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ABSTRACT

Air quality in urban areas of Chiang Mai Province, Thailand has seriously deteriorated as a
consequence of population growth and urbanization and due to a lack of effective air quality
management (AQM). As a result, respiratory diseases among Chiang Mai residents have
increased in these affected areas. The health status and experiences of air pollution of both
children and adults in Chiang Mai was assessed and improvements recommended to the
developing AQM scheme. Air quality modelling, using ADMS-Urban was used to identify
probable air polluted and control sites for further study. The polluted sites were found to be
located along major roads in the city. However, ADMS-Urban was unable to predict air
pollutant concentrations accurately because it could not cope with the very low wind speeds
and complex topography of Chiang Mai. As a result, the utility of other air pollution
modelling programmes should be investigated. The results of a questionnaire survey
conducted with adults showed that urban respondents had a higher percentage of respiratory
diseases than suburban respondents. However, later investigations were unable to establish a
statistical linkage between air pollution concentrations and respiratory diseases. An ISAAC
study was conducted among children attending schools located in the selected sites to assess
the potential impacts of air pollution on health. The results showed that the prevalence of
asthma was similar in all of the schools (approximately 5%) but that the prevalence of rhinitis
(24.3% vs. 15.7%) and atopic dermatitis (12.5% vs. 7.2%) was higher in the urban schools
which were considered to be more polluted. Logistic regression analysis identified other
factors which may be involved in addition to pollution, including some components of the diet
and contact with animals. In order to investigate the adequacy of the AQM system in
Thailand, a comparative study was conducted between Hong Kong and Thailand. Both
countries were investigated with respect to conformance to Good Urban Governance. The
comparison showed that there are significant differences between the two countries and the
AQM system in Hong Kong was more highly developed. For example, in contrast to the
system in Hong Kong, it was found that there was insufficient involvement of the population
in the development and implementation of AQM systems in Thailand. In order to better
understand the reasons why the AQM system in Thailand is poor at both the provincial and
local levels in Chiang Mai, prioritisation of AQM was assessed for major national
environmental policies and plans; at the provincial level, fund allocations to development
projects were reviewed; and at the sub-district level; a questionnaire survey was conducted
among local government officials. It was concluded that AQM was not given sufficiently high

priority in national plans and was generally ineffective and that, due to the non-specific nature




of guidelines and frameworks in these plans, it was difficult for government organizations at
the lower levels to establish AQM action plans for effective implementation. A range of
appropriate measures to improve air quality in Chiang Mai were recommended. These
included a more effective management of air pollution, an identified need for training and

major changes in the transport system in the city.
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CHAPTER 1

RESEARCH BACKGROUND AND LITERATURE REVIEW

1.1 Research Background

This PhD research programme was originally developed as an integral part of the project
Managing Air Quality and Health in the Urban Environment (MAQHUE), under the Asia
Urbs programme, funded by the European Commission (EC). The programme focuses
mainly on the transfer of knowledge between European and Asian countries. It aims to
transfer practical techniques and implement sustainable strategies for the socio-economic
development of Asian countries through partnerships among local governments, resulting
in an improvement to the urban environment and the quality of life (Europa, 2004). The
MAQHUE project aimed to establish and build links between local communities, local
authorities and universities in the United Kingdom, Spain and Thailand. The project was
intended to deliver appropriate techniques to manage local air quality in the urban
environments concerned, develop respiratory health research and information programmes,
methods and tools of assessment and analysis, and ultimately share experiences and
disseminate techniques regarding local air quality management. The project consortium
comprised: London Borough of Barnet (LBB) (Project Leader/Co-ordinator); Urban
Pollution Research Centre, Middlesex University (MU), UK; Generalitat de Catalunya,
Barcelona, Spain (Partner); Chiang Mai Provincial Administration Organisation (PAO)
(Partner), Chiang Mai University (CMU), Environmental Office Region 1 (EO1); Chiang
Mai Office of Public Works and Town and Country Planning, (CMOPT), Thailand. The
two year project started in 2002, the project deliverables in Chiang Mai included the
establishment of air pollution stakeholders, air quality modelling using an urban version of
the Atmospheric Dispersion Modelling System (ADMS-Urban), and a quality of life
survey using a questionnaire previously employed by LBB. The general review of air
quality status in Thailand and the UK, the use of ADMS-Urban and the quality of life
survey were then subsumed within the current research project. However, subsequently the
MAQHUE project was terminated due to unforeseen circumstances and support for the
PhD from this project ceased. Consequently, the current thesis contains required aspects
developed for the MAQHUE project, plus new investigations developed subsequently. In
addition, the London Borough of Barnet was originally selected to serve as an example of

local air quality management (LAQM) for Chiang Mai but this is not the most appropriate



and was later changed to the Environmental Protection Department (EPD), Hong Kong
Special Administration Region (HK SAR). The EPD is a national environmental regulator,
hence its air quality management approaches can be compared directly with those of the
Thai Pollution Control Department (PCD), which has similar roles. The responsibilities of
HK EPD and Thai PCD are outlined later in detail. Due to more advanced aspects of air
pollution control and management, HK SAR can be used as an Asian example for
Thailand. Both HK EPD and Thai PCD are also governmental members of the Clean Air
Initiative for Asian Cities (CAI-Asia), which promotes and demonstrates innovative ways
to improve the air quality of Asian cities through partnerships and experience sharing in air
quality management (Clean Air Net, 2006). Through the link between MU and HK EPD,
Dr. Peter Louie, Senior Environmental Protection Officer (Acting), Air Science Group,
allowed the author to visit his department in November 2005 in order to learn about its air

quality management activities.

1.2 Objectives of Research Programme

The objectives of the research undertaken for this thesis were as follows:

i) To describe the air pollution status of Chiang Mai and its surrounding provinces in
Thailand;

ii) To compare air quality data for Chiang Mai with national air quality standards, and
identify areas that are likely to be polluted (hot-spots) using the ADMS-Urban dispersion
modelling system;

ii1) To assess the health status and experiences of air pollution of residents in Chiang Mai
using data from previously applied questionnaire(s) and surveys concerning child health;
iv) To compare current Air Quality Management (AQM) approaches in Thailand/Chiang
Mai with those employed in Hong Kong Special Administrative Region (SAR);

v) To recommend improvements to the developing AQM scheme for Chiang Mai,
including measures to raise public awareness of the potential health effects arising from air

pollution and other environmental causes.
1.3 Research Approach Employed
The structure of this thesis and the work undertaken for it are outlined in Figure 1.1. This

figure shows the logical sequence of the research, from initial air quality modelling in

Chiang Mai, through various research components to recommendations for a sustainable




AQM system in Chiang Mai and the final consideration of possible future work. Within the
structure of the thesis, a single chapter has been completed for each topic. Following the
results of air quality modelling in Chiang Mai, the next chapters identify potential health
effects that may be attributed to exposure to air pollution, both in adults and children.
These sections are followed by chapters concerned with defining the current status of
AQM in Thailand in general and Chiang Mai in particular and with comparing the Thai
AQM systems with the more developed systems of a country with a similar climate —
namely Hong Kong SAR. Finally, actions, which could be adopted by Thai authorities to

implement an effective, sustainable AQM system for Chiang Mai, are recommended.

Research Component

Methodology

| Estimation of air quality and

Modelling Air Quality in Chiang Mai, identification of polluted areas using
Thailand ADMS-Urban model.

II Investigation of people’s attitudes to air

Quality of Life Questionnaire Survey
Conducted in Urban and Suburban
Areas

pollution, quality of life and health in
polluted urban areas and suburban areas.

I
The Prevalence of Respiratory
Diseases and Allergies among School
Children in Chiang Mai

v

Investigation  of  prevalence  of
respiratory diseases and allergies using
ISAAC  questionnaire. = Conducted
logistic regression analysis.

v
Urban Air Quality Management

A 4

Comparison of Thailand and Hong Kong
urban AQM with respect to conformance
with characteristics of Good Urban
Governance (GUG).

v
Investigation of Current Air Quality
Management Situation in Thailand

Assessment of AQM at national,
provincial and local levels and
investigation of the priority given to
AQM in Thailand.

VI
Recommendations for Sustainable
Measures to Improve Air Quality in
Chiang Mai

Analysis of the results of the above
components to recommend sustainable
measures to improve air quality in
Chiang Mai.

Figure 1.1 Chart illustrating major research components and methodology of the PhD
research study titled ‘Local Air Quality Management and Health Impacts in Thailand’




The ADMS-Urban software programme, developed by Cambridge Environmental
Research Consultants (CERC), UK, was selected by a project manager of the MAQHUE
project to use as a tool for air quality management and specifically to identify highly
polluted areas in Chiang Mai. The selection of a British dispersion model is consistent with
one of the principal aims of the Asia Urbs programme regarding technology transfer from
Europe to Asian countries. However, it was found that the results of ADMS-Urban, when
applied to Chiang Mai, fell short of expectations and did not match well with locally
collected monitoring data. This is thought to be due to weather and topographic conditions
in Chiang Mai (e.g. very low wind speed in winter, and complex mountainous
topography). Nevertheless, the model did prove useful in terms of the identification of air
pollution ‘hot-spots’ where the highest concentrations of air pollutants were predicted in its
graphical output (pollution maps). This output was useful during site selection for both the
quality of life questionnaire survey conducted in urban and suburban areas (Chapter 3) and
the study of the prevalence of respiratory diseases and allergies among school children

(Chapter 4).

As part of the MAQHUE project, in order to investigate people’s attitudes to air pollution
and its relationship to health and quality of life, a questionnaire survey of 2,000 Chiang
Mai residents was conducted. At that time, this survey was led by Dr. Phongtape
Wiwatanadate, Department of Community Medicine, Chiang Mai University. The UK
partners (LBB and MU) supplied the questionnaire to Dr. Wiwatanadate in order to
conduct a similar survey to one carried out in Barnet, UK. The questionnaire was translated
into Thai (by the author) and some questions were modified (by Dr. Wiwatanadate) so as
to be more suitable for Chiang Mai. The locations used for the survey were based on the
results from the modelling component. The design and modification of the questionnaire
were beyond the control of the author. Due to the non-distribution of funds by the Chiang
Mai partner at that time, the funds for this survey were supplied through EO1 (not from the
MAQHUE funds). Consequently, a conflict regarding the ownership of the 2,000
completed questionnaires — whether they should belong to the MAQHUE project or the
EO1 - arose at the end of the survey. As a result, only 300 completed questionnaires were
made available to the author for statistical analysis. The results of this analysis are
summarized in Chapter 3, including a critique of the questionnaire design and
modification. In spite of these problems, the questionnaire proved useful in confirming
whether the targeted urban and suburban residents had received the information on air

quality and the health impacts of air pollution.




Following the premature termination of the MAQHUE project in May 2003, the full results
regarding air quality and health impacts (from the quality of life questionnaire) remained
unavailable, hence the attitudes and experiences of Chiang Mai residents regarding air
quality and its associated health impacts could not be adequately determined. With advice
and assistance from Dr. Muthita Trakultivakorn, Faculty of Medicine, CMU, a study of the
prevalence of respiratory diseases and allergies among school children in Chiang Mai
(Chapter 4) was conducted. The questionnaire used in this study is one which has been
standardized for use as part of an International Study of Asthma and Allergies in
Childhood (ISAAC). Lung function tests were also conducted to investigate the prevalence
of exercise-induced asthma among some asthmatic and non-asthmatic children. The tests
were supervised by Dr. Trakultivakorn and two senior nurses (Mrs. Katirat Mahasu and
Mrs. Siriboon Yavichai) from Maharaj Nakorn Chiang Mai Hospital (CMU hospital). The
procedures implemented prior to and during the tests were approved by the MU Ethics

Committee (Appendix 1).

During the MAQHUE project, the author was not able to visit the London Borough of
Barnet, as originally planned, in order to learn about their experience of and approach to,
air quality management. After the MAQHUE project was terminated, Prof. Brian Shutes
(supervisor) received an agreement from Dr. Peter Louie, Senior Environmental Protection
Officer (Acting), Air Science Group, for the author to visit the HK EPD in November
2004. Experience gained during the EPD visit included a comparison of air quality
management approaches used by the HK EPD and Thai PCD, and this is summarised in
Chapter 5. A critique of local air quality management in Chiang Mai was also conducted
following the United Nations’ Good Urban Governance approach. The EPD visit afforded
the author a better understanding of urban air quality management. The lessons learned
were used to evaluate the approaches used in Thailand, and led to the recommendation of

improved air quality management measures for Chiang Mai.

In order to investigate the current level of prioritisation given to environmental problems,
especially air pollution, by governmental organisations in Chiang Mai, a questionnaire was
designed for officials of Sub-district Municipalities (SM) and Sub-district Administration
Organisations (SAO). The results of the questionnaire enabled the identification of aspects
of local administration, which should be improved to better manage air quality. The
environmental management plans and policies [e.g. National Economic and Social

Development Plan (NESDP), Government Management Plan (GMP), Environmental




Education (EE)] were also analysed. In addition, the provincial budgets for environmental

projects in Chiang Mai were analysed. The results are summarized in Chapter 6.

The relevant results from each of the research components (Chapters 2 — 6) were used to
formulate sustainable measures that could be implemented to improve local air quality
management in Chiang Mai (Chapter 7). Recommendations for further studies are outlined

in Chapter 8.

In conclusion, the tasks undertaken by the author for the MAQHUE project and included in
this PhD thesis are limited to the modelling air quality in Chiang Mai (Phase 1), and the
statistical analysis of 300 completed questionnaires from the quality of life survey. The
other components of the PhD project were initiated and conducted by the author, with
support and assistance from the project supervisors and the staff of various organizations.
The rationale, advantages and disadvantages of the methodology used for each research

component are discussed in detail in the corresponding chapters.

In view of the scope and research approach adopted for this project as outlined above, the

literature review is summarized as follows;

1.4 Air Pollution

1.4.1 Overview of Air Pollution in Thailand

The Kingdom of Thailand covers a land area of 513,115 square kilometers. It is bordered
by Malaysia in the south, the Union of Myanmar (Burma) in the west and northwest, the
Lao People’s Democratic Republic to the northeast, and Cambodia to the southwest
(Figure 1.2). It is located between latitude 05° 27 north and 20° 27" north, and between
longitude 97° 217 east to 105° 35" east. Thailand is administratively divided into 76
provinces. The estimated population of Thailand in 1999 was about 62 million. The urban
population was approximately 12 million and was concentrated in the capital and regional
centers (Simachaya and Runghirunviroj, 2001). Bangkok Metropolitan, the capital city of
Thailand, has the highest official population of around 6 million while the population in
peripheral provinces (Samut Prakarn, Samut Sakorn, Nakohn Pathom, Pathum Thani, and

Nonthaburi) is around 3 million.




Some studies related to air pollution arising from the use of motor vehicles were conducted
in Bangkok and its peripheral provinces in the late 1990’s (IPSR, 1999 and PCD, 2000b).
Air pollution emissions in Thailand have also been estimated from figures for overall fuel
consumption. A report on the Thailand Energy Situation of the Department of Energy
Development and Promotion (DEDP) (2000) shows the estimated air pollutant emissions
by sectors of energy consumption (Appendix 2). In 2000, the overall energy consumption
for the nation was 61,733 ktoe (kilo ton of oil equivalent; 1 ton = 1.016 tonnes), which
produced 146,560 kt of CO,, 2,759 kt of CO, 640 kt of NOy, 587 kt of SO, and 185 kt of
suspended particulate matter (SPM). There are 7 sectors identified as producing air
pollution in Thailand. These are the transportation, power, industry, agriculture,
construction, mining, and residential and commercial sectors (PCD, 1994a). The two major
air pollution sources in Thailand are motor vehicles and industry. The air pollution caused
by motor vehicles is most important within large communities such as Bangkok and its
peripheral areas, whereas air pollution sources from industry are scattered throughout the
country (PCD, 1994a). The concentrations of air pollutants emitted from these sources,
especially from industry, are relatively high. Sulphur dioxide, oxides of nitrogen and

suspended particulate matter are the major air pollutants of concern.

1.4.1.1 Description of Air Pollution in Chiang Mai

Chiang Mai, the second largest province of Thailand, is located in the north of the country,
between latitude 17° 21” north and 20° 10" north, and longitude 98° 40" east and 99° 05~
east. It covers an area of 20,107 square kilometers (CMM, 2002a). There are
approximately 600,000 people residing in 7 wurban districts within Chiang Mai
Comprehensive Urban Plan, and a population of approximately 1 million people residing
in suburban areas (as of December 2004). The city of Chiang Mai is located in a valley at
approximately 310 m above sea level, in a mountainous region in the north of the country
(Figure 1.2). The province has grown rapidly in the past two decades. In 1985, the total
population of Chiang Mai was 1,277,835, and in 2004, 1,630,769, with an exponential

growth rate of 1.28% (source: Department of Local Administration, Ministry of Interior).




Source:

Asia Travel (2006)

=
£

\ ¢

o CAMBODIA

Figure 1.2 Map of Thailand indicating the position of Chiang Mai (arrow)




As elsewhere in Thailand, the most important mobile sources of air pollution in Chiang
Mai are petrol and diesel cars. There were 559,476 registered motor vehicles in 1998. In
2001, more than 20,000 vehicles/hour commuted into and out of Chiang Mai city each day
with traffic queues of more than 300 m in length during peak travel hours. PCD reported
that 25% of private cars in Chiang Mai produce high concentrations of CO and
hydrocarbons and 63% of diesel cars produce black smoke that exceeds Thai vehicle
emission standards (Wangwongwatana and Warapetcharayut, 2001b). The results from
these vehicle tests indicated that Chiang Mai has a severe air pollution problem, with the
average concentration of most of the pollutants monitored being at, or above, the warning

level of Thai vehicle standards.

In regard to point sources, there are 267 factories located in Chiang Mai Municipality
(CMM) and more than 2000 factories located in the rest of the province (CMM, 2002b).
Many of these include factories associated with food processing, wood carving and
ceramics or pottery. Industries located in the community of the city of Chiang Mai include
rice mills, steel/metal welding factories, garages (car painting, steel welding), concrete

mixing and ceramics factories.

Agricultural burning, which also occasionally causes forest fires, is one of the key area
sources of air pollution in Chiang Mai. In 1999, there were 1,934 events of forest fires in
Chiang Mai province which covered an area of 20.9 km? (CMM, 2002b). Table 1.1 shows
an emissions inventory of point, mobile and area sources in Chiang Mai municipal area in

2000 (CMM, 2002b).

Table 1.1 Chiang Mai Emissions Inventory, 2000

Pollutants Point source Mobile source Area source
(Tonnes/year)

PMy, - - 39
TSP 0.6 18 679

CO 2.7 17,204 11,509
SO, 0.1 237 8.7
NO, 04 2,232 414
HCs - 1,506 23.5
vVOC - - 2,437

Note: PM,p = particulate matter suspended in the atmosphere with an aerodynamic diameter size of less than
10 pum; TSP = total suspended particle; CO = carbon monoxide; SO, (sulphur dioxide); NO, = nitrogen
dioxide; HCs = hydrocarbons; VOC = volatile organic compound.

Source: Chiang Mai Municipality (CMM) (2002b)




Mobile sources are a key source of CO, SO,, NO, and hydrocarbons, whereas area sources
are a major source of particulate matter. CMM categorised the sources of air pollution in
Chiang Mai into the three main classes — point, area and mobile sources — as summarised

in Table 1.2.

Table 1.2 Major air pollution sources in Chiang Mai Municipal area

Source type Source
Point source Factories
Crematoria
Incinerators
Area source Chiang Mai International Airport and Airforce 41

Railway station

Petrol stations

Residential and commercial areas
Agricultural burning

Forest fires

Domestic waste burning

Mobile source Road traffic (cars, trucks and motorcycles)
Source: Chiang Mai Municipality (CMM) (2002b)

As identified by the PCD’s air quality monitoring programme in the northern region
[Chiang Mai (2 monitoring stations), Lampang (4 stations) and Nakorn Sawan (1 station);
Figure 1.6], the main pollutants were PM;( and ozone (O3) (PCD, 1999; PCD, 2000a). In
1999, the highest maximum average concentration of PMiq (24 hrs.) of 473 pg/m’ was
found at the Chiang Mai Provincial Hall, and was 4 times higher than the Thai standard for
PM;o (120 pg/m3) (Table 1.3). For Os, the average maximum concentrations (1 hr)
exceeded the standard at most of the monitoring stations. The highest O3 concentration of
503 ppb was found at Ban Sobpard, in Lampang, which is near Mae Moh Power Plant. The
highest SO, concentration of 374 ppb, which exceeded the standard (300 ppb SO,), was
found in Mae Moh district. In 2000, the highest PM o concentration of 512 pg/m?, which is
about 4 times higher than the standard, was also found in Mae Moh. For Chiang Mai, the
maximum PM,, concentration of 286 pug/m’ recorded at Yuparaj School also significantly
exceeded the standard. The highest average O3 concentration of 131 ppb was also found in
Mae Moh district, Lampang province but the SO, concentrations had generally decreased
in Mae Moh and the highest concentrations were 174 ppb in 2000, 11 ppb in 2001 and 51
ppb in 2002. The atmospheric pollutants which are of most cause for concern in the
northern region of Thailand are, in order of importance, PM;q and O3. The highest PM;q
concentrations were well above the standard of 120 pg/m’ at 6 of the northern stations in
2001, and at all 7 stations in 2002. The highest O3 concentrations were found in Ban
Sobpard (113 ppb) in 2001 and at Chiang Mai Provincial Hall (161 ppb) in 2002 (PCD,
2002; PCD, 2003).
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Table 1.3 National Air Quality Standards of Thailand

Ambient Air Quality Standards of Thaiiand (1995)
p 1- hr average |8 - hr average| 24 - hr average [1- month average| 1 - year average**
ollutants* 5 5 5 ) 3
mg/m’} ppm |mg/m’| ppm | mg/m’ | ppm | mg/m ppm mg/m Ppm

1. Carbon Monoxide (CO) 342 | 30 11026} 9 - - - - - -
2. Nitrogen Dioxide (NO,) 0.32 | 0.17 - - - - - - - -
3. Sulphur Dioxide/* (SO,) 0.78 | 0.30 - - 030 | 0.12 - - 0.10 0.04
4. Total Suspended Particulates| - - - - 0.33 - - - 0.10 -
(TSP)
5. Particulate matter (< 10um) - - - - 0.12 - - - 0.05 -
(PM,0)
6. Ozone (O3) 0.20 | 0.10 - - - - - - - -
7. Lead (Pb) - - - - - - 1.5 - - -
Note: # At 1 standard pressure and 25 ° C

** peometric mean

/a 1- hr SO, Standard: 1.3 milligram/cubic meter for Mae Moh area; 0.78 milligram/cubic meter, elsewhere
Source: Notification of National Environmental Board No. 10 (1992) under the Enhancement and Conservation of

National Environmental Quality Act B.E.2535 (1992) published in the Royal Government Gazette No. 112
Part 52 dated May 25, B.E.2538(1995)

According to the national air quality standards of Thailand (Table 1.3), the pollutants listed
for regulation include CO, NO,, SO,, total suspended particulates (TSP) and PM;, O3 and

lead. The characteristics and sources of each pollutant are summarized in Table 1.4.
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Table 1.4 Characteristics and sources of major air pollutants in Thailand

Pollutant

Characteristics and Sources

CO

A colourless, odourless, and poisonous gas that is produced by the incomplete combustion of
carbon-containing fuels (Ayers, 1998). In Thailand, CO emissions are predominantly
produced by the residential and commercial sectors, accounting for 74% of the year 2000 total
emissions (DEDP, 2000). However, the high CO concentrations along roadsides are
undoubtedly produced by motor vehicles.

NO,

NO is produced by the oxidation of nitrogen during combustion. Subsequently, it is further
oxidized to NO,. NO, is the first and most immediate reaction product of the atmospheric
oxidation of the NO emitted by human activities, namely motor traffic, power station and
home and industrial combustion processes (Derwent, 1999). The transport and power sectors
are the main sources of NO, emission in Thailand. The respective NO, emissions from
transport, power and industrial sectors were 214, 153 and 138 kT, which accounted for 34%,
24%, and 22% of the total (DEDP, 2000).

SO,

A non-flammable, non-explosive and colourless gas (Wark et al., 1998). The combustion of
fossil fuels is a major source of sulphur dioxide, especially of coal and fuel oil (Harrison,
1996). Petrol and diesel fuels have a relatively small sulphur content, however they can
increase SO, concentrations alongside busy roads. The predominant source of SO, emissions
in Thailand are fossil-fuelled power stations, which in 1999, respectively contributed 840 and
616 KT (coal only) accounting for 70% of the total for the country (DEDP, 2000). However, in
Thailand during the past 3 decades, the SO,-concentration trend has been downward.

TSP&PM;

Particulate matter (PM) is categorised by its size distribution. All sizes of suspended particles
in the air are termed total suspended particulates (TSP). PM,, is, approximately, the PM
suspended in the atmosphere with an aerodynamic diameter of less than 10 um. The sources
of particles are both natural (e.g. sea spray, windblown mineral dust), and anthropogenic
(soot, smoke, road dust and products of the conversion of gases from combustion of fossil
fuels (e.g., SO4* and NO;™ ) and PM from quarrying processes) (Prospero et al., 1981 cited by
Koutrakis and Sioutas, 1996). In Thailand, suspended particulate matter is estimated by
energy consumption from which power and transport sectors in 1999 contributed about 88%
and 6% of the total respectively (DEDP, 2000).

O; is a colourless and odourless gas. Ground-level O3 occurs as a result of the chemical
reactions between oxides of nitrogen (NO,), volatile organic compounds (VOCs) and air in
the presence of sunlight. In a polluted environment, O; concentrations are normally high due
to its precursors, mainly VOCs and NOx (especially from vehicle exhaust) (DMTI Spatial,
2004). High O; concentrations were found in Thailand, especially in Bangkok
(Wangwongwatana and Warapetcharayut, 2001a).

Lead

For decades, exhaust from motor vehicles that used leaded gasoline was the major source of
atmospheric lead in Thailand. Leaded gasoline has no longer been available in the country
since 1 January 1996. The lead content in gasoline had been gradually reduced from 0.84 g/I
before 1984, to 0 g/l in 1996. Methyl tertiary butyl ether (MTBE) is normally used instead of
lead to boost gasoline octane rating. Consequently, the ambient lead concentrations, observed
by PCD, have declined (Wangwongwatana and Warapetcharayut, 2001a).

1.4.2 Health Impacts — Possible Consequences of Exposure to Air Pollution

Human health can be adversely affected by atmospheric pollution. For this reason, a

consideration of the expected consequences of air pollution episodes are an important

consideration during the development of air quality management plans. Health impacts

caused by air pollution include eye irritation, skin rashes, itchiness, respiratory and

cardiovascular diseases, hypertension and various forms of cancer. Air pollution can also

cause the exacerbation of asthma and coronary disease, increased incidence of chronic

bronchitis and acute respiratory illnesses, and impairment of lung function (Schwartz,

2001; Heinrich, 1999; Ostro et al., 1999, Herbarth et al., 1997). Infants, the elderly, and
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those suffering from chronic respiratory conditions such as asthma, bronchitis and
emphysema are especially vulnerable to polluted air. A number of studies have focused on
respiratory diseases, such as asthma, in children (Mortimer et al., 2002; Gehring et al.,
2002; Hirsch et al., 1999) and cardiovascular disease in the elderly (Liao et al., 1999).
Most of these studies focused on the adverse health effects caused by particulate pollution.
Since, there is a lack of association between mortality and the concentrations of other
pollutants, particularly SO,. Independent mortality and morbidity effects for particulate
matter have been studied worldwide, particularly in the USA, and possible mechanisms for
PM toxicity are reasonably developed (DoH, 1998). Furthermore, the association of O3 and
both total and cause-specific mortality (such as respiratory and cardiovascular diseases) is

well studied whereas the effects of NO, on mortality remains unclear.

In 1994, the World Health Organisation (WHO) provided a summary of health outcomes
associated with changes in ambient O3 concentration in epidemiological studies (as shown
in Table 1.5). The UK Department of Health (DoH) (1998) also advised that caution must
be exercised in applying the results shown in these tables. The relationship defined in the
table is linear in terms of the concentration of Os;, however, the dose-response curve

becomes steeper as the concentration increases.

Several studies have shown that ambient particulate pollution is associated with daily
mortality and hospital admissions (Fusco et al., 2001; Schwartz, 2001; Simpson et al.,
2000; McDonnell et al., 2000; Pope II1 et al., 1999). Le Tertre et al. (2002) commented on
the results of recent epidemiological studies, which showed that ambient air pollution
adversely affects human health, even at levels close to or lower than the current national
standards of European countries. Of the common atmospheric pollutants, particulate matter
is the most consistently associated with mortality. For example, Simpson er al. (2000)
reported that the US epidemiological studies showed a consistent 1% increase in daily
mortality associated with a 10 pig/m’ increase in daily average PMq levels (24-hr average

concentrations).
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Table 1.5 Summary of health outcomes associated with changes in O3 concentrations in

epidemiological studies (DoH, 1998)

Health outcomes associated with changes in ambient | Change in 1h O3 Change in 8h O3
concentration in epidemiological studies (p.g/m3) (p,g/m3)
Symptom exacerbations among healthy adults or asthmatics —

normal activity

25% increase 200 100
50% increase 400 200
100% increase 800 300
Hospital admissions for respiratory conditions

5% increase 30 25
10% increase 60 50
20% increase 120 100

Health outcomes associated with controlled ozone exposures | O; concentration (p,g/m3) at which health

effect expected

Averaging 1h O; 8h O,
FEV1 (active, healthy, outdoors, most sensitive 10% of healthy
children and young adults)
5% 250 120
10% 350 160
20% 500 240
Inflammatory changes (neutrophil influx) (healthy young adults
at >40 1/min outdoors)
2-fold increase 400 180
4-fold increase 600 250
8-fold increase 800 320

The UK Department of Health (DoH) (1998) summarised estimates of the effects of daily
mean particulate pollution as shown in Table 1.6. There is a 1% increase in daily mortality
rate for every increase of 10 pg/m® PM,, However, as previously stated, the effect
estimates observed in the UK and Europe are lower than those observed in the US studies
(DoH, 1998). Furthermore, the application of these rates to the estimation of mortality and
morbidity resulting from air pollution in Asian countries may create additional
uncertainties. For instance, WHO estimated that, in 2001, 800,000 people around the world
died prematurely from lung cancer, cardiovascular and respiratory diseases caused by
outdoor air pollution and 4.6 million lost life-years worldwide. Two thirds of these deaths
and lost life-years were determined to occur in Asian developing countries (WHO, 2002).
The estimates were based mainly upon the results of research conducted in Europe and
North America [Health Effects Institute (HEI), 2004]. There are differences, between
developing Asian and developed countries in Europe and North America, in the nature of
air pollution, the conditions and magnitude of pollution exposure, and health status,

particularly, the accessibility to and efficiency of health care.
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Table 1.6 Summary of estimates of health effects of changes in daily mean particulate

pollution (DoH, 1998)

% change in health indicator per
each 10 pg/m’ increase in PMyg

1. Increase in daily mortality

e Total deaths 1.0

e  Respiratory deaths 3.4

e  Cardiovascular deaths 14

2. Increase in hospital usage (all respiratory admissions) 0.8

e  Emergency department visits 1.0

3. Exacerbation of asthma

*  Asthmatic attacks 3.0

e Bronchodilator use 2.9

e Hospital admissions 1.9

4, Increase in respiratory symptoms

e Lower respiratory 3.0

e  Upper respiratory 0.7

s Cough 12

5. Decrease in lung function

e Forced expired volume 0.15

»  Peak expiratory flow 0.08

Note: Effects of PM,q on indicators of ill-health (from Dockery and Pope (1994) — a meta-analysis of studies
on the effects of particles, each estimate is from a combination of two or more studies)

HEI (2004) identified 138 papers (published between 1980 — 2003) that present original
estimates of the health effects from outdoor air pollution in eight Asian countries — China
(including HK SAR and Taipei), India, Indonesia, Japan, South Korea, Malaysia,
Singapore and Thailand. Most of these studies were conducted in China, South Korea and
Japan. The study designs were predominately either cross-sectional prevalence studies (of
chronic respiratory symptoms or pulmonary function) or time-series studies (of the effects
of short-term exposure on daily mortality or hospital admissions). Generally, cross-
sectional studies measure the prevalence of disease. They are relatively easy and
economical to conduct and are useful for investigating exposures that are based on fixed
characteristics of individuals such as ethnicity and socioeconomic status. However, it is
sometimes difficult to assess the reasons for associations demonstrated in cross-sectional
studies. The comparison of results from cross-sectional studies in different countries can be
further hindered by the absence of standardization in the survey methods (Beaglehole et
al., 1993). The International Study of Asthma and Allergies in Childhood (ISAAC) (a
cross-sectional study) was made to be applicable across different countries by using a

standardized questionnaire.

This review focuses on three major respiratory and allergic diseases - namely asthma,
rhinitis and eczema — as they are included in the ISAAC questionnaire as part of the cross-

sectional prevalence study of respiratory and allergic diseases among schoolchildren in
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Chiang Mai. Their definitions and symptoms are summarized in Table 1.7. Air pollutants
at concentrations typical of polluted cities can trigger bronchoconstriction, increase airway
responsiveness, and magnify allergic responses, especially among asthmatic and allergic
subjects [the Global Initiative for Asthma (GINA), 2002]. Some of the cross-sectional
studies conducted in Asia (cited by HEI, 2004) are summarised in Table 1.8.

Table 1.7 Definitions and symptoms of asthma, rhinitis and eczema

Diseases Definition and Symptoms

Asthma | A chronic inflammatory disorder of the airways in which many cells and cellular elements
play a role. The chronic inflammation causes an associated increase in airway
hyperresponsiveness that leads to recurrent episodes of wheezing, breathlessness, chest
tightness, and coughing, particularly at night or in the early morning. These episodes are
usually associated with widespread but variable airflow obstruction that is often reversible
either spontaneously or with treatment (GINA, 2002).

Allergens that can trigger asthma attacks include foods, dust, mould, feathers, animal dander
(small scales from animal hair or feathers); irritants in the air such as dirt, cigarette smoke,
gases, and odours; other triggers include respiratory infections such as colds, flu, sore, throats
and bronchitis; and weather such as very cold air, windy weather, or sudden changes in
weather (Shutes, 2002).

Rhinitis | An inflammation of the lining of the nose. Inflamed mucous membranes cause swelling and
block airflow. It also causes over-reactivity of the glands in the mucous membrane causing
excessive mucus production and a watery discharge. The delicate lining of the eyes can also
be inflamed and irritated if allergens enter the eyes. (The UK National Health Service, 2005).

Summer hay fever is a form of rhinitis and also called seasonal allergic rhinitis, an allergy to
grass, weed and tree pollens, moulds, hair, feathers, skin scalds (dander), house mites, house
dust or other airborne pollutants. The hay fever symptoms include sneezing, stuffiness and a
watery discharge from the nose. (Morris, 2005).

Eczema | An allergic condition that affects the skin. The eczema symptom in mild cases is a patch of
sore skin, but in severe cases extensive areas of skin are inflamed with an unbearable
itchiness. People with other allergies such as hay fever are prone to eczema. There are two
most common forms of eczema — atopic dermatitis and contact dermatitis.

Atopic dermatitis (AD) (atopic or infantile eczema) that occurs in people with dry and rough
skin may be caused by a variety of allergens, and normally commences in childhood. Food
(mainly in children), house dust mite and probably genetic predisposition to atopy” are risk
factors for AD. In children, the inflamed and itchy skin caused by AD can be affected with
impetigo especially on the flexural areas of arms, legs and ankles (NHS website, date not
specified). Contact dermatitis, which usually affects adults, occurs when the skin reacts to
contact with chemical substances (Hicks, 2005).

Note: ~ Atopy is defined as the genetic tendency to develop the classic allergic diseases — atopic dermatitis,
allergic rhinitis (hay fever) and asthma. Atopy involves the capacity to produce immunoglobulin E (IgE)
antibodies in response to common environmental allergens such as dust mite, grass pollen, food allergen, etc.
(MedicineNet, 2006). Generally, people with atopy tend to produce abnormal (excessive) amounts of IgE in
response to an allergen (GINA, 2002).
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Table 1.8 Summary of cross-sectional studies of air quality and health effects in Asia

Citation, Period, Exposure Health outcome Summary of findings
Study location Sample
Zhang et al. (2000), 1993-1996, NO;,, SO,, | Wheeze, asthma, bronchitis, | Standardized questionnaires revealed positive associations between
China (Guangzhou, Wuhan, | 7557 elementary | TSP, PM (55 | hospitalization due to respiratory | respiratory morbidity and outdoor concentrations of PM14.,5, NOy and SO,,
Lanzhou, and Chongging,) school students 10-2.5. 10) diseases, persistent cough,
persistent phlegm
Tam et al. (1994), 1989 - 1990, NO,, O, SO,, | Bronchial responsiveness (FVC, | Bronchial hyperreactivity after histamine challenge was more common
Hong Kong 423 children (mean | TSP and PM;, | FEV))" among children living in a more polluted district even when results were
age, 10.85 yrs) controlled for wheeze, asthma, home tobacco smoke, and socioeconomic
factors.
Yang et al. (1998), 1994-1995, Petrochemical | Respiratory symptoms among | Primary school children living in a petrochemical area were exposed to
Taipei, China 1071 primary school | air  pollution | primary school children significantly higher levels of PM, SO,, NO, and acid aerosols than children
children (460 in [ (PM, SO, in a control area. The exposed children had significantly more upper
polluted area, 611 in | NO, and acid respiratory tract symptoms and asthma. A causal relation could not be
control area) aerosols) confirmed.
Chew et al. (1999), 1994, Asthma and allergies In data from an ISAAC questionnaire, outcomes were associated with
Singapore school children demographic and socioeconomic differences, but not with air pollution or
(2030, 6-7 yr; 4208, environmental factors.
12-15 yr)
Pothikamjorn et al. (2000), 1998-1999, PMyo Allergic symptoms, allergic skin | A significant increase in school absence and medical expenses was
Bangkok 290 high  school sensitivity, lung function associated with high PM,, exposure.

students exposed to a
24-hr average of 170

3

pg/m’ PMq
Wongsurakiat ef al. (1999), 1996-1997, Respiratory ~ symptoms, lung | Non-smoker traffic policemen had significantly higher prevalence of cough,
Bangkok 629 traffic policemen function phlegm, rhinitis symptoms, and abnormal air flow than non-smoker

and 303
subjects

control

controls. Mean FEV| and FVC values were also significantly lower for the
policemen. Policemen who did not wear protective masks had significantly
increased prevalence of abnormal FEV; and FVC compared with mask-
wearing policemen.

Source: Health Effects Institute (2004); FVC = forced vital capacity (the maximum volume of gas that can be expired by the subject as forcefully and rapidly as possible, after a maximal
inspiration to lung capacity (Ruppel, 1994)) * FEV1 = forced expiratory volume in 1 second (the volume of gas expired over a one-second interval from the beginning of the FVC maneuver

(Ruppel, 1994).
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The data from the International Study of Asthma and Allergies in Childhood (ISAAC,
1998) showed that there are large differences in asthma prevalence (percentage of the
population with asthma) among different populations, the highest prevalence being found
in the UK, New Zealand and Australia. Trakultivakorn (1999) investigated the prevalence
of asthma among children in Chiang Mai using the standardised ISAAC questionnaire for
asthma and allergies. For asthma, it was found that prevalence based on wheezing over the
past 12 months in children 6-7 years old and 13-14 years old, was 5.5% and 12.6%
respectively, which is slightly lower than the asthma prevalence results produced by a
similar ISAAC study in Bangkok. In addition, annual in-patient data from the Chiang Mai
Health Office showed an increase in the number of asthmatic patients from 1,359 in 1995

to 1,670 in 2001.

Regarding rhinitis in Chiang Mai, pollen from longan trees (Euphoria longana Lam.) may
cause hay fever symptoms in some schoolchildren in Saraphi district during March and
April. Trakultivakorn (1999) reported that the prevalence of allergic rhinitis in children
aged 6-7 years and 13-14 years in Chiang Mai were 18.5% and 38.3%, respectively. The
prevalence of eczema in children aged 6-7 years and 13-14 years, based on the occurrence

of rash in flexural areas, were 18.5% and 38.3% respectively (Trakultivakorn 1999).

The Ministry of Public Health (MOPH) reported that the occurrence and mortality from
respiratory diseases in Thai people were 19,888 (32.9 per 100,000 population) in 1997 and
23,417 (37.7 per 100,000 population) in 2001. In 2000, almost 25 million people suffered
from respiratory diseases in Thailand (not including Bangkok Metropolitan). This included
1.38 million in the north of Thailand. Chiang Mai Public Health Office data for 1999
indicated that 42,739 people out of every 100,000 (42.7%) in Chiang Mai suffered from
respiratory problems. In comparison, the data for 1994 showed 33,000 of every 100,000
(33%) of the population had impaired respiratory health. In addition, the occurrence of
lung cancer in-patients in Chiang Mai increased from 190 to 555 from 1996 to 2001 —
although much of this may be related to changes in smoking patterns. Wiwatanadate and
Chunram (2002) reported that the top S causes of death in Chiang Mai in 2001 were AIDS,
cardiovascular diseases, respiratory diseases, cancers, and suicides, respectively. In
Maharaj Nakorn Chiang Mai Hospital, the number of in-patients with respiratory diseases
increased dramatically from 3,071 to 4,739 between 1995 — 2000. Wiwatanadate and
Chunram (2002) speculated that some of this increase was due to increases in exposure to

air pollution.

18



In conclusion, the review of previous health studies shows that air pollution is widely
accepted as being harmful to human health. However, there are uncertainties over specific
causes and effects, especially in the area of combined or synergistic effects and it is
acknowledged that, in many studies of health effects due to air pollution, there is an
incomplete picture of the patterns of exposure. In many studies, the effects from individual
pollutants have been analysed separately and consequently the epidemiology of the health
effects of mixtures of air pollutants has been poorly developed (DoH, 1997). It is generally
agreed that effective air quality management should lead to a reduction in exposure to

harmful pollutants.

1.5 Air Quality Management

1.5.1 Environmental Management Responsibilities in Thailand

Thailand announced its first environmental management legislation in 1975 with the
Enhancement and Conservation of National Environmental Quality Act B.E. 2518 (1975).
As a result of this legislation, the Office of the National Environment Board was
established under the supervision of the Prime Minister’s Office to manage the
environment. In 1992, the Royal Thai Government announced the replacement of the 1975
legislation with the Enhancement and Conservation of National Environment Quality Act
B.E. 2535 (1992) (NEQA). Following this Act, the Ministry of Science, Technology and
Environment (MOSTE) was established. To better understand the roles of regional,
provincial and local governments in Chiang Mai, the institutional aspects of environmental

management in Thailand were reviewed and are summarised as follows;

1.5.1.1 Responsibilities of Ministry of Natural Resources and Environment

In 2002, MOSTE was restructured to become the Ministry of Natural Resources and
Environment (MONRE), following the Act Amending Ministry, Sub-ministry and
Department B.E. 2545 (2002) and Government Reorganization Act B.E. 2545 (2002). The
powers and responsibilities given to MONRE are concerned with the preservation,
conservation and rehabilitation of natural resources and environment, management and
sustainable use of resources and implementation of other government services [Office of

the Permanent Secretary of Natural Resources and Environment (OPS), 2004]. Major
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government departments with a responsibility for environmental issues (including air

pollution) in Thailand are as follows;

1) Pollution Control Department

The Pollution Control Department (PCD) formulates and administers national pollution
management plans to control, prevent and mitigate environmental pollution. Its major
responsibilities are the formulation of national policy and plans for the promotion,
enhancement and conservation of environmental quality, including the establishment of
environmental quality and emission standards. Furthermore, PCD monitors environmental
quality, particularly air and water quality, and is responsible for taking action on public
complaints related to pollution. Its pollution control functions are mainly specified in
NEQA. As part of its role, PCD is empowered to investigate whether industries are
complying with required effluent standards. For instance, PCD must ensure, through
periodic inspections, that self-monitoring programmes for industrial wastewater discharges
and atmospheric emissions are resulting in the maintenance of accurate and certifiable
records. PCD is also responsible for the periodic review of emission standards and, where
necessary, making recommendations for changes to their specification and design.
However, the legal remit of the PCD deals with ambient air quality as well as with

emissions (OPS, 2004).

ii) Office of Natural Resources and Environmental Policy and Planning

The Office of Natural Resources and Environmental Policy and Planning (ONEP), under
MONRE, aims to strengthen the national economy while promoting sustainable
development and enhancing the quality of life. It is responsible for developing policy and
plans for the management of natural resources, environmental enhancement and
conservation in compliance with NEQA and other related laws. Significant development
and construction projects, within both the government and private sectors, are required to

submit Environmental Impact Assessment (EIA) reports to ONEP.

The office also administrates the Environmental Fund (EF) in order to support natural
resource and environment management policies and plans at all levels (OPS, 2004).
According to NEQA, the EF is made up from various sources such as the Fuel Oil Fund;
the Revolving Fund for environmental development and quality of life; service fees and
penalties collected under the terms of the Act; government grants; and donations (from
both domestic and foreign origin). Any grant or loan for government or local projects must

be requested through a provincial action plan for environmental quality management and
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then be proposed to ONEP (Seatec International Ltd., 1995). The EF was established in
1992 with an initial capital of THB5,000 million. During 1993 — 1995, the Thai
government subsidised THB1,250 million, and, in 1994, the Japan Bank of International
Cooperation (JBIC) provided USD100 million as a loan to the EF. In 2004, the
accumulated fund stood at THB 14,200 million (Poboon, 2004).

ii1) Department of Environmental Quality Promotion

The Department of Environmental Quality Promotion (DEQP), MONRE, works to

enhance environmental quality through research, development, training, strengthening of
public awareness and technology transfer with the aims of improving the quality of life and
promoting sustainable management. The department conducts public relations activities in
the areas of natural resources and the environment and also acts as the Natural Resources
and Environmental Information Centre for collecting and disseminating environmental

information. In addition, DEQP serves as the Centre for Cleaner Production (OPS, 2004).

iv) Regional Environmental Offices

Under the Office of the Permanent Secretary (OPS), MONRE, there are 16 Regional

Environmental Offices located in different parts of Thailand. The responsibilities of the
regional offices are: to formulate regional environmental management plans; coordinate
and evaluate activities related to regional and provincial management plans; develop the
regional environmental information system; consult and manage technical knowledge and
environmental measurements together with the encouragement of other activities in
accordance with sound environmental management; monitor and inspect environmental
quality; promote public participation and create environmental networks; and develop local
environmental technology appropriate for each region (OPS, 2004). The Environmental
Office Region 1 (EO1), located in Chiang Mai, has its responsibilities in 4 provinces
(Chiang Mai, Chiang Rai, Lamphun and Mae Hong Son).

v) Provincial Offices for Natural Resources and Environment

The Provincial Offices for Natural Resources and Environment (PONRE) are located in
each of the 75 provinces throughout Thailand. Their major responsibilities include:
formulation of provincial environmental management plans and provincial environmental
quality management action plans; evaluation, monitoring and inspection of provincial
environmental quality; conservation and protection of wildlife; activities as required by the
National Forest Reserve Act, the Plantation Act, the National Community Forest Act, and

other related acts; monitoring, inspection, control and maintenance of water resources;
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provision of public education and fostering of public participation in the conservation,
preservation and development of natural resources and the environment; and cooperation
with other organizations regarding natural resources and the environment (OPS, 2004).
The Chiang Mai PONRE was established in 2003. The overall organisational framework
for the administration of environmental management under the Ministry of Natural

Resources and Environment is shown in Figure 1.3 below.

Ministerial MONRE
|
EO
Regional |
Lo PONRE

Provincial ]
Note: MONRE Ministry of Natural Resources and Environment

PCD Pollution Control Department

ONEP Office of the Natural Resources and Environmental Policy and Planning

DEQP Department of Environmental Quality Promotion

OPS Office of the Permanent Secretary

EO Environmental Office

PONRE Provincial Office of Natural Resources and Environment

Figure 1.3 Administrative levels of governmental organizations, under the Ministry of
Natural Resources and Environment, with a responsibility for environmental management

and control in Thailand.

22



1.5.1.2 Responsibilities of Ministry of Industry

1) Department of Industrial Works

The Department of Industrial Works (DIW) regulates industrial activities pursuant to
various rules and regulations under the Factory Act B.E. 2535 (1992). Factories are
required to register with DIW and obtain a permit to operate, which needs to be renewed
every 5 years. DIW has authority to cancel the permit and close down any factories that do
not follow factory regulations, or that pollute the environment causing harm to public
health. Moreover, DIW provides technical advice to industry including the fields of
environmental management and occupational health and safety. The DIW’s environmental
management brief includes extending its capability to control and counsel industry in the
use of appropriate technology for sustainable development (PCD, 1997a). With regards to
pollution control, DIW has the following strategies: preparation of a master plan for
pollution control for each of water, soil and air; implementation of various economic
instruments (emission charges, user charges, tradable permits etc.) under the Polluter Pays
Principle; encouragement of manufacturers to use cleaner technology together with
reduction and reuse techniques; assistance in the installation of pilot treatment plants for
small scale factories; provision of information and expertise in waste management; and
establishment of regional environment laboratories and waste management centers (The
Royal Thai Government, 1999). DIW has provincial offices throughout Thailand including
Chiang Mai (Chiang Mai Provincial Industry Office). Figure 1.4 illustrates administrative
levels of governmental organizations, under the Ministry of Industry, relating to industrial

pollution control in Thailand.

Ministerial Ministry of Industry
Central Department of Industrial Works
Provincial Provincial Industry Office

Figure 1.4 Administrative levels of governmental organizations, under the Ministry of

Industry, relating to industrial pollution control in Thailand
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1.5.1.3 Responsibilities of Ministry of Interior
Two central departments under the Ministry of Interior that also have responsibilities for
local air quality management in Chiang Mai are the Department of Public Works and

Town and Country Planning (DPT) and the Department of Local Administration (DOLA).

i) Department of Public Works and Town and Country Planning

After a major reform of governmental organization in 2002, the Department of Public
Works was amalgamated with the Department of Town and Country Planning to form
DPT. DPT controls the zoning of each province under the Town and Country Planning Act
(TCPA) (1975). This is an important piece of zoning legislation that provides a statutory
framework for town and country planning at two levels: planning and implementation.
Primarily, a general program for town and country planning in any locality can be initiated
either by the local government or by DPT with the aim of preparation and implementation
of a Master Town Plan (MTP), which will come into effect after approval by the Town and
Country Planning Committee and then be formally promulgated by the Minister of Interior.
In most cases, the aim of MTP implementation is to designate various zones on official
maps, together with a set of rather broad and vague prescriptions for land use requirements
or prohibitions in each zone (Seatec International Ltd, 1995). Nine zones are normally
designated in most MTPs: i) open space zone; ii) low density residential zone; iii) average
density residential zone; iv) high density residential zone; v) industrial zone; vi) rural and
agricultural zone; vii) educational institution zone; viii) religious establishment zone; and
ix) official establishment and public utility zone. In terms of environmental aspects,
factories are prohibited in any residential zones. But there is an exception to this rule for
“factories which can be operated without causing nuisances according to the law on public
health or without causing pollution to the community or environment” (Seatec
International Ltd, 1995). This may explain why there are so many factories located in the
residential areas of Chiang Mai, including those which contribute to air pollution problems.

Examples of some such factories are shown in Chapter 6.

The Provincial Offices of Public Works and Town and Country Planning are located in

each of the 75 provinces throughout Thailand.

1) Department of Local Administration

The Department of Local Administration (DOLA), operating under the Ministry of

Interior, is in charge of the supervision and co-ordination of both provincial (i.e.,
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provincial governors, Provincial Administration Organisations (PAO)) and local (i.e., City
Municipalities (CM), Sub-district Municipalities (SM) and Sub-district Administration
Organisations (SAQ)) government organizations. The DOLA organization structure is
summarized in Figure 1.5. Table 1.9 shows administrative levels of provincial and local
governments in Chiang Mai Province. DOLA supports the decentralization of authority to
local offices, on issues such as local income and taxes [Department of Provincial
Administration (DOPA), 2001]. Since the promulgation of the 1997 Constitution, recent
government developments aim to decentralize power and devolve responsibilities and
finances to local governments (i.e. Provincial Administrative Organisation (PAO), Sub-
district Administrative Organisations (SAQO), and municipalities). The Constitution also
promotes public participation, at a local level, in the design and implementation of policies,
programmes, and projects. (Mutebi, 2005). The heads of local governmental organizations
are appointed by public election (e.g. mayor (for municipal organizations); chief executive

(for PAOs and SAOs) and his/her council team).

In each province, one provincial governor is appointed by the central government
(Ministry of Interior), with the exception of Bangkok where the governor is publicly
elected. The Provincial Administration Office controls and supports plan and policy
implementation for each district and minor district, including coordinating and overseeing
local government organisations (DOPA, 2001). In addition, it is responsible for
establishing the strategic plan for provincial development, based on the National Economic
and Social Development Plan (NESDP) and the specific needs of the province (e.g. forest
conservation, wastewater treatment plants). The strategic plan is then distributed to
government organizations at national, provincial and local levels. Based on the proposed
development projects initiated by different central government organizations in the
province (eg. EO1, PONRE, DPT), related ministries allocate annual funds to the province
to form the Provincial Budget. As Chiang Mai is included in the CEO Governor
Programme, under the Office of the Prime Minister (OPM), there are special funds (CEO
Governor Budget) allocated to Chiang Mai province for special or urgent projects such as
unexpected natural disasters, flooding, air pollution abatement, forest fire prevention, etc.
At present, Mr. Suwat Tantibhat is the Chiang Mai CEO governor (pers. comm. with Mr.
Sakulpetch Pikulprasert, Chiang Mai Provincial Administration Office; as of December
2005). Moreover, the District and Minor District Administration Offices, under the

Provincial Administration Office, have responsibility for district administration, including
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local development, civil registration and identification card service, disaster relief, and

civil defense volunteers, etc.

Ministerial Ministry of Interior

Department of Local Administration

Central
Provincial Local
Administration Administration
Provincial Administration Offices PAOs
District Administration Offices Municipalities
Minor District Administration Offices SAOs
Source: Department of Provincial Administration (DOPA) (2001)
Note: PAOs Provincial Administration Organisations; SAOs Sub-district Administration
Organisations
— Line of Command ——— Line of Supervision and co-ordination

Figure 1.5 Administrative levels of governmental organizations, under the Ministry of

Interior, relating to provincial and local administration in Thailand
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Table 1.9 Provincial and local administrative levels of government organisations in Chiang

Mai

Administrative level Government organisation Head of organisation
Provincial Administration | Provincial Administration Office | Governor (appointed by central
(Governor’s office) (1) government, subject to periodic

transfer to other provinces)

District & Minor District Administration | Chief Officer (appointed by

Offices (21 & 2, respectively) central government)

Local Administration Provincial Administration Organisation (1) | Chief Executive (elected)
Chiang Mai (Nakorn) Municipality (1) Mayor (elected)
Sub-district Municipalities (28) Chief Executive (elected)
Sub-district Administration Organisations | Chief Executive (elected)
(186)

The Provincial Administration Organisations (PAO) have the responsibility to oversee and
systemise public services for the benefit of local communities, these roles being specified
in the Provincial Act B.E. 2540 (1997). Additionally, the Decentralisation Act B.E. 2542
(1999) further adds to these responsibilities as follows;

e Promotion of public participation in the development of local areas

e Establishment and maintenance of wastewater treatment system

e Establishment and maintenance of solid waste disposal system

e Environmental management and pollution control

e Promotion of tourism

e Construction and maintenance of roads and waterways connecting localities

[Thailand Environment Institute (TEI), 2003].

PAOs also have the role of conducting the local projects that are beyond the abilities of the
SMs and SAOs in their province (e.g. large landfill site construction projects), however,
the case where project areas and responsibilities involve more than two SAOs, prior
approval must be obtained from each of these bodies. PAOs can also provide budgetary
assistance to local governments where necessary (TEI, 2003). Moreover, PAOs can work
together with other provincial authorities such as the MAQHUE Asia Urbs project (2002 —
2003) in Chiang Mai.

At the administrative level, the main responsibilities of municipalities, as specified in the
Municipality Act B.E. 2496 (1953) and the Tambon Administration Organisation Act, B.E.
2537 (1994) are summarized in Appendix 3. Functions of Sub-district Administration
Organisations, as identified in the Sub-district Councils and Sub-district Administration

Organisations Act B.E. 2542 (1999), are summarized in Appendix 3. However, there is not
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yet a specific function for local air quality management required by law, as part of their
respective roles. However, the management of natural resources and the environment are
required by the Tambon (Sub-district) Administration Act (1994). The improvement of
natural resources and the environment was included in the 3-year strategic plans of SAOs
and municipalities in Chiang Mai. The plan should generally include 5 major components:
i) development of basic infrastructure, ii) development of human resources and society, iii)
improvement of natural resources and environment, iv) water resource development, and
v) development of education, religion and tradition (pers. comm. Ms. Thitirat Intaping,
Pong Yang SAO, Chiang Mai; as of January 2005). As part of the decentralization process,
the central and regional authorities are required to assist local government organizations in
terms of technical support, capacity building, and supervision where necessary. At present,
the local government organisations in Chiang Mai have inadequate technical knowledge
and capabilities in the area of air quality management. It is crucial for them to be provided
with technical assistance through capacity building programmes, including extra funding
from central and regional organizations. More detail concerning this issue is included in

Chapter 6.

1.5.2 Air Quality Management in Thailand

Air quality management (AQM) is defined as the set of procedures undertaken to maintain
air quality at levels that protect human health and provide protection to animals, plants
(crops, forests and natural vegetation), ecosystems, materials and aesthetics (such as
natural levels of visibility) (Murray, 1997). At a national level, The Air Quality and Noise
Management Division, Pollution Control Department (PCD) is responsible for formulating
policy planning, action planning, monitoring, and the development of appropriate methods
and means to promote and maintain air quality, noise and vibration, as well as establishing
appropriate standards for these parameters. The National Air Quality Standards of Thailand
are shown in Table 1.3. Other acts containing provisions for motor vehicle emission
control include the Land Transport Act 1992; the Motor Vehicle Act 1979; the Traffic Act
1992; and the Liquid Fuel Act 1978. The Government departments responsible for
implementing these acts are the Land Transport Department, the Police Department, and
the Department of Commercial Registration (Wangwongwatana and Warapetcharayut,
2001). The ambient air quality standard for particulate matter with less than 2.5 pm in
aerodynamic diameter (PM3s) is being established by PCD. In order to improve urban air
quality, many actions have been implemented, such as improvements in fuel quality

(reformulation of automotive gasoline and diesel), adopting the vehicle emission standards
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of the European Union (EU) for new vehicles, revision of emission standards for in-use

vehicles, and implementation of a vehicle inspection and maintenance programme.

At a regional level, the Environment Office Region 1 (EO1) is responsible for improving
air quality in 4 provinces in the northern region (Chiang Mai, Chiang Rai, Lamphun and
Mae Hong Son). However, the Provincial Office of Natural Resources and Environment
(PONRE), Chiang Mai also has direct responsibilities for resolving the air pollution
problem in the province. Local air quality management (LAQM) in Chiang Mai should be
conducted from a provincial to a local level, which includes all municipalities and sub-
district administrative organizations. Existing air quality management (AQM) in Chiang
Mai, at the provincial level, is summarized in Chapter 5. Air quality in Chiang Mai is not
improving and it is questionable whether the AQM system in Chiang Mai is currently
effective. However, LAQM has not yet been established at the local level and, therefore, an
investigation was conducted in order to understand current administrative problems (e.g.
environmental vision and capacity of SM and SAO officials) (Chapter 6). Since 1996,
maximum PM;( concentrations (24 hr) have been over 200 pg/m3 every year, particularly
in winter. There are no effective control measures for open burning (e.g. domestic wastes,
rice fields and forests). PCD, CMM and Traffic Police conducted black smoke tests of
diesel vehicles. It was found that over 70% of diesel vehicles had black smoke emissions
that exceed the standards [40% (full load test) and 50% (free acceleration test), using a
filter measuring system]. Traffic congestion has become a daily problem, especially in
Chiang Mai Municipal areas. In addition, many factories located in residential areas also
contribute to air pollution (CMM, 2002a). Furthermore, respiratory diseases are major
causes of illnesses in Chiang Mai. In 1999, 42.7% of Chiang Mai residents were reported
to have suffered from respiratory illnesses — drastically increased from 1994 (33%). These
illnesses may have resulted from a deterioration in air quality (CMM, 2002a). The
implication is that the responsible organizations have failed to manage air quality in
Chiang Mai. Therefore, it is important to establish effective local air quality management

for the province.

1.5.2.1 National Air Monitoring Network

The monitoring of air quality in Thailand has been conducted since 1983. The ambient air
quality monitoring network (established by PCD during 1992-1996) consists of 51
automatic monitoring stations located throughout the country (Table 1.10 and Figure 1.6).

The monitored pollutants include CO, NOy, SO,, O3, TSP, PM;,, Pb, hydrocarbons and
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H,S. Forty-five of these monitoring stations also have 10m and 30m meteorological masts
to measure wind speed/direction, air temperature, humidity, barometric pressure, solar
radiation, and precipitation (Wangwongwatana and Warapetcharayut, 2001a). All
monitoring stations are automatically operated by remote control from the PCD office in
Bangkok. Automatic zero and span checks of gas analyzers in the stations are performed
every day. The calibration of the analysers is also conducted manually every 15 days using
standard gases of a grade consistent with the US EPA protocols. This bi-weekly calibration
is conducted by Sithiporn Associates Co. Ltd. Pollutant concentrations are measured in
‘real-time’ and the data collected and analysed on an hourly basis by a data acquisition
system at each station. Subsequently, the data are transmitted to the central data processing
system at PCD through a dial-up telemetric communication system. Annually, an audit of
all air monitoring stations within the network is conducted by the Secot Co. Ltd. (pers.

comm. Mr. Montri Chutichaisakda).

Table 1.10 Spatial distribution of air quality monitoring stations in Thailand (refer Figure

1.7)

Region Province Number of air quality monitoring stations
Bangkok Bangkok 17
Metropolitan Samut Prakarn 5
Region (BMR) Pathumthani 1
(28 stations) Nonthaburi 2

Chacheongsao 1

Samut Sakorn 2

Central Ayudthaya 1
(4 stations) Saraburi 2
Ratchaburi 1

Northern Chiang Mai 2
(7 stations) Lampang 4
Nakorn Sawan 1

Northeastern Khon Kaen 1
(2 stations) Nokorn Rachasima 1
Eastern Chonburi 3
(7 stations) Rayong 4
Southern Surat Thani 1
(3 station) Phuket 1
Songkhla 1

Total 51

Source: Mr. Montri Chutichaisakda (as of December 2005)
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Figure 1.6 Map of Thailand showing provinces in the Pollution Control Department’s Air
Quality Monitoring Programme. Refer to Table 1.6 for numbers of monitoring stations in

each area.
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1.5.2.2 Air Quality Monitoring in Chiang Mai

Within Chiang Mai, there are 2 fixed air monitoring stations — one located at the Yuparaj
School, Muang District, for monitoring roadside pollution concentrations, and the other
located at the Provincial Hall, Mae Rim District, north of Chiang Mai City (Figure 1.7).
The air monitoring instruments at the monitoring stations are listed in Table 1.11. CO, SO,
NO, and O3 are monitored using non-dispersive infrared detection, UV-fluorescence,
chemiluminescence and UV absorption techniques respectively. PM, is detected using
US- EPA’s B- absorption technique (Table 1.7). The API CO, SO,, NOx and O3 analysers
are produced commercially by Teledyne Technologies Incorporated. The operational
principles of the analysers are available at the Teledyne website (http://teledyne-
api.com/manuals/) (2005). For the PM Beta Gauge automated particle sampler, the
producer is now Thermo Environmental Instrument, Inc. The operational methodology is
explained by Wedding and Weigland (1991) and US EPA (1999). These monitoring
techniques represent the current state-of-the-art for automated air quality monitoring
networks (AEAT, 2001). They are recommended by the US-EPA, the UK Department for
Transport, and the UK Department of Environment, Food and Rural Affairs (DEFRA) (US
EPA, 1999; DEFRA, 2005; Ropkins and Colvile, 2000). For PM;, monitoring, both
automated Tapered Element Oscillating Microbalance (TEOM) and /8 —attenuation monitor
instruments are widely used, mainly for their reliability and ability to provide near real-
time data for public information. Advantages and disadvantages of each sampling

technique are summarized in Table 1.12.

Table 1.11 The air monitoring instruments used at Chiang Mai monitoring stations

Parameter Technique Instrument
Company name/Model
CO Infrared (IR) Absorption Teledyne /API M300
SO, Ultraviolet Fluorescence Teledyne /API M 100
NO4 Chemiluminescence Teledyne /APT M200
05 Ultraviolet Absorption Photometry Teledyne /API M400
PM,, J —attenuation Thermo Environmental
Instrument”
Beta Gaugel0

Note: ~Formerly Wedding & Associates
Source: Mr. Montri Chutichaisakda (as of November 2005)
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Table 1.12 Summary of advantages and disadvantages of the Pollution Control

Department’s sampling techniques

Accuracy is typically
high (+8%) (Ropkins
and Colvile, 2000).

and water; Dust and dirt can
impair the response (Delphian
Detection Technology, 2006).

Techniques Advantages Disadvantages Precision/resolution
1. IR Absorption (CO | Widely  used  for | Expensive; The IR system is | £+0.5% of reading
Analyser) routine monitoring. | subject to interference by humidity | (Teledyne, 1997)

2.  UV-Fluorescence
(SO, Analyser)

Widely  used  for
routine monitoring,.
Hydrocarbons can

interfere with the UV

This technique is only practical if
the analyte has a short excitation
time (e.g. SO,) but the energy
losses (e.g. physical deactivation

+1.0% of reading
(AEAT, 2001)

resolution (<1 hr) that
can be used for public
information (DEFRA,
2005)

presence of water (DEFRA, 2005)

radiation process | by air) can cause significant
(AEAT, 2001) sensitivity reduction (Ropkins and
Colvile, 2000). UV radiation could
cause eye damage (Maupin, 2003).
3. Chemiluminescent | Widely  used  for | High running cost (Ropkins and | +1.0% of reading
NO, Analyser routine monitoring. Colvile, 2000). (AEAT, 2001)
4. UV Absorption (O3 | Widely  used  for | UV radiation could cause eye | +1.0% of reading
Analyser) routine monitoring. damage (Maupin, 2003). (AEAT, 2001)
5. f —attenuation Widely used for | If a heated inlet is used, some | +3 upg/m’  (I-hr
(PM o Monitor) routine monitoring. | semi-volatile material may be lost. | averaging time) (US
Provides real-time data | Unheated samplers may suffer | EPA, 1999)
with short time | from interference due to the

In Chiang Mai, the air monitoring instruments and the QA/QC and auditing systems are

relatively good. However, the choice of station locations is questionable since it is not clear

that PCD has adequately followed the recommended siting criteria for ambient monitoring

stations. For instance, the requirements for a background site (such as the PCD station in

the Provincial Hall area) include the following: immediately above the station should be

open to the sky with no overhanging trees or buildings; it should be in as open a setting as

possible in relation to surrounding buildings; there should be no major sources of pollution

within 50m (e.g. car parks); cars/vans/lorries should not be expected to stop with their

engines idling within 5 m of the sample inlet; and the site should not be within 10 m of any

other road (<10,000 vehicles/day) (AEAT, 2001) . In reality, the surroundings of the

station at the Provincial Hall are: a car park immediately next to the station (west); a

distance of 10m from the station to the local road (south); approximately 6 m to a tree (§ m

high) and 27 m to a 4-storey building (20m high) (west); generally surrounded by mature

vegetation (east and south) (Figure 1.8).
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Figure 1.7 Map of Chiang Mai showing the location of the monitoring station of the
Northern Meteorological Center, and the two air monitoring stations at the Provincial Hall

and Yuparaj School
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For the roadside monitoring station (Yuparaj School), there is a 20m high tree within a
distance of 5m to the southwest of the station (Figure 1.9). This tree could have an impact
on wind direction and particulate matter may be trapped by its foliage, leading to the
under-estimation of PMjo concentrations. Mr. Montri Chutichaisakda, PCD, admitted that
the siting of existing air monitoring stations in Chiang Mai was not ideal. PCD experienced
some difficulties in obtaining permission from the land owners, who normally donated the
spaces, which are not used for future construction or development, for monitoring stations.
(pers. comm. with Mr. Montri Chutichaisakda). Immediate actions, which could be
recommended to the land owners include trimming the branches, or even cutting down

some trees that may affect the measurement of pollutant concentrations.

Air quality data from both background and roadside stations in Chiang Mai were used for
the validation of the ADMS-Urban model when it was applied to the situation in Chiang
Mai. Other meteorological data (e.g. wind speed and direction, cloud cover) that were
model input data were routinely monitored by the Northern Meteorological Centre (NMC)
(address:  Airport Road, Suthep, Muang District, Chiang Mai, Thailand
http://www.cmmet.com) (Figure 1.8). NMC was first established in 1942 at the Prince
Loyal School. The meteorological station was moved to the present address in 1981. The
Thai Meteorology Department (TMD) selected the current site located on a flat plain in
Chiang Mai City. In choosing this location, TMD followed the siting standards of the
World Meteorological Organisation (WMO), a specialized agency of the United Nations.
For example, the site must not be located on top of the hills, near obstructions (tall
buildings, trees, cliffs) that affect precipitation and/or wind conditions or near excessive
human or animal traffic. The periodic calibration of the instruments is routinely conducted
by NMC technicians. Additionally, annual audits are conducted once a year by TMD staff
from Bangkok. The main routinely monitored parameters include air temperature,
precipitation, cloud cover, and wind speed and direction. The data are recorded and used as
representative meteorological conditions for Chiang Mai City. Weather forecasts are made
for periods that range from less than 3 hours up to 10 days (pers. comm. with Ms. Suntanee

Chaichiangpin, Senior Meteorologist, NMC; as of 2 December 2005).
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Figure 1.8 The ambient monitoring station for general air quality located in the Provincial

Hall area, Chotana Road, Muang (City) District, Chiang Mai

Figure 1.9 The ambient monitoring station for roadside air quality located in the Yuparaj
School area (west of Rachapakinai Road), Muang (City) District, Chiang Mai.
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1.5.3 Atmospheric Dispersion Modelling and its Role in Air Quality

Management

Atmospheric dispersion modelling is a tool useful for providing information on the origin
of pollutants, dispersion processes in the atmosphere, the impact of new pollutant sources
and the potential benefits of pollution controls. In contrast, the measurement of ambient air
pollutant concentrations often provides little information about the sources of air pollution
and air dispersion processes (Williams, 1996). It follows that atmospheric dispersion
modelling has become an important tool in many countries to aid the development and
implementation of their air quality management programmes (Hickman and Colwill, 1982;
Chatterton et al., 2000; DETR, 2000; Team Consulting Engineers, 1997; San José et al.,
2000; Kolehmainen et al., 2000; Huang et al., 2002). The underlying principles of such
modelling are governed by the physical principles of pollutant dispersion, transport and
transformation in the atmosphere — these are treated differently in different models.
Mechanical turbulence and atmospheric stability, including mixing heights, and effects
from buildings and topography are important in the calculation process. Furthermore, the
chemistry of pollutants in the atmosphere must also be accounted for in the models (based
on chemical transformation and other removal processes such as dry and wet deposition)
(Williams, 1996). Mechanical turbulence is generated as air flows over topographical
obstacles on the ground such as crops, hedges, trees, buildings and hills. Turbulence
intensity increases with increasing wind speed and surface roughness, but decreases with
height above the ground. Due to the heat from solar radiation, convective circulation,
driven by buoyancy forces, occurs in the boundary layer. This kind of circulation
associated with large eddies can often be seen in the ‘looping’ plumes from industrial
stacks. On the other hand, during calm, clear nights when the earth’s surface rapidly cools,
there may be little or no generation of mechanical turbulence and circulations of this type
may be almost absent. Furthermore, due to variation in solar heating and atmospheric
cooling, mixing heights vary throughout the day. At its maximum, the turbulent boundary
layer can be about 1000 m in depth. In the evening and night, when the surface is cool, the
depth of this layer may be reduced to between 1 — 300 m. Also, both buildings and hills
significantly deflect or disturb the dispersion of pollutant plumes — if their dimensions are

large in comparison with the plume (Williams, 1996).

The National Institute of Water and Atmospheric Research (NIWA), New Zealand (2004)

categorized recent atmospheric models into 3 levels, depending upon their applicability in
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situations of different complexity. In Table 1.13, a range of recently used models are

grouped into the 3 categories, which may be outlined as follows:

i)

Gaussian plume models: Use calculations of pollutant concentrations and are
based on the Gaussian plume formula, which was derived assuming ‘steady-state’
conditions. The meteorological conditions, for each hour, are assumed to remain

constant during dispersion from source to receptor.

Advanced dispersion models: Depending upon the dispersion of pollutants,
the models can be divided into 3 types (particles, puff and grid points). Particle
models are applicable when pollutant releases may be represented by a stream of
particles (even if the pollutant is a gas), which are transported by the model winds
and diffuse randomly. Puff models represent pollutant release as a series of puffs of
material, which are subsequently transported by winds. Each puff represents a
discrete amount of pollution, whose volume increases due to turbulent mixing. Grid
point models represent pollutant distributions as concentrations on a three-
dimensional grid of points. However, this method is very similar to the approach

commonly used for airshed modelling.

Airshed models: In airshed models, the whole modelling region is
horizontally and vertically divided into a series of cells, and the changes in
pollutant concentrations are predicted following their movement from one cell to
the next. These models can account for chemical transformation because the
atmospheric chemical formulations are included. Grid sizes and time scales can
vary from large-scale models (with hundreds of kilometers of grid cells and many
years) to micro-scale models (with grid cells of a few tens of metres and time steps

of a few minutes).
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Table 1.13 Types of air modelling programmes, varying from low to high complexity, and

their advantages and disadvantages

Complexity Model type Advantages/Disadvantages
Level
Gaussian plume models | Widely used, well understood, easy to apply, regulatory
LOW (e.g. ISC, Ausplume); used, simple computer resources required; simple
meteorological data required/ The models ‘break down’ in
low wind speed and calm meteorological conditions; do not
account for turning or rising wind caused by terrain.
Advanced  dispersion | Overcome most of the limitations associated with Gaussian
models (e.g. TAPM, | plume models/ resources demanding (human. Computer
Calpuff, ADMS-Urban) | and data); the results may not be more realistic than the
Gaussian models.
¥ Airshed models (e.g. | Highly capable of explaining the effects of all emission
HIGH UAM-V, CALGRID, | sources on a whole areas. Rarely regulatory used, high
CMAQ,TAPM) computing resources required.

Source: The National Institute of Water and Atmospheric Research (NIWA) (2004)

1.5.3.1 Air Quality Modelling Programmes for Chiang Mai

There are a large variety of atmospheric dispersion models available and it is not always an
easy task to select an appropriate model for a given piece of research. For any given
application, not all models are equally appropriate. In addition to site-specific
requirements, factors that must be considered include computer system requirements
(outlined below), overall cost of the model and the terms of the licence. This review
focuses on those available models for air dispersion in the urban environment that are

applicable to use in Chiang Mai.

For Chiang Mai, the following factors need to be considered during the selection of an air

quality modelling programme:

e Complex topography with mountainous areas, ranging from 310 m to over 2,500 m
above sea level.

e The city is located in the middle of a valley, therefore wind speeds are often very low
(<1.0 m/s, sometimes close to 0 m/s) particularly in winter (late November — early
March) when the atmospheric pressure is high. Air pollution episodes may occur
during this season.

e Precipitation rates are high in the wet season (33 mm-90 mm per day between April —
October 2000; source: NMC). Wet deposition should be taken into account in the

model calculations.
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e Ultraviolet (UV) radiation is strong during the day time in Thailand, located as it is
within tropical latitudes. This has an impact upon the rate of photolysis of NO, and the
formation rate of Os.

e There are a wide range of air pollution sources — motor vehicles, industry, agricultural
burning, forest fires, etc. identified within the Comprehensive Urban Plan (CUP) area
of Chiang Mai province (936 km?).

o There are significant air pollution sources outside the CUP area and Chiang Mai
province (e.g. coal burning for electric generation in Lampang; forest fires in other
northern provinces), and from even further afield, outside Thailand (e.g. China). These

are considered as trans-boundary air pollution.

As mentioned in Section 1.3, in selecting a model, some of the key points mentioned above
were not taken into consideration by the senior managers of the MAQHUE project. The
ADMS-Urban programme was selected in 2002 to use for modelling air quality in Chiang
Mai without consideration of other available air modelling programmes. It was assumed
that ADMS-Urban would work as well in Chiang Mai as in the UK and this proved not to
be the case. However, ADMS-Urban did prove useful for identifying likely polluted areas
(‘hot-spots’) which, in the case of some pollutants, were likely to exceed national ambient
standards. Furthermore, it is considered unlikely that the basic Gaussian plume models can
be used in Chiang Mai with any accuracy. Detailed information regarding ADMS-Urban is
explained below. Current airshed models that are likely to better address the above
atmospheric and topographic conditions in Chiang Mai are reviewed and recommended for

future air modelling work.

1) ADMS-Urban Modelling Programme
ADMS-Urban is a PC-based, advanced model of the dispersion of pollutants that are

released from multiple industrial, domestic and road traffic sources in urban areas (CERC,
2001). It is widely used for air quality management by local governments in the UK e.g.
Manchester, Nottingham City, and some London Boroughs (e.g. Barnet, Camden,
Croydon, Islington). It has also been used by some Scottish and Welsh Councils, which
include Cardiff, Neath Port Talbot and Glasgow. In addition, there are some studies
involving the use of ADMS-Urban in China and Hong Kong (McHugh et al. 2005; Huang
et al., 2002). CERC claimed that ADMS-Urban is different from other urban air dispersion
models because it applies up-to-date physics using parameterisations of the atmospheric

boundary layer structure based on the Monin-Obukhov length (Lye) and the boundary
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layer height, not Pasquill-Gifford stability parameters which imprecisely characterise the
boundary layer (CERC, 2001). Lyo gives a measure of the relative importance of
buoyancy, generated by heating of the ground, and mechanical mixing generated by the
frictional effect of the earth’s surface. It represents the depth of the boundary layer within
which mechanical mixing is the dominant form of turbulence generation (CERC, 2002).
The Monin-Obukhov length can be defined as:

Lo = -us>,

B

Where u+is the friction velocity at the earth’s surface (m/s), and B is the buoyancy flux,
which will increase with increasing surface heat flux (CERC, 2001). B is defined as:
B = (k.g.F(©o) )/ (p.C,. Tp), where
k is Von Karman constant (= 0.4),
g is the acceleration due to gravity (9.81 m/s?),
F(O,) is the surface sensible heat flux (W/m?),
p is the air density (g/m3 )
Cp is the specific heat capacity (J/kg/K)

Ty is the surface temperature (K)

The Pasquill-Gifford stability (the state of the boundary layer) is categorised into 7 classes
ranging from A to G where A, D and G are associated with the most convective (unstable)
conditions and the most stable conditions respectively. Whereas the Ly approach uses a
continuous scale, and the variation of boundary layer parameters with height is accounted
for by the Ly characterization. However, ADMS-Urban parameterises the variation of
turbulence with different heights within the atmospheric boundary layer. In ADMS-Urban,
three meteorological conditions are defined — stable (#/Lyo > 1; h = boundary layer
height), neutral (-0.3 < A/Lyo <1) and convective (W/Lyo < -0.3) (CERC, 2001). In
addition, the model uses a skewed-Gaussian distribution to determine the vertical variation

of pollutant concentrations in the plume (Owen et al., 2000).

For this study, the ADMS-Urban model was used in conjunction with the ArcView GIS
version 3.2a and ArcView Spatial Analyst version 2.0a programmes, to create outputs such
as contour plots of concentrations of pollutants and produce pollution maps. ADMS-Urban
is a PC-based model, therefore, it is easy to set up, unlike a UNIX workstation plus a PC,
for example, the Indic Airviro model. Microsoft Office Pro 97 or 2000 software is required
to set up the ADMS-Urban programme. Also, numerical outputs calculated by the model

are predicted concentrations of pollutants that include percentiles and rolling averages.
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However, ADMS-Urban has some limitations. It requires a large body of input data, which
is time-consuming to collate. It can handle only a limited number of sources and run times
are long, particularly when hourly meteorological data are used together with emissions
rates from several sources. It showed poor agreement with monitored concentrations on an
hour-by-hour basis, although reasonable agreement is possible with longer term statistics
(DEFRA, 2000). In addition, the model may not be ideal to predict pollutant concentrations
in calm meteorological conditions that often lead to air pollution episodes (Leuzzi, 2002;
DEFRA, 2000). DEFRA (2000) also reported that ADMS-Urban under-predicted the
concentrations of total oxides of nitrogen when used for air dispersion modelling at
Avonmouth, Bristol, UK. In contrast, over-estimates of predicted concentrations were
found when wind speeds were less than 2 m/s. CERC (2001) recommended that the model

should not be used when the wind speed is less than 1 m/s.

Huang et al. (2002) used the ADMS-Urban programme to calculate concentrations of NOx,
NO,, O3 and respirable suspended particulates (RSP or PM;p) in Hong Kong urban areas
(Tsim Sha Tsui) where air pollution problems are mainly caused by motor vehicles,
particularly diesel vehicles such as trucks, buses and light buses. The ADMS-Urban model
was run for the whole year of 2000. The predicted RSP (monthly average) concentrations
were slightly lower than the concentrations indicated by air quality monitored data. The
NO, results produced by the model were reasonably accurate in comparison to the
monitored data, but NOy concentrations were 20% overestimated — especially in summer.
For Os, (due to lack of input data for VOC emissions), the concentrations determined by
the chemical reaction scheme of the model were 50% lower than the monitored data.

Seasonal variations of pollutants were found from both the model and monitoring stations.

Owen et al. (2000) compared the predictions of ADMS-Urban for NOy and NO; with the
1995 monitored data in London. It was found that there was a reasonable agreement during
the summer period; however, the model significantly under-predicted the concentrations of
NOx in winter, especially during cold, stable weather conditions. Carruthers et al. (2002),
in a comparison between ADMS-Urban predictions and monitoring data, showed that the
ADMS-Urban generally performed well in the UK especially for PM;p and NO,. It was
also pointed out that the concentrations of PM;y and NO; remained a problem in large
urban areas and more especially in London. The ADMS-Urban was applied to emissions
from industrial sources in Clitheroe, the Mersey Estuary and Avonmouth, UK (DEFRA,

2000). The agreement between SO, concentrations from the model and monitored
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concentrations over the longer term (months) was relatively good, but the agreement was

poor over shorter time-spans (hours).

According to the European Topic Centre on Air and Climate Change (2003), a major
technical limitation of ADMS-Urban is that it decreases in accuracy with calm wind and
rapidly changing weather conditions. These limitations are similar to those of the Industrial
Source Complex (ISC) and AERMOD models. None of these can adequately account for
meteorological conditions, which are calm and/or dominated by mountain and valley winds
because of their steady-state formulation (assuming uniform meteorological conditions).
Additionally, Gaussian-plume models are not recommended for use in the situations of
complex terrain boundaries (NIWA, 2004). Although the ADMS-Urban parameterization
using & and Lyo was claimed to overcome the limitations of pollutant dispersion over
complex terrain, the model did not appear to cope well with the complex terrain in Chiang
Mai. In conclusion, it is considered that ADMS-Urban should not have been recommended
for Chiang Mai due to the combination of low wind speeds (particularly in winter) and
complex terrain in the province. A more detailed discussion of the limitations of ADMS-

Urban for use in Chiang Mai is presented in Chapter 2.

i) Airshed Modelling Programmes — Recommendation for Air Quality Modelling in

Chiang Mai
Given that there appear to be problems with ADMS-Urban in its application to Chiang Mai

conditions, other models should be considered. Four airshed models, mentioned in the
Good Practice Guide for Atmospheric Dispersion Modelling (NIWA, 2004), include
UAM-V (Urban Airshed Model - variable grid), CALGRID, TAPM, and Models-
3/CMAQ (the Models-3 Community Multi-scale Air Quality). It is noted from the
literature review, there have not been many applications of airshed models in Asian

countries. Information regarding each model is summarised in Table 1.14.

CALGRID, a photochemical air quality model, has been widely used in the U.S. (Jiang et
al., 2003, Villasenor et al., 2001), Canada (Jiang et al., 1997) and Europe (Guariso et al.,
2004; Pilinis et al., 1993) but has not been much used in Asian countries. UAM-V has
been used for predicting ozone and its precursors, particularly in the U.S. (Hanna and
Davis, 2002; Streets et al., 2001; Hanna et al., 2001 and Hanna et al. 1996). In Korea, Oh
et al. (2006) recently applied UAM-V in conjunction with MMS5, a meteorological model
to study the effects of the late sea breeze on Ojs distributions in the Busan Metropolitan

area. MM5/UAM-V performed well in the study. It also appeared to work well under low
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wind speed conditions. However, the uncertainties in O3 predictions, using UAM-V,
depend upon the NO, photolysis rate, wind speed and direction, humidity, cloud cover and
biogenic VOC emission (Hanna et al., 2001). TAPM is applied for predicting both
meteorology (e.g. wind speed) and pollutant concentrations (e.g. PM) and has been used
mostly in Australia and New Zealand. (Wilson and Zawar-Reza, 2006; Hurley et al., 2005;
Zawar-Reza et al., 2005; Hurley et al., 2003; Hurley et al., 2001).

Table 1.14 Information of four airshed models, recommended by the National Institute of

Water and Atmospheric Research (NIWA), New Zealand

Airshed model Developer Model information
UAM-V Systems Applications | UAM-V performs reasonably well, but is not user-friendly
International (SAI) and requires a great deal of effort to run. It has numerous

modules and a complex structure. It is freely available through
the US EPA website www.epa.gov/scram001 and at
http://www.uamv.com/.

CALGRID EarthTech Inc. CALGRID is more user-friendly than UAM-V. It is easier to
install and run but still need a considerable effort to obtain the
appropriate emissions inventory files. It also links to
CALMET model that produces a realistic meteorological file.
CALGRID is freely available from either EarthTech or the
California Air Resources Board website
(http://www.arb.ca.gov/eos/soft.htmi#calgrid).

TAPM CSIRO Marine and | TAPM can consider more complex chemical transformation
Atmospheric mechanisms, when coupled with the CSIRO chemical
Research, Australia transport model. TAPM can also be applied to predict inter-
seasonal and inter-annual variations in photochemical smog
concentration.

Models- US EPA The Models-3 photochemical-aerosol modelling system is a
3/CMAQ complex, multi-scale modelling system comprising an
emissions inventory, prognostic meteorological modelling and
chemical transport-transformation modelling sub-systems.
The Community Multi-scale Air Quality (CMAQ) is a main
component of the system that takes account of the processes
of pollutant transport, chemical transformation, and wet and
dry deposition for a variety of primary and secondary gaseous
and aerosol species.

Source: NIWA (2004)

An airshed model which has been widely used in Asia is the Models-3/CMAQ system that
allows the study of the effects of air pollutant emissions over spatial scales ranging from
local to trans-national. The system can be used for both urban and regional scale air quality
modelling of tropospheric ozone, acid deposition, visibility and particulate matter (PMy s
and PM;¢) (Ching and Byun, 1999). Its temporal resolution is sufficient to allow episodic
air quality events to be studied. Models-3/CMAQ has a unique framework and design that
enables scientists and regulators to build their own modelling systems to suit their needs.
They can either directly use the model or incorporate their own modelling systems to work
within the existing framework. Models-3 was referred to as a ‘one atmosphere’ model,

which means that all relevant processes in a wide range of temporal and spatial scales are
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calculated simultaneously in a single model run (Ching and Byun, 1999). Fu et al. (2004)
applied the Models-3/CMAQ to national and regional air quality modelling in China. The
model proved useful for the prediction of PM,s and O3 episodes and visibility, but
comparison of results with monitored data showed a general underestimation of levels in
relation to Os. However, the input data used for these trials were from the Asian emissions
inventory (the NASA TRACE-P database), which may not be sufficiently accurate.
Therefore, this inventory was replaced by a local emission inventory for China in later
calculations. As yet, the final results of the modified modelling have not been presented for
publication; but they are expected to provide more accurate predictions. Recently, Kim et
al. (in press) applied Models-3/CMAQ to investigate NH; emissions and particulate
formation (mainly NO4" - NO5") in East Asia. The predicted gas-phase NHj concentrations
were found to be overestimated by the model by 1.2-3.8 times. Therefore, it was
recommended that NH; emission fields should be reduced by approximately 20-75% in
future modeling studies for East Asia. Sakurai et al. (2003) used Models-3/CMAQ in
conjunction with the Mesoscale Model, version 5 (MMS5) for predicting high NHj
concentrations during night time in Kagurazaka, Tokyo. The model performed well in this
study, resulting in good agreement between predicted and observed concentrations. Rather
than applying only Models-3/CMAQ alone, the model may perform better when it is used
in conjunction with MMS5. MMS is designed to simulate or predict mesoscale atmospheric
circulation. This model can be adapted to use with other modelling programmes such as
Models-3/CMAQ and UAM-V. The model has been developed by the National Centre for
Atmospheric Research (NCAR), Pennsylvania State University (PSU) (UCAR, 2006).
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CHAPTER 2

MODELLING AIR QUALITY IN CHIANG MAI

2.1 Introduction

A key objective of the PhD research programme was to compare air quality data for
Chiang Mai with national air quality standards (Section 1.4.2), and to identify areas that
are likely to be significantly polluted (hot-spots) using the ADMS-Urban dispersion
modelling system. Modelling air quality in Chiang Mai, Thailand was carried out in three
phases: during February-March 2003 (Phase I); August-September 2003 (Phase II) and
February 2005-April 2005 (Phase III) using the Atmospheric Dispersion Modelling System
(ADMS-Urban) programme versions 1.6 and 2.0. The main objectives of the modelling
exercise were to indicate likely polluted sites in Chiang Mai major urban districts, and
parts of its suburban districts and compare pollutant concentrations (as calculated by
ADMS-Urban) with those concentrations measured in Chiang Mai at two monitoring
stations (ambient and roadside stations) and by a portable MiniVol™ sampler (for PM;
monitoring). For this study, the modelling area was approximately 936 km® and
corresponds to the area covered by the Chiang Mai Comprehensive Urban Plan. This plan
has been produced by and is the responsibility of, the Chiang Mai Office of Public Works
and Town and Country Planning (CMOPT) (Figure 2.1).

Within Chiang Mai Province (20,107.06 kmz), air pollution monitoring stations are few;
therefore, air quality modelling is potentially an important planning and pollution
management aid. The putative significantly polluted areas (hereafter referred to as ‘hot-
spots’) identified by ADMS-Urban were used during site selection for both the quality of
life questionnaire survey conducted in urban and suburban areas (Chapter 3) and the study
of the prevalence of respiratory diseases and allergies among school children (Chapter 4).
In this study, a ‘hot-spot’ was defined as an area where maximum concentrations of a
pollutant of interest, as predicted by ADMS-Urban, exceeded the national standards (Table
1.3). For example, Saraphi Junction is a PM;o ‘hot-spot’ due to ADMS-Urban having
predicted maximum PM;, concentrations of over 120 ug/m3 . However, in Phase I
modelling work, when background concentrations for most pollutants were not input into
the model, most of the predicted maximum concentrations were relatively lower than the

national standards. Therefore, during that phase, the ‘hot-spot’ areas were based upon the



upper end of the range of concentrations for each pollutant (PM;o 50-60 p,g/m3; NO; 90-
200 ppb; NO, 240-600 ppb; CO 2-5 ppm; SO, 0.55-0.65 ppb; VOC 60-260 ppb).
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Figure 2.1 Map of Chiang Mai showing the province as a whole and the location of the

area used for this air modelling study
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2.2 Uncertainties and Limitations

The ADMS-Urban air modelling programme is theoretically not appropriate for Chiang
Mai conditions due to its very low ambient wind speeds and the complex topography in
this region (see Figure 2.2 and Section 1.5.3.1). Other uncertainties and limitations were

also found when the model was applied to Chiang Mai data and are addressed as follows;

Source: Chiang Mai Municipality (2002a)

Figure 2.2 A map illustrating the complex topography of the Northern region of Thailand.
The city centers of Chiang Mai and Lamphun Provinces are located in a valley aligned

roughly along a north-south axis.
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2.2.1 Emissions

The emission rate of each pollutant, at each point, area and road source, is one of the
critical inputs required by ADMS-Urban. In 2001, an Emissions Inventory was developed
by the Chiang Mai Municipality (CMM) and the Pollution Control Department (PCD),
with the assistance of the Maryland Department of Environment (MDE), US-Environment
Protection Agency (US EPA) and US-Asia Environmental Partnership (US AEP) (CMM,
2002b). This inventory included emission rates (e.g. tons/year) from point, area and mobile
sources as listed in Table 2.1. The emission rates, and other information, produced by the
MDE study were used for dispersion modelling. The ADMS-Urban model requires the
entered emission rates to be in terms of units per second (e.g., g/s, g/m2/s, g/km/s),
therefore, for each source and each pollutant, this input data was derived from the annual

emission rates provided by the MDE study.

Table 2.1 List of sources emitting air pollutants in Chiang Mai as part of the MDE project

Source type Source Pollutants studied
Point source - 6 factories PM, NOx, SO,, CO, VOC
- 5 hospital waste incinerators PM, NO,, SO,, CO, TOC, HC
- 14 crematoria PM, NO,, SO,, CO, TOC
Area source - 2 airports PM, NOx, SOy, CO, HC
- Petrol stations in CM municipality voC
- Residential & commercial PM, NOx, SOy, CO, VOC
- Agricultural burning PM,CO, VOC, NMHC
- 1railway station NOx, CO, HC
- Forest fires PM, NOx, CO, VOC
- Domestic waste burning in municipality | PM, NOx, SOx, CO, VOC
area
Mobile source - 30 main roads PM, NOx, SOy, CO, VOC, HC
- 1railway line PM, NOx, SOy, CO, VOC, HC

However, the MDE’s emissions inventory is not adequate for some sources - especially for
road sources. Consequently, the detailed road data set for Chiang Mai that was input into
the model was taken from another source - the project on Traffic and Transport Planning in
Chiang Mai (OCMRT, 2002), conducted by the Office of the Commission for the
Management of Road Traffic (OCMRT) and Chiang Mai University (CMU) in 2002. But
even this data set also presented problems as road-specific data were not collected in the
OCMRT study. Therefore, the 1999 UK Design Manual for Roads and Bridges (DMRB)

database of traffic emissions was applied. The DMRB database contains emission factors
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depending on vehicle category (light and heavy duty vehicles), average speed and traffic
count, for NO,, CO, PM;o and VOC. The current data set in ADMS-Urban version 1.6 is
DMRB 1999, which is the default option in the model. By selecting the DMRB 1999
option, an emission rate for each road source is automatically calculated by ADMS-Urban,
providing that a vehicle count per hour and an average vehicle speed are entered into the

model.

The DMRB emission factors were designed for vehicle fleets and road types in the UK
[UK Highway Agency (1999 and 2003), cited by CERC (2003a)]. DMRB characterised
vehicle fleets into 2 groups — light duty vehicles and heavy duty vehicles. These are
different to the vehicle fleets in Chiang Mai, are 4 types — gasoline cars, light duty diesel
vehicles, heavy duty diesel vehicles, and motorcycles (CMM, 2002b). To apply DMRB
calculations to Chiang Mai traffic data may under-estimate pollutant emissions because
most of the motor vehicles in Chiang Mai were much older than those in the UK. For
example, in 2001, PCD introduced Euro I motor standards to Thailand (pers. comm. Mr.
Panya Warapetchrayut) while the UK introduced Euro III (UK Commission for Integrated
Transport, 2001). At present, old diesel vehicles, classified into Pre-Euro I to Euro 1
standards, are still used in Chiang Mai (pers. comm. Mr. Panya Warapetchrayut).
However, CERC (2003a) recommended to select the DMRB 2003 (default option) except
for historic comparisons or re-running old model runs. In this modelling work, DMRB
1999 was used because there was no updated DMRB 2003 option in ADMS-Urban version
1.6 when the later version (2.0) was installed, DMRB 1999 remained the chosen option in
order to maintain comparability among all three phases of model runs. Moreover, in this
modelling work, the number of heavy duty diesel vehicles was input into the model as

DMRB heavy duty vehicles, and the rest of the vehicles were input as light duty vehicles.

PCD’s MOBILE 5a.2 (Thai version) model, introduced by PCD in 2001, for calculating
pollutant emissions from traffic sources could be used in this respect because it has input
options for a range of vehicle fleets suitable for local conditions. This model was
developed from the US EPA MOBILE 5 emission factor model and was customized to
conditions in Thailand by taking account of local factors such as characterization of the
vehicle fleet, fuel characteristics, average speed and air temperature (Wangwongwatana
and Warapetchrayut, 2001a). Furthermore, the Mobile 5a.2 model was used by the PCD
and CMM for the Maryland Department of Environment funded project for air pollution
prevention and control in Chiang Mai Municipality (MDE project), undertaken during
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2001-2002. However, this alternative model (or others) was not considered by the project

partners of the MAQHUE project.

There have been no local emission factors for various air polluting activities, from
industrial and area sources, developed specifically for Chiang Mai. Emission rates for
industrial activities and area sources used (from the MDE project) are the AP-42 emission
factors. These were developed by the US EPA (under US conditions), but may not
accurately represent local conditions in Chiang Mai because of differences in, for example,
industrial processes, fuel characteristics and quality, air temperatures and fuel burning
temperatures. Furthermore, even though location (x, y coordinates), stack height and
diameter data given by each factory were confirmed by re-measurement by CMOPT staff,
the lack of data for most of the factories in the province (in 2001 there were 2,346 factories
in total but data from only 30 were available for this modelling work) may have caused
significant under-estimation of pollutant concentrations from industrial point sources.
Chiang Mai Provincial Industry Office estimated that 224 factories (out of 2,346 factories)
were major polluters due to their processes (e.g. burning fuels for boilers) (Waiyawajamai,
2003). However, the office has not yet developed an industrial emissions inventory for

Chiang Mai (as of November 2005).

2.2.2 ADMS-Urban Chemistry Module

The ADMS-Urban chemistry module consists of the NOx-NO, Correlation (Derwent-
Middleton Correlation) and Chemical Reaction Scheme. In the Derwent-Middleton
correlation, NO;, concentrations are calculated from input NO, emissions. The
concentration of NO; is calculated using the following function where concentrations are

hourly-averaged values in ppb (CERC, 2003):

[NO,] = 2.166 — (1.236 — 3.348A + 1.933A% — 0.326A°) [NOy]

where A =log;o([NOy]). However, the equation was developed by Derwent and Middleton
(1996) based upon monitoring data collected under UK meteorological conditions and it is
unlikely to be truly representative of Chiang Mai meteorological conditions and the local

conversion rates of NOy to NO,.

Within the Chemical Reaction Scheme, both NOy chemistry (through the Generic Reaction

Set or GRS) and sulphate chemistry are taken in to account. A series of chemical reactions
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that involves NO, NO,, VOCs and Os are included in the GRS. A conversion reaction from
NO to NO; (2NO+0O; [0 2NO,) is also included in the GRS chemistry scheme (CERC,
2003a). For sulphate chemistry, SO, is oxidized to SO3 that reacts immediately with water
to form sulphuric acid, which then reacts with ammonia in the atmosphere to form
ammonium sulphate. Ammonium sulphate is a solid form and therefore adds to PMjq
concentrations (CERC, 2003a). The Chemical Reaction Scheme itself is likely to be
relatively well-suited to Chiang Mai conditions because it involves important general
chemical reactions that include NOx-NO; chemistry as well as VOCs and Oj; in

photochemical conditions.

2.2.3 Air Monitoring Data

As mentioned in Section 1.5.2.2, there were some siting problems with the locations of the
two PCD air monitoring stations in Chiang Mai (e.g. surrounded by mature vegetation,
next to car park, etc.) and this may have led to either under- or over-estimation of pollutant
concentrations. For ADMS-Urban input, CERC suggested background pollutant
concentrations should come from either sub-urban or rural areas (pers. comm. Dr. Patricia
Gilmour). DEFRA recommended that background monitoring stations should be distanced
from major sources by more than 50 meters and, therefore, broadly represent background
conditions (DEFRA, 2003). Consequently, the monthly and annual average concentrations
from the ambient monitoring station at Provincial Hall were not used as background

concentration input for ADMS-Urban (see Section 1.5.2.2).

Theoretically, the pollutant concentrations from this monitoring station should not also be
used as background concentrations. However, because there were no other available
monitored data, the minimum concentration of each pollutant (in 2001) monitored at
Provincial Hall was used as a background concentration, based on the assumption that the
lowest concentration of each pollutant was as low as general background concentrations.
However, PCD later suggested that background SO, concentrations can be as low as zero
in Chiang Mai because SO, concentrations in non-polluted atmosphere are negligible (pers.
comm., Mr. Montri Chutichaisakda). Zero ppb SO, was used in Phase III of the modelling.
The absence of data on the true background concentrations of air pollutants in Chiang Mai
is also a major concern for this modelling exercise. Additional monitoring, using mobile
air quality monitoring stations, or (for PM,o) portable monitors such as MiniVol samplers,
should be undertaken to establish more typical values for the background levels in Chiang

Mai. Background concentrations (e.g. PM;o) should be a representation of the incoming
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pollutant concentrations brought in by the prevailing wind. Thus the background
monitoring sites should be upwind of Chiang Mai (pers. comm., Prof. J Longhurst).
Influenced by the topography, prevailing winds flow though a long Chiang Mai-Lamphun
valley aligned roughly along a north-south axis (Figure 2.2). In winter, when the prevailing
wind direction is NNW (Figure 2.3), the background monitoring site should be located in
the north or northwest of Chiang Mai such as in Mae Rim District, outskirts of Muang
(City) District. In contrast, in the wet season when the prevailing wind is from the SSE
direction (Figure 2.4), the background monitoring site could be located in Ban Thi,
Lamphun Province (outskirts of Saraphi District) (Figure 1.8). To locate the site in Saraphi
District in the wet season is not recommended due to this area being a major longan fruit
plantation area where the burning of longan branches and leaves is normal practice during
the end of the harvesting season (August) (pers. comm., Ms. Peungpit Ngamsai, CMOPT).
For model validation, the predicted outputs were compared with data from the two PCD

ambient stations located in the Provincial Hall area, and Yuparaj School (Figure 1.8).
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Figure 2.3 Wind rose for February 2001 (winter) showing the prevailing wind direction
and strength in Chiang Mai during the Northeast monsoon. Graph produced by ADMS-
Urban using hourly data from the Pollution Control Department’s ambient air monitoring

site at Chiang Mai Provincial Hall.
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Figure 2.4 Wind rose for August 2001 (wet season) showing the Southeasterly direction
and strength of the prevailing wind in Chiang Mai. Graph produced by ADMS-Urban
using hourly data from the Pollution Control Department’s ambient air monitoring site at

Chiang Mai Provincial Hall.

2.2.4 Prediction of Pollutant Concentrations during Air Pollution Episodes

A model is a simplified picture of reality and it does not contain all the features of the real
system (NIWA, 2004). Generally speaking, atmospheric dispersion models may not
perform well enough to predict atmospheric pollution episodes. In this study, ADMS-
Urban was used to predict PM;¢ concentrations during winter air pollution episodes in
Chiang Mai during February-March 2004. The results of model validation with MiniVol
monitoring data showed ADMS-Urban under-estimating actual PM; concentrations by a
factor of 2.5-4.5 (see Table 2.10). The complex set of conditions which bring about an air
pollution episode is likely to be beyond the capacities of dispersion models such as

ADMS-Urban to predict (e.g. very low wind speed during an air pollution episode).

2.2.5 ADMS-Urban Complex Terrain Module

In order to take account of the complex topography of Chiang Mai, the Complex Terrain

module in ADMS-Urban should be selected, requiring the inclusion of a terrain file that
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contains X, y and z (terrain elevation or height) coordinates. During a model run choosing
the Complex Terrain module, the terrain data are interpolated onto the local grid and mean
air flow, shear stress and turbulence, mean streamline through source and pollutant
concentration distribution are also calculated (CERC, 2003a). However, the module does
not cope well when very high slopes exist (greater than 1 in 2) since reverse flows will
occur locally near the surface and the dispersion calculations will fail if the plume

centerline passes through such regions (CERC, 2003a).

Due to the combination of very low wind speeds and mountainous topography in Chiang
Mai, the model runs using the Complex Terrain module failed. Therefore, the air modelling
results presented in Chapter 2 are for the runs that did not include the terrain file as an

input.

2.3 Methodology

The modelling methodology employed for the estimation of air quality in Chiang Mai

using ADMS-Urban is summarised as follows:

(1) ArcView GIS version 3.2a, ArcView Spatial Analyst version 2.0a software, and
ADMS-Urban version 1.6 were installed on a personal computer. ADMS-Urban
version 2.0 was later installed.

(ii)  The required input data for road traffic and for point and area sources of air
pollution (PM;p, NO,, SO, and CO) were collected, and then collated into the
appropriate format and units for ADMS-Urban (Appendix4). Table 2.2 shows a list
of the data used for this study.

(iii) The ADMS model was run assuming different scenarios: For different atmospheric
chemistry schemes (Derwent-Middleton correlation, and Generic Reaction
Scheme); for different months (February and August); using traffic data that either
included or did not include data on diurnal traffic variations (Figure 2.5). ADMS-
Urban can take account of emissions that vary with the time of day (e.g. rush hours
or night time) or day of the week (e.g. weekdays and weekends) (CERC, 2003a). In
Phases II and III modelling work, in order to take account of variations of motor
vehicle emissions in Chiang Mai, diurnal traffic variation proportional factors were

included into the model (more detail in Section 2.2.1.1).
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Table 2.2 List of data inputs for the ADMS-Urban model

Data Source of data Type of data Note
1. Pollution source
1.1 Traffic source
1.1.1 Vehicle count OCMRT (2002) Secondary
1.1.2 Average speed OCMRT (2002) Secondary
1.1.3 Emission rate DMRB 1999 Secondary Calculated by ADMS-Urban
1.14 Canyon height CMOPT Raw Fieldwork
1.1.5 Elevation of roads KS Raw Field work. KS estimated that all
and bridges road elevation in Chiang Mai is 1
m high, after measuring some
roads. KS measured height of
bridges in CM with the assistance
of 2 CMOPT staff.
1.1.6 Road width CMOPT Raw Field work
1.2 Industrial source
1.2.1 Grid references CMOPT Raw Field work
122 Stack height/diameter | CMOPT Raw Information given by each factory
123 Exit velocity Estimated value based on PCD
1.24 Type/amount of fuel CMOPT Raw Given by each factory
used
1.2.5 Emission rates KS Raw Caiculated by KS based on PCD’s
MDE study report which AP-42
emission factors were used.
1.3 Area source
1.3.1 Location of airports CMOPT Secondary From CMOPT Chiang Mai maps
1.3.2 Location of train CMOPT Secondary From CMOPT Chiang Mai maps
station KS and OPTCP Secondary The estimations are based on
1.33 Location of forest forest fire data from Chiang Mai
fires Office of Forestry
134 Location of rice fields | CMOPT Secondary Electronic aerial Chiang Mai
and orchards maps
1.3.5 Rubbish burning, PCD and CMM Secondary MBDE project’s report
petrol stations and
commercial and
residential areas
1.3.6 Emission rates of area | PCD and CMM Secondary Based on Emissions Inventory
source developed by PCD and CMM as
part of MDE project
2. Background concentrations | PCD Secondary Annual averages monitored by
of pollutants PCD ambient monitoring station
(2001).
3. Ambient and roadside PCD Secondary PCD’  automatic  monitoring
monitored concentrations of stations
different pollutants
4. 24-hr PM,, concentrations Department of  Chemistry, | Raw Field work with KS.
(Minivol) CMU
5. Base map of Chiang Mai CMOPT Secondary In ArcView format
6. Meteorological data NMC and PCD Secondary Electronic data from PCD

ambient monitoring station and
NMC station (2001)

Note: DMRB = Design Manual for Roads and Bridges (UK Highway Agency); CMOPT = Chiang Mai Office of Public
Works and Town and Country Planning, Thailand; OCMRT = Office of the Commission for the Management of Road
Traffic, Thailand; KS = Kanyawat Sriyaraj; CMM = Chiang Mai Municipality; CMU = Chiang Mai University; NMC =
Northern Meteorological Center, Chiang Mai; PCD = Pollution Control Department, Bangkok; MDE = Maryland

Department of Environment, USA.
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Chiang Mai's Traffic Profile
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Figure 2.5 Traffic profile chart used to determine temporal changes in traffic flow for input
into ADMS-Urban

(iv)

(v)

As part of model validation, the numerical outputs from different model runs were
compared with average monitored pollutant concentrations in order to examine the
predictive capability of the model with different model options selected (e.g.
different chemistry modules). In general, model validation involves comparison of
model inputs with a dataset of monitored pollutant concentrations. For all three
phases, monitored monthly averages, from PCD’s monitoring stations for February
(a dry season month) and August 2001 (a wet season month) were chosen in order
to make a comparison over the annual range of conditions.

The scenario that gave numerical outputs that were closest to the measured
concentrations of air pollutants was chosen to run the model for a 24-hr simulation
with meteorological data, in order to identify the school ‘hot-spots’ for use by the
study of prevalence of asthma and allergies in school children. In Phase II, 24-hr
PM,y concentrations were monitored by a MiniVol sampler at 6 school locations
(where the study of the prevalence of asthma and allergies were conducted) during
an air pollution episode in Chiang Mai (24 February to 4 March 2004) to
investigate whether ADMS-Urban was able to predict PM;( concentrations in a
short-term episodic period. In this phase, the Derwent-Middleton correlation
scenario, with diurnal traffic data included, provided the closest fit to the measured

data and was selected for the identification of pollution ‘hot-spots’.
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(vi)  Contour plots were produced for different air pollutants, using a Chiang Mai base
map. The option of Intelligent Grid Output was chosen for mapping. CERC (2003a)
recommended to select this option (instead of the Regular Grid) because by using
it, ADMS-Urban will create 15,000 additional receptor points in and around roads
in order to improve the accuracy of plotted concentrations (contour plots) on the
pictorial outputs (pollution maps).

(vii) For Phase III (February 2005 — April 2005) of the air modelling exercise, the
Atmospheric Emissions Inventory Toolkit (EMIT) version 2.1 was employed. This
is a software tool to store, manipulate, and assess emission data from a variety of
sources. EMIT stores emission data that are directly input, but can also calculate
emissions from source activity data (e.g. traffic flow, speed and road length) using
up-to-date emission factors (e.g. Euro motor vehicle exhaust emissions) (CERC,
2003b). In this study, EMIT was used to calculate emissions from all sources for a
Ikm x 1km grid, before exporting data to ADMS-Urban. The sources included in
the model runs for Phase III, were road traffic, point, area, and grid sources. The
road and point sources were the same as those employed for Phase I and II, but the

area and grid sources were novel (see Figures 2.6 — 2.13).

In order to improve the quality of background emissions data inputs in Phase III, EMIT
was applied including emissions from all sources in each grid cell as well as modelling
existing point, area and road sources. This was recommended by CERC in order to
improve the model predictions (pers. comm., Dr. Patricia Gilmour). The large modeiling
area of Chiang Mai was divided into over 500 (1km x 1km) grid squares. The Chemical
Reaction Scheme with Trajectory Model option was also recommended by CERC to use
when modelling a large area divided into hundreds of grid squares (pers. comm., Dr.
Xiangyu Sheng). ADMS-Urban uses a simple Lagrangian Trajectory model to calculate
background pollutant concentrations for the air along trajectories approaching the main
model domain, containing all individually defined sources, receptor points and output
grids. The Trajectory Model allows the main model domain to be nested within a larger
domain, such as a large urban conurbation where the effects of emissions over the whole
area need to be considered (as in the Chiang Mai case) (CERC, 2003a). When this option is
selected, the model assumes that meteorological parameters and emissions are constant
over each grid square within the Trajectory Model, and pollutants are removed from the
atmosphere by dry deposition at the surface. The model initializes its calculations using

background concentrations specified by the user. Concentrations are then calculated along
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the trajectory (path) from the edge of the domain to the receptor point, grid square by grid
square (CERC, 2003a).

Figure 2.6 Road sources (blue lines) for ADMS-Urban modelling in Chiang Mai. The

green areas represent mountains and forests.

Figure 2.7 Point sources (red dots) for ADMS-Urban modelling in Chiang Mai
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Figure 2.13 Location of grid sources for ADMS-Urban modelling (August), Phase III
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2.4 ADMS-Urban Input Data

As mentioned in Section 2.2.1, the source data input into ADMS-Urban are based on the
emissions inventory developed by the MDE project, except road sources which were based
on the 2002 OCMRT project data. The input data for ADMS-Urban are summarised as

follows:

2.4.1 Source data

i) Roads — the data entered for each road were:

e FElevation of road;

e Road width (building edge to building edge);

e Canyon height;

e Road geometry (GPS coordinates);

e Emissions calculated within ADMS-Urban when the following data were input into
the model;
- Vehicle count per hour (light and heavy duty vehicles)
- Average speed (km/hr)
- Vehicle emission rates (g/km/s).

For the OCMRT study, roads were divided into 5 - 15 nodes depending on their length. For
each node, data were complied as follows: road elevation and width, building height along
the road, traffic volume and speed of each hour from 0600-1800 hrs. Traffic information
was available for 430 road sources and these were entered into the road source option of
the model (Figure 2.6). For the first 1-month ADMS-Urban run, an average traffic speed
and accumulated traffic volume was selected for the period 0600-0700 hrs (not a rush
hour) to represent Chiang Mai road characteristics. This was because, normally required
by ADMS-Urban, there was no available data on annual average hourly traffic flow for
each road. The traffic profile (as a function of time) used in the model (Figure 2.5) was
derived from the available 12-hr traffic data [6 a.m. to 6 p.m. (OCMRT, 2002)]. It was
assumed that the night-time traffic profile was similar to that measured in 1993 in which
the traffic volume recorded at 6 p.m. gradually fell to almost zero at 4.30 a.m. (Figure 2.5).
The traffic volume during Saturdays and Sundays was about 60% of that for weekday

traffic and was assumed to follow a similar pattern.
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i1) Point and area sources — the data entered for each source were:
e Source type (point or area);
e Source height;
e Source diameter;
e Location (UTM coordinates);
e Exit velocity/flow rate of release;
e Exit temperature of release;
e Source location;

e Emission rates for each pollutant (g/s or g/m?/s).

Figure 2.7 illustrates the location of point sources for this modelling exercise. Although
there are over 2,000 factories in Chiang Mai, due to the unavailability of data, emissions
from these sources were not used as inputs. Furthermore, there were data for only 30
industrial sources available, and at this stage, modelling concentrated on emissions from
these. The industrial data for these 30 sources are reproduced in Appendix 4. Overall, point
sources for ADMS-Urban input included 15 crematoria, 5 hospital incinerators and 30
industrial sources. For area sources, the differences between February and August are that
the sources outside the city centre are mainly rice fields (rice stalk burning) in February
(Figure 2.8), whereas, in August sources are dominated by burning in longan orchards
(Figure 2.9). Grid sources were later included in Phase III for both months by application

of EMIT software (Figures 2.12-2.13).
2.4.2 Meteorological data

Hourly meteorological data comprising near surface temperature (°C), wind speed (m/s),
wind direction (degrees deviation from north), precipitation rate (mm/hr) and cloud cover
(oktas) were collected for Chiang Mai. Sources of hourly meteorological data were the
PCD monitoring station at Provincial Hall (temperature, wind speed, wind direction and
precipitation rate) and the Northern Meteorological Centre (NMC) (cloud cover). The raw
data were provided in Excel format and later were manipulated into text files (.txt) as
required for ADMS-Urban (see Appendix 4). One meteorological file contains 9 columns
of station code, year (YEAR), Julian day number (e.g. January 1* = 1, December 31% =
365 or 366; TDAY), local time (THOUR; O to 23), surface temperature (TEMP), wind
speed (U), wind angel (PHI), precipitation rate (P), and cloud cover (CL), respectively. The
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data showed that low wind speeds are most common (see Figures 2.3 and 2.4);

consequently, the ADMS model was run assuming calm conditions.

In Chiang Mai, prevailing winds are influenced mainly by the Southwesterly (mid-May to
October, wet season), Northeasterly (November to March, winter), and Southeasterly
(March to mid-May, summer) monsoons (Sangchan, 2005). Figures 2.3 and 2.4 illustrate
wind roses for February and August 2001.

2.4.3 Air quality monitored data

Monitored data were collected from 2 air quality monitoring stations in Chiang Mai for the
year 2001. The monitored data from the stations located at the Provincial Hall and Yuparaj
School are considered representative of general ambient and roadside air quality by PCD
(Section 1.5.2.2), respectively, and were compared with the numerical modelled results.
The options selected in the ADMS-Urban programme are listed in Table 2.3. During the air

1™ portable sampler was used to

pollution episode in winter 2004, an Airmetrics MiniVo
monitor PM;o concentrations at 6 school locations in Chiang Mai (see Figure 4.2), which
also were the locations for the study of the prevalence of respiratory diseases and allergies
among school children (Chapter 4). With assistance from the Department of Chemistry,
Chiang Mai University, Miss Walaya Sangchan, an MSc student at that time, conducted
the PM,o sampling for the author while Middlesex University provided Whatmans quartz
filters. The methodology of sample collection using MiniVol is summarised in Appendix 5.
An Airmetrics MiniVol™ portable sampler utilised an impaction pre-separator to achieve a
10 um aerodynamic diameter (AD) cut-off point. It operated at a flow rate of 5 1/min which
was guaranteed by an internal flow meter and an integral flow control circuit. Low flow
rates result in shut down of the sampler. The sampler was battery-powered using large
purpose-built, rechargeable battery packs, allowing for sample runs of up to 24 hours
(battery packs were recharged in the laboratory at the Department of Chemistry before
each sampling). Internal circuits shut down the sampler if the battery was at low power to
safeguard the life of the battery. Internal timers allowed for a range of sample periods to be
pre-programmed (Moore, 2005). For this study, samples were collected over a 24 hour

period. Sample times, battery numbers, filter numbers and flow rates were recorded before

and after each sample run.
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Table 2.3 The options selected in the ADMS-Urban programme for Chiang Mai, Thailand,
2001

ADMS Screen Option Option selected
1. Setup - Name of site Chiang Mai, Thailand
- Model options Chemical reactions
- Surface roughness (m) 1
- Latitude (°) 19
- Monin — Obukhov length (m) 30
2. Source
Road source - Automatic calculation of road traffic | Current dataset of emission factors is
emissions were carried out. DMRB 1999
3. Meteorology - Meteorology Enter from file
Meteorological data are  hourly
sequential
- Height of recorded wind (m) 10
- Wind sector size (°) 10
- Is the meteorological data site
representative of the source site? Representative
4. Chemistry - Chemistry scheme Derwent/Middleton correlation (for

Phases T and II); Chemical Reaction
Scheme with Trajectory Model (for
large and complex urban areas)

- Background concentration - CO 110 ppb and O; 0.3 ppb' (Phase I)
- CO 900 ppb, O; 19 ppb, NO, 5.8 ppb,
NO, 9.2 ppb, PMy, 45.6 pg/m’, and
S0, 2.2 ppb* (Phases IT & III)

-S0,0 ppbﬁ (Phase III, February)

5. Grids - Select output Gridded & Specified points

- Spacing Intelligent

- Specified points Ambient monitoring station (xy, y;)

Roadside monitoring station (X, ¥,)

6. Output - Pollutant output

1. PM, LT 24 hrs

2. SO, LT L hr

3. NO, LT1hr

4. NO, LT 1hr

5. CO LT 1hr

6. VOC LT 1hr

Note: 't From annugl minimum ambient concentrations (2001), * From annual average ambient
concentrations (2001), ¥ advised by PCD.

Accuracy of the MiniVol samplers depends largely upon sampler flow rate calibration. The
calibration for each sampling was conducted in accordance with the operation manual of
MiniVol portable air sampler (Airmetrics, 2001). The detailed calibration methodology is
summarized in Appendix 5. In order to avoid errors, filters were handled (e.g. weighing
and storing) with extreme care. Before use, the Whatmans quartz filters were placed in
labelled, clean, single vent, plastic Petri dishes and conditioned for 24 hours in a desiccator
under dust-and-humidity controlled conditions. The filters were weighed under these
conditions on a micro-balance scale and humidity, temperature, filter ID’s and weights
were recorded. The scale was calibrated before and after each weighing. Filter tongs were
used to handle and manipulate filters. All filters were placed into their labelled Petri dish

and into re-sealable plastic bags for transportation and only removed to be used for
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sampling. Used filters were again conditioned in their Petri dishes in the desiccator for a
minimum of 24 hours before weighing as above on the same micro-balance scale. The
MiniVol sampler is lightweight and portable and can be deployed in remote areas or at
locations where no permanent air monitoring site has been established. However, the
accuracy and precision of the sampler used in this study were unknown since the
evaluation of these performance parameters requires collocation with another reference

sampler (Hill et al., 1999).

2.5 Validation

Since there were only two permanent air quality monitoring stations in Chiang Mai, these
sites were selected for ADMS-Urban modelling as receptors for model validation. The
programme was used to predict air pollutant concentrations at these sites (ambient site at
Provincial Hall and roadside site at Yuparaj School). For validation/comparison purposes,
the ambient results were taken to represent general urban background concentrations and

the roadside results were taken to be equivalent to city centre concentrations.

Due to agricultural burning activities at the end of rice harvesting season in February (e.g.
rice stalk burning), forest burning in February (a dry sea’son month) and burning of longan
branches and leaves in August (a wet season month), these open burning sources were
included into the model as area sources in order to predict the worst-case scenario for
Chiang Mai. The months February 2001 and August 2001 were therefore selected as being
representative months for the dry and wet seasons, respectively. Average data (from hourly
meteorological data) for February and August were used to run the model to predict air
quality during these months. The results from ADMS-Urban were compared with both the

measured parameters and to Thai Air Quality Standards.

Table 2.4 shows ADMS-Urban numerical outputs compared with data from the two
Chiang Mai monitoring stations for the parameters PM;, NO,, SO, and CO. Phase II or III
modelling generally gave the most satisfactory results when compared with the monitored
data. This was especially true for ambient NO, concentrations during February 2001. For
CO and PM; in the same month, the ADMS-Urban outputs differed from the monitored
data by less than 30%, which is considered acceptable. In contrast, the SO, results for
February and August in Phase III did not provide a good match to the monitored data, with

ADMS-Urban under-predicting SO, concentrations by 92-97% in February and 36-40% in
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August. DMRB emission factors for motor vehicle emissions used may be too low to be
applicable to the Chiang Mai situation for this modelling exercise. The MDE study
reported that, in Chiang Mai municipal area, mobile sources produced the highest
proportion of SO, emissions (approximately 96%) in comparison to point and area sources

(CMM, 2002b).

The comparison of ADMS-Urban numerical outputs resulting from Phases I to III of the
modelling work to measured monthly average concentrations are shown in Tables 2.4-2.7.
In Phase III, validation for daily pollutant concentrations was also conducted. Measured
average concentrations of PM;y, NO,, SO,, CO and Os;, for both ambient and roadside,
were compared with the calculated ADMS-Urban numerical outputs. Hourly
meteorological data for 24 hrs (dated 1 February 2001) were input into the model. The

comparison is summarised in Table 2.8.
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Table 2.4 Comparison of ADMS-Urban numerical outputs to monitored concentrations of

PM,q4, NO,, SO,, CO and O3 for both ambient and roadside concentrations

Note:

Ambient ADMS-Urban numerical output Monitored
February 2001 Phase I | Phase Il | Phase III Monthly average
PM;, (ug/m’) 1.99 46.73 47.46 34.13
NO, (ppb) 12.03 12.95 13.57 12.68
SO, (ppb) 0.02 221 0.08 0.88
CO (ppm) 0.20 0.95 0.94 1.01
Os (ppb) - - 12.93 34.4
Roadside ADMS-Urban numerical output Monitored
February 2001 PhaseI | Phase Il | Phase IlI Monthly average
PM,, (ng/m) 4.25 47.86 48.37 109.74
NO, (ppb) 18.61 16.36 15.97 7.44
SO; (ppb) 0.09 225 0.10 11.54
CO (ppm) 0.35 1.03 1.01 1.89
05 (ppb) - - 11.06 19.54
Ambient ADMS-Urban numerical output Monitored
August 2001 Phasel | PhaseIl | Phase III Monthly average
PM, (ug/m’) 1.74 46.58 47.28 68.50
NO; (ppb) 12.25 12.83 13.43 1.42
SO; (ppb) 0.02 2.21 1.35 2.79
CO (ppm) 0.47 0.94 0.94 0.88
O; (ppb) - - 13.14 15.00
Roadside ADMS-Urban numerical output Monitored
August 2001 PhaseI | Phasell | Phase III Monthly average
PM, (ng/m’) 4.39 48.42 48.11 27.97
NO, (ppb) 19.69 18.51 15.45 5.24
SO, (ppb) 0.09 2.25 1.36 3.62
CO (ppm) 0.37 1.06 1.00 0.70
O; (ppb) - - 11.52 7.9

Phase I — Only background concentrations of CO (110 ppb) and O; (0.3 ppb) were included in the model. These
concentrations were derived from average minimum ambient concentrations (2001). No diurnal traffic flow data. The
chemistry scheme selected was NOx-NO, correlation (the Derwent — Middleton correlation).

Phase II - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO, 5.8 ppb, NO, 9.2

ppb, PMy; 45.6 g/m3, and SO, 2.2 ppb. The chemistry scheme selected was NO,-NO, correlation. The 24-hr traffic
flow data was included.

Phase I1I - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO; 5.8 ppb, NO; 9.2
ppb, PM;q 45.6 pg/m’, and SO, O ppb. The chemistry scheme selected was Chemical Reaction Scheme with
Trajectory Model. The 24-hr traffic flow data was included. Grid sources were included.
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concentrations (results from Phase I modelling).

Table 2.5 Comparison of ADMS-Urban numerical outputs to monthly average

Ambient ADMS-Urban Monitored % Difference
February 2001 numerical output monthly average
Phase 1 concentration
PM;, (ug/m”) 1.99 34.13 94
NO; (ppb) 12.03 12.68 -5
SO, (ppb) 0.02 0.88 -98
CO (ppm) 0.20 1.01 -80
Roadside ADMS-Urban Monitored % Difference
February 2001 numerical output monthly average
Phase 1 concentration
PM;, (ug/m) 4.25 109.74 96
NO, (ppb) 18.61 7.44 +60
SO, (ppb) 0.09 11.54 -99
CO (ppm) 0.35 1.89 -81
Ambient ADMS-Urban Monitored % Difference
August 2001 numerical output monthly average
Phase 1 concentration
PM;, (pg/m’) 1.74 68.50 97
NO, (ppb) 12.25 1.42 +88
SO, (ppb) 0.02 2.79 -99
CO (ppm) 0.47 0.88 -47
Roadside ADMS-Urban Monitored % Difference
August 2001 numerical output monthly average
Phase 1 concentration
PM;y, (Lg/m’) 4.39 27.97 -84
NO, (ppb) 19.69 5.24 +73
SO, (ppb) 0.09 3.62 -98
CO (ppm) 0.37 0.70 -47

Note: % difference for each parameter = [(Numerical output — Monitored concentration)/higher conc.] x 100.

Phase I - Only background concentrations of CO (110 ppb) and O; (0.3 ppb) were included in the model. These
concentrations were derived from average minimum ambient concentrations (2001). No diurnal traffic flow data. The
chemistry scheme selected was NOx-NO, correlation (the Derwent — Middleton correlation).

Phase II - Background concentrations were included as follows: CO 900 ppb, Oz 19 ppb, NO, 5.8 ppb, NO, 9.2
ppb, PMy4 45.6 p g/m’, and SO, 2.2 ppb. The chemistry scheme selected was NO,-NO, correlation. The 24-hr traffic
flow data was included.

Phase III - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO, 5.8 ppb, NO, 9.2
ppb, PM; 45.6 pg/m3, and SO, O ppb. The chemistry scheme selected was Chemical Reaction Scheme with
Trajectory Model. The 24-hr traffic flow data was included. Grid sources were included.
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Table 2.6 Comparison of ADMS-Urban numerical outputs to monthly average

concentrations (results from Phase II modelling).

Ambient ADMS-Urban Monitored % Difference
February 2001 numerical output monthly average
Phase 11 concentration
PMy (ug/m’) 46.73 34.13 +27
NO; (ppb) 12.95 12.68 +2
SO; (ppb) 2.21 0.88 +60
CO (ppm) 0.95 1.01 -6
Roadside ADMS-Urban Monitored % Difference
February 2001 numerical output monthly average
Phase 11 concentration
PMyo (ug/m’) 47.86 109.74 -56
NO; (ppb) 16.36 7.44 +55
SO (ppb) 2.25 11.54 -81
CO (ppm) 1.03 1.89 -46
Ambient ADMS-Urban Monitored % Difference
August 2001 numerical output monthly average
Phase I1 concentration
PM; (Lg/m) 46.58 68.50 32
NO; (ppb) 12.83 1.42 +89
SO; (ppb) 221 2.79 -21
CO (ppm) 0.94 0.88 +6
Roadside ADMS-Urban Monitored % Difference
August 2001 numerical output monthly average
Phase 11 concentration
PM (ug/m’) 48.42 27.97 +42
NO; (ppb) 18.51 5.24 +72
SO, (ppb) 2.25 3.62 -38
CO (ppm) 1.06 0.70 +34

Note: % difference for each parameter = [(Numerical output — Monitored concentration)/higher conc.] x 100.

Phase I — Only background concentrations of CO (110 ppb) and O; (0.3 ppb) were included in the model. These
concentrations were derived from average minimum ambient concentrations (2001). No diurnal traffic flow data. The
chemistry scheme selected was NOx-NO, correlation (the Derwent —~ Middleton correlation).

Phase II - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO, 5.8 ppb, NO, 9.2
ppb, PM445.6 p g/m3, and SO, 2.2 ppb. The chemistry scheme selected was NO,-NO, correlation. The 24-hr traffic
flow data was included.

Phase III - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO, 5.8 ppb, NO, 9.2
ppb, PMyo 45.6 pg/m’, and SO, O ppb. The chemistry scheme selected was Chemical Reaction Scheme with
Trajectory Model. The 24-hr traffic flow data was included. Grid sources were included.
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concentrations (results from Phase III modeling).

Table 2.7 Comparison of ADMS-Urban numerical outputs to monthly average

Ambient ADMS-Urban Monitored % Difference
February 2001 numerical output monthly average
Phase II1 concentration
PM; (ug/m’) 47.46 34.13 +28
NO; (ppb) 13.57 12.68 +7
SO; (ppb) 0.08 0.88 -91
CO (ppm) 0.94 1.01 -7
O; (ppb) 12.93 344 -62
Roadside ADMS-Urban Monitored % Difference
February 2001 numerical output monthly average
Phase 111 concentration
PM,, (ng/m’) 48.37 109.74 -56
NO; (ppb) 15.97 7.44 +53
SO; (ppb) 0.10 11.54 -99
CO (ppm) 1.01 1.89 -47
O3 (ppb) 11.06 19.54 -43
Ambient ADMS-Urban Monitored % Difference
August 2001 numerical output monthly average
Phase II1 concentration
PM, (pg/m) 47.28 68.50 -30
NO; (ppb) 13.43 1.42 +89
SO, (ppb) 1.35 2.79 -52
CO (ppm) 0.94 0.88 +6
O3 (ppb) 13.14 15.00 -12
Roadside ADMS-Urban Monitored % Difference
August 2001 numerical output monthly average
Phase 111 concentration
PM; (ng/m) 48.11 27.97 +56
NO; (ppb) 15.45 5.24 +66
SO, (ppb) 1.36 3.62 -62
CO (ppm) 1.00 0.70 +30
O3 (ppb) 11.52 7.9 +31

Note: % difference for each parameter = [(Numerical output — Monitored concentration)/higher conc.] x 100.

Phase T — Only background concentrations of CO (110 ppb) and O; (0.3 ppb) were included in the model. These
concentrations were derived from average minimum ambient concentrations (2001). No diurnal traffic flow data. The
chemistry scheme selected was NOx-NO, correlation (the Derwent — Middleton correlation).

Phase II - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO, 5.8 ppb, NOy 9.2 ppb,
PM g 45.6 ug/m’, and SO, 2.2 ppb. The chemistry scheme selected was NO,-NO, correlation. The 24-hr traffic flow data
was included.

Phase IIT - Background concentrations were included as follows: CO 900 ppb, O3 19 ppb, NO, 5.8 ppb, NO, 9.2 ppb,
PM,( 45.6 pg/m’, and SO, 0 ppb. The chemistry scheme selected was Chemical Reaction Scheme with Trajectory Model.
The 24-hr traffic flow data was included. Grid sources were included.
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Table 2.8 Comparison of ADMS-Urban numerical outputs to daily average concentrations

(results from Phase III modeling).

Ambient ADMS-Urban Monitored % Difference
1 February 2001 numerical output daily average
Phase 111 concentration
PM,, (ug/m’) 47.47 21.27 +55
NO; (ppb) 13.85 16.05 -14
SO; (ppb) 0.07 0.83 -92
CO (ppm) 0.95 0.87 -8
O3 (ppb) 12.15 29.81 -59
Roadside ADMS-Urban Monitored % Difference
1 February 2001 numerical output daily average
Phase 111 concentration
PM;, (ng/m’) 48.01 115.21 -58
NO; (ppb) 16.83 12.22 +38
SO, (ppb) 0.08 3.05 97
CO (ppm) 1.03 191 -46
O; (ppb) 9.50 15.17 -37
Ambient ADMS-Urban Monitored % Difference
11 August 2001 numerical output daily average
Phase 111 concenfration
PM; (pg/m) 46.52 52.00 -11
NO; (ppb) 13.55 2.52 +81
SO; (ppb) 2.10 3.30 -36
CO (ppm) 0.94 0.87 -8
O3 (ppb) 12.02 11.04 +8
Roadside ADMS-Urban Monitored % Difference
11 August 2001 numerical output daily average
Phase 111 concentration
PM; (ug/m’) 46.98 41.54 +12
NO; (ppb) 15.21 9.55 +37
SO; (ppb) 2.11 3.50 -40
CO (ppm) 0.97 1.05 -8
O3 (ppb) 10.54 4.18 +60

Note: % difference for each parameter = [(Numerical output — Monitored concentration)/higher conc.] x 100.

Phase I — Only background concentrations of CO (110 ppb) and Oz (0.3 ppb) were included in the model. These
concentrations were derived from average minimum ambient concentrations (2001). No diurnal traffic flow data. The
chemistry scheme selected was NOx-NO, correlation (the Derwent — Middleton correlation).

Phase IT - Background concentrations were included as follows: CO 900 ppb, O3 19 ppb, NO, 5.8 ppb, NO, 9.2
ppb, PM( 45.6 pg/m®, and SO, 2.2 ppb. The chemistry scheme selected was NO,-NO, correlation. The 24-hr traffic
flow data was included.

Phase I1I - Background concentrations were included as follows: CO 900 ppb, O; 19 ppb, NO, 5.8 ppb, NO, 9.2
ppb, PM,q 45.6 ug/m’, and SO, O ppb. The chemistry scheme selected was Chemical Reaction Scheme with
Trajectory Model. The 24-hr traffic flow data was included. Grid sources were included.
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2.6 Results

2.6.1 Results of Phase | Modelling

Phase I modelling using ADMS-Urban under-predicted the concentrations of PM;o, SO,
and CO, but over-predicted the concentrations of NO,. The ‘hot-spots’ shown in Table 2.9
were based on the pollution maps produced by the model. The main pollution ‘hot-spot’
areas identified by ADMS-Urban were Saraphi Junction and Highway 106 (for CO, NO,,
NOy, PMjy, SO, and VOC), Poi Luang Junction (for VOC and NOy), Witchayanon Road
(for NO,, NOy, PM;, and VOC), and the airports (for SO;). The pollution ‘hot-spots’, with
respect to each pollutant, are described in Table 2.9. The results of Phase I modelling were
used to select the study areas for the questionnaire survey that was conducted in urban and
sub-urban areas of Chiang Mai (Chapter 3). Although the ADMS-Urban numerical results
for Phase I were not good and could not be validated by reference to measured data, the
model was proven to have a predictive value in predicting relative pollution levels and
hence probable highly polluted sites; particularly major junctions and roads with traffic
congestion problems in Chiang Mai. Each site listed in Table 2.9 was visited to confirm if
it was probably a polluted area. All of them have one feature in common; a commercial
and/or residential area on a busy road. Apart from the International Airport and Airforce
41, all of the identified ‘hot-spots’ were located at some of the main roads in Chiang Mai

urban areas and it appears that significant emission inputs are from traffic sources.

Table 2.9 Summary of pollution ‘hot-spots’ in Chiang Mai, including their effective area

with respect to the pollutants modelled by ADMS-Urban (results from Phase I)

Pollution ‘hot-spots’
Pollutant February® Effective August? Effective
Area (mz) Area (m?)
CO Sar%phi Junction and  Highway | 430,866 | Saraphi Junction and Highway 106° 418,130
106
NO, Saraphi Junction and Highway 54,886 Saraphi Junction and Highway 106° 48,029
106° Witchayanon Road 2,254
NO, Saraphi Junction and Highway 106° 56,980 Saraphi Junction and Highway 106° 332,894
Poi Luang Junction 54,347 Witchayanon Road 53,193
Poi Luang Junction 18,495
PMi Saraphi Junction and Highway 106° 155,790 | Saraphi Junction and Highway 106° 13,018
Witchayanon Road 2,253
SO, International Airport & Airforce 41 | 1,992,282 | International Airport & Airforce 41 615,956
vVOC Saraphi Junction and Highway 106° | 825,947 | Saraphi Junction and Highway 106° 734,892
Boonruangrit-Maneenoparat-Huay 658,453 Witchayanon Road 21,623
Kaew Roads Maneenoparat Road 31,439
Sriphum Road (Sompetch Market) 85,551 Maneenoparat-Witchayanon Junction 12,872
Poi Luang Junction 75,383 Tunghotel-Train Station Junction 12,631
Huay Kaew Road 9,275

Note: ' Dry season month; * rainy season month; ° south of Saraphi Junction; P Hot-spots were considered from the
highest range of maximum concentrations — PM ;o 50-60 pg/m>; NO, 90-200 ppb; NO, 240-600 ppb; CO 2-5 ppm; SO,
0.55-0.65 ppb; VOC 60-260 ppb.
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2.6.2 Results of Phase Il Modelling

Phase II of the modelling of air quality was conducted using a more specific, smaller scale
(500m x 500m) grid in order to identify ‘hot-spots’ containing schools located close to
busy roads (see Figures 2.14-2.16). These schools were then used for the survey of
respiratory diseases and allergies among school children in Chiang Mai (Chapter 4). The
model was run for one day in February (24 lines of meteorological data to represent one
typical day in the dry season). Daily PM;, data between 1997-2002, from both PCD
monitoring stations in Chiang Mai, showed that PM;o concentrations normally exceeded
the Thai national standard (120pg/m’) during February to March (middle to the end of dry
season) (source: Pollution Control Department electronic data). Numerical outputs of
average and maximum pollutant concentrations were derived for four identified schools:
one located on Highway 106, south of Saraphi Junction (Figure 2.14); and three located on
Highway 108 (Figures 2.15 and 2.16). In order to compare predicted PM;( concentrations
with measured concentrations, roadside PM;y concentrations were monitored for 24 hours
in front of each school. The PM;, concentrations measured at the four urban schools were
as follows: at Wat Sripotaram School (161 pg/m3); at Tao Bunruang School (186pg/m’); at
Ban San Pasak School (241pg/m’); and at Ban Donpin School (192ug/m®). These levels
were all substantially higher than those calculated using ADMS-Urban (Table 2.10). They
were also higher than the Thai air quality standard for PM, (120pg/m®). The monitored
concentrations of PMjo at the two suburban schools were: Ban Korn Tal School
(132ug/m’) Wat Sai Moon School (210pg/m®). These also were much higher than the
ADMS-Urban predictions and higher than the air quality standard, and similar to those
measured at the urban school sites. Nevertheless, Table 2.10 shows that the air
concentrations of PM;o monitored at the suburban ‘non hot-spot’ schools (S1 and S2) were
at or below ambient concentrations; whereas for the four urban schools (S3 — S6) in the
identified urban ‘hot-spots’, monitored concentrations were significantly greater than the
prevailing ambient levels. This observation is consistent with the ‘hot-spot’/‘non hot-spot’
categorization of the school sites. For all schools, however, the measured levels of PMj
were similar to those measured by the Chiang Mai PCD at its ambient air monitoring
station and it is acknowledged that general air quality at the time of monitoring was
atypical — Chiang Mai having a serious respirable dust problem during January — March
2004. The results are consistent with the suggestion that PM; levels vary little over large
areas of the province. They also suggest that predicted differences in air quality, with
respect to PMg at ‘hot-spot” and ‘non hot-spot’ locations, are smaller than, and masked by,

the day-to-day variations in levels across the whole area.
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Table 2.10 Numerical outputs from the ADMS-Urban model of average PMio
concentrations at four schools in predicted ‘hot-spot’ areas and two schools in a predicted

‘non hot-spot’ area — compared with monitored data and ambient data collected for the

same day.
School X(m) ¥ Y(m)jf ADMS-Urban Monitored PM ;g ambient
Average PM,, (24hr) PM* concentration®*
(ug/m’) (ug/m’) (pg/m’)

S1 Ban Korn Tal 496798 | 2090749 4591 132 186
S2 Wat Saimoon 491458 | 2065803 46.42 210 204
S3 Wat Sripotaram | 504268 | 2068229 63.16 161 112
S4 Tao Bunruang 492930 | 2068185 58.62 186 132
S5 Ban San Pasak 493614 | 2069269 51.76 241 162
S6 Ban Donpin 495271 | 2071787 58.25 192 90

Note: Schools S1 and S2 are located in a ‘non hot-spot’; and Schools S3 —S6 in ‘hot-spots’. * Monitored by
MiniVol for 24 hrs during air pollution episode (24 February to 4 March 2004) in Chiang Mai. ** Monitored
by an automatic ambient air monitoring station of the Pollution Control Department, comparison on the same
date as MiniVol monitoring. " UTM coordinates.
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Maximum PM 4, concentrations in a typical winter day

at Saraphi Junction and part of Highway 106, Chiang Mai

; = Wat Sn&ﬂtamm School
\

0.8 0 0.8 16 Kilometers

PM,, concentrations (pg/m®)

40 - 60

B o0 - 100

I 100 - 110 ,%E
Bl 110-120

B - 120 3

Figure 2.14 Maximum PM;, concentrations predicted for a typical winter day at Saraphi
Junction (Phase II modelling exercise). The small blue rectangle at the southern end of the

PM o plume marks the location of the Wat Sri Potaram School.
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Maximum PM 4, concentrations in a typical winter day

at Ban San Pasak School and Tao Bunruang School, Highway 108, Chiang Mai
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Figure 2.15 Maximum PM;, concentrations predicted for a typical winter day (Phase II
modelling exercise) in the region close to Ban San Pasak (upper) and Tao Bunruang

(Iower) Schools (shown as blue rectangles adjacent to the path of the main road).
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Maximum PM 4, concentrations in a typical winter day
at Ban Donpin School, Highway 108, Chiang Mai
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Figure 2.16 Maximum predicted PM; concentrations for a typical winter day adjacent to

Ban Donpin School (Phase II modelling exercise).
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2.6.3 Results of Phase lll Modelling

The ADMS-Urban outputs differ from the monitored concentrations by generally less than
30%, which is considered acceptable for this modeling exercise. The outputs from Phase
III modelling are mostly satisfactory in terms of the numerical data and the pictorial
outputs are little different to those produced by the Phase II modeling. However, one more
‘hot-spot” for PM,y pollution was identified during Phase III, at Hangdong-Sameong
Junction within the larger area of Hangdong District (Figure 2.17). In addition, a further
possible area of high PM;( pollution on Witchayanon Road, Muang District near the city

centre was identified in Figure 2.18.

In Phase III, model inputs included grid sources. These were incorporated in conjunction
with the Chemical Reaction Scheme with Trajectory Model option (see 2.3.3 vii). The
results gave the best fit to monthly average concentrations: ambient PM;o and CO in both
February and August; ambient NO; in February; roadside CO in August; and ambient and
O3 in August (see Table 2.7). Considering the 30% acceptable difference for each
pollutant, Phase III produced more accurate/better numerical outputs than the Phase II
modelling (Table 2.4). A comparison of ADMS-Urban numerical outputs and monitored
daily average concentrations was also made (Table 2.8). The model in Phase III produced a
good fit for ambient and roadside PM;o and CO in August, ambient NO;, and CO in

February, and ambient O3 in August.
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Maximum PM,, concentrations in a dry season month (February)

in Chiang Mai
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Figure 2.17 Predicted maximum PM;, concentrations in February 2001 in the greater
Chiang Mai area. Major polluted districts are in the Hangdong and Saraphi Districts

(results from Phase III modelling exercise).
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Maximum PM ,,concentrations in a typical winter day (February)
in Muang (City) District, Chiang Mai
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Figure 2.18 Predicted maximum PM;( concentrations in February 2001 on Witchayanon

Road, Muang (City) District, Chiang Mai (results from Phase III modelling exercise)
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2.7 Discussion

The results of ADMS-Urban modelling results are closer to monitored air quality data
when the background concentration of each pollutant (as annual minimum concentration),
and 24-hr traffic flow data were input into the model and the Chemical Reaction Scheme
with Trajectory Model option was selected (as in Phase III). Due to the lack of air quality
data for many areas of Chiang Mai, ADMS-Urban was found to be a useful tool for the
identification of suitable locations for subsequent research components; specifically
conducting a questionnaire survey regarding residents’ attitudes towards air pollution in
their home areas and their quality of life (Chapter 3), and a study of the prevalence of
respiratory and allergic diseases among school children in Chiang Mai (Chapter 4).
However, its usefulness as a tool to accurately predict the absolute concentrations of air
pollution is limited in Chiang Mai due to the prevalence of very low wind speeds and
complex topography. Even if a comprehensive set of all pollution sources with local
emission rates could have been compiled and input into the model, these major limitations
of ADMS-Urban would still probably restrict the accuracy of modelling results (see
Section 1.5.1 1).

Tables 2.11-2.12 illustrate the extent of deviation between model-predicted and measured
air pollution levels (Phase I-1II predictions). Across all pollutants, Phase II inputs gave the
most accurate numerical outputs with the lowest median level of inaccuracy (+4%),
however the median inaccuracy in Phase II was not much different to that for Phase IIT (-
9.5%). However, these values do not adequately reflect the general accuracy of the model
runs since, for both runs, the relative accuracy is, to a large extent, achieved because both
large and small positive and negative errors for individual pollutants effectively cancel
each other out. Overall, for both sets of input data and for both August and February the
phase II inputs produce smaller deviations for individual pollutants and can be considered
most accurate. This is so even though most of the input data, in particular point and road

sources, was the same for both Phase II and Phase III calculations.
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Table 2.11 Summary of % difference in concentrations between ADMS-Urban numerical
outputs and monitored monthly averages. The median of % difference is shown for each

calculation phase.

Pollutant Location/Month % Difference
Phasel | Phasell | Phase III
PMIO A/F -94 +27 +28
R/F -96 -56 -56
AJA -97 -32 -30
R/A -84 +42 +56
Median -95 -2.5 -1
NO, A/F -5 +2 +7
R/F +60 +55 +53
A/A +88 +89 +89
R/A +73 +72 +66
Median 66.5 63.5 59.5
SO, A/F -98 +60 91
R/F -99 -81 -99
A/A -99 221 -52
R/A -98 -38 -62
Median -98.5 -29.5 -76.5
CcO A/F -80 -6 -7
R/F -81 -46 -47
A/A -47 +6 +6
R/A -47 +34 +30
Median -63.5 0 -0.5
0; A/F - - -62
R/F - - -43
A/A - - -12
R/A - - +31
Median - - -27.5
Median (all pollutants) -82.5 +4.0 -9.5

Note: A/F = Ambient/February; R/F = Roadside/February; A/A = Ambient/August; R/A = Roadside/August

Considering each pollutant in turn, Phase III inputs have the lowest median levels of
inaccuracy for PMjq (-1%) and NO; (59.5%), however, they were not much different from
Phase II values (-2.5% for PM;o and 63.5% for NO,). For SO, and CO, Phase II produced
the most satisfactory results because it gave the lowest medians of inaccuracy (-29.5% for
SO, and 0% for CO). Nevertheless, Phase III gave only a slightly greater level of
inaccuracy for CO (-0.5%).
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Table 2.12 The extent of deviation between model-predicted air pollution levels (Phase I —
IIT predictions) and measured air pollutant concentrations. Key: + = within +30% limit of
acceptability, b = 31 — 50% below limit, B = >50% below limit, a = 31 — 50% above limit,
A =>50% above limit.

Pollutant Location/Month % Difference
PhaseI | Phase Il | Phase III

PM;y, A/F
R/E
A/A
R/IA
NO, A/F
R/F
A/A
R/A
SO, A/F
R/F
A/IA
R/A
CcO A/F
R/F
A/A
R/A
0O; A/F
R/F
A/A -
R/A - -
Note: A/F = Ambient/February; R/F = Roadside/February; A/A = Ambient/August; R/A = Roadside/August
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It would seem that the inclusion of grid source inputs over a large area for Phase I1I did not
have a significant effect on predicted pollutant concentrations. This is believed to be
mostly due to the low emission velocity (0.1m/s) input into EMIT for pollutants produced
by agricultural burning sources and forest fires. It is possible that these velocities were
unrealistically low. However, the modelling in Phase III gave the best fit with respect to
monitored data for ambient concentrations. Phase II gave the best fit for roadside
concentrations in August. Phase I outputs were the least accurate. Improvement of input
data (e.g. more comprehensive characterization of pollution sources, traffic variations, etc.)
may improve model predictions. CO predictions were generally within +50% of monitored
values for all three modeling phases whereas ambient PM;, predictions were most
accurately predicted by Phase III calculations. This may be due to the inclusion of grid
sources including additional industrial sources, such as cement plants, in the model inputs.
Nevertheless, roadside PM; predictions remained relatively inaccurate for Phase III. NO,
predictions were usually significantly higher — and never less than — the monitored levels.
This is most likely because the chemical reaction scheme in the ADMS-Urban model is not

applicable for the Chiang Mai atmosphere, where high solar UV radiation causes
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significant levels of photolysis, forming NO and Os faster than in the UK atmosphere. In
addition, the predicted O3 concentrations in February were lower than the monitored
concentrations, which similarly may be caused by the model’s chemical reaction scheme

that was designed for climatic conditions prevailing in the UK.

It can be seen from the above that ADMS-Urban consistently under-predicted PMjg
concentrations, particularly roadside concentrations. This may be because there are air
pollution sources in addition to traffic on adjacent roads, which may augment PM;,
concentrations near the roadside monitoring station in Yuparaj School. The numbers of
motor vehicles (traffic data) were counted on the main roads, near the roadside monitoring
station, but not the vehicles of parents and teachers that travelled in and out the school
area. The over-prediction of roadside PM;( concentration in August (a wet season month)
may be due to the assumed background concentration of 45.6ug/m> which, although it was
the annual average for 2001, may be untypical and too high for the wet atmospheric
conditions prevailing at the time of monitoring. In general, sources of PMjg outside the
Chiang Mai Comprehensive Urban Plan, including trans-boundary PM;y, were not
included in the model. Other sources, contributing to the PM;¢ concentrations in Chiang
Mai, such as other factories, road and building construction were also not included because
of a lack of data. It is clear that due to the variable atmospheric conditions and air polluting
activities during different months and years, many more realistic background PM;g
concentrations (monthly and annually) should be compiled to provide a more secure basis
for modelling. Furthermore, ADMS-Urban calculated only primary PM;, from the sources
input into the model, but secondary components are also generally present in the
atmosphere, including ammonium sulphate, ammonium nitrate and resuspended particles,
but these were not considered. This omission would tend to cause an underestimation of
PM,o concentrations. Such background PM;, data is generally very important for a

modelling study and would have been included in this study had it been available.

In Phase II, the predicted roadside concentrations of SO, were lower than the monitored
concentrations for both February and August (Table 2.12). For NO,, the predicted
concentrations were significantly higher than the monitored levels, although the predicted
concentration for the ambient station in February (12.03ppb) is slightly lower than the
monitored concentration (12.68ppb). Again, this is most likely because ADMS-Urban
assumes a certain chemical relationship between NOy and NO, that may not be suitable for
Chiang Mai conditions. The Derwent/Middleton correlation was chosen to model NO,

concentrations for given NOy emissions. This correlation is based upon UK monitored data
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under UK meteorological conditions and requires detailed input data such as background
NOy, NO,, and O3 concentrations. However, this is unlikely to be representative of Chiang
Mai meteorological conditions as the conversion rates of NOy to NO, are not likely to be

consistent with a tropical climate.

In February (a dry season month), CO, SO, and PM;( concentrations calculated using the
ADMS-Urban model were generally lower than monitored concentrations, which is
probably due to the prevalence of forest fires and rice stalk burning at this time of the year.
The emission rates (g/mZ/s) used in the model, derived from annual average emission rates
for these sources would almost certainly be too low for a month when burning activity is at
its maximum. In addition, data on SO, emissions from industrial combustion in many
factories were not available and this also would have affected the accuracy of the model

predictions.

In August, (a wet season month), pollutant concentrations are likely to be lower than in the
dry season, because of higher precipitation rates that cause washout of some pollutants,
especially particulates (PMo). Emissions from forest fires and rice stalk burning in rice
fields were taken out of the model for this month, but the agricultural burning from
orchards was included. This is because ‘longan’ fruit farmers normally burn dry branches
and leaves after harvesting, around this time of the year. Despite this, seasonal differences
in predicted pollutant concentrations between dry and wet season were not apparent in this

study.

The average predicted and monitored pollutant concentrations, over one month (February
2001), were compared to Thai air quality standards. The 24-hr average PM;o and 1 hr
average SO, NO, and CO concentrations were calculated by the model using a data set
containing hourly meteorological variables over the month. In comparison to the Thai
standards, both modelled and monitored PM,q, SO,, NO;, and CO concentrations, recorded
at both ambient and roadside sites, did not exceed the standards. In order to make
recommendations for further improvement of the ADMS-Urban results for Chiang Mai, the
stated limitations in the modelling input data should be addressed. Additionally, to better
represent PM( concentrations, further information is required on background, secondary

and natural concentrations and sources of PM; inside and outside the study area.

In terms of application to the Chiang Mai situation, the ADMS-Urban dispersion model

was generally easy to use because it is PC-based, and its ‘Windows’ based user-interface
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was straightforward and therefore easy to learn and use. It is also readily-interfaced to
Geographical Information Systems (GIS), such as ArcView. Such an interface allows the
pollutant concentrations (numerical outputs) to be plotted and predicted for specific
locations. In addition, the pictorial outputs such as contour plots, over-laid onto available
base maps of Chiang Mai urban areas, can be used to illustrate the probable location of air-
pollution ‘hot-spots’ for different types of pollutants. These enable researchers and people
with limited technical backgrounds, to locate and better understand areas of concern with
respect to air pollution. Also, this information is very helpful to decision-makers, such as
government officials, who need to establish future air quality management plans for
Chiang Mai. Without such models it is difficult for planners to take account of the multiple
point sources of pollution in an area and of changes in the number and distribution of such
sources with time. For example, while the model was able to calculate pollution
distributions, taking into account many sources [1104 sources (541 grid source cells; 50
point and 92 area sources; 421 road sources) in February, and 1071 sources (545 grid
source cells; 50 point and 55 area sources; 421 road sources) in August], a planner without

such a model would find this impossible to achieve.

With respect to model validation the results produced by ADMS-Urban were not as good
as expected. For the roadside location in August, most pollutants, particularly PM;g, NO,,
and O3, were over-predicted. It would seem that the chemistry schemes (the Derwent —
Middleton correlation, and the Chemical Reaction Scheme) selected for modelling may be
less appropriate for August, a wet season month. It is possible that the wet deposition
module could be selected to take account of the washout of both gaseous and particulate
pollutants by rainfall. This may be so even though the wet deposition module is generally
regarded as more appropriate for particulates (CERC, 2001). In this respect it should be
noted that the option Chemical Reaction Scheme with Trajectory Model was used because
it was recommended by CERC for use when modelling the large area of Chiang Mai,
where hundreds of grid source cells were included in the model domain. This is because
this chemistry option is used to represent the physical and chemical processes that can
occur in the atmospheric boundary layer over very large urban areas, where the effect of

emissions over the whole area need to be considered (CERC, 2003Db).

Attempts to improve modelling accuracy were also made by incorporating a terrain file in
the model to take account of the many hills and mountains around Chiang Mai. CERC
checked this terrain file and confirmed that it was in the correct text file format [x, y (UTM

coordinates) and z (height)] to be used for the model run, but when included in the model,
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the run would not proceed successfully. It appeared that either the program or the computer
was not able to cope with the level of complexity introduced when the terrain file was
included. Consequently, the run with the terrain file included had to be terminated after a
3-day run time without results. Therefore the runs for Phase III modelling were conducted

without the terrain file.

Meteorological data are one of the required input data sets for running the ADMS-Urban
model. It is not recommended to run the model for calm meteorological conditions, where
the wind speed is less than 1m/s (CERC, 2002). Nevertheless, the model was run for ‘calm
conditions’ for both February and August. For these months the wind speeds used for
every line of meteorological data were automatically adjusted to 0.75m/s. This was so even
though not all wind speeds were lower than 1m/s. For example, there were 744 hourly
recorded wind speeds in August 2001 ranging from 0.12-7.46m/s, and of these over 350
wind speed values (approximately 47%) were greater than 1m/s. Since the model did not
use exact wind speed rates, this may have affected the model calculations — particularly in
relation to the distance of pollutant spread. Performance also depends upon the quality of
the PC used to run the model (e.g. Pentium 4). Computer processing speed is critical. For
the Chiang Mai input data, the model run-time was long when both ‘gridded’ (contour
plots of pollutants) and ‘specified’ (pollutant concentrations at specific points) output
options were selected. For example, the model run for February took approximately 24hrs
to complete when both options were selected. The run times were shorter (1-1%2hrs) when
only the ‘specified’ output option was selected. Long run-times presented a particular
problem in Chiang Mai because runs were often interrupted when electricity supply was

lost due to heavy rain and storm events, particularly during April 2005.

In addition, the model may not be effective for air pollution modelling in Chiang Mai due
to hourly wind speeds being typically low (mostly below 3m/s), especially during winter.
This combined with a complex topography in the air modelling area (ranging from
approximately 310m above sea level to over 1,500m), makes modelling with ADMS-
Urban particularly difficult. The results of this study are consistent with the suggestions of
Leuzzi (2002) and DEFRA (2000) who concluded that the ADMS-Urban model is not
ideal for the prediction of pollutant concentrations in calm meteorological conditions.
CERC admitted that the Gaussian distribution used for modelling starts to break down
when wind speeds are near zero (pers. comm. Dr. Patricia Gilmour and Dr. Helen Higson).
In contrast, CERC (2001) expected that the complex terrain module would allow for air

flow and dispersion over hills and for roughness changes, including the effects of
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stratification. However, for this module to work properly, hills should have moderate
slopes (less than 1 in 3) since very steep slopes (greater than 1 in 2) cause local reverse
flows near the surface which cause the diffusion calculations to fail. The complex
mountainous heights and slopes in Chiang Mai, combined with very low wind speeds

challenge limitations of the model and are likely to result in prediction errors.

In addition to the above, transboundary pollution was not included among the ADMS-
Urban input options, which may have lead to low predicted SO, concentrations. This is
because the SO, emissions from sources outside Chiang Mai are significant (e.g. from a
power plant station in Mae Moh, Lampang Province, where coal is mainly used in its
production process). Yeo and Kim (2004) predicted the effects of regional SO, emission
changes on the deposition of sulphur in East Asia in 2010, applying the RAINS-Asia
model. The model] estimated emission, transport and transformation of sulphur species
(mainly SO;) throughout China, Korea, Japan and SE Asian countries. This study showed
that long-range transport of SO, species from China will also be likely to elevate SO,
concentrations in Chiang Mai, where background SO, concentrations (excluding those
from the power station) are normally very low. Although SO, is both highly reactive and
soluble in water, and the average residence time in this oxidation state is only 24 hrs, its
mean atmospheric lifetime against oxidation (in the presence of OH) can be up to 2 weeks
(Jacob, 2000). Atmospheric residence times for sulphur compounds, which are typical of
power plant pollutants, are rather uniformly distributed. Some pollutant molecules are
deposited from the air quickly near the source, whereas others are deposited more slowly
and thus further away (e.g. hundreds or even thousands of kilometers) through long-range
transport processes, depending upon mixing, physical and chemical reactions and cloud

processes including precipitation (National Academy of Science, 1983).

Some air modelling studies using ADMS-Urban, conducted in urban areas within large
conurbations, such as London and HK SAR, have produced relatively accurate numerical
results when the major sources of air pollution are local road traffic and industrial sources
(The Corporation of London, 1999; Carruthers et al., 2002; Huang et al., 2002) (see
Section 1.2.1). The results of this study suggest that it may not be the most appropriate
model for use in Chiang Mai where major pollution sources are agricultural burning and
forest fires in the surrounding areas. This problem is compounded by unfavorable weather

conditions and complex local topography.
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2.8 Conclusion

This study showed that the unavailability of detailed, local, source emission data makes
atmospheric dispersion modelling difficult. This is particularly true in this case in relation
to absent emission data for over 1,000 industrial sources (both point and area sources).
These also include construction sites, road works and other road data for the larger area
outside the Chiang Mai Comprehensive Urban Area. ADMS-Urban was also found to have
some technical limitations for modelling air quality in Chiang Mai. These limitations,
which explain its relative unsuitability for modelling air quality in Chiang Mai, include its
inability to cope with; i) the very low hourly wind speeds occurring particularly in winter
(December — February); ii) the complex topography (with extreme variations in height and
slope in Chiang Mai Province); iii) some pollution inputs including those that arise from
agricultural burning and forest fires. Furthermore, ADMS-Urban was designed primarily
for use in urban areas at a local scale, and it lacks the capacity to deal with significant
inputs of transboundary pollutants at the regional and international scales. Finally, the
chemistry schemes applied in ADMS-Urban may not provide a realistic representation of
atmospheric conditions for Chiang Mai, where there is strong ultraviolet radiation that
results in lower NO, and higher O3 concentrations in comparison to temperate

atmospheres.

In spite of the limitations explained above, ADMS-Urban was found to be useful in terms
of predicting relative pollution levels in different locations within Chiang Mai urban areas.
Furthermore, the pollution maps produced were very useful in identifying where potential
air-polluted areas are likely to be present. Such pollutant ‘hot-spots’ identified and
portrayed on pollution maps can be an important tool for decision making in air quality

management and for urban planning in Chiang Mai.

In conclusion, the use of ADMS-Urban for air quality modelling in Chiang Mai is not
recommended, because the model did not perform well when tested. It follows that other
air quality modelling systems should be investigated especially where these might be more
suitable for predicting air quality when wind speeds are very low, when UV radiation
levels and precipitation rates are high and when the topography is complex. The Models-
3/CMAQ programme may be more appropriate for modelling air quality in Chiang Mai
than ADMS-Urban because it allows for air pollutant emissions over spatial scales ranging

from local to regional to trans-national and under various chemistry schemes.
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CHAPTER 3

QUALITY OF LIFE QUESTIONNAIRE SURVEY
CONDUCTED IN URBAN AND SUBURBAN AREAS OF
CHIANG MAI

3.1 Introduction

The health survey was conducted between 31 May and 15 June 2003 in Chiang Mai, using
a questionnaire (Appendix 6) which was translated and modified from an English version
(Appendix 7) used by the London Borough of Barnet (LBB) and Middlesex University
(MU) - acting as project leader and sub-contractor — respectively, for the EC Asia Urbs,
MAQHUE project. The main objectives of this survey, as employed in Chiang Mai, were
to investigate people’s attitudes to air pollution and health in the air pollution probable
‘hot-spots’ (urban) and a ‘non hot-spot’ (suburban) area in Chiang Mai, as identified by the
results of the Phase I air quality modelling exercise; and to statistically compare the results
for these study areas (corresponding to Objective 1.2 iii of the research programme). The
project summary is summarized in Table 3.1. The author was involved in assisting Dr.
Phongtape Wiwatanadate (Chiang Mai University) with questionnaire translation
(English/Thai), site selection, co-ordination and supervision of Chiang Mai University

students who acted as interviewers (Table 3.2).

3.1.1 Concept of Quality of Life

Over the past two decades, the concept of quality of life (QoL) has been widely used in
research and applied in many fields such as education, health, and social science
(Schalock, 2004). The World Health Organization (WHO) defined QoL as “individuals’
perceptions of their position in life in the context of the culture and value systems in which
they live and in relation to their goals, expectations, standards and concerns” (WHO,
1996). QoL refers to a subjective evaluation embedded in a cultural, social and
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environmental context. The above definition focuses upon respondents’ “perceived”

quality of life. WHO (1996) divided QoL into four domains as follows;



e Domain I: Physical health (e.g. activities of daily living, dependence on medical
substances and medical aids, morbidity, pain and discomfort, work capacity).

e Domain II: Psychological (e.g. self esteem, negative and positive feelings, religion
or personal beliefs).

e Domain III: Social relationship (e.g. personal relationships; social support).

e Domain IV: Environment [e.g. financial resources, physical safety and security,
health and social care (accessibility and quality), home environment, opportunities
for acquiring new information and skills, recreational activities, physical

environment (pollution/noise/traffic/climate), transport].

The Special Interest Research Group on Quality of Life (2000) suggested that QoL should
be considered as a sensitizing concept (rather than a definitive one) which is relevant to
public policy determination, evaluation of services, and development of innovative local,
national and international programmes. This group also defined that a notion of QoL
should be rooted in individual perceptions and values and capable of contributing to the
identification of necessary supports and services. In addition, a QoL study should be
holistic to the extent of recognising that different aspects of the individual’s life may

influence other aspects.

QoL is a concept that emerged around the mid-20th century and is usually applied to
distinct areas (a neighbourhood, city, country). It contains many dimensions such as
economic, social, cultural, environment (André et al., 2001). Rogerson (1997) (cited by
André et al., 2001) defined “environmental quality of life” as a combination of the material
and personal realms of life. The material realm consists of a series of goods, services and
other attributes of the physical, economic and social environment in the geographic area
where individuals live, and the personal realm is defined by individuals’ characteristics and
assessment of their own well-being and satisfaction. Rogerson (1997) attempted to
reconcile the evaluation of quality of life with people’s individual situations within
different communities in Istanbul, Turkey. A questionnaire about satisfaction with day-to-
day life was administered to 384 residents from 22 neighbourhoods. This questionnaire
was based on 18 indicators ranked on a satisfaction scale of 1 to 4. It considered the
following variables: shopping convenience, environmental pollution, level of education,
cost of living, noise level, climate, job opportunities, transportation to work, crowding,
relations with neighbours, housing conditions, parks, green space, health, recreational and

sports opportunities, access to public transport and traffic congestion. The study described
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herein uses a similar concept of environmental QoL as employed in Rogerson’s approach,

and focuses on existing air quality as a key component.

Table 3.1 Project summary of the Quality of Life questionnaire survey conducted in urban

and suburban areas of Chiang Mai (2003).

Title: Quality of life questionnaire survey conducted in urban and suburban areas of Chiang Mai, Thailand,
2003

Subject Categories: Environmental issue(s) — Air pollution

Depositor: Department of Community Medicine, Chiang Mai University, Chiang Mai, Thailand

Principal Investigator(s): Dr. Phongtape Wiwatanadate, Department of Community Medicine, Chiang Mai
University (CMU)

Data Collector(s): Department of Community Medicine, Chiang Mai University

Sponsor(s): Environmental Office Region 1 (EO1), Chiang Mai

Involved Organizations: EO1; CMU; Chiang Mai Office of Public Works and Town and Country
Pianning (CMOPT); Middlesex University, UK.

Background: This study was conducted as part of Managing Air Quality and Health Impacts in the Urban
Environment (MAQHUE) project, under the EC Asia Urbs programme. For application in Chiang Mai, a
questionnaire designed for this project was modified and translated (into Thai) from the questionnaire used
in the London Borough of Barnet, UK. The main objectives of the Chiang Mai survey were to investigate
people’s attitudes to air pollution and health in the air pollution ‘hot-spots’ (urban) and a ‘non hot-spot’
(suburban) area, as identified by the results of air quality modelling; and to statistically compare the results
for the study areas.

Main Topics: Three opening questions were asked prior to a full interview: 1) age of respondent, ii)
residential address and iii) residential duration in selected study area. The interview continued when the
respondent’s age was 15 or over and the residential duration was 1 year or over. Respondents were then
asked about: i) general personal data (e.g. age, sex, marital status); ii) life style (e.g. smoking, diet, alcohol
intake, stress (and cause of stress), means of transport; iil) housing conditions (e.g. type of house, traffic
condition and sources of air pollution in residential area); iv) air quality information (e.g. air quality
information ever obtained, level of interest, means of information distribution preferred). All respondents
were asked the same questions as structured in the questionnaire.

Coverage: Urban areas were selected on the basis of ADMS-Urban (atmospheric dispersion system)
identified pollution ‘hot-spots’. Fifteen is the recognised age of adulthood in Thailand.

Dates of Fieldwork:31 May-15 June 2003

Country: Thailand

Province: Chiang Mai

Spatial Units: Urban and suburban districts

Observation Units: Individuals

Type of Data: Numerical (e.g. age, time duration)and categorical data; Individual (micro) level
Location of Units of Observation: Provincial

Population: Adults aged 15 and over in Chiang Mai Province

Methodology:

Time Dimensions: Cross-sectional study (May — June 2003)

Sampling Procedures: Judgment sampling

Number of Respondents: 2000 (target), 2000 (obtained)

Method of Data Collection: Personal interview

Language(s):

Questionnaire: Thai

Interview: Thai

Written report: English. The Thai questionnaire was translated into English by the author for presenting in
this PhD thesis. The original questionnaire was constructed by Middlesex University, UK.

Note: 300 completed questionnaires (out of 2,000 administered) were supplied to Ms. Kanyawat Sriyaraj
for preliminary statistical analysis and inclusion in the report to EC. Further analysis in study design and
statistics was conducted as part of Ms. Sriyaraj’s PhD project (I.ocal Air Quality Management and Health
Impacts of Air Pollution in Chiang Mai, Thailand). The other 1,700 completed questionnaires were
deposited at the Department of Community Medicine, Chiang Mai).
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Table 3.2 List of tasks and responsible persons conducting the Quality of Life

questionnaire survey conducted in Chiang Mai.

Tasks Responsible/conducted by

1. Original questionnaire design, used in London Borough | Ms. Nuria Machin, Middlesex University
of Barnet, UK
Ms. Kanyawat Sriyaraj
2. Translation of the English questionnaire, developed by
MU for administering in LBB, into Thai.
Dr. Phongtape Wiwatanadate, CMU
3. Modification of the questionnaire
Ms. Kanyawat Sriyaraj and Mr. Pichat
4. Site selection (as results of ADMS-Urban identified | Ouiyanukoon, CMOTP
pollution ‘hot-spots’
Dr. Wiwatanadate’s students, Department
5. Distribution and administration of questionnaire of Community Medicine, CMU

Ms. Kanyawat Sriyaraj

6. Data transfer from the completed questionnaires (n=300)
to SPSS programme

Ms. Kanyawat Sriyaraj

7. Statistical analysis

Ms. Kanyawat Sriyaraj

8. Summary of results and reporting

3.1.2 Questionnaire Design

A questionnaire survey is a form of statistical survey usually handed out in paper form to
gather information. Questionnaires offer an objective means of collecting information
about people’s knowledge, beliefs, attitudes and behavior (Oppenheim, 1992 and Sapsford,
1999 cited by Boynton and Greenhalgh, 2004). They are normally used as research
instruments in cross-sectional studies, conducted at a single point in time, or in
epidemiological studies. Sound questionnaire research should be well designed, well-
managed and non-discriminatory, which contributes to a generalisable evidence base
(Boynton and Greenhalgh, 2004). A valid questionnaire measures what it claims to
measure. A questionnaire developed at a different time or in a different country or cultural

context may not represent a valid measure in another situation.

A questionnaire research study generally consists of the following processes: (i) Decide the
aims of the survey; (ii) Design the survey (including the questionnaire); (iii) Pilot study
and preliminary data analysis; (iv) Fieldwork and administration; (v) Data processing and
analysis; (vi) Survey report (Jarrett, 2004). The process of questionnaire design was also
summarized into 5 stages by Jarrett (2004): (i) Decide what information is required; (ii)
Draft questions to elicit that information; (iii) Put them into a meaningful order and format;
(iv) Pre-test the questionnaire (piloting); (v) Go back to Step (i), and continue until the

questionnaire is perfect. A good question should be consistently understood by all
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respondents and they should understand the question in the way intended by the
investigator. Jarrett (2004) recommended that questionnaires should be as brief, clear and
simple as possible, while covering all areas on which information is required. Normally, a
question should not be more than 20 words long. Common forms of administering a
questionnaire are summarized in Table 3.3. Before conducting a full questionnaire survey,
a pilot survey should be conducted to investigate whether any questions need to be
changed or omitted. A pilot study is the pre-testing of a particular research instrument or
questionnaire in this context (van Teijlingen and Hundley, 2001). Although piloting does
not guarantee the success of a full-scale study or survey, it helps to assess the feasibility of
the study and test the adequacy of research instruments. Piloting a questionnaire can be
conducted on a small group of volunteers, who are as similar as possible to the target
population. The results of pilot surveys should be statistically analysed and also included in
the survey report (van Teijlingen and Hundley, 2001). Pilot study procedures to improve

the validity of a questionnaire are summarized in Table 3.4.

Table 3.3 Common forms of questionnaire administration

Forms of questionnaire administration Detail

Personal (face-to-face) interview Normally regarded as the most reliable form of questionnaire
survey, but it is time-consuming and it can be expensive if
trained interviewers are used. Some people may be unwilling to
answer personal questions.

Telephone interview Cheaper and easier to conduct than personal interviews. The
questions should not be as complex as in personal interview
questionnaires. Also, interviewers are easier to supervise. Some
people may be unwilling to answer personal questions.

Self-completion (self-administered or mail | The most common form of questionnaire research because it is
questionnaire) comparatively cheap. However, many people may fail to return
the questionnaire which can result in a low response rate.
Careful instructions need to be given about how to complete the
form. Respondents are more willing to answer personal
questions particularly if anonymity is assures Non-respondents
should be followed up (e.g. sending out a second copy of the
questionnaire).

Source: Jarrett (2004)

Table 3.4 Pilot study procedures to improve the validity of a questionnaire

Pilot study procedures
1 Administer the questionnaire to pilot subjects in exactly the same way as it will be administered in
the main study.
(i1) Ask the subjects for feedback to identify ambiguities and difficult questions.
(iii) Record the time taken to complete the questionnaire and decide whether it is reasonable.
(iv) Discard all unnecessary, difficult or ambiguous questions.
(v) Assess whether each question gives an adequate range of responses.
(vi) Establish that replies can be interpreted in terms of the information that is required.

(vii) Check that all questions are answered.
(viii)  Re-word or re-scale any questions that are not answered as expected.
(ix) Shorten, revise and, if possible, pilot again.

Source: Peat et al., 2002
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Table 3.5 summarises advantages and disadvantages of open- and closed-ended
questionnaires. Closed-ended questionnaires are those in which subjects choose between a
set range of answers, whereas an open-ended design allows the composition of individual
responses. Closed-ended questionnaire design enables researchers to produce aggregated
data quickly but the possible answers are set by the researchers, not the respondents and
this may lower the richness of potential responses. Closed-ended items may cause
frustration if all potential responses have not been considered (Houtkoop-Steenstra, 2000
cited by Boynton and Greenhaigh, 2004). In this Chiang Mai study, most of the questions
in the questionnaire are closed-ended. However, in order to avoid any frustration if all
possible responses were not included in the choices provided, some questions allow
respondents to write their own answers by including, as a last option, ‘please specify’ with
a writing space. These are called semi-open questions and are similar to closed-ended
questions. A semi-open question can be used where only one answer should be ticked, but
where the investigator does not know all the possible answers to list individually, so what

are believed to be the most likely answers are provided as choices (Jarrett, 2004).

Table 3.5 Advantages and disadvantages of open- and closed-ended questions

Type of Advantages Disadvantages
questions
Closed-ended | o Appear easy and quick to complete | ¢ Depend upon respondents’
(which may encourage respondents to fill understanding of concepts.
them in). Respondents may guess or tick any
Respondents do not have to compose an response at random.
answer. Either respondents or researchers may
Socially less desirable responses can be make errors (e.g. tick the wrong box
included as an option. by mistake)
Responses are usually clear and complete. Do not allow respondents to expand
Easy to standardize, code and analyse. on their responses or offer alternative
Suitable for either self-completion or views.
completion with a researcher’s assistance
Open-ended Allow for respondents’ creativity and free Take longer to complete (which can
expression. dissuade people from responding)
Capture responses, feeling and ideas that Responses can be extremely laborious
researchers may not have foreseen. (and expensive) to analyse. Coding
Respondents may write as much or as and interpretation needed.
little as they wish. If handwriting is not clear, data are
lost.
Rely on respondents to be expressive
and have writing skills.

Source: Boynton and Greenhalgh (2004).

To administer a questionnaire for every member of a population is impossible (e.g. due to
budget and time constraints). Thus, sampling is conducted in order to select individuals
that are representative of the population of interest (Jarrett, 2004). Table 3.6 summarizes

sampling methods that have been used in this field, from simple random sampling to non-
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probability sampling. In the administration of a questionnaire, the respondents should be
assured of confidentiality and anonymity. Confidentiality is not required where the
questionnaire is made completely anonymous (e.g. no name code or identifying in the
questionnaire). In general, people will be more willing to complete the questionnaire if
they can see that they cannot be identified; however, this is not always the case,
Questionnaires need not always be anonymous, particularly in surveys of organizations
rather than individuals (e.g. asking about environmental policies) (Jarrett, 2004). Boynton
(2004) stated that the choice of how to administer a questionnaire was often made based on
the grounds of convenience or cost, however, scientific and ethical considerations should
include (i) the needs and preferences of participants, who should understand what is
required of them, be interested and cooperative throughout the completion, be asked the
right questions and have their responses recorded accurately, and receive appropriate
support both during and after completing the questionnaire; (ii) the skills and resources
available to the research team; (iii) the nature of the study (e.g. short-term feasibility

projects or large scale surveys).

Table 3.6 Detail of sampling methods generally applied in questionnaire surveys

Sampling methods
(i) Simple random From a population or large group of individuals, a simple random sample (of size n)
sampling is a sample of n members of the population selected in such a way that all possible

samples of size n have the same probability of being selected. All the members of a
population are listed 1,2,3,...,N (where N is the population size). A list of random
numbers can be obtained in the form of a table (available in books of statistical
tables) or from a random number generator (e.g. Microsoft Excel software) (Jarrett,

2004).
(ii) Stratified random A method of random sampling from a population divided into strata (relatively
sampling uniform subsets of a population) (Jarrett, 2004). Advantages of stratified sampling

include: i) it enables focus on important subpopulations while ignoring irrelevant
ones; ii) improves the accuracy of estimation; iii) efficient; iv) sampling equal
numbers from strata varying widely in size may be used to test differences between
strata. However, it can be difficult to select relevant stratification variables
(Wikipedia, 2000).

(iii) Cluster sampling The total population is divided into groups or clusters and then a random sampling
technique is then applied on any relevant clusters to select which clusters to include
in the study (Wikipedia, 2000).

(iv) Quota sampling In this sampling, the population is first segmented into mutually exclusive sub-
groups, as in stratified sampling. Then judgment is used to select the subjects or
units from each segment based on a specified proportion. In this kind of sampling,
the selection of the sample is non-random (Wikipedia, 2006).

(v) Non-probability

sampling
* Convgnience Members of the population are chosen based on their relative ease of access (e.g.
sampling friends, colleagues) (Wikipedia, 2006).
s Snowball The first respondent refers a friend and the friend also refers a friend, etc.
sampling (Wikipedia, 2006)

¢ Adhoc quotas | A quota is established (e.g. 65% women) and researchers are free to choose any

respondent to meet the quota (Wikipedia, 2006).

e Judgment (or | The researchers choose a sample based on who they think would be appropriate for
purposive) the study (Wikipedia, 2006).

sampling
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3.2 Methodology

The methodology of the questionnaire survey conducted in urban and suburban areas of

Chiang Mai is summarised as follows;

3.2.1 Questionnaire design

The original questionnaire, designed by Middlesex University (MU) to administer in

London Borough of Barnet (LBB), as part of the MAQHUE project, aimed to investigate

the relative importance of air pollution compared to other influences on the health and

quality-of-life indicators of the target population. It consists of four sections as follows;

Section 1 — Physical environment. This section has two sub-sections — housing
conditions (type of accommodation, indoor air pollution factors, type of heating,
level of traffic in immediate neighbourhood) and occupational description
(occupation, monthly income, car ownership);

Section 2 — Personal information (age, sex, ethnic group, religion, highest
educational level);

Section 3 — Life style (exercise, smoking, alcohol intake, diet, stress (and causes of
stress), illnesses, life satisfaction and access to health care);

Section 4 — Air quality information (personal interest, regularity of air quality

information access, means of traveling, level and source of air pollution).

Different types of questions were used in the LBB questionnaires as follows;

Scaled questions — responses are graded on a continuum such as 5-point or 10-point
scale or Likert scale that is a scaling method to measure either positive and negative
response to a statement (normally provided with options from “strongly agree”
through to “strongly disagree”); and rank-order scale (e.g. a respondent is presented
with several items simultaneously and asked to rank them) (Boynton and
Greenhalgh, 2004; Wikipedia, 2006).

Closed ended questions — Most scales are closed ended. The questions with “yes
and no” answers are called dichotomous questions, for example, “Do you smoke?”
(Section 3, Question 27). The questions with several choices for respondents to
choose are called multiple choice, for example, “How would you describe the level
of traffic in your street?” (Section 1, Question 8) and there were five choices as

follows; None; Light; Moderate; Busy and Very Busy.
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e Open-ended questions — respondents are free to write their own answers. These
include factual questions, for instance, “How many adults live at your address?”
(Section 1, Question 4), and questions asking about opinion or attitude, such as, “Is
there any thing in your home that you think might affect your health?” (Section 1,
Question 6). In addtion, questions asking about reasons are normally open-ended,
for example, “If (you are) not (interested in getting air quality information about

you area), why not? (Section 4, Question 37).

However, it was considered by Dr. Wiwatanadate that the LBB questionnaire was too long
(48 questions in total — 41 main questions and 7 minor questions). Whilst the Thai
questionnaire was designed to be as consistent as possible with the study used in LBB,
there were some changes made to it to suit Chiang Mai situations and Thai culture. Table
3.7 summarises the structure and questions of the original LBB questionnaire. Most of the
questions remained as original but some were modified or excluded from the Thai
questionnaire. Both new and modified elements are summarized in Table 3.8. For instance,
a question concerning type of heating was excluded due to differences in climate but a
question concerning the use of air conditioners was added instead. A personal question
about household income was also excluded from the Chiang Mai questionnaire because
many people in Chiang Mai, such as farmers and construction workers, have low incomes
and they may have been offended by the question — affecting their willingness to co-
operate with the study. Therefore, the socio-economic status among Chiang Mai
respondents was assessed from answers to the question concerning the highest level of
education — rather than household income. In addition, the alcohol unit system as used in
Britain is not used in Thailand. The question about alcohol consumption was simplified to
‘how often do you drink alcohol?” (never, sometimes or everyday). The questions
regarding the GPs (e.g., waiting duration for an appointment the GPs) were also excluded
in the Chiang Mai questionnaire because of the differences in accessing health care
between UK and Thailand. In Chiang Mai, both private and public hospitals including
public health service centres and private clinics are widely available and patients do not
normally have to make an appointment. The modified version for the survey in Chiang Mai

is summarized in Tables 3.9 and 3.10. There are 33 questions in total (4 sections).
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Table 3.7 Structure and questions of the original questionnaire employed in London

Borough of Barnet, UK. Most of the questions remained in use but some were modified or

excluded from the Thai questionnaire.

Questions

Equivalent

Excluded

Modified

Section I: Physical environment

A. Housing conditions

. Please give your full postcode of your present address [OQ]

. How long have you lived at your present address? [CQ}

. Is your accommodation? [SoQ]

. How many adults live at your address? [OQ]

. How many children live at your address? [OQ]

. Is there any thing in your home that you think might affect your health? [OQ]

. Type of heating in your home [CQ]

. How would you describe the level of traffic in your street? [CQ]

B. Occupational description

9. How many wage earners are there in your household? [OQ]

10. Occupation [SoQ]

11. If employed, please state your and/ or your partner's occupation [OP]

12. How long have you worked at your present job? [CQ]

13. If unemployed, a) Do you receive any benefits [Y/N]; b) How long have you
been unemployed [CQ]

14. On which of the following does your (household disposable) monthly
income fall (after tax / national insurance deductions)? [CQ]

15. Do you/your partner own a car? {Y/N]

00O\ —

ASRNAN

AN

AN

AN NN Y S

Section II: Yourself

16. Are you: female or male? [CQ]

17. Can you please indicate what age group you belong to? [CQ]

18. Please state your country of birth [OQ]

19. If UK is not a place of birth, how long have you lived in this country? [OQ]
20. How would you best described yourself (ethnic group) [SQ]

21. What is your first language? [OP]

22. What is your religion? [OP]

23. What highest educational qualifications or equivalent do you have? [SQ]

AN

AN

AN

Section III: Your lifestyle
24, Do you do any of the following physical activities regularly? [SoQ]
25. How many units of alcohol do you drink per week? [OQ]
26. Do you think you eat fresh fruit and vegetables regularly? [Y/N]
27. Do you smoke? [Y/N]
a) If yes, how many cigarettes per day? [OQ]
b) If yes, how long have you been a smoker? [OQ]
¢) If no, are you an ex-smoker? [Y/N]
d) Does anyone smoke inside your home environment? [Y/N]
e) Does anyone smoke inside your work environment? [Y/N]
28. Do you feel happy — contented with your life? [CQ]
29. What are the main causes you feel cause your stress? [OQ]
30. In your view, what are the most important outside effects which influence
your health [SQ]
31. Have you suffered from any of the following illnesses over the past 12
months? [CQ]
32. Do you have access to private health insurance? [Y/N]
33. How long, on average, do you wait for an appointment at your GP surgery?
[0Q]
34. Is your GP surgery within 2 miles of your home? [Y/N]
35. Do you suffer from any illnesses/conditions/physical impairments? [Y/N,
and SQ]

AN N N N N N N N N N A NN

Section IV: Air quality information

36. Do you check out Air Quality Information (AQI)? [CQ]

37. How interest are you getting the following AQI about your area? [SQ]
If not, why not....[OQ]

38. If you wished to access AQ what would be your preferred source?

[CQ&OP,RS]

39. How do you travel to work (or between the places) [SoQ]

40. Do you think the level of air pollution in your area is? [CQ]

41. What do you think is the main source of air pollution in your area? [CQ]

AN N N NN

Note: CQ = Closed-ended question; OQ = Open-ended question; Y/N = Closed-ended question with yes/no answers; SoQ = Semi-open

question; SQ = Scaled question (e.g. 5-point scale or Likert scale); RS = Rank order scale
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Table 3.8 Summary of new and modified questions in the Quality of Life survey in Chiang
Mai

Modified questions

Original version Thai version

i) Please state your country of birth [OQ] i) Please state province of birth [OQ]

it) If UK is not your place of birth, how long | ii) How long have you lived in Chiang Mai? [OQ]
have you lived in this country? [OQ]
ili) How many units of alcohol do you drink | iii) How often do you drink alcohol? (Never; Sometimes;

per week? [OQ)] Everyday) [CQ]
iv) Do you have access to private health | iv) Which health insurance scheme do you have? (None;
insurance? [Y/N] 30 baht Universal Health Scheme®; Private health

insurance; Reimbursable from Government®, Social
Security Scheme®; Other, please specify.....) [SoQ]

New questions

i)  Marital status  (Single; Married; Widow;
Divorced/separated) [CQ]

if) How often do you experience stress? (Never;
Sometimes; Most of the time) [CQ]

iii) Do you think you follow a healthy diet? (Yes/No)
[Y/N]

iv) Have you ever received air quality information?
(Never; Occasionally; Often) [CQ]

Note: CQ = Closed-ended question; OQ = Open-ended question; Y/N = Closed-ended question with yes/no answers; SoQ = Semi-open
question; SQ = Scaled question (e.g. 5-point scale or Likert scale); RS = Rank order scale

30 baht Universal Health Scheme is the universal health coverage scheme in Thailand, for all Thai people to have an equal right to
access heaith services (Sreshthaputra and Indaratna, 2001); ®Civil Servants Medical Benefit Scheme enables Thai civil servants to
reimburse their health care expenditures (and their dependants’) from the Government. “Social Security Scheme, introduced in 1990s,
protects workers (employees) and is mandatory for all private firms (Towse ef al., 2004).

Boynton et al. (2004) commented that indigenous Western people were generally more
familiar with rating scales, and indicating preferences or choices, than most other groups.
For this reason, a question with 5-point scales, such as Question 37 in Section IV of the
original LBB questionnaire was modified from a 5-point scaled to 3-point scaled question
(Question 4.2), which was generally easier for Thai people to comprehend. For the Chiang
Mai questionnaire, there were 4 main sections as follows;

e Section 1 consisted of 11 questions concerning personal information: address, sex,
age, religion, marital status, highest level of education, birthplace, duration of
residence both in Chiang Mai and the current address, health insurance schemes
and illnesses.

e Section 2 contained 15 questions concerning lifestyle: sport, diet, alcohol intake,
cigarette smoking [and environmental tobacco smoke (ETS) exposure at home and
work], positive and negative feelings (happiness/stress), causes of stress, outside
effects influencing health, air-pollution-related diseases and means of transport.

e Section 3 consisted of 5 questions focusing on housing conditions as follows: type
of accommodation, indoor factors affecting health, traffic (near the

accommodation), level and source of outdoor air pollution.
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e Section 4 comprised 3 questions regarding air quality information as follows:

whether the information was ever received, level of interest in air quality

information and the preferred media of accessing such information.

Table 3.9 List of questions and codes in the questionnaire used for the' Quality of Life

questionnaire survey conducted in urban and suburban areas in Chiang Mai (Sections I and

1I)
Questions Codes
Section I: Personal information
1.1 Full address [OQ]
Village MOO
Road ROAD
Sub-district TAMBON
District DISTRICT
1.2 Sex (Male or female) [CQ] SEX
1.3 Age (years) [OQ] AGE
1.4 Religion {SoQ] RELIGION
1.5 Marital status [CQ] MARITAL
1.6 Highest level of education [SoQ] EDUCATE
1.7 Birthplace (province) [OQ] BIRTHPLC
1.8 How long have you lived in Chiang Mai? (years) [0Q] CMSTAY
1.9 How long have you lived at the above address? (years) [0Q] HOMESTAY
1.10 Which health insurance scheme do you have? [SoQ] HTHINSUR
1.11 Do you suffer from any illnesses, conditions, or physical impairments? [Y/N & SoQ] DISEASE
Section II: Lifestyle
2.1 Do you do any of the following activities regularly? [SoQ] SPORT
2.2 Do you think you follow a healthy diet? [Y/N] FOOD
2.3 How often do you drink alcohol? [CQ] ALCOHOL
2.4 How often do you eat fresh fruit and vegetables? [CQ} FRUIT
2.5 Do you smoke? [CQ] SMOKE
2.6 If yes, how many cigarettes per day? [OQ] CIGARET
2.7 If yes, how long have you been a smoker? [OQ] SMOKEDUR
2.8 Does any member of your family smoke in your home environment? {Y/N}] MEMBSMOK
2.9 Does anyone smoke in your work environment? [Y/N] WORKSMOK
2.10 Do you think you are happy? [CQ} HAPPY
2.11 How often do you experience stress? [CQ] STRESS
2.12 What are the main causes of your stress? [SoQ] STRECAUS
2.13 What are the most important outside effects which influence your health? [RS& SoQ]
Accident HACCIDENT
ﬁn’l pollution HPOLLUTA
oise
Poor diet HNOISE
Poor housing HFOOD
Smoking HHOUSE
Stress HSMOKE
Too little exercise HSTRESS
Violent crime HEXERCIS
Poverty HCRIME
Other, please state....... HPOVERTY
2.14 Have you suffered from any of the following over the past 12 months? [Y/N]
Asthma ASTHMA
Dry eyes/eye irritation DRYEYE
Migraine MIGRAINE
Chest infection (bronchitis, pneumonia) LRI
Respiratory infection (cold, flu) URI
Other allergic reactions (eczema, hay fever, etc.) ECZEMA
2.15 How do you normally travel in Chiang Mai? [SoQ] TRANSPOR

Note: CQ = Close-ended question; OQ = Open-ended question; Y/N = Closed-ended question with yes/no answers; SoQ = Semi-open

question; SQ = Scaled question (e.g. 5-point scale or Likert scale); RS = Rank order scale
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Table 3.10 List of questions and codes in the questionnaire used for the Quality of Life

questionnaire survey conducted in urban and suburban areas in Chiang Mai (Sections III

and IV)
Questions Codes
Section III: Housing conditions
3.1 Type of accommodation? [SoQ] HOUSETYPE
3.2 Are there any factors in your home that might affect your health? [CQ]
Dampness DAMP
Lack of air conditioners/ air cleaners AIRCON
Closed house/ no air circulation VENTILA
Dust HOMEDUST
Chemicals CHEMICAL
Cooking COOKING
3.3 How is the level of traffic near your house? [CQ] TRAFFIC
3.4 How would you describe the level of air pollution in your area? [CQ] POLLEVEL
3.5 What is the main source of air pollution in your area? [SoQ] POLSOURC
Section IV: Air quality information
4.1 Have you ever received air quality information? [CQ] AQINFO
4.2 How interested are you in receiving the following air quality information? [SQ]
Source of air pollution AQTYPE
Different effects of air pollution AQIMPACT
How to avoid air pollution AQAVOID
What you can do about reducing air pollution AQMITIGA
A forecast of tomorrow’s air quality AQFORCAS
The current air quality (now) AQNOW
Air quality in previous days, weeks or years AQPAST

Note: CQ = Close-ended question; OQ = Open-ended question; Y/N = Closed-ended question with yes/no answers; SoQ = Semi-open
question; SQ = Scaled question (e.g. 5-point scale or Likert scale); RS = Rank order scale

3.2.2 Sampling and Piloting

From the results of Phase I of atmospheric dispersion modelling in Chiang Mai, the
identified pollution ‘hot-spots’ were proposed to Dr. Wiwatanadate for use as the study
areas for the questionnaire survey (see Table 2.9), and a non ‘hot-spot” was also included
(San Pooleui, Doi Saket District). San Pooleui is a suburban sub-district and was used as a
control site for comparison with the urban districts. The funding for the questionnaire
survey in Chiang Mai was the responsibility of EO1 and both EO1 and CMU set a quota of
2000 for the total sample size. Three districts were included in the survey: (i) Muang (City)
(n = 1,600); (ii) Saraphi (n = 300); (iii) Doi Saket (n = 100). Initial site selection was based
upon ADMS-Urban modelling results and the residents, whose accommodation was
located on or near busy commercial roads (as listed in Table 2.9), were the targets of the

survey.

The pilot survey was conducted on the first day of the field survey. All interviewers
reported that the respondents had no difficulties in comprehending the questionnaire.
However, the interviewers who were responsible for the survey in Muang district did not
think that the number of respondents in the district would meet the quota of 1600 due to

the target population living along certain roads being too small (e.g. Witchayanon,
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Maneenoparat, Sriphum). Dr. Wiwatanadate, Mr. Pichat Ouiyanukoon (CMOPT) and the
author agreed that other major commercial and tourism areas in the city centre should also
be considered and included in the survey even though ADMS-Urban did not identify them
as pollution ‘hot-spots’. Other busy roads in Muang District which were later included in
the survey included Tha Pae, Chang Klan, Hussadisewi, Kampangdin, Charoen Muang
and Chiang Mai-Sankampang). Therefore, a judgment sampling process, which is one of
the non-probability sampling methods, was applied to select respondents in this survey (see

Table 3.6).

The completed questionnaires from the pilot study were not analysed separately but were
analysed with the data collected for the main survey. It was not possible to exclude the
pilot-study respondents because to do so would result in too small a sample in the main
study (van Teijlingen and Hundley, 2001). Ideally, a pilot study should have been
conducted as in the process of Peat et al. (2002). However, EO1 received limited funding
and the proposed research proposal may not have included a budget for a pilot survey.

Moreover, CMU did not receive funds allocated by the EC for this study.

3.2.3 Distribution and administration

Personal interviews were undertaken with all of the respondents by Dr. Wiwatanadate’s
students from the Department of Community Medicine, CMU. All respondents (n=2000)
were chosen with consideration of their age, duration of residence in Chiang Mai, and
duration of stay in the study areas. The interviewers first introduced themselves and the
objectives of the questionnaire survey and then asked politely for their co-operation to
complete the questionnaire. Each respondent was asked three opening questions about
their age, address and duration of residence at the address. The minimum age accepted for
the survey was 15 — equivalent to the official age of adulthood in Thailand; and the
minimum acceptable duration of residence in the study areas was 1 year. A 1-year duration
was considered long enough for residents to feel attached to the local community and
understand its environment, particularly in relation to local air pollution. If the preliminary
answers did not meet these three conditions, the interview was discontinued. The

respondents in the selected sites were approached door-to-door by the interviewers.

There were two methods of questionnaire administration in the survey. First, the
interviewers read out each question (and the choices provided with the question) and

recorded the answers given by the respondents, starting from the first question in Section 1
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to the last question in Section 4. This interview method took 5-10 minutes to complete.
Secondly, some respondents wished to complete the questionnaire by themselves, in the
presence of the interviewer, who was prepared to reply if the respondents did not
understand any questions. The latter method took twice as long (approximately 10-20
minutes). However, most of the respondents (approximately 80%) preferred the first
method (pers. comm. Ms. Viranlapach Sunhinnapongse, one of the interviewers). Ms.
Sunhinnapongse also observed that the respondents claiming higher levels of education

(e.g. college or university degrees) preferred to complete the questionnaire by themselves.

3.2.4 Coding and analysis

Three hundred out of 2000 completed questionnaires were supplied to the author (by Dr.
Wiwatanadate) for statistical analysis. The author specifically requested the completed
questionnaires from Saraphi District and Poi Luang Junction (in Muang District) because
these were ADMS-Urban identified pollution ‘hot-spots’; with San Pooleui (in Doi Saket
District) to be used as a control (Table 3.11). It is noted that the author was allowed to
analyse only 300 completed questionnaires. The other 1700 questionnaires were deposited
at the Department of Community Medicine, CMU as the funding for this particular
questionnaire survey in Chiang Mai was not obtained from the MAQHUE project.

Table 3.11 Summary of the number of the completed questionnaires from the

questionnaire survey in Chiang Mai, and the number of the questionnaires allocated for

used in this PhD project
Study areas No. of completed No. of completed Percent
questionnaire in each area questionnaire used for
analysis
Muang (City) District 1,600 100 6.25
Saraphi District 300 100 33.33
Doi Saket District 100 100 100
Total 2,000 300

Note: "For reporting to the European Commission, the funding agency of MAQHUE project, and for further
statistical analysis for Ms. Kanyawat Sriyaraj’s PhD project.

For each questionnaire, the selected answers were coded manually following the names
pre-coded on the questionnaire (Tables 3.9 and 3.10), and then the data were transferred to
the “Statistical Package for the Social Sciences” (SPSS) programme (version 11) for
analysis. The Pearson y° (chi-squared) test and Fisher’s exact test were applied to the data

in order to investigate the significance of any noted differences in each variable by type of
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study area (urban vs. suburban). Both tests can be used to test statistical significance in the
analysis of nominal data that are qualitative or categorical (e.g. yes/no, male/female). Both
tests are used to examine the significance of the association between two or more variables
in a table that contains independent data. However, the Pearson y” test is not suitable for
use when sample sizes are small (i.e. when the values in any of the cells of the table are
below 5) or the data are very unequally distributed among the cells of the table. In this
case, the Fisher’s exact test should be used with data in 2x2 tables (or more rows or
columns) (Wikipedia, 2006). In addtion, the Fisher's exact test provides an exact test that
removes any possible problem with expected frequencies less than 5, whereas the Pearson
y* test is an approximation, which is valid only for reasonably large samples (pers. comm.
Dr. David Jarrett). The significance level employed was p=0.05. In each case the null
hypothesis was that there was no difference between the responses of the urban and

suburban area subjects.

3.3 Site Descriptions

The survey areas for which questionnaire data were analysed were 2 air pollution ‘hot-
spots’ in urban areas (Saraphi and Poi Luang Junctions in Saraphi District and Muang
District, respectively) and 1 ‘non hot-spot’ control area (San Pooluei Sub-district, Doi
Saket District), which is an agricultural area, located in the northeast of Chiang Mai

province (see Figure 3.1).

3.3.1 Saraphi Junction

Saraphi Junction, situated in the southeast of Chiang Mai, is a junction of Highway 106
and a public road. This area is a busy commercial and residential area and is characterised
by shop-houses along the busy narrow 2-way road. People normally live in the second or
third floor of a shop-house and work in the shop area on the ground floor. Other activities

in the area include petrol stations, a police station, temples, and schools (Figure 3.2).

3.3.2 Poi Luang Junction

Poi Luang Junction is located in the Municipality area and is near the city center where
Highway 1006 meets Highway 11. It is one of main commercial areas of Chiang Mai and
has a high population density. Banks, petrol stations, offices, schools and a department

store are all situated in this area. Shop-houses are also common and residential houses are
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located both in and around housing estates which are typically located slightly further

away from main roads than are shop-houses (Figure 3.3).
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Figure 3.1 Study areas for the Quality of Life Questionnaire Survey Conducted in Urban
and Suburban Areas in Chiang Mai.
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Figure 3.2 Saraphi Junction, Saraphi District
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Figure 3.3 Poi Luang Junction, Muang District
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Figure 3.4 San Pooleui, Doi Saket District

3.3.3 San Pooleui

San Pooleui is an agricultural area situated in Doi Saket district, northeast of Chiang Mai
province (Figure 3.4). Rice paddy fields are one of the main features of San Pooleui. The
farmers in this area do not burn rice stalks and ploughing to remove such stalks is the

normal practice.

3.4 Results

The results of statistical analysis are summarised in 4 parts following the structure of the
questionnaire: Part 1 — personal information; Part 2 — lifestyle; Part 3 — housing conditions,

and Part 4 — air quality information (Tables 3.12 — 3.22).

3.4.1 Part 1 — Personal Information

The age range and average age of respondents was 15 — 89 years and 45 years,
respectively. The range and average of duration of living at the present address was 1 — 89
years and 30.2 years (Table 3.12). 56% and 63% of respondents in urban and sub-urban

areas, respectively, were female (p = 0.265). 99.7% of all respondents were Buddhists, and
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65% of them were married. 1.5% and 5% of respondents were uneducated in the urban and
suburban areas, respectively. The urban respondents tended to have had their highest
education at secondary, vocational and university levels as well as primary level, whereas
59% of the suburban respondents had their highest education only at the primary level (p <
0.0001) (Table 3.13 and Figure 3.5). 89% and 69% of the suburban and urban respondents,
respectively, were born in Chiang Mai (p < 0.0001). 3.3% of all respondents replied that
they were suffering from respiratory diseases. In the suburban area, 3% of the respondents
had respiratory diseases and 33% were suffering from other diseases including high blood
pressure, paresis, and gastric ulcer. In the urban areas, 3.5% of respondents were suffering

from respiratory diseases — asthma, allergy, sinus and tuberculosis.

Table 3.12 Descriptive statistics

Variable N | Minimum | Maximum | Mean | Median | Mode
Age (years) 300 15 89 453 43 40
Years of living in Chiang Mai 300 1 89 37.6 38 20
Years of living in present address 300 1 89 30.2 25 2

Table 3.13 Summary of personal information collected by the questionnaire study

Part 1 Suburban Urban Total "
Personal information Freq. %0 Freq. Y% Freq. %
Sex 0.265
Male 37 37.0 88 44.0 125 41.7
Female 63 63.0 112 56.0 175 58.3
Total (n) 100 100.0 200 100.0 200.0 | 100.0
Highest education level <0.0001°
Primary 59 59.0 58 29.1 117 39.1
Secondary 19 19.0 49 24.6 68 22.7
Vocational 6 6.0 34 17.1 40 134
University 11 11.0 55 27.6 66 22.1
Uneducated 5 5.0 3 1.5 8 2.7
Total (n) 100 100.0 199 99.9 299 100.0
Religion 1.000
Buddhist 100 100.0 199 99.5 299 99.7
Christian 0 0.0 1 0.5 1 0.3
Total (n) 100 100.0 200 100.0 300 100.0
Marital status 0.019"
Single 14 14.0 47 23.5 61 20.3
Married 64 64.0 131 65.5 195 65.0
Widow 19 19.0 16 8.0 35 11.7
Divorced 3 3.0 6 3.0 9 3.0
Total (n) 100 100.0 200 100.0 300 100.0
Birth place <0.0001"
Chiang Mai 89 89.0 137 68.8 226 75.6
Other provinces 11 11.0 62 312 73 24.4
Total (n) 100 100.0 199 100.0 299 100.0
Tlnesses 0.001"
None 64 64.0 163 81.9 227 75.9
Respiratory diseases 3 3.0 7 35 10 34
Other illnesses 33 33.0 29 14.6 62 20.7
Total (n) 100 100.0 199 100.0 299 100.0

Note: “ p-value based on either Pearson XZ test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). *Significant.
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Figure 3.5 Highest level of education (percentage of respondents), n suburban respondents
= 100 and n urban respondents = 199).

3.4.2 Part 2 - Lifestyle

Sixty-four percent of all respondents exercised regularly and 99.7% considered that their
diets were healthy (Table 3.14). In the urban areas, 35% did not eat fruit and vegetables
every day, 1.5% drank alcohol every day and 52.5% of the urban respondents drank
occasionally. In the suburban areas, 98% ate fruit and vegetables every day, which is
significantly different from the urban respondents, and only 19% drank alcohol
occasionally. There was a significant difference in the number of alcohol drinkers between
the two areas. 18% of suburban respondents were smokers whereas only 4% of the urban
respondents smoked. Approximately, 80% of all respondents never smoked. For 26
smokers, the average number of cigarettes smoked per day was 4.7 and the average
smoking duration was 25 years (Table 3.15). Nineteen percent of all respondents replied
that their family members smoked. In the urban areas, the rate of colleagues smoking at
work was 29% and this was higher than found for the suburban area (9%). Ninety-five
percent of the suburban respondents replied that they were always happy, 5% of them
replied that they were happy sometimes, and 63% of them never felt stressed. In contrast,
42% of the urban respondents thought that they were always happy, 84% of them reported
stress occasionally, and 1.5% of them were continuously stressed. The causes of stress
listed in the questionnaire were economic, health, work, study, family/relationship, and

environmental problems.
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Table 3.14 Summary of lifestyle information

Part 2 Suburban Urban Total p’
Lifestyle Freq. %0 Freq. % Freq. %
Exercise 0.447
No 39 39.0 69 34.5 108 36.0
Yes 61 61.0 131 65.5 192 64.0
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Healthy diet 1.000
No 0 0.0 1 0.5 1 0.3
Yes 100 100.0 199 99.5 299 99.7
Total (n) 100 | 100.0 200 | 100.0 { 300 100.0
Alcohol drinking <0.0001"
Never 81 81.0 92 46.0 173 57.7
Sometimes 19 19.0 105 52.5 124 41.3
Everyday 0 0.0 3 1.5 3 1.0
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Fruit and vegetables <0.0001"
Occasional 2 2.0 70 35.0 72 24.0
Everyday 98 98.0 130 65.0 228 76.0
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Cigarette smoking <0.0001"
Never 80 80.0 159 79.5 239 79.7
Ever smoked but quitted 2 2.0 33 16.5 35 11.7
Smoking 18 18.0 8 4.0 26 8.6
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Smoking of family members 0.089
No 75 75.0 167 83.5 242 80.7
Yes 25 25.0 33 16.5 58 19.3
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Smoking of colleagues at work <0.0001"
No 91 91.0 142 71.0 233 71.7
Yes 9 9.0 58 29.0 67 22.3
Total (n) 100 | 100.0 200 100.0 | 300 100.0
Happy <0.0001"
Never 0 0.0 2 1.0 2 0.7
Sometimes 5 5.0 114 57.0 119 39.7
Always 95 95.0 84 42.0 179 59.6
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Stress <0.0001
Never 63 63.0 29 14.5 92 30.7
Sometimes 37 37.0 168 84.0 205 68.3
Always 0 0.0 3 1.5 3 1.0
Total (n) 100 | 100.0 200 | 100.0 | 300 100.0
Cause of stress/problem <0.0001"
Economic 9 25.0 11 6.5 20 9.8
Health 3 8.3 0 0.0 3 1.5
Work 4 11.1 3 1.8 7 34
Study 2 5.6 3 1.8 5 2.5
Family/relationship 12 33.3 4 2.4 16 7.8
Environment 1 2.8 1 0.6 2 1.0
Combination of above 5 13.9 146 86.9 151 74.0
problems
Total (n) 36 100.0 168 100.0 | 204 100.0

caused stress to them. In the suburban area, 33.3%

and

Note: * p-value based on either Pearson x2 test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). "Significant.
Approximately, 87% of the urban respondents replied that more than one of these problems
25% considered that

family/relationship and economic (low income) problems were main causes of stress. Only

1% of all respondents replied that their stress was caused by environmental problems.
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Table 3.15 Descriptive statistics

Variable N | Minimum | Maximum | Mean | Median | Mode
No. of cigarettes smoked
per day 26 1 15 4.7 3.5 2
Smoking duration (years) 26 2 62 25.0 23.5 30

3.4.2.1 Factors affecting health

Factors affecting health listed in the questionnaire included: accidents; air pollution; noise;
food; housing conditions; smoke; stress; lack of exercise; crime; and poverty (Table 3.16
and Figure 3.6). Approximately 80%, or more, of respondents in the suburban area did not
consider that accidents, air pollution, noise, food, housing, smoke, lack of exercise, and
crime affected their health. Forty-five percent and 36% of them replied that stress and
poverty influenced their health. The urban respondents had different opinions about the
factors that affect their health. Approximately 70% of them replied that stress and air
pollution were main factors. Other factors reported were lack of exercise (45.5%), noise
(39%), smoking (33.5%), poverty (31.5%) and housing (28%). There is a significant
difference between the two areas for all of the above factors — with the exception of

poverty and crime (p < 0.05).
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Figure 3.6 Factors affecting health as reported by respondents of the questionnaire study

(n suburban respondents = 100 and n urban respondents = 200).
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Table 3.16 Summary of factors affecting health

Factors affecting health Suburban Urban Total p°
Freq. % Freq. % Freq. %0
Accident <0.0001"
No 94 | 940 | 99 | 495 | 193 | 64.3
Yes 6 6.0 101 | 505 | 107 | 35.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Air pollution <0.0001"
No 90 | 900 | 60 | 30.0 [ 150 | 50.0
Yes 10 10.0 | 140 | 70.0 | 150 | 50.0
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Noise <0.0001"
No 97 | 970 | 122 | 61.0 | 219 | 73.0
Yes 3 3.0 78 | 39.0 | 81 27.0
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Diet 0.032°
No 90 | 90.0 | 160 | 80.0 | 250 | 83.3
Yes 10 100 | 40 | 200 | 50 16.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Housing conditions <0.0001"
No 99 | 99.0 | 144 | 72.0 | 243 | 81.0
Yes 1 1.0 56 | 280 | 57 19.0
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Smoking <0.0001°
No 87 87.0 | 133 | 665 | 220 | 73.3
Yes 13 130 | 67 33.5 80 | 26.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Stress <0.0001"
No 55 | 550 | 6l 305 | 116 | 387
Yes 45 | 450 | 139 | 69.5 | 184 | 61.3
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Lack of exercise <0.0001"
No 85 850 | 109 | 54.5 | 194 | 64.7
Yes 15 150 | 91 455 | 106 | 35.3
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Crime 0.100
No 98 98.0 | 186 | 93.0 | 284 | 947
Yes 3 2.0 14 7.0 16 53
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Poverty 0.438
No 64 | 640 | 137 | 685 | 201 | 67.0
Yes 36 360 | 63 315 | 99 33.0
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0

Note: “ p-value based on either Pearson XZ test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). “Significant.

3.4.2.2 Illnesses in the past 12 months

The illnesses listed in the questionnaires included: asthma; eye irritation/dry eyes;
migraine; lower respiratory infection, LRI (e.g. emphysema, lung infection, pneumonia);
upper respiratory infection, URI (e.g. cold, influenza); and allergies (e.g. eczema, dust
allergy). The illnesses which interviewees had had in the previous 12 months are illustrated
in Table 3.17 and Figure 3.7. The urban respondents had a higher percentage of the above

illnesses than the respondents in the suburban area. In particular, there were significant
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differences with respect to the responses for eye irritation, URI, and allergies between the

respondents in the urban and suburban areas.

Table 3.17 Summary of illnesses experienced in the past 12 months

Illnesses in the past 12 months Suburban Urban Total p°
Freq. Y Freq. %0 Freq. %0

Asthma 0.351
No 95 95.0 183 91.5 278 92.7
Yes 5 5.0 17 8.5 22 7.3
Total (n) 100 100.0 200 100.0 300 100.0

Eye irritation/dry eyes <0.0001"
No 90 90.0 130 65.0 220 73.3
Yes 10 10.0 70 35.0 80 26.7
Total (n) 100 100.0 200 100.0 300 100.0

Migraine 0.223
No 82 82.0 175 87.5 257 85.7
Yes 18 18.0 25 12:5 43 14.3
Total (n) 100 100.0 200 100.0 300 100.0

Lower respiratory infection

(LRI) 0.554
No 100 100.0 198 99.0 298 99.3
Yes 0 0.0 2 1.0 2 0.7
Total (n) 100 100.0 200 100.0 300 100.0

Upper respiratory infection

(URI) <0.0001"
No 67 67.0 77 38.5 144 48.0
Yes 33 33.0 123 61.5 156 52.0
Total (n) 100 100.0 200 100.0 300 100.0

Eczema and other allergies <0.0001"
No 92 92.0 94 47.0 186 62.0
Yes 8 8.0 106 53.0 114 38.0
Total (n) 100 100.0 200 100.0 300 100.0

Note: * p-value based on either Pearson Xz test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). "Significant.
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Figure 3.7 Illnesses experienced in the past 12 months (percentage of respondents) (n

suburban respondents = 100 and n urban respondents = 200).
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3.4.2.3 Means of transport

The results showed that most respondents in both urban and suburban areas travelled in
Chiang Mai using their own vehicles, which were motorcycles and cars/trucks (Table 3.18
and Figure 3.8). Approximately 80% of the urban respondents used their own vehicles,
15% of them used taxis (‘silor dang’/‘songtaew’, modified pick-up trucks) and/or ‘tuk-tuk’

(small three-wheeled motor vehicles)) and only 1.5% rode bicycles. In the suburban area,

68% used cars/trucks and motorcycles, and 21% of them used taxis.

Table 3.18 Summary of means of transport

Means of transport

Suburban

Urban Total )/
Freq. %0 Freq. % Freq. %
0.004"

Never travelled 11 11.0 4 2.0 15 5.0
By foot 0 0.0 1 0.5 1 0.3
Bicycle 0 0.0 3 1.5 3 1.0
Motorcycle 28 28.0 81 40.5 109 36.3
Car/truck 40 40.0 80 40.0 120 40.0
Taxi’ 21 21.0 31 15.5 52 17.4
Total 100 100.0 200 100.0 300 100

Note: “ p-value based on either Pearson Xz test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). ® ‘silor dang’ (‘songtaew’) and/or "tuk tuk’. "Significant.
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Figure 3.8 Means of transport (percentage of respondents) (n suburban respondents = 100

and n urban respondents = 200).
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3.4.3 Part 3 — Housing Conditions

In the suburban area, 98% of the respondents lived in their own house, but only 61.5% of
urban respondents lived in their house and 35.5% of them lived in rented accommodation
(Table 3.19). Indoor factors, which may affect people’s health, are summarized in Table
3.20 and illustrated in Figure 3.9. There were significant differences between the urban and
suburban populations with respect to damp, lack of air conditioner/air filter, lack of air
ventilation and dust in the house. Approximately 90% of the urban respondent replied that
house dust was a main factor affecting their health. In the suburban area, 87% of the
samples replied that there were no sources of air pollution in their area. In the urban areas,
60% and 22.5% of the respondents replied that the main sources of air pollution in their
area were, respectively, traffic and domestic waste burning. All suburban respondents
replied that there was no traffic congestion in their home area, whereas approximately 37%
of the urban respondents replied that the traffic congestion was high in the rush hours, and
26.5% of them replied that traffic congestion was not too high or too low (medium). 97%
of interviewees in the suburban area replied that the air pollution level in their area was
low, while 57.5% and 13% of the respondents in the ‘hot-spots’ replied that the levels of

air pollution in their area were medium and high, respectively (Table 3.19).

Table 3.19 Summary of housing conditions

Part 3 Suburban Urban Total p°
Housing conditions Freq. % Freq. %0 Freq. %
Type of accommodation <0.0001°
Rented accommodation 1 1.0 71 35.5 72 24.0
Own accommodation 98 98.0 123 61.5 221 731
Others 1 1.0 6 3.0 7 2.3
Total (n) 100 100.0 200 100.0 | 300 100.0
Traffic congestion <0.0001"
No traffic 100 100.0 57 28.5 157 52.4
Low 0 0.0 13 6.5 13 4.3
Medium 0 0.0 53 26.5 53 17.7
High during rush hours 0 0.0 73 36.5 73 24.3
Normally high 0 0.0 4 2.0 4 1.3
Total (n) 100 100.0 200 100.0 | 300 100.0
Level of air pollution <0.0001"
Low 97 97.0 59 29.5 156 52.0
Medium 2 2.0 115 57.5 117 39.0
High 1 1.0 26 13.0 27 9.0
Total (n) 100 100.0 200 100.0 | 300 100.0
Source of air pollution <0.0001"
None 87 87.0 19 9.5 106 354
Traffic 1 1.0 120 60.0 121 40.3
Factory 3 3.0 7 35 10 33
Domestic waste burning 6 6.0 45 22.5 51 17.0
Incinerator/crematorium 0 0.0 3 1.5 3 1.0
Others 3 3.0 6 3.0 9 3.0
Total (n) 100 100.0 200 100.0 | 300 100.0

Note: “ p-value based on either Pearson xrtest or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). “Significant.
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Table 3.20 Summary of indoor factors affecting health

Indoor factors affecting health Suburban Urban Total p°
Freq. %0 Freq. % Freq. %0

Damp <0.0001"
No 96 96.0 111 55.5 207 69.0
Yes 4 4.0 89 44.5 93 31.0
Total (n) 100 | 100.0 | 200 | 100.0 300 100.0

Lack of air conditioner/air filter 0.002°
No 89 89.0 146 73.0 235 78.3
Yes 11 11.0 54 27.0 65 217
Total (n) 100 100 200 | 100.0 300 100.0

Lack of air ventilation <0.0001°
No 88 88.0 51 255 139 46.3
Yes 12 12.0 149 74.5 161 937
Total (n) 100 100 200 | 100.0 300 100.0

Dust <0.0001"
No 72 72.0 21 10.5 93 31.0
Yes 28 28.0 179 89.5 207 69.0
Total (n) 100 100 200 | 100.0 300 100.0

Chemicals 0.287
No 74 74.0 135 67.5 209 69.7
Yes 26 26.0 65 32.5 91 30.5
Total (n) 100 100 200 | 100.0 300 100.0

Cooking 0.896
No 69 69.0 135 67.5 204 68.0
Yes 31 31.0 65 32.5 96 32.0
Total (n) 100 100 200 | 100.0 300 100.0

Note: “ p-value based on either Pearson Xz test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). “Significant.
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Figure 3.9 Indoor factors reported to affect health (percentage of respondents) (n suburban

respondents = 100 and n urban respondents = 200).

119



3.4.4 Part 4 - Air Quality Information

The list of questions about air quality information in the questionnaire included: sources of
air pollution; type of air pollutants; impact of air pollution on health; air pollution
avoidance; air pollution mitigation; air quality forecast, air quality information at present;
and air quality information in the past (Table 3.21). The results of the survey showed that
most respondents in urban (88%) and suburban (86%) areas had never received air quality
information (Table 3.22). However, approximately 78%-80 % of the suburban respondents
and 58%-81% of the urban respondents were very interested in air quality information. The
preferred media for the receipt of air quality information was television (62.7% of all
respondents). Government publications were also chosen by 17% and 12.5% of urban and
suburban respondents, respectively. Only 4% of all respondents wished to access air

quality information through the internet.
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Table 3.21 Summary of reported interest in issues concerning air quality information

Part 4 Suburban Urban Total p¢
Air quality information Freq. % Freq. %0 Freq. %o
Source of air pollution 0.112
No 3 3.0 9 4.5 12 4.0
Interested but not much 18 18.0 56 28.0 74 24.7
Very interested 79 79.0 135 67.5 214 71.3
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Type of air poliution 0.051
No 3 3.0 8 4.0 11 37
Interested but not much 18 18.0 61 30.5 79 26.3
Very interested 79 79.0 131 65.5 210 70.0
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Impact of air pollution 0.662
No 3 3.0 3 1.5 6 2.0
Interested but not much 18 18.0 34 17.0 52 17.3
Very interested 79 79.0 163 81.5 242 80.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Avoidance 0.712
No 3 3.0 3 1.5 6 2.0
Interested but not much 18 18.0 36 18.0 54 18.0
Very interested 79 79.0 161 80.5 240 80.0
Total (n) 100 | 100.0 | 200 | 100.0 { 300 | 100.0
Mitigation 0.537
No 3 3.0 3 1.5 6 2.0
Interested but not much 18 18.0 42 21.0 60 20.0
Very interested 79 79.0 155 77.5 234 78.0
Total (n) 100 | 100.0 | 200 | 100.0 ) 300 | 100.0
Air quality forecast 0.047
No 3 3.0 4 2.0 7 2.3
Interested but not much 18 18.0 61 30.5 79 26.3
Very interested 79 79.0 135 67.5 214 71.3
Total (n) 100 | 100.0 | 200 | 100.0 { 300 | 100.0
Present air quality 0.114
No 3 3.0 4 2.0 7 2.3
Interested but not much 17 17.0 55 27.5 72 2.4
Very interested 80 80.0 141 70.5 221 73.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Air quality in the past 0.003"
No 3 3.0 15 7.5 18 6.0
Interested but not much 19 19.0 69 34.5 88 29.3
Very interested 78 78.0 116 58.0 194 64.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0

Note: “ p-value based on either Pearson Xz test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). “Significant.
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Table 3.22 Summary of air quality information of interest

Part 4 Suburban Urban Total p*
Air quality information Freq. %0 Freq. %0 Freq. %0
Air quality information received 0.713
Never 86 86.0 176 88.0 262 87.3
Yes but not often 14 14.0 24 12.0 38 12.7
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0
Preferred media of air quality
information 0.004"
Government publications 17 17.0 25 12.5 42 14.0
National newspapers 2 2.0 19 9.5 21 7.0
Local newspapers 0 0.0 4 2.0 4 1.3
Internet 0 0.0 12 6.0 12 4.0
TV 67 67.0 121 60.5 188 62.7
Radio 10 10.0 11 5:5 21 7.0
Others 4 4.0 8 4.0 12 4.0
Total (n) 100 | 100.0 | 200 | 100.0 | 300 | 100.0

Note: “ p-value based on either Pearson Xz test or Fisher’s exact test (the latter was used when counts in any
of the cells were less than 5). “Significant.

3.5 Discussion

The Quality of Life (QoL) survey conducted in Chiang Mai used a questionnaire as a tool
to evaluate residents’ attitudes, covering the topics of gender (male/female), marital status,
education, lifestyle, health, positive and negative feelings (happiness/stress), housing
conditions (with respect to both indoor and outdoor air pollution) and level of interest in
obtaining air quality information. Boynton and Greenhalgh (2004) suggested that a valid
questionnaire should be able to measure what it claims to measure. Generally speaking, if
the designed questionnaire can answer the research questions contained within its
objectives, the questionnaire is valid. The main objective of the Chiang Mai survey was to
investigate attitudes of urban and suburban residents to air pollution and health. The
questions are discussed as follows based upon the WHO Quality of Life domains (WHO,
1996) (referred to hereafter as WHOQOL). However, it should be noted that to evaluate
the scoring of QoL for the Chiang Mai survey following the WHOQOL rating was not
possible because of the difference in questionnaire design. WHO (1996) used a 5 point
scale method (Likert scale) in the questionnaire (e.g. very dissatisfied, dissatisfied, neither
satisfied nor dissatisfied, satisfied, very satisfied), whereas, a nominal measure was mainly
used in the Chiang Mai questionnaire. A nominal measure produces qualitative or
categorical data that provide no information about quantity. Therefore, only the frequency
(and percentages) of each item (e.g. urban respondent vs. suburban respondents) could be

summarised.
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The questions in Section I were grouped as general questions about respondents (Table
3.9), similar to the first section of the WHOQOL questionnaire (WHO, 1996). These are
standard classification questions (e.g. age, gender, education, marital status) (Jarrett, 2004).
The questions are straightforward. However, a question about occupation should have been
included in this section. The author did not agree with the exclusion of the question
regarding occupation of respondents because different occupational activities can have
significantly different impacts on health. For example, construction workers, who are
generally exposed to outdoor air pollution (especially particulate matter), may have
respiratory and/or pulmonary function impairment more frequently than bankers, who
work in clean air-conditioned offices. This may correspond to different QoL among
different occupations. Jean et al. (2006) found that chronic bronchitis symptoms and
airflow obstruction were associated with occupational exposure in a population in the
textile industry. Additionally, lung impairment was related to the duration of occupational

exposure, being independent of the effect of smoking.

Questions about illnesses or physical impairment, religion, marital status and health
insurance scheme are QoL facets incorporated within all four domains - physical health,
psychological, social relationships and environment domains respectively (Section 3.1.1).
The results from Section 1 of the questionnaire showed a higher percentage of female
respondents in both urban and suburban areas. Urban respondents had achieved
significantly higher levels of education than suburban respondents, especially at vocational
and university levels. In the past, children from poor socio-economic backgrounds, such as
farming families, were sent only to primary schools because primary education was
compulsory in Thailand and they were not able to support their children through higher
education (pers. comm. Ms. Jaree Jaimook). Respectively, 1.5% and 5% of suburban and
urban residents were uneducated which may imply that they were illiterate. The personal
interview is an efficient means of gathering information that overcomes the obvious
problems of accessing people with minimal levels of literacy. Due to Buddhism being the
national religion of Thailand, it is not surprising that all but one of the respondents were
Buddhists. The results from the marital status question indicate that most of the
respondents (approximately 64-66%) in both areas were married. A higher percentage of
urban respondents were single (23.5% vs. 14% for suburban area). However, it cannot be
inferred that they were not in personal relationships. A more accurate indication of
personal relationships may have been gained if the answers to this question included

“partner/girlfriend/boyfriend”. The question regarding birthplace in the questionnaire may
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not have had the same relevance as the question concerning ethnicity in the LBB version,

because in Thailand there is little ethnic diversity.

The questions in Section II also cover all WHOQOL domains. The questions were
straightforward but the wording ‘sometimes’ may not be the best to use for questions such
as “how often do you drink alcohol?”. Boynton and Greenhaplgh (2004) recommended
that frequency options such as “at least once a day” or “twice a week” may be more
appropriate. The results showed that urban respondents reported more respiratory diseases
(excluding asthma), eye irritation/dry eyes, upper respiratory infections, and allergies
including eczema than the suburban respondents. The results are consistent with air
pollution affecting the health of urban respondents. However, it cannot be concluded that
the urban respondents were more health-aware than suburban respondents. For example,
16.5% of urban respondents had stopped smoking and only 4% of them were smokers.
29% of colleagues of urban respondents smoked at work which was significantly higher
than for respondents living in the suburban area (9%). The banning of cigarette smoking in
public places has been introduced to Thailand since 2002 (White, 2003), but it has not yet
been stringently enforced in Chiang Mai, particularly in restaurants. Stress and air
pollution were the main factors claimed by urban respondents to be affecting their health,
while stress and poverty were predominantly the main factors claimed in this regard by
suburban respondents. Air pollution was not generally felt to be a priority problem in the
suburban area, while it was a cause for concern among urban respondents. Between the
urban and suburban areas, the differences are strongly significant (p < 0.0001), for damp,
lack of air ventilation and house dust, which are likely to be indoor factors affecting health.
In addition, among urban respondents who experienced stress, they were more likely to
identify combined causes, whereas suburban respondents were more likely to report single

causes such as family and relationship (33.3%) and economic (25%) problems.

Sections III and IV of the questionnaire focused mainly on the environment facets of
WHOQOL Domain IV (Section 3.1.1) which include home environment, physical
environment (including air pollution) and opportunities for acquiring new information. The
Section III results showed that more respondents in the urban areas accepted that they were
exposed to medium to high levels of air pollution, than respondents in the suburban area.
This is consistent with measured values and it would seem that, where there is a lack of air
quality data, public perception could be a reasonable indicator to validate the results of air
quality modelling in Chiang Mai (Chapter 2). In addition, the respondents generally

considered that traffic and the burning of domestic wastes polluted the air. Over 60%
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replied that there is traffic congestion in their areas. It was surprising that most people in
both urban and suburban areas claim to have never received any air quality information.
This may imply that there is no distribution of air quality information or the distribution by
responsible local organisations in Chiang Mai (e.g., the Environmental Office, Chiang Mai
Municipality, and Provincial Administration Office) is ineffective. There has recently been
another project concerning air quality conducted in Chiang Mai; Building Capacity of Thai
Federal and a Provincial Air Quality Department (2002), by the Pollution Control
Department (PCD) and Chiang Mai Municipality (CMM), which educated their officers in
air pollution management. However, such measures may not be sufficient and local
organisations should also consider employing air quality experts to assist in local air
quality management (LAQM). LAQM should be prioritised in environmental management
policy in Chiang Mai. Approximately 66% of all respondents preferred television to be the
principal medium for the distribution of air quality information and responsible
organisations could initially use a local daily TV news programme to broadcast daily air
quality information and forecasts as part of the weather forecast. Radio and publications
such as booklets or leaflets should also be considered as suitable media for disseminating

air quality information.

The modified Thai version of the questionnaire contained questions that were easy to
comprehend because of the use of simple language both in the questionnaire and the
personal interview. The use of technical and ambiguous words was avoided. However, the
respondents who did not understand some questions could also ask the interviewers for an
explanation (all interviewers were carefully briefed on each question in the questionnaire
before the field survey). Questionnaire distribution was particularly efficient in the Chiang
Mai survey where interviewers had to select respondents according to 3 criteria (i.e. >15
years of age, address and >1-year stay at the given address). The door-to-door approach
using university students appeared to receive substantial co-operation and it was the
author’s experience that Chiang Mai people were generally friendly and co-operative
towards students. When respondents were too busy to be interviewed (e.g. business/shop
owners), they normally asked if they could complete the questionnaire by themselves (self-
administered) while the interviewers waited to answer any enquiries and to collect the
completed questionnaires. During the survey, it was found that some respondents did not
appreciate being asked about their highest level of education. Also, if there was a couple in
the house, the wife was often asked by the husband to complete the interview. Generally,
females appeared to be more cooperative with the interviewers than males (pers. comm.

Ms. Viranlapach Sunhinnapongse).
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In this study, there are some uncertainties arising from potential biases in some processes

as follows;

Sampling method — A judgment or purposive sampling approach was applied in
this study, which is a non-probability sampling method. The sample would
therefore probably not be a representative subset of the population, as in random
sampling methods. Statistically, this kind of sampling method causes selection bias
that can distort an analysis of data. In general, sample selection may involve pre- or
post-selection which may preferentially include or exclude certain kinds of results
(Wikipedia, 2006). In this study, the urban respondents who were selected lived in
areas near the junctions of major roads where traffic was obviously busy. Not
surprisingly, most of them (70%) believed that air pollution was a major factor
affecting their health and 60% of them considered that traffic was a main source of
air pollution. These percentages may have been lower if the respondents were
selected by random sampling methods (see Table 3.6) in general urban areas with a
range of traffic conditions. Hence, the results of this questionnaire survey are not
generalisable for urban areas. Rather, they focus upon urban respondents residing
in pollution ‘hot-spot’ areas particularly those living near busy roads or in
commercial areas (and only the results for urban respondents in Muang and Saraphi
Districts were summarized in this chapter). However, the sample was intentionally
selected (purposive sampling) as part of the MAQHUE project. The cost of
conducting the survey using random sampling methods would be higher due to
greater administrative requirements (e.g. field work in larger study areas, larger

sample numbers, more trained interviewers required, etc.).

Administration of questionnaires — Uncertainties may have occurred in cases
where the respondents completed the questionnaire by themselves. If the
interviewers were in a hurry and did not thoroughly check that all the questions
were completed, some data would be lost. For instance, one urban respondent did
not answer the question about educational level in this questionnaire survey. In
addition, under time pressure, interviewers may tick the wrong box. Interviewers
can also subtly influence responses by inflections of the voice, facial expressions or
gestures (Boynton et al., 2004). For example, they may unconsciously hurry
through questions they wrongly perceive as unimportant or uncomfortable. Or their
tired or unenthusiastic facial expression may cause respondents to hesitate to ask
about questions that they may not understand. Boynton et al. (2004) recommended

that, to avoid these problems, it would be better for interviewer performance if they
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are paid by the hours they work, rather than per questionnaire completed as in the

Chiang Mai study.

Respondents’ biases — The suitability of a questionnaire, such as that employed for
this study, to assess air pollution exposure and health status may be questioned
because generally people may not be able to recall past events (e.g. asking about
their illnesses in the past 12 months) (Jarrett, 2004). In addition, the urban
respondents, where a higher prevalence of respiratory and allergic diseases was
reported (Table 3.17), also generally claimed that air pollution was one of the main
factors that affected their health (Table 3.16). This may be because urban
respondents had interpreted that air pollution in their areas impacted upon their
health, rather than unhealthy facets of their lifestyles (e.g. lack of exercise, cigarette
smoking). Hunter et al. (2004) conducted a cross-sectional survey using a
questionnaire to investigate English perceptions of air pollution. It was found that
respondents from homes with a person reporting respiratory symptoms were more
likely to report odour pollution than from homes with no person showing
respiratory symptoms. This is recall bias arising from two possible reasons: (i) air
pollution may exacerbate their symptoms; therefore affected residents were more
aware of poor air quality because they were more symptomatic where air pollution
was worse; (ii) people with respiratory diseases believe that their illnesses were
caused by air pollution so they may over report the level of exposure. Moreover, in
the Chiang Mai study, some respondents may not have been concerned about air
pollution before the interviewers introduced the objectives of the survey and they
may subsequently have thought that it was appropriate to select answers relating to
air pollution. This may be a type of response bias in the survey where respondents
intentionally respond to please the interviewers. Lack of privacy, occurring when
friends or relatives interjected, or even they were only listening during the
interview, can also cause a response bias (Boynton et al., 2004). For example, they
may reply that they were non-smokers although they secretly smoked, or, in the
presence of their friends or family members alcoholics may reply that they only

drank alcohol sometimes.

Although the questionnaire to investigate people’s perceptions of air pollution and
health may have had some limitations as mentioned above, Oglesby et al. (2000)
were convinced that the population mean perception is a good indicator of exposure

to air pollution — especially for measuring long-term pollution severity. Indeed,
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studies of the health impacts of air pollution that concentrate only on chemical
exposure will be flawed unless perception and socio-behavioral factors are

addressed (Hunter et al., 2004).

Validity — Questionnaire validation, which should have been part of the piloting
process, was not conducted in the study in Chiang Mai. There are many validity
testing methods but ‘content validity’ could be conducted to test how well the items
(questions) in the questionnaire measure what they intend to measure. Carr-Hill and
Chalmers-Dixon (2002) summarized requirements for content validity for a health
status questionnaire as follows: the main topic headings should be appropriate to
the overall aims of the measurement; the chosen items should relate to the
definition and aim of their headings; and the wording should be intelligible to
respondents and unlikely either to be misunderstood or to cause offence. A test for
content validity should involve piloting the questionnaire with representative
respondents in order to obtain feedback on acceptability and intelligibility, which
help to improve questionnaire reliability. In addition, statistical techniques for
content validity testing (e.g. multi-trait scaling and factor analysis) can be applied
in order to eliminate items that are least related to the study aims (Carr-Hill and
Chalmers-Dixon, 2002). In this study, the validity of the questionnaire cannot be
analysed because validity testing and piloting were not considered as part of the
questionnaire survey project in Chiang Mai. Inclusion or exclusion of items in the
questionnaire was based on judgment (e.g. appropriate to Thai culture) rather than a
validity test. If the questionnaire used in the survey had been through the complete
pilot survey, including validity testing, before final confirmation of questionnaire
content, it may have consisted of items better-related to the objectives of the
survey. For example, some useful items regarding occupational description may not

have been removed from the questionnaire.

3.6 Conclusion

The health survey was conducted in 2 urban areas (Saraphi and Poi Luang Junctions) and 1

suburban area (San Pooleui, Doi Saket District) in Chiang Mai, Thailand using a

questionnaire. The results show that respondents in air pollution ‘hot-spot’ areas had a

higher percentage of respiratory diseases in the previous 12 months than the respondents in

the suburban area. The main factors found to potentially affect people’s health in the urban
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areas were air pollution and house dust. The main sources of urban air pollution were
traffic and rubbish burning. In addition, most of the respondents in both urban and
suburban areas use their own cars and motorcycles for travelling within Chiang Mai.
Furthermore, most of the respondents in both areas had never received air quality
information. Nevertheless, they were generally interested in obtaining this information and
television was selected by most respondents to be the preferred medium for air quality
information dissemination. The results of this study will be used to help formulate
recommendations for sustainable measures that could be implemented for Local Air

Quality Management (LAQM) in Chiang Mai.
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CHAPTER 4

THE PREVALENCE OF RESPIRATORY DISEASES AND
ALLERGIES AMONG SCHOOL CHILDREN IN CHIANG MAI

4.1 Introduction

From the results of air quality modelling in Chiang Mai, conducted during August —
September 2003, schools in designated highly polluted and relatively non-polluted areas
were identified and selected to be study areas for the third research component. The main
objectives of this component — a study of respiratory diseases and allergies among school
children in Chiang Mai — were: to investigate the respiratory health of children in selected
primary schools that are located near to busy roads in Chiang Mai; to compare the
prevalence of allergies, eczema and respiratory symptoms in children attending 6 primary
schools (4 located in urban areas and 2 in a suburban area) which were designated ADMS-

Urban receptor points (see Table 2.10).

The author and supervisory teams both at Middlesex University (MU) and Chiang Mai
University (CMM) were aware that, as this research would be conducted on children,
involving a parent-administered questionnaire, interviews of both parents and children,
lung function measurements and weight and height measurements, it was crucial to obtain
formal approval from the MU Ethics Committee (Appendix 1). Such ethical approval was
not required in Chiang Mai, but official letters requesting permission (in Thai) to conduct
the study were issued (with a copy of the ISAAC questionnaire attached) by Dr. Phongtape
Wiwatanadate, Department of Community Medicine, CMU (acting as Co-supervisor of the
PhD project), to the head teachers of six primary schools and all of the parents (n=620).
Moreover, when the lung function measurements were conducted at each school, either
Ms. Kitirat Mahasu or Ms. Siriboon Yavichai, Senior Nurses from Maharaj Nakorn Chiang
Mai Hospital (CMU Hospital), supervised and assisted the author (approved by Associate
Professor Supot Wudhikarn, M.D., Dean of Faculty of Medicine). Medication for
asthmatic children was prepared and all equipment for lung function measurements was
thoroughly cleansed by Ms. Mahasu. The measurements were also always attended by

representative teachers at each school.



The ISAAC questionnaire survey and lung function study were designed with supervision
from Associate Professor Muthita Trakultivakorn, Faculty of Medicine. She provided the
author with the Thai version of the ISAAC questionnaire (Phase II), spirometer and peak

flow meters for use in this study.

4.1.1 The International Study of Asthma and Allergies in Childhood

A standardised questionnaire produced for the International Study of Asthma and Allergies
in Childhood (ISAAC) was applied in this study (see Appendix 8). ISAAC was initiated in
1991 in order to maximise the value of epidemiological research into asthma and allergic
diseases, by establishing a standardized methodology and facilitating international
collaboration (Asher et al., 1995). The main concept of ISAAC was to develop a simple
framework to compare the distribution of symptoms of asthma and allergies across the
world (i.e. to standardize measurement practices and facilitate comparisons from one
location to another, across geographic, cultural and linguistic boundaries). ISAAC’s
straightforward techniques can be undertaken at any location and with few financial
resources, enabling truly global participation (Enarson, 2005). The standardized
questionnaire was designed so that all participants are asked precisely the same questions

in an identical format (Boynton and Greenhalgh, 2004).

The ISAAC protocol comprises three phases, administered over a set time period. Phase 1
uses a core questionnaire to assess the prevalence and severity of asthma and allergic
diseases in different countries. Phase 2 investigates possible environmental factors that
could be linked to the diseases and Phase 3 repeats Phase 1 to assess trends in prevalence
at a later date. In this Chiang Mai study, the questionnaire included core questions about
the prevalence of asthma, rhinitis and eczema; and supplementary questions on child
contact modules (e.g. to pets and farm animals) as used in Phase 2 of the ISAAC protocol
(Appendix 8). The Thai version of the ISAAC questionnaire covered demographic
variables (age and home address); current and past symptoms of asthma, rhinitis and
eczema; and various environmental factors. The questionnaire contained 5 parts. Part 1
requested information on school and student names, dates of birth, sex, race, home address
and telephone number. Parts 2 — 4 related to specific health problems, namely, asthma,
rthinitis and eczema. Part 5 covered environmental factors, including household
experiences of traffic pollution, cigarette smoking by parents and by other family

members, breast feeding history and pets. Lung function tests were also conducted on
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selected asthmatic and non-asthmatic school children. The fieldwork for this study was

conducted at the start of the semester in November 2003.

It has been found, however, that the ISAAC questionnaire has some limitations. The
original questionnaire was compiled in English and therefore it needed translation into
different languages for application in non-English speaking countries. For example,
linguistic problems were found in some countries such as Thailand and Ethiopia. A study
was conducted to determine common Thai wordings actually used by Thai children and
adolescents to describe wheeze, chest tightness, shortness of breath and dyspnea
(Phankingthongkum et al., 2002). The results of the study suggested that wheeze should be
referred to (in Thai) as ‘/ha:ds/’ (a sound of deep breath) (not ‘/wi:d/’, as it sounded similar
to the English word ‘wheeze’, as normally used in Thai ISAAC survey). In addition,
dyspnea was referred to as rapid breathing and feeling tired; and shortness of breath was
more commonly referred to as ‘not being able to catch a breath’, ‘too short a breath’, ‘not
enough breath’ and ‘feeling suffocated’. Haileamlak et al. (2005) analysed the validity of
the ISAAC questionnaire to investigate atopic eczema among Ethiopian children. It was
found that the questionnaire did not perform especially well in identifying cases of atopic
eczema in the survey due to problems with questionnaire translation, cultural conceptions
of terminology and asking parents rather than the child about symptoms. It would seem
that the ISAAC questionnaire has problems in both Thailand and Ethiopia and its use in
non-western countries should be undertaken with caution. Local terms for asthma, rhinitis
and eczema should be identified and validated in each language to obtain reliable
epidemiological data. In Chiang Mai, it was found that some parents misunderstood what
was meant by wheezing symptom, believing it to refer to snoring or heavy-breathing
sounds. However, the true meaning was explained via telephone interview with some

parents who reported wheezing of their children in the questionnaire.

4.1.2 Other Respiratory Health Related Questionnaires for Pediatric

Research

The Pediatric Asthma Quality of Life Questionnaire (PAQLQ), developed by Juniper ef al.
(1996), has been used to measure the quality of life in children with asthma. PAQLQ was
designed for administration to asthmatic patients aged between 7-17 years. It includes 23
items in three domains to assess symptoms, emotional function and activity limitations
(e.g. playing with friends, riding a bicycle). This questionnaire was designed to be either

self-administered or via personal interview, in the absence of parents. Poachanukoon et al.
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(2005) validated the Thai (translated) version of PAQLQ in a cohort of asthmatic patients
followed over five weeks. This process demonstrated correlations between various
PAQLQ domains with clinical asthma parameters [e.g. peak expiratory flow rate (PEFR)
and asthma symptoms], confirmed in both cross-sectional and longitudinal studies. It was
concluded that the Thai version of PAQLQ is valid and reliable for implementing with
Thai asthmatic children (Poachanukoon et al., 2005). However, the Thai PAQLQ was not
available when the author conducted the ISAAC questionnaire survey in Chiang Mai

(2003-2004).

The Pediatric Rhino-conjunctivitis Quality of Life Questionnaire (PRQLQ) was similarly
designed to measure quality of life in children, aged 6-12 years, with allergic rhino-
conjunctivitis (or allergic rhinitis) (Juniper et al., 1998). This instrument is a self-
administered questionnaire that consists of 23 items regarding nose eye and other
symptoms, practical problems and activity limitations. However, PRQLQ has not yet been

translated into Thai for pediatric health-related research in Thailand.

Matza et al. (2004) recommended that it is important to consider length and number of
measurements in a pediatric study because younger children in particular may provide
inaccurate responses if the length of assessment exceeds their attention span or patience. In
addition, children have a tendency to provide a certain response regardless of the question
(‘response set’). A common child response set is to provide extreme answers (e.g.,
response of only 1 or 5 on a series of 5-point Likert scales). This may be because they do
not understand the questions but answer them in an attempt to appear competent. Response
sets are problematic because they cause data to be biased, skewed or inaccurate. Therefore,

assistance from parents is crucial when assessing younger children.

4.1.3 Lung Function Measurements

In this study, lung function measurements were conducted on some children with asthma
(and age-matched healthy subjects as controls) in order to investigate the prevalence of
exercise-induced asthma. Asthma is an obstructive lung disease due to inflammation of the
airways, increased mucus production and contraction of the bronchial smooth muscles.
Asthmatic patients generally produce an airway hyperreactivity response to some stimuli
(i.e. exposure to aero-allergens such as dust and tobacco smoke) that make the airways
narrower leading to recurrent spontaneous obstructive symptoms (Deshmukh, 2000). This

results in low forced expiratory volumes and flow rates (see Sections 4.1.1.1-4.1.1.3). In
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addition to inhaled chemical mediators (e.g. histamine), asthma symptoms can also be
triggered by natural physical stimuli (e.g. exercise, hyperventilation of cold air).
Deshmukh (2000) estimated that approximately 70% of all asthmatic patients in the
Western societies are exercise-induced. The main asthmatic symptoms and signs include
coughing, wheezing, shortness of breath, chest tightness and prolonged expiration. The
investigation of asthma is conducted by the use of several methods which include chest x-
rays, sinus x-rays, bronchial challenge tests (e.g. with cold air), immune function studies
and lung function tests. However, lung function tests should be conducted for preliminary

investigations (Deshmukh, 2000).

Lung function measurements provide a direct assessment of airflow limitation. There are
different methods to assess the level of airflow inhibition, but the measurement of forced
expiratory volume in 1 second (FEV)), forced vital capacity (FVC), and peak expiratory
flow (PEF) have been widely accepted for use to determine disease status in asthmatic
patients over 5 years of age. FEV; and FVC are undertaken during a forced expiratory
manoeuvre using a spirometer (GINA, 2002). FEV; is considered to be the best
characterised test of respiratory function to assess asthma severity (Deshmukh, 2000;
GINA, 2002). Information on changes in FEV; with age, gender, ethnic group, growth, and
disease is more developed than for any other test. Normally a spirometer produces a
printout of recorded FEV, and FVC results, with a volume-time graph. Spirometry
recordings are useful in diagnosing asthma and assessing its severity. However, the validity
of FEV,, FVC and PEF depend upon the subject’s effort and cooperation as well as on the
instruction and coaching provided by administering personnel (Ms. Katirat Mahasu and
Ms. Siriboon Yavichai). It was observed in the Chiang Mai study that a demonstration by

the nurses assisted the children in giving a full effort.

The terms, forced vital capacity (FVC), forced expiratory volume in 1 second (FEV;) and

peak expiratory flow (PEF) are explained as follows;

4.1.3.1 Forced Vital Capacity (FVC)

The forced vital capacity (FVC) is the maximum volume of gas that can be expired by the
subject as forcefully and rapidly as possible, after a maximal inspiration to lung capacity
(Total Lung Capacity, TLC) (Ruppel, 1994). The FVC is measured by a flow-sensing
spirometer (Figure 4.1). FVC may be reduced in patients with chronic or acute asthma,

chronic bronchitis, bronchiectasis or cystic fibrosis (Ruppel, 1994). FVC values less than
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either 80% of the predicted value or the 95% confidence limit are interpreted as abnormal
in terms of both obstructive and restrictive pulmonary diseases. However, it is also
possible that a sub-normal FVC recording may be interpreted as simply insufficient
breathing effort by the subject. Similarly, the common cold may reduce FVC performance
in otherwise healthy subjects. Consequently, one needs to be careful when considering the
results produced by an apparently healthy subject with no history of either persistent
coughing or wheezing. For the study in Chiang Mai, the MicroLoop™ spirometer used
requires input data of age, height, gender and ethnic group for calculation of the predicted

FVC and FEV, values.

4.1.3.2 Forced Expiratory Volume in 1 Second (FEV,)

The forced expiratory volume in one second (FEV)) is the volume of gas expired over a
one-second interval from the beginning of the FVC manoeuvre (Ruppel, 1994). If a subject
begins the FVC manoeuvre slowly or with hesitation, the result of the FEV; may be
inaccurate. The FEV| is the most widely used and best standardised index of obstructive
diseases. A reduction in FEV, can be caused by airway obstruction resulting from mucus
secretion, bronchospasm or inflammation in patients with asthma or bronchitis. FEV,
measurements begin to be unreliable at values of less than 1 1/sec. In normal adults, the
FEV,/FVC ratio should be greater than 80%. The ratio may possibly be greater than 90%
in children with normal lungs. Airflow limitation is suggested to reduce this ratio (GINA,
2002). A revised lower limit for the normal range (LLN) for adults of 70% was later
recommended by Fabbri and Hurd (2003) (cited by Enright et al., 2005). But using a fixed
LLN to interpret spirometry results may lead to misclassification of diseases in case of
falsely positive results (e.g. healthy persons being told that they have a disease) (Enright et
al., 2005). It was also suggested that LLN should be age and sex-specific rather than a
fixed value. Particularly for children below 7 years, prediction of values should never be

based upon those extrapolated from older subjects (Merkus et al., 2005).

However, the use of spirometers to monitor asthma has some limitations in that they are
expensive and difficult to use and maintain, and the reports sometimes are difficult to
interpret (Enright et al., 2005). The maneuver is highly dependent on patient cooperation
and effort, and is normally repeated at least three times to ensure reproducibility (it takes
longer than using a peak flow meter for PEF testing). If the subjects do not give full effort,
the results can be under-estimated (Wikipedia, 2006). There are three phases of the

required “unnatural” breathing manoeuvre as follows: i) maximal inhalation; ii) maximal
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exhalation for at least one second (for FEV,); iii) continued exhalation for several seconds
(for FVC). A sub-maximal exhalation during the second phase affects FEV;, and
incomplete (short) exhalation during the third phase reduces FVC results (Enright et al.,
2005). The most common cause of error is inadequate spirometry training and experience
of the person administering the test. Inaccuracy or malfunction of the device is much less
frequently at fault. In the study in Chiang Mai, administrator error was avoided by
involving two senior nurses, experienced in lung function tests in children, who conducted
the measurements. The spirometer was also calibrated monthly by Ms. Mahasu. The
procedure employed in Maharaj Nakorn Chiang Mai Hospital which was used in this study
was similar to international standards for lung function tests and spirometry according to
the American Thoracic Society (ATS) and European Respiratory Society (ERS) (pers.

comm., Dr. Muthita Trakultivakorn).

4.1.3.3 Peak Expiratory Flow (PEF)

Peak expiratory flow (PEF) is defined as ‘the maximum flow achieved during an
expiration delivered with maximum force starting from maximal lung inflation’. It has
been used to characterise lung function in epidemiological studies (Pride, 2000). PEF is
determined by the size of the lungs, lung elasticity, the dimensions and compliance of the
central intra-thoracic airways, and the strength and speed of contraction of the expiratory
(chiefly abdominal) muscles. Peak flow meters (see Figure 4.1) are useful in clinical and
primary care for the diagnosis of asthma where more comprehensive spirometry is
impractical (GINA, 2002). Regular monitoring of PEF at home, school or workplace, using
a simple peak flow meter is useful because it can help patients to detect early signs of
asthma deterioration. However, PEF measurements do not always correlate with other lung
function measurements in asthma and are not interchangeable in evaluating asthma
severity (GINA, 2002). In the diagnosis of asthma and assessment of its severity, PEF
should be measured more frequently than twice daily. A diurnal variation in PEF of more

than 20 percent is considered to be diagnostic of asthma.

4.2 Methodology

The methodology employed for the study of Respiratory Diseases and Allergies among
School Children in Chiang Mai is as follows;
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iif)

Six schools (ADMS-Urban receptor points) were visited in order to check if the
required age group (6-12) was represented, and to deliver a letter to the head
teacher asking for permission to conduct the study. The objectives of the study, the
ISAAC health questionnaire (Appendix 5) and lung function tests were explained
to each head teacher. Six hundred and twenty copies of the questionnaire were
delivered to the six selected schools along with a letter to parents explaining the
study objectives and asking their permission to conduct lung function tests on their

children. The questionnaires were completed by the parents.

The questionnaires were completed and returned within one week. Data coding was
later conducted by hand for each questionnaire. In the case where either unclear or
incomplete answers were provided (90 questionnaires), parents were interviewed,
via telephone, and selected students were interviewed if their parents could not be
reached by telephone. Twenty-five parents who provided telephone numbers were
interviewed. The students (n=15) whose parents did not provide contact numbers
were interviewed in the presence of teachers. Particular attention was given to the
questions relating to the symptoms of asthma (wheezing), hay fever, and atopic
dermatitis. These were always confirmed by interviewing the subjects whose
parents gave positive answers in the questionnaire. This was necessary because
some parents were not able to differentiate between: i) heavy breathing after
exercise vs. wheezing, or snoring vs. wheezing; ii) cold vs. hay fever; iii) normal
rash vs. rash at flexural areas (diagnosis of atopic dermatitis). Forty incomplete
questionnaires were not included in the statistical analysis of data. The criteria for
rejection included: i) the returned questionnaires were totally incomplete; ii) the
questions regarding wheezing, rhinitis and eczema symptoms were incomplete; iii)
the parents were illiterate or provided ‘response set’ answers (e.g. ticked the first
box or the last box for all the questions). There was one case where the parents of a
boy were Burmese immigrants and gave positive answers for questions about
wheezing, whereas the child informed the author that he never experienced

wheezing and his parents could not read Thai.

A list of students selected for interview and lung function tests was produced and
provided to each head teacher. The head teacher was asked to provide information
on the weight and height of the students where parents did not provide this

information in the questionnaires. If the head teachers were unable to provide the
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requested information, the weight and height of the students was measured and

recorded by the nurses or the author for subsequent statistical analysis.

Lung function measurements were conducted on selected asthmatic and non-

asthmatic school children. The measurements were supervised by the author and

two senior nurses from Chiang Mai University Hospital (Maharaj Nakorn Chiang

Mai Hospital). Each step of the lung function measurements conducted in this study

is listed below;

a)

b)

<)

The students who were selected to undergo lung function measurements [13
female declared non-asthmatics, 12 male declared non-asthmatics, 6 female
declared asthmatics, and 14 male declared asthmatics (45 subjects in total)]
were introduced to the tests using a mini-Wright peak flow meter and a
MicroLoop spirometer (serial no. 1497) (Figure 4.1). The nurse then
demonstrated how to blow into the devices. The criteria for selecting students
for measurements included; i) no signs of cold, flu, coughing or wheezing
before the measurements were conducted; ii) their presence at the school; iii)
willingness to undergo the measurements. The author attempted to match age
and sex between asthmatic and non-asthmatic (control) groups and similarity in
height was also considered, but it was not always possible due to the absence of
preferred students or their ill-health with upper respiratory tract infections
(common cold or flu). Both sexes were in an age range from 6 to 12 years in
both groups, with the exception of female asthmatic subjects that were

unavailable for ages 7, 8, 9 and 12 years.

Age, weight and height of each student were recorded with weight and height
recorded when the students wearing school uniforms, but without shoes. The
age was expressed in years. Weight and height units were expressed in
kilograms (kg) and centimetres (cm) respectively. The height was measured

with feet together and standing as straight as possible with the eyes level.

Before exercise, each student was requested to blow as forcefully as possible
into a Wright’s peak flow meter three times and the best flow rate out of three

attempts (L/min) was recorded. The procedure was as follows:
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e The mouthpiece was thoroughly disinfected with methyl alcohol using
sterilised cotton wool. The nurses wore disposable surgery gloves at all
times during lung function measurements.

e The indicator of the peak flow meter was placed at the base of the scale.

e Each student was asked to stand up and take a deep breath.

e The peak flow meter was then placed in the mouth and the lips closed
around the mouth piece.

o The student was asked to blow as forcefully as possible.

e The achieved PEF measurement was recorded in a data sheet.

e The process was then repeated two more times.

e The highest PEF value was selected.

d) The spirometry process was similar to PEF measurement, but the students were

g)

asked to blow a few seconds longer than for the PEF maneuver, until the device
produced a peeping sound at the end of each measurement. After PEF
measurement, each student was asked to practice blowing until they performed
the new maneuver correctly. The same student was then requested to blow into
a spirometer as hard as possible. The three best values of FVC and FEV, were
automatically recorded by the device. Soft nose clips were originally used for
the students, but it was found that unfamiliarity with these devices was
distracting. Therefore the nurses gently squeezed the students’ noses while

blowing.

After the first FVC and FEV; measurement, each student ran a distance of 100-

400 m, around an outdoor playground until fatigued (breathing heavily).

Post effort expiratory performance of each student was recorded on the

spirometer soon after exercise.

Each student was rewarded with biscuits and milk when the measurements had

been completed.

All data from the completed questionnaires and lung function measurements were

statistically analysed using the SPSS software programme, version 11 (see Section

4.2.1).
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Source: Numed Cardiac Diagnostics (2006) http://www.micromed.co.uk;
and Medisave (2006) http://www.medisave.co.uk

Figure 4.1 MicroLoop Spirometer (left) and Mini-Wright Peak Flow Meter (right)
4.2.1 Statistical analysis

i) In order to investigate the difference of each disease variable between urban and
suburban areas, the Chi-squared (xz) test was applied to the questionnaire data. This test
can be used with data which are categorical such as the data from the ISAAC questionnaire
(Steward, 2002). The significance level was set at p=0.05 and the null hypothesis was that
there was no difference between urban and suburban areas. Applying SPSS to the data, the
X ? test tabulates each variable into categories and p values are also computed. For this
study, a p value from the Fisher’s exact test was selected because the data is presented as

2x2 tables.

ii) Confidence intervals for the prevalence rates of asthma, rhinitis and atopic dermatitis
among children between suburban and urban school areas were calculated based on the
number of cases or events (McCandless and Oliva, 2002). With 100 or more cases, the
95% confidence interval can be calculated as:-

R+/- 1.96 [R/SQRT (y)]

where R is the prevalence rate, SQRT is ‘the square root of” and y is the number of cases.

In this study, the number of cases of asthma, rhinitis and atopic dermatitis was less than
100 and the upper and lower confidence intervals were calculated by multiplying the
prevalence rate by the appropriate factors given in Appendix 9 (factors for calculating 95%

confidence intervals when the number of cases or events is less than 100) (Ventura et al.,
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2000). The formula and the table are for a Poisson-distributed variable. The Poisson
distribution is used where counts of random events are recorded per unit. For example, to
calculate the confidence intervals for a prevalence rate (5.4%) of asthmatic children (N =
9) in suburban schools, the lower and upper factors from Appendix 6 are 0.45726 and
1.89831. The lower and upper confidence intervals are calculated as 5.4x0.45726 and
5.4x1.89831 which are 2.469204 (~ 2.5) and 10.250874 (~10.3), respectively.

iii) Logistic regression analysis was also applied to investigate the associations between the
prevalence of asthma, rhinitis and eczema, and environmental factors such as the frequency
of trucks passing the home area, breastfeeding history, diet, pets and cigarette smoking of
family members. It is a multiple regression analysis, but with an outcome variable that is
dichotomous and predictor (independent) variables that are continuous or categorical
(Field, 2000). The multiple logistic regression model can be explained by the ‘logit link’
as follows:-
Logit (p) =In( p/(1- p)) = Po + L1X1 + p2Xo + ... + BuX,

where fy, . . ., B, are coefficients; X;, ..., X, are independent variables; p is a probability
(e.g. experienced asthma); p/(1- p) is odds (p is a probability of a symptom occurring and,

in contrast, 1 — p is for not occurring).

Logistic regression analysis is appropriate to conduct an exploratory investigation of the
data from the ISAAC questionnaire survey because each outcome variable (i.e. diseases) is
dichotomous (e.g. 0 = no symptom and 1 = ever experienced a symptom) and predictor
variables (i.e. environmental factors) are categorical. For a forward stepwise method, the
mode] that included only a constant was begun and then single variables with a
significance value (p < 0.05) were added to the model. At each step, the variables in the
model were examined to determine whether any should be removed. For the likelihood
ratio that is used in conjunction with a forward stepwise method, if the removal of a
variable makes a significant difference to how well the model fits the observed data, then
that variable is retained. In contrast, if little difference is made to the model then that
variable is rejected (Field, 2000). The backward method is opposite to the forward method,
but uses the same removal criteria. It begins the model with all predictors or variables
included. The variables can be removed from the model which remains fitting the observed
data. Field (2000) recommended that the backward method was preferable to the forward
method because of suppressor effects, which occur when a predictor has a significant effect

but only when another variable is held constant. The forward selection is more likely to
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exclude predictors involved in suppressor effects. For this study, the entry p is .05 and the

removal p is 0.10.

The food variables that were excluded from the logistic regression analysis are bread and
cereal; pasta; butter; margarine; potatoes; and fast food/burgers, in order to reduce the
numbers of variables for better logistic regression analysis. These are not common dietary
components for children in Chiang Mai, particularly those from poor socio-economic
backgrounds — as in this study. This can also be observed in Table 4.1 summarising the
frequency and percentage of missing values for food variables. For example, about 10% of
respondents failed to answer the questions about the frequency of fast food and margarine
eaten by their child, and 8% of them failed to answer the question about butter. These food

variables were, therefore, not included in logistic regression analysis

Table 4.1 Missing value analysis for food variables

Missing
Variable N Count %0
Meat 496 15 2.9
Seafood 498 13 2.5
Fruit 499 12 2.3
Vegetables 495 16 3.1
Pulses 494 17 33
Bread and cereal 482 29 5.7
Pasta 479 32 6.3
Rice 485 26 5.1
Butter 468 43 8.4
Margarine 458 53 10.4
Nuts 483 28 5.5
Potatoes 488 23 4.5
Milk 495 16 3.1
Eggs 493 18 3.5
Fastfood 454 57 11.2

Note: Food variables in bold were excluded from logistic regression analysis

4.2.2 Site Descriptions

Four state schools in 3 urban districts (Muang, Hang Dong, and Saraphi) and two state
schools in a suburban district (Mae Rim) were selected for the study (Figures 4.3 — 4.8)
(the perspective views and layouts of six schools were produced on commission by Ms.
Jaree Jaimook for this PhD thesis). The two suburban schools, Ban Korn Tal (S1) and Wat
Saimoon (S2), were used as control sites (Figure 4.2). These suburban schools were chosen
from the ADMS-Urban output, which suggested that they were not located in air polluted
areas. The schools selected were primary state schools in adjacent suburban villages in

Mae Rim district, 16 km north of Chiang Mai city. They are located outside the city and far
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from major air pollution sources (e.g. roads with high traffic volume, major industrial
activities, agricultural burning). Therefore, it is assumed that the school children in the two
suburban schools were not exposed to excess air pollution — particularly from traffic and
industries, during school hours. In addition, another reason for selecting the 2 suburban
schools was that the number of students from either school singly were not enough for the

questionnaire survey.

Wat Sri Potaram School (S3) is located on Highway 106, a 2-way narrow road with 2
lanes. The road traffic is normally congested during rush hours in the morning and evening
due to its narrowness and high traffic volume. The traffic speed in rush hours is below 40
km/hr. Tao Bunruang (S4), Ban San Pasak (S5) and Ban Donpin (S6) Schools are located
on Highway 108, a dual carriageway (2x2 lanes), normally busy throughout the day and in
rush hours, traffic speed is normally below 60 km/hr. ADMS-Urban modelling indicated
that children in these urban schools (S3 — S6) were prone to exposure to high

concentrations of air pollutants, especially from traffic and industries (Chapter 2).

Information on each school is summarized in Table 4.2. All Schools have a centrally
located rectangular playground and playing field with buildings (classrooms, toilets, etc.)
on three sides with one side parallel to the adjacent road. In comparison, S4 and S6 are
larger than S1 — S3 and S5, and have additional buildings beyond the initial layout
common to all. Trees and shrubs are established on the perimeter of the playgrounds of all

schools but S1 has a higher density of trees and shrubs.

Most students in the selected 6 schools come from poor socio-economic backgrounds. The
occupations of their parents include farmers, construction workers, factory workers, and
unskilled workers. Some are from hill-tribes who temporarily migrated into the city and
sent their children to the schools because they would be provided with free education and
food (pers. comm. Mr. Vorrakarn Touila). The state schools do not have air conditioned
classrooms. In this study, it is assumed that outdoor air quality influences air quality in the
classrooms. From a discussion with the head teachers of Ban Donpin and Tao Bunruang

Schools, they agreed that there was an atmospheric dust problem in the school areas.
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Table 4.2 School information

Ban Korn Tal School (Suburban)

Level: Primary

No. of students: 55

Area: 3000 m?

Director: Mr. Vorrakarn Touila

Address: Rimtai Sub-district, Mae Rim District,
Chiang Mai 50180

Tel: 05329 8938

Wat Saimoon School (Suburban)

Level: Primary

No. of students: 155

Area: 3000 m”

Director: Mr. Somdej Waturanon

Address: Rimtai Sub-district, Mae Rim District,
Chiang Mai 50180

Tel: 05329 7413

Wat Sripotaram School (Urban)

Level: Primary & Secondary

No. of students: 174*

Area: 3000 m*

Director: Mr. Udom Chorfeung (until April 2004);
Mr. Rugthai Sonkaew (from May 2005)

Address: Saraphi Sub-district, Saraphi District,
Chiang Mai 50140

Tel: 05332 1047

Tao Bunruang School (Urban)

Level: Primary

No. of students: 85

Area: 3000 m®

Director: Mr. Pongrak Premburi (until April 2004);
Mr. Surajit Borisutsri (from May 2005)

Address: Banwaen Sub-District, Hang Dong District,
Chiang Mai 50230

Tel: 05344 1980

Ban San Pasak School (Urban)

Level: Primary & Secondary

No. of students: 562*

Area: 4800 m”

Director: Mr. Pigad Katipan

Address: Nongkwai Sub-district, Hangdong
District, Chiang Mai 50230

Tel: 05344 1818

Ban Donpin School (Urban)

Level: Primary & Secondary

No. of students: 139*

Area: 4000 m

Director: Mr. Pichai Pongjarearn (until May 2004);
Mrs. Nittayaporn Kanchana (Acting Director from
June 2004).

Address: Machea Sub-district, Muang District,
Chiang Mai 50100

Tel: 05327 7011

Note: *primary level, November 2003.
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Figure 4.2 The locations of schools selected for the study of respiratory diseases and

allergies among school children in Chiang Mai
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Figure 4.3 Perspective view and layout of Ban Korn Tal School (S1), Mae Rim District
(suburban), Chiang Mai.
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Tllustrated by Jaree Jaimook

Figure 4.4 Perspective view and layout of Wat Saimoon School (S2), Mae Rim District
(suburban), Chiang Mai.

147



Illustrated by Jaree Jaimook

Figure 4.5 Perspective view and layout of Wat Sri Potaram School (S3), Saraphi District

(urban), Chiang Mai.

148




Illustrated by Jaree Jaimook

Figure 4.6 Perspective view and layout of Tao Bunruang School (S4), Hang Dong District
(urban), Chiang Mai.

149



I' L——..\—.A

Tllustrated by Jaree Jaimook

Figure 4.7 Perspective view and layout of Ban San Pasak School (S5), Hang Dong District
(urban), Chiang Mai.
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Tllustrated by Jaree Jaimook

Figure 4.8 Perspective view and layout of Ban Donpin School (S6), Muang District
(urban), Chiang Mai.
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4.3 Results

4.3.1 Questionnaires

The returned questionnaires were collected from each school within a week of their
distribution. Some questionnaires had incomplete answers and, if telephone numbers were
given in the questionnaires, the parents were asked a few more questions in order to
complete the questionnaires. Some students were interviewed directly to confirm their
symptoms of asthma, rhinitis and eczema. The questionnaires, which were totally
incomplete or half complete especially with regard to the questions about respiratory and
allergic illnesses, were discarded. The numbers of questionnaires issued and returned from
each school are summarised in Table 4.3. 511 (81.8%) usable questionnaires (of the 625

sent out) were returned and included in the statistical analysis.

Table 4.3 Numbers of questionnaires

School name Delivered Returned Incomplete Questionnaires
questionnaires questionnaires Questionnaires used for SPSS
S1. Ban Korntal 60 51 2 49
S2. Wat Saimoon 160 125 15 117
S3. Wat Sri Potaram 100 93 2 91
S4. Tao Bunruang 85 76 10 67
S5. Ban San Pasak 120 104 5 99
S6. Ban Donpin 100 94 6 88
Total 625 (100%) 543 (86.9%) 40 (6.4%) 511 (81.8%)
Table 4.4 Descriptive statistics
Variable N Minimum | Maximum Mean Standard Deviation
Age 511 6 12 9.7 1.8
Weight (kg) 506 12.0 86.0 32.7 11.6
Height (cm.) 501 97.0 174.0 135.1 12.5
Birth weight (kg) 470 1.0 5.0 3.0 0.5

Descriptive statistics for all the children included in the survey are summarized in Table
4.4. Frequencies and percentages for potential confounders (i.e. general characteristics and
living conditions; food variables) are summarized in Tables 4.5 and 4.6, respectively.
Weight and height of each student were also monitored by the author if the information
was not provided by the teachers. The reported age ranges between 6-12 years, weight 12-
86 kg, height 97-174 cm, and birth weight 1-5 kg. Birth weights of 41 students were not
reported by the parents who may have forgotten the information. Furthermore, other
potential confounders include sex, race, district, fuel used for cooking, use of air
conditioner or fan, use of paracetamol and antibiotics, number of older and younger

siblings, level of education of mother, country of birth, frequency of trucks passing home
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area, breastfeeding history, cats/dogs as pets, contact with farm animal, and cigarette

smoking for both mother and father.

Table 4.5 General characteristics and living conditions reported for all children (N = 511)

Characteristic & living condition Frequency %
Sex Male 262 513
(n=511) Female 249 48.7
Race Thai 504 98.6
(n=>511) Others 7 1.4
School location Urban 345 67.5
(n=511) Suburban 166 32.5
Fuel used for cooking Electricity 9 1.8
(n = 506) Gas 292 57.7
Open fires 77 15.2
Open fires & gas 99 19.6
Electricity & gas 11 22
Open fires & electricity 1 0.2
All three fuels 16 32
Use of air conditioner/fan Air conditioner 3 0.6
(n =507) Electric fan 442 87.2
Both 9 1.8
Do not use both 53 10.4
Use of paracetamol & | Paracetamol taken in the 1% year of life (n =495) 282 57.0
antibiotics Paracetamol taken in the past 12 months
Once a year 262 52.4
Once a month 152 304
Antibiotics taken in the 1% year of life (n = 497) 295 59.4
Older brothers/sisters None 281 554
(n =507) One 184 36.3
More than one 42 8.3
Younger brothers/sister None 368 72.6
(n =507) One 122 24.1
More than one 17 33
Country of birth Thailand 509 99.6
(n=511) Other countries 2 0.4
Mother’s education level Primary 352 70.8
(n =497) Secondary 115 23.1
College/university 30 6.1
Frequency of trucks | Never 103 20.3
passing home area Seldom 164 322
(n =509) Frequently through the day 131 25.7
Almost the whole day 111 21.8
Breastfeeding Breastfed child 418 82.3
(n = 508)
Cats/dogs Cats during the 1™ year of child’s life (n = 505) 55 10.9
Cats in the past 12 months (n =511) 136 26.6
Dogs during the 1 year of child’s life (n = 511) 184 36.0
Dogs in the past 12 months (n = 510) 243 47.6
Farm animals Child contacted with farm animals (n = 509) 140 27.5
Child’s mother contacted with farms animal while
being pregnant of this child (n = 505) 88 17.4
Cigarette smoking Mother smoking cigarettes (n = 509) 23 4.5
Mother smoked during the 1% year of child's life 27 53
(n =507)
Father smoking cigarettes (n = 509) 251 49.3
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Table 4.6 Food variables

Variable Frequency %

1. Meat - Never or occasionally 39 7.6
- Once or twice a week 174 34.1
-> 3 times a week 283 55.4
2. Seafood (incl. fish) - Never or occasionally 99 194
- Once or twice a week 276 54.0

- > 3 times a week 123 24.1
3. Fruit - Never or occasionally 53 10.4
- Once or twice a week 191 374
- >3 times a week 255 49.9
4. Vegetable (green and root) - Never or occasionally 84 16.4
- Once or twice a week 205 40.1
- >3 times a week 206 40.3
5. Pulses (peas, beans, lentils) - Never or occasionally 133 26.0
- Once or twice a week 227 44 .4
- >3 times a week 134 26.2
6. Bread and cereal - Never or occasionally 182 35.6
- Once or twice a week 183 35.8
-> 3 times a week 117 229
7. Pasta - Never or occasionally 223 43.6
- Once or twice a week 168 32.9
- >3 times a week 88 17.2

8. Rice - Never or occasionally 16 3.1
- Once or twice a week 68 13.3
- >3 times a week 401 78.5
9. Butter - Never or occasionally 335 65.6
- Once or twice a week 93 18.2

- >3 times a week 40 7.8
10. Margarine - Never or occasionally 371 72.6
- Once or twice a week 66 12.9

- >3 times a week 22 4.3
11. Nuts - Never or occasionally 160 313
- Once or twice a week 230 45.0
- >3 times a week 93 18.2
12. Potatoes - Never or occasionally 189 37.0
- Once or twice a week 217 42.5
- >3 times a week 82 16.0

13. Milk - Never or occasionally 17 33
- Once or twice a week 142 27.8
- >3 times a week 336 65.8

14, Eggs - Never or occasionally 15 2.9
- Once or twice a week 156 30.5
- >3 times a week 322 63.0
15. Fast food/burgers - Never or occasionally 332 65.0
- Once or twice a week 81 15.9

- >3 times a week 41 8.0
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Table 4.7 Prevalence and prevalence rate of children with wheezing, rhinitis and rash

symptoms
Symptom Suburban Urban Total P’
Prev.’ | PR® | Prev.” | PR® | Prev.” | PR’
Wheezing
Wheeze ever 10/166 6.0 | 35/345 | 10.1 45/511 8.8 0.136
Wheeze in the past 12 months 9/166 5.4 19/345 5.5 28/511 5.5 1.000
Asthma attacks in the past 12 months
> 4 attacks 2/9 36.8 12/19 63.2 14/28 50.0 | 0.103
Wheeze disturbing sleep 3/9 333 16/19 84.2 19/28 67.9 | 0.036"
Severe wheeze limiting speech 1/9 11.1 11/19 57.9 12/28 429 | 0.039°
Exercise wheeze 3/166 1.8 18/345 52 21/511 4.1 0.094
Night cough 15/166 9.0 | 41/345 | 119 56/511 11.0 | 0.368
Ever had asthma 10/166 6.0 32/345 9.3 43/511 8.4 0.233
Rhinitis
Rhinitis ever 39/166 23.5 | 98/345 | 284 | 137/511 | 26.8 | 0.286
Rhinitis in the past 12 months 26/166 15.7 | 84/345 | 243 | 110/511 | 21.5 | 0.029"
with itchy-watery eyes 5725 20.0 35/84 41.7 40/109 36.7 | 0.004"
interfering with daily activities 10/25 40.0 23/80 28.8 33/105 314 0.328
Hay fever ever 23/166 13.9 | 80/345 | 23.2 | 103/511 | 20.2 | 0.014°
Rash
Rash ever 27/166 16.3 | 54/345 | 157 81/511 159 | 0.897
Rash in the past 12 months 17/166 10.2 | 46/345 | 133 63/511 12.3 0.389
Rash at flexural areas 12/166 7.2 | 43/345 | 125 55/511 10.8 | 0.093
cleared within 12 months 11/16 68.8 26/45 57.8 37/61 60.7 | 0.557
night waking <1 per week 6/17 353 20/44 45.5 26/61 42.6 0.620
night waking >1 per week 5117 29.4 8/44 18.2 13/61 21.3 0.620
Eczema ever 25/166 15.1 | 52/345 | 15.1 77/511 15.1 1.000

Note: * Prevalence — the prevalence of a disease is the number of cases in a defined population at a specified
point in time (WHO, 1993). ® Prevalence rate — the prevalence rate is expressed as cases per 100 population.
“The p values from y* Fisher’s exact test between urban and suburban areas. “The difference of the symptom
between the two areas is significant (p < 0.05). Symptoms in bold are for diagnosis of asthma, rhinitis and
atopic dermatitis, respectively (Trakultivakorn, 1999).

Table 4.7 shows the comparison between the schools in urban and suburban areas with

respect to asthma, rhinitis and rash symptoms. The percentage of rhinitis in the past 12

months was significantly higher in the urban schools than in the suburban schools (24.3%

vs. 15.7%), as was the prevalence of hay fever (23.2% vs. 13.9%). The prevalence of rash
in the past 12 months (13.3% vs. 10.2%) and atopic dermatitis (12.5% vs. 7.2%) in the

urban schools was higher than suburban schools, although the differences were not

significant.
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Figure 4.9 Prevalence rates (%) and 95% confidence intervals of asthma, rhinitis and

atopic dermatitis among children resident in suburban and urban school areas

Figure 4.9 shows the prevalence rates and confidence intervals (CI) for asthma, rhinitis and
atopic dermatitis among children attending suburban and urban schools. The prevalence
rates of asthma were approximately 5.5% and were similar in both areas. The prevalence
rates of rhinitis in suburban and urban schools were 15.7% (CI = 10.3-23.0) and 24.3% (CI
= 19.4 — 30.1), respectively. For atopic dermatitis, the prevalence rates in suburban and
urban schools were 7.2% (CI = 3.7-12.6) and 12.5% (CI = 9.1-16.8) respectively. The
prevalence rates of asthma, rhinitis and eczema and related symptoms in each school are
summarised in Table 4.8. The highest prevalence rates of wheezing in the past 12 months
(10.2%) and asthma (ever) were found in School 1 (Ban Korn Tal), a suburban school, but
the highest exercise wheeze rate (7.7%) was found in School 3 (Wat Sripotaram), an urban
school. School 6 (Ban Donpin) had the highest rates of children who suffered from night
cough (15.9%), rhinitis in the past 12 months (31.8%), itchy and watery eyes (13.6%) and
hay fever (30.7%). School 3 (Wat Sripotaram) located in an urban area has highest
prevalence of rash in the past 12 months (19.8%), rash at flexural areas or atopic dermatitis
(18.7%) and eczema (19.8%). The symptoms that are statistically different among 6
schools include: rhinitis ever; rhinitis in the past 12 months; itchy — watery eyes; rash at

flexural areas.
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Table 4.8 Prevalence rates of wheezing, rhinitis and rash symptoms in each school

Health characteristic Prevalence rate (%) p-value?
S1 S2 S3 S4 S5 S6
Wheeze ever 12.2 34 11.0 13.4 8.1 9.1 0.133
Wheeze in the past 12 months 10.2 3.4 7.7 6.0 3.0 5.7 0.380
Ever had asthma 12.2 34 11.0 11.9 6.1 9.1 0.135
Exercise wheeze 0.0 2.6 7.7 45 3.0 5.7 0.267
Night cough 8.2 9.4 11.0 104 10.1 15.9 0.747
Rhinitis ever 22.4 23.9 36.3 23.9 18.2 352 0.033"
Rhinitis in the past 12 months 16.3 154 30.8 20.9 14.1 31.8 0.006"
Itchy — watery eyes 0.0 43 8.8 10.4 8.1 13.6 0.030
Hay fever ever 14.3 13.7 23.1 20.9 18.2 30.7 0.061
Rash ever 8.2 19.7 19.8 11.9 9.1 21.6 0.051
Rash in the past 12 months 6.1 12.0 19.8 9.0 7.1 17.0 0.050
Rash at flexural areas 4.1 8.5 18.7 7.5 7.1 15.9 0.028"
Eczema ever 6.1 18.8 19.8 104 10.1 19.3 0.066

Note: S1 = Ban Korn Tal School; S2 = Wat Saimoon; S3 = Wat Sripotaram; S4 = Tao Bunruang; S5 = Ban
San Pasak; and S6 = Ban Donpin. The maximum prevalence rate of each characteristic is highlighted in bold.
t p-value based on y* Fisher’s exact test. Significant

Due to there being, in total, 39 predictor variables (Table 4.9), a forward stepwise logistic
regression method was, therefore, employed. This was followed by the application of a
backward method. All variables that were selected by the forward method for any of the
outcome variables were then input to a backward regression for each outcome variable.
Table 4.10 shows the variables finally retained after the forward and then backward
elimination. For the probability for stepwise used in this analysis, the entry p was 0.05 and
the removal p was 0.10 in both forward and backward stepwise. Moreover, none of the
environmental variables were found to be associated with wheeze ever and wheeze in the
past 12 months, because there were no environmental variables selected in the forward

stepwise, and none retained in the backward stepwise analysis.
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Table 4.9 Predictor variables brought in by the forward elimination of the logistic

regression analysis

Predictor variables
for logistic regression analysis

Rhinitis

Hay

Rash

Ever

Past 12 m.

fever

Ever

Past 12 m.

Atopic
dermatitis

Eczema

Environmental variables

Age

Sex

Physical activities

Watching TV

Fuel used for cooking

Use of air conditioner/electric fan
Paracetamol taken in 1st year of child’s life
Paracetamol taken in the past 12 months
Antibiotics taken in 1st year of child’s life
Birth place

School location (urban vs. suburban)
Mother’s education level

Trucks passing home area

Breast feeding

Cats during 1st year of child’s life

Cats in the past 12 months

Dogs during 1st year of child’s life

Dogs in the past 12 months

Child contacted with farm animals

Contact with farm animals during pregnancy
Cigarette smoking (mother)

Cigarette smoking (mother) during pregnancy
Cigarette smoking (father)

Smokers in the house

Older siblings

Younger siblings
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Quantitative variables
Weight

Height
Birth weight
Years lived in Thailand

Food variables
Meat

Seafood

Fruit
Vegetables
Pulses

Rice

Nuts

Milk

Eggs

Note: All 39 predictor variables were input to a forward stepwise selection for each outcome variable (e.g.
symptoms and diseases). ¥' Variables brought in by the forward elimination.

158




Table 4.10 Predictor variables retained after the backward elimination (after pre-selected

by the forward elimination) of the logistic regression analysis

Predictor variables
for logistic regression analysis

Rhinitis

Ever

Past 12 m.

Hay
fever

Rash

Ever

Past 12 m.

Atopic
dermatitis

Eczema

Environmental variables

Age

Sex

Physical activities

Watching TV

Fuel used for cooking

Use of air conditioner/electric fan
Paracetamol taken in 1st year of child’s life
Paracetamol taken in the past 12 months
Antibiotics taken in 1st year of child’s life
Birth place

School location (urban vs. suburban)
Mother’s education level

Trucks passing home area

Breast feeding

Cats during 1st year of child’s life

Cats in the past 12 months

Dogs during 1st year of child’s life
Dogs in the past 12 months

Child contacted with farm animals
Contact with farm animals during

pregnancy
Cigarette smoking (mother)

Cigarette smoking (mother) during
pregnancy
Cigarette smoking (father)

Smokers in the house
Older siblings
Younger siblings

Quantitative variables
Weight

Height
Birth weight
Years lived in Thailand

Food variables
Meat

Seafood

Fruit
Vegetables
Pulses

Rice

Nuts

Milk

Eggs

Note: v Variables brought in by the backward elimination (after pre-selected by the forward elimination).
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Attempts were also made to input the 6 schools as variables into the logistic analysis,
however, this made little difference, except for rhinitis ever and atopic dermatitis. Use of
the ’6 schools’ variable pushed a non-significant variable out of the model, but, the ‘6
schools’ variable itself was non-significant for both models. Moreover, the significant
variables (p < 0.05) remained unchanged. It follows that for this study attention was given
to the 2 divided groups of students (i.e. ‘urban’ and ‘suburban’ school areas) during

analysis.

Tables 4.11-4.17 summarise the results of the logistic regression analysis with respect to
the associations of the health outcomes with possible environmental (confounding)
variables. In Table 4.11, rhinitis (ever) was associated with paracetamol taken in the past
12 months (p < 0.0001) and trucks passing home area (p = 0.047). Rhinitis in the past 12
months (Table 4.12) was associated with paracetamol taken in the past 12 months (p <
0.0001) and contact of the child’s mother with farm animals while being pregnant with this
child (p = 0.012). Hay fever was associated with paracetamol taken in the past 12 months
(p = 0.001), contact of the child’s mother with farm animals while being pregnant (p =
0.003), and school location (p = 0.046) (Table 4.13). Moreover, for each of these endpoints
the odds ratio increased with increasing exposure to paracetamol. Such an increase would

be expected if paracetamol was causal.

Table 4.11 Associations of rhinitis (ever) with potential environmental factors

Potential environmental factors Odds ratio (95% CI) p-valuet p-valuett
Paracetamol taken in the past 12 months <0.0001
Never 1.00™
Once per year 1.86 (0.94 - 3.69) 0.076
Once per month 3.95 (1.96 — 7.99) <0.0001"
Frequency of truck passing the home area 0.047°
Never 1.00™
Seldom 1.31(0.73 - 2.37) 0.368
Frequently through the day 0.75 (0.39 - 1.43) 0.379
Almost the whole day 1.71 (0.91 - 3.22) 0.097
Having cats during the first year of child’s
life 0.091
No 1.00”
Yes 1.71 (0.92 -3.17) 0.091

Note: "~ Baseline category. * p-value based on y* likelihood ratio test. t* p-value in bold for the overall effect
of the factor. “Significant.
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Table 4.12 Associations of rhinitis (in the past 12 months) with potential environmental

factors
Potential environmental factors Odds ratio (95% CI) p-valuet p-valuett
Paracetamol taken in the past 12 months - <0.0001"
Never 1.00™
Once per year 1.45 (0.69 — 3.08) 0.327
Once per month 3.52 (1.65 - 7.50) 0.001"
Child’s mother in contact with farm animals
while being pregnant with this child 0.012°
No 1.00™ .
Yes 2.01 (1.17 -3.47) 0.012
School location 3 0.078
Suburban 1.00™
Urban 1.58 (0.95 - 2.63) 0.078

of the factor. “Significant.

Table 4.13 Associations of hay fever with potential environmental factors

Note: ~Baseline category. p-value based on y” likelihood ratio test. * p-value in bold for the overall effect

Urban

Potential environmental factors Odds ratio (95% CI) p-valuet p-valuett
Paracetamol taken in the past 12 months 0.001"
Never 1.00™
Once per year 1.19(0.57 -2.47) 0.645
Once per month 2.77 (1.32 -5.81) 0.007
Child’s mother in contact with farm animals
while being pregnant with this child 0.003"
No 1.00™
Yes 2.31(1.34 - 3.98) 0.003"
School location , 0.046"
Suburban 1.00”
1.71 (1.01 = 2.90) 0.046

of the factor. "Significant.

Note: ~ Baseline category. p-value based on ¥ likelihood ratio test. 1 p-value in bold for the overall effect
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Table 4.14 Associations of rash (ever) with potential environmental factors

Potential environmental factors Odds ratio (95% CI) p-valuet p-valuett
Antibiotics taken in first year of child’s life ‘ 0.002"
No 1.00” A.
Yes 2.92 (1.49 -5.69) 0.002"
Frequency of truck passing the home area . 0.005
Never 1.00"
Seldom 2.58 (0.88 —7.54) 0.083
Frequently through the day 5.86 (2.02 - 17.00) 0.00t
Almost the whole day 4.09 (1.37 - 12.26) 0.012°
Nuts eaten in the past 12 months y 0.016"
Never or occasionally 1.00™
1 — 2 times/week 1.05 (0.55 - 2.01) 0.8%0
> 3 times/week 2.73(1.27 - 5.88) 0.010°
Birth weight 0.63 (0.38 — 1.05) 0.075 0.075
Maternal cigarette smoking B 0.001"
No 1.00™
Yes 5.85(1.97 - 17.35) 0.001"
Having dogs during the first year of child’s
life A 0.004
No 1.00™ ‘
Yes 2.32(1.31-4.10) 0.004
Having cats in the past 12 months 3 0.072
No 1.00™
Yes 1.73 (0.95-3.14) 0.072

Note: ~ Baseline category. p-value based on y~ likelihood ratio test. 1 p-value in bold for the overall effect
of the factor."Significant.

For rash (ever) (Table 4.14), five environmental factors achieved significance; antibiotics
taken in the first year of child’s life (p = 0.002); frequency of trucks passing the home area
(p = 0.005); nuts eﬁaten in the past 12 months (p = 0.016); maternal smoke (p = 0.001) and
having dogs during the first year of child’s life (p = 0.004).
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Table 4.15 Associations of rash (in the past 12 months) with potential environmental

factors
Potential environmental factors 0dds ratio (95% CI) p-valuet p-valuett
Antibiotics taken in first year of child’s life . <0.0001
No 1.00™ ‘
Yes 4.83 (2.09 - 11.20) <0.0001"
Frequency of truck passing the home area . 0.019
Never 1.00™
Seldom 3.36 (0.91 — 12.45) 0.070
Frequently through the day 6.40 (1.72 - 23.76) 0.006iz
Almost the whole day 6.34 (1.69 —23.80) 0.006
Nuts eaten in the past 12 months ) 0.013"
Never or occasionally 1.00™
1 — 2 times/week 0.77 (0.37 - 1.58) 0.473*
> 3 times/week 2.52(1.11-5.71) 0.027
Maternal cigarette smoking _ 0.005"
No 1.00” .
Yes 5.64 (1.70 - 18.71) 0.005
Having dogs during the first year of child’s .
life - 0.006"
No 1.00™ ,
Yes 2.44 (1.30—4.58) 0.006"
Birth weight 0.60 (0.34 — 1.06) 0.078 0.078

Note: ~Baseline category. p-value based on x* likelihood ratio test. * p-value in bold for the overall effect
of the factor. “Significant.

For rash in the past 12 months (Table 4.15), the significant environmental factors included
the same five factors as for rash (ever) which include antibiotics (p < 0.0001), trucks (p =
0.019), nuts (p = 0.013), maternal smoke (p = 0.005) and having dogs in the first year of
life (p = 0.006). The environmental factors that are likely to be associated with atopic
dermatitis are antibiotics (p < 0.0001) and living with cats during the first year of life (p =
0.010) (Table 4.16). For eczema, six environmental factors achieved significance;
antibiotics (p = 0.001); trucks (p = 0.02); dogs in the first year of life (p = 0.018); cats in
the past 12 months (p = 0.041); maternal smoke (p = 0.001); and nuts taken in the past 12
months (p = 0.036) (Table 4.17).
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Table 4.16 Associations of atopic dermatitis with potential environmental factors

Potential environmental factors Odds ratio (95% CI) p-valuet p-valuett
Antibiotics taken in first year of child’s life . , <0.0001
No 1.00" <0.0001"
Yes 5.51(2.21-13.77)
Cats in the house during the first year of .
child’s life . , 0.010"
No 1.00™ 0.010"
Yes 2.96 (1.30 - 6.76)
Frequency of truck passing the home area ' 0.141
Never 1.00™
Seldom 2.77 (0.75 -10.23) 0.128
Frequently through the day 4.07 (1.09 -15.19) 0.037"
Almost the whole day 4.26(1.13 - 16.07) 0.033
Nuts eaten in the past 12 months ' 0.080
Never or occasionally 1.00™
1 -2 times/week 0.72 (0.33 - 1.54) 0.393
> 3 times/week 1.84 (0.80 — 4.24) 0.153
School location . 0.079
Suburban 1.00™
Urban 1.97 (0.93 - 4.19) 0.079
Birth weight 0.58 (0.31 — 1.06) 0.077 0.077

Note: ~ Baseline category. p-value based on y* likelihood ratio test.  p-value in bold for the overall effect

of the factor. "Significant.

Table 4.17 Associations of eczema with potential environmental factors

Potential environmental factors Odds ratio (95% CI) p-valuet p-valuett
Antibiotics taken in first year of child’s life . ' 0.001
No 1.00™ 0.001"
Yes 3.22 (1.61 — 6.46)
Frequency of truck passing the home area 0.020°
Never 1.00™
Seldom 2.39 (0.82 -7.01) 0.112
Frequently through the day 4.36 (1.50 - 12.67) 0.007"
Almost the whole day 4.33 (1.47 - 12.78) 0.008"
Having dogs during the first year of child’s .
life 0.018"
No 1.00™
Yes 2.00 (1.13 - 3.56) 0.018"
Having cats in the past 12 months . 0.041°
No 1.00" ’
Yes 1.87 (1.03 — 3.40) 0.041"
Maternal cigarette smoking 0.001"
No 1.00™
Yes 6.78 (2.27 —20.27) 0.001"
Nuts eaten in the past 12 months 0.036"
Never or occasionally 1.00™
1 — 2 times/week 1.27 (0.65 —2.48) 0.478
> 3 times/week 2.71 (1.23 - 5.95) 0.013"

Note: ~ Baseline category. p-value based on y* likelihood ratio * p-value in bold for the overall effect of the

factor. "Significant.
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In order to test the model fit, the log-likelihood statistic was considered for each outcome
variable. The final -2xlog-likelihoods (-2LL) was compared with the initial -2LL (when
there was only constant in the model). -2LL value should be less than the value when only
the constant was included in the model (Field, 2000). The results of log-likelihood ratio
test and the chi-squared (Xz) value for each prediction for each outcome variable are
summarised in Table 4.18. From this analysis, the final -2LL was smaller than the initial -
2LL, for each model of outcome variable. In addition, the x* value for each prediction was
significant (all have p value less than 0.0001), therefore, overall, each model predicted the

outcome variable significantly better than the case was with only the constant included.

Table 4.18 The results of log-likelihood ratio test and the chi-squared (xz) value for each

prediction for each outcome variable

Outcome variable Initial -2LL Final -2LL Xz P
Rhinitis (ever) 570.367 537.891 32.477 <0.0001
Rhinitis (in the past 12 months) 496.808 468.701 28.107 <0.0001
Hay fever 481.258 454.234 27.024 <0.0001
Rash (ever) 379.477 323.657 55.819 <0.0001
Rash (in the past 12 months) 325.529 271.562 53.967 <0.0001
Atopic dermatitis 292.978 250.673 42.305 <0.0001
Eczema 369.358 317.491 51.867 <0.0001

Note: x” = Difference between the final -2LL and initial -2LL.

4.3.2 Lung Function Tests

The results of the lung function tests are shown in Tables 4.19 and 4.20. These present data
for 19 and 26 putative asthmatics and non-asthmatics, respectively. The peak expiratory
flow (PEF) in the normal subjects ranged from 140 — 400 L/min, with an average of 265.8
L/min. In the asthmatics, the PEF ranged from 140 — 350 L/min with an average of 258.0
L/min. The box plot of PEF shows that the non-asthmatic group had a slightly higher
median peak flow than the asthmatic group (Figure 4.10). For the forced expiratory volume
in one second (FEV)) and forced vital capacity (FVC) in normal subjects, before exercise,
ranged from between 0.97-2.85 L/sec and 1.09-3.1 L, respectively. In asthmatics, the
FEV; and FVC range from 0.71-2.26 L/sec and 0.85-2.57 L, respectively. Before exercise,
approximately 55% of asthmatics and 30% of non-asthmatics had FEV/FVC ratios lower
than 90%. Air flow limitation was found in 2 male asthmatics that had measured ratios of
72% and 78% before exercise and 75% and 71% after exercise. However, no case of

exercise induced asthma or asthma attack after exercise was found.
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In order to investigate a difference between means of two sub-populations (e.g. asthmatics
and non-asthmatics) which are related to each other such as FEV; and FVC before and
after exercise, the t-test was applied to the data with conditions that variables must be
continuous or quantitative, and that they are normally distributed. The test of normality
was conducted and it was found that the data are normally distributed. The paired sample t-
test showed that only FVC of non-asthmatics was significantly different (significant value
is .015); FVC after exercise was higher than FVC before exercise in this group. For the
independent samples t-test, there were no statistically significant differences of variance

and mean for peak flow, FEV;, FVC, and % change of FEV; and FVC.

Table 4.19 Summary of statistics of lung function test results among non-asthmatic

children

Non-asthmatics

Parameter N Range Min Max Mean Standard Median
error mean

Age (year) 26 6 6 12 9.8 0.4 10

Weight (kg) 26 55 16 71 34.8 2.6 35

Height (cm) 26 46 112 158 138.5 2.5 139
PEF (L/min) 26 260 140 400 265.8 13.0 270
FEV, before exercise 26 1.88 0.97 2.85 1.76 0.11 1.65
FEV, after exercise 26 1.90 0.95 2.85 1.78 0.11 1.68
FVC before exercise 26 2.01 1.09 3.10 1.93 0.11 1.79
FVC after exercise 26 2.13 1.11 3.24 1.98 0.11 1.89
% change FEV, 26 21 -8 13 1.58 0.86 3.00
% change FVC 26 21 -9 12 2.96 0.93 3.00
% FEV/FVC (pre) 26 17 80 97 91.00 0.83 92

% FEV /FVC (post) 26 17 81 98 90.00 0.84 89.5

Note: No. of non-asthmatic males = 13; no. of non-asthmatic females = 13.

Table 4.20 Summary of statistics of lung function test results among asthmatic children

Asthmatics
Parameter N Range Min Max Mean Standard Median
error mean

Age (year) 20 6 6 12 9.4 04 10

Weight (kg) 20 55 16 71 33.6 3.1 29.5
Height (cm) 20 52 110 162 135.7 2.9 135
PEF (L/min) 20 210 140 350 258 13.6 255
FEV, before exercise 20 1.55 0.71 2.26 1.60 0.09 1.59
FEV, after exercise 20 1.57 0.71 2.28 1.59 0.09 1.58
FVC before exercise 20 1.72 0.85 2.57 1.82 0.09 1.82
FVC after exercise 20 1.87 0.82 2.69 1.84 0.10 1.81
% change FEV, 20 19 -9 10 -0.55 1.18 0.00
% change FVC 20 15 -7 8 0.70 0.97 1.00
% FEV/FVC (pre) 20 23 72 95 87.75 1.26 88

% FEV |/FVC (post) 20 24 71 95 86.85 1.57 89.5

Note: No. of asthmatic males = 14; no. of asthmatic females = 6.
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Figure 4.10 Box plot showing peak expiratory flow (PEF) in the non-asthmatic and

asthmatic groups

4.4 Discussion

The frequency of current wheezing correlated with bronchial hyperresponsiveness is used
to estimate the prevalence of asthma in northern Thai children in Chiang Mai
(Trakultivakorn, 1999). The asthma prevalence found in this study is similar to that
reported in a study by Trakultivakorn (1999) who examined children aged 6-7 years. In the
past 12 months, exercise-related wheezing was reported by 4.1% of parents (Table 4.6),
but the results of the present lung function tests conducted in asthmatic children suggest
that exercise-induced asthma is not common. This is consistent with the observation that
exercise-induced wheezing is not a prominent feature of childhood asthma in Southeast
Asia (Vichyanond et al., 1998). However, 11% of all children in this study gave reported
night cough, which was also a common complaint in the ISAAC studies in Bangkok and
Chiang Mai conducted by Vichyanond et al. (1998) and Trakultivakorn (1999),
respectively. The most common symptom reported in this study was rhinitis symptoms.
The prevalence of rhinitis in the past 12 months in Chiang Mai was 21.5% (Table 4.9)
which is higher than that reported in the study of Trakultivakorn (1999) (18.5% in 6-7 year
old children). From the questionnaire, the term ‘hay fever’ was translated into Thai as
‘allergic to air’ because there is no specific Thai term for hay fever (Trakultivakorn, 1999).
The percentage of children (20.2%) with reported hay fever in this study was close to that
found for current rhinitis (21.5%) (Table 4.6). About 31% of children suffering from
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rhinitis in the past 12 months had symptoms which interfered with their daily activities. A
unique feature of rhinitis symptoms in children in Chiang Mai is its seasonal variation with
peak incidence in October and November (Figure 4.11). The peak of seasonal allergic
rhinitis (hay fever) was found between August to November in Trakultivakorn (1999),
unlike the study of Vichyanond et al. (1998) in which the perennial nature (no seasonal
variation) of rhinitis symptoms was observed among Bangkok children. For eczema, rash
at the flexural areas is a typical manifestation of atopic dermatitis (Trakultivakorn, 1999).
The prevalence of atopic dermatitis among all subjects aged 6 — 12 years in this study was
approximately 11% (Table 4.9) which was slightly lower than the 13% of children aged 6-
7 years reported in the study of Trakultivakorn (1999).

14

12.7

Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec

Figure 4.11 Percentage of children suffering from seasonal allergic rhinitis (hay fever) by
month (n = 103).

Asthma, hay fever and eczema are atopic diseases with allergic conditions that tend to
occur in families. They are associated with the production of abnormal amounts of specific
immunoglobulin E (IgE) antibodies to common environmental allergens such as dust mites
and pollen. The production of IgE is genetically controlled. A positive family for atopy and
asthma in first-degree relatives is associated with sensitization to aeroallergens (Wahn and
von Mutius, 2001). In this study, the association between asthma (‘wheeze ever’ and
‘wheeze in the past 12 months’ variables) and any of the potential environmental factors
was not found, using logistic regression. This may due to the lack of important data, such
as dust mites and pollen exposure, and family history (atopic diseases in the parents).

Questions about these factors were not included in the ISAAC questionnaire.
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The results of the logistic regression analysis showed that other diseases/symptoms (e.g.
rhinitis, eczema, and atopic dermatitis) were associated with different environmental
variables. In this study, trucks frequently passing home areas was identified as one of
potential environmental factors associated with rash, eczema, and atopic dermatitis. This is
in agreement with the finding of Montnemery et al. (2003) who investigated the prevalence
of self-reported eczema in relation to the living environment in Sweden, and Schifer and
Ring (1997) who investigated the influence of air pollution on the prevalence of atopic
eczema among German school children. They reported a higher prevalence of eczema
among children living near roads with heavy traffic. It is plausible that diesel exhausts act
as irritants leading to elevated IgE serum levels (Takafuji et al., 1989). The diesel exhaust
particles also enhance nasal cytokine secretion in humans (Diaz-Sanchez, 1997; Diaz-
Sanchez et al., 1996). Moreover, exposure to traffic, especially diesel exhaust, may
exacerbate pre-existing allergic conditions, but does not necessarily induce the

development of new cases of allergies (GINA, 2002).

It was found that the urban school locations were correlated with hay fever (OR 1.71, 95%
CI 1.01-2.90, p = 0.046), rhinitis in the past 12 months (OR 1.58, 95% CI 0.95-2.63, p =
0.078) and atopic dermatitis (OR 1.97, 95% CI 0.93-4.19, p = 0.079). Children in the
urban schools may be more exposed to urban air pollution that caused a higher prevalence

of hay fever, rhinitis in the past 12 months and atopic dermatitis (see Table 4.7).

In this study, the birth weight variable was inversely associated with skin rash symptoms,
although the associations were only marginally significant (rash ever OR 0.63, 95% CI
0.38-1.05, p = 0.075; rash in the past 12 months OR 0.60, 95% CI 0.34-1.06, p = 0.078;
atopic dermatitis OR 0.58, 95% CI 0.31-1.06, p = 0.077). The average birth weight among
the subjects was 3kg, which is normal for Thai infants (Table 4.4). Birth weights below
2.5kg are considered abnormal (e.g. prematurely-born infants, those that have HIV
infections, or have nutritional deficiencies) (Tienboon and Wahlqvist, 1996). There were
45 out of 470 children (9.6%) whose birth weights were lower than 2,500g. However, a
recent study of the risk factors for atopic dermatitis in New Zealand children, aged 3-
5 years, (Purvis et al., 2005) found that the prevalence of atopic dermatitis did not differ by
birth weight, but was strongly associated with atopic disease in the parents. Low birth
weight may cause a more significant health impact on respiratory functions than on skin
allergies. Mortimer et al. (2000) studied the susceptibility to summer ozone among an
asthmatic cohort — 846 inner-city asthmatic children aged 4-9 years. The children who had

either low birth weight or a premature birth showed a greater response to ozone than the

169



full-term infants or those with normal birth weights [i.e. PEF change (1.8% vs. 0.3% per
15 ppb ozone, p <0.05); morning symptoms OR 1.42vs. OR 1.09 per 15 ppb ozone, p
<0.05)].

The present study indicated that breastfeeding history was not associated with any of the
atopic diseases in Chiang Mai, where most children (approximately 82%) were breastfed.
Breastfeeding is normal practice among Thai mothers — particularly those on low
incomes. In contrast, Purvis et al. (2005) found that there was a higher risk of atopic
dermatitis with longer duration of breastfeeding: (<6 months, adjusted OR 6.13, 95% CI
1.45-25.86; =6 months, adjusted OR 9.70, 95% CI 2.47-38.15) compared with those
never breastfed. This study suggested that breastfeeding should not be recommended for
the prevention of atopic dermatitis. Sicklick (2005) commented that the role of
breastfeeding in the prevention of asthma and allergies was unclear. The studies since the
1980s provided conflicting information whether breastfeeding was more likely or less
likely to protect infants from developing these conditions. However, breastfeeding offers
many health benefits for children and most experts strongly urge mothers to feed their

infants exclusively for at least the first six months of life.

Antibiotics taken in the first year of a child’s life were found to be related to rash and
eczema, including atopic dermatitis. The use of antibiotics in early childhood has been
suggested to be protective with respect to the development of asthma and allergy, because
it may skew the balance between T-cell subpopulations from (normal) Th1-cell responses
towards (atopic) Th2-cell responses, with increased production of IgE antibodies
(Romagnani, 1992). However, a diminished Th1 immune response in early life may be a
characteristic of an inherited predisposition to allergic diseases. It can be concluded that
early childhood use of antibiotics is associated with an increased risk of developing asthma
and allergic disorders in children who are predisposed to atopic immune responses (Droste
et al., 2000). In addition, high rates of antibiotic use may cause antibiotic resistance among
children in Thailand. Many Thai doctors who normally prescribe antibiotics to children
unnecessarily, may not be aware of the negative impacts of the excess use of these drugs
on health. Visitsunthorn et al. (1995) reported that the use of antibiotics among 128 cases
of asthmatic children admitted at Siriraj Hospital, Bangkok, decreased from 92% in 1982
to 80% in 1992. The children with asthma symptoms may have received antibiotics on the
presumption that they had a bacterial respiratory infection. Furthermore, this PhD research

showed that rhinitis and hay fever were significantly associated with paracetamol currently
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taken. This is because Thai children are normally given paracetamol when they have slight
to serious symptoms of cold, thinitis and hay fever. This is in part because paracetamol is
widely available and inexpensive. Newson et al. (2000) also reported a correlation between

paracetamol use and the prevalence of atopic diseases in children.

Food allergens have an important role in the development of skin allergies, especially
atopic dermatitis. Burks (2003) reported that more than 90% of children with atopic
dermatitis are allergic to food allergens derived from egg, wheat, milk, soy, and peanut.
Children with food allergies normally immediately respond to a skin test because of
increased IgE levels produced in direct response to these food allergens. In this study, nuts
were associated with skin rash in the past 12 months (p = 0.013), rash ever (p = 0.016),
eczema (p = 0.036), and atopic dermatitis (p = 0.080). Most of the children outgrow their
allergies to milk, egg, wheat and soy, but their allergic reactivity to peanuts and tree nuts as
well as to fish becomes manifest and is rarely resolved in adulthood (Burks, 2003). In this
study, having contact with cats during the first year of life was one of the significant risk
factors for atopic dermatitis, and having dogs in early childhood was related to rash and
eczema. The results agree with those of other studies, which concluded that exposure to
these pets during infancy may increase the risk of subsequent allergy to these animals
(Popp et al., 1990; Lindfors et al., 1999). Where both parents were atopic, having cats at
12 months of age gave a huge risk for the development of sensitization to cats, but there
was a much lower risk in the same age group in children whose both parents were non-
atopic (Custovic et al., 2001). Melen et al. (2001) found that, in comparison to unexposed
children, children exposed to cats during the first two years of life were more likely to
develop sensitization to cats by 4 years of age. High levels of cat allergen (Fel d1>8 p/g
dust) were associated with an increased risk of sensitization to cats. In contrast, other
studies supporting the ‘hygiene hypothesis’ suggested that having a cat in the house during
early childhood could later decrease the risk of sensitization to cats (Hesselmar et al.,
1999; Roost et al., 1999). This hypothesis postulated an inverse relation between the
incidence of infectious diseases in early life and the subsequent development of allergies
and asthma (Martinez, 2001). This protective effect could be explained by the increased
immunity of children exposed to cat allergen, due to a development of an optimal balance
between Th2 to Thl-like immune responses in children (Custovic et al., 2001). Ownby et
al. (2002) found that exposure to 2 or more dogs or cats in the first year of life was
associated with a lower prevalence of allergic sensitization (to multiple allergens) at age 6
to 7 years, regardless of exposure to dogs and cats at 6 years of age. In this study, having

cats in the past 12 months was significantly correlated with the prevalence of eczema
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among school children in Chiang Mai. This may be because cat allergen triggers the
underlying skin allergic disorders. However, a genetic component plays an important role
in the expression of allergy. Some studies suggested that children who grew up on farms
had significant protection against the development of atopy, and allergic rhinitis, and to a
lesser extent, asthma (Ernst and Cormier, 2000; Riedler et al., 2000 and von Ehrenstein et
al., 2000). Explained by Martinez (2001), high levels of endotoxin produced by farm
animals (e.g. animal wastes) could play a role in the prevention of allergies. However, this
is not the case in Chiang Mai where contact with farm animals by the child’s mother is one
of the significant risk factors for rhinitis and hay fever. Bolte et al. (2003) investigated the
incidence of atopic sensitization, atopic dermatitis and wheezing of children, from age of 3
months to 2 years, exposed to different levels of endotoxin in mattress dust. The endotoxin
increased the risk of atopic reactions to aeroallergens at the age of 2 years, especially in
infants at risk due to parental atopy. Their results also disagree with an early protective
effect of endotoxin on atopy development. However, there is a lack of data on the effect of
endotoxin from prenatal stage. In the same context with cat allergen, endotoxin may be a
risk factor in subjects who have already developed allergic diseases (Martinez, 2001). In
this study, in Chiang Mai, child contact with farm animals was not correlated with any of
the allergic diseases. This correlation may be seen if the children, who have resided since
they were born in the farm environment particularly in rural areas of Chiang Mai, were
included in the health survey. The farmers particularly those who own cattle normally
reside in rural areas, not urban or suburban. In addition, the question about the child’s
contact with farm animals was only for the first year of child’s life, which may be too short
to obtain a protective effect of endotoxin in the farm environment. Moreover, Purvis et al.
(2005) did not find the association between the atopic dermatitis and older siblings
(implicated by the hygiene hypothesis). This is in an agreement with the study in Chiang
Mai, where 36% and 8.3% of the child subjects had one and more than one older siblings,
respectively. Controversially, Kilpelainen et al. (2000) found an inverse association
between the number of older siblings and the occurrence of allergic rhinitis [with one older
sibling (OR 0.86, 95 CI 0.77-0.96, p<0.01) and at least four older siblings (OR 0.47, 95%
CI 0.26-0.84, p<0.05)]. The number of older siblings may have a stronger correlation to

respiratory allergic symptoms than to skin allergies.

Maternal cigarette smoking is significantly associated with rash and eczema in this study.
Until recently, there has been a lack of research on the impact of environmental tobacco
smoke (ETS) on eczema and atopic dermatitis in children especially in the prenatal stage,

although many studies mainly focus on wheezing and asthma, and some on rhinitis. A
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recent study in Germany among 1669 school beginners found that children were at a higher
risk of developing an atopic eczema when exposed to ETS, especially children whose
parents were atopic and had a higher risk of developing a sensitization against house dust
mites (Kramer et al., 2004). This German research could support the results of this Chiang
Mai study although the subjects were not in the prenatal stage. Another German study, that
found an adjuvant effect of ETS on allergic sensitization, was conducted by Kulig et al.
(1999). The effect of pre- and postnatal tobacco smoke exposure on specific sensitization
to food allergens and inhaled allergens was assessed in children during the first three years
of life. The subjects were grouped into utero and postnatal ETS exposure. At the age of
three, the children who were ETS exposed pre-and postnatally had a significantly higher
risk of sensitization to food allergens than unexposed children. Although logistical analysis
for asthma symptoms was not able to be conducted, it is recommended that maternal
smoking should be avoided in any case because smoking during pregnancy is significantly
associated with both reduced respiratory function and recurrent wheezing in infancy and
early childhood and with the risk of development of IgE responses to food proteins early in

life (Wahn and von Mutius, 2001).

In this study, other environmental variables were not able to be correlated with the
diseases, such as the use of air conditioner/fan, fuel used for cooking, mother’s education
level and numbers of younger/older siblings. This may be because most of the school
children used electric fans (86.5%) and only 0.6% used air-conditioners. Chiang Mai
people normally use the fans with open windows for better air circulation. This normal
practice may also reduce the levels indoor air pollution produced by fuels for cooking in
open kitchens [LPG gas (57%) and/or open fires (15%})]. For children with respiratory and
allergic diseases, genetic and air pollution factors play more important roles than the
highest education levels of child’s mother — mostly primary (68.9%) and secondary

(22.5%).

Generally the validity or reliability of data collected from self-reporting such as
questionnaire surveys is dependent upon people’s memories. Some parents who have
children suffering from allergies may have spent more time thinking of, for example, the
causes of allergies and the months when the symptoms occurred, than the parents whose
children are healthy. This is known as recall bias (Stewart, 2002). The ISAAC
questionnaire was useful for this study and most questions are easy to comprehend.
However, it has some limitations for application in Chiang Mai. For example, the ISAAC

questionnaire was translated from an English version that has been used in Europe,
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Australia and New Zealand, and some food factors, which are not common in the northern
Thai diet such as butter, margarine, pasta, potatoes and fast food should be excluded from
the Thai version of ISAAC questionnaire. This is because they are not eaten for main
meals in Thailand as in western countries. In addition, it may be difficult for the parents to
reply about wheezing or hay fever symptoms. An explanation of the terminology of the
diseases should be attached with the questionnaire. To overcome the limitations in this
study, the children were interviewed to confirm the answers given in the questionnaire.
This was to prove useful because some parents were found to have given incorrect answers
particularly to questions relating to wheezing. For example, some parents whose children

snored during sleeping misunderstood this and reported that their children had wheezed.

4.5 Conclusion

The application of the ISAAC questionnaire has proved useful for the study of respiratory
diseases and allergies among school children in Chiang Mai, although again it has some
limitations. The personal interview with the children and/or telephone interview with the
parents were useful in order to obtain correct answers particularly about the respiratory and
allergic diseases. Rhinitis, hay fever and atopic dermatitis are more common among
children in urban areas than suburban areas. However, living in suburban areas does not
appear to influence the occurrence of asthma — where genetic predisposition plays an
important role. The logistic regression analysis of the reported data about the prevalence of
respiratory and skin allergies, and environmental factors provides useful findings. The
potential environmental factors that are significantly correlated with the allergic disorders
among Chiang Mai children include diesel engine vehicles; the use of antibiotics and
paracetamol; nuts; having contact with dogs and cats in the first year of life; having
contacts with farm animals by mothers while pregnant; and maternal cigarette smoking.
The findings are in disagreement with the hygiene hypothesis focusing on the protective
effects of early exposure of farm animals and furred pets in early childhood. As far as the
development of allergic sensitization and asthma in early childhood is concerned, maternal
smoking and exposure to environmental tobacco smoke (ETS) seem to be important and
such exposures should be avoided. The findings of this study will be used to help formulate
recommendations in that part of this thesis concerned with sustainable measures for Local

Air Quality Management (LAQM) in Chiang Mai.

174



CHAPTER 5

URBAN AIR QUALITY MANAGEMENT

5.1 Introduction

The fourth objective of this PhD programme is to compare current Air Quality
Management (AQM) approaches in Thailand/Chiang Mai with those employed in Hong
Kong Special Administrative Region (HK SAR) (see Sections 1.2 and 1.3). Specifically,
the AQM system employed by the Hong Kong Environmental Protection Department
(EPD) was compared with that conducted by the Thai Pollution Control Department
(PCD). These two organizations have similar environmental management roles including
AQM at a national level (the AQM responsibilities of Thai PCD are summarized in Section
1.5.2). The AQM systems of HK SAR and Thailand were compared based upon the

principles of Good Urban Governance (GUG), a concept explained in Section 5.1.1.

The main criterion for selecting HK EPD included its advanced AQM system in Asia and
this is recognized by Thai PCD; both government organizations being members of the
Clean Air Initiative for Asian Cities (CAI-Asia) (pers. comm. Mr. Panya Warapetcharayut,
Pollution Control Department). CAI-Asia was established in 2001 as an initiative of the
Asian Development Bank (ADB), the World Bank (WB) and the United States Asia
Environmental Partnership (US AEP), in order to promote and demonstrate innovative
ways to improve the air quality of Asian cities through partnerships and shared experiences
(CAI-Asia, 2005). During 2002-2004, CAI-Asia and the Air Pollution in Megacities of
Asia (APMA) project conducted a benchmark study to evaluate AQM capability in 23
Asian cites in 5 stages. A rating, on a scale from Stage 1 (minimal capacity) to Stage 5
(excellent capacity), was assigned to each city. HK SAR was rated as having an ‘excellent
capacity’ (Stage 5) in air quality management development, whereas Bangkok, Thailand
was rated ‘mature capacity’ (Stage 4) (see Table 5.1) (Huizenga et al., 2004). However,
Chiang Mai City was not included in this study as it may not be large enough, in terms of

population, to qualify as a major city.

Other criteria for selecting Hong Kong SAR included its location in the Asian continent,
sub-tropical weather conditions, mountainous topography and its major air pollutants

(particularly PM;¢ and O3 which are similar to Chiang Mai).



Table 5.1 Stages of air quality management development in 23 Asian cities as part of a

study on Benchmarking Urban Air Quality Management for Asian Cities, conducted by the

Clean Air Initiative in Asian Cities (CAI-Asia)

Stage

Cities

STAGE 5 - Excellent Capacity

Air quality management (AQM) is a routine activity. Well-established indigenous
institutional capacity exists. Air quality levels are typically stable and below
World Health Organization (WHO) guideline values as well as the national
ambient air quality standards. Comprehensive control strategies are in place with
a strong emphasis on air pollution prevention. Air quality standards and emission
standards enforced on a regular basis.

Hong Kong, Osaka,
Seoul, Singapore,
Tokyo, Taipei

STAGE 4 - Mature Capacity

AQM is increasingly comprehensive and well structured. External donor
involvement limited to specialised areas. Regular AQM activities funded from
local resources. Continuous air quality monitoring. Air quality levels improving
and approaching WHO guideline values as well as national ambient air quality
standards. Emphasis on development of medium-term strategies for key sources
of pollution. Emerging emphasis on prevention of pollution. Enforcement of
standards is becoming standard practice.

Bangkok, Beijing,
Busan, New Delhi,
Shanghai

STAGE 3 - Evolving Capacity

A systematic approach to AQM is being implemented often with extensive
external donor support. Air quality monitoring increasingly through continuous
monitoring. Sustainability of institutional capacity not ensured from local
resources. Air pollution levels high but stable. A reduction in pollutant levels for
certain pollutants as a consequence of pollution control measures. A more
structured approach to enforcement is emerging.

Ho Chi Minh, Jakarta,
Kathmandu, Kolkata,
Manila, Mumbai

STAGE 2 - Basic Capacity

Initial legislation, standards and control measures exist. Air quality regulators
heavily dependent on external donor support and local specialised institutions. Air
quality monitoring limited to few stations, often manual monitoring. Enforcement
of air quality regulations often very weak.

Dhaka, Hanoi,
Surabaya, Yogyakarta

STAGE 1 - Minimal Capacity

Cities unable to establish basic AQM capacity. Rising pollution levels common.
No comprehensive air quality legislation and standards in place. Limited and ad
hoc approach to air quality monitoring and pollution control.

Colombo, Karachi

Source: Huizenga et al., 2004

5.1.1 Concept of Good Urban Governance

‘Governance’ was defined by the United Nations Development Programme (UNDP)
(1997) as follows:

“The exercise of political, economic and administrative authority in the
management of a country’s affairs at all levels. It comprises the mechanisms,
processes and institutions through which citizens and groups articulate their

interests, exercise their legal rights meet their obligations and mediate their

differences.”

The United Nations Economic and Social Commission for Asia and the Pacific
(UNESCAP) simplified the meaning of governance to the process of decision-making and

the process by which decisions are (or are not) implemented. Government itself is just one
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of the actors in governance. Depending upon the level of government (e.g. national, local),

examples of other actors may include NGOs, research institutes, co-operatives, religious

leaders, political parties, finance institutions and the civil society. Good governance

consists of 8 major characteristics as follows: participation; rule of law; transparency;

responsiveness; consensus oriented; equity and inclusiveness; effectiveness and efficiency;

accountability (Table 5.2). As a set of principles, it can be used in several contexts such as

corporate governance, international governance, national governance and local governance

(UNESCAP, 2002). A city with good urban governance is well-managed and inclusive
[United Nations Human Settlements Programme (UN-HABITAT), 2002].

Table 5.2 Eight characteristics of good governance

Good governance characteristics

Participation

Participation by both men and women is a key cornerstone of good governance. Participation
can be either direct or through legitimate intermediate institutions or representatives. It is
important to point out that representative democracy does not necessarily mean that the
concerns of the most vulnerable in society are taken into consideration in decision making.
Participation needs to be informed and organized. This means freedom of association and
expression on the one hand, and an organized civil society on the other hand.

Rule of law

Good governance requires fair legal frameworks that are enforced impartially. It also requires
full protection of human rights, particularly those of minorities. Impartial enforcement of laws
requires an independent judiciary and an impartial and incorruptible police force.

Transparency

Transparency means that decisions taken and their implementation are performed in a manner
that follows rules and regulations and that information is freely available and directly accessible
to those who will be affected by such decisions. It also means that enough information is
provided and that it is provided in easily understandable forms and through accessible media.

Responsiveness

Good governance requires that institutions and processes try to serve all stakeholders within a
reasonable timeframe.

Consensus
oriented

There are always several actors and as many view points in a given society. Good governance
requires mediation of the different interests in society to reach a broad consensus on what is in
the best interest of the whole community and how this can be achieved. It also requires a broad
and long-term perspective on what is needed for sustainable human development and how to
achieve the goals of such development. This can only result from an understanding of the
historical, cultural and social contexts of a given society or community.

Equity and
inclusiveness

A society’s well-being depends on ensuring that all its members feel that they have a stake in it
and do not feel excluded from the mainstream. This requires all groups, but particularly the
most vulnerable, have opportunities to improve or maintain their well-being.

Effectiveness
and efficiency

Good governance means that processes and institutions produce results that meet the needs of
society while making the best use of resources at their disposal. The concept of efficiency in the
context of good governance also covers the sustainable use of natural resources and the
protection of the environment.

Accountability

Accountability is a key requirement of good governance. Not only governmental institutions but
also the private sector and civil society organizations must be accountable to the public and to
their institutional stakeholders. Who is accountable to whom varies depending on whether
decisions or actions taken are internal or external to an organization or institution. In general an
organization or an institution is accountable to those who will be affected by its decisions or
actions. Accountability cannot be enforced without transparency and the rule of law.

Source: UNESCAP (2002)

UN-HABITAT (2002) described that:

“Urban governance is inextricably linked to the welfare of the citizenry. Good

urban governance (GUG) must enable women and men to access the benefits of

urban citizenship. GUG, based on the principle of urban citizenship, affirms that
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no man, woman or child can be denied access to the necessities of urban life,
including adequate shelter, security of tenure, safe water, sanitation, a clean
environment, health, education and nutrition, employment and public safety and
mobility. Through GUG, citizens are provided with the platform which will allow
them to use their talents to the full to improve their social and economic

conditions.”

GUG is, therefore, crucial for effectively managing urban environments. In this study, each
characteristic of GUG, with respect to air quality management in HK SAR and Thailand, is

analysed and discussed (see Section 5.6).

5.1.2 Methodology - Comparison of Good Urban Governance

A comparison of air quality management (AQM) between HK SAR and Thailand was
made based upon the Good Urban Governance (GUG) concept as defined by the United
Nations Economic and Social Commission for Asia and the Pacific (UNESCAP)
(UNESCAP, 2002). Each GUG characteristic regarding AQM was critically analysed by
using the information available from different sources (e.g. references, personal
communications and the author’s experience). Following the GUG characteristics in Table

5.2, the methodological criteria for assessment can be summarized as follows;

1) Participation — Both men and women involved in AQM at a national level. At a
national level, numbers of male and female staff of HK EPD and Thai PCD
were investigated.

i1) Rule of law — Whether AQM regulations are sound and are impartially
enforced.

i) Transparency — Decision making conducted following rules and regulations.
Information regarding the decision making processes of government
organizations was investigated as to whether they were accessible and
comprehensible to the public.

iv) Responsiveness — Whether services to all stakeholders were delivered within a

responsible timeframe.

V) Consensus oriented — Different interests of all stakeholders taken into

consideration by the government. Education in aspects of AQM was considered
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in terms of sustainable human development, resulting in improvement of
environmental quality.

Vi) Equity and inclusiveness — Whether the well-being of all members of society

(e.g. especially children and the poor) was taken into consideration for
improving air quality.

vii)  Effectiveness and efficiency — Whether AQM systems were established to meet

the needs of society while maintaining sustainable use of natural resources and
environmental protection.

viii)  Accountability — ‘There should be no place for corruption in cities’ (UN-
HABITAT, 2002). Transparency in the financial reports of development

projects was considered.

At a local level, the urban governance situations in Chiang Mai were also examined and

assessed for differences from Bangkok Metropolitan or national policies and regulations.

5.1.3 Management Capabilities Index — A Method for Assessing Air Quality

Management

As mentioned above, APMA and CAI-Asia conducted a study on the Benchmarking Urban
Air Quality Management in the Cities (Huizenga et al., 2004). Its main objectives were to
assess the status of air quality management (AQM) in 23 Asian cities and to provide a
benchmark from which future AQM development can be assessed. A questionnaire survey
methodology developed by the Monitoring and Assessment Research Centre (MARC),
United Nations Environment Programme (UNEP) and World Health Organization (WHO)
(MARC/UNEP/WHO, 1996) was applied to assess AQM capabilities. A set of four indices
representing key AQM components (e.g. air quality policies, monitoring, emissions
inventory) was applied (see Table 5.3). The questionnaire contained four parts
corresponding to the 4 indices. Each question was allocated a score and total points for
each component index was 25 (hence 100 for all four indices). The questionnaires were
completed by selected city authorities in Asia (e.g. Bangkok, Beijing, Hong Kong, New
Delhi, Singapore, Tokyo). The limitations experienced in the administration of this
questionnaire survey included incomplete questionnaires, and lack of cooperation from
some city agencies (Haq et al., 2002). Clarification of some unclear or incomplete answers

was made via email, telephone and/or meetings to obtain additional information.
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Table 5.3 Indices representing key components of air quality management capabilities

used in the APMA/CAI-Asia benchmark study.

Index Assessment of air quality management components

1. Air quality measurement capacity | Ambient air monitoring conducted in a city including the
accuracy, precision and representiveness of air monitoring data.

2. Data assessment and availability Processing of air quality data to provide relevant information in
decision-making. Access to air quality information and data
through different media.

3. Emission estimates An emissions inventory to determine whether the information on
sources of air pollution in the city were available.

4. Management enabling capabilities | The AQM administrative and legislative framework through
which emission control strategies were introduced and
implemented.

Source: Huizenga et al., 2004
5.1.4 General Information of Hong Kong SAR

Hong Kong SAR is located in the southeast of the People’s Republic of China (PRC) in the
Asian continent (Figure 5.1) and has a sub-tropical climate. The topography of HK SAR is
similar to that of Chiang Mai, with hills and mountains dominating and some flat areas in
the Kowloon peninsular and the northwestern New Territories. The total area of Hong
Kong was originally 1,095 km®. Land reclamation projects have expanded the land of HK
SAR (Hong Kong Island, Kowloon peninsular, the New Territories and remote islands) by
over 1,100 km?. Agricultural areas are mainly in the alluvial plains of the New Territories.
Land heights in Hong Kong range between 66m in Lo Chau Mun to 957m in Ta Mo Shan
located in the central part of New Territories. In Hong Kong, monsoons and seasonal
winds dominate the climate. The temperatures range from 10-20°C in winter (mid
December-February) to 26-33°C in summer (June-mid September) (Mari Mari

http://www.marimari.com/, 2004). With respect to air quality management, the

Environmental Protection Department (EPD) is the responsible government agency for the
control of both indoor and outdoor air pollution including: vehicle emission reduction;
legislation; public consultation; distribution of air quality information. The author
officially visited EPD during 8 — 12 November 2004 in order to gain a better understanding
and experience of air quality management in HK. The information obtained is summarized

and discussed below.
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Figure S.1 Map of Hong Kong SAR showing the location of air monitoring stations.

5.2 Description of Air Pollution in Hong Kong SAR

EPD summarises air quality monitoring data in published annual reports on Air Quality in
Hong Kong. The main pollutants considered are total suspended particulates (TSP),
respirable suspended particulates (RSP or PM;o) and nitrogen dioxide (NO,) at roadside
stations. The reports show that air quality has gradually improved since 2000 due to air
pollution control measures in the previous years. However RSP and NO, concentrations
remain higher than the Air Quality Objectives (AQO) at roadside stations. Trends for
annual RSP, NO; and Oj are illustrated in Figures 5.2 — 5.4. The air quality data for RSP
and NO, as reported for the years 1998 — 2003 were collected at the Causeway Bay
monitoring station (Figure 5.1) and the O3 data were collected at the Tap Mun monitoring
station (EPD, 1998-2003a). These clearly show that although RSP and NO, concentrations
have decreased since 1998, O3 concentrations are increasing. Other measured pollutants —
sulphur dioxide (SO,), carbon monoxide (CO) and lead (Pb) — were well below their AQO
limits. For this Chapter, monitored air pollution concentrations at the Causeway Bay
station were selected to represent the worst roadside air quality in HK SAR, particularly
RSP (or PM;p) and NO, (Figures 5.2-5.3). Causeway Bay is one of the most crowded,
commercial areas on Hong Kong Island. High rise buildings and traffic congestion are

significant features (Figure 5.5). From the Air Quality Data in Hong Kong reports, between
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1998 — 2003, the highest annual average concentrations of RSP and NO, were recorded at
the Causeway Bay station on Kowloon every year, with the exception of the highest annual
NO; concentrations in 2003, which were recorded at the Mong Kok station (EPD, 1998 —
2003a). Annual average O3 data from a monitoring station on Tap Mun, a small island in
the northeast of HK SAR, were considerably elevated above the standard (Figure 5.4). The
highest annual average O3 concentrations were found at this station every year between
1998-2003. Causeway Bay and Tap Mun air quality monitoring stations have operated
since 1997. Graphs illustrating annual average RSP (or PM;), NO; and O3 in HK SAR as
reported for the years 1998 — 2003 were produced by the author using data from EPD Air
Quality Data in Hong Kong reports.
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Figure 5.2 Annual average respirable suspended particle (RSP or PM;) concentrations as

reported for the Causeway Bay monitoring station from the years 1998 to 2003.
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Figure 5.3 Annual average nitrogen dioxide (NO;) concentrations as reported for the

Causeway Bay monitoring station from the years 1998 to 2003.
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Figure 5.4 Annual average ozone (O3) concentrations as reported for the Tap Mun

monitoring station from the years 1998 to 2003.
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Photographed by K. Sriyaraj

Figure 5.5 In front of the Sogo Department Store in Causeway Bay, where a roadside

particulate monitoring unit is located.

A comparison of air quality data in HK SAR was made from 1998 — 2002 (the data are
available until 2002 on the EPD website as of December 2004). In 1999, it was found that
296pg/rn3 was the highest recorded concentration of PM;q (24-hr average) in Central, HK
Island. The highest recorded concentration of PM;jq in 1 hour reached 555ug/m’ at the
Central monitoring station, while the Causeway Bay monitoring station detected the
highest monthly concentrations in every year. The highest average monthly PM;, ever

recorded at this station was 133 g/m3 in May 1998.

In comparison to air quality data for Chiang Mai, annual average roadside PMo or RSP
concentrations in HK SAR were normally slightly higher than in Chiang Mai and
exceptionally higher in 2001 (Figure 5.6). However, the comparison should be viewed with
caution as it is noted that there is only one permanent roadside monitoring station in
Chiang Mai and three in HK SAR, therefore, the comparison of PM;( concentrations was
made between an annual PM;, average from all three roadside stations in HK SAR (i.e.
Causeway Bay, Central, Mong Kok) and from one station in Chiang Mai (i.e. Yuparaj
School) for each year. Concentrations of NO, in HK SAR were much higher than those in
Chiang Mai during from 1998 — 2002, although annual average NO, concentrations in
Chiang Mai increased by 100% from 1998 — 2002 (Figure 5.7). The comparison of O3

between Chiang Mai and HK SAR was also made, based on air quality data (annual
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average) from only one permanent ambient monitoring station in Chiang Mai (Provincial
Hall), and 11 ambient stations in HK SAR. However, for some years data were not
available at one or two EPD monitoring stations. Figure 5.8 shows that the annual average

O; concentrations in Chiang Mai were slightly higher than in HK SAR.
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Figure 5.6 Comparison of annual average PM;o (or RSP) concentrations between Chiang
Mai, Thailand and HK SAR, China. The data presented are for average concentrations
recorded for 3 roadside stations in HK SAR (EPD, 1998-2003a) and for 1 roadside station
in Chiang Mai (Thai PCD annual reports from 1999-2003 State and Management of Air

and Noise Pollution).
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Figure 5.7 Comparison of annual average NO, concentrations between Chiang Mai,
Thailand and HK SAR, China. The data presented are for average concentrations recorded
for 3 roadside stations in HK SAR (EPD, 1998-2003a) and for 1 roadside station in Chiang
Mai (Thai PCD annual reports from 1999-2003 State and Management of Air and Noise
Pollution).
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Figure 5.8 Comparison of annual average Os; concentrations between Chiang Mai,
Thailand and HK SAR, China. The data presented are for average concentrations recorded
for 11 ambient stations in HK SAR (EPD, 1998-2003a) and for 1 ambient station in Chiang
Mai (Thai PCD annual reports from 1999-2003 State and Management of Air and Noise
Pollution).
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5.3 Sources of Air Pollution in Hong Kong SAR

An example of serious air pollution in HK SAR is illustrated in Figure 5.9, which shows a
typical hazy daytime view of Victoria Harbour. This visibility impairment occurs when
particles, mostly particles less than 2.5 pum in diameter (PM,s), generated by
anthropogenic activities, and gases in the atmosphere scatter and absorb light (le Clue,
2004). It should be noted that all annual PM, 5 concentrations from the pilot study on the
Use of Atmospheric Measurements to Manage Air Quality in Hong Kong and the Pearl
River Delta (PRD): Fine Particulate Matter (PM;s) in the PRD were 2 to 5 times above the
US National Ambient Air Quality Standards (US NAAQS) (15pg/m3) (Bergin et al.,
2004). In addition, from the Study of Air Quality in the Pear]l River Delta Region (hereafter

referred to as ‘the Joint Study’), major sources of air pollution, especially suspended

particulate matter, in HK SAR include motor vehicles and the non-metallic mineral

industry (e.g. cement and brick production) (CH,M Hill Ltd., 2002). In addition to local
sources, air polluting activities in the Pearl River Delta Economic Zone (PRDEZ) in
Mainland China — an area comprising Guangzhou, Shenzhen, Zhuhai, Donguan,
Zhongshan, Foshan, Jiangmen and part of Huizhou and Zhouqing — produce a significant
proportion of PM;o in HK SAR (Figure 5.10). The Joint Study estimated that, in 1997, the
PRDEZ produced 95% of PM,( production in the region while HK SAR contributed the
remaining 5%. The annual regional background PM;o concentration in the region was
about 40ug/m’, which was considered high relative to both HK SAR and PRDEZ
standards. Without any extra control measures, emissions of PMj are expected to increase
by 45% in the region, in comparison to a baseline year of 1997. The predicted major source
of additional PM, is power generation due to an increasing demand for electricity and the

use of coal, instead of alternative cleaner fuels such as natural gas.
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Photographed by K. Sriyaraj

Figure 5.9 Poor visibility across Victoria Harbour around noon, Sunday 7 November 2004
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Figure 5.10 Map illustrating provinces in Mainland China included in the Pearl River
Delta Economic Zone (PRDEZ)
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Major sources of air pollutants in HK SAR, as listed in the 2002 emissions inventory, are
summarized in Table 5.4. As expected, motor vehicles produced significant proportions of
the local emissions of PM,y (38%), NO, (31%), CO (90%), and Pb (100%), while power
generation mainly produced SO, (89%), PMyy (37%), NOy (45%), and CO, (62%). Non-
combustion sources such as paints and printing contributed a large proportion of VOCs
(80%). In addition, the ‘canyon effect’” worsens air pollution at street level because air
pollutants are trapped between extremely tall buildings. PM, s is also another air pollutant
of concern in HK SAR and PRDEZ. From the Hong Kong and Pearl River Delta Pilot Air
Monitoring Project (2002 — 2004) (Civic Exchange, 2004), annual average PM,;s
concentrations from monitoring stations in Guangzhou, Shenzhen, Zhongshan and
Conghua in mainland China were 71, 47, 46 and 37;1glm3 respectively. Whereas lower
annual average PM;s concentrations were found at Central & Western (34pg/m3), Tung
Chung (32pg/m’), and Tap Mun (29ug/m’) monitoring stations in HK SAR. Organic
carbon and sulphate dominated fine particulate chemical species in the region accounting
for 24 — 35% and 21 — 32% of PM, s mass, respectively. At the Guangzhou site, the main
sources of PM,s were biomass burning and motor vehicles. High concentrations of
potassium — a tracer of biomass burning, and lead from leaded gasoline were both found in
the PM; 5 and were used for source attribution (Civic Exchange, 2004). Whereas the main
sources of PM, 5 in HK SAR were vehicle exhaust and other combustion emissions such as
cooking, industrial combustion and biomass burning — indicated by high organic and
elemental carbon concentrations, determined by the mass analysis of the PM, s (Louie et

al., 2005).

Table 5.4 Major local sources of air pollutants in HK SAR from 2002 emissions inventory

Pollutants Major sources in 2002
SO, Power generation (89%); Marine vessels (5%); Fuel combustion
(industrial/commercial/domestic) (5%)
PM,o or RSP Vehicles (38%); Power generation (37%); Non-combustion (e.g. dust,
construction) (15%); Marine vessels (6%)
NO, Power generation (45%); Vehicles (particularly diesel) (31%); Marine Vessels
(16%); Aircraft (4%); Fuel combustion (industrial/commercial/domestic) (3%)
CO Vehicles (90%)
O; See breakdowns of sources of two ozone precursors; NOx and VOCs
Pb Vehicle (100%)
VOCs Non-methane VOC: Non combustion (e.g. consumer products, paints, printing)
(80%); Vehicles (18%)
CO, Power generation (62%); Vehicles (18%); Waste burning (12%)
Source: EPD
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5.4 Health Impacts of Air Pollution in Hong Kong SAR

HK SAR was rated as one the most pollution-aware countries by the Health Effects
Institute (HEI), an independent health-related research organization based in Boston, USA,
in terms of the number of air pollution related health studies that it has published (HEI,
2004). The HEI identified 138 scientific papers, published from 1980 to mid 2003, that
present estimates of health impacts of outdoor air pollution in Asia. Most studies were
conducted in mainland China, Taipei, Hong Kong, South Korea and Japan. A few studies
were conducted in South Asia (India) and Southeast Asia (e.g. Thailand, Malaysia,
Singapore). Since 1997, EPD has commissioned studies on the health effects of exposure
to air pollutants. Most studies were concerned with short-term health effects (i.e. daily

hospital admissions and daily mortality) produced by cardio-respiratory diseases.

In 2002, EPD commissioned the University of Hong Kong to conduct a Study of Short-
term Impact and Costs due to Traffic-related Air Pollution, in order to investigate the
short-term effects of air pollution on morbidity and total mortality, and to assess direct and
indirect costs. The costs that individuals were willing to pay to prevent the health effects of
air pollution were also evaluated (Wong et al., 2002). The findings showed that an increase
of 10pg/m® in the concentration of pollutants was associated with a 0.6-2.1% increase
across all diseases categories for NO,; 1.4-3.9% increase across all disease categories for
SO,; 0.2% increase in all non-accidental causes and 0.9% increase in chronic obstructive
pulmonary disease for PM;¢; 0.6% increase in respiratory disease for Os. For hospital
admissions (except for asthma), 4 pollutants (NO;, SO, PMj, and O3), were associated
with increased admissions across all the disease categories. For each additional 10pglm3 ,
there was a 0.5-1.9% increase for NO,; 0.5-2.4% increase for SO,; 0.4-1.0% increase for
PM,p; 0.2-0.6% increase for Os. Using the 1995-2000 database, the number of cardio-
respiratory deaths that could be attributed to a 10;1g/rn3 change in concentration of each
pollutant was 243 deaths a year (for SO,) and, for the fraction due to traffic related air
pollution was 83 deaths a year (for NO;). For cardio-respiratory disease, SO, and NO;
were estimated to have caused 1917 and 821 hospital admissions, respectively. In 2000, an
annual estimate monetary value of air pollution effects on cardio-respiratory diseases in
HK SAR, for total air pollution and for the fraction due to traffic-related air pollution, was
HK$11.1 billion; and HK$6.9 billion respectively; and for direct cost of illness was
HKS$1.3 billion and HK$0.8 billion respectively (Wong ef al., 2002). These findings are
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being used by policy makers in HK SAR to assess the benefits that would be obtained by

the implementation of clean air policies.

5.5 Hong Kong Environmental Protection Department — Its Roles
and Environmental Legislation

Hong Kong EPD was established in 1986. It is responsible for: proposing policies;
enforcing environmental legislation; monitoring environmental quality; providing
collection, transfer, treatment and disposal facilities for many types of waste; advising on
the environmental implications of town planning and new policies; handling pollution
complaints and incidents; raising awareness and support in the community for
environmental initiatives. Currently, EPD has seven action programmes concerned with:
air; community relations; environmental assessment and planning; noise; waste; waste
facilities; water. In the Air Programme, EPD focuses on air pollution control by developing
objective air quality standards and guidelines; drafting and implementing programmes to
control air pollution; enforcing the Air Pollution Control Ordinance (APCO) and Ozone
Layer Protection Ordinance (OLPO) to control air pollution from different sources;
scrutinising project development proposals and land use plans; operating an air quality
monitoring network and laboratories; and providing air quality information to the public
(The Government of HK SAR, 1997). In addition, EPD is empowered by the APCO to
impose a licensing control on major stationary emission sources, namely the Specified
Processes, which are major stationary air polluters such as power plants, incinerators and
concrete batching plants, and issue legal notices to air pollution sources to demand
remedial actions. EPD is also tasked to achieve defined Air Quality Objectives (AQOs)

(Table 5.5) and to maintain the achieved air quality.

5.5.1 Air Pollution Control Legislation and Enforcement

The first air pollution control legislation in Hong Kong was the Clean Air Ordinance,
enacted in 1959, for controlling emissions from fuel combustion. The Air Pollution Control
Ordinance (APCO) was developed from the Clean Air Ordinance in order to extend the
scope of control to cover non-combustion processes in 1983, and vehicle emissions in
1991. APCO was further amended to cover other air pollutants such as asbestos. In the
Ordinance, a statutory framework was provided for establishing the Air Quality Objectives

(AQOs) and stipulating control requirements for air pollution sources (EPD, 2004a). EPD
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can issue an Air Pollution Abatement Notice to the owner of a process or activity that is

causing air pollution. The Notice requires the owner to take remedial action to either

decrease or eliminate the emissions. For controlling emissions from any Specified Process,

a 2-year licence is required for the operation of these processes. During the licence

application stage, the application is required to be publicly notified in newspapers in both

Chinese and English in order to inform all members of the public. Within 30 days from the

date of public notification, members of the public can object to the granting of the licence

on the grounds of either the non-attainment of AQOs or that granting such a licence would

be prejudicial to health. Depending upon the fulfillment of the environmental standards,

EPD may either grant or refuse to grant a licence to the applicant. Operation of any

Specified Processes without a licence or contravening licence conditions is an offence. The

maximum fines for convictions range from HK$100,000 to HK$500,000 and from 6 to 12

months imprisonment.

Table 5.5 Air quality objectives (AQO) of Hong Kong

Pollutant Concentration (ug/m”) . Health effects of pollutant
for different averaging times’ at elevated ambient levels
1-hr" 8-hr" | 24-hr" | 3-m" | 1-yr"

Sulphur dioxide 800 350 80 | Respiratory illness; reduced lung
function; morbidity and mortality
rates increase at higher levels.

Total Suspended 260 80 | Respirable fraction has effects on

Particulates (TSP) health.

Respirable 180 55 | Respiratory illness; reduced lung

Suspended function; cancer risk for certain

Particulates (RSP) ¥ particles; morbidity and mortality
rates increase at higher levels.

Nitrogen dioxide 300 150 80 | Respiratory irritation; increased
susceptibility to respiratory infection;
lung development impairment.

Carbon monoxide 30,000 | 10,000 Impairment of co-ordination;
deleterious to pregnant women and
those with heart and circulatory
conditions.

Photochemical 240 Eye irritation; cough; reduced

oxidants (as ozone) "

athletic performance; possible
chromosome damage.

Lead

1.5

Affecting cell and body processes;
likely neuro-psychological effects,
particularly in children; likely effects
on rates of incidence of heart attacks,
strokes and hypertension.

Note: (i) Measured at 298K (25°C) and 101.325kPa (one atmosphere); (ii) Not to be exceeded more than three
times per year; (iii) Not to be exceeded more than once per year; (iv) Arithmetic means; (v) Respirable
suspended particulates means suspended particles in air with a nominal aerodynamic diameter of 10
micrometres or smaller; (vi) Photochemical oxidants are determined by measurement of ozone only

Source: EPD (2004a)
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The HK SAR Government generally issues Technical Memoranda which include technical
references such as principles, procedures, guidelines, standards and limits, for people who
are running or intend to establish any factory or business that may pollute the environment.
The Government may also issue Codes of Practice, which are general advice to encourage
emission reduction and air pollution control. There are 13 subsidiary regulations in force
under APCO that enable the regulations to be more specific and effective for specific air
polluting sources such as: furnaces and chimneys; motor vehicles; Specified Processes;
petrol stations; dry cleaning services; open burning (The Government of HK SAR, 1997).
With respect to the broader implications of emission reduction for greenhouse gases, the
Ozone Layer Protection Ordinance (OLPO) controls the refrigerants used in motor vehicles
and large refrigeration equipment in order to prevent further damage to the ozone layer

(EPD, 2005).

Moreover, air quality objectives (AQOs) were established in 1987 under APCO, based on
international standards derived from scientific studies of the correlation between ambient
pollutant concentrations and adverse human health effects (Table 5.2). In order to achieve
the AQOs, several preventive measures, including the enforcement of APCO and its
subsidiary legislation, are conducted at the planning stage onwards for any possible

activities that could result in air pollution.

5.5.2 Air Quality Management
5.5.2.1 Monitoring and QA/QC

EPD has operated a network of air quality monitoring stations at different locations in HK
SAR territory since 1983. At present, there are 14 monitoring stations (3 roadside and 11
ambient) in the monitoring network. The main objective of the stations is to provide
information on ambient and roadside air pollution levels, under APCO, for managing air
quality (EPD, 2002b). The information produced enables EPD to understand and estimate
pollutant exposures to the population. Each monitoring station provides air quality data
continuously. The Causeway Bay roadside station, which the author visited, is divided into
2 parts, a gaseous air quality monitoring unit and a roadside particulate monitoring unit.
Due to the limited space available, the former unit is located on the 4™ floor of the Sogo
Department Store (Figure 5.11) and the latter, mainly for monitoring particulates, is

located on the footpath in front of this store (Figure 5.12). At least one EPD staff member
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routinely visits each monitoring station in the network, for one or two days each week. In
addition to monitoring, EPD pays particular attention to quality control (QC) and quality
assurance (QA). QA staff are mostly based in the laboratory, but QC staff are responsible
for the daily operation of the sampling network and for data processing. Each sampler is
calibrated every three months. For single point gaseous analysers, a QC check on zero and
span drifts for each analyzer is conducted daily. QA is undertaken as part of a performance
audit on field measurements using independent calibrators and standards (e.g. NIST-SRM).
The QA audits are conducted to a higher standard than those adopted for daily field
operations (e.g. US-EPA protocol) (pers. comm., Mr. Gordon Leung).

v\

Photographed by K. Sriyaraj

Figure 5.11 The Causeway Bay gaseous air quality monitoring unit
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Figure 5.12 The Causeway Bay roadside particulate monitoring unit

5.5.2.2 Air Pollution Index (API)

EPD has reported levels of air pollution to the public in the form of an Air Pollution Index
(API) since June 1995. This index is used to provide information on air pollution levels in
a simple way, assessable to the public. To produce the index, EPD converts concentrations
of 5 main pollutants (namely, NO;, SO,, O3, CO and RSP) relative to the relevant Air
Quality Objectives (AQO) to a value on a scale of between 0-500 (EPD, 2006a). APIs for
each pollutant are calculated and the highest API number of that hour is reported as the
index. EPD also reports an API forecast for the following day. The purpose of this is to
issue the public with an alert before the onset of serious air pollution episodes. This can be
especially useful for susceptible individuals, such as those with heart or respiratory
illnesses, who could consider taking precautionary measures to avoid exposure and

subsequent problems.
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API scores for Central, Mongkok and Causeway Bay are printed in some of the HK papers

(e.g. South China Morning Post) and the ranges displayed with different colours. The API

is divided into 5 bands according to the potential effects on health. An API higher than 100

means that one or more pollutants may have immediate health impacts to some susceptible

members of the community. The potential health effects for each API range are

summarized in Table 5.6 and the corresponding precautionary actions recommended by the

EPD are summarized in Table 5.7.

Table 5.6 Air Pollution Index (API) ranges relating to air quality status, air pollution level

and health implication

API Air quality status Air pollution Health implications’
level

201 to 500 | Air quality Severe People with existing heart or respiratory illnesses will
significantly worse experience significant aggravation of their symptoms
than both short-term and there will be also widespread symptoms in the
and long-term AQOs. healthy population. These include eye irritation,

wheezing, coughing, phlegm and sore throat.

101 to 200 | Air quality worse Very high People with existing heart or respiratory illnesses will
than both short-term notice mild aggravation of their health conditions.
and long-term AQOs. Generally healthy individuals may also notice some

discomfort.

51 to 100 | Air quality within the high Very few people, if any, may notice immediate health
short-term AQOs but effects. Long-term effects may, however, be observed
worse than the long- if you are exposed to such levels for a long time.
term.

26 to 50 Air quality within all Medium None expected for the general population.
AQO:s.

0to 25 Air quality well Low None expected.
within all AQOs.

Note: ~ The health implications set out above serve as a broad guide only as a gradual increasing risk of
effects is expected as pollutant concentrations rise. Source: EPD (2006a)

Table 5.7 Recommended precautionary actions, relating to Air Pollution Index (API)

API Air Advice to the public
pollution General API Roadside API
level

201 to 500 Severe The general public is advised to | The general public is advised to avoid
reduce physical exertion and prolonged stay in areas with heavy traffic. If
outdoor activities. it is necessary to stay in streets or roads

with heavy traffic, they are advised to
reduce physical exertion as far as possible.

101 to 200 Very high | Persons with existing heart or Persons with existing heart or respiratory
respiratory illnesses (such as illnesses (such as coronary heart and
coronary heart and cardiovascular diseases, asthma, chronic
cardiovascular diseases, asthma, | obstructive airways diseases) are advised to
chronic bronchitis and chronic avoid prolonged stay in areas with heavy
obstructive airways diseases) are | traffic. If it is necessary to stay in streets or
advised to reduce physical roads with heavy traffic, they are advised to
exertion and outdoor activities. reduce physical exertion as far as possible.

51 to 100 High No immediate response action is suggested. Long-term effects may, however,
be observed if exposed at this level persistently for months or years.

26 to 50 Medium No response action is required.
0 to 25 Low No response action is required.
Source: EPD (2006a)
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5.5.2.3 Emissions inventory

EPD maintains an emissions inventory developed for HK SAR. This is updated annually
and is available from 1990 — 2004 (EPD, 2006b). The inventory includes data for
particulate matter, SO,, NOx, CO, non-methane volatile organic compounds (NMVOC)
and greenhouse gases. The information can be assessed via the internet, which is
convenient for members of the public, researchers, and policy makers. EPD has
collaborated with other organisations to develop and update its emissions inventory. For
instance, two large power companies - China Light & Power (CLP) Hong Kong Ltd., and
the Hong Kong Electric Co. Ltd. (HEC), which had developed their own emissions
inventory using different methodologies in order to evaluate their performance,
environmental impacts and statutory compliance on environmental protection, have made
significant contributions to the development of the inventory. This was achieved through a
2002 technical forum that was set up for EPD, CLP and HEC to present their methods for
estimating emissions from the power plants and then achieve consensus. The consensus
from the meeting was beneficial to all parties and emerged as an agreed set of emission

estimation methods.
5.5.2.4 Air quality modelling

EPD has applied air quality modelling for urban planning and planning development (e.g.
ancient building conservation); and for environmental impact assessment (EIA) (e.g. for
large factory establishments, construction projects of power plants, the new airport, main
roads or any activities that require EIA or planning permission from the Town Planning
Department). The modelling software that EPD uses for air dispersion prediction is mostly
American such as the: Industrial Source Complex Dispersion Model Short Term Version 3
(ISCST?3); California Line Source Dispersion Model Version 4 (CALINE4); Fugitive Dust
Model (FDM). Each model is recommended for a different application, for example, FDM
is applied for evaluating fugitive and open dust source impacts (point, line and area
sources), and CALINE4 and ISCST3 for evaluating mobile traffic emission impacts (line
sources) for evaluating industrial chimney releases as well as area and volumetric sources
(point, area and volume sources); line sources can be approximated by a number of volume
sources. However, both FDM and CALINE4 have a height limit on elevated sources (20m
and 10m, respectively). For elevations above these limits, the ISCST3 model or suitable
alternative models are used. Furthermore, the ADMS-Urban modelling programme,

developed by CERC, UK was also applied to assess whether the residents in a building
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would be susceptible to the pollution from nearby factories. EPD currently commissioned
a comparison of the available air dispersion modelling software in order to select the most
appropriate software for use in HK SAR. The findings were expected by June 2005 (pers.
comm., Dr. Christopher Fung and Mr. Lau Hin Chung), however, the report has not yet
been listed on the EPD website (as of 28 April 2006).

5.5.2.5 Public participation/consultation

EPD promotes public participation in the development of its pollution control programme
through a variety of environmental promotions within its Community Relations
Programme (CRP). Its mission is to develop community support for desired environmental
goals and to encourage the community to contribute to these goals. It aims to develop an
improved environmental ethic within the community, which would secure long-term
solutions to environmental problems in HK SAR. Examples of activities to enhance
community awareness include organising events and action programmes; producing
publicity and educational materials; operating a Visitor Centre at the EPD office building,
establishing permanent and mobile Environmental Resource Centers (ERCs); providing
advice to community groups to arouse community environmental awareness; and liaising
with different local interest groups. As part of the CRP, EPD provides a 24-hour hotline to
respond to complaints and enquiries on pollution matters. Moreover, EPD has established
‘Training the Trainers’ programmes that cover different environmental issues (EPD,

2006¢).

The programmes, started in schools, aim to engage students in environmental activities, as
part of the Student Environmental Protection Ambassador (SEPA) scheme. Primary and
secondary school students were included in the scheme to organise and participate in
environmental activities on campus. The students received training and wrote reports about
their environmental work, and the best efforts were rewarded with a trip overseas or to an
environmental leadership summer camp. At this camp, the winners were able to learn more
about environmental protection and enhance their leadership abilities. The scheme started
in 1995 with 220 schools and 1,659 students as the Student Environmental Protection
Ambassadors (SEPAs) (EPD, 2006c). In 2003, there were over 700 schools and almost
12,000 students participating in the SEPA scheme. EPD also helps teachers by providing
training courses aimed at achieving better environmental education deliverables with their
students. Furthermore, EPD’s Hong Kong Green School Award was established for

primary and secondary schools to encourage the wider practice of environmental
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management in schools, with the cash prizes sponsored by the Bank of China (Hong Kong)

Ltd. for building resource centres and organic farms.

5.5.2.6 Distribution of and access to air quality information

EPD has an impressive collection of available environment-related databases and

publications. These can be accessed electronically at its website http:www.epd.gov.hk or

as hard-copy at the EPD head office in Wan Chai. The EPD encourages the public and
interested international people to access their information. It also designated a senior
Environmental Protection Officer for Management Support, to act as the Access to
Information Officer — who is responsible for ensuring that requests for access to
information (following the procedures under the Code on Access to Information) are
properly dealt with. The large collection of brochures and leaflets produced by the EPD
(e.g. Environmental Tobacco Smoke and You; Indoor Air Quality and You; Air Quality
Index and You) are bilingually written in clear English and Chinese, and are
comprehensible to all readers including to those with no environmental science
background. The up-to-date air quality data and emissions inventory can also be found on
its website. More advanced research studies such as air quality modelling, and air
pollution-related health studies can also be found in the website that show the EPD’s

transparency in providing the information to all members of the public and other nationals.

5.5.3 Good Urban Governance

From the Asian Development Bank (ADB) Cities Data Book, the HK SAR urban
governance is efficient, target-oriented, and open. The system of public administration has
been towards greater openness and transparency, especially since 1997. The efficient and
target-oriented approach of public administration was aided by the annual budget
formulation and target setting (Westfall and de Villa, 2001). The HK SAR administration
has demonstrated openness and transparency. For example, all meetings of legislative and
district councils, and housing authorities are normally open to the public and televised.
Professional and public consultation for major policy documents is allowed before passing
through the legal process for approval. In order to keep the public informed, all
government bureaus and departments issue their annual reports that can also be accessed
via the internet. Furthermore, each government department appoints at least one

information officer to provide information requested by either individuals or companies.
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5.5.4 Emission Reduction Measures

5.5.4.1 Reduction of motor vehicle emissions

A marked decrease in the levels of PM;y and NO, within HK SAR has been noticed since
2001, largely as a result of a reduction in motor vehicle emissions (EPD, 2004b). The HK
SAR Government budgeted HK$1.4 billion in order to reduce RSP emissions from
vehicles by 80% by 2005 and NOy by 30% (of concentrations in 1999). Under this
programme, in 2002, each taxi was offered a HK$40,000 subsidy to convert from a diesel
to a liquefied petroleum gas (LPG) fuelled engine. In November 2004, over 18,000 taxis
(99% of total taxis) used LPG. Public light buses were also included in the voluntary
programme that offered HK$80,000 to each bus to switch to the LPG engine. About 80%
of public light buses have converted to the LPG engines. However, the programme for
buses was not as successful as that for taxis — mostly because an LPG engine for a bus is
more expensive. The remaining diesel vehicles, mainly vans and trucks, are subjected to
tighter vehicle control. Since 2002, newly registered vehicles have been required to meet
the Euro III standards and were required to meet the more demanding Euro IV standard by
2005. Older vehicles especially light diesel vehicles, (not more than 4 tonnes) must install
particulate removal devices in order to be able to renew their licence. Furthermore, petrol
stations are required to sell ultra-low sulphur diesel. The penalty for any vehicle producing
black smoke was raised from HK$450-HK$1,000. Members of the public can be involved
in spotting vehicles producing black smoke on the roads if they attend a half-day training
course organized by the EPD. At present, there are over 1,000 members of the public
involved in the Smoky Vehicle Control Programme. Under the Road Traffic Ordinance,
any smoky vehicle is required to pass a smoke test at a designated vehicle emission testing
centre within 14 days, from the day it was reported. The Government also encourages
people to use public transport (i.e. trains, buses, and ferries) and more railways are under

construction. Also, hybrid vehicles will soon be introduced to HK SAR.

5.5.4.2 Reduction of stationary source emissions

The use of fuel with high sulphur content in industry has been banned in HK SAR since
1990 when there was a serious concern about the emissions produced by small- and
medium-sized factories located close to residential areas. Today, most of these factories
have relocated to mainland China. HK SAR was left with more problematic stationary

sources which are power plants owned by two giant power companies, CLP and HEC. In
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1990, these two power companies first introduced natural gas, de-sulphurisation and low
NOy burners, resulting in major reductions in air pollution, although the demand and
supply of electricity increased (EPD, 2004b). Significantly, CLP, the major producer of
electricity in HK SAR, has used more coal in the past two years, due to a drastic decrease
in natural gas supply (Walsh, 2004). CLP announced plans to clean up its coal plants and
increase natural gas consumption, however, it will not happen within the next few years. In
addition, EPD will set up an effective and flexible mechanism to control the total
emissions of SO,, NOy and PM;( from power stations to achieve their respective reduction
targets by 2010 (EPD, 2004b). However, CLP do not expect to see a significant
improvement in air quality, perhaps, until 2020 (Walsh, 2004).

5.5.4.3 Indoor air quality

Internationally, improving indoor air quality (IAQ) is one of the most challenging
environmental management problems. EPD successfully introduced the IAQ Certification
Scheme for Offices and Public Places, a voluntary certification scheme, for indoor air
quality into HK SAR in September 2003. Indoor air quality standards for different air
parameters were set as the Indoor Air Quality Objectives for Offices and Public Places.
The parameters include room temperature, humidity, air movement (flow), CO,, CO,
PM,o, NO,, O3, and VOCs. The TAQ certification scheme aims to encourage good IAQ
management practices and provide an incentive for owners of premises, buildings or
property management companies to pursue the best level of IAQ. The IAQ certificate is
valid for 12 months. To keep the certificate valid, the organization has to demonstrate
compliance with a complete set of standards once every 5 years and with CO, and PM;g
every year. EPD encouraged property owners by advising that good IAQ could enhance the
comfort level of occupants, increase productivity of the workers and attract more tenants or
customers. For clear guidance on IAQ, EPD also published A Guide on Indoor Air Quality
Certification Scheme for Offices and Public Places (EPD, 2003b) and Guidance Notes for
the Management of Indoor Air Quality in Offices and Public Places (EPD, 2003c) and

several booklets and leaflets.
5.5.4.4 Other emission controls
In order to reduce the emissions of VOCs from printing operations, paints and consumer

products for sale in HK SAR, a proposed scheme to require mandatory registration and

labelling of the VOC content of specific products will be introduced into the Legislative
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Council. High VOC content products will be banned and VOC emission standards for
printing operations will be developed in order to reduce ground level O3 and improve

human health especially in respect to people with respiratory illnesses (EPD, 2004c).

EPD pointed out that some developed countries such as the USA, The Netherlands,
Sweden and Denmark and other countries in the European Union have set VOC control
schemes and eco-labelling for products containing VOCs. Along with other major
pollutants, VOC emissions are aimed to be reduced by 55% in the years to 2010, in order
to improve air quality in the Pearl River Delta region. The importers or local manufacturers
of products will be required to register the VOC contents of each type of paint, printing ink
and selected consumer products for which they are responsible. They will be required to
produce relevant testing reports, product information and other data. Testing the VOC —
containing products must be conducted by proper local or overseas laboratories accredited
by the HK Laboratory Accreditation Scheme or certified under ISO 9001 of the
International Organization for Standardization or equivalent. Bilingual labelling (Chinese
and English) is required to print upon or affix onto individual containers and/re packaging
of the concerned products. A penalty ranging from a fine of HK$50,000 — HK$100,000
and up to 6-month imprisonment is proposed to enforce the regulations. Members of the
public were invited to give their views and comments on the proposed regulatory
framework to the Environment, Transport and Works Bureau before November 2004 by
mail, electronic email or facsimile. EPD also published the codes of practice for other
hazardous substances such as asbestos, in order to provide guidance and advice to
registered asbestos consultants, contractors, supervisor and laboratories on the safe
handling of low risk asbestos containing material. In addition, the emergency procedures

were provided in the code of practice also available in the EPD website.

5.5.4.5 Regional emission control

The Government of HK SAR realised that the main sources of air pollution are located
outside HK and mainly from the Pearl River Delta Economic Zone (PRDEZ). Therefore to
improve air quality in HK SAR, the main focus should be upon the encouragement of
Guangdong Province to implement enhanced control measures as part of the Regional Air
Quality Management Plan (Hopkinson, 2004). The use of cleaner energy is one of the
priorities to be achieved by 2005. By 2010, an energy production and supply system will
be constructed that will be safe, stable, economical, efficient and clean. In order to control

the sulphur contents of fuels, only fuel oil and coal that contain below 0.8% sulphur are
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allowed to be used. To reduce emissions from coal-fired and oil-fired power stations, flue-
gas desulphurisation systems were installed at power plants in Shajioa, Huangpu, Taishan
and Zhuhai. Moreover, other measures to reduce emissions in Guangdong include the
control of emissions from industrial boilers and processes, emission reduction of VOC

from paints, and reduction of exhaust emission from motor vehicles.

5.6 Comparison of Air Quality Management between Hong Kong
SAR and Thailand

Air quality management (AQM) in both HK SAR and Thailand was evaluated with respect
to conformance to the eight major characteristics of Good Urban Governance (GUG)

(Sections 5.1.1-5.1.2) and comparisons drawn between the two countries as follows:
5.6.1 Participation by both men and women

The UN-HABITAT Global Campaign on Urban Governance prioritized gender equity and
empowerment of women. Its basic concept is that women and men should have equal
access to decision-making processes, resources and basic services, and this can be

measured through gender disaggregated data (UN-HABITAT, 2002)

Although most HK EPD staff are male at both operating and managerial levels in air
quality management, female staff are also assigned important roles. These include the
development of the emissions inventory and management of the indoor air quality
voluntary certification scheme. Fewer female staff work in the Air Division, possibly
because this type of environmental work may not be as attractive to females — rather than
being due to a gender bias in selecting staff (Table 5.5). The Secretary for the
Environment, Transport and Works Bureau in Hong Kong is Dr. Sarah Liao, who is very
active, knowledgeable and enthusiastic in promoting vehicle emission reduction measures,

in particular, the conversion of diesel to LPG engines for taxis and small private buses.

In comparison, although there has never been a female Thai Minister of Natural Resources
and Environment, there are a considerable number of female environmental scientists and
technicians employed in the Pollution Control Department (PCD) in Bangkok (Table 5.6).
At present, Mrs. Mingquan Wichayarangsaridh is a director of the Air Pollution and Noise

Bureau of PCD and is an experienced environmental scientist with considerable dedication
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towards solving air pollution problems in Thailand. The ratio of female to male staff whose
responsibilities are related to air quality management in HK EPD and Thai PCD are 1:4.5
and 1:0.5 respectively (see Tables 5.8 and 5.9).

Table 5.8 Number of female and male staff (Environmental Protection Officers and
Environmental Protection Inspectors) working in the Air Division of the Environmental

Protection Department, HK SAR, China (as of March 2005)

Air Division

No. of female staff

No. of male staff

Environmental Protection Officer 13 62
Environmental Protection Inspector 13 54
Total 26 116

Source: Ms. Joey Tang, HK EPD

Table 5.9 Number of female and male staff (environmental scientists and technicians)
working in divisions under the Air and Noise Pollution Management Bureau, Pollution

Control Department (PCD), Thailand (as of March 2005)

Air and Noise Pollution Management No. of female staff No. of male staff

Bureau

Director

Industrial Air Pollution Division
Automotive Air Pollution Division
Noise and Vibration Division

Ambient Air Quality Division

R R S NIV J N
ST NN S N )

Planning and Evaluation Division
Total 33 18
Source: Mr. Montri Chutichaisakda, Thai PCD

In theory, decentralisation equally enables both men and women to participate in local
politics in Thailand (i.e., Sub-district Administrative Organization (SAQO); Sub-district
Municipality (SM); City Municipality (CM)). In 1994, the Sub-district Council (SC) and
Sub-district Administrative Organization (SAO) Acts were enacted. The SC members are
elected by villagers. One chief executive officers (CEO) and two deputy CEOs are chosen
from the elected SC members. There are also government officials working for SAO in

supporting roles (e.g. in accountancy, civil work, and technician services).

In 2004, within a total of 215 local government organizations (SMs and SAOs) in Chiang

Mai, only 4 females (1.9%) hold chief executive positions (source: Chiang Mai Provincial
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Governor Office’s electronic data, 2005). In addition, females represented only
approximately 15% of all SC members. This shows that participation of women in
government at local level in Chiang Mai is low. Therefore, it is important to encourage
more women, particularly educated women, to join the local governments as council
members. Politically, women should also be given more opportunities to be candidates in
local elections. UN-HABITAT (2002) recommended that, in order to promote women to
higher management positions, quotas for women representatives in local authorities should
be established. Such quota policies may be implemented by the Department of Local

Administration, Ministry of Interior (see Section 1.5.1.2 ii).

5.6.2 Rule of law

GUG requires impartial legal frameworks. HK SAR enacted the Air Pollution Control
Ordinance (APCO), which is the principal law underpinning the management of air
quality. Its regulations cover specific issues related to air pollution, such as motor vehicle
fuel and emissions, asbestos control, construction dust and industrial emissions. Pollution
from motor vehicles is regulated through both fuel and emission controls. Due to stringent
regulations on motor vehicle fuel, the permitted sulphur content of diesel has been
progressively reduced from 0.2% in 1995 to 0.035 % from January 2001. Ultra-low
sulphur diesel (0.005% sulphur content) became widely available in 2000, and was made
mandatory for motor use in 2002. At present, there are over 25 separate pieces of
environmental legislation in effect (ordinances and regulations) for air pollution control,
such as regulations for the control of construction dusts, open burning and dry-cleaning
operations; and for ozone layer protection. EPD also has a key role in enforcing these
regulations. The penalties are appropriate to the circumstances relating to an environmental
offence. For example, a penalty for any vehicle producing black smoke is HK$1,000
(about 70 pounds sterling) and the vehicle is not allowed to be on the road again until it

passes a smoke test at a designated vehicle emission testing centre, controlled by EPD.

In contrast, the situation in Thailand is not as stringent. Under the 1992 Enhancement and
Conservation of National Environment Quality Act of Thailand (NEQA) (see Section
1.5.1), temporarily-inhibited vehicle certificates are issued to control vehicles producing
black smoke. These must then be modified or improved within 30 days. If there is no
improvement within 30 days, a permanently-prohibited certificate is issued and affixed to
the vehicle and, if it is found running on the road, the owner will be fined up to 5000 baht

(about £70 sterling). While these regulations are enforced in the Bangkok Metropolitan
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area, there is a lack of systematic action in response to polluting vehicles, which are
ubiquitous in Chiang Mai. This applies particularly to ‘songtaews’, the modified pick-up
trucks providing taxi services. Many of these obviously produce black smoke, however,
the owners or drivers manage to pass annual inspections conducted by the Chiang Mai
Land Transport Office and are able to renew their permits. The different experiences of
polluting vehicles between Bangkok and Chiang Mai indicate that enforcement of

regulations in the latter city may not be impartial.

Moreover, establishing a suitable framework for legal action to address part of the overall
problem of pollution is one of the major problems in Thailand. In contrast to HK SAR,
Thailand has yet to develop a unifying, Clean Air Act - as distinct from a set of national
environmental acts. The Government of HK SAR enacted its first Clean Air Ordinance to
control dark smoke emissions from fossil fuel burning in 1959. It is reasonable to assume
that sustainable air quality management will not be possible in Thailand unless a clear and
specific Clean Air Act is established. Snidvongs (1993) stated that the enactment of
environmental laws and regulations per se does not resolve environmental problems in
developing countries (including Thailand) because of the lack of effective enforcement,

which requires systematic environmental monitoring and stringent application of penalties.

As part of the Policy and Prospective Plan for Enhancement and Conservation of National
Environmental Quality (1997-2016), the Office of Natural Resources and Environmental
Policy and Planning (ONEP) intended to improve outdated laws and regulations with
respect to sustainable development and the conservation of natural resources and the
environment (see Section 1.5.1.1 ii) (ONEP, 1997a). However, as of April 2006, no new

environmental laws and regulations have been enacted according to these plans.

5.6.3 Transparency

Transparency was defined by the UNESCAP as decisions taken and enacted in a manner
that follow clear rules and regulations, with freely and directly accessible information
available in easily understood forms and media (UNESCAP, 2002). In Section 5.5.2.6
(Distribution and Access of Air Quality Information), the transparency of the EPD, HK

SAR in distributing air quality information is explained.

In Thailand, PCD has recently improved its website at www.pcd.go.th. Most publications

are available in Thai and can be accessed on-line. For example, publications relating to air

206



quality management include: Fix Your Vehicle for Pollution Reduction; Code of Practice
for Dust Control for Construction Activities; Manual for Monitoring of PM in Ambient

Air; Manual for Heavy Duty Diesel Engine Maintenance.

Annual reports summarizing the environmental status of Thailand can also be freely
accessed through the website. Past and present air quality information at different locations
in the national air quality monitoring network including the air quality index (AQI) are
available on the PCD website (as of March 2005). Although these publications may not be
comprehensive c.f. HK EPD, they provide a good start to providing information to
members of the public. Their update frequency is, however, too low to inform the public
concerning environmental problems caused by specific pollution episodes. In contrast to
HK EPD, many reports on air pollution studies commissioned by Thai PCD are not yet
available on-line, but they can be found at the PCD library in Bangkok. This library is not
convenient for people living outside Bangkok. In addition, daily air quality data outside
Bangkok are reported on-line, for 16 provinces, but not for Chiang Mai
(http://www.pcd.go.th/AirQuality/Regional/defaultThai.cfm). Although PCD reports the
Air Quality Index (AQI) and advice to the public on-line, it does not report daily air quality
in Chiang Mai (as of April 2006).

In Chiang Mai Municipality, there is only a large wooden board, located in a corner of the
Old City Moat that manually reports daily air quality. This is not an appropriate method for
reaching the majority of the municipal population. It is also often inaccurate. For example,
in February—March 2004, when city air pollution was severe, ‘medium’ air quality was
reported on the board. It has been estimated that almost 90% of Chiang Mai residents never
receive air quality information (see Section 3.4.4) and a more appropriate method of

providing air quality data needs to be developed (see Chapter 6).

5.6.4 Responsiveness

GUG requires institutions and processes to serve all stakeholders within a reasonable time
frame (UNESCAP, 2002). HK EPD and Thai PCD both provide a 24-hour hotline to
respond to environmental complaints and enquiries. Information on the subject matter of
public complaints can be found on the EPD website. EPD claims that it has suitable
complaint handling capabilities and has used information received to refine its enforcement
and prosecution capacities. Experience has shown that Hong Kong people readily complain

when they perceive pollution-related damage is being done either to their environment or
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to themselves. In 2000, there were more than 25,000 complaints about worsening smog,
particularly during high Air Pollution Index days. There is currently no hotline for public
complaints related to environmental problems in Chiang Mai. Moreover, the author doubts
the capacity of complaint handling procedures in Chiang Mai to respond effectively to

public complaints.

Photographed by K. Sriyaraj

Figure 5.13 Typical smoking during the brick production process in Patal Village in
Hangdong district, Chiang Mai

Mr. Pathom Puapansakul’s case is an example of complaint handling failure in Chiang
Mai. Mr. Puapansakul, a retired lecturer from Chiang Mai University, invited the author to
observe air pollution sources from brick production activities adjacent to his residence in
Patal Village, Hangdong District in March 2005. He informed the author that three of his
immediate neighbours manufactured bricks for use in construction — a customary practice
in this village. In this process, wet bricks are piled up together with sawdust approximately
2m high, and are burnt continuously until dry. This normally takes at least 36 hrs in the dry
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