NO2, CO, TSP, PM10 and lead
with short-term (24 hours) and long-term (annual) limits have been set for industrial,
residential (including rural and other areas) and sensitive areas in order of decreasing
values for set limits (MoEF, 2004b). Except for the 24-hour standard for PM10 and the
annual standard for SO2, the Indian standards for industrial areas are more stringent
than the USEPA standards, which refer to the general population. For CO 8-hour
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and 1-hour exposures the Indian standards in industrial areas and consequently in
residential and sensitive areas are stricter than WHO guidelines and EU limit values.
The Indian annual standard for SO2 in residential areas (60 µg/m3) is more lenient that
the EU limit value, designed for the protection of ecosystems (20 µg/m3); however,
this standard for sensitive areas (15 µg/m3) is more stringent. The 24-hour SO2
standard in industrial areas (120 µg/m3), residential areas (80 µg/m3) and sensitive
areas (30 µg/m3) is more stringent than the EU limit value (125 µg/m3) but more
lenient than the WHO guideline value (20 µg/m3). In contrast, the annual mean for
NO2 in residential areas (60 µg/m3) is less stringent than the WHO guideline and EU
limit value (40 µg/m3), but in sensitive areas it is more stringent (15 µg/m3). India
does not have NO2 standards for 1 hour but rather for an exposure time of 24 hours.
For PM10, Indian standards in the residential area (annual: 60 µg/m3; 24-hours: 100
µg/m3) are more lenient than the EU limit values for exposure times of one year (40
µg/m3) and 24 hours (50 µg/m3) and the WHO guideline values (annual: 20 µg/m3;
24-hour: 50 µg/m3). The annual PM10 standard for residential areas is more lenient
than the USEPA standard (50 µg/m3) but more stringent for 24 hours than the USEPA
standard (150 µg/m3). The Indian annual lead standard in residential areas (0.75
µg/m3) is more lenient than the WHO guideline and EU limit value (0.5 µg/m3) but
more stringent than the USEPA standard (1.5 µg/m3). No standard for O3 has been
adopted in India.
Indian vehicle emissions standards for four-wheelers are based on European
standards. It has its own standards for two- and three- wheelers (Mashelkar et al,
2002). Since 2001 Bharat Stage II (equivalent to Euro II) emissions standards for
new vehicles have been in place in New Delhi. In April 2005 these standards were
implemented for the entire country. In addition Bharat Stage III and Bharat Stage II
standards for two- and three-wheelers have been introduced (FADA, 2005).
Vehicle emission standards for new vehicles were ﬁrst introduced in 1991 and subsequently revised in 1996 and 2000. In October 2004 revised idle emission standards
for on-road vehicles come into effect.
In 2001 the Ministry of Road Transport and Highways (MRTH) issued revised
emission standards for new vehicles using compressed natural gas (CNG) and in-use
vehicles converted to CNG. The MRTH has also introduced emissions standards for
liquid petroleum gas (LPG) (Dursbeck et al, 2001).
In 2000 gasoline and diesel improvements were implemented in New Delhi.
Sulphur in gasoline was reduced from 0.10 per cent to 0.05 per cent and benzene
levels from 3 per cent to 1 per cent. Sulphur in diesel was reduced from 0.25 per cent
to 0.05 per cent (Mashelkar et al, 2002).
Fuels used by industry allowed in metropolitan New Delhi are low-sulphur (0.4
per cent) coal, fuel oil/light diesel oil (LDO) and low sulphur heavy stock (LSHS)
with low sulphur (1.8 per cent). Other fuels used are LPG, CNG, kerosene, naphtha (a

144 Urban Air Pollution in Asian Cities

light gasoline) for power stations, aviation engine for aircrafts, ﬁrewood for domestic
use in rural areas and crematoriums and biogas (CPCB, 2005b).

Emissions
In New Delhi thermal plants are responsible for approximately 68 per cent of SO2
emissions and 80 per cent of TSP emissions. The transport sector is a main contributor
to NOx, CO (70–90 per cent) and non-methane VOCs (80 per cent) (Mashelkar et al,
2002; Gurjar et al, 2003). A receptor modelling study of PM10 indicated that there
were three principal sources of particle air pollution: vehicle exhaust, re-suspended
road dust and solid fuels (World Bank, 2004b).

Monitoring
The CPCB and NEERI share the operation and maintenance of the existing 11 monitoring stations (CPCB 2001a; 2001b; 2003a; 2003b). All compounds, with the exception
of NO2, show a decreasing tendency. Roadside CO levels approach the national air
quality standard (2000 µg/m3) for residential 8-hour exposure to CO (GONCT, 2003).
Ambient lead levels also decreased as a consequence of lead phase-out in gasoline.
Figure 3.14 shows the annual average concentrations of TSP, PM10, NO2 and SO2 for
the period 1994–2004 (CPCB, 2005b).
TSP levels ﬂuctuate between 300 and 360 µg/m3, well above the annual standard
of 140 µg/m3. Annual PM10 concentrations decreased from 270 µg/m3 in 1994 to half
this level in 2004, some 15 per cent above the Indian standard of 120 µg/m3. PM10
levels, which have been recently monitored, also are double that of the national 60
µg/m3 annual limit for residential areas (Duggal and Pandey, 2002; World Bank,
2004a).
Since 2001 annual NO2 concentrations have exhibited a slightly increasing tendency with values well below the national standard (60 µg/m3) for residential areas
(World Bank, 2004a). The annual SO2 concentrations decreased steadily from 1994
to 2004 and are relatively low and comply with the air quality standard (60 µg/m3)
for residential areas.

Health
The prevalence of chronic respiratory symptoms and diseases in the city is substantially
greater in those individuals living in slums and low-income housing areas. One
study showed that an increase in the economic status of the individual signiﬁcantly
decreased the prevalence of respiratory symptoms among those who were exposed
long term to high levels of air pollution (Chhabra et al, 2001).
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Figure 3.14 Average annual concentrations of TSP, PM10, NO2, SO2,
New Delhi 1994–2004
Source: CPCB (2005c)
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A time-series study of the impact of particulate air pollution on daily mortality in
New Delhi showed a positive signiﬁcant relationship between particulate pollution
and daily non-traumatic deaths, as well as deaths from respiratory and cardiovascular
problems and for certain age groups (Cropper et al, 1997).
A study conducted by the All India Institute of Medical Sciences in New Delhi
showed that exposure to PM has an impact on respiratory health and contributes
to respiratory morbidity. Results indicated that most common symptoms related to
air pollution were irritation of eyes, cough, pharyngitis, dyspnoea and nausea. The
increase in hospital admissions due to respiratory morbidity have also been correlated
with a rise in PM levels (Mashelkar et al, 2002).
Agarwal et al (2002) compared the vitamin D status of infants and toddlers in
two areas in New Delhi with a high and a low level of air pollution. The mean serum
concentration of 25-hydroxyvitamin D of infants in the lower pollution area was
more than double that of children living in the highly polluted area, suggesting that
air pollution may be the cause of the lower serum concentration of vitamin D in the
highly exposed infant sample.
The National Institute of Public Finance and Policy was commissioned by the
Expert Committee on Auto Fuel Policy to investigate the costs of health damages
from vehicle emissions. The results showed that the annual health damage of preEuro emissions for 25 Indian cities ranged from US$14 million (Rs 6.8 billion) to
US$191.6 million (Rs 93.1 billion) (Mashelkar et al, 2002). The government has
shown the commitment to further investigate the impacts of air pollution by initiating
a comparative risk assessment study, together with WHO, of nine Indian cities.
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SEOUL
UN estimated population 2003: 9.71 million
UN projected population 2015: 9.21 million
Area: 605.52 km2
Climate: Continental warm summer
Map reference: 37° 32’N, 127° 00’E
Annual mean precipitation: 1200 mm
Altitude: 60 m
Annual mean temperature range: –7–31° C

SITUATIONAL ANALYSIS
General
Seoul is the capital city of the Republic of Korea. It is located 30 km inland of the
Yellow Sea (Huang Hai) on the north side of the river Han (Hangang) and is less
than 100 metres above sea level. The total area of Seoul is 605.52 km2. The Hangang
River bisects the city in two parts: the northern part (Gangbok) and the southern part
(Gangnam). The Gangbok region totals 297.97 km2 while Gangnam is 307.55 km2.
Seoul has a continental warm climate.

Legislation
The 1977 Environment Conservation Law provided the basis for the 1990 Clean Air
Conservation Law (CACL) which requires mandatory continuous monitoring of air
pollutants and stipulates emission limits and the procedures for the authorization of air
pollutant emissions from different sources. Under this law, permission must be obtained
from the regional environmental ofﬁce for major private and public developments or
smaller scale projects that are to be located in areas which do not meet national air
quality standards. An environmental impact assessment must be conducted to ensure
environmental considerations are to be included in the development plans so as to
minimize any potential impacts (MoL, 2002).
National air quality standards exist for SO2, CO, NOx, O3, Pb and PM. However,
due to differences in regional characteristics, local governments of each province have
the authority to enforce their own municipal ordinances for environmental quality
standards. In March 1998 Seoul implemented more stringent air quality standards for
SO2, NOx and PM10 (MoL, 2002). The Seoul annual air quality standards for NOx (75
µg/m3) and lead (0.5 µg/m3) are more stringent than the USEPA standards (100 µg/m3
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[for NO2] and 1.5 µg/m3, respectively). The NOx annual standard is less stringent
than the EU limit value of 40 µg/m3 for NO2. The annual air quality standard for SO2
(27 µg/m3) is also more stringent than the USEPA standard (80 µg/m3) and almost
as stringent as the EU limit value (20 µg/m3), which, however, is designed for the
protection of ecological systems. The 24-hour SO2 standard (105 µg/m3) is more
stringent than both the USEPA standard (370 µg/m3) and EU limit value (125 µg/m3)
but is more lenient than the WHO guideline value (20 µg/m3). The Korean 8-hour
standard for CO (10,170 µg/m3) and O3 (120 µg/m3) are equal or approximately equal
to those of the EU; the O3 1-hour standard (200 µg/m3) is slightly more stringent than
the USEPA standard (240 µg/m3). The Seoul annual PM10 standard of 60 µg/m3 is
less stringent than the corresponding USEPA standard (50 µg/m3), EU limit value (40
µg/m3) and WHO guideline value (20 µg/m3). The Korean 24-hour standard for PM10
(120 µg/m3) is more stringent than that of the USEPA (150 µg/m3) but is more than
double that of the EU limit and WHO guideline value (50 µg/m3).
The current emission standards for new vehicles powered by gasoline and diesel
fuel meet Euro III and 2002 TLEV standards and will be strengthened to Euro IV and
ULEV standards by 2006. From July 2002 the PM emission standard was lowered
to between 0.20 g/kWh and 0.10 g/kWh for heavy-duty diesel vehicles. From 2006
the standards will be lowered further to 0.02 g/kWh. Vehicles undergo inspections
at least every two years and are subject to mandatory maintenance orders with the
possibility of ﬁnes if any of the pollutants are exceeded. Random roadside checks
are also conducted with over 200 inspection teams based around Korea. The sulphur
content of diesel fuel was lowered to 0.043 per cent (430 ppm) in 2002 and will be
further lowered to 30 ppm by 2006.
For stationary sources, the government has implemented policies to reduce the
sulphur content in fuels used by industry in order to meet the objective of lowering the
annual mean SO2 concentration below the standard of 55 µg/m3 (20 ppb). To manage
air pollutants emitted from manufacturing facilities, emission standards for 18 types
of gaseous substances, 9 types of particulate substances and 8 noxious substance
types equivalent to EU and Japanese standards were established out of the total of 52
pollutants speciﬁed in the CACL (MOE, 2006).

Emissions
In Seoul, mobile sources account for approximately 89.3 per cent of CO, 59.0 per cent
of NOx and 71.9 per cent of PM10 emissions. Sources for SO2 include non-industrial
combustion (67.3 per cent), combustion from manufacturing industry (14.6 per cent),
on-road mobile sources (8.0 per cent) and district-wide heating plants (6.1 per cent)
(MOE, 2003).
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Monitoring
In 2002 Seoul had 27 monitoring stations which continuously measured six air
pollutants including PM10, CO, O3, SO2, NOx and dust (APMA/KEI, 2002). At 11
stations, VOCs detectors were installed to measure the amount of ozone-forming
pollutants (MOE, 2003).
Since the 1990s SO2 and lead levels decreased dramatically and complied with
Seoul’s air quality standards. The annual levels for PM10, O3, NO2 and CO are exhibited in Figure 3.15 (APMA/KEI, 2002; MOE, 2002; 2003).
Despite stringent emission standards, PM10 levels are stagnant and do not yet
comply with Seoul’s standard of 60 µg/m3. This is due to the increasing number of
motor vehicles and the impact of the yellow sand from dust and sandstorms from mainland China. NO2 annual levels have shown an increasing tendency. Annual means for
CO decreased substantially between 1994 and 2004, having reached values below
800 µg/m3.

Health
In spring, transboundary air pollution combined with dust storms from the deserts
of northern China and Mongolia, has resulted in serious health impacts in Seoul.
Research tracing the rate of deaths among Seoul residents from March to May,
1995–1998, showed the death rate on ‘yellow sand days’ to be 1.7 per cent greater
than on normal days, everything else being equal. During the study period, PM10
concentrations on ‘yellow sand days’ averaged 101 µg/m3 compared to an average of
73 µg/m3 on non-yellow sand days (Kwon et al, 2002).
Increases in daily total mortality due to ambient air pollution have been observed
in Seoul (Kwon and Cho, 1999). Kwon et al (2002) estimated the effect of air pollution
on daily mortality of patients with congestive heart failure among residents of Seoul
during the period 1994–1998 in comparison with that of the general population in
the same area and the same period. The estimated effects appeared larger among the
congestive heart failure patients than among the general population (2.5 to 4.1 times
higher depending on the pollutant considered).
In Seoul, SO2 has been identiﬁed as a signiﬁcant predictor for all-cause deaths.
An increase of 133 µg/m3 (50 ppb) of SO2 corresponded to a 3.9 per cent increase in
excess deaths (95 per cent conﬁdence level: 0.7–7.2 per cent). These observations
have been controlled for weather conditions and the other pollutants (Lee et al,
2000). Assuming that the mortality in Seoul equals that of Korea (520/100,000),
approximately 1967 excess deaths per year (95 per cent conﬁdence interval: 353–
3635) would be associated with an increase of 133 µg/m3 in SO2. This ﬁnding is
consistent with those of similar studies in Seoul (Lee et al, 1999; Lee and Schwartz,
1999).
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Figure 3.15 Average annual concentrations of PM10, O3 , NO2, CO,
Seoul 1994–2004
Source: MOE (2006)
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In Seoul the average social costs per kg of emitted compounds are approximately
US$25.6 per kg of PM10, US$8.8 per kg of SO2, US$7.9 per kg NOx, US$6.5 per kg
CO and US$7.6 per /kg VOCs, respectively (MOE, 2002). When these estimates
are applied to Seoul’s case, the social costs caused by overall air pollution are
approximately US$2.5 billion, with CO comprising the largest portion of the costs
at 40.5 per cent.
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SHANGHAI
UN estimated population 2003: 12.76 million
UN projected population 2015: 12.67 million
Area: 6340 km2
Climate: Humid sub-tropical
Map reference: 31° 14’N, 121° 30’E
Annual mean precipitation: 1300 mm
Altitude: 4.5 m
Annual mean temperature range: 1–32 °C

SITUATIONAL ANALYSIS
General
Shanghai is located on the Yangtze River Delta and is bordered by Jiangsu and
Zhejiang provinces to the west and the East China Sea to the east. It is 4.5 metres
above sea level and has a total area of approximately 6340 km2, 11 per cent of which
consists of rivers and lakes. Shanghai has a humid sub-tropical climate.

Legislation
The 1989 national Environmental Protection Law is the framework law for the prevention and control of pollution. However, the 1987 Law on Prevention and Control of
Atmospheric Pollution sets out regulations for air pollution including environmental
impact assessment (Article 11); total emission control and emission licensing (Article
15); prohibition of industrial sources near protected areas (Article 16); banning of
equipment causing serious air pollution (Article 19); prohibition of coal washing
(Article 24); application of emission standards and controls for ﬁxed and mobile
sources (Articles 27, 30, 32).
National ambient air quality standards are categorized into three classes. Designated industrial areas are expected to comply with Class III standards, residential
areas with Class II standards and parks and specially protected areas with Class I.
Regulation GB3095-1996 requires Shanghai to comply with Class II standards. The
annual Class II standards for SO2 (60 µg/m3) and NO2 (40 µg/m3) are more stringent
than those of the USEPA (80 µg/m3 for SO2; 100 µg/m3 for NO2), but are more lenient
or equal to the EU limit values (20 µg/m3 for SO2; 40 µg/m3 for NO2). The EU limit
for SO2 protects ecosystems and corresponds to the Class I standard. The Class II
standards for 24-hour exposure to SO2 (150 µg/m3) are lenient compared with the
WHO guideline (20 µg/m3) and EU limit values (125 µg/m3) but more stringent than

Air Quality Management in Twenty Asian Cities 153

the USEPA standard of 365 µg/m3. The Class II 1-hour standard for SO2 (500 µg/m3)
is lenient compared with the EU limit value of 350 µg/m3 as is the 1-hour standard
for NO2 (240 µg/m3) compared with the WHO guideline and EU limit values (200
µg/m3). For O3 the Chinese standard (160 µg/m3) is more stringent than the USEPA
standard (235 µg/m3) but more lenient than the EU limit (120 µg/m3) and the WHO
guideline value (100 µg/m3). The PM10 standards for 1 year and 24 hours (100 µg/m3,
150 µg/m3) are more lenient than the EU limit values (40 µg/m3, 50 µg/m3), the WHO
guideline values (20 µg/m3, 50 µg/m3) and the USEPA annual standard (50 µg/m3) but
are equal to the USEPA 24-hour standard (150 µg/m3).
Use of leaded gasoline in Shanghai has been banned since 1997 (Wang, 2003).
Chinese vehicle emission regulation (GB-18352-1), equivalent to Euro I standards
was enacted in April 2001. Stricter Euro II equivalent vehicle emission standards have
also been imposed in Shanghai since 2003 (Jingguang, 2003). In 2005 all gasoline
two-wheelers were phased out in Shanghai although a few are still operating in the
suburban areas (ADB, 2003).
For stationary and area sources, emissions from thermal power plants; cement
plants; coal-burning, oil-burning and gas-ﬁred boilers; coke ovens; industrial kilns and
furnaces and even cooking fumes are subject to emissions standards. Regulations and
standards are also being implemented for solid waste – speciﬁcally for incineration
of municipal solid wastes and hazardous wastes; storage and disposal sites of solid
wastes from general industries and on pollutants from ﬂy ash use in agriculture
(SEPA, 2003).

Emissions
In 2001 industrial sources emitted a total volume of 472,600 tons of SO2, 135,200
tons of particulate from coal burning and 18,200 tons of dust, which were already
lower than the previous decade by 41,000 tons (for SO2) and 94,000 tons (particulate
from industry) (Wang, 2003). In Shanghai, power plants are major emitters of SO2
and NOx (approximately 53 per cent); other industries contributed 20–26 per cent.
Industrial PM emissions amount to approximately 20 per cent of total emissions (Fu,
2004).

Monitoring
The Shanghai Environmental Monitoring Centre (SEMC) is responsible for a total of
44 monitoring stations in Shanghai, 21 of which are automatic. Pollutants monitored
include TSP, PM10, CO, SO2, NOx, lead, dust and ﬂuoride (UNESCAP, 2000).
Figure 3.16 shows the ambient air pollutant concentrations for TSP, PM10, NO2
and SO2. TSP levels decreased from 281 µg/m3 in 1994 to 140 µg/m3 in 2003. Between
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Figure 3.16 Average annual concentrations of PM10, TSP, NO2, SO2,
Shanghai 1994–2004
Source: Fu (2004)
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2000 and 2004 annual levels of PM10 remained stagnant at approximately 100 µg/m3,
corresponding to the standard. Between 1997 and 2004 NO2 levels slightly decreased.
In contrast, SO2 levels decreased substantially to practically half their 1994 values in
2002 but show an increasing tendency since then (Fu, 2004).

Health
With regard to the impact of air pollution on health, every 10 µg/m3 increase over
a 48-hour moving average of PM10, SO2 and NO2, corresponds to a relative risk of
non-accident mortality of 1.003, 1.016 and 1.020 (i.e. to 0.3, 1.6 and 2.0 per cent
excess mortality), respectively, in Shanghai residents (Kan and Chen, 2003a; 2003b).
In terms of effect on stroke mortality, an increase of 10 µg/m3 of PM10, SO2 and
NO2 corresponds to a relative risk of 1.008, 1.017 and 1.029, respectively (Kan et al,
2004a). Each increase of 10 µg/m3 in PM10, SO2 or NO2 was found to correspond to
a relative risk of diabetes mortality of 1.006, 1.011 or 1.013, respectively (Kan et al,
2004b).
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SINGAPORE
UN estimated population 2003: 4.25 million
UN projected population 2015: 4.71 million
Area: 697.1 km2
Climate: Tropical rain forest
Map reference: 1° 19’N, 103° 51’E
Annual mean precipitation: 2272.2 mm
Altitude: 10 m
Annual mean temperature range: 23–31oC

SITUATIONAL ANALYSIS
General
Singapore is located at the southernmost tip of the Malayan peninsula, between
Malaysia and Indonesia. It comprises the island of Singapore and 63 islets within
its territorial waters. The main island has a total area of 697.1 km2. Singapore has a
tropical rain forest climate and is 10 metres above sea level.

Legislation
The 1999 Environmental Pollution Control Act (EPCA) and its subsidiary regulations
regulate air pollution. The 2000 Environmental Pollution Control (Air Impurities)
Regulations stipulate emission standards for air pollutants which repeal the original
1978 Clean Air Standards. The EPCA consolidates previous laws on air, water and
noise pollution and therefore provides a more comprehensive legislative framework
for the control of environmental pollution (NEA, 2005). The USEPA air quality
standards and the WHO air quality guidelines are used as guidelines in the evaluation
of the ambient air quality.
Since January 2001 all petrol- and diesel-driven vehicles were required to comply
with the Euro II emission standard. From 1 July 2003 all motorcycles/scooters were
required to comply with the exhaust emission standard as speciﬁed in the European
Directive 97/24/EC before they could be registered for use in Singapore. In addition to
emission standards, all vehicles are also subject to periodic mandatory inspections.
The National Environment Agency (NEA) has gradually required the use of
cleaner fuel, such as the removal of tetraethyl lead in petrol. The lead in petrol was
phased out by 1 July 1998. To further reduce emissions from diesel vehicles, the
permissible level of sulphur in diesel was also reduced from 0.3 per cent to 0.05 per
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cent by weight from 1 March 1999. This low-sulphur diesel has also helped reduce
levels of SO2 and particulate emissions from diesel-driven vehicles, allowing the
introduction of more stringent Euro II emission standards for diesel-driven vehicles.
The speciﬁcations for diesel fuel will be upgraded in preparation for the adoption of
Euro IV standards for diesel vehicles in October 2006 (NEA, 2004a; 2005).

Emissions
Singapore does not have air emissions inventories since the authorities believe that
their extensive air monitoring and enforcement programmes have been efﬁcient in
keeping the air quality of Singapore within international standards. The 2005 State
of Environment reports that the main sources of air pollution in Singapore are from
the burning of fossil fuel for heat generation in industries, electricity generation and
transportation. The sources of air pollution then can be grouped into three categories as
follows: stationary sources such as power stations, oil reﬁneries and industries; mobile
sources such as motor vehicles; and others such as transboundary air pollution.

Monitoring
The NEA monitors the ambient air quality through the telemetric air quality monitoring
and management system. This comprises a network of remote air monitoring stations
linked to a central control system via dial-up telephone lines. There are 16 remote air
monitoring stations in the network, of which 14 stations monitor ambient air quality
and two monitor roadside air quality (NEA, 2004a). The air monitoring stations are
strategically located to accurately monitor the air quality at different parts of the
island. Ambient stations are classiﬁed as urban, industrial and suburban depending on
the activities in the area where they are located. The two roadside stations are situated
near busy roads or expressways and are used to assess the effectiveness of NEA’s
vehicle emission programme. Automatic analysers and equipment are installed at the
stations to measure the concentrations of major air pollutants, such as SO2, CO, O3,
PM10 and NOx.
Since 2001 there has been a further decrease in SO2 levels. In 2004, the annual
average level was below 15 µg/m3 considerably lower than the USEPA standard of 80
µg/m3 and below the EU limit value of 20 µg/m3 which is designed for protection of
ecological systems. Annual average lead levels are below the WHO guideline value
of 0.5 µg/m3. Figure 3.17 presents the annual concentrations for PM10, O3, NO2 and
CO for the period 1994–2004.
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Figure 3.17 Average annual concentrations of PM10, O3, NO2, CO,
Singapore 1994–2004
Source: NEA (2004b)
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PM is of speciﬁc concern in Singapore because of its impact on human health.
Since 1998 PM10 annual levels have been below 35 µg/m3 and comply with the USEPA
standard of 50 µg/m3 but exceed the WHO guideline value of 20 µg/m3. Singapore
is currently striving to meet the USEPA standard of 15 µgm3 for PM2.5, since black
carbon and sulphates are big contributors to ﬁne particulates in the city. Coarse PM in
Singapore is caused mostly by sea salt.
Annual O3 levels are low and 8-hour averages meet the USEPA standard, which
stipulates that the one-hour O3 concentration should not exceed 240 µg/m3 on more
than one occasion per year.
NO2 concentrations varied between 24 and 36 µg/m3 in the period 1994–2004 and
comply with the USEPA standard (100 µg/m3), and the EU limit and WHO guideline
value (40 µg/m3). In the same period, annual averages of 8-hour CO levels ﬂuctuated
between 600 and 1000 µg/m3 complying with the USEPA standard and EU and WHO
limits of 10,000 µg/m3.

Health
A number of studies have addressed the impacts of air pollution in Singapore,
particularly the effects of haze and PM on the health of residents. In 1997 Singapore
was greatly affected by regional haze from the end of August to the ﬁrst week of
November. During this period there was a 30 per cent increase in outpatient attendance
coinciding with haze episodes. The following increases were seen: 12 per cent upper
respiratory tract illness, 19 per cent asthma and 26 per cent rhinitis were associated
with the increase in PM10 levels from 50 µg/m3 to 150 µg/m3. There was also an
increase in haze-related accidents. The 1997 haze episode is still considered as mild
as there was no associated change in hospital admissions and mortality (Emmanuel,
2000).
Because of a high prevalence of asthma, Singapore is concerned about any
factors that can affect asthma patients. One in ﬁve children has asthma (Chew et
al, 1999a) and a further one in ﬁve reports suffering from asthma but has not been
formally diagnosed (Goh et al, 1996). Linkages between ambient air pollution levels
in the city and asthma exacerbation were established by a ﬁve-year time-series study.
Despite ambient concentrations of SO2, TSP, NO2 and O3 complying with USEPA
standards and WHO guideline values, there was a positive correlation between levels
of each of these pollutants and emergency room visits due to asthma for patients
aged 3 to 12 years old. There was an increase of 2.9 ER visits for every 20 µg/m3
increase in SO2 concentration one day after days that levels were above 68 µg/m3.
Similarly, an increase of 5.8 emergency room visits for every 20 µg/m3 increase in
TSP concentration one day after days that levels were above 73 µg/m3. The ﬁndings
of the study suggested that asthmatic children are susceptible to increases in pollutant
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concentration despite the ambient levels still being within the accepted levels. The
correlation, however, was not observed in children and young adults aged 13 to 21
years old (Chew et al, 1999b).
Although ambient air concentrations in Singapore have always met the international standards set by USEPA and guideline values derived by WHO before
2005, the economic cost of air pollution on human health in Singapore can still be
considered signiﬁcant. A study by the National University of Singapore has estimated
that the total economic cost of particulate air pollution for Singapore is US$3662
million, which was approximately 4.31 per cent of GDP in 1999. This was based on
a damage-function/dose response approach on morbidity and mortality effects (Quah
and Boon, 2003).
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SURABAYA
UN estimated population 2003: 2.62 million
UN Projected population 2015: 3.45 million
Area: 326 km2
Climate: Tropical rain forest
Map reference: 7° 13’S, 112° 45’E
Annual mean precipitation: 1321 mm
Altitude: 3–10 m
Annual mean temperature range: 25.5–33°C

SITUATIONAL ANALYSIS
General
Surabaya is the second largest city in Indonesia after Jakarta and it is the capital of
the east Java Province. It covers an area of 326 km2 and is approximately 3–10 metres
above sea level. Surabaya has a tropical rain forest climate.

Legislation
The 1997 Government Act No. 23 on Environmental Management and the 1999
Government Regulation No. 44 on Air Pollution Control are the main acts controlling
air pollution in Indonesia. The 1999 Act sets out the mandate for setting up standards
and acceptable practices in air pollution control for stationary and mobile sources
(ADB, 2002). Surabaya’s ambient air quality standards are based on the 1999 Government Decree No. 41 which established national ambient air quality standards but are
less stringent than the standards adopted by Jakarta.
The SO2 annual mean standard (60 µg/m3) is more stringent than the USEPA
standard (80 µg/m3) and only slightly higher than the EU limit value (50 µg/m3).
The standard for SO2 for 24-hour exposure (365 µg/m3) is comparable to the USEPA
standard but lenient compared to the WHO guideline (20 µg/m3) and EU limit value
(125 µg/m3). The SO2 1-hour standard of 900 µg/m3 is more than double the EU
limit value of 350 µg/m3. The NO2 1-hour (400 µg/m3) and annual standards (100
µg/m3) valid in Surabaya are also more lenient than WHO guideline and EU limit
values (200 µg/m3 and 40 µg/m3, respectively). The annual NO2 standard equals the
USEPA standard. The O3 standard for 1-hour exposure (235 µg/m3) is equivalent to
the USEPA standard (240 µg/m3). The 24-hour PM10 standard (150 µg/m3) is three
times the EU limit value (50 µg/m3) and more than seven times the WHO guideline
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value (20 µg/m3). The CO 1-hour exposure standard (30,000 µg/m3) is equivalent to
both WHO and EU values and more stringent than the USEPA standard.
Surabaya follows Indonesia’s Act No. 14 (1992) on Road Trafﬁc and Transport,
which states that to prevent air and noise pollution every motor vehicle must meet
emission and noise standards. Emission tests are integrated into the roadworthiness
test under the 1993 Government Regulation No. 43 on Vehicles and Motorists. There
are two types of roadworthiness tests for vehicles in Indonesia: type approval tests
for new type vehicles, and regular inspections for in-use vehicles that have passed the
type approval test.
The 1993 Decree No. 35 sets motor vehicle exhaust emissions standards for
Indonesia. The legislation stipulates the permissible limits for CO and HC for gasoline
motorcycles, motor vehicles and black smoke for diesel vehicles. The CO and HC are
measured at idle condition and smoke is measured at free acceleration.
Based on the 1995 Decree No. 13 ﬁve types of emission standards have been
established for stationary sources of air pollution. The standards apply to the iron and
steel, pulp and paper, cement and coal-ﬁred power sectors, with all other industries
grouped together as ‘other industries’. All standards have been applied since May
1995 and stricter emission standards were introduced in 2000. Indonesia intends to
improve the regulation to introduce stricter standards (GEF, 1998).

Emissions
There is no comprehensive emissions inventory or source apportionment of air pollution in Surabaya. One 2000 study shows emissions estimates for SO2, HC, CO, NOx
and dust from reﬁning industries, non-mobile sources and mobile sources based on
fuel consumption (Silaban, 2003). Industry is a major source of dust or particulate
emissions especially the reﬁning industry, followed by the food industry, while mobile
sources are major emitters of SO2 and NOx.

Monitoring
In 1999, Indonesia established a network of ambient air quality monitoring stations
in ten cities network through the Indonesian Environmental Impact Management
Agency (BAPEDAL). Five of these stations are located in Surabaya. The AQMS
network monitors the concentrations of NO2, HC, SO2, PM10, CO and O3. In addition
it records meteorological data which includes wind direction and speed, humidity,
solar radiation and temperature (ADB, 2002).
Figure 3.18 presents the annual levels for PM10, O3, NO2 and CO for the period
2001–2004. In the period 2001 to 2003 SO2 concentrations complied with the annual

Air Quality Management in Twenty Asian Cities 163

Figure 3.18 Average annual concentrations of PM10, O3, NO2, CO,
Surabaya 2001–2004
Source: Air Laboratory of Surabaya (2003)
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standard (60 µg/m3); however, in 2004 the standard was exceeded due to a rapid
increase in annual SO2 concentrations.
Annual PM10 levels in Surabaya for 2001 to 2004 generally comply with the
USEPA standard (50 µg/m3). In the same period the observed O3 annual levels also
complied with the Indonesian standard for 1-year averaging (50 µg/m3). Very low
O3 concentrations were observed in 2003 leading to the substantial decrease in that
year which merits further clariﬁcation. Annual NO2 concentrations in 2001–2004 are
relatively low and comply with the standard (100 µg/m3). During the same period
24-hour levels of CO comply with 24-hour averaging (10,000 µg/m3) standards and
show a decreasing tendency.

Health
No reports on the health impacts of air pollution in Surabaya appear to exist in the
international literature. There are no ofﬁcial cost ﬁgures with regard to the environmental and health effects of air pollution in Surabaya due to air pollution. There are
no available surveys or studies available which determine the cost and the severity of
the magnitude and signiﬁcance of the environmental effects.
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TAIPEI
UN estimated population 2002: 2.51 million
UN projected population 2010: 2.45 million
Area: 271.8 km2
Climate: Humid sub-tropical
Map reference: 25° 04’N, 121° 33’E
Annual mean precipitation: 2161.9 mm
Altitude: 8 m
Temperature range: 15–26.7° C

SITUATIONAL ANALYSIS
General
Taipei city lies on the island of Taiwan in a basin of land covering an area of 271.8
km2. It is surrounded by mountains and is 8 metres above sea level. In 2001 the
designated planning area of the city was limited to approximately 49.29 per cent of
its total area. This is mainly due to its mountainous topography (DUD, 2003). Taipei
has a humid sub-tropical climate.

Legislation
The 1975 Air Pollution Control Act (APCA), which was revised in 2002, provides the
legal basis for air pollution-related laws and regulations. The Act deﬁnes the different
responsibilities and tasks of central and local government agencies. The Environmental
Protection Agency, in consultation with the local competent authorities, is responsible
for air pollution management, such as programme initiation, establishing emission
standards and guidelines on fees. Local government agencies may draft more stringent
emission controls but these require approval by the central authority (EPA, 2002).
The 2003 Air Pollution Control Act Enforcement Rules describe in detail the speciﬁc
responsibilities of the competent authorities as well as the speciﬁc implementation
of air quality monitoring (e.g. types of stations, pollutants to be measured and
reporting).
The Department of Environmental Protection (DEP) outlines the air quality
standards for Taipei. Annual average levels of ambient concentration of PM10 and
NO2 must not exceed the maximum limit of 65 µg/m3 and 95 µg/m3, respectively,
while 8-hour average limits for CO and O3 are set at 10,000 µg/m3 and 120 µg/m3
respectively. Monthly average levels for lead should not exceed 1.0 µg/m3 (DEP,
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2004). The Taiwan standards are equal to those of the USEPA. The PM10 and NO2
annual Taiwan standards are lenient compared with the EU limit values (both 40
µg/m3, respectively).
Taiwan has established a relatively extensive motorcycle emission control programme both for new and in-use motorcycles. Type approval emission standards have
been set for CO, HC and HC + NOx. If motorcycles fail to meet the EPA standards, the
burden is not limited only to the owners but also the manufacturers. If the motorcycles
have been properly maintained yet fail to meet the standards, manufacturers are obliged
to recall and repair them. A ﬁne of approximately US$47 is imposed if motorcycles
fail the roadside inspections and approximately US$94 for failure of periodic idle
tests (Chuang, 2001).
Since 2000 gasoline in Taipei has been lead-free (ADB, 2003). Currently, gasoline in the market has to contain only up to 1 per cent benzene (by volume) and
180 ppm of sulphur, while diesel has to meet the limit of 0.035 per cent by weight
of sulphur content. In 2007 more stringent fuel standards will be implemented in
Taiwan to make fuel compatible with Taiwan’s phase 4 emissions standards for diesel
automobiles which are in line with the international trend towards low sulphur levels.
Sulphur content in diesel and gasoline will be limited to a maximum of 50 ppm in
2007 (EPA, 2003a).
The 1986 Toxic Chemical Substances Control Act (revised in 1999) prevents
any toxic chemical substances from polluting the environment or from endangering
human health. The Act outlines the responsibilities of national and local governmental
ofﬁces. It classiﬁes toxic substances according to their level of impact: Class I includes
toxic chemical substances that are not prone to decompose in the environment or
that pollute the environment or endanger human health due to bioaccumulation,
bioconcentration or biotransformation. Class II includes toxic chemical substances
that cause tumours, infertility, teratogenesis, genetic mutations or other chronic
diseases. Class III includes toxic chemical substances that endanger human health or
the lives of biological organisms immediately upon exposure. Class IV includes toxic
chemical substances for which there is concern of pollution of the environment or a
risk to human health (EPA, 2003b).
The APCA requires industries or establishments to secure the necessary permits
from the responsible agency at the municipal or county (city) government level before
installation, operation or modiﬁcation of any stationary source. Before a permit is
granted, those applying for the permit need to ﬁrst undertake an environmental impact
assessment and submit an Air Pollution Control Plan. Even after a permit is secured,
the concerned establishments or stationary sources are still subject to reviews and ﬁnes
from the responsible agency in the course of actual operation (EPA, 2002; 2003c).
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Emissions
A 2003 inventory of pollutant emission sources in the city shows that combustion,
road transport and fugitive emissions contribute greatly to the total emission load of
most pollutants. Fugitive emissions contribute as much as 85 per cent of total TSP
emissions and 50 per cent of PM10. Emissions from petroleum-fuelled vehicles are
also a key source of NOx (26 per cent), non-methane hydrocarbons (13 per cent) and
CO (51 per cent), while diesel vehicles are a key source of SOx (16 per cent) and NOx
(38 per cent). Motorcycles in the city are major contributors of NMHCs (21 per cent)
and CO (38 per cent) (BEP, 2003).

Monitoring
The Taiwan Air Quality Monitoring Network (TAQMN) was established in 1990 and
initially had 19 air quality monitoring stations. These were increased to 66 stations in
1993 and 72 stations in 1998. Pollutants being monitored under the TAQMN include
NO2, CO, PM, O3, SO2 and HCs (EPA, 2003d). Taipei is located within the northern air
quality control basin where the EPA has installed 19 continuous emissions monitoring
stations. Eight of these automatic and computerized air quality monitoring stations
are located in Taipei city, ﬁve of which are dedicated for ambient monitoring (DEP,
2003).
Figure 3.19 presents the average annual concentrations for PM10, O3, NO2 and CO.
With the exception of O3 there is a decreasing tendency in the annual concentrations
of all pollution monitored. Annual SO2 concentrations are below 20 µg/m3 in Taipei
and comply with the Taiwan standard. For the period 1994 to 2004 annual PM10
concentrations varied between 40 and 60 µg/m3 and complied with the Taiwan
standard of 65 µg/m3. There has been a slightly increasing trend in O3 concentrations
between 1994 and 2003. O3 annual levels ﬂuctuated between 140 and 170 µg/m3 in
1994–2003 with a sharp decrease below 50 µg/m3 in 2004. Annual NO2 and CO levels
have also decreased with a substantial decrease in CO in 2004 to 1043 µg/m3. With the
exception of O3, annual average concentrations of all pollutants monitored in Taipei
during 1994–2004 met their respective air quality standards (DEP, 2003; 2004).

Health
Several studies on health impacts exist in Taipei. One study indicated that the higher
levels of ambient pollutants (PM10, NO2, CO and O3) increase the risk of hospital
admissions for cardiovascular diseases especially during warm days – temperatures
greater than or equal to 20°C (Chang et al, 2005).

168 Urban Air Pollution in Asian Cities

Figure 3.19 Average annual concentrations of PM10, O3, NO2, CO,
Taipei 1994–2004
Source: DEP (2004)
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Dust storms originating from mainland China caused an approximately 8 per cent
increase in risk of respiratory disease one day after the storm, 5 per cent increase in
risk of total deaths two days after the event as well as a 2.6 per cent increased risk for
circulatory disease two days following the storm (Chen et al, 2004). Another study
observed a signiﬁcant relationship between air pollution and daily mortality due to
respiratory diseases in Taipei (Yang et al, 2004).
A study of the short-term effect of O3 on the pulmonary function of schoolchildren
revealed that the decrease in children’s lung function was statistically signiﬁcant if
the peak hourly O3 concentrations are higher than 80 parts per billion (Chen et al,
1999). In an earlier study, Chen et al (1998) showed that children living in urban areas
with elevated levels of air pollution had consistently higher rates of symptoms and
diseases than those from rural areas.
Individual levels of SO2, NOx and NO2 were positively correlated with the frequency of absence of primary school students due to illness while PM10 and O3 did
not show any correlation with absence frequency (Hwang et al, 2000). A study of the
association between prevalence of asthma in middle school students, air pollution and
weather conﬁrms that asthma prevalence rates were highly correlated with certain
trafﬁc-related air pollutants (CO and NOx) but not with other pollutants such as PM10,
O3 and SO2 (Guo et al, 1999).
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TOKYO
UN estimated population 2003: 35 million
UN projected population 2015: 36.2 million
Area: 2187 km2
Climate: Humid sub-tropical
Map reference: 35° 41’N, 139° 48’E
Annual mean precipitation: 1460 mm
Altitude: 220 m
Annual average temperature range: –2–30° C

SITUATIONAL ANALYSIS
General
Tokyo is the capital city of Japan and is situated in the centre of the Japanese archipelago. Tokyo covers an area of 2187 km2, which accounts for approximately 0.6 per
cent of Japan’s total land area. It is approximately 220 metres above sea level and has
a humid sub-tropical climate.

Legislation
The 1968 Air Pollution Control Law (amended in 1996) is the key legislation related to
air pollution in Japan. Under this law all sectors have a responsibility for ensuring the
improvement of air quality in the country. With the cooperation of local governments,
the state is required to ensure that all sectors are informed of the state of air quality in
the country and that the analysis of information and relevant research on air quality
is publicly available. Corporations are required to ensure that they are fully aware of
any emissions of hazardous air pollutants and are able to take the necessary measures
to reduce these discharges. A speciﬁc section of the law is devoted to making citizens
responsible for controlling emissions of pollutants associated with their daily activities
(MOE, 2005a).
The Tokyo Metropolitan Government implements national ambient air quality
and motor vehicle exhaust emission standards under the Basic Environment Law and
the Air Pollution Control Law. Japanese standards are to some extent more stringent
than USEPA standards. An exception is the CO standard (22,000 µg/m3) for 8-hour
exposures which is more than double the respective USEPA standard, EU limit value
and WHO guideline value (10,000 µg/m3). The 24-hour standard for SO2 (106 µg/
m3) is more stringent than the USEPA standard (365 µg/m3), the EU limit (125 µg/
m3) and is lenient compared to the WHO guideline value (20 µg/m3). The 24-hour
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NO2 standard range (75–112 µg/m3) is more stringent than both EU limit and WHO
guideline values (200 µg/m3) but has no US counterpart. The O3 1-hour standard of
120 µg/m3 is half the USEPA standard value. The Japanese PM10 standard for 24hour exposures (100 µg/m3) is lenient compared to the EU limit and WHO guideline
value of 50 µg/m3 but more stringent than the USEPA standard (150 µg/m3). Annual
standards for SO2, NO2 and PM10 do not appear to have been adopted in Japan (MOE,
2005b).
Regulation of air pollution from mobile sources is a joint responsibility of the
MOE and the Ministry of Land, Infrastructure and Transport. Since the 1980s, when
vehicle emission standards were ﬁrst introduced in Japan, the standards have undergone
a number of amendments. Further changes were made in 2003 and scheduled for
implementation in 2005. Once implemented, it is thought that these standards will
have the most stringent diesel emission limits in the world (Dieselnet, 2005a).
Aside from the vehicle emission limits stipulated by the air pollution law, there is
the 1992 law concerning special measures to reduce the total amount of NOx emitted
from motor vehicles in speciﬁed areas. The law is aimed at eliminating old, polluting
vehicles from in-use ﬂeets in selected locations which includes Tokyo (MOE, 2005b).
The regulation was amended in June 2001 by the automotive and PM Law to tighten
the existing NOx requirements and to add PM control provisions. With this law,
vehicles are given a speciﬁc life span depending on the type and weight and are also
required to be retroﬁtted with NOx and PM control devices (Dieselnet, 2005b).
In December 2000 the Ordinance on Environmental Preservation was drafted
in Tokyo. This ordinance includes a diesel emission control regulation (retroﬁt programme); a vehicle environmental management plan for businesses with more than
30 vehicles; the promotion of low emission vehicles and an idling-stop practice
(TMG, 2004).
Japanese fuel standards have experienced a number of improvements over time
starting with 2000 ppm sulphur content in diesel to a mandatory 50 ppm in 2005
and 10 ppm in 2007. However, low-sulphur diesel fuels are being voluntarily introduced by Japanese petroleum suppliers earlier than mandated. Diesel fuel with 10
ppm sulphur content has been readily available in the market since January 2005
(Dieselnet, 2005b).
Emissions from stationary and area sources in Tokyo are no longer major contributors to air pollution compared to mobile sources. The strict implementation of
the national regulatory measures against air pollutants emitted from factories and
business sites has resulted in the low pollution levels from this sector. Regulation of
stationary and area sources include those for sulphur oxides, soot and dust, harmful
substances such as cadmium (Cd), cadmium compounds, chlorine (Cl2), hydrogen
chloride (HCl) ﬂuorine (F), hydrogen ﬂuoride (HF), lead, lead compounds, NOx and
more speciﬁc substances such as benzene, trichloroethylene and tetrachloroethylene,
among others (MOE, 2005b).
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Emissions
In Tokyo mobile sources are a main contributor to emissions of NOx and PM10. In
2000, mobile sources accounted for approximately 52 per cent of NOx emissions and
64 per cent of PM10 emissions (BoE, 2005).

Monitoring
Tokyo has 24-hour monitoring devices at 82 strategic locations, 47 of which are for
continuous ambient air quality monitoring and 35 speciﬁcally for evaluating roadside
pollution. Pollutants monitored include NO2, NO, PM10, photochemical oxidants, SO2
and CO. Wind direction and velocity, temperature and humidity and other pollutants
such as methane and non-methane HCs are also measured simultaneously (BoE,
2005).
Figure 3.20 presents the annual levels for PM10, O3, NO2 and CO in Tokyo. In
the period 1996–2004 there has been a decreasing tendency in the concentrations of
SO2, NO2, PM10 and CO. O3 annual levels appear to be increasing. Annual PM10 levels
are approaching 30 µg/m3 while CO levels are low. However, the decrease in NO2
levels has been relatively small. Therefore NO2 and O3 remain the main pollutants
of concern. Due to the lack of long-term standards in Japan, a comparison of annual
levels with standards is not possible.

Health
In 2001 the US National Institute of Environmental Health Sciences and the National
Institute for Environmental Studies in Japan undertook a health study to examine the
effects of temperature and air pollutants on cardiovascular and respiratory diseases
in males and females aged 65 and above. This study demonstrated that a strong
association exists between concentrations of NO2 and PM10 and emergency cases of
the following diseases: myocardial infarction, asthma, acute and chronic bronchitis,
pneumonia, angina and cardiac insufﬁciency. Data on hospital emergency incidences
(expressed as incidence per million persons) of cardiovascular and respiratory diseases
were related to maximum temperatures and pollution levels of NO2, O3, PM10, SO2
and CO. The study covered the months of July and August (when temperatures are
usually at their highest) for the period 1980–1995 (Ye et al, 2001).
Two years earlier, in 1999, the same organizations also conducted a similar study
on risk factors for heat stroke. The same months of July and August for the period
1980–1995 were examined. However, this time three age groups (0–14, 15–64 and
> 65) were considered. The months chosen are especially signiﬁcant as 85 per cent
of heat stroke cases occur in July or August. Heat stroke incidences reported at four
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Figure 3.20 Average annual concentrations of PM10, O3, NO2, CO,
Tokyo 1994–2004
Source: BoE (2005)
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hospitals in Tokyo were classiﬁed according to gender and age. Males of all ages
suffered more heat strokes compared to females. Linear regression analyses of heat
stroke as a function of NO2, PM10 and the combination of PM10, NO2 and maximum
temperatures showed that NO2 and maximum temperatures were signiﬁcant risk
factors for all age groups and gender while PM10 was not (Piver et al, 1999).
Sekine et al (2004) investigated the long-term effects of exposure to motor vehicle
pollution on the pulmonary function. A total of 733 female adults were subjected to
a test of pulmonary function parameters: forced expiratory volume in one second
(FEV1) and forced vital capacity (FVC). Air pollution monitored included NO2 and
PM. The subjects were divided into three groups according to their exposure to air
pollution. Prevalence rates of respiratory symptoms and decreases in FEV1 were most
signiﬁcant in the highly exposed group. Long-term exposure to NO2 and PM was
related to an increase in airway resistance and a chronic decrease in pulmonary lung
function.
Voorhees et al (2000) estimated the beneﬁts and costs of past NO2 control policies
as medical expenses and lost work time, using environmental, economic, political,
demographic and medical data from 1973 to 1994. Direct costs were calculated as
annualized capital expenditures and one year’s operating costs for regulated industries
plus governmental agency expenses. The best net estimate of the avoided medical
costs and avoided wage losses amounted to approximately US$14 billion.
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four
Development of Air Quality
Management in Asian Cities
INTRODUCTION
The emergence of urban air pollution problems in Asia and the ability to manage
deteriorating air quality is inﬂuenced by the level and speed of economic development.
These can have a direct effect on the severity of environmental pollution and the
strategies and capacity to address these issues.
The results of the air quality management (AQM) capability survey presented in
Chapter 2 and the information on air quality levels collated in Chapter 3 can be used
to examine the link between air quality and AQM capability in the 20 cities.
This chapter discusses the key aspects of AQM. It attempts to identify common
characteristics and barriers to improving air quality and outlines the necessary
measures that each group of cities might take to achieve better air quality.

EFFECTIVE AIR QUALITY MANAGEMENT
The principles on which the management of air quality is based on ensuring the protection of human health and environment from air pollution. These principles include
the right to clean air for all, access to environmental information and an awareness
of the air pollution situation. AQM is based on the polluter pays, protection and
precautionary principles and ensures a cost-effective approach using best available
technology is taken. Yet a number of economic, institutional and political constraints
may hamper the full implementation of all these guiding principles (APMA/CAIASIA, 2004).
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Figure 4.1 A simpliﬁed framework for air quality management
Source: APMA/CAI-ASIA (2004)

Figure 4.1 presents a simpliﬁed framework for AQM. The effectiveness of an AQM
strategy is dependent on the implementation of a number of measures. These include
comprehensive legislation, emission inventories, air quality monitoring, dispersion
modelling, exposure and damage assessments and emission standards. However,
legislative powers and resources to implement and enforce air pollution regulation
and the availability of a range of cost-effective pollution control measures are vital to
improving air quality.
Some form of air quality monitoring is undertaken in the majority of Asian
cities. However, the extent of monitoring, the types of pollutants monitored and the
reliability of data collated vary widely between cities and countries in the region often
reﬂecting the level of economic development. At present monitoring in peri-urban
and rural areas is rarely undertaken. Yet this is essential in order to understand the
potential impacts on agriculture and ecosystems and the contribution of long-range
pollution to urban air pollution.
Air quality standards are another important aspect of AQM. In areas where air
quality standards are exceeded on a regular basis, measures need to be taken to reduce
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air pollution levels. National air quality standards, however, are often based on a
number of constraints such as economic and technological feasibility, which do not
guarantee that they are protecting human health and the environment. The WHO
air quality guidelines (WHO, 2000; 2005) are derived from epidemiological and
toxicological studies in such a way as to minimize the risk of health and environmental
impacts. For PM, SO2 and O3, however, it has been generally accepted that existing
studies provide no indication of any reliable threshold of effect.
National and local government authorities in Asia have adopted a range of air
quality standards either based on WHO guidelines or USEPA standards. These have
tended to differ from country to country (see Tables 4.1–4.6). However, the majority
of Asian countries have more lenient standards than the guidelines or limit values
prescribed by WHO or the EU. In particular, standards for PM10 have been largely
based on USEPA limits. With a move in EU countries to a 50 µg/m3 limit for 24-hour
averages of PM10 and 40 µg/m3 as an annual mean and the setting of guideline values
by WHO for PM10 and PM2.5, there is a need to review current PM standards in Asia
(EU, 1999; WHO, 2005).

COMPARATIVE AIR QUALITY
The AQM capability of the 20 cities can be compared to measured levels of PM10,
NO2 and SO2 in the period 2000–2004 and the extent to which EU limits and WHO
guidelines are exceeded.
Table 4.7 presents the guideline values used for the categorization of air quality in
the 20 Asian cities. EU air quality limits for PM10 and NO2 are used since these limits
are the lowest values which are considered to be technologically achievable in urban
areas. The EU limit values are associated with the lowest risk to public health caused
by exposure to air pollutants. The values are based on most recent health effects
studies and are more stringent than USEPA standards. With respect to SO2, the 2000
WHO SO2 guideline value is used. This is because the 2005 WHO guidelines with
a value of 20 µg/m2 for 24-hour exposure do not provide an annual mean guideline
value. Such a guideline value in principle, would be well below 20 µg/m3.The annual
EU limit value (20 µg/m3) was not used because it protects ecosystems.
The levels of O3 are not considered here because nine cities (Beijing, Colombo,
Dhaka, Hanoi, Kolkata, Metro Manila, Mumbai, Shanghai and Tokyo) did not report
sufﬁcient O3 data and the data quality for four cities (Ho Chi Minh City, Jakarta,
Kathmandu and Surabaya) is unknown.
Due to the difference in air quality monitoring, reporting procedures, quality of
data, source and year of data only a subjective assessment of air quality in the 20
cities can be given. This assessment is based on the most recent data collated and
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Jakarta

260

Hong Kong, SAR,
China
180

150

China
(Class II)
80

150
300

Bangladesh

150

450

24 hrs

USEPA

500

8 hrs
50

3 hrs

EU

1 hr

50

50

65

50

60

60

70

70

60

55

100

50

50

40

20

1 yr

PM10 [µg/m3]
50

Cities

TSP [µg/m3]

WHO

Country

Compound

Table 4.1 Particulate matter standards

65

65

65

25

24 hrs

15

15

15

10

1 yr

PM2.5 [µg/m3]
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Table 4.2 Sulphur dioxide standards
Compound
Country

SO2 [µg/m3]
Cities

WHO

10 min

1hr

8 hrs

500

EU

24 hrs

1yr

20
350

125

20

USEPA

365

78

Bangladesh

365

80

China
(Class II)

500

150

60

Hong Kong,
SAR, China

800

350

80

80

60

900

365

60

Jakarta

900

260

60

Surabaya

900

365

60

266

105

Busan

392

131

57

Seoul

314

105

26

70

50

Philippines

180

80

Singapore

365

78

India
(residential,
rural & other
areas)
Indonesia

Japan
Republic of
Korea*

Nepal

Sri Lanka

200

Taiwan
Thailand*
Vietnam
Note: * Conversion factor for ppb to µg/m3: 2.616.

785

120

80
140

79

314

105

125

50
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Table 4.3 Nitrogen dioxide standards
Compound
Country

NO2 [µg/m3]
Cities

1 hr

8 hrs

24 hrs

1 yr

WHO

200

40

EU

200

40

USEPA

100

Bangladesh

100

China (Class II)

240

120

80

Hong Kong, SAR,
China

300

150

80

80

60

400

150

100

Jakarta

400

92.5

60

Surabaya

400

150

100

282

150

94

Busan

282

150

94

Seoul

263

132

75

80

40

India (residential, rural
& other areas)
Indonesia

Japan

75 to 113

Republic of Korea*

Nepal
Philippines

150

Singapore
Sri Lanka

100
250

Taiwan

150

100
94

Thailand*

325

Vietnam

200

Note: * Conversion factor for ppb to µg/m3: 1.880.

40
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Table 4.4 Ozone standards
Compound
Country

O3 [µg/m3]
Cities

1 hr

8 hrs

WHO

100

EU

120

USEPA

235

Bangladesh

235

China
(Class II)

160

Hong Kong,
SAR, China

240

24 hrs

1 yr

157

India
(residential, rural
& other areas)
Indonesia

235

50

Jakarta

200

30

Surabaya

235

50

Japan

118

Republic of
Korea*

200

120

Busan

200

120

Seoul

200

120

Philippines

140

60

Singapore

235

Sri Lanka

200

Nepal

Taiwan

120

Thailand*

200

Vietnam

120

Note: * Conversion factor for ppb to µg/m3: 1.962.

80
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Table 4.5 Carbon monoxide standards
Compound
Country

CO [µg/m3]
Cities

WHO

15 min

30 min

1hr

8 hrs

100,000

60,000

30,000

10,000

EU

10,000

USEPA

40,000

10,305

Bangladesh

40,000

10,000

China

(Class II)

10,000

Hong Kong,
SAR, China

30,000

India
(residential,
rural & other
areas)

4000

Indonesia

4000
10,000
2000

30,000

10,000

Jakarta

26,000

9000

Surabaya

30,000

10,000

Japan

22,900

Republic of
Korea*

Nepal

24 hrs

28,625

10305

Busan

28,625

10,305

Seoul

28,625

10,305

100,000

10,000

Philippines

35,000

10,000

Singapore

40,000

10,305

Sri Lanka

30,000

10,000

Taiwan

10,000

Thailand*

34,350

10,305

Vietnam

30,000

10,000

Note: * Conversion factor for ppb to µg/m3: 1.145.

11,450
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Table 4.6 Lead standards
Compound
Country

Pb [µg/m3]
Cities

1 hr

24 hrs

1 month

3 months

1 yr

WHO

0.5

EU

0.5

USEPA

1.5

Bangladesh

0.5

China
(Class II)
Hong Kong,
SAR, China

1.5

India
(residential,
rural & other
areas)

1

0.75

Indonesia

1.0
Jakarta

1.0

Surabaya

1.0

Busan

0.5

Japan
Republic of
Korea

Seoul

1.0

Nepal

0.5

Philippines
Sri Lanka

1.5
2
1

Thailand

1.5
5

1.0
0.5

Taiwan,
China

Vietnam

0.5
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Table 4.7 Guideline values used for categorization of air quality in 20 Asian cities
Air
pollutant

Guideline
value /
standard
(µg/m3)

Exposure time

PM10

40

1 year

NO2

40

1 year

SO2

50

1 year

Interpretation

Average of all
concentrations
monitored
during a year

Source

EU (1999)

WHO
(2000)

available to the authors. Figure 4.2 presents an overview of the relative air quality
situation in each city. Three broad categories of air pollution can be determined:
1 Serious pollution: Annual EU and WHO values are exceeded by more than a
factor of two for annual concentrations of PM10, NO2 and SO2.
2 Moderate pollution: EU and WHO values are exceeded by up to a factor of two
for annual concentrations of NO2 and SO2. Annual concentrations of PM10 are
above half the EU limit (20 µg/m3) and exceed this limit by up to a factor of two
(80 µg/m3).
3 Low pollution: Annual concentrations of NO2 and SO2 meet WHO guidelines
or are lower. Annual concentrations of PM10 are less than half the EU limit (20
µg/m3).
Table 4.8 shows that in 13 cities health impacts studies have been undertaken. PM10 and
TSP were considered as being responsible for health impacts in ten cities (Bangkok,
Beijing, Hong Kong, Mumbai, New Delhi, Seoul, Shanghai, Singapore, Taipei and
Tokyo) of which six have moderate and three (Beijing, New Delhi and Shanghai)
serious PM pollution (see Figure 4.2). NO2 was found as a probable causal agent in
Hong Kong, Mumbai, Seoul, Shanghai, Singapore, Taipei and Tokyo, which have
low to moderate pollution. Health impacts attributed to SO2 were found in Beijing,
Hong Kong, Mumbai and Shanghai, which have low to moderate pollution. This
illustrates that concentrations of SO2 below the 2000 WHO guideline value may have
health effects, which is in line with the recent reduction in the guideline value (WHO,
2005).
In order to determine if there have been any changes in the urban air quality
situation, the four categories can be used to re-evaluate previous assessments of
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Figure 4.2 Overview of air quality in 20 Asian cities

air quality in 14 Asian cities undertaken by UNEP/WHO (1992) and WHO/UNEP/
MARC (1996) (see Figure 4.3). In order to make the ﬁndings comparable for PM it
has been assumed that PM10 is equal to half of TSP.
A comparison of Figures 4.2 and 4.3 shows an improvement (categorization from a
more polluted to a less polluted class) in the air quality situation in Bangkok, Metro
Manila and Mumbai for PM10 concentrations. There has also been an improvement
in Beijing and Seoul with regard to levels of SO2 and New Delhi with regard to NO2.
Deterioration in air quality (categorization from a less polluted to a more polluted
class) is observed for Busan, Jakarta and Taipei with regard to NO2 and Jakarta with
regard to SO2. Where there has been no change in categorization for a particular
pollutant, this does not mean that improvements have not been achieved in lowering
air pollutant concentrations but rather that the improvement was not sufﬁcient to
change the category.
On a pollutant-by-pollutant basis the following situation is given in the 20 Asian
cities.
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Table 4.8 Overview of health studies undertaken in 20 Asian cities
City

Health studies

Compounds associated with
observed health impacts

Bangkok

Y

PM10

Beijing

Y

TSP, SO2

Busan

Y

SO2

Colombo

N

—

Dhaka

N

—

Hanoi

N

—

Ho Chi Minh City

N

—

Hong Kong

Y

NO2, O3, SO2, PM10

Jakarta

N

—

Kathmandu

N

—

Kolkata

Y

‘air pollution’

Metro Manila

Y

‘air pollution’

Mumbai

Y

SO2, NO2, TSP

New Delhi

Y

TSP, Pb

Seoul

Y

NO2, O3, PM10

Shanghai

Y

PM10, SO2, NO2

Singapore

Y

PM10, TSP, O3

Surabaya

N

—

Taipei

Y

PM10, NO2, CO, O3

Tokyo

Y

NO2, PM10

Note: Y (N) = health studies were (not) performed.

Particulate matter
PM10 continues to be a problem in all cities although concentrations have decreased
in at least three cities of the 14 Asian cities that were considered in the UNEP/WHO
(1992) and WHO/UNEP/MARC (1996) assessments. Figure 4.2 shows that eight cities
(Beijing, Dhaka, Hanoi, Jakarta, Kathmandu, Kolkata, New Delhi and Shanghai) are
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Figure 4.3 Overview of air quality in 14 Asian cities based on the assessments of
WHO/UNEP (1992) and WHO/UNEP/MARC (1996)

categorized as having serious PM10 pollution. Health impacts due to exposure to PM10
such as increased daily mortality and morbidity due to cardio-respiratory conditions
have been reported in only a few of these cities classiﬁed as seriously polluted (Beijing,
Kolkata, New Delhi and Shanghai). Twelve cities (Bangkok, Busan, Colombo, Ho
Chi Minh City, Hong Kong, Metro Manila, Mumbai, Seoul, Singapore, Surabaya,
Taipei and Tokyo) have moderate PM10 pollution. Health impacts due to PM pollution
have been reported in all cities except Busan, Colombo and Surabaya (e.g. Cropper
et al, 1997; Chew et al, 1999; Ye et al, 2001; Wong et al, 2002; Chang et al, 2003,
2005; Tamura et al, 2003; Torres et al, 2004; Kan et al, 2004a). In Kolkata and
Metro Manila (both of which have serious and moderate PM levels respectively) ‘air
pollution’ was identiﬁed as responsible agent for observed health impacts (Shankar
and Rao, 2002 and Lahiri, 2004).

Nitrogen dioxide
None of the cities has NO2 levels categorized as serious. Eleven cities have moderate
NO2 pollution (Bangkok, Busan, Colombo, Dhaka, Hong Kong, Jakarta, Kolkata,
Seoul, Shanghai, Taipei and Tokyo). In three cities (Busan, Jakarta and Taipei) NO2
concentrations have increased from low to moderate levels for the period 1992 to 2004
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compared with previous assessments (UNEP/WHO, 1992; WHO/UNEP/MARC,
1996). Health impacts possibly associated with NO2 exposure reported in Hong Kong
include hospital admissions for all respiratory diseases, all cardiovascular diseases,
chronic obstructive pulmonary diseases and heart failure, and admissions for asthma,
pneumonia and inﬂuenza (Wong et al, 1999, 2001, 2002). In Seoul, exposure to NO2
in combination with O3 has been related to health impacts such as respiratory illness
(Infante-Rivard, 1993) and exacerbation of allergic asthmatic responses (Lewis et
al, 2000). In Shanghai, a signiﬁcant increase in the relative risk of non-accident
mortality, of cardiovascular diseases and of chronic obstructive pulmonary diseases
was associated with a 10 µg/m3 increase in NO2 (Kan and Chen, 2003a, 2003b; Kan
et al, 2004a). A similar increase of NO2 levels was found to be correlated with a
signiﬁcantly increased relative risk of diabetes mortality in Shanghai (Kan et al,
2004b). In Tokyo, a study demonstrated a strong association between concentrations
of NO2, and emergency cases with myocardial infarction, acute bronchitis and cardiac
insufﬁciency (Ye et al, 2001). In addition, NO2 was a signiﬁcant risk factor for all
age groups and gender (Piver et al, 1999). Another study suggested that long-term
exposure to NO2 was related to an increase in airway resistance and a chronic decrease
in pulmonary lung function.
Figure 4.2 shows that six cities (Hanoi, Ho Chi Minh City, Mumbai, New Delhi,
Singapore and Surabaya) comply with the EU limit value. The risk for health effects
due to NO2 exposure in these cities is, therefore, low. However, impacts on health due
to NO2 have been observed in Mumbai (Kamat, 2000).

Sulphur dioxide
Thirteen cities comply with the annual SO2 air quality guideline value and are
categorized as having low SO2 pollution (see Figure 4.2). Only Beijing, Colombo,
Jakarta, Shanghai and Surabaya do not comply with the WHO guideline value and
are categorized as having moderate SO2 pollution. Compared with the 1992 and 1996
assessments, SO2 pollution in Beijing, New Delhi and Seoul has decreased while in
Jakarta it has increased. However, SO2 levels below the WHO guideline value of 50
µg/m3 can still have adverse health effects (Xu et al, 1994). For example, in Shanghai
a signiﬁcant increase in the relative risk of non-accident mortality of cardiovascular
diseases and of chronic obstructive pulmonary diseases was associated with a 10
µg/m3 increase in SO2 in the presence of PM10 and NO2 (Kan and Chen, 2003a;
2003b; Kan et al, 2004a). A similar increase of SO2 levels was found to correlate
with a signiﬁcantly increased relative risk of diabetes mortality in Shanghai (Kan
et al, 2004b). Analysis of the most recent epidemiological studies from developed
countries, mostly Europe, has led WHO to reduce the 24-hour guideline value from
125 µg/m3 to 20 µg/m3 and not to determine an annual guideline value.
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STATUS OF AQM
In order to better distinguish between the cities within the same AQM capability
category as determined in Chapter 2, the original capability scoring can be further
reﬁned. Table 4.9 shows this distinction with four cities deemed Excellent (I) and
three Excellent (II). Those cities with lower scores can learn from higher scoring
cities on how they can improve. This is also true of course for cities in the lower AQM
categories.
Table 4.9 Qualitative classiﬁcation of air quality management capabilities
Original
capability
scoring

Original
capability
classiﬁcation

New
capability
scoring

New
capability
classiﬁcation

Cities

81–100

Excellent

91–100

Excellent I

Hong Kong,
Singapore, Taipei,
Tokyo

81–90

Excellent II

Bangkok, Seoul,
Shanghai

71–80

Good I

Beijing, Busan

61–70

Good II

New Delhi

51–60

Moderate I

Ho Chi Minh City,
Jakarta, Kolkata, Metro
Manila, Mumbai

41–50

Moderate II

Colombo

31–40

Limited I

Hanoi, Surabaya

21–30

Limited II

Dhaka, Kathmandu

0–20

Minimal

—

61–80

41–60

21–40

0–20

Good

Moderate

Limited

Minimal

Figure 4.4 combines the AQM capabilities categories of the 20 cities shown in Table
4.10 and the comparative assessment of air quality in each city as described above. It
also indicates the tendencies of air pollutant concentrations as more or less decreasing
, more or less increasing
and essentially constant . The indication of air
quality tendencies is based on air quality information collected and covers a period
of 5–10 years. This information is summarized in the city proﬁles in Chapter 3 and is
indicative of the action the city is currently taking in air pollution abatement or plans
to take in the future.
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Figure 4.4 shows that an excellent AQM capability does not always equate to low
air pollutant concentrations. For example, Bangkok and Hong Kong have excellent
AQM capability but have moderate NO2 pollution while other cities with lower AQM
capability have lower NO2 pollution.
Cities with serious PM10 pollution tend to have a lower AQM capability (good,
moderate and limited). For example, three out of four cities (Dhaka, Hanoi and
Kathmandu) with a limited AQM capability have serious PM10 pollution. Cities with
an excellent AQM capability have taken successful action to address PM10 pollution.

Figure 4.4 Assessment of air quality management capabilities and trends
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Eight cities (Beijing, Busan, Hanoi, Kolkata, Metro Manila, New Delhi, Taipei
and Tokyo) show a downward tendency for PM10 concentrations, only Jakarta shows
an upward tendency. Eight cities (Bangkok, Colombo, Ho Chi Minh City, Hong
Kong, Mumbai, Seoul, Singapore and Shanghai) show a constant tendency of PM10
concentrations. For three cities a tendency cannot be determined due to the unknown
quality of the data. The constant tendency for PM10 concentrations in Hong Kong, and
Singapore (Excellent I) and Bangkok and Seoul (Excellent II) indicate the difﬁculty
in reducing particle concentrations in these cities. The upward tendency of PM10
concentrations in Jakarta (Moderate I) requires urgent attention. It should be noted
that Singapore and Tokyo are at the lower end of the moderate class, while most
other cities with PM10 concentrations classiﬁed moderate are at the upper end (see
Chapter 3).
Five cities (Bangkok, New Delhi, Jakarta, Kolkata and Seoul) exhibit an upward
tendency for NO2 pollution. Five cities exhibit a constant tendency (Busan, Hanoi,
Hong Kong, Shanghai, Singapore). Of these cities, Busan (Good I), Hong Kong
(Excellent I) and Bangkok and Shanghai (Excellent II) have moderate NO2 pollution.
Four cities (Colombo, Mumbai, Taipei and Tokyo) show a downward tendency of
NO2 concentrations.
In ten cities (Bangkok, Beijing, Busan, Colombo, Kolkata, Mumbai, New Delhi,
Shanghai, Taipei and Tokyo) there is a downward tendency in SO2 concentrations.
All these cities have been categorized as having low SO2 pollution with the exception
of Beijing and Shanghai. In Hong Kong and Seoul the tendency is constant and the
concentrations comply with the WHO guideline value, indicating that a baseline
concentration has been achieved. Hanoi is the only city with an increasing tendency
of SO2 pollution, which, however, still appears to be low.
Although the 20 Asian cities considered here have underlying similarities in their
air pollution problems, many differences also exist. Cities with excellent or good
AQM capabilities still experience serious or moderate PM10 and NO2 pollution (see
Table 4.10).

CITY SPECIFIC OBSERVATIONS
Dhaka, Kathmandu (Limited II)
Dhaka and Kathmandu have been classiﬁed as having Limited (II) AQM capacity
and both have serious PM10 pollution. The moderate NO2 levels in Dhaka are mostly
caused by motor vehicle pollution. Integrated measures to address the import of old
cars from other more developed countries, better fuel quality, and implementation
and enforcement of inspection and maintenance programmes would assist in reducing
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Table 4.10 PM10 and NO2 level categorization versus capability scoring
PM pollution

City

Capability classiﬁcation

Serious

Shanghai

Excellent

Beijing, New Delhi

Good

Jakarta, Kolkata

Moderate

Dhaka, Hanoi, Kathmandu

Limited

Bangkok, Hong Kong, Seoul,
Singapore, Taipei, Tokyo

Excellent

Busan

Good

Colombo, Ho Chi Minh City, Metro
Manila, Mumbai

Moderate

Surabaya

Limited

Hong Kong, Bangkok, Seoul, Taipei,
Tokyo, Shanghai

Excellent

Busan

Good

Colombo, Jakarta, Kolkata

Moderate

Dhaka

Limited

Singapore,

Excellent

New Delhi

Good

Ho Chi Minh City, Mumbai

Moderate

Hanoi, Surabaya

Limited

Moderate

NO2 pollution
Moderate

Low

this problem. The monitoring capability of Kathmandu is presently being limited to
PM and the data are of unknown quality. Due to steadily increasing motorization,
NO2, CO and HC emissions may substantially increase in the future. With increasing
NO2 and HC, O3 concentrations may also become be a future problem.
In order to have effective AQM it is necessary to improve the monitoring
capabilities in both cities, including the long-term monitoring, kerbside and spatially
representative monitoring of NO2, CO, SO2, O3 and HC. For this task a hybrid network
consisting of a few automatic and many diffusive samplers would be appropriate.
Mapping techniques should be used for the spatial representation of the data.
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Since air pollution episodes are not forecasted and no warnings given to the
population, the capacity of dispersion modelling and use of models for forecasting
should be enhanced.

Hanoi and Surabaya (Limited I)
Hanoi and Surabaya have been classiﬁed as having Limited (I) AQM capacity. In
spite of improvements, the monitoring capacity of these cities is still limited to shortterm monitoring for all relevant air pollutants. The data do not yet allow tendencies
or trends to be determined. The data for Surabaya are of unknown quality. The spatial
distribution of pollutants cannot yet be assessed and kerbside monitoring is still
absent. As a consequence, no use of mapping techniques is made. Major components
of AQM are missing: dispersion modelling and pollutant episode forecasting is not
possible due to lack of an emissions inventory. Exposure and epidemiological studies
are non-existent.
The absence of key components of AQM such as reliable emission inventories
makes understanding the causes of air pollution difﬁcult. Actions taken are ad hoc in
nature and cannot solve the problem of moderate to serious PM10 levels in the two
cities.

Colombo (Moderate II)
Colombo has been classiﬁed as having Moderate (I) AQM capacity. The monitoring
capacity of Colombo could be enhanced to include O3 monitoring. Due to the limited
number of monitoring stations, the spatial distribution of pollutants cannot yet be
assessed. As a consequence no use of mapping techniques is made. Key components of
AQM such as dispersion modelling and pollutant episode forecasting are not applied
in Colombo due to the lack of an emissions inventory. The development of emission
inventories would assist in providing a better understanding of the sources of the
moderate PM10 levels and in developing measures to be taken as actions to mitigate
pollution. Exposure and epidemiological studies are also non-existent in Colombo.

Ho Chi Minh City, Jakarta, Kolkata, Metro Manila and
Mumbai (Moderate I)
Ho Chi Minh City, Jakarta, Kolkata, Metro Manila and Mumbai have been classiﬁed
as having Moderate (I) AQM capability. The capacity of these cities to monitor all key
pollutants is still limited. While PM10 is monitored in all cities, gaseous compounds,
in particular CO and O3, are not always addressed. Mapping techniques are rarely
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applied even if the spatial distribution of air pollutants is addressed. Emissions
inventories do not adequately address domestic/commercial and other (e.g. aviation
and shipping) sources. Dispersion modelling and pollutant episode forecasting is
rarely applied. Exposure and epidemiological studies, if available, are rarely used as
inputs for policy.
The moderate PM10 levels in Ho Chi Minh City, Metro Manila and Mumbai
and the serious PM10 levels in Jakarta and Kolkata are probably due to local and
transboundary sources. However, the contribution from long-range sources is
unknown. An assessment of the inﬂuence of long-range sources and development of
regional concepts would improve the situation. The moderate NO2 levels in Jakarta
and Kolkata are mainly due to local motor vehicle pollution.

New Delhi (Good II)
New Delhi has been classiﬁed as having Good (II) AQM capacity. The monitoring
network in the city is fairly well developed. However, long-term monitoring of O3
is not yet in place which prevents trends from being determined. In spite of good
spatial coverage of monitoring sites, mapping techniques are not applied. Emissions
inventories do not cover domestic, commercial and other sources (e.g. aviation and
shipping). Various attempts have been made to estimate emissions of industrial, vehicle
and power plant sources; however, the results have been somewhat contradictory
(Mashelkar et al, 2002). The inﬂuence of long-range transport of pollution has
not been assessed. There is no episode forecasting in New Delhi and no exposure
assessment, while only a few epidemiological studies exist.
Serious PM10 concentrations and moderate NO2 concentrations continue in New
Delhi mostly due to local emissions. A better characterization of local and long-range
sources will assist in formulating policies for effective AQM.

Beijing and Busan (Good I)
Beijing and Busan have been classiﬁed as having Good (I) AQM capacity. Established
monitoring networks exist in both cities. Weaknesses in AQM include the lack of
sophisticated statistical techniques in the evaluation of data, the completeness of
emissions inventories, pollution forecasting, rare exposure assessment and scarcity
of epidemiological studies.
In spite of the good capability of AQM in Beijing, PM10 concentrations are still
classiﬁed as serious, while no data to determine NO2 levels are available (data are
only available for NOx). In contrast, both PM10 and NO2 levels in Busan are moderate.
In both cities local levels are affected by long-range transport of air pollutants, which
requires an integrated approach to AQM.
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Bangkok, Seoul, Shanghai (Excellent II) and Hong Kong,
Singapore, Taipei and Tokyo (Excellent I)
Bangkok, Seoul and Shanghai have been classiﬁed as having Excellent (II) AQM
capacity. PM10 concentrations are serious in Shanghai and moderate in Bangkok and
Seoul. NO2 levels are also moderate in the three cities. In Shanghai SO2 levels are also
above the WHO guideline. Hong Kong, Singapore, Taipei and Tokyo have Excellent
(I) AQM capacity. In spite of this, all cities have moderate PM10 concentrations while
three cities have moderate NO2 levels. Singapore is the only city with low NO2 levels.
The observations for the seven cities indicate that excellent capacity as deﬁned in
the capability questionnaire survey does not mean that concentrations are below
acceptable levels. The increasing number of motor vehicles and kilometres travelled
contribute to the high NO2 and PM10 concentrations which have offset reductions in
emissions gained from vehicle technology. In addition, transboundary pollution from
mainland China has affected PM10 levels in Tokyo, Taipei, Seoul and Hong Kong
while air quality in Singapore has been affected by transboundary inﬂuences from
Indonesia (Koe et al, 2001; Lam et al, 2005; Reuther, 2000; Wang et al, 2003).

AQM AND ECONOMIC STATUS
The overall AQM capability index score of the 20 Asian cities can be used to consider
the relationship between the wealth of a city as measured by the purchasing power
parity (PPP) and AQM capability. The PPP, calculated from gross national income
(GNI) in US$, is considered to have greater international comparability than the GNP
(PRD, 2005). The PPP is an alternative exchange rate such that it is representative of
a basket of goods in differing countries if the currencies are exchanged at that rate.
Figure 4.5 shows on a logarithmic scale a linear relationship between the cities,
scores and the PPP/capita of the countries. A linear relationship can be discerned
indicating that the higher the city score, the higher is the PPP/capita. However, Figure
4.6 shows that the linear increase in AQM capability with increasing PPP/capita is
only true in the low PPP/capita range, that is at a PPP/capita below approximately
US$7000 at which an AQM capability score of more than 80 can be achieved. A
further increase in PPP/capita can only marginally increase the AQM capability of a
city as it is already close to its maximum value of 100.
The overall AQM capability, therefore, does not increase signiﬁcantly with the
wealth of a country. Once the wealth of a country exceeds approximately US$7000
PPP/capita, expenditure on AQM is no longer dependent on the availability of
resources. This observation was also made in the WHO/UNEP/MARC (1996) assessment. As a consequence other policy measures take on a more prominent role in
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Figure 4.5 Linear relationship between city scores and PPP/capita on a
logarithmic scale
Source: PRD (2005)
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Figure 4.6 The relationship between PPP/capita and city scores
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improving existing air quality. These include better implementation and enforcement
of existing legislation and the introduction of measures to address transboundary air
pollution. Considering that some of the cities which have an excellent to good AQM
capability also have serious to moderate NO2 and PM10 pollution, then further action
is needed to address the issue of motor vehicle emissions and, if relevant, industrial
and other sources.
For motor vehicles this may need to take the form of measures to reduce the
demand to travel, by improving public transport and urban planning, promoting nonmotorized transport and making cities safer and more inviting for walking and cycling
(Haq, 1997; Whitelegg and Haq, 2003). In order to assess the PM10 contribution of
industries, source apportionment and emission inventories would assist in identifying
the major contributors and consequently determine the appropriate actions that need
to be taken.

AIR QUALITY TRENDS AND DEVELOPMENT
In Chapter 1 the general development model of air pollution problems in cities according to their development status was described (UNEP/WHO, 1992). Using this model,
air pollution exposure and the development of AQM capacity of 20 Asian cities, ﬁve
general stages of AQM development can be determined. Table 4.11 describes each
stage where the levels of air pollution concentrations associated with each stage are
considered to be dependent on how early or late emission controls are initiated.
Figure 4.7 presents the different stages of AQM development according to air
pollutant concentrations. Depending on which stage the city is at in the development
of its air pollution problems, each key element of AQM will have a different priority
and importance for the city. For some air pollutants such as O3 and CO, air quality
monitoring in a given city may still be rudimentary and require further expansion.
Other cities will have well-developed monitoring systems but require the development
of emission inventories and assessment of health impacts.
Many cities in Europe and North America have followed this development path
and are currently experiencing relatively low levels of air pollution. For example, the
City of London (UK), in 1952, experienced the London smog that lasted for ﬁve days
and, according to research by Bell and Davis (2001), led to approximately 12,000 more
deaths than usual. This smog episode resulted in the ﬁrst UK Clean Air Act in 1956.
The Act was aimed at controlling domestic sources of smoke pollution by introducing
smokeless zones. Within ten years of the Act being adopted smoke emissions from
industry were reduced by 74 per cent with those from domestic sources becoming the
main polluter (Clapp, 1994). The introduction of cleaner coals led to a reduction in
SO2 pollution and the move to the use of natural gas reduced domestic emissions. The
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Table 4.11 AQM capacity, economic and air quality development
Stage

AQM
capacity

Level of economic
development

Air quality
development

Cities

I

Minimal

Increased urbanization,
industrialization and
motorization. Ad hoc
AQM action applied

Deterioration of
air quality through
rising levels of air
pollution

None

II

Limited

Urbanization,
industrialization and
motorization continues.
Initial systematic AQM
procedures applied

High but
stabilizing levels
of air pollution.
Serious health
and environmental
impacts

Dhaka, Hanoi,
Kathmandu,
Surabaya

III

Moderate

Cleaner processes
developed. Systematic
AQM procedures
developed

Air pollution
decreasing from
high levels

Colombo,
Ho Chi Minh
City, Jakarta,
Kolkata,
Metro Manila,
Mumbai

IV

Good

Maturing of cleaner
processes and use of
cleaner fuels. Mature
emission controls

Further
improvement of
air pollution

Beijing, Busan,
New Delhi

V

Excellent

High technology applied

Low air pollution

Bangkok, Hong
Kong, Seoul,
Singapore,
Shanghai,
Taipei, Tokyo

City’s air quality has improved considerably over the past ﬁfty years progressively
moving through each stage of development from Stages I to V. Nowadays, London is
currently addressing the problem of vehicle-related air pollution and photochemical
smog. Between 12 and 15 December 1991, London experienced the most severe NO2
pollution since regular monitoring began in 1971, one-hour levels of NO2 at 809
µg/m3, greatly exceeding the WHO air quality guideline value of 200 µg/m3. Levels
of benzene increased by six to ten times in typical value. The 1991 London smog
episode is claimed to have caused 160 extra deaths (Elsom, 1996).
While the model shown in Figure 4.7 may be true for compounds such as SO2 and
CO it differs for others such as PM10 and NO2. This may be due to:
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Figure 4.7 Development path of air pollution problems in cities

gaps in implementation and enforcement of existing legislation;
annual air quality standards for PM in Asian cities being less stringent than
USEPA standards, EU limit values and WHO guideline values;
 emission standards for mobile sources being too lenient compared to Euro
standards;
 incomplete or unreliable emissions inventories, which lead to ineffective
actions;
 transboundary and hemispheric air pollution, which cannot be addressed in urban
air quality management.



With respect to transboundary and hemispheric air pollution, it is well known that
transboundary air pollutants from the Pearl River Delta contribute signiﬁcantly
to the air pollutant levels in Hong Kong (So and Wang, 2003; Lam et al, 2005).
The population of Beijing is regularly exposed to high PM concentrations due to
sandstorms emerging from desert areas in Western China (Cao et al, 2002). These
phenomena need to be addressed if air quality in Asian cities is to be improved.

220 Urban Air Pollution in Asian Cities

REFERENCES
APMA/CAI-Asia (2004) A Strategic Framework for Air Quality Management in Asia,
Air Pollution in the Megacities of Asia (APMA), Stockholm Environment Institute,
Clean Air Initiative for Asian Cities, Asian Development Bank, United Nations
Environment Programme, World Health Organization, Korea Environment Institute,
Seoul, www.cleanairnet.org/caiasia/1412/articles-58180_StrategicFramework.pdf
accessed in March 2006
Bell, M. L. and Davis, D. L. (2001) ‘Reassessment of the Lethal London Fog of 1952:
Novel Indicators of Acute and Chronic Consequences of Acute Exposure to Air’,
Pollution Environmental Health Perspectives, vol 109, (suppl 3), pp389–394
Cao, L., Tian, W., Nu, B., Zhang, Y. and Wang, P. (2002) ‘Preliminary Study of
Airborne Particulate Matter in a Beijing Sampling Station by Instrumental Neutron
Activation Analysis’, Atmospheric Environment, vol 36, pp1951–1956
Chang, G., Pan, X., Xie, X. and Gao, Y. (2003) ‘Time-series Analysis on the
Relationship between Air Pollution and Daily Mortality in Beijing’ (in Chinese),
Wei Sheng Yan Jiu, vol 32, pp565–568
Chang, C. C. S. S., Ho, S. C. and Yang, C. Y. (2005) ‘Air Pollution and Hospital
Admissions for Cardiovascular Disease in Taipei, Taiwan’, Environmental
Research, vol 98, no 1, pp114–119
Chew, F. T., Goh, D. Y., Ooi, B. C., Saharom, R., Hui, J. K. and Lee, B. W. (1999)
‘Association of Ambient Air-pollution Levels with Acute Asthma Exacerbation
among Children in Singapore’, Allergy, vol 54, no 4, pp320–329
Clapp, B. W. (1994) An Environmental History of Britain Since the Industrial
Revolution, Harlow, Longman
Cropper, M. L., Simon N. B., Alberini, A. and Sharma, P. K. (1997) The Health Effects
of Air Pollution in Delhi, India, PRD Working Paper No. 1860, www.worldbank.
org/nipr/work_paper/1860/ accessed in February 2006
Elsom, D. (1996) Smog Alert – Managing Urban Air Quality, London, Earthscan
EU (1999) ‘Council Directive 1999/30/EC of 22 April 1999 relating to Limit Values
for Sulphur Dioxide, Nitrogen Dioxide and Oxides of Nitrogen, Particulate Matter
and Lead in Ambient Air’, Ofﬁcial Journal L 163, 29/06/1999, pp004–0060, http://
europa.eu.int/eur-lex/lex/LexUriServ/LexUriServ.do?uri=CELEX:31999L0030:
EN:HTML accessed in March 2006
Haq, G. (1997) Towards Sustainable Transport Planning, Aldershot, Avebury
Infante-Rivard, C. (1993) ‘Childhood Asthma and Indoor Environmental Risk Factors’, American Journal of Epidemiology, vol 137, pp834–844
Kamat, S. R. (2000) ‘Mumbai Studies of Urban Air Pollution and Health Resulting
Synergistic Effects of SPM, SO2 and NOx’, International Conference on Environmental and Occupational Respiratory Diseases, Indian Toxicological Research
Centre, Lucknow, India

Development of Air Quality Management in Asian Cities 221

Kan, H. and Chen, B. (2003a) ‘A Case-crossover Study of Ambient Air Pollution
and Daily Mortality in Shanghai’, Journal of Occupational Health, vol 45, pp119–
124
Kan, H and Chen, B. (2003b) ‘Air Pollution and Daily Mortality in Shanghai: A
Time-series Study’, Archives of Environmental Health, vol 58, no 6, pp360–367
Kan, H., Jia, J., Chen, B. (2004a) ‘A Time-series Study on the Association of Stroke
Mortality and Air Pollution in Zhabei District, Shanghai’, Wei Sheng Yan Jiu, vol
33, no 1, pp36–38
Kan, H., Jia, J. and Chen, B. (2004b) ‘The Association of Daily Diabetes Mortality
and Outdoor Air Pollution in Shanghai, China’, Journal of Environmental Health,
vol 67, no 3, pp21–26
Koe, L. C. C., Arellano, A. F. and McGregor, J. L. (2001) ‘Investigating the Haze
Transport from 1997 Biomass Burning in Southeast Asia: Its Impact on Singapore’,
Atmospheric Environment, vol 35, pp2723–2734
Lahiri, T. (2004) ‘Air Pollution Related Cellular Changes in the Lung of Kolkata and
Delhi’, paper presented at the conference ‘The Leapfrog Factor: Towards Clean Air
in Asian Cities’, Centre for Science and Environment, New Delhi, 30 April 2004
Lam, K. S., Wang, T. J., Wu, C. L. and Li, Y. S. (2005) ‘Study on an Ozone Episode in
Hot Season in Hong Kong and Transboundary Air Pollution over Pearl River Delta
Region of China’, Atmospheric Environment, vol 39, pp1967–1977
Lewis, S. A., Corden, J. M., Forster, G. E. and Newlands, M. (2000) ‘Combined
Effects of Aerobiological Pollutants, Chemical Pollutants and Meteorological Conditions on Asthma Admissions and A&E Attendances in Derbyshire UK, 1993–
1996’, Clinical and Experimental Allergy, vol 30, pp1724–1732
Mashelkar, R. A., Biswas, D. K., Mathur, O. P., Natarajan, R., Nyati, K. P., Singh, D.
V. and Singhal, S. (2002) ‘Report of the Expert Committee on Auto Fuel Policy’,
Government of India, New Delhi, http://petroleum.nic.in/ accessed in February
2006
Piver, W. T., Ando, M., Ye, F. and Portier, C. J. (1999) ‘Temperature and Air Pollution as Risk Factors for Heat Stroke in Tokyo, July and August 1980–1995’,
Environmental Health Perspectives, vol 107, pp911–916
PRD (2005) ‘2005 World Population Data Sheet’, Population Reference Bureau,
Washington DC, www.prb.org/Template.cfm?Section=PRB&template=/Content/
ContentGroups/Datasheets/2005_World_Population_Data_Sheet.htm accessed in
March 2006
Reuther C. (2000) ‘Winds of Change: Reducing Transboundary Air Pollutants’,
Environmental Health Perspectives, vol 108, ppA170–A175, http://ehp.niehs.nih.
gov/docs/2000/108-4/focus-abs.html accessed in February 2006
Shankar, P. R. and Rao, G. R. (2002) ‘Impact of Air Quality on Human Health: A
Case of Mumbai City, India’, paper presented at the IUSSP Regional Conference
on Southeast Asia’s Population in a Changing Asian Context, 10–13 June 2002,

222 Urban Air Pollution in Asian Cities

Bangkok, Thailand, www.iussp.org/Bangkok2002/S09Shankar.pdf accessed in
February 2006
So, K. L. and Wang, T. (2003) ‘On the Local and Regional Inﬂuence on Groundlevel Ozone Concentrations in Hong Kong’, Environmental Pollution, vol 123,
pp307–317
Tamura, K., Jinsart, W., Yano, E., Karita, K. and Boudoung, D. (2003) ‘Particulate
Air Pollution and Chronic Respiratory Symptoms among Trafﬁc Policemen in
Bangkok’, Archives of Environmental Health, vol 58, pp201–207
Torres, E., Ronald, D. Subida, R. D., Gapas, J. L., Sarol, J. N., Villarin, J. T.,Vinluan,
R. J. N., Ramos, B. M. and Quirit, L. L. (2004) Public Health Monitoring: A Study
Under the Metro Manila Air Quality Improvement Sector Development Program
(MMAQISDP), Manila, Asian Development Bank
UNEP/WHO (1992) Urban Air Pollution in Megacities of the World, United Nations
Environment Programme/World Health Organization, Oxford, Blackwell
Wang, T., Poon, C. N., Kwok, Y. H. and Li, Y. S. (2003) ‘Characterizing the Temporal
Variability and Emission Patterns of Pollution Plumes in the Pearl River Delta of
China’, Atmosphere Environment, vol 37, pp3539–3550
Whitelegg, J. and Haq, G. (2003) An Earthscan Reader in World Transport Policy
and Practice, London, Earthscan
WHO (2000) Guidelines for Air Quality, WHO/SDE/OEH/00.02, World Health
Organization, Geneva, http://whqlibdoc.who.int/hq/2000/WHO_SDE_OEH_00.
02_pp1–104.pdf, http://whqlibdoc.who.int/hq/2000/WHO_SDE_OEH_00.02pp
105–190.pdf accessed in February 2006
WHO (2005) ‘WHO Air Quality Guidelines Global Update 2005’, Report of a working
group meeting, Bonn, Germany, 18–20 October 2005, World Health Organization,
Geneva, www.cepis.ops-oms.org/bvsea/fulltext/guidelines05.pdf accessed in April
2006
WHO/UNEP/MARC (1996) Air Quality Management and Assessment Capabilities in
20 Major Cities, UNEP/DEIA/AR.96.2/WHO/EOS.95.7, Nairobi, Kenya, United
Nations Environment Programme
Wong, T. W., Lau, T. S., Yu, T. S., Neller, A., Wong, S. L., Tam, W. and Pang, S. W. (1999)
‘Air Pollution and Hospital Admissions for Respiratory and Cardiovascular
Diseases in Hong Kong’, Occupational and Environmental Medicine, vol 56,
pp679–683
Wong, T. W., Yu, T. S. and Tam, W. (2000) ‘Research on Air Pollution and Health in
Hong Kong’, Asia Paciﬁc Journal of Public Health, vol 12, Suppl, S45–547
Wong, C. M., Ma, S., Hedley, A. J. and Lam, T. H. (2001) ‘Effect of Air Pollution
on Daily Mortality in Hong Kong’, Environmental Health Perspectives, vol 109,
pp335–340

Development of Air Quality Management in Asian Cities 223

Wong, C. M., Atkinson, R. W., Anderson, H. R., Hedley, A. J., Ma, S., Chau, P. Y.
and Lam, T. H. (2002) ‘A Tale of Two Cities: Effects of Air Pollution on Hospital
Admissions in Hong Kong and London Compared’, Environmental Health
Perspectives, vol 110, pp67–77
Xu, X., Gao, J., Dockery, D. W. and Chen Y. (1994) ‘Air Pollution and Daily Mortality
in Residential Areas of Beijing, China’, Archives of Environmental Health, vol 49,
no 4, pp216–222
Ye, F., Piver, W. T., Ando, M. and Portier, C. J. (2001) ‘Effects of Temperature and
Air Pollutants on Cardiovascular and Respiratory Diseases for Males and Females
Older than 65 Years of Age in Tokyo, July and August 1980–1995’, Environmental
Health Perspectives, vol 109, pp355–359

ﬁve
Trends and Challenges in
Managing Urban Air Quality
in Asia
INTRODUCTION
In order to determine the current status of AQM in 20 Asian cities, information was
collated on current AQM policy and practice in each city and an assessment of AQM
capabilities was undertaken using a questionnaire survey. All cities, including those
with currently good or excellent management capability, will need to continue to
improve their management systems in order to achieve and sustain better air quality.
Compared to the 1990s there has been a general improvement in AQM capabilities
and air quality. However, many Asian cities still fail to meet WHO guideline, EU limit
values or long-term USEPA standards. SO2 levels have decreased and have stabilized
at relatively low levels in most of the cities examined but are under pressure in those
Asian cities which are increasing the use of coal or high-sulphur fuels. Although there
has been a slight decrease in TSP and PM10 levels, these are still relatively high when
compared to EU and USEPA long-term standards. In contrast, NO2 concentrations
have been increasing in highly urbanized areas experiencing rapid motorization,
which has also resulted in increasing O3 concentrations.
The measures taken by the cities to improve their existing AQM capability will
determine whether PM10 and NO2 levels can be reduced. Emission control measures
can be taken to improve air quality without requiring reliable data, well-developed
air quality monitoring networks or emission inventories. These include the adoption
and implementation of stringent vehicle emission standards, the introduction of
cleaner fuels for mobile and stationary sources and the enforcement of inspection and
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maintenance programmes. Such measures are particularly beneﬁcial to cities such as
Dhaka, Kathmandu and Surabaya with moderate and limited AQM capability.
Despite observable improvements in air quality since 1990, 4500 residents
in eight Asian cities (Bangkok, Beijing, Guangzhou, Hong Kong, Kuala Lumpur,
Metro Manila, Shanghai and Wuhan) perceive air pollution as worsening (Synovate,
2005). Approximately 88.4 per cent of the respondents surveyed in 2004 felt that air
pollution is affecting their daily lives. Respondents from Bangkok felt emotionally
affected, 54 per cent felt depressed because of air pollution and 44 per cent of the
respondents commented that they were restricting their outdoor activities because
of poor air quality. A total of 82 per cent of Metro Manila residents indicated that
they are affected by irritation of eyes, nose and throat. These perceptions to some
extent reﬂect the impact of high pollutant concentrations such as PM and NO2 which
have been reported in ﬁve cities (Bangkok, Beijing, Hong Kong, Metro Manila and
Shanghai). In particular, air quality standards in these countries are above WHO
guideline values, EU limit values and USEPA standards.
The perceived failing of measures to manage urban air quality could weaken the
willingness of the public and stakeholders to reduce emissions and to comply with
air pollution regulations. A negative public perception may undermine the efforts
of cities that have excellent AQM capability such as Bangkok, Hong Kong and
Shanghai. It could also discourage decision makers from taking action to improve
air quality. Equally, public concern over exposure to serious to moderate levels of air
pollution could provide an incentive to policy makers to take action to strengthen air
management measures.
This chapter presents and discusses a number of trends for the four main
components of AQM capability as identiﬁed in Chapter 2. It lists common challenges
that Asian cities need to address to further improve AQM capability and ultimately
achieve better air quality.

AIR QUALITY MONITORING
Due to improvements in air quality monitoring and AQM capability, the status of
air quality in Asian cities is becoming increasingly well documented. However,
considerable differences remain in the methodology, site selection, frequency and
reliability (quality assurance/quality control) of monitoring of air quality and air
quality standards. These differences explain why air quality levels and tendencies for
one city cannot be compared with those of other cities in Asia nor can they be used as a
basis of ranking cities in terms of air quality. Even if these methodological differences
did not exist, ranking of cities would still be scientiﬁcally unsound. This would be
due to differences in air pollutant patterns and the fact that cities not monitoring
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would elude ranking and cities which monitor air quality would be penalized for the
mere fact of monitoring. As a consequence, air quality in each city and its possible
improvement can only be analysed by observing tendencies over time.
The number of air quality monitoring stations and the pollutants monitored in
Asian cities vary greatly (for example, Dhaka has only one and Colombo only two
monitoring stations while Tokyo has 82 stations), which affects spatial representativity.
Differences in the number of stations include the:
availability of funding;
 understanding of the concept ‘spatial representativity’ and the lack of statistical
estimates for the appropriate number of stations under consideration or the
residence times of pollutants;
 lack of clarity on how to integrate geographic (land area) demographic
(population density) and meteorological considerations (e.g. wind direction, wind
speed, topography) in establishing or strengthening their air quality monitoring
networks.


While all cities employ a varying number of continuous monitoring stations, a few
(e.g. Dhaka, Kathmandu) also use manual monitoring. Continuous monitoring allows
for real-time reporting of air quality and, if combined with the presence of a data server
that broadcasts real-time air quality information, offers more complete information
more quickly in support of AQM. Beijing uses a large number of diffusive (passive)
samplers in addition to automatic continuously monitoring devices. Diffusive samplers
are easy to handle, cheap and sufﬁciently accurate for longer exposure times. They
allow the monitoring network to achieve good spatial representativity.
In cities such as Dhaka, Hanoi, Kolkata, Mumbai and New Delhi, several
agencies are monitoring air pollution. Data are not necessarily harmonized (e.g.
Hanoi, Mumbai) and consequently, monitoring results from sites in close vicinity are
not always comparable with each other.
There are still considerable differences in the number and type of pollutants
measured in the various cities. Since the late 1990s PM10 has been monitored routinely
in Asian cities while only half of the cities examined appear to have monitored O3. The
decision to monitor additional pollutants is mainly driven by whether or not standards
exist for speciﬁc pollutants. Following the example of European and US cities, and
in view of the recent evidence of health impacts of ﬁne PM and O3 (WHO, 2003;
2004), Asian cities are expected to intensify efforts to monitor O3 and PM2.5 in the
future. However, the level and frequency of monitoring will vary due to differences
in priority and budgets allocated for this purpose.
Cities such as Bangkok, Hong Kong and Ho Chi Minh City have begun to
differentiate between air quality monitoring at urban sites away from stationary
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emission sources and roadside monitoring close to mobile sources. The reason for
this is that in most Asian countries many people are exposed to air pollution from
mobile sources in the immediate vicinity of the road (e.g. street vendors and their
customers, policemen, people living along streets in slum areas). This is an approach
which should be considered by more cities given the large contribution of mobile
sources to air pollution. Roadside air quality monitoring should be part of an integrated
AQM approach which has standardized methodologies for air quality monitoring at
different urban locations. Such an approach will consider the inﬂuence of industrial
and transboundary sources in addition to mobile sources and ensure that roadside
monitoring results can be viewed in the context of the overall air pollution situation.
A common weakness in air quality monitoring in Asian cities is the quality
assurance and control procedures. Rigorous quality assurance plans are usually not
developed or implemented. Without robust quality assurance procedures, air quality
data are subject to discussion because they may be of unknown quality. Such data
cannot provide the basis for a detailed assessment of tendencies in air quality, source
apportionment, compliance with standards, and health and environmental impacts.
As a consequence policy making and enforcement of emission regulations may be
weakened.
Although air quality monitoring has improved in major Asian cities, a number of
these cities still do not have the capability to monitor urban air quality adequately.
This is especially true for the secondary cities (i.e. cities of fewer than 500,000 people)
of which there are estimated to be more than 2000 in Asia.
The cost of air quality monitoring is still an important factor and it cannot be
expected that these cities will be able to install continuous air quality monitoring
stations. Diffusive monitoring is another technique that can be used as a tool to identify
air pollution hotspots. Diffusive samplers also provide a low-cost alternative in the
absence of more sophisticated monitoring equipment, provided that the capability
exists to undertake reliable measurement and analysis of samples. This makes diffusive
monitoring an attractive option for secondary cities in Asia. At present, the diffusive
monitoring technique is rarely used for regular monitoring activities in Asian cities.
The use of these devices, particularly in cities with moderate or limited capability,
could enhance their capability in air quality monitoring.
In the last few years progress has been made in the use of satellite observations
for air quality monitoring. Satellite data can aid in the detection, tracking and
understanding of pollutant transport by providing observations over large spatial
domains and at varying altitudes. Several satellite sensors can detect some types
of aerosols, including smoke plumes from ﬁres (Engel-Cox et al, 2003). They can
thus provide a basis for deriving emission estimates of events such as forest ﬁres
(Neil et al, 2003). Soil moisture can be detected from space and is an essential
piece of information for estimating how much dust (a type of PM) is contributing to
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atmospheric haze. Several satellite missions designed to detect stratospheric O3 can
also provide information on tropospheric O3 levels (Fishman et al, 2003).
The general use of satellite-based monitoring techniques would allow costeffective air quality data for a large number of Asian cities. Initially, such data
will probably be used for research purposes to determine whether concentration at
receptor sites can be adequately estimated. However, it will be some time before such
techniques could be used for regulatory purposes.
The Asian Regional Research Program on Environmental Technology (ARRPET)
and the International Atomic Energy Agency programme on source apportionment
of PM using nuclear analytical techniques have been monitoring air pollution for
research purposes (Oanh et al, 2004; IAEA, 2004). The results of these initiatives,
which often involve passive sampling, until recently have not been used to validate
the results of routine ambient air quality monitoring. The results of such research
programmes are rarely communicated to local governments and the public.

Assessing the impacts of urban air pollution
The ﬁrst step in the implementation of any AQM strategy involves measuring the
concentration of air pollutants and determining the current level of air quality using
air quality standards. Policy makers will require additional information on the impacts
of air pollution to support policy making. Until recently, literature on health impacts
of air pollution in Asia has not being as abundant as in developed counties and this
is still the case in the least developed countries in Asia (WHO, 2000). However,
progress has been made in determining the health impacts of air pollution in Asia.
The Public Health and Air Pollution in Asia (PAPA) programme of the Clean Air
Initiative for Asian Cities (CAI-Asia) consolidated for the ﬁrst time existing health
impact studies. PAPA has initiated a series of coordinated health impacts studies in
three Asian countries (HEI, 2004). Research is currently being undertaken to examine
the links between air pollution, poverty and health impacts in Ho Chi Minh City
(ADB, 2005).
The evidence basis for other environmental impacts such as reduced crop yields
and damage to buildings and infrastructure is still very limited. There is a need to
expand air pollutant monitoring networks to cover agricultural and forest areas.
Monitoring data of ground-level SO2, NO2 and O3 are, however, scarce in most rural
areas. Concentrations of O3 are approaching phytotoxic levels in some parts of Asia
(Ashmore et al, 2005). There is a severe shortage of reliable local exposure–yield
data and the inﬂuence of the mixture of pollutants on exposed vegetation. There is a
need to systematize past and ongoing research efforts and to broaden the number of
organizations involved in such research (Ashmore et al, 2005).
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Chapter 1 discussed the economic impact of air pollution in selected Asian cities.
However, considerable gaps still exist in determining the economic cost of urban air
pollution in Asia. Methodological weaknesses make it difﬁcult to compare economic
impact studies between countries and cities. Notwithstanding the gaps in coverage
and methodological weaknesses, it is clear that the costs of air pollution to society are
high and outweigh the costs of air pollution abatement. An EC study, which estimated
health costs in 2000 and 2020, identiﬁed beneﬁts between 89 and 193 billion euro if
current EU air pollution legislation is implemented in the 25 EU member states in
2020 (AEAT, 2005). The US Ofﬁce of Management and Budget estimated the beneﬁts
of enforcing four AQM-related policies to be US$101–119 billion per year from 1992
to 2002 compared to the cost of US$8–8.8 billion per year (USOMB, 2003). The
policies included two rules limiting PM and NOx emissions from heavy-duty highway
engines, the Tier 2 rule limiting emissions from light-duty vehicles, and SO2 limits as
part of the acid rain provisions in the 1990 amendments to their Clean Air Act.
Increased political and public awareness of the health and environmental impacts
of air pollution and their costs in relation to the costs of air pollution abatement will
be instrumental in advancing urban AQM in Asia.

Data assessment and availability
Air quality reporting is as important as monitoring itself, as it provides policy makers
and stakeholders responsible for AQM with the information on which to base their
efforts to reduce air pollution. This includes making available average hourly,
daily, weekly, monthly and yearly averages of air quality data and their conﬁdence
intervals. In most of the Asian cities examined here information on air quality levels
is now made available as an aggregate form via a daily Air Pollution Index (API)
(CAI-Asia, 2006a). Following the USEPA Pollutant Standard Index (PSI), APIs
have been developed as an instrument to communicate air quality levels in a more
easily understandable manner to the general public and alert them when pollutant
concentrations reach levels harmful to human health.
Policy makers and researchers cannot develop integrated AQM strategies based
solely on APIs and averaged datasets. Policy makers need information on compliance
with standards, potential impacts of air pollution, and the costs and beneﬁts of control
actions. Researchers need to have access to individual reliable monitoring data in
order to be able to conduct research on health and environmental impacts, and to
estimate the economic cost of air pollution. Similarly, air quality modellers need
information on air quality in order to validate their models; researchers conducting
source apportionment studies need to have access to detailed and reliable air quality
data. The reality in many of the Asian cities examined here, as well as in other Asian
cities, is that individual data are often not readily available and, if they are, it is at a
ﬁnancial cost and often with a considerable time delay.
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There is a need to improve data interpretation. This includes the understanding
of compliance testing, the discretional use of meteorological data and the careful
application of statistical methods. In short, to interpret data in a suitable context in
order to provide decision makers with useful information and knowledge.

EMISSION INVENTORIES
Source apportionment is the estimation of the contribution of different sources
to an observed air pollutant situation. It is applied when air quality standards are
exceeded and there is a need to understand the contribution of individual sources.
Source apportionment can provide support to modellers in the development of control
options and to policy in the formulation of clean air implementation plans. It allows
the cost-efﬁciency of control options to be estimated. If air quality monitoring is
imperfect or invalid, as is the case in a large part of Asian cities, this will limit the
validity of source apportionment.
Emission inventories estimate emissions directly at the source using stack monitoring, input–output analysis or emission factors. They enable policy makers and
regulators to prioritize and target the control of emissions from major sources of
emissions, provided emissions are reliably estimated. If emissions inventories are
imperfect, fragmented or non-existent, this will limit the potential of applying the full
range of integrated AQM measures.
In most of the Asian cities examined, reliable emissions inventories are either
lacking or contradictory or cover only part of all sources of air pollutants, for
example by assuming that mobile emissions are the major source and industrial and
transboundary sources play only a subordinate role. Mostly they are ad hoc estimates
conducted by international or national organizations on a one-time level or within
projects independent of a rational AQM system. Emissions inventories often do not
undergo procedures of quality assurance and quality control. This limits their use in
policy making or in the evaluation of the implementation of policy measures.
In Asian cities, emission estimates are compiled for mobile sources or for power
plants rather than providing a comprehensive assessment of all sources of air pollution,
which would deserve the name of an emission inventory. This adds to the difﬁculties
many cities and countries in Asia face in accurately quantifying the contribution
made by different sources to urban air pollution. The contribution to air pollution
of area sources such as road dust and open burning, inside and outside the cities, is
of particular concern, especially with respect to ﬁne PM. Additional studies and the
application of better methodologies are required to be able to arrive at information on
which sound policy making can be based.
Asian cities are becoming increasingly aware of the inﬂuence of emissions which
originate from outside the city. Emissions from the Pearl River Delta have resulted
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in Hong Kong residents being exposed to increased air pollution levels (Wang et al,
2003) while the sandstorms from desert areas in China have contributed to smog in
Beijing and other northeastern Chinese cities (Sun et al, 2004; Zhang et al, 2004;
NASA, 2004; China Daily, 2006). In addition, regional sources of pollution such
as the Southeast Asian haze (Wheeler, 1998) and the atmospheric brown cloud
(UNEP, 2000a) play a signiﬁcant role in urban air pollution. These regional processes
have contributed to urban pollution levels, which are already exceeding air quality
standards.
There is also a growing concern over the impact of emissions which originate
from Asia on air quality in other parts of the northern hemisphere (e.g. Jaffe et al,
2003; Iino et al, 2004; Vingarzan, 2004). This rising awareness of the importance
of regional, transboundary and hemispheric transport of air pollutants has resulted
in an increase in scientiﬁc studies which will help to develop a better understanding
of urban air in cities exposed to long-distance air pollution (Lee et al, 2004; Kar and
Takeuchi, 2004; Grousset and Biscaye, 2005).
Within Europe and other parts of the developed world more attention is now
being given to the contribution made by shipping (EC, 2005) and aviation (ATAG,
1999; CGER, 1999) to air pollution. Methodologies are being developed to study
these sources (e.g. Advanced Emission Model for Aviation). The results of studies on
aviation and shipping are of considerable relevance to Asia where the aviation sector
is rapidly growing and shipping is making a signiﬁcant contribution to the economic
development of coastal cities (Jelinek et al, 2004).
Emissions inventories in Asian cities often use emissions factors that are not speciﬁc to the technology commonly used in the country or the city for which the emission
inventory has been compiled. Often default emission factors are used, which were
developed in Europe or the US. Similarly, activity data, the second main element of
emission inventories, are often weak in Asian cities due to the poor capacity in government agencies responsible for recording vehicle numbers or industrial activity.

AIR QUALITY MANAGEMENT STRATEGIES
Since the early 1980s a number of measures have been taken to address air pollution
problems in Asia. Measures to address urban air pollution intensiﬁed in the mid1990s when the World Resources Institute identiﬁed several Asian cities among the
world’s worst polluted cities (Davis and Saldiva, 1999). These measures have been
helpful in stabilizing pollution levels and in some cases reversing air quality trends
(WHO, 2001). However, as discussed, considerable challenges still exist that have to
be overcome before many Asian cities can enjoy better air quality.
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Most Asian countries have adopted ambient air quality standards. However, such
standards in Asia are not harmonized and vary considerably. Countries tend to follow
WHO guidelines in setting the standards and in the case of PM10, USEPA standards.
Where standards deviate from WHO guideline values, EU limit values and USEPA
standards, Asian ambient standards tend to be more lenient. This is particularly
the case for the 24-hour standards for PM10, which are greater than the EU limit
by a factor of two or more in Bangladesh, China, Hong Kong, Indonesia, Nepal,
Philippines, Republic of Korea, Singapore, Taipei and Thailand. It also applies to the
1-year NO2 standards in Bangladesh, Indonesia, Republic of Korea, Taipei, China and
Vietnam. There is also considerable variation in averaging times under the ambient
standards established by Asian countries compared to the WHO guideline values, EU
limit values and USEPA guidelines.
In most Asian countries, PM10 is the main pollutant of concern and currently
concentrations are well above EU annual and 24-hour limits and the USEPA annual
standard. The WHO determined that no threshold limit could be established for PM10
although a guideline value of 20 µg/m3 has recently been set (WHO, 2005). The EU
has set a 24-hour limit much lower than that of the USEPA. As discussion on the
need to tighten the PM10 standards in Asia intensiﬁes, regulators will face a dilemma
whether to set strict standards for ﬁne PM as low as that of the EU or to adopt more
lenient standards, which can be achieved with current AQM capability.
A certain amount of confusion exists among regulators on whether to set air
quality standards for NOx (the sum of NO and NO2) or NO2. However, NO is known
to have little effect on human health or the environment (WHO, 2000). Similarly,
regulators in Asian countries have adopted different approaches in setting averaging
times for measuring O3 concentrations. The harmonization of approaches between
Asian countries in standard setting can assist in promoting the inter-comparability of
air quality monitoring results for individual pollutants across cities and countries.
Although ambient standards have been established in most Asian countries, they
are not necessarily used in all cities and implemented as part of an integrated AQM
system comprising air quality monitoring, source identiﬁcation, emission inventories,
emission control strategies and health impact assessment. In Japan, Sri Lanka and
Vietnam, long-term standards for PM10, NO2 and SO2 have not been adopted or
enforced, which limits the estimation of long-term health impacts. The same applies
to Nepal (no long-term PM10 standard), Philippines and Thailand (no long-term NO2
standard), and Republic of Korea (no long-term NO2 or SO2 standards). For example,
in Bangladesh, China and the Philippines and, until recently, Vietnam, O3 standards
exist but routine air quality monitoring activities do not include O3. It is not certain
whether the O3 levels meet the set standards. In contrast, Indian cities monitor O3 in
spite of the fact that India has not adopted an O3 standard.
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The majority of Asian countries have adopted emission standards for motor vehicles and stationary sources of pollution. Motor vehicle emission standards, which
in most cases are linked to fuel quality standards, are in nearly all cases based on
the European emission standards. In recent years, the legislation to tighten emission
standards for new vehicles taken by several Asian countries has reduced the time
lag between Europe and Asia from approximately 8–10 years in 1995 to 4–6 years
in 2005. A critical factor in the implementation of more stringent vehicle emission
standards in Asia will be the success of Asian countries in introducing cleaner fuels,
especially reducing the sulphur content of fuel. Although several Asian countries have
developed, or are in the process of developing cleaner fuels, questions remain on the
speed at which reﬁnery modiﬁcations can be undertaken to produce ultra-low sulphur
fuels. A potential common aim could be the adoption of Euro IV emission standards
by 2010 (ADB, 2003; JAMA, 2006).
In contrast to vehicle emission standards, less transparency exists on emission
standards for stationary sources and the manner in which such standards will develop
over the next 5–10 years in Asia. An area of particular concern is the increase in coal
consumption for power generation and other industrial purposes. This has resulted in
considerable research and development activities into cleaner coal technology (UIC,
2004; USDOE, 2002). The emergence of such technology might lead to the setting of
stricter emission standards for stationary sources to ensure faster adoption.

Integrated approach to AQM
In contrast to the past, when major causes of air pollution occurred sequentially rather
than simultaneously, Asian cities are now faced with the pressure of a combination
of driving forces (e.g. motorization, industrialization and energy demand). To deal
with such challenges and to efﬁciently manage air quality in the cities, the four AQM
indices (measurement; data assessment and availability; emissions estimates; and
management capacities) as well as other related environmental concerns of the cities
should be integrated into a strategic framework for AQM. An integrated approach
to AQM is comprehensive and aims to facilitate the setting of air quality priorities
and provide direction on supportive institutional development and capability
enhancement. Such an approach has been formulated in the Strategic Framework
for AQM in Asia (APMA/CAI-Asia, 2004). The Strategic Framework provides a
broad high-level approach targeted at government, industry, media, academia, nongovernmental organizations and the general public. It outlines the key challenges
existing in AQM in Asia and provides recommendations with respect to different
components of a comprehensive AQM system. By taking a strategic approach to
AQM some of the challenges highlighted can be addressed to allow effective AQM
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for better air quality in Asia. This strategic and integrated AQM approach would
incorporate the following:










Developing clean air implementation plans as formulated in the Strategic Framework. This includes addressing the greatest challenges in Asian cities such as
emission inventories and health and environmental impact assessments.
Extending dedicated air quality legislation to other sectors, involving all stakeholders, and strengthening the use of economic instruments.
Emphasizing transport demand management and transport planning. This would
include reducing the need to travel for essential services, providing attractive and
efﬁcient public transport systems, developing an urban environment that is clean,
safe and more conducive to walking and cycling.
Increasing the use of land use planning tools in AQM (e.g. zoning) and taking into
consideration air quality information in roads and industrial site planning.
Tightening air quality standards towards the EU limit values and/or WHO
guideline values.
Increasing political and public awareness of the health and environmental impacts
of air pollution and their costs in relation to the costs of air pollution abatement.
Promoting more public health and environmental studies in the framework of
environmental impact assessment.

Urban development in Asian cities has in most cases been guided by economic
development considerations. Concerns about environmental deterioration and air pollution usually had to take second place. This has resulted in a management approach
with a heavy emphasis on technological solutions and limited attention for preventive
approaches. It is interesting to note that the cities in the study with the highest scores
in terms of AQM capability – Hong Kong, Singapore, Taipei and Tokyo – are also
cities with the most well-developed public transport systems and land use planning
policies.
For Asian cities to be able to meet air quality goals they will have to integrate
urban planning, land use planning, transport planning and air quality management.
Such approaches are already becoming increasingly common in some parts of Western
Europe (EEA, 2005). In Asian cities there is a growing interest in considering new
approaches to revitalize cities by providing sustainable mobility such as the bus rapid
transit (BRT) Systems which are currently operating in Beijing, Jakarta, Kunming,
Taipei, Seoul and several Japanese cities. BRT systems are under construction or
planned in Ahmedabad, Bangalore, Bangkok, Hanoi, Metro Manila, New Delhi, Pune
and several Chinese cities including Shanghai, Shenyang and Wuhan (BigNews,
2004; The Nation, 2005; CAI-Asia, 2005). Better transport demand management and
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transport planning will help to develop an urban environment which is cleaner, safer
and more conducive to walking and cycling.
To strengthen a preventive and integrated approach to AQM, the use of economic
instruments will have to be widely applied in managing stationary and mobile air
pollution. Singapore led the way by being one of the ﬁrst countries to introduce
congestion charges, which has been followed by Trondheim, Norway and London,
UK. Congestion charging has proved to be an effective measure to reduce private
vehicle use, improve public transport and reduce emissions and congestion (BBC
News, 2004; BBC, 2006).
There is now increasing experience of emission trading for SO2, NOx and GHG to
control emissions from stationary sources (Ellerman et al, 1997; 2003; Swift, 2000;
NRTEE, 2004). A further improvement of AQM capability in air quality monitoring,
emission inventories and source apportionment studies in Asian cities will make it
easier to adopt wide-scale emission trading in Asia.
Urban air pollution and global climate change have similar drivers: urbanization,
motorization and increased energy use. There is also growing evidence of the ancillary
beneﬁts of GHG reduction for air pollution (Alcamo et al, 2002; van Vuuren et al,
2006). This makes it relevant for decision makers not only to consider air quality in
setting policies and regulations on urban air quality but at the same time to consider
what beneﬁts for air pollution can be achieved with policy measures to mitigate global
climate change. This will help to mobilize support and resources for the adoption and
implementation of such policies.
A frequent complaint about AQM in Asian cities is the lack of enforcement of
air quality regulations and emission standards (APMA/CAI-Asia, 2004). Information
on the lack of enforcement is mostly anecdotal and few systematic studies have been
undertaken. However, it is clear that considerable scope for improvement exists in
enforcing standards. This has a direct result in terms of reducing emissions. It is
also reasonable to expect that stronger enforcement of regulations will have a more
effective impact in preventing emissions. Studies from Jakarta indicate that the widescale adoption of preventive inspection and maintenance programmes for in-use
vehicles can help to reduce emissions by 50 per cent. Emissions of HC have been
reduced by 27 per cent for gasoline vehicles and emissions of soot by 56 per cent for
diesel vehicles. An improved fuel efﬁciency of 3–4 per cent was also observed as a
result of the programme (Pramono and Heuberger, 2001).
In some cases the poor enforcement of air quality standards and regulations has
resulted in citizens launching court cases against the government. Some of these cases
have been instrumental in forcing governments to take action, which has resulted in
considerable improvements in air quality. A well-known example is that of the 1998
Indian Supreme Court direction to the city of New Delhi. This required the city to
undertake a number of measures which included improving public transport; banning
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the use of buses older than eight years; converting the entire diesel bus ﬂeet to CNG;
and replacing all pre-1990 autos and taxis with new ones using cleaner fuel by March
2000. The court decision was a consequence of the ‘Right to Clean Air’ campaign of
the Centre of Science and Environment intended to improve air quality (CSE, 2006).
Although the implementation of the court decision was delayed by industry and
government, it ﬁnally resulted in less polluted air in New Delhi. Legal action initiated
by citizens and non-governmental organizations is therefore a potential instrument to
force several Asian cities to take action, especially in those cities which have limited
AQM capability.
AQM is still a relatively new concept in most of the cities examined and a weak
institutional capability contributes to the relatively low AQM capability in some
cities. Asian countries and cities will have to increase the numbers of staff working
on all aspects of AQM. They will have to develop a programme of continuous
training to ensure that staff are familiar with new technologies and methodologies.
However, adding more staff and better training and the provision of equipment will
not be sufﬁcient to generate the required institutional capability to manage air quality
successfully. In many cases there will be a need to rearrange institutional mandates
or create new mandates to ensure better coordination between national and local
governments as well as coordination between different sectors in government and
between government, private sector and civil society.

DEVELOPING A REGIONAL APPROACH TO IMPROVE URBAN
AIR QUALITY IN ASIA
Although each city’s air pollution problems are to some extent unique and require
speciﬁc AQM strategies, it is becoming increasingly apparent that Asian cities are
experiencing similar problems, for example increasing PM, NOx and O3 concentrations. Urban air pollution problems are being further exacerbated by emissions from
sources outside the city, for example transboundary air pollution such as dust and
sandstorms from mainland China.
A regional approach to air pollution allows an understanding of the causes and
impacts of air pollution and maximizes resources including capacity building and
funding opportunities. Asian countries are increasingly working together to address
air pollution problems. Programmes such as the Acid Deposition Monitoring Network
in East Asia (EANET, 1999) and the Atmospheric Brown Cloud Project (UNEP,
2000a), and declarations and agreements such as the Malé Declaration on Control
and Prevention of Air Pollution and its Likely Transboundary Effects for South Asia
(UNEP, 2000b) and the ASEAN Agreement on Transboundary Haze (ASEAN, 2002)
play a critical role in developing a better scientiﬁc understanding of transboundary
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air pollution in the Asia. The UNECE Task Force on Hemispheric Transport of Air
Pollution initiated a programme to examine the hemispheric transport of air pollutants
(UNECE, 2004) as discussed in Chapter 1. CAI-Asia activities aimed at the exchange
of information, knowledge and capacity building have raised the proﬁle of urban air
pollution in the region.
These programmes and activities demonstrate the viability of regional approaches
to improving AQM in Asian countries. They all contribute to improving scientiﬁc
understanding, which is the ﬁrst step in formulating common regional management
strategies for the mitigation of air pollution impacts. Provided a conducive political
context exists, there is no reason why Asian governments cannot begin to replicate the
successful intergovernmental cooperation, which resulted in reduced transboundary
air pollution in Europe. Although Europe still has some way to go before it recovers
from the legacy of past decades of acid deposition, acidiﬁcation is expected to
continue declining due to the integrated approach taken to address acidiﬁcation,
eutrophication and ground-level ozone (EEA, 2005). Pending the establishment
of such intergovernmental cooperation in Asia, regional initiatives such as those
introduced by UNEP, CAI-Asia and others can assist in inﬂuencing policies at the
national and city level and to ensure that there is investment in support of AQM goals
set by governments (CAI-Asia, 2006b).

CONCLUDING REMARKS
Despite considerable progress being made to clean the air in Asian cities, air pollution
continues to pose a threat to human health, environment and the quality of life in
cities. The concoction of increasing migration, motorization and uncontrolled urban
growth has all contributed to the intensiﬁcation of air pollution, which currently poses
a signiﬁcant challenge to Asian cities.
This assessment of the current status, challenges and management in urban air
pollution in 20 Asian cities provides a benchmark against which future initiatives
and progress in AQM can be assessed. The identiﬁcation of the stage of development
in terms of AQM capability can assist cities in setting priorities and developing
strategies to strengthen their AQM capability. Cities with a relatively low AQM
capability need to focus on establishing or strengthening continuous and diffusive
air quality monitoring systems and implementing basic control strategies. Cities with
higher AQM capability should focus on improving emission data. In the development
of air pollution control strategies, they should aim to address demand management in
transport and integrate local air pollution measures with transboundary air pollution
and GHG abatement. All cities will need to ensure that their AQM systems not only
manage the traditional criteria pollutants such as CO, NOx, SO2, O3, TSP and PM10
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Table 5.1 Challenges in AQM of Asian cities
Air quality policies

Several bodies or ministries are sometimes responsible for maintaining
acceptable air quality hampering, sectoral integration if coordination is
limited;
Absence of appropriate review mechanisms;
Regional differences in regulation of emission sources;
Deﬁciencies in setting air quality standards:
Lack of:
 stakeholder participation
 up-to-date emission standards
 monitoring and quantitative data on air quality and its impact on human
health and the environment
 up-to-date air quality standards.

Air quality governance

Prevalence of ad hoc awareness raising with a focus on raising alarm;
Deﬁciencies in information dissemination;
Design and implementation of AQM strategies often based on incomplete
knowledge;
Potential for misinterpretation of air quality reporting and information.

Emissions

Lack of:
 emission inventories and quality assured emission data
 source apportionment
 periodical update of emission standards
 regional harmonization of emission standards.

Air quality modelling

Lack of:
 quality assured emission data
 source apportionment experience
 regional harmonization of dispersion models.

Air quality monitoring

Absence of:
 and/or limited coverage of outdoor air quality monitoring systems
 periodic review of air quality monitoring issues
 or limited existence of baseline data
 or poor quality data and limited dissemination
 focus on control and quality assurance of monitoring programmes.
Lack of:
 standard operating procedures for monitoring, for data analysis and
presentation
 harmonization of monitoring networks and devices
 monitoring of transboundary air pollution
 hotspot monitoring.

Health, environmental
and economic risk
assessments

Lack of long-term studies of health, environmental and economic impacts due
to air pollution;
Poor information and assessment of health, environmental and economic
impacts of air quality;
Insufﬁcient representativity of monitoring sites for actual exposure of humans
and the environment.

Source: APMA/CAI-Asia (2004)
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but also ﬁne PM, which is monitored as PM2.5. In addition, all countries should review
their air quality standards in view of the EU limit values and the new WHO guideline
values (EC, 1999; 2000; 2002; WHO, 2000; 2005). Table 5.1 summarizes the main
challenges faced by Asian cities.
Although other global studies of AQM have included Asian cities (UNEP/WHO,
1992; WHO/UNEP/MARC, 1996), this is the ﬁrst of its kind to provide a systematic
and comparative analysis of 20 Asian cities. Periodic assessments of AQM allow
historical patterns to be distinguished. By taking a historical perspective the relatively
strong increase in AQM capability in China – and also other countries – becomes
apparent. By monitoring the progress made in developing AQM capabilities, learning
from past experience and identifying future priorities, national and local authorities
can be assisted in achieving a more sustainable urban environment and a better quality
of life for the millions of people living in Asian cities.
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Annex I
AIR QUALITY MANAGEMENT CAPABILITY ASSESSMENT
Please tick “yes” 

or “no”  to the following questions.

1. Indicators of air quality measurement capacity
1.1 Indicator of capacity to measure chronic health effects

25
3

At least one site in a residential area which has been monitoring for one year
or more with a frequency of greater than one day in six for the following
pollutants:
1.1.1
1.1.2
1.1.3
1.1.4
1.1.5
1.1.6

NO2
SO2
Particulate matter
CO
Pb
O3

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5
0.5
0.5

1.2 Indicator of the capacity to measure acute health effects

No 
No 
No 
No 
No 
No 
2.5

At least one site in a residential area which has been monitoring for one year
or more and provides daily or hourly mean values, each day for the following
pollutants:
1.2.1
1.2.2
1.2.3
1.2.4
1.2.5

NO2
SO2
Particulate matter
CO
O3a

Yes 
Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5
0.5

No 
No 
No 
No 
No 

248 Urban Air Pollution in Asian Cities

Daily mean ozone levels are not a useful indicator since night-time levels are usually
very low; therefore, daytime hourly maximum or 8-hour concentration indicators
should be used for acute health effects.
There are no acute effects of lead and, therefore, no indicator.

a

1.3 Indicator of the capacity to measure trends in pollutant concentrations

3

At least one site in a residential area which has been monitoring for a minimum
of ﬁve years capable of providing annual mean values for the following
pollutants:
1.3.1
1.3.2
1.3.3
1.3.4
1.3.5
1.3.6

NO2
SO2
Particulate matter
CO
Pb
O3b

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5
0.5
0.5

No 
No 
No 
No 
No 
No 

Annual mean ozone is not a useful indicator and maximum, 98th percentile, second
highest value or some equivalent statistic should be used.
b

1.4 Indicator of the capacity to measure the spatial distribution of
pollutants

3

At least three sites, one site in each of a predominantly residential, commercial
and industrial area of the city, which have been monitoring for at least one
year using equivalent equipment and methodologies (or those for which intercomparisons have been conducted), with a monitoring frequency greater than
one day in six, for the following pollutants:
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6

NO2
SO2
Particulate matter
CO
Pb
O3c

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5
0.5
0.5

No 
No 
No 
No 
No 
No 

The ozone sites should be located upwind and downwind in the suburbs of the city,
and in the city centre, due to the secondary nature of O3 pollution.
If mapping of pollutants had been conducted using modelling and an emissions
inventory, this would be considered as meeting the indicator’s criteria.
c
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1.5 Indicator of the capacity to measure kerbside concentrations

2.5

A site monitoring within 3 m of the roadside or kerb operating for one year or
more at least one day in six, for the following pollutants:
1.5.1
1.5.2
1.5.3
1.5.4
1.5.5

NO2
SO2
Particulate matter
CO
Pb

Yes 
Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5
0.5

No 
No 
No 
No 
No 

There is no indicator for O3 since concentrations are very low at the roadside due to
depletion by reaction with NO.
1.6 Indicators of data quality
1.6.1 Instruments calibrated at least monthly
1.6.2 Calibrations and analysis conducted using certiﬁed
solutions or gases
1.6.3 Site audits conducted to compare measurements from
different instruments in the network (intercomparisons)
1.6.4 Auditing procedures conducted by an independent
body
1.6.5 Sample analysis and audits performed by a laboratory
with an accreditation certiﬁcate
1.6.6 Sites reviewed at least every ﬁve years to ensure they
still meet the objectives of the network and hence are
appropriate
1.6.7 Data are validated (critically assessed) before they
are ﬁnally ratiﬁed
1.6.8 Inter-comparison exercises are conducted between
different measurement techniques and/or instruments
from other networks

11
Yes  2 No 
Yes  2 No 

Yes  1 No 
Yes  1 No 
Yes  1 No 

Yes  1 No 
Yes  2 No 

Yes  1 No 

2. Indicators of data assessment and availability
2.1 Indicators of the capacity to analyse data

25
14

Statistics and data analysis determined from the raw data include:
2.1.1 Means (daily, monthly, annual)

Yes  1 No 
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2.1.2 Maximum values (daily, monthly, annual)
2.1.3 Percentiles
2.1.4 Exceedances of national or WHO air quality
standards
2.1.5 Trends
2.1.6 Spatial distribution (mapping)
2.1.7 Exposure assessments
2.1.8 Epidemiological studies
2.1.9 Modelling with meteorological measurements
2.1.10 Prediction modelling
2.1.11 Computers are used in data assessment

Yes  1 No 
Yes  1 No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

2
1
1
1
2
1
1
2

No 
No 
No 
No 
No 
No 
No 
No 

2.2 Indicators of data dissemination

11

Air quality information about the city is available:
2.2.1
2.2.2
2.2.3
2.2.4

As raw data
In newspapers
On television and radio
On information boards in the city centre

Yes 
Yes 
Yes 
Yes 

1
1
1
1

No 
No 
No 
No 

Data are accessed through (select one):
2.2.5
2.2.6
2.2.7
2.2.8

Published reports which are readily available
Yes 
Internal reports and bulletins
Yes 
Only when requested – no formal documents available Yes 
Air quality warnings are issued to the public during
episodes of pollution
Yes 

4 No 
3 No 
1 No 
3 No 

3. Indicators of emissions estimates

25

3.1 Indicators of emission estimates

8

Estimates of emissions from the following source categories are available:
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8

Domestic emissions
Commercial emissions
Power-generating facilities emissions
Industrial emissions
Cars
Motorcycles
Others, e.g. ships, aircraft
HGV/buses

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

1
1
1
1
1
1
1
1

No 
No 
No 
No 
No 
No 
No 
No 
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3.2 Indicators of pollutant emission estimates

6

Estimates of emissions from the following pollutants are available:
3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6

Nitrogen oxides
SO2
Particulate matter/smoke
CO
Pb
Hydrocarbons

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

1
1
1
1
1
1

3.3 Indicators of the accuracy of emission estimates

No 
No 
No 
No 
No 
No 
9

The inventory is calculated using (either/or):
3.3.1 Estimates based upon some actual measurements
3.3.2 Estimates based upon fuel consumption statistics
and emission estimates only
3.3.3 Emissions from non-combustion processes are
included
3.3.4 The inventory is cross-checked (validated)
3.3.5 Inventories are conducted at least every two years
3.3.6 Future inventories are planned

Yes 

2

No 

Yes 

1

No 

Yes 
Yes 
Yes 
Yes 

2
2
1
1

No 
No 
No 
No 

3.4 Indicators of the availability of the emissions estimates

2

Details of the inventory are (either/or):
3.4.1 Published in full
3.4.2 Partially available

Yes 
Yes 

2
1

4. Indicators of air quality management capability
tools

No 
No 

25

4.1 Indicators of the capacity to assess air quality acceptability

8

4.1.1 Acute ambient air quality standards have been established for:
NO2
SO2
PM
O3
CO

Yes 
Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5
0.5

No 
No 
No 
No 
No 
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(Acute standards refer to those with an averaging time of one day or less)
4.1.2 Chronic ambient air quality standards have been established for:
NO2
SO2
PM
Pb

Yes 
Yes 
Yes 
Yes 

0.5
0.5
0.5
0.5

No 
No 
No 
No 

(Chronic standards refer to those with an averaging time longer than one day.)
4.1.3 Regulations exist to enforce compliance with air
quality standards
4.1.4 Local air quality standards exist to take account of
sensitive ecosystems
4.1.5 Air quality standards or guidelines are being
introduced and/or amended in the future

Yes 

1.5 No 

Yes 

1 No 

Yes 

1 No 

4.2 Indicators of the capacity to use air quality information

17

4.2.1 Emissions controls imposed upon:
1
1
1
1
1

No 
No 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 

1
1
1
1
1

No 
No 
No 
No 
No 

Roads
Industrial plant

Yes 
Yes 

1 No 
1 No 

4.2.4 Unleaded petrol available in the city

Yes 

2 No 

4.2.5 Additional emission controls are imposed during
episodes of particularly poor air quality

Yes 

3 No 

2–3 Wheelers
Cars
HGVs/buses
Heavy industry
Light industry

Yes 
Yes 
Yes 
Yes 
Yes 

4.2.2 Penalties imposed for exceeding emissions limits from:
2–3 Wheelers
Cars
HGVs/buses
Heavy industry
Light industry
4.2.3 Local air quality considered in development of new:

Annex II
REVIEW OF QUESTIONNAIRE
The capability questionnaire has been designed to collate information on four sets of
indicators (indices) which represent the key components of AQM capability:
1
2
3
4

Air quality management capacity index
Data assessment and availability index
Emission estimates index
Management enabling capabilities index.

Each indicator was allocated a total of 25 points. The overall assessment is based on
an overall capability index score of 100. The total score determines the effectiveness
of AQM capability on a range from minimal to excellent (see table below).

Table AII.1 Bandings for the component and overall capability indices
Effectiveness of
capability

Component index score

Overall capability index
score

Minimal

0 – ≤5

0 – ≤20

Limited

>5 – ≤10

>20 – ≤40

Moderate

>10 – ≤15

>40 – ≤60

Good

>15 – ≤20

>60 – ≤80

Excellent

>20 – ≤25

>80 – ≤100

Note: ≤ smaller than or equal to; > larger than.
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The original MARC questionnaire was reviewed and revised to reﬂect the current
situation in Asia and the increasing importance of the issues.

Air quality management capacity index
From the point of health impacts of pollutants, particulate matter (PM) is the most
hazardous pollutant named in the questionnaire. However, the health effects of
nitrogen dioxide (NO2) are still less well assessed and debatable for current outdoor
air concentrations. Therefore higher points were allocated to PM (0.75) and a lower
one to NO2 (0.25), the remaining pollutants had the original points of 0.5 each.
This procedure was applied for the ‘indicators of capacity to measure chronic
health (1.1) and acute health (1.2) effects’ and to the ‘indicators of acute (4.1.1) and
chronic (4.1.2) ambient air quality standards’, respectively. For the indicator of the
capacity to measure kerbside concentrations pollutants (1.5) were given different
points according to their hazard to human health: SO2 and NO2 (0.25), PM (0.75), CO
(0.75) and lead (0.5).
Critical assessment was considered as the most important indicator of data
quality within the indicators of air quality measurement capacity. Therefore, the
indicator critical assessment (1.6.7) was rated with the highest points (3) reﬂecting the
importance of data validation in data quality assessment. The next highest rankings
of 2.5 each were given to monthly calibration (1.6.1) and calibration with certiﬁed
solution or gases (1.6.2). The remaining indicators were allocated 1 point each.

Data assessment and availability index
The most important indicators of the capacity to analyse data within the indicators of
data assessment and availability are epidemiological studies, exposure assessments,
and tests of compliance with WHO guidelines or national standards. Therefore,
the indicator for the usability of data for epidemiological studies (2.1.8) was rated
highest (3), followed by scoring the ability to test for exceedances (2.1.4) and making
exposure assessments with (2.1.7) 2 points each. The indicator ‘computers are used in
data assessment’ (2.1.11) was not included in the modiﬁed questionnaire.

Emission estimates index
The most important ‘indicators of emission estimates’ for source categories are
estimates for HGV/buses (3.1.8), motorcycles (3.1.6), and cars (3.1.5) while others
(ships, aircraft; 3.1.7)) play only a localized role. HGV/buses and motorcycles were
given 2 points each, while cars were given 1.5 points and for ‘others, e.g. ships,
aircraft’ 0.5 points. The remaining indicators each have 1 point each.
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The total score for ‘indicators of emission estimates’ (3.1 and 3.2) is 16 points,
two points higher than in the original MARC questionnaire. This is compensated
by giving a lower number of points to the ‘indicators of the accuracy of emission
estimates’ (3.3), and attributing to the ‘indicators for estimates based upon some
actual measurements’ (3.3.1) and ‘cross-checking of the inventory’ (3.3.5) 2 points
each, and the remaining indicators 1 point each.

REVIEW OF THE INTERNAL LOGIC OF THE QUESTIONNAIRE
The relationship between the various indicators in the questionnaire was carefully
reviewed. This review resulted in the following conclusions.
Air quality monitoring is related to the existence of air quality standards or
guidelines. When no standards exist or guidelines are being applied as quasi standards
or criteria for judgement, the value of monitoring is reduced. If for a certain compound
there is no short-term or long-term air quality standard, air pollutant monitoring of that
compound is of less value than if compliance with a standard was tested. Therefore,
the following procedure was applied:
If monitoring is performed under the ‘indicators of the capacity to measure chronic
(1.1) or acute (1.2) health effects’, but long-term or short-term standards do not
exist then the entries for the compounds in the ‘indicators of capacity to measure
chronic of acute health effects’ were set to half the score. For example, if an
indicator for acute ambient air standards (4.1.1) is ‘no’ for a speciﬁc compound,
then, for the same compound, the indicator of the capacity to measure acute
effects (1.2) is set to half its original value. If an indicator for chronic ambient air
standards is ‘no’ for some compound, then, for the same compound, the indicator
of the capacity to measure chronic effects (1.1) is set to half its original value.
 An analogous procedure is also applied for the ‘indicators of the capacity to
measure kerbside concentration’ (1.5) if both acute (4.1.1) and chronic (4.1.2)
ambient air standards do not exist.


If standards for a certain compound have been adopted but monitoring is not performed
for that compound, these standards are not effective. If monitoring is performed
only for some of the settings indicated in the ‘indicators of air quality measurement
capacity’, for example not in residential areas, standards are only partially effective
with respect to rational air quality management. Therefore, the following procedure
was applied:


If standards are set but no monitoring is performed, or monitoring is performed
in only part of the settings, the scores in the ‘indicators of the capacity to assess
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air quality acceptability’ (4.1) should be weighted for each compound separately
by the sum over the original scores over the settings, in which monitoring is
performed, divided by maximum possible sum of scores, both calculated for the
compound considered.
 According to the questions on emission inventories, estimates are either calculated
based upon ‘some’ measurements (3.3.1) or on ‘fuel consumption statistics and
emission estimates only’ (3.3.2). The meaning is that if measured emission factors
are applied the estimate is better and more reliable than if only raw material input
statistics and estimates (rules of thumb) are applied. Therefore, in the case that
measured emission factors have been used (i.e. ‘yes’ in the indicator ‘estimates
based upon some actual measurement’ (3.3.1)), the indicator ‘estimates based
upon fuel consumption statistics and emission estimates only’ (3.3.2) should
not be scored cumulatively. If the indicator ‘estimates based upon some actual
measurements’ (3.3.1) is 1, the indicator ‘estimates based upon fuel consumption
statistics and emission estimates only’ (3.3.2) should be set to 0. If the indicator
‘estimates based upon some actual measurements’ (3.3.1) is 0, the indicator
‘estimates based upon fuel consumption statistics and emission estimates (3.3.2)
only’ may be 1 or 0, depending on the response ‘yes’ or ‘no’.
 If the indicator ‘estimates based upon some actual measurements’ (3.3.1) is ‘no’,
the indicator ‘the inventory is cross-checked’ (3.3.4) should be set to 0. If the
indicator ‘estimates based upon some actual measurements’ (3.3.1) is ‘yes’, the
indicator ‘the inventory is cross-checked’ (3.3.4)’ may be 1 or 0, depending on the
response ‘yes’ or ‘no’. The indicator ‘emissions from non-combustion processes
are included’ (3.3.3) is set to the value 1 only if either the indicator ‘estimates
based upon some actual measurements’ (3.3.1) or the indicator ‘estimates based
upon fuel consumption statistics and emission estimates only’ (3.3.2) are not zero.
The indicator ‘inventories are conducted at least every two years’ (3.3.5) should
be zero if both the indicator ‘estimates based upon some actual measurements’
(3.3.1) and the indicator ‘estimates based upon fuel consumption statistics and
emission estimates only’ (3.3.2) are zero.
The indicator ‘Unleaded petrol available in the city’ (4.2.4) was not included in the
modiﬁed questionnaire as all cities have phased out lead in gasoline.

Glossary
Acid deposition A complex chemical and atmospheric phenomenon that occurs
when emissions of sulphur and nitrogen compounds and other substances are transformed by chemical processes in the atmosphere and then deposited on earth in either
wet or dry form. The wet forms, popularly called acid rain, can fall to earth as rain,
snow, or fog. The dry forms are acidic gases or particulates.1
Acid rain Rain which is especially acidic (pH <5.2). Principal components of
acid rain typically include nitric and sulphuric acid. These may be formed by the
combination of nitrogen and sulphur oxides with water vapour in the atmosphere.1
Acute exposure One or a series of short-term exposures generally lasting less than
24 hours.1
Acute health effect A health effect that occurs over a relatively short period of
time (e.g. minutes or hours). The term is used to describe brief exposures and effects
which appear promptly after exposure.1
Adverse health effect Change in morphology, physiology, growth, development or
life span of an organism which results in impairment of functional capacity or impairment of capacity to compensate for additional stress or increase in susceptibility to
the harmful effects of other environmental inﬂuences.2
Aerosol Particles of solid or liquid matter that can remain suspended in air from a
few minutes to many months depending on the particle size and weight.1
Area source An area source may be deﬁned as a collection of similar emission units
within a geographic area. Area sources collectively represent individual sources that
are small and numerous, and that have not been inventoried as speciﬁc point, mobile
or biogenic sources.9 An extended pollutant emitting area such as a waste deposit or
a dump is also considered as an area source.
Aerodynamic diameter The diameter of a spherical particle of the same density
that, relative to a given phenomenon or property (e.g. free-falling velocity; surface
area; volume; and aerodynamic properties) would behave as the particle under
investigation.3
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Agricultural burning The intentional use of ﬁre for vegetation management in
areas such as agricultural ﬁelds, orchards, rangelands and forests.1
Air So called ‘pure’ air is a mixture of gases containing about 78 per cent nitrogen;
21 per cent oxygen; less than 1 per cent of carbon dioxide, argon and other gases; and
varying amounts of water vapour.1
Air Quality Index (AQI) A numerical index used for reporting severity of air
pollution levels to the public. AQI levels range from 0 (good air quality) to 500
(hazardous air quality). The higher the index, the higher the level of pollutants and the
greater the likelihood of health effects.1 In Asian countries, the AQI is the maximum
value of the ratios of pollutant concentration and corresponding standard for all
criteria pollutants.
Air quality standard A level of air pollutant such as a concentration or a deposition
value which is adopted by a regulatory authority as enforceable. Unlike a guideline
value, a number of elements in addition to the effect-based level and the averaging
time must be speciﬁed in the formulation of a standard. These elements include
the measurement strategy, data handling procedures, statistics used to derive, from
measurements, the value compared with the standard. The numerical value of a
standard may also include the permitted number of exceedances.1
Alternative fuels Fuels such as methanol, ethanol, natural gas and liquid petroleum
gas that are cleaner burning and help to meet mobile and stationary emission standards.
These fuels may be used in place of less clean fuels for powering motor vehicles.1
Ambient air The air occurring at a particular time and place outside of structures.
Often used interchangeably with ‘outdoor air’.1
Asthma A chronic inﬂammatory disorder of the lungs characterized by wheezing,
breathlessness, chest tightness and cough.1
Atmosphere The gaseous mass or envelope of air surrounding the Earth. From
ground-level up, the atmosphere is further subdivided into the troposphere, stratosphere, mesosphere and the thermosphere.1
Biogenic source Biological sources such as plants and animals that emit air pollutants such as volatile organic compounds. Examples of biogenic sources include animal management operations, and oak and pine tree forests.1
Cancer A group of diseases characterized by uncontrolled invasive growth of body
cells leading to the formation of malignant tumours that tend to grow rapidly and
spread.1
Carbon dioxide (CO2) A colourless, odourless gas that occurs naturally in the
Earth’s atmosphere. Signiﬁcant quantities are also emitted into the air by fossil fuel
combustion.1
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Carbon monoxide (CO) A colourless, odourless gas resulting from the incomplete
combustion of hydrocarbon fuels. CO interferes with the blood’s ability to carry
oxygen to the body’s tissues and results in numerous adverse health effects. Over 80
per cent of the CO emitted in urban areas is contributed by motor vehicles. CO is a
criteria air pollutant.1
Chronic exposure
Long-term exposure, usually lasting one year to a lifetime.1
Chronic health effect A health effect that occurs over a relatively long period of
time (e.g. months or years).1
Chronic obstructive pulmonary disease (COPD) A disease process that decreases
the ability of the lungs to perform ventilation. Diagnostic criteria include a history
of persistent dyspnoea (an uncomfortable sensation associated with breathing) on
exertion, with or without chronic cough, and less than half of normal predicted
maximum breathing capacity. Diseases that cause this condition are chronic bronchitis,
pulmonary emphysema, chronic asthma and chronic bronchiolitis.4
Dose Once an agent enters the human body by either intake (amount of the agent
that crosses the boundary) or uptake (amount of the agent that crosses the absorption
boundary), it is described as a dose. Several different types of dose are relevant to
exposure estimation. All these different dose measures are approximations of the
target or biological effective dose (the portion of the delivered dose that reaches the
site or sites of toxic action).7
Dose–response The relationship between the dose of a pollutant and the response
(or effect) it produces on a biological system.1
Dust Solid particulate matter that can become airborne.1
Emission factor For stationary sources, the relationship between the amount of
pollution produced and the amount of raw material processed or burned. For mobile
sources, the relationship between the amount of pollution produced and the number
of vehicle miles travelled. By using the emission factor of a pollutant and speciﬁc
data regarding quantities of materials used by a given source, it is possible to
compute emissions for the source. This approach is used in preparing an emissions
inventory.1
Epidemiology The study of the occurrence and distribution of disease within a
population.1
Exceedance A measured level of an air pollutant higher than the national or local
ambient air quality standards.1
Exposure Exposure is the contact over time and space between a person and one or
more biological, chemical or physical agents.7
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Forced expiratory volume (FEV) The volume of air that can be expired after a full
inspiration. The expiration is done as quickly as possible and the volume measured at
precise times; at ½, 1, 2 and 3 seconds. This provides valuable information concerning
the ability to expel air from the lungs.4
Greenhouse effect The warming effect of the Earth’s atmosphere. Light energy
from the sun which passes through the Earth’s atmosphere is absorbed by the Earth’s
surface and re-radiated into the atmosphere as heat energy. The heat energy is then
trapped by the atmosphere, creating a situation similar to that which occurs in a car
with its windows rolled up. A number of scientists believe that the emission of CO2
and other gases into the atmosphere may increase the greenhouse effect and contribute
to global warming.1
Greenhouse gases Atmospheric gases such as carbon dioxide, methane, chloroﬂuorocarbons, nitrous oxide, ozone and water vapour that slow the passage of reradiated heat through the Earth’s atmosphere.1
Global warming An increase in the temperature of the Earth’s troposphere. Global
warming has occurred in the past as a result of natural inﬂuences, but the term is most
often used to refer to the warming predicted by computer models to occur as a result
of increased emissions of greenhouse gases.1
Guideline Any kind of recommendation or guidance on the protection of human
beings or receptors in the environment from the adverse effects of air pollutants. As
such, it is not restricted to a numerical value but might be expressed in another way,
for example as exposure–response information or as a unit of risk estimate.8
Guideline value A particular form of guideline. It is a numerical value expressed
either as a concentration in ambient air, a tolerable intake, or as a deposition level,
which is linked to an averaging time. In the case of human health, the guideline value
deﬁnes a concentration below which the risk for the occurrence of adverse effects is
negligibly low. It does, however, not guarantee the absolute exclusion of effects at
concentrations at or below the guideline value. For odorous compounds the guideline
value represents an odour threshold.8
Haze A suspension in the atmosphere of extremely small (dry) particles, individually
invisible to the naked eye, but which are numerous enough to give the atmosphere an
appearance of opalescence together with reduced visibility.1
Hydrocarbons Compounds containing various combinations of hydrogen and
carbon atoms. They may be emitted into the air by natural sources (e.g. trees) and as
a result of fossil and vegetative fuel combustion, fuel volatilization and solvent use.
Hydrocarbons are a major contributor to smog.1
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Indoor air pollution Air pollutants that occur within buildings or other enclosed
spaces, as opposed to those occurring in outdoor or ambient air. Some examples of
indoor air pollutants are nitrogen oxides, smoke, asbestos, formaldehyde and carbon
monoxide.1
Industrial source Any of a large number of sources – such as manufacturing operations, oil and gas reﬁneries, food-processing plants and energy-generating facilities
– that emit substances into the atmosphere.1
Lead A grey-white metal that is soft, malleable, ductile and resistant to corrosion.
Sources of lead resulting in concentrations in the air include industrial sources and
weathering of soils followed by fugitive dust emissions. Health effects from exposure
to lead include brain and kidney damage and learning disabilities.1
Mobile sources Sources of air pollution such as automobiles, motorcycles, trucks,
off-road vehicles, boats and airplanes.1
Monitoring The periodic or continuous sampling and analysis of air pollutants in
ambient air or from individual pollution sources.1
Nitrogen Oxides (Oxides of Nitrogen, NOx) A general term pertaining to
compounds of nitric oxide (NO), nitrogen dioxide (NO2) and other oxides of nitrogen.
Nitrogen oxides are typically created during combustion processes, and are major
contributors to smog formation and acid deposition. NO2 may result in numerous
adverse health effects.1
Ozone A strong smelling, pale blue, reactive toxic chemical gas consisting of three
oxygen atoms. It is a product of the photochemical process involving the sun’s energy
and ozone precursors, such as hydrocarbons and oxides of nitrogen. Ozone exists
in the upper atmosphere ozone layer (stratospheric ozone) as well as at the Earth’s
surface in the troposphere (ozone). Ozone in the troposphere causes numerous adverse
health effects and is a criteria air pollutant. It is a major component of smog.1
Ozone precursors Chemicals such as non-methane hydrocarbons and oxides of
nitrogen, occurring either naturally or as a result of human activities, which contribute
to the formation of ozone, a major component of smog.1
Particle Small discrete mass of solid or liquid matter.
Particulate matter (PM) Any material, except pure water, that exists in the solid
or liquid state in the atmosphere. The size of particulate matter can vary from coarse,
wind-blown dust particles to ﬁne particle combustion products.1
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Photochemical reaction A term referring to chemical reactions brought about by
the light energy of the sun. The reaction of nitrogen oxides with hydrocarbons in the
presence of sunlight to form ozone is an example of a photochemical reaction.1
Photochemical smog Result of reactions in the atmosphere between nitrogen
oxides, organic compounds and oxidants under the inﬂuence of sunlight, leading
to the formation of oxidizing compounds or possibly causing poor visibility, eye
irritation or damage to material and vegetation if sufﬁciently concentrated.5
PM10 An air pollutant consisting of small particles with an aerodynamic diameter
less than or equal to a nominal 10 µm (about 1/7 the diameter of a single human hair).
Their small size allows them to make their way to the air sacs deep within the lungs
where they may be deposited and result in adverse health effects. PM10 also causes
visibility reduction.1
PM2.5 Includes tiny particles with an aerodynamic diameter less than or equal to a
nominal 2.5 µm. This fraction of particulate matter penetrates most deeply into the
lungs.1
Pollution prevention The use of materials, processes or practices to reduce, minimize or eliminate the creation of pollutants or wastes. It includes practices that reduce
the use of toxic or hazardous materials, energy, water and/or other resources.1
Polycyclic aromatic hydrocarbons (PAHs) Organic compounds which include
only carbon and hydrogen with a fused ring structure containing at least two benzene
(six-sided) rings. PAHs may also contain additional fused rings that are not six-sided.
The combustion of organic substances is a common source of atmospheric PAHs.1
Regional haze The haze produced by a multitude of sources and activities which
emit ﬁne particles and their precursors across a broad geographic area.
Residence time The average time a molecule or aerosol spends in the atmosphere
after it is released or generated there. For compounds with well-deﬁned sources and
emission rates, this is estimated by the ratio of the average global concentration of a
substance to its production rate on a global scale. It is a function not only of the emission
rates but also of the loss rates by chemical and physical removal processes.6
Smog A combination of smoke and other particulates, ozone, hydrocarbons, nitrogen
oxides and other chemically reactive compounds which, under certain conditions of
weather and sunlight, may result in a murky brown haze that causes adverse health
effects. The primary source of smog in California is motor vehicles.1
Smoke A form of air pollution consisting primarily of particulate matter (i.e.
particles released by combustion). Other components of smoke include gaseous air
pollutants such as hydrocarbons, oxides of nitrogen and carbon monoxide. Sources of
smoke may include fossil fuel combustion, agricultural burning and other combustion
processes.1
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Source Any place or object from which air pollutants are released. Sources that are
ﬁxed in space are stationary sources and sources that move are mobile sources.1
Stationary source Non-mobile sources such as power plants, reﬁneries and
manufacturing facilities which emit air pollutants.1
Stakeholders Citizens, environmentalists, businesses and government representatives that have a stake in or concern about how air quality is managed.1
Sulphur dioxide (SO2) A strong smelling, colourless gas that is formed by the
combustion of fossil fuels. Power plants, which may use coal or oil high in sulphur
content, can be major sources of SO2. SO2 and other sulphur oxides contribute to the
problem of acid deposition.1
TSP Total suspended particulate (TSP) is particles of solid or liquid matter such as
soot, dust, aerosols, fumes and mist up to approximately 30 µm in size.1
Volatile organic compounds (VOCs) Carbon-containing compounds that evaporate
into the air (with a few exceptions). VOCs contribute to the formation of smog and/or
may themselves be toxic. VOCs often have an odour, and some examples include
gasoline, alcohol and the solvents used in paints.1
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