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ABSTRACT (ENGLISH) 
# # 6474019253 : MAJOR PUBLIC HEALTH 

KEYWORD: Air Pollution, Health Impact Assessment, PM2.5, AIRQ+ 

 Friscilla Hermayurisca : The Health Impact Assessment of Particulate Matter (PM 2.5) in Thailand. Advisor: Assoc. Prof. NUTTA TANEEPANICHSKUL, 
Ph.D. 

  

Particular Matter with diameter <2.5 microns or micrometers (a pollutant PM2.5) is highlighted as dangerous kind of pollutant in the worldwide. 
There were epidemiological studies reporting the harmful effects of PM2.5 in population due to the particle can lead various chronic diseases and premature deaths. 

The aim of this study is to assess the changes in health  due to short- and long-term exposure and to provide the estimation attributed cases and 
proportion in the Thai population which could be avoid where the PM2.5 concentration  reduce to the cut-off values that respected 

 I collected data of PM2.5 concentration from 70 air monitoring stations of Pollution Department Control Thailand to indicate all provinces. For 
missing data, the values were calculated using the single imputation technique. The Ordinary Kriging Techniques were applied to construct the interpolations of PM2.5 
concentration data for each district. I collected national health data including total number morbidity and mortality incidences related with negative effects from 
PM2.5 exposure in all provinces from Ministry of Public Health, Thailand. Total numbers of population all ages for specific province have been collected, where 
people ages >30 years old as population at risk on this study. This study presents all data that collected in 2019. Air Q+ Software is a tool that developed by World 
Health Organization, and it used to calculate the changes and health effects of air pollutant PM2.5 in population. All data were input to Air Q+ tool and the 
calculation parameters are based on epidemiological analysis. 

In 2019, Total population at risk or people ages >30 years old was 40,572,731 people or 60,957.6 per 100,000 population for 77 provinces in 
Thailand, where 60.98% from the total population for all ages. The range of daily PM2.5 concentration in 2019 for entwere provinces was between 1.28 and 229.52 
ug/m3. The annual mean PM2.5 for national level was 24.14 μ g/m3. Phra Nakhon Si Ayutthaya had high PM2.5 mean at 32.79 μm3 in 2019, followed by Ang Thong 
and Kalasin. The results from Air Q+ software estimated attributed proportion and cases in variation of cut-off values. All estimations indicate the reduction proportion 
and case that can be achieved if PM2.5 concentration meets the cut-off value. If the daily average in Thailand meets the targeted standard at 37.5 μ g/m3 it can 
reduce around 2 per 100,000 population from the burden all short-term mortality cases in 2019. And, if the annual average in Thailand meets the targeted standard at 
15 μ g/m3 it can reduce around 82 per 100,000 population from the burden all long-term mortality cases in 2019. 

The result demonstrated the significant impacts of short- and long-term exposure of PM2.5 on Thai population. From this study, the estimations 
suggest the roadmap for policy maker and stakeholder to improve air pollution risk and management actions as the ways to protect population. 
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CHAPTER I INTRODUCTION 

 

1.1 Background 

In recent periods, air pollution becomes the biggest environmental problem to 

human health. Based on World Health Organization (WHO) global guidelines on the 

ambient air quality, the exposure of poor air condition recognized increasing the 

number of global burden, and it was estimated the higher of death cases and human 

healthy years lost in every years There are many types of air pollutants including 

nitrogen dioxide (NO2), ground level ozone (O3), sulfur dioxide (SO3), carbon 

monoxide (CO), violate organic compounds (VOC5), particular matter 10 (PM10), 

and particular matter 2.5 (PM2.5). Regarding to the kind of pollutants in the 

atmosphere, PM 2.5 is the most dangerous particle because of the harm effects. PM 

2.5 particle can enter to human body and will be causing chronic and acute health 

problems, and the mortality as the severe impact (Mohseni Bandpi, 2017).   

Particular Matter (PM2.5) was highlighted as harmful kind of pollutant in the 

worldwide and raising awareness about public access to air quality data. PM 2.5 is 

described as an ambient airborne particle which the size measures to 2.5 microns 

(WHO, 2021). Because of the extra small size, the particles could enter the blood 

stream through respiratory system and moving to the whole of human body, The 

effects of PM 2.5 in human health might be vary due to the chemical characteristics, 

type of sources, and area sizes (F. Cavalli, 2016). Cardiovascular diseases and 

respiratory problems have strongly associated with PM 2.5 concentrations, where it 

can affect the increasing on mortality and morbidity rates (Avino P, 2016). 

Some country still faces the difficulty to control the increasing of PM 2.5 

concentrations. The main contributing factors of increasing the number of PM 2,5 in 

many countries are the exhaust waste disposal from automobile, in particular older 

buses and trucks that still overflow in the roads across the country and cause the air is 

contaminated with their polluting and excessively outdated machines. PM 2.5 

potentially distributed from these defunct and old transportation that extremely 

relevant. In addition, factories and industry activities, contraction works, crop 

burning, housing activities give potential effects to the increasing air pollution. In 

Thailand, the burning activities using biomass, factories, traffic, and power plants 

energy uses are the main contributors of emissions of pollutants (Vongmahadlek, 

2009). However, In Bangkok, the capital city of Thailand, according to study in 2017 

showed there are exceeds 10 million automobile in the road where the number of 

population just over than 12 million. The condition also represented the enormous 

sources of PM 2.5 (Cheewaphongphan et al., 2017) . On the entire of major cities, 

these can increase dangerous particles and chemicals level in the atmosphere and it 

encourages the Air Quality Index (AQI) rising up to potentially hazardous level for 

this country. Hence, Thailand is highly polluted due to the factors that related to 

urban disease main focus, such as overcrowding and uncontrolled population, 
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industry sector development as well as less stringent regulation being placed on 

companies or individuals that produce substantial amounts of noxious emissions. 

 Ambient air pollution is related to around 4.2 million of the average annual 

deaths of stroke, heart disease, lung cancer, lung cancer, acute and chronic respiratory 

diseases (Aaron J Cohen, 2015). Ninety nine percent of the populations of the world 

reside in area where the quality of air in the atmosphere constantly exceeds the WHO 

limits. Low- and middle-income countries (LMICs) are affected by highest-burden 

cause of air pollution, whereas air pollution in the environment impacted to developed 

and developing countries, and the big cases occurred in Western Pacific and South-

East Asia regions (WHO, 2021). In low developing countries, around 98% of with the 

population age under five years old are exposed to toxic air. Air pollution is the 

majority cause of death case for children under the age of 15, where around 600,000 

people died every year (WHO, 2018).  

In economy terms, in 2016, The World Bank reported, there was high burden in 

pollution cost about USD5 trillion in welfare losses worldwide due to premature 

death cases linked with the air pollution exposure. In 2016, ambient worldwide air 

pollution has been recorded at 29% of entire mortality and disease from lung cancer, 

17% of all mortality and disease from acute lower respiratory infection, 24% from 

stroke, 25% accounted for ischemic heart disease, and all mortality and disease due to 

chronic obstructive pulmonary disease was responsible at (WHO, 2018d)  

Furthermore, Thailand also faces many problems with air pollution. According to 

the report from IQ Air‟s world in 2019, the concentration of air quality Thailand are 

accounted at 24.3μg/m
3
 annually as  the 28

th
 most polluted country from other 98 

countries. The estimation of all-cause mortality among Thai population is around 40 

000 per year. Where, it just nearly at 17% was accounted for the percentage of lung 

cancer (Pinichka C, 2017). A Health Impact Assessment (HIA) among Thai 

population Were conducted by Muller et all in 2021 found the most death due to PM 

2.5 exposure was Acute Lower Respiratory Infection (ALRI) accounted at 16,419 

death with Population Attributable Fraction (PAFs) at 48%, where this study used 

health data from 2016. It was followed by Ischemic Heart Disease (IHD) was 

responsible for 15,489 death and PAFs at 33%. The poor air quality condition in 

Thailand have encourage the government to concern with some strategic as responds, 

and create solutions to solve the issue, as well as considering at long term goals that 

can be applied to control the environmental crisis for this country. To encourage the 

implementation of the effectiveness local, national and global policies to restrict the 

number of air pollution, the health impact assessment is crucial to demonstrate an 

estimation of impact of the changes of air pollution on human life.  

There are several tools with computer-based to lead the process of assessment, 

mainly AIRQ+ provided by World Health Organizations, The AIRQ+ software is a 

popular tool to assess the effects of air pollution on human health. Using the 

application of mathematical integration and the analysis of air pollution exposure to 

health risk, AIRQ+ tool works to estimate the number of particular health outcome 
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mainly the attribute proportion cases, the number of attribute cases per 100,000 

population at risk, and proportion of cases in for one category of air pollutant 

concentrations and the years of life lost (WHO, 2014a). The software has adjustable 

Relative Ratio (RRs) and counterfactual levels. The default Risk Ratio leads the tool 

applicable for more specific regions, hence the adjustable RRs makes the tool 

applicable for any population when have been received from epidemiological studies 

(Brenk, 2018). The main result of this study or known as central estimation has 

ninety-nine percent confidence intervals that described as the bound. It makes 

possible to calculate the standard error that can estimate the uncertainty of the main 

result World Health Organization developed Air Q+ with the purpose to be support 

tool for decision making process (Sacks, 2020). The estimation of health impacts at 

vary spatial scales can be used to provide potential air actions. Air Q+ software also 

has considerable on educational focus for public health authorities, hence it can 

quantify the health impacts of some kind of pollutants in specific scientific areas. 

The aimed of this study is to analyze the short-term impacts particularly the 

number of hospital admission due to respiratory and cardiovascular cases and the 

estimation of as the long-term impacts of PM2.5 exposure for mortality cases due to 

the exposure of PM2.5, including Chronic Obstructive Pulmonary Disease (COPD), 

Ischemic Heart Disease (IHD), Brain Stroke (BS), and other deaths in Thailand based 

AIRQ+ software. The previous study published by Mueller et al in 2021 based on 

Microsoft excel modeling for analysis health impacts assessment and BenMAP for 

economy costs analysis showed that significant impacts of PM 2.5 exposure to 

mortality in Thailand. However, there are no specific studies to explain both short- 

and long-term impacts while it could make severe impacts in population. Therefore, 

until today, there are no specific study that mention the usage of Air Q+ software to 

analyze the health impact PM 2.5 exposure to human in Thailand.  

With regard to expected results of this study, the findings will be reference to 

encourage the strategies planning and control program regarding to air pollution 

impacts. The result of this study also will be used as an alternative to revise the new 

national ambient air quality standard PM 2.5 in Thailand. 

 

1.2 Research Questions 

a. What are the estimation numbers of health impacts due to short-term PM2.5 

exposure in the Thai population? 

b. What are the estimation numbers of health impacts due to long-term PM2.5 

exposure in the Thai population? 

1.3 Research Objectives 

a. To provide the estimated numbers of health impacts due to short-term PM2.5 

exposures in the Thai population.  

b. To provide the estimated numbers of health impacts due to long-term PM2.5 

exposures in the Thai population 
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1.4 Research Hypothesis 

There are the significant estimated numbers of health impacts due to short- and 

long-term PM2.5 exposure in the Thai population. 
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1.5 Conceptual Framework 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Independent Variables 

PM2.5 concentration (Province-specific) 

Dependent Variables 

 

 

Province characteristic 

 Total population at risk in a year 

 Area size (km
2
) 

 Total Population all ages 

 

Health Data (Province-specific) 

 Short-term  

a. Hospital Admissions, Respiratory 

disease in adults ages  30 years 

b. Hospital Admissions, Cardiovascular 

disease (CVD) (including stoke) in 

adults ages  30 years 

c. All natural mortality cases in adults 

ages  30 years 

 Long-term 

a. All natural mortality cases in adults 

ages  30 years 

b. Chronic Obstructive Pulmonary 

Diseases (COPD) mortality cases in 

adults ages  30 years 

c. Ischemic Heart Diseases (IHD) 

mortality cases in adults ages  30 

years 

d. Stroke mortality cases in adults ages  

30 years 

 

Estimated 

Attributed 

Proportions and 

cases for Mortality 

and Morbidity 

incidence  
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1.6 Operational Definition 

 

VARIABLE 

 

DEFINITION 

PM 2.5 concentration Refers to the annual and daily average of 

pollutant particulate matter (PM) 2.5 in the 

atmosphere for each specific province in 

Thailand in 2019. 

Province 

Characteristic  

Total Population at Risk Refers to the number of population at risk 

or people ages 30 years in specific 

province in Thailand in 2019. 

Area size Describe the size of specific province in 

Thailand that measured on Kilometers 

(km2) in 2019. It will be a reference for the 

analysis. 

Total Population All Ages Refers to the number of population all ages 

in Thailand in 2019 that adding as 

references  

Health Data 

Short-term 

Hospital Admissions, 

Respiratory disease in 

adults ages  30 years 

(ICD 10 codes are J00–

J99) 

Refers to the total number of hospital 

visited with respiratory diseases indication 

in adults ages 30 years from private or 

governmental hospital in each specific 

province in Thailand in 2019. 

Hospital Admissions, 

Cardiovascular disease 

(CVD) (including stoke) 

in adults ages  30 years 

(ICD 10 codes are I00–

I99) 

Refers to the total number of hospital 

visited with Cardiovascular (CVD) diseases 

indication in adults ages 30 years from 

private or governmental hospital in each 

specific province in Thailand in 2019. 

All natural mortality cases 

in adults ages  30 years 

 (ICD 10 codes are A00-

R99) 

Refers to the total number of mortality 

cases in annual period of adults age 30 

years in each specific province in Thailand 

in 2019. The number will be used as 

incidences number due to PM2.5 exposure 

in short-term period.  
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Health Data 

Long-term 

All natural mortality cases 

in adults ages  30 years 

 (ICD 10 codes are A00-

R99) 

Refers to the total number of mortality 

cases in annual period of adults ages 30 

years in each specific province in Thailand 

in 2019. The number will be used as 

incidences number due to PM2.5 exposure 

in long-term period. 

Chronic Obstructive 

Pulmonary Diseases 

(COPD) mortality cases 

in adults ages  30 years 

 (ICD 10 codes are J44) 

Refers to the total number of mortality 

cases in annual period due to Chronic 

Obstructive Pulmonary Disease (COPD) 

diseases on adults ages 30 years in each 

specific province in Thailand in 2019. 

Ischemic Heart Diseases 

(IHD) mortality cases in 

adults ages  30 years 

 (ICD 10 codes are I20-

I25) 

Refers to the total number of mortality 

cases in annual period due to Ischemic 

Heart Disease (IHD) on adults ages 30 

years in specific province in Thailand in 

2019. 

Stroke mortality cases in 

adults ages  30 years 

 (ICD 10 codes are I60-

I69) 

Refers to the total number of mortality 

cases in annual period due to Stroke on 

adults ages 30 years in each specific 

province in Thailand in 2019. 
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CHAPTER II LITERATURE REVIEW 
 

2.1 Air Pollution- Particulate Matter (PM) 2.5 

Air pollution is a complicated mix of complex particles, liquid droplets, and 

gases. It can produced from a variety of sources including the fuel burning in 

household, industrial chimneys, the exhaust of transportation modes, energy 

production, open waste burning, agricultural activities, natural desert dust, and many 

other resources (WHO, 2013a). There are approximately seven million deaths due to 

the result of air pollution exposure every year. Based on annual data from World 

Health Organization (WHO), around 99% of entire population in worldwide breathes 

with air condition which exceeds the WHO guideline limits and contains high number 

of pollutant, with low- and middle-income countries suffering the most. Air pollution 

can be produced by many of sources, resulting in a diverse range of air pollution 

mixtures. Particulate matter from sea salt, road dust, and diesel engine smoke, for 

example, may be present in an urban city with area in the coastal side. A rural area 

which is close to forest, on the other hand, may have particulate matter from soil, 

smoke from cook stoves, and forest fires. According to the World Health 

Organization (WHO), one of the primary sources of environmental health risk factors 

is air pollution. The most significant relationship is that between morbidity and 

mortality due to respiratory and cardiovascular disorders (Lefler, 2019).  

Air pollutants are substance in the air that can harm humans and the 

environment. Solid particles, liquid droplets, or gases can all be used as the substance. 

A pollutant can be either natural or man-made. Pollutants are divided into two types: 

primary and secondary. Primary pollutants are typically produced by processes such 

as volcanic ash. Other examples include carbon monoxide gas emitted by automobiles 

and sulfur dioxide emitted by factories. Secondary pollutants are not directly emitted. 

Rather, they form in the air as a result of primary pollutants reacting or interacting. 

Ozone at ground level is a well-known example of a secondary pollutant. Some 

pollutants are both primary and secondary in nature, meaning they are both emitted 

directly and formed from other primary pollutants. Particulate Matter (PM), regarding 

to WHO air pollution guideline in 2021, is a combination of solid and liquid particles 

in the atmosphere that are tiny to not settle out on the Earth's surface due to gravity, 

and is classified by aerodynamic diameter. The pollutant is also an important 

component, because of harmful effects to human health, such as cardiovascular and 

respiratory mortality and hospitalizations, are commonly cited as two of their two side 

effects (Mohseni Bandpi, 2017). There are two kinds of Particulate Matter: PM 2.5 

and PM 10, which are classified by size. PM 2.5 is a particulate matter suspended in 

the air with diameter that less than 2.5 microns or micrometers. These particles can 

react with water vapor, smoke, and other gases in the atmosphere. These types of 

specific matters have an effect on the human respiratory system. Short-term 

exposures can aggravate and worsen the symptoms of chronic respiratory diseases. 

Allergic rhinitis, asthma, and chronic obstructive pulmonary disease are examples of 
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such conditions. Long term exposures increase the risk of emphysema and lung 

cancer. Aside from the effect on the respiratory system, the majority of studies on PM 

2.5 health effects concentrate on aspects of public health and epidemiology. In studies 

that conducted on animal, both acute and long-term increases in the number of PM 

2.5 have been linked to the increasing of case incidence of heart and blood vessel 

diseases affecting the cardiovascular system and the brain (Hamanaka & Mutlu, 

2018). The continuing exposure to high levels of PM 2.5 has been linked to 

development of dementia disease. The processes by which PM 2.5 affect diseases are 

thought have relation to an incline in radical free, which increases inflammation in 

specific areas of the body. Furthermore, PM 2.5 may be a carrier of other harmful 

toxins such as heavy metals and carcinogens, such as polycyclic aromatic 

hydrocarbons (PAHs), which have been linked to lung cancer.  

2.2 Air Pollutant PM 2.5 and its health impact associations 

There are several studies have found the evidence relation of disease and adverse 

effects to dangerously low levels of PM and its toxic components. Many elements, 

such as organics like PAHs and inorganics like heavy metals, are found as 

carcinogens and cause a variety of adverse health effects in humans. Aside from that, 

PM exposure has been contributed to increased hospitalizations, carcinogenicity, the 

development disorders, nervous system effects, respiratory symptoms, cardiovascular 

diseases, decreased lung function, and untimely mortality ((Guaita R, 2011) & 

(Samoli E, 2008)). The contribution of nanoparticles on the foetal side of the placenta 

was recently linked, there was indication of the placenta barrier can be easily 

penetrated by PM, resulting in faotal exposure (Bové H, 2019). Hence, it explains the 

effect of PM toxicity extends not only to adults but also to the fetus. Furthermore, the 

long-term exposure to PM pollution makes a population more susceptible to COVID-

19, and increased hospitalizations of patients with predisposed asthma or other 

respiratory ailments have been reported. As a result, the impact and toxicity of PM 

and its constituents are influenced by a several factors such as the water solubility, 

residence time, the composition of element, the size of particle, and chemical 

reactivity; and natural environmental factors, for example season, wind speed, and 

topography.  

Population-based research studies have been difficultly to explain more the 

evidence to distinguish differences in the effects of particulate matter with different 

chemical constituents (Halonen JI, 2009). However, the references for the hazardous 

nature of particulate matter generated during the burning process from automobile 

and stationary sources is more constantly than evidence from other sources (Samoli E, 

2008). The PM2.5 black carbon fractions are produced by incomplete of burning 

process. Where, it is one of great concern due to have contribution to negative effects 

on human health and climate. Other components of particulate matter attached to 

black carbon are indicated of causing a variety of health effects, including PAHs, 

which are familiar as carcinogens and toxic to cells, for example metals and inorganic 

salts. It should be concerned that the International Agency for Research on Cancer 

has defined and divided diesel engine exhaust, which is majority particulate matter, as 
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a carcinogen to human body (Jiang XQ, 2016). This also includes some PAHs and 

some solid fuels in the household consumption. 

2.2.1 Short-term Effects of PM 2.5 Exposure 

2.2.1.1 Hospital Admission due to Respiratory and Cardiovascular Diseases 

All types of air pollutants have a significant impact on the respiratory 

system. High concentration of sulphur dioxide, nitrogen oxides, ozone, and 

particularly pollutant PM 2.5 are related to respiratory diseases symptoms 

such as nose and throat irritation, coughing, chest discomfort due to 

narrowing of airways, increased mucous production on upper airway walls, 

and inflammatory reactions, these air pollutants lead to asthma and the more 

severe condition COPD (Kurt OK, 2016). People who more sensitive to air 

pollution are they that have respiratory problems. The risks of PM to human 

health are attributed to their deposition and transportation in the human body. 

The PM particles enter the lungs through the processes of impaction, 

interception, sedimentation, and diffusion. The larger PM size (> PM2.5) are 

primarily deposited in the upper respiratory tract via impaction. Smaller 

particle sizes (PM2.5) can deposit deeper into the lower airways and alveoli, 

depending on flow rates and diffusion, and can be moving to other tissues and 

organs via the bloodstream. Several studies have also found that exposure to 

smaller particles can have serious health consequences. However, the 

competition of particles are contribute to a variety of the impact (heavy 

metals and PAHs are carcinogens), concentration, and period of exposure 

times. Although there are many in vitro studies on human health effects of 

PM pollution, some of the studies have not focus on the epidemiological 

aspects. Additionally, the relevant evidence of the adverse effects related to 

short-term exposure to cardiovascular diseases such as hypertension has been 

found, whereas few studies have addressed the longer-term health impacts 

(Simoni M, 2015). Another study found short-term exposure to traffic 

emissions has been linked to hypertension, stroke, myocardial infarctions, and 

heart abnormalities (Katholi RE, 2009). PM 2.5 exposure can exacerbate the 

heart condition of people with cardiovascular diseases and caused death as 

long-term impact (Hamanaka & Mutlu, 2018). 

With regard to that, the relation of PM 2.5 exposure on human health can 

be assessed through looking on the prevalence morbidity due to respiratory 

and cardiovascular disease. The numbers of hospital admission due to 

cardiovascular and respiratory diseases Were positively correlated with the 

increasing of PM 2.5 concentrations (RW Atkinson, 2014). Some study in 

population aged 15 years provided the increasing daily admission of 

respiratory and cardiovascular diseases related to the increasing PM 2.5 

concentration per 10g/m3 (Massimo Stafoggia, 2013). 
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2.2.1.2 Effects of short-term PM2.5 exposure on all-cause mortality 

The premature death due to short-term PM 2.5 exposure Were strongly 

associated (Samoli E, 2008). There was estimation around 4,000 people died 

due to direct smog exposure and more than 100,000 people suffered adverse 

health effects in London (Logan, 1953). The APED meta-analysis found the 

increasing percentage of the mean number of death due to increasing 

10g/m3 PM 2.5 concentration in 12 single-city time-series studies in Europe 

(WHO, 2013b). The finding from studies in 20 U.S cities in 2000 

demonstrated PM 2.5 concentration are significantly related to daily all-cause, 

cardiovascular, and respiratory mortality (Samet et al., 2000).  

2.2.2 Long-term Effects of PM 2.5 Exposure 

2.2.2.1 Cardiovascular Effects 

Multiple cardiovascular effects have been documented in recent studies 

as a consequent by exposure of air pollution. According to the 2018 Burden 

of Disease global report, air pollution contributed to 19% of cardiovascular 

deaths in 2015.  Air pollution is related to approximately 21% of stroke 

mortality and 24% of coronary heart disease mortality. The exposure of PM 

2.5 plays a potential role of inflammatory pathway in pulmonary system 

directly. This process has been proved that particulate matter particle can 

trigger the inflammation when the particle accounted in the human lung 

(Huang W, 2012). The report from(Wang J, 2014) and (Astort F, 2014) found 

similar result in the process of in vivo animal models and the usage in vitro 

cellular methods, when the exposure of PM 2.5 increase the level of 

circulating of pro-inflammatory, for example CRP, the IL-6, the IL-8, and the 

IL-I when it observed in subject that have healthy condition.  Inflammatory 

systematic has been familiar as risk factor in progress of atherosclerosis, and 

the mediator of pro-inflammatory are linked to the rising coagulability of 

blood and endothelial dysfunction closely, which it can contribute to the 

development of myocardial ischemia as the consequence. Additionally, the 

mechanism of ROS-dependent demonstrated to involving in the particle PM 

2.5 triggered the pathway of pro-inflammatory. The rising of ROS amounts 

Were demonstrated after exposure PM 2.5 in rats lung and heart by in situ 

chemical luminescence means (Gurgueira SA, 2002). Some previous studies 

published the relation of ROS to atherosclerosis, vascular dysfunction, 

cardiac arrhythmias and myocardial injury has been shown  ((Schriewer et al., 

2013); (Ying et al., 2009)). 

An increase of the risks on ischemic heart disease and myocardial 

infarction are shown in some groups regarding to the occupational exposed to 

gaseous emissions, whereas short-term exposure studies have provided 

changes in vasomotor function and an increase in prothrombogenic effects in 

healthy individuals. Long-term exposure has been linked to coronary 

arteriosclerosis, while short-term exposure has been linked to hypertension, 

stroke, myocardial infarctions, and heart abnormalities. In vitro studies in 
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experimental animals exposed to PM show that it causes systemic 

inflammation and oxidative stress in the cardiovascular system, which may 

hasten the progression of atherosclerosis in animals predisposed to the 

disease. Furthermore, chronic exposure to nitrogen oxide may cause ventricle 

hypertrophy (Katholi RE, 2009). 

2.2.2.2 Neurological Effects 

Heavy metals (e.g., lead, mercury) and dioxins are linked to a variety of 

human neurological effects. Lead is absorbed into the body through 

inhalation, ingestion, and dermal absorption. Chronic lead exposure is linked 

with conditions such as the damage on neurological systems (mimics cancer 

and disrupts homeostasis cancer), lower intelligent quotient (IQ) and attention 

impairment, hand-eye co-ordination impairment, and encephalopathy. It is a 

Ill-known teratogen found in human placenta and blood-brain barrier, where 

it potentially causes harmful effect for the foetus. Another heavy metal that 

affects the nervous system is mercury (methyl mercury). Organic mercury is 

fat-soluble and can enter the central nervous system, where it oxidizes to 

Hg2+ and causes neurological damage. Memory loss, narrowing of vision, 

loss of muscle coordination and emotional instability are the symptoms of 

these problems (Genc S, 2012).  

2.2.2.3 Carcinogenicity 

Heavy metals, dioxins, and other pollutants have a negative impact on 

cell function because they bio accumulate and interfere with normal cell 

function (PK, 2015). Metals in their ionic form are more reactive chemically 

and easily to interact with biological systems in a variety of ways, such as 

cadmium and mercury, which can readily attach to sulphur in proteins. Aside 

from that, they are known to mimic and replace essential metals, such as 

cadmium can substitute zinc, and arsenic, which mimics phosphate. The 

processes are known as the cause to oxidative stress, resulting in oxidative 

modification of biomolecules, which may be a critical step in the initiation of 

cancer cells.  
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Source: the study from inflammatory health effects of indoor and outdoor particulate matter by Iidong Wu, et al, 

2018 

Figure  1 The illustration of Schematic Pathways the of Effect of PM2.5 Exposure on 
the Respiratory and Systemic through Inhalation Process 
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Source: the study from inflammatory health effects of indoor and outdoor particulate matter by 

Iidong Wu, et al, 2018 

Figure  2 The Pathways of Cellular of Inflammatory due to Effects by Combustion Activities-
Derived PM Exposure 
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Source: Gill et all, 2011. Air Pollution and Cardiovascular Disease in the Multi-Ethnic Study of Atherosclerosis 

Figure  3 Potential Mechanism of Cardiovascular and Stroke Even Caused by Air Pollution 
 

2.3 Health Impact Assessment tools 

Health Impact Assessment (HIA) is a method used to focus on public health 

sectors as a respond for the effects of pollutant exposure. HIA is an estimation 

methodology that focuses on analyzing the changes in health impacts with certain 

pollutants.  As a prediction of the impacts for variety of policy and regulation options, 

has been applied to identify the entire burden of disease from the exposure of 

pollutants. With the result of HIS, policy makers will receive necessary information 

to create and legitimate actions plans with purpose to reduce the number of harmful 

impacts pollutant exposure in human life and environment (Hassan Bhat, 2021). The 

governmental, intergovernmental, and nongovernmental organizations over the last 

decade have invested in tools that are better able to meet the growing demand for 

more specific and timely information about the health effects of air pollution 

exposure. The tools of health risk assessment of pollutant exposure are identically as 
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preloaded with health and demographic data as well as the association on 

concentration-response, though some do allow for user-specified inputs air pollution 

assessment tools have different methods and benefits when it can lead user to work 

easier, accessible, and has consistency and good quality of the result. Some of these 

tools include built in air pollution exposure data that connects emissions to the 

exposure metric, requiring users to enter only information about emission changes; 

others read in user-specified exposure estimates. The analyses typically begin with 

key demographic and economic data of the relevant geographic area and population, 

including per capita income, health-care delivery systems, smoking prevalence, 

climate (including use of air conditioning), use of combustion sources indoors (e.g., 

for cooking and heating), and the nature of the air quality monitoring system. The 

availability of high-quality data set for these parameters varies depending on context, 

such as country and spatial scale. (Susan C. Annenberg et al, 2016).  

Health Impact Assessment tools can help to estimate negative impact air 

pollutant exposures to population. The United States Environmental Protection 

Agency created the Environmental Benefits Mapping and Analysis Program 

(BenMAP-CE) in part to help the Office of Management and Budget and the Clean 

Air Act fulfill requirements to characterize the benefits and costs of U.S. air pollution 

regulations (Hubbell BJ et al, 2005). This program initially published in 2003, and 

has focus to estimate the health and economic benefit of attaining recent situation and 

potential future National Ambient Air Quality Standard (NAAQS). The program also 

can be used to predict the potential public health impact of improving air quality in 

multiple research efforts. Followed to analyze the impact of air pollutant to human 

health, World Health Organization also introduces a program as a contribution to 

reduce and increase the quality of human health. The program named Air Q+ 

software that originally started in 1999, and was developed as a success building in 

2016. The program have specific target to reflect the current state of the science on 

the health effects of air pollution, ensuring that researchers and governmental officials 

worldwide have access to a tool to inform and ultimately support actions to improve 

air quality, and providing a large audience with an educational tool that includes 

summaries of the information that needs to be gathered and organized to understand 

the health impacts of air pollution (WHO, 2001). The tool, which is in the form of 

software, is intended for any stakeholder who wishes to conduct an HIA. To conduct 

an impact assessment, concentration and population data must be entered. In addition, 

an incidence rate for the chosen health indicator should be included. RRs and 

counterfactual levels are initially set to default values but can be changed. As a result, 

the tool can be used in any population where relative risks have been determined 

through epidemiological studies. Because the majority of scientific evidence comes 

from studies in these regions, the tool's default RRs make it usable for populations in 

Western Europe and North America. The HRAPIE project has reviewed these default 

RRs .However, the two health indicators 'Mortality due to ALRI for children (0-5 

years) due to PM2.5and 'Mortality, all (natural causes) due to BC were not reviewed 

in the HRAPIE project, and there is no reference to the default relative risks in the 

tool. The WHO AQG is used as the default counterfactual value, but this can be 
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changed. Many morbidity and mortality health indicators are included in the software, 

but each health indicator requires a separate analysis. As a result, conducting a 

comprehensive HIA that includes all available health indicators is time consuming. 

The Air Q+ tool also allows the user to perform life table calculations to calculate the 

decline in life expectancy, provided that population and mortality hazard rates for age 

groups of at least five years are known. 

Table  1 Health Impact Assessment Tools Comparison 
Tool Provider Area of 

Study 

Advantages limitations 

Air Quality 

 (Air Q+) 

World Health 

Organization  

(WHO) 

Iran, 

Italy 

City Level : + 

The Output have Rich 

Model: + 

 Different kind of pollutant:  

+ 

Have Adjustable parameter: 

+ 

Up-to-date value of RRs : + 

Accessibility in general : + 

Requires to Modest data : + 

Could assess health impact in 

indoor and outdoor air 

pollution 

Estimate the quantity of the 

risk of cancer, and including 

additional features for the 

value of unit risk for 

Chromium, arsenic, nickel, 

benzene, vinyl chloride and 

benzophyrene.  

The software has 

Multilanguage version  

The relationship 

between Evidence-

Based health 

outcome are not 

really strong, 

particularly for some 

kind of pollutant 

such NO2, BC, and 

Ozone.  

Environment

al benefit 

mapping and 

analysis 

program- 

community 

edition 

(BenMap-

The United 

States 

Environment

al Protection 

Agency  

(USEPA) 

USA, 

Turkey, 

Spain 

City Level : + 

The Output have Rich Model 

: + 

 Different kind of pollutant: 

+ 

Have Adjustable parameter:  

Estimation of health 

impacts because of 

air quality are 

restricted to just a 

one year period, it 

cannot be a multiple-

year assessment. 
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CE) + 

Up-to-date value of RRs :  - 

Accessibility in general : + 

Requires to Modest data : + 

The CFRs has been merging 

with the basic pooling 

strategies, for example the 

random effect and fixed 

effects. It has purpose to 

build new function which it 

can emphasis the considering 

the diverse of data 

demographics. 

Co-Benefit 

Risk 

Assessment 

 (COBRA) 

Health 

Impacts 

Screening 

and Mapping 

Tool 

The United 

States 

Environment

al Protection 

Agency  

(USEPA) 

USA City Level :  -      (Country 

level) 

The Output have Rich 

Model: + 

 Different kind of pollutant: 

+ 

Have Adjustable parameter: 

+ 

Up-to-date value of RRs : - 

Accessibility in general :  + 

Requires to Modest data : + 

Provide the estimation of 

health and economic impact 

more detailed and 

comprehensive, which it is 

related to the decreasing PM 

2.5 concentrations in the 

atmosphere on given year of 

the study.. 

Can help researcher create a 

new scenario to suggest the 

improvements in air 

pollution control through the 

baseline of smoothly and 

efficiently of emissions. 

Whole concentration 

of the pollutants is in 

The US, it making 

more challenging to 

conduct in other 

nations. Then, the 

matrix also does not 

describe the 

interaction which 

takes place in the 

environment between 

the all kinds of 

pollutant.  

Greenhouse 

gas-Air 

Pollution 

International 

Institute for 

Applied 

European 

countries 

City Level : - 

The Output have Rich 

The health 

assessment just 

according to general 
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Interactions 

And 

Synergies 

(GAINS) 

model 

Systems 

Analysis 

(IIASA) 

Model: - 

 Different kind of pollutant:  

- 

Have Adjustable parameter: - 

Up-to-date value of RRs : + 

Accessibility in general : +/- 

Requires to Modest data : + 

The software has 

comprehensive transport 

model and chemistry in the 

atmosphere which it can 

stimulate physical and 

chemical reactions more 

complex.  

RR values that 

received from 

epidemiological 

study by European 

and American, which 

is not really 

appropriate and 

accurate for other 

region.  

The dispersion model 

of this software also 

basic linear function 

based on regression 

of TM5. Hence it has 

uncertain result and 

irrelevant of the 

responds. 

Combination 

of AIR Q+ 

and 

BenMap-CE 

    

 

 

 

Household 

Air Pollution 

Intervention 

Tool 

(HAPIT) 

Household 

Energy, 

Climate And 

Health 

Research 

Group At 

The 

University Of 

California, 

Berkeley 

India  City Level : - 

The Output have Rich 

Model: + 

 Different kind of pollutant: - 

Have Adjustable parameter: 

+ 

Up-to-date value of RRs : - 

Accessibility in general : + 

Requires to Modest data : + 

Simple tool, and could help 

user to estimate the DALYs, 

premature death average, and 

intervention for cost-

effectiveness 

Provides the informative of 

total number household in 

the intervention, the 

concentration of PM 2.5 pre 

and post intervention, the 

The result provides 

just the estimation of 

short impact, cannot 

explain in long term. 

The level of 

exposure among 

household members 

can change. 
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mean of population 

proportion in order to 

estimate the cost per 

intervention. 

Ecosense Institute of 

energy 

economics 

and rational 

energy use 

(IER), 

University of 

Stuttgart 

Greece 

France, 

Brazil 

City Level : n/a 

The Output have Rich 

Model: n/a 

 Different kind of pollutant:  

n/a 

Have Adjustable parameter: 

n/a 

Up-to-date value of RRs : n/a 

Accessibility in general : - 

Requires to Modest data : n/a 

Comprehensive estimation 

the impacts of air pollution 

exposure to health of human 

and the ecosystem. 

Provides the robust database, 

such as details of the major 

pollutant, heavy metals, and 

hydrocarbon.   

The software 

performs a non-linear 

behavior in nature 

because of the usage 

of simple linear 

source-receptor 

models to assess the 

chemistry interaction 

in the atmosphere.  

Aphekom France 

Institute of 

Public Health 

Surveillance 

25 

European 

Cities,  

10 

European 

Cities, 

City Level : + 

The Output have Rich 

Model: - 

 Different kind of pollutant: 

+/- 

Have Adjustable parameter: 

+ 

Up-to-date value of RRs : - 

Accessibility in general : + 

Requires to Modest data : + 

 

HEAT WHO  City Level : + 

The Output have Rich 

Model: - 

 Different kind of pollutant: -  
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Have Adjustable parameter: 

+ 

Up-to-date value of RRs : + 

Accessibility in general : + 

Requires to Modest data : - 

TM5-

FASST 

JRC Ispra  

(taly) 

China, 

Multinati

onal 

Study 

City Level :  + 

The Output have Rich 

Model: n/a 

 Different kind of pollutant:  

+ 

Have Adjustable parameter: 

n/a 

Up-to-date value of RRs : + 

Accessibility in general : - 

Requires to Modest data : n/a 

Simple and friendly used for 

user.  

The present version 

of TM5-FASST have 

a missing on SR 

relation, hence it 

might arise a bias 

when estimate 

PM2.5 and Oz 

pollutant.  

GGD Dutch Public 

Health 

Services 

Netherlan

d 

City Level : + 

The Output have Rich 

Model: + 

 Different kind of pollutant:  

+ 

Have Adjustable parameter: 

+ 

Up-to-date value of RRs : + 

Accessibility in general : + 

Requires to Modest data : + 

Provide pragmatic  interface 

system 

The tool has display such the 

spreadsheet of excel system, 

which only show a few of 

number that have to be input. 

For that, user can receive at 

glimpse of effects of all air 

pollutant and the indicator of 

Applicable for 

Netherland. There 

fixed number of age, 

incidence, and RR of 

Dutch information, it 

that can be traced in 

model but cannot be 

changed 
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health.  

SHERPA   City Level : + 

The Output have Rich 

Model: - 

 Different kind of pollutant:  

- 

Have Adjustable parameter: - 

Up-to-date value of RRs : + 

Accessibility in general : + 

(European country) 

Requires to Modest data : + 

This software provides data 

input model use RIAT+ to 

integrate the modeling 

system of assessment for 

measuring cost effectiveness.  

 

Assess PM 2.5 

ONLY 

 

IOMLIFE   City Level : + 

The Output have Rich 

Model: - 

 Different kind of pollutant: 

+ 

Have Adjustable parameter: 

+ 

Up-to-date value of RRs : + 

Accessibility in general : + 

Requires to Modest data : + 

 

The Simple 

Interactive 

Model for 

better Air 

Quality  

(SIM-air) 

Urban 

Emissions 

India, 

Europe 

City Level : + 

The Output have Rich 

Model: + 

 Different kind of pollutant: 

+ 

Have Adjustable parameter: 

+ 

The analysis of 

spatial resolution 

matching project is 

uncertain, mainly for 

urban area 

assessment.  
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Accessibility in general : + 

Requires to Modest data : + 

Multiple benefit analysis 

(Environmental-economic-

health) assessment of the 

climate changes actions.  

 

2.4 Recent studies in the air pollution health risk assessment 

Table  2 Previous Study Using Air Pollution Health Risk Assessment Tools 
1. 

 

Title Apheis: Health impact assessment of long-term exposure to 

PM2.5 

in 23 European cities 

Citation Author: Elena Boldo1 et al (Boldo, 2006) 

Published in 2006 

Objective & 

Method 

Quantified the PH impact of long-term exposure to PM2.5 

(particulate matter <2.5 ) in terms of attributable number of 

deaths and the potential gain in life expectancy in 23 European 

cities. 

HIA used Air Q+ software 

Result The result of HIA have estimated the reduction of premature 

death for all causes was 16,926 cases,  for cardiopulmonary 

death was 11,612 cases, and lung cancer at 1901 could be 

obtained if annual concentration of PM 2.5 exposure could be 

reduced at 15 μg/m
3
 for each city in Europe 

2. Title An Assessment of Annual Mortality Attributable to Ambient 

PM2.5 in Bangkok, Thailand 

Citation Author : Nathniel R. Folda et al (Fold, 2020) 

Published in 2020 

Objective & 

Method 

Investigated annual mortality associated with PM2.5in Bangkok 

based on available air quality monitoring data. 

BenMAP-CE 

Result The findings showed if the annual PM2.5concentration would be 

decreasing in Bangkok to the Thai NAAQS and WHO air 

quality standards, the estimation of a consequential reduction 

https://sciprofiles.com/profile/author/bDVzc1VrVy9xVFh1ZnR4Qm54OThIblBXd3RoUEFUK0JCaUhKMWEwSXZvZz0=
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premature mortality attributable to PM2.5exposure could be 

obtained at 1393 and 3159. 

3. 

 

Title Health impact assessment of a reduction in ambient PM2.5 

levels in Spain 

Citation Author: Elena Boldo et al (Boldo, 2010) 

Published in 2011 

Objective & 

Method 

To estimate the association the number of attributable deaths 

with reducing PM2.5levels in Spain.  

Used BenMap-CE 

Result The findings of this study described the improvement of air 

quality when the annual average PM 2.5 was reduced to be 

0.7μg/m
3
. The analysis of long term health impact assessment 

used BenMAP estimated the reduction at 1720 of all cause of 

death with (or 6 people per 100,000 population) in group people 

age 30+ years, and at 1450 was accounted for the decreasing all 

cause of death in people age 25-74 years old. It could limit 

annual mortality rate. 

4.  

 

Title Estimation of long-term and short-term health effects attributed 

to PM 2.5 standard pollutants in the air of Ardabil (using Air Q 

+ model) 

Citation Author: Mina Moradi et all  (Moradi, 2021) 

Published in 2021 

Objective & 

Method 

To analyze the estimation the health impact attributed to 

PM2.5pollutants in the atmosphere of Ardabil in 2018  

used Air Q+ model 

Result The findings described that the average annual concentrations of 

PM2.5and PM10, and the total number of deaths due to ALRI, 

COPD, lung cancer, IHD, and stroke deaths on average during 

the study period. In some condition when the PM 2.5 and PM 10 

concentration increasing just above 5 µg/m
3
, it was estimated the 

total number of attributed cases and number of attributed cases 

per 100,000 population due to cardiovascular diseases (with 

moderate RR and CL at 95%) cardiovascular diseases was 

responsible for103 people and 42.19 people. Then, the attributed 

proportion, the total number of attributable cases, and the 

number of attributable cases per 100,000 population for the 
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hospital case of people with respiratory disease (with moderate 

relative risk and confidence of 95%) for the number of 

admission for respiratory diseases have been estimated 

respectively at 97.1%, 68 people and 3 people.  

5.  

 

Title Cardiovascular, respiratory, and total mortality ascribed to 

PM 10 and PM 2.5 exposure in Isfahan, Iran 

Citation Author: Ali Abdolahnejad, et al  (Abdolahnejad A, 2017) 

Published in 2017 

Objective & 

Method 

To analyze the estimation of particulate matter 2.5 and PM 10 

attribution in the prevalence of cardiovascular and respiratory 

diseases, and premature deaths in Isfahan in one year(from 2013 

to 2014) 

Used Air Q+ Model 

Result The result provided the number of estimation deaths due to 

PM2.5exposure was 670 cases, and at 713 cases caused by 

PM10 exposures.  Then, The number of annual deaths due to 

cardiovascular and respiratory diseases related to PM 10 

respectively was 316 and 68 cases.  

6. 

 

Title Quantifying the Public Health Benefits of Reducing Air 

Pollution: Critically Assessing the Features and Capabilities of 

WHO‟s AirQ+ and U.S. EPA‟s Environmental Benefits 

Mapping and Analysis Program – Community Edition 

(BenMAP – CE) 

Citation Author: Jason D. Sacks et al (Sacks, 2020) 

Published in 2020 

Objective & 

Method 

Analysis the health impact assessment of air pollution using 

AirQ+ and BenMAP – CE software with common input 

parameters. 

Used BenMAP-CE and Air Q+ tools 

Result BenMAP – CE and AirQ+ software resulted almost identical for 

the core estimation at the integer level with minimal differences 

at digit at the decimal level. Additionally, to the primary result, 

or central estimation, both of the software have confidence 

intervals that bounding the main result 

7. Title Analysis of PM2.5Using the Environmental Benefits Mapping 
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 and Analysis Program (BenMAP) 

Citation Author: Kenneth Davidson, et al  (Davidson, 2007) 

Published in 2007 

Objective & 

Method 

Demonstrated the estimation of attributed health impact to PM 

2.5 exposure using BenMAP model.  

Used BenMAP-CE software. 

Result The decreasing of deaths cases related when average PM 2.5 

concentration was dropped to 15 μg/m3.  
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CHAPTER III RESEARCH METHODOLOGY 

 

3.1 Research Design 

The research study is a descriptive cross-sectional study. Air Q+ Software was 

used to elaborate the changes and health impact of air pollution PM 2.5 in Thai 

population. This study analyzed PM2.5 concentration and health impact data from 1
st
 

January 2019 until December 31
st
, 2019. The whole data has been considered on 

calculation of the estimated short- and long- term of PM 2.5 exposures to Thai 

Population. The data analysis has been done from March to May 2022. 

3.2 Study Area 

The study has been conducted in Thailand composed 77 provinces in all 6 

regions: Bangkok Metropolitan Region (BMR), Central Region, West Region, East 

Region, Northeast Regions, and Northern Region with 77 Provinces. Total area of 

Thailand is 510,890 km
2
 or at 197,256 square miles. The total country size and 

specific area size of each province have been input to Air Q+ software.  

3.3 Data Collection Methods 

3.3.1 The data of PM 2.5 Concentration 

The daily data of PM 2.5 concentration during 1
st
 January until 31

st
 

December 2019 in this study was employed from Thai NAAQS PM 2.5 

revision project. Regarding to the project, the real-time hourly PM2.5 

concentration during 1
st
 January until 31

st
 December 2019 was collected from 

the Division of Air Quality Data, Air Quality and Noise Management Bureau, 

Thailand Pollution Control Department. The data of air quality concentrations 

were obtained from 70 air stations.  

For missing data, the values were calculated using the single imputation 

technique. The mathematical convention of 0 degrees and 360 degrees 

indicating the same wind direction was used. The mean of the cosines and sinus 

of each angle was calculated in order to determine the mean of the series of 

angles in the interval 0°-360° and find the angle by calculating the inverse 

tangent. To construct the interpolations of air pollutant measurements data of 

each district, the Ordinary Kriging Technique was used, considering the data 

from each monitoring station by date. The daily data of PM 2.5 concentration 

in each province was calculated from an average of district concentration.  A 

Kriging equation using the following expression;   
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where γ(h) is the estimated semi-variance at a separation distance; z(xi) 

and z(xi+h) are the observed values at xi and xi+h separated by h, of which 

there are M(h) pairs (Wong et al., 2004).  

3.3.2 Population  

Data of total population at national level and specific province in 2019 

was collected and included on analysis. The total Thai population was 

accounted for 66,558,935 in 2019.  This study analyzed the health impacts in 

Thai population which focused on population at risk particularly adult ages 30 

years old were accounted for 40,572,731 or 60,957.6 per 100,000 populations. 

Hence, total adult both male and female ages 30 years old in 2019 were 

calculated on this study. All data of population was obtained from National 

Statistical Office of Thailand. 

3.3.3 The Data of Diseases and Mortality Cases in Population 

The data about selected health end-point from January-December 2019 for 

short- and long-term impact analysis have been taken from The Strategy and 

planning division, Office of the Permanent Secretary Ministry of Public Health, 

Thailand. This center collected whole data of population from all health care 

facilities, including Public and Private Hospitals in Thailand. The data related 

hospital admission of respiratory disease cases, hospital admission of 

cardiovascular disease cases, Chronic Obstructive Pulmonary Diseases 

(COPD), Ischemic Heart Diseases (IHD), stroke, and mortality of all-natural 

cases Were collected. Air Q+ tools provides spaces for calculation between 

total morbidity and mortality cases related the assessment of estimation health 

impacts on this study and total population at risk, where the result was used to 

describe the Baseline Incidence (BI) in each city per 100,000 adult age  30 

years. The data for short-term health end-point such as restricted activity days 

(RADs) all ages and work days lost for working age population only, and long-

term impact including mortality due to Acute Lower Respiratory Infection 

(ARLI) in children 5 years old and Mortality due to lung cancer are excluded 

for this study.   

3.3.4 Relative Risks (RRs) 

The estimation of short and long-term health effects of the pollutant PM 

2.5 needs pre-load data set including Relative Risks (RRs) value. The recent 

study employed RRs value from meta-analysis studies that were conducted by 

Thailand NAAQS PM 2.5 revision project and studies are provided by WHO 

air pollution guideline in 2021.  

Briefly, the Thai NAAQS PM 2.5 revision project conducted a 

“Systematic review and meta-analysis for the association between short-term 

and long-term PM2.5 exposure on mortality and morbidity in Asian Countries”. 

A short-term respiratory morbidity and cardiovascular morbidity were analyzed 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 32 

based on 32 and 29 published articles respectively. In the analysis, the 

published article in January 2011 - December 2020 with case-crossover, 

ecological study, and cohort study were included. These analysis data are 

unpublished.  

 

 

Table  3 Relative Risks (RRs) Values 

Health Indicators 
RR Values (95% CI) 

 per 10 μg/m
3
 

Source 

 

 

 

 

 

 

 

Short-

term 

Analysis 

Respiratory morbidity 

Hospital Admissions, 

Respiratory diseases 

ICD-10 health database 

code J00–J99 

 

 

1.0056 [1.0043; 

1.0070] 

Thai NAAQS 

PM 2.5 

revision 

project 

Cardiovascular 

Morbidity 

Hospital admissions, 

cardiovascular diseases 

ICD-10 health database 

code I00–I99 

 

1.0039 [1.0029; 

1.0049] 

Thai NAAQS 

PM 2.5 

revision 

project 

Mortality due to all 

nature causes 

ICD-10 health database 

code A00-R99 

1.0065 

(1.0044;1.0086) 

Orellano et al, 

2020 

 

Long-

Term  

Analysis 

Mortality due to all 

nature causes 

ICD-10 health database 

code A00-R99 

1.08 (1.06;1.09) Chen & Hoek, 

2020 

 

 

3.3.5 PM 2.5 Concentration Cut-off Values 

The Air Q+ software requests the average of daily and annual 

concentration of air pollution as cut-off which used to estimate the health effect 

attributed short- and long term PM2.5 exposure. This study applied 

recommendation from World Health Organization in Air Pollution Guideline in 

2021, The United States Environmental Protection Agency (USEPA) standard, 

PM 2.5 national standard in Thailand following study year in 2019, and 

purposed standard by Thai NAAQS PM 2.5 revision project. 
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Table  4 Cut-Off Values 
 

Cut Off for Short-Term Analysis 

 

Cut Off for Long-Term Analysis 

Option 1:  

37.5 ug/m
3
 

Interim target-3 daily 

standard by WHO Air 

Pollution Guideline in 2021 

Option 1:  

15 ug/m
3
 

 

Interim target-3 annual 

standard by WHO Air 

Pollution Guideline in 2021 

Option 2:  

15 ug/m
3
 

Gold  standard daily AQG 

Level  WHO  Air Pollution 

Guideline in 2021 

Option 2:  

5 ug/m
3
 

 

Gold  standard annual AQG 

Level  WHO Air Pollution 

Guideline in 2021 

Option 3: 

35 ug/m
3
 

United State PM 2.5 Daily 

standard provided US EPA 

2016 

Option 3:  

12 ug/m
3
 

United State PM 2.5 Annual 

standard provided US EPA 

2016 

Option 4:  

50 ug/m
3
 

Thai PM 2.5 Daily 

NAAQS in 2019 

Option 4: 

25 ug/m
3
 

Thai PM 2.5 Annual 

NAAQS in 2019 

Option 5:  

25 ug/m
3
 

Daily standard interim 

target-4 by WHO Air 

Pollution Guideline in 2021 

Option 5:  

15 ug/m3 

Annual standard interim 

target-4 by WHO Air 

Pollution Guideline in 2021 

Option 6: 

37 ug/m
3
 

 

Purposed daily standard by 

Thai NAAQS PM 2.5 

revision project 

Option 6:  

20 ug/m
3
  

 

Purposed annual standard by 

Thai NAAQS PM 2.5 

revision project 

*The cut-off values following the standard in 2019 that updated during period of study until June of 2021 

3.4 Data Processing and Analysis  

 The data has analyzed using two different software including Statistical software 

and AirQ + software.  

3.4.1. IBM Statistical Package for Social Science (SPSS) 

IBM Statistical Package for Social Sciences (SPSS) version 22.0 analyzed the 

data of total population, the number of hospital admission, and the number of 

mortality cases. The data have been tested to elaborate the normality of data and 

summary descriptive statistic particularly for frequency distribution, proportion, 

mean, minimum, maximum, and standard deviation. 

3.4.2. Microsoft Excel 2010 Version  

The software checked the duplication and missing data on daily PM2.5 

concentration for each province. The average of daily and annual concentration 

PM2.5 also has been analyzed through MS Excel.    

3.4.3. Air Q+ software 

World Health Organization (WHO) Regional Office for Europe provided this 

program in 2016. The purposes are to evaluate changes of the average air quality, 

and analyze the short-term and long term impacts to health of society. Using this 

software, the pollutants including PM2.5 and 10, NO2, O3, and black carbon can 

be managed. It was designed more simply to follow the route strategies regard to 

estimation of the short and long-term impact. The Air Q+ software apply 

mathematical and integration, which it will use at least 40,000 elements matrix 
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calculations, logarithm functions and statistical functions. It can be used to 

estimate the how much the particles of the air pollutant impact to human health. 

Air Q+ Software tool performs the calculation which allows the number of the 

health effects because of the exposures of air pollutants, including estimates of 

the reduction in life expectancy. The short exposure effects will be estimated 

based on the risk estimates from time-series studies, whereas the impact of long 

exposure comes from life-tables approach and based on risk estimates from 

cohort studies. The analysis the amount of a particular health effect is 

attributable to selected air pollutants, and what would be the change in health 

effects if air pollution levels changed in the future can be analyzed. There are 

different health outcome with morbidity and mortality assessments which 

necessarily for a technical background or an expertise in air pollution control and 

health risk management for some country.   

3.4.3.1 Installation Air Q+ Software 

The first step to run the software, user can click two times on 

AirQplus.jar which will automatically install. The application used 

technology that has Java based, and it could operate alone that 

compatibility with Window system start from 7 to the update version, 

Linux or Ubuntu, and Apple Machintosh. The Air Q+ software is 

possible to operate with combination input and output on „CSV‟ files 

data. It is because the process and stores of this software using the 

numerical value that using decimal points, hence it will work even the 

setting of language and format of number are different. Using „CSV‟ 

files, it stands for the value that separated by comma. However, it 

could make user has the confusion, because a decimal that are used 

by commas became separator in various languages. To separate the 

character, Air Q+ used semicolon sign (;), for instance- 

7.5;8.002;17.3. this software can be easily operated without internet 

connection. The result will be automatically saving and presenting in 

the tree of project. Figure 6 displays the first-time used Air Q+ 

window. 
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Figure  4 The Display of Starting Window of Air Q+ Software 
 

As a differentiation of the codes in this software, the four colors 

are used to define the type of data entry, where will be explained in 

table 5. 

Table  5 Description of color in Air Q+ Software 
Color   Description  

White  This color describes the analysis properties of the tab 

that represented the optional of data. 

Green This color describe the correction of values which 

compulsory and voluntary part. Mandatory sections 

important to be filled for Air Q+ software assessment.  

Yellow Optional fields that are recommended to fill due to 

purpose of documentation process. For the 

computation, the voluntary section is not fundamental 

to be filled  

Red  In some condition when the supplied of mandatory 

fields are incorrect values, the sections will be turn on 

red color. To illustrate, the mean of concentrations 

must not be negative values. 

 

3.4.3.2 Data Input in Air Q+ Software 

The next process after user installed the software is need to input 

the main three data categories, including 1) the ambient air pollution, 

2) the number of population, 3) two option of the effects from the 

particular pollutant which will be followed by input the average 

Exporting 

Comparing 

Filtering 

Deleting 
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concentration. The options are short-term or frequent of daily 

exposure and long-term or annual exposure. Figure 7 shows the 

window of analysis options 

 

Figure  5 The Window of Baseline Data Input for Air Q+ Software 
 

On the window of health impact assessment processing, user 

need to input the mandatory columns. Therefore, the data of the 

specific target population, the standard or cut-off value of pollutant in 

μg/m3 as a consideration, and the Relative Risk (RR) that must be 

filled (Figure 8). On this study the Relative Risk was received from a 

meta-analysis under a Revised National Ambient Air Quality 

Standard for Particulate Matter (PM2.5) Project, which it become a 

numerator of the health impact of targeted population per 

concentration unit of a particular air pollutant.  

 

Figure  6 The First Page of Input Data Use with Mean Value of Health Risk 
Assessment Processing in Air Q+ Software Model. 
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Figure  7 The First Page of Input Data Use with Air Quality Data of Health Risk 
Assessment Processing in Air Q+ Software Model 

 

 

Figure  8 The Diagram Flow of Short-Term of Health Risk Assessment Processing in Air Q+ 
Software 
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Figure  9 The Diagram Flow of Long-Term of Health Risk Assessment Processing in Air Q+ 
Software 

 

After user input all data and click the process of analysis the 

impact, it will guide to the next process in order to acquire the output 

of the software assessment. As the result, user will obtain the 

estimation of the attributed proportion, the number of attributed cases, 

and the number of attributed cases per 100,000 populations at risk 

that will be illustrated in figure 9. 
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Figure  10 The Result of Estimation Health Risk Assessment Using Air Q+ Software 
Model 
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3.5 Data Input framework 

3.51 Short-Term Impact Assessment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input Data 

1. Mean concentration (Province-
specific) 

 Specific Mean values  of PM2.5 
daily in a year(μg/m

3) 

 Total population in a year 

 Area sizes (km2) 
 

2. Health data (Province-specific)  

 The number of Hospital 
Admissions due to Respiratory 
disease in a year 

 The number of Hospital 
Admissions due to Cardiovascular 
disease (CVD) (including stoke) in 
a year 

 The number Mortality cases, due 
to all-natural cause (adults age 
30+ years) in a year 
 

3. Relative Risk (from Meta-analysis) 
(Province-specific)  

 Hospital Admissions, Respiratory 
disease  

 Hospital Admissions, 
Cardiovascular disease (CVD) 
(including stoke) 

 Mortality, all natural cause (adults 
age 30+ years) 
 

4. Cut-off value of PM2.5 daily (1 year)   

 Option 1: 37.5 μg/m
3 (Interim 

target -3 : WHO)  

 Option 2: 15 μg/m
3 (WHO gold 

standard 2021)  

 Option 3: 35 μg/m
3 (US EPA) 

 Option 4: 50 μg/m
3 (Current Thai 

Standard)  

 Option 5: 25 μg/m
3 (WHO  interim 

target- 4 standard 2021)  

 Option 6: 37 μg/m
3 (purposed 

standard)  

Outcomes 

 

Results (Province-specific) 

 Attributed Proportions for 

Hospital admission 

estimations: Respiratory 

Diseases, Hospital admission 

CVD(Include stroke), all 

natural cause of Mortality 

adults age 30+ years) 

 Estimated number of 

Attributable Cases for 

Hospital admission: 

Respiratory Diseases, 

Hospital admission 

CVD(Include stroke), all 

natural cause of Mortality 

adults age 30+ years) 

 Estimated number of 

Attributable Cases per 

100,000 population at risk 

for Hospital admission: 

Respiratory Diseases, 

Hospital admission 

CVD(Include stroke), all 

natural cause of Mortality 

adults age 30+ years) 

Interpretation 

“ xxxx premature death could 

be avoid if “cut-off values” 
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3.52 Long-Term Impacts Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input Data 

1. Mean concentration (Province-
specific) 

 Specific Mean values  of PM2.5 
annually in a year(μg/m

3) 

 Total population in a year 

 Area sizes (km2) 
 

2. Health data (Province-specific)  

 The number Mortality cases, due 
to all-natural cause (adults age 
30+ years) in a year 

 The number of Mortality cases 
due to  COPD for adults +30 years 
in a year 

 The number of Mortality cases 
due to IHD for adults +30 years in 
a year 

 The number of Mortality cases 
due to Stroke for adults +30 
years in a year 
 

3. Relative Risk (from Meta-analysis) 
(Province-specific)  

 Mortality, all natural cause 
(adults age 30+ years) 

 Mortality COPD for adults  

 Mortality IHD for adults 

 Mortality Stroke for adults 
 

4. Cut-off value of PM2.5 annually (1 
Year)   

 Option 1: 15 μg/m
3 (Interim 

target -3 : WHO)  

 Option 2: 5 μg/m
3 (WHO  gold  

standard (AQG Level) 2021)  

 Option 3: 12 μg/m
3 (US EPA 2016) 

 Option 4: 25 μg/m
3 (Current Thai 

Standard)  

 Option 5: 15 μg/m
3 (WHO gold 

standard 2021)  

 Option 6: 20 μg/m
3 (purposed 

standard)  

Outcomes 

 

Results (Province-specific) 

 Estimated Attributed 

Proportions for Mortality, all 

natural cause (adults age 30+ 

years), Mortality COPD for 

adults, mortality IHD for 

adults, and mortality Stroke for 

adults. 

 Estimated number of 

Attributable Cases for 

Mortality, all natural cause 

(adults age 30+ years), 

Mortality COPD for adults, 

Mortality IHD for adults, 

Mortality Stroke for adults. 

 Estimated number of 

Attributable Cases per 100,000 

population at risk for Mortality, 

all natural cause (adults age 

30+ years), Mortality COPD for 

adults, Mortality IHD for 

adults, Mortality Stroke for 

adults. 

 

Interpretation 

“ xxxx premature death could be 

avoid if “cut-off values” are 

respected” 
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3.6 Ethical Considerations 

The certificate of approval for this study was received from Chulalongkorn 

University Research Ethics Review Committee for Research Involving Human 

Research Participants Group I with Certificate of Analysis (COA) number 093/65.  

 

3.7 Administration and Time Schedule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Process 

Time schedule  

Year: 2022 

January February March April May June July 

Literature review        

Tool Development        

Ethical committee 

consideration 

       

Field arrangement 

and data collection 

       

Data Analysis        

Final result and 

Conclusion 
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CHAPTER IV RESULT 
 

This Chapter presents the characteristics of provinces including total number population 

at risk or people ages 30 years old, PM2.5 concentration, and total number incidences for 

morbidity and mortality related PM2.5 short-and long-term exposure in Thai population. The 

health impact assessment result from all analysis using the measurement tool also shows and 

explains in this chapter. Total number population all ages and area size for whole provinces in 

Thailand was input as additional information 

During running on Air Q+ software, I input pre-load data including total population ages 

30 years old, annual mean PM2.5 concentration, morbidity and mortality rate as baseline 

where the software calculated automatically form total incidence and total population at risk 

regarding the analysis. All data was recorded for province specific, and I also calculated data 

to describe all provinces as a whole. From the statistics data in 2019, I obtained total 

population was 66,558,935 people for 77 provinces in Thailand, where 60.98% from the total 

was population at risk or people ages 30 years old, it was 40,572,731 people or 60,957.6 per 

100,000 population at risk. In 2019, total population of Bangkok Metropolis reported at 

5,666,264 for all ages both female and male, and placed as a province with the biggest 

population for that year. I just included people who recorded living permanent in this country. 

Total population for specific group also was accounted regarding type of analysis. I followed 

WHO Air Quality Guideline where the population at risk for all health indicators on short- 

and long-impact assessments was people ages 30 years old. In this study year, total 

population ages 30 years old already passed a half of total population for all ages in 

Thailand, hence it can be a representative group. The characteristic of provinces specific and 

annual average concentration PM2.5 have presented on table 4.1.  

The annual mean PM2.5 for national level was 24.14 μg/m
3
 for the period on this study. 

The range of daily PM2.5 for entire provinces started from 1.28 to 229.52 μg/m
3
. Phra 

Nakhon Si Ayutthaya was responsible for province with the higher PM2.5 mean at 32.79 

μg/m
3
 in 2019. It was followed by Ang Thong, Kalasin, Chiang Mai, and Mae Hong Son at 

32.5 μg/m
3
, 32.19 μg/m

3
, 31.7 μg/m3, and 31.96 μg/m

3
, respectively. As top three the lowest 

provinces, Prachuap Khiri Khan, Chumphon, and Ranong showed annual mean just under 8 

μg/m
3
 in 2019. The annual standard for most provinces located in Bangkok Metropolitan 

Region (BMR), Central and North region recorded just over 25 μg/m
3
. However, annual 

PM2.5 average all provinces located in south region showed completely opposite. The 

specific-province results regarding short-term and long-term mortality and morbidity were 

reported in Appendix 1.  
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Table  6 Characteristic All Provinces in 2019  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 47 

I calculated all data followed Air Q+ software guideline. The tool provides default 

Relative Risk (RRs) and cut-off value from the previous study. Several health indicator 

particularly hospitalized number due to respiratory and cardiovascular diseases, and analysis 

on mortality for all-natural cases in short impact study applied RRs values following the 

meta-analysis from previous studies. The RRs value for health indicator of mortality number 

related COPD, IHD, and Stroke used default number that provide automatically in this 

software. Air Q+ has different calculation for these analyses.  I applied six options of annual 

and daily average from some certain references as the counterfactual factors for this study. All 

Cut-off followed WHO guideline, USEPA daily and annually national standard for United 

States, and the current Thai national standard.  The result of Health impact due to short 

exposure PM2.5 was showed in the following tables. 

4.1 Evaluation Result Health Impact Estimation PM2.5 Exposure to Hospital 

Admission for Respiratory Diseases in Thai Population Ages 30 Years Old 

 

Figure  11 Estimation of Attributable Proportion of PM 2.5 Short-term Exposures to Hospital 
Admission of Respiratory Diseases Incidences (95% CI) at population at risk (Ages 30 years 

old) for All Provinces in 2019 
 

Figure 11 shows the estimation of attributed proportion on the number of 

hospital admission for all respiration diseases at population at risk impacted of short 

exposure PM2.5 in few daily averages. At 0.07% [0.05;0.09%] demonstrated 

proportion to the reduction of burden on hospitalized due to respiratory diseases when 

the average of daily concentration PM2.5 is 50 μg/m
3
. The application cut-off value 

37.5 μg/m3 shows an achievement around 0.16% reduction of attributed cases 

proportion to PM2.5 exposure. Beside on that, all estimated number of attributed cases 

for all provinces is showed at table 7. The attributed cases for hospital admission due to 

respiratory diseases at 50 μg/m
3
 were 18,511 cases or 46 per 100,000 population at risk, 

and 40,910 hospital admission due to respiratory diseases incidences could be avoided 

if 37.5 μg/m
3 

cut-off values are respected. From this analysis, the estimated proportion 

and number cases shows increasing following the smaller cut-off value that applied. 
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0.19% 0.20% 0.23% 

0.42% 
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Table  7 Estimation Health Impact of PM2.5 Short-term Exposures to Hospital 
Admission for Respiratory Diseases Incidences (95% CI) at population at risk (Ages 
30 years old) for All Provinces in 2019 

Cut-Off Value 
Estimated number of 

Attributable Cases 

Estimated number of 

Attributable Cases per 100 000 

Population at Risk 

Cut-Off 50 μg/m
3
 18,511 (14,187;23,185) 46 (35;57) 

Cut-Off 37.5 μg/m
3
 40,910 (31,371;51,211) 101 (77;126) 

Cut-Off 37 μg/m
3
 42,245 (32,396;52,882) 104 (80;130) 

Cut-Off 35 μg/m
3
 47,940 (36,766;60,005) 118 (91;148) 

Cut-Off 25 μg/m
3
 88,797 (68,130;111,090) 219 (168;274) 

Cut-Off 15 μg/m
3
 159,902 (122,764;199,910) 394 (303;493) 

 

4.2 Evaluation Result Health Impact Estimation PM2.5 Exposure to Hospital 

Admission for Cardiovascular Diseases Incidences in Thai Population Ages 30 

Years Old 

The short-term exposure of PM2.5 also affected the proportion hospitalized for 

cardiovascular diseases. The higher number of counterfactual factors that applied the 

lower attributed proportion cases at population at risk. It is clearly, in every decreasing 

daily average can describe how much the estimation burden number in population that 

have high risk exposed PM2.5 (Figure 12). Indeed, at 0.43% [0.31%;0.53%] are 

estimated for proportion of burden cases due to cardiovascular diseases related PM2.5 

effects if the daily mean do not exceed 15 μg/m
3
. In contrast, just around 0.05% 

[0.04%;0.06%] attributable proportion that recorded, if the daily average was 50 μg/m
3
. 

  

 

Figure  12 The Estimation of Attributable Proportion of PM 2.5 Short-term Exposures to Hospital 
Admission for Cardiovascular Diseases Incidences (95% CI) at population at risk (Ages 30 

years old) for All Provinces in 2019 
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The data was calculated with six cut-off values, and detailed result of attributed 

cases and rate are presented (Table 8). If 37.5 μg/m
3
 cut-off values are respected, 117 

hospital admission numbers due to cardiovascular diseases incidences per 100,000 

population could be avoided. 

 

Table  8 Estimation Health Impact of PM 2.5 Short-term Exposures to Hospital 
Admission for Cardiovascular Diseases Incidences (95% CI) at population 
at risk (Ages 30 years old) for All Provinces in 2019 

Cut-off Value 
Estimated number of 

Attributable Cases 

Estimated number of Attributable 

Cases per 100 000 Population at 

Risk 

Cut-Off 50 μg/m
3
 21390 (15883;26914) 53 (39;66) 

Cut-Off 37.5 μg/m
3
 47308 (35142;59499) 117 (87;147) 

Cut-Off 37 μg/m
3
 48854 (36291;61443) 120 (89;151) 

Cut-Off 35 μg/m
3
 55446 (41190;69728) 137 (102;172) 

Cut-Off 25 μg/m
3
 102759 (76365;129185) 253 (188;318) 

Cut-Off 15 μg/m
3
 185199 (137697;232712) 456 (339;574) 

 

 

4.3 Evaluation Result Health Impact Estimation PM2.5 Exposure to All-natural 

Mortality Incidences in Thai Population Ages 30 Years Old 

For number of all-natural mortality cases, Bangkok has 1188.25 incidences per 

population at risk, and claimed as the highest burden in 2019.  Figure 13 demonstrated 

the estimated proportion for all cut-off that used for short-term analysis in mortality 

cases, where figure 14 shows the estimation for long-term exposure PM2.5 to all-

natural cases mortality in Thailand.  
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Figure  13 Estimation of Attributable Proportion of PM 2.5 Short-term Exposures to All-natural 
Mortality Incidences (95% CI) at population at risk (Ages 30 years old) for All Provinces in 

2019. 
 

If the daily average in Thailand meets the targeted standard 37.5 μg/m3 it can 

reduce around 0.18% from the burden all short-term mortality cases in 2019. The gold 

standard AQG 2021 that is provided by WHO can estimate 0.70% cases reduction for 

all short-term mortality. Around 3,193 short-term mortality estimation cases or 8 

persons per 100,000 population at risk could be avoided if the daily mean PM2.5 meet 

at 15 μg/m3 (Table 9).  

Table  9 Estimation Health Impact of PM 2.5 Short-term Exposures to All-natural Mortality 
Incidences (95% CI) at population at risk (Ages 30 years old) for All Provinces in 
2019 

Cut-Off Value 
Estimated number of 

Attributable Cases 

Estimated number of Attributable 

Cases per 100 000 Population at 

Risk 

Cut-off 50 μg/m
3
 370 (250;491) 1 (1;1) 

Cut-Off 37.5 μg/m
3
 818 (552;1084) 2 (1;3) 

Cut-Off 37 μg/m
3
 844 (570;1119) 2 (1;3) 

Cut-Off 35 μg/m
3
 958 (647;1270) 2 (2;3) 

Cut-Off 25 μg/m
3
 1,774 (1,199;2,350) 4 (3;6) 

Cut-Off 15 μg/m
3
 3,193 (2,161;4,225) 8 (5;10) 
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Figure  14 Estimation of Attributable Proportion of PM 2.5 Long-term Exposures to All-natural 
Mortality Incidences (95% CI) at population at risk (Ages 30 years old) for All Provinces in 

2019 
 

Table  10 The Estimation Health Impact of PM 2.5 Long-term Exposures to All-natural 
Mortality Incidences (95% CI) at population at risk (Ages 30 years old) for 
All Provinces in 2019 

Cut-Off Value  
Estimated number of 

Attributable Cases 

Estimated number of Attributable 

Cases per 100 000 Population at Risk 

Cut-off 25 μg/m
3
 - - 

Cur-off 20 μg/m
3
 16,940 (12,885;18,926) 42 (32;47) 

Cut-off 15 μg/m
3
 33,409 (25,528;37,241) 82 (63;92) 

Cut-off 12 μg/m
3
 42,991 (32,940;47,858) 106 (81;118) 

Cut-off 10 μg/m
3
 49,257 (37,809;54,784) 121 (93;135) 

Cut-off 5 μg/m
3
 64,506 (49,737;71,588) 159 (123;176) 
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4.4 Evaluation Result Health Impact Estimation PM2.5 Exposure to Chronic 

Obstructive Pulmonary Diseases (COPD) Mortality Incidences in Thai Population 

Ages 30 Years Old 

Looking for analysis health impact long-term exposure to the number of mortality 

due to COPD, the highest number incidences was accounted for Bangkok at 246 or 

6.16 cases per 100,000 population ages 30 years old. The estimation for attributable 

proportion will obtained around 6.57% reduction for total deaths if the annual standard 

meets to the target at 15 μg/m
3
 or over 11% at 10 μg/m

3
. More than 300 incidences for 

burden of COPD mortality can calculate if the annual average can meet 

recommendation standard at 10 or 15 μg/m
3
  (Table 11).  

 

Figure  15 Estimation of Attributable Proportion of PM 2.5 Long-term Exposures to COPD 
Mortality Incidences (95% CI) at population at risk (Ages 30 years old) for All Provinces in 

2019 
 

Table  11 The Estimation Health Impact of PM 2.5 Long-term Exposures to COPD Mortality 
Incidences (95% CI) at population at risk (Ages 30 years old) for All Provinces 
in 2019 

Cu-Off Value 
Estimated number of 

Attributable Cases 

Estimated number of Attributable 

Cases per 100 000 Population at Risk 

Cut-Off 25 μg/m
3
 - - 

Cut-Off 15 μg/m
3
 300 (182;460) 1 (0;1) 

Cut-Off 10 μg/m
3
 496 (291;732) 1 (1;2) 
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4.5 Evaluation Result Health Impact Estimation PM2.5 Exposure to Ischemic Heart 

Diseases (IHD) incidences in Thai Population Ages 30 Years Old 

Regarding others analysis, the analysis for IHD impacts also shows similar results. 

The recommendation annual mean PM2.5 at 15 μg/m
3
 and 10 μg/m

3
 estimated the 

decreasing proportion of burden to IHD mortality around 6.58% and 12.63 in 2019, 

respectively.  

 

Figure  16 The Estimation of Attributable Proportion of PM 2.5 Long-term Exposures to Ischemic 
Health Diseases Mortality Incidences (95% CI) at population at risk (Ages 30 years old) for All 

Provinces in 2019 
 

Table  12 The Estimation Health Impact of PM 2.5 Long-term Exposures to IHD Mortality 
Incidences (95% CI) at population at risk (Ages 30 years old) for All 
Provinces in 2019 

 Cut-Off Value 
Estimated number of 

Attributable Cases 

Estimated number of Attributable 

Cases per 100 000 Population at Risk 

Cut-Off 25 μg/m3 - - 

Cut-Off 15 μg/m3 1,341 (866;2,971) 3 (2;7) 

Cut-Off 10 μg/m3 2,573 (1,596;5,212) 6 (4;13) 
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From the result, we can receive estimated the increasing PM2.5 concentration in 

the atmosphere, will increase the attributed number of proportion and cases on 

mortality incidences in Thai population due to Ischemic Heart Diseases (IHD). 

4.6 Evaluation Result Health Impact Estimation PM2.5 Exposure to Stroke Mortality 

Incidences in Thai Population Ages 30 Years Old 

The estimation of attributable cases number of Stroke mortality can be predicted 

around 1,341 or 3 cases per 100,000 population at risk if the annual mean meets 15 

μg/m
3
. The reduction around 5.85% and 10.01% of burden of mortality due to stroke at 

population at risk was estimated when the annual mean can achieve the AQG 

recommendation at 10 μg/m
3
 and 15 μg/m

3
. Figure 19 and 13 showed the detail of 

analysis and elaborate the higher number of attributed proportion and cases that 

accounted, when the PM2.5 concentration in Thailand increase.  

 

Figure  17  The Estimation of Attributable Proportion of PM 2.5 Long-term Exposures to Stroke 
Incidences (95% CI) at population at risk (Ages 30 years old) for All Provinces in 2019 
 

 Table  13 The Estimation Health Impact of PM 2.5 Long-term Exposures to Stroke Incidences 
(95% CI) at population at risk (Ages 30 years old) for All Provinces in 2019 

Cut-Off Value Estimated number of  Attributable Cases 

Estimated number of 

Attributable Cases per 100 

000 Population at Risk 

Cut-Off 25 μg/m
3
 - - 

Cut-Off 15 μg/m
3
 2041 (1170;3445) 5 (3;9) 

Cut-Off 10 μg/m
3
 3489 (1916;5437) 9 (5;13) 
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The results of this study presents different estimation of proportions and cases when I 

applied various counterfactual values or daily and annual average PM2.5. The estimations 

elaborate burden of diseases or deaths attributed to ambient PM2.5 as impacts of short- or 

long- term exposure to human health, mainly for population with special condition. When, the 

PM2.5 level can record meeting the recommendation or under the interim target standard, it 

could provide many health benefits for the society in one country especially for number of 

hospital admission and premature death. The summarizing of health impact PM2.5 short- and 

long-term exposure is presented on figure 20-22. 

 

Figure  18 Short-term Health Impact of PM2.5 Exposure To Hospital Admission Number For 
Respiratory Diseases, And Hospital Admission Number For Cardiovascular Diseases, And All-

Natural Mortality Cases. 
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Figure  19 Long-term Health Impact of PM2.5 Exposure to All-Natural Mortality Cases. 

 

 

Figure  20 Long-term Health Impact of PM2.5 Exposure to COPD Mortality, IHD Mortality, and 
Stroke Mortality 
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Chapter V Discussion 

Regarding to the aim of this study, I observed and analyzed the data set of ambient 

PM2.5 in all provinces in Thailand during 2019. I conducted calculation to investigate the 

average annual PM2.5. When, the high number concentration in several provinces occurred in 

Thailand in 2019, the possible causes the high number concentration impact of burning 

activities. This province also recorded as the industrial zone and faced the increasing 

automobile number. Another province that has high concentration was Mae Hong Son that 

located in the northern region of Thailand. While the concentration PM2.5 high in this 

province, the location also can be reason where this province placed near Chiang Mai and 

Chiang Rai that has problem on PM2.5 level. PM2.5 is kind of pollutant that easy to move in 

the air. Some studies in Bangkok (Fold et al., 2020) showed the correlation between 

meteorological condition and PM2.5 concentration, and the study in Hong Kong described the 

wind direction have contribution to PM2.5 level (Li et al., 2017). Bangkok as the capital city 

recorded just around 25 μg/m
3
 during 2019. This annual average almost met Thai PM2.5 

standard.  

Air Q+ software analysis presented the results of number estimation health impact on 

morbidity and mortality to short- and long-term of PM2.5 exposure in Thailand in 2019. The 

application variety of cut-off values as well as global recommendation presented the scenario 

analysis that can be achieved when the PM2.5 level in Thailand meeting the target value. The 

analysis produced different estimation burden impact PM2.5 short- and long-term exposure to 

incidences cases in Thai population.  

5.1 The Estimation Health Impact of Short-term PM2.5 Exposure to Hospital 

Admission Number for Respiratory Diseases 

The analysis of negative effects on respiratory system due to PM 2.5 at short-term 

exposure supported from many epidemiological studies. For instance, every increasing 

10 μg/m
3
 in daily mean PM2.5 associated with 0.53% increasing proportion admission 

number hospitalized with respiratory diseases indication in Taiyuan (Luo et al., 

2018).Study in Europe countries also provided substantially effect of increasing for 

each 10 μg/m
3
 PM2.5 daily average was correlated with 1.90% increasing respiratory 

disease hospital number (WHO, 2013b) 

The studies used Air Q+ health impact assessment tool in Ardanil showed around 

1.97% attributed proportion for Hospital number due to respiratory diseases when the 

daily average was above 5 μg/m
3
 (Moradi et al., 2022). From this similar study, the 

total number of attributable cases, and the number of attributable cases per 100,000 

population (with 95% confidence level) for the admission of respiratory diseases in 

hospital have been estimated at 68 persons and 19.42 persons, respectively. A study in 

708 cities US resulted an increase of 2.57% has been associated with the inclining 10 

μg/m
3
 PM2.5. An increase each 10 μg/m

3
 PM2.5 also showed significant correlation 

with average 38% hospital admission number in 20 million Beijing population  (Wang 

et al., 2017).  

Looking at the result for province specific, the usage many cut-off provide 

differences estimation attributed cases and proportion. I compared the current daily 
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mean PM2.5 in Thailand and the target related new version of Air Quality Guideline. 

Mae Hong Son reported the highest attributed rate for daily cut-off value at 37.5 μg/m
3
 

were around 731 cases per 100,000 population at risk or ages 30 years old. It was 

followed by Chiang Rai and Chiang Mai at 460 persons and 462 persons per 100,000 

population at risk, respectively. Meanwhile, for the recent Thailand National standard 

daily average PM2.5 is 50 μg/m
3
, the estimation attributed cases rate that reported 

lower if compared with 37.5 μg/m
3
. To conclude that, an illustration if the daily mean 

met with the cut-off value at 37.5 μg/m
3
, the achievement is could reduce 0,16% 

decrease in total death cases attributed or 101 cases per 100,000 population at risk to 

short-term PM2.5 exposure compare the number of exposure in Thailand in 2019 

where accounted at 24.149 μg/m
3
.  

5.2 The Estimation Health Impact of Short-term PM2.5 Exposure to Hospital 

Admission Number for Cardiovascular diseases 

I calculated total cases of cardiovascular diseases in whole hospital from 77 

provinces. All kind of cardiovascular diseases with ICD 10 code start from I00 to I99 

was recorded as health baseline for this analysis. Total incidences CVD in 2019 for 

Thai population ages 30 years old was 43,826,989 cases or 108,020.8 cases per 

100,000 population. Nakhon Ratchasima indicated as the province with the highest 

burden CVD cases at 104,412.9 cases per 100,000 population at risk, and Ranong 

presented in contrast.  

 The exposure of PM2.5 can give potential severe health effects. Due to the size of 

this pollutant, it can be easier to enter the cardiovascular system. The significant 

relation the morbidity incidences with PM2.5 exposure in short-term has been shown 

(Di et al., 2017).The level of daily exposure of PM2.5 in extreme and heavy was 

associated with the great number hospital admission in some area ((Zhang et al., 

2021);(Chen et al., 2013)). The result from study in the past in Wuhan province 

described lag patterns of association PM2.5 impact on total cardiorespiratory hospital 

admissions (Zhang et al., 2021). Several studies also reported the substantially 

correlation of short-term PM2.5 exposure with increasing number of cardiovascular 

hospitalized ((Qiu et al., 2020);(Chen et al., 2019);(Tian et al., 2019)). In specific kind 

of cardiovascular diseases, an increase PM2.5 level in daily was significantly 

associated with specific causes of diseases including heart failure, myocardial 

infarction, ischemic stroke, and arrhythmia ((Wei et al., 2019);(Lanzinger et al., 2016)). 

The increasing of ambient PM2.5 by 10 μg/m
3
 was significantly correlated with 1 to 3 

mm Hg elevation in systolic and diastolic blood pressure ((Münzel et al., 2017);(Wold 

et al., 2012)). 

The result of this study elaborates the estimation health impact due to PM2.5 

exposure to admission number cardiovascular diseases in hospital.  From the health 

baseline and the daily PM2.5 level and calculation from six cut-off values, there was 

around 21,390 (15,883;2,691) incidence or 53 per 100,00 population at risk was 

observed when the used daily PM2.5 in national level at 50 μg/m
3
. This calculation 

illustrated the current burden situation related current national standard. To compare 

that, if the average PM2.5 in 2019 meet an option at 37.6 μg/m
3
, the reduction of 
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attributed proportion CVD hospital admission case can be 0.11% with attributed 

incidences around 117 cases per 100,000 population. The health impact analysis from 

several studies described when the PM2.5 concentration is not more than 10 μg/m
3
, the 

attributed cases of hospital admissions Were 186 and 134 can be prevented (De Marco 

et al., 2018).  Another study demonstrated 0.95% reduction or just 103 case of hospital 

admission due to CVD if the level not exceeds 10 μg/m
3
 (Moradi et al., 2022). Hence, 

the lower PM2.5 level, the higher number reduction of hospital admission due to 

cardiovascular diseases can be avoided. 

5.3 The Estimation Health Impact of PM2.5 Exposure to All-natural Mortality 

Cases 

Air Q+ analysis provides the estimation of Attributed proportion and cases to all-

natural mortality cases in targeted population due to concentration of PM2.5. This 

recent study obtained the annual average was 24.149 10 μg/m
3
. When I compared to 

others PM2.5 standard, in short-term analysis for mortality case, the reduction around 

0.18% at 37.5 μg/m
3
 and over than 0.70% for WHO global standard. On the other hand, 

the result of long-term impact based on the health baseline in 2019, over 3.5% 

reduction was estimated if the PM2.5 level in 2019 meets the cut-off values that I used. 

I did not receive the estimation on current annual PM2.5 standard due to the total 

average not exceed 25 μg/m
3
. In general the estimation of attributed proportion and 

case at national level has not shown high number. However, on province specific the 

results demonstrated the high estimation of reduction proportion if concentration 

decreases, particularly for provinces that exceed the national average in 2019 and 

having high health baseline. For instance, Chiang Rai, Chiang Mai, and Bangkok 

recorded having high estimation attributed proportion and cases if compare to other 

provinces. 

Some study in Pakistan used AirQ+ model, reported an estimation of the 

decreasing proportion attributed cases at 9.9% every 10 μg/m
3
 at 7,786 population at 

risk or people with ages30 years old (Nasir et al., 2022). Study in Rome (Moradi et 

al., 2022) also estimated a decrease at 6.12% or 35.66 cases per 100,000 population can 

be protected when the concentration could decline 10 μg/m
3
. It is clearly to explain the 

lower concentration short- or long-term PM2.5 exposure will cause a low health impact 

mainly in all natural morality cases.   

5.4 The Estimation Health Impact of Long-term PM2.5 Exposure to Mortality Cases 

due to Cardio Obstructive Pulmonary Diseases (COPD)  

The interpretation of estimated attributable proportion and cases as health impact 

of PM2.5 long-term exposure to COPD mortality incidences was presented in this 

study. I considered the association Impact PM 2.5 exposure to COPD showed the 

significantly. The previous study resulted that an increase at 1.5% (95% CI: 0.9-2.2%) 

in COPD mortality substantially related with the increasing PM2.5 concentration (Zhu 

et al., 2020). The elderly people influenced higher on COPD burden attributable to 

ambient PM2.5 than the young population. Several studies have investigated strong and 

consistent evidence that people on elderly group are more susceptible to PM exposure 

((Bell et al., 2005); (Simoni M, 2015); (Xu et al., 2016)). Similar study used Air Q+ 

software also estimated 15.79% or 11 cases can be avoided if PM2.5 annual level can 
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decline to 10 μg/m
3
. Study in Tehran showed at 57% of attributed proportion of COPD 

mortality if the annual level decline to 10 μg/m
3
. The result described highest burden 

compared with other analysis (Faridi et al., 2018). Mortality incidences in Thailand 

Were not high if compare to other countries with PM2.5 problem, such as China. 

However, the estimation of attributed proportion can be reduced up to 11% if the 

PM2.5 annual level can decrease to 10 μg/m
3
. The percentage showed a greater impact 

when it was calculated based on data of the health baseline and PM2.5 level in 2019. 

The greater result of estimation attributed proportion compared to all-cause mortality 

cases in this study indicated the significant effect of PM2.5 exposure to COPD 

incidence in Thai population. 

5.5 The Estimation Health Impact of Long-term PM2.5 Exposure to Mortality Cases 

due to Ischemic Heart Diseases (IHD) 

The number of premature death due to IHD was observed for 77 provinces in 

Thailand. The total incidence cases in all provinces Were 20,374 or 50.22 per 100,000 

population at risk. Bangkok Metropolis showed the highest incidence rate at 69.67 per 

100,000 population. There were many studies that conducted to investigate the relation 

between long-term PM2.5exposure to IHD mortality. Most of the studies showed 

significant association ((Cesaroni et al., 2013);(Xie et al., 2015)). The result on this 

study estimated at 12.63% and 6.53% reduction form IHD burden in 2019 when the 

annual mean PM2.5 dropping to 15 μg/m
3 

and 10 μg/m
3
, respectively. It demonstrated 

1,341 and 2,573 attributed cases that can be avoided.  

5.6 The Estimation Health Impact of Long-term PM2.5 Exposure to Mortality Cases 

due to Stroke 

The significant estimation was observed for health impact PM2.5 in long-term 

exposure to stroke incidence. The concentrations of particulate matter are related with 

high blood pressure and plasma viscosity. These conditions can increases inflammation 

in circulation system and one factor that influence hemodynamic disorders. These are 

risk factor increasing stroke tragedy (Hoek et al., 2013). Study in Rome estimated 

around 301 mortality cases due to stroke could be avoided each year if the PM2.5 

concentration not exceed 10 μg/m
3
 (Amoatey et al., 2018). In the same concentration, 

this study estimated around 3,478 mortality cases related stroke or 10.01% could be 

avoided in Thai population in 2019.  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5 

Table  14 The Results of Health Impact Assessment PM2.5 Exposure Used  Air Q+ 
software in Several Studies 

Authors 
Published 

Year 
Country 

Health 

outcomes 

PM2.5 Mean 

value (or Cut-

off values) 

Results 

Nasir Ha. 

Et al  
2022 

Chakwal 

district, 

Pakistan 

Long-term 

All-cause 

mortality in 

adults age 

30+ 

27.33 μg/m
3
 

9.9% 

Attributable 

proportion 

 Moradi 

M. et al., 

 

2022 (Study 

year : 2018) 

Ardabil, 

Iran  

Long-term 

All-cause 

mortality in 

adults age 

30+ 

annual 

concentrations 

15.47 μg/m
3
 

6.12%  

(4.03–8.03) 

Attributable 

proportion 

Hopke PK, 

et all,  

2017 (study 

year: March 

2015- 

March 

2016) 

Tehran, 

Iran 

Short-term 

all-cause 

mortality 

adults age 

30+  

Cut-off value 

= 25 μg/m
3
 

1.04% 

(0.38;1.7) 

Attributable 

proportion 

Hadei M et 

all 
2020 

25 

Iranian 

cities. 

Long-term 

All-cause 

mortality in 

adults age 

30+ 

Cut-off Value 

= 10 μg/m
3
 

9.4%  (6.2–

12.2)  

Attributable 

proportion 

 

 

The strengths of this study provide estimation attributed number that could be avoided if 

the national average PM2.5 can reduce to cut-off values. This study was the first study that 

combined analysis health impacts due to short- and long-term PM2.5 exposure. The data set 

that was received also presenting 77 provinces hence it can elaborate whole condition in 

Thailand more detailed. The PM2.5 concentration also recorded based on district specific to 

show the entire days in 2019.  The bias due duplicate data or missing data was checked 

through appropriate software. Because of Air Q+ software ignores the duplicate on date, user 

will be noticed before continuing to input the data. Hence, the possibility bias was limited. 

On the other hand, I realize the study have some limitations. First, this study is a 2019 

single-year analysis, hence the estimation proportion and cases impact of short-and long-

term PM.25 exposure cannot compare to another year if the concentration will be increase 

or decrease. Second, Air pollution data was considered 70 air stations represented 77 

provinces through kriging analysis. Although it can increase the uncertainty PM2.5 level, this 

model is proved to describe the concentration exactly. Another limitation is the analysis on 

COPD, IHD, and Stroke was used the default calculation parameter, hence the risk ratio from 

health baseline can described the real condition in Thailand. However, from Air Q+ guideline 

and AQG 2021, all parameter that applied in this tool already evaluated. Hence, user from 
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another region can calculate the data if the baseline incidence related. In addition, health 

outcomes data was considered only a source from the Ministry of Public Health, Thailand 
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CHAPTER VI CONCLUSION 

 

6.1 Conclusion  

The result of estimation attributed health impacts PM2.5 exposure resulted variety 

significant health burden base on concentration, incidence rate, and total population at 

risk in Thailand during 2019. Air Q+ is health impact assessment tool that can estimate 

number cases that can be avoided if the concentration in period of study meeting the 

target concentration that used as cut-off value. Calculation of annual average PM2.5 in 

Thailand during study period was 24.149 μg/m
3
, where it reported under the Thai 

NAAQS for annual average. However, the daily mean PM2.5 in Thailand was recorded 

up to 50 μg/m
3
 in several times (the range was from 5.60 to 32.79 μg/m

3
). This 

condition should be considered when the exposure PM2.5 potentially giving potential 

impact to human health. The area that having high number population such as Bangkok 

Metropolitan, Phra Nakhon Si Ayutthaya, Nakhon Ratchasima, Chiang Mai and Chiang 

Rai will suffer high burden on morbidity and mortality rate. Daily exposure was 

substantially increased the number of hospital admission for Respiratory and 

cardiovascular disease, and impact to premature death in population, especially people 

with special condition. In addition, Long-term exposure also influence people will lost 

years of life due to diseases related respiratory and cardiac system mainly COPD, IHD, 

and stroke. From the result analysis, the high number PM2.5 level and increasing 

incidence rate and number population at risk can result the high burden estimation. 

Area with high average concentration will not report as the highest burden. However, 

the severe impact will be received of population that resides on that area. PM2.5 

concentration also influenced by metrological factors. The area located nearest with 

polluted problem potentially report similar level. Particle PM2.5 also carried on the 

wind simply.  

6.2 Suggestions 

From this study, the result can be roadmap to combat severe impact of PM2.5 

exposure to human and environment. There are various estimation on short- and long-

term impact used six cut-off values that can support policy maker and stakeholder 

create any regulation and to reduce the NAAQS in order to protect population which 

appropriate with Thai condition. The assessment of health impacts PM2.5 exposure 

should be conducted frequently, so that the burden number can be evaluated year by 

year as a protection on population. Air Q+ has three calculation methods not only for 

health impact assessment, I recommend the combination of health Impact assessment, 

burden of diseases and risk analysis can be conducted in the future study. 
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