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Executive
Summary
The “Clean Air Blue Paper” is a
continuation of the effort that builds
upon the understanding of PM2.5
(Particulate Matter 2.5: PM2.5), which
was initially discussed in the previously
published “Clean Air White Paper”.
In this sequential concept paper, the
research team aims to impart an indepth knowledge of the impacts of air
pollution to create awareness on its
damage to Thai society. In writing this
report, the research team undertook an
in-depth review of research published
in internationally accepted academic
journals, as well as, conducted field
visits, in-depth interviews and held
focus group meetings with diverse
stakeholders.
The content of the Clean Air Blue Paper is
divided into 5 sections and 17 chapters.
Section 1 (Chapter 1-5) describes the
main sources of air pollution from five
major sectors, namely the automotive,
industrial, construction and urban

development, agricultural and forestry
and transboundary air pollution. These
are integrally related to the unbalanced
national development policy that only
focuses on economic development,
whilst neglecting the impacts on health
and the environment. The section also
discusses the socio-cultural aspects of
the problem. Section 1 also provides
information on chemical compositions,
for instance; carcinogenic polycyclic
aromatic hydrocarbons, mutagenic
dioxins and the size of PM2.5, all of which
have adverse impacts on human health
and can cause severe diseases such
as cardiovascular disease and cancer.
Information on the unexpected negative
impact on health caused by the burning
of herbicide and pesticide residue in
agricultural sector is also presented.
Additionally, the section addresses the
relation between airborne microbes
and air pollution and their related
health impacts. The section concludes
with ways to understand different air-
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pollution-related risks that different
groups of people are exposed to, as
well as, risk factors and appropriate
measures to prevent the associated
health impacts.
Section 2 (Chapter 6-8) presents
the economic impact caused by the
proliferation of air pollution in Thailand,
with evidence of the economic cost,
which based on research, is as high
as THB 2.06 trillion. Additionally, the
empirical impact can be observed in the
tourism industry in northern Thailand,
where the effect of air pollution is
considerably substantial. The damage
to Chiang Mai’s tourism industry
during the period of March – April 2019
amounts to THB 6.309 billion. The
sensitivity of tourists towards exposure
to air pollution varies, with research
showing that Western tourists tend to
be more sensitive towards air pollution
relative to their Asian counterparts.
However, Thais are more sensitive
to air pollution than foreigners. The
research team also analyzed the athletic
event organizing business such as the
marathon running and competitive
cycling event businesses in the North,
which is closely linked to the tourism
industry and contributes significantly
to income distribution amongst the
local communities. Empirical studies
indicate that these businesses are being
adversely affected by the negative
impacts from air pollution.

12

In Section 3 (Chapter 9-10) the research
team presents in-depth information
on air pollution impacts on students,
parents, local communities and
education institutions in Bangkok,
Samut Sakhon and Chiang Mai.
Research reveals that air pollution
significantly impacts the quality of life
for school and university students. It
also highlights the apparent disparity
in terms of PM2.5 protection measures
between public and private schools.
The more affluent private schools are
able to procure air purifiers for almost
every classroom, while most public
schools lack the budget to do so, thus
subjecting their less-privileged students
to suffer from extended exposure to
polluted air. Moreover, air pollution also
disproportionately affects low-income
people living in congested conditions in
close quarters. Unfortunately, most of
these people are only slightly concerned
about the adverse effect on their health,
as the need to earn a living to make ends
meet is a much more pressing concern
for them. Therefore, they tolerate living
in an environment with high exposure to
air pollution given limited options to the
contrary. Furthermore, local government
agencies have limited budgets to offer
blood testing and health check-up
services to these affected low-income
students and communities. Additionally,
within the rural communities, the
lack of understanding between the

Executive Summary

government and the less-affluent
farming communities, as evidenced
by the government policy of outright
banning of open agricultural burning,
has compounded the problem and
bred contempt and mistrust. The local
farming communities are unconvinced
that the government is able to
sustainably solve the problem.
Section 4 (Chapter 11-16) focuses on
the analysis of policies and measures
adopted by the public sector to reduce
air pollution from various sources. There
are a number of key findings. First, the
plan to upgrade fuel standards has
been postponed, causing discrepancy
in the time of enforcement between the
emission standards and fuel standards.
Specifically, the Government lacks
clear direction in determining the price
margins between Euro 4 and Euro 5
fuels, which discourages investments
from the private sector. Secondly, the
current policies and measures to reduce
air pollution in the industrial sector
are still insufficient and enforcement
is fraught with difficulties. Statistics on
the types and amount of toxins released
by factories have never been publicly
published and people cannot monitor
nor participate in the monitoring
process. Furthermore, the database on
factories has never been developed for
public dissemination. Thirdly, policies
and measures to reduce open burning
have failed at the regional, sub-regional

and national levels. Fourthly, the
section presents a unique key feature
of the “Clean Air Blue Paper”, namely,
information on people’s rights related
to air pollution drawn from previous
research. These rights can be classified
into 2 dimensions, namely, “substantive
rights” and “procedural rights”.
Specifically, there is a failure to protect
peoples’ rights due to the inadequacy
of the current laws and government
organizations in solving the air pollution
situation.
In the last section (Chapter 17), the
research team concludes and specifies
the next steps to ensure that all Thai
citizens are accorded access to clean air,
which is a basic and fundamental right
to which we are all entitled to.
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1. Introduction

According to the World Health
Organization (WHO), ambient air
pollution accounts for 4.2 million
premature deaths worldwide. In
comparison to other types of pollution,
air pollution is the deadliest. Ninetytwo percent of all premature deaths
occurred in low- and middle-income
countries while Southeast Asia and the
Western Pacific Region have the highest
number of deaths [1]. Thailand, as
one of the countries in Southeast Asia,
has continuously faced air pollution
problems, especially air pollution
caused by particulate matter less than
2.5 microns or “PM2.5” (Particulate Matter
2.5: PM2.5).
The PM2.5 problem has become a topical
issue in Thailand since early 2019, when
the air quality deteriorated in Bangkok
and many northern and southern
provinces. The air had become murky,
affecting the daily lives of people in
the impacted areas. The level of PM2.5
reached a level that was hazardous to
public health. This prompted a broadbased societal concern especially on the
adverse effects on the health of children,
the elderly, pregnant women and people
with chronic diseases.
To mitigate the effect from air pollution,
schools and education institutions
decided to cancel classes. Meanwhile,
demand for N95 respirators and
air purifiers amongst the general

population surged and soon became in
short supply. The situation deteriorated
to the point that on the 12th of February
2019, the Government declared PM2.5
to be on the national agenda. In
parallel, the Thailand Clean Air Network
developed the Clean Air White Paper
[2], which could be regarded as the first
bona fide step taken in creating a mutual
understanding of the PM2.5 problem.
This is contextualized through the “9
key foundations underpinning the PM2.5
problem in Thailand”.
This “Clean Air Blue Paper” deepens
the understanding of the PM2.5 problem
and also covers the issue of air pollution
in general, since air pollutants are not
only limited to PM2.5. This conceptual
paper aims to provide in-depth and
comprehensive information on the
impacts of air pollution on Thai society.
This includes analyzing academic
findings from both domestic and
international research papers, as well
as, utilizing empirical data from field
visits, in-depth interviews and focus
group meetings with diverse stakeholder
groups from different areas. The
Thailand Clean Air Network hopes that
this publication on the comprehensive
impacts from air pollution, including
that of PM2.5, will contribute to raise
public awareness about the danger of air
pollution.
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1. Introduction

Following this publication, the Thailand
Clean Air Network will continue with the
development of the “Clean Air Green
Paper”, which presents guidelines for
an integrated, sustainable and, holistic
solutions to the air pollution crisis based
on academic knowledge combined with
direct experiences and local knowhow
of affected people on the ground.
Additionally, this paper aims to create an
understanding of the multi-dimensional
systemic problems associated with
air pollution, and to support the
cooperation of all related sectors in an
endeavor to guide Thai society towards
a future where clean air is equally
available for everyone.
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This “Clean Air Blue
Paper” deepens the
understanding of
the PM2.5 problem
and also covers the
issue of air pollution
in general, since air
pollutants are not
only limited to PM2.5
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2. Causes of air pollution problem

According to the Clean Air White Paper
[1], air pollution, including PM2.5, can
either come from direct emissions as
particles or through indirect formation
by the transformation of trace gases,
which is otherwise known as secondary
organic aerosol. In terms of emission
sources, particulates can come from
nature and man-made activities.
Man-made sources include [1] power
plants (especially coal-fired plants), [2]
industrial factories [3], vehicle exhaust
[4], open burning of agricultural biomass
[5], incinerators [6], construction [7],
grilling [8], emission/release of certain
gases such as isoprene from the forest
are also natural sources of PM2.5 [9-10].

2.1 Fuel combustion in
the automotive sector
In Thailand, a study has been conducted
on the source of PM2.5 in Bangkok. It is
found that PM2.5 in Din Daeng district
comes from the following sources: 52
percent from diesel vehicle exhaust,
35 percent from biomass burning, 13
percent Secondary PM2.5 and other
sources [11]. PM2.5 measurements at the
Asian Institute of Technology (Pathum
Thani) and the Pollution Control
Department (Bangkok) reveal that
sources of PM2.5 are from; diesel vehicle
exhaust (20.8 – 29.2 percent), biomass
burning (24.6 – 37.8 percent), Secondary

PM2.5 (15.8 – 20.7 percent) and others.
It is observed that biomass burning
is higher in the dry season compared
to the wet season [12]. Although this
research is limited in terms of the further
utilization of its findings, the study
provides an insight that vehicular fuel
combustion is a major source of air
pollution. The finding corresponds with
the accumulated number of registered
cars in Bangkok, which surged from
4.16 million cars in 1999 to 6.10 and
10.69 million cars in 2009 and 2019,
respectively. As the road capacity is
unable to accommodate the increasing
number of cars, Bangkok is plagued
with traffic congestion problems and
is ranked the 11th most congested city
worldwide [13]. Traffic congestion
intensifies the air pollution coming from
fuel combustion in cars [14]. Apart from
Bangkok, areas in other provinces also
have the tendency to be affected as the
accumulated number of registered cars
has increased from 15.93 million cars
in 1999 to 21.08 and 30.03 million cars
in 2009 and 2019, respectively [15]. The
data is visualized in Figure 2.1.
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Figure 2.1 Number of accumulated registered cars in Bangkok
and other provinces (excluding Bangkok)
35

30.03

Million cars

30
25

21.08

20

15.93

15

10.69

10
5
0

6.10

4.16
1999
Bangkok

2009

2019

Other provinces (excluding Bangkok)
Source: [15]

2.2 Fuel combustion
and production
processes in the
industrial sector
Another major source of air pollution,
which is rarely mentioned due to the
limited access to information, is fuel
combustion in machinery and burning
in production process from industrial
factories around Bangkok. According
to the statistics by the Department of
Industrial Works (DIW), there are 40,218
factories in the Bangkok Metropolitan
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Region, which accounts for 28.84 percent
of all factories nationwide. These are
large industrial factories concentrated
around Bangkok, with accumulated
investment value of THB 1.91 or 25.87
percent of accumulated investment
nationwide. Figure 2.2 shows the
number of factories by province in
2017 (with factory license following the
Factory Act B.E. 2535 (1992)) [16].

2. Causes of air pollution problem

Figure 2.2 Number of factories by province in 2017
(with factory license, following the Factory Act B.E. 2535 (1992))
Bangkok
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4,987
4,514
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3,542
3,396
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2,525
2,391
2,209
2,106
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2,045
2,038
2,007
1,960
1,918
1,875
1,777
1,687
1,684
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1,345
1,301
1,244
1,205
1,180
1,136
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738
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568
494
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298
267
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5,000

6,191

17,142

7,620
7,513

Factory Number
123 – 376
377 – 568
569 – 791
792 – 1,136
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1,596 – 2,391
2,392 – 3,542
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Source: [16]
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2.3 Construction and
urban development
Construction and urban development
are another source of air pollution both
directly (e.g. construction works and
diesel machineries used in construction)
and indirectly (e.g. road encroachment
due to construction, which causes traffic
congestion). Aside from mass rapid
transit system expansion in Bangkok,
the size of areas that have applied for
Permission for Building Construction
in Bangkok has increased from 11.82
million square meters in 2007 to 14.39
million square meters in 2018 [17].
In-depth interviews with experts1 found
that air pollution problems are also
a result of sub-standard construction
supervision, for example, the use of substandard canvas to cover construction
sites and constructing temporary
on-site cement production plants in
many construction sites in community
areas, as well as the transportation of
cement by trucks throughout the day.
Additionally, in large buildings, such
as condominiums, hotels and office
buildings, illegal release of combustion
exhaust from boilers and fumes from
the backup diesel generator in buildings
1
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are found. (Monthly testing is required
for backup diesel generator.) Urban
development through the construction
of increasingly high buildings is also a
factor that obstructs the dispersion of
pollutants to other areas, causing air
pollution problem to persist.

2.4 Open burning in
the agriculture and
forestry sectors
Open burning in the agriculture and
forestry sectors is another factor that
causes air pollution in almost all of the
areas in Thailand. The development
of remote sensing technology helps
identify “hotspots”. Several research
indicates the positive correlation
between hotspot occurrence pattern
and air pollution value [18-19]. One
cannot argue that human activity is not
one of the top causes of air pollution.
Such activities include burning of forests
to forage forest products to generate
income for the family, field burning
to manage weeds and resettlement,
burning of agricultural materials after
harvest to prepare the field as well as
open burning in encroached forest areas

The research team conducted in-depth interviews with Voranand Vivorakij, landscape architect, and
representatives from Mahadlekluang 1-2 communities and Phoomirass Kasemsomboonchai, representative
of 7 communities affected by the construction of high building(s) in Soi Phahonyothin area, on the 21st of
October 2019.

2. Causes of air pollution problem

and resettlement [20]. The statistics of
forest area encroachment during 2006 –
2016 (Figure 2.3) reveals the increasing
encroachment of forest areas [21].

The statement is especially true in the
northern region [23-25], where 3.67
million rai of animal-feed maize are
cultivated in forests area. This accounts
for 52 percent of total animal-feed maize
cultivation areas. Therefore, forest area
encroachment for agricultural purposes
causes burning of forests and, in turn,
results in air pollution. Apart from
animal-feed maize, open burning also
occurs in the cultivation of other main
economic crops, such as off-season rice
and industrial sugar cane. In 2019, a total
of 39.18 million rai, including forest and

52.66
53.50
54.35
55.41

Figure 2.3 Thailand’s land use statistics during 2006 – 2016
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10
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20
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Area use in relation to Thailand’s total area (in percent)

The data on encroached forest areas in
Figure 2.4 indicates that the encroached
National Reserve Forest area increased
during 2010 – 2015, although some
decrease can be seen in 2016 [22]. Most
of these forest areas are encroached for
agricultural purposes. The continuous
increase of agricultural area can be
observed, in contrast to the reduction of
forest areas (Figure 2.3).

Water
source area

Miscellaneous
area

Forest area

2008–2009

2010–2011

2015–2016

Types of Land Use
Source: [21]
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economic crop cultivation areas, were
burned. Open burning occurs in 29.00
percent of in-season rice cultivation
areas, 57.00 percent of off-season
rice cultivation areas, 66.28 percent
of industrial sugar cane cultivation
areas, 34 percent of animal-feed maize
cultivation area and forest areas. The
data is displayed in Table 2.1.

2.5 Transboundary air
pollution
Apart from domestic burning, a number
of studies found that part of the air
pollution problem that Thailand is
currently facing comes from open
burning in neighboring countries or
“transboundary air pollution”. The study
[30] looked into the burning in Greater

Mekong Sub-region countries and found
that most countries have a similar
hotspot pattern.
In most countries, hotspots are
prominent from February until
May, while March has the highest
concentration of hotspots every year.
Cambodia, however, has a different
hotspot pattern. Among all the countries
studied, Myanmar has the highest
number of hotspots. Several research has
concluded that there is a high possibility
that the haze problem in Chiang Rai and
Chiang Mai, as well as other areas in the
North, could be caused by the burning
of agricultural materials after harvest to
prepare the land for next crop cycle [3033]. Figure 2.5 shows high concentration
of hotspots, especially during February
– March 2019.

Table 2.1 Cultivation and open burning areas in agricultural and forestry
sector in 2019
Crop Type

Cultivation Area
(Rai)

Ratio of burning
area to total (%)

Burning Area
(Rai)

In-season rice

59,390,340

29.00

17,223,199

Off-season rice

11,510,030

57.00

6,560,717

Sugar cane

11,469,285

66.28

7,601,842

Maize

6,809,848

34.00

2,315,348

Forest

–

–

5,478,013
39,179,119

Source: [26-29]
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Encroached Forest Area (Rai)

Figure 2.4 Encroached forest area in the North during 2010 – 2017
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2.6 Unsustainable
economic
development policies
The aforementioned section focuses
on the direct sources of air pollution,
however, the underpinning driver is the
country’s development policy which
overemphasizes economic growth,
while undermining the environmental
aspect. The result of this unbalanced
development policy has been
manifested empirically throughout
many facets of the country.
The first issue concerns environmentrelated budget that is exceptionally

minimal when compared to what is
allocated for economic development. It
is also considered very low in relation to
that of other countries. Considering the
government expenditure budget in fiscal
year 2020, THB 678 billion is dedicated
for economic-related expenditure, while
environment-related expenditure is
allocated with the lowest share, when
compared to the expenditures for other
purposes. During the fiscal year 2019
– 2020, a budget between THB 6.947
– 12.868 billion had been allocated to
environment-related expenditure. The
total government expenditure budget
was THB 2.78 – 3.20 trillion during the
above-mentioned period. The budget
for environment-related expenditure
25

2. Causes of air pollution problem

accounts for only 0.4 percent of total
government expenditure budget in the
fiscal year 2020 (Table 2.2). Additionally,
in comparison to other countries,
Thailand’s environment-related budget
ratio is considered exceptionally low. In
2016, Thailand’s environment-related
budget constitutes 0.25 percent of
total government expenditure budget,
while in the EU-28 and the People’s
Republic of China the environmentrelated budgets represent 1.62 and
2.52 percent, respectively (Figure
2.6). When compared to the country’s
GDP, Thailand’s environment-related
expenditure budget equals 0.05 percent
of GDP, while in the EU, South America
and the People’s Republic of China,
such expenditure represents 0.70, 0.10
and 0.64 percent of the country’s GDP
respectively. (Figure 2.7) [33].

Figure 2.5 Accumulated hotspots in
Thailand and neighboring countries
on the 27th of February 2019

Source: [26]

Figure 2.6 Percentage of environment-related budget to total
expenditure budget by country in 2016 (in percent)

Percent

3.00
2.00

2.52
1.60

1.00
0

0.25
EU-28

Thailand

Source: [40] Calculated from Budget Bureau (2017),
EUROSTAT (2017), OECD (2017) and World Bank (2017)
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Table 2.2 Expenditure budget by function (million THB)
Function

2016

2017

2018

2019

2020

General administration

627,369

671,344

671,385

666,300

751,049

Defense/Internal security

380,453

383,709

402,990

414,986

430,006

Economy

583,482

642,860

656,400

642,031

678,451

Environment

6,947

10,066

8,572

10,945

12,868

Housing and community
services

67,963

90,067

112,325

53,878

105,136

Public health

274,231

295,583

302,058

311,319

293,726

Religion, culture and
recreation

21,554

22,040

21,304

20,172

21,237

Education

549,708

536,732

523,569

510,427

493,724

Social work

264,293

270,600

351,396

369,943

413,803

Total budget

2,776,000

2,923,000

3,050,000

3,000,000

3,200,000

Source: [35-39]

Figure 2.7 Percentage of environment-related budget
to GDP by country in 2016
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Percent
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Source: [40] Calculated from Budget Bureau (2017),
EUROSTAT (2017), OECD (2017) and World Bank (2017)
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The second issue is the outdated Air
Quality Standard. In Thailand, the
National Air Quality Standard was
defined and updated in 1995, 2004, 2007,
2009 and 2010 but has not been updated
since. PM2.5 standard values have only
been regulated since 2010. However, the
data collection and measurement system
are insufficient. The third issue is related
to the lack of awareness-raising activities
on the adverse impact of air pollution.
Despite the fact that Thailand introduced
PM2.5 standard values since 2010, only
very small groups of people are aware of
the severe harm caused by air pollution.
Additionally, air quality measurement
is only available in certain limited areas.
The fourth issue is that the tax on older
vehicles is lower than that of newer ones,
resulting in an increase of pollution as
older vehicles emit more pollutants.
Figure 2.8 indicates the increasing
amount and percentage of vehicles over
11 years. The continuous increase can
be observed in that the number of this
group of vehicles has risen from 7.68
million cars in 2007 to 14.14 million cars
in 2019. Tax deduction rates that increase
with the vehicle’s years of service could
be one of the factors that contribute to
the rise in the number of cars.
The fifth issue concerns the use of
economic stimulus measures that
disregard environmental degradation,
e.g. The First Car Scheme that was
instituted from 2011 to 2014. This policy
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increased the purchase of new cars,
while neglecting the older cars in the
system. Therefore, this intensified traffic
congestion problems and contributed
to excessive pollution emission. The
sixth issue is the extensive utilization of
outdated emission and fuel standards.
These standards have not been
upgraded to help improve air quality.
Thailand has been using the Euro 4 fuel
standard for small commercial vehicles
since 2012, while Euro 3 has been
enforced for large commercial vehicles
since 2010. No change has been made
to the standards based on concerns that
the higher standard may adversely affect
the business sector. In the meantime,
other countries such as the EU, Hong
Kong and South Korea have all upgraded
their emission and fuel standards from
Euro 4 to Euro 5 in a period of only 3
years. The People’s Republic of China
has accomplished this upgrade within a
time span of only 4 years [43].

2.7 Social and cultural
aspects
When dealing with complex problems,
“culture”, be it specific to a group of
people or society-wide, has always been
claimed as a cause of the problem. This
makes the process of solving the issue
more complex or even led to failure. In
Thai society, “Thainess” has largely been
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Figure 2.8 Amount and percentage of registered cars (accumulated)
by service years during 2007 – 2019 and tax deduction rate by the
service year of passenger car with up to 7 passengers
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criticized as a root cause. As such, in the
attempt to understand how to solve the
air pollution problem in Thai society,
one needs to understand the problem in
its social and cultural aspects. Therefore,
anthropology is needed to be integrated
into the multidisciplinary actions
required to achieve clean air in Thailand.
This section presents concepts that
could be beneficial to the understanding
of the air pollution problem and to
the collective effort in dealing with the
problem by people in every sector of the
Thai society.

2.7.1 Understanding
“culture” in defining the
problem
In an effort to understand the problem
through social and cultural lens, one
needs to begin with asking what
“culture” is. In anthropology, there are
various definitions of “culture”. Here,
we decided to use a specific definition
that “culture is meaning”. It is said
that each human being is like a spider,
hanging amidst the webs of meaning
that connect them and their daily
surroundings to other people and other
things in the society [44]. This network
of invisible webs is the foundation of
“common sense”. This “common sense”
leads one to assume that others are
sharing the same thoughts and feelings
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as them. In anthropology, this is how
culture works. Therefore, one of the
roles of anthropology is to critique
“common sense” [45] that in reality
there is nothing which is “common” for
everyone. The concept proposed by
an anthropologist Arthur Kleinman to
understand this difference is that each
person and each group is living in his or
her own “local moral worlds”. Therefore,
it is not surprising to see people being
in conflict due to the fact that each
of them considers their thoughts,
statements and behaviors to be based
upon common sense. Such situations
can often be regarded as “fights between
good people”.
In an effort to understand the culture
of a group of people, one has to
understand that two different groups
of people have different sets of “truths”
to the same “fact”. This is similar to
the story of two blind people, trying to
define what an “elephant” looks like
using their palms to feel the animal.
Each person understands the concept
of an “elephant” differently. Even when
both of them have touched the elephant
by its tail and describe that the elephant
is “rope-like”, each of them might have a
totally different kind of rope in mind. The
way to understand culture or “cultural
critique” [46] can be undertaken in two
ways; one is to select things that are
similar to each other from two different
groups and compare them, another is
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to analyze how a specific group comes
up with “truths” of a particular object
in their own network that connects the
meaning of that object to other things
and other people.
In relation to air pollution in Thai society,
the choice of words that people choose
to “name” or define the problem helps
in understanding the culture. The choice
reflects what this problem means to
them. Word choices for air pollution
vary both verbally and in writing.
Scientific terms are used both in writing
and verbally in both Thai and English
language. Variations include “พีเอ็มสอง
จุดห้า” (Pee-Em-Song-Jud-Ha – How
PM2.5 is pronounced in Thai), “PM2.5”
and “PM2.5”. The latter two variations are
written in English with “2.5” positioned
differently. The use of the scientific
term reflects a general admission
that this problem is new and requires
scientific knowledge to understand.
The use of the English abbreviation and
numerical subscript in accordance with
the scientific standard emphasizes this.
However, in communication, which has
a considerable cultural dimension, it
is necessary that the general public is
able to understand this new concept.
Therefore, the term needs to be placed
in relation to something that is already
understood. As a result, “dust” has been
added to the scientific term, forming
“PM 2.5 dust”. “Tiny dust” is also used
to emphasize the “truth” in people’s

understanding that the particle is very
small. This correlates with “small dust
less than 2.5 microns” (particulate
matter less than 2.5 microns), which is
the official definition stated in the law.
Nevertheless, in general communication
and conversation, the term is usually
reduced to “dust” for convenience.
The term “dust” also relates to other
meanings in Thai society, namely
something normal, something that
can be found everywhere, something
that can be seen every day, something
unimportant, etc.
Based on this analysis, it could be
observed that a challenge is to enable
people to create a new “truth” in
their existing network of meanings of
“dust”. Both official and general terms
have emphasized the small “size” of
this type of pollution. However, this is
only one part of the problem. Another
part concerns the challenge to strike
a balance between raising awareness
and causing panic. The aim is to make
people aware of the harm from the
toxic “compounds” that this “dust”
could carry into our body. Although the
addition of adjectives such as “toxic
dust” or calling it the “Silent Killer” are
criticized as too panic-provoking, it
could be considered a way to expand
the scope of meaning in relation to the
problem among the public.
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2.7.2 Understanding
the holistic picture of a
complex phenomenon
Creation or utilization of conceptual
frameworks or theories to explain
certain social phenomena is one of the
tasks of anthropology and other social
sciences. In an attempt to understand
the holistic picture of a complex
phenomenon in Thai society, specifically
the “PM2.5 toxic dust”, two conceptual
frameworks can be devised, namely the
concept of violence and inequity.
Through the concept of violence, a
theory developed by peace scholar Johan
Galtung that describes three dimensions
of violence can be employed. The theory
is in line with the picture of “iceberg”
presented in “Clean Air White Paper” [1]
by the Thailand Clean Air Network. In this
picture, the impact on people’s health
could be considered direct violence,
caused by the social structure that causes
“repetitive” occurrences of the violence.
For instance, a disparate economic
and social structure, an inefficient and
discriminating legal and government
agency structure, etc. These are called
“structural violence”. But, what lies at
the “deepest” level is the “culture” that
allows or supports the presence of both
direct violence and structural violence in
society. Examples include “face-saving”
culture, submission to state or capital
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powers or projecting blame on others.
These are defined as “cultural violence”.
The “iceberg” picture reveals that there is
a gigantic “invisible” part hidden “under
water”, which refers to the two types of
violence mentioned.
Through the concept of inequity,
a conceptual framework developed
by medical anthropologists [47] can
be used to explain the PM2.5 problem
as a phenomenon of global health
inequity in a borderless world. People
in countries or communities with higher
economic status have better access to
clean air than others. To understand
the problem through a social lens,
we must analyze it based on in-depth
understanding of sciences and biology.
In the case of PM2.5 the understanding
that the particles contain a high number
of toxic compounds generated by the
industrial sector indicates significant
social problems. This includes the lack
of information and understanding
among the general public on pollution
sources from the industrial sector that
are present throughout the country and
the public sector’s lack of efficiency
and determination in controlling these
pollution sources.
Additionally, this conceptual framework
proposes that, apart from the focus on
inequity, the analysis should cover other
aspects of the problem as well; namely
knowledge, social institution structure
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and power. Regarding PM2.5, it was found
that in terms of knowledge, people still
lack access to important information
such as air quality and pollution sources
in their area. For social institution
structure, government agencies are not
harmonized and unable to control or
reduce pollution efficiently. In terms
of power, it was found that capital and
state powers are still inclined towards
economic growth rather than the
protection of people’s health and the
livelihood of marginalized people.

2.7.3 Ways of thinking
in designing a holistic
management of problem
In managing such a difficult and complex
problem as air pollution, including PM2.5,
development of scientific, technological
and social innovation is necessary.
This relies on the comprehensive
understanding of the problem, both
at the overall level and area-specific
contexts. Thus, in developing an
innovation that could address real
demands, the work process has to begin
with empathizing the situation, which is
considered the basis of Design Thinking.
Although this initial process is derived
from anthropology, there are limitations
when applying it to the air pollution
problem. This is because the process
tries to understand “others” in the way

that anthropologists in the past studied
ethnic tribes or “ethnicity” that they are
not a part of. Such a process is different
from current “ethnographic” approaches
used at present that emphasizes “us” as
a part of the phenomenon that is being
studied. Thus, an anthropologist [48]
has proposed Ethnographic Thinking
to complement the initial process in
understanding the phenomenon of the
problem. The process consists of 3 parts
as follows;
The first part is openness, which begins
with the process of asking questions (out
of curiosity) about the things around us,
especially the things that could be seen
and heard in everyday life. Afterwards,
the scope of awareness is expanded in
relation to other things. In being aware
of the surroundings, one must be openminded and reserve their judgment, even
when the findings are not in line with
their own thoughts and beliefs. Lastly,
one must be flexible in receiving the
information and adapting the differences
as part of one’s understanding.
The second part is exploration. This
starts with active participation and
relies on one’s capacity in encouraging
others to share their opinions, despite
being different or conflicting in nature.
Emphasis must be given to continuous
and deliberate documentation and
consolidation of experiences from
participation.

33

2. Causes of air pollution problem

The last part is interpretation. The
key characteristic of this process
is the consideration of the overall
picture of the phenomena through the
incorporation of all opinions, despite
being different or conflicting in nature.
Story telling is used in conveying
complex concepts and in attracting the
attention of relevant parties.
Such thinking processes require
time and continuous participation at
different levels and areas. In terms of
air pollution, the Thailand Clean Air
Network’s continuous work process
focuses on the participation of wideranging stakeholders and a bottom-up
approach. It could be claimed that
this approach works in alignment
with Ethnographic Thinking concept.
Thus, the Thailand Clean Air Network’s
approach is likely to be the way to
understand the phenomenon of this
difficult and complex problem, leading
to the design of an effective solution to
manage this problem in the near future.
In conclusion, air pollution can
come from various sources, such as
fuel combustion in the automotive
sector, fuel combustion and burning
in production processes of the
industrial sector, construction and
urban development, open burning in
the agricultural and forestry sector
and transboundary pollution from
neighboring countries. Additionally, the
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air pollution problem is also connected
to unsustainable economic development
policies as well as problems embedded
within social and cultural aspects.
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In managing such a
difficult and complex
problem as air
pollution, including
PM2.5, development
of scientific,
technological and
social innovation is
necessary.
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During the state of anxiety among the
general population caused by the air
pollution crisis in early 2019, almost all
media reported on the concentration
of particulate matter less than 2.5
microns or “PM2.5” as well as the Air
Quality Index (AQI) as measurements
to determine the severity of the
deteriorating air quality. However, at
the same time some academics and
experts regarded the phenomenon
merely as “an overdramatized reaction
to PM2.5”. According to them, if we simply
consider the concentration level of PM2.5
throughout the year alone, the only
time that the level of PM2.5 exceeded
the standard threshold was during the
thermal inversion period. This is partly
accurate as Bangkok is geographically
well located on a plain within distance
of land and sea, with natural breeze that
allow air pollution to easily dissipate.
In addition, in terms of climate, rainfall
can be observed almost all year round in
Bangkok and the wet deposition partly
helps eliminate PM2.5 in the atmosphere.
Nevertheless, apart from the size of
PM2.5 that is almost invisible, another
aspect that most academics usually
neglect and rarely mention is the
hidden “silent killer”. This includes
persistent organic pollutants or POPs,
most of which are carcinogenic and
mutagenic, for example polycyclic
aromatic hydrocarbons or PAHs,
dioxins, polychlorinated biphenyls or

PCB, polybrominated diphenyl ethers
or PBDE, highly toxic heavy metals as
mercury, lead, cadmium, arsenic, etc.
Chapter 3 presents the impact of PM2.5 on
health both in terms of its compounds
and size. Additionally, an unexpected
health impact from open burning in
agricultural sector has been discovered.

3.1 PM2.5 compounds
and their impact on
health
Key issues that have been publicly
neglected and rarely mentioned are
the amount of toxins in PM2.5, whether
the concentration level of each toxin is
within international standards and, most
importantly, why Thailand has not yet
determined standard values for many
toxins in the atmosphere, such as PAH,
dioxins or heavy metals as mercury or
cadmium. This chapter presents the
result of the literature review related
to negative health effects caused by
the inhalation of organic and inorganic
toxins. The chapter aims to create
awareness and accurate understanding
on the harm of inhalation of such toxins.
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3.1.1 Carcinogenic
Polycyclic Aromatic
Hydrocarbons (PAHs)
At present, both public and private
sectors are aware of the importance
of the environment, especially the
problems caused by air pollution
that are increasingly becoming more
severe. Among all persistent organic
pollutants (POPs), polycyclic aromatic
hydrocarbons (PAHs) are carcinogenic
and mutagenic toxins that leave the
highest amount of residues in the
atmosphere. This group of toxins is
caused by natural phenomena, such
as wildfires [1-2], burning of biomass
[3], volcanic eruptions [4,5], as well as
human activities, such as incomplete
combustion of different types of
fossil fuels in the mass transportation
system [6-10], firework ignition [11-13],
industrial factories [14-16], power plants
[17-20], incineration plants [21-23] and
smelting plants [24-26]. Many research
results indicate that lung cancer risk is
directly related to the concentration of
PAHs in the atmosphere [1-3, 27-29].
PAHs can be absorbed into the body
through the respiratory system, physical
contact and consumption of PAHscontaminated drink or food [30-35].
Most PAHs comprise of benzene rings
containing carbon and hydrogen, which
has low solubility (Table 3.1 and 3.2).
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3.1.2 Dioxins and furans
Dioxins and furans are products of
chemical reactions from Chlorophenol
and chlorobenzene production processes
[36], herbicides [37] production
processes and incomplete combustion
[38-40]. They are categorized as
persistent organic pollutants or POPs
(Stockholm Convention on Persistent
Organic Pollutants). Dioxins and furans
are common names of polychlorinated
dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzo furans (PCDFs).
In general, the chemical structure of
dioxins consists of 2 benzene rings,
connected by an oxygen atom. Hydrogen
atoms in each benzene ring is replaced
by 4 – 8 chlorine atoms. There are 75
PCDD congeners of dioxins, 7 of which
are the most toxic, having chlorine atoms
located in the 2, 3, 7 and 8 positions and
are called 2, 3, 7, 8 – Tetrachlorodibenzopara-dioxin (TCDD).
Furans are similar to dioxins, they
consist of benzene rings connected
through a bond of carbon atoms and
one oxygen atom [41]. There are 135
furan congeners, 10 of which are most
toxic, having chlorine atoms located in
the 2, 3, 7 and 8 positions and are called
2, 3, 7, 8, – Tetrachorodibenzo Furan
(TCDF) [41] (Figure 3.1). Pure dioxin was
first synthesized in 1968 and appears as
a white crystalline solid. The congener
that is toxic and extensively studied
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Table 3.1 16 Most watched for types of PAHs by the United States
Environmental Protection Agency
PAHs

Number of
Benzene
Rings

Molecular
Weight
(g/mole)

Solubility
(mg/L)

Vapor
Pressure
(mm Hg)

Naphthalene

2

128.17

31

8.89E−02

Acenaphthene

3

154.21

3.8

3.75E−03

Acenaphthylene

3

152.20

16.1

2.90E−02

Anthracene

3

178.23

0.045

2.55E−05

Phenanthrene

3

178.23

1.1

6.80E−04

Fluorene

3

166.22

1.9

3.24E−03

Fluoranthene

4

202.26

0.26

8.13E−06

Benzo(a)anthracene

4

228.29

0.011

1.54E−07

Chrysene

4

228.29

0.0015

7.80E−09

Pyrene

4

202.26

0.132

4.25E−06

Benzo(a)pyrene

5

252.32

0.0038

4.89E−09

Benzo(b)fluoranthene

5

252.32

0.0015

8.06E−08

Benzo(k)fluoranthene

5

252.32

0.0008

9.59E−11

Dibenz(a,h)anthracene

6

278.35

0.0005

2.10E−11

Benzo(g,h,i)perylene

6

276.34

0.00026

1.00E−10

Indeno[1,2,3-cd]pyrene

6

276.34

0.062

1.40E-10
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is 2,3,7,8-TCDD, which is a chemical
compound that dissolves well in fat and
oil as well as nonpolar solvents but does
not dissolve well in water. It is thermo-,
acid-, and alkaline-stable in quality
[41]. Previous researches indicate that
dioxins can cause Chloracne (Figure 3.2),
vomiting, toxic liver, weight loss and can
affect the immune system, reproductive
system as well as other abnormalities
(Figure 3.3) [42-44]. Dioxins can be

found in particulate matter of different
sizes, be it less than 10 microns (PM10) or
nanoscale particles. Additionally, dioxins
can disperse as gas in the atmosphere
[44-48]. Results of previous research
reveals that the atmosphere in many
countries is contaminated with dioxins,
such as England [49-51], the United
States of America [52-54], China [55-57],
Japan [58-60], France [61], Germany [62],
Russia [63], Canada [64] and India [65].

Figure 3.1 Chemical structure of 2,3,7,8-tetra CDD
CI

O

CI

CI

O

CI

Figure 3.2 Chloracne

Credit: http://cybersarges.tripod.com/Chloracne.html
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Table 3.2 Chemical Structure of PAHs
Full name

Abbreviation

Molecular Weight

Acenaphthylene

Ac

152

Acenaphthene

Ace

154

Fluorene

Fl

166

Phenanthrene

Ph

178

Anthracene

An

178

Fluo

202

Py

202

Benz[a]anthracene

B[a]A

228

Chrysene

Chry

228

Tri

228

B[b]F

252

Fluoranthene

Pyrene

Triphenylene

Benzo[b]fluoranthene

Chemical
Structure
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Full name

Abbreviation

Molecular Weight

Benzo[j]fluoranthene

B[j]F

252

Benzo[k]fluoranthene

B[k]F

252

Benzo[e]pyrene

B[e]P

252

Benzo[a]pyrene

B[a]P

252

Perylene

Per

252

Indenopyrene

Ind

276

B[g,h,i]p

276

Ant

276

D[a,h]A

278

Cor

300

Benzo[g,h,i]perylene

Anthanthrene

Dibenzo[a,h]anthracene

Coronene
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Figure 3.3 A child with abnormalities caused by parents’
overexposure to dioxins

Source: https://allthatsinteresting.com/
vietnam-monsanto-agent-orange

3.2 PM2.5 size and
health impacts
Apart from the composition of PM2.5
particles, the size of PM2.5 particles that
enter the body is another factor that
impacts human health. The “PM” in
PM2.5 is short for “Particulate Matter”
and the number indicates the size of
the particulate matter being no more
than 2.5 microns (one millionth of a
meter). It is often given an analogy
as something that is smaller than the
thickness of a strand of hair divided
into 25 thin slices. Its small size allows
it to pass through the filters in the nose,
trachea and bronchus, which are part

Source: https://e.vnexpress.net/news/news/
vietnam-cries-foul-as-monsanto-victims-gethuge-compensation-in-us-3911419.html

of the respiratory tract, into the tiny
alveoli at the end. The particles can
then be absorbed into the bloodstream
through the alveolar walls and spread
throughout the body along with the
blood that carries oxygen to organs and
tissues.
PM2.5 can affect both the external organs
(eyes and skin) as well as the internal
organs throughout its path through
the body, i.e. the respiratory tract from
the nasal membrane, throat, trachea,
bronchus and alveoli and impact the
lung’s membranes, immune system
and other systems. These particles
further impact the path it uses to spread
throughout the body, namely the
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cardiovascular system, especially the
blood vessels in key organs such as the
heart and brain, as well as other organs
in the body.
Despite PM2.5 being only one of the
many types of air pollution, it was
discovered that PM2.5 can enter and
spread throughout the entire body with
widespread impacts on different organs.
This is an important health risk factor
that has become a priority for academia
and policy making in recent years. The
health impacts have been discovered to
be acute and chronic. There are impacts
that increase respiratory infection
and more importantly leads to noncommunicable diseases in different
organs (as shown in Table 3.1). Although
air pollution may not be the only factor
that causes these diseases, there has
been increased awareness and scientific
evidence to support that it is actually a
key factor. In 2018, the United Nations
declared air pollution as a 5th risk
factor of non-communicable diseases
in addition to the existing four, namely
unhealthy diet, tobacco use, alcohol
use and physical inactivity. These
factors are the cause of 5 significant
groups of non-communicable diseases,
namely cardiovascular disease, chronic
respiratory disease, cancer, diabetes
and neurological diseases and mental
disorders. Air pollution is therefore
an important part of global health
campaigns 5x5 [66-67]
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3.3 Unexpected health
impacts of air pollution
from agricultural
burning
From the health impacts of air pollution
mentioned above, further studies have
indicated that burning agricultural
material in areas with chemical use
not only creates PM2.5 and various toxic
gases, including the climate change
impacts of carbon dioxide and black
carbon, but also the unexpected impact
of possible release of pesticides.
There is a research report on studies
conducted in the United States of
America on methods for burning wood
with residual pesticides. The research
was conducted by the University of
Georgia researchers Bush, McMahon, et
al. and the United States Department
of Agriculture (USDA) since 1986
[69-71]. In 1986 the researchers
burned wood treated with 5 types
of herbicides, consisting of 2,4-D,
Picloram, Hexazinone, Dicamba and
Dichloropropand and insecticides,
consisting of Lindane and Chlorpyrifos.
The burning was conducted under
controlled combustion conditions in a
furnace that allowed them to manipulate
the burning conditions. The results show
that when burning at 500°C most of the
pesticides (95 percent) disintegrated
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Table 3.3 List of ailments by organs as a result of air pollution
Organ

Ailment

Brain

Acute ischemic stroke, Dementia, Parkinson’s disease

Eye

Conjunctivitis, Keratoconjunctivitis sicca, Blepharitis, Cataracts

Heart

Myocardial ischemia, Hypertension, Cardiac arrest, Arrythmia

Lung

Chronic emphysema, Asthma, Lung cancer, Chronic laryngitis, Acute or
Chronic tracheitis

Liver

Fatty liver disease, Hepatocellular carcinoma (caused by the liver’s tissue)

Blood

Leukemia, Disemminated intravascular coagulation, Anemia, Acute pain
episodes in Sickle Cell Anemia

Fat

Metabolic syndrome (condition caused by abnormal metabolism), Obesity

Pancreas

Type 1 and Type 2 Diabetes

Gastrointestinal

Peptic ulcers, Colorectal cancer, inflammation of the gastrointestinal tract
e.g. Ulcerative colitis and Crohn's disease, Appendicitis

Urinary tract

Bladder cancer, Kidney cancer, Prostatic hyperplasia

Joint

Rheumatoid arthritis

Bone

Osteoporosis, bone fractures

Nasal

Allergic rhinitis

Skin

Atopic dermatitis, Skin ageing, Urticaria, Allergic contact dermatitis,
Seborrhea (inflammation on oily skin patches), Acne

Source: Figure 1 in [68] page 418

with Rapid Heating whereas Slow
Heating would result in pesticides
being released and detectible in the
emissions. Release is also dependent
on the properties of the pesticide. For
instance, herbicide 2,4 D has a high level
of release under slow burning condition
but will disintegrate with rapid heating.

However, the insecticide Lindane and
herbicide Dicamba are released in both
slow and rapid burns. The insecticide
Chlorpyrifos is also released with the
emissions when burned slowly [69].
In 1992, the researchers examined
the residue of herbicides such as
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Imazapyr, Triclopyr, Hexazinone and
Picloram from 14 sites of agricultural
burning and found no such release
of these chemicals [70] and in 1998,
the researchers reported on the
disintegration of pesticides when
burning occurs on agricultural land.
The report stated that both insecticides
and herbicides are released as vapor
when burned at temperatures under
500°C especially when slow burning
with smoldering fires. Most of the
pesticides, both insecticides and
herbicides, tend to disintegrate when
exposed to temperatures above 500°C
[71]. Herbicides such as 2,4-D, Dicamba,
Lindane and Chlorpyrifos are released
along with smoke emissions under slow
burn and low temperature condition.
These chemicals were detected in the
emissions as shown in Figure 3.4 and
researchers recommended those in the
nearby area to “wear masks” and “keep
a distance from the smoke” especially if
the burning area has high concentrations
of pesticides [71].
From this research report, it is undeniable
that burning herbicide-treated
agricultural residue or agricultural
land treated with herbicides can
potentially release some chemicals
contaminants in with the smoke during
the initial burning phase, whether it
be insecticides or herbicides, that can
affect people in the agricultural area.
Despite the limited research in this field,
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it is a cautionary study for potentially
unexpected catastrophe that could result
from burning agricultural matter, which
is beyond the PM2.5 that everyone is
currently watching out for.
In conclusion studies have found that
PM2.5 can impact human health through
its components, namely the toxins that
come with PM2.5 such as carcinogenic
polycyclic aromatic hydrocarbons,
dioxins and furans. Moreover, PM2.5
also impacts human health due to its
extremely small size that can get through
filters in the nose and trachea and into
the tiny alveoli at the end, allowing
it to be absorbed directly into the
bloodstream through the alveolar walls.
The particles and size of PM2.5 cause
various ailments such as cardiovascular
diseases, chronic respiratory diseases,
cancer and diabetes. Finally, research
has found that burning chemically
treated agricultural residue not only
causes PM2.5 and various toxic gases but
also has an unexpected health impact
from the release of hazardous pesticides
through the burning process.
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Table 3.4 The release of pesticides from burning pesticide-treated wood
under slow-burning conditions of smoldering fire
Smoldering Fire

Flaming Fire

Ambient to 500°C

500°C

a

Pesticides

600°C

Pesticide
recovered
%

Particulate
emissions
% dry fuel

Pesticide
recovered
%

Particulate
emissions
% dry fuel

Pesticide
recovered
%

Particulate
emissions
% dry fuel

2.4–D

92

11.2

2

1.3

_d

_d

Picloram

0b

11.2

0b

1.3

_d

_d

Hexazinone

11

9.2

0

<1.0

_d

_d

Dicamba

92

10.8

32

3.4

_d

_d

Dichloroprop

>100c

10.8

6

3.4

_d

_d

Lindane

4.3

10.8

41

10.4

0

<1.0

Chlorpyrifos

2.8

10.8

4

10.4

0

<1.0

Herbicides

Insecticides

a

Fuel samples heated at 20°C per minute from abient to 500°C

b

98% and 64%, respectively, was recovered as picloram decomposition product 2, 3, 5 trichloro4-amino-pyridine.

c

High recovery reflects an enhanced instrument response in the presence of smoke
condensate.

d

Not tested at this temperature.

Source: [71]
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Not only can toxins from air pollution
negatively impact our health, but we
can also be affected further by airborne
microorganisms such as bacteria,
fungus and viruses that can latch onto
air pollutants. The increasingly severe
air pollution in Bangkok and many
provinces in previous years have
made the spread of various airborne
microorganisms quicker and potentially
more harmful to our health. Details of
airborne microorganisms are as follows:

4.1 What are airborne
microorganisms?
Air is vital to the existence of humans
and other life forms. It is composed
of 78 percent nitrogen gas, 21 percent
oxygen and approximately 1 percent
carbon dioxide and water vapor. The air
also contains particulate matter, smoke
and suspended microorganisms called
“Bioaerosols”. These bioaerosols such
as bacteria, fungus, virus and pollen
are suspended in the air through wind
currents, coughing, sneezing and traffic
that launch these microorganisms
into the air where they then latch on
to particulate matter and water vapor.
The air is normally an unsuitable living
environment for microorganisms
but even so we can find them in the
Earth’s atmosphere [1]. The survival
of airborne microorganisms depends

on environmental factors and weather
conditions such as temperature,
ultraviolet radiation, wind direction,
particle size and relative humidity, which
vary from place to place [2.4]. Therefore,
different areas will have differing levels
and amounts of airborne microorganism
distribution. This is also dependent on
human activity.
Microorganisms are small life forms that
are invisible to the naked eye but can
be examined through a microscope.
Microorganisms play an important role
in the environment because they are
dispersed throughout the land, water
and air. They can also survive in extreme
conditions such as geysers or in the deep
sea. Microorganisms cannot multiply
when airborne but use air as the medium
to spread particles from one place to
another. Airborne microorganisms and
the toxins they create are often found
attached to particles of sputum droplets
or other suspended particulate matter
between 0.02-100 micrometers. They
can be in the form of liquids, solids, or a
combination of the two. Bioaerosols can
be divided into 3 groups based on the
diameters, namely, those with diameters
smaller than 0.1 micrometers are
“Nuclei Mode”, diameters between 0.1-2
micrometers are “Accumulation Mode”
and diameters larger than 2 micrometers
are “Coarse Mode” as displayed in
Figure 4.1.
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Figure 4.1 Size of bioaerosols

Unicellular
fungal spore

Large hyphal fragment,
multicellular spore

Fungal fragment

0.01 µm

0.1 µm

1 µm

10 µm

100 µm

Bacterial cell
Virus
Bacterial spore
Nuclei mode

Accumulation mode

4.2 The link
between airborne
microorganisms and
air pollution and its
health impacts
We can divide bioaerosols into 2
categories: 1. Droplet nuclei which are
bioaerosols of sputum droplets from
sneezing, coughing, or speaking. They
are smaller or equal to 5 micrometers
and can cause infection if they originate
from the sneeze, cough, or speech
of a person with respiratory disease
because pathogens in droplet nuclei
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Coarse mode

can enter the lungs and infect the lower
respiratory tract. This type of bioaerosol
can stay suspended and survive in the
air for some time because it is covered
and protected by the sputum droplet
and; 2. Dust Particles are bioaerosols of
particulate matter that are suspended
in the air through wind or human
activity. These are particles larger than
5 micrometers that can quickly settle to
the ground. When inhaled they remain
in the upper respiratory tract and can
cause respiratory tract infections.
Bioaerosols are found only in the
Troposphere which is the atmosphere
from the surface of the Earth up to
approximately 12 kilometers. The
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Troposphere has 70 percent air density
and this is where humans and other
living organisms reside. The type of
microorganisms found in the air differs
by location and the dispersion of
microorganisms depends on 2 main
factors: 1. the environmental conditions
of the air such as wind speed, relative
humidity, temperature and so forth.
Wind speed affects how long bioaerosols
remains suspended and how far they
can spread through the air or settle on
various surfaces. Relative humidity and
temperature directly affect bioaerosol
survival in air and; 2. the physical
properties of the bioaerosol such as their
size and density. Larger bioaerosols,
above 6 micrometers, will settle quickly
on surfaces and can remain in the
upper respiratory tract such as the
nose and trachea. Bioaerosols around
6 micrometers can enter the lungs and
those smaller than 6 micrometers can
end up in the pulmonary alveoli.
Moreover, microorganisms can attach
to particles of particulate matter
suspended in the air which can impact
human health. Particulate matter refers
to solid or liquid particles in the air.
Particulate matter comes from various
activities from natural occurrence to fuel
combustion in transportation, industrial
activities and open burning, resulting
in a diversity of physical and chemical
particulate properties. Moreover,
particulate matter can come from the

combination of certain particles or gases
such as sulfur dioxide, nitrogen oxides
and etc. The particulate matter in the air
can be divided into 2 categories namely
primary particulate matter which
forms and spreads directly into the
atmosphere and secondary particulate
matter which is a result of various
reactions in the atmosphere such as the
combination of particles, combination
of particles with liquid, or combination
with solids. The particulate matter in
our surrounding atmosphere range from
larger than 500 microns, which are large
sand dust particles that can be seen
with the naked eye, to extremely small
particles from 0.002 microns, which
are the group of molecules (invisible to
the naked eye, must be seen through
an electron microscope). Particulate
matter can be divided into 3 categories
as follows:
1. Large particulate matter that often
comes from construction, dispersion
of soil or sand, tends to settle quickly
to the ground.
2. Suspended Particulate (TSP) are
particles that can remain suspended
in the air for a long time. They are
smaller or equal to 100 microns (1
micron is 1 : 10,000 centimeters).
They can be caused by natural
occurrences such as the dispersion
of soil, or by human activity such
as construction, exhaust emissions,
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production activity in industrial
factories and so on. It can also be
caused by the chemical reactions of
some air pollutants.
3. Small particulate matter that often
comes from the act of combustion,
such as diesel combustion, burning
cigarettes, agricultural residue, trash
and chemical reactions in the air. The
particulate matter in this category
can be further divided into 3 subtypes as follows:
a. Particulate matter smaller or equal
to 10 microns (PM10) when inhaled
will collect in the respiratory tract
and cause health issues. This type
of particulate matter will stay
suspended in the atmosphere for
only 2-3 minutes.
b. Particulate matter smaller or equal
to 2.5 micron (PM2.5) when inhaled
can enter the alveoli and cause
health issues.
c. Particulate matter smaller than 1
micron (PM1) can be suspended in
the air for years because of its slow
settling velocity and other factors
such as air circulation and wind
currents can cause the particulate
matter to remain suspended even
longer.
Many previous studies have found
various microorganisms in these types of
particulate matter. In Moscow, Russia, it
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was found that the quantity of airborne
bacteria increases in the spring and is
lowest in the winter. Airborne bacteria
were found to be highest in the summer,
which is noticeably hotter, dryer and
has more particulate matter when
compared to other seasons [5]. Similarly,
in Montreal, Canada between 19501951, the quantity of bacteria monitored
annually was highest between spring
and fall. However, fungal concentration
was highest in the summer and lowest in
the winter [6]. In Beijing, China, research
found that -bacteria quantity was
highest in the summer and fall – while it
was lowest in the spring and winter [7].
In the El-Taif area of Saudi Arabia from
October 1992 to September 1993 it
was found that the quantity of bacteria
was highest during the summer with
an average temperature of 35 degrees
Celsius. Bacilli and Acinetobacteria
were found to be the most common
bacteria found in the atmosphere
over this area. Bacilli is well-known as
a spore-producing bacterium while
Acinetobacteria is a round-shaped
bacteria that can withstand the hightemperature conditions during summer
[8]. It was also found [9] that weather in
the desert at noon had temperatures of
45 degrees Celsius, low relative humidity
(10 percent) and sunlight intensity at
910 W/m2, which reduces the amount of
airborne bacteria. The level of bacteria
at noon is 17,000 CFU/m2 increasing
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to 76,000 CFU/m2 in the morning and
afternoon. This is because the sunlight
is less intense in the morning and
afternoon than at noon allowing more
bacteria to survive.
Research by Kruczalak et al (2002) [10]
reported the year-round dispersal of
airborne microorganisms along the
southern Baltic coast of Gdansk, Poland
between January-December 1998.
Since the area was host to many water
treatment facilities, it became a factor
that impacted the air quality due to
the release of microorganisms from
the wastewater into the atmosphere.
The research found that the quantity of
Mesophilic Bacteria range from low up
to 308 CFU/m3 and reached the highest
level between September and October.
The quantities of Psychrophilic Bacteria
ranged from 1 – 190 CFU/m3 and reached
the highest levels in April and May.
Psychrophilic Bacteria levels were lowest
in the winter. However, the amount of
fungi was highest when compared to
other microorganisms (5 – 1,100 CFU/m3).
The Chong Chom Market on the ThaiCambodia border in Surin Province [11]
was found to have a relative humidity
of 67-73 percent with temperatures
between 29-33 degrees Celsius and
light intensity between 18-270 Lux./
m2. Samples collected from 6 areas,
namely open-air spaces, footpaths,
wood handicraft shops, electronics

shops, second-hand clothes shops and
the fruit vendor area found airborne
bacteria and fungi in all areas. Grampositive bacteria were most prevalent
followed by gram-negative bacteria and
fungi, respectively. Bacillus was the most
common gram-positive bacteria in openair spaces (19.51 percent) footpaths
(19.33 percent) wood handicraft shops
(33.23 percent) and second-hand clothes
shops (17.20 percent). Acinetobacter,
Alcaligenes and Enterobacter were
gram-negative bacteria that could
be found in all areas, especially in
electronics shops (46.66 percent) fruit
vendors (46.54 percent) and footpaths
(41.52 percent) respectively. The fungi
found in all areas were Aspergillus,
Penicillium, Acrmonium, Cladosporium
and Sporotrichum. Analysis of the
relationship between microorganism
distribution and environmental factors
found that Bacillus, Corynebacteria
and Staphylococcus had a positive
correlation with relative humidity, while
Sarcina, Strephylococcus, Acinetobacter,
Enterobacter and Escherichia coli
had a positive correlation with light
intensity. Moreover, Joshi and Srivastava
(2013) [12] reported the classification
of airborne microorganisms in rural
residential areas of Uttarakhand State,
India using molecular biology. It was
found that most of the bacteria could
be classified as Brevisbacillus brevis,
Arthrobacter sp. and Bacillus cereus
which are pathogens.
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Numerous research has discovered
that bacteria, fungi, viruses and
microorganism toxins are able to
be suspended in the atmosphere by
attaching to particles of particulate
matter or small water droplets [13] and
they mostly attach to PM10 particles
or coarse particulate matter. This
is consistent with research by Li et
al (2011) [14] that studied airborne
bacteria along the coast of Qingdao,
Shandong Province, China. It was
found that airborne bacteria found over
land and seas were spread along with
coarse particulate matter larger than 7
micrometers. Moreover, the spores of
fungi, pollen and non-clustered bacteria
could be found on PM2.5 particles or fine
particulate matter. It was also reported
by Lighthart (1997) [13] that bacteria can
attach to particulate matter larger than
the microorganism cells. These particles
impact visibility, air quality and human
health.
Nevertheless, microorganisms attached
to particulate matter are highly variable.
This may be because of human activity,
climate change, diversity of locations
and the time period when particles are
suspended in the air. These reasons are
possibly why there can be a variety of
airborne microorganism populations.
Most airborne microorganisms
found come from the soil, which is
an environment with the highest
biodiversity for microorganisms [15-
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16]. Moreover, Fang et al (2007) [7]
reported on the airborne microorganism
concentration in the air of Beijing, China
over a 1-year period from June 2003
to May 2004. This study found that the
concentration of microorganisms was
between 4.8 x 102 and 2.4 x 104 CFU/
m3. The highest level of bacteria was 59
percent while fungi and Actinomyces
were at 35.2 percent and 5.8 percent
respectively. The proportions of bacteria
were significantly higher than fungi in
culture and education areas and main
traffic areas. There was no difference
between airborne bacteria and fungi
over the botanical garden. It was also
found that the concentration of bacteria
was highest in the culture and education
areas, while there was no difference in
the main traffic areas and the botanical
garden. Bacteria concentration in the
culture and education areas and main
traffic routes was higher in summer
and fall than in spring and winter. The
botanical garden had higher levels
of bacteria in the summer than other
seasons.
A study by Gao et al (2017) [17] analyzed
the composition of microorganisms
in PM2.5 and PM10 in Beijing during
severe toxic dust period. It was found
that the bacteria inhaled by humans
was related to the bacteria in the soil
and were non-pathogenic bacteria.
However, the researchers reported that
they found nucleotides of allergens from
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microorganisms and pathogens, which
increased with higher concentrations
of small particulate matter. A study of
bacteria populations in PM2.5 in the
metropolises of Beijing-Tianjin-Hebei in
China found the average concentration
of bacteria to be 1.19 x 105 CFU/m3 with
low levels of pathogenic bacteria at 3.61
percent, which were mostly Enterococcus
faecium and Escherichia coli.
Although the air pollution problem
in Thailand has become increasingly
evident in recent years, there are almost
no reports on airborne microorganisms.
Our investigation found a report on
observed bacteria concentration and
small particulate matter levels around
8 skytrain stations in 2010. The research
by Luksamijarulkul and Kongtip
(2010) [18] found bacteria and fungal
concentrations at 406.8 ± 302.7 CFU/m3
128.9 ± 89.7 CFU/m3, respectively and
a PM10 at 186.1 ± 188.1 µg/m3. It also
found that 4.8 percent of the samples
had higher bacteria concentration
than the standard (>1000 CFU/m3) and
21 percent of the samples had higher
PM10 levels than the standard (>120 µg/
m3). In 2015, a study [19] reported the
results of bacteria in total suspended
particulate (TSP) in the air over Bangkok
in 2012. The study covered 8 districts;
Bang Khun Thian, Thon Buri, Yan
Nawa, Din Daeng, Huai Khwang, Wang
Thonglang, Lat Phrao and Bang Kapi.
The molecular detection was used

and was able to classify 34 airborne
bacteria species from 13 genera, namely
Acinetobacter, Adhaeribacter, Bacillus,
Brevibacillus, Clostridium, Cronobacter,
Desulfovibrio, Enterobacter, Escherichia,
Geobacillus, Staphylococcus, Shigella
and Streptomyces. It was found that
the airborne bacteria species found in
all districts were B. cereus, B. anthracis
and E. coli all of which are pathogenic
bacteria.
Despite the existence of quantity
standards and recommendations for
suspended bioaerosols issued by various
governmental and non-governmental
organizations (as shown in Table 4.1)
these recommendations were not
determined on the basis of human
health impacts. This is because there is
currently no standard for the detection
of bioaerosols.
In conclusion, previous research
has found that many types of
microorganisms are in the air, whether
they be bacteria, fungi, or viruses.
These microorganisms can attach to air
pollutants and enter the human body,
causing health impacts. Therefore,
during the period when air quality
reaches unhealthy level, it is even easier
for these microorganisms to attach to air
pollutants and enter the body, further
compounding any health impacts we
face.
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Table 4.1 Quantity standard values and recommendations for suspended
bioaerosols as determined by governmental and non-governmental
organizations.
Organization

Remarks

• <100 CFU/m3
• 100-1000 CFU/m3
• >1000 CFU/m3

American Industrial
Hygiene Association (AIHA)

• There is no safe level of an uncontained pathogenic
organism

AIHA (1986)

Commission of the
European Communities
(CEC)

For houses
• <50 CFU/m3
• <200 CFU/m3
• <103 CFU/m3
• <104 CFU/m3
• <104 CFU/m3

CEC (1994)

Healthy Buildings
International

• <750 CFU/m3

• Total airborne bacteria and fungi
is OK if species are not infective
or allergenic

Indoor Air Quality
Association (IAQ)

• <300 CFU/m3
• <150 CFU/m3

• Common fungi is OK
• Mixed fungi other than
pathogenic orexigenic is OK

IAQA (1995)

IAQ in office buildings: a
technical guide

• <50 CFU/m3
• <150 C CFU/m3

• One species should be investigated
• If mixture of species is OK

Malmberg
(1991)

The Netherlands/research
methods in biological
indoor air pollution

• <104 CFU/m3
• <500 CFU/m3

• Total fungi is a threat to health
• One species of potentially
pathogenic nature is a threat to
health

Heida et al.
(1995)

Occupational Safety and
Health Administration
(OSHAA)

• <1000 CFU/m3
• <106 fungi/g of
dust

• Indicate contamination
• Indicate contamination

OSHA (1994)

Environment Canada (EC)

• <Pathogenic and
toxigenic fungi
• <50 CFU/m3
• <150 CFU/m3
• <500 CFU/m3

• Unacceptable in indoor air

• <800 CFU/m3

• OK

Source : [20]

• Low
• Intermediate
• High

Reference

American Conference of
Governmental Industrial
Hygienists (ACGIH)

Ministry of Environment
(ME), Republic of Korea
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Guideline

•
•
•
•
•

Macher et al.
(1995)

Very low
Low
Intermediate
High
Very high
Rao et al.
(1996)

EC (1989)

• One species should be investigated
• OK if mixture of species
• OK if Cladosporium or other
common phylloplane
Ministry of
Environment,
Republic of
Korea (2010)

4. The link between airborne microorganisms and air pollution and its health impacts

57

5.
Risk groups and
health impact
prevention
measures

58

5. Risk groups and health impact prevention measures

Having learned of the impact of air
pollution on health, this chapter aims
to help readers to understand the risks
of air pollution that vary from group to
group, risk factors and health impact
prevention measures, with details as
follows:

5.1 The Environmental
Pathway
In order to understand the different
risks for each group of people and the
measures needed to prevent the health
impacts of air pollution, it is necessary to
first understand the overall situation, or
what could be called the “Environmental
Pathway” (Figure 5.1). It shows us the
connections involved in understanding
the health impacts and the process to
protect people’s health, in which we
must trace back to the source. These
factors can be divided into two parts,
the first being the Air Quality Problem
and the second being the Health Impact
Process.
Regarding the Air Quality Problem,
what most people are interested in
are the figures indicating air pollution
“concentration” or “toxic dust value”
in the case of PM2.5 that is only the
3rd factor. The concentration will be
measured from the quantity of pollution
per air volume measured in micrograms

Figure 5.1 The
Environmental Pathway
(1) Source
(2) Emission
(3) Concentration
(4) Exposure
(5) Dose
(6) Health Effects
Source: [1]

(one millionth of a gram) per cubic
meter of air. The value is converted into
an “Air Quality Index” where the value
of 100 is when the concentration of air
pollution is equal to the standard criteria
of air quality used in the calculation.
Each criterion uses different standards,
resulting in different Air Quality Indexes.
Nevertheless, the same concentration
level in different areas or even in the
same area at different times can impose
different risks on health impact risks
depending on the “composition” of
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the pollutants in the air. Therefore, we
must consider the first factor, which is
the “Source” of the pollution, and the
second factor, which is the “Emission”
of the pollution (Figure 5.1). For the
“Source” we must consider what types
of sources produce the pollutants and
the composition of the pollutants from
each source. For example, consider
whether a source produces PM2.5 directly,
or emits precursors that then react to
produce PM2.5, or does it produce other
toxins that then attach to PM2.5. For the
“Emission” we must consider how each
Source “emits” these pollutants and
through which processes. For example,
different locations and methods of
burning and what measures are used to
control emission, such as capturing or
eliminating pollutants before they are
released into the atmosphere.
Therefore, people who live in areas with
a “Source” that produces hazardous
pollutant and high “Emission” of
pollution (e.g. low-efficiency engines)
without proper capture or elimination
mechanisms, as well as areas with high
concentration of pollutants, are thus
populations at higher risk of health
impacts than others.
Regarding the Health Impact Process,
air pollution can impact health through
the following factors. Firstly, the
“Exposure” meaning a situation where
a person must come in contact with,
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or inhale, a certain type of pollutant
at a certain concentration for a certain
amount of time [1]. This affects the next
factor or the “Dose” of the pollutant
that enters the body. Therefore, in a
situation where the level of air pollution
is not very high, breathing that air for the
same period of time will expose the body
lower quantities of PM2.5; but if one must
breathe that air for an extended period of
time, the amount of PM2.5 that enters the
body can be equivalent to breathing the
air with a high “toxic dust value” area for
a short period of time.
Another factor that affects the “Dose”
of PM2.5 (and other air pollutants) that
enters the body is the amount of air
intake during that period of time. This
depends on breathing rate and tidal
volume. Therefore, the faster and deeper
the breathing, the more pollutants are
taken in when compared to others.
However, everyone’s health is affected
differently even if the same amount
of PM2.5 with the same composition
enters the body. It can be said that each
person has a different susceptibility to
pollutants. This is a result of different
bodily factors that may put someone at
a greater health risk than others. Some
age groups are more at risk from PM2.5
especially children and the elderly, as
well as those with pre-existing health
conditions.

5. Risk groups and health impact prevention measures

5.2 Risk factors for
health impacts

and are exposed to more pollution which
increases the chance of acute respiratory
infection.

1. Age: Elderly people are at greater risk
than middle-aged individuals because
the emergence of pulmonary emphysema
and other chronic lung diseases that
increases with age. The function of the
respiratory system deteriorates with age
so the elderly become more susceptible
to health impacts. Children and infants
are more at risk than adults because their
lungs are still developing (Figure 5.2),
they engage in more outdoor activities

2. Chronic diseases: Mortality is higher
among groups of people with respiratory
and cardiovascular diseases, especially,
pulmonary emphysema, pneumonia
and myocardial infarction. It was found
that diabetes patients are at higher risk
than others. Asthmatics are affected by
small particulate matter, and require
more medication or hospitalization. Key
diseases are pulmonary emphysema,
asthma, pneumonia, cardiovascular
disease and lung cancer.

Figure 5.2 Lung development and the risks from air pollution in
different stages of a child’s life
Newborn
0-2 months

Lung
development

Risk from air
pollution

Infant
2-24 months

Young Child

Schoolchild

2-6 years

6-12 years

Adolescent
12-18 years

Alveoli development
Rapid breathing

Increased lung capacity

Sudden death

Chronic coughing and bronchitis

Develop
respiratory
symptoms or
illness

Reduced lung function efficiency
Acute asthmatic attack
Miss school due to respiratory
complications

Source: [2]

61

5. Risk groups and health impact prevention measures

3. Socio-economic status: It was found
that those with lower socio-economic
status are at greater risk than those of
higher socio-economic status due to
two factors. First is the higher exposure
to pollutants because they either live
in areas with more pollution or lack
the means to purchase protective
equipment. Moreover, they may live near
sources of pollution such as roadsides,
industrial factories, or other sources.
They also have more health risks and
limitations such as smoking, diabetes,
lack of access to healthcare services,
lack of education, are malnourished and
lack proper environmental hygiene.

5.3 Health impact
prevention measures
Preventing health impacts begins with
identifying which groups are at risk
of developing health conditions from
air pollutions and require special care
and protection, in order to put in place
measures and processes that align with
potential health impacts.
Health impact prevention measures for
all groups that aim to reduce the “dose”
of pollutants by limiting “exposure”
as much as possible. This can be
achieved by reducing the time spent in
areas of high pollutant concentration
and by wearing surgical masks to
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limit inhalation of pollutants; making
indoor areas places of low pollutant
“concentration” by reducing pollutant
sources inside building such as incense
burning, cooking, or other activities that
produce smoke, as well as, reducing the
amount of dust either inside the building
or coming in from outside by using
air purifiers that can filter pollutants.
Specific rooms can be sealed and fitted
with proper air filter systems to be
designated as the Clean Room. Clean
Rooms are used as refuge when external
air conditions are at dangerous pollutant
levels.
Any health impact prevention measures
must also ensure that the public is aware
of and can access information pertaining
to the source of the air pollutants they
are breathing in. This is so that the
public understands the level of danger
of the pollutant. It must also include
measures for people to help reduce the
source of pollution, especially those in
close proximity to them such as regular
engine checks, refraining from burning
trash or other material near the home, as
well as a collaborated effort to address
other sources of pollution. This will
deal with pollution at the “source” and
its “emission” which are the origins of
the health impacts as mentioned in
Chapter 2.
In conclusion, understanding the
different risks of different groups of
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people and implementing health impact
prevention measures requires one to
understand the overview of the problem,
which can be called the “Environmental
Pathway”. It consists of the Air Quality
Problem and the Health Impact Process.
The risk factors for health impact are
age, chronic diseases and an individual’s
socio-economic status. Health impact
prevention measures must begin with
identifying risk groups that require
special care and protection. Moreover,
measures must cover public awareness
and access to information regarding
the source of air pollutants they are
breathing in to understand the danger
level of the pollutants.
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The previous chapters help to create
an awareness of the negative health
impacts from air pollution and PM2.5 on
the population. Such impacts include
those who became unwell and the
medical expenses that are incurred, the
opportunity cost and loss of income
and also those who are not yet sick
but merely waiting for their symptoms
to develop from the accumulation of
pollutants in their bodies. People also
need to pay for protective equipment
i.e. surgical masks and air purifiers.
Moreover, air pollution also decreases
public happiness because they cannot
go outside to engage in outdoor
activities. Small children, who one
day will become the country’s driving
force, may grow up unhealthy. All the
aforementioned negative impacts
cause massive economic costs, which
are commonly called “Social Cost” in
economics.

6.1 The economic
cost of air pollution in
foreign countries
Past economic studies tried to estimate
the value of the economic cost of air
pollution, which is extremely important
for policy makers. Comparing data on
the economic costs of air pollution
with the benefits of implementing air

pollution mitigation measures will help
policy makers assess the cost-efficiency
of their budget expenditures.
Many countries have studied how to
quantify the damages from air pollution.
For example, in China, Hammitt and
Zhou [1] found that people are willing to
pay to reduce the risk of air-pollutioninduced chronic bronchitis to the value
of USD 500 to USD 1,000. It was found
that the Value of Statistical Life was
between USD 4,000 to USD 17,000 per
person per year. Additionally, a survey
found that young men and women in
Beijing, China, were willing to pay USD
9.40 per person per month to reduce
PM2.5 levels down by 25 percent from
current levels. Meanwhile, research by
[2] found that Chinese people across
the country who live in urban areas are
glad to pay for cleaner air to the value of
USD 10 per person per year. Moreover,
research by [3] found that cleaner air
would make Xi'an residents willing to
pay a 4 percent increase in property
value from the norm. Overall, Freeman
et al. [4] found in 2005 that the economic
cost would increase by USD 8.83 billion
for every unit of PM2.5 increase in the
People’s Republic of China.
Young men and women in Daegu,
South Korea were willing to pay USD
10.61 per person per month to reduce
PM2.5 by 30 percent from current levels
[5]. Moreover, analytic research was
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conducted in Edinburgh, Scotland to
explore the willingness to pay for a 50
percent air quality improvement by
using the Choice Modeling Method. The
ascertained estimated value was GBP
5.56 per person per week, which was
more than the estimation derived from
Contingent Valuation Method at GBP
1.60 – 2.68 per week [6]. In Levinson,
United States of America [7], Subjective
Well-Being was adapted to evaluate the
cost of air pollution between 1984-1996
using various econometric models. They
found that the willingness to pay for
a 1 µg/m3 reduction of PM10 is valued
at USD 1,037 per person per year or
approximately THB 32,147 per person
per year.

6.2 The economic
cost of air pollution in
Thailand
Despite many countries recognizing
the importance of studying the social
costs of PM2.5, this type of study is still
very limited in Thailand. Attavanich [8]
is the first Thai study that attempted to
quantify the social cost of air pollution
in Thailand. Similar to research by
[7] this study applied the Subjective
Well-Being and econometric methods
to estimate the willingness to pay
hidden-in marginal utility. This reflects
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the household’s willingness to pay per
year to reduce pollution by 1 unit with
no change to the household’s level of
satisfaction. The researchers used data
from various sources namely, the 2012
Thai Life Satisfaction and Happiness
Survey conducted by the National
Statistical Office of Thailand and the
Thai Health Promotion Foundation; air
pollution data from the Pollution Control
Department’s air quality monitoring
stations nationwide; weather data from
the Thai Meteorological Department;
demographic data from the Ministry of
the Interior and; household income data
from the National Statistical Office of
Thailand.
The study found that in Bangkok,
households’ willingness to pay for
marginal utility is valued at THB 5,794/
year/µg/m³ of PM10. Applying these
values to the 2.96 million households in
Bangkok at the end of 2018 shows that
for every 1 µg/m3 increase of PM10 above
safe standard levels will incur as much
as THB 17.148 billion in damages for the
people of Bangkok (Figure 6.1). When
applied to Bangkok’s PM10 concentration
that is 32.44 µg/m3 higher than safe
levels (calculated by the difference
between the safe standard levels of
PM10 as recommended by the World
Health Organization at 20 µg/m3/year
and Bangkok’s 2018 PM10 level of 52.44
µg/m3/year) (Figure 6.2). The study
found that the economic cost of PM10 on
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Figure 6.1 Value of damage from every 1 µg/m3
increase of PM10 in 2018 (million baht)
Bangkok
Nonthaburi
Chonburi
Pathum Thani
Nakhon Ratchasima
Samut Prakarn
Surat Thani
Chiang Mai
Nakhon Sri Thammarat
Ubon Ratchathani
Songkhla
Rayong
Nakhon Patom
Khon Kaen
Udon Thani
Ratchaburi
Phuket
Chaiyaphum
Saraburi
Nakhon Sri Ayuddhaya
Nakhon Sawan
Chachoengsao
Chanthaburi
Petchabun
Prachuab Khiri Khan
Roi-Ed
Samut Sakhon
Surin
Buriram
Phitsanulok
Kanchanaburi
Srisaket
Chumphon
Sakolnakorn
Chiang Rai
Krabi
Lampang
Suphanburi
Maha Sarakham
Petchaburi
Lopburi
Khamphaeng. Phet
Trang
Prachinburi
Leoi
Srakaew
Sukhothai
Lamphun
Kalasin
Pattalung
Phichit
Pattani
Nong Kai
Naradhiwas
Tak
Nakorn Panom
Uttaradit
Phrae
Nong Bua Lamphu
Chainat
Naan
Bueng Kan
Yala
Trat
Yasothon
Phangnga
Payao
Ang Thong
Uthai Thani
Nakhon Nayok
Mukdahan
Satul
Ranong
Samut Songkram
Umnat Charoen
Singburi
Mae Hong Sorn

17,148

3,569
3,566
3,175
2,989
2,458
2,380
1,929
1,881
1,837
1,811
1,669
1,646
1,554
1,343
1,340
1,280
1,259
1,219
1,178
1,093
982
981
957
934
924
916
905
900
884
883
861
847
842
807
799
776
775
754
735
733
646
634
606
588
585
580
550
545
499
476
465
464
464
453
450
447
442
424
414
413
382
376
371
361
357
352
331
328
311
295
295
271
269
268
261
218
5,000

10,000

15,000

Source: [8]
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Bangkok to be as high as THB 556.327
billion, an increase of THB 110 billion
from 2017 (Figure 6.3).
Moreover, the model used in the study
was also able to estimate the marginal
willingness to pay in the provinces
across Thailand using the average
annual household income of different
provinces as reported by the National
Statistical Office of Thailand. The study
found that for every 1 µg/m3 increase
of PM10 above safe standard levels,
households are willing to pay THB 3.569
billion per year in Nonthaburi Province;
THB 3.566 billion per year in Chon Buri
Province; THB 3.175 billion per year in
Pathum Thani Province; THB 2.989 billion
per year in Nakhon Ratchasima Province;
THB 2.458 billion per year in Samut
Prakan Province; THB 2.380 billion per
year in Surat Thani Province; THB 1.929
billion per year in Chiang Mai Province;
THB 1.881 billion per year in Nakhon Si
Thammarat Province and; THB 1.837
billion per year in Ubon Ratchathani
Province respectively (Figure 6.1).
Applying each province’s marginal
willingness to pay per 1 µg/m3 of PM10
to the difference between PM10 levels in
2018 and the World Health Organization
recommended PM10 levels shows
that PM10 has increased in almost all
provinces from the 2017 levels, as seen
in Figure 6.2. We can assess Thailand’s
social cost caused by air pollution
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in 2018 as show in Figure 6.3, if all
households in Thailand are impacted by
PM10, the Social Cost for Thailand would
be as high as THB 2.06 trillion, or 12.64
percent of the Gross Domestic Product
(GDP) and in the scenarios where 75
percent and 50 percent of the households
are impacted, the Social Cost for Thailand
would be 1.55 trillion and THB 1.03
trillion, or 9.48 percent and 6.32 percent
of the GDP, respectively.
There are currently no studies on
the economic cost of PM2.5 because
data collection is still in the early
stages and does not cover the entire
country. Nevertheless, we can consider
the economic cost of PM10 to be
representative of the minimum amount
of damage PM2.5 can cause because it
is even easier for smaller particulate
matter to enter the human body along
with the pathogens attached to them,
which are larger particulate matter.
In conclusion, air pollution has caused
massive economic cost to Thai society.
This is reflected in health care cost,
opportunity cost and loss of income,
deteriorating health, expenses paid for
protective equipment from surgical
masks to air purifiers and in lowering
the happiness among the population.
These costs are as high as THB 2.06
trillion or 12.64 percent of the GDP and
in scenarios where only 50 percent of
households are impacted, the cost is
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Figure 6.2 Average PM10 per Province in 2017 and 2018
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Satul

Surat Thani

Yala

Songkhla

Phuket
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Nakhon Ratchasima

Prachinburi

Rayong

Srakaew

Chonburi

Kanchanaburi

Chachoengsao

Saraburi

Ayuddhaya

Nakhon Sawan

Tak

Ratchaburi

Lampang

Lamphun

Phrae

Mae Hong Son

Naan

Payao

Chiang Rai

Chiang Mai

Samut Sakorn

Patum Thani

Samut Prakarn

Bangkok

Nonthaburi

0

2018

Source: [9]

still as high as THB 1.03 trillion or 6.32
percent of the GDP. The aforementioned
costs can be considered the minimum
cost because PM2.5 since it is more
harmful to our health than PM10 and
there is currently no research into
assessing the actual cost of damage
from PM2.5 in Thailand.
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Figure 6.3 The Social Cost to Thai society
from PM10 in 2018 (million baht)
Bangkok
Nonthaburi
Nakhon Ratchasima
Saraburi
Chonburi
Samut Prakarn
Khon Kaen
Chiang Mai
Nakhon Sawan
Ratchaburi
Rayong
Nakhon Sri Ayuddhaya
Nakhon Patom
Ubon Ratchathani
Pathum Thani
Phetchabun
Udon Thani
Surat Thani
Chaiyaphum
Samut Sakhon
Lopburi
Chachoengsao
Chanthaburi
Khamphaeng. Phet
Phitsanulok
Nakhon Sri Thammarat
Prachuab Khiri Khan
Petchaburi
Phuket
Roi-Ed
Songkhla
Surin
Buriram
Srisaket
Sakolnakorn
Lamphun
Tak
Phichit
Kanchanaburi
Sukhothai
Suphanburi
Maha Sarakham
Prachinburi
Chiang Rai
Lampang
Srakaew
Chainat
Kalasin
Leoi
Chumphon
Phrae
Nong Kai
Krabi
Singburi
Nakhon Panom
Nong Bua Lamphu
Uthai Thani
Uttaradit
Ang Thong
Trat
Bueng Kan
Naan
Yasothon
Nakhon Nayok
Payao
Samut Songkram
Mukdahan
Umnat Charoen
Pattani
Phangnga
Naradhiwas
Yala
Mae Hong Sorn
Ranong
Trang
Pattalung
Satul

112,425
98,649
84,087
78,451
66,985
49,724
49,184
43,713
38,856
34,379
34,170
33,085
33,074
25,403
25,033
24,175
23,795
22,654
21,517
21,145
20,631
20,396
19,837
18,860
17,821
17,712
17,193
16,635
16,624
16,299
16,291
16,209
15,503
15,157
14,578
14,510
14,429
14,132
13,838
13,748
13,572
13,330
12,503
12,030
11,708
9,974
9,811
9,402
8,594
8,402
8,358
8,208
8,115
8,092
7,638
7,564
7,448
7,388
7,142
6,883
6,611
6,495
6,121
5,980
5,613
5,317
4,818
4,653
4,643
4,172
4,134
3,051
2,905
1,901
1,498
886
100,000

556,327

If every household is affected
THB 2.06 trillion (12.64% of GDP)
If 75% of households are affected
THB 1.55 trillion (9.48% of GDP)
If 50% of households are affected
THB 1.03 trillion (6.32% of GDP)

Full Impact
885,989,400 – 3,051,393,800
3,051,393,801 – 5,612,648584
5,612,648585 – 7,637,967,000
7,637,967,001 – 9,974,457,398
9,974,457,399 – 15,157,339,200
15,157,339,201 – 18,859,770,157
18,859,770,158 – 25,403,192,000
25,403,192,001 – 49,724,160,000
49,724,160,001 – 112,424,949,000
112,424,949,000 – 556,326,545,571

200,000

Source: [8]
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Although the estimation of marginal
utility values mentioned in Chapter 6
may be used as indicators of the Social
Cost from air pollution on Thailand,
it still does not cover other negative
impacts that may occur, especially the
impacts on tourism. Studies in foreign
countries have found that air quality can
negatively impact tourism.
For example, Hong Kong found that
people in areas with high air pollution
will travel more to areas with low air
pollution or overseas [1]. In China, it
was found that foreign tourists are
more sensitive to air pollution than
local tourists and the number of tourists
decline during periods of severe air
pollution with some tourists cancelling
or postponing their planned trips [2-3].
Other countries negatively impacted
by air pollution include Taiwan [4] and
South Korea [5]. In Thailand, it was
found that the number of tourists to
Chiang Mai province dropped when the
city experienced air pollution problems
[6]. To supplement past studies, this
chapter will present the negative
impacts empirically through in-depth
interviews and focus group meetings

2

with representatives from the tourism
sector in northern Thailand2. The
meetings can be concluded as follows:

7.1 Case studies of the
hotel business
As an overview of Chiang Mai’s tourism
business, in the past the highest
numbers of visitors were American
tourists. However, today in the northern
region and especially in Chiang Mai,
Chinese tourists top the charts followed
by Americans second, Malaysians third,
South Korean and Japanese fourth and
Singaporean tourists in fifth place. Most
Malaysian tourists often fly directly to
Chiang Mai, while tourists from Europe
come at different times. Tourists from
Spain and Italy often come during the
rainy season from June to October.
After that the French and German
tourists come until the end of February.
Japanese tourists also travel seasonally,
but do so in large number with each
visit, especially in November where
20,000-30,000 would come at come for
the lantern floating festivities. Golfing is

The research team conducted an in-depth interview with Ms. La-iad Bungsrithong, President of the
Thai Hotels Association (Northern Chapter) and Mr. Somrit Haikum, Vice Chairperson of the Chiang Mai
Chamber of Commerce and managing director at Pacific World Chiang Mai Limited Partnership; Ms. Malinee
Anuwongcharoen, Deputy General Manager at Standard Tour Co., Ltd and Mr. Surachet Phuuangfoong,
General Manager at The Star Tours (Chiangmai) Co., Ltd. on the 25th of October 2019 and focus group
discussions with small accommodation businesses including guest houses, hostels, homestays and long stays
in Chiang Mai Province, comprising of Mr. Amnart Doungsing, Mr. Ruchipat Suvansai, Mr. Veeravit Saengjakara,
Ms. Klinthoop Arunchokthaworn and members of the Lamchang Community.
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popular among South Korean tourists
who come during the Korean winter.
However, some of them are currently
shifting to golf in Vietnam instead
because it is cheaper than in Thailand. In
the past 3 years, Thai and foreign tourist
proportions are as follows: Thai tourists
account for 60 percent of all tourists, 15
percent are from China, 20 percent are
European or long-distance tourists (from
the United States, Canada, Australia,
New Zealand), tourists from other
countries account for the remaining 5
percent of all tourists to Chiang Mai.

7.1.1 Air pollution impacts
on hotel businesses in the
northern region
It is well known to many that the air
pollution in the northern region is at
very hazardous levels during the months
of March and April, which impacts
the demand for tourists who travel to
the North. In the early 2019, the PM2.5
problem was very severe, much more
than normal levels, causing tourists
to be relatively concerned because air
pollution information was being shared
extensively on social media and public
announcements made to encourage
community residents to move into Safe
Zones.
When comparing Thai and foreign
tourists that stay at hotels, Thai tourists
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are more sensitive to PM2.5 problems than
foreign tourists. From the average annual
statistics, Thai tourists account for 40
percent of all tourists to Chiang Mai,
while 60 percent are foreign tourists,
with Chinese tourists ranking in the first
place. In March and April, the severity
of the PM2.5 problem often coincides
with conferences being held by various
domestic organizations through the
Meetings, Incentives, Conferencing,
Exhibitions (MICE) market. The MICE
business involves the hosting of
meetings, incentives tourism, academic
conferences and exhibitions. It is also
during this period that many tourists
participate in the Thai Songkran water
festivities.
During March and April 2019, the
occupancy rate in hotels decreased
compared to the same period in 2018.
The number of Thai tourists took a
sharp drop during Songkran period.
Normally, the proportion of Thai tourists
is higher than foreign tourists during
Songkran as many Thais return home
to visit their friends and family. The
Songkran period, which falls between
11th-13th of April 2019, with the ongoing
air pollution problem, average hotel
occupancy was at only 60 percent where
normally it would be at 90 percent of
all types of accommodation. However,
considering the yearly overview of
approximately 8,000 hotel rooms in
Chiang Mai during March and April of
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last year, the occupancy rates were as
follows: in March 2018, the occupancy
rate was at 76 percent of all rooms and
only 71 percent in 2019; in April 2018,
the occupancy rate was at 67 percent
of all rooms and only 62 percent in
2019. Members of the Thai Hotels
Association (Northern Chapter) and
member networks in the industry have
been attempting to campaign on many
fronts to deal with immediate problems
such as installing rooftop and garage
water systems and communicating with
tourists on how to protect themselves.
However, dealing with immediate
problems will not be effective if the source
of the problem (air pollution) is not
addressed. The aforesaid impacts were
only for hotels and not including other
accommodation businesses in Chiang
Mai such as guesthouses, hostels and
homestays.

7.1.2 Why didn’t Chiang
Mai declare itself a disaster
zone during periods
when PM2.5 levels were
hazardous?
The main reason the Province chose not
to declare a disaster zone was because
it would mean all hotels and tourism
businesses must refund any advance
payments to their customers. The
Province wanted to protect businesses
from any damage that could affect
the economy for the Province and the
country and attempted to resolve the
situation independently. Figure 7.1
shows the atmosphere during the indepth interview with some of Chiang
Mai’s hotel and tour operators.

Figure 7.1 In-depth interview with hotel and tour operators in
Chiang Mai Province
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7.2 Case studies of
small accommodation
businesses, guest
houses, hostels,
homestays and long
stays
From interviewing small business
operators of guest houses, hostels,
homestays and long stays in Chiang Mai,
we learned that approximately 70 percent
of their customers are Thai tourists with
the remaining 30 percent coming from
overseas. However, when considering
spending, foreign tourists spend more
than Thai tourists. Thai tourists spend
on average THB 2,000 – 3,000/person/
day and normally stay for 1-2 days and
therefore spend approximately THB
5,000/person each trip. Foreign tourists,
on the other hand, stay for many days
and spend approximately THB 20,000 –
30,000/person each trip.

7.2.1 Who is more sensitive
to air pollution between
Thais and foreigners?
The operators informed us that both
Thai and foreign tourists staying at guest
houses, hostels, homestays and long
stays should be similarly sensitive to air
pollution because they receive more
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and more news from public channels,
especially through social media, that
provide information on the severity
and hazard of air pollution in the area.
Moreover, tourists can easily check the
Air Quality Index on their mobile phones.
Although foreign tourists are no less
sensitive than Thai tourists on this issue,
many had already reserved and paid in
advance, so they chose to not cancel
their trips.

7.2.2 Impact of air pollution
on small accommodation
businesses
From the interview of small
accommodation business operators, we
learned that businesses were negatively
impacted by the air pollution problem.
Interviewees also stated “Air pollution
has already become a symbol of Chiang
Mai, especially in March”. This has
caused tourists in general to change
their March travel plans and travel to
places like Phuket, Laos, Vietnam, or
Singapore instead. This sector was
particularly impacted in early 2019 and
expects to be impacted continuously
in the future. The long stay business,
which accommodates tourists who stay
for extended periods, has also been
affected. Currently, long stay guests,
such as the Japanese, had moved out of
Chiang Mai since March.
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When comparing 2019 to 2018, small
accommodation business operators in
Chiang Mai estimate that tourist number
decreases by 50 percent, which is very
severe compared to the hotel business.
Their data is in line with hotel operators
concerning Songkran in 2019, which
was noticeably quiet compared to
previous years where there were higher
occupancy rates. In the past there
would be fewer tourists for only 2-3

months during the low season, but in
2019 tourists were gone for 5-6 months
even after air pollution subsided. Some
guesthouses had few visitors all through
July 2019, causing financial loss and
requiring them to take out loans in order
to be able to pay their staff. Reviewing
booking information from Booking.com,
we found that bookings in 2019 dropped
by 60 percent compared to 2018 (Figure
7.2) while in Vietnam, bookings were

Figure 7.2 Number of room reservations and duration of stay in
2018 and 2019
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Source: Booking.com presentation on “PM2.5: the small particle that had a large impact
on Thai society” at the Public Policy Development Room during the 12th National Health
Assembly on the 19th of December 2019
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very high in 2019 compared to the
number of tourists in 2018.
Assessing the total revenue from tourism,
Chiang Mai possibly saw a 50 percent
decrease in total revenue as a result of
declining tourist numbers. The numbers
of foreign tourists that decreased the
most were Western tourists from the
United States and Europe. Chinese
tourist numbers dropped as well
although not as much as Western tourist
numbers. Income from accommodation
fell resulting in lower income from
motorcycle and car rentals, income
from laundry service also dropped and

sales at Warorot Market also shrank. The
Tourism Authority of Thailand reported
only a slight decrease of tourists – which
the small accommodation business
operators disagree – as that number does
not correspond to the actual situation on
the ground.
Nevertheless, many factors could have
played a part in the decreased number
of tourists in 2019 reported by the small
accommodation business operators
such as air pollution, numerous new
accommodations in the market, the Thai
Baht appreciation and global economic
deceleration. However, the group thinks

Figure 7.3 Focus group meeting with small accommodation
business operators of Chiang Mai’s guest houses, hostels,
homestays and long stays
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that air pollution constitutes 40 percent of
all the factors for the decrease in tourist
numbers. The operators have attempted
to deal with air pollution themselves
by purchasing surgical masks for their
guests and installing additional air
purifiers in rooms to reassure their
guests, but this did not help much
because air pollution was widespread
and tourists did not only stay in their
rooms during their trips. If air pollution
is not resolved by 2020 and beyond, the
number of foreign tourists is expected to
drop even further. Figure 7.3 shows the
atmosphere of the in-depth interviews
with small accommodation business
operators of Chiang Mai’s guesthouses,
hostels, homestays and long stays.

7.3 Case studies of the
guided tour business
This section presents data from in-depth
interviews of guided tour businesses for
foreign tourists with details as follows:

7.3.1 The impact on the
guided tour business for
Chinese tourists

categories: approximately 40 percent
are MICE tourists, 40 percent are Series
tourists and 20 percent are Foreign
Independent Tour (FIT) tourists. Chinese
tourists have increasingly turned to FIT
tourism with the variety of applications
and GPS navigation systems that
are widely available, making it more
convenient to access travel information.
Spending by Chinese tourists varies by
type. For MICE tourists, service fees are
divided among hotel, food and travel
fees. Overall spending is approximately
THB 30,000 per person, which is lower
than the spending by tourists from the
United States who spend approximately
THB 40,000 per person each trip. Chinese
tourists mostly choose to stay at four- or
five-star hotels, favoring the Holiday
Inn, Le Meridian, or Shangri La. Series
tourists spend only around THB 9,000
per trip. Chinese FIT tourists will spend
approximately THB 10,000 per trip,
as the average cost per head is higher
than guided tour groups. Regarding
the impact of air pollution on Chinese
tourists, it was found that air pollution
likely caused 20 percent decrease of
income from Chinese tourists in 2019
when compared to 2018.

Based on interviews conducted with
guided tour operators for Chinese
tourists, the Chinese tourists visiting
Chiang Mai can be divided into 3
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7.3.2 The impact on the
guided tour business for
Western tourists
Western tourists do not usually stay
at four- or five-star hotels but choose
to stay at luxury resorts or only at
boutique hotels. Therefore, spending
on accommodation accounts for as
much as 48 percent of all their spending
in each trip. Overall, this group of
tourists stays for approximately 3-4
nights, spending THB 40,000 per person
each trip including spending on other
entertainment.
In the past, Western tourist numbers
started to decline since the political
unrest between the yellow- and redshirts in 2005, which was followed by
the economic crisis in the United States
and Europe and then, the trade war
between the United States and China.
These events resulted in fewer Western
tourists, especially the elderly group.
Nevertheless, working-age Western
tourists still continue to travel to
Chiang Mai, although they may not be
as superfluous with their spending as
they used to be. They no longer travel
on private jets or chartered flights.
Western tourists tend to travel as a
family. Elderly Western tourists prefer
to take Indochina Trips, which includes
travelling to Thailand, Laos, Vietnam
and Myanmar, staying in Thailand for
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4-5 nights before moving on to other
countries. This is different from the
past where the trips would be specific
to travelling in Thailand throughout
the northern, central and southern
regions over approximately 15 days.
Moreover, Western tourists currently
prefer to travel on large cruise ships
with on-board accommodation, 24-hour
catering and all types of services at no
extra cost, which is cheaper than hiring a
housekeeper or gardener to clean up.
Regarding the impact of air pollution
on Western tourists, it was found that
in 2019 the number of Western tourists
to Chiang Mai decreased by 50 percent
compared to the number in 2018. With
the air pollution problem, this group
of tourists changed their destinations.
Even if they travel to Thailand, they
would travel to Koh Samui or Phuket
instead. The impact on service providers
is that they have to change the domestic
destination (s) or shift their destination
entirely to another country. Normally,
tour operators do not allow cancellations
because they would lose all the
deposits on reservations so they would
rather change the travel destination.
Nevertheless, transnational companies
with branch offices across Asia Pacific
region, including Thailand, will change
the destination to another country at the
request of the customer. Chiang Mai is in
a disadvantageous position due to the
reduced number of tourists.
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7.3.3 The impact on the
guided tour business for
tourists from Malaysia and
Singapore
From the interview with operators, we
learned that tourists from Malaysia and
Singapore usually travel on a 3-day trip.
The spending on a group travel program
for middle-to-high level tourists and
groups of primary and secondary school
students amount to approximately
THB 8,000-9,000 per person each trip.
The Singaporean government supports
overseas travel for all school students
(aged 5 and above) to allow them to
experience a excursion trip abroad and
all schools organize learning programs
in other countries during the semester
break. Overall, 75 percent of tourists
from Malaysia and Singapore employ
the services of a tour operator and 25
percent travel by themselves.
Regarding the impact of air pollution
on business, it was found that operators
were somewhat affected, but not by much
when comparing tourists from Malaysia
and Singapore to tourists from other
countries. Moreover, another impact is
that operators have to constantly answer
questions regarding air pollution to
tourists. Such questions include, “Why
is Chiang Mai the number one area with
the most hazardous air pollution based

on international ranking?” or “What
is the current situation?” Malaysian
and Singaporean tourists are quite
familiar with the PM2.5 problem and are
therefore not as alarmed. Nonetheless,
tourists from Singapore will pay special
attention to their groups with young
children. Schools will request PM2.5
measurement and an image of the sky
to assess current air quality before
travelling here. For example, if they plan
to travel to Chiang Mai on May 15 and
Chiang Mai was declared as having very
high levels of PM2.5 on May 12, the school
will monitor the situation and consider
whether to send the children over. In
the past, tourists from Singapore have
made changes to their travel plans if air
pollution is expected to be at high levels.
Tourists from Malaysia and Singapore
have relatively good knowledge on how
to protect themselves from air pollution.
They will prepare N-95 respirators masks
and wear them when air pollution is at
unhealthy levels. This is in contrast to
local Thai people who rarely ever wear
surgical masks. If air pollution becomes
a problem after arriving in Chiang Mai,
groups with school children will cancel
all outdoor activities and instead move
to indoor activities. If being outdoors
is inevitable, for example when visiting
elephant camps, they will spend as little
time outside as possible and hand out
N-95 respirators to students. Tourists
from other countries such as those from
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Europe, the United States and Japan
would cancel their trip to Thailand
because they are very health conscious.
Thai people will only wear surgical
masks on days where there is a serious
PM2.5 warning and when PM2.5 reaches
a global high, around 70 percent, will
they wear masks on these days. On other
days, even if there is a warning not to
go jogging or exercise outdoors, people
will still run outside and marathon
running events are still held normally.
If there is no warning at all, nobody
wears a mask because polluted air has
become a normal occurrence for people
in Chiang Mai. Therefore, firm and direct
communication is needed to show how
air pollution is harmful to people’s health.
More information must be provided on
how pollutants enter the body and what
happens to your body. It must be clearly
reiterated in a few key bullet points.

7.3.4 The cost of damage
on tourism in Chiang Mai
Province
According to the Ministry of Tourism and
Sports, the number of Thai and foreign
tourists in March 2018 in were as follows:
109,336 Chinese tourists; 481,499 Thai
tourists and; 124,060 Japanese and
Western tourists. In April 2018, there
were 94,813 Chinese tourists; 462,183
Thai tourists; 91,845 Japanese and
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Western tourists. The weighted average
of Chinese, Thai and Western tourist
spending equals THB 17,600 per trip,
THB 6,740 per trip and THB 40,000 per
trip, respectively. When applying the data
in the previous 3 sections to the number
of Thai and foreign tourists during March
and April 2019 Chiang Mai Province
suffered a loss of approximately THB 6.309
billion (evaluated by the research team)
in the tourism sector for just the months of
March and April 2019. If the air pollution
problem is not resolved, the cost of
damage to tourism in Chiang Mai and the
northern region will continue to increase.

7.4 Recommendations
from the interview
The tourism business operators from
all 3 groups offered the following
recommendations to resolve the air
pollution problem:
1. The public sector should lay out a
process for clarifying and creating
understanding among tourists,
both domestic and international,
explaining the process undertaken
by local agencies and what they
will continue to do going forward
to resolve the problem in the short,
medium and long term. This process
will help gain confidence among the
tourists.
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2. The public sector should build
confidence in reporting of air quality
data to the general public. Locals
have notified us that there are
machines spraying water in front of
monitoring stations to manipulate
the Air Quality Index. This lack of
confidence from the public has
led them to purchasing their own
monitoring devices in order to get
accurate data.
3. The public sector should promote
the dissemination of medical
information regarding the health
impacts of air pollution, swiftly and
continuously. The information should
also be communicated as widely as
possible to all groups including local
leaders and policy makers.
4. Consider using the Mae Chaem
Model as an example for addressing
the problem of agricultural burning.
In the past Mae Chaem grew large
quantities of corn as livestock
feed leading to the burning of
cornfields. Currently, Mae Chaem no
longer grows corn for private large
corporations. As such, the large
private companies have relocated to
promote their corn production just
along the Thai border from Tachileik
to Keng Tung in Myanmar.

is that there is no unified front or
integration between the agencies.
Therefore, the public sector should
be more integrated than in previous
years and focus on collaborative
efforts across sectors.
In conclusion, air pollution has had
significant empirical impacts on tourism
in the northern region. Those most
affected are the small accommodation
businesses, i.e. guest houses, hostels,
homestays and long stays, followed by
guided tour businesses for Western,
Japanese, Chinese, Malaysian and
Singaporean tourists. Hotel businesses
in the northern region have also been
negatively impacted. The economic
damage on tourism in Chiang Mai
Province during March and April 2019
is estimated at approximately THB
6.309 billion and will only continue to
increase if the air pollution problem is
not resolved.

5. Despite many ministries attempting
to resolve the air pollution problem
at the national level, from the
perspective of the private sector
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The popularity of running as an exercise
has led to more and more running
event being held. In 2019, an average of
200-250 running events were held each
month or approximately 3,000 events
nationwide. This has created massive
value to the economy and seen the
growth of many related businesses from
running event organizers, running shoes,
running equipment, including shirts,
trophies, medals and photography
businesses [1]. This boom has benefited
other various tourism businesses as well.
Apart from running, cycling is another
popular form of exercise. The cycling
industry in 2018 had a total market value
of THB 7.5 billion, split between bicycles
(THB 4.5 billion) and cycling equipment
(THB 3 billion) [2] not including cycling
races and events. To understand the
impact of air pollution on marathon
running and cycling businesses, the
research team conducted interviews
with experts in the marathon running
and cycling business of Chiang Mai and
the northern region3. These issues can
be summarized as follows:

3

8.1 General information
on organizing
marathon running and
cycling events in the
northern region
From our interview with the experts,
we learned that organizing running
and cycling events functions are great
for distributing income to the local
community. For example, the Doi
Inthanon cycling invitation, Chiang
Mai Province is an international event
second only to a cycling event in
Taiwan. Thousands of people attend the
event and a large amount of revenue
is distributed to Chom Thong District
because participants will stay there
at least 1 night prior to the event.
Running events in Chiang Mai are
held monthly and are becoming more
frequent during the weekends from
mid-October through to mid-March.
On some weekends running events
are held in the morning and evening
of the same day. If air pollution was
not a problem these events could run
into Songkran Festival in April. In the
northern region, Chiang Mai hosts the
most running events, followed by Chiang

The research team conducted an in-depth interview with Napon Hongsakulvasu, Ph.D., Faculty of Economics,
Chiang Mai University and Asst. Prof. Jedsadaporn Sreepakdee, Faculty of Engineering, Rajamangala
University of Technology Lanna on the 27th of October 2019.
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Rai, Lampang, Lamphun, Phrae, Mae
Hong Son and Nan. The reason more
events are not hosted in other provinces
is the lack of hotels and accommodation
for participants.
Each event can be organized to have
different types of marathon running in
different slots. For example, Event A has
a 4,000-person mini-marathon, as well
as a 2,500-person half-marathon and a
1,000-person marathon with staggered
starting times. Some events like the
Chiang Mai Marathon are large events
with over ten thousand participants.
However, not all events are hosted as
full marathons. Most of the events are
Fun Runs and mini-marathons or a
mini- and half-marathon event. Different
organizers will have different capacities
in organizing an event.
Normally the event registration fee
covers the cost of a running jersey and
medal, which does not include other
additional costs such as:
1. Accommodation for at least 2 nights,
before and after the event. Because
most events are held on a Sunday,
participants will arrive by Friday and
take the opportunity to travel with
family on Saturday. Some will stay
on Sunday night rest and depart on
Monday.
2. Photography fees which is about the
same price as the registration fee.
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It is a means of income distribution
for people in the area because
during large events, locals will set
up cameras at turns and upload the
images onto their websites. Pictures
normally cost THB 80-100 and people
often purchase 4-5 prints costing THB
400-500.

8.2 The impact of air
pollution on sporting
businesses and
organizing cycling and
running events in the
northern region
Air pollution in the northern region,
especially PM2.5, leads to massive
opportunity costs for sporting businesses
such as the Tour of Thailand event
which emulates le Tour de France, an
international cycling race. Thailand
was heavily criticized for hosting the
event during a period of very high
PM2.5 because it would be harmful to
participating cyclists from around the
world. Moreover, opportunity cost
incurred from the declining number
foreign athletes training in Chiang Mai
because many wanted to avoid the air
pollution. Under normal circumstances,
northern provinces such as Chiang Mai
would be an ideal training location for
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cyclists due to its mountainous terrain,
clear paths, well-paved roads and
comfortable weather.
Although no running or cycling events
were cancelled in 2019 with events going
ahead in spite of the circumstances,
the number of participants has clearly
declined. Many people decided not to
participate despite already paying the
registration fee. In the previous year, the
participant numbers didn’t drop because
people weren’t aware of the air pollution
as a silent killer. This is indicative that
in future events, participant numbers
will undoubtedly decline. Organizers
themselves will avoid hosting events
during peak of PM2.5 periods because
they risk losing money and it is difficult to
predict when PM2.5 levels will spike. This is
similar to how organizers avoid hosting
running events during the rainy season
because they cannot predict whether
it will rain heavily. The rainy season is a
low season for sporting businesses, but
rain isn’t as frightening as PM2.5 because
the weather is nice when it rains, but air
pollution is bad for your health. Apart
from the running and cycling event
organizers, a number of other related
businesses are also negatively impacted
by air pollution such as general event
organizers, shirt manufacturers, medal
manufacturers, stage construction
businesses and sporting equipment
businesses. Model agencies, models,
timekeepers and photographers are

also affected. Moreover, fitness centers
need to install air purifiers to attract
customers. The same goes for cafe and
coffee shop businesses as well.

8.3 The impact of air
pollution on the health
of runners and cyclists
in the northern region
From the interviews, we learned that in
Chiang Mai there has been an increase
in air-pollution-related cases of people
having heart attacks while running.
Many health-conscious people in Chiang
Mai were willing to pay THB 5,000 –
6,000-for a heart check-up at hospitals.
However, some runners and cyclists still
exercise outdoors despite knowing that
air pollution is harmful to their health,
arguing that inhaling air pollution
does not cause sudden death and they
needed to run otherwise they would be
depressed. Others argue that they have
immunity against toxic dust.
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8.4 How much are
organizers aware
of the impacts of
air pollution when
organizing an event?
Not only does the public has very
little awareness of the dangers of air
pollution because in the past there was
no monitoring, no air quality reporting
and no information provided regarding
the health impacts of air pollution;
but running and cycling organizers,
including national sports organizations
that co-host the events, also have
limited awareness of such impacts.
This is confirmed though empirical
observations when running events
were held during periods of high PM2.5
in January-February. The events went

ahead because participants had paid
their registration fees and organizers
refused to issue refunds. Moreover,
organizers often value the revenue from
the event over the health impacts from
air pollution. For example, the Chiang
Mai Night Marathon was not cancelled
despite high PM2.5 levels. Another
example is the Doi Inthanon trail running
event under the name of Chiang Mai
Trail Marathon, which was hosted by
the Government to promote tourism. It
was held in early March 2019 when air
quality was at its worst. The event was
not cancelled despite runners proposing
that they should revise the timing of the
event. Figure 8.1 shows the atmosphere
during in-depth interviews with experts
on marathon running and cycling event
organization in Chiang Mai.

Figure 8.1 In-depth interview with marathon running and cycling
event organizing experts in Chiang Mai
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8.5 Recommendations
from the interview
1. More protections should be put in
place for runners and cyclists as
consumers who have registered
for events. Full refunds should be
available from the organizers if air
pollution levels on the day of the
event are harmful to health. This
is essential because organizers
refuse to cancel events and do
not offer refunds even if the event
is held during periods of harmful
air pollution levels. Having to
refund registration fees will cause
organizers to become more aware of
the dangers of air pollution and its
impact on the health of participants.
They will also have to see beyond
the profits of organizing events. This
measure will help organizers avoid
hosting events during periods where
air pollution levels are harmful and
can negatively impact participants’
health.
2. Citizen Watch Dogs should be
promoted as a warning system,
recruiting local people to help
government officials monitor
and report burning, black smoke
emission from automobiles, or
pollution from industrial factories.
As the public sector is short on
manpower, local cyclists could
be considered for participation in

monitoring problems with open
burning, which is a source of air
pollution. Cyclists can be excellent
informants, providing information
on open burning in various areas.
Most cyclists are willing to volunteer
to keep an eye out for open burners
if the complaint mechanisms are
easily accessible and a reward is
provided for reporting open burning
occurrences.
3. A Traceability System should be
implemented to tract the origins
of agricultural products and
prosecute or penalize businesses
involve in agricultural burning both
domestically and internationally.
Companies should have to report
the source and quantity of the
products purchased. Knowing the
origins will facilitate the creation
of an interconnected hotspot map
and clearly verify who is involved in
creating air pollution.
4. Even if we were able to resolve the
problem of burning corn crops used
as livestock feed and the problem of
monocultures, the main cause of air
pollution remains to be forest fires.
Forests in the northern region are
deciduous forests similar to those
in the state of California, the United
States of America. Therefore, we
should focus more on preventative
measures such as regular fuel
management, firebreaks, preparing
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water systems for putting out flames
and methods to prevent illegal forest
burning.
5. Educate local leaders on waste
and fuel management, including
the impacts of air pollution. This
is essential because part of the air
pollution problem comes from local
waste burning. Moreover, there
should be alternatives available for
those who do not wish to burn their
waste, such as full-coverage waste
collection services.
6. Burning should be prohibited in
community areas, which should be
clearly defined. Public parks and
sports fields should be designated as
especially sensitive zones. Especially
harsh penalties should be in place for
violators that cause air pollution.
In conclusion, air pollution will cause
significant economic cost to sporting
and related businesses in the northern
region in the future. There is also a
Social Cost for those who wish to
exercise, having to pay medical fees for
health examination in fear of how air
pollution may impact their health. Apart
from the northern region, other regions
of Thailand hold numerous running and
cycling events. Therefore, air pollution is
expected to incur a significant economic
cost on sporting and related business in
the future if it is not properly addressed.
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Research conducted by the World
Health Organization [1] indicates that
children and adolescents are among
the vulnerable groups whose health
are highly sensitive to air pollution. The
research team undertook field visits to
conduct in-depth interviews and focus
group meetings with students, parents,
teachers and schools on the impact
of air pollution in two high-impact
areas, i.e. Bangkok and Chiang Mai. The
findings are as follows:

9.1 Case studies from
schools in Bangkok
Apart from being the province with
the highest population, Bangkok also
has the highest number of schools in
Thailand. The research team conducted
interviews with teachers, parents and
students4 at Roong Aroon School, which
is amongst one of the most determined
advocates in finding solutions to prevent
and address air pollution problem. The
details of the interviews are as follows:

4

9.1.1 Inaccurate
understanding of parents
on the impact of air
pollution on students,
parents and schools
Teachers and parents informed the
research team that a number of
parents do not have a comprehensive
understanding of air quality
measurement and its health-related
impacts. Hence, they do not believe
the recommendations from the World
Health Organization even though
there are many empirical research
in international academic journals.
Inaccurate understanding of parents
leads to misunderstanding on the part
of the children regarding the danger
of air pollution Moreover, this causes
disagreements among parents and the
school has to be a mediator for such
disagreements.
Apart from the negative impacts
from communication without solid
understanding, the school also informed
us of the negative impact from air
pollution on students’ health. Statistics
from the school’s clinic reveals that
during the period when the level of

The research team convened a focus group meeting with 25 persons, including the Director of Roong Aroon
School (Miss Sunisa Chuencharoensuk), parents and also students on the 30th of October 2019 at Roong Aroon
School, Bang Khun Tian District, Bangkok.
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air quality is unhealthy, a number of
students had symptoms of allergy.
Another impact from air pollution
encountered by the school was the
disruption to classes as the school was
required to close down quite frequently
during the period when air pollution was
at very unhealthy levels.

9.1.2 Measures to address
air pollution
With the impact of air pollution on
students, teachers and parents, the
school and its parent association tried to
come up with solutions and especially
emergency measures to adopt. Actions
taken by the school include:
1. Installation of air purifiers in
classrooms to reduce air pollutants
2. Immediate school closure, if the air
quality reaches unhealthy levels
3. Daily and continuous air quality
monitoring and reporting the
measurement taken at specific times
on a designated blackboard for the
students and staff
4. Studying and developing air pollution
prevention and adaptation measures
based on recommended resources
5. Understanding the daily cycle of air
pollution to see during what time
of day the air quality is good or not
good

6. Inviting academics and experts
to educate teachers and parents
and provide training on making
homemade air purifiers
7. Collaborating with a variety of
networks to push the issue of air
pollution i.e. collaboration with the
Thailand Clean Air Network for the
purpose of sharing and exchanging
useful knowledge and experience
8. Convening meetings to establish
understanding on the air pollution
situation among teachers and school
staff to seek collaborative solutions
9. Exploring and implementing air
pollution adaptive practices such
as adjusting traffic in the school
to reduce the number of cars
transporting students, improving the
walkway by setting up a drop-off/
pick-up point in front of the school
for more convenience, provision of
shuttle buses to take students to
their specified pick-up points and
requesting cooperation for car pooling
10. Moving morning class times since
air pollution level is often high in the
morning
11. Cleaning and storing items which may
collect dust inside the classrooms
12. Installation of water curtains to
prevent air pollution
13. Taking closer care of vulnerable
groups when the air is at unhealthy
levels
14. Educating students on air pollution
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Figure 9.1 In-depth interviews with teachers, parents and students
at Roong Aroon School, Bangkok

Figure 9.1 shows the atmosphere of
the in-depth interviews with teachers,
parents and students at Roong Aroon
School, Bangkok.

9.2 Case studies from
schools and universities
in Chiang Mai
Besides Bangkok, Chiang Mai is another
highly populated province and also
the location of numerous schools and
educational institutions in the northern

5

part of Thailand. The research team
conducted in-depth interviews with
educational experts on the impact of air
pollution in Chiang Mai5. The interviews
can be summarized as follows:

9.2.1 Communication
problems and the impact
of air pollution on
educational sector
The experts mentioned the inefficiency
and ineffectiveness in communication
and information sharing among the

The research team conducted in-depth interviews with (1) Mr. Chatchawan Thongdeelert, President of
Alternative Education Council Association; (2) Mr. Charoen Wongsaya, the secretary-general of Chiang Mai
Education Reform; and (3) Mrs. Patcharee Apiwong, teacher of home economics subject at Regina Coeli
College, Chiang Mai on the 26th of October 2019.
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educational sector of Thailand. This
results in recipients lacking true and
accurate understanding of the air
pollution problem and its impact. For
instance, with the emergence of the
air pollution problem, many news
sources attempted to present, through
many channels, that air pollution is not
harmful to health, while others would
report to the contrary. If the recipients
of such information believe that air
pollution is not harmful, they will not
realize the importance of protecting
themselves and their family during
periods of unhealthy air pollution levels.
The research team was informed that
during the period with high levels of
air pollution, a high number of students
in many schools showed symptoms of
allergies, sneezing, coughing, nasal
and eye irritation and also relapse of
asthma. Some also suffered from broken
capillaries in their sinuses resulting in
nosebleed. It was reported that eye
irritation, increased eye discharge, nasal
irritation and dry sinuses were found in
generally healthy students.

9.2.2 Educational disparity
and measures to address
air pollution
From information collected during the
field visit, it was found that almost every
private school had established Safe
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Zones for the students. Also, almost all
of the private schools installed both air
conditioners and air purifiers in every
classroom. They were also supported by
parents in distributing surgical masks
to the students. It is entirely different
in public schools where there had been
no support and no distribution of any
protective gear. The classrooms are also
open-aired, exposing students to great
risk from air pollution. Apart from school
students, university students have
also been affected by air pollution. For
example, Chiang Mai University students
residing in campus dormitories were
highly affected since there were no air
conditioners in the dormitories. Hence,
they had to leave windows open to
allow the inflow of polluted air. All of this
reflects evidence about the disparity in
the education system, from kindergarten
to universities, which includes inequity
even in the right to clean air.
In the face of this disparity, many schools
have made efforts to provide information
to students and parents and to adjust
lesson plans to avoid air pollution.
Teachers tried to instruct students on
basic protection measures if they are
required to be outdoors when the air
quality is at unhealthy levels, i.e. by using
surgical masks, or what can be used
as substitutes in the absence of N-95
respirators to protect their respiratory
system from air pollutants. However, due
to the unfamiliarity of constantly wearing
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N-95 respirators and the considerably high
price of the surgical masks, the majority
of students chose not to wear them.
Furthermore, there has been no change
in the behavior or routine of people in the
area to protect themselves against air
pollution due to a lack of awareness on the
severity of air pollution to health. Figure
9.2 shows the research team and the
educational experts in Chiang Mai.

9.3 Recommendations
from the interview
1. Installation of air purifiers in
classrooms should be encouraged
at both private and public schools in
risk areas to reduce air pollutants.

2. Schools in risk areas should be
encouraged to continuously monitor
and report air quality index to
teachers, school personnel, students
and parents. The benchmark can be
based on internationally recognized
levels, i.e. levels stipulated by
the World Health Organization or
the United States Environmental
Protection Agency (US EPA).
3. Communication methods on
the risk of air pollution should
be revised. Calculation of the Air
Quality Index should be based on
the international standard, instead
of national ones, and the calculation
should be reported in real-time with
corresponding color-coding to better
indicate the hazard levels.

Figure 9.2 The research team and the educational experts in
Chiang Mai
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4. Distribution of knowledge on air
pollution, air pollution prevention
and adaptation measures for
students should be encouraged. This
can be done in collaboration with
local educational institutions with air
pollution experts.
5. Establishment of school networks
should be encouraged in order to
initiate knowledge and experience
sharing in addressing air pollution
and to collaboratively develop
practices for prevention and solution
to the problem.
6. There should be consideration to
move school start time in the risk
areas to avoid morning periods when
the air pollution is at unhealthy
levels.
7. All schools should be encouraged to
take close care of their vulnerable
students during the period when air
pollution reaches unhealthy levels.
8. All schools should be encouraged
to educate their students on air
pollution and to develop a national
curriculum covering the knowledge
on air pollution and its impact from
primary school level onwards.
In conclusion, the above information
reflects that the civil sector still lacks
true knowledge and understanding
on air quality measurement and the
health impact of air pollution. The
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public sector should promptly raise
awareness and correct understanding of
the people, especially those in risk areas.
Furthermore, the approach adopted
by Roong Aroon School is considered
a guiding example to address the air
pollution problem. Therefore, the
public sector should build upon these
approaches and encourage schools
located in high-risk areas nation-wide
to adopt, contextualize and implement
the measures accordingly. Budget
allocation and knowledge distribution
to schools, parents and students are
also recommended. The disparity in the
access to air pollution information in the
public and private schools needs to be
urgently addressed before Thailand’s
children, who are the future of the
country, become unwell while in their
youth.
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Apart from the impacts on health
from air pollution as concluded from
research, articles and academic
journals and its empirical impact on
tourism and education described in
the previous chapters, air pollution
also impacts various communities as
well. This chapter presents empirical
impact information of air pollution
collected from field visits and in-depth
interviews with representatives from 3
communities. The communities were
Phet Phra Ram Slum Community in
Bangkok, Bang Nam Chuet District
Community in Samut Sakhon Province
and urban and rural communities in
Chiang Mai. The details are as follows:

10.1 Case studies from
Phet Phra Ram Slum
Community, Bangkok
The research team interviewed 5
representatives from the 4-Regions Slum
Network and the head of Phet Phra
Ram Community on the 18th of October
2019 at Phet Phra Ram Community.
The interviews revealed that there are
340 households within Phet Phra Ram
Community with approximately 700
residents. There are 230 households
with household registration and
110 without. Pursuant to the law,
households without household

registration will not be eligible for
government assistance. Additionally,
the community located opposite
from Phet Phra Ram Community or
“Klai Rong Poon Community” has as
many as 1,000 households. In brief,
the 4-Regions Slum Network in the
Bangkok Metropolitan Region has 58
communities in its network. Currently,
there has been neither installation of air
quality measurement devices nor any
designation of the Safe Zone. The simple
air quality measurement method used by
the residents is to place a water bottle in
front of each of their houses. During times
when the air pollution reaches unhealthy
levels, the amount of dust on the bottle
would be considerably thick.
From the field visit and interviews, it was
found that the residents of Phet Phra
Ram Community have very high risk
of continuous exposure to unhealthy
levels of air pollution since either side
of the Community is adjacent to the
street and a canal in which the means
of transportation is by motor boats
that emit exhaust fumes. Close to the
community is a cement factory that
releases toxic dust and above it is the
BTS sky train. The research team was
informed that there are many residents
of the Community who have respiratory
conditions, lung cancer and allergies.
Small children also showed signs of
sickness, some with allergies so severe
that they could not continue to live
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within the Community and had to
relocate back to their hometown. The
Community’s representative informed the
research team that there are potentially
100 out of 700 people who developed
health conditions as a result of air
pollution. From the interview with the
Community representative, it was found
that less than 5 percent of the residents
are aware of the grave danger of air
pollution. The majority of the residents
prioritize making a living over their
health concerns. Even though they may
be aware of the harm from air pollution,
they cannot afford to buy surgical masks
for their own protection. What they can
do is to spray water in front of their
houses.
In addressing the air pollution
problem, the Bangkok Metropolitan
Administration (BMA) hosts monthly
training for the Public Health Volunteers
listed with the BMA. After that, the Public
Health Volunteers will educate residents
of the community and distribute 1-2
boxes of surgical masks that are not
adequate to protect against PM2.5.
Communities that require substantially
more masks will have to collect names
of the community’s residents and file a
special request. Currently, there have
been no other measures to address air
pollution that will occur in 2020.
However, the Community has been
running a campaign for its residents to
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plant more trees to capture and filter
PM2.5. The main set back in the process of
addressing the air pollution issue is the
fact that the residents do not have the
time to attend trainings nor have they
prioritized health issues since they have
to make a living. Most of the residents
work 6 days a week with only one of
rest day. The assistance they would
want from the public sector is to raise
awareness of the community’s residents
and increase roadside water spraying
to mitigate the air pollution problem
caused by coarse particles that are
harmful to health. Figure 10.1 shows the
atmosphere of the in-depth interviews
with the representatives of 4-Regions
Slum Network and the head of Phet Phra
Ram Community.

10.2 Case studies from
communities in Samut
Sakhon Province
Samut Sakhon is one of the provinces
that encountered severe air pollution
problem. Part of the reason was
because it has the 4th highest number
of industrial factories in Thailand.
In 2018, there were 6,557 factories
located there, constituting THB 3.15
hundred billion capital investment [1].
The research team had a focus group
meeting with the Chief Executive of Bang
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Figure 10.1 In-depth interviews with the representatives of 4-Regions
Slum Network and the head of Phet Phra Ram Community

Nam Chuet Sub-district Administrative
Organization (SAO), Ecological Alert and
Recovery – Thailand (EARTH) and other
organizations from both the public and
private sectors on the 18th of October
2019 at Bang Naum Chuet SAO, Samut
Sakhon Province.
It was derived from the focus group
meeting that air pollution level in this
area is exceptionally high, especially

the volume of lead, which exceeds the
standard specification as previously
detected in 2013. Moreover, blood test
results from 73 out of 165 samples
contained lead above the standard
level. Furthermore, the 24-hour average
level of PM2.5 and PM10 in this area
substantially exceed both Thailand’s and
World Health Organization’s standards,
even when it is not the season for high
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levels of air pollution. Figure 10.2 shows
the concentration of PM10 and PM2.5 in
the flea market area at Moo 2, Soi Kong
Panan Pol during the period of 31st of
August – 16th of September 2019 and 31st
of July – 19th of August 2019 as measured
by mobile air monitoring vehicles from
the Pollution Control Department.
It was revealed in the focus group
meeting that not only the locals are
affected by the air pollution but also
the schools in the vicinity, i.e. Wat Rat
Rangsan School located in Muang
district of Samut Sakhon and situated
adjacent to Rama 2 Road. This school
has been adversely affected by the
high levels of air pollution and there
are students who have become ill with
respiratory syndrome. The school has
prohibited all outdoor activities and
both teachers and students have been
instructed to wear surgical masks for
protection. Parents donated surgical
masks to the school and coordinated
with relevant authorities to arrange for
water spraying to reduce the level of
dust. An air quality measurement device
was allocated, and students have been
taught about air pollution. However,
health check has not been conducted for
the students to determine how severely
they are affected by air pollution.
According to Sub-district Health
Promoting Hospitals, there are
restrictions on the use of budget to
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conduct blood tests and health checkups for students and the locals. Since
the budget can only be used for health
promotion, treatment and rehabilitation
according to official budgetary
regulations. Therefore, the only support
that can be given at present is the
distribution of surgical masks and
knowledge sharing to students and
the community. The Chief Executive
of the SAO has also imposed stricter
environmental restrictions in order to
mitigate the impact of air pollution.
However, the SAO Chief Executive also
raised the issue about the difficulty in
accessing official budgetary allocation
due to the abovementioned restrictions.
Figure 10.3 shows the atmosphere of
the focus group meeting with the Chief
Executive of Bang Nam Chuet Subdistrict Administrative Organization,
Ecological Alert and Recovery – Thailand
(EARTH) and other organizations from
both the public and private sectors.

10.3 Case studies
from urban and
rural communities in
northern Thailand
The research team conducted a field
visit in Chiang Mai in order to collect
information on the impact of air
pollution on the people in the North by
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Figure 10.2 The concentration of PM2.5 and PM10 (24-hour average) in
the flea market area at Moo 2, Soi Kong Panan Pol

PM10 – 24-hour average (µg/m³)
PM2.5 – 24-hour average (µg/m³)
During 31st Aug – 16th Sep 19 and 31st Jul – 19th Aug 19
Source: [2]

Figure 10.3 Focus group meeting with the Chief Executive of Bang
Nam Chuet Sub-district Administrative Organization, Ecological
Alert and Recovery – Thailand (EARTH) and other organizations
from both the public and private sectors.
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holding focus group meetings with 20
representatives from Chiang Mai Breathe
Council, tribal groups, rural communities
(from 25 districts) and urban districts on
the 26th of October 2019. The meetings
can be concluded as follows:

10.3.1 The cause of forest
burning in northern
Thailand
The area in the North of Thailand is
90 percent highland and mountains.
Chiang Mai is one of the provinces with
vast areas of highlands and mountains
populated by many ethnic groups. In the
past, these ethnic groups were perceived
by the general public as the cause of air
pollution from forest burning. However,
from the interviews with representatives
from many of these groups in the North
we were informed that the highland
forest burning originated from 3
underlying causes: 1) conflicts between
the locals and state officials in their
resistance against, what they perceive
to be, unreasonable law enforcement;
2) forest burning conducted by forestry
officials to utilize their budget, because
if their annual forest fire prevention
budget is not used, it will be reduced in
the following year; and 3) forest burning
by the locals from two main causes
being burning for the ease of foraging
i.e. mushrooms picking, hunting and
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to prepare land for the next planting
season; and burning as fuel management
mechanisms to reduce accumulation of
dried leaves. In the past, people living
in the highlands (ethnic groups) had
almost never received any information
or knowledge on air pollution and its
impacts. Some of these groups still
believe that if they do not burn the
forest, Phak Waan Paa (melientha suavis)
plants will not sprout or there will be
less produce of puff ball mushrooms
(astraeus hygrometricus). Certain groups
of people still follow these beliefs and
continue to do forest burning. This
set of beliefs is intertwined with the
issue of livelihood, poverty and income
inequality.

10.3.2 Impact of forest
burning ban measures
imposed by the
Government on the local
people
In the past, the Government
implemented absolute burning ban
measures to address the problem of air
pollution. The Government’s burning
ban measures affected the way of life of
members of ethnic groups. Generally,
ethnic groups utilize forest areas as the
source of their livelihood, habitat and
commodities. They would set up their
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own conservation area, in which hunting
and forest burning are prohibited based
on their belief, which, in a way, is the
strategy for forest conservation, by the
community. The forest burning ban
measures is the Government’s strategies
to solve the problem without truly
understanding the way of life of those
living in the forests, leading to conflicts
between the ethnic groups and state
officials.
Enforcement of the law prohibiting
the locals from forest foraging in areas
where they make a living without
considering their way of life and not
giving them alternatives or other
support, caused even more severe
conflicts and resistance. Forest burning
is another symbolic act of the locals to
protest and claim back their land.
The 60-day burning ban universally
imposed by the Government had led to
more severe air pollution problems due
to pre-ban burning. Pre-ban burning is
done when crop residue is still moist
causing more smoke than if they were
burned when they are completely dry. If
burning is not done during the pre-ban
period, those responsible for the area
will be penalized for any fires that occur
after the ban is in place. In reality, fires
do not occur in the same area every
year but alternate year by year. With
the imposed regulation and penalty,
officers in the ground are afraid of being

penalized if there is any fire burning in
their area during the prohibition period.
So they would engage in precautionary
burning during pre-ban burning period,
even if it may not be required for their
area. The Government also has no
pre-set schedule for organized pre-ban
burning in the entire northern region
resulting in all areas burning at the
same time. The simultaneous burning
is beyond nature’s capacity to absorb
the pollution and this eventually leads
to significant air pollution problem.
Even areas with set burning schedules,
the dates are simply set up without
any consideration to meteorological
conditions or on relative humidity, or
wind speed and temperature, etc.
Moreover, the 60-day burning ban
measures often overlaps with the
planting preparation season for terraced
upland rice plantation. Generally, locals
will burn when they are preparing their
plantation so that when it rains, they are
ready to plant. The implementation of
60-day burning ban measures prohibits
plantations’ preparation burning and
by the time it is allowed again, the rainy
season would have passed. Therefore,
the 60-day burning ban measures affect
the locals’ upland rice planting, which is
planted for their household consumption,
causing suffering for the locals and is one
of the causes of illegal burning of forest
areas.
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Some academics have stated that pre-ban
burning had been experimented in a pilot
plantation with excellent results. As such,
it was recommended as the solution to
forest fires, without considering that the
“experiment” had fewer variables than in
real life, such as the environment, wind
direction, types of plants, air pressure,
climate, geographical condition of
the experiment area. In reality, each
particular area has their own practice or
local know-how used in setting their own
burning dates. When they are forced to
proceed with untimely burning, a series
of problems ensured from higher volume
of smoke, to adverse impact on the
farmers and on the local way of life.
Generally, highland farmers alternate
the land used for householdconsumption agriculture. However,
with increased population, larger
plantations are now required resulting
in more burning. The new legislation,
replacing the former one, which used
to allow locals to utilize the land, has
resulted in reduced plantation size and
thus agricultural burning is used as
a tool to help accelerate the planting
process. Therefore, to solve the issue of
agricultural burning, the Government
needs to implement burning measures
that allow the locals to co-inhabit in
the forests. Based on the case studies
of the residents of Om Koi village,
where government officials made an
agreement with the locals to designate
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appropriate planting areas, while
each community is assigned to selfregulate their community and forest
areas. This gives the locals the sense
of ownership in the area. When people
from other areas trespass into their land,
the locals will be the ones who stop
them in engaging in illegal activities or
prohibit these outsiders from entering
for security reasons. Thus access will
only be granted for those in the same
community or district.

10.3.3 Government
credibility from the locals’
perspective
The interviews revealed that the
Government’s assistance to the ethnic
groups has been inconsistent and there
have been numerous mistakes in the
implementation measures. This affected
the credibility of the Government from
the ethnic groups’ perspective and
discouraged the ethnic groups from
changing their ways of life. For example,
the Government had advised that
ethnic groups switch to growing other
alternative crops. However, there has
been no clear guarantee on the access
to market, potential end-buyers or
the selling price that would assure the
farmers that they will earn enough to
encourage the transition from foraging
mushrooms and other practices linked

10. Impacts of air pollution on the community

to forest burning. Therefore, there has
been no incentive to change and the
ethnic groups revert to doing what they
are good at, which does not require a
high investment outlay.
The Government has not addressed the
issue of poverty in a comprehensive
manner. The well being of the ethnic
groups has not been improved and they
do not have the confidence to change
their traditional practices. When they
do not receive the required assistance,
ethnic groups will choose the methods
that are easiest for them. Moreover, both
the ethnic groups and the local farmers
are often exploited and pressured by the
middleman to sell their produce at a low
price. This contributes to the agricultural
burning and continues the vicious
cycle of poverty. Figure 10.4 shows the
atmosphere of the focus group meetings

with the representatives of Chiang Mai
Breathe Council, tribal groups, rural
communities (from 25 districts) and
urban districts.

10.4 Recommendations
from the interviews
1. More assistance to low-income
population residing in slum
communities, which are at-risk areas,
should be considered. Knowledge on
the harms of air pollution should be
shared and standard surgical masks
should be provided.
2. Safe Zones should be located as
close to the community as possible.
If it were too far, no one would use
these services, as they do not own
vehicles and have to work.

Figure 10.4 Focus group meeting with the representatives of
Chiang Mai Breathe Council, tribal groups, rural communities
(from 25 districts) and urban districts
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3. The public sector should install more
air quality measurement devices
in the area and share information
on air quality with the people
comprehensively and without delay.
Raising awareness will adjust the
people’s attitude and their realization
of the importance of health and
environment.
4. The public sector should not exercise
its administrative power to prohibit
agricultural burning. Alternatively,
the burning should be scheduled by
taking into account the air quality.
Moreover, this should be done in
parallel with educating the people
to understand the problem and
encourage them to participate
in problem-solving processes.
Alternative planting should be
proposed to the community, i.e.
encourage perennial planting in the
highland instead of monocultures,
such as animal-feed maize, to reduce
burning. Knowledge and know-how
on highland agriculture should be
provided and a market for the local
community’s agricultural produce
should be procured. Utilization of
some parts of the northern highland
are restricted by law and the
Government should designate such
areas as special restoration areas.
5. The Government should consider
permitting the inhabitants of the
forest predating the declaration of

110

the conservation areas to continue to
remain in that area. In doing so, the
authority should clearly demarcate
the area for subsistence farming
and clearly restrict the remaining
areas from encroachment based
on regulations that are jointly
agreed between the Government
and that local community. The
local community will help look
after the forest and prevent forest
fires. Evicting the locals who burn
the forest from the area without
understanding their way of life nor
educating them will disrupt their way
of life leading to illegal burning and
highland monoculture, which will
eventually lead to forest burning that
causes air pollution.
6. The conflict between enforcement
of new legislation and local claims of
their habitation rights that predate
such legislation causes severe
conflicts and is the underlying
cause of the forest fires. Therefore,
a mediator should be appointed for
reconciliation. A forest ranger would
be a good option and is someone
who can help the authorities better
understand the local communities.
7. Moving forward, tangible goals on
addressing air pollution should
be specified and include the
participation of civil society, the
public and private sectors. The
authority and budget should be
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more decentralized and allocated
to the local areas. The goal should
not focus only on short-term
solutions. Quantitative indicators
and punishment measures
should be imposed on all levels of
governmental agencies should they
fail to comply with the agreed goals.
8. New mechanisms should be
developed to reduce agricultural
burning and address poverty
caused by the exploitation of local
farmers by the middleman. Clear
and standardized pricing strategies
should be set along with quality
standards for agricultural produce.
Impartial quality analysis tools
should be developed to reduce the
risk of exploitation and allow farmers
to understand the quality of their
produce, where they can be improve
and, the achievable price point if
they meet quality standards. The
above mechanisms are being used in
the procurement of coffee beans in a
province in India.
9. The price difference between burnt
and fresh sugarcane should be more
than THB 30/ton to motivate the
harvest of fresh sugarcanes since
they yield more income. Penalties
should be imposed on those who
cause pollution. The private sector
should jointly liable since they
contribute to the purchase of burnt
sugarcane and the onerous should

not be only on the farmers to bear on
their own.
10. Public and private sectors should
together support farmers financially
based on a short-term condition
that they use proper machinery,
harvest preparation and plantation
management instead of burning.
11. Support farmers in all areas to make
compost from agricultural waste.
Provide financial support for farmers/
plantations to compensate for the
increased cost from not burning.
12. Estimate the proportion of air
pollution contributed by each source
in each area and analyze the toxic
composition in-depth.
In conclusion, air pollution affects
communities in a large scale from lowincome people in slum communities,
students, teachers, parents and the
local residents. It reflects the issue of
disparity and restrictions on budget
allocation to address the air pollution
problem. The ethnic groups living in
the northern highland are negatively
affected by the Government’s burning
ban measures, implemented without
flexibility and devoid of participation
by the community. This cause changes
to their livelihoods and create conflicts
between the Government and the locals,
rendering measures to try to reduce
air pollution from forest burning in the
North ineffective.
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Enhancing fuel standards is another
solution to mitigate air pollution
problem caused by fuel combustion.
It can be implemented in parallel with
enhancing vehicle emission standards
since fuel combustion in the automotive
and industrial sectors are major
factors of air pollution. In the past, the
Government planned to adopt the Euro
5 Emission Standard to replace the
Euro 4 Emission Standard by 2020, but
it was postponed to 2022 and then to
2024. Currently, there is still an effort to
adopt the Euro 5 Emission Standard by
the year 2024, granted that there will
be no further delays. The research team
interviewed an expert in energy and oil
refineries sectors7 and the conclusions
drawn from that interview are as follows:

11.1 Investment and
time required to
enhance fuel standards
The underlying difficulty in upgrading
the standards from Euro 4 to Euro 5 is
to extract 50 parts per million (ppm)
of sulfur from the fuel and reduce it
to 10 parts per million. This requires
significant amount of investment. While
the difference between Euro 5 and Euro

7

6 emission standards is the engine.
Even though there are premium grade,
Euro-5-equivalent fuels with 10 ppm
of sulfur available in the market, the
production volume is only at 5 percent
of the total demand. Also, the price of
premium-grade fuel is almost THB 4/
Liter higher than general fuel prices
due to the higher amount of additives.
This generates substantial profit for
premium-grade fuel manufacturers.
However, the considerably higher price
of the premium grade fuel means the
majority of the people do not switch to
use it.
For IRPC Public Company Limited,
it would require as high as THB 10
billion investment to upgrade to Euro
5 Emission Standards. Similarly, Thai
Oil Public Company Limited will have
to invest over THB 10 billion as well.
However, Bangchak Public Company
Limited may require less investment
since they already made some
investment 7 years in advance during the
period when Dr. Anusorn Sangnimnuan
was still in office as the Chief Managing
Director.
However, investment to enhance fuel
standards cannot be achieved in a short
time and would require approximately

The research team conducted in-depth interview on the 25th of September 2019 with Dr. Anusorn
Sangnimnuan, former Chief Managing Director of Bangchak Petroleum Public Company Limited, current
independent director of IRPC Public Company Limited and B.Grimm Power Public Company Limited.
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5 years to invest. To do so, oil and
gas companies and refineries have
to consider both technical and costefficiency principles or what is termed as
the “Techno Economics”. The first year
will be spent on analyzing investment
feasibility. Next comes the stage of
designing and installation of specific
equipment, especially compressors and
reactors. The process will take time,
as the designs have to be specifically
customized for each refinery. Once the
investment is completed, a 1-year quality
and standard inspection will have to be
conducted. Furthermore, investments to
enhance the fuel standard also require
substantial monetary outlays and each
oil and gas company has different
financial status. Hence, they would
require time to raise funds.

petroleum products yield lower profit
per liter than domestic sales. Setting
higher prices for Euro 5 fuels than
Euro 4 in today’s market is difficult
as consumers would not be willing to
pay extra for it. The research team also
learned that oil and gas companies
are now ready to upgrade the fuel
standards to Euro 5 but there needs
to be consultation with automotive
manufacturing companies because
automotive manufacturers may not wish
to adjust their production line due to
higher production cost that will ensue.

At this stage, the Government’s goal to
implement Euro 5 Emission Standards
by 2024 is highly feasible. This expert
believes it is highly probable that
refineries will be able to manufacture
Euro 5 fuels earlier than 2024. From a
competition perspective, the earlier
the company can achieve this, the
more market share they will gain, as
consumers are now more aware of
environmental issues. Even though
companies will have to sell Euro 5 fuels
at the price of Euro 4 with minimum
profit margin, they will be able to gain
substantial market share, resulting in
higher profitability, as the export of

The fastest way to enhance fuel
standards is to import low-sulfur oil or
“Sweet Crude”. However, fuel of such
grade comes with a high price tag and
importing it is not economically viable.
Moreover, many oil and gas companies
also manufacture engine oil. The refining
process for the engine oil requires highsulfur “Arabian Crude” from Saudi Arabia
to be imported. Thus, most companies
do not have the incentive to import lowsulfur oil.

11.2 Enhancing fuel
standards to reduce air
pollution

It is estimated that the market price of
fuel not increase to no more than THB
0.15 per liter as a result of the increased
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production cost of upgrading from
Euro 4 to Euro 5 Emission Standards.
In setting the price for Euro 5 fuels, the
reference market price from Singapore
can be relied on, as it is currently already
used to set the oil price domestically.
However, Euro 5 fuel price may differ
during the period when the standard
is being/not being implemented due
to the change in fuel demand. In the
early stages, there may be a limited
number of companies with the capacity
to manufacture Euro 5 fuels, while the
demand increases, resulting in increased
prices of Euro 5 fuels during that stage.
However, when all the oil and gas
companies are able to manufacture Euro
5 fuels, the price will gradually drop due
to higher supply availability.
Regarding the support required from
the public sector, the expert indicated
that the exact extra margin in which
Euro 5 fuels can be sold based on Euro
4 fuel price should be specified. If the
price of Euro 5 fuels were considerably
higher, it would catalyze the process of
Euro 5 fuel manufacturing. Further, by
specifying the exact price of Euro 5 fuels,
companies will have a better estimation
of the investment required. In setting the
margin, the Government may consider
referring to the market price of Euro 5
fuels in Singapore. Another contribution
the Government can make to hasten the
process of switching fuel standards is to

reduce the amount of contribution to
the Oil Fuel Fund, which is currently as
high as THB 40 billion. The Government
should also encourage the use of
alternative energy, which at present, is
stagnant. Since Thailand has sufficient
amounts of sunlight, manufacturing
solar cells will put us ahead of our
competitors in other countries. However,
the initiative of alternative power
generation via agricultural cooperatives
will need to be reconsidered since
its president(s) and executives often
benefit unduly from private company
lobbying. The implication is that private
companies are the true manufacturer
operating under the name of the
“Agricultural Cooperative”.
In the future, oil and gas companies and
refineries have to be ready for Electronic
Vehicles (EV) that will replace fuel
consumption. Even so, fuel is expected
to remain in consumption for the next 20
years, as fuel-powered cars will still be in
use. Also, aircrafts and other vehicles will
continue to consume fuel, as currently
there is still no efficient technology that
will replace their fuel consumption. Oil
refineries will have to add value to its
supply chain such as expanding into the
petrochemical industry. From a 5-year
projection, fuel demand is still expected
to increase.
In the Corporate Social Responsibility
(CSR) dimension, oil and gas companies

115

11. Reducing air pollution by enhancing fuel standards and the impact on oil refinery

would not be able to do much more
since they are already imposed with
many manufacturing conditions. At
present, efforts have been made by
mixing fuel with biodiesel, which many
companies are reluctant to do since it
would reduce their profit, as it requires
less refining. Mixing biodiesel with
fuel results in decreased fuel demand.
In relation to general environmental
promotion, plastic production from
petrochemical industry would need to
change to bioplastics in the future, as
Thailand is already the production base
for plastic beads. Also, power generation
from refused items such as vehicles tires
should also be promoted.
Finally, the expert also commented
that upgrading the fuel and emission
standards from Euro 4 to Euro 5 or Euro
6 will not solve all air pollution problems
since the source of air pollution is not
exclusive to the automotive sector
or caused only by fuel combustion.
There are also other causes such as
pollution control in industrial factories,
open burning from the agricultural
and forestry sector as well as the
construction sector which causes toxic
dust and other air pollutants.
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11.3 Recommendations
from the interview
1. The Government should promptly
support the import of low-sulfur
fuel, Euro 5-equivalent or higher,
for short-term use (from 2021-2023)
during the production adjustment
period of domestic refineries, which
is expected to be completed in 2024.
The Government may also consider
reducing the required contribution to
the Oil Fuel Fund to promote the use
of Euro 5 fuels.
2. The Government should specify the
exact margin difference between
Euro 5 or Euro 6 fuels and Euro 4 to
provide a clear investment outlook to
the private sector. The Government
can also consider adopting
Singaporean market’s Euro 5 fuel
pricing.
3. Renewable energy should be
promoted to replace fossil fuel, i.e.
solar energy or the promotion of
electric vehicles. However, renewable
power generation conducted through
the agricultural cooperatives needs
to be reconsidered, since currently
the president(s) and executives of
these cooperatives are gaining undue
benefits from the private sector’s
lobbying.
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In conclusion the enhancement of fuel
standards from Euro 4 to Euro 5 has been
consecutively postponed from 2020 to
2024. While there are expectations that
Euro 5 Emission Standards will only be
implemented in 2021. Therefore, air
pollution problems cannot effectively
be addressed due to the inconsistency
between engines in use and types of
fuel available. The Government should
hasten the process of obtaining Euro 5
fuels and should not further postpone
the application of Euro 5 fuel standards
because the air pollution from fuel
combustion will impose severe impacts
on people’s health.
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This chapter focuses on air pollution in
the industrial sector, which is another
source of substantial air pollutant
emission. The points presented here
are: 1) policies and measures imposed
by the Ministry of Industry to address
PM2.5 caused by factories; 2) source of air
pollution in the industrial sector; and 3)
failure to reduce air pollution from the
industrial sector. These points can be
summarized as follows:

12.1 Policies and
measures imposed by
Ministry of Industry to
address PM2.5 problems
caused by factories
In early 2019 during an air pollution
episode in the Bangkok Metropolitan
Region when the PM2.5 level was severe,
the Ministry of Industry appointed a
“Committee on Prevention and Mitigation
of Particulate Matter 2.5 Microgram
Problem: PM2.5 from Industrial Sector” on
the 15th of January 2019 that consist of 22
members [1]. The duties and authorities
of this Committee is as follow:
1. Develop a framework of measures
and practices for prompt and efficient
management to prevent and resolve
PM2.5 problem in the industrial
factories with tangible outcomes.

2. Specify procedures and management
practices for relevant authorities to
examine facts, explore causes of PM2.5
from the industrial sector and inspect
factories (especially those with high
risk of infringement) and to ensure
strict compliance with the law.
3. Report on the situation and produce
comprehensive data and information
to provide facts to the public.”
Later, on the 21st of January 2019, the
Ministry of Industry published “Measures
on Prevention and Mitigation of PM2.5
from Industrial Sector” [2], where the
only sections that relate to industrial
factories are as follow:
Prevention Measures consist of regulating
factories to ensure compliance with
emission standards as imposed by law,
including: 1) conduct surveys at factories
with high probability of generating dust
particles and air pollutants; 2) install the
Continuous Emission Monitoring System
(CEMS); and 3) instruct factory owners
to inspect their air treatment system to
ensure its efficiency and recommend
retrofitting factory boilers and to
share this information online with the
Department of Industrial Works as the
responsible regulatory agency.
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The Mitigation Measures consisted of 2
main elements as follows:
1. Nation-wide inspection and
surveillance of factories to prevent
generation of dust particles and air
pollutants. This will be separated
divided into two different inspections.
The first is the inspection of 120
factories where complaints have been
lodged on air pollutants. The second
is the surveillance of air pollutant
from 1,655 factories in the Bangkok
Metropolitan Region, which falls under
the responsibility of the Department
of Industrial Works. Furthermore, for
5,600 factories in 76 provinces this falls
under the responsibility of Provincial
Industry Offices and for the 445
factories located in Industrial Estates,
this falls under the responsibility of the
Industrial Estate Authority of Thailand.
2. Inspection of air pollution levels in
twelve provinces with the highest
concentration of factories. These
factories will be randomly selected
for inspection of their stacks and the
twelve at-risk provinces that include
Bangkok, Nonthaburi, Pathum Thani,
Samut Prakarn, Samut Sakhon,
NakhonPathom, Phranakorn Sri
Ayuddhaya, Saraburi, Chonburi,
Rayong, Prachinburi and Ratchaburi.
The Department of Industrial Works
together with Provincial Industry
Offices will be the responsible
agencies.
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Towards the end of the same month, a
letter [3] was issued to factory business
operators requesting for collaboration to
reduce production capacity or suspend
operations that emit pollution during
times of high-level dust particles each
day, and to exercise care and to strictly
comply with the Factory Act B.E. 2535
(1992) [4]. The letter stipulated that
emission of pollution from factories
is another source contributing to
generation of ultra-fine particulate
matter in the Bangkok Metropolitan
Region which has adverse public health
impacts.
Furthermore, the Air Pollution Unit,
Department of Industrial Works
published a document titled “PM2.5 and
Industry” by referring to information
from the “Research Project on Origin and
Management Practices for Particulate
Matter Under 2.5 Microns in the Bangkok
Metropolitan Region” published by the
Pollution Control Department (2018).
It is provided that PM2.5 in the Bangkok
Metropolitan Region is “52% caused
by vehicles (diesel-powered cars), 35%
by agricultural burning, 7% from other
areas and 6% from heavy metal particles
from industrial factories especially those
with high-sulfur fossil fuel combustion
(diesel, coal, fuel oil and etc.) and,
3-5% from biomass.” Additionally, the
document also stipulated that the
particulate matter problem is not a new
or recent phenomena in Thailand but
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countries that have undergone rapid
industrial development such as England,
America, India and China have all faced
with this problem [5].
The publication also specifies the role
of the DIW, the main agency mandated
for inspection of industrial factories,
to inspect factories locating in the
area with severe air pollution problem
to ensure their compliance with the
standard criteria imposed by the law on
at-source emission of air pollutant.
The legal standard implemented by the
DIW in the inspection are as follows: [5]
“1. Legislations on factory air pollutant
emission control which specify the
standard on air pollutant emission from
factory stacks can be categorized as
follows:
1.1 Standard on the emission of air
pollutant from general factories which
sets that the total suspended particle
(TSP) cannot exceed 240 milligrams
per cubic meter based on sources from
the combustion of fuel or fuel oil, and
it cannot exceed 320 milligrams per
cubic meter based on sources using
coal, biomass and other fuels.”
1.2 Industry-specific standard; types
of industry where these specific
standards apply are cement factories,
petroleum refineries, glass factories,
natural gas processing plants,
factories use treated and used fuel

and synthetic fuel as fuel for their
industrial furnaces, factories with
waste incinerator and power plants.
1.3 Fuel-specific standard; types of fuel
used are categorized into fuel, fuel oil,
coal, biomass and others.
1.4 Factory-specific standard (where
emission standard for these factories
are stipulated in their operating
conditions and in their EIA documents)
2. Legislations relating to factory
environmental reporting; factories with
high environmental risks such as oil
refineries, cement factories, steel mills
or smelting plants are obliged to report
the types and volume of pollutants
that they emit. The legislations also
stipulate the types of pollutants that
must be reported and the report should
be submitted electronically twice a year.
Factories of certain types, such as power
plants with production capacity from 29
megawatts per unit and factories with 30
ton/hr. boilers have to regularly submit
information to the Continuous Emission
Monitoring System (CEMS).
3. Legislations covering multiple types
of factories, such as synthetic rubber
factories, petrochemical factories,
power plants, must have environmental
personnel stationed at their factories to
ensure that their internal systems would
not not cause harm to the environment.”
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A publication by the Air Pollution Unit
of the Department of Industrial Works
also recommends these practices to
enhance the quality of air emitted from
factories pursuant to the law [5] with the
following details:
“1. Reducing PM2.5 at the source
PM2.5 does not consist of only one type
of pollutant, on the contrary, it consists
of various types of pollutants and it is
necessary to implement a Multi-Pollutant
Control approach.
2. Shifting to clean fuel combustion,
i.e. natural gases (NG) or using
renewable energy such as wind power or
hydropower and such.
3. Using particle capture devices
Exhaust Aftertreatment System (or
EATS) is another critical component
for industrial factories (emphasized by
the author), especially factories that
use fuel combustion. This system can
help reducemore than 90 percent of air
pollutant in all types of particle capture
devices.
4. Factories are required to maintain their
air pollutant treatment systems to ensure
constant efficiency in order to prevent
the release of air pollutants into the
environment and external communities.
These factories need to regularly
maintain these systems to ensure that
they can operate efficiently."
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The publication also states that DIW is in
the process of drafting a new legislation
to regulate Volatile Organic Compounds
(VOCs), which are generated from the
activities or the equipment of factories
that use high volume of volatile organic
compounds such as oil refineries, natural
gas processing plants and petrochemical
plants. This draft legislation will require
industrial factories to control the
emission of volatile organic compounds,
to inspect compliance with the specified
standard, and the effect on areas in close
proximity or at the factory gate since
VOCs are another group of chemicals,
which contribute to the generation of
secondary PM2.5.
Furthermore, the DIW is in the process
of developing the Pollutant Release
and Transfer Register (PRTR). PRTR is
the reporting system of air pollutant
emission from pollutant generating
sources (i.e. industrial factories,
fuel storages, vehicles, gas stations,
households, agriculture, construction) to
environmental mediums (i.e. air, water
and land). The reporting will include
information on waste or wastewater
removal for treatment or disposal
purposes, and the details of which are
stipulated below.
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12.2 Sources of
air pollution from
industrial sector
In Thailand, there are incredibly very
few references to PM2.5 sources that
stem from the industrial sector. From
the news report on 18th of January 2019
[6], reference was made to “Research
Project on the Origin and Management
Practices for Particulate Matter under
2.5 Microns in the Bangkok Metropolitan
Region” by the Pollution Control
Department (2018) and it was presented
that PM2.5 in the Bangkok Metropolitan
Region “came from industrial factories,
especially those with high-sulphur fossil
fuel combustion (diesel, coal, fuel oil
and etc.) and 3-5% from biomass” [5]
while for dust particles, only “4% of
which is are emitted from factories.” The
information was not based on accurate
facts and is derived based on inadequate
analysis and research. It misled the
public’s understanding about the real
cause of the PM2.5 leading to inaccurate
policy-level response.
Publication of the Air Pollution Unit of
the Department of Industrial Works also
mentioned a publication on “PM2.5 and
Industry” by providing that [5]:
“Dust particles caused by the fuel
combustion process or production
process in industrial factories are about

1 to 10 microns in size [5]. For PM2.5, the
direct origin came from many sources
such as industrial production using fossil
fuel or high-sulfur fuel combustion. These
particulate matters are also caused by
pollutants such as sulfur dioxide (SO2),
nitrogen oxide (NOx), volatile organic
compounds (VOCs) and ammonia (NH3),
which are released from the factory
stacks and react with other substances
in the atmosphere creating secondary
ultra-fine dust particles. Therefore, PM2.5
does not only consist of one pollutant
but hundreds of pollutants released
from industrial factories, power plants,
furnaces, various types of incinerators
and as such a Multi-Pollutant Control
approach would be required.”
The above explanation leads to the
understanding that the production
process and types of fuel combustion
in the industrial factories, power plants
and furnaces are the key causes of
ultra-fine dust particles, which are
chemically contaminated. Therefore,
the inspection and regulation is very
complex, especially relative to other
sources such as open burning, therefore
a multi-disciplinary legislation and
control measures are needed.
It was indicated in the National Agenda
Action Plan for “Combatting Dust
Pollution” B.E. 2562 – 2567 (2019 – 2024)
developed by the Pollution Control
Department (2019) as follows: Based on
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the information from the Department
of Industrial Works and its cumulative
statistic report, in 2017, there were
139,446 factories in Thailand. From
which, 78,798 [7] are Type 3 factories;
large factories, the operation of which
requires factory licenses to be obtained,
among which contains the types of
industry that are sources of ultra-fine
dust particles and high volumes of air
pollutant emissions each year.
More importantly, whether there will
be high or low volumes of air pollution
depend not only on the production
capacity of each factory but also the
types of fuel used in these industrial
factories and power plants. As it is well
acknowledged that fossil fuel combustion
is the main cause of multi-size dust
particles, the use of other types of fuels
is also another source of air pollution
which is equally harmful, i.e. reusing of oil
waste, synthetic fuel used for combustion
in industrial furnaces including fuel from
domestic waste, discarded and refused
materials. At present, the Government is
providing incentives for the construction
of waste-to-energy power plants across
the country, in order to eliminate the
millions of tons of solid waste. Examples
include the use of coal, which generates
pollutants that accumulate and
contaminate the atmosphere and can
severely harm people’s health. For further
details on categories of pollutants caused
by coal combustion [8-9], see chapter 3.
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Standards used to control emissions
from the factory stacks vary depending
upon the fuel type used. For example,
the emission standard for typical
factories that use oil or fuel oil must not
exceed 240 milligrams per cubic meter.
For factories that use coal, biomass
and other types of fuel, the emission
standard must not exceed 320 milligrams
per cubic meter. For industries with high
emissions of air pollutants, there are
specific standards to control emission
from the factory stacks this includes
cement factories, petroleum refineries,
glass factories, natural gas processing
plants, factories using treated used oil
and synthetic fuel as fuel for industrial
furnaces, factories with waste incinerator
and power plants [5] and etc.
Apart from the production process in
industrial factories and the use of many
types of fuels that causes of air pollution,
the process and steps adopted to
manage dust particles and ashes inside
the factories and plants are also another
major source of dust particle dispersion.
For example, ashes and dust from coal
are residuals from coal combustion.
This covers fly ash (fine dust particles
that float upwards and captured by air
pollution control device) and coarser
particles or bottom ash that would fall
to the ground around coal furnace.
Most coal combustion residuals are
generated from power plants that use
coal as fuel and may contain heavy
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metals depending on the type and origin
of the coal, i.e. arsenic, lead, mercury,
cadmium [10] based on the location
of the mines. These heavy metals are
carcinogenic and have adverse impacts
on the nervous system, harm heart
function, cause lung disease, and create
complications in the respiratory system
and can cause pediatric bone growth
disorders [10] amongst others.
There are laws in Thailand stipulating
the standards of emission from factory
stacks, enacted by virtue of the Factory
Act B.E. 2535 (1992) and also Notification
of the National Environmental Board
No. 36 (B.E.2553) (2010) Re: Standard on
Particulate Matter under 2.5 Microns in
the General Atmosphere. These standards
require that the average particulate
matter under 2.5 microns not exceed
0.05 milligrams per cubic meter over a
24-hour period. Whether such legislations
are sufficient to control air pollution and
protect the environment and people’s
health is not as important a question as
whether there is serious and continuous
implementation of such legislations and
how they are implemented? Although
the governmental official with direct
responsibility may find it difficult to
confirm this, the deteriorating air
pollution in multiple areas where
industrial factories and power plants are
located are already prima facie evidence
of the failure of the government officers
to implement these regulations.

Another important issue is that the DIW,
Provincial Industry Office and IEAT have
never disclosed the statistics on the
types and volume of pollutants emitted
by factories to the general public, i.e.
emission volume of pollutants such as
sulfur dioxide (SO2), nitrogen oxide (NOx),
volatile organic compounds (VOCs), Total
Suspended Particle (TSP), Total Volatile
Organic Compounds (TVOCs). Factories
are required to submit reports on the
aforementioned information electronically
twice a year pursuant to the laws requiring
reporting of type and volume of factory
air pollutant emission. Furthermore,
the summary reports on the statistics of
pollution density from emissions that are
collected by the Continuous Emission
Monitoring System (CEMS) must also
be submitted. Should any issue arise in
these factories; the general public cannot
monitor or participate in the monitoring
process, except for certain cases where
complaints have been raised. These are
very rare instances where the general
public was even allowed to participate
in the monitoring process of the violating
factories. The general public has never
received information regarding the
operating conditions of factories that are
located close to their communities, despite
the vital importance of such disclosure. The
Department of Industrial Works [11] and the
Industrial Estate Authority of Thailand [12]
should review and issue policies on public
disclosure. Making this information publicly
available would actually benefit both the
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general public and private sectors, as it
would stimulate better compliance with
the laws, reduce potential conflicts and
the improve the severity of air pollution
problem from factories in the long term.

12.3 Failure to reduce
air pollution in the
industrial sector
Reducing air pollution from the industrial
sector will have direct and sustainable
impact on the PM2.5 situation, but for this
approach to succeed there needs to be
improvements to existing legislations and
the development of new ones, to galvanize
participation from all stakeholders
especially the general public to work
towards for a common solution. Also,
a systematic and reliable air pollution
and environment database needs to be
developed with continuous and regular
disclosure of information to the public.
Investments in finance, knowledge,
manpower and so on, are required
especially from the public, private and
academic sectors to control emission of
air pollutants into the environment. A
clear air pollution reduction goal should
be set along with serious implementation
of relevant legislations.
Those with direct roles in this regard
come from 2 organizations. Firstly,
state agencies and state enterprises
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responsible for regulating factories,
mines and power plants. Secondly,
operators of industrial factories, power
plants and mines who have to comply
with the legislations regulating source
emissions.
For the first counterpart; in terms of state
agencies and state enterprises regulating
factories, mines and power plants, apart
from the Department of Industrial Works
(DIW), Provincial Industry Office and
Industrial Estates Authority of Thailand
(IEAT), there are at least 3 other state
agencies that have to come into play.
These are 1) the Department of Primary
Industries and Mines (DPIM) from
the Ministry of Industry; the primary
responsibility of DPIM is to issue permits
and regulate business operations of
the mineral and metallurgical industry
according to laws on minerals, factories
and others [13] as the mining industry is
another major source of dust particles;
2) the Electricity Generating Authority
of Thailand (EGAT); a state enterprise
under the Ministry of Energy responsible
for domestic electricity generation
with the authority to specify conditions
relating to electricity quality, engineering
techniques and safety of electrical
systems [14]. A number of power plants
under the regulation of EGAT uses coal as
fuel, lignite in particular, which releases
more pollutants from combustion
compared to other types of coal; and 3)
Energy Regulatory Commission (ERC)
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from the Ministry of Energy; whose
primary responsibility is to specify
types of energy business licenses and
propose enactment of Royal Decrees
stipulating the size and characteristics
of the energy business that are exempt
from having to obtain a license. The ERC
also has the duty to inspect the grantee’s
energy business operation to ensure its
efficiency and transparency [15].
Energy and electricity generating
businesses using multiple types of fuels
are the major sources of dust particles
and many power plants are required to
report types and quantity of emissions
in accordance with the law. However,
these three organizations have neither
reported nor explained to the public
on whether or not factories and power
plants under their regulation are the
cause of the high quantity of dust
particles in the atmosphere. There has
been no reporting on the compliance
with environmental mitigation measures
as part of Environmental Impact
Assessment and Environmental Health
Impact Assessment Reports (EIA/EHIA)
to verify whether all these factories and
power plants have complied with particle
reduction measures as stipulated in the
EIA/EHIA reports. More importantly, these
regulating agencies have never issued
any policies to ensure comprehensive
public disclosure and access to the
information relating to pollution
emission, air quality measurement and

the outcome of mitigation measures
compliance as required by the conditions
stipulated in the factory licenses and EIA/
EHIA reporting obligations. There has
been no development of any electronic
database to compile the abovementioned
information comprehensively that
would facilitate effective regulation
of environmental, health, medical
professionals and disaster prevention and
mitigation authorities.
In conclusion, the Ministry of Industry
has implemented multiple policies and
measures in the attempt to address
PM2.5 pollution problems caused by the
factories. However, there is empirical
evidence that there are problems
with the actual enforcement of such
legislations. Moreover, statistics on the
types and quantity of air pollutants
emitted from factories have not been
disclosed to the public. Neither has the
public been able to monitor, participate
in the monitoring process nor have
they been informed of the conditions
imposed on the operations of factories
located with their communities.
Moreover, the regulating bodies have
no policies to ensure public disclosure
and access to information relating
to air pollutant emission, air quality
measurement and compliance with
mitigation measures according to the
conditions as stipulated in the factory
licenses and the EIA/EHIA reports.

127

13.
Absence of hazardous
substances
database and public
participation in the
industrial sector
and development
guideline

128

13. Absence of hazardous substances database and public participation in the industrial sector and development guideline

There are a number of relevant laws
and notifications in Thailand, which
have been enacted to control air
pollutant emission from general and
specific factories, power plants and the
types of fuels used in each category,
regardless of whether they are sufficient
to address and combat air pollution
problems. However, what Thailand does
not have is a system or database on
environment and hazardous substances,
public disclosure and dissemination
of information, the encouragement of
civic participation and transparency
on management of the environment
and pollution by the industrial sector.
These are critical underlying factors to
resolving the situation. When we review
the laws and regulations currently in
place, as disclosed to the public by the
Department of Industrial Works, we
can develop guidelines that would lead
to reduction of industrial air pollutant
emission, to a certain extent, as follows:

13.1 Development of
an information and
publication system
to inform regulatory
progress under the
implementation of
current legislations
The following information is required
in order to develop a system to report
progress on the regulation of multiple
types of industrial factories and power
plants under the current legislations
to ensure participation by the public
and other agencies in the surveillance,
resolution and prevention of the
problem.

13.1.1 Development and
publication of a database
on factories
Agencies under the Ministry of Industry
and Ministry of Energy should develop
the following databases to constantly
keep the public informed:
•

Database displaying the amount,
names and locations of factories,
types and volume of pollutants
emitted into the environment by
high-risk factories as required by the
law to be electronically submitted
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twice a year. The examples of factories
within this category include oil
refineries, cement factories, steel mills
or smelting plants and power plants.
The examples of pollutant types that
require reporting would include sulfur
dioxide (SO2), nitrogen oxide (NOx),
Total Suspended Particle (TSP), Total
Volatile Organic Compounds (TVOCs)
and others. The information will
disclose the location of the factories,
whether there is any incident or
whether the legal standard is duly
complied with. In the event of a crisis,
this information will support the rapid
response and control measures.
•

Database displaying the amount,
names and locations of factories with
high production capacities, which
are required by the law to report
the concentration of pollution being
emitted into the atmosphere. The
examples of factories in this category
are power plants with a production
capacity of over 29 megawatts per
unit, factories with 30 ton/hr. boilers,
cement factories and so on. The law
requires factories in this category to
submit information to the Continuous
Emission Monitoring System.

13.1.2 Development of
maps for public disclosure
Based on the cumulative statistic of
industrial factories, there are currently
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78,798 large factories (Type 3) for which
the operators are required to obtain
factory licenses prior to operation
[1]. The following information of such
factories should be displayed in the form
of a map for a better understanding of
the public and for the agencies’ benefit:
•

Locations of 78,798 large factories
along with the types of operation and
information of the main fuel used,
synthetic fuel and refuse-derived fuel;

•

Types and quantity of air pollution
generated yearly;

•

Progress on the regulation of such
factories to continuously reduce
emission of air pollutants to meet the
legal requirements.

13.1.3 Development of
a database displaying
amount, names and
locations of small and
medium factories
The remaining 60,000 small and medium
factories are also considered as an
important source of pollution. Currently,
there is no database that is sufficient to
regulate them. An adequate database
will facilitate the design of policies
and guidelines to support academic
knowledge, monitoring and surveillance
systems for the local administrative
organizations. This will enhance the

13. Absence of hazardous substances database and public participation in the industrial sector and development guideline

ability of the local administrative
organizations to regulate the private
operators to ensure adequate protection
of the people and the environment.
Along this vein, this will ensure that
sufficient pollution management is place
both inside and outside of the factories,
which is particularly needed during air
pollution episodes.
At present, the small and medium
factories include metal/non-metal mills,
waste separation and recycling operators.
They dispose scraps and waste that have
no commercial value by means of illegally
burning or dumping at landfills that are
run by either the local administrative
organizations or by private entities.
These scraps and waste would later be
incinerated in order to reduce the volume.
There are also scraps and ashes removal
services, which dispose industrial waste at
multiple locations illegally.

13.2 Development
of an information
and dissemination
system through the
improvement of PRTR
legislation
The National Agenda Action Plan for
“Combatting Dust Pollution” B.E.
2562 – 2567 (2019-2024) developed

by the Pollution Control Department
establishes short-term measures
(2019-2021) in controlling and reducing
pollution from industries by developing
the Pollutant Release and Transfer
Register or PRTR [1].
This section will further elaborate on
the issue of legislations and the PRTR
system in relation to its background,
elements, importance, especially how
this particular legislation could address
air pollution problem and also other
industrial-based pollution. It will also
cover the information regarding the
PRTR pilot project conducted in Rayong
province, Thailand, with the objective
to address air pollution problem at
Map Ta Phut Industrial Estate. Currently
(2017-2019) the pilot project has been
expanded to cover Samut Prakarn and
Chonburi Provinces.

13.2.1 Background of PRTR
The concept of a “Pollutant Release
and Transfer Register” or PRTR was
first developed in the United States
of America after a series of industrial
accidents namely, the explosion at
Union Carbide factory in Bhopal, India in
1984 and chemical leak in West Virginia,
United States of America. The incidents
caused the workers and communities in
the nearby area to demand disclosure
of information on hazardous chemicals
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used. Later in 1986, the United States
enacted the Emergency Planning and
Community Right-to-Know Act (EPCRA)
to promote the development of an
emergency and impact mitigation plan
in case of accidents. The purpose of
which was to disclose information
relating to the volume of chemicals
released from factories located in the
communities from the Toxic Release
Inventory (TRI) to the public. It also
discloses the quantity of chemicals
released into the environment (air, sea
and land) and the removal of waste
from the facility for disposal. There are
more than 600 types of chemical release
reports [2]. The approach adopted by
the United States came from the concept
that enhancing public participation
is the most effective way to address
environmental problems and improve
hazardous material safety issues. The
best public participation is to disclose
and provide access to information on
hazardous substances to the public.
At the United Nations Conference of
Environment and Development: UNCED
or the Earth Summit in Rio De Janeiro in
1992, multiple nations endorsed Agenda
21, which was the global master plan
on sustainable development covering
aspects of society, economy and the
environment. Pollutant Release and
Transfer Register (PRTR) was one of
the items included to support each
government in its control of hazardous
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substances by the development of
Emission Inventories (EIs) for the
industrial sector [3]. Under this principle,
the Government is required to reinforce
the rights to information of the people.
This can be done though disclosure of
information on the types and volume
of regular emissions from industrial
production processes each year, as well
as from chemical leakage incidents.
This will promote the transparency
of reporting and eventually lead to
sustainable development.
In broader terms, the Pollutant Release
and Transfer Register is the database
displaying types and volume of
pollutants released from its source into
environmental mediums; air, land, water
and also information on the quantity
of waste or waste water removed from
operating facilities for treatment or
disposal.

13.2.2 Fundamental
elements of PRTR
The standard element of the legislation
and PRTR database consist of 1)
inventory of chemical, chemical
category and pollutant category as
required by the law when they are
emitted into the environment or when
waste water and scraps are removed
for treatment and disposal; 2) standard
reporting template containing types
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and volume of pollutants released into
three environmental mediums: air,
water and land; 3) source of pollutant
as required to be reported by law; 4)
the submission period, i.e. annually;
5) report must be made in electronic
form, disclosed to and accessible by
the public online and be free of charge
and; 6) basic information, i.e. names of
workplaces/companies, locations, types
of operation, types and volume of yearly
emission must be disclosed [4].
Information received through the PRTR
will providing leading indicators and
help to evaluate the potential risks to
the environment and the health of the
people. The information provides the
types of pollutant sources, pollutants
and the released volume and volume
of wastewater and scraps removed
for treatment and disposal as these
chemicals are environmentally harmful.
This allows stakeholders to evaluate
or predict the situation based on
updated and reliable data. However,
reporting under PRTR will not affect
the trade secrets of the operator, as the
Department of Industrial Works or some
operators may be concerned about,
because the reporting system is not
linked to the proportion or formula of the
chemicals used in the production process.

13.2.3 Benefits of PRTR
The development of a Pollutant
Release and Transfer Register (PRTR)
is supported by organizations of the
United Nations and the Organization
for Economic Co-operation and
Development (OECD). It is an important
mechanism, which can lead to
sustainable development and protection
of public health [4]. The counterparts
involved being the public, private and
civil sectors will benefit from PRTR as
follows:
Benefits for the public sector:
1. Be well informed of the status/trends
of pollutant emission, including
removal and disposal of certain types
of pollutants and/or in the impacted
areas;
2. Have available the basic information
to develop environmental policies
and guidelines to plan, prevent or
address pollution problems caused
by hazardous chemicals;
3. Be able to monitor and inspect
enforcement of legislations and
progress in the implementation of
environmental policies;
4. Be able to comply with terms and
agreements under international
protocols and conventions and;
5. Be able to support chemical-related
disaster response planning.
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Benefits for the industrial sector:
1. Be able to improve internal chemical
management, promote efficient use
of chemicals, reduce waste of raw
material in the production process
and lessen pollutant emission;

Benefits for the civil sector:

At present, there are 44 countries [6]
that have enacted PRTR legislations as
one of the main instruments to address
environmental problems and reduce
pollutant emission into the land, water
and air and to promote sustainable
development. There are also many
other countries that adopt the principles
of PRTR as a mechanism to address
pollution and environmental problems
including China and Korea [7].

1. Be able to promote inclusiveness in
solving pollution problems with the
Government and private agencies;

13.2.4 Beginning of PRTR
system in Thailand

2. Be able to increase knowledge and
enhance safety in the application
and management of chemicals for
operators and workers;
3. Be able to promote more efficient
waste recycling and;
4. Be able to build a better public
image.

2. Have available the instrument
to provide access and
acknowledgement to information
on pollutant emission and pollution,
chemical and environmental
management of factories;
3. Be able protect oneself from
pollutants emitted by industrial
factories and other sources;
4. Have available a database for fire
departments, hospitals, police,
emergency responders, disaster
prevention and mitigation agencies
in the event of a chemical accident in
factories and;
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5. Have available source for
information, technological research
and development for pollution
prevention and its impacts on
health [5].

Development of PRTR system in
Thailand started with the severity of
the air pollution problem in Map Ta
Phut area, Rayong Province that had
been developing since 1997. It was
one of the reasons the public objected
the expansion of the petrochemical
industry and complaints were filed with
the Administrative Court in 2009. This
suspended the investment expansion
plan for 76 petrochemical and related
industrial projects in Rayong. The
Government of Thailand has received
technical assistance from Japan
International Cooperation Agency or
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JICA in order to address industrial
pollution problems in Map Ta Phut and
to mitigate the local people’s discontent.
JICA, together with the Pollution Control
Department (PCD), Department of
Industrial Works (DIW) and Industrial
Estate Authority of Thailand (IEAT) had
collaborated in a technical collaboration
project with Japan in the development
of a Pollutant Release and Transfer
Register System over the period of 5
years from 2011-2016. Rayong was
designated as a pilot province and
the voluntary reporting system was
implemented under the name “JICAPRTR Project” [8].

petroleum product industry; (4) basic
metal and metal product industry; (5)
electricity and electronic appliances
industry; (6) plastic industry (7) rubber
and rubber product industry; (8)
electricity generating industry and; (9)
waste disposal industry. These factories
are required to self-report their pollutant
release and transfer. As for factories
outside the reporting threshold, the
Government will conduct evaluation [9]
based on their emission report.

Later in 2017, the Department of
Industrial Works, the Pollution Control
Department, the Industrial Estate
Authority of Thailand and the Japan
International Cooperation Agency
foresaw the benefit of PRTR and
intended to scale up the success in
its implementation. Therefore, the
experimental scale up of the PRTR
system was conducted in Samut
Sakhon Province. Later in 2018, the
project expanded to Chonburi Province,
whereby Type 3 factories in possession
of more than 1 ton/year of targeted
chemicals are required to comply with
the reporting requirements and were
divided into 9 industries being (1)
chemical and petrochemical industry;
(2) automotive and auto parts industry;
(3) refinery, gas separation plant and

Under this Project, industrial factories,
having in possession inventory-listed
chemicals within the specified amount
and emitting such chemicals into the
environment, are required to report
their chemical possession and emission
to the responsible agencies. Industrial
factories located outside industrial
estates are obliged to report to the
Department of Industrial Works (DIW).
Industrial factories located within
industrial estates are obliged to report
to the Industrial Estate Authority of
Thailand (IEAT). The report required for
submission to the responsible agencies
is the Report on Pollutant Release and
Transfer for the year 2013.

13.2.5 Reporting obligation
under JICA-PRTR [10]

There are 107 substances listed in the
chemical and pollutant inventory, the
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release and transfer volume of which are
required to be reported under the pilot
project following the selection criteria
below:

Point Source:

1. Chemical hazard classification/
toxicity of chemicals to be reported

•

7 types of industrial factories, i.e.
manufacturing of chemical supplies
and petroleum-based products,
manufacturing of automotive and
auto parts including maintenance
of the same, manufacturing of basic
metal and metal products

•

Non-factory sources, i.e. hospitals
(30 bed-capacity), educational
institution with chemical laboratories
(pursuant to reporting threshold)
and fuel storage

•

Waste treatment factories, i.e.
general treatment plants (Factory
Type 101), landfills (Factory Type
105) and oil, chemical and paint
recycling plants (Factory Type 106)

•

Non-factory waste treatment
facilities, i.e. general incinerator/
biohazard waste incinerator

Based on the reporting threshold, point
source can be divided into 4 categories:

2. Level and volume of exposure such
as:
•

Minimum quantity of production,
import, export at 100 tons/year
for carcinogens;

•

Minimum quantity of production,
import, export at 1,000 tons/year
for non-carcinogens;

•

In the absence of the production,
import, export information, if data
from environmental assessment
reveals that; such chemical is
found in every assessment; such
chemical is found in more than
50 percent of total assessments
done; such chemical has a risk
level higher than 10-5 at the
highest concentration measured,
such chemicals are considered
hazardous to health.

13.2.6 Pollution source
under reporting obligation
(summary)
The pollution sources are required to be
reported to the responsible agencies, are
categorized into 2 types as follows:
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Non-Point Source:
Sectors within this category may be
required to evaluate their emissions
and can be divided into 5 categories
being 1) agriculture; 2) transport; 3)
construction (paint works); 4) household
and community and; 5) others, including
SMEs, gas stations and sources or
factories below the reporting threshold.
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13.2.7 Examples of PRTR
data from the pilot project
in Rayong – 2013
Parts of the following data were
compiled from reports on industrial
factory sources and evaluated by
responsible agencies to assess the
pollutant emission from certain types of
non-point sources. The Pollution Control
Department has the duty to evaluate
emission of pollution from both types of
sources as follows:
Industrial factory sources that submit
pollutant emission reports:
•

89 out of 844 industrial factories
outside industrial estates submitted
their report to the DIW, representing
10.54 percent;

•

118 out of 525 industrial factories
inside industrial estates submitted
their report to IEAT, representing
22.48 percent.

Non-factory sources, which are 6 out
of 6 fuel storages that reported to
the Pollution Control Department,
constituting 100 percent compliance;
whereas 11 out of 12 hospitals (over
30-bed capacity) and, 25 secondary
schools had submitted reports. It should
be noted that chemical laboratories with
less than 10 kg of chemicals on hand
annually do not need to submit any

reports as they fall below the reporting
threshold.
For sources that are waste treatment
and disposal facilities, there have been
no reports submitted. Moreover, for
non-point sources, the responsibility
for evaluating the chemical quantity
and type released are divided amongst
different governmental agencies.
The Pollution Control Department is
responsible for the evaluation from
3 types of sources namely, chemical
released from agriculture, vehicle
exhaust and from gas stations. The
DIW is responsible for the evaluation
from small industries and a group of
experts together with the Thai Paint
Manufacturers’ Association would
evaluate paint use and building activities
in the construction sector.

13.2.8 PRTR data from the
pilot project area – Rayong
province
Muang district in Rayong Province is the
country’s largest industrial development
area. Data from reports compiled
under JICA-PRTR from voluntary
reports submitted to the responsible
agencies indicate that 85 out of 107
listed substances and pollutants (not
including mercury) are released into
the environment from the operations
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of multiple types of factories. It was
found that there is Group 1 carcinogen
IARC being released into environmental
mediums as shown in Table 13.1.
Apart from the report on the top 20
chemicals released into environmental

mediums, the majority of which is
released into the air, significant release
of sulfur oxide (SOx) and nitrogen oxide
(NOx) chemical compounds was also
found. The industrial factories are
responsible for the majority of emissions
released into air more than through

Table 13.1 Top 20 Chemicals Released and Transferred in Rayong in 2013
No.

Chemical
No.

Chemical Name

Release Volume
(Kg. / Year)
Air

Water

Earth

Waste
Water

Waste

1

84

Propylene

1,869,908

–

–

–

–

2

103

Xylenes

1,221,570

301

–

585

74,491

3

96

Toluene

1,201,579

200

–

4,739

87,051

4

48

Glyphosate-Isopropylammonium

–

–

548,804

–

–

5

50

n-Hexane

514,199

–

–

–

1,878

6

2

Acetone

414,111

500

–

1,007

3,304

7

74

Paraquat Dichloride

–

–

187,750

–

–

8

63

Methyl Acetate

183,461

–

–

–

–

9

61

Methanol

178,230

–

–

21,239

59,191

10

40

Ethyl Acetate

166,489

17

–

1,213

2,134

11

57

Isopropyl Alcohol

137,466

–

–

12,873

12,149

12

45

Formaldehyde

122,479

430

–

18,599

20,608

13

10

Benzene

109,709

2,010

–

–

7

14

6

Ametryn

–

–

102,230

–

–

15

34

1,2-Dichloroethane

96,678

6

–

–

–

16

65

Methyl Ethyl Ketone (2-Butanone)

90,488

–

–

11

–

17

33

1,4-Dichlorobenzene

88,516

–

–

–

14,051

18

1

Acetaldehyde

36,915

30,240

–

–

–

19

75

n-Pentane

65,677

–

–

–

–

20

17

1,3-Butadiene

53,611

–

–

–

–

6,551,086

33,704

838,784

60,267

274,865

Total volume (Kg. / Year)

Source: [10]
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any other environmental medium, such
as in the land or water. The details are
provided in Table 13.2.
PRTR data from the JICA-PRTR Project
conducted in 2013 was compiled and
processed from reports of multiple types
of sources in the pilot area in the Rayong
province submitted to the responsible
agencies or from the release evaluation
conducted by responsible agencies such
as the Pollution Control Department, as
presented here. This data is obtained
from the partial implementation of the
PRTR system in Rayong. This experiment
did not intend to disclose the names and

specific locations of the sources. The
data set out in this document came from
a draft report with explicitly stated “This
document is not the final and complete
version”. The draft was published in June
2015 and at the time of this research;
the final and complete version of such
document still has not been published.
In conclusion, the Thai industrial sector
still has an incomplete, undisclosed, or
unpublished system or database on the
environment and hazardous substances.
There has been no attempt to encourage
public participation nor to increase
transparency in the environmental

Table 13.2 Release of sulfur oxide and nitrogen oxide chemical compounds
in Rayong – 2013
Chemical No.

Chemical Name

Point Source

Non-Point Source

(7 types of industries)
Release Volume (Kg.
/ Year)

Release Volume (Kg.
/ Year)

105

Sulfur oxide (SOx)

1,755,437(i)

23,377,084(ii)

106

Nitrogen oxide (NOx)

3,081,992(iii)

38,540,732(iv)

Notes:
(i)
represents release of SOx into the air from point-sources in the main industries being 1,694,496 Kg. / Yr. from
chemical and petrochemical industry; 53,568 Kg. / Yr. from basic metal and metal production industry; 1,353
Kg. / Yr. from plastic production industry; 3,610 Kg. / Yr. from rubber production industry; and 2,410 Kg. / Yr.
from automotive and auto parts manufacturing industry.
(ii) represents release of SOx into the air from non-point sources within the industrial sector being 23,267,544 Kg.
/ Yr. from SMEs; and 109,540 Kg. / Yr. from vehicle sector.
(iii) represents release of NOx into the air from point-sources in the main industries being 2,616,392 Kg. / Yr. from
chemical and petrochemical industry; 204,658 Kg. / Yr. from basic metal and metal production industry; 5,043
Kg. / Yr. from plastic production industry; 426 Kg. / Yr. from rubber production industry; and 60,254 Kg. / Yr.
from automotive and auto parts manufacturing industry.
(iv) represents release of NOx into the air from non-point sources within the industrial sector being 34,534,967 Kg.
/ Yr. from SMEs; 3,925,080 Kg. / Yr. from vehicle sector; and 80,686 Kg. / Yr. from households.
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and pollution management from
the industrial sector. Therefore, it is
imperative that the factory database
should be promptly developed and
disclosed to the public. The same
should be applied to develop maps for
public disclosure, the development of
a database displaying numbers, names
and locations of small and medium
factories. Moreover, the information and
dissemination system can be improved
by developing legislations on “Pollutant
Release and Transfer Register” (PRTR) to
cover all of these areas.
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14.
Failure of policies
and measures on air
pollution reduction
caused by open
burning
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This chapter consolidates Thailand’s
policies and measures in retrospect
until the present that were used to curb
air pollution caused by open burning
at regional, sub-regional and national
levels. Empirical evidence shows the
inefficiency and ineffectiveness of air
pollution reduction efforts, which can be
summarized as follows:

14.1 Reduction of air
pollution from open
burning at regional
level
Transboundary haze pollution
caused by forest fires in the Sumatra
Islands in Indonesia has affected air
quality and health of the population
in many countries such as Malaysia,
Singapore, Brunei and the southern
part of Thailand. This led to the
initiation of “The ASEAN Agreement
on Transboundary Haze Pollution
(AATHP)” to establish the framework
for transboundary haze pollution
monitoring and promote international
cooperation to control and mitigate
transboundary haze pollution.
In a nutshell, ASEAN member states shall
monitor and implement measures to
prevent transboundary haze pollution
caused by burning of agricultural

residue and forest fires and member
states shall collaboratively minimize
the impact at national level. The six
ASEAN member states: Malaysia,
Singapore, Brunei, Republic of the Union
of Myanmar, Vietnam and Thailand
ratified this agreement in June 2002.
The overview of the framework under
this agreement relating to the technical
co-operation, exchanging and sharing
of knowledge were all agreed by
the parties [1]. Moreover, the ASEAN
Specialized Meteorological Centre or
ASMC was established in Singapore to
monitor and provide member states with
meteorological and hotspot information
[2]. However, it was discovered that
hotspot information presented merely
as the incidence or occurrence of
hotspots but member states could
not be encouraged to download this
geographical information to undertake
any further analysis.
In January 2015, all ASEAN member
states ratified the Agreement, which
served as a new momentum to
undertake actions in accordance with
the ASEAN Agreement on Transboundary
Haze Pollution (AATHP). To reinforce
the implementation following this
Agreement, member states reaffirmed
their commitment by developing the
“Haze-Free Roadmap” (2016 – 2020)
in the 11th Conference of the Parties
(COP) to AATHP held in October 2015 in
Hanoi, Vietnam with the goal to reduce
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all transboundary haze by 2020. The
roadmap was later endorsed at the 12th
Conference of the Parties (COP) on the
11th of August 2016 in Kuala Lumpur,
Malaysia [3] and it was reaffirmed at the
28th and 29th ASEAN Summit in Vientiane
during 6th-7th September 2016 [4].
Despite concerted efforts in numerous
meetings and agreement since 2002 to
curb transboundary haze pollution and
to set a goal to eliminate haze pollution
by 2020, the haze pollution persists.
Figures 14.1(a) and 14.1(b) show hotspot
count that still exist in all of the member
ASEAN countries.

14.2 Reduction of
air pollution from
open burning at subregional level
Five countries in the Mekong Subregion are Cambodia, Lao People’s
Democratic Republic, Republic of
the Union of Myanmar, Vietnam and
Thailand. Agriculture is the backbone
of these countries and they all have
similar land use and harvesting season.
Open burning of land is often used as
a method to prepare the land for the
next crop cycle [6]. This resulted in haze
pollution all over the Mekong Subregion. Areas situated at the border,
in particular, are often affected by
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neighboring countries’ open burning
activities. For example, at some period
of the year, Chiang Mai Province [7] or
Mae Sai district [8] are affected by the
opening burning in Republic of the
Union of Myanmar. Therefore, Thailand
initiated an international cooperation
effort to address transboundary haze. A
sub-regional committee was established
to undertake actions in areas affected
by forest fires and haze pollution
having the cabinet of each country as
the committee members. All countries
executed this initiative on the 13th of
October 2010 (Environment Division of
ASEAN Secretariat Haze Online, 2008).
The Mekong Sub-region countries
collectively identified target for hotspot
reduction as follows:
Target 1: By 2011, reduce cumulative
hotspot count to the total of not
exceeding 75,000 hotspots (comparing
to data from 2008)
Target 2: By 2015, member state
shall together reduce the number of
cumulative hotspot to the total of not
exceeding 50,000 hotspots (comparing
to data from 2006)
Member countries shall develop
their own hotspot reduction plans
and present them at the following
meeting which is held annually with
members countries taking turns to
host in alphabetical order. Target 1 was
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Figure 14.1 Hotspot count in ASEAN countries between 2013 – 2020
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achieved because the climate during
that period was not conducive to open
burning. Also, climate change and La
Niña phenomenon also contributed
to the reduction of hotspots since it
brought rain to the month of March,
resulting in lower hotspot count
compared to other years. However,
the regional and sub-regional open
burning reduction policy only addresses
the overall issue. Member countries are
obligated to develop their own national
open burning reduction plans. The
agreed hotspot target counts for the
cumulative annual hotspot count would
be for the entire year and not just during
the burning season (November to April).
From Figure 14.1, it could be seen that
even at present, hotspot count from
open burning does not show any sign of
reduction.

14.3 Reduction of air
pollution from open
burning in Thailand
Thailand has long held policies and
measures to address open burning in
many forms i.e. National Action Plan
on Forest Fire and Haze Prevention B.E.
2551-2554 (2008-2011) as approved
by the cabinet on the 30th of October
2007. In 2008, the provincial and local
Operation Centers for Forest Fire and
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Haze Prevention were established. Other
efforts include Royal Rain Project, Forest
Fire Preparedness Program and strict
prohibition of open burning along the
roadside. The Government also sought
public’s cooperation to refrain from
burning solid waste and agricultural
residue. Additionally, Water Spray
Program was implemented in the city
area and also global warming campaign
was used to discourage burning. There
is also international cooperation to
address haze pollution in the Mekong
Sub-region [11].
Thailand also formulated the National
Master Plan for Open Burning Control
that resonates with the ASEAN
Agreement on Transboundary Haze
Pollution and implemented open
burning control measures to prevent,
reduce and mitigate air pollution caused
by open burning. The cabinet approved
this Master Plan on the 22nd of July 2003
[11] with 3 principle goals as follows:
1. Forest fire management by limiting
forest fire areas to less than 300,000
rai per year
2. Agricultural material management
2.1 Agricultural material
management to be employed as
an alternative to open burning in
at least 600,000 rai in 2007.
2.2 Use agricultural material for
biomass production and as
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renewable energy for commercial
purpose to account for 21 percent
and 25 percent of energy demand
by 2006 and 2011, respectively.

2. Strict prevention and mitigation of
forest fires

3. Solid waste management and
reduction of open burning of
solid waste by procuring proper
elimination of solid waste for not less
than 50 percent of waste generated in
each province and to make use of not
less than 30 percent of solid waste
generated in 2006.

4. Promote participation of private
sector and partnership network in
solving the problem

On the 8th of January 2013, the Thai
Cabinet’s resolution on Haze Pollution
Prevention and Mitigation Measures in
9 Provinces in the northern region was
to implement horizontal integration
of the various governmental agencies
namely, the Ministry of National
Resources and Environment; Ministry
of Interior; Ministry of Agriculture and
Cooperatives; Ministry of Transport;
Ministry of Defense; Ministry of Public
Health; Ministry of Foreign Affairs;
Ministry of Education; Office of the Prime
Minister; Ministry of Information and
Communication Technology together
with the private sector and the public.
Based on the 2P2R principle, namely
Prevention, Preparation, Response
and Recovery, 8 core measures were
formulated:
1. Open burning control during 80
critical days

3. Support good standard community
and opening-burning-free villages

5. Pro-active and targeted public
relations
6. Haze warning system
7. Bilateral cooperation with
neighboring countries to reduce
transboundary haze pollution
8. Establishment of Haze Pollution
Administrative Centers in 9 northern
provinces
Another cabinet resolution on the 21st
of January 2013 on Haze Pollution
Prevention and Mitigation Measures
for 9 Provinces in the Northern Region
B.E. 2556 (2013) (amended) provided
additional measures by escalating open
burning control to prohibit 3.5-month of
open burning (from January – April 2013).
Area-based management approach with
the governor’s single command authority
as the Forward Commander was applied
in accordance with Ministry of Interior’s
Disaster Prevention and Mitigation Act
B.E. 2550 (2007). Pursuant to which,
Deputy Prime Minister and Minister of
Interior were designated with centralized
power of command and administrative
authority at the national level.
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Furthermore, the Thai Cabinet meeting
on the 19th of February 2013, resolved
to approve the resolution of the 5th
National Health Assembly held from
the 18th – 20th of December 2012 on
management of haze pollution and
its effect on heath as proposed by
the National Health Committee. The
resolution focuses on strengthening
the Government’s Haze Pollution
Prevention and Mitigation Measures in
the Upper Northern Region B.E. 2556
(2013) and promoting “Good standard
communities and open-burning-free
villages”. Emphasis was also placed on
the participation of all relevant partners
in all sectors in the area, as well as, on
extending cooperation with neighboring
countries to address transboundary
haze pollution.
Despite the Government’s
implementation of these multiple
policies, empirical evidence shows that
the “open burning ban or open burning
control” policies were unsuccessful. The
facts derived from the field visits of the
research team indicate that open-burning
ban measures were not pragmatic
considering the area’s characteristics
and people’s way of life. This finding is
also consistent with another academic
research [12], which shows that farmers
in the highlands do not have alternative
methods other than burning to prepare
their land for the next crop cycle.
Therefore, open-burning ban measures
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are rendered ineffective as open burning
can still be found and haze pollution still
prevalent in the northern region.
Another failure in policy implementation
is the case of Chiang Rai province.
On first occasion, the research team
presented research findings on Chiang
Rai’s open burning situation and the
factual situation of the open burning
to Mr. Woravat Auapinyakul, Minister to
the Office of the Prime Minister at Mae
Fah Luang Airport on the 9th of March
2012. Subsequently, the team then
had a second opportunity, through
the Governor of Chiang Rai, to show
research that report on the hotspots
situation to then Prime Minister Yingluck
Shinawatra on the 14th of March 2012.
In response to the presentation of the
research findings, the Minister of the
Prime Minister Office indicated that
the Government would initially cancel
price guarantee scheme for maize
and designated Chiang Rai as a pilot
province for a model experiment to
eliminate forest fires. Subsequently,
Forest Fire campaign to put an end
to forest fire within 3 days (13th – 14th
March 2012) was announced to reduce
open burning through the mobilization
of resources and participation from
all sectors. Awards were to be given
to villages and sub-districts that
successfully stopped open burning and
forest fire volunteers were appointed. In
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each village, twenty-five village guards
were appointed and had worked in
shifts, day and night to monitor and
keep watch for any open burning during
the 3 days of the campaign. The guards
were compensated with THB 150/day.
Support for research related to haze
problem caused by open burning was
also made available.
The campaign implemented during that
period received active participation
from the villagers, but some illegal
burning still occurred along the village
borders whereby it was unclear from
which village the fire had originated.
However, as the program provided
incentives to participating individuals
through monetary compensation, the
tasks to actively monitor and reduce
open burning were met in full for the
3 days (short-term). Unfortunately, it
seemed as if the end of the campaign
marked the end of the prohibition.
Unorganized open burning started
again in many locations simultaneously,
causing massive amount of particulate
matter in the air. The amount of pollution
created, in combination with the lack of
technical knowledge on meteorology,
atmospheric pressure and wind speed
are factors leading to the accumulation
of particulate matter in the air. This
caused the level of particulate matter in
air in Chiang Rai to exceed the air quality
standard and adversely affected the
health of the people in the area.

Although the 3-day Forest Fire Campaign
(the 13th – 14th of March 2012) concluded
with active cooperation from the public
and with monetary incentives promised
to the village guards, it turned out that
the monetary compensation could not
be paid, when requested. The Provincial
Administration Organization justified
that official memorandums were sent
out to district offices to inform them that
the Department of Local Administration
had already allocated the budget of
THB 50,000 to each municipality and
sub-district administration organization
for expenses related to mitigation of
haze pollution in each respective area.
However, each municipality has not used
the allocated funding to compensate the
villagers who had volunteered to patrol
the area during the 3-day campaign.
Additionally, in terms of research funding,
no budget was formally allocated as
promised. The reshuffling of Ministers
and Governors also disrupted the related
implementation processes and, thus,
tangible results were not realized.
Subsequently, the public lost faith
in the Government’s orders and
became skeptical of the Government’s
commitment to really solve the problem.
This created tension between the local
people and governmental officials.
Questions were raised around budget
allocations. It was assumed that the
sub-district or village chiefs had already
received funding, but never distributed
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the volunteer payment to those who
worked during the campaign period.
This incident placed a lot of pressure on
all government officials; sub-district and
village chiefs as well as officers who are
directly responsible for forest fire control
in the area. Due to this lack of trust,
it has become increasingly harder for
officials to seek cooperation from local
communities and to implement policies
and measures in the area.
In conclusion, all policies and measures
implemented in Thailand in the past and
at present to reduce open burning air
pollution at regional, sub-regional and,
national-level have not achieved their
goals. In Thailand, solving haze problem
from open burning in the northern
region of Thailand seems to be facing a
dead-end because people do not have
alternative methods other than burning
their agricultural land and forest area to
forage for subsistence. This is a tradition
that has long been their way of life since
ancestral times. Additionally, open
burning is driven by economic factors
like rising maize price. If the Government
continues to formulate policies that are
incoherent with the actual situation
on the ground, theses policies and
measures will continue to fail and the
haze problem will persist without a
chance of being resolved.
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Air pollution analysis by the Thailand
Clean Air Network [1] found that various
problems related to air pollution, such
as haze problem caused by burning
in the agricultural sector or forest fire
in the northern region, particulate
matter problem in Bangkok and other
cities claimed to be caused by traffic
congestion or air pollution from power
plants and industrial factories, are all
just the “tip of the iceberg”. The root
cause of the problem we are facing
lies “under the iceberg” which is the
state’s development paradigm that
focuses more on economic growth
to the detriment on the health of its
people. Air pollution is a complex and
multi-dimensional issue and is rooted
from injustice in society and what is
termed as “structural violence”, which
gravely violates human rights and
the fundamental rights of the people.
Therefore, to achieve sustainable
solution, human rights awareness
must be promoted; legal structure and
the state mechanisms relating to air
pollution must be reviewed and revised
based on the following:
The first issue concerns “People’s rights”
related to air pollution. All human
beings are entitled to “Human Rights”,
which are “Natural Rights” accorded
to each individual as one is born free
and equal. Significant characteristics
to these rights are their universal,
indivisible, interdependent and

interrelated nature. The international
and national communities must protect
human rights in a just, fair and equal
manner pursuant to the International
Human Rights Law. The International
Human Rights Law consists of various
International Bills of Rights to which
countries worldwide, including Thailand,
are parties. These countries have the
duties to respect, protect and fulfill the
rights of their people by their domestic
laws, particularly by recognizing such
rights in the Constitution, which is the
supreme law of each country. Thus,
human rights are incorporated into the
Constitution as “Constitutional Rights”
and “Fundamental Rights”, which all
the people are entitled to and can rely
upon for their existence. Additionally,
this enables people to claim their rights
if violated by the state or other persons
[2-3].
In the environmental context, specifically
the current PM2.5 problem that is severely
threatening the environment, health
and well being of the people, each Thai
person should have the “right to live
in a good environment” and the right
to be safe and free from air pollution
such as PM2.5. This can be divided into 2
dimensions namely, “substantive rights”
and “procedural rights” [4-5]:
"Substantive Rights” are rights to
substance and are held to exist for its
own sake. These rights are directly
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affected by environmental problems.
Substantive rights comprise of different
type of rights, for example right to life,
right to bodily integrity, right to property
and right to health etc. All these rights
when assembled together will form part
of the legal system. Rights that are most
relevant to PM2.5 problems are rights to
life and right to health because healthy
environment is a pre-condition for
“right to health” and right to health is
a pre-condition for “right to life” of any
individuals [4-5, 6].
1. Right to Life – is the first fundamental
right of a person and serves as a
basis for the entitlements and the
exercise of all other rights. It is
the core of “human dignity” of all
humankind. Each individual can
claim the right to life to prevent other
individuals, or even the state, from
unlawfully interfering and depriving
one of his/her life. This right also
provides legitimacy to request the
state to enforce measures that ensure
protection of right to life especially
by asserting the rights to prevent
any individual or the state from
undertaking any action that causes
PM2.5 beyond air quality standard,
threatening the livelihood of each
individual. This includes the exercise
of rights to demand the state to
enforce strict, coherent and efficient
air pollution law to address the issue
of PM2.5.
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2. Right to Health – is a fundamental
right that should be granted by the
state to each individual whereby
the state should provide the best
possible environment to enable the
enjoyment of highest attainable
standard of health. Such environment
includes the provision of health care
services, healthy and safe working
condition, housing, as well as, healthy
food and nutrition. Right to health is
not limited to the right under laws of
public health alone, but also relate
to other relevant rights under other
legislations, such as consumer rights,
patient rights as well as rights to live
in an environment that is not harmful
to health. PM2.5 problem has direct
effect on people’s health. Therefore,
each individual is eligible to demand
the state to implement measures,
particularly legal measures, to protect
one’s right to health from the effect
of PM2.5.
Procedural Rights” are rights that form
the legal instruments that provide
access to substantive rights or enable
the effectiveness or enforceability of
substantive rights. Procedural rights
include right to information, right to
public participation and right to access
to environmental justice, etc. [4-5, 6].
1. Right to Information – is the right of
a person to have access to necessary,
comprehensive and accurate
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information on how to prevent and
address PM2.5 problem. This includes
especially official information from
the government, for example, access
to accurate information on standard
air quality measurement, access
to information on the emission or
release of hazardous substances from
industrial factories, etc.
2. Right to Participation – is the right
of a person to participate with the
state in the management for the
greater public interest, especially in
relation to PM2.5 problem whereby the
level of participation ranges from: 1)
information disclosure – to share
relevant information on the impact
of PM2.5 to the public through various
channels; 2) public expression – to
collect information from people’s
perspective on the problem which
could be helpful for the state in
managing the problem; 3) public
consultation – dialogue between
the people and the state to evaluate
progress, identify issues or conditions
that are significant in collectively
solving the problem; 4) collective
planning – a process that allows
people to participate in the planning
process collectively, with the state,
and to define results or targets to be
achieved through implementation;
5) collective management – a
process that allows people and
the state to jointly address the
problem by implementing operation

procedures defined in the planning
for the achievement of the common
objectives; 6) public monitoring – is
the ultimate public participation
process to solve all existing conflicts
such as initiating a referendum
process [7].
3. Right to Access to Environmental
Justice – is people’s right to access
to dispute resolution process and
to pursue effective remedy for the
damage caused to their life and health
by PM2.5 on a fair and equitable basis
without any disparity enforced by
organizations in the judicial process
that are efficient, knowledgeable
and possess understanding of issues
under environmental laws, especially
the judicial body.
In conclusion, substantive rights and
procedural rights are human rights
that are recognized and protected by
domestic law and instituted in the
Constitution of the Kingdom of Thailand.
Therefore, they are fundamental human
rights to which people are eligible to
claim their existence in the event of
violation. Considering the current PM2.5
problem, there are several points to be
deliberated whether the rights of the
Thai people have been sufficiently and
effectively fulfilled and protected by
the existing legal structure and by the
relevant state agencies. The discussions
are presented in the next chapter.
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Natural resources and environmental
laws of countries that support the
basic rights of the people still have
many limitations and challenges in
enforcement, even though related
rights are recognized through access to
information, access to participation in
environmental management and access
to justice. The challenges in enforcement
include the absence of a clear scope for
implementation and legal definitions;
implementation duration; authority
to use discretion by officials; expenses
involved in proving damage particularly
for low-income people; limitations to
people’s participation in the decision
making process and; redundancy in the
litigation process [1]. After reviewing the
structure of legal measures and relevant
agencies in addressing air pollution,
particularly for PM2.5, the issue of the
insufficiency and inefficiency of existing
legislations and relevant government
agencies do arise. This issue is a
major obstacle to the recognition and
protection of the people’s substantive
and procedural rights and can be
elaborated further as follows:

16.1 Insufficiency and
inefficiency of current
environmental law in
protecting clean air
Insufficiency and inefficiency cover unupdated contradictory and redundant
laws, as well as the failure to implement
the law according to its objective that is:
1. The out-of-date stipulation of
ambient air quality standard
development: Even though Thailand
issued the National Environment
Board Notification No.36 B.E. 2553
(2010) Re: Standard on Particulate
Matter 2.5 Micron in Ambient Air,
there has been no legislation or
standard requiring that the standard
criteria be updated periodically.
For example, a claim has been filed
against United States Environmental
Protection Agency (EPA) based on
its failure to update the standard
criteria as stipulated in the provisions
of the Clean Air Act. Therefore, the
standard currently in place has been
developed since almost ten years
ago without ever being reviewed or
upgraded.
2. Issues with the designation of
pollution control area pursuant
to Section 59 of the Promotion
and Conservation of National
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Environmental Quality Act B.E. 2535
(1992): Even though the National
Environment Board announced
18 pollution control areas in 13
provinces [2], there are still issues
with the implementation of these
legal measures. One of the issues
is the exercise of “discretion” by
government officials to opt to not
declare an area as a pollution control
area. This was occurring despite the
severity of the of air pollution, which
was very harmful to the health of
people in the area. This inaction may
be due to the government’s concern
about the effect of such declaration
on the tourism industry and the
knock-on effect to the country’s gross
national income [3-4]. Moreover,
even with the designation of the
pollution control area and process
undertaken to comply with pollution
control standard, the pollution in
the affected area did not appear
to decrease. On the other hand,
the government approved further
investment promotion in the area
by proclaiming new Industrial
Estate and permitting operation by
factories, which will have adverse
effects on the community in terms of
the environment, natural resources
and health [5-6].
3. Absence of principle legislation
to regulate the management and
administration, database support
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and reporting of air pollutant
emission from the source: Even if
there is data collection, it is being
undertaken for certain matters by
certain agencies. For example, the
law require the owner or possessor of
pollutant source to collect statistics
and data, maintain records and
performance reports to be submitted
to government officials under the
Promotion and Conservation of
National Environmental Quality
Act B.E. 2535 (1992). However,
collection would cover only raw
data from certain individuals or
entities. The law does not authorize
the Pollution Control Department
to consolidate, process and analyze
the data collected using accurate
comprehensive or complete
database management. The National
Statistics Office is authorized by
Statistics Act B.E. 2550 (2007) to
compile any essential statistics
from any government agencies
such as pollutant release statistics,
but it would be for the purpose of
collection without any sanction for
lack of compliance [7].
Thailand has been lacking clear
data on the quantity of pollutants
generated by industrial factories
due to the absence of “Emission
Inventory” from industrial factories.
In order to acquire these data,
legislation on Pollutant Release
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and Transfer Register or PRTR, or
commonly called in the United
States of America as “Toxics Release
inventory”, should be enforced. The
absence of “Emissions Inventory”
from industrial factories and also
data or the absence of legislation
to control the reporting on PM2.5
reporting duty have inhibited the
analysis of the source of PM2.5. Such
absence prevents the development
of prevention and mitigation plans
on PM2.5 release, standards on factory
stack emission control, standards on
PM2.5 emission by factories. Hence,
it is not possible to identify whether
any factory is releasing PM2.5 [8-9].
This also impacts the people’s rights
to access pollutant information,
which is a fundamental principle
underlying their rights to participate
and to address this issue.
4. Challenges in accessing official
environmental information
in accordance with Official
Information Act B.E. 2540 (1997):
The public cannot easily access
or receive official information
on the environment, particularly
information that relates to the private
sector. For example, information
on pollution and environmental
management in locations such as
industrial factories, information on
occupational health and hygiene of
the workers in industrial factories

or information on pollutants
generated by human activities. Each
government agency can develop
its own procedures on information
content that can or cannot be
disclosed, which is often very
unclear or ambiguous. In practice,
some government agencies do not
specify clear procedures but instead
authorized the agencies’ Information
Commission or the Commissioner
to consider, determine or interpret
without clearly specified criteria
based on his or her own discretion.
The issue of enforcement persists
due to the absence of guidelines
in the Official Information Act B.E.
2540 (1997) causing inconsistency in
the practice employed by different
government agencies [10].
5. Issues on different specifications of
air pollution standards in industrial
sector between Pollution Control
Department and Department of
Industrial Works: For example,
different thresholds are specified for
the release of sulfur dioxide by both
departments. Notification from the
Department of Industrial Works Re:
Parameters for Air Pollutant Emission
from Natural Gas Separation Plant
B.E. 2559 (2016) dated 23 December
2016 requires that quantity of sulfur
dioxide in the air released from
natural gas separation plant shall not
exceed 50 ppm. While Notification
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from the Ministry of Natural
Resources and Environment Re:
Standard on Air Pollutant Emission
Control from Natural Gas Separation
Plant dated 9 June 2010 requires that
the quantity of sulfur dioxide in the
air shall not exceed 60 ppm.
6. Potential relaxation of legal measures
on air pollution control in the
industrial sector: With the investment
promotion policies to boost the
country’s economy, more industrial
factories are being established. The
promotion of the establishment of
special economic zones had led the
relaxing of environmental, public
health and city planning legislations
to facilitate such policies [8]. This
includes the latest amendment to
the Promotion and Conservation
of National Environmental Quality
Act B.E. 2561 (2018) regarding the
Environment Impact Assessment
(EIA/EHIA) reporting obligations. The
amendment allows the government’s
mega project to procure contractors
without having to wait for EIA and
EHIA reports to be approved, which
contradicts the principles and
objectives of the environmental
impact assessment system [11].
7. Legal measures relating to air pollution
source from land transportation are
not covering certain pollutants and not
sufficiently restrictive: Emissions of
nitrogen oxides, PM10 and PM2.5 are not

160

monitored. Also, the Thai Industrial
Standards still apply Euro 4 Emission
Standard for automotive engine
production while the European
Union has shifted to Euro 5 and Euro
6 Emission Standard. With regards to
the fuel standard, it was found that
restrictions of quantity of sulfur in
fuel are less restrictive than those of
the European Union. Also, multiple
pollution control measures issued
by virtue of many legislations, which
are scattered and overlap with each
other [6].
8. Issues with legal measures relating
to pollution caused by open burning
of biomass in agricultural and nonagricultural sectors: It was found that
the National Environment Board
have not yet put in place the ambient
air quality standard for polycyclic
aromatic hydrocarbon and carbon
dioxide. Also, the existing standards
impose no sanction on people who
conduct open burning causing air
quality that is below legal standards.
Moreover, there are several issues
relating to the implementation of
measures to control nuisances caused
by open burning as stipulated in the
Public Health Act B.E. 2535 (1992),
particularly on the decentralization
of authority to local administration
organizations to issue local
regulations to control open burning.
The enforcement of such regulations
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cover only each local government
area and only applicable during the
critical haze period. This is despite
the fact the situation is related to
haze covering cross-authority area
and is a situation that is not timebound. The existing legal measures
do not encourage people and civil
sector, who are the users of the
local resources, to participate in the
environmental and natural resources
management with the government
under the concept of “CommunityBased Co-Management.” Current
legal measures are focused on strict
command and control with strict
criminal punishment, and as such
have not been effective.
9. Issues with legal measures relating
to identification of the liable party
to be financially responsible for
the restoration of pollution source
area: Under current Thai laws, the
enforceability against person(s)
relevant or involved in causing
leakage or dispersion of pollutants
does not exist. Also, the exemption
of liability principles does not clearly
stipulate the bona fide obligation.
Moreover, there are no statutory
provisions on dispute resolution
mechanisms between the state and
potential responsible person. No
funds have been clearly designated
to cover the cost of restoration. No
environmental punitive damages have

been stipulated and the government
is unable to claim damages from the
responsible party and the government
has no preferential rights to be paid
for restoration expenses prior to other
creditors in both civil and bankruptcy
cases [12].
10. Issues with legal measures on
environmental restoration and
remediation from pollution-related
damage: There are several legislations
relating to environmental restoration
and remediation including the
Promotion and Conservation of
National Environmental Quality Act
B.E. 2535 (1992); Civil and Commercial
Code; standards imposed by industryspecific laws such as mining, factories
and hazardous material management.
There are also laws regarding
management support in the event
of contamination such as disaster
mitigation. However, there is an
absence of integration and unification
and also the lack of strict enforcement
of these legislations. In reality, there
are still ambiguity and unsystematic
implementation practices, particularly
when environmental damage has
occurred; it is unclear who would
be responsible for the restoration
and remediation between the
polluters or environmental protection
agencies [13].
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11. Issues on legal measures on
sustainable and environmentallyfriendly urbanization: Thailand still
lacks integration of several existing
laws relating to urbanization in
major cities in order to establish a
balance between economic growth
and environmental conservation
to become a pollution-free “Green
City”. In the past, Thailand prioritized
its economic development and
technological growth while the
quality of life of its people and the
environmental condition in which
they live have deteriorated. The laws
that regulate PM2.5 are fragmented
and focused on controlling individual
polluters instead of being a holistic
and comprehensive instrument to
address challenges in urbanization
and to promote the deconcentration
of growth in any one area.
Sustainable and environmentallyfriendly urbanization will need
to rely on integrated legislations
such as laws on public utility and
infrastructure construction, city
planning, traffic control, waste
management or local administration
organization.
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16.2 Duplication and
lack of integration
of environmental
organizations in
Thailand
Another persisting problem in air
pollution management in Thailand is
the duplication and lack of operational
integration of environmental
organizations in Thailand at the
central, regional and local level.
This has inhibited problems from
being addressed in a timely manner.
The Promotion and Conservation
of National Environmental Quality
Act B.E. 2535 (1992) stipulated the
establishment of the National
Environment Board as the key body
to develop policies and work plans
for the promotion and conservation
of national environmental quality and
also to prescribe environmental quality
standards, which includes standards on
air quality. However, structurally, this
board consists of political officials, civil
servants with only 8 board members
who are environmental experts.
Furthermore, the law requires that no
less than half of these environmental
expert board members must come
from the private sector. Therefore, it is
obvious that the national environmental
policy and work plan is under the
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influence of the government agencies
and the private sector, lacking
participation from representatives from
civil society and local communities.
The process to develop policies,
guidelines and the monitoring of actions
undertaken to tackle environmental
problems have been excruciatingly
slow and lack independence as
board members have vested interest
in the issue. This is emphasized by
the exercise of power under Section
13 (10) to render the view from the
Prime Minister on matters where any
government agency or state enterprise
has violated or does not comply with
the laws, rules and regulations for
environmental protection, which causes
extensive damage to the environment.
Additionally, air quality standard
pursuant to Section 32 is outdated and
fails to keep up with evolving changes.
Considering the large number of
board members, consisting mostly of
government officials who are inundated
with other duties, the board members
only convene meetings 3 – 5 times per
fiscal year. Similarly, the Pollution
Control Committee, according to
Section 52, which is responsible for the
development of standard to control
pollution sources, also comprises of civil
servants and therefore face the similar
challenges.
Additionally, government agencies at
the operational level do not cooperate

across agency as they consider their
missions clearly detached from those
of other agencies. Example includes the
case of industrial factory air pollution
control, which involves Pollution
Control Department, Ministry of
Natural Resources and Environment
and Department of Industrial Works,
Ministry of Industry. The Pollution
Control Department has the authority
to inspect, issue corrective order and
manage pollution complaints only
in relation to sources of pollution
prescribed under the Promotion and
Conservation of National Environmental
Quality Act B.E. 2535 (1992). However,
the Department does not have
authority to order closure of factories
or businesses that are polluters under
other legislation, such as Factory Act B.E.
2535 (1992). In such case, reports shall
be submitted to the direct responsible
agency such as the Department of
Industrial Works or Provincial Industry
Office to address the problem and
execute orders [2]. Moreover, the
Department of Industrial Works has the
regulatory role to supervise and control
industrial factories, but has a conflictive
role to also promote the establishment
more factories. This is clearly the case of
a conflict of interest.
In terms of pollution generated by land
transportation, it is found that despite
the certain measures to encourage interagency cooperation, to a certain extent,
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they are still insufficient and in many
cases subjected to the discretion of each
agency. For example, exhaust emission
from less fuel-efficient vehicles pursuant
to the Promotion and Conservation of
National Environmental Quality Act; the
government officer has the authority
to temporarily suspend the use of
the vehicle until corrective action has
been taken. However, the Ministerial
Regulation indicates that Director
General of Pollution Control Department
must also report this violation to the
registrar official, following the Vehicle
Act (Director General of Department
of Land Transport). Then there is
discretionary power on whether or not
to renew the vehicle’s registration, which
falls on the registrar official. Another
inter-agency cooperation is between the
Royal Thai Police and the Department
of Land Transport, regarding
unresolved cases of vehicles that violate
exhaust discharge standard, following
the Land Transport Act. If the cases
remain unresolved, Registrar official,
following Vehicle Act and Land Transport
Act, has the discretionary power to
determine whether to register or renew
the vehicle registration or not [14].
Previously, the Government has released
the Regulation of the Office of the Prime
Minister on Enforcement Cooperation
of Environmental Law B.E. 2550 (2007).
The regulation intends to determine
measures and procedures of inter-
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agency cooperation for relevant public
and private sectors on enforcement
of environmental law. Enforcement
Cooperation of Environmental Law
Committee was established and chaired
by the Deputy Attorney General as
appointed by the Attorney General.
However, in practice, the Committee was
proven to be ineffective, as the problem
of inter-agency cooperation between
government agencies still persist until
today and has never been resolved.
In conclusion, the above-mentioned
research found that the structure
of legal measures and government
agencies related to the management
of air pollution, particularly PM2.5
problem in Thailand are inadequate to
protect people’s right. In particular, the
protection of the right to participation,
right to information and right to access
to environmental justice, which are
all procedural rights are violated.
Consequently, the right to life and right
to health, which are substantive rights,
are also not protected. It is important to
expedite review and analyze how new
rights can be established. Moreover, the
amendment and integration of legal
measures, as well as, the design of a
public agency that operates systemically
and integratively will be needed in order
to address the PM2.5 problem efficiently
and sustainably.

16. Insufficiency of legislations and government entities to address air pollution problem preventing the protection of people’s rights
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The last chapter of “Clean Air Blue
Paper” summarizes all important
research findings by the research team
and explains the next steps of actions as
planned by Thailand Clean Air Network
and its partners, in order to ensure that
Thai people can enjoy the fundamental
rights to have access to clean air.

17.1 Summary
Chapters 1-16 of “Clean Air Blue Paper”
presented multi-dimensional research
findings derived from various literature
reviews of Thai and international
academic journals, field visits to collect
data from in-depth interviews, as well
as, focus group meetings with different
stakeholders. The research findings can
be summarized as follows:
1. There are many sources of air
pollution, such as automotive fuel
combustion, or combustion from
production processes in industrial
sector, construction and urban
development, open burning in
agricultural and forestry sector and
transboundary air pollution from
neighboring countries. There is
limited research in Thailand that
can identify the proportions of air
pollution sources. Also, air pollution is
inherently linked with unsustainable
economic development policy as well
as social and cultural problems.

2. PM2.5 has adverse impact on human
health due to its toxic compound,
such as carcinogenic polycyclic
aromatic hydrocarbons, dioxins and
furans. Adverse health effects from
PM2.5 is also caused by its extremely
small sizes that can be inhaled,
circumventing interception by the
nose and trachea, absorbed through
the alveoli and eventually into the
blood stream. The size and particles
of PM2.5 can cause many diseases,
such as cardiovascular diseases,
chronic respiratory diseases, cancer
and diabetes.
3. Apart from generating PM2.5 and
various toxic gases, burning
agricultural residue in the area
exposed to chemicals can cause
unexpected impacts, namely the
release of pesticide chemical
residues which is extremely
hazardous to human health.
4. There are various airborne
microorganisms in the air, such
as bacteria, fungi and virus. These
microbes can attach themselves
on to particles in air pollutants and
subsequently enter the human body
causing adverse health effects. During
the time when air pollution reaches
hazardous level, these airborne
microorganisms that are attached to
the pollutants can be easily absorbed
into the human body and exacerbate
the adverse impact on our health.
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5. In understanding different risk
levels that air pollution poses
among different groups of people
and defining measures to prevent
adverse effect from air pollution, an
understanding of the overall picture
of the problem is required. Such
information includes air quality
problems and how air pollution
affects human’s health. Age, chronic
disease and socio-economic status
are considered risk factors. Health
protection measures should start
with identifying the risk groups.
Additionally, the measures need
to cover awareness raising and
provision of access to information
related to air pollution sources
among the public to enable them to
understand the level of harm that
caused by different toxic pollutants.
6. Air pollution from PM10 has caused
extreme damage to the Thai society,
with the value of THB 2.06 trillion
or 12.64 percent of GDP, in the case
that all households are affected.
When 50 percent of the households
are affected, the damage value is
THB 1.03 trillion or 6.32 percent of
GDP. The aforementioned damages
are considered the baseline for PM2.5
problem, as it is more harmful to
human health than PM10. However,
no research has been conducted in
Thailand on the damage caused by
PM2.5.
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7. Empirical evidence shows that air
pollution has significant impact
on tourism in the northern region.
Small accommodation providers,
guesthouses, hostel, homestays
and long stays are those most
negatively affected. The first runner
up is tour business operators,
targeting western, Japanese,
Chinese, Malaysian and Singapore
tourists. Hotel business operators
in the northern region are also
negatively affected. From March
– April 2019, Chiang Mai tourism
had lost approximately THB 6.309
billion which will likely increase if the
pollution problem is not addressed.
8. Air pollution can cause high economic
cost to sports and related industries
in the northern region in the future.
As other regions of Thailand also
organize a lot of running and cycling
sport events, it is expected that
economic impact will extend to other
regions, causing enormous economic
cost to sport and related businesses
in the future. Additionally, consumer
protection measures have not been
implemented to help consumer
refund their application fees, if air
pollution reaches the level that is
hazardous to health on the day of
the event. This is because in the past,
organizers have never cancelled any
events due to air pollution and no
refund policy has been put in place.
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9. Thailand still lacks measures to
create understanding and build trust
among domestic and international
travelers. Information on the actions
undertaken by local governmental
agencies and their short-, mid- and
long-term plans have never been
communicated. Moreover, the public
is not confident in the integrity of
air quality report, as water-spraying
system has been known to be placed
in front of air quality measuring
device to interfere with the accurate
reading of the air quality monitoring
systems.
10. Air pollution widely impacts
communities in the affected area
covering low-income population in
densely populated areas, students,
college students, teachers, education
institutions, parents and the local
communities in the area. This
reflects disparity and the limitation
of budgets allocated to address air
pollution problem. Northern ethnic
groups residing in the highlands are
experiencing negative impacts from
open burning prohibition measures.
There is a general lack of flexibility
and community communication and
engagement, which has implications
for their existing in ways of life
and has created tension between
government officials and people
in the community. Hence, despite
official ban against open burning,

the forest fire burning still continues
unabated, in reality.
11. The public lacks comprehensive
understanding on air quality
measurement and the adverse effect
on health caused by air pollution.
The disparity in the access to air
pollution protection of public
and private schools is a matter of
urgency that the pubic sector needs
to address before the children, who
will be the future workforce of the
country, all become sick in their
youth.
12. Thailand lacks Citizen Watch Dog or a
citizen-operated warning system that
enables people in the community
to engage and participate in
monitoring and reporting on sources
of pollution, e.g. open burning,
exhaust fumes emission from cars or
industrial factories.
13. The people and the private sector
find that government agencies in
many ministries, whose mandate
are related to the reduction of air
pollution, still lack inter-agency
cooperation to manage air pollution
at the central and regional level.
14. Open burning prohibition measures
in community areas are still
ambiguous. Community leaders
are not provided with adequate
knowledge on waste and fuel
management as well as on the
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adverse impact from air pollution.
No alternative option is provided in
terms of waste management.
15. There has been an ongoing failure
in terms of policies and measures
implementation to address open
burning air pollution at the regional,
sub-regional and national level.
16. The government-imposed policies
and measures to reduce air pollution
from open burning in the northern
region of Thailand are incoherent
with the real situation in the area
not taken into account and the
process sorely lacks community
participation. The measures imposed
had an impact on the way of life of
the people in the community, while
alternative solution and tangible and
sustainable support and assistance
have never been offered to the
communities in the area.
17. Fuel standard upgrade from Euro
4 to Euro 5 has been continuously
deferred from 2020 to 2024. Without
Euro 5 Emission Standard, which
is expected to be enforced in 2021,
air pollution will not be reduced
effectively. Moreover, unclear
direction in strict enforcement of
environmental policy in automotive
sector will result in persisting air
pollution.
18. In the industrial sector, empirical
evidence shows that policies
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and measures to reduce air
pollution are facing problem in
terms of enforcement. Statistical
information on types and volume
of pollutants discharged from
factories are not available to the
public. The public is not able to
neither monitor nor participate in
the monitoring process nor does
the public receive information
on operational conditions of
factories in their community
area. The system or database for
information related to environment
and hazardous substances is
incomplete. Transparency is very
low, when it comes to pollution and
environmental management.
19. Substantive rights and procedural
rights are fundamental human rights
that Thailand recognizes and accords
protection under domestic law, as
stipulated in the Constitution of
the Kingdom of Thailand. These are
fundamental rights that citizens can
claim the existence of these rights
whenever they are violated. One such
right is the right to clean air.
20. The structure of legal measures
and government agencies that are
involved in addressing PM2.5 air
pollution problem in Thailand are
insufficient to protect people’s rights
in many aspects, particularly, the
protection of right to participation,
right to information and right to
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access to environmental justice.
If the aforementioned procedural
rights cannot be protected, the right
to life and the right to health of the
people, which are substantive rights,
are also consequently violated as
well. It is vital that reviews and
research are conducted in order
to establish new rights, to amend
and integrate the structure of legal
measures, to design systematic and
integrative government agencies
that can address PM2.5 effectively and
sustainably.

17.2 The way forward
After discovering empirical evidence
on the widespread impact, massive
economic cost and Social Cost of
air pollution, the Thailand Clean Air
Network will proceed to formulate the
“Clean Air Green Paper” to build up
upon the existing works and propose
policy recommendations that can be
implemented in practice to address
all aspects of the problems efficiently
and effectively while maintaining the
participation of stakeholders from all
related sectors. After gaining a thorough
understanding of the problem, the
Thailand Clean Air Network will embark
upon a reviewing of relevant legislations
and draft People’s Clean Air Law in
parallel with the proposal to establish
an environment advocacy organization,

in order to protect the people’s right
to clean air based on the 3 pillars of
jurisprudence. The “law” must address
the identified “social issues” and the
“law” must not be problematic in itself.
Therefore, the 3 pillars of jurisprudence
cover the questions of “What is? What
happen? and What should be?”. The
law should take a form of bottom-up
legislations both in respect of the
“content” and “process” of the law.
The law shall respond to the “ultimate
benefit” of the majority of the people
as the “public interest” and shall be
based on two fundamental concepts
of sustainable development and
Sufficiency Economy Philosophy of King
Rama IX.
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Thailand Clean
Air Network
1. Greenpeace Southeast Asia

2. Friends of Forest Fire Fighters, Chiang Mai (กลุ่มช่วยเพื่อนดับไฟ จังหวัดเชียงใหม่)
3. Chiang Dao Forest Youth Group (กลุ่มเยาวชนเขียวสดใส รักษ์ป่าเชียงดาว)
4. Raklanna (กลุ่มรักษ์ล้านนา)

5. Ruang Aroon Group Organization for Public Benefit, Lampang
6. Ban Hau Thung (แก๊งค์ถิ่นนิยม (บ้านหัวทุ่ง))
7. Green Beauty Scented (เขียวสวยหอม)

8. The Joint Standing Committee on Commerce, Industry and Banking, Chiang Mai
9. The Volunteer Network of Chiang Mai Smog Solution
10. Health Security Network Region 10, Ubon Ratchathani
11. Network of communities affected by building construction permit violations (เครือ
ข่ายชุมชนที่ได้รับความเดือดร้อนจากการสร้างอาคารผิดกฎหมาย)
12. Thai Urban Tree Network
13. Love Doi Suthep
14. Bangkok Breathe

15. Women’s Health Network – Northeastern Chapter (เครือข่ายผู้หญิงเพื่อสุขภาพภาค
อีสาน)
16. Fellow of Sufferer
17. Informed Parents on Haze Hazard
18. Collective Changes
19. Faculty of Environment and Resources Studies, Mahidol University
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20. Little Deer Project
21. Jiang Mai Organic
22. Global Campus Chiang Mai
23. Friendly Design Ambassadors, Chiang Mai
24. Chiang Mai Bankers Club
25. Senior Citizen Club, Tao Ter Sin See, Bang Kun Tian Sports Center (ชมรมผู้สูงอายุ
่ ศูนย์กีฬาบางขุนเทียน)
เต้าเต๋อซินซี
26. Thai Public Broadcasting Service (Thai PBS)
27. ThaiPrompt
28. Bangkok Forum
29. The Forest Creator
30. Hug Chiang Mai Party
31. We love Doi Luang Chiang Dao Partnership (ภาคีเรารักดอยหลวงเชียงดาว)
32. Thailand Education Partnership (TEP)
33. CIVICNET Foundation
34. Global Campuses Foundation
35. Local Development Foundation
36. Chumchonthai Foundation
37. Ecological Alert and Recovery – Thailand (EARTH)
38. The Creative for Reading Culture Promotion Foundation
39. Muan Jai Organic Agricultural Group
40. Senior Teacher Training School, Chiang Mai
41. Roong Aroon School
42. BIGTree Project
43. Center for Research & Development of Disaster Prevention & Management,
National Institute of Development Administration
44. National Health Security Office Coordination Center, People with Disability
Network, Chiang Mai
45. Kwanpandin Institute
46. Thailand Environment Institute
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47. Chiang Mai Breath Council
48. The Federation of Thai Industries Chiang Mai Chapter
49. Tourism Council of Chiang Mai
50. Chiang Mai Citizen Assembly
51. Northern Handicrafts Manufacturers and Exporters Association (NOHMEX)
52. Chiang Mai Disability Cultural Association
53. Association of Thai Entrepreneurship Development, Chiang Mai
54. Chiang Mai Real Estate Association
55. State Enterprises Workers’ Relations Confederation
56. Suan Bua Chompoo Na Jomkiri Organic Agriculture
57. Thai Health Promotion Foundation
58. National Health Commission Office
59. Chiang Mai Chamber of Commerce
60. Mae Hong Son Chamber of Commerce
61. Chiang Rai Fights Smog
62. Circular Design Lab
63. Smoke Watch
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