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Foreword

Urban air quality is becoming increasingly recognised as a major public health problem and environmental issue
in the Asian region. Increased economic development has led to rapid and unplanned urbanisation with a large
number of people being concentrated in cities. In the year 2000, 37 per cent of the population in Asia lived in
urban areas. This number is expected to increase to 54 per cent by 2030.

Clean air is essential for sustainable development and effective urban air quality management strategies will
be crucial in securing the future well-being of large numbers of residents in major and mega cities throughout
Asia. A lack of information exchange on effective urban air quality management together with unsynchronised
urban air quality management policies in the region has contributed to the absence of regional cooperation on
urban air quality issues.

The United Nations Environment Programme (UNEP) supported by the World Health Organization (WHO),
recognizing the severity of air pollution caused by rising motor vehicle use and industrial expansion in Asia,
initiated the Air Pollution in the Megacities of Asia (APMA) project in November 2000 in collaboration with
Korea Environment Institute (KEI) and the Stockholm Environment Institute (SEI). The project is funded by the
Ministry of the Environment – Korea (MoE) and the Swedish International Development Cooperation Agency
(Sida) as part of its Regional Air Pollution in Developing Countries (RAPIDC) Programme.

The aim of APMA is to provide a foundation for information exchange and regional cooperation on air quality
issues. This report presents Stage I of a benchmarking exercise to systematically assess current urban air quality
management and practice in selected major and mega cities of Asia and to review practice in cities in Europe and
North America. By learning from good practice and understanding the processes by which they are achieved,
cities in Asia can develop appropriate and effective air quality management strategies which will ultimately
reduce the health and environment impacts of urban air pollution.

The report represents work in progress and is based on available data and information received from national
governments and city authorities in the region. The authors welcome comments, additional data and information
on air quality management for the cities covered in the benchmarking exercise.

Wha-Jin Han Gary Haq Dietrich Schwela Hiremagular Gopalan
Christine Kim Harry Vallack            Jae-Hyun Lee
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Introduction

Urban air pollution poses a significant threat to
human health and environment and the qual-
ity of life of millions of people throughout the

world. Approximately 1,200 million people globally are
exposed to excessive levels of sulphur dioxide and ap-
proximately 1,400 million globally are exposed to ex-
cessive levels of smoke and particulate matter (PM).
Recent estimates of the increase in daily mortality show
that on a global scale 4–8 per cent of premature deaths
are due to exposure to PM in outdoor and indoor envi-
ronment, with potentially 500,000 excess deaths an-
nually due to PM in outdoor situations (Schwela and
Gopalan, 2002). The World Summit on Sustainable
Development (WSSD) recognised the problem of air
pollution in Section IV 37 of its Plan of Implementa-
tion (2002) which requests States to:

“Enhance cooperation at the international,
regional and national levels to reduce air
pollution,  including transboundary air
pollution, acid deposition and ozone depletion
bearing in mind the Rio principles, including,
inter alia, the principle that, in view of the
different contributions to global environmental
degradation,  States have common but
differentiated responsibilities, with actions at
all levels to:

(a)  Strengthen capacities of developing
countries and countries with economies in
transition to measure, reduce and assess the
impacts of air pollution, including health
impacts, and provide financial and technical
support for these activities ” (WSSD, 2002).

The Plan acknowledges the significant impact of air
pollution on human health in Section VI on Health and
Sustainable Development which states:

“49. Reduce respiratory diseases and other
health impacts resulting from air pollution,
with particular attention to women and
children, by:

(a)  Strengthening regional and national

programmes, including through public-private
partnerships, with technical and financial
assistance to developing countries;

(b)  Supporting the phasing out of lead in
gasoline;

(c) Strengthening and supporting efforts for
the reduction of emissions, through the use of
cleaner fuels and modern pollution control
techniques;

(d) Assisting developing countries in providing
affordable energy to rural communities,
particularly to reduce dependence on
traditional fuel sources for cooking and
heating, which affect the health of women and
children.

50. Phase out lead in lead-based paints and
other sources of human exposure, work to
prevent, in particular, children’s exposure to
lead,  and strengthen monitoring and
surveillance efforts and the treatment of lead
poisoning” (WSSD, 2002).

Cities in both developed and developing countries are
now having to implement air quality management strat-
egies to address the deterioration in urban air quality
associated with high levels of  population growth,
urbanisation, industrial activity and motor vehicle use.
However, there is no universal air quality management
strategy that could be applied to all cities throughout
the world. Each urban area is unique in terms of its air
pollution problems, spatial and temporal patterns of
emission sources and cultural, economic, physical and
social characteristics.

In Asia air pollution is expected to increase con-
siderably over the next three decades due to rising
levels of economic growth and energy consumption
especially in urban areas (UNEP, 2002). Learning from
the successes and difficulties encountered in attempts
to implement urban air quality management strategies
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in other countries throughout the world can assist in
the formulation, evaluation, implementation and modi-
fication of the most appropriate strategies and combi-
nation of measures for major and mega cities in the
Asian Region.

This study is a first attempt at undertaking a sys-
tematic assessment of the current status of urban air
quality management and practice in Asian cities. It is
hoped that it will provide a benchmark from which
future initiatives and progress in Asia can be assessed
and allow the exchange of lessons learnt in dealing
with urban air pollution issues in different countries.

1.1 Study Aims and Objectives

This study on Benchmarking Urban Air Quality Man-
agement in Major and Mega Cities of Asia is under-
taken in the framework of the Air Pollution in the
Megacities of Asia (APMA). The overall objective of
the APMA project is to contribute to the improvement
of urban air quality in major and mega cities in Asia by
establishing a network to provide information on
UAQM, technical support and training and to facilitate
the adoption of regional and local UAQM action plans.

The aims of the Benchmarking exercise are to:

l provide an assessment of current urban air qual-
ity management and practice in a selected number
of Asian Cities;

l review UAQM in European and North American
cities;

l make conclusions and recommendations based on
experience of UAQM in cities in Asia, Europe and
North America  in order to disseminate best prac-
tice and to improve urban air quality in Asian cit-
ies and support a Strategic Framework on Com-
mon Action for Urban Air Quality Management in
the Asian Region.

1.2 Purpose of the Report

This report provides the results of Stage I of  the
Benchmarking exercise. In this Stage a first attempt
has been made to gather information on UAQM from
city authorities.  The report provides a summary of
UAQM policies and practices in 12 Asian cities.

1.3 Benchmarking UAQM in
Asian Cities

The desired outcomes of air quality management poli-
cies include:
l  establishing air quality monitoring which is a

systematic network to monitor urban air pollutants;
l reducing air pollution impacts and improving

urban air quality and reducing the impact on hu-
man health; and

l implementing effective control and enforce-
ment strategies based on air quality and emis-
sion standards.

Benchmarking allows an assessment of the progress
each city has made in achieving these desired
outcomes. It is a practical tool for improving perform-
ance by learning from good practice and understand-
ing the processes by which they are achieved. The
benchmarking approach adopted by APMA involves
three key parts:

1 Assessment of the UAQM situation to gain a de-
tailed understanding of the state of urban air qual-
ity in Asia and UAQM processes. Existing data
available on UAQM in Asia will be collated. This
includes the WHO Air Management Information
System (AMIS) database as well as other sources
from other international and regional organizations
such as the World Bank (WB), Asian Develop-
ment Bank (ADB) and UNEP. The data covers
types of urban air pollutants and emission data by
sector. Gaps in information will be identified and
national and local authorities will be contacted to
gain further information.

2 Review of approaches taken to UAQM in cities in
Europe and North America.

3 Conclusions and recommendations based on
lessons learnt in UAQM and the necessary
changes required to improve practice in Asia.

The results of the study will support a Strategic Frame-
work for Common Action in UAQM in the Asian Re-
gion.

1.4 Methodology

In order to provide a benchmark of UAQM in the Asian
cities, local and national government agencies in dif-
ferent countries were contacted and asked to respond
to a questionnaire and to provide data and information



3

Introduction

on the city’s background, urban air quality trends for
specific pollutants, air quality monitoring networks,
impact of air pollution, enforcement and control strat-
egies, and best practices. The questionnaire was based
upon the Management Capabilities Index used by the
GEMS/AIR study which assessed UAQM capabilities
in 20 major cities (MARC/UNEP/WHO, 1996).

Since air quality management differs in each city
and country and it was not always possible to receive
data directly from city authorities. In these cases, na-
tional government agencies were contacted since this
was where most, in some cases all, the official UAQM
data and information were available. Where data were
not available, external data sources were used. For
example, the city and country data for pollutant con-
centrations for various pollutants was cross-referenced
with data from the WHO AMIS database
concentrations. If there was little discrepancy, the city/
country data was used. In the majority of cases, all
sets of available data were reported.

1.5 Limitations of Available
Data

Of the total twenty-two cities or national government
air quality agencies contacted, only eighteen responded
and submitted some information  requested for the
benchmarking exercise rather  than complete the

questionnaire.This report examines UAQM in 12 Asian
cities.

The results of the Stage I of the Benchmarking
exercise will be discussed at the Regional Workshop
in Hong Kong in December 2002. It is hoped that fur-
ther collaboration from cities authorities can be gained
in providing additional information on UAQM in order
that the final report can  provide a comprehensive ac-
count of air quality in Asian cities.

Stage II of the Benchmarking exercise will attempt
to fill in the gaps in UAQM information and make a
further detailed assessment using again the question-
naire and including case study examples of practice in
Asian cities.

1.6 Structure of the Report

Following this general introduction, the remainder of
the report is divided into four chapters. Chapter 2 pro-
vides an overview of the factors that contribute and
cause urban air pollution in Asia. Chapter 3 provides a
summary of UAQM and practice in 12 Asian cities.
Chapter 4 reviews approaches to urban air quality man-
agement in European and North American cities. Chap-
ter 5 provides the a summary and conclusions of Stage
I.
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Understanding Urban Air Pollution in Asia

Figure 2.1  Population of selected Asian Megacities, 2001, 2015
Source: UNPD (2002)

The United Nations estimates that by 2007 half of the
world’s population is expected to live in urban areas.
Whereas 20 per cent of the world population lived in
urban areas in 1950, the proportion of urban dwellers
has been increasing and rose to 47 per cent in 2000
and is projected to reach 60 per cent by 2030 (UNPD,
2002).

Increased economic development in the Asian re-
gion has led to rapid and unplanned urbanisation with
a large number of people being concentrated in cities.
In the year 2000, 37 per cent of the population in Asia
lived in urban areas. This number is expected to in-
crease to 54 per cent by 2030. Tokyo (26.5 million) is
the most populous urban agglomeration in the world,
followed by México City (18.3),  São Paulo (18.3),
New York (16.8) and Mumbai (16.5).

Rapid urbanisation in developing countries has
resulted in increased levels of air pollution and poor
air quality in urban centres due to transportation, en-
ergy production and industrial activity all concentrated
in densely populated areas.

It is estimated that currently twelve ‘megacities’
exist in the Asian region (Bangkok, Beijing, Delhi,

Karachi, Kolkata, Metro Manila, Mumbai, Osaka, Seoul,
Shanghai, Tianjin and Tokyo) (UNESCAP, 2000). By
2015, Tokyo will remain the largest urban agglomera-
tion with 27.2 million inhabitants followed by Dhaka,
Mumbai, São Paulo, Delhi and México City, which
are all expected to have more than 20 million
inhabitants. Figure 2.1 presents a number of Asian
megacities which had a population of 10 million in-
habitants or more for the year 2001 and their esti-
mated populations in 2015.

2.1 Air Pollution Levels and
Trends in Developing
Countries

An analysis of the air pollution situation of 150 devel-
oping country cities using the Air Management Infor-
mation System (AMIS) showed that the annual mean
concentrations of SO

2
 in residential areas did not ex-

ceed 50 µg/m3 (Krzyzanowski and Schwela, 1999).
Notable exceptions are several cities in China, India
and Nepal, where SO

2
 concentrations exceeding 100
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µg/m3. In most of the cities having data which allow
trend assessment, a decline in mean annual SO

2
 con-

centration was seen during the 1990s. In Chinese cit-
ies, an annual decline rate of  between 1–10 per cent
was observed (Schwela, 1999; WHO, 1998;. WHO,
2001a).

With respect to PM, the most commonly reported
indicator is the mass of total suspended particles
(TSP). In many cities, the TSP annual mean concen-
tration exceeds 100 µg/m3, with the levels exceeding
300 µg/m3 in several cities of China and India. In a
limited number of cities the mass concentration of
particles with aerodynamic diameter less than 10 µm
(PM

10
) is also measured. In Asian cities, an increase

in PM
10

 concentration was experienced in the 1990s.
This increase has occurred even when a reduction in
TSP was reported. An opposite trend and a reduction
in PM

10
 level were seen in cities of Central and South

America.
In most of the cities reporting to AMIS, the an-

nual mean concentration of NO
2
 remains moderate or

low, not exceeding 40 µg/m3. Trends vary between
the cities but a 5–10 per  cent annual increase was
more common than a decrease in concentration of
this pollutant. The highest NO

2
 levels, and increasing

trends, are observed in the cities with high and in-
creasing car traffic. In South Asia and in Latin America,
this high NO

2 
concentration, combined with the in-

tense ultra-violet radiation, results in photochemical
smog with high ozone (O

3
) concentrations.

The concentrations of air pollution in major and
mega cities of developing countries often reach levels
of concern for public health. Vehicle emissions are a
major and increasing contributor to air pollution in
developing as well as developed countries as a result
of the continuing rise in vehicle numbers.

Outdoor air pollution is not the only evident prob-
lem related to air in developing countries. Indoor air
pollution in developing countries plays a much more
important role due to the fact that ovens and braziers
used for cooking and heating in households lead to
much higher air pollutant concentrations indoors than
those observed in urban areas of developed or devel-
oping countries (WHO, 1992; Smith, 1996; Bruce et
al., 2000). The resulting human exposures to sus-
pended particulate matter, CO, and NO

x
 often exceed

WHO guidelines by factors of 10, 20, or even more
(WHO, 2000).

2.2 Sources of Urban Air
Pollution

The main cause of urban air pollution is the burning of

fossil fuels (coal, oil and natural gas) in domestic
heating, power generation, industrial processes and in
motor vehicles. In addition, the burning of biomass
such as firewood, agricultural and animal waste in
some cities contribute to the level of pollution. Many
activities are undertaken in urban areas which result
in polluting air emissions. The most typical urban pol-
lutants include suspended particulate matter (SPM),
sulphur dioxide (SO

2
), volatile organic compounds

(VOCs), lead (Pb), carbon monoxide (CO), carbon
dioxide (CO

2
) and nitrogen oxides (NO

x
).

Urban air pollution not only has immediate local-
ised impacts on human health and well-being but also
contributes to regional and global air pollution. For
example, regional acidification is increasingly experi-
enced in East Asia and Southeast Asia. Pollutant emis-
sions resulting  from burning of agricultural waste and
use of fossil fuels in the industrial and transportation
sectors, not only contribute to global climate change
but also the haze in South Asia known as the ‘Asian
brown cloud’, which is a mass of ash, acids, aerosols
and other particulates. The blanket of pollution stretches
3 kilometres high and is reducing solar energy reach-
ing the earth surface by 10–15 per cent disrupting
weather systems (including rainfall and wind patterns),
triggering droughts in western parts of the Asian con-
tinent as well as impacting on health and agricultural
productivity (UNEP, 2002b).

The air in Asian cities is amongst the most pol-
luted in the world. The World Health Organization cal-
culated that in the early 1990s, 12 of the 15 cities in
the world with the highest levels of particulates, and 6
with the highest levels of SO

2
 in the atmosphere were

in Asia (WHO/UNEP, 1992).
The transport sector is a large contributor to ur-

ban air pollution in Asian megacities. In 1996, the total
number of registered cars in the Asia and Pacific re-
gion totalled approximately 127 million - 4.2 per cent
higher than the previous year (UNEP, 1999). In the
cities of Delhi and Manila, the number of cars has
doubled every seven years. In Southeast Asia the popu-
larity of motorcycles and scooters, which have highly
polluting two-stroke engines, together with high aver-
age vehicle age and poor maintenance, has led to more
emissions per kilometre driven than in developed coun-
tries (Walsh, 1999).

2.3 Air Pollution Impacts

Air pollution has a number of impacts on the human
health and the environment. It adversely affects hu-
man health through direct pathways such as inhala-
tion but also indirectly via other exposure routes such
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as contamination of drinking water and food and via
skin transfer. The direct human health effects of air
pollution can vary according to both the intensity and
duration of exposure as well as the health status of the
population exposed.

People with a poor standard of living suffer from
nutritional deficiencies, infectious diseases due to poor
sanitation and overcrowding, and tend to be provided
with a poor standard of medical care. Each of these
factors may render individuals more susceptible to the
effects of air pollution. The age structure of populations
differs markedly from country to country. Old people
tend to show increased susceptibility to air pollution.
Very young children may also be at increased risk.
Diseases which produce narrowing of the airways, a
reduction in the area of the gas-exchange surface of
the lung and an increased alteration of inhalation-
perfusion ratios are likely to make the subject more
susceptible to the effects of a range of air pollutants.

During the period 1991–1992, an estimated 40,
000 people died from air pollution caused by PM in
the air in 36 Indian cities (Brandon and Hommann,
1995). Table 2.1 shows the number of premature
deaths in selected Indian cities due to levels of sus-
pended particulate matter (Agrawal and Narain, 1999).

In Dhaka (Bangladesh) the airborne lead con-
centration is one of the highest in the world and the
mean blood lead concentrations in 93 randomly cho-
sen rickhshaw-pullers was 53 µg/dl – five times higher
than the acceptable limit in set by WHO (Tong et al,
2000; WHO, 2000).

Air pollution from increasing levels of energy pro-
duction and road traffic in many urban areas can also
result in the corrosion of buildings and infrastructure
including historic and cultural monuments (e.g. the
Taj Mahal monument in Agra, India). Many important
materials are affected, such as metals, painted surfaces,
calcareous stones,  polymer materials and paper
(Tidblad and Kucera, 1998).

The emissions of pollutant gases such as SO
2
, NO

2

and O
3
 have direct impacts on crops and forests. High

pollutant concentrations can affect crop plants and
forest trees detrimentally through direct visible injury
and/or effects on growth and yield (invisible). These
impacts can have a direct economic consequences for
farmers and the local economy (Ashmore and
Marshall, 1998).

2.4 Urban Air Quality
Management

The aim of air quality management (AQM) is to main-
tain the quality of air that protects human health and
welfare but also provides protection of animals, plants
(crops, forests and natural vegetation), ecosystems,
materials and aesthetics, such as natural levels of vis-
ibility Figure 2.1 presents a systematic approach to
AQM.

The development of an effective AQM strategy is
dependent on a number of factors such as emission
inventories, air quality monitoring networks, disper-
sion and air quality prediction models, exposure and
damage assessments, health and environmental based
standards together with a range of cost-effective pol-
lution control measures and the legislative powers and
resources to implement and enforce them (Elsom,
1996).

2.4.1 Air Quality Monitoring

Air quality monitoring is essential key step in the de-
velopment of an AQM (see Table 2.1). It provides
information on pollutant concentrations and assists de-
cision makers in formulating the appropriate responses
to reducing emissions of pollutants in a city. The for-
mulation of emission control strategies requires de-
tailed information on both the status of air quality and
the principal sources of pollutants and their locations.
This information is quantified in an emission inventory.

The 1996 MARC/UNEP/WHO study of air qual-
ity management capabilities in 20 major cities discov-
ered that while most of the cities in the study had
some capabilities few cities in the study possess all
the required capabilities for effective air quality man-
agement strategies (MARC/UNEP/WHO, 1996). The
study concluded that existing capabilities could be more
effectively used in many cities in the development and
implementation of air quality management strategies.
The study highlighted five main reasons why many
do not implement emission control plans despite adopt-
ing such plans:
1 Insufficient expertise and capabilities to formu-

late policies.

Table 2.1  Estimates of annual premature deaths in
selected Indian cities due to suspended particulate
matter

Source: Agrawal and Narain (1999)

City 1991–1992 1995 

Ahmedabad 2,979 3,006 

Kolkata 5,726 10,647 

Chennai 863 1,291 

Delhi 7,491 9,859 

Hyderabad 768 1,961 

Kanpur 1,894 3,639 

Mumbai 4,477 7,023 
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2 Low priority given to air pollution control com-
pared to other social and environmental issues.

3 Insufficient financial resources or concern over
the economic impact of introducing pollution con-
trol policies.

4 Inadequate political will and dis-jointed adminis-
trative framework in which the responsibility for
air quality is divided between a number of gov-
ernment of ministries and local administrations
thus complicating policy making (MARC/UNEP/
WHO, 1996).

2.4.2 Air Quality Standards

Air quality standards are another important aspect of
AQM, for in areas where air quality standards are ex-
ceeded on a regular basis, measures need to be taken
to reduce air pollution levels. The WHO Guidelines
for Air Quality (GAQ) (WHO, 2000) are based on epi-
demiological studies that emerged in the late 1980s
and 1990s (see Table 2.2). These studies were per-
formed in the United States and later in Europe. Asso-

Figure 2.1 Systematic approach to air quality management

Assessment • identifying emission sources; 
• quantifying emission sources; 
• monitoring air pollution; 
• assessing the exposure conditions; 
• identifying-source exposure relationships; 
• estimating relative importance of pollution sources; and 
• assessing environmental and damage. 

Analysis of Option • investigating short-/long-term control options; 
• performing cost-benefit/cost-effectiveness analysis; and 
• implementing an investment plan.  

Air Pollution Control • developing institutions/regulations/enforcement mechanisms; 
• raising awareness and environmental education; and 
• implementing an investment plan.  

Surveillance • establishing an air quality information system. 

 

Table 2.2 outlines the key steps in the development of an AQM system.

Source: Shah et al. (1997)
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Pollutant Annual 
ambient air  

concentration 
(µg/m

3
) 

Guideline 
value (µg/m

3
) 

Concentration 
at which effects on 
health start to be 
observed (µg/m

3
) 

Exposure  
Time 

CO 500-7000 100,000  15 min 

  60,000  30 min 

  30,000  1 hour 

  10,000  8 hours 

Lead 0.01–2.0 0.5  1 year 

NO2 10–150 200 365–565 1 hour 

  40  1 year 

O3 10–100 120  8 hour 

SO2 5–400 500 1000 10 min 

  125 250 24 hour 

  50 100 1 year 

 

ciations were demonstrated in these studies between
daily average concentrations of PM, O

3
, SO

2
, airborne

acidity, NO
2
, and CO and the daily occurrence of

events such as deaths or admissions to hospitals. Con-
founding factors such as season, temperature, day of
the week, smoking behaviour, occupational exposure
and drug use were carefully accounted for. Although
the associations for each of these pollutants were not
significant in all studies, taking the body of evidence
as a whole, the consistency is striking. For PM and
O

3
 it has been generally accepted that the studies pro-

vide no indication of any threshold of effect.
The WHO GAQ were derived in the framework

of air quality management and are globally applicable.
Guideline values are derived for about 45 non-carci-
nogenic compounds and unit risks given for about 35
carcinogens. For SPM, exposure-response relation-
ships were presented. Guideline values were derived
in expert meetings, in which the Air Quality Guide-
lines for Europe (WHO, 1987) were updated. Infor-
mation was also taken from the International Pro-
gramme for Chemical Safety (IPCS) and the Concise
International Chemical Assessment Documents
(CICAD) of the Inter-Organization Programme for the
Sound Management of Chemicals. The guidelines serve
to give advice to Governments with respect to stand-
ard setting and developing clean air implementation
plans to protect their populations from the adverse
effects of ambient and indoor air pollution on health.

2.4.3  Air Pollution Prevention and
Control Strategies

Many countries in Asia have developed their own air
quality prevention and control strategies. These strat-
egies have included air quality standards for main pol-
lutants as well as emission standards for power plants,
certain industries and motor vehicles.

Options for reducing emissions range from meas-
ures which address fuel quality (including switching
to cleaner fuels and improving the quality of fuels to
reduce emissions), rationalization of fuel prices to pro-
vide incentives for efficient fuel use, adoption of tech-
nologies that reduce emissions at source, and energy
efficiency measures that reduce emissions through re-
duction in the quantities of fuel used. Control tech-
nologies have been generally based on the modifica-
tion of fuel or the combustion technique or removal of
flue gases.

Measures adopted to reduce motor vehicle pollu-
tion include diverting traffic away from heavily popu-
lated areas (e.g. by building ring roads around cities or
restricting downtown traffic); converting high-use ve-
hicles to cleaner fuels (e.g. converting buses to natu-
ral 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 (UNEP, 2002b).

Table 2.2  WHO Air Quality Guidelines

Source: WHO, 2000
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3

Urban Air Quality Management
and Practice in Asian Cities

The severity of air pollution problems in Asian
cities reflects the level and speed of their de
velopment. This developmental path is one that

is current in many cities around the world. Figure 3.1
presents a model of urban environmental transition
(McGranahan et al., 2001). As the wealth of a city
and its citizens increases the driving forces (e.g.
transport demand), pressures (e.g. emissions), state
(e.g. air  quality) and impacts (e.g.  health and
environmental detriment) they face move from those
that are located mainly in households and communities
and impact on the city and urban region (e.g. emissions
of particulates that affect urban air quality and have a
direct impact on human health) to a global level (e.g.
the delayed impact of tropospheric ozone on crops
and forests and the emissions of greenhouse gases
and global climate change). This results in responses
(e.g. regulation, monitoring and enforcement) targeted
to a solution of the problems. In very poor cities the
problem of household sanitation is usually a severe
problem compared to ambient air quality or carbon

emissions. As cities undergo economic and industrial
development air pollution becomes an increasing
problem together with carbon emissions while the
severity of the household sanitation problem decreases.
In wealthy cities str ict regulation and the
implementation of abatement technology has reduced
polluting emissions to ensure they meet health
guidelines, but this is not without considerable financial
cost to the community. However, carbon emissions
remain high due to energy intensive activities.

In the past, the major causes of environmental
degradation occurred sequentially rather  than
simultaneously. The combination of driving forces and
pressures seldom overwhelmed the natural resilience
of urban ecosystems. However, nowadays many Asian
cities are having 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 and without the well-
developed civil infrastructure and financial resources
to control them. The result is that the ability of many

Figure 3.1 Urban Environmental Transition Model
Source: modified from McGranahan et al.( 2001)
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cities to cope with the combined pressures is often
exceeded leading to a deterioration of environmental
quality in many major cities in the region (McGranahan
et al., 2001).

Development of Urban Air
Pollution Problems

Figure 3.2 relates the development of air pollution
problems in cities to the overall level of economic
development. The development path of air pollution
problems in cities can be divided into five general stages:

Stage 0 Pre-problem stage
Stage I Moderate and increasing levels of air

pollution
Stage II High but stabilising levels of air pollution
Stage III Moderate and decreasing levels of air

pollution
Stage IV Low and decreasing levels of air pollution

Before industrial development, the main source of air
pollution was from the domestic sector and light
industry. The concentration of air  pollution was
generally low and increased as population increased.
With the start of industrial development, the level of
energy use increases substantially and air pollution
begins to rise rapidly. Urban air quality becomes a
serious public health concern and emission controls
are then introduced (UNEP/WHO, 1992).

Many cities in Europe and North America have
passed through these stages of air pollution and
currently experience relatively low levels of air pollution
(see Chapter 4). For example, the City of London (UK),
which fifty years ago experienced the 1952 London
Smog that lasted for five days and, according to recent
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

aimed at controlling domestic sources of smoke
pollution by introducing smokeless zones. Within ten
years of the Act being adopted smoke emissions form
industry were reduced by 74 per cent with those from
domestic sources becomes the main polluter (Clapp,
1994). The introduction of cleaner coals led to a
reduction in sulphur dioxide pollution and the move to
the use of natural gas reduced domestic emissions.
The City’s air quality has improved considerably over
the past fifty years progressively moving through each
stage of development from Stages I to IV Nowadays,
London it is currently addressing the problem of vehicle
related air pollution and photochemical smogs. In 12-
15 December 1991, London experienced the most
severe nitrogen dioxide pollution since regular
monitoring began in 1971. One-hour levels of nitrogen
dioxide peaked at 809 µg/m3, greatly exceeding the
1999 WHO air quality guideline of 200 µg/m3. Levels
of benzene increased by six to ten times it typical value.
The 1991 London smog episode is claimed to have
caused 160 extra deaths (Elsom, 1996).

Although many Asian cities have underlying
similarities in their  air  pollution problems, many
differences also exist.  The extent of economic
development is clearly different between the megacities
and linked to this is the degree of  management
capability, role of planning, regulation and enforcement,
and the levels of defensive expenditures that alleviate
many of the air pollution problems for the population.
This is evident in the range of emissions and ambient
levels of pollution and variation in the incidence of
acute events and chronic conditions found across the
12 cities of this study.

It is the type and scale of human activities that
give rise to the emissions and waste streams, and the
associated severe conditions of air pollution. This leads
to local ambient atmospheric conditions to which the
population is committed: the dose commitment is high
due to the ambient conditions and the large numbers

Figure 3.2 Development path of air pollution problems in cities
Source: modified from WHO/UNEP (1992)
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who experience it. Responses to these conditions take
the form of policies and regulations for control and
amelioration, through enforcement. The effectiveness
of these responses can only be fully determined
through the monitoring of  air  pollution and
environmental change as well as the long-term
monitoring of human health.

Figure 3.3 presents the key elements that form
part of a AQM system. 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
cities, air quality monitoring may still be rudimentary
and require further expansion while other cities will
have a well-developed monitoring systems but require
investment in air quality information systems and
monitoring of health impacts. The formulation of a
strategic framework for common action on urban
quality issues will need to address those elements of
AQM which are of most importance given the stage
which the city is at in the development of its air
pollution problems.

Benchmarking Asian Cities

Figure 3.4 presents the cities included in this bench-
marking exercise. This chapter provides a summary
of the results of the first stage of the benchmarking
exercise. In this first stage twenty-two city authorities
in thirteen Asian countries were contacted to provide
information on air quality management. However, this
report presents summaries for only 12 cities. Air quality
management differs from city to city and country and
country. It was therefore not always possible to receive
data directly from city authorities. In these cases,
national government agencies were contacted since
this was where most, in some cases all, the official

urban air quality management data and information
were available. Where such data were not available,
external data sources were used. For example, the city
and country data for emissions concentrations for
various pollutants from the WHO Air Management
Information System (AMIS) database concentrations
were used.

The Air Management
Information System

The Air Management Information System (AMIS) is
a programme developed by WHO in 1997 as a
successor of the UNEP/WHO GEMS/AIR programme.
AMIS has the objective to transfer information on air
quality management (air  quality management
instruments used in cities, indoor and ambient air
pollutant concentrations, noise levels, health effects,
control actions,  air  quality standards)  between
countries and cities. In this context AMIS acts as a
global air quality information exchange system. AMIS
programme activity areas include:

l coordinating databases with information on air
quality issues in major and mega cities;

l acting as an information broker between countries;
l providing and widely distr ibuting technical

documents on air quality management;
l providing training courses with respect to air

quality monitoring and management; and
l running Regional Collaborative Centres to support

data transfer activities, perform training courses
and implement twinning projects.

AMIS is a set of user friendly MSACCESS based
databases. A core database contains summary statistics
of air pollution data like annual means, 95-percentiles,
and the number of days on which WHO guidelines are

Figure 3.3 Key elements of an AQM
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exceeded. Any compound for which WHO air quality
guidelines exist can be entered into the open-ended
database. In the existing version data (mostly from
1986 to 1999) from about 150 cities in 40 countries
are represented. Other realised databases include a
database on air quality management capabilities, a
database on air quality standards, and an indoor air
database.

AMIS data on average concentrations of certain
air pollutants was used to support the summary
information for selected cities covered in this report
(see Chapter 5).

Data Collection

Each authority contacted was requested to complete
a questionnaire and to provide data and information
on urban air quality management and practice. The
questionnaire was based upon the Management
Capabilities Index used by the GEMS/AIR study which
assessed UAQM capabilities in 20 major cities (see
Annex I) (MARC/UNEP/WHO, 1996).

Of the twenty-two cities or national government
agencies contacted eighteen provided information in
the form of reports rather  than completing the
questionnaire. Therefore, there still exists significant

gaps in information for this benchmarking exercise.
The results presented here provide an overview

of AQM in the following 12 cities: Bangkok, Beijing,
Busan,  Chongqing, Dhaka, Hongkong, Jakarta,
Kathmandu, Mumbai, Seoul, Singapore and Taipei. The
following themes were discussed for each city using
data currently available:

l situational analysis;
l urban air quality trends;
l air quality monitoring;
l impacts of air pollution;
l enforcement and control strategies.

The results of the Stage I of the Benchmarking
exercise will be discussed at the Regional Workshop
in Hong Kong in December 2002. It is hoped that
further collaboration from city authorities and national
governments can be gained in providing additional
information on air quality management in order that
the final report can  provide a comprehensive account
of air quality in Asian cities.

Stage II of the Benchmarking exercise will attempt
to fill in the gaps in AQM information and make a
further  detailed assessment using again the
questionnaire and including case study examples of
practice in Asian cities.

Figure 3.4 Cities included in the benchmarking exercise
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3.1 Bangkok

Bangkok is the capital city and main port of Thailand
with an area of 1569 km2 and an estimated population
of 7.3 million full-time inhabitants and over 10 million
day-time inhabitants (UN, BMA 2001). The tropical
climate of Bangkok and its proximity to neighbouring
flat plains and the Gulf of Thailand lend to free air
movements and land-sea breezes. (Most pollution from
industrial zones near Bangkok by-pass the city due to
prevailing winds and the Bangkrajao forest greenbelt
(BMA, 2001). Despite these geographical buffers, the
pollutant concentrations and frequency of exceedence
of Bangkok’s ambient air quality standards for total
suspended particulates (TSP), particulate matter with
diameters less than 10 micrometres (PM

10
), and carbon

monoxide (CO) are high enough to result in significant
adverse health impacts on the local population.

The World Bank cites transport,  industry,
construction, power generation, indoor air pollutants
and refuse burning as the main causes of air pollution
in Bangkok, with most air pollutants being emitted by
the transport sector. The construction industry also
causes high level of dust pollution. Lack of proper
planning and zoning of  housing areas has also
aggravated the seriousness of air pollution.

Bangkok’s transport system and resulting pollution
problems are unique as Bangkok has 1,357 km of
canals and 4,075 km of road with a total area of 58.45
km2. The increase in the number of vehicles in Bangkok
has not been matched by a proportional increase in
road construction leading to traffic congestion,
transportation delays and added pollution. It is reported
that smoke from traffic is so severe that reductions in
visibility have become a safety hazard on the road.

Although vehicle population in Bangkok has
increased by an average of 300,000 vehicles per year
since 1990, roadside CO, sulphur dioxide (SO

2
) and

oxides of nitrogen (NO
x
) concentrations in Bangkok

have been decreasing since 1993. In 2000, no violations
of SO

2
 and nitrogen dioxide (NO

2
) standards were

observed both in the general areas and at roadside sites

in Bangkok. This coincides with the enforcement of
emission standards for new light-duty gasoline vehicles
in 1992 which require vehicles to have catalytic
converters in order to reduce emissions to meet the
standards. Additionally, gasoline quality was also
improved to give an oxygen content of between 1-2
per cent by weight thus allowing more complete
combustion of gasoline, especially in the existing vehicle
fleet. Air concentrations of lead (Pb) have also been
reduced signif icantly due to measures by the
government to limit the use of leaded gasoline.

Particulate matter is a major air pollution problem
in Bangkok, especially along streets with very
congested traffic producing star t-stops cycles of
vehicles with very low speeds. In 2000, approximately
5.9 per cent of  24-hour average concentrations of
roadside TSP and the annual mean concentration of
TSP exceeded the standard. By weight, approximately
40 per cent of TSP in Bangkok is from diesel vehicles,
40 per cent from road dust and the remaining 20 per
cent from sea salt particles and industries.  I t is
estimated that 60 percent of TSP in Bangkok is PM

10
,

whose annual average and roadside levels also
consistently exceed the standard. Levels of ozone (O

3
)

have also exceeded the WHO guideline.  I t was
observed in 2000 that 0.3 per cent of hourly ambient
O

3
 concentrations exceeded the air quality standard of

100 ppb, mostly in the areas downwind from the centre
of Bangkok which might indicate that Bangkok may
be experiencing a photochemical smog problem (PCD
Thailand, 2001).

A mobile source emission inventory for Bangkok
was developed for the first time in 1994. In 1997, the
inventory had been improved to encompass the area
of Bangkok Metropolitan Region (BMR). The emission
factors for pollutants emitted from vehicles driven at
different speeds for  given vehicle types and
characteristics were calculated by using the USEPA
MOBILE 5 emission factor model.

Situational Analysis and Urban Air Quality Trends



14

Urban Air Quality Management and Practice in Asian Cities

Air Quality Monitoring

The central government of  Thailand, including the
Pollution Control Department, and the Ministry of
Science, Technology and Environment, has played a
vital role in air quality monitoring. At present, the
Pollution Control Department is operating a
comprehensive automated ambient air  quality
monitoring network consisting of 53 monitoring
stations throughout Thailand. Different air pollutants
are measured such as CO, NO

x
, SO

2
, O

3
, TSP, PM

10
,

Pb, hydrocarbons (HC) and hydrogen sulphide (H
2
S).

Monitoring of outdorr air quality in Bangkok has
been carried out for more than 10 years. The network
has been improved, upgraded, and expanded from time

 Table 3.1.1 Air quality in the general areas of Bangkok in 2000 (PCD Thailand, 2001)

Table 3.1.2 Air quality at the roadside sites in Bangkok in 2000 (PCD Thailand, 2001)

to time. Currently, monitoring of air quality in Bangkok
is being carried out in both general background areas
and kerbside areas.  There are seventeen fully-
automated roadside air quality monitoring stations to
monitor the air pollution and provide meteorological
data in Bangkok.  The Bangkok Metropolitan
Administration (BMA) also has one ambient air and
noise quality monitoring station at Rajthevi district
office along with one mobile unit. Meteorological
parameters are also measured at many of the monitoring
sites which increases the capability to analyse the
pollution situation. Continuous air quality monitoring
stations are placed in residential, commercial, industrial
and mixed areas of Bangkok. The locations are carefully
selected to ensure that monitoring stations are not

 Concentrations 

 
Pollutants 

 
Range 

 
95 percentile 

 
Average 

 
Standard 

Frequency of 
exceedence of 

standard 

TSP (24-hr), µg/m
3
 20 – 330 190 90 330 0/351 (0%) 

PM10 (24-hr), µg/m
3
 18.6 – 169.4 102.7 56.1 120 37/1,725 (2.1%) 

CO (1-hr), ppm 0.0 – 12.50 2.6 0.96 30 0/70,186 (0%) 

CO (8-hr), ppm 0.0 – 8.20 2.31 0.97 9 0/71,609 (0%) 

O3 (1-hr), ppb 0.0 - 203 54 15.6 100 161/54,415 (0.3%) 

NO2 (1-hr), ppb 0.0 - 136 22.8 22.8 170 0/67,094 (0%) 

SO2 (1-hr), ppb 0.0 - 161 20 6.7 300 0/72,750 (0%) 

Pb (1-month), µg/m3 0.02 - 0.33 0.21 0.09 1.5 0/93 (0%) 

 

 Concentrations 

 
Pollutants 

 
Range 

 
95 percentile 

 
Average 

 
Standard 

Frequency of exceedence  
of standard 

 

TSP (24-hr), µg/m
3
 50 –  480 350 190 330 25/424 (5.9%) 

PM10 (24-hr), µg/m
3
 27.0 –  244.4 146.6 82.6 120 206/1,613 (12.8%) 

CO (1-hr), ppm 0.0 –  18.5 5.6 2.20 30 0/41,879 (0%) 

CO (8-hr), ppm 0.0 – 13.13 5.17 2.19 9 34/42,452 (0.1%) 

O3 (1-hr), ppb 0 - 136 31.0 7.6 100 5/23,615 (0.02%) 

NO2 (1-hr), ppb 0 - 169 81.0 35.4 170 0/22,962 (0%) 

SO2 (1-hr), ppb 0 - 12 24.0 9.2 300 0/22,988 (0%) 

Pb (1-month), µg/m
3
 0.03- 0.24 0.16 0.09 1.5 0/62 (0%) 
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directly influenced by any particular major sources so
that the quality of the general ambient air in Bangkok
is monitored and impacts to general population can be
evaluated.

Impacts of Air Pollution

Studies have shown that air pollution has harmfully
affected the health of Bangkok residents.  In
comparison with other Thai citizens, Bangkok residents
are prone to chronic inflammation respiratory diseases.
The cases of throat irritation of varying degrees of
severity are as high as 60 per cent in the general
Bangkok population.

Most of the health studies conducted in Bangkok
and its surrounding areas have focused on three main
air pollutants: PM

10
, Pb and CO. The health effects

examined were centred on respiratory-related illnesses.
A World Bank-funded project in Bangkok in 1998
showed an association between respiratory symptoms
and PM

10
. This study found increases in daily incidence

of upper respiratory symptoms per 30 µg/m3 increase
of PM

10
 oft 9 per cent for children, 26 per cent for

adults who worked and lived at the roadside, and 9
per cent for adults who worked and lived in more
protected environments. Similar  exposure-response
relationship were found for  lower respiratory
symptoms. The study also found that a 30 µg/m3daily

Figure 3.1.1 Percentage of emissions in Bangkok Metropolitan Region by source type in 1997
Source: PCD Thailand, 1997

increase in PM
10

 resulted in a 5.3% to 17.6% daily
increase in hospital admissions. (Radian International,
1998)

According to figures from the Bangkok Air Quality
Management Project,  a 10 µg/m3 reduction in the
annual average of PM

10
 concentrations in Bangkok

would result in an estimated reduction of:
l 700–2,000 premature deaths;
l 3,000–9,300 new cases of chronic respiratory

diseases;
l 560–1,570 respiratory and cardiovascular hospital

admissions;
l 2,900,000–9,100,000 days with respiratory

symptoms severe enough to restrict a person’s
normal activities; and

l 2,200,000–74,000,000 days with minor respiratory
symptoms.

Economic evaluation of air pollution in Bangkok
has been well documented compared to other Asian
cities. The World Bank-funded study found that
Bangkok residents spent an average of 12.5 per cent
of their total medical expenses on respiratory illnesses
alone. It was also determined that a 20 µg/m3 reduction
in annual average PM

10
 concentrations in Bangkok

would result in an estimated savings of 65-175 billion
baht. These savings largely outweigh the costs of
mitigation measures used to reduce particulate matter
(Radian International, 1998).
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Enforcement and Control
Strategies

Both the central Thai government and the BMA have
developed a clear policy to improve air quality. A high
priority has been placed on improving air quality and
the government’s general policy on air pollution is to
mitigate air pollution problems in non-attainment areas
and to keep air quality in attainment areas within ambient
air quality standards. The setting of ambient air quality
standards,  emissions standards,  and fuel quality
standards is predominantly the responsibility of the
national government.

Emissions standards are set by the central
government and enforced mainly through the local
government, although the national government controls
emissions for stationary sources. All new and existing
stationary sources are required to be in compliance
with the emission standards of the Ministry of Industry
of Thailand under the Factory Act and of the Ministry
of Science, Technology and Environment under the
Enhancement and Conservation of  National
Environmental Quality Act.

As proof of its commitment to improving air
quality, Thailand adopted some of the Asian regions’
strictest standards for vehicle emissions. Thailand has
adopted the vehicle emission standards of the European
Union as reference standards for light duty gasoline
vehicles, light duty diesel vehicles, and heavy duty
diesel vehicles. Implementing dates in Thailand are
generally 2 years after the same standards have been
enforced in Europe. Due to the large number of
motorcycles in Bangkok, Thailand has adopted the
second and third stage motorcycle emission standards
of Taiwan, the world’s most stringent. Standards are

implemented through new-car standards set by the
central government, in addition to the requirement for
routine inspection and maintenance of vehicles by the
municipal administration.The main role of the local
government in air  quality management is in
enforcement of existing policies through inspection
and public awareness-raising. BMA declared 1999 as
the Air Pollution Mitigation Year and implemented the
following 13 measures:
l Providing free car engine tune-up service stations

for the public.
l Publishing car engine maintenance manuals for

public distribution
l Setting up black smoke inspection points in 50

districts jointly with the traffic police.
l Setting up six mobile black-smoke inspection units

in 6 areas.
l Setting up motorcycle white smoke and noise level

inspection units in the inner area of Bangkok.
l Reporting about air pollution in critical areas in

cooperation with Pollution Control Department
through the display boards and air quality reports
to promote pollution-free streets.

l Designating pollution-free streets, which prohibited
single occupant-vehicles. Originally, there were 3
streets, later increased to 8 streets.

l Paving road shoulders to reduce dust.
l Enforcing windscreens for buildings which were

under construction.
l Enforcing dust controls for trucks by covering

loads and cleaning wheels.
l Putting up campaign boards to inform the public

on various measures being implemented.
l Designating car-free streets to reduce air pollution.
l Improving fuel quality by joint efforts to reduce

air pollution.

1- hr average 8 - hr average 24 - hr 
average 

1- month 
average 

1 - year 
average** Pollutants 

mg/m3 ppm mg/m3 ppm mg/m3 ppm mg/m3 ppm mg/m3 ppm 

Methods 

 CO 34.2  30  10.26 9  -  -  -  -  -  -  Non - Dispersive 
Infrared Detection  

NO2 0.32  0.17  -  -  -  -  -  -  -  -  Chemiluminescence 

 SO2/a  0.78  0.30  -  -  0.30  0.12 -  -  0.10  0.04  UV - Fluorescence 

TSP -  -  -  -  0.33  -  -  -  0.10 -  Gravimetric - High 
Volume  

 PM10 -  -  -  -  0.12  -  -  -  0.05  -  Gravimetric - High 
Volume  

O3 0.20 0.10  -  -  -  -  -  -  -  -  Chemiluminescence  

 Pb -  -  -  -  -  -  1.5  -  -  -  Atomic Absorbtion 
Spectrometer  

 

Table 3.1.3 Ambient air quality standards of Thailand (1995)

Notes:
 **geometric mean; /a 1- hr SO2 Standard 1.3 mg/m3 for Mae Moh area
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Furthermore, the national and municipal governments
have worked together on public transport issues to
reduce the use of  motor vehicles.  The Thai
Government, through cooperation and planning with
the BMA, has also developed mass transit projects for
solving transportation problem,  particularly rail
transport system.

Conclusions

Vehicular emissions have been reduced by controlling
fuel quality and establishing emission standards for
new vehicles. Phasing out of Pb in gasoline, completed
in 1996, resulted in a substantial reduction of Pb in air
down to approximately 0.22 mg/m3, well below the
World Health Organisation’s guideline value of 0.5 mg/
m3 (annual average). The introduction of unleaded
gasoline also enabled the use of catalytic converters in
gasoline cars and new emission standards led to the
improvement of diesel vehicles. The most obvious
source of air pollutants in Bangkok is the two-stroke

motorcycles, which emit large amounts of smoke.
Standards for low-smoke lube oil and emission
standards are being implemented in stages resulting in
gradual conversion from two-stroke engines to four-
stroke engines. Air quality in Bangkok has improved
enormously compared with previous decades largely
as a result of there being far fewer buses, trucks and
motorcycles emitting smoke.

There has been a vast improvement in Bangkok’s
air quality management capabilities in recent years.
Stringent unleaded fuel policies have greatly reduced
ambient lead concentrations and new vehicle emissions
standards have helped to control ambient and roadside
levels of CO, NO

x
 and SO

2
. Emissions controls have

been progressive and are contributing to improving
air quality, although the levels of TSP, PM

10
 and O

3

have increased in recent years. It is notable that the
Thai government has pursued the stringent emissions
standards of Europe. Although Bangkok has still to
attain relatively “clean” urban air,  the integrated
approach and strategies of national and local air quality
management promise further improvements in
Bangkok’s air.
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Beijing, the capital of the People’s Republic of China
(PRC) is an independently administered municipal
district, covering a vast 16,808 km2. The capital of
the world’s most populous country, Beijing is one of
the fastest growing urban agglomerations. The Beijing
Environmental Protection Bureau (EPB) estimates the
population of metropolitan Beijing to be 12.5 million,
with a floating population estimated to be about 3.5
million.

With its entry into the World Trade Organization
in 2001, China has made great progress towards
modernization, with Beijing at its political centre.
Beijing’s economy has had a growth rate of 10 per
cent per year from 1996–2000 and is expected to grow
at 9 per cent per year for the next five years. However,
with such rapid economic development, Beijing is also
facing the problems of growing urbanization. Whereas
the major sources of air pollution in the past were
from the development of industry in the city, nowadays
a major source is emissions from the transport sector,
and Beijing, in its long-range planning to modernize,
has placed a heavy emphasis on motor vehicles as the
basis for transportation planning. The most popular
mode of transportation is still the bicycle with Beijing
having more than 8 million bicycles. However, due to
rapid economic development and higher household
incomes, in conjunction with a more consumer-based,
social status-conscious society, the residents of Beijing
are moving towards vehicular transport. Although car
ownership has recently increased dramatically – 300
per cent in the past decade –  the number of cyclists
has not significantly decreased due to the accessibility
of bicycles. However, the per capita usage in terms of
kilometres travelled has declined. As part of the  2008
Olympic Games Action Plan to curb urban air pollution,
Beijing will adopt administrative measures to encourage
greater bicycle use (China Daily, 2002).

Industry experts attribute the rapid rise in the
number of motor vehicles to more foreign automobiles
being imported following cuts in tariffs, abolition of
quota systems, falling prices for domestically-made
automobiles and rising incomes for Beijing residents.

Compared to other large Asian cities, a WHO/
UNEP study found that, in 1992, Beijing had moderate
lead (Pb) problems, serious-to-moderate sulphur
dioxide (SO

2
) problems and a moderate ozone (O

3
)

problem (UNEP/WHO, 1992). In 1998, the Beijing EPB
cited total suspended particles (TSP), SO

2
 and nitrogen

oxides (NO
x
) as the main problem air pollutants. TSP

exceeded the local and national standards by 89 per
cent, SO

2
 by 100 per cent and NO

x
 by 204 per cent

(Beijing EPB, 1999). A 2001 analysis by the Beijing
EPB showed that the increased number of motor
vehicles in the city mirrored an increase in ambient
levels of NO

x
. The dominant sources of SO

2 
in Beijing

are heavy industries and power plants, which make
up 72 per cent of total SO

2
 emissions. The sharp

increase in SO
2
 concentrations in industrial areas from

1990 seems to have been caused by industrialization,
urbanization and increased consumption of fuel for
heating. The growing number of diesel vehicles
contr ibuted only a minor amount to the total SO

2

emissions.
According to the State of Environment Report

2000,  published by China’s State Environment
Protection Agency (SEPA), 36.5 per cent of the 338
Chinese cities, for which monitoring data are available,
met the national air quality standards applicable to
residential areas in 2000 – an increase of 3.4 per cent
compared to 1999. Those with “moderate” or “heavy”
pollution fell from 40.6 per cent to 33.1 per cent. Leaded
gasoline was prohibited nationwide in mid-2000,
potentially eliminating 1,500 tons of annual lead
emissions. In Beijing, the average concentration of SO

2

is reported to have fallen by 13 per cent compared to
1999; emissions of NO

x
 have been reduced by 15 per

cent, TSP by 14 per cent and carbon monoxide (CO)
by 7 per cent. In 1999, O

3
 levels exceeded standards

for a total of 199 days, however, these levels have
since decreased (SEPA, 2001).

Plans for the 2008 Beijing Olympics have catalysed
many environmental efforts by Beijing Municipal
Government and the national government to clean up
Beijing. One of the major beneficiaries of this effort is

3.2 Beijing

Situational Analysis and Urban Air Quality Trends
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Figure 3.2.1 Map of air quality monitoring substations in Beijing
Source: Beijing EPB (2002)

Beijing’s public transportation sector. Since 2000,
Beijing has two subways in operation with a total length
of 54 kilometres with the current subway passenger
transport volume at 481 million. By the end of 2002,
the government has stated that all the buses in the city
will be converted to use compressed natural gas (CNG)
and liquefied petroleum gas (LPG). According to the
Beijing Municipal Authority, there are 648 bus routes
in Beijing that transport 10 million people each day. In
2003, Beijing is expected to have 650 bus routes
carrying 4.5 billion passengers annually.

Air Quality Monitoring

In order bring its air quality monitoring in line with
international practice, Beijing Municipal Environmental
Monitoring Centre made three major changes in 1999
in its reporting of ambient air quality. The Centre began
reporting air quality on a daily basis at a specific time;
it upgraded its particulate measure standard to PM

10

and changed from measuring nitric oxide (NO) to
oxides of nitrogen (NO

x
); the sum of NO and nitrogen

dioxide (NO
2
)  because of the harmful health impacts

of PM
10

 and NO
x
; and established four new air quality

monitoring stations to join the existing eight. Since then,
Beijing and the French government have been
cooperating on the construction of 16 environmental
monitoring stations throughout Beijing. This new
monitoring system began operation in 2001.
Considering the Beijing comprehensive construction
plan for ambient air quality monitoring, at least 20 air
quality monitoring stations are operated based on the
requirement of one station for each of Beijing’s 20

administrative and development districts. The Beijing
EPB states that the 24 air quality monitoring stations
will provide fairly good coverage of the urban district
of Beijing and most of the close-in suburbs. Beijing
citizens are able to receive through the news media
daily air quality reports from 24 air quality monitoring
stations. The China National Environment Monitoring
Centre sends reports to the government for use in
policy-making and pollution control. Beijing leads the
entire nation in this area. Due to narrow coverage,
however, the monitoring stations still cannot fully and
scientifically reflect the air quality of the whole
municipality of Beijing. Currently, daily reports for
ambient air quality in Beijing are only from the 12
monitoring stations established since 1999 (Figure 3.
2.1). Reports from all 20 monitoring stations are not
yet being reported in English.

Impacts of Air Pollution

Major Chinese cities and are among the highest polluted
cities in the world and are experiencing levels of TSP
and SO

2
 two to five times higher than WHO and

Chinese standards. Air pollution is one factor which
contributed to chronic obstructive pulmonary disease
–  emphysema and chronic bronchitis – becoming the
leading cause of death in China, with a mortality rate
five times greater than in most developed nations.

Findings from the 1997 World Bank study on “Blue
Skies, Clean Water” have evaluated the large economic
and health impacts of air pollution in China. The study
concluded that:
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l Each year, an estimated 178,000 people in major
Chinese cities suffer early deaths because of
atmospheric pollution in excess of standards.

l Indoor air pollution, primarily from burning coal
and biomass for cooking and heating, causes an
estimated 111,000 premature deaths each year.

l Some 7.4 million person-work-years are lost
annually to air pollution-related health impacts.

l Air and water pollution damages, especially the
damage of fine airborne particulates to human
health, have been estimated to be at least US $54
billion annually, or nearly 8 per cent of GDP in
1995.

l Children in Shenyang, Shanghai, Beijing, and other
major cities have blood-lead levels averaging 80
per cent higher than levels considered dangerous
to mental development.

Enforcement and Control
Strategies

SEPA regulates stationary sources as well as ambient
air quality, and some regulations on mobile sources.
According to targets and countermeasures mentioned
in the “Prevention of Atmosphere Pollution of Beijing,
2002” which was passed in principle by the PRC’s
State Council, China plans to reduce total emissions
of SO

2
 by approximately 40 per cent, NO

x
 by 33 per

cent and TSP by 34 per cent from 2002–2007. Figure
3.2.2 presents air quality goals for Beijing by pollutant.
Due to the structure of the Chinese Government, SEPA
has primary policy making power as well as regulatory
enforcement power.

In line with the objectives of SEPA, the Beijing
Municipal Government has made concrete plans to
abate air pollution; mainly by regulating mobile sources
of pollution. Beijing’s government has set high goals
and has shown commitment to these by convening
several large environmental conferences, some of
which the mayor of Beijing has presided over, and by
backing their five year plan with scientific research
and demonstrations. The Beijing Municipal Government
is ordering city vehicles to convert to liquefied
petroleum gas (LPG) and compressed natural gas
(CNG). In early 1999, officials stated that by 2000, 3,
600 buses and 14,000 taxis in Beijing would run on
either LPG or CNG fuels and 49 gas stations would
offer the cleaner fuels. Assessment of the success of
this measure has not been evaluated as yet. The main
aim of the Beijing EPB for abating air pollutants is
based on the following objectives:
l to change energy production and consumption

levels and control pollutants from coal;

l to prevent and control vehicle emissions;
l to reduce dust pollutants (airborne particulate

matter); and
l to control industrial pollutants.

Beijing has more air quality management capacity than
other cities in the PRC. Information on air quality in
Beijing is more accessible than in other cities that were
surveyed. Beijing’s environmental expenditure in 1999
was 4.5 per cent of the city’s GDP and 4.5 times the
national average. In preparation for the Beijing 2008
Olympic Games, Beijing will invest a total of US $12.
2 billion in environmental protection in the period of
1998–2007. Since 1998, Beijing has invested a total of
US $3.63 billion in spreading the use of clean fuels,
controlling gas pollutant emissions,  treating
wastewater, safe disposal of solid waste and protecting
wildlife species. Beijing has adopted strict emission
standards since 1999 which require a reduction of
emissions by 80 per cent. During the period from 2004
to 2007, Beijing will adopt even stricter standards so
as to further reduce emissions by 60 per cent.

Figure 3.2.2 Air quality goals for Beijing
Source: Beijing EPB (2002)

Conclusions

The main air pollutants of concern in Beijing are TSP,
SO

2
 and NO

x
. Since 1990,  there have been sharp

increases in SO
2
 concentrations in industrial areas and

increased levels of ambient NO
x
 coinciding with the

rapid increase in the volume of road transport,
particularly private cars. Beijing has more air quality
management capacity than other cities in the PRC and
has made concrete plans to abate air pollution; mainly
by regulating mobile sources of pollution. Plans for
the 2008 Beijing Olympics have also catalysed efforts
to improve Beijing’s environment. Beijing has adopted
strict emission standards since 1999 which require a
reduction of emissions by 80 per cent and even stricter
standards are planned to further reduce emissions by
60 per cent from 2004 to 2007. Leaded gasoline was
prohibited nationwide in mid-2000 and all city vehicles
(buses and taxis) are being ordered to convert to
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liquefied petroleum gas (LPG) or compressed natural
gas (CNG). The number of air quality monitoring
stations in Beijing is being increased substantially and
citizens now receive, through the news media, daily
air quality reports from 24 air quality monitoring
stations. Air quality reports are also sent to the
government for use in policy-making and pollution
control.
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Situational Analysis

3.3 Busan

Busan is located on the south-eastern tip of the Korean
Peninsula at longitude 128o east and latitude 35o north.
It is an international city linking the continent and the
sea. Busan’s location is similar to that of Tokyo, Kabul,
Los Angeles, Memphis, Beirut and Algiers as it is prone
to high pollution levels due to inland winds that carry
pollution from coastal sources and land breezes that
carry pollution from the peninsula. Busan has a
population of 3,812,400 with 1,120,186 households
and a population density of 4,831 persons/km2. In
Busan, the number of vehicles was 234,936 in 1989
and 760,699 in 1999 giving an average growth rate of
22 per cent per year. The number of vehicles in 2001
was 862,699 of which 68 per cent were passenger
cars and 29 per  cent were diesel-fuelled. Freight
vehicles accounted for 22 per cent of the total and it is
these vehicles that tend to cause traffic congestion,
and incur additional costs and air pollution (Busan,
2001a).

Air Quality Trends

In Busan, the levels of sulphur dioxide (SO
2
) and total

suspended particulate matter (TSP) have decreased
over recent years due to clean fuel policies initiated by
the local and national governments and strict control
of dust emissions. The levels of nitrogen dioxide (NO

2
)

increased steadily until 1996 when they started to
decrease. Currently however, the concentrations of
NO

2
 have levelled off. On the other hand, ozone (O

3
)

is continually increasing, so the Busan Metropolitan
Government has taken measures to alleviate the
problem with a fleet of CNG buses (Busan, 2001b).

For particulate matter (PM), TSP pollution levels
have been measured since 1984 and from 1995
onwards, monitoring has been extended to include PM

10

(particulate matter with diameters less than 10 mm in
diameter), particles of this size being of most relevance
for human health. In January 2000, all PM monitoring
instruments were converted to measure PM

10
 only.

Figure 3.3.1 Mean concentration trends for air pollutants in Busan (1992–2000)
Source: MOE (2001)
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Air Quality Monitoring

Busan presently monitors 47 air pollutants under the
current National Air Quality Conservation Law of six
(PM

10
, SO

2
, nitrogen oxides (NOx), carbon monoxide

(CO), and O
3
) are continuously monitored by automatic

stations. The first monitoring station was established
in 1976 and currently Busan has 14 auto-monitoring
stations (Figure 3.3.2) (Busan, 2001b).

Busan has an emission inventory system that
accounts for SO

2
, nitrogen dioxide (NO

2
), CO, PM

10

and hydrocarbons (HC). This emission inventory is

compiled using energy consumption and transportation
activity data and is reported by the Ministry of
Environment of Korea (MOE,  2002). Table 3.3.1
shows air pollutant emissions by sector in the city of
Busan. The data show that the majority of air pollutants
in Busan are emitted by the transportation sector(e.g.
87 per cent of NO

2
 and 97 per cent of CO).

Figure 3.3.2. Mean particulate matter concentration trends for Busan (1992-2000)
Source: MOE (2001)

Figure 3.3.3  Location of Busan’s automatic monitoring stations
Source: Busan (2001b)
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Impacts of Air Pollution

There are no studies that have examined the impacts
of air pollution in Busan. However, one can infer the
economic impacts on the city and people of Busan
from Korean national studies. The Korea Environment
Institute (KEI) reported in 2001 that economic losses
from air pollution nationwide in the Republic of Korea
(ROK) ranged from 32 trillion won (US $24 billion) to
60 trillion won (US $45 billion) in recent years, with
an average figure of about 45 trillion won (US $ 34
billion). KEI based its figures on estimates of social
damage caused by air pollution, including medical
expenses for the treatment of respiratory disease, lost
time and lower productivity of workers, losses in
agriculture and fisheries production and expenses
involved in repairing corrosion to structures.  The
economic loss figures, according to KEI, amounted
to between 7 and 13 per cent of gross national income.

However, losses from carbon dioxide pollution were
not included (MOE, 2002).

Enforcement and Control
Strategies

In the ROK, environmental air quality standards
pertaining to six air pollutants, as well as that of noise,
apply to the entire country including Busan city. Each
local government also has the authority to enact
municipal ordinances for  environmental quality
standards taking into consideration the characteristics
of the region under its jurisdiction. However, the City
of Busan does not have its own air quality standards
and follows the national air quality standards.

Emission standards for Busan, the same as the
ROK national standards,  have been set for  26
substances. These standards were strengthened in

Table 3.3.1 Air pollutant emission inventory for Busan, 2000  (ton/year)

Pollutant Averaging time ROK (ppm) U.S.A. (ppm) 

SO2 Annual  0.02 0.03 

 24 hours 0.05 0.14 

 1 hour 0.15 NA 

CO 8 hours 9 9 

 1 hour 25 35 

NO2 Annual  0.05 0.053 

 24 hours 0.08 NA 

 1 hour 0.15 NA 

O3 8 hours 0.06 NA 

 1 hour 0.10 0.12 

HC Annual  Deleted NA 

 1 hour Deleted NA 

TSP Annual Deleted NA 

 24 hours Deleted NA 

PM10 Annual  70 µg/m3 50 µg/m3 

 24 hours 150 µg/m3 150 µg/m3 

Pb Annual 0.5 µg/m3 1.5 µg/m3 

 

Source : MOE (2002), Environmental Statistics Yearbook (2001) by
Ministry of Environment, Korea

Table 3.3.2 Ambient Air Quality Standards

Source: Ministry of Legislation Korea (2002)

 Total Mobile Source Sub-Total Industry Heating 

SO2 128,349 119,461 8,888 6,294 2,594 

NO2 76,993 66,903 10,090 3,346 6,744 

PM-10 12,541 11,354 1,187 870 317 

CO 80,588 78,081 2,507 386 2,121 

HC 13,286 13,055 231 69 162 
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February 1991 by up to 80 per cent. ROK’s new
emission standards, issued on 1st January 1999, are
comparable to those of Europe and North America.

A combination of strategies and legislation by the
Busan Metropolitan Government and the MOE has
produced some effective measures for the preservation
of air quality in Busan. The City of Busan has been
taking various measures to reduce air pollution:
expansion of clean fuel supply; mandatory installation
of catalytic converters; implementation of SO

2
 control

measures; and the operation of environment vigilante.
As a result, the concentrations of air pollutants in Busan
in 2000 were much lower (MOE, 2001).

In order to raise awareness of air pollution in large
cities, MOE launched the ‘Ozone Alert System’ in July
1995 to alert the public when the concentration of O

3

exceeds a specif ic standard so that the damage to
human health and living environment may be
minimized. The system was expanded in 1997 to cover
the other large cities including Busan in the ROK. In
Busan city an ‘Ozone Warning System’ has also been
in operation from 2000. Furthermore, since high SO

2

levels can be a problem, and fuel combustion in
factories, households, motor vehicles and power plants
account for the major part of all SO

2
 emissions, the

MOE has implemented the following:

l expansion of the low-sulphur oil supply;
l obligatory use of clean burning fuels;
l expansion of district heating systems; and
l regulation of solid fuel (coal) consumption.

As a result, SO
2
 levels in Busan were drastically

reduced by 2000 compared to levels in 1980 before
many of these measures were implemented. The
improvement in Busan’s air in the past few years is
also the result of the replacement of coal by cleaner
fuels such as liquefied natural gas (LNG) and other
low-sulphur fuels for domestic heating and various
types of  commercial energy consumption. These
efforts were particularly effective so that over 70 per
cent reductions in the winter-time concentrations of
SO

2
 and TSP have been achieved during the last decade.

In addition, more than a 50 per cent reduction in CO
has been achieved over the same period. However,
NO

x
 concentrations have remained at almost the same

level for the last decade. Considering the rapid increases
in total energy consumption and motor vehicle
numbers over this period, maintaining NO

x
 pollution

at this level should not be considered a failure. In order
to reduce O

3
 levels, Busan has regulated factories and

other sources of ozone precursors.
Busan plans to build on its existing air quality

measures through stricter air improvement targets. The
Air Quality Management Plan of Busan for the new

Millennium was established in 2002 and it contains
many countermeasures to reduce the emissions of
NO

x
, VOCs and PM

10
. This plan also encompasses

environmental guiding principles for the hosting of
international events, such as 2002 FIFA Korea/Japan
World Cup and the 2002 Asian Games. The Busan
Metropolitan Government is currently considering the
following plans in order to improve its air quality.

l Increasing the number of compressed natural gas
(CNG) buses on the road to 1800 by 2010 and
create public awareness campaigns to stimulate
the use of natural gas vehicles.

l Enlarging the current subway system and other
modes of public transport.  Currently there are 73
subway stations (covering 70.5 km) with plans
for a total of 110 stations (covering 111.3 km) .

l Establishing telemetry monitoring systems (TMS)
in larger emission monitoring stations (Currently
there are 8 corporations controlling 10 stations
with the goal in 2003 for 25 stations)

l Consolidating countermeasures to reduce O
3
 by:

- Introducing efforts to reduce emissions of O
3
-

precursors (such as NOx, VOCs)
- Raising public awareness about the harm of

O
3
 and encouraging their participation in anti-

ozone campaigns.
- Providing education to 730 factories which

emit unacceptable amounts of VOCs including:
gas stations, laundries, oil reservoirs, printing
houses, etc.

- Developing of new model for an O
3
 forecasting

system
- Establishing of  measuring stations for

photochemical pollutants with a total of 3
stations by 2003

l Increasing the use of clean (environmentally
friendly) fuels
- Reducing the sulphur content of heavy oils

from 0.5 per cent to 0.3 per cent from July
2001

- Ensuring stricter management of factories that
emit large volume of air pollutants and use
petroleum. Conversion of factories currently
using heavy oils and diesel fuels to the use of
clean fuels such as LNG

- Supporting the switching of small town buses
and garbage trucks from using diesel fuel to
LPG

- Implementing a study on Gashol (mixed fuel:
gasoline 90 per cent and alcohol 10 per cent)

l Introducing fugitive dust reduction measures
- Reducing PM levels by 10 per cent by 2002

(below 56 µg/m3)
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- Introducing stricter tests for emissions from
diesel vehicles

- Installing vacuum-cleaning vehicles inr each
district

- Stricter control of factories that emit large
volumes of air pollutants and suspended
particulate matter

- Establishing re-afforestation projects at
deforested sites

- Establishing sprinkler systems in schools

l Enforcing stricter vehicle emission inspections
- Giving priority to smoke-emitting heavy duty

vehicles like buses
- Giving free vehicle emission tests and

distr ibuting public information about the
impact from vehicle emissions

- Issuing local ordinance on idling vehicles

Conclusions

Busan has a very high air  quality management
capability. In response to increasing pollution,
particularly from mobile sources, it has enacted many
policies and enforcement strategies in the transport
and energy sectors. The national and municipal
government have also harmonized air quality
management plans and air quality monitoring data. The
Busan Metropolitan government has established further
comprehensive air quality management plans and will
enforce the measures according to the time schedule.
However, as the ROK is not yet a fully developed
country, it should be noted that air-quality plans and
regulation implementations are heavily dependant on
national economic circumstances.
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Chongqing municipality is one of  four directly
administered by the Central Government of China and
is presently China’s biggest municipality in terms of
area and population. It covers 82,000 square kilometres
in the southwest of China and includes 43 districts,
cities and counties. The Chongqing urban area totals
190 square kilometres with a population of about 2,
500,000. In 2000, its GDP was 159,000 million Yuan
and per capita income for the total city was 5,157
Yuan (US $621). The urban area lies between two large
mountains, Tongke Shan and Zhongliang Shan. The
relative humidity is about 80 per cent and the annual
average wind speed is 1.1-1.7 m/s. Both topography
and climate hinder pollutant diffusion. The urban area
is divided into three parts by two rivers and the west
is higher than the east. Traffic congestion is made
worse by the many bends and slopes along the city’s
narrow roads which are often only seven to ten metres
wide. The vehicle fleet has recently increased by 10-
15 per  cent and, as these vehicles are poorly
maintained,  their  contr ibution to air pollution is
substantial.

Chongqing is an industrial city and its main
metallurgical and chemical industries have yet to
control their emissions. The gases they emit constitute
a large proportion of the city’s total pollution load and
mobile sources of  pollution have remained
comparatively low. In some areas of the city however,
the contribution from mobile sources has reached a
very high level. The data on contribution of vehicle
emissions to air pollution (Table 3.4.1) indicate that
vehicle emissions in Chongqing are a serious pollution
issue.

The National Environmental Air Quality Standard
(GB 3095-1996) requires normal urban and rural areas
to conform to the Class II limited values (see Table 3.
4.2).

The rate of exceedence of urban air quality Class
II national daily standards was 46 per cent in 1999
and increased to 51 per cent in 2000. Trends in
concentrations of several pollutants in the urban area

3.4 Chongqing

Situational Analysis and Urban Air Quality Trends

Table 3.4.2 National Air Quality Standards – Class II

* Total suspended particulates

District (%)CO  (%) 
NOx 

Yu Zhong District 74 61 

Jiang Bei District 45 53 

Nan An District 32 44 

Sha Ping Ba District 38 41 

Jiu Long Po District 23 36 

Da Du Kou District 27 47 

 

Table 3.4.1 Percentage contribution of vehicle
emissions to air pollution in Chongqing

Source: Chongqing Environmental Protection Bureau,
( … … . . )

Table 3.4.3  SO2 Concentrations

 Item SO2 NOx TSP* 

Annual 
average limit 

60 ìg/m3 50 ìg/m3 200 ìg/m3 

Daily average 
limit 

150 ìg/m3 100 ìg/m3 300 ìg/m3 

 

 
Year Range of 

daily 
average 
(ìg/m3) 

Annual 
average 
(ìg/m3) 

Unattain-
ment rate 
for daily 
average 

(%)  

Maximum daily 
average 

expressed as 
multiple of 
standard (x 
standard) 

1996 16-1711 321 79.5 11.4 

1997 9-900 207 67.3 6.0 

1998 16-576 183 53.9 3.8 

1999 16-752 171 48.6 5.0 

2000 1-613 156 46.4 4.1 

 



are listed in Tables 3.4.3 to 3.4.5.
Historically, the dominant source of pollution in

Chongqing has been from coal burning. In recent years,
the government succeeded in promoting conversion
from coal to natural gas as an energy source resulting
in a decrease in SO

2
 levels. However as of 2000, the

average annual concentration of SO
2
 still exceeded the

standard and remained the area’s major pollutant. To
further reduce SO

2
, at the beginning of 2000,  the

Chongqing government decided to replace 1,153 coal-
fuelled boilers and 1,500 water boilers with cleaner
fuels such as natural gas, oil, and electricity. This was
completed in 2001 and the quantity of coal burnt has
been reduced by about 1.36 million tons per year with
SO

2
 emissions reducing by about 760,000 tons per

year.
The construction industry developed rapidly in

Chongqing from 1997–2000 and this aggravated dust
pollution in the urban area. As a result, the TSP pollution
levels have remained high. Although it is likely that
when construction slows down, TSP pollution will
also decline.

NO
x
 emissions in Chongqing have increased rapidly

in recent years. NO
x
 exceeded the national standard

on 72 days in 2000, an indication that this pollutant
has become more of a problem with the recent high

Table 3.4.4 TSP Concentrations

Table 3.4.5 NOx Concentrations

Source: Chongqing Environment Scientific Research Institute (2001)

vehicle growth rate. In the ninth five-year plan period,
the daily average concentration of NO

x
 was 61µg/m3;

14 per cent higher than the standard. Daily average
values peaked in 2000. Compared with average level
during the previous five-year plan period, the average
NO

x
 concentration has doubled as a result of growth

in the vehicle fleet.
In May 1998 and May 1999, the Environment

Protection Bureau (EPB) tested air quality at a few
main roads in the Chongqing urban area and the results
are listed in Table 3.4.6 Comparisons reveal that NO

x

and TSP concentrations are much higher near main
roads than elsewhere in urban Chongqing. These results
indicate that roadside pollutants are a significant threat
to those living or working near main roads .

Table 3.4.6 Air Quality Test Results from Main Roads
(mg/m3: Pb, µg/m3)

Daily concentration 

Range Average 
Pollutant 

May 1998 May 1999 May 1998 May 1999 
CO 3.12 - 19.0 0.62 - 27.1 9.70 6.59 

NOx 0.03 - 3.74 0.10 - 1.94 0.67 0.54 

TSP 0.29 - 2.49 0.17 - 2.08 0.86 0.97 

Pb 0.13 - 1.92 0.10 - 1.86 0.99 0.83 
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Year 

 

Range of daily 
average 
(ìg/m3) 

Annual average 
(ìg/m3) 

Unattainment rate for 
daily average (%) 

Maximum daily average 
expressed as multiple of 

standard (x standard) 

1996 31-838 181 11.1 2.8 

1997 030-890 199 16.0 3.0 

1998 37-842 234 25.6 2.8 

1999 31-688 204 18.1 2.3 

2000 30-814 248 31.0 2.7 

 

 
Year 

 

Range of daily 
average 
(ìg/m3) 

Annual 
average 
(ìg/m3) 

Unattainment rate 
for daily average 

(%) 

Maximum daily average 
expressed as multiple of 

standard (x standard) 

1996 4-262 41 3.1 2.6 

1997 9-239 66 17.9 2.4 

1998 6-247 56 9.8 2.5 

1999 9-317 62 16.3 3.2 

2000 3-368 68 19.6 3.7 
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Air Quality Monitoring

The air quality monitoring system in Chongqing is
managed by the national China Environmental
Monitoring Centre and Chongqing Environmental
Protection Bureau. The details of the monitoring system
were unobtainable for this report.

Impacts of Air Pollution

Studies on health or economic impacts of air pollution
in Chongqing were unobtainable for this report.

Enforcement and Control
Strategies

All air quality policies and strategies are determined by
the national government and the State Environmental
Protection Administration (SEPA).

China’s newly revised Air Law (2000) promotes
the production of clean vehicles which consume clean
fuel. The Chinese government is making a great effort
to develop such vehicles, important for  adjusting
energy structure, improving air quality in urban areas,

and developing China’s sustainable auto industry.
Liquefied petroleum gas (LPG) and compressed natural
gas (CNG) vehicles have been developed in many cities
and by the end of 2000, there were more than 80,000
gas vehicles and 228 gas stations to serve them. Both
hybrid electric and fuel cell technology vehicles have
been encouraged and are developing quickly.

Ethanol is also being promoted as a fuel source in
China,  a major agricultural country with an
overproduction of grain in some areas. To make use
of this overproduction and increase farmers’ incomes,
ethanol production from grain will be promoted. As
an alternative fuel, ethanol will be added to gasoline in
small quantities (5–15 per cent) to help save fuel oil
resources and reduce CO and hydrocarbon (HC)
vehicle emissions. Related feasibility research on
ethanol gasoline application and demonstration
programmes is underway. During its tenth five-year
plan, the Chinese government will continue to support
the Clean Vehicle Action Program to promote the
sustainable development of China’s auto industry.

China has also introduced emission standards for
the three different categories of in-use vehicles (gas
vehicles, diesel vehicles, and motorcycles) and these
are shown in Tables 3.4.7 to 3.4.9 below.

Table 3.4.7 Emission Standards for In-Use Gasoline Vehicles*

*Date of effect: 94.5.1
Note: Light Duty Vehicles: d”3500kg; Heavy Duty Vehicle: >3500 kg

Urban Air Quality Management in Asian Cities

Gasoline Vehicles 

In-use heavy duty vehicles made 
before 95.7.1 

5.0 2000 9000 

In-use light duty vehicles made 
after 95.7.1 

4.5 900 7500 

In-use heavy duty vehicles made 
after 95.7.1 

4.5 1200 8000 

 

Table 3.4.8 Emission Standards for In-Use Diesel Vehicles*

Diesel Vehicles 
Standard Limit  
Smoke (FSN) 

In-use vehicles made 
before 95.7.1 

5.0 

In-use vehicles made 
after 95.7.1 

4.5 

  *Date of effect: 94.5.1

29
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Conclusions

In Chongqing city as a whole, the industrial sector
constitutes the dominant source of air  pollutants
(especially SO

2
) although in some areas, mobile sources

are becoming increasingly problematic (particularly for
CO and NO

x
 emissions). Conversion from coal to

natural gas has resulted in decreased SO
2
 levels over

recent years although in 2000 the average annual
concentration of SO

2
 still exceeded the standard and

remained the area’s major pollutant. Further reductions
in SO

2
 emissions were achieved in 2001 after  the

Chongqing government decided to replace coal-fuelled
boilers with others fuelled by cleaner fuels.

Exceedance of urban air quality daily standards
increased from 46 per cent in 1999 to 51 per cent in
2000. This was mainly as a result of increases in TSP
and NO

x
 emissions from vehicles although rapid

development in the construction industry from 1997–
2000 has also aggravated dust pollution in the city.
Average NO

x
 concentrations during 1996–2000 were

double those in the previous five-year period due to
growth in the vehicle fleet. It remains to be seen
whether improvements stemming from the Chinese
government’s Clean Vehicle Action Program and
legislation on higher emission standards for vehicles
can keep pace with the increasing vehicle numbers.

Table 3.4.9 Emission Standards for In-Use Motorcycles

  *Date of effect: 94.5.1

Motorcycles 

Standard Limit 

Idle Speed 

HC (ppm) 
Vehicle Type 

CO 
(%) 

4-stroke 2-stroke 

In-use motorcycles made 
before 96.1.1 

5.0 2500 9000 

In-use motorcycles made 
after 96.1.1 

4.5 2200 8000 
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Dhaka, the capital city of Bangladesh, is located on an
arm of the Dhaleswari River in the populous and flood-
prone Ganges-Brahmaputra delta.  I t is a major
commercial, cultural, and manufacturing centre with
a population of about 9 million that is projected to grow
to about 16 million by the year 2015, making it the
seventh largest mega city in the world.

The transport sector is a major contributor to air
pollution in Dhaka. Motor vehicle pollution stems from
the use of leaded gasoline, the lack of efficient catalytic
converters, high sulphur in diesel, the large number of
high polluting vehicles, impure fuel, inefficient land
use and overall poor traffic management (Karim, 1997).
The increasing numbers of two-stroke engines (auto-
rickshaws, auto-tempos, and motorcycles) which emit
most of the black smoke, are a major concern for the
public. The increase in the proportion of such two-
stroke engine vehicles in the total vehicle population
rose from 2.2 per cent in 1982–1983, to 18 per cent
in 1990–1991, and as high as 23 per cent in 1996–
1997 (Karim, 1997). Many of the two-stroke auto-
rickshaws used in Dhaka City are simply modified
forms of an 1960s Italian model. It is estimated that
an auto-rickshaw emits 30 times more pollutants than
a normal car. Moreover, gasoline pilfered from official
vehicles finds its way into the informal market for
sale to the auto-rickshaw and auto-tempo drivers. Such
pilfered gasoline is often mixed with kerosene and
when used in two-stroke engines has a greater potential
for pollutant emissions (Karim, 2001).

The main pollutants of concern are carbon
monoxide (CO), hydrocarbons (HC), photochemical
oxidants (e.g., ozone (O

3
), nitrogen oxides (NO

x
)),

suspended particulate matter (SPM), sulphur dioxide
(SO

2
), and lead (Pb) from the transport sector. Air

quality monitoring data is limited in Dhaka, however,
periodic surveys by the Department of Environment
(DOE), indicate that the ambient levels of SPM, SO

2

and airborne Pb are higher than the Bangladesh air
quality standards (Karim, 2001). Dhaka has one of
the highest air Pb levels in the world (Kaiser et al.,
2001). Although pollutants emitted from automobiles

3.5 Dhaka

are obviously major contr ibutors to the pollution
problem in Dhaka, no emissions inventory detailing
sources of pollution is currently available. Figure 3.5.
1 presents measured ambient concentrations of SPM,
NO

x
, and SO

2
. DOE collected this data in 1998 from

the Farmgate area which is located in a highly
trafficked zone in the north-central part of the city
and classified as a commercial/mixed-use area. It is
clear from Figure 3.5.1  that the ambient levels of
SPM exceeded the Bangladesh air quality standard
(Table 3.5.1)  in commercial and mixed areas
throughout the year while the SO

2
 levels exceed the

standard during the dry winter season. The NO
x
 levels

appear to be below the acceptable limit defined by the
air quality standard. It should be borne in mind that
Bangladesh standards are not directly comparable with
international air quality standards because of differences
in averaging time. However, in general terms, SPM
and SO

2 
concentrations exceed international standards

of ambient air quality during the whole year in Dhaka.
The Bangladesh Atomic Energy Commission

measured l4.6 µg/m3 of Pb in ambient air in Dhaka
over the period November 1995 to January 1996

Situational Analysis and Urban Air Quality Trends

Figure 3.5.1 Ambient concentration of selected
pollutants in Dhaka, 1998
Source: Karim (2000)
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(Khaliquzzaman et al., 1977), whereas the World
Health Organization (WHO) guideline (1year average)
for Pb in air is 0.51 µg/m3.

Besides government information, there are several
independent researcher’s data available from the mid
to late 1990s on CO monitoring at Farmgate, daily
average NO

2
 concentration in selected urban

intersections of Dhaka, PM
10

 and PM
2.5

 measurements
at Farmgate police box, the DOE’s Agargaon office
and the rooftop of World Bank office, and volatile
organic compound (VOC) measurements at four
locations (Karim, 2001). These data are listed in Table
3.5.2 and compared with local and international ambient
air quality standards. All measured data exceed
Bangladeshi and/or international standards.

Table 3.5.1 Bangladesh national ambient air quality standards

*Sensitive areas include national monuments, health resorts, hospitals,
archaeological spots, and educational institutions.
Source: DOE, 2001

Table 3.5.2 Ambient pollutants level in Dhaka compared with various standards

Source: Karim (2001)

Air Quality Monitoring

Monitoring of ambient air quality in Bangladesh has
only been initiated recently and on a very limited basis
by the DOE. However, the acuteness of the problems
caused by air pollution,  and awareness campaigns
organized by the mass media,  have made the
government aware of the necessity of monitoring
ambient air quality. Accordingly, the DOE has set up
a single monitoring station in Dhaka,  the samples
collected being analyzed for SPM, SO

2
 and NO

x
. In

addition to monitoring at this station, the DOE
occasionally conducts vehicular  emission
measurements in industrial, commercial, and residential
areas of Dhaka City (located at Tejgaon, Farmgate,
Manik Mia Avenue, Gulshan, Lalmatia and Agargaon).

 

8-hour average concentration in µg/m3 Land use Category 

CO NOx SPM SO2 

Industrial/mixed use 5,000 100 500 120 

Commercial/mixed use 5,000 100 400 100 

Residential and Rural use 2,000 80 200 80 

Sensitive use* 1,000 30 100 30 

     

 

Pollutant 
Averaging 

Time 

Ambient 
Concentration in 

Dhaka** 

Bangladesh 
Standard WHO Guideline US Standard 

8 hour N/A 1-5 mg/m3 10 mg/m3 10 mg/m3 CO 

 

1 hour 
13 µg/m3 

(instantaneous 
average) 

 
N/A 30 mg/m3 40 mg/m3 

NO2
 I hour 

24 hour 
N/A 

252 µg/m3 
N/A 
N/A 

200 µg/m3 
N/A 

N/A 
N/A 

PM10
* 24 hour 245  µg/m3 N/A 70 µg/m3 150 µg/m3 

PM2.5
* 24 hour 445 µg/m3 N/A N/A 65 µg/m3 

VOCs  24 hour 
1131 mg/m3 

(instantaneous 
average) 

N/A 
 N/A 193 mg/m3 

 * PM2.5 and PM10 measured at different locations and days 
                   ** Various researchers; 1994-1998 
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In addition to the DOE,  a number of  other
organizations are monitoring Dhaka’s air quality as well
as emissions from automobiles. The Department of
Civil Engineering, Bangladesh University of Engineering
and Technology (BUET) has been conducting ambient
air quality surveys since 1995. The most recent survey,
conducted by the Department of Civil Engineering in
1998, includes the measurement of SO

x
 and NO

x
 at

14 different locations in Dhaka City at different times
of the day (DOE, 2001).

Impacts of Air Pollution

During part of 1996, Dhaka experienced probably one
of the highest levels of Pb pollution in the world. A
17-month survey study by the Bangladesh Atomic
Energy Commission (BAEC) recorded 0.46 µg/m3 of
Pb in air over Dhaka during the dry months (November
1995–January 1996) (Khaliquzzaman et al., 1997). By
comparison, the WHO annual average guideline for
Pb in ambient air is 0.5 µg/m3  (WHO, 2000).

Severe air pollution is threatening human health
and economic growth in Dhaka. Ostro (1994) and Xie
et al. (1998) estimated that Dhaka encounters 3,580
premature deaths, 10 million restricted activity days
and 87 million respiratory symptom days per annum.
The economic loss associated with these health
problems could range from a low estimate of US $60
million to a high estimate of US $270 million,
equivalent to 1.7 to 7.5 per cent of the city’s gross
product. If added with traffic jams, global warming,
soiling of materials, and aesthetic degradation, the total
cost of air pollution would be substantially larger (Xie
et al.,1998). A 1 µg/m3 increase in airborne ambient
Pb concentrations is estimated to have caused
approximately 70 thousand cases of hypertension per
one million males aged 20 and 70 years, 340 non-fatal
heart attacks, and about 350 deaths per one million
males aged 40-59 (Ostro, 1994).

Combustion of leaded gasoline is the main source
of lead exposure in Dhaka, resulting in ubiquitous
contamination of the environment. In February 2000,
Kaiser et al. (2001) evaluated children at five primary
schools in Dhaka was in order to determine blood
lead (BPb) levels, sources of environmental exposure,
and potential risk factors for lead poisoning. A total
of  779 students in the range 4-12 years of  age
participated. The mean BPb level was 15.0 µg/dL
(range 4.2-63.1 µg/dL). Most students (87.4%) had
BPb levels above the Centre for Disease Control and
Prevention’s level of concern (10 µg/dL).

Enforcement and Control
Strategies

Bangladesh is yet to implement internationally
compatible National Ambient Air Quality Standards and
are lacking detailed air quality regulations at the national
level. Air pollution in Dhaka is a high priority concern
as it is seriously affecting the quality of life in the city
and represents a major public health issue. Various
development partners are supporting projects to build
capacity and tackle the deteriorating air quality in
Dhaka. For example, the World Bank is supporting
the Dhaka Urban Transport Project for transportation
infrastructure development as well as supporting the
training of DOE personnel,  providing monitoring
equipment, and conducting pilot studies to control
pollution from two-stroke engine and diesel vehicles.

In a recent radical move by the Government, most
of the highly polluting 2-stroke vehicles have been
banned from the streets of Dhaka. As of September
2002, approximately 5,500 (out of the estimated 20,
000) two-stroke baby-taxies and tempos of
comparatively good condition will be allowed to ply in
the city streets until December 31st 2002 when they
will be replaced by CNG-powered four-stroke three-
wheelers. At least 10 thousand CNG baby-taxies will
be given registration and route permits by December
to deal with the transport problem caused by the
withdrawal of the old auto-rickshaws (New Nation,
2002).

Conclusions

Air pollution in Dhaka is a high priority concern as it is
seriously affecting the quality of life in the city and
represents a major public health issue. Although pollutants
emitted from the transport sector clearly constitute the
major pollution problem in Dhaka, no emissions inventory
detailing sources of pollution is currently available. In
particular, the increasing numbers of the relatively high
polluting two-stroke vehicles give most cause for
concern. Air quality monitoring information is limited
but it has been clearly shown that ambient levels of SPM,
Pb and SO

2 
far  exceed the Bangladesh air  quality

standards and WHO guidelines. There is also evidence
that ambient NO

2
 and VOC concentrations regularly

exceed US EPA air quality guidelines. Although there is
a lack of time-series data, the air quality measurements
available indicate that Dhaka’s air pollution is worsening.
Various international donor organisations are helping to
address this situation but much remains to be done. In a
recent radical move by the government, all 2-stroke 3-
wheelers plying the streets of Dhaka will be replaced by
CNG-powered 3-wheelers by the end of 2002.
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Hong Kong, now a Special Administrative Region
(SAR) of China, is located to the southeast of Mainland
China and comprises Hong Kong Island,  the
mountainous Kowloon (Jiulong) peninsula, and the
New Territories. The hilly topography adds to the
effect of the many high-rise buildings in the urban
centres, restricting the flow of air  and inhibiting
dispersion of air pollutants, leading to a build up of
smoke, respirable suspended particulates (RSP) and
nitrogen oxide (NO

x
) concentrations in the urban area

and acute nuisances in the streets (Hong Kong EPD,
2002). Weather conditions also have very significant
effects on the concentration of air pollutants, much
more so than can be explained by day-to-day change
in emissions. Hong Kong’s position on the coast of
the large Asian landmass, its rugged terrain and uneven
coastlines mean that it is subject to prevailing summer
and winter monsoons with strong land-sea breezes
which can cause the local wind to deviate significantly
from the prevailing situation. Pollution can thus be
trapped locally. Usually the worst air pollution situation
in Hong Kong occurs when it is on the edge of a
typhoon, where humidity is low, wind is light and
dispersion is weak. Similar situations also occur during
the transition between the two monsoons in March–
April or August–September. (Hong Kong EPD, 2002)

Hong Kong is one of Asia’s largest commercial
centres and one of its most developed. The industry
of Hong Kong consists of  the manufacture of
consumer goods, such a toys, textiles and electronics,
shipbuilding, cement manufacturing, steel and food
processing. A large proportion of the city’s production
is for export; thus, the harbour is an important source
of pollution. The main fuel used for domestic heating
and cooking is town gas, followed by electricity and
fuel oil. Hong Kong has four major coal and oil burning
power-generation plants.

Private car ownership and usage are low compared
to countries with similar per capita income. There are
340,568 licensed private cars, accounting for 64.8 per
cent of all vehicles. However, the number of vehicles
and the respective kilometres travelled has been steadily

increasing in Hong Kong, thus leading to higher
emissions. There are about 275 licensed vehicles for
every kilometre of road and the topography makes it
increasingly difficult to provide additional road capacity
in the heavily built-up areas. However, Hong Kong
has the world’s only mass transit system (subway)
that is financially self-sustaining because of the high
level of public transport usage. Every day, over 11
million passenger journeys are made on an efficient
and multi-modal public transport system which
includes two high-capacity railways, trams, buses,
minibuses, taxis and ferries. Public transport services
are provided by private institutions or public
corporations operated on prudent commercial
principles and without direct subsidy from the
Government. About 90 per cent of the population
depend on public transport (Hong Kong EPD, 2001).
Another significant factor in Hong Kong’s transport is
its relationship with Mainland China. In 2001, cross-
border traffic consisted of 65 million tonnes by water
and 38 million tonnes by land (Hong Kong EPD, 2000).

Hong Kong’s major air pollution problem stems
from mobile sources, particularly diesel emissions.
Because of its high diesel vehicle usage, Hong Kong
has higher levels of air pollutants associated with diesel
emissions, i.e. particulates and nitrogen dioxide (NO

2
),

with the situation being worse at busy roadsides in
high traffic areas. Sulphur dioxide (SO

2
) levels in Hong

Kong have improved since high sulphur fuels were
banned in the early 1990s and are currently below WHO
guideline levels (Figure 3.6.1). However, SO

2
 still

remains a problem because of the persistence of cheap,
pirated, illegal, diesel fuel from China, which has a
high sulphur content. It is estimated that 25 per cent
of the diesel fuel used in Hong Kong is illegal, high-
sulphur fuel.

NO
2
 levels are below standard levels in ambient

air readings (Figure 3.6.2) but violate standards at the
roadside. Carbon monoxide (CO) levels are considered
to be within guidelines as are ambient levels of lead
(Pb) (Figures 3.6.3 and 3.6.4). Leaded gasoline is
banned in Hong Kong.

3.6 Hong Kong

Situational Analysis and Urban Air Quality Trends
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Figure 3.6.1 Long term trend in Hong Kong’s general1 ambient SO2 concentration

Figure 3.6.2 Long term trend in Hong Kong’s general ambient NO2 concentration

Figure 3.6.3 Long term trend in Hong Kong’s general ambient CO concentration

Figure 3.6.4 Long term trend in Hong Kong’s general ambient lead concentration
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There is an increasing trend of  ozone (O
3
)

concentrations in Hong Kong (Figure 3.6.5). Ground
level O

3
 levels tend to be highest on sunny, windless

days in Hong Kong, especially in the afternoon. O
3

levels have risen by at least 80 per cent in Hong Kong
over the past decade.

Hong Kong’s biggest air pollution problem is high
levels of f ine particulates,  known as Respirable
Suspended Particulates (RSP) (Figure 3.6.6). It is
estimated that diesel vehicles account for 50 per cent
of RSP in Hong Kong. In 1996, nearly half of those
districts monitored failed to meet standards for RSP;
only one of these monitoring stations, in Mong Kok,
was then at street level. The level of RSP there was
50 per cent higher than the health standard and higher
than the average concentration in Taipei, Tokyo, Los
Angeles, London and New York (Hong Kong EPD,
CD-ROM). A Government study of street level air
pollution in Causeway Bay showed levels of more than
twice the annual limits. (Hong Kong EPD, 1998)

Figure 3.6.5 Long term trend in Hong Kong’s general ambient ozone concentration

Air Quality Monitoring

As of July 1999, the Hong Kong Environmental
Protection Department’s (EPD) air quality monitoring
network (Figure 3.6.7) comprised fourteen fixed
monitoring stations to meet the following objectives:

l To understand air pollution problems in order that
cost-effective policies and solutions can be
developed;

l To assess how far standards and targets are being
achieved or violated;

l To assist the assessment of public’s exposure to
air pollution; and

l To provide public information on current and
forecast air quality.

The network is designed and operated to meet the
most stringent international QA/QC standards and is
certified by the Hong Kong Laboratory Accreditation
Scheme. In addition to the Hong Kong EPD monitoring
stations,  other independent monitoring units are
operated, for example, those being operated by the

Figure 3.6.6 Long term trend in Hong Kong’s general RSP concentration
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power companies in order to assess the air quality
impact of their power stations.

 Hong Kong uses an Air Pollution Index (API),
which is a simple way of describing air pollution levels
to provide timely information about air pollution to the
public and to enhance awareness. Since June 1995,
the EPD has been reporting the API and making a
forecast for the following day. In Hong Kong, the API
converts air pollution data from several types of
pollutants into a value ranging from 0 to 500. Similar
systems are widely used in many other places such as
the United States, Singapore, Malaysia, Taiwan and
the Philippines.

Starting from 1998, the Hong Kong EPD began
reporting the urban roadside APIs. The roadside API
provides information on the level of pollution very close
to vehicle emission sources in busy streets and roads.
The roadside API will, therefore, naturally be higher
than the general API on a given day.

The Hong Kong EPD reports the latest general
and roadside APIs hourly on their air quality monitoring
website (see http://www.epd-asg.gov.hk).  These
indices are calculated by comparing the measured
concentrations of the major air pollutants (NO

2
, SO

2
,

O
3
, CO and RSP) with their respective health related

Air Quality Objectives (AQOs) established under the
Air Pollution Control Ordinance. APIs for each of the
five pollutants are calculated and the highest API
number is reported as the API of that hour. The general
API makes reference to the measurements at ambient
monitoring stations located on 4 to 6-floor buildings.

Impacts of Air Pollution

The Hong Kong EPD commissioned various studies
on the health effects of air pollution. Studies were
conducted by the University of Hong Kong in 1997/
98 to examine the short-term effects of ambient air
pollution on public health, using available local data.
The study revealed that, similar  to other  studies
overseas, there were significant correlations between
the level of individual criteria pollutants (i.e. N O

2
, SO

2
,

RSP and O
3
) and the hospital admissions and mortalities

for respiratory and cardiovascular diseases. Based on
the preliminary findings of the two health studies, an
economic impact study was conducted to determine
the economic values associated with the morbidity and
mortality rates in Hong Kong attributable to ambient
air pollution. The ‘total’ cost of illness (i.e. morbidity
plus mortality) ranged from $ HK 9.7 million (for SO

2
)

to $ HK 73 million (for NO
2
) for every microgram per

cubic metre increase in the concentration of the single
air pollutant. Higher values are obtained when using
the willingness-to-pay approach, ranging from $ HK
16.7 million (for SO

2
) to $ HK 105.1 million (for NO

2
)

for every microgram per cubic metre increase in the
concentration level of the pollutant. The public are, in
fact, exposed to multiple pollutants in the real situation
and for that reason, a composite score model is used
(as recommended in the study by the University of
Hong Kong) to take into account the cumulative effect.
The economic cost of morbidity and mortality is
calculated using the composite score based on the

Figure 3.6.7 A map of the Hong Kong EDP monitoring stations
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concentration levels of the individual criter ia air
pollutants at the respective annual averages. For 1996,
the economic cost is estimated to be $ HK 3,841 million
which is approximately equal to 0.35 per cent of Hong
Kong’s gross domestic product (GDP).  For the
purpose of reference only, the figure can be as high
as $ HK 5,637 million or 0.51 per cent of the GDP
when the willingness-to-pay approach is adopted.

Enforcement and Control
Strategies

The Hong Kong EPD Air Division administers most
of Hong Kong’s air quality management under the Air
Pollution Control Ordinance. The air quality objectives
for Hong Kong are shown in Table 3.6.1.

The EPD has successfully used the following
procedure to address some of Hong Kong’s air pollution
problems:
l Conduct air quality tests to find out the actual

source of the air pollution problem;
l Inform the public to obtain their support;
l Form policies to tackle each problem;
l Continue monitoring to evaluate the results and

effectiveness of the measures; and
l Revise policies if necessary.
With this system, Hong Kong has introduced the

following legislation and control programmes to deal
with specific air pollution problems in Hong Kong.

a) Control of Emissions from Stationary Sources
l Licensing control of  major air polluting

activities which are called specified processes
(31 manufacturing processes which include
power stations, petrochemical works, cement
plants and incinerators);

Air Pollutants 1-hour [1] 8-hour [2] 24-hour[2] 3-month 1-year 

Sulphur dioxide 800 -- 350 -- 80 

Nitrogen dioxide 300 -- 150 -- 80 

Carbon monoxide 30000 10000 -- -- -- 

Ozone 240 -- -- -- -- 

Total suspended 
particulates 

-- -- 260 -- 80 

Respirable suspended 
particulates 

-- -- 180 -- 55 

Lead -- -- -- 1.5 -- 

 Note: [1] Not to be exceeded more than three times per year
[2] Not to be exceeded more than once per year

Table 3.6.1 Hong Kong air quality objectives (in µg/m3)

l Control on the installation and modification
design of furnaces, ovens and chimneys;

l Improved smoke emission standards;
l Introduction of cleaner industrial fuel with

lower sulphur content;
l Prohibition of open burning of construction

waste, tyres, cable and wire; and
l Control of dust emissions from construction

activities.

b) Control of Emissions from Motor Vehicles
The Hong Kong Government has adopted an

integrated motor vehicle emission control strategy
which has 5 major elements:
l clean alternatives to diesel vehicles;
l stringent vehicle emission and fuel standards;
l strengthened emission inspection;
l strengthened enforcement against smokey

vehicles; and
l education and publicity.

At the end of 1998, 75 per cent of petrol cars
were fitted with 3-way catalytic converters and using
unleaded petrol. Hong Kong’s diesel vehicle emission
standards are in line with European standards. Hong
Kong’s motor diesel standard is the cleanest in Asia
with a sulphur content of 0.005 per cent. However,
illegal high-sulphur diesel fuel from the Mainland poses
a problem. A trial is in place to pave the way for full-
scale introduction of liquefied petroleum gas (LPG)
taxis.

Hong Kong has also committed itself to abatement
measures for regional air pollution. Vehicles, industry
and power plants in Hong Kong and the Pearl River
Delta area all contribute to a regional air pollution
problem, commonly seen as smog. The Hong Kong
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and Guangdong governments are working on a joint
plan to reduce the total amount of emissions and stop
air quality from further deteriorating as soon as
practicable, and in the long term to achieve good air
quality for the whole region. (Hong Kong EPD, 2002).

Conclusions

About 90 per cent of the population depend on public
transport and so private car ownership and usage are
relatively low in Hong Kong. However, the number of
vehicles and the respective kilometres travelled has
been steadily increasing thus leading to higher
emissions. Mobile sources are the major contributors
to Hong Kong’s air pollution – particularly diesel
emissions (such as particulates and NO

x
). Hong Kong’s

biggest air pollution problem is the high levels of
Respirable Suspended Particulates (RSP). In 1996,
nearly half of those districts monitored failed to meet
RSP standards and a study of street-level air pollution
showed levels of more than three times the annual
limits. NO

2
 levels frequently violate standards at the

roadside and ground-level O
3
 concentrations have risen

80 per cent over the past decade. Correlations between

the level of air pollutants and hospital admissions and
mortalities for respiratory and cardiovascular diseases
are evidence of the negative impacts of Hong Kong’s
poor air quality.

The Hong Kong Environmental Protection
Department has successfully addressed some of Hong
Kong’s air  pollution problems by having a
comprehensive monitoring programme combined with
appropriate legislation, control programmes and public
awareness-raising campaigns. In addition to legislation
to control emissions from stationary sources, an
integrated motor vehicle emission control strategy
includes policies to introduce clean alternatives to diesel
vehicles (e.g. LPG in taxis)  and stringent vehicle
emission and fuel standards.

Footnotes
1 “General” refers to the general air quality measured at the

General Air Quality Monitoring Stations (AQMS), which
are located on top of 4 to 6 storey buildings. Air quality
measured by the General AQMS represents the average
outdoor ambient air quality in different districts in Hong Kong,
including rural, urban and new towns.
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Jakarta is located on Java Island and is the capital city
of the Republic of Indonesia. It has the status of a
special region in Indonesia and is classified as a
province. Jakarta has gradually grown into one of the
World’s most populated cities – nearly 9.5 million
people on 661.62 square kilometres – an average
population density of  around 14,500 per square
kilometres.

As a megalopolis, Jakarta is inhabited by people
from a variety of races and tribes, with different socio-
cultural backgrounds. It is growing and developing
continuously, both in the terms of population size and
economic growth and development. Both factors exert
powerful influences upon the environment. Because
of city development and urbanisation, Jakarta has
experienced serious air pollution problems associated
with the use of energy in the transport and industrial
sectors. Concentrations of street level air pollution along
major roads in Jakarta have reached hazardous levels.

Air quality in Jakarta is severely degraded. The
amount of pollutants emitted by motor vehicles,
industry and domestic activities is increasing The major
transportation problems in Jakarta include increasing
traffic congestion and the low quality of  public
transport. Private cars have contributed significantly
to the traffic congestion and decline in air quality.

The level of dust in the air in several areas exceeds
local and national standards. The main contributors to
this airborne dust are motor vehicles, rubbish burning
and industry. Motor vehicles contribute the major share,
a relatively small number of appallingly smoky diesel
buses, taxis and trucks, together with motor cycles
and three-wheelers, contributing as much as all other
sources put together.

Since 1990 the number of motor vehicles (a total
of 1,649,037), has been increasing rapidly in Jakarta.
The average rate of increase has been approximately
15 per cent per annum in the period 1997–2000. Almost
50 per cent of vehicles registered in Jakarta are
motorcycles of which more than 60 per cent are two-
stroke motorcycles. These are the worst offenders
for  suspended particulate matter  (SPM) and

hydrocarbon (HC) emissions.  Motorcycles became
popular very rapidly because of their ability to move
speedily around in the congested traffic. They are not
very expensive and can be afforded by medium and
low-income people. They are used not only for personal
transportation but also for  informal-commercial
transportation and for the delivery of goods.

Most of the vehicles in Jakarta still use carburettors
and there is no exhaust after- treatment. For most
domestic vehicles, the old engine modes are conducive
to high fuel consumption and emissions. The average
level of emission control is still low. Until very recently,
new cars could not use catalytic converters for
exhaust-treatment because the fuels still contained lead.

Insufficient roadways and their poor condition
contribute to increasing emissions of carbon monoxide
(CO), HC and particulate matter  (PM) and also
exacerbate traffic congestion in Jakarta. This is due
to both longer trip times and higher emissions from
vehicles at low speed, deceleration, stopping and
acceleration.

There are about 910 factories in Jakarta listed in
the Indonesia Manufacturer Directory, 1993/1994.
Their breakdown by industry type is shown in Table
3.7.1 The main industries by number in Jakarta are
textiles/clothing/leather; plastic product and machinery/
equipment. Except for the large-scale facilities (power
plants, glass factories, steel smelting factories), most
point source emissions come from boilers, generators,
diesel engines, gas turbines, dryers and incinerators.

Air Quality Monitoring

Regular measurement of air pollution started in Jakarta
in 1985 with monitoring stations operated by the
Jakarta Office of  Environment (Bapedalda DKI
Jakarta). There are currently nine stations that have
been operating and this monitoring covers housing,
industrial, recreation and mixed areas. The pollutants
measured are sulphur dioxide (SO

2
), nitrogen oxides

(NO
x
) and total suspended particulates (TSP). The

Situational Analysis and Urban Air Quality Trends

3.7 Jakarta
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instruments are installed permanently and 24-hour
measurements are recorded every eight days.

There are currently twelve (periodical) air quality
monitoring stations and four continuous stations run
by Indonesia’s Ministry of Environment. Stations have
been sited in recreational, industrial and mixed-use
areas and a further five continuous monitoring. All the
new equipment is funded by the Central Government
through the Ministry of Environment. Data from
continuous monitoring will be used to inform the public
on a daily basis using the Pollution Standard Index
(PSI) in order to increase awareness of air pollution
and their participation in reducing the pollution.

Starting from 1992, continuous 1-hour average
measurements have been made for SO

2
, nitrogen oxide

(NO), nitrogen dioxide (NO
2
), CO and particulate

matter with diameters less than 10 mm (PM
10

) at a
single site in Central Jakarta which is situated in a
location strongly influenced by heavy traffic (road site).
In order to improve air quality monitoring information
in Jakarta, Bapedalda has set-up three other continuous
monitoring stations in residential areas.

The results of monitoring in 1999 for SO
2
, NO

x

and CO, showed no exceedences of the Ambient Air
Quality Standard of DKI Jakarta. However, the 24-
hour average concentrations of TSP exceed the
standard occasionally at Tebet (a residential area) and
Pulo gadung (an industrial area). Also, the annual PM

10

at Pulo Gadung (an industr ial area) exceeded the
National Standard. Total HCs at all stations exceed the
standard.

Impacts of Air Pollution

A World Bank Study (1993) estimated that the costs
of air pollution in Jakarta, mostly from motor vehicles,
was approximately US $500 million per year. The Local
Government of Jakarta has implemented a Clean Air

Programme (PRODASIH/Programme Udara Bersih)
in order  to improve air  quality. However,  the
Programme is predominantly run by the government
without any broad participation or support of urban
communities and has become expensive and beyond
the capabilities of urban management resources. This
situation has resulted in the local government of Jakarta
to apply guidelines for urban development and promote
an environmentally sound and sustainable development
programme,  which is simpler  and gives greater
attention to the formulation of urban environmental
policies,  enforcement,  promotion of  public
participation and cooperation among various parties,
and improves international cooperation.

No information on the impacts of air pollution on
health was available from the local or  national
government.

Enforcement and Control
Strategies

Jakarta has carried out several efforts to improve the
air quality. PRODASIH (Programme Udara Bersih =
Clean Air Programme) is a recent programme that is
aimed at improving the air quality of Jakarta. The
Programme includes controlling and checking the road
worthiness of motor vehicles including vehicle
emissions and managing traff ic to reduce traff ic
congestion, promoting the use of clean fuel including
gas fuel, controlling industrial emissions, managing land
use development and expanding the green space in the
city. The activities that form part of the Programme
are described below.

The local government of Jakarta, through the
Governor’s decrees, has adopted the following local
regulations:
l a standard of ambient air quality and noise;
l a standard of mobile source emission; and

Pollutant Stationary source * 
(tonne/yr) 

Mobile source 
(tonne/yr) 

 

Industry 
(tonne/yr) 

 

Solid waste 
(tonne/yr) 

Total 
(tonne/yr) 

Particulate matter 16,777 6143 56,563 936 80,510 

Sulphur dioxide 103,930 411,140 1354 57 516,483 

Nitrogen dioxide 59,421 33,219 3 158 92,802 

Hydrocarbon 3512 30,164 3398 771 37,844 

Carbon monoxide 14,698 599,180 70,887 2100 686,864 

 Notes: (*) Estimated pollutant emissions from electrical power generator, utilities industries and
household
Source: NKLD Propinsi DKI Jakarta (2000)

Table 3.7.1 Emission of pollutants in Jakarta, 1999
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l a standard of point source emission.

Although the use of motor vehicles brings
increased mobility and access to employment it also
results in air pollution and damage to human health
and the environment. The Governor of Jakarta has
begun to examine options to deal with vehicle pollution
reduction by implementing a cleaner fuels programme.

 In Jakarta, 90 buses use gas fuel and 1,377 taxis
are equipped with liquid natural gas (LNG) or
compressed natural gas (CNG) fuel converters. In
2001, another 1,208 taxis will be equipped with LNG/
CNG fuel converters. There are 700 official local
government cars equipped with LNG/CNG fuel
converters.

In July 2001, the Government of Indonesia
introduced and supplied unleaded gasoline to Jabotabek
(Jakarta and its suburb) area through PERTAMINA
(national oil enterprise). In order to increase the switch
to unleaded gasoline the Government excluded
unleaded gasoline from any increase in the price of
fuel. Since practically all the lead in the urban air comes
from the combustion of leaded gasoline in gasoline
vehicles, the phasing out of lead gasoline has
substantially reduced emissions of lead in the air.

With regard to the Blue Sky Programme
implemented the Ministry of Environment in Jakarta,
there are twenty industries under strict control. These
industries are steel melting (7), power plant (3), glass
melting (4) and textile (6). All the industries have signed
an agreement with the Government of Jakarta that they
will meet air emission standards by the end of 2004.

At present, the motor vehicles that are subject to
a compulsory emission test are limited to public
transportation, cargo, truck and buses. Because of the
economic crisis in Indonesia,  not all the vehicles
undergo the test thus contributing to the deterioration
in air quality. The institution responsible for vehicle
emission testing has several duties such as
strengthening the capabilities and facilities for
roadworthiness and implementing and enforcing the
law.

A recent study by JICA and Bapedal (1997)
revealed that more than 50 per cent of CO was emitted
from private motor vehicles and approximately 20 per
cent from motorcycles. Private motor vehicles and
motorcycles are responsible for approximately 40 per
cent of HC emissions. More then 50 per cent of NO

x

are emitted from the private motor vehicles and
approximately 30 per cent from buses. Private motor
vehicles, buses and trucks are responsible for an equal
share of SO

x
 and PM

10
 emissions.

In 1986, the Local Government of Jakarta

introduced an Inspection and Maintenance Programme
(I&M), which was legalised by the Governor Decree
Number 95 in the year 2000 and will be implemented
in 2002. The objective of the I&M Programme is to
protect the environment by reducing vehicle exhaust
emissions by addressing the correct engine adjustment
through regular testing and maintenance of the vehicle.
The responsibility for  implementing the I&M
Programme will be given to privately registered
workshops to ensure the delivery of a high standard
of service. The privately registered workshops will be
constantly monitored by private surveillance
organisation. The high degree of involvement of the
private sector shall ensure that I&M Programme is
efficiently implemented with a minimal government
investment. A Supervisory Commission, including
members of all stakeholders will be established to
oversee the implementation of the I&M Programme.
Figure 3.7.1 illustrates the I&M system and relationship
between the government,  private sector ,  non-
governmental organisations and the public. It can be
seen that the I&M Programme largely depends on the
involvement of the private sector. The development
and regulation of the system will be the Government’s
task through the Management Team.

The workshops that deliver the services have to
be registered and need to employ at least two registered
operators. They will then be licensed to measure the
vehicle exhaust emissions before and after the
maintenance/service. The result of the measurement
will be stored together with the vehicle and owner
data on a computer and all the data will be transferred
to the I&M Centre. All registered private cars owners
in DKI Jakarta will be required have an annual
inspection and maintenance of their car. All the data at
the I&M Centre will be analysed and distributed to
relevant institutions. The data will be also available to
the public to ensure transparency.

Under the I&M System the car owner is treated
as a client. A private firm will supervise the procedures
and the quality of service. The car owner will have
the choice of  a number of registered workshops
implementing the I&M Programme. The I&M will be
organised as a one-stop service. The market will
regulate the price of these services with exemption of
a minimal fee for a sticker and recommendation letter.
Car owners will be responsible for ensuring that their
car meet the I&M regulation each year. Additional
checks should help to identify misuse.

A Publicity campaign has been used to encourage
people awareness and increase public participation on
the Clean Air Programme. The activities are emission
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test for private cars under the I&M Programme and
dissemination information through all media.

During the period 1992–1997, 21,000 cars in total
have followed the emission test campaign. This
campaign was conducted collaboratively between local
government agencies, state enterprise (PT Sucofindo),
the Police Department,  universities and non-
governmental organisations (NGOs).

As pilot project, Swisscontact has implemented
the I&M Programme on buses (1,850 units) and taxis
(700 units).  Results show that after  I&M, the
emissions reduced by nearly 90 per cent and fuel
consumption was reduced by 10 per cent. An NGO
programme called “Segar Jakarta – ku” is also
increasing public awareness about air pollution.

Conclusions

Along with the city development and urbanisation,
Jakarta has experienced a serious air pollution problem
associated with the use of energy in the transport and
industrial sectors. Street level concentrations of air
pollution along major roads in Jakarta have reached
hazardous level and at several locations TSP
concentrations exceed air quality standards.

The local Government of DKI Jakarta has
implemented the Clean Air Programme/Prodasih to
improve air quality in Jakarta. The Programme has
adopted a “command and control “ approach and uses
economic instruments to ensure the polluter pays.

The overall design and implementation of the Clean
Air programme is normally a government function but
the private sector has played a major role in the
provision and operation the necessary facilities. The
implementation and enforcement of the programme is
not yet fully effective and has been restricted due to
inadequate expertise; funding; equipment; political will;
limited public support and participation; and
uncoordinated institutional responsibilities.

Local institutions will require substantial
strengthening in terms of  human resources,
organisational structure, facilities and financial
resources based on cooperation among various parties
(e.g. private sectors, NGOs, international cooperation)
if the Programme is to be implemented successfully.

Finally,  public awareness and information
dissemination need to be continued to ensure
implementation of the whole Programme and to make
the public aware of their role (e.g. use of cleaner fuels
and I&M of vehicles) in improving air quality in Jakarta.
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Figure 3.7.1 The Inspection and Maintenance System in DKI Jakarta and relationship
between the government, private sector, NGO’s and public
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Kathmandu is the capital city of the Kingdom of Nepal
and had a population of 661,836 according to the last
census in 1991. It is located in the Kathmandu valley
as are four other municipal towns, Lalitpur, Bhaktpur,
Kirtpur and Madhyapur-Thime which together
constitute the main urban area of Nepal. This major
urban area, otherwise known as the ‘Kathmandu urban
zone’, had a population of approximately 1.1 million
in 1991. Kathmandu valley is situated 1,350 m above
sea level and has an average rainfall of about 1300
mm. The Valley is surrounded all sides by the hills
ranging from 2,100 m to 3,132 m in altitude. Because
of this, the occurrence of calm or low wind-speed
conditions is common in the valley leading to low
dilution and dispersion of  air pollutants (Devendra
Prasad Adhikari,  personal communication).  The
Valley’s topography also encourages the formation of
temperature inversions, especially in winter months,
which allow air pollutants to build up to high levels
(Shrestha, 2001). For these reasons Kathmandu Valley
is classified as a High Air Pollution Potential Zone.
Most of Nepal’s economic and business activities are
centred in the Valley which is becoming
environmentally stressed due to the high population
pressure, unmanaged industrial establishments and the
increasing number of vehicles.

Rapid urbanization, industr ialization, poorly
maintained vehicles and a lack of public awareness
are contributing to a deterioration in ambient air quality
in Kathmandu Valley. Brick kilns, cement and marble
factories are the major air polluting industries in the
Valley. In the early 1990s, there were over 300 brick
kilns in the Valley (ENHPO, 1993a) ranging from very
small, manually operated and seasonal kilns to very
large semi-mechanized units with a year-round
operation (ENPHO, 1993b). There is also a large
cement factory in the Valley. For these industr ial
sources, particulate matter (PM) and sulphur dioxide
(SO

2
) are the major air pollutants. Emissions of air

pollutants from the transport sector are also of concern
in the Kathmandu urban zone. Of the total number of
vehicles registered in Nepal in 1998, 56 per cent
(approximately 122,400) were in the Kathmandu Valley.

About half of the vehicles in 1998 had two-stroke
engines which emit much more PM than four-stroke
vehicles. Passenger vehicles such as buses, minibuses
and three-wheelers are relatively old compared to
private vehicles, and therefore tend to be the most
polluting. Another major source of air pollution in the
Kathmandu urban zone is open- burning of refuse.

Air Quality Monitoring

Air quality monitoring has not been carr ied out
systematically in Kathmandu Valley as no organization
has responsibility for air quality management. However,
a few institutions have been involved in recording air
quality from time to time. A Kathmandu based non-
government organization (LEADERS Nepal) has been
monitoring roadside and ambient concentration of air
pollutants in the Valley for about four years and a large
amount of air quality-related information was generated
during the Urban Air (URBAIR) project and Kathmandu
Valley Vehicular Emission Control Project (KVVECP).

Monitoring results for PM
10 

(particulate matter with
diameters £10 µm) showed air concentrations in the
Valley ranging from 230 µg/m3 to 3790 µg/m3 (Otaki
et al., 1995). The Department of Hydrology and
Meteorology (DHM) has been measuring the ambient
concentration of total suspended particulate matter
(TSP) in the Kathmandu Valley since December 1993.
Table 3.8.1 shows the average TSP concentrations in
the Kathmandu Valley over recent years. Means for all
four years exceeded the WHO (1979) guideline (annual
mean TSP (in conjunction with SO

2
 60-90  µg/m3) by

more than a factor of two.
Ambient concentrations of carbon monoxide (CO)

around 5.5 ppm have been measured during busy
office-hours and around 4.5 ppm during off-peak
hours in heavy traffic areas (Devkota, 1993). ENPHO
(1993a) also recorded CO concentrations in the
Kathmandu Valley which were all below the WHO Air
Quality Guideline (AQG) value (10 mg/m3 8-hour
mean).

Nitrogen dioxide (NO
2
) and SO

2
 concentrations

Situational Analysis and Urban Air Quality Trends
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are below WHO guidelines representing little risk at
present (Shrestha, 2001). In one study, a 24-hour NO

2

concentration of 18 µg/m3 was determined for  a
regional background site in Kirtipur with the highest
concentration (38 µg/m3) being recorded for the Himal
Cement Company site (Devkota, 1993). LEADERS
Nepal measured 24-hour average NO

2
 concentrations

in different locations within the Valley in June 1998
and found they varied from 0.02 ppm to 0.04 ppm
with an average of 0.027 ppm (LEADERS, 1999).
Devkota (1993) found 24-hour SO

2
 concentrations

ranging from 17 µg/m3 to 77 µg/m3 in the Valley with
a value of  38 µg/m3 recorded for the regional
background site in Kirtipur. These values are all below
the WHO 24-hour SO

2
 concentration guideline of 125

µg/m3.
ENPHO (1993a) reported that the average 24-

hours lead (Pb) concentration in the Valley was 0.32
µg/m3 and ranged from 0.18 µg/m3 to 0.53 µg/m3.

Impacts of Air Pollution

Information regarding the health impacts of  air
pollution in Nepal is very limited. LEADERS Nepal
(1998) stated that the number of urban children
reporting respiratory-related cases in the Children
Hospital was higher than the equivalent number of rural
children in the Kathmandu Valley.  The same
organisation also found that respiratory infections
increased from 10.9 per cent of the total out-patient
visits in 1996 to 11.6 per cent in 1998 (LEADERS,
1999).

Enforcement and Control
Strategies

There is no strategic air quality monitoring policy in
Nepal and there are no ambient air quality standards.
Several different agencies have responsibilities related
to the prevention and control of  air pollution but
coordination between them is lacking (Devendra Prasad
Adhikari, personal communication). There is also a
lack of commitment to the enforcement of existing

rules, regulations, guidelines and standards. In addition,
no coherent legislative framework exists to control air
pollution as it is spread over various statutes in about
16 different acts and by-laws (including the Industrial
Enterprise Act (1992) and the Environment Protection
Act (1996)) . No single organization has overall
responsible for air quality monitoring although
monitoring capabilities have been developed in the private
sector and non-governmental organisations have also
been actively involved in generating air quality
information.

Regulations governing the testing of vehicular
emissions are limited to three- and four- wheelers in the
Kathmandu Valley. The Government has already passed
regulations for monitoring two-wheelers but no such
action has been taken to date (2002) because of
inadequate infrastructure for testing facilities and lack
of procedural arrangements (Devendra Prasad Adhikari,
personal communication). Unleaded gasoline was
introduced in the Kathmandu Valley in 1997 on trial basis
and has been distributed all over the country since
January 2000.

However, in 2001, the government took the bold
step of completely banning diesel-operated three-
wheelers from operating within the Valley. This has
resulted in the removal of about 800 diesel three-wheelers
from the streets and their replacement with electric- or
liquefied petroleum gas- (LPG) powered three-wheelers.
Credit with subsidized interest has been channelled
through the banking sector to encourage people making
the investment in electric vehicles. In December 1999,
the government also introduced the Nepal Vehicle Mass
Emission Standards for newly registered vehicles;
equivalent to Euro I standards. The government has
also banned the registration of two-stroke two-wheelers
and has been providing tax exemptions for the
importation of cleaner vehicles.

Conclusions

Air pollution problems are increasing in the Kathmandu
Valley with high levels of suspended particulate matter
(SPM) currently posing the greatest threat to human
health. The sources of this air pollution are varied and
include emissions from industrial facilities (a large cement
factory and numerous brick kilns located in the Valley),
vehicular exhaust and refuse burning. At the same time,
air quality management capacity in Nepal is somewhat
limited. This is due to the lack of coordination amongst
the various agencies responsible and the lack of a coherent
legislative or policy framework.  However recent
initiatives, notably the banning of diesel-operated three-
wheelers, signal a more positive move in the management
of air quality within the Kathmandu urban zone.

Table 3.8.1 Average ambient concentration of TSP
(µg/m3) in Kathmandu Valley

Year Maximum Minimum Mean 

1997 269 139 200 

1996 381 31 186 

1995 727 70 226 

1994 467 54 202 
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3.9 Mumbai

Mumbai is located on India’s west coast and consists
of a peninsula originally composed of seven islets.
Drainage and reclamation have caused the islets to join
and form the present – day Mumbai (Mumbai) Island,
with the Arabian Sea to the west, and Mumbai harbour
and the inlet of Thane creek to the east. Mumbai has a
mean elevation of 11 metres above sea level and
consists of several islands on the Konkan coast. It has
a tropical savannah climate.  The annual average
temperature is 25.3 °C, with a maximum of 34.5 °C
in June and minimum of 14.3 °C in January. Average
annual precipitation is 2,078 mm with July having the
maximum rainfall. High pollution concentrations
usually occur in the winter  when adverse
meteorological situations with weak winds may prevail.
Mumbai harbour is India’s busiest, handling more than
40 per cent of India’s maritime trade. Besides being
India’s financial and commercial centre, Mumbai is
also one of the most industrialized Indian cities. There
are approximately 40,000 small and big industries in
the city, of which 32 have been classified as hazardous.
Industries in the air-polluting category include textile
mills,  chemical,  pharmaceutical,  engineering and
foundry units. Process emissions and those from fuel
consumption, constitute the main sources of  air
pollution. Major air pollution sources include a giant
fertilizer/chemical complex; two oil refineries and a
thermal power plant, all based in CHEMBUR, a suburb
on the eastern coast of Mumbai (World Bank, 1997).
Mumbai’s population was 16.4 million in 2001 (www.
censusindia.net/results/million_plus.html)

Heavy industry on the island tends to create most
of the pollution, which is often blown by westerly
winds over mainland Mumbai.  The natural wind
movements cause a ventilation effect and help maintain
the quality of ambient air over the coastal city.  Thus,
the annual average concentrations of SO

2
 and NO

2
 in

Mumbai are lower than that of  the inland Delhi
megacity.  However, 24 hour averages of SO

2
 and

NO
2
 do show occasional violations of national air quality

standards.  (CPCB, 2001)
Mumbai is the only Indian city to have good

environmental pollution data covering the last 25 years.
There has been a declining trend of SO

2
 over the years,

and besides a few aberrations, the annual mean levels
have been below the WHO guideline value of 50 µg/
m3. This may be because of the low usage of furnace
oil and the use of low-sulphur coal for heating purposes
in the textiles mills. Moreover, a number of them were
closed in the inner city area and relocated elsewhere.
This is the main reason for the declining trends of SO

2

in the atmosphere. The chemical industry accounts
for nearly all SO

2
 emissions in Mumbai, estimated to

be around 157,000 tonnes per annum. The levelling
off in emissions is due to the introduction of natural
gas as a major fuel source from the newly opened gas
fields located off the west coast. Monitoring conducted
in the Air Pollution Survey of Greater Mumbai indicates
that SO

2
 levels probably started to decrease as a result

of planning measures such as the relocation of industry
and increased stack height.

In 1978, the annual level of NO
2
 was around 13

µg/m3, which was less than the WHO guideline value
of 40 µg/m3 but from 1978 onwards up to 1982 there
was a steep growth in the levels of NO

2
 reaching 50

µg/m3
 
in 1991, well over the WHO guideline value.

This increase in the levels of NO
2
 is probably due to

the tremendous growth in the number of petrol and
diesel vehicles in the city.

Of greater concern are the levels of suspended
particulate matter  (SPM) as annual concentrations
always exceeded the WHO guideline range (60-90 µg/
m3) reaching a peak of 385 µg/m3 in 1987. After 1987,
the annual average came down to 285 µg/m3 by 1991
and it more or less maintained the same level until 1999.
However, SPM emissions have increased significantly
in recent years and are projected to continue rising.
Domestic emissions have remained relatively constant
in the past and are forecast to remain stable despite
the projected increase in population. This is in part
through the switch from biofuels (such as wood
charcoal and animal dung) and coal, to less dirty fuels
such as liquid petroleum gas (LPG) and kerosene.  SPM
emissions attributable to transport have increased

Situational Analysis and Urban Air Quality Trends
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greatly. Recent estimates suggest that transportation,
especially motor vehicles, accounts for approximately
35 per cent of particulate emissions in the Greater
Mumbai area. This proportion is likely to increase
further with increasing motor vehicle traffic. Diesel
vehicles and very old vehicles are the main sources of
particulate matter from the transport sector.

I t is estimated that domestic CO emissions
account for 11 per cent of the total emissions. Over
the past 20 years, the proportion of domestic CO has
decreased as the transport sector  has gained in
importance.  However,  domestic emissions have
increased overall and are likely to increase further in
coming years with increasing population. Recent
research on CO emissions suggests that domestic
sources and in particular  biofuels, such as wood,
charcoal and dung, make a larger contribution to urban
emissions than originally believed. Personal exposure,
especially indoors is a very important factor for
consideration when examining health effects.

A comprehensive emissions inventory For Mumbai
was developed as part of the URBAIR project (World
Bank, 1997). Table 3.9.1 gives the total air pollutant
emissions from various sources in Greater Mumbai.
Re-suspension of road dust, stone crushers, refuse
burning, wood combustion and diesel vehicle exhaust
were identified as the major contributors to the total
TSP load. Similarly, for SO

2
 emissions, the major

contributors were industrial fuel oil combustion and
power plants. In the case of nitrogen oxides (NO

X
),

major emission sources were vehicles and power
plants.

The number of motor vehicles in India increased

from 0.3 to 37.2 million during the period 1951–1997
and in 1997 the total number of registered motor
vehicles in Mumbai was 800,000 (MoST, 2000). The
increase in motor vehicle population is reflected in CO
emissions from this source. Estimated emissions for
Mumbai have increased from 69,000 tonnes per annum
in 1970 to 255,000 tonnes per annum in 2000. Most
of  this increase is attributable to motor vehicle
transport which is estimated to be responsible for 89
per cent of total CO emissions.

Petrol-driven motor vehicles are the main source
of ambient lead (Pb). The number of petrol-driven
motor vehicles has risen enormously.  Monitoring
indicates that annual airborne Pb levels have fallen
significantly since the 1970s to between 0.25 and
0.33  µg/m3, well below the WHO (2000) guideline of
0.5 µg/m3 although it is likely that kerbside levels will
be much higher. Pb levels in street dust are also likely
to be high such that accumulation and re-suspension
of dust will also result in increased exposure.

Air Quality Monitoring

The Municipal Corporation of Greater Mumbai (MCGB)
monitors the air quality within the city limits; MCGB
has measured ambient air quality regularly at 22
monitoring stations in Mumbai for over 15 years. These
monitoring stations measured the air pollutant levels
according to the WHO proposed guidelines and
methods. The pollutants measured are SO

2
, SPM,

oxides of nitrogen (NO
x
) and ammonia (NH

3
). Ambient

air quality is also occasionally measured at selected

Emission sources Total suspended 
particulate 
matter (TSP)  

PM10 
(Particulate matter 
less than 10 
microns in 
diameter)  

Sulphur dioxide 
(SO2) 

Oxides of nitrogen 
(NOx) 

     

Vehicle exhaust 3,673 3,673 3,490 19,520 

Re-suspension from 
roads 

10,200 2,550 - - 

Power plant 1,500 1,500 26,000 11,200 

Industrial (fuel 
combustion) 

1,817 1,496 38,710 4,085 

Industrial processes 6,053 - - - 

Domestic 4,432 2,235 1,688 1,344 

Refuse burning/ 
dumps 

4,108 4,108 26 153 

Marine 560 469 9,350 1,245 

Total 32,343 16,031 79,264 37,547 

 

Table 3.9.1 Total annual emissions in Greater Mumbai, 1992-1993 (tonnes/year)

Source: World Bank (1997)
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traffic junctions in Mumbai for SO
2
, NO

x
, CO and

Benzo(a)pyrene from total and respirable particulate
matter.

MPCB also has eight mobile ambient air quality
monitoring vans. These vans are fully computerized
and automated for the monitoring of SO

2
, NO, NO

2
,

CO, NH
3
, CH

4
, SPM, non-methane hydrocarbons

(NMVOC) total hydrocarbons (HC), wind speed and
direction, and air temperature and humidity. Occasional
monitoring of CO and HC have been undertaken at a
number of roadside sites in the past but at present,
there is no coordinated monitoring program for these
two pollutants or for ozone (O

3
).  According to an

assessment by the URBAIR World Bank project, the
MCGB air  monitoring laboratory operates under
significant f inancial constraints which affect
methodological and manpower capacities, although the
analyses that are available are good.

Impacts of Air Pollution

The air is highly polluted with SPM in most Indian
cities. This has led to a high incidence of associated
health effects on the population manifested in the form
of sub-clinical effects, impaired pulmonary function,
use of medication, reduced physical performance,
frequent medical consultations and hospital admissions
with complicated morbidity and even death in the
exposed population. Respiratory infections account for
10.9 per cent of the total burden of diseases in India,
which may be due to both the presence of
communicable diseases and high air pollution levels
(World Bank, 1993).

A WHO/UNEP study (1992) compared prevalence
of respiratory diseases in different areas of Mumbai,
classified according to ambient average concentrations
of SO

2
.  The study revealed a relatively higher

prevalence of  most respiratory diseases in polluted
urban areas compared with rural control area.

The World Bank (1997) Greater Mumbai study
estimated the costs that could be attributed to the
impacts on health and mortality due to high levels of
PM

10
 in Mumbai. The total costs in 1991 due to the

effect of PM
10
 alone was approximately Rs. 18.2 billion.

The study also showed that about 97 per cent of the
Mumbai population was exposed to annual average
TSP concentrations exceeding the WHO (1979) air
quality guideline.  Of this, 8 per cent were exposed to
TSP levels that were double the guideline, which
includes approximately 300,00 drivers, other roadside
workers, roadside residents, and those who live near
stone crushers (World Bank, 1997).

The medical impacts of air  pollution were

documented in a recent (2002) local study by Shankar
and Rao (2002) in the Mumbai area. This study showed
that health effects were significantly greater in highly-
polluted areas compared with low or less-polluted areas
of Mumbai.

Enforcement and Control
Strategies

The national government has taken a number of
measures such as legislation, emission standards for
industries, guidelines for  siting of  industr ies,
environmental audit, EIA, vehicular pollution control
measures, pollution prevention technologies, action
plans for problem areas, development of environmental
standards, and promotion of environmental awareness.
However, despite all these measures, air pollution still
remains one of the major environmental problems. At
the same time, there have been success stories such
as the reduction of ambient Pb levels (due to the
introduction of unleaded petrol) and lower ambient SO

2

levels (due to progressive reduction of sulphur content
in fuel) (Panwar, 2002)

The government has formulated a number of
legislative measures, policies and programmes related
to air pollution including the Air (Prevention and control
of  pollution) Act,  1981 and the Environment
(Protection) Act, 1986. India has also adopted the Male
declaration on Control and Prevention of Air Pollution
and its Likely Transboundary Effects for South Asia
in April 1998.

Ambient air quality standards (both short-term, i.
e., 24 hourly, and long-term, i.e., annual) have been
laid down for industrial, residential/rural/other, and
sensitive areas with respect to pollutants such as SO

2
,

NO
X
, SPM, (see Table 3.9.2) respirable particulate

matter (RPM), NH
3
 and Pb. For CO, 1 hour and 8

hour standards have also been prescribed.
The various measures taken by government to

mitigate emissions from transport sector are as follows:

Stringent emission norms
Mass emission standards for new vehicles was 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
are applicable from 1 April 2000 and Euro II standards
will be applicable all over India from 1 April 2005.
However, in the case of the National Capital Region
(NCR), the norms were brought forward to 1 June
1999 and 1 April 2000 for Euro I (Bharat Stage I) and
Euro II (Bharat Stage II), respectively (CPCB, 1999;
SIAM, 1999).
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Cleaner fuel quality
To conform to the str ingent emission norms, it is
imperative that both fuel specif ication and engine
technologies go hand in hand.  Fuel quality
specifications for the whole country have been laid
down by the Bureau of Indian Standards (BIS) for
gasoline and diesel for the period 2000–2005 and
beyond 2005.

Given the increased usage of diesel in India it has
become necessary to reduce the sulphur content of
diesel. The directive by the Supreme Court, the
Ministry of Petroleum and Natural Gas requires the
supply of diesel with 0.05 per cent (500 ppm) sulphur
content in the entire NCR from July 2001. In Mumbai,
all vehicles have been required to use 0.05 per cent
sulphur in diesel from October 2000.

Unleaded gasoline was introduced in April 1995 in
the four metro cities of Delhi, Mumbai, Calcutta and
Chennai. Lead has been phased out in the entire country
since 1 February 2000. Similarly the benzene content
is to be reduced and now, unleaded petrol with 1 per
cent benzene and 0.05 per cent sulphur content is being
supplied in the NCR. It will also be extended further
to other parts of the country. The use of LPG as fuel
for automobiles has also been permitted.

Inspection and maintenance (I&M)
The most important step towards emission control for
the large in-use fleet of vehicles is the formulation of

an inspection and maintenance system. It is possible
to reduce pollution loads generated by vehicles by 30–
40 per cent through proper periodical inspections and
maintenance of vehicles (CPCB, 2000). I&M measures
for in-use vehicles are an essential complement to
emission standards for new vehicles. In India, the
existing mechanism of I&M is inadequate. Thus, there
is a great need to establish effective periodic I&M
programmes.

Conclusions

Mumbai is one of the most polluted city in the world,
its air quality problems mainly attributable to increasing
traffic and industrialization. However, planning
enforcement measures,  such as the relocation of
industries and increased stack heights, together with
the introduction of natural gas have proven to be
partially successful in slowing the decline in air quality
and should be encouraged further. The use of low-
sulphur coal, a relatively small motor vehicle population
(per capita) and the scrubbing effect of the monsoons
help to reduce, to some extent,  ambient air pollution
in the city.

 Sulphur dioxide (SO2) Oxides of nitrogen (NOx) Suspended particulate 
matter (SPM) 

 * ** * ** * ** 

Time weighted 
average 

Annual 
average 
(ìg/m3) 

24 hour 
average 
(ìg/m3) 

Annual 
average 
(ìg/m3) 

24 hour 
average 
(ìg/m3) 

Annual 
average 
(ìg/m3) 

24 hour 
average 
(ìg/m3) 

Industrial area 80 120 80 120 360 500 

Residential, rural 
and other area 

60 80 60 80 140 200 

Sensitive area 15 30 15 30 70 100 

Method of 
measurement 

Improved 
West and 
Gaeke 
methods 

UV 
fluorescence 

Jacab and 
Hocheiser 
modified 
(Na-
Arsenite 
methods) 

Gas phase 
chemilumione 
scence) 

High 
volume 
sampling 
(Mean flow 
rate not 
less than 
1.1 
m3/minute) 

 

 *Annual arithmetic mean of minimum 104 measurements in a year taken twice a week 24-hourly at
uniform interval.
** 24-hourly values should be met 98% of the time in a year. It may exceeded 2% of the time but
not on two consecutive days.

Table 3.9.2  Indian ambient air quality standards (Source: CPCB, 2000)
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3.10 Seoul

Situational Analysis and Urban
Air Quality Trends
Encircled by high mountains, Seoul has topographical
conditions susceptible to lingering air pollutants. With
nearly 10 million people, the Seoul Metropolitan area
faces many urban air quality problems, mainly due to
mobile sources of pollution. Seoul itself has more than
2.2 million automobiles with one-third of them being
diesel vehicles. Although some measures to encourage
switching to cleaner fuels have been implemented,
motor vehicle exhaust emissions remain one of the
major sources of air pollution in Seoul. As a result,
Seoul suffers from poor air quality and poor visibility
in both the city and suburban areas due to the smog
formed from suspended particulate matter (SPM)
throughout the year (Moon, 1994). However, annual-
average concentrations for primary air pollutants in
Seoul indicate a dramatic improvement in sulphur
dioxide (SO

2
) and total suspended particulates (TSP)

during the 1990s.  The concentrations of  TSP
decreased from 216 µg/m3  to 85 µg/m3 a nd
concentrations of SO

2
 from 115 ppm to 85 ppm.

However,  the levels of ozone (O
3
)  have been

increasingly high enough to violate Seoul’s ambient
air standards. With the rapid increase of motor vehicles
since the late 1980s the major pollutants in Seoul’s air
have been gradually changed from SO

2
 to nitrogen

oxides (NO
x
) and O

3
.

Although Seoul has achieved some successes in
mitigating primary air pollution, there are new concerns
about secondary air pollution, trace hazardous air
pollutants and long-range transboundary air pollutants.
Secondary air pollution, such as photochemical ozone
and smog, and volatile organic compounds (VOCs)
are gaining more public attention. In particular, the
widespread location of municipal waste incineration
plants have begun to raise public concerns about
hazardous air pollutants,  most notably dioxins. In
addition, long-range transboundary air pollutants from
neighbouring countries, which constitutes about 30
to 50 per cent of the total annual SO

2
 concentration,

have seriously contributed to air pollution in Seoul
(Moon, 1999).

Air Quality Monitoring

Seoul’s automatic air pollution monitoring network
continuously measures six atmospheric pollutants
including TSP and SO

2
. In 1996, the national system

included 111 stations taking measurements in 47 cities.
Among them, the City of Seoul has 20 monitoring
stations, 10 stations of which are operated by the
Korean Ministry of Environment (MOE) and the other
10 stations by the Seoul municipal government. The
data collected at these stations are electronically
transmitted via a telemetry system (TMS) to the
Regional Environmental Management Offices and to
the MOE. Each station measures the concentration of
six substances: SPM, SO

2
, NO

2
, CO, Pb and O

3
. In

order to share the data on pollution measured at
stationary and mobile units across the whole nation in
real time, the MOE has been setting up TMS, an
information system linking every monitoring station
with the computer  centre of  each Regional
Environmental Management Office and the MOE
computer centre. It is expected that local government
will establish and operate their own monitoring
facilities. The Metropolitan City of Seoul has already
established 10 stations of its own. In addition, a fleet
of vans equipped with air pollution monitoring device
covers heavily polluted area or areas in which stationary
units have not yet been established. They are also sent
to areas where continuous pollution monitoring is
required, e.g. near roads carrying heavy traffic. Several
mobile vans were in operation at the end of 1998.

Seoul also has a detailed emissions inventory which
accounts for SO

2
, NO

2
, CO, particulate matter with

diameters <10 microns (PM
10

) and hydrocarbons (HC).
This emissions inventory is compiled using energy
consumption and transportation activity data. It was
reported by the City of Seoul in 1996 that the
transportation sector  produced 325,726 tons of
pollutants, accounting for 82 per cent of all emissions,
the remainder being accounted for by the heating and
industry sectors. An examination of the percentage of
emissions for each pollutant by sector, shows that the
transportation sector accounted for the largest portion
of all pollutants except SO

2
 for which the heating
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sector was the major source. It was also determined
that most particulate matter (96 per cent) was
produced from diesel vehicles. City buses accounted
for 65 per cent of total particulate emissions from
vehicles.

Impacts of Air Pollution

The Korea Environment Institute (KEI) reported in
2001 that economic losses from air pollution nationwide
in the Republic of Korea (ROK) ranged from 32 trillion
won (US $24 billion) to 60 billion (US $45 billion)
won in recent years, with an average figure of about
45 billion won (US $34 billion). KEI based its figures
on estimates of social damage caused by air pollution,
including medical expenses for  the treatment of
respiratory disease, lost time and lower productivity
of workers, losses in agriculture and fisheries
production and expenses involved in repair ing
corrosion to structures. The economic loss figures,
according to KEI, amounted to between 7 and 13 per
cent of gross national income. However, losses from
carbon dioxide pollution were not included. (MOE,
2002)

In addition, during the yellow dust storm
phenomenon in the spring, when transboundary air
pollution combines with dust storms from the deserts
of northern China and Mongolia, there have been
serious health impacts on the citizens of Seoul.
According to the Korea Meteorological Administration,
on 21 March 2002, the PM

10
 levels reached a peak of

1,407 µg/m3 , nearly 10 times the environmental
standard of 150 µg/m3 . The number of deaths reported

on so-called ‘yellow sand days’ is higher than the daily
average and in particular ,  deaths attr ibuted to
cardiovascular  and respiratory problems r ise
dramatically. 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. Deaths related to cardiovascular illnesses,
asthma and other respiratory illnesses increased by 4.
1 per cent, and the death rate in people over 65 years
old went up 2.2 per cent. Upon inhalation, the tiny
particles can enter the lungs, causing pneumonia or
thrombosis,  and aggravating cardiovascular
conditions.  During the study period,  PM

10

concentrations on yellow sand days averaged 101 µg/
m3 compared to an average of 73 µg/m3 on days without
the yellow sand (Kim, 2002)

Enforcement and Control
Strategies

In the ROK, environmental quality standards pertaining
to six air pollutants, as well as that of noise, apply to
the entire country (see Table 3.10.1). Each local
government also has the authority to enact their
municipal ordinances for  environmental quality
standards in consideration of characteristics of regions
under its jurisdiction. The City of Seoul implemented
new air quality standards in March 1998 which are
more stringent than the national standards for SO

2
,

NO
2
 and PM

10
.

Emission standards for Seoul, the same as the ROK
national standards, have been set for 26 substances

Pollutant  Averaging Time  KOREA (ppm) SEOUL 
(ppm)  

U. S.A . (ppm)  

Annual Avg.  0.02 0.01 0.03 

24 Hours 0.05 0.04 0.14 SO2 

1 Hour 0.15 0.12 NA 

8 Hours 9 9 9 
CO 

1 Hour 25 25 35 

Annual Avg.  0.05 0.04 0.053 

24 Hours 0.08 0.07 NA NO2 

1 Hour 0.15 0.14 NA 

8 Hours 0.06 0.06 NA 
O3 

1 Hour 0.10 0.10 0.12 

Annual Avg.  70 µg/m3 60 50 µg/m3 
PM10 

24 Hours 150 µg/m3 120 150 µg/m3 

Pb Annual 0.5 µg/m3 
1.0 

(Quarter) 
1.5 µg/m3 

 

Table 3.10.1 Ambient Air Quality Standards

Source: Ministry of Legislation Korea (2002)
Seoul Metropolitan Government (2001)
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including six major air  pollutants.  These were
strengthened in February 1991 by up to 80 per cent.
ROK’s new emission standards, issued on 1st January
1999, are comparable to those of Europe and North
America.

A combination of strategies and legislation by the
Seoul Metropolitan Government and the MOE has
produced some effective measures for the preservation
of air quality in Seoul. The City of Seoul has been
taking various measures to reduce air pollution:
expansion of clean fuel supply, mandatory installation
of car exhaust filtration devices, implementation of
SO

2
 control measures and the operation of environment

vigilante. As a result, the SO
2
 concentrations in Seoul

in 1999 were lower than the WHO-recommended
guidelines. (Seoul, 2001)

In order to raise awareness of air pollution in
Seoul, MOE launched the ‘Ozone Alert System’ in
July 1995 to alert the public when the concentration
of O

3
 exceeds specific standards so that the damage

to human health and living environment may be
minimized. The system was expanded in 1997 to cover
the other large cities in the ROK. An ‘Ozone Warning
System’ is also in operation along with the Ozone Alert
System in Seoul. Furthermore, since high SO

2
 levels

are a problem, and fuel combustion in factories,
households, motor vehicles and power plants account
for the most part of all SO

2
 emissions, the MOE has

implemented the following:

l expansion of the low-sulphur oil supply;
l obligatory use of clean burning fuels;
l expansion of district heating systems; and
l regulation of solid fuel (coal) consumption.

As a result, SO
2
 levels in Seoul were drastically

reduced in 1996 compared to 1980 which was before
many of these measures were implemented. In order
to reduce air pollution by VOCs, the Ministry of
Environment has designated Seoul and other large cities
as Air Pollution Countermeasure Areas in July 1997.
Starting in 1999, those facilities in Seoul, such as gas
stations, oil storage facilities, and oil refineries which
discharge VOCs with vapour pressures above 27.6
kPa, are required to install emission control facilities
and preventive measures. The Seoul Metropolitan
Government and national government have also tried
to regulate the large number of construction sites to
reduce fugitive dust emissions. The improvement in
Seoul’s air in the past few years is also result of the
replacement of coal by cleaner fuels, such as liquefied
natural gas (LNG) and low sulphur fuels, for individual
household heating and various types of commercial
energy consumption. These efforts were particularly
effective in reducing the winter-time air pollution, so

that over 70 per cent reductions in the winter-time
concentrations of SO

2
 and TSP have been achieved

during the last decade. In addition, more than a 50 per
cent reduction in CO has been achieved during the
same period. However, NO

x
 concentrations have

remained at almost the same level for the last decade.
Considering the rapid increases in total energy
consumption and motor vehicle numbers over this
period, maintaining NO

x
 pollution at this level should

not be considered a failure.
To address the problem of transboundary air

pollution, the MOE and City of Seoul are pursuing
international cooperation more aggressively. Also,
prevention of asbestos dust pollution is a high priority
and several asbestos dust prevention measures have
been taken. Since 1992, asbestos automobile brake
pads have been replaced with substitute materials. The
Ministry of Labour has also established an industrial
health standard limiting asbestos concentrations in the
air of workplaces to two particles per cubic centimetre.

Seoul plans to build on its existing air quality
measures through stricter standards and goals. The
Air Quality Management Plan of Seoul for the new
Millennium includes a NO

x
 reduction target of 10 per

cent, further reductions in SO
2
, fugitive dust emission

reductions and other air quality management plans.

Conclusions

Seoul has a very high air quality management capability.
In response to increasing pollution, particularly from
mobile sources,  it has enacted many policies and
enforcement strategies in the transport and energy
sectors. The national and municipal government also
have harmonized air quality management plans and air
quality monitoring data.  The Seoul Metropolitan
government has enforced stricter standards and more
comprehensive air quality management plans than the
national government, and these efforts have resulted
in some abatement of the problem. However, as the
ROK is not yet a fully developed country, it should be
noted that air-quality plans and regulation
implementations are heavily dependant on the national
economic situation.
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Singapore has one of  the most rapidly growing
economies of the ‘Asian Tigers’. Located in South
East Asia, between Malaysia and Indonesia, Singapore
consists of one main island and 60 small islands about
137 kilometres north of the equator with a total land
area of 647.5 square kilometres.  With a resident
population of 3.5 million, Singapore is not classified
as a megacity. However, its air quality management
and practices have been successful and may serve as
a useful example of good practice for Asian megacities.

In Singapore, as in any highly urbanised city,
emissions from motor vehicles are a significant source
of air pollution. Currently, Singapore has about 560,
000 motor vehicles and 130,000 motorcycles. In
addition to this, an average of  30,000 Malaysian-
registered motorcycles and 3,000 diesel-powered
Malaysian-registered goods vehicles ply Singapore
roads each day. 12 per cent of Singapore’s land area
is already taken up by roads and the Government wants
to avoid further road expansion. Given the high
aspiration amongst Singaporeans to own cars, the
Government faces serious challenges in keeping
Singapore’s roads free-flowing. A number of measures
have been introduced to improve public transport and
avoid congestion on the existing road network.

Urban Air Quality Trends

Singapore uses a pollutant standards index (PSI) to
report ambient air quality. The annual average levels
of sulphur dioxide (SO

2
) in Singapore have remained

relatively constant in recent years. In 2000, the average
level was 22 µg/m3  which was below the WHO
guideline of 50 µg/m3 . Concentrations of nitrogen
oxides (NO

x
) steadily increased through the latter part

of the 1990s with some improvement in the year 2000
when the average level of nitrogen dioxide (NO

2
) was

30 µg/m3 , and below the WHO guideline of 40 µg/m3.
In Singapore, particulate matter (PM) is of concern
because of its impact on human health. Coarse particles

usually come from sources such as windblown dust,
fugitive dust from paved and unpaved roads and
industr ies, and dust from crushing and grinding
operations.  Fine particles are emitted from fuel
combustion processes in motor vehicles, power
stations and industrial facilities. Fine particles are also
formed in the atmosphere when gases such as SO

2
,

NO
x
 and volatile organic compounds (VOCs) are

transformed by chemical reactions in the air. The 2000
average PM

10
 (particles with diameters < 10

micrometres) level of 31 µg/m3  was within the US
Environmental Protection Agency (USEPA) standard
of 50 µg/m3 . Carbon monoxide (CO), emitted mostly
from mobile sources, had an ambient air 8-hourly
average level, in 2000, of 0.9 mg/m3 which is well
within the USEPA standard of 10 mg/m3. During 2000,
the air quality for O

3
 met the USEPA standard, which

stipulates that the one-hour O
3
 concentration should

not exceed 235 µg/m3 on more than one occasion per
year. Figure 3.11.1 shows Singapore’s air quality from
1991-2000 as reported by the PSI and Figure 3.11.2
shows annual average ambient levels of SO

2
, NO

x
 and

PM
10

 from 1995 to 2000.
Lead (Pb) levels in petrol had progressively been

reduced since the 1980s and, in January 1991, unleaded
petrol was introduced in Singapore. On 1 July 1998,
leaded petrol was phased out. These measures have
proven effective in reducing Pb concentration in the
air. From roadside levels of as high as 1.4 µg/m3  in
1984, the Pb levels have been stable at around 0.1 µg/
m3 since 1992 and remained at 0.1 µg/m3  in 2000
(ENV, 2001). The USEPA standard for three-monthly
average Pb level is 1.5 µg/m3 . The WHO guideline for
annual average Pb levels is 0.5µg/m3 and Singapore is
currently below that value.

Air Quality Monitoring

Singapore attributes its effective air quality management
programme, in part,  to regular  monitoring and

3.11 Singapore

Situational Analysis
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assessment of the quality of ambient air. The results
have helped in the development and review of pollution
control measures.

The ambient air quality in Singapore is routinely
monitored by the Strategic Planning and Research
Department (SPRD) through the Telemetric Air Quality
Monitoring and Management System (TAQMMS) by
the Singapore Ministry of the Environment (ENV). The
system comprises 18 remote air monitoring stations

linked to a Central Control System via dial-up telephone
lines and provides an efficient means of obtaining air
quality data.

Fifteen of the monitoring stations monitor ambient
air quality and three stations measure roadside air
quality. The automatic analysers and equipment at the
stations measure the concentrations of major pollutants
such as SO

2
, NO

x
, CO, O

3
, hydrocarbons (HC) and

respirable suspended particles (PM
10

).

Figure 3.11.1 Singapore’s air quality as reportec by the PSI from 1991
to 2000 (Source: ENV, 2001)

Figure 3.11.2 Annual average levels of ambient air pollution in
Singapore, 1995-2000. (Source: ENV, 2001)



55

Urban Air Quality Management and Practice in Asian Cities

Impacts of Air Pollution

There have been no major studies conducted in
Singapore on the health impacts of ambient air
pollutants. However, the Singaporean government
considers the health risks to be serious and bases its
policies on general health impact data for ambient air
quality.

The Singapore Government has commissioned a
study on indoor air quality. In 2000, ENV continued
to investigate complaints of building-associated illnesses
in air-conditioned buildings. Using a standardized
protocol established in 1995,  complaints are
investigated via interviews with the occupants of the
building and its management. The protocol also requires
inspection of the building and air-conditioning system,
environmental survey of the office premises and, if
necessary, recommendations for  the monitoring of
indoor air quality.

Enforcement and Control
Strategies

In Singapore, air pollution is regulated under the
Environmental Pollution Control Act (EPCA 1999) and
its subsidiary Regulations. The Environmental Pollution
Control (Air Impurities) Regulations 2000 stipulate
emission standards for air pollutants. ENV assesses
and evaluates the hazard and pollution impact of the
proposed industries to ensure that they do not pose
unmanageable pollution, health and safety hazards. An
industrial facility is allowed to be built only if it is sited
in an appropriate industrial estate and can comply with
pollution control requirements. In January 1997, ENV
introduced a scheme that requires industries to conduct

source emission tests. This is to ensure that industries
monitor their  exhaust emissions regularly and take
remedial measures, where necessary, to comply with
the air emission standards.  ENV conducts regular
inspections of stationary sources of pollution to ensure
that pollution control equipment is maintained and
operated properly as well as conducting source tests
on gaseous emissions, fuel analyses and smoke
observations of chimneys. ENV has also published the
Code of Practice on Pollution Control which contains
information on air pollution control requirements and
emission standards.

A wide range of measures are being taken in
Singapore to control air pollution from motor vehicles,
including :

l Adoption of stringent engine emission standards;
l Adoption of fuel quality standards;
l Periodic mandatory inspection of vehicle emissions

by vehicle inspection centres; and
l Enforcement against smoky vehicles by the

Pollution Control Department.

With continuing growth of the vehicle population
in Singapore, total emissions from vehicles will need
to be controlled through stringent emission standards
for new vehicles. ENV has, therefore, tightened the
emission standards in tandem with advances in vehicle
technology. From 1 January 2001, the emission
standards were  further tightened and vehicles
registered for use in Singapore are required to comply
with Euro II standards (see Table 3.11.1).

To encourage Singaporeans to leave their cars at
home the Government is constantly introducing
initiatives to make the public transport system more
efficient and user friendly,  through multi-modal
transport operations. Car ownership is discouraged

Table 3.11.1 Singaporean Vehicle Emission Standards

Type of Vehicle Emission Standard Implementation 

Petrol vehicle All new petrol vehicles are required to comply with the EC 
Directive 96/69/EEC.  

1 January 2001 

Diesel vehicle  All new diesel passenger cars are required to comply with the EC 
Directive 96/69/EEC.  
 
All new light commercial vehicles , 3.5 tonnes or below, are 
required to comply with the EC Directive 96/69/EC. 
 
All new heavy duty vehicles, exceeding 3.5 tonnes, are required 
to comply with the EC Directive 91/542/EEC Stage II. 

 
1 January 2001 
 
1 January 2001 
 
 
 
1 January 2001 
 
 

Motorcycle & 
scooter 

All new motorcycles and scooters are required to comply with the 
United States Code of Federal Regulations (US 40 CFR 86.410-
80) emission standards. 

1 October 1991 
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through high import duties, registration fees and the
requirement to purchase a Certificate of Entitlement
(COE), the combined effect of which increases the
basic cost of a new car by around 200 per  cent.
Electronic Road Pricing (ERP) was introduced in
September 1998 as a further measure to combat traffic
congestion on certain roads and expressways at
specific times of  the day.  The Land Transport
Authority (LTA) was established as a Government
Statutory Board in September 1995, bringing together
all sectors of land transport into one entity. Singapore
Mass Rapid Transit (SMRT) was incorporated in
August 1987 to operate and maintain the existing MRT
system under a licence from the LTA, the owner,
builder and regulator of the system. Traditionally, the
Government has funded all capital expenditure
programmes in the form of advances and grants. These
cover the cost of road and rapid transit system
infrastructure and construction expenses, as well as
the cost of the first set of operating assets for the
rapid transit system. In 2000, they turned to the market
for the first time to successfully raise S$300 million
through a Singapore dollar bond issue, a process which

is expected to be repeated in the future.

Conclusions

The ambient air quality in Singapore is generally good
and during 2000, the levels of air pollutants were within
the WHO long-term goals and the USEPA standards.
For stationary emission sources, this has been achieved
by enforcing strict air pollutant emission standards,
making sure new industries comply with pollution
control requirements and regular  inspections. For
mobile emission sources, a wide range of measures to
control air pollution have been put in place, including
stringent emission standards and fuel quality standards,
mandatory inspection of  vehicle emissions and
enforcement against smoky vehicles. From 1 January
2001,  all vehicles, newly registered for use in
Singapore, were required to comply with Euro II
standards. Furthermore, car ownership is discouraged
using a variety of financial disincentives combined with
the constant introduction of initiatives to make the
public transport system more eff icient and user
friendly.



57

Urban Air Quality Management and Practice in Asian Cities

Air pollution in Taiwan is most obvious in Taipei –  the
country’s capital and largest city. Located in northern
Taiwan, Taipei essentially sits in a ‘bowl’ surrounded
by mountains. While most other industrial centres in
Taiwan are located along coastal areas, the unique
topography of Taipei contributes to the city’s high levels
of air pollution.

The primary cause of urban air pollution in Taipei
is the large number of motorbikes and scooters which
are the main  means of transportation for millions of
the city’s residents. There are approximately 15 million
motorbikes in Taiwan, and the number is expected to
continue growing at a rate of 1 million a year. Taiwan’s
Environmental Protection Agency (EPA) has attempted
to solve its motorbike problem through several
initiatives. In July 1999, the EPA began issuing
monetary awards to residents who reported cars and
motorbikes that emitted unusual amounts of dark
exhaust. More recently, the agency has encouraged
the purchase of  exhaust-free electric motorbikes
through generous subsidies of $1,000 per vehicle. The
overall number of motor vehicles has drastically
increased following r ises in GNP while road
construction has failed to match the speed of this
growth resulting in an overburdened road
transportation system in the city. In recent years, the
formation of the rapid transit network incorporated
with transit buses makes the public transportation

system increasingly convenient. Citizens are also more
willing to use public transportation instead of individual
transportation means, thus slowing the growth in motor
vehicle numbers.

Taipei describes ambient air pollution in terms of
a pollutant standards index (PSI). Table 3.12.1 presents
the air quality standards for Taipei in terms of the PSI
for  each pollutant.  The PSI is determined by the
exceedence of one or more of these air  quality
standards. In 1999, there were 189 days on which the
PSI was more than 100, slightly more than the 174
exceedences of the previous year (1998). Between
January and April 2000, there were 255 exceedences
of the PSI due to the effect of a sandstorm from
mainland China, although it has been estimated that
the number of exceedences would have been 177 if
the effects of the sandstorm are excluded. The goal
of 197 exceedences was met in 2001.

According to monthly statistics, days with a PSI
more than 100 caused by particulate matter (PM

10
)

mainly occur in the January–April period. Ozone (O
3
)

has its greatest impact on air quality in the April–
September period.

Over the past few years, it has become increasingly
clear that the occurrence of sandstorms in mainland
China is a key factor influencing the island’s air quality.

However, after excluding the sandstorm influence,
the number of days with a PSI more than 100 recorded

3.12 Taipei

Situational Analysis and Urban Air Quality Trends

PM10 24-hour 
averaging time 

SO2  24-hour 
averaging time 

CO 8-hour 
 averaging time 

O3 1-hour 
 averaging time 

NO2 1-hour 
 averaging time  PSI  

µg/m3  ppb  ppm  ppb  ppb  

50  50  30  4.5  60  -  

100  150  140  9  120  -  

200  350  300  15  200  600  

300  420  600  30  400  1200  

400  500  800  40  500  1600  

500  600  1000  50  600  2000 

 

Table 3.12.1 Air quality standards in Taipei for the year 2000
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by three out of the five air quality monitoring stations
showed an annual decline from 1997–2000, while the
remaining two stations showed a rise.

Air Quality Monitoring

Taipei City is located within the northern air quality
control basin (Taipei County) and the Environmental
Protection Agency (EPA) has set up 19 stations in this
basin to monitor the air quality.

The Taiwan EPA has seven automatic monitoring
stations in Taipei City, comprising five air quality
monitoring stations, one traffic monitoring station and
one meteorological station. As of 1998, there were 72
air quality monitoring stations in Taiwan including 4
traffic stations, 4 background stations, 3 industrial
stations and 2 national park stations. There are five
different types of air quality monitoring stations being
operated in Taiwan: ambient stations, traffic air quality
monitoring stations, industrial stations, national park
air monitoring stations, and background air monitoring
stations. Of these, only the f irst three types of
monitoring station are used in Taipei City.

The monitored pollutants include sulphur dioxide
(SO

2
), nitrogen dioxide (NO

2
), carbon monoxide (CO),

particulate matter with diameters less than 10 microns
(PM

10
) and hydrocarbons (HC). They also include

meteorological instruments measuring wind direction,
wind speed, temperature, dew point and precipitation
which help to make the air quality forecasts more exact.
Traffic counters are set in the traffic air monitoring
stations to determine the actual number of vehicles
that pass by the stations. The atmospheric pressure
and solar radiation monitoring data are used in support
of air quality modelling.

The EPA considers the following criteria when
siting the air monitoring stations in Taiwan:
1. The types of air monitoring stations;
2. The characteristics of pollutants;
3. Geometrical and meteorological conditions;
4. Population distribution and traffic conditions;
5. Easy to assess the effectiveness of emission

control programs;
6. Urban developing plan.
 

The following considerations are taken into
account by the EPA when sampling air pollutants:
1. Avoidance of  direct influence by emitted

pollutants;
2. Avoidance of buildings nearby which may interfere

with air flow and pollutant concentrations;
3. Avoidance of buildings’ surface which might be

interfering with  pollutant concentrations; and

4. The determination of probe height should consider
the vertical distribution of pollutant concentrations.

To avoid interaction between the probe and
sampling gas, a glass or Teflon tube is often used .
Furthermore, heating or air conditioning systems are
also often used to eliminate the moisture condensation
of sample gas in the probe.

Impacts of Air Pollution

Numerous health studies on the adverse effects of air
pollution on the health of children have been conducted
in Taipei. In one study, the objective was to evaluate
the effects of ambient air  pollution on respiratory
symptoms and diseases  in school children, in addition
to considering indoor air pollution. It was found that
the school children in the urban communities had
significantly more respiratory symptoms (day or night
cough, chronic cough, shortness of breath, and nasal
symptoms) and diseases (sinusitis, wheezing or
asthma, allergic rhinitis and bronchitis) when compared
with those living in the rural community (Chen et al.,
1998).

Enforcement and Control
Strategies

The Environmental Protection Administration (EPA)
of Taiwan is the main regulatory agency that oversees
air pollution related policies. The regulatory framework
of all air quality management policies are based on the
following legislation: the Air Pollution Control Act
(1992), Implementation Rules for the Air Pollution
Control Act (1993),  and the Ordinance for the
Management of Agencies in Charge of the Testing of
Pollutant Emissions and Noises Produced by
Automobiles and Motorcycles (1998). Since Taipei was
reorganized into a municipality, some air quality laws
and regulations were amended to address urban air
quality issues, and a specialized agency in the Taipei
City Government has been set up to take charge of all
environmental cleaning jobs, such as pollution control
for  air  and water , control of unpleasant noise,
environmental sterilization, and disposition of human
manure and garbage. The Technical Division of the
Bureau of Environmental Protection (EPB) of Taipei
City oversees environmental quality inspections and
monitoring.

For the past few years,  the Taipei EPB has
implemented a programme to improve air quality and
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has succeeded in continuously reducing polluting
emissions (Table 3.12.2) . The major measures
promoted to control air pollution include:

l Controlling Mobile sources – includes the
promotion of  low emission vehicles,  the
enhancement of testing and the elimination of high
contamination vehicles, and so on.

l Controlling Point sources – reinforces the
inspection of  businesses such as restaurants,
automobile repair shops, laundries, gas stations,
and industrial facilities located in the city, as well
providing assistance in improving emission
controls.

l Controlling Fugitive sources – controlling pollutant
emissions from construction sites and associated
measures such as street-sweeping.

l Integrative Management project – overall air
quality assessment and capacity building, and
public awareness raising.

In order to reinforce the promotion of the National
Environmental Protection Project, the EPB focuses on
the characteristics of pollution in the city and the goal
of reducing air pollutant emissions, and evaluates each
enforcing instrument in order to draw up the ‘Policy
of Restrain Air Pollution in Taipei Municipal’. As
mentioned above, apart from a few point and fugitive
sources, air pollution in the city mainly comes from
motor vehicles. In order to control the mobile sources,
the EPB has been formulating progressively stricter
standards for vehicle emissions. Compared with the
policies of other countries, the standards of Taipei are
regarded as relatively strict. However, the experience
of other countr ies has shown that, in addition to
controlling mobile source emissions,  traff ic
management practices are an important aspect of the
overall transportation strategy. Traffic management

schemes can reduce traffic congestion, reduce engine
idling time and reduce the number of  kilometres
travelled for the whole traffic fleet.  Also,  fuel
consumption will be reduced so that total emissions
to the atmosphere can be lessened.

With the air-pollution allowance subsidised by the
Bureau of Transportation, Taipei city continuously
enhances related control measures.  The EPB has
implemented a number of strategies to control mobile
source emissions. These measures have included
educating the public to undertake periodical
maintenance and examination of their vehicles in order
to ensure that  the vehicle complies with environmental
protection regulations. EPB projects in 2001, included:

l an examination of diesel vehicles exhaust fumes,
l an electric motorcycle promotion programme,
l publicizing periodic examinations of motorcycle

exhaust,
l auditing and assessment of motorcycle exhaust
l periodic examination of petrol stations in Taipei

City, and
l control and investigation of air pollution from

mobile sources through roadside inspection of
motorcycles.

Future strategies to control mobile sources in Taipei
include:

l promotion of  low-pollution vehicles (electr ic
motorcycles, electric bicycles, liquefied petroleum
gas (LPG) cars, compressed natural gas (CNG)
buses, and those automobiles powered by other
alternative fuels);

l surveys on pollution characteristics to facilitate
formulating control counter measures;

l replacement of high-pollution vehicles with ones
that comply with stricter emissions standards;

l promotion of automobile pollution control devices

Total Suspended 
Particulates 
(TSP) 

Reductions achieved mainly from point sources, the control programme for 
construction sites, and the improvement of the emission test for diesel 
vehicles 

PM10 Reductions achieved mainly from the examination and spot checks of new 
automobiles, but also from the emission testing of diesel vehicles and the 
phase-out of diesel buses 

Oxides of 
sulphur (SOx) 

Reductions achieved mainly from the control of the sulphur contained in 
diesel fuel and partly from the control of point sources 

Oxides of 
nitrogen (NOx), 
Non-methane 
hydrocarbons 
(NMHC), CO 

In addition to reductions from fixed sources, NOx, NMHC, and CO have also 
been reduced  from mobile source. (e.g. by enacting stricter emission 
standards  for exhausts). A secondary cause is the effect of exclusive 
lanes for buses and the chessboard-style road network of bus routes 

 

Table 3.12.2 Effects of enforcing the reduction strategy for pollutants in Taipei

Source: Taipei City Environmental Protection Bureau
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through subsidies of diesel exhaust upgrades;
l reduction of  motorcycle pollutant emissions

through regular inspections, regulations and
publicity campaigns; and

l medium-to-long term control strategies for mobile
sources.

An overall assessment of transportation systems
and traffic control strategies are also underway in
Taipei.

In addition to the continual strengthening of
emission controls for various air pollutants, the air
pollution control strategy in Taipei City will also be
required to address the emissions of greenhouse gases
(GHGs). The EPB will increase citizens’ awareness
of climate change issues in order to reduce GHG
emissions. Because mobile sources are the primary
cause of air pollution in the city, the EPB will co-operate
with the other city authorities concerned in order to
increase the control of mobile sources and co-ordinate
activities. Furthermore, due to advances in technology
and lifestyle changes, the EPB is examining the most
appropriate management and control measures. The
aim of such actions is to maintain citizens’ health,

enhance quality of life and protect the environment.

Conclusions

Taipei has one of the most comprehensive air quality
management systems in Asia. Integration of national
and municipal policies are updated regularly in
accordance with current air quality needs. The national
and Taipei city air quality monitoring systems are well
established and have quality assurance and quality
control for their measurements of most major ambient
air pollutants.
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4

Approaches to Urban Air Quality
Management in Europe and North America

Air pollution in the developed world, such as
Western Europe and North America, was once
viewed as a necessary consequence of

economic development: a price that had to be paid for
increased prosperity and industrialisation. However,
signif icant progress in reducing emissions of
atmospheric pollutants within countries in these regions
over the past thirty years has demonstrated that this
does not have to be so.

A reduction in air pollutant emissions in Western
Europe and North America has been achieved by the
enactment and enforcement of international, regional,
national and local emissions and air quality regulations,
which have been aimed mainly at the energy, industry
and transport sectors. In addition, the levels of pollution
have been a reflection of  prevailing economic
conditions and technological advances. A significant
reduction in the intensity of energy use has allowed a
decoupling of energy use and economic growth in most
industrialized countries and has assisted in reducing
pollutant emissions and improving air quality (see
Figure 4.1). However, it may take many years before
some developing countries achieve similar reductions
in energy use.

These changes have dramatically improved air
quality in cities in Western Europe and North America
and this has been heralded as one of the great success
stories of effective environmental policy. Although
many cities continue to suffer from traffic related air
pollution and poor air quality they have implemented a
number of policy measures to reduce the overall level
of polluting emissions.

The aim of this chapter is to review the approaches
taken to address the problem of urban air pollution in
Europe and North America and identify possible
measures that could be useful in combating air pollution
in cities in Asia.

4.1 Urban Air Pollution

Successive industrial revolutions have unleashed
successive waves of environmental degradation with
the pollution of air, water, land and sea resulting as a
consequence of industrial economic activity (Elkington
and Burke, 1989). The industrial revolution in Europe
resulted in the harnessing of steam to provide power
to pump water and move machinery. Throughout the
19th century high levels of urban air pollution were
frequently experienced throughout the cities of Europe.
The main source of pollution was black smoke and
sulphur dioxide (SO

2
) from the burning of coal used

by industry and in homes for domestic heating.
Industries were often located in towns and cities and
the combination of industrial emissions and emissions
from domestic heating resulted in smoke and winter
fogs which became the obvious signs of atmospheric
pollution. In addition, the emission of acids, dust and
a miscellaneous collection of noxious fumes were also
experienced which were not only unpleasant but also
posed a danger to human health (Clapp, 1994).

Fogs were often experienced in the autumn and
winter months. During these periods, pollution levels
increased and the mixture of smoke and fog resulted
in what is now referred to as ‘smog’. During periods
of stable weather and temperature inversions, smoke
particles from industrial plumes would mix with fog

Figure 4.1 Energy intensity of five industrialized
countries and projected trend for developing
countries.
Source: Kuylenstierna et al. (2002)
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giving it a yellow-black colour. Smog was frequently
experienced in cities for a considerable number of
days. Wind speeds would be low thus causing the smog
to stagnate, with pollution levels increasing near
ground level. Smog episodes often brought cities to a
halt, disrupting traffic and causing death rates to rise
dramatically. The effects of this pollution on buildings
and vegetation also became obvious.

From 1950 onwards,  almost every country in
Europe and North America experienced serious air
pollution in their large conurbations. This led to these
countries enacting their first national air pollution control
legislation (Boubel et al., 1994).

Despite progress in air pollution policy, many
European and North American countr ies have
continued to experience, over the past three decades,
summer and winter photochemical smogs caused by
the reaction between emissions from motor vehicles
and sunlight. Urban air pollution episodes continue to
pose a significant threat to human health in European
and North American cities.

4.1.1 Source of Urban Air Pollution

European and North American countries have made
considerable progress in reducing the emissions of air
pollutants in all key sectors. However, despite these
achievements, further reductions are required in order
to ensure non-exceedence of  urban air quality
standards. The progress made in reducing three main
groups of pollutants (acidifying substances, ozone
precursors and particulate matter) is discussed below.

Acidifying substances

The atmospheric emissions of acidifying substances
such as SO

2 
and ammonia (NH

3
)  contr ibute to

acidification and eutrophication which can result in
damage to soil, aquatic and terrestr ial ecosystems,
buildings and materials and human health. In Europe,
the  agricultural sector is responsible for 31 per cent
of acidifying emissions followed by the energy sectors
(26 per cent) and transport (25 per cent)  sectors (see
Figure 4.2).

Sulphur dioxide (SO
2
) is generally a by-product

of industrial processes and burning of fossil fuels. Ore
smelting, coal-fired power generators, and natural gas
processing are the main contributors. In Canada the
industrial sector is responsible for 73 per cent of
emissions of SO

2
 (see Figure 4.3). In the USA over

65 per cent of SO
2
 released to the air, or more than 13

million tons per year, comes from electric utilities,
especially those that burn coal (see Figure 4.4). Other
sources of SO

2
 are industrial facilities that derive their

products from raw materials like metallic ore, coal,
and crude oil, or that burn coal or oil to produce

process heat. Examples are petroleum refineries,
cement manufacturing, and metal processing facilities.
Also, locomotives, large ships, and some non-road
diesel equipment currently burn high sulphur fuel and
release SO

2
 emissions to the air in large quantities (EPA,

Figure 4.3 Emissions of SO2 by sector in Canada,
2000
Source: ETC (2002)

Figure 4.4  Emissions of SO2 in the USA, 2000
Source: EPA (2000a)

Figure 4.2  Emissions of acidifying substances in the
EU Member States by sector, 1999
Source: EEA (2002)
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2000b).
During 1990–1999 European emissions of

acidifying gases were reduced by 38 per cent (EEA,
2002). This has been due mainly to a reduction in SO

2

emissions resulting from a switch to cleaner energy
sources (e.g. from coal and heavy fuel oil to natural
gas) , the use of  low-sulphur coal, coal washing
technologies and the introduction of  combustion
technologies such as flue-bed combustion, and
emission control devices such as f lue gas
desulphurisation.

In 1998, US SO
2 
emissions were measured at 17.

7 million tonnes – more than six times greater than
Canada’s 2.7 million tonnes. While the sources of SO

2

emissions in Canada are mainly in the industrial sector,
in the US the major sources are the electric utilities
(approximately 67 per cent). More than half of the
acid deposition in eastern Canada originates from
emissions in the United States. In 1995, the estimated
transboundary flow of SO

2 
from the United States to

Canada was between 3.5 and 4.2 million tonnes per
year (Canada Statistics, 2000).

Ozone precursors
The level of photochemical pollutants or ozone (O

3
)

precursors such as oxides of nitrogen (NO
x
,) non-

methane volatile organic compounds (NMVOCs) and
carbon monoxide (CO) remain high in most European
and North American cities. These pollutants together
with methane (CH

4
) contribute to the formation of

ground level (tropospheric) ozone. The main source
of NO

X
 and CO emissions is the combustion of fuels

in motor vehicles, residential and commercial furnaces,
industrial and electrical-utility boilers and engines, and
other equipment. Exposure to high O

3
 concentrations

can result in adverse health effects and damage to crops
and natural vegetation.

The transport sector is the greatest emitter of O
3

precursors and was responsible for  52 per cent of
European emissions in 1999 (see Figure 4.5). In Canada
transport accounts for approximately 54 per cent of
all NO

x
 emissions (see Figure 4.6). In 1996 NO

X

emissions amounted to 2.1 million tonnes.  By
comparison, US NO

X
 emissions for 1998 amounted

to 23.7 million tonnes – 11 times more than those of
Canada. In the USA motor vehicles are responsible
for 49 per cent of NO

x
 emissions followed by electric

utilities (27 per cent), and other industrial, commercial,
and residential sources (19 per cent) that burn fuels
(see Figure 4.7).

In most EU Member States the total emissions of
O

3
 precursors are falling. Between 1990 and 1999 the

emission of O
3
 precursors fell by 27 per cent in the

EU as a whole (EEA, 2002). The greatest reduction in
Figure 4.7  Emissions of NOx in the USA, 1998
Source: EPA (1998)

Figure 4.6 Emissions of NOx by sector in Canada,
2000
Source: ETC (2002)

Figure 4.5  Emissions of ozone precursors in the EU
Member States by sector, 1999
Source: EEA (2002)
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emissions of O
3
 precursors in Europe has been in the

transport sector due to the introduction of catalytic
converters on new cars and increased use of diesel
vehicles. Road transport emissions have been reduced
by 35 per cent since 1990 (EEA, 2002). Reductions in
the energy and industry sectors have been due to
improved pollution abatement. For example, VOC
emissions from solvent use and manufacturing
processes have been reduced via best practice,
substitution by water-based production and pollutant
abatement technology. However, this reduction from
pollution abatement has been offset by the growth in
road traffic (EEA, 2001).

From 1970–2000,  the US EPA has tracked
emissions of the six principal air pollutants. Emissions
of all these pollutants have decreased signif icantly
except for NO

x
 which has increased by approximately

20 per cent over this period (3 per cent in the last ten
years) (EPA, 2001).

Particulate matter
The direct emissions of particulate matter (PM) with
a diameter less than 10 µm (primary PM

10
) and

emissions of particulate precursors (NO
x
, SO

2
 and

NH
3
), which are partly transformed into secondary

PM
10

 by chemical reactions in the atmosphere can have
adverse effects on health if inhaled.

In the EU emission of PM
10

 fell by 34 per cent
between 1990 and 1999 (EEA, 2002). Nine Member
States have reduced their emissions by more than 25
per cent since 1990.

Transport (38 per cent), energy (24 per cent) and
industry (17 per cent) are the sectors responsible for
the highest emissions of PM

10
 (see Figure 4.8). It is

these same sectors that have contributed the most to

the reduction in particulate emissions due to fuel
switching and abatement in the energy and industry
sectors and the introduction of the catalytic converter
in cars. Improved vehicle engine technologies and the
further introduction of abatement technology and low-
sulphur fuels such as natural gas in power station fuel
combustion will further reduce the emissions of
primary and secondary PM

10
. Despite this reduction,

concentrations of PM
10

 are expected to remain above
limit values in urban areas.

In the US emissions of PM
10

 peaked earlier in
around 1950 since smoke and particulates were the
first pollutants to be regulated. During the period 1970–
1998 emissions for all pollutants have declined except
for NO

x
.

Figure 4.9 presents the long-term trends in

Figure 4.8  Emissions of PM10 in the EU Member
states by sector, 1999
Source: EEA (2002)

Figure 4.9  Trends in National Emissions in the USA, 1900-1998
Source: EPA, (2000a)
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emissions of NO
x
 VOCs, SO

2
 and directly emitted PM

for the period 1900–1998 (PM
10

 non-fugitive dust
sources 1940–1998). Most of these pollutants peaked
around 1970.

4.1.2  Air Quality Trends

Air quality in European and North American cities have
improved over the last fif ty years.  However,
improvements in urban air quality are now being
threatened by vehicle emissions caused by growth in
the transport sector. In Europe approximately 40 million
people residing in 115 large cities still experience
exceedence of the World Health Organization’s (WHO)
air quality guidelines for at least one pollutant every
year especially for O

3
 and PM

10
 (EEA, 1998; EC,

1999a).
In Canada national trends in concentrations of SO

2
,

NO
2
 and SPM have fallen since the 1970s (see Figure

4.10). There has been an overall improvement in air
quality in Canadian cities.

During the period 1979–1996 the annual average
NO

2
 levels fell by 30 per cent despite an estimated 15

per cent increase in the number of passenger kilometres
travelled (Environment Canada, 1999). Yet many main
Canadian cities continue to experience unacceptable
air quality especially due to summer smog (Statistics
Canada, 2000).

In the USA emissions of all major air pollutants
decreased during the period 1981–2000 (see Table 4.
1). Despite the progress made in improving urban air
quality, approximately 121 million people continue to
live in areas where air quality exceeds National Ambient
Air Quality Standards (NAAQs).

The main urban pollutants which pose a significant

threat to human health include O
3
 and PM. In Europe,

the reduction in emissions of O
3
 precursors has resulted

in lower peak concentrations of tropospheric ozone.
Estimates for 1999 suggest that in all EU countries,
except northern European countries and Portugal, 42
per cent of  the population was exposed to O

3

concentrations above the threshold value for the
protection of human health (120 µg/m3) between 1
and 25 days and 12 per cent on more than 50 days.
The. exceedence days are days with an eight-hour
average O

3
 concentration of more than the threshold

value (EEA, 2001).
During the period 1995–1999 almost all the urban

population in the European Union were exposed to O
3

concentrations above the threshold value. While peak
O

3
 concentrations are decreasing due to reductions in

NO
x
 and NMVOCs, median values for O

3
 are tending

to increase (EEA, 2002).
Figure 4.11 presents the number of days on which

O
3
 exceeded the Canadian National Ambient Air Quality

Table 4.1  Percentage change in annual average
concentrations 1981–2000

Source: EPA (2001)

Figure 4.10  National trends in concentrations of SO2, NO2 and SPM in
Canada, 1980-19951

Pollutant Percentage change 

NOx -14 

O3 1-hr 
O3 8-hr 

-21 
-12 

SO2 -50 

PM10 – 

CO -61 

Pb -93 
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Objective of 82 ppb 1-hour. Despite an 37 per cent
increase in the average annual ground level ozone
concentrations since 1980 (see Figure 4.12), the
number of days of exceedence decreased by 37 per
cent. The summer of 1988 was a notable exception,
which was particularly hot and hazy. Ozone levels tend
to peak in summer during mid-afternoon to early
evening in rural areas downwind of cities (Environment
Canada, 1999).

 During the period 1981–2000, US national levels
of O

3
 decreased by 21 per cent based on NAAQ of 0.

12 ppm (1-hour) and 10 per cent based on 0.08 ppm

(8-hour). The highest levels O
3
 are experienced in

surburban areas which is consistent with the
downwind transport of O

3 
precursor emissions from

urban centres. During the past 20 years, concentrations
of O

3
 have decreased by 24 per cent in urban areas

compared to 21 per cent in suburban areas. Over the
past 10 years, 8-hour O

3
 levels have increased by more

than 4 per cent in 29 national parks in the US (EPA,
2000c).

Particulate matter
In the region of the European Union, approximately

Figure 4.12 Annual average levels of ground-level ozone in
Canada, 1979-1996
Source: Environment Canada (1999)

Figure 4.11  Number of days ground-level ozone exceeded objective
in Canada
Source: Environment Canada (1999)
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20–40 per cent of the urban population2 are exposed
to levels of fine particulates above the threshold level
of 50 µg/m3 (24-hour average), which is not to be
exceeded more than 35 times each calendar year from
2005. Substantial further reductions are required if this
air quality objective is to be reached (EEA, 2002).

During the period 1985–1996 the peak and mean
concentration of  PM

10
 in Canada averaged for all

sampling areas decreased by 39 per cent and 41 per
cent respectively. However, some stations continue
to record daily average PM

10
 levels about the Canadian

limit value of 50 µg/m3 (24-hour) (see Figure 4.13).
During the period 1985–1996, the peak and mean

concentrations of PM
2.5 

decreased by 50 per cent and

Figure 4.13  Levels of PM10 in Canadian cities, 1985–1996
Note: U.S. EPA - United States Environmental Protection Agency

NAAQS - National Ambient Air Quality Standard
AQO - Air Quality Objective

Source: Environment Canada (1999)

40 per cent respectively. However, monitoring stations
continue to record daily PM

2.5 
levels above the 25 µg/

m3 (24-hour) air quality objective (see Figure 4.14).
The US has also experienced a decrease in national

average concentrations of PM
10

 which fell by 19 per
cent during the period 1991–2000. A national
monitoring network for PM

2.5 
was set up in 1999 and

insufficient data are available to determine a national
long-term trend in urban PM

2.5
 air  q uality

concentrations.  The Interagency Monitoring of
Protected Visual Environments (IMPROVE) network
was set up in 1987 to monitor trends in visibility and
the pollutants that contribute to visibility impairment
such as PM

2.5
. Data from 36 sites in the IMPROVE

Figure 4.14  Levels of PM2.5 in Canadian cities, 1985–1996
Source: Environment Canada (1999)
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network  shows that rural concentrations of PM
2.5

over the 10 sites in the east of the country decreased
by 5 per cent during the period 1992–1999. Average
concentrations across the 26 sites in the west were
approximately one-half the levels measured at the
eastern sites (EPA, 2001).

4.1.3 Air Pollution Impacts

One of the most significant environmental impacts of
ambient air pollution in Europe has been on human
health. Long-term exposure to suspended particulate
matter (SPM) is responsible for approximately 41,000–
152,000 extra deaths due to respiratory diseases per
year in EU cities. The effects of SPM occur at various
concentration levels, including concentrations which
are considered as low but which reduce life expectancy
in middle-aged people (Brunekreef, 1997). Short-term
exposure to daily changes in PM is associated with
approximately 22,000–47,000 deaths a year or 4,000–
8,000 hospital admissions; a much greater impact than
exposure to SO

2
 and O

3,
 which together are responsible

for approximately 3,000–6,000 deaths and 400–1,600
hospital admissions a year in the EU (McMichael et
al, 1998).

Motor vehicle emissions have been estimated to
kill more than 20,000 people a year in three European
countries. In total, six per cent of deaths in Austria,
France and Switzerland – more than 40,000 people a
year – are due to air pollution. Motor vehicle pollution
accounts for more than 25,000 new cases of chronic
bronchitis (adults); more than 290,000 episodes of
bronchitis (children); more than 0.5 million asthma
attacks and more than 16 million person-days of
restr icted activities.  Traffic-related air  pollution
remains a key target for public-health action in Europe
(Künzli et al.., 2000).

A WHO (2001) study of eight of Italy’s largest
cities demonstrated the societal burden of urban air
pollution in terms of death, disease, hospitalisation and
consequent economic costs. The study discovered that
3,472 deaths (4.7 per cent) are attributable to PM

10

concentrations greater than 30 µg/m3. The number of
deaths increases to 5,108 (7 per cent) if 20 µg/m3 is
used as a reference value. Approximately 4,500
hospital admissions per year occur due to the effects
of poor air quality. Tens of thousands of attributable
cases were estimated, as well as millions of days
restr icted activity and episodes of  respiratory
symptoms.

The main source of PM
10

 in Italian cities is motor
vehicle traffic, including diesel vehicles and two-stroke
motorcycles. The study recommended that measures
should be taken to control volume of traffic in these
cities.

A health impact assessment of 26 European Cities
by APHEIS (2002) discovered that average levels of
PM

10 
range from 14–73 µg/m3 and 8–66 µg/m3 for black

smoke. Approximately 2,653 premature deaths could
be prevented every year in European cities if long-
term exposure to annual average PM

10
 were reduced

to 40 µg/m3 in the 19 cities that measured these
particles. The European Commission has set 40 µg/
m3 as a limit value for member states by 2005. If the
limit value of 20 µg/m3 for 2010 were achieved then
this would prevent 11,855 premature deaths annually.

In Canada, air pollution has had serious effects on
human health. The Ontario Medical Association (OMA,
2000) estimate that approximately 9,800 people are
admitted to hospital and 13,000 people make emergency
room visits due to the effects of air pollution in Ontario.
Current levels of air pollution in Canada’s largest
province are responsible for approximately CAN $600
million annually in direct medical costs and CAN $560
million in direct costs to employers and employees for
lost time. Indirect costs related to pain and suffering
and the value of premature deaths may be as high as
an additional CAN $1 billion (OMA, 2000).

In Summer 2001, O
3
 levels exceeded federal health

limits at least 4,634 times in 42 States and the District
of Colombia (USPIRG, 2002).

The American Lung Association (ALA, 2002) state
that three-quarters of the US population (a total of
approximately 142 million people) who reside in areas
with O

3
 monitors are breathing in amounts of  O

3

pollution which cause health problems such as asthma,
eye and throat irritation and headaches.

Of the 10.2 million American adults with asthma
who live in counties where O

3
 is monitored, more than

70 per cent live in counties that have high levels of O
3

pollution. Of the 42 million Americans with emphysema,
1.5 million live in counties with high O

3
 pollution. Of

the 6.3 million Americans with chronic bronchitis, 4.
7 million live in counties with high level of O

3 
(ALA,

2002).
On days with high levels of particulates in the air,

diabetics were twice as likely as non-diabetics to be
hospitalized for cardiovascular problems. Particulates
include dust, soot and other tiny bits of solid materials
that are released into and move around in the air.

Zanobetti and Schwartz (2001) evaluated hospital
records from four US cities: Chicago, Illinois; Detroit,
Michigan; Pittsburgh, Pennsylvania; and Seattle,
Washington. They compared daily hospital admissions
for patients older than 65 with the levels of particulates
in the air. All of the cities monitored air particulates on
a daily basis during the study period, 1988 to 1994.
They found that,  overall,  hospital admissions for
cardiovascular reasons increased slightly along with
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elevations in air  particulates. But the percentage
increase among diabetics was roughly double that of
non-diabetics.

The 1970 Clean Air Act required reductions in
emissions of CO from motor vehicles and resulted in
the introduction in 1975 of the catalytic converter that
reduced CO emissions by 76 per cent (Mott et al.,
2002). It has been estimated that reducing CO emissions
from cars saved almost 12,000 lives between the mid-
1970s and late-1990s.

CO poisoning was implicated in 116,703 deaths
during 1968 to 1998 – of those deaths approximately
twice as many were attributed to suicide rather than
to accidents. After the catalytic converter was added
to automobiles in 1975 the rate of deaths from CO
emissions from cars dropped by 81 per cent, while
the rate of suicides due to CO poisoning decreased by
43 per cent.

4.2 Policy Measures to Control
Air Pollution

Past approaches to abating air pollution have included
responses based on the belief of ‘dilution and
dispersion’. For example, it was thought that by
increasing the height of industr ial 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
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).

Pollution control strategies are dependent on
regional, national and local authorities setting air quality
emissions limit values and standards for  those
pollutants which are considered harmful to public
health and environment. Each country in Europe and
North America has developed their own emission limits
or target values for air quality, often taking into
consideration the WHO guidelines values for air quality.
Boxes 4.1, 4.2 and 4.3 provide the air quality limit
values for  Europe, Canada and the USA.  The
effectiveness of these standards in modifying individual
sector behaviour is based, in part, on the methods used
to implement them, especially where there has been a
government compliance monitoring presence (RCEP,
1998).

Ambient air quality monitoring is an integral part

of air quality management. It can provide information
on the spatial distribution of air pollutants, trends in
air quality and can ascertain which air quality standards
and guidelines are being met. This information can be
used to determine the likely consequences of ambient
exposures on human health and can provide public
information on health risks and alerts.  Table 4.2
describes the regional and national air quality
monitoring system in Europe and North America.

Over the past twenty years,  there has been a
considerable expansion in the environmental regulation
of the industrial sector. 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. Voluntary initiatives,
commonly used in the United Kingdom (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 United States. 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 approach demanded less,
the demands were perceived as reasonable, and
therefore industry was more likely to comply with
environmental regulations (Vogel, 1986).

Measures used to regulate the effect of industry
on the environment have included the imposition of
emission limits,  eff iciency standards and the
requirement of best available end-of-pipe technologies.
Box 4.4 focuses on the US Clean Air Act and the use
of National Ambient Air Quality Standards (NAAQs)
to control ozone pollution.

One alternative to 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 and the general responsiveness of the market
to price signals (Jackson, 1996). Table 4.3 outlines
the policy measures and strategies to control air
pollution in Europe and North America.
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Box 4.1 Air Quality Standards in Europe

In Europe, the 1996 EC Framework Directive 96/62/EC on ambient air quality assessment and management
provides a comprehensive framework for air quality improvement. The Directive covered atmospheric pollutants
governed by existing ambient air quality legislation (SO2, NO2, PM, Pb, and O3) and air quality standards for
unregulated pollutants: benzene, carbon monoxide, polycyclic-aromatic hydrocarbons, cadmium, arsenic, nickel
and mercury. The objectives of the Framework Directive are to:

• outline a common strategy;

• establish emission limits to improve ambient air quality;

• assess ambient air quality in the EU on the basis of common methods and criteria;

• ensure that adequate information is obtained and made available to the public, for example, via alert
thresholds; and

• maintain ambient air quality where it is good and improve it in other cases (CEC, 1996).

The Framework Directive was followed by four daughter directives which set emission limits for a number of air
pollutants. The objectives of the daughter directives are to harmonise monitoring strategies, measuring methods,
calibration and quality assessment methods to achieve comparable measurements throughout the EU and
good information to the publ ic. Table 4.1.1 presents the limit values for different pollutants covered by the
Framework and daughter directives.

EC legislation provides the basis for urban air quality management in EU Member States. The Framework
Directive outlines the information to be included in national, regional and local plans to improve ambient air
quality (Jensen, 1999). While the EU sets air quality standards, the Member States are able to decide what are
the most appropriate means of achieving these standards within their country. However, the limit values will
require a combination of measures to be taken at the European, national and regional levels.

Table 4.1.1 Ambient air quality limit values and target value for the protection of human health

Pollutant Averaging 
period 

Protects Value Target: 
Number of 

exceedances  

To be met Directive 

Sulphur 
dioxide 

1 hour Health 350 µg/m3 <25 times/year 1 January 
2005 

First Daughter 
Directive: 

1999/30/EC 
 24 hours 

 
Health 125 µg/m3 <4 times/year 1 January, 

2005 
First Daughter 

Directive: 
1999/30/EC 

 year/winter Eco-
systems  

20 µg/m3 None 19 May, 2001 First Daughter 
Directive: 

1999/30/EC 
Nitrogen 
dioxide 

1h Health 200 µg/m3 <19 times/year 1 January, 
2010 

First Daughter 
Directive: 

1999/30/EC 
 year Health 40 µg/m3 None 1 January, 

2010 
First Daughter 

Directive: 
1999/30/EC 

 year Ecosyste
ms 

30 µg/m3 None 19 July, 2001 First Daughter 
Directive: 

1999/30/EC 
PM10 24h Health 50 µg/m3 <36 times/year 1 January, 

2005 
First Daughter 

Directive: 
1999/30/EC 

 year Health 40 µg/m3 None 1 January, 
2005 

First Daughter 
Directive: 

1999/30/EC 
Lead year Health 0.5 µg/m3 None 1 January, 

2005 
First Daughter 

Directive: 
1999/30/EC 

Ozone 8 hour Health 120 µg/m3 <26 days/year 2010 Third Daughter 
Directive: 
2002/3/EC 

 June-July Eco-
systems  

Accumulated 
Exposure over 

Threshold (AOT) 
40<18 mg/m3.  

None 2010 Third Daughter 
Directive: 
2002/3/EC 

 
Carbon 
monoxide 
 

 
8 hour 

 
Health 

 
10 µg/m3 

 
None 

 
1 January, 

2010 

 
Second Daughter 

Directive: 
2000/69/EC 

Benzene year Health 5 µg/m3 None 1 January, 
2010 

Second Daughter 
Directive: 

2000/69/EC 
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Box 4.2 Air Quality Standards in Canada

The national air quality objectives for Canada are presented in Table 4.2.1. Canada-wide standards for PM and
O3 were established as a result to the 1998 Canada-wide Accord on Environmental harmonization of the
Canadian Council of Ministers of the Environment and the Canada-wide Environmental Standards for Sub-
Agreement. The Government of Canada, all provinces (except Quebec), and the territories agreed on Canada-
Wide standards for PM and O3 in June 2000. The standards set ambient air quality concentrations for ground-
level O3 and PM for the Year 2010 (see Table 4.2.2).

Table 4.2.1  National ambient air quality objectives for Canada

Table 4.2.2 Canada-Wide Standards for O3 and PM

Pollutant Averaging period Standard Year to be achieved 

PM 2.5 24-hour 30 µg/m3 2010 

PM10 24-hour 60 µg/m3 2010 

PM10 24-hour 50 µg/m3 2015 

O3 8-hour 65 ppb 2015 

O3 8-hour 65 ppb 2012 

O3 8-hour 65 ppb 2010 

 Source: Health Canada (2002)

Pollutant 
 
 

 
Averaging time 

 

Maximum desirable 
concentration 

Maximum 
acceptable 

concentration 
Maximum tolerable 

concentration 

Sulphur dioxide Annual 11 ppb 23 ppb - 
  24-hour 57 ppb 115 ppb 306 ppb 

  1-hour 172 ppb 344 ppb - 

Airborne particles (total 
suspended particulates) Annual 60 µg/m3 70 µg/m3 - 
  24-hour - 120 µg/m3 400 µg/m3 
Ozone 1-hour 50 ppb 82 ppb 153 ppb 
Carbon monoxide 8-hour 5 ppm 13 ppm 17 ppm 
 1-hour 13 ppm 31 ppm - 

Nitrogen dioxide Annual 32 ppb 53 ppb - 
 24-hour - 106 ppb 160 ppb 

 1-hour - 213 ppb 532 ppb 

 Source: Health Canada (2002)
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4.3 Key Measures in Air

Box 4.3 Air Quality Standards in the USA

The US Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality
Standards for pollutants considered harmful to public health and the environment. The Clean Air Act established
two types of national air quality standards. Primary standards set limits to protect public health, including the
health of “sensitive” populations such as asthmatics, children, and the elderly. Secondary standards set limits
to protect public welfare, includ ing protection against decreased visibil ity and damage to animals, crops,
vegetation, and buildings.

The EPA Office of Air Quality Planning and Standards (OAQPS) has set National Ambient Air Quality Standards
for six principal pollutants which are called “criteria” pollutants (see Table 4.3.1).

Table 4.3.1 US National Air Quality Standards

Pollutant Standard Value  Standard Type 

CO    

8-hour Average 9 ppm 10 mg/m3 Primary 

1-hour Average 35 ppm 40 mg/m3 Primary 

NO2    

Annual arithmetic mean 0.053 ppm 100 µg/m3 Primary & Secondary 

O3    

1-hour average 0.12 ppm 235 µg/m3 Primary & Secondary 

8-hour average** 0.08 ppm 157 µg/m3 Primary & Secondary 

Pb    

Quarterly average 1.5 µg/m3  Primary & Secondary 

PM10    

Annual arithmetic mean 50 µg/m3  Primary & Secondary 

24-hour average 150 µg/m3  Primary & Secondary 

PM2.5    

Annual arithmetic Mean** 15 µg/m3  Primary & Secondary 

24-hour average ** 65 µg/m3  Primary & Secondary 

SO2    

Annual arithmetic mean 0.03 ppm 80 µg/m3 Primary 

24-hour average 0.14 ppm 365 µg/m3 Primary 

3-hour average 0.50 ppm 1300 µg/m3 Secondary 

 Source: EPA (2000c)
** The ozone 8-hour standard and the PM2.5 standards are included for information only. A 1999 federal
court ruling blocked implementation of these standards which EPA proposed in 1997. EPA has asked the
US Supreme Court to reconsider that decision.
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Table 4.2 Air Quality Monitoring Systems

Europe The European Air Quality Monitoring Network (EuroAirnet) is a Europe-wide air quality monitoring network,
consisting of a selection of monitoring stations from networks that are in operation in the European
Member States. EuroAirnet has been developed in close cooperation between the European Environment
Agency (EEA) and EU countries. The Network was set up to support the EEA in providing objective,
reliable and comparable information on air quality at the European level (EEA, 1999).

The main aim of EuroAirnet is to establish a network with sufficient spatial coverage, representativeness
and quality to provide the basic air quality data on a regular basis with a time delay of no longer than 6
months. EuroAirnet provides information to support and to facilitate the assessments of air quality to be
produced by EEA. The specific objectives of EuroAirnet are to be met in three stages:

• Stage 1: Air pollution exposure assessments on the European scale to be produced from monitoring
alone.

• Stage 2: Air pollution exposure assessments to be produced by a combination of monitoring and
model ling.

• Stage 3: The network will support quantitative assessments of exposure and effects, a basis for
proposing cost-effective abatement strategies.

Data from EuroAirnet stations established in Stage 1 shall enable:

• comparison of air quality in similar locations across Europe;

• detection of current trends in air quality within a limited period;

• assessment of exposure of the population, ecosystems and materials at the European level.

EuroAirnet comprises a number of existing stations in the countries. Data from EuroAirnet are reported
to AIRBASE, the European Air Quality Database. EuroAirnet and AIRBASE are managed by the European
Topic Centre on Air Quality and Climate Change under contract to EEA.

EuroAirnet includes, in principle, all European countries, including EEA members (18 countries as of
May 2001), accession countries (11 countries, as of May 2001) and other countries. As of November
2000, 29 countries had made a selection of stations for EuroAirnet. Before November 2000, the
development of EuroAirnet was made in collaboration with the Phare1 Topic Link on Air Quality, which
assisted the 13 Phare countries2 in Central and Eastern Europe to make their selection and provide
data. (EuroAirnet, 2002).

Canada The National Air Pollution Surveillance (NAPS) network was established in 1969 to monitor and assess
the quality of ambient air in Canadian cities and towns. The Network was a joint initiative of federal,
provincial, and municipal governments. The Analysis and Air Quality Division of Environment Canada
provides the overall coordination. Most NAPS stations monitor all five common air pollutants, SO2, NO2,
CO, O3, and TSP. The NAPS network is primarily a urban network with 239 air monitoring stations in over
136 sites across Canada (Environment Canada, 2001). In addition to NAPs, there is the Canadian Air
and Precipitation Monitoring Network (CAPMON), which is mainly a rural network with 23 air monitoring
sites in Canada and one in the US. The NAPs network is being upgraded and expanded to provide
more detailed data on PM, O3, CO, NOx and VOCs, which contribute to the formation of smog.

United The EPA’s ambient air quality monitoring programme is undertaken by State and local agencies and
consists of three major categories of monitoring stations, State and Local Air Monitoring (SLAMS),
National Air Monitoring Stations (NAMS), and Special Purpose Monitoring Stations (SPMS) that measure
the criteria pollutants. In addition, a fourth category, the Photochemical Assessment Monitoring Stations
(PAMS), which measures precursors (approximately 60 volatile hydrocarbons and carbonyl), has been
required by the 1990 Amendments to the Clean Air Act (OAQPS, 2002).

The SLAMS consist of a network of 4,000 monitoring stations whose size and distribution is largely
determined by the needs of State and local air pollution control agencies to meet their respective State
Implementation Plan (SIP) requirements.

The NAMS (1,080 stations) are a subset of the SLAMS network and focus on urban and multi-source
areas. In effect, they are key sites under SLAMS, with emphasis on areas of maximum concentrations
and high population density.

States
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Table 4.3 Air Pollution Control Strategies

The SPMS provide for special studies needed by the State and local  agencies to support State
implementation plans and other air program activities. The SPMS are not permanently established and
can be adjusted easily to accommodate changing needs and priorities (OAQPS, 2002).

The SPMS are used to supplement the fixed monitoring network as circumstances require and resources
permit. If the data from SPMS are used for SIP purposes, they must meet all QA and methodology
requirements for SLAMS monitoring.

A PAMS network is required in each ozone non-attainment area that is designated serious, severe or
extreme. The required networks will have from two to five sites, depending on the population of the area.
There will be a phase-in period of one site per year starting in 1994. The ultimate PAMS network could
exceed 90 sites at the end of the 5-year phase-in period (OAQPS, 2002).

Europe

Integrated Pollution Prevention and Control

Industrial production processes account for a considerable amount of the overall pollution in Europe (e.
g. greenhouse gases, acidi fying substances, vola tile organic compounds and waste). The 1996
European Integrated Pollution Prevention and Control (IPPC) Directive 96/61/EC is aimed at minimising
pollution from various point sources throughout the EU. Its objective is to achieve integrated prevention
and control of pollution arising from a range of industrial activities. All installations covered by Annex I
of the Directive are required to obtain a permit from the authorities in the EU Member States in order to
operate. The permits must be ‘integrated’ and must take in to account the whole environmental
performance of the plant, i.e. emissions to air, water and land, generation of waste, use of raw materials,
energy efficiency, noise, prevention of accidents, risk management, etc. The permits must be based on
the concept o f Best Avai lable Techniques (BAT). BAT may include quite radical envi ronmental
improvements which may be costly for companies. The Directive grants these installations an eleven-
year long transition period from the day that the Directive entered into force (Gouldson and Murphy,
1998). The IPPC Directive applied to all new installations from October 1999, as well as existing
installations that intend to carry out changes that may have significant negative effects on human
beings or the environment. As mentioned above, the Directive does not immediately apply to other
existing installations.

Integrated Product Policy

All products have some environmental impact whether from their manufacturing, use or disposal. In
order to improve the environmental performance of a broad range of products throughout their life cycle.
The European Commission adopted a Green Paper on Integrated Product Policy (IPP) in 2001 (CEC,
2001). The life-cycle of a product is often long and complicated. It covers all the areas from the extraction
of natural resources, through their design, manufacture, assembly, marketing, distribution, sale and
use to their eventual disposal as waste. At the same time it also involves many different actors such as
designers, industry, marketing people, retailers and consumers. IPP attempts to stimulate each part of
these individual phases to improve their environmental performance.

The Green Paper proposed a strategy to strengthen and refocus product-related environmental policies
to promote the development of a market for environmentally-friendly products. The products of the future
should use less resources, have lower impacts and risks to  the environment and prevent waste
generation at the conception and design stage. The Paper had the objective of launching a debate on
the role and possible measures that could be taken on at an EU level.

IPP seeks to minimise the environmental impact of products by examining all phases of a products’
life-cycle and taking action where it is most effective. IPP has three main goals based on fundamental
economic principles:
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• First, to stimulate consumer demand for environmentally friendly products. This can only be achieved
through easily accessib le, understandable and credible information. The main instruments put
forward in the Green Paper to achieve this are various types of eco-labelling. Public authorities can
also take the lead and give an important kick-start to greener markets through public procurement.

• Second to stimulate business leadership in the supply of green products. Instruments put forward
in this context include the generation and flow of life cycle information, eco-design guidelines, and
the integration of environmental aspects into standardisation. One new element proposed in the
Green Paper is the creation of product panels comprising key stakeholders.

• Third, to use the price mechanism to develop markets for greener products. Instruments here
could include differentiated taxation e.g. reduced VAT rates on eco-labelled products; an extension
of the producer responsibility concept to new areas; and, the use of state aid policy within the New
Guidelines on State Aid for Environmental Protection (CEC, 2001).

The EC is expected to produce a White Paper on IPP by the end of 2002.

Integrated Transport

Growing concern about the environmental impact of transport, especially its contribution to urban air
pollution, has resulted in the EU taking a number of policy initiatives. In 1990 the Green Paper on the
Urban Environment identified the difficulties confronted by conurbations in Europe and suggested
actions to improve urban public transport and implement traffic management schemes (EC, 1990).
The 1992 Fifth European Environmental Action Programme recognized that transport policy could no
longer be demand-led due to environmental constraints (EC, 1992a). The programme suggested that
the future efficacy and sustainability of transport policy would be in direct proportion to the quality of the
relationship between transport and environment. The 1992 Green Paper on Sustainable Mobility (EC,
1992b) provided a comprehensive assessment of the overall environmental impact of transport and
presented a common strategy which would enable transport to fulfil the EU’s economic and social role
whilst containing the environmental impact. The 1992 White Paper on the Future Development of the
Common Transport Policy outlined a new policy for European transport based on sustainable mobility,
recognising that transport has to have an environmental and social dimension (EC, 1992c). In 1993,
the EC adopted a Trans-European Networks’ strategy to ensure the creation of more efficient international
rail, road, combined transport, waterborne and aviation links between what are now fragmented systems
(Rohart, 1998).

In 1995 the EC issued its first policy document on public passenger transport in the form of the Green
Paper on Citizen’s Network (EC, 1995a). The Green Paper outlined ways of making public passenger
transport more attractive and usable. The EC has also examined price based policies which could
ensure that the true social costs of transport are reflected in the price of transport (EC, 1995b).

In June 1998 the EC published a communication on the integration of environment into the definition
and implementation of all community policies and activities, including the transport sector, with a view
to promoting sustainable development. At a European Council meeting in June 1998 EU ministers of
transport and environment adopted a number of actions to reduce the environmental impact of transport.

The 2001 White Paper on European Transport Policy for 2010 (EC, 2001b) proposes an action plan of
approximate ly sixty measures focused on four main themes, which aims to stab ilise the modal
distributions at 1998 levels by 2010.

1. Shifting the balance between modes of transport (improving the quality of the road sector, revitalizing
rail, controlling air transport growth and adapting maritime and inland waterway transport systems,
linking up transport modes);

2. eliminating bottlenecks (developing the trans-European transport network);

3. placing users at the heart of transport policy (improving road safety, fair and efficient pricing through
infrastructure and charging and harmonsiation of fuel taxation);

4. managing the globalisation of transport (linking the future Member States to the trans-European
transport network).

National Emissions Ceilings Directive

The EU National Emissions Ceilings (NEC) Directive 2001/81/EC sets national emission ceilings for
pollutants which cause acidification and eutrophication and for O3 precursors in order to provide greater
protection for the environment and human health. This Directive is part of the fol low-up to the
Commission’s Acidification Strategy (EC,1997), which sought to establish, for the first time, national
emission ceilings for SO2, NOx, VOC NH3 which are responsible for acidification, eutrophication and
tropospheric ozone formation. To reduce acidification the NEC Directive establishes national emission
ceilings for each of the pollutants to achieve an interim target of “50 per cent gap closure” by the year
2010, i.e. to close the gap between the 1990 situation and the critical load by 50 per cent. With regard to
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health-related ground level O3 exoposure, the O3 load above the critical level for human health (AOT
60=0)1 shall be reduced by two-thirds compared with the 1990 situation. The guide value set by the
WHO may not be exceeded on more than 20 days a year. It is largely up to the Member States to decide
which measures to take in order to comply (EC, 1999b).

Member States must prepare and annually update national emission inventories and emission
projections for SO2, NOx, VOC and NH3. These inventories and projections must be reported to the
Commission and the European Environment Agency by 31 December each year.

Parallel to the EU NEC proposal, the EU Member States together with Central and Eastern Europe
countries, the United States and Canada have negotiated the new “multi-pollutant” protocol under the
Convention on Long-Range Transboundary Air Pollution (the so-called Gothenburg protocol, agreed in
November 1999). The emission ceilings in the protocol are less ambitious than those proposed by the
Commission.

The EU institutions are still discussing the NEC proposal. EU Environment Ministers reached a Common
Position in June 2000, endorsing the environmental objectives proposed by the Commission. They
reached agreement on emission ceilings which go beyond those agreed in Gothenburg, but which fall
short of those proposed by the Commission. However, the Common Position provides for review in
2004 and 2008 with a view to making up the shortfall

CAFE Programme

In order to develop a comprehensive, integrated and coherent framework for all EU air legislation and
related policy initiatives the European Commission published a communication on the Clean Air For
Europe (CAFE) Programme in 2001. The main elements of the Programme are:

• to develop, collect and validate scientific information on the effects of air pollution (including validation
of emission inventories, air qual ity assessment, pro jections, cost-effectiveness studies and
integrated assessment model ling);

• to support the implementation and review the effectiveness of existing legislation and to develop
new proposals as and when necessary;

• to ensure that the requisite measures are taken at the relevant level, and to develop structural links
with the relevant policy areas;

• to determine an integrated strategy (by 2004 at the latest) to include appropriate objectives and
cost-effective measures. The objectives of the first programme phase are: particulate matter,
tropospheric O3, acidification, eutrophication and damage to cultural heritage;

• to disseminate to the general public the information arising from the programme (EC, 2001a).

Canada

Canadian Environmental Protection Act

In May 2001 PM, a key component of smog, was added to the list of toxic substances under the
Canadian Environmental Protection Act (1999). The aim of the Act is to prevent pollution by managing
emissions of toxic substances. The National Pollutant Release Inventory (NPRI) is being expanded to
include air pollutants that contribute to the formation of smog and acid rain and to which industry must
report emissions (Environment Canada, 2002).

Cleaner vehicles and fuels

As part of its 10 year Plan of Action for cleaner vehicles, engines and fuels the Canadian government
developed new regulations for road vehicles to align Canadian Standards with US standards. New
standards for cars and light-duty trucks are being phased in from 2004–2009. From July 2002 sulphur
in gasoline will be reduced to 150 ppm and a further reduction to 30 ppm will be introduced in January
2005. Sulphur in diesel fuel will be reduced from 500 ppm to 15 ppm by June 2006 and then will
represent a 95 per cent reduction in the regulated level of sulphur (Environment Canada, 2002).

The Canadian Government’s Action Plan 2000 on Climate Change includes a Motor Fuel Efficiency
Initiative to voluntarily improve new vehicle fuel efficiency by 2010 together with a comprehensive public
education campaign to promote ‘green’ driving.

The Ozone Annex

Between 30 and 90 per cent of smog in Ontario, Quebec and Atlantic Canada comes from the US during
summer. To address the issue of transboundary air pollution the USA and Canada signed the Ozone
Annex in 2000, which an annex to the 1991 Canada-United States Air Quality Agreement.
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The Ozone Annex defines a region in each country that contains the sources of transboundary air
pollutants and to which the commitment in the Annex will apply. In Canada this area includes central
and southern Ontario and southern Quebec. In the US, this area includes 18 north-eastern and mid–
western states and the District of Colombia.

Canadian Commitments

Annual caps by 2007 of 39 kilotonnes of
NOx (as NO2) emissions from fossil -fuel
plants.

National emission reduction regulations
in alignment with those in the US e.g. motor
vehicles.

Estimated Reduction

A 44 per cent reduction in NOx emissions
from Canadian transboundary region by
2010.

Emissions of VOC in these reg ions to
meet the Canada-Wide standard for O3 by
2010. This includes a 45 per cent reduction
in Ontario and 35 per cent reduction in
Quebec by 2010.

Source: Environment Canada (2001)

American Commitments

35 per cent reduction in summertime NOx

emissions by 2007. This will be achieved
by a 70 per cent reduction in emissions
from fossil fuel power plants and major
industries.

Reductions of NOx  and VOCs from US
motor vehicles.

A VOC emission reduction programme to
apply to solvents, coatings and consumer
and commercial products.

A 36 per cent reduction in total NOx from
the American transboundary reg ion by
2010 (43 per cent during the summertime
O3 season).

VOC emissions will by reduced by 39 per
cent by 2007 in the transboundary region.

US

The Clean Air Act

The Clean Air Act provides the principal framework for air quality management in the US. In 1990, the US
Congress enacted a series of amendments to the Clean Air Act to increase air pollution control efforts.
Changes to the Act included provisions to (1) classify non-attainment areas according to the extent to
which they exceed the standard, tailoring deadlines, planning, and controls to each area’s status; (2)
tighten auto emission standards and require reformulated and alternative fuels in the most polluted
areas; (3) revise the air toxics section, establishing a new programme of technology-based standards
and addressing the problem of sudden, catastrophic releases of toxics; (4) establish an acid rain
control programme, with a marketable allowance scheme to provide flexibility in implementation; (5)
require a state-run permit program for the operation of major sources of air pollutants; (6) implement
the Montreal Protocol to phase out most ozone-depleting chemicals; and (7) update the enforcement
provisions so that they parallel those in o ther pollution control acts, including authority for EPA to
assess administrative penalties (CRS, 1999).

Clean Skies Act 2002

The 2002 Clean Sky Act amended Title IV of the US Clean Air Act to establish new cap and trade
programmes requiring reductions of SO2, NOx, and mercury from electricity generation facilities.

On 14 February 2002, President Bush announced the Clear Skies Initiative which sets strict, mandatory
emissions caps for SO2, NOx , and mercury. The Ini tiative will cut power plant emissions of these
pollutants by 70 per cent, eliminating an estimated 35 million more tons of these pollutants in the next
decade than the current Clean Air Act (EPA, 2002).

In 2020, Clear Skies is expected to deliver US $96 billion per year in health and visibility benefits,
including preventing 12,000 premature deaths. Additional health benefits in 2020 include 10,500 fewer
hospitalizations or emergency rooms visits per year and 13.5 million fewer days when Americans
suffer from minor respiratory symptoms, including days out of work, missed classroom days, restricted
activity days and days with asthma attacks. Under an alternative estimate, Clear Skies would deliver US
$11 billion in benefits, including 7,000 avoided premature deaths annually in 2020 (EPA, 2002).

Clear Skies is modelled on America’s most effective clean air programme, the 1990 Clean Air Act’s
acid rain programme. By using this proven, market-based approach, Clear Skies will dramatically
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reduce air pollution from power plants quickly and cost-effectively, keeping electricity prices affordable.
Because of the nature of “cap-and-trade” programmes, establishing a cap in 2010 will cause emissions
reductions immediately, as companies act quickly to generate credits needed to meet the 2010 cap.
Under the Acid Rain Programme, emissions reductions began immediately, and exceeded the required
level of reductions by approximately 25 per cent.

Clear Skies will ensure that environmental goals are achieved and sustained over the long term, even
while energy use increases. Clear Skies Programme aims to (EPA, 2002):

• Cut SO2 emissions from power plants by 73 per cent from current emissions of 11 million tons to
a cap of 4.5 million tons in 2010, and 3 million tons in 2018.

• Cut emissions of NOx from power plants by 67 per cent from current emissions of 5 million tons to
a cap of 2.1 million tons in 2008, and to 1.7 million tons in 2018.

• Cut mercury emissions from power plants by 69 per cent, establishing the first-ever national cap on
mercury emissions. Emissions will be cut from current emissions of 48 tons to a cap of 26 tons in
2010, and 15 tons in 2018.

• Emission caps will be set to account for different air quality needs in the east and the west.

Box 4.4 The US Clean Air Act

The US Clean Air Act requires EPA to establish NAAQS for several types of air pollutants to protect public health
and welfare with an adequate margin of safety. One of the primary goals of the 1990 amendments was to
overhaul planning provisions for  those areas not meeting the NAAQs. Under the 1990 amendments, areas not
in attainment with NAAQS must meet special compliance schedules, staggered according to the severity of an
area’s air pollution problem.

While the Act authorizes the EPA to set NAAQS, the states are responsible for establishing procedures to attain
and maintain the standards. Under Section 110 of the Act, the states are required to adopt plans, known as
State Implementation Plans (SIPs), and submit them to EPA to ensure that they are adequate to meet statutory
requirements.

SIPs are based on emission inventories and computer models to determine whether air quality violations will
occur. If these data show that standards would be exceeded, the state imposes additional controls on existing
sources to ensure that emissions do not cause “exceedences” of the standards. Proposed new and modified
sources must obtain state construction permits in which the applicant shows how the anticipated emissions
will not exceed allowable limits. In non-attainment areas, emissions from new or modified sources must also
be offset by reductions in emissions from existing sources.

The 1990 amendments require EPA to impose sanctions in areas which fail to submit a SIP, fail to submit an
adequate SIP, or fail to implement a SIP: unless the state corrects such failures, a 2-to-1 emissions offset for
the construction of new polluting sources is imposed 18 months after notification to the state, and a ban on
most federal highway grants is imposed 6 months later. An additional ban on air quality grants is discretionary.
Ultimately, a Federal Implementation Plan may be imposed if the state fails to submit or implement an adequate
SIP (CRS, 1999).

The non-attainment areas are grouped into classifications based on the extent to which the NAAQS is exceeded,
and establish specific pollution controls and attainment dates for each classification. The most extensive
requirements apply to areas failing to attain the 1-hour ozone standard of 0.12 ppm. The non-attainment
classifications for ozone is based on five classes and are based on a design value, which is derived from the
pollutant concentration recorded by air quality monitoring equipment (see Table 4.4.1). For O3 non-attainment
areas the deadline stretches from 1993-2010, depending the severity of the problem.

Table 4.4.1 Ozone non-attainment classification

Class Marginal Moderate Serious  Severe Extreme 

Deadline 3 years 6 years 9 years 15-17 years* 20 years 

Areas ** 42 areas  32 areas 14 areas  9 areas  1 area 

Design 
value 

0121-0.138 
ppm 

0.138-0.168 ppm  0.160-0.280 ppm  0.180-0.280 ppm  >0.280 ppm  

 
* Areas with a 1988 design value between 0.190 and 0.280 ppm have 17 years to attain; others have 15
years
** Number of areas in each category as the date of enactment.
Source: EPA (2000c)
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Only Los Angeles falls into the “extreme” class, but 97 other areas were classified in one of the other four ozone
categories. A simpler classification system establishes moderate and serious non-attainment areas for CO
and PM with correspondingly more stringent control requirements for the more polluted class.

Although areas with  more severe air pollution problems have a longer time to meet the standards, more
stringent control requirements are imposed in areas with worse pollution. A summary of the primary ozone
control requirements for each non-attainment category is presented in Table 4.4.2.

Table 4.4.2 Primary ozone control requirements for non-attainment areas

Areas Requirements 

Marginal • Inventory emission sources (to be updated every 3 years) 
• Require 1.1 to 1 (i.e. industries must reduce emissions from existing facilities by 

10 per cent more than the emissions of any new facility opened in the area) 
• Impose reasonably available control technology (RACT) on all major sources 

emitting more than 100 tons per year for the nine categories where the EPA had 
already issues control technique guidelines describing RACT prior to 1990. 

Moderate • Meet all requirements for marginal areas  
• Impose a 15 per cent reduction in VOCs in 6 years 
• Adopt a basic vehicle inspection and maintenance programme 
• Impose RACT on all major sources emitting more than 100 tons per year 
• Require vapour recovery at gas stations selling more than 10,000 gallons per 

month 
• Require 1.15 to 1 offsets 

Serious areas  • Meet all requirements for moderate areas  
• Reduce definition of major sources of VOCs from emissions of 100 tons per year 

to 50 tons per year for the purpose of imposing RACT. 
• Reduce VOCs by 3 per cent annually for years 7 to 9 after the 15 per cent 

reduction already required by year 6 
• Improve monitoring 
• Adopt an enhanced vehicle inspection and maintenance programme 
• Require fleet vehicles to use clean alternative fuels  
• Adopt transportation control measures if the number of vehicle miles travelled in 

the area is greater than expected 
• Require 1.2 to 1 offsets  
• Adopt contingency measures if the area does not meet required VOC reductions  

Severe areas  • Meet all requirements for serious areas. 
• Reduce definition of a major sources of VOCs from emissions of 50 tons per 

year to 25 tons per year for the purpose of imposing RACT 
• Adopt specified transportation control measures  
• Implement a reformulated gasoline programme 
• Require 1.3 to 1 offset 
• Impose $5,000 per ton penalties on major sources if the areas does not meet 

required reductions  

Extreme 
areas  

• Meet all requirements for severe areas  
• Reduce definition of major source of VOCs from emissions of 25 tons per year to 

10 tons per year for the purpose of imposing RACT 
• Require clean fuels or advanced control technology for boilers emitting more 

than 25 tons per year of NOx 
• Require 1.5 to 1 offset 

 Source: EPA (2002)
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Quality Management

4.3.1 Local Traffic Management

Air pollution from the transport sector has important
health and environmental effects. Road transport is
responsible for a significant proportion of NO

2
 and

PM
10

 which, as discussed above, are the pollutants
most likely to exceed air quality objectives and limit
values.  Therefore reducing emissions from road
transport is a key part of local air quality management.

A number of strategies have been adopted at the
local level in European and North American cities which
address not only vehicle pollution control but demand
management. Table 4.4 provides an overview of the
policy instruments available to control emissions from
the transport sector. To achieve an environmentally
sustainable transport system, which ensures a minimal
environmental impact both in the short- and long-term,
measures will need to be taken to reduce the overall
demand to travel and to encourage the use of less
polluting modes of transport. This requires the adoption
of a combination of measures ranging from emission
standards to land-use policies, in order to ensure that
the overall need to travel and vehicle pollution are
reduced.

In the development of strategies to deal with urban
air quality issues local traffic management can be used
to reduce vehicle emissions. Traffic management
measures have included computerised traffic light
control, network and junction design, parking controls,
reducing the supply of space allocated to car parks,
park and ride schemes, speed limits, restricted access
for non-essential traffic, bus priority lanes, pedestrian
areas and cycling facilities. These measures not only
reduce energy use but also provide an environment,
which is more people-friendly and which encourages
greater walking and cycling.

Small traffic management schemes can influence
air quality in their immediate vicinity, but are likely to
have a relatively small effect over a larger area. Free-
flowing traffic and smooth driving techniques usually
mean lower emissions and better fuel consumption. It
should be a general objective of traffic management
to reduce congestion, making smoother driving
possible, but without speeding. However, improving
traffic flow and reducing congestion may attract more
vehicles and additional measures may be required to
prevent an increase in vehicle movements (DETR,
2000).

Table 4.5 outlines a number of  local traff ic
management measures which have advocated in dealing
with the issue of transport and air quality in UK towns
and cities. Boxes 4.5, 4.6 and 4.7 review traff ic
initiatives in Canada, UK and Italy.

Havlick and Newman (1988) examined traffic
management measures in four European cities:
Copenhagen, Freiburg, Stockholm and Zurich (see
Table 4.6). They concluded that even though consumer
preferences for cars are a powerful force, people
would respond to public policy which gives them
options to be more environmentally responsible.
Governments can therefore be more confident in
proposing traffic demand management strategies,
especially if they have a strong element of facilitating
the common good.

A number of European cities are now adopting
car free policies such as Amsterdam. In March 1994
a Car Free City Club sponsored by the EC was launched
to make progress towards banning the car from city
centres. The club encourages urban sustainable
mobility and allows exchange of experience and
information between European cities. Box 4.7 describes
the City of Bologna car free city policy.

4.3.2 Air Quality And Land-Use
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Table 4.4  Overview of policy instruments to control emissions from transport

Source: OECD (1995)

Control issue 
 

Regulation Economic 

Tailpipe emissions  • Maximum emission standards for 
conventional emissions: (CO, HC, 
NOx, PM). 

• Maximum emission standards for  
toxic air pollutants: 

 (Lead, 1,3-butadiene, halogenated 
organics, PAH, benzene/aromatics). 

• Certification and assembly line testing 
• Mandatory inspection and 

maintenance , anti-tampering and 
enforcement programmes. 

• Diesel smoke control programmes  
 Durability standards. 

• Tax differentials favouring 
abatement technology.  

• Vehicle taxes scaled for emission 
levels. 

• Incentives/disincentives. 
• Fiscal incentives for retiring old 

vehicles. 

Fuel composition • Fuel quality standards for gasoline 
(lead, volatility, benzene, aromatics). 

• Fuel quality standards for diesel fuel: 
(volatility, sulphur, aromatics centane 
no., PAH). 

 Limitations on fuel additives. 

• Differentiated fuel pricing 
favouring clean fuels. 

Evaporative 
emissions  

• Evaporative emission standards. 
 Fuel volatility emissions standards. 

 

Fuel efficiency 
improvements  

• Fuel efficiency for vehicle fleets. 
• Maximum power/weight ratios. 
• Speed limits. 
 Various traffic management measures 

to increase share of optimal drive-
cycle (anti-congestion measures), 
when combined with measures 
controlling vehicle kilometres travelled. 

• Broad based carbon tax on 
fuels/emission charges. 

• Marketable fuel economy credits. 
• Fuel-economy based vehicle 

taxes. 
• R&D incentives (direct funding, 

tax credits, emissions test 
exemptions). 

Management of 
demand to move to 
more efficient 
modes; 
to increase load 
factor of fleet: 
to reduce travel 
demand times; 
to reduce travel 
time. 

• Parking control measures. 
• Individual ownership limitations. 
• Pedestrian only zones in cities. 
• Car use restrictions. 
• Privileges (e.g. restricted highway 

lanes) for high-occupancy vehicles. 
• Improvement of biking/walking 

conditions. 
• “Park and Ride” programmes  
• Limitations and restrictions on freight 

transport. 

• Broad base carbon tax on fuel. 
• Emission-related vehicle taxes. 
• Road pricing or kilometrage 

charges. 
• Parking charges. 
• Fiscal incentives for carpool 

programmes. 
• Insurance adjustment for 

kilometrage. 
• Land use and physical planning 

instruments to reduce elective 
and commuter travel and 
redistribute urban activities. 

• Redistribute mechanisms for 
financing more efficient transport 
modes. 

General • Regular air quality monitoring 
• Inventory of air pollution sources  
 International co-ordination of air quality 

and policy measures. 

• Other mechanisms to internalise 
social cost of transport. 
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Table 4.5  Local traffic management measures

Measure Description

Traffic management Smoothing traffic flow and reducing speed, banning or restricting traffic, or particular
types of vehicle, from some roads; making walking, cycling and the use of public transport
more attractive; and working with business and the public to raise the awareness of the
implications of transport choices.

Traffic regulation The authorities may have the power to prohibit, restrict or regulate traffic or particular
types of vehicles. They may apply to part of a road, a single road, or a number of roads.
They may be in force all the time or only for specified periods. Traffic authorities may
exempt some classes of vehicle or permit holders.

Low emission zones These zones might cover areas with particular air quality problems and only vehicles
meeting or exceeding stringent emissions standards might be allowed into the zone.

Home zones Home zones aim to change how residential streets are to used to  benefit the wider
community. Home zones  allow the road space in residential streets to be shared between
motor vehicles and other road users, with the needs of the pedestrians (including children)
and cyclists being given priority.

Clear zones Clear zones aim to improve the quality of life for people living in, working in and visiting an
area by reducing traffic congestion, traffic noise and air pollution.

Access restrictions – physical measures
City authorities can use physical restrictions to narrow ‘gateways’ to urban centres. This
technique may discourage car access to particular areas, as long as there are suitable
alternative routes for through traffic. However, if traffic has to queue at the gateways there
could be an increase in local emissions.

Traffic calming Traffic calming is the introduction of a range of physical measures to slow traffic. Traffic
calming schemes direct the flow of slowing traffic and deter traffic from using residential
roads as a short cut. The design of the scheme should encourage a smooth driving style
that avoids repeated acceleration and deceleration.

Relocation of road space Reallocating space to buses and cycles can make these forms of transport more attractive.

High occupancy vehicle lanes
A significant proportion of vehicles contain only one occupant, especially during peak
periods. In principle, high occupancy lanes (HOV) are a means of using the road network
more efficiently and encouraging car sharing. HOV can be introduced by creating an
additional lane or by converting an existing lane.

Pedestrian/vehicle restricted areas
Restricting access to town centres can improve the local environment. Pedestrian areas
can maintain or improve local economic activity. However, people must be able to reach
the area by other means. These could include: good public transport, perhaps with park
and ride; facilities for cyclists and pedestrians; peripheral car parking; access for people
with limited mobility; and access for taxis, where appropriate.

Parking controls The availability of parking can influence whether people use their cars. Local authorities
can determine where motorists can park and how much it will cost. Parking restrictions
need the right level of enforcement. Effective enforcement of parking restrictions allows
more efficient use of existing parking provision and can improve parking flow as drivers
have to spend less time finding a parking space.

Traffic control systems Where signals control junctions, a traffic control system, which responds automatically to
changing conditions, can give better traffic flow than uncoordinated signals. However,
before improving the traffic flow, highway authorities should consider what to do with the
road capacity they will release and should consider  re-distributing it in favour of buses,
cyclists and pedestrians.
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Measure Description

Speed limits Reducing maximum speeds is likely to do more to improve flow and capacity on roads
outside towns and cities than in urban areas, but it may still have some benefit.

Public transport The promotion of rail, buses, park and ride schemes, walking and cycling can reduce the
use of the motor vehicle in the city centre. The cost and quality of public transport are
important factors then may influence its use. The maintenance of the bus fleet is important
so they do not add to existing air quality problems. In order to encourage more walking
and cycling then it is important to provide safe and convenient facilities. Local authorities
may develop awareness campaigns to increase walking and cycling.

Green travel plans Green transport plans (GTPs) are management tools that brings together transport and
other business issues in a co-ordinated strategy. GTPs contain a package of measures
to car use by addressing different transport needs such as commuter journeys, customer
access, business travel and fleet management.  Green transport include the provision of
public transport information; public transport discount from bus or rail companies; public
transport subsidy form company for works buses; encouragement of use of rail for
business travel; telecommuting/teleworking; teleconferencing; green company car fleet;
parking controls/restrictions; pay staff to give up their parking space; cycle parking, showers
and lockers; car-sharing database with preferential parking spaces; emergency ride
home; and walking initiatives (DETR, 1999).

Box 4.5  Drive Clean Programme in Ontario, Canada

Ontario is Canada’s most heavily populated province with a population of 10,753,570. Air quality in Ontario has
improved over the last 24 years due to abatement programmes to reduce emissions and enforcement of
regulations by governments. However, this reduction has been for only a number of pollutants and occurred in
the early 1990s. Recently, most pollutants show no change or an increase in ambient concentrations (OMA,
2001).

Average O3 levels have been increasing. Annual average ground-level O3 levels in the Great Lakes Basin (or
southern Ontario, Windsor-Quebec Corridor) have been consistently higher than the National Ambient Air
Quality Objective. There has been evidence to link the increases in certain air pollutants such as ground-level
O3, acid aerosols and PM to increases in hospitalisation for respiratory and cardiac diseases (OMA, 1998).

Air Quality Trends

Ozone

The average annual mean level of O3 increased by 19 per cent during the period 1979-1997. The rate of
increase of average O3 levels is greater for winter than summer. Background levels of O3 have tended to
increase all year round. One of the possible reasons for the increase in O3 levels is the increase in the annual
national temperature in Canada, which has shown an increasing trend during 1951-1980. This increased
temperature has contributed to increasing the formation of O3. Ontario has experienced some of the highest
maximum O3 levels across Canada.

Nitrogen oxides

The average ambient levels of NOx have been relatively constant throughout the 1990s at 19 ppb. Emissions of
NOx from transport and industrial processes decreased by 25 per cent from 1989 to 1994. However, since
1995, emissions of NOx have remained relatively constant which is in marked contrast to other provinces.

Sulphur dioxide

During the period 1971-1995, average annual concentrations of SO2 decreased by approximately 80 per cent.
The annual average concentration of SO2 was 29 ppb in 1971 and this was reduced to 3 ppb in 1995 and 4 ppb
in 1998. Since 1995, SO2 levels have begun to increase again.

Volatile organic compounds

Emissions of VOCs have decreased over the period 1989–1995. Since 1995, the emissions of VOCs have
remained fairly constant.
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Box 4.5 contd.

Particulate matter

There has been little change in the annual average level of PM10 over the past 8 years. Levels of sulphates in
PM10 have shown a slight decrease from 1991–1995. However, since 1995, sulphate levels in PM10 have shown
little change. A similar pattern has occurred for PM2.5, after decreases in the early 1990s levels since 1995 have
been similar or slightly increasing.

Progress made in reducing ambient concentrations of most pollutants has stalled.

Control Strategies

In January 1998, the Ontario government published a provincial anti-smog plan that brings together for the first
time a broad cross-section of Ontario sectors to protect the quality of the province’s air (Ontario MOEE, 1998).

Ontario’s Smog Plan is a partnership effort involving 14 representatives from non-governmental organisations,
52 association representatives, 79 representatives of companies and 58 participants from government. This
voluntary approach in addressing the smog problem in Ontario and is considered to be cost-effective, flexible
and applicable to a broad range of individuals and groups.

A goal of the Smog Plan is to reduce NOx and VOCs by 25 per cent from 1990 levels by the year 2015. For VOCs
this means a reduction of 190,000–215,000 tonnes and represents a reduction of 21 to 24 per cent. For NOx
this means a reduction of 190,000–216,000 tonnes which is equivalent to a 29–32 per cent reduction.

Under the umbrella of the Smog Plan, the government of Ontario introduced the Drive Clean programme as a
response to reduce vehicles emissions that contribute to the formation of ozone in 1999. The Drive Clean
emission testing and repair programme (Phase I) began in Greater Toronto Area and Hamilton in January 1999
and Phase II began in January 2001 and includes urban centres and commuting zones.

The programme has resulted in smog-causing emissions from motor vehicles being reduced by 14,800
tonnes (15.2 per cent) in the Greater Toronto Area and Hamilton. The reduction of carbon monoxide (CO) in
Phases I and II was 139,000 tonnes and the reduction of carbon dioxide (CO2), a greenhouse gas, was 47,000
tonnes (Drive Clean, 2002).

Source: www.driveclean.com

Box 4.6  Clear Zones in the London Borough of Camden, UK

Approximately 90 per cent of air pollution in London arises from motor traffic and around 25 per cent of CO2
emissions come from cars and lorries. One in seven school students in central and inner London suffers from
asthma which is aggravated by traffic fumes.

In June 1998, the Council of the London Borough of Camden in the United Kingdom designated the south part
of the borough as a Clear Zone region which included eight car-free housing developments being promoted by
the local council.

Clear Zones aim to improve the quality of life for people living in, working in and visiting an area by reducing
traffic congestion, traffic noise and air pollution. Camden’s Clear Zone Committee Report, June 1998, describes
a clear zone as: an accessible, people friendly, high density, mixed use area for living and working, which
encourages walking and cycling and excludes extraneous motor traffic. Ultimately, access will only be allowed
for low or zero pollution vehicles, for essential servicing traffic and public transport.

• Objectives for the clear zone region are:

• the creation of a low emission area and the achievement of European and British air quality standards;

• traffic free areas and generally reduced traffic levels;

• improved access through the promotion of walking, cycling and public transport;

• car-free lifestyles; and

• sustainable development based on continuing economic vitality, improving environmental quality and
better quality of life.

This Camden Clear Zone initiative is linked to the ALTER-Europe Florence Declaration7, which the council
signed in 1998 to promote the development of the low emission areas and vehicle fleets. Improvements may
be achieved using a number of complementary measures including:
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• car-free housing;

• green travel plans;

• school travel plans;

• various traffic management techniques;

• promotion of walking, cycling and public transport links; and

• encouraging innovative non-polluting delivery systems within the pilot clear zones - such as cycle deliveries
generally encouraging the use of zero and low emission vehicles.

 To make a Clear Zone work within Camden, the Council requires the participation of residents, business,
voluntary groups, schools and others to examine the way goods are delivered and what changes could be
made to reduce the environmental impact.

One of the measures taken by Camden within the Clear Zone is the development of car-free housing in areas
where there are good public transport links and local facilities and where traffic congestion and parking availability
are a problem for local residents.

Car-free housing is a national planning policy for new housing schemes where the space traditionally reserved
for car parking is instead used for more housing units or greener uses such as more play spaces and/or cycle
parking and residents are not eligible for on-street parking permits – car-free housing is also being introduced
in cities such as Amsterdam, Berlin, Bremen, Cambridge and Edinburgh.

One of Camden’s Green Transport Strategy action plan targets is to require 25 per cent of all new housing
south of the borough to be car free. It is this southern part of Camden that has particular difficulties with traffic
congestion, parking and air pollution; therefore, car free housing presents just one of the opportunities for
improving the quality of life for residents, workers and visitors in this area. However, car free housing sites are
also being developed in other parts of the borough to improve quality of life.

By eliminating off-street parking provision for residents of car free housing, a greater proportion of the development
site may be given over to the flats or houses themselves. Alternatively, it may allow for attractive landscaping or
higher density housing within the development in place of on-site car parking - in addition to promoting car-free
lifestyles.

Camden had 58 sites in total by 4 April, 2000 that had been allocated for car-free housing. Just over half of these
already had planning permission. By March 2001, planning permission for 670 car free housing units (in 79
schemes) had been granted by the council and of these approximately 400 units (nearly 60 per cent) have been
completed or are being built by either social or private housing developers.

Source: www.camden.gov.uk
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 Copenhagen 
Denmark 

Freiburg 
Germany 

 

Zurich 
Switzerland 

Stockholm Sweden 
 

Traffic 
calming 

• Regional traffic 
calming but 
extensively 
pedestrian in 
city centre 

• Extensive 30 
km/h zones  

• Enforcement 

• Regional 
traffic 
calming but 
extensively 
pedestrian in 
city centre 

• Extensive 30 
km/h zones  

• Enforcement 

• Regional 
traffic calming 

• Extensive 30 
km/h zones  

• Enforcement 

• Regional traffic 
calming but 
extensively 
pedestrian around 
each rail station 

• Extensive 30 km/h 
zones 

• Enforcement 
 

Favouring 
alternate 
modes  

• Emphasis of 
bike lanes and 
pedestrianisati
on 

• No extra road 
capacity, 
reduction of 
parking by 3% 
p.a. for 15 
years 

• Culture of 
respect for 
cyclists 

• Strong 
commitment 
to transit and 
bicycle 
infrastructure 

• Little extra 
road capacity 

• Transit pass 

• Expansion of 
light rail 
system and 
bike/pedestria
n lanes  

• No extra road 
capacity, cap 
on parking 

• Rainbow pass 
for transit 
system  

• Strong 
commitment to 
transit 

• Little extra road 
capacity 

• Transit culture 

Economic 
penalties  

• Usual 
European fuel 
tax but very 
high vehicle 
registration 

• Usual 
European 
fuel tax and  
vehicle 
registration 

• No 
congestion 
pricing 

• High parking 
fees 

• Usual 
European fuel 
tax and  
vehicle 
registration  

• No 
congestion 
pricing 

• High parking 
fees 

• Usual European 
fuel tax and  
vehicle registration 

• No congestion 
pricing 

• High parking fees  
 

Non auto-
dependent 
and land-
use 

• Corridors of 
growth 

• Urban villages 
around rail 
lines  

• Mixed use in 
centres  

• Corridors of 
transit-
oriented 
growth and 
no other 
growth 

• Urban 
villages 
around rail 
stops  

• Mixed use in 
centres  

• Containment 
of growth 

• Urban villages 
around new 
light rail lines  

• Some mixed 
use 

• Corridors of transit-
oriented 
development and 
no other growth 

• Urban villages 
around new rail 
stops  

• Mixed use in 
centres  

 

Table 4.6 Traffic management measures taken in four European cities

Source: Havlick and Newman (1988)
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Planning

Land use planning has important implications for energy
consumption and vehicle-related air pollution (DETR,
2000b). Travel and transport developments have
interacted to allow significant land-use changes. The
result has been the development of  more energy-
intensive land-use and increased vehicle activity
patterns. Land-use planning has been shaped by the
increasing dominance of the motor vehicle as the main
mode of  transport. In Europe developments have
tended to become more decentralised, moving to the
urban fringe with an increase in out-of-town retail
developments. The result has been an increase in car
dependence to undertake normal everyday activities
such as travelling to work, school, shopping and leisure
activities.

There is a need to integrate land-use and transport
planning within local air quality management strategies
in order to improving air quality and change travel
behaviour. The provision of infrastructure in the past
has shown it exacerbates rather than solves the
problem. New roads can generate more new traffic

Box 4.7 Car Free Cities in Italy

In Italy, the historic city of Bologna has taken measures to restrict the motor vehicle from its city centre. Bologna
has a population of about 450,000 and is situated in the Emilia Romagna region of Italy. In 1984, a referendum
was held on taking measures to restrict motor vehicle traffic within the city. Seventy per cent of the population
voted in favour of selective restriction of private motor vehicles within the city centre. In July 1989 the historic
centre of Bologna became a restricted traffic zone. A restriction for all private cars is in place from 7 a.m. to 8 p.
m. A number of motor vehicles have special access permits, e.g. buses, taxis, emergency vehicles, delivery
goods (at set times). In addition to the restricted traffic zone, the city has taken a number of other measures.
These have included the introduction of a 30 km/hr speed l imit for the restricted area, re-organisation of
municipal bus transit services, strict surveillance of access through parking controls and establishment of park
and ride schemes.

The result of these initiatives has been a 62 per cent reduction in the number of cars driving into the city centre
each day. At the same time there has been a growth in bicycle, taxi and motorcycle traffic. The 30 km/hr speed
limit has made the city centre safer for pedestrians, cyclists and drivers. Despite the success of Bologna in
restricting the motor vehicle, further action is required to promote park and ride, which has not been fully

(SACTRA, 1992).
A study for the UK Department of Environment

(DoE, 1993) examined the extent to which land-use
planning could contribute to reducing demand to travel,
and hence carbon dioxide emissions.  The study
concluded that planning policies in combination with
transport measures could reduce projected transport
emissions by 16 per cent over a 20-year period. A 10-
15 per cent saving in fuel use, and hence emissions
from passenger transport, might be achieved through
land use changes at the city and region scale over a
25-year period.

A number of land-use measures can be taken to
concentrate living, working, shopping and recreational
facilities in a specific area and thus reduce the need to
travel. The Dutch have adopted a location policy which
sites new businesses and services at appropriate
locations accessible by both road and public transport.
Each company has its own transport needs and it is
the aim of location policy to ensure the company is
sited in the most effective location (Haq, 1997). Box
4.8 presents the experience of land use in the City of
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Groningen.
More sustainable and less polluting forms of

transport should be encouraged to reduce the use of
the motor vehicle. This involves taking measures to
improve the attractiveness of public transport, walking
and cycling. Public transport should be cheap, clean
and comfortable, and services should be regular,
predictable and reliable. Information on service should
be easily available for customers.

Pedestr ianisation schemes can improve the
attractiveness and the commercial success of central
areas by removing traffic pollution and providing a more
friendly environment for walking (RCEP, 1997). Both
cycling and walking provide a number of health benefits

Box 4.8  Land Use Planning in The Netherlands

Groningen is situated in the north of the Netherlands and is 200 kilometres from Amsterdam and Hamburg. It
has a population of 170,000 and the sixth largest city in the Netherlands. Since 1977, Groningen has had an
integrated travel management policy. The aim of the policy has been to maintain the accessibility of the city while
restricting car traffic and promoting the use of alternative less polluting modes of transport.

The main objectives have been to control air and noise pollution; to improve accessibility and promote and
facilitate walking, cycling and public transportation; reduce congestion; strengthen Groningen’s regional economic
position; maintain the social and urban balance of districts; and to use mobility to favour balanced and rational
urban development (BUND, 1993).

The principal measures which have been used to achieve the objectives have been the implementation of town
planning based on the concept of compact cities (i.e. to reduce the distances from home to work and to recreational
and public facilities), creation of special facilities for bicycles and public transport users and the implementation
of a traffic management system to restrict the use of the private car or to public facilities. Bicycle use in the city is
10 to 15 per cent higher than in other cities of comparable size, while motor vehicle use is 15 per cent lower (Haq,
1997). The initiatives taken in Groningen have influenced the modal split: 48 per cent of residents of Groningen
travel by bicycle, 30 per cent by car, 5 per cent by public transport and 17 per cent by foot for the journey from home

Country City Population % of journeys 
by bike 

(city centre) 

Increase in 
bicycle use 
(over time) 

Main traffic management 
measures 

Austria Graz 240,000 14 7-14% 
 (1979-1991) 

• pedestrian measures 
• parking reduction 
• traffic calming 
• cycle parking and cycling 

Germany Hanover 550,000 16 9-16% • land use planning 
• traffic calming 
• cycle routes (450 km) 
• car parking control 

 Munster 280,000 43 29-43% 
(1981-1992) 

• quality of cycle routes 
• links to public transport 
• traffic calming 

Netherlands Delft 80,000 43 40-43% 
(1982-1985) 

• compact land use 
• traffic cells 
• complete cycle network 

Switzerland Basel 172,000 16 8-16% 
(1979-1990) 

• tram priority 
• traffic restraint 
• cycle network (city wide) 

        Source: CTC (1995)

(BMA, 1997). Walking offers a viable alternative for
trips of up to 3 kilometres. Poor traffic management,
congestion, exposure to traffic pollution and fear of
accidents are a disincentive for people to both walk
and cycle in an urban environment. To encourage more
cycling, safe cycle routes need to be provided. Table
4.7 presents a number of  bicycle schemes in five
European cities. In The Netherlands, cycling accounts
for about 30 per cent of all journeys and 8 per cent of
passenger kilometres travelled. In the city of Delft,
cycling accounts for 43 per cent and in other medium-
sized Dutch cities this figure varies between 20-50 per
cent of the modal split (Haq, 1997).

Table 4.7 Bicycle schemes in five European cities
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4.3.3 Local Air Quality Management

Local air quality management is now considered the
most effective way to address urban air pollution
problems. Local air quality management has been
defined as the application of a systematic approach to
the control of air quality issues in which all factors
determining air quality are considered in an integrated
way (Longhurst et al, 1996). City authorities have a
wide experience of air quality issues and therefore are
in a good position to take action to develop local air
quality strategies in cooperation with all stakeholders.
They are well placed to directly improve poor air quality
hotspots and report the state of local air quality of the
public (see Box 4.9 for air quality reporting in Canada).
Local action and cooperation is the most effective way
of addressing urban air quality problems. This involves
cooperation with city authorities and industry,
commerce, public transport providers and the public.
Box 4.10 examines the use of air quality management
areas in the UK as a means to addressing local air
quality problems.

Eurocities (1996), an association of European
metropolitan cities, undertook a review of good
practice in European urban air quality management
(UAQM) in six European cities: Bologna (Italy);
Bratislava (Slovakia); Delft (Netherlands); Helsinki
(Finland); Lisbon (Portugal); and Sheffield (United
Kingdom). The six countries examined national and
European legislation to improve urban air  quality.
However, this was in addition to a variety of initiatives
such as Local Agenda 21, urban CO

2
 reduction, public

transport provision and public awareness campaigns.
Local authorities have a wide experience of air quality
issues and are uniquely positioned to involve a variety
of players in air quality management issues. In the
national UAQM strategies of  Finland, I taly, The
Netherlands, Slovakia and the UK the local authority
plays a key role in air quality management. The
reciprocal nature of local authority action and
government legislation has meant that national
strategies are generally accepted. However, there are
still key areas where the capacity of city authorities to
take initiatives is limited e.g. speed limits on major
highways (Eurocities, 1996).

All six European cities recognised road traffic
emissions as being the single most important and
complex issue for air quality management to address.
The range of measures to combat car ownership and
use should be integrated within the principles of Local
Agenda 21. The UAQM study recommends that Local
Agenda 21 should be a common thread which runs
through all the measures that aim to reduce vehicle

emissions.  A long-term commitment to public
transport, with adequate investment, is important for
the cities of the future.

All the cities involved in the study believe that
simply supplying air quality measurements to the public
is no longer sufficient or acceptable. Information on
air quality should be used to instigate awareness and
education campaigns. These can play a major role in
changing stakeholders’ perceptions of air quality and
encouraging them to contribute to, and be involved in,
improving air quality. The UQAM study concluded
that there is:

“ … a need for a flow of information on air quality
management between cities and countries, so that a
unified approach to meeting the needs of the Air Quality
Framework Directive can be achieved. Examples have
been cited which outline the need for co-ordination
and co-operation within agencies. One of the main
aspects of successful air quality management will be
inter  and intra co-operation. Once this has been
achieved, a coherent planning stage can be instigated.
A planning stage which is clear and accessible to those
outside the local authority must be produced. This in
turn will be the basis for  the essential next step –
involving the wider community in air  quality
management.”

The UQAM study was followed by the Air Action
project entitled “Achieving Change Locally”, the final
report of  the study was published in June 2000
(Eurocities,  2000).  The aim of the study was to
develop local air quality action plans in collaboration
with business partners with an emphasis on land use
and transport issues. The study examined the action
plans undertaken in Bratislava (Slovakia), Helsinki
(Finland) and Sheffield (UK) and concluded that the
road transport culture is the prime cause of poor air
quality in all three countries. It recommended that the
inappropriate use of motor vehicles should be tackled
by city authorities working together with other cities
and countries to develop affordable, attractive and
accessible alternatives to the private car. Decisions on
appropriate use of transport should be made at the
local level in consultation with a wide range of
stakeholders. The policies of transportation, land use,
planning, economic regeneration and air quality must
be integrated to ensure that separate policies and actions
are working in harmony in achieving common goals.
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Box 4.9  Air Quality Reporting in Canada

For more than 25 years the Quality of Air Index  (AQI) has provided real-time information on air quality in cities
across Canada. The Index has been used to convey messages about the impact of air pollutant data in a clear
and easily understood manner for the general public. The Canadian Federal Government published a guideline
document for the Index of the Quality of Air in 1996. Table 4.9.1 outlines the methods to report smog conditions.

The AQI ranges from 0-25 (“good”), 26-50 (“fair”), 51-100 (“poor”) and over 100 (“very poor”) and based on the
NAAQO levels (maximum desirable, maximum acceptable and maximum tolerable).

In some cases the AQI has been modified to suit regional conditions and pollutant sources and since 1993
some authorities which suffer sever smog problems have been issuing “smog advisories” when levels are
expected to exceed 82 ppb concentration of O3. Table 4.9.2 summarises the different methods used to report
current and impeding smog conditions across Canada (Environment Canada, 2002).

Table 4.9.1 Methods to report smog conditions

Air Quality Index Readings In most urban centres, an AQI reading is issued by the province or local municipality
to provide daily readings on various air pollutants.

Smog Alert (also referred to as an Air Quality Advisory)

Federal, provincial and municipal governments issue advisories or alerts in some
smog-prone Canadian communities. These advisories are issued only if high
levels of O3 are expected to occur within the following 24 hours (i.e. a “poor” index
value reading) or if conditions are currently in the poor range.

Smog Watch The government of Ontario issues a Smog Watch when there is a predicted 50 per
cent chance that smog conditions will occur within the next three days.

Smog Termination Notice In some provinces, including Ontario, a smog termination notice is issued following
a smog advisory when the weather changes and O3 concentrations decrease to
the “good” range levels.

Source: Pollution Probe (2002)
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Table 4.9.2 Air Quality Index for Selected Canadian Cities, 1990-1995

Notes:

In order to calculate an index, complete data for ozone and total suspended particulate matter are the
minimum requirement.

1. Air pollution measurements were obtained from the National Air Pollution Surveillance Network.

2. Index of the quality of air converts air pollutant data for SO2, NO2, CO, O3 (ozone) and total suspended
particulate matter to a common scale. The index is expressed as the number of days of poor-, fair- and
good-quality air.

3. The values in the table represent city averages (from all index sites), normalized for 365 days (366
days for 1992).

Source: Statistics Canada (2000)

Air Quality Index1,2 for Selected Cities, 1990-1995 

City/Air quality index 1990 1991 1992 1993 1994 1995 

 Number of days3 

Montréal, Que.       

   Poor 3 4 6 3 3 5 

   Fair 75 59 66 59 54 95 

   Good 287 303 294 303 308 265 

Québec, Que.       

   Poor - - 7 - 1 .. 

   Fair 52 72 72 70 42 .. 

   Good 313 293 287 295 322 .. 

Ottawa, Ont.       

   Poor 1 4 4 9 3 3 

   Fair 65 50 59 48 48 53 

   Good 299 310 303 308 314 309 

Toronto, Ont.       

   Poor 16 29 9 12 14 14 

   Fair 136 155 89 110 168 183 

   Good 213 181 268 243 183 169 

Winnipeg, Man.       

   Poor 15 23 13 3 - 7 

   Fair 103 68 48 53 267 69 

   Good 247 274 305 309 298 289 

Regina, Sask.       

   Poor 19 - 19 6 - - 

   Fair 102 58 55 43 59 43 

   Good 244 307 292 315 306 322 

Edmonton, Alta.       

   Poor - 14 15 12 18 14 

   Fair 158 117 152 136 135 82 

   Good 207 234 200 216 213 270 

Vancouver, B.C.       

   Poor 2 7 - - 1 - 

   Fair 37 39 26 32 12 8 
   Good 326 319 340 333 352 357 
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Box 4.10  Air Quality Management Areas in the UK

Air Quality Management (AQM) is a process which is being used in the UK and Europe to address air quality
issues currently experienced in large urban conurbations. The emphasis of the AQM is on an integrated
approach and the importance of action at the local scale. The AQM process implemented by UK local government
has been considered as providing an effective model for other European Member States to adopt in relation to
the implementation of the EU Air Quality Framework Directive (Beattie et al, 2001) .

Air pollution legislation in the UK was previously reactionary and addressed specific air pollution problems as
they were experienced. The 1956 and 1968 Clean Air Acts were developed in a response to the problems of
black smoke and sulphur dioxide that were primarily from domestic heating. The introduction of smoke control
areas significantly improved urban air quality in the UK.

Nowadays, air pollutant emissions come from a variety of sources operating over different temporal scales and
spatial areas with emissions from the transport sector posing a significant threat to urban air quality. The UK
Government now addresses the problem of air pollution in a more holistic way through the adoption of legislation
based on a human health effects-based approach. The approach is founded on scienti fic assessment of
pollution impacts, the derivation of standards that protect human health; and implementation through targeted
action that assess the benefits and associated costs (DoE, 1997) .

The 1995 Environment Act required a nation-wide system of local air quality management in which local
authorities are obliged to review and assess the air quality in their areas and to take action where air quality
standards are exceeded or at risk of being exceeded. Where predictions indicate exceedences of specific
pollutant objectives, local authorities are required to designate Air Quality Management Areas (AQMAs) and
prepare actions plans to deliver improved air quality.

For the first time in England, local government is required to consider issues of air pollution and air quality in a
more co-ordinated approach. The main challenge is to integrate solutions into existing policy requirements via
the use of transport plans, land use plans, economic development plans and sustainable development plans
(Beattie et al, 2001).

The 1997 UK National Air Quality Strategy (NAQS) (DoE, 1997)sets out policies for managing ambient air
quality as required under the 1995 Environment Act. The Strategy provided a national framework of health-
based air pollution standards for eight specific pollutants based upon the recommendations of the Government’s
Expert Panel on Air Quality Standards (EPAQS) (see Table 4.9.1). Objectives for improving ambient air quality
set out the degree of compliance with each standard to be achieved by the year 2005. The strategy was
reviewed and a second edition of the strategy, which was published in 2000, takes account of a number of
developments since the publication of the original strategy including the EU first ambient air quality Directive
(DETR, 2000c). The Figure 4.10.1 below outlines the UK AQM Process. The government recommends that
local authorities undertake a phased approach to a review and assessment of air quality involving three stages
(DETR, 2000d):

Table 4.10.1 UK Air Quality Objectives

 
Pollutant 

UK Air Quality 
Objective Concentration 

 
Measured as 

 
To be achieved by 

Benzene 16.25 µg/m3 Annual mean 31 December 2003 
1,3-Butadiene 2.25 µg/m3 Annual mean 31 December 2003 

Carbon monoxide 11.6 mg/ m3 8 hour mean 31 December 2003 

Lead 0.5 µg/m3 Annual mean 31 December 2004 
 0.25 µg/m3 Annual mean 31 December 2008 

Nitrogen dioxide 200 µg/m3 

Not be exceeded more than 18 times a year 
1 hour mean 31 December 2005 

 40 µg/m3 Annual mean 31 December 2005 

Particles (PM10) 50 µg/m3 

Not be exceeded more than 35 times a year 
24 hour mean 31 December 2004 

 40 µg/m3 Annual mean 31 December 2004 
Sulphur dioxide 350 µg/m3 

Not be exceeded more than 24 times a year 
1 hour mean 31 December 2004 

 125 µg/m3 

Not be exceeded more than 3 times a year 
24 hour mean 31 December 2004 

 266 µg/m3 

Not be exceeded more than 35 times a year 
 

15 minute mean 
 

31 December 2005 
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1. First stage review and assessment

Local authorities are required to undertake a review and assessment of all pollutants set out in the regulations.
This requires collating information on any significant existing or proposed source of pollutants within its area.
It should consider what levels of pollutants to which people might be exposed over the averaging period of the
appropriate air quality objective at a relevant location. The authority should include significant sources outside
its area which could lead to an air quality objective within its area not being met.

2. Second stage review and assessment

The aim of the second stage is to screen pollutant concentrations further. The authority is required to assess
the risk of an air quality objective not being met on time in the areas which were identified in the first stage as
having the highest concentrations of pol lutants. The local authority is requi red to  estimate ground level
concentrations of the relevant pollutants for these areas at a combination of roadside and/or industrial and/or
urban background locations.

3. Third stage review and assessment

The third  stage reviews and assesses those pollu tants which the first two stages revealed as posing a
significant risk of not meeting the air quality objective by the relevant deadline. The authority is expected to
undertake an accurate and detailed review and assessment of current and future air quality. Local authorities
must predict whether they are unlikely to achieve an air quality objective on time at a relevant location.

If air quality objectives are unlikely to be met on time, the authorities can then declare an AQMA for which the
boundaries of the area wil l need to be defined. Before an AQMA is designated, a consultation process is
normally undertaken with relevant stakeholders. An action plan for the AQMA will need to be devised, which may
affect a much wider area than the AQMA if air quality objectives in the designated area are to be met. The action
plan will require the joint action of neighbouring authorities if it is to be successful and all stakeholders are
normally required to be consulted (DETR, 2000e).

The UK NAQS addresses air quality through national measures and local initiatives. Local action is required to
deal with pollution hotspots that cannot be dealt with effectively through national measures. However, it is
difficult to differentiate between air quality improvements which are a direct result from the review and assessment
procedure undertaken at the local scale and those improvements that are derived from national policy measures
or international initiatives. The success of national measures can therefore be judged by the number of local
authorities designating AQMAs. Beattie et al. (2001) undertook a questionnaire survey of UK local authorities
and discovered that in 1999 43 per cent of urban authorities envisaged declaring AQMAs and 38 per cent were
still unsure about their actions, suggesting that the final number of AQMAs may be higher. Only when the
measures outlined in the action plans are implemented will it be possible to assess whether ambient air
quality in the areas which are currently exceeding objectives, or predicted to exceed the objectives, will be
improved to levels of acceptable human health.
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4.4 Learning From the
Experience of Other
Countries

4.4.1 Learning From Other City
Experiences

A number of  megacities and large conurbations
throughout the world have adopted similar measures
to those used in Europe and North America as well as
developing their own unique methods to deal with air
quality management and the causes of poor air quality
such as transport.

Curitiba in Brazil is a city of approximately 1.6
million residents which has grown fourfold in the last
thirty years. Unlike many large conurbations throughout
the world, Curitiba has not suffered the poor quality

of life associated with growth in motor vehicle use.
Instead, it has developed a public transport system
that provides residents with access to jobs, homes,
recreation and other elements of the urban community
by implementing small improvements guided by a long-
term transport plan. Public transport in Curitiba now
provides a high quality service at a low cost with
reduced travel times. Curitiba’s buses attract more
passengers per operating kilometre than in any other
Brazilian city. The result has been less traffic
congestion, reduced pollutant emissions and substantial
fuel savings of approximately 27 million litres of fuel
per year (Rabinovitch and Hoehn, 1995).

The City of Bogotá in Colombia is a fast growing
city of approximately 7 million people and is considered
to be the fifth most polluted city in Latin America after
México City, Santiago, São Paulo and Rio de Janeiro.
8  The cause of poor air quality is increasing motor
vehicle use. However, Bogotá is just one country that

Box 4.10 contd.

Figure 4.10.1 The UK AQM process
Source: Beattie et al. (2001)
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has adopted similar measures used in Europe to develop
a new model to deal with transport and mobility, with
the aim to create a highly participatory process and a
genuinely sustainable transportation system, which
serves the multiple objectives of economic viability,
quality of life, environmental integrity and social justice.
The city decided that the transportation system of
Bogotá should be for people rather than cars and to
achieve this goal the city authority has developed a
programme to take away street and other urban space
consistently and strategically from private cars and to
transfer it to better and more productive uses. The
programme includes the following measures:
l parking control and constraint;
l successful even/odd number plate car restraint

days;
l traffic calming measures and pedestrianised areas;
l construction of more than 200 km of bicycle

paths;
l provision of high capacity fine mesh network for

public transport offering high speed service over
the metropolitan region;

l renewal of public transport fleet to reduce noise
and air pollutant emissions; and

l a Car Free Day.

On 24 March 2000 Bogotá held a Car Free Day
similar to those held in European cities of Amsterdam
and Bologna. The day required one month of planning,
consultation, preparations and media campaigns under
the direction of the office of the Mayor of Bogotá,
with the cooperation of concerned local, regional and
national organisations. Between 6.30 in the morning
and 19.30 in the evening an estimated 800,000 private
cars stayed at home which had a number of benefits
for the city. On the day people moved around by a
combination of walking, skating, running, cycling and
other two–wheel transport and public transport,
including 55,000 taxis and approximately 25,000 small
buses. More that 250 km of special paths were reserved
for bicycle use on the day. The Car Free Day resulted
in a reduction in :
l traffic accidents – with only 27 accidents being

reported compared to a daily average of 100;
l traff ic deaths –  with no deaths occurring

compared to a daily average of 2-3 deaths caused
by road traffic accident;

l traffic injuries – 28 reported injuries of which 8
were slight accidents involving cyclists compared
to an average day of 70-80;

l vehicle emission –  with a 20 to 30 per cent decrease
in vehicle exhaust emissions. There was an 8 per
cent reduction in NO

x
 emissions, a 22 per cent

reduction in CO and a 21 per cent reduction in PM.

4.4.2 Learning from Europe and
North  America

European and North American countries have achieved
significant improvements in urban air quality over the
past four decades. The main factors which have
influenced the improvement of urban air quality have
been due to inter alia, the following factors:

(a) Enactment and enforcement of international,
regional, national and local emission and air quality
regulations e.g. EU Air Quality Framework
Directives, UN/ECE Long-range Transport of Air
Pollution Convention and the North American
Ozone Annex.

(b) Structural changes in the economy, for example,
a decline in heavy industry and a move to a service
sector economy which is less polluting.

(c) Technological advances which have increased
energy eff iciency and/or reduced pollutant
emissions have begun to decouple energy use and
economic growth e.g. catalytic converters, flue
gas desulphurisation units.

(d) Increased defensive expenditure which represent
the costs of positive action to protect society from
some or all of the impacts of economic growth.
As the economic growth has increased so have
the levels of investment in air pollution control and
abatement.

The general approach to improving urban air quality
is to control the emissions from the main polluting
sectors. For the transport sector this has included
measures to reduce motor vehicles emissions, improve
fuel quality, transport and traff ic management to
control travel demand and reduce the need to travel.
For the industrial sector, integrated pollution control
has required that all emissions from the industrial plants
to air, water and land must be considered together.
The overall environmental performance must be taken
into account including issues such as the generation
of waste, use of raw materials, energy efficiency,
noise, prevention of accidents, risk management, etc.
Pollution Permits are based on the concept of Best
Available Technique, which in some cases may mean
quite radical and costly environmental improvements.

The European Commission has identified seven
key issues which it recommends that existing and
prospective Member States of the EU should implement
in order to improve urban air quality. These key issues
address action to be taken at both the national and
local level and are applicable to other countries outside
Europe that need to address the problem of
deteriorating urban air quality (EC, 2000):
1. air quality management and regulation should be
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effectively integrated with that of  other
environmental sectors (e.g.  water, noise and
waste) ,  preferably throughout a single
environmental protection agency and a single legal
instrument;

2. quality assured assessment of ambient air quality
should be undertaken before formulating a strategy
for air  quality improvements,  compiling an
inventory of emissions and mapping emissions;

3. a comprehensive air quality management strategy
should be drawn up to improve and maintain air
quality, addressing all issues of concern and
focusing on issues of immediate concern in terms
of complying with air quality criteria;

4. arrangements should be put in place for effective
public participation and the involvement of interest
groups which have a significant role or function
to perform in relation to air quality management;

5. adequate provision should be made for monitoring,
regulation and enforcement of  legislation,
regulations, permits and licences. In particular,
sufficient human and technical resources need to
be allocated to enable all functions to be properly
performed;

6. record keeping and reporting should be performed
to meet the requirements of air quality standards
and guidelines and to inform the public; and

7. air quality management plans should be regularly
reviewed and updated to ensure that they remain
relevant to the key issues of concern.

The use of air quality management areas and zoning
of industrial sectors is just one way to address poor
air quality hotspots and to develop appropriate action
which requires the integration of policies on transport,
land use and industrial location. Although it is too early
to determine the success of these zones in improving
air quality, it does provide a more focused approach
in addressing particular air  quality problems and
bringing about the associated health benefits for certain
parts of the city.

Air quality information should be used not only
for reporting but to educate and encourage a range of
different stakeholders to participate and engage in air
quality management initiatives.

Road transport continues to pose the greatest
threat to achieving and maintaining good urban air
quality. In cities that have a poorly maintained vehicle
stock and less stringent emission standards, pollution
from motor vehicles is a significant threat to human
health. A wide range of measures can be taken by city
authorities to reduce the use of the motor vehicle and
encourage the use of less polluting modes of transport

which result in improvements in air quality. The
integration of public transport and land use is important
in reducing the need for travel. Measures such as travel
plans have been used to encourage private and public
employers to take responsibility for the way their
employees travel to work.

A number of European networks have been
established to address a range of issues related to the
city. These networks aim to foster a spirit of cooperation
and exchange of information and best practice between
cities which are addressing similar issues in urban air
quality management, but which have different economic,
political and cultural backgrounds.9

4.5 Conclusion

A number of measures from the recent experience of
air quality management in Europe and North America
have been identified in this chapter which could be
adapted to suit the needs of other countries throughout
the world and the large conurbations and megacities
in Asia where similar problems of poor air quality are
being experienced. Measures taken in Europe and North
America to improve air quality have included air quality
zones in certain parts of the city, regular monitoring
of air quality and the provision of information to the
public on air quality as well as specific measures
directed at the control and use of motor vehicles.
Lessons in urban air quality management can be learnt
not only from the European and North American
experience but also from other megacities  which are
also pioneering new ways and policies to improve urban
air quality and to address its causes.

Improvements in urban air quality require the
cooperation of the stakeholders involved and the
exchange of best practice. Networks provide one way
of encouraging this cooperation and the exchange of
information on air quality management among different
cities and countries can enable the development of a
unified and regional approach to address urban air
pollution issues in Asia.

F oo tn o te s
1 Annual concentrations  represent a composite average.

Particles smaller than 75 micrometers.
2 EU member states plus Iceland, Liechtenstein and Norway.
3 These limites should be reached by 2005; more stirngent limit

values will be dependent on a review in 2003-2004.
4 The Phare programme is one of the three pre-accession

instruments financed by the EC to ass is t the applicant
countries of central Europe in their preparations for joining
the European Union.
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5 Poland, Bulgaria, Hungary, Lithuania, Latvia, Estonia, Czech
Republic, Romania, Slovakia and Slovenia, Albania, Bosnia
and Former Yugoslav Republic of Macedonia (FYROM).

6 ‘AOT 60’ means the sum of the difference between hourly
concentrations of ground-level O3 greater than 120 µg/m3

(=60 ppb) and 120 µg/m3 accumulated throughout the year.
7 Visit www.alter-europe.org.uk for more information on the

ALTER project.
8 see: www.ecoplan.org
9 see: www.sustainable-cities.org; www.who.dk/health-cities;

http://www.carfreecities.org/; http://www.eurocities.org/;
http://www.alter-europe.org.uk/
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5

Summary and Conclusions

The twelve major and mega cities examined in this
study share, to varying degrees, features that render a
significant threat to their populations from air pollution.
These cities have extremely large population numbers
and are extensive settlements encompassing areas of
extremely high population density. Industrial activity,
traffic volumes, the density of residential and
commercial development, as well as specific prevailing
geographical conditions, have led to an intensification
of air pollution problems that have acute and chronic
detrimental effects on human health through the
degradation of both outdoor and indoor atmospheric
environments. The management of these air pollution
problems also poses huge financial,  technical and
logistical problems for urban and national authorities.
Furthermore, current trends in urbanisation do not
suggest that there will be any rapid abatement in the
problems posed.

In order to arrive at conclusions from this study,
a logical framework as the basis for further action is
required. This will form the basis of any improvements
in atmospheric conditions, and human health and well-
being, through technical and managerial support and
strengthened capacities to deal with the problems.

5.1 A Logical Framework for
Urban Air Quality
Management

A useful framework for management of urban air
pollution is the classic Driving force – Pressure – State
– Impact – Response (DPSIR) framework (EEA, 1999)
(See Figure 5.1) . Specifically targeted economic
instruments have strong direct (e.g. environmental
taxes and subsidies) and indirect (e.g. prices and costs
of raw materials and products) effects on the pollution
system, and its abatement. Those cities within the
study with the highest level of economic development
are those that appear to control air pollution most
successfully through regulation and defensive

expenditures.
The use of the DPSIR framework to examine air

quality management (AQM) in Asian cities
demonstrates the common problems and differences
that the twelve cities examined in this study are
currently experiencing. The driving forces are the same
for nearly of all of the cities - the rapid growth in
population accompanied by the expansion of the
transport and industry sectors. These two sectors are
the main catalysts of  economic growth and
development within Asia. However, the extent and
intensity of the pressure of these sectors varies with
each city and is dependent on the city’s level of
economic activity. The emissions of air pollutants from
these sectors are similar but reflect the dominance of
each sector within the city.

The main differences between the cities is in the
state of current air quality and the response taken by
national and local government in addressing urban air
quality issues.

The state of air  quality is ref lected in the
sophistication and coverage of air quality monitoring
systems and the degree of exceedence of WHO air
quality guidelines (WHO 2000; WHO 1987) or national
standards. Those cities which have a relatively
extensive air quality monitoring can measure the
exceedence of air quality guidelines for up to three
pollutants.

The response of national and local government to
manage the air quality again vary from city to city and
range from using CNG and LPG powered buses to
banning 2-stroke 3-wheelers.

5.2 Stages of Urban Air
Pollution in Asian Cities

Although air pollution problems in relation to levels of
development is a continuous relationship, the cities in
general can be divided into five broad groups based
on the severity of their urban air pollution problem
(see Chapter 3):
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Stage 0 Pre-problem stage
Stage I Moderate and increasing levels of air

pollution
Stage II High but stabilising levels of air pollution
Stage III High to moderate and decreasing levels of

 air pollution
Stage IV Low and decreasing levels of air pollution

Stage 0 – Pre-problem stage
Before industrial development, the main source of air
pollution was from the domestic sector and light
industry. None of the Asian cities examined in this
study are currently at this stage.

Stage I – Moderate and increasing levels of air
pollution
With increased industrialisation,  urbanisation and
demand for transport, air quality begins to worsen.
The use of coal and other high-sulphur fuels is the
norm and leaded gasoline is used in the transport
sector. Management of air quality is rudimentary with
little or no systematic air quality monitoring. Control
of air emissions is minimal causing rising levels of
pollutants such as SO

2
, SPM and Pb. Some pollutants

frequently exceed WHO guidelines. Impacts on the
health and the environment are becoming apparent and
worsening.

Stage II – High but stabilising levels of air pollution
Levels of air pollution are high due to emissions from
heating facilities, electrical generators, vehicles
(including two-stroke vehicles) and small, medium and
large-scale industrial boilers. Concentrations of many
pollutants (SO

2,
 TSP, CO, HC, NO

x 
and O

3
) regularly

exceed WHO guideline values (WHO 2000; WHO 1987
for TSP) and the impacts are widespread and severe.
Rising concerns stimulate increasing efforts to manage
air quality by monitoring air quality and controlling air
pollutant emission sources.

Stage III – High to moderate and decreasing levels
of air pollution
Concentrations of many air pollutants are decreasing
as a result of efficient air quality management systems.
Reduced emissions have been achieved through the
implementation of various control measures (such as
switching to cleaner fuels in industry and transport,
and the testing and enforcement of stringent emission
and fuel standards), public awareness campaigns and
the development of more efficient public transport
systems. However, adverse impacts are still evident
due to photochemical smogs and concentrations of
TSP, NO

x
 and O

3
 still frequently exceeding standards.

Figure 5.1 The DPSIR Framework
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Stage IV –Low and decreasing levels of air pollution
Levels of air pollution are low and decreasing, air quality
is generally acceptable and acute adverse health
episodes are seldom experience. This has been achieved
by having comprehensive and efficient air quality
management systems and vigorous implementation
policies. Practices and standards commonly found in
air pollution management regimes in the Europe and
North America are in place (see Chapter 4).

5.3 Characterisation of
Emissions for Major and
Mega Cities of Asia
According to the AMIS
Database

Using the AMIS (Air Management Information
System) database it possible to calculate the average
concentrations for selected pollutants over  a defined
period. The data in AMIS are only available for 1990–
1999 and only include eight out of the twelve cities
covered in this benchmark report. Figure 5.2 shows
that Beijing,  Bangkok,  Kolkata,  Chongquing,
Guangzhou, Mumbai, New Delhi and Shanghai
experience high average concentrations of SPM with
New Delhi experiencing the highest concentration of
more than 400 µg/m3. In general, concentrations of

SPM are approximately double the concentrations of
PM

10. 
PM

10
 is therefore relatively low in comparison

with SPM, with Kolkata, Hong Kong, Mumbai, New
Delhi, Seoul and Busan experiencing levels of PM

10

above 50 µg/m3. However, not all cities have the
capability to monitor PM

10
.

The AMIS data are also presented in Table 5.1.
Although the evolution of air pollution problems in
relation to a city’s level of development is on a
continuous scale, cities can be clustered according
to their stage in the development of urban air pollution
problems (see Figure 3.2; Chapter 3 ).  The
concentration of PM10 provides a suitable indicator
for the extent of air pollution problems in each city
as this poses a significant threat to  human health
and usually reflects the general level of AQM within
the city1. The cities have therefore been grouped
according to the extent of their exceedence of the
US EPA National Air Quality Standards for PM10

(50 µg/m3) (see note b below Table 5.1) and whether
a city’s PM10 or SPM levels reported in the AMIS
database are increasing, stabilizing or decreasing.
For the purposes of this analysis, where PM10 data
are absent, PM10 concentrations were estimated as
half the SPM concentrations.

Figure 5.2  Average annual pollution concentrations (1990-1999) by city from the
AMIS database.
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Table 5.1  Annual average air pollutant concentrations a in selected Asian cities (1990–1999)

 
City      

 
SO2 

µg/m3  

 
NO2 

µg/m3  

 
SPM 
µg/m3 

 
PM10 
µg/m3 

 
Year of data 

 
Air Quality trend for 

PM10
b 

Stage of air 
pollution  

development 

Bangkok 14  32  220 NA 1990–1995 High but stable II 

Beijing 96  NA 378 NA 1990–1994 High but stable II 

Kolkata 38  32  388 234 1990–1997 High but stable II 

Chongqing 281  53  394 NA 1990–1994 High but stable II 

Guangzhou 57  NA 248 NA 1990–1994 High but stable II 

Hong Kong 20  59 94 59 1990–1998 Medium and 
decreasing 

III 

Metro Manila 30  NA 192 NA 1990–1999 Medium but stable II 

Mumbai 29  32  254 122 1990–1997 High but stable II 

New Delhi 26  49  481 227 1990–1997 Very high but 
decreasing 

III 

Osaka 22  64  NA 46 1990–1994 Low and stable IV 

Seoul 64  66  103 66c 1990–1998 Medium and 
decreasing 

III 

Busan 71  49  101 57c 1990–1998 Medium and 
decreasing 

III 

Shanghai 79  NA 250 NA 1990–1994 High but stable II 

Taipei 9  54  NA 44 1999 Low  IV 

Tokyo 21  66  NA 48 1990–1995 Low and decreasing IV 

Average 
concentration 

57  51  258 100 - - - 

WHO guidelines 
(annual average) 

50  40 
 

60-90 No 
specific 
guideline 

- - - 

 

No te s:
a The concentrati ons  are annual ave rages for industr i al , c ommercial  and re sidentia l areas.
b Where  there are  no PM

10
 data, i t is assumed that PM

10
 le ve l s are  hal f the  SPM le vel s for  the purpose s of the

c lassi fi ca ti on as:
‘High’ = more  than twi ce the US EPA  standard for PM

10
 of 50 µg/m 3 .

‘Medium’ = ave rage annual PM
10

 concentration e xceeded US EPA standard by  up to a fac tor  of 2.

‘Low’ = ave rage  annual PM
10

 concentrati on le ss than the  US EPA standard.
c The concentration of PM

10
 for Seoul and Busan i s based on the data after  1995.

NA: data are not avai lab le .
Source: WHO AMIS D/B (2001).

Table  5.2 summar i se s the  AQM, ac cording to the  DPSIR framework, for  the  ele ven c it ie s cove red in thi s report.
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 B a n g k o k 

 

B e i j i n g  

 

B u s a n   

 

 

D r i v i n g  

f o r c e  

I n c r e a s i n g  d e m a n d  f o r  

t r a n s p o r t a t i o n  –  v e h i c l e  

p o p u l a t i o n  i n c r e a s i n g  b y  a n  

a v e r a g e  o f  3 0 0 , 0 0 0  v e h i c l e s  p e r  

y e a r  s i n c e  1 9 9 0 . 

G r o w t h  i n  e c o n o m y  o f  1 0 %  p e r  

y e a r  f r o m  1 9 9 6 – 2 0 0 0  l e a d i n g  t o  

g r o w t h  i n  i n d u s t r y  a n d  

i n c r e a s i n g  d e m a n d  f o r  p r i v a t e  

v e h i c u l a r  t r a n s p o r t 

I n c r e a s i n g  d e m a n d  f o r  

t r a n s p o r t a t i o n  –  v e h i c l e  

p o p u l a t i o n  i n c r e a s i n g  b y  2 2  p e r  

c e n t  p e r  y e a r  s i n c e  1 9 8 9  a n d  

s t o o d  a t  8 6 2 , 6 9 9  i n  2 0 0 1 .  

 

P r e s s u r e  

E m i s s i o n s  o f  a i r  p o l l u t a n t s  f r o m  

v e h i c l e s  ( e s p e c i a l l y  P M 10,  C O ,  

N O x a n d  H C ) . 

E m i s s i o n s  o f  a i r  p o l l u t a n t s  f r o m  

v e h i c l e s  ( P M ,  C O ,  N O x,  S O 2,  H C  

a n d  P b )  a n d  i n d u s t r y  ( S O2)   

E m i s s i o n s  o f  a i r  p o l l u t a n t s  f r o m  

v e h i c l e s  ( P M ,  C O ,  N O x  a n d  

H C ) .   

 

S ta te   

S o m e  e x c e e d e n c e  o f  a i r  q u a l i t y  

s t a n d a r d s  f o r  T S P ,  C O  a n d  O 3, 

p a r t i c u l a r l y  a t  r o a d s i d e  s i t e s . 

F r e q u e n t  e x c e e d e n c e  o f  a i r  

q u a l i t y  s t a n d a r d s  f o r  T S P ,  S O2,  

N O x a n d  O 3 

S o m e  e x c e e d e n c e  o f  a i r  q u a l i t y  

s t a n d a r d s  f o r  P M 10 ,  a n d  O 3 

 

I m p a c t 

R e s p i r a t o r y  a n d  c a r d i o v a s c u l a r  

d i s e a s e s  i n  t h e  p o p u l a t i o n  

e s p e c i a l l y  t h o s e  l i v i n g  o r  w o r k i n g  

n e a r  b u s y  r o a d s .  C a s e s  o f  t h r o a t  

i r r i t a t i o n  a s  h i g h  a s  6 0 %  i n  t h e  

g e n e r a l  B a n g k o k  p o p u l a t i o n .   

C h r o n ic  o b s t r u c t i v e  p u l m o n a r y  

d i s e a s e  a n d  c h r o n i c  b r o n c h i t i s .  

B l o o d - P b  l e v e l s  i n  c h i l d r e n  8 0 %  

h i g h e r  t h a n  l e v e l s  c o n s i d e r e d  

d a n g e r o u s .   

N o  s t u d i e s  t h a t  h a v e  e x a m i n e d  

t h e  i m p a c t s  o f  a i r  p o l l u t i o n  i n  

B u s a n  w e r e  m a d e  a v a i l a b l e . 

 

R e s p o n s e  

S e t t i n g  a n d  e n f o r c e m e n t  o f  

a m b i e n t  a i r  q u a l i t y  s t a n d a r d s , f u e l  

q u a l i t y  s t a n d a r d s  a n d  s t r i n g e n t  

v e h i c l e  e m i s s i o n s  s t a n d a r d s  

( e q u i v a l e n t  t o  E U  s t a n d a r d s  f o r  

l i g h t  d u t y  v e h i c l e s  a n d  h e a v y  d u t y  

d i e s e l  v e h i c l e s ;  a n d  T a i w a n ’ s  

s t a n d a r d s  f o r  m o t o r c y c l e s  –  t h e  

w o r l d ’ s  m o s t  s t r i n g e n t ) . 

D e v e lo p m e n t  o f  m a s s  t r a n s i t  

p r o j e c t s ,  p a r t i c u l a r l y  r a i l  

t r a n s p o r t  s y s t e m s . 

R e g u l a t i o n  o f  s t a t i o n a r y  a n d  

m o b i l e  s o u r c e s  o f  a i r  p o l l u t i o n  

i n c l u d i n g  s t r i c t  e m i s s i o n  

s t a n d a r d s .  P r o h i b i t i o n  o f  l e a d e d  

g a s o l i n e  i n  2 0 0 0 .  C o n v e r s i o n  o f  

b u s e s  a n d  t a x i s  t o  L P G  o r  C N G .  

Pla n s  t o  r e d u c e  e m i s s i o n s  ( S O2 

b y  4 0 % ,  N O x b y  3 3 %  a n d  P M  b y  

3 4 % )  f r o m  2 0 0 2- 2 0 0 7  c o n t a i n e d  

i n  r e c e n t l y  p a s s e d  “ P r e v e n t i o n  o f  

A t m o s p h e r i c  P o l l u t i o n  o f  B e i j i n g ,  

2 0 0 2 ” 

A s s e s s m e n t  o f  a i r  q u a l i t y  

a c c o r d i n g  t o  R e p u b l i c  o f  K o r e a  

n a t i o n a l  s t a n d a r d s .  E x p a n s i o n  o f  

c l e a n  f u e l  s u p p l y ;  

i m p l e m e n t a t i o n  o f  S O2 c o n t r o l  

m e a s u r e s ,  m a n d a t o r y  

i n s t a l l a t i o n  o f  c a t a l y t i c  

c o n v e r t e r s  o n  c a r s  a n d  t h e  

o p e r a t i o n  o f  e n v i r o n m e n t  

v i g i l a n t e . 

 

Table 5.2 Summary of AQM in the  eleven ci ties  covered in this report according to the  DPS IR framework
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 C h o n g q i n g  D h a k a  

 

H o n g  K o n g 

 

D r i v i n g  

f o r c e  

C o n t i n u e d  c o a l  c o m b u s t i o n  i n  

i n d u s t r y .  R e c e n t  r a p i d  g r o w t h  i n  

t r a n s p o r t  a n d  c o n s t r u c t i o n  

s e c t o r s .   

H i g h  a n d  i n c r e a s i n g  d e m a n d  f o r  

t r a n s p o r t a t i o n  e s p e c i a l l y  h i g h l y  

p o l l u t i n g  2 - s t r o k e s  ( a u t o -

r i c k s h a w s ,  a u t o - t e m p o s ,  a n d  

m o t o r c y c l e s ) 

I n c r e a s i n g  d e m a n d  f o r  

t r a n s p o r t a t i o n  c o u p l e d  w i t h  v e r y  

h i g h  d e n s i t y  o f  t r a f f i c  ( 2 7 5  

l i c e n s e d  v e h i c l e s  f o r  e v e r y  

k i l o m e t r e  o f  r o a d ) .   

 

P r e s s u r e  

E m i s s i o n s  o f  S O2 f r o m  c o a l- f i r e d  

b o i l e r s ,  d u s t  f r o m  c o n s t r u c t i o n  

i n d u s t r y ,  t r a n s p o r t  e m i s s i o n s  

s u c h  a s  P M  a n d  N O x.  

E m i s s i o n s  o f  a i r  p o l l u t a n t s  f r o m  

v e h i c l e s  ( e s p e c i a l l y  P M ,  S O2, 
P b ,  N O x a n d  H C )  

E x h a u s t  e m i s s i o n s  f r o m  v e h i c l e s  

e s p e c i a l l y  t h o s e  f r o m  d i e s e l  

e n g i n e s  ( P M  a n d  N O 2)  

c o m b i n e d  w i t h  i n h i b i t e d  p o l l u t a n t  

d i s p e r s i o n  r e s u l t i n g  f r o m  t h e  

m a n y  h i g h - r i s e  b u i l d i n g s  a n d  

s u r r o u n d i n g  h i l l s .   

 

S ta te   

F r e q u e n t  e x c e e d e n c e  o f  a i r  

q u a l i t y  s t a n d a r d s  f o r  S O 2,  T S P  

a n d  N O x i n  u r b a n  a m b i e n t  a i r  

w i t h  m u c h  h i g h e r  l e v e l s  o f  T S P  

a n d  N O x b y  r o a d s  .  

M o n i t o r i n g  i n f o r m a t i o n  l i m i t e d  

b u t  a m b i e n t  l e v e l s  o f  S P M ,  P b  

a n d  S O 2 f o u n d  t o  f a r  e x c e e d  

B a n g l a d e s h i  a n d  W H O  a i r  

q u a l i t y  s t a n d a r d s .  A l s o  e v i d e n c e  

t h a t  a m b i e n t  l e v e l s  o f  N O 2  a n d  

V O C  r e g u l a r l y  e x c e e d  

s t a n d a r d s .  

E x c e e d e n c e  o f  a i r  q u a l i t y  

s t a n d a r d s  f o r  T S P  a n d  N O x 

p a r t i c u l a r l y  a t  r o a d s i d e  s i t e s .  

I n c r e a s i n g  t r e n d  i n  O 3 

c o n c e n t r a t i o n s  -  u p  b y  8 0 %  o v e r  

p a s t  d e c a d e . 

 

I m p a c t 

U n k n o w n E s t i m a t e d  t h a t  D h a k a ’ s  a i r  

p o l l u t i o n  a n n u a l ly  c a u s e s  1 0 , 8 0 0  

p r e m a t u r e  d e a t h s  a n d  6 . 5  m i l l i o n  

e x t r a  c a s e s  o f  s i c k n e s s  a t  a n  

e c o n o m i c  c o s t  o f  U S  $ 2 0 0 – 8 0 0  

m i l l i o n .  B l o o d - P b  l e v e l s  h i g h e r  

t h a n  m a x i m u m  t o l e r a b l e  l i m i t  i n  

a l l  t h o s e  s a m p l e d .   

C o r r e l a t i o n s  b e t w e e n  l e v e l s  o f  

N O x,  S O 2 ,  P M  a n d  O 3 a n d  

h o s p i t a l  a d m i s s i o n s  a n d  

m o r t a l i t i e s  f o r  r e s p i r a t o r y  a n d  

c a r d i o v a s c u l a r  d i s e a s e s .  

E c o n o m i c  c o s t  e s t i m a t e d  a t   

$ H K  3 , 8 4 1  m i l l i o n  p e r  a n n u m . 

 

R e s p o n s e  

F u e l  s w i t c h i n g  f r o m  c o a l  t o  

n a t u r a l  g a s  a n d  o i l  i n  i n d u s t r i a l  

b o i l e r s .  P r o m o t i o n  o f  c l e a n  

v e h i c l e s  ( e . g .  L P G  a n d  C N G -

f u e l l e d  v e h i c l e s )  t h r o u g h  C h i n a ’ s  

n e w l y  r e v i s e d  A i r  L a w  ( 2 0 0 0 )  

a n d  C l e a n  V e h i c l e  A c t i o n  

P r o g r a m m e . 

 

D e v e l o p m e n t  p a r t n e r s  s u p p o r t i n g  

p r o j e c t s  t o  b u i l d  c a p a c i t y  a n d  

a d d r e s s  t h e  d e t e r i o r a t i n g  a i r  

q u a l i t y .  I n  a  r e c e n t  r a d i c a l  m o v e  

b y  t h e  g o v e r n m e n t ,  a l l  2 - s t r o k e  3 -

w h e e l e r s  i n  D h a k a  h a v e  b e e n  

b a n n e d  a n d  w i l l  b e  r e p l a c e d  b y  

C N G - p o w e r e d  v e h i c l e s  b y  t h e  

e n d  o f  2 0 0 2 . 

 

E f f i c i e n t  a n d  c o m p r e h e n s i v e  a i r  

q u a l i t y  m o n i t o r i n g  n e t w o r k .  U s e  

o f  a n  A i r  P o l l u t i o n  I n d e x  t o  i n f o r m  

p u b l i c  a n d  r a i s e  a w a r e n e s s .  

L e g i s l a t i o n  t o  c o n t r o l  e m i s s i o n s  

f r o m  s t a t i o n a r y  a n d  m o b i l e  

s o u r c e s  i n c l u d i n g  s t r i n g e n t  

v e h i c l e  e m i s s i o n  a n d  f u e l  

s t a n d a r d s ,  i n s p e c t i o n  a n d  

e n f o r c e m e n t .  O v e r  7 5 %  o f  p e t r o l  

c a r s  h a v e  3 - w a y  c a t a l y t i c  

c o n v e r t e r s .  T r i a l  f o r  f u l l - s c a l e  

i n t r o d u c t i o n  o f  L P G  t a x i s  b e i n g  

c a r r i e d  o u t .  Ef f i c i e n t  m a s s  t r a n s i t  

( s u b w a y )  s y s t e m  i n  p l a c e . 
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1 0 4
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J a k a r t a   

 

 

K a t h m a n d u  

 

 

M u m b a i  

 

D r i v i n g  

f o r c e  

R a p i d  e c o n o m i c  g r o w t h ,  

u r b a n i s a t i o n  a n d  i n c r e a s e d  

d e m a n d  f o r  t r a n s p o r t a t i o n . 

R a p i d  u r b a n i s a t i o n  a n d  

i n d u s t r i a l i s a t i o n  c o u p l e d  w i t h  

p o o r l y  m a i n t a i n e d  v e h i c l e s  ( o v e r  

h a l f  a r e  h i g h l y  p o l l u t i n g  2 -

s t r o k e s )  a n d  a  g e n e r a l  l a c k  o f  

p u b l i c  a w a r e n e s s . 

I n d u s t r i a l i s a t i o n  a n d  i n c r e a s i n g  

d e m a n d  f o r  t r a n s p o r t a t i o n  -  i n  

1 9 9 7  t h e  t o t a l  n u m b e r  o f  

r e g i s t e r e d  m o t o r  v e h i c l e s  i n  

M u m b a i  w a s  8 0 0 , 0 0 0 

 

P r e s s u r e  

E m i s s i o n s  f r o m  p o w e r  

s t a t i o n s / i n d u s t r y  ( P M ,  S O2 a n d  

N O x) ,  a n d  t h e  t r a n s p o r t  s e c t o r  

( S O 2,  C O ,  H C ,  a n d  N O x) . 

E m i s s i o n s  o f  a i r  p o l l u t a n t s  f r o m  

c e m e n t  f a c t o r y  a n d  o v e r  3 0 0  

b r i c k  k i l n s  ( m a i n l y  P M  a n d  S O2)  

i n  K a t h m a n d u  V a l l e y ,  a n d  f r o m  

v e h i c l e s  a n d  o p e n - b u r n i n g  o f  

r e f u s e  i n  K a t h m a n d u  u r b a n  

z o n e . 

E m i s s i o n s  o f  P M  f r o m  i n d u s t r y ,  

r e - s u s p e n s i o n  o f  r o a d  d u s t ,  

r e f u s e  b u r n i n g ,  d o m e s t i c  f u e l-

w o o d  c o m b u s t i o n  a n d  d i e s e l  

v e h i c l e  e x h a u s t ;  S O2 f r o m  p o w e r  

p l a n t s  a n d  i n d u s t r y ;  N O x  f r o m  

v e h i c l e s  a n d  p o w e r  p l a n t s . 

 

S ta te   

T o t a l  H C s  e x c e e d  t h e  J a k a r t a  

s t a n d a r d  a t  a l l  s t a t i o n s .  A i r  

c o n c e n t r a t i o n s  o c c a s i o n a l l y  

e x c e e d e n c e   t h e  2 4 - h o u r  

a v e r a g e  T S P  s t a n d a r d  a n d  t h e  

a n n u a l  P M 10  s t a n d a r d . 

 

I n f o r m a t i o n  l i m i t e d .  A n  U R B A I R  

s t u d y  i n  1 9 9 6  f o u n d  5 0 %  o f  t h e  

p o p u l a t i o n  i s  e x p o s e d  t o  a  T S P  

c o n c e n t r a t i o n  a b o v e  t h e  W H O  

A i r  Q u a l i t y  G u i d e l i n e  ( 9 0  µg / m 3)  

a n d  4 %  a r e  e x p o s e d  t o  m o r e  

t h a n  t w i c e  t h e  W H O  g u i d e l i n e .  

N O  a n d  S O2 l e v e l s  a r e  b e l o w  

W H O  g u i d e l i n e s  a n d  r e p r e s e n t  

l i t t l e  r i s k  a t  p r e s e n t 

T S P  a p p r o x i m a t e l y  t h r e e  t i m e  

t h e  W H O  ( 1 9 7 9 )  a n n u a l  a v e r a g e  

g u i d e l i n e ;  o c c a s i o n a l v i o l a t i o n s  

o f  n a t i o n a l  a i r  q u a l i t y  s t a n d a r d s  

f o r  S O 2 a n d  N O 2.   

 

I m p a c t 

N o  i n f o r m a t i o n  f r o m  t h e  l o c a l  o r  

n a t i o n a l  g o v e r n m e n t  w a s  g i v e n . 

T h e  n u m b e r  o f  u r b a n  c h i l d r e n  

r e p o r t i n g  r e s p i r a t o r y - r e l a t e d  

c a s e s  w a s  h i g h e r  t h a n  t h e  

n u m b e r  o f  r u r a l  c h i l d r e n .  

R e s p i r a t o r y  i n f e c t i o n s  i n c r e a s e d  

f r o m  1 0 . 9 %  o f  t h e  t o t a l  o u t-

p a t i e n t  v i s i t s  i n  1 9 9 6  t o  1 1 . 6 %  i n  

1 9 9 8 . 

S t u d i e s  s h o w  r e l a t i v e l y  h i g h e r  

p r e v a l e n c e  o f  m o s t  r e s p i r a t o r y  

d i s e a s e s  i n  m o r e  h i g h l y  p o l l u t e d   

u r b a n  a r e a s  c o m p a r e d  w i t h  l e s s -

p o l l u t e d  a r e as  o f  M u m b a i  a n d  

r u r a l  a r e as .  

 

R e s p o n s e  

J a k a r t a ’ s  ‘ P R O D A S I H  ‘  C l e a n  

A i r  P r o g r a m m e  i n c l u d e s  

c o n t r o l l i n g  a n d  c h e c k i n g  t h e  

r o a d  w o r t h i n e s s  o f  m o t o r  

v e h i c l e s  ( i n c l u d i n g  v e h i c l e  

e m i s s i o n s ) ,  m a n a g i n g  t r a f f i c  t o  

r e d u c e  t r a f f i c  c o n g e s t i o n ,  

p r o m o t i n g  t h e  u s e  o f  c l e a n  f u e l  

( i n c l u d i n g  L N P  a n d  C N G  a n d  

l e a d - f r e e  g a s o l i n e ) ,  c o n t r o l l i n g  

i n d u s t r i a l  e m i s s i o n s ,  a n d  

m a n a g i n g  l a n d  u s e .   

A  c o h e r e n t  l e g i s l a t i v e  o r  p o l i c y  

f r a m e w o r k  i s  l a c k i n g .  T h e r e  a r e  

n o  a m b i e n t  a i r  q u a l i t y  s t a n d a r d s  

a n d  n o  s y s t e m a t i c  a i r  q u a l i t y  

m o n i t o r i n g  i s  c a r r i e d  o u t .  

H o w e v e r  r e c e n t  i n i t i a t i v e s ,  

n o t a b l y  t h e  b a n n i n g  o f  d i e s e l-

o p e r a t e d  t h r e e- w h e e l e r s ,  s i g n a l  

a  m o r e  p o s i t i v e  m o v e  i n  t h e  

m a n a g e m e n t  o f  a i r  q u a l i t y  w i t h i n  

t h e  K a t h m a n d u  u r b a n  z o n e . 

R e l o c a t i o n  o f  i n d u s t r i e s  a n d  

i n c r e a s e d  s t a c k  h e i g h t s ;  

s w i t c h i n g  t o  c l e a n e r  f u e l s  

( n a t u r a l  g a s ,  u n l e a d e d  p e t r o l ) ;  

n a t i o n a l  l e g i s l a t i o n  o n  a i r  q u a l i t y  

s t a n d a r d s ,  s t r i n g e n t  e m i s s i o n  

s t a n d a r d s  f o r  n e w  v e h i c l e s ,  

s t r i n g e n t  f u e l  s t a n d a r d s  f o r  

g a s o l i n e  a n d  d i e s e l ,  i n s p e c t i o n  

a n d  m a i n t e n a n c e  s y s t e m  f o r  i n -

u s e  v e h i c l e s . 

 

Table  5.2 contd.



1 0 5

Summary and Conclusions

 S e o u l 

 

S i n g a p o r e  

 

T a i p e i 

 

D r i v i n g  

f o r c e  

R a p i d  i n c r e a s e  i n  t h e  n u m b e r  

o f  m o t o r  v e h i c l e s  s i n c e  t h e  

l a t e  1 9 8 0 s .  N o w  m o r e  t h a n  

2 .2  m i l l i o n ,  o n e - t h i r d  o f  w h i c h  

a r e  d i e s e l- f u e l l e d . 

O n e  o f  t h e  m o s t  r a p i d ly  

g r o w i n g  e c o n o m i e s  o f  t h e  

‘A s i a n  T i g e r s ’ l e a d i n g  t o  r a p i d  

u r b a n i s a t i o n a n d  

i n d u s t r ia l i s a t i o n . I n c r e a s e d  

w e a l t h  h a s  l e d  t o  h i g h  

a s p i r a t i o n s  t o  o w n  c a r s . 

I n c r e a s e  i n  G N P  l e a d i n g  t o  

i n c r e a s e d  d e m a n d  f o r  p r i v a t e  

t r a n s p o r t  -  e s p e c i a l l y  

m o t o r c y c l e s .  A l s o  i n c r e a s i n g  

f r e q u e n c y  o f  s a n d s t o r m s  in  

m a i n l a n d  C h i n a 

 

P r e s s u r e  

M a i n l y  m o t o r  v e h i c l e  e x h a u s t  

e m i s s i o n s  c o u p l e d  w i t h  

to p o g r a p h i c a l  c o n d i t i o n s  

( e n c i r c l e d  b y  h i g h  m o u n t a i n s )  

w h i c h  m a k e  S e o u l  

s u s c e p t i b l e  t o  l i n g e r i n g  a i r  

p o l l u t a n t s . 

M o t o r  v e h i c l e  e x h a u s t  

e m i s s i o n s  a n d  s e a s o n a l  

s m o k e / h a z e  r e s u l t i n g  f r o m  

f o r e s t  f i r e s  i n  I n d o n e s i a . 

E x h a u s t  e m i s s i o n s  f r o m  

m o t o r  v e h i c l e s  ( e s p e c i a l l y  2 -

s t r o k e  m o t o r c y c l e s )  a n d  P M  

f r o m  s a n d s t o r m s  i n  m a i n l a n d  

C h i n a.  

 

S ta te   

O v e r  t h e  l a s t  d e c a d e ,  l a r g e  

r e d u c t i o n s  i n  w i n t e r - t i m e  

c o n c e n t r a t i o n s  o f  S O2,  T S P  

a n d  C O  h a v e  b e e n  a c h i e v e d .  

H o w e v e r ,  N O x l e v e l s  h a v e  n o t  

r e d u c e d  d u e  t o  t h e  i n c r e a s e d  

v o l u m e  o f  t r a f f i c  a n d  s o  

p h o t o c h e m i c a l  s m o g  

c o n t i n u e s  t o  r e d u c e  a i r  q u a l i t y  

t h r o u g h o u t  t h e  y e a r .  O z o n e  

l e v e ls ,  s o m e t i m e s  h i g h 

e n o u g h  t o  v i o l a te  S e o u l’s  

a m b i e n t  a i r  s t a n d a r d s ,  a r e  o n  

a n  i n c r e a s i n g  t r e n d . 

T h e  a m b i e n t  a i r  q u a l i t y  i n  

S i n g a p o r e  is  g e n e r a l l y  g o o d  

a n d  d u r i n g  2 0 0 0 ,  t h e  l e v e l s  o f  

a i r  p o l l u t a n t s  w e r e  w i t h i n  t h e  

W H O  l o n g - t e r m  g o a l s  a n d  t h e  

U S E P A  s t a n d a r d s  

T a i p e i  m e a s u r e s  a m b i e n t  a i r  

p o l l u t i o n  i n  t e r m s  o f  a  

p o l l u t a n t  s t a n d a r d s  i n d e x  

( P S I) .  Th e  g o a l  o f  1 9 7  a n n u a l  

e x c e e d e n c e s  o f  P S I- 1 0 0  w as  

m e t  i n  2 0 0 1 . 

H o w e v e r ,  s a n d s t o r m s  f r o m  

m a i n l a n d  C h i n a c a n  c a u s e  

e p i s o d i c  p r o b l e m s  ( e . g .  2 5 5  

e x c e e d e n c e s  o f  t h e  P S I  

b e t w e e n  J a n u a r y  a n d  A p r i l  

2 0 0 0 ) .  

 

I m p a c t 

P r o b l e m s  m a i n l y  e v i d e n t  i n  

t h e  s p r i n g  d u r i n g  t h e  ‘y e l l o w  

d u s t  s t o r m’ p h e n o m e n a ,  

w h e n  t r a n s b o u n d a r y  a i r  

p o l l u t i o n  c o m b i n e s  w i t h  d u s t  

s t o r m s  f r o m  t h e  d e s e r t s  o f  

n o r t h e r n  C h i n a  a n d  M o n g o l i a .  

T h e s e  h a v e  s e r i o u s  h e a l t h  

i m p a c t s  o n  t h e  c i t i z e n s  o f  

S e o u l.  D e a t h s  r e l a t e d  t o  

c a r d i o v a s c u l a r  i l l n e s s e s ,  

a s t h m a  a n d  o t h e r  r e s p i r a t o r y  

i l l n e s s e s  h a v e  b e e n  s h o w n  t o  

i n c r e a s e  b y  4 . 1 %  o n  y e l l o w  

s a n d  d a y s .   

T h e r e  h a v e  b e e n  n o  m a j o r  

s t u d i e s  c o n d u c t e d  i n  

S i n g a p o r e  o n  t h e  h e a l t h  

i m p a c t s  o f  a m b i e n t  a i r  

p o l l u t a n t s .  H o w e v e r ,  t h e  

S i n g a p o r e a n  g o v e r n m e n t  

c o n s i d e r s  t h e  h e a l t h  r i s k s  t o  

b e  s e r i o u s  a n d  b a s e s  i t s  

p o l i c i e s  o n  g e n e r a l  h e a lt h  

i m p a c t  d a t a  f o r  a m b i e n t  a i r  

q u a l i t y . 

C h i l d r e n  i n  t h e  u r b a n  T a i p e i  

h a d  s i g n i f i c a n t l y  m o r e  

r e s p i r a t o r y  s y m p t o m s  ( d a y  o r  

n i g h t  c o u g h ,  c h r o n i c  c o u g h ,  

s h o r t n e s s  o f  b r e a t h ,  a n d  

n a s a l  s y m p t o m s )  a n d  

d i s e a s e s  ( s i n u s i t i s ,  w h e e z i n g  

o r  a s t h m a ,  a l l e r g i c  r h i n i t i s  a n d 

b r o n c h i t i s )  w h e n  c o m p a r e d  

w i t h  t h o s e  l i v i n g  i n  t h e  r u r a l  

a r e a s . 

R e s p o n s e  S e o u l  h a s  a  v e r y  h i g h  a i r  

q u a l i t y  m a n a g e m e n t  

c a p a b i l i t y . It  h a s  a  

s o p h i s t i c a t e d  a n d  

c o m p r e h e n s i v e  a i r  p o l l u t i o n  

m o n i t o r i n g  n e t w o r k  a n d  h a s  

e n a c t e d  m a n y  p o l i c i e s  a n d  

e n f o r c e m e n t  s t r a t e g i e s  i n  t h e  

t r a n s p o r t  a n d  e n e r g y  s e c t o r s . 

T h e  R e p u b l i c  o f  K o r e a ’ s  n e w  

e m i s s i o n  s t a n d a r d s  a r e  

c o m p a r a b l e  t o  t h o s e  o f  

E u r o p e  a n d  N o r t h  A m e r i c a .  

S e o u l  h a s  t a k e n  v a r i o u s  

m e a s u r e s  t o  r e d u c e  a i r  

p o l l u t i o n  i n c l u d i n g  s w i t c h i n g  

t o  c l e a n e r  f u e l s ,  m a n d a t o r y  

S i n g a p o r e  m o n i t o r s  a m b i e n t  

a i r  q u a l i t y  t h r o u g h  t h e  

‘T e l e m e t r i c  A i r  Q u a l i t y  

M o n i t o r i n g  a n d  M a n a g e m e n t  

S y s t e m ’  ( T A Q M M S )  w h i c h  

c o m p r i s e s  1 8  r e m o t e  a i r  

m o n i t o r i n g  s t a t i o n s  l i n k e d  t o  a  

C e n t r a l  C o n t r o l  S y s t e m  v i a  

d i a l- u p  t e l e p h o n e  l i n e s .  T h e r e  

a r e  s t r i c t l y  e n f o r c e d  a i r  

p o l l u t a n t e m is s i o n  s t a n d a r d s  

f o r  s t a t i o n a r y  a n d  m o b i l e  

s o u r c e s .  F o r  m o b i l e  s o u r c e s ,  

t h e r e  a r e  a l s o  s t r i n g e n t  

e m i s s i o n  s t a n d a r d s  a n d  f u e l  

q u a l i t y  s t a n d a r d s ,  m a n d a t o r y  

i n s p e c t i o n  o f  v e h i c l e  

T a i p e i  h a s  o n e  o f  t h e  m o s t  

c o m p r e h e n s i v e  a i r  q u a l i t y  

m a n a g e m e n t  s y s t e m s  i n  

A s i a . F o r  t h e  p a s t  f e w  y e a r s ,  

t h e  T a i p e i  E P B  h a s  

i m p l e m e n t e d  a  p r o g r a m m e  

t o  i m p r o v e  a i r  q u a l i t y  a n d  

h a s  s u c c e e d e d  i n  

c o n t i n u o u s l y  r e d u c i n g  

p o l l u t i n g  e m i s s i o n s .  

M e a s u r e s  t o  i m p r o v e  a i r  

q u a l i t y  h a v e  i n c l u d e d :  

i n s p e c t i o n  o f  p o i n t  s o u r c e s  

( a n d  a s s i s ti n g  t h e m  t o  

c o n t r o l  e m i s s i o n s ),  r e d u c i n g  

s u l p h u r  c o n t e n t  o f  d i e s e l ,  

p r o m o t i o n  o f  l o w  e m i s s i o n  
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5. 4 Urban air  quali ty trends

I t is d if f icu lt  to  accurate ly assess a ir  qu ality tren ds fo r

cities in  the  ear ly  stages (0  – II ) of  their  d ev elop in g air

p o llu tio n  pro b lem s b ecau se o f  th e  lack  o f  ad eq uate

m o nito rin g  d ata o r  b ecau se m o n ito r in g  sy stem s hav e

b een  in stalled o n ly  r ecen tly .  Ho wev er , ev id en ce that

d o es exist su g gests th at r ap id  in creases in in du stria l

and  p ar ticular ly  tr an sp or t emission s in  th ese cities,  h av e

caused  a  d ram atic  declin e  in  a ir  q uality  o ver  th e  last

ten y ear s.  Fo r  th o se c ities a t stag e I I I ( i .e .  with

‘ mo d erate  and  decreasin g lev els o f a ir  po llu tion ’ ),  air

q uality  o ver  recent y ear s h as im p ro v ed su bstantia lly

in  terms o f th e p r im ary air  p o llu tants (su ch as SO
2
,

NO
x
,  Pb ,  CO and  SPM)  alth o ug h  atten tio n  h as n o w

shif ted  to th e in creasin g  in cid en ce o f p h oto chem ical

o zon e an d  sm o g  ep iso d es an d th e ef fects o f

tran sbo u n dary  a ir  p o llu tion  f ro m  neig hb o u rin g

cou ntr ies.  Cities a t stag e IV g enerally  ex per ien ce g oo d

air q u ality a lth o u gh  tran sbo u n dary  a ir  p o llu tion  ( e.g .

of  ‘ yellow san d’  f ro m Ch in a) may stil l cause occasion al

p ro b lem s.

5. 5 Air quality  monito ring

Th ere is a  wide ran ge of air  q uality  mo nitoring capab ility

acro ss Asian  cities f ro m  sta te-o f – the-art com p u ter ised

sy stem s in  c ities su ch  as Sin g ap o re,  Seo u l, Taip ei an d

Ho ng  Kon g  to  v ery  ru d imen tary  cap ability  in p o orer

cities su ch  as Dh ak a an d  Kath man d u.  I t is c lear  that

an  ef f ic ient,  well-co o rd in ated ,  p ro per ly- fu nd ed

m on itor in g capab ility  is an  im p o rtan t p re- r equ isite  fo r

im prov ing  air  qu ality in cities.  Withou t su ch a capab ility,

the  m ag nitu de and  sou rces o f  the  a ir  p ollu tion  p ro blem s

can n o t b e g au ged ; co st- ef fectiv e  an d  targ eted

resp o nses ar e  im p ossible  an d  th e su ccess or  o th erwise

o f m itig atio n  m easu res cann o t b e  gau g ed .

5. 6 Impacts of a ir pollution

The imp acts o f a ir p o llu tio n  ar e  no t always well

characterized especially for  c ities in th e early  stag es

o f  th eir  d ev elop in g air  p o llu tion  p ro b lem s. Blo od -Pb

lev els ar e o f ten  fo u n d to  b e hig h er  than  max imu m

tolerab le  lim it for  c ities a t stage I I b ecau se o f  th e

con tinu ed  u se, or  o n ly  r ecen t bann in g , of  leaded petrol.

Also,  for  cities at stage II ,  a ir  po llutio n  is estim ated  to

cause th o u san d s o f  p rematu re d eath s an d  m illio n s o f

ex tr a  cases o f  sickn ess a t h u g e econ o m ic cost.  Fo r

cities a t stag e I I I,  r esp ir ato ry an d card io vascular

d iseases co n tin u e to  ad v ersely af fect th e  p o p ulatio n ,

especially those living or working near busy roads.
For cities in group IV, there is still evidence that the
urban population has significantly more respiratory
symptoms compared with those living in the rural areas.

5.7 Enforcement and control
strategies

In cities in the early stages of their developing air
pollution problems a coherent legislative or policy
framework is often lacking, there may be no ambient
air quality standards and no systematic air quality
monitoring. However, there may be ad hoc efforts in
these cities to encourage or compel some switching
to cleaner fuels (such as CNG and LPG) especially
for buses, taxis and 3-wheeled vehicles,  and the
introduction of unleaded petrol. Conversely, in cities.
with stabilising or decreasing air pollution levels, AQM
is much more advanced with ambient air quality
standards and comprehensive air quality monitoring
systems. There will be legislation to control emissions
from stationary and mobile sources including stringent
vehicle emission standards (equivalent to EU standards
in some cases), stringent fuel standards and efficient
inspection and enforcement systems. There may also
be schemes such as the ‘Air Pollution Index’ or ‘Ozone
Alert System’ to inform the public about air quality
and raise awareness, as well as strategies to develop
and encourage the use of  public transport.

5.8 Lessons to be learnt from
air pollution control
management in Europe
and North America

The lessons to be learnt from AQM in Europe and
North America (see Chapter 4), and in the more
advanced cities of Asia, are that improvements in air
quality can only be achieved through a co-ordinated
strategy to address all aspects of the air pollution
problem.  Such a strategy would include the
modification of industrial processes, traffic systems
and commercial and residential fuel-use practice, or
by the installation of appropriate control technologies.
Also, the implementation of economic measures and
of policies, laws and regulations, accompanied by
monitoring and enforcement, need to proceed hand in
hand. Obviously, technical and management capacity
is required at every stage of the improvement process.
The financial implications of any projected measure
are substantial. It is probably here, and in the
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effectiveness of specific measures, in practice, that
city co-operation has the greatest role to play.

Local air quality management is considered an
effective way to address urban air pollution problems.
City authorities are better positioned to develop local
air quality strategies in cooperation with all stakeholders
and to improve poor air quality hotspots and report
the state of local air quality to the public. Local action
and cooperation is the most effective way of
addressing urban air quality problems. This involves
cooperation between city authorities, industry,
commerce, public transport providers and the public.

5.9 Recommendations

l A greater  degree of sharing of successes and
failures in a full range of air pollution control
management initiatives should be continued and
more vigorously promoted.

l More comprehensive and up-to-date
documentation is required, covering all 22 of the
major and mega cities in the region, in order to
inform the consultation process.

l Cities might best improve their AQM by working
together and exchanging experience on common
practice with other Asian cities at similar or slightly
more advanced stages of development.

l Local air quality management should be adopted
as the preferred mode of AQM.

l Health impacts should be assessed on the basis of
a viable health surveillance system.

F o ot n o te s

1   A limitation of this approach, which must be borne in mind,
is that occasionally, short-term elevated levels of SPM may
be due to long-range transboundary transport of, for example,
‘yellow sand’ from the Chinese mainland in the case of Taipei
and Seoul.
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Annex 1

Management Capabilities Assessment Index

Please answer “yes” or “no” to the following questions.

Indicators of air quality measurement capacity

1. Indicator of capacity to measure chronic health effects

. 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:

NO2

SO2

Particulate matter
CO
Pb
O3

2. Indicator of the capacity to measure acute health effects

. 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:

NO2

SO2

Particulate matter
CO
Pb
O3

a Daily mean o zone levels are no t a useful indicator since night-time levels are usually very low;  th erefore, daytime h ourly
maxim um or eig ht-hour concentrations ind icators should be used for  acute h ealth eff ects.

There  are no acute effects of lead and, therefore,  no indicator.

3.  Indicator of the capacity to measure trends in pollutant concentrations

. 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:

NO2
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SO2

Particulate matter
CO
Pb
O3

b

b Ann ual mean ozone is not a useful indicator an d maximum , 98th percentile, second highest value or som e equivalent statistic
should be used.

4.  Indicator of the capacity to measure the spatial distribution of pollutants

. 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 following pollutants:

NO2

SO2

Particulate matter
CO
Pb
O3

c

c The ozone sites should be located upwin d and downwind in the suburb s of the city, and  in the c ity centr e, due to  the seco ndary
nature  of O

3
 pollu tion.

If mapping of pollutants had been conducted using modelling  and an emissions inventory , this wo uld be co nsidered as meetin g the
indicator’s criteria.

5.  Indicator of the capacity to measure kerbside concentrations.

. 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:

NO2

SO2

Particulate matter
CO
Pb

There is no in dicator for O
3
 since concentrations are very low at th e roadside due to  depletio n by reaction with NO.

6.  Indicators of data quality

. Instruments calibrated at least monthly

. Calibrations and analysis conducted using certified solutions or gases

. Site audits conducted to compare measurements from different instruments
  in the network, (inter-comparisons)
. Auditing procedures conducted by an independent body
. Sample analysis and audits performed by a laboratory with an accreditation certificate
. Sites reviewed at least every five years to ensure they still meet the objectives of the
  network and hence are appropriate
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. Data are validated (critically assessed) before they are finally ratified

. Inter-comparison exercises are conducted between different measurement techniques
  and /or instruments from other networks

Indicators of data assessment and availability

1.  Indicators of the capacity to analyse data

.  Statistics and data analysis determined from the raw data include:

Means (Daily, monthly, annual)
Maximum values (Daily, monthly, annual)
Percentiles
Exceedances of national or WHO air quality standards
Trends
Spatial distribution (mapping)
Exposure assessments
Epidemiological studies
Modelling with meteorological measurements
Prediction modelling

. Computers are used in data assessment

2.  Indicators of data dissemination

. Air quality information about the city is available:

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

. Data are accessed through (select one):

Published reports which are readily available
Internal reports and bulletins
Only when requested – no formal documents available

.  Air quality warnings are issued to the public during episodes of pollution

Indicators of emissions estimates

1.  Indicators of emission estimates

. Estimates of emissions from the following source categories are available:

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

2.  Indicators of pollutant emissions estimates

.  Estimates of emissions from the following pollutants are available:

Nitrogen oxides
SO2

Particulate matter/smoke
CO
Pb
Hydrocarbons

3.  Indicators of the accuracy of emissions estimates

.  The inventory is calculated using (either/or):

Estimates based upon some actual measurements

Estimates based upon fuel consumption statistics and emissions estimates only

.  Emissions from non-combustion processes are included

.  The inventory is cross-checked (validated)

.  Inventories are conducted at least every two years

.  Future inventories are planned

4.  Indicators of the availability of the emissions estimates

.  Details of the inventory are (either/or):

Published in full
Partially available

Indicators of air quality management capability tools

1.  Indicators of the capacity to assess air quality acceptability

.  Acute ambient air quality standards have been established for:

NO2

SO2

PM
O3
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CO

(Acute standards refer to those with an av eraging time of one day or less.)

.  Chronic ambient air quality standards have been established for:

NO2

SO2

PM
Pb

(Chro nic standards refer to those with an av eraging time longer  than one day.)

.  Regulations exist to enforce compliance with air quality standards

.  Local air quality standards exist to take account of sensitive ecosystems

.  Air quality standards or guidelines are being introduced and or amended in the future

2.  Indicators of the capacity to use air quality information

.  Emissions controls imposed upon:

Cars
Natural gas vehicles/buses
Domestic dwellings
Heavy industry
Light industry

.  Penalties imposed for exceeding emissions limits from:

Cars
Natural gas vehicles/buses
Domestic dwellings
Heavy industry
Light industry

.  Local air quality considered in development of new:

Roads
Industrial plant

.  Unleaded petrol available in the city

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