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ABSTRACT 

 The objectives of this research were (1) to study particulate matter (PM) and 
the relationship between total suspended particles (TSP), coarse particles (CP) and 
particulate matter of less than 10 microns (PM10); and (2) to study the relationship 
between the gravimetric high volume method (GHV) and the beta-ray absorption 
method (BAM) method of PM measurement. PM data were collected between February 
15, 2001 and February 15, 2004 at 13 air quality monitoring stations in the Bangkok 
Metropolitan and suburban area by the Pollution Control Department – Ministry of 
Natural Resources and Environment. All data were analyzed by simple linear regression 
and correlation coefficient. The hypotheses were tested by the Independent t-test and 
one-way ANOVA statistic. 

 The results showed that there is a relationship between TSP and PM10 with 1% 
level of significance and that the mean PM10/TSP ratio of all monitoring stations was 
approximately 0.52 with coefficient of determination (r2) of 0.48. Therefore, it is 
possible to use this correction factor to predict PM10 from TSP. As with TSP and CP, the 
correlation coefficient is significant at α = 0.01 and the mean CP/TSP ratio of all stations 
was approximately 0.49 with the r2 of 0.73. However, the correlation coefficient 
between CP and PM10 is not significant at α = 0.01. This suggests that there is no 
relationship between CP and PM10. 
  The correlation coefficient of PM10 measurement between the GHV and BAM 
method is significant at α = 0.01 and shows that there is a relationship between the GHV 
and BAM method. The mean correction factor of ten stations (except three roadside 
stations of the MOSTE, Department of Land Transportation and Chulalongkorn 
Hospital) was approximately 1.26 with the r2 of 0.39. Therefore, it is possible to use this 
correction factor to estimate the PMGHV from PMBAM concentration in this study area. 

 Mass concentrations of both TSP and PM10 at all stations were systematically 
higher during the winter than in the summer and rainy seasons. However, the results also 
showed that there were no seasonal patterns for PM10/TSP and PMGHV/PMBAM ratios. 

 
KEY WORDS: TSP/ PM10/ GRAVIMETRIC HIGH VOLUME, 

  BETA-RAY ABSORPTION 
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บทคัดยอ 
 งานวิจัยนี้ มีวัตถุประสงคเพื่อศึกษาความสัมพันธระหวางปริมาณฝุนละอองรวม ฝุนหยาบ และฝุนที่มี

ขนาดเล็กกวา 10 ไมครอน (PM10) รวมถึงศึกษาความสัมพันธระหวางวิธีการตรวจวัดปริมาณฝุนดวยวิธีมาตรฐาน 
gravimetric high volume และวิธีการเทียบเทา beta-ray absorption โดยใชขอมูลฝุนละอองในเขต
กรุงเทพมหานครและปริมณฑล ต้ังแตเดือนกุมภาพันธ 2543 ถึงเดือนกุมภาพันธ 2547 จากสถานีตรวจวัดคุณภาพ
อากาศของกรมควบคุมมลพิษ กระทรวงทรัพยากรธรรมชาติและสิ่งแวดลอม บริเวณพื้นที่ทั่วไป พ้ืนที่ริมถนน และ
พ้ืนที่ทั่วไปในเขตปริมณฑลของกรุงเทพมหานคร การวิเคราะหขอมูลทางสถิติใชวิธีการวิเคราะหถดถอยเชิงเสนอยาง
งายและสหสัมพันธ รวมถึงทดสอบสมมติฐานดวยวิธี Independent t-test และ ANOVA 

 ผลการศึกษาพบวา ปริมาณฝุนรวมกับฝุน PM10 มีความสัมพันธกันที่ระดับนัยสําคัญทางสถิติ 0.01 โดย
ที่คาสัดสวนของปริมาณฝุน PM10 ตอฝุนรวม มีคาเฉลี่ยรวมทุกพื้นที่เทากับ 0.52 และมีคาสัมประสิทธการตัดสินใจ
เทากับ 0.48 ดังนั้น จึงมีความเปนไปไดที่จะนําเอาคาคงที่ดังกลาวมาใชทํานายปริมาณฝุน PM10 ไดจากปริมาณฝุน
รวม สําหรับปริมาณฝุนรวมกับฝุนหยาบก็มีความสัมพันธกันที่ระดับนัยสําคัญทางสถิติ 0.01 เชนกัน โดยคาสัดสวน
ของปริมาณฝุนหยาบตอฝุนรวม มีคาเฉลี่ยรวมทุกพื้นที่เทากับ 0.49 และมีคาสัมประสิทธการตัดสินใจเทากับ 0.73 
ในขณะที่ปริมาณฝุน PM10 กับปริมาณฝุนหยาบไมมีความสัมพันธกันที่ระดับนัยสําคัญทางสถิติ 0.01 

 วิธีการตรวจวัดปริมาณฝุน PM10 แบบ gravimetric high volume และแบบ beta-ray 
absorption มีความสัมพันธกันที่ระดับนัยสําคัญทางสถิติ 0.01 โดยที่สัดสวนระหวางทั้งสองวิธี มีคาเทากับ 1.26 
และมีคาสัมประสิทธการตัดสินใจเทากับ 0.39 แสดงใหเห็นวา วิธีของ beta-ray absorption ใหคาการตรวจวัด
ปริมาณฝุน PM10 ตํ่ากวาวิธีการของ gravimetric high volume ดังนั้นกอนการนําผลการตรวจวัดที่ไดจากวิธี 
beta-ray absorption ไปเทียบกับคามาตรฐานฝุนละอองในบรรยากาศที่มาจากวิธี gravimetric high 
volume ควรคูณดวยคาแก ซึ่งจากการศึกษาครั้งนี้ พบวา มีคาเทากับ 1.26 

 จากการพิจารณาคาสัดสวนของปริมาณฝุนขนาดตางๆ ในแตละฤดูกาล พบวา ปริมาณฝุนรวมและฝุน 
PM10 ของทุกสถานีตรวจวัด มีคาสูงสุดในชวงฤดูหนาว ในขณะที่ฤดูกาลไมมีอิทธิพลตอคาสัดสวนของปริมาณฝุน 
PM10 ตอฝุนรวม และความสัมพันธของวิธี gravimetric high volume และวิธี beta-ray absorption 
169 หนา . ISBN 974-04-5759-2 
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CHAPTER I 

INTRODUCTION 

1.1 Background 

 

 Thailand has formulated social and economic development plans since 1961 to 

accelerate the economic growth of the country. The rapid social development and 

economic expansion due to the plans entailed many problems such as the depletion of 

natural resource, environmental problems, which include air and water pollution.  

 A number of serious environmental problems have been occurred in Bangkok, 

the capital of Thailand, due to the expansion of urbanization, which results in the 

migration of rural people, the rapid industrial growth, road traffic congestion, and 

construction activities. These problems also extend to suburban region. One of the 

main environmental problems in Bangkok and suburban areas is air pollution. The 

serious most problems are particulate matter and carbonmonoxide (CO), especially at 

near roadsides and residential area (1).  

 Particulate matter (PM) can be roughly categorized regarding to its size into 

three types; > 10 µm., < 10 µm (PM10), and < 2.5 µm (PM2.5). Due to light reflection 

and light absorption properties of atmospheric particle, the visibility can be reduced 

with an increase of PM levels in the atmosphere. It has been noticed that the 

atmosphere of Bangkok and suburban is covered by the layer of PM, which causes 

haze condition (1).  

PM10 can cause the respiratory disease because it can penetrate into the lower 

part of respiratory system and accumulating onto lung tissue. People who always work 

or live in a place where PM10 levels are high will have much chance to get lung cancer 

and reducing their life span. In Addition, human health could be harm due to acidity of 

PM10. The building materials and growth rate of plant tissue could also be affected (1). 

Coarse particles, PM in a range between 10-100 µm, do not directly relate to human 

health because they are trapped by cilia within nose cavity and the upper respiratory 

tract. However, coarse particle can erode metal and damage the surface of building 
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material. Moreover, this particle type can reduce the visibility (2). A previous medical 

and epidemiology survey in 1996 found that the amount of dust affected the lung 

disease for Bangkokian around 19%, which was higher than people who live in the 

countryside, which was about 7% (1). Thus, it can be seen that PM has a great effects 

on the human health and welfare, the construction of building and the plant. 

 Natural sources of PM are soil, sand, rock, mist, forest -fire smoke, volcanoes, 

earthquake and sea salts. The man-made or anthropogenic sources, which contribute 

around 10 to 50% of the global particulate emission, are vehicles, construction 

activities, industrialized regions, waste incineration, abandon field, cleaning, cooking, 

and painting etc (2).  

 Presently, PM observed at ambient air quality monitoring stations in Thailand 

has been measured in two size ranges. The first group is the total suspended particulate 

matter (TSP), PM smaller than 100 µm, and the second group is PM, which is smaller 

than 10 µm (PM10). The levels of PM were measured at the roadside area and urban 

background area in Bangkok metropolis, suburban areas of Bangkok and the 

countryside. The monitoring aspect was regulated under the 10th Announcement of 

National Environmental Committee, (A.D.1995) in the Section of ambient air quality 

standard (3) as shown in Table 1.1 

 

Table 1.1 Ambient air quality standard of Thailand started in 1995 

 

Pollutants Daily average (24 hr.) 

(µg/m3) 

Annual average (1 yr.) 

(µg/m3) 

TSP 330 100 

PM10 120 50 
     Source:  Pollution Control Department, 2001 

  

The PM level in the air was measured continuously at air quality monitoring 

stations operated by Pollution Control Department (PCD) and other government 

agencies. However, the data from PCD network is employed as the national data 

regarding to observed data in Bangkok, for example, it was found that none of 351 

daily average TSP data observed at the urban background stations in 2000 violated its 
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standard and similar trend also occurred in 2003.  Whilst, about 59% of 424 daily TSP 

data observed at roadside stations in 2000 exceed the standard (4) but later in 2003, it 

did not exceed the standard. At present, the daily TSP at suburban areas of Bangkok 

has been terminated (5). 

 At the urban background area of Bangkok, it was found that around 2.10% of 

1725 and about 2.14% of 1680 daily PM10 observed in 2000 and 2003, respectively 

exceeded the standard (4,5). The daily PM10 observed at roadside sites in Bangkok 

exceeded its standard around 12.8% of 1613 data set and 4.55% of 2152 data set in 

2000 and 2003 respectively (4,5). 

 Presently, there are 11 air quality monitoring stations located in Bangkok 

suburban areas, which cover five provinces: Samutprakarn, Samutsakorn, Nonthaburi, 

Pathumthani and Nakhon Pathom. The observed data in 2000 shown that 16.5% of 

2781 daily PM10 concentration observed at all stations exceed criteria (4) and in 2003, 

the daily average PM10 concentration exceed criteria about 14.17% of 3,275 total 

measurement (5). 

 As mentioned previously, TSP also gives an adverse effects on human and 

environment, even though its impacts on human health is less than PM10, the levels of 

TSP should be known in pararell with PM10 so as to avoid its impacts. Unfortunately, 

the monitoring of TSP concentration was terminated in areas out of Bangkok and 

getting less in Bangkok area. In order to fill this gap, the relationship between TSP and 

PM10 in areas of Bangkok and suburb was studied. The coarse particle (PM in size 

range of 10-100 µm was also in concern. This study results can be used to explain the 

status of PM in the past and present, and the relationship of PM obtained from the 

study can be used to estimate the PM level at locations, where the monitoring of TSP 

or PM10 does not exist.  

 According to the 10th Announcement of National Environmental Committee, 
(A.D.1995), the standard measurement method of TSP and PM10 concentration is the 

Gravimetric High Volume (GHV) method at STP of 1 atm and 25 oC. In practice, the 

sampling of TSP and PM10 uses the similar procedure to collect and analyse PM. The 

sampling process comprises the pre-conditioning of filter followed by weighting, filter 

installation in the sampler, running the sampler continuously for 24 hours at flow rate 

of 1.13-1.70 m3 per minute, post-conditioning and weighting of dust-loaded filter. The 
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difference of filter’s weight before and after sampling is the total PM mass. The actual 

airflow that passes through filter was calculated by flow rate recording paper. The 

mass concentration of PM is obtained from the division of total PM mass by the actual 

flow volume (6).  

 Although the measurement techniques of TSP and PM10 concentration are 

similar, however, the capital investment and operating cost of PM10 is much higher 

than that of TSP. For example, the price of TSP sampler was about 230,000 – 250,000 

baht (7), whereas the PM10 was about 350,000 baht (7). Moreover, the different 

standard types of filters used in the sampling process account for the different 

operating costs of the two types of filter. Glass fiber filter used for collecting TSP 

concentration can trap both organic and inorganic particulate matter. It can resist very 

high degree of temperature (1800 oC) (8). The main component of this kind of filter is 

Borosilicate which can effectively trap more than 99% of smoke particle DOP 0.3 

µm., and also has low resistance on airflow (9). This kind of filter costs about 100 – 

200 baht per a filter (7). Sampling of PM10 concentration uses the micro-quartz filter 

as a standard method. This filter can trap particle smaller than 10 µm. It is suitable for 

being used with high-speed airflow pump and low pressure drop. Moreover, it can be 

used to analyze acid gas or particle and can resist 900 oC temperature. The 

disadvantage of this filter is its fragility (8). The price of one filter is about 350 – 400 

baht, which is twice of the glass fiber filter (7). 

 In general, the measurement PM10 costs more than that of TSP. For instance, 

the service charge for TSP measurement is about 1,800 baht and PM10 is 3,500 baht 

respectively (10). According to the practice in Environment Consultancy Companies, 

it was found that the glass fiber filer was used instead of the micro-quartz filter for 

sampling PM10 concentration in order to reduce the cost of measurement. As a result, 

the service charge of both TSP and PM10 measurement is 2,000 baht for one sample 

(11). The use of glass fiber filter in PM10 sampling may cause an error when it is used 

under the acid condition such as there is a number of SO2 or NO2 in the air. This acid 

can react to the filter and resulting in the accumulation of sulfate and nitrate particles 

on the filter, which increases the weight of particulate matters more than the actual 

value. In addition, micro-quartz filter is more effective in trapping smaller particles 

than glass fiber filter (12).  
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 Thus the study on the relationship between TSP and PM10 concentration should 

lead to the solution to these problems. If the relationship is clear, the observed TSP 

concentration will be used to estimate PM10 concentration instead of sampling PM10 

with TSP’s filter. Moreover, the study on the relationship between TSP, PM10 and 

coarse particles concentration will lead to the explanation of relationship between 

coarse particles and PM10 or TSP in the study area which will be useful for air quality 

monitoring in the study area. 

 Todate, most of PM10 observed at air quality monitoring stations operated by 

Pollution Control Department are measured by the beta-ray absorption method, an 

equivalent method, instead of the standardized gravimetric reference method. Because 

the beta-ray absorption method gives on-line and real time results, whereas the 

gravimetric high volume gives only the past daily mean PM. 

 The principle of the beta-ray absorption method is the suction of ambient air 

sample through a highly efficient micro-quartz filter at air flow rate of about 10 l/min. 

Total PM10 will be trapped on filter tape, beta-ray beam will be passed through PM10 

and the ray will absorbed by the particulate. The absorption of beta radiation will be 

proportional to concentration of PM10 in the air (13). The cost of this method is higher 

than the gravimetric high volume because the price of instrument is higher than 1 

million baht (7). 

 Pollution Control Department has used the beta-ray absorption method since 

1987. At present, there are 17 air quality monitoring stations located in Bangkok and 

suburban. There are 14 stations contained both the PM10 gravimetric high volume 

sampler and the beta attenuation monitor. Amongst these stations, four stations sited in 

urban background area, seven stations located near roadside area and three stations 

sited in suburban area (14). 

Although the beta-ray absorption method is the equivalent method of the 

gravimetric high volume, it is regulated by the 10th Announcement of National 

Environmental Committee (A.D.1995) method that the PM10 concentration assessed 

against its standard shall be measured by the gravimetric high volume method. So far 

the relationship between the beta-ray absorption method and the gravimetric high 

volume method has not been studied under the environmental condition of Thailand. 

Therefore, the study on their relationship could give a confirm on the appropriateness 
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of this method as an equivalent method of the gravimetric high volume method, when 

the beta-ray absorption method is applied for measuring PM in Thailand. 

     

1.2 Objectives 
  

The objectives of this research are to: 

 

1.2.1 Study the relationships between mass concentrations of TSP-PM10 

1.2.2 Study the mass concentrations of the coarse particle (PMcoarse)  

1.2.3 Study the relationships between mass concentrations of TSP-PMcoarse and 

PM10-PMcoarse 

1.2.4 Study the relationships between the gravimetric high volume method and 

the beta-ray absorption method on PM10 measurement   

 

1.3 Scope of research 
 

 This research covers the suspended particulate matter in ambient air including 

TSP and PM10 that were measured at the air quality monitoring stations operated by 

Air Quality and Noise Management Bureau, the Pollution Control Department (PCD) 

during the period of 2001-2003. The PMcoarse concentration was included in this study; 

however, it was obtained from the difference between TSP and PM10 concentration. 
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1.5 Definition 
 

Total suspended particulate matter (TSP) is the suspended particulate 

matter which larger than 100 µm. 

Particulate matter less than 10 micron (PM10) is the suspended particulate 

matter which smaller than 10 µm. 

Coarse particle (PMcoarse) means the suspended particulate matter, which have 

size range between 10–100 µm. 

Air quality standards mean the National air quality standards that were 

regulated for the environmental preservation under the 10th Announcement of National 

Environmental Committee (A.D.1995).  

US.EPA means The United State Environmental Protection Agency. 

Urban Background means a site distanced from emission sources and 

therefore broadly representative of citywide background conditions, which were 

located within 50-100 m. from the edge of main road. 

 Roadside means a sampling site within 1-5 m. from the edge of a busy road. 

 

1.6 Expected Results 
 

 1.6.1 The relationships between TSP and PM10 can be used to estimate the 

concentration of PM10 from TSP that were measured in the ambient air by the 

gravimetric high volume method. 

 1.6.2 The provement of the application of the beta-ray absorption method as an 

equivalent method of the gravimetric reference method.  
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CHAPTER II 

LITERATURE REVIEWS 
 

 This chapter was divided into seven sections as the following: 

 2.1 Particulate matter 

 2.2 Meteorology factors influencing the dispersion of particle 

 2.3 Effects of particulate matter 

 2.4 Measurement methods of particulate matter 

 2.5 Measurement of particulate matter in Thailand 

 2.6 Ambient Air Quality Standard 

 2.7 Situation and problems from particulate matter in Bangkok and suburban 

area 

 2.8 Related research 

 

2.1 Particulate matter 
  

Particulate matter (PM) is the general term used for a mixture of solid particles 

and liquid droplets, except vapor, found in the ambient air at the standard temperature 

and pressure (25 oC, 1 atm.). These particles may be drawn through breathing into the 

respiratory system and have size range from 0.1 to 200 micrometer (µm). 

Aerosols mean either organic or inorganic matter such as particulates that were 

generated from anthropogenic and natural sources. Some occur naturally, originating 

from volcanoes, dust storms, forest and grassland fires, living vegetation, and sea 

spray. Human activities, such as traffic congestion, the burning of fossil fuels and the 

alteration of natural surface cover, also generate aerosols. Some aerosols are large 

enough to be seen as dust or dirt. Others are so small; they can be detected only with 

an electron microscope (15).  

Generally aerosols in the atmosphere have size range between 0.002 µm that 

are the group of molecule to 500 µm which are large bulky soil. Aerosols are the 

substance, which have diversity of physical properties or variety of phase. The 
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aerosols that suspend in the atmosphere have both of fine and coarse particles typically 

exhibit different behavior in the atmosphere. Larger coarse particles (diameter larger 

than 100 µm) are not readily transported across urban or broader areas because they 

are generally too large to follow air streams and they tend to be easily removed by 

impaction on surfaces. Coarse particles (diameter larger than 10 µm) can settle rapidly 

from the atmosphere within an hour, and their spatial impact is typically limited 

because they tend to fall out of the air in the downwind area near their emission point. 

PM smaller than 10 µm (PM10) can have longer lives and longer travel distances, 

especially in extreme circumstances such as dust storms. Moreover, the aerosols that 

smaller than 0.5 µm can suspend in the air for a year or longer (2).  

The classification of aerosols by size shows that 60% of aerosols are PM10. 

PM10 come from a variety sources such as cars, trucks, buses, factories, construction 

sites, tilled fields, unpaved roads, stone crushing, and burning of wood. When the 

amount levels of aerosols rise above safety limit, they may take an effect to human 

health. The rest of 40% aerosols have generated from construction and distribution of 

aerosols from open area. These aerosols have much more effect to health but they can 

also cause the irritation to upper respiratory system and annoyance (2).  

In general, when the aerosols are breathed into respiratory tract, human body 

wills response to unusual matter by the cleansing mechanism (filtration and excretion). 

The aerosols that are larger than 10 µm are trapped at the cavity area of nose and 

upper respiratory tract. After that, they will be excreted by cilia in nasal cavity and 

trachea, which stop them to go through the lung. Conversely, when inhaled particles 

are smaller than 10 µm, they can evade the respiratory system's natural defenses and 

lodge deep into the lungs (16). Therefore, the small aerosols can damage the lung 

defenses by manifesting itself in the form of health effects such as acute respiratory 

infection (both upper and lower respiratory tract infections), chronic obstructive lung 

disease (especially bronchitis), asthma attacks, cardiovascular disease, and lung 

cancer. Furthermore, recent research has increasingly shown that particles can also 

affect other parts of the body, including the nervous system, by physically moving out 

of the airways and into the blood stream. Thus particle deposition in airways can set 

off a chain of events, potentially affecting parts of the body rather than just the 

respiratory tract (11).  
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The atmospheric aerosols can be subdivided by the physical form of the 

particles and their method of generation as show in Table 2.1 below. 

 

Table 2.1 Type of atmospheric aerosols 

 

Source Emission (106 t / year) 

Man-made 

Particles 92 

Gas-particle conversion 

sulfur dioxide 

nitrogen oxides 

 

147 

30 

Photochemical compounds from hydrocarbons 27 

Total (man-made) 296 

Natural 

Soil aerosols 200 

Gas-particle conversion 

Hydrogen-sulfide 

Oxides of nitrogen  

Ammonia 

 

204 

432 

269 

Photochemical compounds from terpenes,etc. 200 

Volcanic 4 

Forest fires 3 

Sea salt 1000 

Total (natural) 2312 
 

Source: Hinds and William, 1982 
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The definition of atmospheric aerosols (13,18) show below 

Aerosol – A suspension of solid or liquid particles in a gas. Aerosols are 

usually stable for at least a few seconds and in some cases may last a year or more. 

The term aerosol includes both the particles are the suspending gas, which is usually 

air. Particle size range from 0.001 to over 100 µm.  

Dust – A solid particle aerosol is formed by mechanical disintegration of a 

parent material, such as by crushing or grinding. Particles range in size from sub 

micrometer to visible. 

Coarse Particle – A particle larger than 2.5 µm in diameter. 

Fine Particle – A particle smaller than 2.5 µm. 

Respirable Particle or Inhalate Particle – A particle smaller than 10 µm can 

pass into respiratory system of human. 

Fume – A solid-particle aerosol produced by the condensation of vapors or 

gaseous combustion products. Particle size is generally less than 1 µm. Note that this 

definition is different from the popular use of term which refers to any noxious 

contaminant in the atmosphere. 

Mist – A liquid particle aerosol formed by condensation or atomization. 

Particle size ranges from sub micrometer to about 20 µm. 

Smoke – A visible aerosol resulting from incomplete combustion. Particles 

may be solid or liquid and are usually less than 1 µm in diameter. 

Fog – A visible mist. 

Smog – Photochemical reaction products usually combined with water vapor. 

Particles are generally less than 1 or 2 µm. The term is derived from the words smoke 

and fog. 

Cloud – A visible aerosol with defined boundaries. 

In addition, Vongphan et al. (18)  summarized the particles size and their 

sources are; the aerosols smaller than 0.1 µm always emitted from cars, reaction of 

gases, smoke, aerosols storm, marine spray and industrial processes. The aerosols, 

which have, size range from 0.1 – 1.0 µm generated from the fusion of smoke, 

pollutant gas and water stream. The particles, which have size 0.4 - 0.9 µm can cause 

visibility problem such as light scattering in the sky and gloomy vision. Lastly, the 
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aerosols larger than 1.0 µm emitted from longer fusion of smoke, ashes, metal 

aerosols, pollen grain and insect.  

 

 2.1.1 Source of particulate matter 

 

Source of atmospheric PM can be categorized according to the type of source 

into two groups (2) are as following; 

1) Natural sources 

- Volcanic eruptions  

- Lightening-generated forest fires 

- Wind Storm 

- Earthquake 

2) Anthropogenic sources 

-   Mobility sources such as transportation vehicles use in land, navy and air. 

The most of aerosols were generated by road traffic congestion where there was a very 

high of buildings along the roadside. 

-  Stationary sources such as usage of fuel in household, municipal 

incinerators, power plant, farm burning, industrial processes, fishmeal and bone plants, 

metal smelters and plastic manufacturer usually causes air pollution problems with 

nearby residents. 

 

Particulate matters sources in Bangkok district and perimeter can be 

categorized according to the important into six types (1) are: 

1) Land transportation vehicle – The major source of aerosols are the diesel 

engine car, which release the aerosols to atmosphere. Such as an incomplete 

combustion process of petrol that emits black smoke from cars and motorbikes and 

lubricant oil spray that emit white smoke. 

2) Construction activities – Such as construction building, road, public 

transportation and public utility system. All of these can spread out soils and sand 

aerosols into the air. Otherwise, the wind current that blow in construction area was 

involved.   
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3) Loading and transportation of constructed raw material – These activities 

especially the loading and transportation of soil by truck without cover cloth or the 

aerosols that stick with the wheels. When the truck runs, these aerosols will fall along 

the way and can suspend to the air when the wind blows. 

4) Industrial processes, power plant and other industrial activities- The major 

emissions of PM are from fuel combustion to produce the energy and some industrial 

process losses. The generated aerosols will depend on category and type of each 

industrial. 

5) Crematorium – Most of Crematoria will design as single chamber. Hence, 

they are made incompletely combustion and generated a lot of ashes. But these ashes 

will vanish in a short time. If the crematoria can design as multiple chambers, the 

ashes will diminish more easily. 

6) Open burning – Such as garbage burning, agricultural material burning, 

straw burning and the others are generally problems, which happen in many place. The 

large number is produced ashes, which will spread out into the air by wind current and 

cover in wide area also. 

 

2.2 Meteorology factors influencing the dispersion of particle 
 

The atmosphere is often classified in terms of temperature into many layer and 

high above more than 100 kilometer from the earth’s surface. Starting at the earth’s 

surface and moving upward; temperature generally decreases with increasing altitude. 

This region, termed the Troposphere, is the most interest to meteorologists because it 

is where weather and air pollution such as PM problems occur. 

Troposphere is the layer high about 10-15 kilometers above the earth’s surface. 

The aerosols that were spread in this layer produced both from natural source and 

man-made source, which is limited within 1.5 kilometer of the surface. In the 

meteorology, troposphere layer was called the lowest layer of the earth (17) that is 

took an effect from solar energy. The energy was transferred to the surface in many 

different forms such as wind, vaporization, and precipitation etc (20).  

The factors that affect to the dispersion of aerosols in atmosphere are: 
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2.2.1 Wind speed and direction  

 

Wind is the motion of air relative to earth’s surface (21). Wind is the 

summation of air pressure and other forces on the surface especially friction force. 

Naturally the air is moved from high to low pressure. But if they blow in open field, 

the friction force is not occurred equal in urban region that have resistance from 

building. In addition, at higher atmospheric layer the wind should blow stronger 

because there are fewer resistances than near surface (15).  

Wind speed is normally changed in different level that was depending on the 

landscape of the surface and time. Surface variations have an obvious effect on wind 

velocity and the direction of airflow. In flat surface, wind is blown consistently, which 

results in the increasing of wind speed. In contrast to rough surface, mechanical 

turbulence is occurred and affected to reduce wind speed (18). 

Wind rose is a graphic display of the distribution of wind direction, frequency, 

force and velocity at a location during a defined period. The characteristic patterns can 

be presented in either tabular or graphic forms. In meteorology, wind rose will give 

information about frequency of wind direction and velocity. Therefore, the 

concentration of pollutant at any receptor is inversely proportional to the wind speed 

such as south-west wind will blow the mass to north-east direction etc (18). 

From the observation of wind speed and direction in an area, the data shown 

that wind usually changes their velocity and direction most of the time (20). In 

Bangkok, wind direction observed by the Thai Meteorological Department was found 

changing all the time. Hence, it affects the dispersion of atmospheric aerosols, which 

is the result of the wind turbulence at the moment (19). 

The size ranges of aerosols are generated and are differentiated by coagulation 

process, which is continuously changing process of aerosols. When the aerosols are 

made and suspended in the air, they fall to the ground by the gravity force. The wind 

blows the PM up to the air or re-suspended aerosols into the air. PM10, which is the 

very small aerosols, have the Brownian movement as the result of air molecular 

collision and make the particle move all the time. At the same time, the gravity force is 

usually affected to the PM less than the collision force. Thus, the very small aerosols 

are suspended in the air for a very long time and spread out more distance than large 
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particles. When they are gathered in enough number, they are formed into larger 

matter that called ‘coagulation’ and changed physico-chemical of these aerosols to be 

differences also (22). 

As mentioned above, about the behavior of suspended aerosols, this research 

aims to study the relationship between TSP concentration and PM10 concentration so 

as to estimate the amount of PM10 from TSP. 

  

2.2.2 Turbulence 

  

In general, atmospheric pollutants are dispersed by two mechanisms: wind 

speed and atmospheric turbulance. When the movements of air occur sometime may 

cause Eddy or disturbances, which is similar to the vortex in the river. Turbulent 

fluctuations occur randomly in both vertical and horizontal directions.  This air motion 

provides the most effective mechanism to disperse or dilute a plume of pollutants. 

When the plume of gases is released from the stack of factories into the air, the small 

turbulence does not affect to their dispersion much. Similarly, if the disturbances 

larger than gases current, the plume of gases will spin around but it does not more 

spread out bigger than the same size of disturbances and plume of gases. 

 Turbulence is induced in the air flow by two ways; firstly, by disturbances or 

eddies from the passage of air over irregular, rough ground surfaces is called 

‘mechanical turbulence’ and, secondly, by the thermal current from heating below, it 

is called ‘thermal turbulence’. Normally, mechanical turbulence is occurred and 

caused friction force simultaneously when the wind moves through the barrier such as 

construction building, large tree or the mountain. If the winds blow stronger, the more 

turbulence is occurred together. Thermal turbulence is enhanced during solar heating 

over the rough terrain. Conversely, in the night, turbulence is suppressed during clear 

nights over smooth terrain (15). 

  

2.2.3 Temperature 

  

Temperatures are different along the vertical of the atmosphere. Normally, the 

temperature decreases at higher level and these phenomena promote the dispersion of 
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PM in the air. In contrast, if the temperature of ambient air increases (rather than 

decreases), the dispersion is poor (18). Similar to the condition when the ground is 

heated by solar heating in midday ground, is enhanced turbulence and the dispersion 

of PM. Conversely, the temperature in the winter night is cooler than the surrounding 

area; the aerosols settle back to its original elevation and can also reduce the 

dispersion (19). Thus the measurement of temperature at different atmospheric levels 

is necessary. The instrument for measurement is a balloon or high tower. The 

difference of temperature is indirectly used to indicate the air turbulence and related to 

the dispersion level of PM. 

  

2.2.4 Separated Flows 

 

Heat island, which is occurred in grand city, is a sample of a landscape factor 

made by man. The increased surface roughness created by different height of buildings 

throughout a city enhanced the mechanical turbulence of airflow over the city, thus 

improving the dispersion of PM emitted. However, at the same time, the buildings and 

asphalt streets act as a heat reservoir for the radiation received during the day. This 

heat plus the added heat from nighttime heating during cool months creates a 

temperature and pressure differential between the city and surrounding rural area so 

that a local circulation inward to the city develops. This circulation concentrates the 

aerosols in the city. This kind of separated flow can also occur behind the mountain 

(18). 

In Bangkok district and perimeter have a landscape such a plain surface. These 

areas were affected by the influence of regional monsoon such as the southwest 

monsoon in summer and rainy season and the northwest monsoon in winter season. In 

general, these communities have many construction buildings, such as residential, 

commercial, industrial and other buildings, located at high-density area, which are a 

rough landscape. These locations may have more chance to enhance the mechanical 

turbulence. There are wind speeds changing at low-level area including the decreasing 

of atmospheric temperature at higher level. These factors will support the dispersion of 

PM and the diffusion of aerosols depends on temperature. In addition, these areas were 

affected from an inversion. When the temperature of ambient air increases with 
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altitude, the lapse rate is negative, or inverted, from the normal state. A negative lapse 

rate occurs under conditions referred to as ‘an inversion’, a state in which warmer air 

blankets colder air. This phenomenon occurs at low level, seldom above a few 

hundred feet, and dissipates quickly. In winter season, these conditions can persist for 

several days, and the resulting accumulation of pollutants can cause serious health 

hazards (20). Therefore, the amount of aerosols that were measured in Bangkok 

district and perimeter in winter season may have higher value than other seasons. 

 

2.3 Effects of particulate matter 
  

These effects are manifested in human health, animals, plants, materials, or 

climatologically variations as follows:  

 

 2.3.1 Human health effect 

  

The suspended particulate matters are varied in size and can affect to human 

from personal discomfort to actual health hazards. The large particles can cause the 

irritation to upper respiratory tract. Particles that are small enough to get into the lungs 

(those less than or equal to 10 µm in diameter) can cause numerous health problems 

and have been linked with illness and death from heart and lung disease. Various 

health problems have been associated with long-term (e.g., multiyear) exposures as 

well as daily and, potentially, peak (e.g., 1-hour) exposures to particles. Particles can 

aggravate respiratory conditions such as asthma and bronchitis and have been 

associated with cardiac arrhythmias (heartbeat irregularities) and heart attacks. 

Particles of concern can include both fine and coarse-fraction particles, although fine 

particles have been more clearly linked to the most serious health effects. People with 

heart or lung disease, the elderly, and children are at highest risk from exposure to 

particles (1). 

 The severity of symptom depends on these factors (23):  

1) Type of aerosols involved – will affect to physical and chemical on body in 

many difference ways. 
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2)  Aerosols concentration – the amount of aerosols or lethal concentration to 

respiratory are more than 5 mppcf (million particle per 1 cubic foot of air) but in 

toxicity aerosols, the lethal concentration may lower than 1 mppcf. 

3) Particle size – the pathogenic aerosols must have size between 2–10 µm. 

Because the aerosols in this size can move through to lower respiratory tract easily and 

the aerosols which have size larger than 10 µm will be trapped and stick with the 

mucous in nose, mouth and throat.  

4) Length of exposure – the duration of exposure with pathogenic aerosols 

for many years will cause more risk and the symptom of disease may show 10 years 

after exposed. 

5) Hypersensitivity – The variations of healthy condition are individual in 

each person and make the different of aerosols resistance.  

 

According to the report of National Environmental Committee (1) Doctor 

Vichai Aekparakarn studied the efficiency of lung in Bangkok traffic police in 1990 

found that the capability of traffic police’s lung were decreased in 9.5% and 23.3% in 

1991 that were highly increased rate than the previous times.  

In 1992, Doctor Vanida Sasivimulkul studied on health impacts of air pollution 

in traffic police. She randomized sampling of 264 traffic police from the Police 

Hospital. There are intensively observation and collection their history profiles such as 

working history, traffic working history, place and time of working, pollution 

exposure history, illness history, consumption behavior and physical examination in 

every system especially respiratory system. The test of lung and chest x-ray has 

demonstrate that the police in age between 30-39 years old and working for 1-4 year 

had a chronic respiratory disease in 20% compared with the same disease and year in 

Bangkokian, which found only 11% (data by Dr. Aoraphan Methadilugkul and Dr. 

Suwannee Chotepaneng). The chronic respiratory disease mean frequently cough and 

sputum, discomfort in breath, suffer from congestion of the nose, chest pain, wheeze 

sound and have another symptom in respiratory disease at least 3 syndrome within 90 

day ago , decrease in 80% lung efficiency and x-ray graphic of lung changes.  
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In 1995, Pollution Control Department (1) evaluated the adverse effect from air 

pollution to population health in Bangkok and surrounding provinces. It was found 

that the frequency of lung disease caused by aerosols is highly occurred of 19% of the 

sampling group compared with Amphur Chumsang, Nakhon Sawan province, which is 

occurred only 7%. Moreover, it was found that lung disease by aerosols and gases 

occured in the inner zone (Ratchatavee area) of Bangkok was 27%, the highest ratio, 

18% in middle zone (Ratburana area), 15% in outside zone (Ladkrabang area) and 

16% in suburban area (Ampher Bangplee), respectively. 

Particulate matter is also the activated substance of sulfur dioxide. It can cause 

many alleged medical problems such as eye irritation several times a year, throat 

infections, respiratory complaints, less working and nervous disorders. When the level 

of SO2 is equal 300 µg/m3 add with 140 µg/m3 of PM, lung may be less functioning. 

Further, peoples who had worked in areas with the highest SO2 and particulate levels 

shown far more frequent absences due to bronchitis, pleurisy and pneumonia than 

peoples working in less polluted areas (24). 

In addition, particulate such ashes, smog and plumes are deemed to be more 

nuisance in terms of reduced visibility and potential property damage. They also 

indirectly affect human health by causing the “annoyance”. Annoyance may be 

defined as “a feeling of displeasure associated with any agent or condition believed to 

affect adversely an individual or a group”. Therefore, people who have a good quality 

of life should not have only a well physical health but have a good mental health also 

(25). As mentioned, nuisance or annoyance can be classified in terms of human health 

problems because they effect human living. 

 

2.3.2 Effects on visibility  

 

Particulate matter can reduce visibility and increase atmospheric turbidity. 

Visibility is defined as the longest distance in any direction at which a person can see 

and identify an object with his eyes. In general, visibility decreases as the PM 

concentration in the atmosphere increases. Particle size is important in terms of 

visibility reduction, with sizes in the micron and submicron range of greatest 

importance. PM, both liquid and solid particles, can absorb and reflected visible light. 
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It has been noticed that the atmosphere of Bangkok and suburban is covered by the 

layer of PM, which cause haze condition and can also degrade the color, clarity, and 

contrast of scenes in the past 2-3 years. Especially in winter, the temperature is cooler 

than surrounding area in the morning. Under these conditions, the small-suspended 

PM becomes the core for the condensation of mist or “condensation nuclei” and 

moisture so that they become smog (1). 

 

2.3.3 Deterioration of exposed materials 

 

Suspended particulate matter can affect materials and construction building 

such as corrodes metals, surface damaging, destruction of sculpture, dirtiness of 

materials and road etc. The major mechanisms of deterioration are (26);  

1) Abrasion – occur when solid particles move quickly through the materials. 

The scratches of the materials are up to size, speed, shape and the edge of cutting 

particle. 

2) Deposition and removal – aerosols, both liquid and solid particles, can 

attach to the materials or construction building. The attachment may not cause the 

damage to materials but it makes untidy and complicated to clean and remove from 

materials. 

3) Electrochemical corrosion – in many types of metal such as iron can be 

degraded by electrochemical reaction that is oxidative processes combined with water 

vapor in the air. The difference in electrical charge can make the corrosion occurred. 

4) Miscellaneous factor – such as moisture, temperature, intensity of light, air 

movement. These are as follow; 

 - Moisture – is the major factor that accelerates the corrosion by 

aerosols. Especially rough materials are easier to break than smooth materials. The 

destruction is support by acidic gas such as SO2. When SO2 combines with moisture in 

the air, H2SO4 occurred and that is a powerful erosive.   

 - Temperature – high temperature is suitable for chemical reaction 

process and causing more damage. 

 - Sunlight – photochemical reaction can be accelerated in intensive 

light and causes more damage to materials and construction building.  
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          - Air movement – the particles can be blown by air motion to collide or 

attach with materials surface and scratch. 

  

In 1994, the science and technology institute of Thailand (1) reported the 

results in studied project “Atmosphere Corrosion-Organic Coating” that has been use 

to study the effect of atmosphere and environment to material properties such as 

stripped metal, metallic coat, paining steel, FRB (fiber-glass). The test was compared 

vary in the area of Bangkok district (in the institute), industrial zone (Phra-pra-dang), 

Seaside zone (Hua-Hin and 50 meters far away from shore) and countryside (Chiang-

Mai university). The meteorology and environmental factors that were considered 

such as temperature, relative humidity, and sunlight receive period, number of contact 

radiation, rainfall duration, quantitative and period of rain water, concentration of 

pollutant (SO4, NaCl, NO2, H2S and particulate matter). The results shown that the 

corrosion rate in seaside zone is the highest value follows by industrial zone, Bangkok 

district and countryside, respectively. Furthermore, the average rate of material 

corrosion in the second year is dropping down because of the first year corrosion 

became a shield and protected the materials surface from the air expose in the next 

year. 

 

2.3.4 Effects on air quality inside the buildings. 

 

The study on the effect of air inside the buildings is very necessary and 

important. Some kind of human life style always living inside the buildings such as 

pregnancy, neonate and lactating women, patient, aged person etc. The inside of 

buildings are included the living in office, transportation vehicle, school and other 

places also. Major factors that may affect to air quality inside the buildings are (26):  

1) The air quality outside the buildings – the ambient air surrounding the 

buildings are the major factor role to the air inside buildings because the particles from 

outside can spread out into inside places by opening and leaking of their buildings 

such as doors, windows and air condition aperture. 

2) The aerosols which were produced inside the buildings by many activities 

such as cooking, cleaning, painting and moving of materials. 
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3) Building’s structure – ventilation of aerosols inside and outside the 

buildings depend on the building’s structure such as open or close buildings, number 

of windows and another air ventilate system. 

4) Air conditioned and air ventilation system – the design of air conditioned 

and air ventilation system have a significant impact on air quality inside the buildings. 

For example, close buildings have ventilated fan to let the air out and have filter in air 

condition system before the air in. Hence, the particles were generated only inside the 

buildings. 

5) Meteorological condition and landscape – the differentiation of temperature 

between inside and outside the buildings is a very important factor that affect to the 

dispersion of PM matter. This factor can make the pressure different that may cause 

air move in or out the buildings. In addition, airflow direction can be blow the 

particles into the buildings also. 

6) Location – the locations of building stipulate the amount of the aerosols 

outside the buildings such as the buildings is located near aerosols source or roadside 

area may have more chance to get the aerosols from these sources. 

 

2.3.5 Effects on vegetation 

 

The most obvious effect of particulate deposition on vegetation (leafs, branch, 

flowers and fruits) is the physical smothering and formed a thick crust on upper leaf 

surfaces. This thick crust can reflecte sunlight in wavelength between 400-760 nm. 

That is a very high essential factor in photosynthesis. Conversely, the film is increased 

the absorption of sunlight in wavelength 1,750 – 1,850 nm. That will raise the heat 

inside the leaf. Therefore, the reduction of light transmission to the leaf in turn causing 

a decrease in photosynthesis and can also be reduced the penetration of gases on leafs 

lead to yellow leaf, chronic plant injury, reduced growth rate and dead finally. Particle 

composition may cause both direct chemical effects on the plant and indirect effects 

through impacts on the soil environment. Particle accumulation on the leaf surface 

may increase the plant's susceptibility to disease (27).  
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Results of air quality measurement by Pollution Control Department (28) 

showed that the PM are the major pollutant of air pollution problems particularly in 

Bangkok and suburban area especially road traffic congestion and high density 

residential area. People who always work or live in a place where PM level are high 

may have more risk to get the toxicity of aerosols such as the respiratory disease from 

PM10 and aggravates lung illness. In addition, the deterioration of exposed materials 

includes the corrosion of metals, weathering of stone, darkening of lead based white 

paint, and accelerated cracking of rubber, visibility decreases and the reduction of 

growth rate plant can be occurred.  

  

2.4 Measurement methods of particulate matter 
 

Particles are monitored in ambient air quality monitoring networks so as to 

follow their potential impact on human health, visibility and climate. Particulate 

matters are emitted from great many sources, both stationary and mobile. Additionally, 

particles are formed in the atmosphere by chemical and physical conversion from both 

natural and anthropogenic gases substances. Consequently, the study of PM is 

simplified by division of particles into two categories; (a) suspended particulate 

matter; and (b) deposit able matter. This division is not clear cut and is dependent 

upon such factors as size, shape, density, surface area, volume, weight and chemical 

component, etc of the particles. These properties are used in determining the sampling 

technique and measurement method conducted in the field (13). The measurement 

method of PM can be classified as the following. 

 

2.4.1 Microscopic measurement of particle size  

 

Microscopic observations of aerosol particles permit direct measurement of 

particle size. Microscopy provides the opportunity to observe particle shape, and it 

requires only an extremely small amount of sample. The examples of microscopic 

measurement (13) are:  

1) Optical microscopy – the optical microscopy is the oldest method used in 

many area of science. It is most suitable for counting and sizing solid particles having 
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diameters of 0.3 – 20 µm. The particles to be measured are captured directly on a glass 

slide by sedimentation, electrostatic precipitation, or thermal precipitation and viewed 

directly in the microscope. 

2) Electron microscopy – There are two common types, Scanning electron 

microscope (SEM) and Transmission electron microscope (TEM). The particles which 

are smaller than the limit of resolution of optical microscope must use an electron 

microscope to examine. 

3) Electron Microprobe – is an analyzer used for determine elemental 

composition of particles. Electron Microprobe is developed from Scanning electron 

microscope (SEM). For particles evaluation, the electron beam is held fixed on a 

particle and the x-rays emitted is related to the number of elements in the particle.  

 

2.4.2 Direct-reading instruments  

 

These methods use automatic and continuous instruments. The direct-reading 

instruments can measure physical properties or mass concentration of small PM in a 

few minutes at the sampling site. In general, they are less accurate but more 

convenient than gravimetric method. This method can be classified into two types (9) 

as follow. 

1) Spot optical density measurement such as “the beta-ray absorption”. The 

instrument is basically an automatic smoke recorder in which ambient air is drawn 

through a high efficiency filter paper. The particles were trapped on the filter and then 

measured the spot optical density of sample by scanned beta-radiation through the 

filter. Particles on the paper absorb beta-radiation and the amount of particles is 

proportional to beta-ray absorption rate. This method can effectively measure the 

particles that smaller than 10 µm. More detail is in section 2.5.2.3. 

2) Light-scattering photometry – provides an extremely sensitive tool for the 

measurement of concentration and particle size of particles. The mechanism of this 

instrument runs by Light-scattering theory. The light, which is scattered by PM, is 

proportional to the amount of particles. A single particle is as small as 0.1 µm 

produces a detectable scattered light signal (13). 



Phirata Charoenphol                                                                                                  Literature Review / 
 

26

- Owl instrument is a simple laboratory instrument. The owl can be 

used to rapidly determine the size of monodisperse sub micrometer test aerosol. The 

polarization of the light scattered at 90° is used to determine the diameter of particles 

in the range of 0.1-0.4 µm. Moreover, the color of the scattered light as a function of 

angle is used to determine particle diameters from 0.2 to 1.5 µm. 

- Photometer are used to measure relative concentration by measuring 

the total light scattering from many particles at once. A simple photometer displays the 

signal on a meter with a logarithmic scale. Depending on the design, these instruments 

may measure the scattered light in the region of 90°, 45° or less than 30°. The 

photometers use electronic averaging to provide a digital readout of mass 

concentration over the range of 1 µm to 100 mg/m3.      

- Integrating Nephelometer is a photometer that is designed to measure 

the light scattered from an aerosol over as wide a range of angles as possible. This 

instrument measures the scattered light over a range from 8 to 170° and can measure 

the particles concentration over the range of 0.1 to 100 µm. 

 - Electrical mobility analyzer – Particles are introduced along the 

center line between two oppositely charged parallel plates. If the particles have been 

charged by diffusion charging under well-defined and carefully controlled condition, 

the charge on a particle of a given size is known and a unique mobility is associated 

with every particle size. Under these conditions the distribution of particle size can be 

determined by measuring the distribution of electrical mobility. The instrument can be 

used for particle sizes range from 0.3-200 µm. 

 

2.4.3 The measurement method by Inertial Impaction 

 

This method uses the inertial particles impaction system by separates particles 

into fractions on the basis of their aerodynamic impaction properties. There are several 

types of inertial impactor, which were operated on the same principle (13) such as: 

 1) Single stage impactor – An aerosol is passed through a nozzle or jet and the 

output stream is directed against an impaction plate. A Single stage impactor can 

separated an aerosol into two size range; particles larger than a certain aerodynamic 
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size are removed from the air stream, and those smaller than that size remain airborne 

and pass through the impactor. 

2) Cascade impactor (Andersen Samplers) – In general, this impactor consists 

of as many as 2-4 stage backed by membrane filter. Each stage contains accurately 

drilled holes, and the stages are arranged so that beneath each hole there is a solid 

section of plate, which is part of the next stage. The mass of particles collected on the 

impaction plate and the filter can be determined by weighting them before and after 

sampling. This impactor can separate particles mass into two size ranges are: (a) small 

size in the range 2-10 µm, and (b) particles larger than 10 µm. 

 3) Multiple-silt high volume cascade impactor – This impactor consists of 5 silt 

layers of perforated plates through which the air must pass each plate contains a 

constant number of holes, but the hole size progressively decreases so that the same air 

volume passing through each stage impinges at an increased velocity. The result is that 

coarse particles are deposited on the first and successively finer particles are removed 

at each subsequent stage.  

 

2.4.4 Gravimetric High Volume Method 

 

The gravimetric high volume method is known as a reference method that was 

certified by US.EPA organization for measured both of TSP and PM10 concentration 

in the ambient air. The manual air-sampling instrument in widest use is High-Volume 

Air Sampler. With this method, ambient air is drawn through a high efficiency filter by 

high force sucking pump for a period of 24 hour. The filter used for TSP sampling is 

glass fiber filter and micro-quartz filter used for measured PM10. The filter is then 

removed from the sampler, returned to the laboratory, and weighted using a 

microbalance. The weight gain, combined with the measured air volume through the 

sampler, allows the particulate mass concentration, expressed in microgram per cubic 

meter, to be calculated. Otherwise, the particulate on the filter can be brought to 

analyze chemically to determine the composition of inorganic metal also (8). High 

Volume Air Sampler used for the measurement of TSP were detailed in reference 

method for TSP: 40 CFR part 50 Appendix B (29) and High Volume Air Sampler 

instrument for PM10 were detailed in PM10 Reference method appendix M to part 50 in 



Phirata Charoenphol                                                                                                  Literature Review / 
 

28

the Code of Federal Regulations (CFR)  / vol. 62 No.138, 1997 (12). More details are 

in section 2.5.2.1 and 2.5.2.2. 

The gravimetric high volume method is the standard method and widely used 

in USA. The International Standards Organization (ISO) is also considering the 

possibilities of using a gravimetric technique as the reference method for the 

determination of PM concentrations, which can move into human respiratory system. 

This method can be used to collect the dry aerosols at the sampling sites. Commonly, 

the samples were collected over 24 hour periods every six days therefore, this method 

may not suitable for the continuous operation (31). The advantages of the manual 

analyses are easy to measure and operate the instrument. It can collect the large 

amount of particles and the fiber-filter can also be analyzed in contaminated matter by 

chemical process such as lead. The cost of operating process is in the range of low to 

medium (32). 

Moreover, the gravimetric high volume method is the standard method of the 

measurement of PM concentrations in Thailand, which was regulated under the 10th 

Announcement of National Environmental Committee, (A.D.1995) in a Section of 

ambient air quality standard. This method was referred to as the reference method of 

US.EPA. The description of this method is the measurement of PM in which the 

ambient air is drawn through a high-efficiency filter which filtrate the aerosols size 0.3 

µm with an efficiency of 99%. Then, weighting the filter and calculated the aerosols. 

This standard method is used to determined to amount of ambient TSP and PM10 in the 

sampling period of 24 hour. The sampling site selection is complicated by the effect of 

streets and high density of particles at street level. As a general rule, an optimum 

elevation of instrument has to be placed at least 1.5 to 6 m. above the ground level 

(33). In addition, the selection of sampling site must be located as close as practical to 

the releasing source of highest concentration, the position of local effective group and 

the possibility of processing (34). 

In Thailand, many equivalent methods of PM10 monitors have been compared 

to the gravimetric PM10 reference method according to the announcement of Pollution 

Control Department (PCD), in a section of a direct-reading instrument of gases and 

particulates monitor. The equivalent instruments of PM10 measurement, for a period of 
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24 hour or one year, which was regulated under the 10th Announcement of National 

Environmental Committee, (A.D.1995) (35) are as follows;  

(1) Beta-ray absorption method – when the beta radiation is exposed to 

particles, it is absorbed via collision and scattering upon its penetration into the 

material. The amount of beta radiation absorbed by particles is then proportional to its 

weight, regardless of particle properties (e.g., size, composition, and color) or 

(2) Tapered Element Oscillating Microbalance method (TEOM) – This 

device uses the principle that the frequency of mechanical oscillation of an element, 

such as a tapered glass tube, is directly proportional to the mass of the tube. Changes 

in the effective mass of the tube (due to the deposition of particles on a small filter 

fixed to the free end of the tube) are reflected in a change in the resonant frequency.  

(3) Dichotomous method has been designed to eliminate problems of 

bounce and to allow the collection of a larger particulate mass than is possible with the 

conventional impactor. It has no impaction plate; instead, the particles with sufficient 

inertia are carried through a virtual impactor surface into a quiescent region. The 

dichotomous sampler used for separate the coarse (particles larger than 2.5 µm) and 

fine (particulates smaller than 2.5 µm) fractions of atmospheric aerosols. 

In 1987, the beta-ray absorption method firstly measured in Samutprakarn 

province by the National Environmental Committee. At present (2004), at 14 

monitoring stations of Bangkok and suburban, the automatic beta-ray absorption has 

been used together with a manual gravimetric method (36). The beta-ray absorption 

method were detailed in Automated equivalent method: EQPM-0990-076 in the 

Federal register / vol. 55., / September 18, 1990 of the USA. 

 

2.5 Measurement of particulate matter in Thailand  
  

According to air quality monitoring for several years, it can be concluded that 

urban air pollution in Thailand is mainly occurred from transport, industrial, energy, 

and construction sectors. These problems especially occurred in the main city as 

Bangkok, Samut Pragarn, Nonthaburi, Saraburi, Lum Pang, Chiang Mai etc.. The main 

important problem causing the air pollution is particulate matters that are very high 
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over the standard for 1-3 times. In addition, the number of provinces and feverously 

problems always increase in every year (24). Thus the air quality monitoring system is 

the most important way to manage and control these problems, which have to relate 

with the regulation by law enforcement or technology of management.  

The objectives of the air quality monitoring (15) are:  

1) To study the effects of air pollution to environment and public health.  

2) To study the air pollution source affect to air quality.      

3) To design in future urban planning. 

4)  To identify the major cause of air pollution. 

5) To study the behavior of air pollution distribution. 

6) To follow and study trend of air quality in long term monitoring. 

7) To assess the severity of air pollution, in order to mitigate and control 

planning for air quality management. 

 There are two air quality monitoring agencies, which are responsible for 

monitoring the ambient air quality in Thailand. 

1) Air Quality and Noise Management Bureau, Pollution Control Department 

(PCD) under Ministry of Natural Resources and Environment. 

2) Environmental Quality and Management and Control Division, Office of 

Permanent Secretary for the Bangkok Metropolitan Administration (BMA). 

 The responsibility of PCD includes monitoring and analysis of the air quality, 

and identification of the pollution sources cover all over the country. PCD established 

53 monitoring stations, located in 19 provinces and 21 fully automated mobile stations 

are working in the city for general as well as roadside ambient levels (38). BMA has 

only one modern station for noise and ambient air quality monitoring in Bangkok. 

 

 2.5.1 Air quality Monitoring Stations 

 

 The sampling site selection and number of air quality monitoring stations were 

based on many factors such as population, urban planning, landscape, meteorology 

and the lack of obstruction from local interferences etc. The major consideration is 

wind direction so that the station must be located under wind current. Also, local 

interferences cause major disruptions to air quality sensor sites. A sampler inlet placed 
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at a sheltered interior corner of building is not recommended because of poor air 

motion. The monitoring must be done for a long-term data set and the stations should 

not be removed without necessary reason (15). 

Office of the National Environmental Board has subsequently implemented 

eight extensive permanent air quality monitoring stations since 1981. This project 

operated the firstly ambient air quality monitoring in 1983. The purposes of ambient 

air quality monitoring are to follow the trends and severity of air pollution problem, 

and to observe the effectiveness of air pollution control strategies. Even within a 

particular city and development areas such as Chiang Mai, Haad-Yai, Mukdahan and 

the Eastern seaboard development region in Ra-yong province, the air pollution is a 

major problem. Therefore, Office of the National Environmental Board was added the 

contemporary monitoring stations for measuring the air quality. The pollutants that 

were measured are Suspended particulate matter, CO, NO2, SO2, O3, Hydrocarbon and 

lead (39). 

 Because air pollution is the greatest problem in urban areas, the monitoring 

effort is usually concentrated in and around cities. By the year 2002, Pollution Control 

Department (38) has already set up the air quality monitoring network of Thailand at 

carefully selected representative locations, with 48 air quality monitoring stations, five 

meteorological stations (with 100 meter height monitoring post), ten acid 

accumulation monitoring stations, 21 mobile units at curbside monitoring in Bangkok 

district, seven mobile units of air quality monitoring and one radar air monitoring unit. 

The measurement of air pollutant in each stations focus on TSP, PM10, CO, NO2, SO2, 

O3, Hydrocarbon and basic meteorological condition such as wind direction, wind 

speed, temperature, relative humidity, solar radiation, atmospheric pressure and 

quantity of rainfall.  

The semi-permanent air quality monitoring stations in Bangkok can be 

classified into three types (38) are; 

 1) Urban background area monitoring stations  

 The air quality monitoring stations in urban background of Bangkok were 

separated in residential and commercial area always located at a site distanced from 

emission source and far away from the edge of the main road within 50-100 meters. 

These stations are broadly representative of citywide background conditions and 
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continuously measured in hour scale. There are ten monitoring stations but only five 

stations can measure both TSP and PM10. These are; (1) National Housing Authority 

(Klong Jan) (2) Huai Khwang (3) Nonetree Vittaya School (4) Sinharatpitayakoom 

School and (5) Ramkamhang University which was closed in August, 2004.  

2) Roadside area monitoring stations 

 These stations automatically and continuously measure in every hour. A 

sampling site is located within 2-5 meter from the edge of the main road. There are 

seven stations which can measure both TSP and PM10 and all of them measure PM10 

by using High Volume Air Sampler and Beta radiation attenuation monitor. These are; 

(1) Thonburi Substation (2) Choakchai four (3) DinDang (4) Ministry of Science and 

Technology (MOSTE) (5) Department of Land Transportation    (6) Chulalongkorn 

Hospital and (7) Odean Circle 22. 

 3) Suburban area monitoring stations 

There are eleven suburban area monitoring stations which are situated in a 

residential area on the outskirts of the Bangkok city. This group has only three 

stations, which are; (1) Bangkok University (2) Bangruy Substation and (3) Sukhothai-

Thammathirat University. They can measure both TSP and PM10. 

Moreover, there are 21 contemporary air quality monitoring stations, which 

were located at very high density traffic roadsides. Each place also measure both TSP 

and PM10 concentration for every 2-3 weeks. 

  

2.5.2 Instrument of particulate measurement                                                          

 

Different methods for the determination of aerosol particle mass have been 

extensively tested and compared. Since different methods may give rise to systematic 

differences in the results, standardization is necessary as specified by the European 

Union and the European Standards Organisation. According to the 10th Announcement 

of National Environmental Committee, (A.D.1995), the standard measurement method 

of TSP and PM10 is the gravimetric high volume (GHV) method at STP of 1 atm and 

25 oC. The measurement of TSP using High Volume Air Sampler and PM10 High 

Volume Air Sampler use for PM10 measuring. In addition, direct recording instruments 

can be used if they have been shown to provide consistent results compared with 
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gravimetric methods. Therefore, the measurement method for determination of PM10, 

Pollution Control Department not only uses the manual standard method but also use 

the automated beta ray absorption method as an equivalent method. The sampling 

procedure of each instrument detailed below. 

 

  2.5.2.1 High Volume Air Sampler  

 

  High-Volume Air Sampler is a device for sampling large volumes of an 

atmosphere for collecting the contained PM by filtration. Consists of a high-capacity 

blower, a filter to collect suspended particles, and a means for measuring the flow rate. 

The sampling procedure of this instrument is a large volume of ambient air drawn 

through the filter with a high-volume blower, typically at a flow rate of 1.13-1.70 

m3/min (40-60 ft3/min) so that particulate material collects on the filter surface over 

the period of 24 hr. The filter is weighed (after moisture equilibration) before and after 

use to determine the net weight (mass) gain. The total volume of air sampled corrected 

to EPA standard conditions is determined from the measured flow rate and the 

sampling time. The concentration of TSP in the ambient air is computed as the mass of 

collected particles divided by the volume of air sampled and expressed in µg/m3 (6).  

 

In general, the type of filter is Glass Micro – Fiber Filter that composed 

with the major consistence of Borosilicate. The efficiency of these filters is more than 

99% in DOP (Dioctyl Phthalate) trapping and the air penetration resistance value quite 

low (9). This instrument is suitable for the large amount of sample and can measure 

other contamination substances such as heavy metal e.g. Lead also. However, the 

disadvantages are the filter material may be brittle and subject to shearing and 

breakage. Thus, laboratory and field personnel must be aware of these characteristics 

and handle sample filters with care. In addition, the filter must be change in time and 

the humidity affect to the exact weight of the fiber filter (9). 
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  2.5.2.2 PM10 High Volume Air Sampler  

   

  The principle of this instrument similar to High Volume Air Sampler 

instrument that selectively inspect only the PM, which have size smaller than 10 µm. 

A measurement principle based on an air sample from the atmosphere with a powered 

sampler that incorporates the inertial separation of PM10 size range particles followed 

by the collection of PM10 particles on a filter during the specified 24-hr sampling 

period. The average PM10 concentration for the sample period is determined by 

dividing the net weight gain of the filter over the sample period by the total volume of 

air sampled, corrected to EPA's standard temperature (25°C) and standard pressure 

(760 mmHg). In spite of the instrumental nature of the sampler, this method is 

basically a manual procedure, and all designated reference methods for PM10 are 

therefore defined as manual methods (30). 

In general, Micro-Quartz fiber filters should therefore be used for PM10 

High Volume Air Sampler. These filters have very good filtration characteristics with 

high flow and low pressure-drop, and their collection efficiency for small particles is 

excellent. The problem with the quartz fiber filters is their very large surface, and their 

adsorption of water vapour and other gases. Also, they may be more expensive than 

glass-fiber filters. Typical characteristics of quartz fiber filters are (1) a fiber content 

of high purity quartz, (2) a binder of below 5% (zero for binder less types), (3) a 

thickness of approximately 0.5 mm, (4) a surface with no pinholes, and (5) an 

allowance of no more than 0.05% of smoke particles to pass through the filter at a 

pressure of 100 mm of water with a flow rate of 8.53 m/min (28 ft/min), as determined 

by a DOP smoke test. These filters are increasingly used in air sampling and have the 

ability to withstand high temperatures (up to 540°C). They are further typified by high 

collection efficiency (8). 

 

2.5.2.3 PM10 Beta Attenuation monitor 

 

           Direct recording instruments can be used if they have been shown to 

provide consistent results compared with the gravimetric methods. The beta-ray 

absorption method is the automated equivalent method to the reference method for 
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determination of PM10 (8). An indicated value as a mass concentration is obtained 

from the increase of the absorption amount of beta rays due to particles collection on 

filter paper. The beta-ray analyzer is an instrument based on the principle that 

absorption rate of beta-ray increases in proportion to the mass of the substance when 

its quality remains constant and the ray at a low energy level irradiates the substance. 

Thus the beta-ray irradiation on the PM collection on the filtration paper gives 

information about its quantity. Consequently, the PM10 concentration is continuously 

recorded on the tape of recorder (40). The data of PM10 were transferred through 

automatic phone (on-line) connecting system to office of Pollution Control 

Department (PCD) since 1996 (41). 

In Thailand, Office of the National Environment Board has monitored ambient 

air quality since 1983 by using the gravimetric high volume method and samplings by 

GMW-High Volume Air Sampler Model GMWL 2000 H, which is an automatic 

instrument, continuously measure 24 hour over a day (39) and collect data once every 

six days in each year. Thus, the completely data is about 4-5 times per month (14).                           

 

2.6 Ambient air quality standard 
 

 Air quality standard is the specification of the highest air pollution level that 

can be allowed in law enforcement for protecting the public health and ecology from 

pollution. The objectives of the law enforcement may involve the security and welfare 

of population health, plant and animal including property, other resources and 

communication problem from changing in visibility. Thus the air quality standard 

should be considered as the first priority (18). 

 The standards of air quality in Thailand were set up and control by Office of 

the National Environment Board since 1978 (42). The present Air Quality Standards 

were set under the requirement of the Enhancement and Control of National 

Environment Quality Act B.E. 2535.  This requirement was set up the National 

Environmental Committee and the Office of National Environmental Board to take 

responsibility for promoting and preserve the quality of natural resources and 

environment such as the standards of environmental quality etc. (19). 
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 According to an announcement of the Office of National Environmental Board, 

the standards, which were published in 1995, are specified the standard level of PM in 

ambient air within the stipulated condition at the standard temperature and pressure. 

The measurement of average amount of particulate matter used the gravimetric high 

volume method (33) therefore as: 

 1) The daily average TSP within 24 hour not to be exceeded more than 0.33 

mg/m3 and the annual geometric mean not to be exceeded more than 0.10 mg/m3.  

 2) The daily average PM10 within 24 hour not to be exceeded more than 0.12 

mg/m3 and the annual geometric mean not to be exceeded more than 0.05 mg./m3. 

 World Health Organization (WHO) (31) was specified the standards of the 

total suspended particulate matter smaller than 100 µm (TSP) not to be exceeded more 

than 150-230 µg/m3 within 24 hour and the geometric mean not to be exceeded more 

than 60-90 µg/m3 within one year. Generally, the Geometric mean values usually 

slightly less than Arithmetic mean values. 

 The specification in air quality standards of ambient air by the Environment 

Protection Agency: US.EPA (43) defines that the daily average TSP not to be 

exceeded more than 260 µg/m3 and the annual geometric mean not to be exceeded 

more than 75 µg/m3. PM10 is defined that its daily average not to be exceeded 150 

µg/m3 and the annual geometric mean not to be exceeded more than 50 µg/m3.   

 

2.7 Situation and problems from particulate matter in Bangkok and 

suburban area 
 

 The serious most air quality problems both in Bangkok district and perimeter 

are associated with the high level of PM. According to the air quality monitoring over 

the past 10 years, it is found that the levels of both TSP and PM10 was higher than the 

standards in almost every year. The fluctuation in the levels of PM in each year 

depended on the number of particles source in an area. The levels of PM in Bangkok 

and perimeter were higher than the National Ambient Air Quality standards since 1988 

but the situation improved in 1993 and 1994. In 1995 and 1996, the levels increased 

again to be as high as one hundred percent above the standards. 



Fac. of Grad. Studies, Mahidol Univ.                   M.Sc.(Technology of Environmental Management) /  
 

37

 The long term data set of air quality measurement in Bangkok (44) indicated 

that the air quality at roadside area is worse than other areas. As above, PM 

contributes most to the air pollution problem because their levels were much higher 

than the standards especially at roadside area, where it was exposed to black smoke 

released from diesel engine, construction activities, and road maintenance. The results 

in 1996 have shown that the levels of PM have increased over many past years. The 

highest daily average TSP is 2.18 mg/m3, which are more than seven times of the 

standards (0.33 mg/m3).                       

   During the period of 1983 to 1994, the results in Bangkok air quality were 

measured by the Pollution Control Department. It was clear that the main air pollution 

problems are PM especially in roadside areas. The levels of small particle (PM10) often 

exceeded more than 40-60% of the standards and the highest daily average mean is 

0.24 mg/m3 that equal to two times of the standards. The PM10 levels are often highest 

in the early morning when there is heavy traffic and clam wind condition especially 

the dry winter months of November through February and at sampling locations near 

some of the busiest road intersections such as Pratunam. 

 In 2001 the levels of PM were occasionally over the standards value and the 

severity of problems depended on the source apportionment. Otherwise there are other 

factors affecting the severity such as meteorological and area characteristic. For 

example, the levels of PM in winter season are significantly higher than other months 

due to the accumulation of PM as a result of the wind is stable and does not 

distributing. In addition, the construction buildings such as house, nearby barrier or 

valley, which is the obstruction for air distribution and affect to the high accumulation 

of PM in the area (45). 

 In 2002, the overall evidence is similar to past ten year especially the most 

pollution problem of PM10. The level of PM10 was over the standards in many stations 

such as roadside areas of Bangkok, which is mainly generated from motor-vehicles. 

Because roadside areas have more serious problems than the residential zone therefore 

it should has a strategy plan for control and reduce urban particulate emissions. 

However, between 1986 and 2002 there was a general decline in the levels of TSP and 

PM10 at roadside areas (38). 
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Results of ambient air quality monitoring by Pollution Control Department in 

urban background and roadside area during the period of 1996 to 2003 have shown in 

Table 2.2 and 2.3.  

Table 2.2 Concentrations of TSP and PM10 in urban background area of 

Bangkok during the period of 1996-2003 

TSP PM10  
Year of 

measurement 
(A.D.) 

Daily mean 
(mg/m3) 

No. over standards/   
Total No. of 
measurement 
(percentage) 

Daily mean 
 (µg/m3) 

No. over standards/   
Total No. of 
measurement 
(percentage) 

1996 0.15 34/612  (5.55) 101.94 175/586 (29.8) 
1997 0.13 11/670  (1.64) 80.64 235/1,783  (13.18) 
1998 0.10 0/760  (0) 66.4 108/1,692  (6.38) 
 1999 0.10 2/762  (0.26) 60.6 67/1,586  (4.2) 
2000 0.09 0/351  (0) 56.1 37/1,725  (2.1) 
2001 0.09 2/370 (0.54) 40.5 2/1,550  (0.13) 
2002 0.10 0/491 (0) 49.4 7/1,775 (0.39) 
 2003 0.09 0/454 (0) 54.8 36/1,680(2.14) 

Source : Air Quality and Noise Management Bureau, Pollution Control Department (PCD), Ministry of 

Natural Resources and Environment in 1998, 1999, 2000, 2001, 2002, 2003 and 2004 

 
Table 2.3 Concentrations of TSP and PM10 in roadside area of Bangkok 

During the period of 1996-2003 

TSP PM10  
Year of 

measurement 
(A.D.) 

Daily mean 
(mg/m3) 

No. over standards/   
Total No. of 
measurement 
(percentage) 

Daily mean 
(µg/m3) 

No. over standards/   
Total No. of 
measurement 
(percentage) 

1996 - - 151.33 270/412  (65.53) 
1997 - - 117.7 385/1,016  (37.89) 
1998 0.29 211/751  (28) 81.6 156/1,304  (12) 
 1999 0.20 52/754  (6.9) 80.1 145/1,724  (8.4) 
2000 0.19 25/424  (5.9) 82.6 206/1,613  (12.8) 
2001 0.18 15/540  (2.78) 67.9 161/1,614  (9.98) 
2002 0.18 29/677  (4.3) 57.8 69/1,814  (3.8) 
 2003 0.13 0/310 (0) 63.5 98/2,152 (4.55) 

Source  : Air Quality and Noise Management Bureau, Pollution Control Department (PCD), Ministry 

of Natural Resources and Environment in 1998, 1999, 2000, 2001, 2002, 2003 and 2004 

 Notice   :  -  no measurement 
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As a consequences, PM create health problems among people both in Bangkok 

and suburban area. The small PM causes of human health problems that exposed it 

everyday. Especially the respiratory diseases by PM10 which are adequate small to 

pass through the lower respiratory and alveolar that cause irritation in air way and 

necrosis in lung tissue. Long time exposure to the small particles that accumulate in 

the lung tissue will cause fascia, ulcer and reduce lung function finally (2). 

Ultimately it is forecast that the severity of PM problems in Bangkok and 

suburban area will be critical and should be solved immediately. The resolution 

process should launch by control at the sources apportionment of particles and 

minimize the released levels of the PM into ambient air. The results of control may 

reduce the PM level in the air to normal that may decrease the number of patients who 

will suffered from the respiratory disease in the future also. In addition, the TSP and 

PM10 problems are still importance in Bangkok that should be further monitoring and 

considering.             

            

2.8 Related research 
 

 Jumphon Sirisawat (47) studied the relationship between the concentrations of 

PM10 observed by the PM10 High Volume Air Sampler and the concentrations of TSP 

observed by the High Volume Air Sampler at three sampling sites of residential area, 

commercial area and industrial area in Bangkok. The linear regression’s equation was: 

y = 1.03x + 40.2 (when y = TSP concentrations and x = PM10 concentrations and 

Correlation Coefficient, r = 0.75). It was found that the TSP/PM10 ratios obtained in 

the study were very similar at significance 0.05 (95%). In addition, the TSP/PM10 

ratios which is 0.66 or the equation: y = 1.03x + 40.2 might be used to predict the 

effective of PM10 to human health from the concentration of TSP at this moment. 

However, the study was conducted only in rainy season (during June to October 

1993), hence the TSP/PM10 ratios may vary in other seasons. 

 Siriwan klawnngam (48) studied the morphology and element component of 

PM10 at Bangkok by using High volume air sampler and Personal air sampler. She 

studied the relationship between the levels of TSP and PM10 using Pearson’s 

Coefficient and Linear regression at significant 0.05 (95%) by SPSS program. The 
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linear regression’s equation was: y = 0.588x (when y = PM10 concentrations and x = 

TSP concentrations and Correlation Coefficient, r = 0.955). While r is almost one, it 

means PM10 has strong correlation to TSP so that PM10 concentrations can be estimate 

from TSP concentrations.  

In addition, she studied the relationship of PM10 measurement between High 

volume air sampler and Personal air sampler which were analyzed by T-test and 

Linear regression. The results shown that linear regression’s equation was: y = 

0.91x+9.81 (when y = PM10 concentrations from High volume air sampler and x = 

PM10 concentrations from Personal air sampler and Correlation Coefficient, r = 0.824) 

that means levels of PM10 which were measured by these instruments has strong 

correlation. The PM10 concentration measured by High volume air sampler is higher 

than that of Personal air sampler. The use of Personal air sampler instead of High 

volume air sampler in the equation shown the error is about 15.71%. 

Arubon Chotipong (49) studied the relationship between the concentrations of 

PM that effect to human respiration, i.e. PM10 and TSP. The samples were collected at 

four sampling sites in Bangkok during the northeast and southwest monsoon by using 

the gravimetric high volume method (High volume air sampler and PM10 High volume 

air sampler). Also, she studied the levels of heavy metal, i.e. Pb, Zn and Cu by using 

Atomic Absorption Spectrophotometer (AAS) instrument. The results shown that the 

linear regression’s equation was: y = 0.582x (when y = PM10 concentration, x = TSP 

concentration and this equation passed origin’s point), and the Correlation Coefficient 

(r) = 0.984.  It appeared that trend of PM10/TSP ratios are higher than 50% in both of 

monsoon. 

Hamilton, Gorbunov and Semeno (50) studied the relationship between TSP, 

PM10 and the black smoke concentration in urban areas of United Kingdom. The study 

found that PM10/TSP ratios are from 0.26 to 0.98 in urban areas. It also shown that it is 

impossible to use a constant correction factor for describes the relationship between 

TSP and PM10 concentration.  

Monn et al. (51) studied the relationship between the levels of PM10 and TSP. 

Ambient concentrations of PM10 were measured in Switzerland for one year period in 

1993 at a dozen urban, rural and alpine sites. PM10 concentrations ranged between 10 

g/m3 (alpine) and 33 g/m3 (urban). Rural levels were one-third lower than the urban 
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levels and relatively homogeneously distributed. Alpine sites showed considerably 

lower levels. The ratios between PM10 and TSP were between 0.6 and 0.75, and the 

highest ratios were found in the most polluted urban sites. Seasonal variation of 

particulate pollution showed peak levels during winter and autumn, mainly during cold 

temperature-inversions. Statistical analyses have shown a good correlation among 

PM10, NO2, SO2, and TSP in urban areas. 

Querol et al. (52) studied the concentrations of TSP, PM10, PM2.5 and PM1, 

which were continuously monitored by Laser spectrometer (GRIMM 1108). They 

were studied at urban kerbside in the Metropolitan area of Barcelona from June 1999 

to June 2000 and also measured PM10 by Digital PM10 high volume sampler. The 

results show that hourly levels of TSP and PM10 do not consistent with the daily cycle 

of gaseous pollutants emitted by traffic at least in the diurnal period. PM10/TSP ratios 

tended to decrease in the diurnal period (8–20 h LST) when values ranging from 0.50 

to 0.65 were measured as a mean for the whole year, whereas in the nocturnal period 

this ratio was kept close to 0.8. The linear regression’s equation of PM10 measurement 

was: y = 0.944x (when y = PM10 concentration from Laser spectrometer and x = PM10 

concentration from Digital PM10 high volume sampler and Correlation Coefficient, r = 

0.862).  

Ta et al. (53) studied the determination of the temporal variability of TSP and 

PM10 levels, and their relationship with the SO2 and NOx emissions and desert dust 

intrusions from the dust sources in the Hexi Corridor in Gansu Province of the 

Lanzhou Valley, China. High volume captors performed the measurement of TSP and 

PM10 from January 1999 to December 2001. The results showed that concentrations of 

gaseous and particulate pollutants undergo seasonal variations characterized by a 

spring maximum levels for TSP (0.885–1.037 mg/m3) and a summer levels of TSP 

(0.427–0.53 mg/m3). Linear regression analysis indicated that the diurnal mean 

TSP/PM10 ratio was approximately 3.0.  

Kim and Kim (54) studied the concentrations of three different fractions of 

particulate matter (PM) including PM2.5, PM10 and TSP observed during March–May 

2001. Measurements of three PM fractions were made at hourly intervals (the beta-ray 

absorption method) from four different observatory sites located within the city 

boundary of Seoul. On the basis of this study, they attempted to describe relationships 
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between the occurrences of the Asian Dust (AD) event and its influences on the PM 

distribution characteristics. The concentrations of PM2.5, PM10 and TSP was 49.8–

58.8, 102.6–112.9 and 139.8–206.7 µg/m 3,  respectively. The increase of PM observed 

during the AD episode appeared to be dominated by the coarse fraction, rather than 

fine fraction. In addition, it was found that TSP/ PM10 ratios were almost constant in 

the range of 1.75-1.87, while the coarse/fine or TSP/PM2.5 ratios changed noticeably 

between AD and NAD periods. The results also suggested that the environmental 

conditions during AD and NAD have an influence on the PM concentrations. 
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CHAPTER III 

RESEARCH METHODOLOGY 
 

This research study is an analytical research undertaken by collecting the 

observed data of TSP and PM10 concentration from urban air quality monitoring 

stations operated by the Pollution Control Department (PCD).  

3.1 Data Collection 

3.1.1 The Study area 

 

The study area was Bangkok and suburban area. These areas were selected 

with specificity (purposive sampling) because they have a lot of air pollution problems 

especially particulate matter level in the atmosphere. In addition, these areas also have 

a large number of air quality monitoring stations. All of the stations are continuously 

monitoring and measuring the level of PM in urban background locations and roadside 

locations.  

3.1.2 Air quality monitoring stations 

   

Air quality monitoring stations were chosen for this research by the following 

criteria. 

3.1.2.1 The relationship of TSP-PM10-PMcoarse   

 

The observed daily mean data during 2001-2003 were used in this 

research. They were obtained from the stations measured both TSP and PM10 

concentration and using standard method in the measurement.  

List of the air quality monitoring stations, from which the data were 

taken (38) are shown in Table 3.1. 
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Table 3.1 Air quality monitoring stations for the relationships  

between TSP and PM10 

 

Urban Background  

stations 

Roadside stations Suburban area stations 

of Bangkok 

1. National Housing 

Authority (Klong Jan)   

2. Huai Khwang  

3. Nonetree Vitaya School 

4. Singharatpitayakoom  

School 

 

1.Thonburi Substation 

2.Traffic Police Residence   

(Choakchai 4) 

3.DinDang 

4.Ministry of Science and 

Technology  (MOSTE) 

5.Department of Land 

Transportation   

6.Chulalongkorn Hospital 

7.Odean Circle 22 

1.Bangkok University 

2.Banggruy Substation 

3.Sukhothai-

Thammathirat University 

 Notice:  All suburban area stations were located in general background location.  

 

3.1.2.2 The relationship between the Gravimetric High Volume 

method (GHV) and the Beta-ray absorption method (BAM) 

 

The observed daily mean PM10 concentrations during 2001-2003 were 

taken from the stations where both the GHV and BAM method were employed. List of 

the air quality monitoring stations, from which the data were taken (38) are the same 

as in Table 3.1. 
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3.2 Data Analysis 

 

3.2.1 The relationship of TSP-PM10-PMcoarse   

  3.2.1.1 Data processing 

 
The TSP and PM10 data of each station were pooled. Pairs of TSP-PM10, 

TSP-PMcoarse and PM10-PMcoarse were done and grouped into four groups as the 

following 

1) Whole period – this type stand for the all of data analysis such as all 

seasons, all years during the period 2001-2003. 

2) Annual – stand for the analytical method that separate data into only 

one year of 2001, 2002 and 2003. 

3) Season (Aggregating whole period) – stand for the analytical method 

that separate data into three seasons are summer, rainy and winter season during the 

period 2001-2003. 

The division of seasons in Thailand (55) is the summer season (middle 

of February to middle of May), the rainy season (middle of May to middle of October) 

and the winter season (middle of October to middle of February). 

4) Single season – stand for the data analysis separated into three 

seasons of summer, rainy and winter season in each year of 2001, 2002 and 2003. 

 

In addition, separated groups of data for statistical analysis method 

were divided into four groups regarding to their locations as: urban background (four 

stations), roadside area (seven stations), suburban area of Bangkok (three stations) and 

whole area (all stations). These stations are shown in Table 3.1 

The patterns of the data classification in each monitoring station used 

for study the relationships between TSP and PM10 concentration are shown in  Table 

3.2.      
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Table 3.2 Pattern of data analysis (TSP/PM10, TSP/PMcoarse and PM10/PMcoarse) 

 

Pattern During time 

Whole period 15/2/2001-14/2/2004 

Annual 15/2/2001-14/2/2002 

 15/2/2002-14/2/2003 

 15/2/2003-14/2/2004 

Season (aggregating whole period) Summer season (01,02 & 03) 

 Rainy season (01,02 & 03) 

 Winter season (01,02 & 03) 

Single season Summer season (15/2/01-14/5/01) 

 Rainy season  (15/5/01-14/10 /01) 

 Winter season (15/10 /01-14/2/02) 

 Summer season (15/2/02-14/5/02) 

 Rainy season  (15/5/02-14/10 /02) 

 Winter season (15/10 /02-14/2/03) 

 Summer season (15/2/03-14/5/03) 

 Rainy season  (15/5/03-14/10 /03) 

 Winter season (15/10 /03-14/2/04) 

 

  3.2.1.2 Statistical analysis 

 

Simple Linear Regression and Correlation Coefficient Analysis were 

applied in this research as the following 

1) The relationship between TSP and PM10 can be interpreted from 

the equation of linear regression between TSP and PM10 concentration as shown below  

y  =  a  +  bx 

 when   y = PM10 concentration (µg/m3)  

 x = TSP concentration (µg/m3) 

 a = intercept  

 b = slope or regression coefficient. 
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 2) The relationship between TSP-PMcoarse and PM10-PMcoarse  

 PMcoarse can be calculated by the subtraction of TSP and PM10 

concentration (TSP – PM10). After that, the PMcoarse and TSP or PM10 were analyzed to 

obtain the relationship between TSP-PMcoarse and PM10-PMcoarse. The equation of 

linear regression is shown below 

y  =  a  +  bx 

when    y = PMcoarse concentration (µg/m3)  

 x = TSP or PM10 concentration (µg/m3) 

 a = intercept  

 b = slope or correction factor  

  

 According to the linear regression equation, the Pearson product 

moment correlation coefficient, the r value, can be use to indicate the degree of 

relationship between mass concentrations. However, the r value is the single sample 

correlation between mass concentrations thus the Independent t-test was used for 

testing the significant of the r value at 99% confidence interval on p-value. 

 In addition, One-way ANOVA (single factor) was also used for analyse 

the difference of the average correction factor amongst stations with the F-test at 99% 

confidence interval on p-value. 

 

3.2.2 The relationship between the Gravimetric High Volume method 

(GHV) and the Beta-ray absorption method (BAM) 

 

3.2.2.1 Data processing 

 

The PM10 data of each station measuring by the GHV and BAM 

method were pooled. Pairs of PMGHV and PMBAM concentration were done and 

grouped. The separated groups of data for statistical analysis and patterns of data 

analysis are the same as shown in Table 3.2. 

In addition, the minimum detectable concentration of the BAM method 

measuring by the Pollution Control Department is 5 µg/m3. 
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3.2.2.2 Statistical analysis 

 

Simple Linear Regression and Correlation Coefficient Analysis were 

applied in this research and the linear regression equation between PMGHV and PMBAM 

concentration is expressed as the following    

y  =  a  +  bx 

when    y = PMGHV concentration (µg/m3)  

 x = PMBAM concentration (µg/m3) 

 a = intercept  

 b = slope or correction factor 

The testing of the correlation coefficient (r) and the difference of the 

average correction factor amongst stations are the same as shown in Table 3.2. 
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CHAPTER IV 
RESULTS AND DISCUSSIONS 

  

 Chapter IV presents results and discussions as the following: 

 4.1 Relationship between mass concentrations of TSP and PM10 

 4.2 Relationship on measurement methods of PM10 

 

4.1 Relationship between mass concentrations of TSP and PM10 

 

 The preliminary analysis showed that HUAI KHWANG station was not an 

ideal urban background station because it is located very near to bus station, thus this 

station was not included. The best-fit equation of linear regression analysis are 

presented in a series of tables. The correction factor (c-factor) and seasonal pattern of 

TSP/PM10 ratios in each monitoring station are displayed on a graph. In addition,  the 

arithmetic mean concentration with standard deviation of TSP, PM10 and coarse 

particle collected from February 15, 2001 to February 14, 2004 were calculated and 

are shown in Appendix A. The proportion of PM10/TSP, coarse particle/TSP and 

coarse particle/PM10 are also shown in Appendix C. The results were revealed as the 

following: 

 

 4.1.1 Concentrations of TSP, PM10 and Coarse Particle 

 

 Time series of levels of atmospheric particulate matter (PM) both TSP and 

PM10 were studied at 13 air quality monitoring stations during February 2001 to 

February 2004 and all the data were collected by the gravimetric high volume method. 

 According to the comparison of PM data from different stations, the results 

(See Tables 1A to 13A in Appendix A) indicate that, in urban background area, the 

daily average TSP concentrations were in the range of 79.19 µg/m3 with standard 

deviation of 28.13 to 99.50 µg/m3 with standard deviation of 40.57. In roadside area, 

the daily average TSP concentrations were in the range of 101.28 µg/m3 with standard 
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deviation of 31.70 to 242.45 µg/m3 with standard deviation of 61.30. Lastly, in 

suburban area, the daily average TSP concentrations were in the range of 79.75 µg/m3 

with standard deviation of 39.97 to 95.51 µg/m3 with standard deviation of 34.39. 

According to these results, the daily average TSP concentrations did not exceed the 

Thai ambient air quality standards for TSP, which is not to be higher than 330 µg/m3.  

 In addition, the daily average PM10 concentrations in urban background area 

were in the range of 47.01 µg/m3 with standard deviation of 20.61 to 63.02 µg/m3 with 

standard deviation of 40.57. In roadside area, the daily average PM10 concentrations 

were in the range of 40.86 µg/m3 with standard deviation of 24.07 to 110.77 µg/m3 

with standard deviation of 41.10. Lastly, in suburban area, the daily average PM10 

concentrations were in the range of 51.42 µg/m3 with standard deviation of 18.48 to 

58.19 µg/m3 with standard deviation of 28.22. 

The percentages of daily exceedances PM10 over the Thai ambient air quality 

standards for PM10 in urban background area were 0.13%, 0.39% and 2.14% in 2001, 

2002 and 2003, respectively. The percentage of daily exceedances PM10 in roadside 

area were 9.98%, 3.80% and 4.55% in 2001, 2002 and 2003, respectively. While, the 

Thai ambient air quality standards for daily PM10 was not to be exceeded 120 µg/m3. 

Furthermore, the results show that the mass concentration of PM are clearly 

varied in seasons, which are resemble at all monitoring stations. It appears that PM 

concentrations both of TSP and PM10 during the winter period (November to 

February) were systematically higher than other seasons. This is similar to the 

previous studies (47,48,49). Because  a variety of meteorological factors can affect the 

PM concentrations particularly in winter season. For example, adverse dispersion 

conditions and temperature inversions can occur at ground level with very low mixing 

heights and relatively low wind speed and velocities. This phenomenon can trap 

pollutants in the boundary layer, leading to the most severe PM episodes in winter. 

Furthermore, the inversion can persist for several days in winter, hence it can be also 

effect on the longer lives and longer travel distances of PM in ambient air. As seen in 

Bangkok Metropolitan and suburban area, the concentrations of PM10 and TSP 

undergo a seasonal evolution that is characterized by a winter maximum also (20). 

 The particle size distribution of TSP can be classified into two types. Firstly, 

particles with an aerodynamic diameter larger than 10 microns or coarse particles, 
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which are generally regarded as the result of construction activities and the distribution 

of aerosols from an open area. The second is particles with an aerodynamic diameter 

of 10 microns or less (PM10). A source apportionment of PM10 in Bangkok and 

suburban areas, which were observed by the Pollution Control Department with the 

unique chemical profiles of emissions from discrete sources. Samples were collected 

from four monitoring sites in November 1995 and January 1996 when existing 

monitoring data indicated that the highest levels of PM10 could be expected. PM10 

standards were violated on each sampling day at the Pratunam and Odean sites where 

localized traffic and road dust could be expected to be the main contributors to the 

high levels of PM10. In addition, it is also found that the mobile sources as a key 

contributing factor to the high levels of PM10 in roadside area. Another PM10 source 

apportionments, which were regarded such as steel mill, utility/industrial boilers, 

secondary sulfate (58). 

 

4.1.2 Relationship between TSP and PM10 

  

 Tables 4.1-4.3 show the best-fit equation of all stations (when y = PM10 and x 

= TSP) for both daily average concentration of PM10 and TSP, which were measured 

by the gravimetric high volume method.  

 According to regression analysis, the coefficient of determination (r2) of 

equation, which had trend-line passthrough origin’s point (short equation) and the r2 of 

equation which had normal trend-line (long equation) were very close to each other, 

therefore the short equation can be used for the prediction of PM10 from the 

concentration of TSP (when PM10 concentration more than 0 µg/m3). The results are 

shown in Tables 1D to 3D, Appendix D.  
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(1) Urban background station 

 

The results from Table 4.1 display the r2 of whole period, which give the 

higher results than the value observed by other groups, are varied in a range of 0.67-

0.76 indicating that the relationship between TSP and PM10 has strong moderate 

correlation. The c-factors are in the annual mean range of 0.60-0.65 

 

(2) Roadside area station 

 

The results from Table 4.2 display the r2 of the whole period, which give the 

higher results than the value observed by other groups, are varied in a range of 0.20-

0.64 indicating that the relationship between TSP and PM10 has moderate correlation. 

The c-factors are in the annual mean range of 0.32-0.64 

 

(3) Suburban area station 

 

The results from Table 4.4 display the r2 of whole period, which give the 

higher results than the value observed by other groups, are varied in a range of 0.58-

0.72 indicating that the relationship between TSP and PM10 has moderate correlation. 

The c-factors are in the annual mean range of 0.57-0.59 

 

(4) All air quality monitoring stations 

 

The c-factor of ALL-BG is 0.61 and the r2 is 0.71 indicating that the 

relationship between TSP and PM10 has strong moderate correlation. The c-factor of 

ALL-RD is 0.49 and the r2 is 0.36 indicating that the relationship between TSP and 

PM10 has weak correlation. The c-factor of BG+RD is 0.51 and the r2 is 0.45 

indicating that the relationship between TSP and PM10 has weak correlation. The c-

factor of ALL-SUB is 0.58 and the r2 is 0.65 indicating that the relationship between 

TSP and PM10 has moderate correlation. The c-factor of ALL-ST is 0.52 and the r2 is 

0.48 indicating that the relationship between TSP and PM10 has weak correlation. 
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As shown in the simple linear regression, the r value, called the Pearson 

product moment correlation coefficient, is the single sample correlation between TSP 

and PM10 and is a random variable. It tests whether the correlation coefficient (ρ: the 

Greek letter rho) is significant. If so, it will then construct at 99% confidence interval 

on p-value. The testing hypothesis of no correlation, that is, 

H0 : ρ = 0 (There is no correlation between TSP and PM10) 

H1 : ρ ≠ 0 (ρ has some nonzero value) 

 From the analytical result with the statistical method, the Independent t-test (a 

two tailed test) of all equations, the statistic has p-value less than α = 0.01. Therefore it 

leads to reject the null hypothesis of no regression and concluded at 1% level of 

significance that the correlation is significant and there is a relationship between TSP 

and PM10. 

 Moreover, there is the testing about correction factor (a slope of regression 

line), β1 in simple linear regression with a 99% confidence interval on p-value. The 

null and alternate hypotheses of chief concern are; 

H0 : β1 = 0 (PM10 does not depend on TSP) 

H1 : β1 ≠ 0 (PM10 does depend on TSP) 

 From the analytical result with the statistical method, the Independent T -Test 

(a two tailed test) of all equations, the statistic has p-value less than α = 0.01. 

Therefore it leads to reject the null hypothesis and then it can be concluded at 1% level 

of significance that a correction factor (slope) is not zero and that TSP contributes to 

the prediction of PM10. 

 

According to the mass concentration of both TSP and PM10, which were 

observed during the period of February 2001 to February 2004, it is found that the 

proportion of PM10 in TSP of all stations was not the same. This is because it would 

have its own characteristic in accordance with the activities in each area. However, the 

simple linear regression analysis indicates that the daily average PM10 concentrations 

are approximately proportional to the daily average TSP levels. Therefore, it can be 

concluded that the PM10 fraction could account for 50-60% of the TSP mass. It is 

possible that the PM10 source apportionment around an area of Bangkok and suburban, 

which were generated from anthropogenic source such as mobile source and road dust 
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(58). The rest of 40% is the coarse particle, which were generated from construction 

activities and the distribution of particulate matter from an open area (2). 

This result is in agreement with the comparison of PM10/TSP ratio in the other 

countries. For example, the study conducted by Liu indicated that the PM10/TSP ratio 

in XiAn, China is 0.70 (56). Zhang similarly concluded that PM10/TSP ratio is 

approximately 0.60 at a south monitoring site in summer 1998 of XiAn, China (57). 

Querol et al. found that PM10/TSP ratios were from 0.50 to 0.65 in the Metropolitan 

area of Barcelona, Spain (52). Monn et al. performed the ratios between PM10 and TSP 

in Switzerland for a year period. The PM10/TSP ratios were found in a range of 0.60 to 

0.75 (51). 

In addition, it is consistent to the studies in Thailand. Sirisawat found that the 

PM10/TSP ratios observed at 3 sampling sites are residential area, commercial area and 

industrial area in Bangkok Metropolitan is 0.66 that is almost constant at significance 

0.05 (95%) (47). Klawngam also indicated that PM10/TSP ratios at Bangkok district is 

0.59 (48). Chotipong studied at 4 sampling stations in Bangkok area between the 

northeast and southwest monsoon. It was found that the PM10/TSP ratio is around 0.58 

(49). 

As mentioned above, it can be concluded that it is possible to use a constant 

correction factor for explaining the relationship between mass concentration of TSP 

and PM10 in Bangkok district and suburban area. Most consistently, the c-factor is 

differences depend on the geographical locations between sites or of different 

activities in each area.  

Furthermore, Table 4.1 also shows the c-factor of ALL-BG, which is the 

highest value follow by ALL-SUB, ALL-ST and ALL-RD, respectively. Therefore, 

the prediction of PM10 from TSP also differ from each monitoring group.  
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(5) The constant correction factor 

 

Considering the results shown in Figure 4.1, it appeared that the c-factors 

useful for the prediction of the annual average PM10 from TSP observed at all 

monitoring stations are follow the same trend. The annual c-factors in urban 

background, roadside, suburban area and all stations are 0.61, 0.49, 0.58 and 0.52, 

respectively. It can be concluded that a suitable constant correction factor useful for 

the prediction of PM10 from TSP concentration in urban background and suburban area 

during the study period is approximately 0.60, whereas a suitable correction factor in 

roadside area of Bangkok is approximately 0.50. 

The best-fit linear regression equation and the coefficient of determination (r2) 

for the prediction of PM10 from TSP in each monitoring groups are summarized in 

Table 4.4 as the following; 

 

Table 4.4 Best-fit equation and the r2 for the prediction of PM10 from TSP  

at Bangkok district and Suburban area 

Station Equation Coefficient of 

Determination (r2) 

ALL-BG y = 0.6128x 0.7139 

ALL-RD y = 0.4898x 0.3596 

ALL-SUB y = 0.5847x 0.6524 

ALL-ST y = 0.5175x 0.4782 

 

The difference of the average c-factor amongst station in types is determined 

by One-way ANOVA, the F-test at 99% confidence interval on p-value. Suppose the 

average c-factor in urban background area is denoted by µ1, the average in roadside 

area is µ2, the average in suburban area is µ3, and the average in all ambient air quality 

monitoring stations is µ4. 

The null and alternate hypotheses are as follow: 

 H0 : µ1 = µ2 = µ3 = µ4 (There is no difference among the averages) 

 H1 : There is at least one inequality 
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Table 4.5 The statistical analyses for an average difference of c-factor  

used for the prediction of PM10 from TSP 

ANOVA :  
Single factor α = 0.01      
       
SUMMARY       

Groups Count Sum Average Variance   
urban background 9 6075.941 675.1045 4094394   
roadside 19 9.7596 0.513663 0.014367   
suburban area 6 3.5129 0.585483 0.003421   
all air quality stations 3 1.5762 0.5254 0.001166   
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 3099262 3 1033087 1.04081 0.387372 4.436799
Within Groups 32755149 33 992580.3    
       
Total 35854411 36         

 

As seen in Table 4.5, the result presents the sums of squares, mean squares, 

and F statistics. It also gives the p-value of 0.39, which is higher than 0.01. Therefore 

it leads to accept the null hypothesis and can be concluded that there are no differences 

among the average c-factor based on sampling site area at α = 0.01 level of 

significance. Whereas the average c-factor useful for the prediction of PM10 from TSP 

concentration at all stations is 0.52 with the coefficient of determination (r2) of 0.48. 
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(6) Seasonal pattern of the PM10/TSP proportion 

 

Seasonal pattern of the PM10/TSP ratios in urban background, roadside and 

suburban areas are displayed in Figures 4.2-4.4. The results show that there is no 

systematic trend to yield higher or lower PM10/TSP ratios in any season because the 

data number of season aggregating whole period too little for precisely analyses. 

Hence, the data should be collected annually to increase the reliability. 
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Figure 4.2 Seasonal pattern of the PM10/TSP ratios at Urban Background area 
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Figure 4.3 Seasonal pattern of the PM10/TSP ratios at Roadside area 
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Suburban area
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Figure 4.4 Seasonal pattern of the PM10/TSP ratios at Suburban area 

 

 

(7) Regression analysis for the prediction of TSP from PM10  

 

Since the numbers of PM data were too little for precisely analyses, thus it 

should be converse the equation by regression analysis useful for the prediction of 

TSP from PM10. The results are shown in Tables 4D to 6D, Appendix D.  

According to regression analysis, the r2 of short equation gave a result very 

close to the r2 of long equation. Therefore, the short equation can be used instead of 

the long equation for explaining the relationship between mass concentration of TSP 

and PM10. In addition, the short equation can apply when PM10 concentration more 

than 0 µg/m3.  

From the results, it can be concluded that a constant correction factor useful for 

the prediction of TSP from PM10 concentration in urban background and suburban 

area during the study period is approximately 1.60, whereas a suitable correction 

factor in roadside area of Bangkok is approximately 1.84. 

The best-fit linear regression equation and the coefficient of determination (r2) 

for the prediction of TSP from PM10 in each monitoring groups are summarized in 

Table 4.6 as follow; 
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Table 4.6 Best-fit equation and the r2 for the prediction of TSP from PM10   

at Bangkok district and Suburban area 

Station Equation Coefficient of 

Determination (r2) 

ALL-BG y = 1.5413x 0.6852 

ALL-RD y = 1.8381x 0.3165 

ALL-SUB y = 1.6109x 0.6777 

ALL-ST y = 1.7514x 0.5142 

 

The difference of the average c-factor amongst station in types is determined 

by One-way ANOVA, the F-test at 99% confidence interval on p-value. Suppose the 

average c-factor in urban background area is denoted by µ1, the average in roadside 

area is µ2, the average in suburban area is µ3, and the average in all ambient air quality 

monitoring stations is µ4. 

The null and alternate hypotheses are as follow: 

 H0 : µ1 = µ2 = µ3 = µ4 (There is no difference among the averages) 

 H1 : There is at least one inequality 

 

Table 4.7 The statistical analyses for an average difference of c-factor  

used for the prediction of TSP from PM10 

ANOVA :  
Single factor α = 0.01     
       
SUMMARY       

Groups Count Sum Average Variance   
urban background 9 13.9427 1.549189 0.012789   
roadside 19 37.7618 1.987463 0.474843   
suburban area 6 9.7627 1.627117 0.014245   
all air quality stations 3 5.2781 1.759367 0.006057   
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 1.417577 3 0.472526 1.785601 0.169083 4.436799
Within Groups 8.732824 33 0.264631    
       
Total 10.1504 36         
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As seen in Table 4.7, the result presents the sums of squares, mean squares, 

and F statistics. It also gives the p-value of 0.19, which is higher than 0.01. Therefore 

it leads to accept the null hypothesis and can be concluded that there are no differences 

among the average c-factor based on sampling site area at α = 0.01 level of 

significance. Whereas the average c-factor useful for the prediction of TSP from PM10 

concentration at all stations is 1.75 with the coefficient of determination (r2) of 0.51. 

 

4.1.3 Relationship between TSP and Coarse Particle  

 

Tables 4.8-4.10 show the best-fit equation of all stations (when y = coarse 

particle and x = TSP). The mass concentrations of coarse particle can be calculated by 

the subtraction of daily average TSP and PM10 (TSP–PM10). According to regression 

analysis, the r2 of equation which had trend-line passthrough origin’s point (short 

equation) and the r2 of equation which had normal trend-line (long equation) were 

appeared to be very close to each other, thus the short equation can be useful for the 

prediction of coarse particle from the concentration of TSP (when TSP concentrations 

more than 0 µm3). The results are shown in Tables 7D to 9D, Appendix D. 

 

(1) Urban background station 

 

The results from Table 4.8 display the r2 of whole period, which give the 

higher results than the value observed by season (aggregating whole period), are 

varied in a range of 0.38-0.71 indicating that the relationship between TSP and coarse 

particle has moderate correlation. The c-factors are in the annual mean range of 0.36-

0.41. 

 

(2) Roadside area station 

 

The results from Table 4.9 display the r2 of whole period, which give the 

higher results than the value observed by season (aggregating whole period), are 

varied in a range of 0.59-0.77 indicating that the relationship between TSP and coarse 

particle has moderate correlation. Except for CHOCKCHAI 4 station, which has the r2 
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only 0.31 as a result of the daily average concentration of TSP and PM10  are varied in 

high proportion and there are no pattern of raw data in every year during the study 

period (2001-2003). The c-factors are in the annual mean range of 0.38-0.68. 

 

(3) Suburban area station 

 

The results from Table 4.10 display the r2 of whole period, which give the 

higher results than the value observed by season (aggregating whole period), are 

varied in a range of 0.65-0.70 indicating that the relationship between TSP and coarse 

particle has moderate correlation. The c-factors are in the annual mean range of 0.41-

0.43. 

 

(4) All air quality monitoring station 

 

The c-factor of ALL-BG is 0.39 and the r2 is 0.63 indicating that the 

relationship between TSP and coarse particle has moderate correlation. The c-factor of 

ALL-RD is 0.51 and the r2 is 0.70 indicating that the relationship between TSP and 

coarse particle has strong moderate correlation. The c-factor of BG+RD is 0.49 and 

the r2 is 0.72 indicating that the relationship between TSP and coarse particle has 

strong correlation. The c-factor of ALL-SUB is 0.42 and the r2 is 0.69 indicating that 

the relationship between TSP and coarse particle has moderate correlation. The c-

factor of ALL-ST is 0.49 and the r2 is 0.73 indicating that the relationship between 

TSP and coarse particle has strong moderate correlation.  
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As shown in the simple linear regression, the value r is the single sample 

correlation between coarse particle and TSP and is a random variable. It tests whether 

the correlation coefficient (ρ) is significant. If so, it will then construct a 99% 

confidence interval on p-value. The testing hypothesis of no correlation, that is, 

H0 : ρ = 0 (There is no correlation between coarse particle and TSP) 

H1 : ρ ≠ 0 (ρ has some nonzero value) 

 From the result, the Independent t-test (a two tailed test) of all equations, the 

statistic has p-value less than α = 0.01. Therefore it leads to rejection of the null 

hypothesis of no regression and conclude at 1% level of significance that the 

correlation is significant and there is a relationship between coarse particle and TSP. 

 Moreover, there is the testing about correction factor, β1 in simple linear 

regression with a 99% confidence interval on p-value. The null and alternate 

hypotheses of chief concern are;  

H0 : β1 = 0 (Coarse particle does not depend on TSP) 

H1 : β1 ≠ 0 (Coarse particle does depend on TSP) 

 From the analytical result with the statistical method, the Independent T-Test 

(a two tailed test) of all equations, the statistic has p-value less than α = 0.01. 

Therefore it leads to rejection of the null hypothesis and then it can be concluded at 

1% level of significance that a correction factor is not zero and that TSP contributes to 

the prediction of coarse particle. 
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(5) The constant correction factor 

 

Considering the results shown in Figure 4.5, it appeared that the c-factors 

useful for the prediction of the annual average coarse particle from TSP observed at all 

monitoring stations are follow the same trend. The annual average c-factors in urban 

background, suburban, roadside area and all stations are 0.39, 0.51, 0.42 and 0.49, 

respectively.  

From these results, it can be concluded that a suitable constant correction 

factor used for the prediction of coarse particle from TSP in urban background and 

suburban area during the study period is approximately 0.40, whereas a suitable 

correction factor in roadside area of Bangkok is approximately 0.50. 

The best-fit linear regression equation and the coefficient of determination (r2) 

for the prediction of coarse particle from TSP in each monitoring groups are 

summarized in Table 4.11 as follow; 

 

Table 4.11 Best-fit equation and the r2 for the prediction of coarse particle 

 from TSP at Bangkok district and Suburban area 

Station Equation Coefficient of 

Determination (r2) 

ALL-BG y = 0.3922x 0.6285 

ALL-RD y = 0.5138x 0.7019 

ALL-SUB y = 0.4153x 0.6858 

ALL-ST y = 0.4863x 0.7268 

 

The difference of the average c-factor amongst station in types is determined 

by One-way ANOVA, the F-test at 99% confidence interval on p-value. Suppose the 

average c-factor in urban background area is denoted by µ1, the average in roadside 

area is µ2, the average in suburban area is µ3, and the average in all ambient air quality 

monitoring stations is µ4. 

The null and alternate hypotheses are as follow: 

 H0 : µ1 = µ2 = µ3 = µ4 (There is no difference among the averages) 

 H1 : There is at least one inequality 
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Table 4.12 The statistical analyses for an average difference of c-factor 

used for the prediction of coarse particle from TSP 

ANOVA :  
Single factor α = 0.01      
       
SUMMARY       

Groups Count Sum Average Variance   
urban background 9 3.4979 0.388656 0.003016   
roadside 19 9.3013 0.489542 0.013694   
suburban area 6 2.4871 0.414517 0.003421   
all air quality stations 3 1.4629 0.487633 0.001518   
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 0.075113 3 0.025038 2.841671 0.052771 4.436799
Within Groups 0.290762 33 0.008811    
       
Total 0.365875 36         

 

As seen in Table 4.12, the result presents the sums of squares, mean squares, 

and F statistics. It also gives the p-value of 0.05, which is higher than 0.01. Therefore 

it leads to accept for the null hypothesis and can be concluded that there are no 

differences among the average c-factor based on sampling site area at α = 0.01 level of 

significance. Whereas the average c-factor useful for the prediction of coarse particle 

from TSP concentration at all stations is 0.49 with the coefficient of determination (r2) 

of 0.73.  
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(6) Seasonal pattern of the coarse particle/TSP proportion 

 

Seasonal pattern of the coarse particle/TSP ratios in urban background, 

roadside and suburban areas are displayed in Figures 4.6-4.8.  The results shown that 

there is no systematic trend to yield higher or lower coarse particle/TSP ratios in any 

season. 

 

Background area

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

KLO-01
KLO-02

KLO-03
NON-01

NON-02
NON-03

SIN-01
SIN-02

SIN-03 station

ratio
SUMMER

RAINY

WINTER

 
Figure 4.6 Seasonal pattern of the PMcoarse/TSP ratios at Urban Background area 
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Figure 4.7 Seasonal pattern of the PMcoarse/TSP ratios at Roadside area 
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Suburban area
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Figure 4.8 Seasonal pattern of the PMcoarse/TSP ratios at Suburban area 

  

(7) Regression analysis for the prediction of TSP from coarse particle 
 

Since the numbers of PM data were too little for precisely analyses, thus it 

should be converse the equation by regression analysis useful for the prediction of 

TSP from coarse particle. The results are shown in Tables 10D to 12D, Appendix D.  

It was found that the long equation gave the r2 higher than that of short 

equation. Therefore, the best-fit equation, which were used for the prediction of TSP 

from coarse particle is long equation. 

The best-fit linear regression equation and the coefficient of determination (r2) 

for the prediction of TSP from coarse particle in each monitoring groups are 

summarized in Table 4.13 as follow; 
 

Table 4.13 Best-fit equation and the r2 for the prediction of TSP from  

coarse particle at Bangkok district and Suburban area 

Station Equation Coefficient of 

Determination (r2) 

ALL-BG y = 1.5007x+37.83 0.6322 

ALL-RD y = 1.1523x+61.68 0.7340 

ALL-SUB y = 1.3909x+40.762 0.7203 

ALL-ST y = 1.2627x+50.294 0.7626 
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4.1.4 Relationship between PM10 and coarse particle 

 

4.1.3.1 Regression analysis for the prediction of coarse particle from PM10 

 

As shown in the simple linear regression, the r value is the single sample 

correlation between coarse particle and PM10 and is a random variable. It tests whether 

the correlation coefficient (ρ) is significant. If so, it will then construct a 99% 

confidence interval on p-value. The testing hypothesis of no correlation, that is, 

 H0 : ρ = 0 (There is no correlation between coarse particle and PM10) 

H1 : ρ ≠ 0 (ρ has some nonzero value) 

 From the analytical result with the statistical method, the Independent T-Test 

(a two tailed test), these were separated into 2 groups are;  

1) The statistic has p-value less than α = 0.01 found at NON, SIN, ODE, JUL, 

MOS, DIN, INT, BKK, BAN and SUK stations. Therefore it leads to rejection of the 

null hypothesis of no regression and conclude at 1% level of significance that the 

correlation is significant and there is a relationship between coarse particle and PM10. 

2) The statistic has p-value higher than α = 0.01 found at KLO, LAN and CHO 

stations. Therefore it leads to accept for the null hypothesis of no regression and 

conclude at 1% level of significance that there is no correlation between coarse 

particle and PM10. 

 Moreover, there is the testing about correction factor, β1 in simple linear 

regression with a 99% confidence interval on p-value. The null and alternate 

hypotheses of chief concern are;  

H0 : β1 = 0 (Coarse particle does not depend on PM10) 

H1 : β1 ≠ 0 (Coarse particle does depend on PM10) 

 Similarly to the analytical result with the statistical method, the Independent T-

Test (a two tailed test), the results were separated into 2 groups are;  

1) The statistic has p-value less than α = 0.01 found at of NON, SIN, ODE, 

JUL, MOS, DIN, INT, BKK, BAN and SUK stations. Therefore it leads to rejection of 

the null hypothesis and then it can be conclude at 1% level of significance that a 

correction factor is not zero and that PM10 contributes to the prediction of coarse 

particle. 
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 2) The statistic has p-value higher than α = 0.01 found at KLO, LAN and CHO 

stations. Therefore it leads to accept for the null hypothesis and then it cannot be 

conclude at 1% level of significance that PM10 is useful in predicting coarse particle 

because a correction factor is zero. 

As above testing of hypotheses, it is similar to the results from regression 

analysis, which found that the r2 of equation, which had trend-line passthrough origin’s 

point (short equation) and the r2 of equation, which had normal trend-line (long 

equation) were appeared to be very low value and varied in the wide range at all 

monitoring stations. The equation used for the prediction of coarse particle from PM10 

are shown in Tables 13D to 15D, Appendix D.  

According to the results from Table 13D in Appendix D, the r2 of long equation 

at ALL-BG is 0.16 and the r2 of short equation is 0.04 indicating that the relationship 

between PM10 and coarse particle has very weak correlation. Consistency to the r2 of 

both short and long equation in ALL-RD, ALL-SUB and ALL-ST were appeared to be 

very weak correlation indicating that the linear regression equation is insignificant for 

the substitution of coarse particle and PM10.  

Considering the results shown in Figure 4.9, it can be seen that the annual 

average c-factor for the prediction of coarse particle from PM10 of all monitoring 

stations have a very high variation and not follow the same trend. Therefore, it can be 

concluded that there is no suitable constant correction factor used for the prediction of 

coarse particle from PM10.  
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The seasonal pattern of the coarse particle/PM10 ratios in urban background, 

roadside and suburban areas are shown in Figures 4.10-4.12. The results shown that 

there is no systematic trend to yield higher or lower coarse particle/ PM10 ratios in any 

season. Moreover, the coarse particle/PM10 ratios at LAN station in 2001 and 2002 

were too high because the coarse particle of rainy season had very high value of 

169.08 µg/m3 with standard deviation of 58.00 and 152.81 µg/m3 with standard 

deviation of 41.10, respectively.  
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Figure 4.10 Seasonal pattern of the PMcoarse/PM10 ratios at Urban Background area 
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Figure 4.11 Seasonal pattern of the PMcoarse/PM10 ratios at Roadside area 
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Figure 4.12 Seasonal pattern of the PMcoarse/PM10 ratios at Suburban area 

 
4.1.3.2 Regression analysis for the prediction of PM10 from coarse particle 

 

As previous results, it can be seen that there is no suitable constant correction 

factor used for the prediction of coarse particle from PM10. By contrast, when 

calculated the PM data by regression analysis to predict PM10 from coarse particle. 

The results are displayed in Tables 16D to 18D, Appendix D.  

According to regression analysis, the r2 of short equation and the r2 of long 

equation were very low value and varied in the wide range at all monitoring stations. 

For example, the result from Table 16D in Appendix D, the r2 of long equation in 

ALL-BG is 0.16 and the r2 of short equation is -0.38 indicating that the relationship 

between PM10 and coarse particle has very weak correlation. Similarly to the r2 of both 

short and long equation in ALL-RD, ALL-SUB and ALL-ST were appeared to be very 

weak correlation indicating that the linear regression equation is insignificant for the 

substitution of PM10 and coarse particle. 
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Considering the r2 of equation, there are many coefficient of determinations (r2)  

have negative value indicating that when PM10 concentrations increase, the mass 

concentration of coarse particle will be decrease. Furthermore, there are many the r2 of 

equation give a value higher than 1.0 indicating that the relationships between PM10 

and coarse particle is non-linear. 

As a results shown in Figure 4.13, the c-factors for the prediction of the annual 

average PM10 from coarse particle of all monitoring stations have a very high variation 

and not follow the same trend. Consequently, it can be concluded that there is no 

suitable constant correction factor useful for the prediction of PM10 from coarse 

particle.  
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4.2 Relationship on measurement methods of PM10 
 

 The data set of three years period was used for analyzing the PM10 

measurement by the gravimetric high volume method (PMGHV) and the automated 

beta-ray absorption method (PMBAM). The equations of linear regression analysis are 

presented in a series of tables. The correction factor (c-factor) and seasonal pattern of 

PMGHV/PMBAM ratios in each monitoring station are displayed on a graph. 

Furthermore, the arithmetic mean concentration with standard deviation of daily 

average PM10 between PMGHV and PMBAM of each station and PMGHV/PMBAM ratios 

are also shown in Tables B1-B13, Appendix B. 

Tables 4.14-4.16 show the best-fit equation of all stations useful for the 

prediction of PMGHV from PMBAM, which were evaluated by regression analysis of 

daily average PM10 concentrations.  

According to regression analysis, the r2 of equation, which had trend-line pass 

through origin’s point (short equation) and the r2 of equation, which had normal trend-

line (long equation) were very close to each other, thus the short equation can be used 

for the prediction of PMGHV from the measurement of PMBAM (when PMBAM 

concentration more than 0 µg/m3). The results are shown in Tables 19D-21D, 

Appendix D. 

As shown in the simple linear regression, the r value is the single sample 

correlation between PMGHV and PMBAM and is a random variable. It tests to see if the 

correlation coefficient (ρ) is significant. If so, it will then construct a 99% confidence 

interval on p-value. The testing hypothesis of no correlation, that is, 

H0 : ρ = 0 (There is no correlation between PMGHV and PMBAM) 

H1 : ρ ≠ 0 (ρ has some nonzero value) 

 From the result, the Independent t-test (a two tailed test) of all equations, the 

statistic has p-value less than α = 0.01. Therefore it leads to rejection of the null 

hypothesis of no regression and conclude at 1% level of significance that the 

correlation is significant and there is a relationship between PMGHV and PMBAM. 
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 Moreover, there is the testing about correction factor, β1 in simple linear 

regression with a 99% confidence interval on p-value. The null and alternate 

hypotheses of chief concern are;  

H0 : β1 = 0 (PMGHV does not depend on PMBAM) 

H1 : β1 ≠ 0 (PMGHV does depend on PMBAM) 

 From the analytical result with the statistical method, the F-Test (a two tailed 

test) of all equations, the statistic has p-value less than α = 0.01. Therefore it leads to 

rejection of the null hypothesis and then it can be conclude at 1% level of significance 

that a correction factor is not zero and that PMBAM contributes to the prediction of 

PMGHV. 

 

4.2.1 Regression Analysis of Urban Background station 

 

Table 4.14 shows the best-fit equation of urban background that the PMGHV 

concentrations are, in general, higher than those of the automatic PMBAM. The r2 of 

equation varied in the range of 0.51-0.64. As can be seen from the examples in Table 

4.14, the comparison of r2 show that whole period of all data gives higher r2 than that 

of season (aggregation whole period). Furthermore, the annual average c-factor shows 

that all groups of data, which are whole period, summer, rainy, and winter seasons had 

the highest value in 2001 and devalue in 2002 and 2003, respectively.  

 

4.2.2 Regression Analysis of Roadside station 

 

Results in Table 4.15 show the c-factors of Roadside station. These can be 

clarify that the c-factor of air quality monitoring stations in roadside area were 

separated into 2 groups are;  

Group 1) such as Chulalongkorn Hospital (JULA), Ministry of Science and 

Technology (MOS) and Department of Land Transportation (LAN).  

JULA has the c-factors in a range of 0.79-0.85, MOS has the c-factors in a 

range of 0.82-0.92 and LAN has the c-factors in a range of 0.35-1.26. This group has 

PMGHV<PMBAM and the annual average c-factors are lower than 1. 
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According to the r2 of equation, it was found JULA has the r2 in the range of 

0.37-0.52; MOS has the r2 in the range of 0.49-0.67 indicating that the relationships on 

PMBAM and PMGHV of JULA and MOS stations has weak correlation. While LAN 

station, the r2 of whole period and season aggregating whole period are lower than 0 

and close to 0 indicating that PMBAM and PMGHV has weak correlation. 

 Group 2) such as DinDang (DIN), Traffic Police Residence (CHO) and 

Thonburi Substation (INT).  

DIN has the c-factors in a range of 1.49-2.20, CHO has the c-factors in a range 

of 1.47-1.83 and INT has the c-factors in a range of 1.06-1.17. This group has 

PMGHV>PMBAM and the annual average c-factor are higher than 1.  

In this group, DIN and CHO stations have the high annual average c-factor 

indicating that PMGHV has the very high value over than PMBAM. Since these stations 

were placed near the main road with traffic conjestion. 

Whereas in INT station, the annual average c-factor does not have high value 

indicating that PMGHV and PMBAM were appeared to be very close to each other. It 

probably caused by the external relative factors besides that of DinDang and Traffic 

Police Residence stations. 
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There are many reasons that can explain why the results from regression 

analysis of Roadside stations were clearly separated into 2 groups. These are as 

described below; 

(1) The obvious difference for the condition of instrument container in each 

group. It was found that all of monitoring stations in Group 1) were set in a small site; 

therefore high volume air sampler of Group 1) was placed directly on the ground and 

the beta-attenuation monitor also placed in a small container. By contrast of Group 2), 

high volume air sampler was placed on the container, which was set up at least 2.75 m 

above ground level, thus it cannot be controlled all of measuring conditions.  

(2) The meteorological conditions of monitoring station such as relative 

humidity and ambient air temperature can affect the differences of PMGHV/PMBAM 

ratio. Absorption of water on the particles with the high ambient relative humidity was 

the most probable reason for the automatic beta attenuation concentrations were higher 

value than that of the gravimetric reference sampler, which is the PMGHV/PMBAM ratio 

was lower than 1.  

In general, the PM10 concentrations determined by high volume air samplers 

are found to be much higher than actual reading of the beta attenuation monitor 

(PMGHV/PMBAM ratios must be close to or slightly higher than 1.0) when the relative 

humidity is below 70%, which is the deliquescence point is usually not exceeded (59).  

However, the results in this study showed that the PMGHV/PMBAM ratios did not 

follow the same trend. The ratios of PM10 concentration of the manual sampler to the 

beta attenuation monitor are different. This may due to the physico-chemical reactions 

between the deposited particles and surrounding ambient air. It is not only water, 

which is penetrating both ways, but also other gases and in particular semi-volatile 

compounds may be absorbed or released. All these reactions depend on time, location, 

temperature and humidity of the filter from the first deposition of particles until the 

moment of weighting (60).  

In addition, the results in this study are also in accordance with the experiment 

conducted in Taiwan by Chang et al. (59). They found that when the relative humidity 

is below 70%, the deliquescence point of aerosols is usually not exceeded. The daily 

PM10 concentrations calculated from the hourly readings of the PM10 beta-attenuation 

monitor and those measured by the manual PM10 high volume air sampler were quite 
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close. Hence, the PMGHV/PMBAM ratio is close to 1.0 indicating that the inlet 

penetration efficiency of the beta attenuation monitor and the manual sampler is not 

very different. On the other hand, when the deliquescence point is exceeded with the 

relative humidity higher than 70% as same as in the general condition of Bangkok and 

suburb areas, which have the annual mean relative humidity in range of 73-75%, the 

ratio is found to decrease slowly. 

In this condition, the beta attenuation monitor seems to overestimate PM10 

concentrations as a result of the increasing of relative humidity and water absorption 

on the particles by inorganic mass leading to the PMGHV/PMBAM ratio was lower than 

1. Furthermore, the deviation of PM10 concentrations is also due to the evaporation 

loss of unbound water from particles collected on the filter tape of the beta-attenuation 

monitor (59).  

Consequently, it seems to be that the automatic beta attenuation monitor may 

be influenced by relative humidity when the deliquescent point is exceeded. Moreover, 

it is expected that when the ambient relative humidity is high, the daily PM10 

concentrations calculated from the hourly readings of the beta attenuation monitor 

must be higher than those the manual sampler.  However, water and evaporative 

species may evaporate from wet aerosols due to the pressure drop across filter paper 

and the change of saturated conditions; hence it is difficult to predict the differences of 

daily average PM10 concentrations of the automatic beta attenuation monitor and the 

manual sampler (59). 

Furthermore, the quantitative of semi-volatiles, which were measured in the 

study area, are separated by each group of station. The study area of Group 1) might 

have highly semi-volatiles leading to PMGHV<PMBAM and the studied conducted by 

Helger found that ratios of PMGHV/PMBAM are lower than 1.0 as seen particularly for 

the temperature range above 20ºC may be due to a bigger loss of semi-volatiles 

portion may have been evaporated from the Hi-volume filters during the operating 

period and furthermore the storage period, while the automated devices detect the 

mass shortly after deposition with a comparably short period at 40ºC (60). That is 

similar to the ambient temperature of Thailand, which is in range between 25-40ºC 

(55). Helger also assumed that the semi volatiles are mostly nitrate (NO-
3) and that 

their loss is driven by the temperature history of the deposited mass (60). 
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4.2.3 Regression Analysis of Suburban Area Station 

 

Table 4.16 shows the best-fit equations of regression analysis. The c-factors 

are in the range of 1.02-1.81 and the r2 are varied in the range of 0.13-0.88. SUK and 

BAN stations have the r2 of whole period in the range 0.67-0.71 indicating that the 

relationships on PMGHV and PMBAM has moderate correlation, therefore it is possible 

to use these c-factors for explaining the relationships between PMGHV and PMBAM.  

 While at BKK station, the r2 are varied in the range of 0.37-0.59 indicating that 

the relationships on PMGHV and PMBAM has weak correlation, therefore these c-factor 

is not suitable useful for explaining the relationships between PMGHV and PMBAM. 

Besides, the c-factors of all data groups, have the value more than 1 that is the 

measurement of PMGHV > PMBAM, the same as the results in urban background area. 

 

4.2.4 Regression Analysis of all Air Quality Monitoring Stations 

 

The c-factor of all urban background stations (ALL-BG) is 1.17 and the r2 is 

0.58 indicating that the relationships on PMGHV and PMBAM of all urban background 

monitoring stations has weak correlation.  

In roadside stations, the results can be seperated into 2 groups are; 

Group 1) such as JUL, MOS and LAN. The c-factor of three roadside stations 

(ALL-RD1) is 0.78 and the r2 is -0.11 indicating that there are no relationships 

between PMGHV and PMBAM of Group 1). 

Group 2) such as DIN, CHO and INT. The c-factor of three roadside stations 

(ALL-RD2) is 1.44 and the r2 is 0.24 indicating that the relationship on PMGHV and 

PMBAM of Group 2) has weak correlation. 

When calculating all of roadside stations, the c-factor of six stations (ALL-RD) 

is 1.01 and the r2 is -0.35 indicating that the relationships on BAM and GHV of all 

roadside stations has weak correlation. The c-factor of all urban background and 

roadside stations (BG+RD) is 1.06 and the r2 is 0.02 indicating that there are no 

relationships between PMGHV and PMBAM of all urban background and roadside 

stations.   



Phirata Charoenphol                                                                                      Results and Discussions /  
 

94

In Suburban area, the c-factor of all stations (ALL-SUB) is 1.15 and the r2 is 

0.42 indicating that the relationship on PMGHV and PMBAM of all suburban area 

stations has weak correlation.  

The c-factor of all stations were also separated into 2 groups are;  

1) ALL-ST1 is the results of 13 stations. The c-factor is 1.07 and the r2 is 0.11 

indicating that there are no relationships between PMGHV and PMBAM of 13 air quality 

monitoring stations. 

2) ALL-ST2 is the results of 10 stations, which include only three roadside 

stations such as DIN, CHO and INT. The c-factor is 1.26 and the r2 is 0.39 indicating 

that the relationship on PMGHV and PMBAM of ten air quality monitoring stations has 

weak correlation. 
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4.2.5 The constant correction factor  

 

Considering the results shown in Figure 4.1, it can be seen that the c-factors 

useful for the prediction of the annual average PM10 by the GHV and BAM method 

observed at all monitoring stations have a very high variation and not follow the same 

trend.  

Since the results of regression analysis of roadside stations were separated into 

2 groups. It has only group 2) such as DIN, CHO and INT stations, which have the c-

factor more than 1.0 as same as that of urban background and suburban stations. They 

also have the PMGHV/PMBAM ratio higher than 1. Hence, the best-fit linear regression 

equation and the coefficient of determination (r2) for the prediction of PMGHV from 

PMBAM in this study will be come from the stations, which have the annual average c-

factor higher than 1. These are summarized in Table 4.17 as follow; 

 

Table 4.17 Best-fit equation and the r2 for the prediction of PMGHV from PMBAM 

at Bangkok district and Suburban area 

Station Equation Coefficient of 

Determination (r2) 

ALL-BG y = 1.1686x 0.5827 

ALL-RD2 y = 1.4408x 0.2390 

ALL-SUB y = 1.1528x 0.4159 

ALL-ST2 y = 1.2586x 0.3912 

 

The difference of the average c-factor amongst station in types is determined 

by One-way ANOVA, the F-test at 99% confidence interval on p-value. Suppose the 

average c-factor in urban background area is denoted by µ1, the average in roadside 

area is µ2, the average in suburban area is µ3, and the average in all ambient air quality 

monitoring stations is µ4. 

The null and alternate hypotheses as follow: 

 H0 : µ1 = µ2 = µ3 = µ4 (There is no difference among the averages) 

  H1 : There is at least one inequality 
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Table 4.18 The statistical analyses for an average difference of c-factor 

used for the prediction of PMGHV from PMBAM 

 

 

As seen in Table 4.18, the result presents the sums of squares, mean squares, 

and F statistics. Also, it gives the p-value of 0.08, which is higher than 0.01. Therefore 

it leads to accept for the null hypothesis and concluded that there may be no difference 

among the average c-factor based on sampling site area at α = 0.01 level of 

significance. Whereas the average c-factor used for the prediction of PMGHV from 

PMBAM at all air quality monitoring stations (ten stations) in this study area is 1.26 

with the coefficient of determination (r2) of 0.39. 

  

 

 

 

 

 

 

 

 

ANOVA :  
Single factor α = 0.01     

 

      
SUMMARY       

Groups Count Sum Average Variance   
urban background 9 10.975 1.219444 0.054262   
roadside 9 13.9646 1.551622 0.160311   
suburban area 8 9.6425 1.205313 0.069755   
all air quality stations 3 3.8898 1.2966 0.028689   
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 0.679441 3 0.22648 2.50282 0.082394 4.675485
Within Groups 2.262252 25 0.09049    
       
Total 2.941693 28         
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4.2.6 Seasonal pattern of the PMGHV/PMBAM proportion. 

 

Seasonal pattern of the PMGHV/PMBAM ratios in urban background, roadside 

and suburban areas are shown in Figures 4.15-4.17. The results show that there is no 

pattern for seasonal variation to yield higher or lower values for any one of the two 

methods in any season because the data number of season aggregating whole period 

too little for precisely analyses. Hence, the data should be collected annually to 

increase the reliability 

As shown in Figures 4.15-4.17, the concentrations of PM10 at almost of 

monitoring stations in Bangkok district and suburban area were mostly high in winter 

season. The PM10 concentrations both measured by the GHV and BAM method are 

generally higher in winter than summer and rainy seasons. 
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Figure 4.15 Seasonal pattern of the PMGHV/PMBAM ratios at Urban Background area 
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Figure 4.16 Seasonal pattern of the PMGHV/PMBAM ratios at Roadside area 
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Figure 4.17 Seasonal pattern of the PMGHV/PMBAM ratios at Suburban area 
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4.2.7 Regression analysis for the prediction of PMBAM from PMGHV 

 

As mentioned above, it can be concluded that a suitable c-factor for the 

prediction of PMGHV from PMBAM concentration is approximately 1.26 with the r2 of 

0.39. Since the numbers of PM data were too little for precisely analyses, thus it 

should be converse the equation by regression analysis useful for the prediction of 

PMBAM from PMGHV. The results are displayed in Tables 22D-24D, Appendix D.  

According to these results, it was found that both the r2 of short equation and 

the r2 of long equation were appeared to be very low value and varied in the wide 

range at all stations. For example, the result from Table 24D in Appendix D, the r2 of 

long equation in ALL-ST2 is 0.43 and the r2 of short equation is 0.22 indicating that 

the relationship between PMBAM and PMGHV has very weak correlation. Moreover, the 

insufficient number of PM data and the distribution of raw data can bring about the 

weak correlation. Consequently, the linear regression equations are not suitable useful 

for the prediction of PMBAM from PMGHV concentrations.  

 Considering the results shown in Figure 4.18, it can be seen that the annual 

average c-factor for the prediction of PMBAM from PMGHV in the example equation y = 

ax (when y = PMBAM and x = PMGHV) of all monitoring stations have a very high 

variation and not follow the same trend. Therefore, it can be concluded that there is no 

suitable constant correction factor useful for the prediction of PM10 concentration by 

the BAM method from the measurement of PM10 concentration by the GHV method.
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

  

 After the interpretation of the PM10 and TSP time series from thirteen air 

quality monitoring stations in Bangkok Metropolitan and suburban area during the 

period of February 15, 2001 to February 15, 2004, the conclusions are as the following 

 

5.1.1 Relationship between mass concentrations of TSP, PM10 and coarse 

particle 

 

1) The PM10/TSP ratios in this study remain to be almost constant, irrespective 

of different geographical locations or different activities in each area. This observation 

thus suggests that their physical relationship between mass concentrations of TSP and 

PM10 can hardly be disrupted by changes in environmental conditions. 

2) The results of regression relationship between the levels of TSP and PM10 

indicate that there is a relationship between TSP and PM10 with 1% level of 

significance. The mean PM10/TSP ratio of all monitoring stations is approximate to 

0.52 with coefficient of determination (r2) of 0.48. Therefore, it is possible to use the 

correction factor, which is 0.52 for the prediction of PM10 from TSP concentration. 

Similarly, the relationship between the levels of TSP and coarse particle (CP) is 

significant at α = 0.01 and the mean CP/TSP ratio of all stations was approximately 

0.49 with the r2 of 0.73. While, the correlation coefficient between the levels of CP 

and PM10 is not significant at α = 0.01 and it can be concluded that there is no 

relationship between mass concentrations of CP and PM10. 

3) The concentrations of TSP and PM10 undergo a seasonal variation that is 

characterized by a winter maximum because of adverse dispersion conditions and 

temperature inversions. 
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 5.1.2 Relationship on measurement methods of PM10 between the 
gravimetric high volume (GHV) and the beta-ray absorption method (BAM) 

 

In this study, the gravimetric PM10 reference sampler has been compared with 

the equivalent beta attenuation monitor. The purpose was to investigate the 

relationship between the beta-ray absorption method and the standardized gravimetric 

reference method in Thailand climatic conditions.  

1) The result of regression analyses between PMGHV and PMBAM shown that the 

PMGHV/PMBAM ratios can be separated into two groups are; 

 - group 1, which is the PMGHV/PMBAM ratios > 1.00 found at three urban 

background, three suburban area and three roadside stations such as DinDang,  

Choakchai four and Thonburi Substation 

 - group 2, which is the PMGHV/PMBAM ratios < 1.00 found at three roadside 

stations such as Ministry of Science and Technology  (MOSTE), Department of Land 

Transportation and Chulalongkorn Hospital 

 2) The pearson correlation coefficient (r) of PM10 measurement between the 

GHV and BAM method is significant at α = 0.01 and can be concluded that there is a 

relationship between the GHV and BAM method. The correction factor of ten air 

quality monitoring stations (except for MOSTE, Department of Land Transportation 

and Chulalongkorn Hospital) was approximately 1.26 with the correlation of 

determination (r2) of 0.39. Therefore, it is possible to use this correction factor for 

estimate the PMGHV concentration from PMBAM concentration in the study area. 

 

5.2 Recommendations for Further Study 

 

 1) In order to have a precisely correction factor use for explaining on 

relationship of mass concentrations and measurement methods between TSP and 

PM10, the further study should be continuously conducted in the altering of the 

correction factor for a longer term data set (e.g. ten years period). This will be 

particularly useful for the reliability of statistical analyses. 

 2) This study concerns only in Bangkok and suburban area; therefore the 

further study should be practiced in the other provinces. 
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 3) At present, the PM10 measurement in Thailand operated by the Pollution 

Control Department has not only the reference gravimetric method and the equivalent 

beta-ray absorption method but also measured by the TEOM method (Tapered 

Element Oscillating Microbalance). Hence, the correction factor useful for comparing 

the relationship between the GHV and TEOM method should be conducted in the 

future. 

 4) The relationship between PM levels and other gaseous pollutants such as 

NO2, SO2, CO, O3 should be studied in order to describe the correlating PM levels 

with the concentrations of gaseous pollutants. These relationships can be useful to 

estimate several pollutants from one key pollutant. 
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A. Concentrations of suspended particulate matter 
 
 The results of TSP and PM10 concentrations which were measured by the 

gravimetric high volume method and collected from 13 air  quality monitoring stations 

by Pollution Control Department during the period of February 15, 2001 to February 

15, 2004 are as follow: 

Number of data are from all data collected at each air quality monitoring 
stations 

 
 1. National Housing Authority (Klong Jan) 

 
Table 1A Daily mean TSP, PM10 and Coarse Particle at National Housing Authority 

 
Pattern Time period TSP 

(µgm-3) 
PM10 

(µgm-3) 
Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

81.10+32.05 
 

81.26+37.31 
79.19+28.13 
82.99+31.96 

 
81.33+49.93 
64.41+18.00 
100.11+38.7 

 
83.64+17.11 
58.83+9.77 
101.67+45.9 
87.95+25.79 
69.40+24.13 
88.89+32.30 
74.34+14.46 
62.61+11.61 
106.98+36.0 

52.63+25.00 
 

57.17+29.20 
47.01+20.61 
54.92+25.02 

 
49.93+14.82 
40.88+12.64 
67.77+31.60 

 
59.84+15.03 
36.84+7.15 
75.53+33.07 
49.29+18.25 
45.52+16.66 
48.14+28.78 
46.70+9.87 
38.15+7.46 
75.30+27.07 

29.82+16.84 
 

25.78+10.61 
33.99+23.51 
28.72+10.89 

 
31.41+16.39 
25.28+15.09 
33.79+17.72 

 
23.80+4.31 
21.99+6.59 
30.19+13.58 
38.66+22.92 
27.07+21.31 
40.76+25.92 
27.64+8.30 
26.11+10.40 
31.68+12.02 
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2. Nonetree Vitaya School 
 
 

Table 2A Daily mean TSP, PM10 and Coarse Particle at Nonetree Vitaya School   
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

93.64+38.17 
 

98.89+47.79 
83.69+23.18 
99.50+40.57 

 
88.85+23.58 
73.61+17.91 
125.29+46.5 

 
104.28+36.5 
66.49+12.65 
141.89+50.7 
92.57+14.28 
74.29+18.45 
92.77+30.08 
78.04+17.95 
79.89+19.97 
140.20+42.1 

57.18+24.08 
 

61.07+30.63 
50.88+16.40 
60.44+24.03 

 
56.68+12.51 
44.37+12.44 
75.78+30.25 

 
62.45+20.20 
42.77+9.58 
86.45+36.69 
57.24+9.67 
44.38+15.70 
56.99+18.23 
53.32+9.57 
45.96+10.81 
83.51+26.77 

36.91+20.10 
 

37.81+22.07 
32.81+12.92 
40.40+23.86 

 
32.18+15.70 
29.24+13.12 
51.29+23.75 

 
41.83+23.35 
23.72+8.12 
55.44+22.64 
35.33+6.92 
29.90+13.36 
35.78+15.28 
24.73+14.06 
33.94+15.31 
62.14+24.82 

 
3. Singharatpitayakoom School 
 
 

Table 3A Daily mean TSP, PM10 and Coarse Particle at Singharatpitayakoom School 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

92.91+51.36 
 

95.15+55.10 
94.90+48.72 
88.23+51.19 

 
63.17+20.45 
68.49+18.19 
144.60+56.0 

 
54.36+6.04 
66.84+18.15 
154.84+51.8 
72.68+26.05 
73.83+21.79 
137.87+58.4 
60.10+18.85 
64.57+13.03 
140.51+60.7 

56.92+32.36 
 

63.02+40.57 
54.63+22.51 
52.94+31.77 

 
40.64+18.10 
43.47+14.24 
85.33+37.93 

 
32.44+7.71 
43.29+13.94 
105.86+39.5 
50.02+23.74 
47.93+17.84 
66.54+23.68 
37.13+13.04 
39.95+8.40 
83.29+40.03 

37.48+27.62 
 

35.20+23.38 
41.55+33.17 
35.29+24.96 

 
23.91+8.63 
26.05+11.49 
61.40+34.59 

 
21.93+3.99 
26.64+12.88 
54.57+28.75 
26.50+10.88 
25.91+13.68 
71.34+40.20 
22.98+9.47 
25.62+7.44 
57.2233.49 
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4. Thonburi Substation 
 
 

Table 4A Daily mean TSP, PM10 and Coarse Particle at Thonburi Substation 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

104.76+34.7 
 

104.31+34.5 
107.70+37.3 
101.28+31.7 

 
104.88+36.4 
90.70+18.64 
124.48+41.1 

 
105.00+28.4 
87.50+12.93 
131.75+46.4 
119.51+48.0 
96.33+23.77 
116.24+42.2 
88.83+21.12 
85.22+12.98 
126.65+36.0 

63.13+22.56 
 

67.94+26.82 
60.59+17.62 
60.97+22.87 

 
58.94+18.74 
55.37+12.06 
77.62+29.46 

 
62.00+21.96 
58.19+11.54 
89.16+36.89 
61.59+19.27 
56.50+12.81 
66.45+22.05 
53.26+15.10 
48.52+9.35 
78.98+26.35 

41.63+21.39 
 

36.37+13.61 
47.11+28.68 
40.31+14.98 

 
45.95+24.26 
35.33+15.32 
46.86+24.21 

 
43.00+11.79 
29.32+9.86 
42.59+15.38 
57.92+35.50 
39.84+19.19 
49.79+33.75 
35.56+8.48 
36.70+11.75 
47.66+19.40 

 
5. Traffic Police Residence (Choakchai 4) 
 
 

Table 5A Daily mean TSP, PM10 and Coarse Particle at Choakchai 4 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

113.94+31.4 
 

117.79+41.4 
111.67+24.5 
113.28+28.8 

 
112.88+21.9 
100.56+14.8 
129.18+40.7 

 
130.00+20.0 
93.33+11.88 
143.03+49.7 
113.59+24.9 
103.99+16.3 
117.98+29.4 
105.48+15.6 
104.39+13.6 
130.32+42.0 

66.30+26.50 
 

69.27+31.87 
60.88+19.65 
71.09+28.36 

 
61.10+18.93 
57.71+13.95 
78.12+34.70 

 
78.33+25.15 
53.99+9.77 
84.76+41.14 
59.12+18.21 
57.93+19.97 
64.60+20.37 
57.36+16.48 
61.60+6.45 
92.91+39.27 

49.76+18.83 
 

52.05+20.58 
50.79+18.92 
45.82+16.65 

 
51.78+16.83 
42.85+14.86 
57.06+21.24 

 
51.67+8.50 
39.34+10.60 
68.48+20.86 
54.47+11.97 
46.06+18.16 
53.37+22.15 
48.11+24.44 
42.79+14.37 
48.82+13.29 
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6.  DinDang 
 
 

Table 6A Daily mean TSP, PM10 and Coarse Particle at DinDang 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

206.09+65.0 
 

242.45+61.3 
191.06+44.4 
189.43+78.1 

 
185.96+42.5 
174.01+41.7 
249.96+69.6 

 
202.94+45.4 
286.22+43.6 
204.56+45.7 
167.86+36.9 
216.89+37.5 
164.27+28.0 
150.66+23.1 
245.8+101.0 

95.87+35.71 
 

110.77+41.1 
89.76+29.47 
88.97+33.95 

 
89.02+30.62 
76.59+21.00 
121.23+36.7 

 
82.14+23.60 
142.80+29.5 
89.96+39.53 
76.92+23.30 
107.01+24.7 
87.92+19.29 
69.80+11.07 
111.57+43.1 

110.22+42.1 
 

131.68+40.4 
101.30+30.8 
100.46+49.6 

 
96.95+45.45 
97.42+34.24 
128.73+43.7 

 
120.80+42.9 
143.42+36.7 
114.60+48.1 
90.94+26.69 
109.85+24.0 
76.35+35.18 
80.86+16.63 
134.20+62.7 

 

 
7. Ministry of Science and Technology  (MOSTE) 
 
 

Table 7A Daily mean TSP, PM10 and Coarse Particle at MOSTE 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

142.15+47.2 
 

160.34+54.3 
144.76+41.5 
126.32+42.7 

 
127.79+40.2 
136.33+39.3 
157.14+55.2 

 
138.33+35.5 
142.14+37.5 
187.98+64.8 
129.32+26.4 
139.68+38.4 
161.40+49.3 
121.74+51.2 
126.63+42.5 
129.36+38.1 

76.63+28.22 
 

83.26+27.85 
75.29+30.91 
73.10+25.24 

 
66.88+18.73 
67.67+20.15 
92.22+33.54 

 
80.07+24.12 
73.82+8.02 
94.07+38.14 
61.16+11.89 
66.16+26.53 
96.96+34.16 
65.20+18.77 
64.38+16.99 
86.56+30.16 

66.29+29.29 
 

77.08+33.96 
69.38+19.78 
55.08+30.68 

 
60.90+28.07 
68.65+28.53 
66.99+31.01 

 
58.27+16.23 
68.32+32.79 
93.91+34.63 
68.16+19.80 
73.52+19.56 
64.44+20.07 
56.54+36.97 
62.25+34.95 
47.23+18.92 
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8. Department of Land Transportation 
 
 

Table 8A Daily mean TSP, PM10 and Coarse Particle  
at Department of Land Transportation 

 
Pattern Time period TSP 

(µgm-3) 
PM10 

(µgm-3) 
Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

171.89+66.3 
 

189.60+74.0 
167.68+55.6 
164.80+70.1 

 
123.23+42.4 
196.53+63.2 
170.01+66.6 

 
163.33+32.1 
210.71+83.0 
167.93+64.9 
131.01+44.0 
190.99+48.8 
141.65+59.6 
104.51+35.1 
191.83+65.4 
180.62+70.3 

56.50+31.15 
 

42.71+15.94 
40.86+24.07 
80.07+30.05 

 
46.06+22.24 
51.19+24.45 
72.30+39.59 

 
57.00+18.76 
41.64+12.14 
39.92+19.09 
30.40+13.43 
38.18+11.51 
70.75+48.13 
58.75+21.29 
83.04+21.47 
90.80+34.48 

115.40+58.1 
 

146.90+65.7 
126.82+48.3 
84.73+46.91 

 
77.16+36.93 
145.34+58.0 
97.71+47.02 

 
106.33+15.1 
169.08+76.1 
128.01+48.5 
100.61+32.9 
152.81+41.1 
70.90+15.8 
45.76+14.30 
108.79+47.4 
89.82+45.99 

 
 
9. Chulalongkorn Hospital 
 
 

Table 9A Daily mean TSP, PM10 and Coarse Particle at Chulalongkorn Hospital 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

115.35+36.4 
 

125.06+43.5 
107.62+27.6 

 
107.05+27.8 
109.64+37.8 
128.94+37.4 

 
110.60+29.2 
117.93+45.7 
150.89+38.8 
105.39+28.1 
97.49+16.88 
117.38+31.8 

59.18+19.09 
 

60.76+20.55 
57.92+17.95 

 
53.91+16.18 
52.18+12.33 
72.10+21.91 

 
59.51+21.72 
52.90+15.04 
78.91+20.55 
51.29+12.94 
51.11+7.07 
68.52+22.29 

56.18+24.43 
 

64.13+28.91 
49.70+17.98 

 
53.14+52.82 
57.46+29.09 
56.83+23.84 

 
52.50+53.12 
65.02+34.51 
71.98+19.94 
53.88+54.74 
46.38+12.97 
48.86+22.15 
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10. Odean Circle 22 
 
 

Table 10A Daily mean TSP, PM10 and Coarse Particle at Odean Circle 22 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

143.13+41.0 
 

140.36+36.6 
146.19+45.7 

 
133.33+40.3 
122.51+31.7 
171.69+34.1 

 
145.51+28.4 
121.23+31.6 
160.81+35.1 
125.21+45.7 
124.46+32.8 
183.86+29.3 

91.95+28.16 
 

88.98+23.93 
95.24+32.15 

 
88.96+32.53 
76.75+17.45 
110.07+24.1 

 
95.07+18.06 
74.29+17.30 
103.55+24.0 
84.89+39.49 
80.53+17.59 
117.36+22.7 

53.44+20.98 
 

53.04+19.82 
53.87+22.41 

 
49.72+24.86 
45.76+18.87 
64.32+15.48 

 
50.44+20.00 
46.95+20.88 
62.27+15.33 
49.20+28.56 
43.93+15.83 
66.49+15.80 

 
 
11. Bangkok University 
 
 

Table 11A Daily mean TSP, PM10 and Coarse Particle at Bangkok University 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

86.09+40.47 
 

90.18+36.94 
79.75+39.97 

 
100.04+35.2 
57.051+3.87 
121.06+40.4 

 
109.90+26.1 
61.46+14.61 
116.63+39.2 
80.00+21.61 
53.78+12.28 
124.54+40.9 

53.78+22.90 
 

51.42+18.48 
55.39+26.29 

 
59.94+11.64 
39.07+8.34 
72.29+30.02 

 
63.47+12.17 
39.64+7.35 
58.69+24.57 
55.95+10.84 
38.65+8.96 
82.97+29.17 

32.31+25.77 
 

38.76+27.44 
24.36+16.22 

 
40.10+28.49 
17.98+9.60 
48.77+29.21 

 
46.43+15.95 
21.83+9.87 
57.94+38.08 
24.05+12.10 
15.14+8.28 
41.57+16.35 
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12. Banggruy Substation 
 
 

Table 12A Daily mean TSP, PM10 and Coarse Particle at Banggruy Substation 
 

Pattern Time period TSP 
(µgm-3) 

PM10 
(µgm-3) 

Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

95.29+33.28 
 

95.08+32.18 
95.51+34.39 

 
95.95+36.04 
79.44+18.96 
120.71+33.1 

 
95.16+45.77 
87.11+20.49 
111.71+29.7 
90.29+17.66 
69.97+10.57 
126.34+33.7 

54.42+21.18 
 

54.13+17.65 
54.73+24.33 

 
47.77+15.43 
45.96+11.99 
72.54+25.05 

 
52.25+16.58 
49.40+14.36 
66.35+20.89 
42.39+11.58 
41.73+5.56 
76.40+26.47 

40.87+19.02 
 

40.94+21.11 
40.78+16.55 

 
45.18+27.12 
33.48+12.74 
48.18+14.96 

 
42.91+33.14 
37.71+12.94 
45.36+17.71 
47.91+16.63 
28.24+10.15 
49.94+12.70 

 
 
13. Sukhothai-Thammathirat University 
 
 

Table 13A Daily mean TSP, PM10 and Coarse Particle 
at Sukhothai-Thammathirat University 

 
Pattern Time period TSP 

(µgm-3) 
PM10 

(µgm-3) 
Coarse 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

 88.40+49.79 
 

87.62+50.30 
89.13+49.80 

 
85.32+43.42 
57.68+21.88 
125.09+52.3 

 
94.55+65.24 
60.71+28.69 
115.92+48.6 
79.17+21.09 
54.50+10.99 
134.26+55.6 

55.33+28.37 
 

52.29+28.51 
58.19+28.22 

 
54.17+24.60 
39.77+11.81 
73.71+32.98 

 
56.90+35.72 
41.06+14.66 
63.34+33.55 
52.34+14.96 
38.42+8.00 
84.07+29.77 

33.07+29.90 
 

35.33+32.64 
30.94+27.23 

 
31.16+22.67 
17.97+14.27 
51.38+36.40 

 
37.65+30.38 
19.66+19.26 
52.58+38.02 
26.83+15.78 
16.09+5.57 
50.18+35.75 
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B. PM10 concentrations from measurement methods analysis 
 
 The results of PM10 concentrations which were measured by the beta-ray 

absorption method (BAM) and the gravimetric high volume method (GHV) from 13 

air quality monitoring stations by Pollution Control Department during the period of 

February 15, 2001 to February 15, 2004 are as follow: 

Number of data are from paired data of PMBAM and PMGHV concentrations, 

which are generally less than all data collected at each air quality monitoring stations 

 
 
 1. National Housing Authority (Klong Jan) 

 
Table 1B Daily mean PM10 concentration that were measured by BAM and GHV 

at National Housing Authority 
 

Pattern Time period PMBAM 
(µgm-3) 

PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

43.72+16.58 
 

41.04+18.12 
44.12+14.40 
45.28+17.41 

 
41.47+11.73 
35.22+10.61 
54.10+18.56 

 
43.95+19.49 
29.16+10.94 
50.63+17.40 
41.21+11.08 
39.38+11.22 
52.85+16.96 
40.62+8.64 
35.09+7.04 

58.09+20.77 

54.29+26.19 
 

61.01+32.03 
48.70+21.37 
54.80+24.95 

 
50.00+15.40 
43.10+17.86 
68.74+31.59 

 
56.78+15.39 
43.98+26.32 
77.56+33.21 
51.28+19.88 
45.90+16.90 
50.82+27.93 
46.00+10.02 
39.03+8.35 

75.69+28.07 
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2. Nonetree Vitaya School 
 

Table 2B Daily mean PM10 concentration that were measured by BAM and GHV 
at Nonetree Vitaya School 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

54.31+18.00 
 

44.89+19.50 
56.91+15.49 
59.93+15.89 

 
  54.59+12.60 
44.90+14.57 
64.98+18.61 

 
46.22+11.45 
32.75+12.01 
59.39+20.59 
56.48+15.66 
52.24+14.56 
62.59+15.39 
58.03+8.91 
49.59+7.58 

72.34+18.32 

60.78+26.96 
 

63.51+29.77 
59.51+28.48 
59.64+22.98 

 
  62.00+19.80 
46.67+19.13 
76.31+29.91 

 
67.59+20.93 
43.52+12.64 
86.47+32.08 
69.08+26.58 
50.16+28.41 
65.09+27.77 
53.74+8.87 

46.12+10.42 
78.50+27.73 

 
3. Singharatpitayakoom School 
 

Table 3B Daily mean PM10 concentration that were measured by BAM and GHV 
at Singharatpitayakoom School 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

52.20+23.20 
 

46.31+23.71 
53.26+22.03 
55.85+23.57 

 
42.63+15.03 
40.73+12.04 
70.10+25.23 

 
31.93+8.61 
32.51+5.79 

63.48+26.17 
40.33+16.36 
45.80+15.86 
69.87+21.83 
48.30+13.73 
42.49+6.71 

77.38+27.29 

60.86+35.75 
 

74.09+47.23 
56.72+26.54 
54.57+31.21 

 
46.36+19.89 
44.14+15.66 
87.23+42.46 

 
51.13+27.23 
45.95+18.02 
107.65+50.3 
49.90+22.52 
47.38+18.19 
71.79+31.04 
41.53+15.00 
38.95+7.93 

82.91+38.02 
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4. Thonburi Substation 
 

Table 4B Daily mean PM10 concentration that were measured by BAM and GHV 
at Thonburi Substation 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

57.04+22.44 
 

62.70+29.92 
57.49+17.61 
50.39+16.93 

 
51.57+15.84 
 49.21+12.44 
70.97+29.18 

 
49.99+11.33 
49.79+9.84 

86.00+39.25 
59.19+18.75 
52.84+15.97 
62.73+18.21 
44.25+11.17 
42.75+5.36 

64.38+21.17 

64.10+24.83 
 

69.72+28.96 
63.43+22.71 
58.96+21.92 

 
57.26+18.00 
54.67+11.83 
81.03+31.94 

 
59.43+21.85 
56.61+11.39 
92.25+35.27 
60.95+18.60 
57.40+12.67 
73.60+32.10 
51.99+15.06 
47.74+8.39 

77.76+25.73 

 
5. Traffic Police Residence (Choakchai 4) 
 

Table 5B Daily mean PM10 concentration that were measured by BAM and GHV 
at Choakchai 4 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

36.88+16.55 
 

38.09+11.32 
33.34+6.82 

39.88+25.83 
 

35.33+7.96 
29.81+5.06 

46.01+23.06 
 

42.78+10.21 
30.99+4.05 

45.09+12.64 
36.70+6.56 
32.02+5.66 
32.81+7.84 
29.38+3.04 
26.02+2.84 

61.75+32.42 

65.54+27.01 
 

70.32+32.14 
57.59+22.41 
72.44+25.92 

 
56.81+16.85 
59.32+14.95 
75.39+35.78 

 
60.67+29.15 
57.86+9.73 

80.92+39.80 
56.81+16.87 
56.95+21.04 
58.94+28.02 
53.93+8.17 
62.99+7.26 

87.92+33.95 



Phirata Charoenphol                                                                                                             Appendix  
 

/ 122

 
6.  DinDang 
 

Table 6B Daily mean PM10 concentration that were measured by BAM and GHV 
at DinDang 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

49.73+19.40 
 

48.49+17.35 
45.97+11.14 
55.90+27.29 

 
42.21+6.97 

40.79+10.89 
64.54+22.68 

 
37.16+5.64 

61.23+17.28 
42.23+7.83 

42.55+10.26 
53.43+11.08 
42.19+5.96 

41.99+14.78 
82.61+28.59 

93.62+35.44 
 

107.44+42.6 
88.33+30.03 
89.38+33.50 

 
89.56+33.35 
74.33+19.41 
120.01+35.9 

 
75.23+19.42 
143.66+30.2 
90.26+37.54 
75.34+23.24 
105.07+25.4 
88.72+29.51 
72.01+13.48 
112.19+41.5 

 
7. Ministry of Science and Technology (MOSTE) 
 

Table 7B Daily mean PM10 concentration that were measured by BAM and GHV 
at MOSTE 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

88.62+23.91 
 

90.43+20.25 
91.92+28.02 
84.56+20.53 

 
86.38+21.32 
81.25+16.26 
102.87+30.34 

 
97.26+30.54 
87.01+13.10 
84.47+11.91 
80.44+20.12 
113.70+32.46 
81.20+19.66 
78.23+11.89 
93.39+25.71 

75.36+29.58 
 

77.54+26.12 
73.51+33.51 
76.29+27.21 

 
72.26+27.27 
65.63+23.84 
94.27+31.94 

 
95.60+36.88 
68.51+13.01 
58.89+14.79 
62.24+28.26 
98.53+35.10 
67.61+19.76 
67.99+24.14 
90.54+29.54 
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8. Department of Land Transportation 
 

Table 8B Daily mean PM10 concentration that were measured by BAM and GHV 
at Department of Land Transportation 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

71.35+41.86 
 

115.61+39.61 
45.92+19.69 
58.12+29.54 

 
60.03+26.23 
64.66+40.37 
90.22+47.51 

 
100.76+20.39 
120.69+25.12 
114.20+56.97 
60.89+24.02 
40.81+17.45 
54.02+17.38 
47.16+13.24 
44.70+15.80 
81.29+36.48 

61.27+31.56 
 

43.23+15.04 
44.60+26.41 
84.29+28.20 

 
55.33+24.89 
55.54+26.74 
74.83+38.94 

 
56.00+15.45 
42.26+11.95 
40.19+17.31 
27.34+8.00 

39.30+12.57 
94.00+40.68 
65.88+23.58 
87.34+20.40 
96.01+32.36 

 
 
9. Chulalongkorn Hospital 
 

Table 9B Daily mean PM10 concentration that were measured by BAM and GHV 
at Chulalongkorn Hospital 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

70.48+20.27 
 

69.77+22.17 
71.10+18.68 

 
68.83+17.49 
77.89+22.63 
66.03+18.86 

 
73.85+22.42 
68.57+21.84 
68.79+22.99 
65.82+13.77 
83.29+21.82 
62.14+10.07 

59.03+18.45 
 

61.44+20.15 
56.96+16.77 

 
53.48+15.57 
68.55+20.03 
55.32+16.41 

 
57.13+19.50 
71.05+19.50 
58.65+20.05 
51.29+12.94 
67.11+20.71 
50.61+7.43 
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10. Odean Circle 22 : Data was not completed. 
 
All the PMBAM data of Odean Circle 22 in 2001, 2002 and 2003 were missing. 
 
11. Bangkok University 
 

Table 10B Daily mean PM10 concentration that were measured by BAM and GHV 
at Bangkok University 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

42.98+19.70 
 

35.46+14.61 
43.31+21.51 
48.41+20.10 

 
50.92+15.73 
34.88+14.59 
48.67+23.33 

 
59.70+11.24 
28.04+10.39 
34.32+10.03 
57.93+21.61 
38.54+18.10 
43.15+24.49 
43.10+10.03 
36.45+12.32 
67.43+19.96 

61.18+32.85 
 

71.50+29.75 
50.35+19.27 
62.06+40.71 

 
58.49+16.71 
45.05+14.74 
82.19+42.57 

 
70.40+17.49 
56.71+19.98 
85.66+34.56 
59.95+23.80 
41.82+9.35 

58.34+23.46 
52.27+8.15 
39.51+9.14 

97.81+54.02 

 
12. Banggruy Substation 
 

Table 11B Daily mean PM10 concentration that were measured by BAM and GHV 
at Banggruy Substation 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
Season (aggregating    
whole period)              
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

51.57+15.40 
 

53.24+14.28 
49.87+16.29 

 
49.35+8.68 

44.96+12.93 
 61.28+17.01 

 
49.81+9.86 

51.46+14.07 
58.62+16.72 
48.85+7.12 
37.81+5.53 

63.38+16.92 

54.63+22.50 
 

54.48+20.90 
54.79+24.02 

 
48.44+15.39 
45.30+11.75 
70.36+27.96 

 
52.25+16.58 
49.02+14.13 
64.27+28.78 
44.29+12.58 
41.20+6.02 

75.17+26.26 
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13. Sukhothai-Thammathirat University 
 

Table 12B Daily mean PM10 concentration that were measured by BAM and GHV 
at Sukhothai-Thammathirat University 

 
Pattern Time period PMBAM 

(µgm-3) 
PMGHV 
(µgm-3) 

Whole period    
           
Annual                        
 
 
 
Season (aggregating    
whole period)              
 
 
Single season        

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

48.17+22.92 
 

36.76+20.79 
50.41+23.28 
52.09+22.06 

 
47.93+16.23 
34.65+12.02 
66.98+24.29 

 
25.43+8.21 

61.94+17.82 
52.02+21.85 
39.34+13.33 
63.55+27.44 
45.02+10.65 
38.08+8.38 

72.79+23.51 

53.89+27.71 
 

47.24+21.18 
53.80+29.49 
57.56+28.77 

 
51.53+24.56 
39.74+11.53 
74.67+32.25 

 
37.61+9.88 

68.64+24.31 
56.01+31.59 
42.21+14.85 
67.28+36.85 
48.34+18.70 
38.96+8.19 

84.91+29.16 
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C. The ratios of suspended particulate matter 
 

The ratios of suspended particulate matter (TSP, PM10 and Coarse Particle) 

which were measured from 13 air quality monitoring stations during the period of 

February 15, 2001 to February 15, 2004 are as follow: 

 
 

1. National Housing Authority (Klong Jan) 
 

Table 1C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at National Housing Authority 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating    
whole period)   
            
 
Single season              

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.66+0.21 
 

0.71+0.26 
0.62+0.22 
0.65+0.12 

 
 0.62+0.12 
0.65+0.18 
0.69+0.27 

 
0.71+0.05 
0.63+0.09 
0.79+0.37 
0.58+0.16 
0.68+0.24 
0.55+0.23 
0.63+0.07 
0.63+0.16 
0.70+0.09 

0.37+0.14 
 

0.33+0.09 
0.41+0.19 
0.35+0.10 

 
0.38+0.12 
0.38+0.14 
0.34+0.15 

 
0.29+0.05 
0.37+0.09 
0.29+0.08 
0.42+0.16 
0.37+0.18 
0.45+0.23 
0.37+0.07 
0.40+0.12 
0.30+0.09 

0.78+1.18 
 

0.51+0.20 
1.15+1.87 
0.60+0.33 

 
0.71+0.59 
0.71+0.48 
0.88+1.82 

 
0.42+0.11 
0.62+0.23 
0.43+0.15 
0.94+0.87 
0.74+0.63 
1.95+3.22 
0.61+0.19 
0.75+0.44 
0.46+0.22 

 

1.25+0.35 
 

1.48+0.34 
1.13+0.39 
1.20+0.22 

 
1.25+0.36 
1.24+0.35 
1.26+0.36 

 
1.41+0.36 
1.47+0.39 
1.50+0.29 
1.31+0.50 
1.16+0.30 
0.95+0.38 
1.14+0.12 
1.15+0.28 
1.30+0.18 
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2. Nonetree Vitaya School 
 

Table 2C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Nonetree Vitaya School 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.62+0.13 
 

0.62+0.10 
0.61+0.12 
0.63+0.17 

 
0.65+0.10 
0.61+0.12 
0.62+0.16 

 
0.61+0.10 
0.64+0.09 
0.60+0.11 
0.62+0.05 
0.60+0.15 
0.62+0.08 
0.70+0.12 
0.58+0.09 
0.63+0.25 

0.39+0.11 
 

0.38+0.10 
0.39+0.12 
0.39+0.13 

 
0.35+0.10 
0.39+0.12 
0.40+0.12 

 
0.39+0.10 
0.36+0.09 
0.40+0.11 
0.38+0.05 
0.40+0.15 
0.38+0.08 
0.30+0.12 
0.42+0.09 
0.42+0.15 

0.70+0.46 
 

0.64+0.26 
0.71+0.44 
0.74+0.59 

 
0.57+0.24 
0.72+0.44 
0.76+0.57 

 
0.68+0.33 
0.58+0.21 
0.70+0.30 
0.62+0.12 
0.80+0.60 
0.64+0.21 
0.47+0.26 
0.77+0.38 
0.93+0.89 

1.14+0.34 
 

1.42+0.28 
1.03+0.34 
0.99+0.21 

 
1.15+0.29 
1.08+0.37 
1.18+0.32 

 
1.45+0.14 
1.39+0.39 
0.15+0.12 
1.23+0.32 
0.94+0.34 
1.03+0.33 
0.93+0.11 
0.93+0.12 
1.09+0.29 

 
 

3. Singharatpitayakoom School 
 

Table 3C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10 

 and PMGHV/PMBAM at Singharatpitayakoom School 
 

Pattern Time period PM10/ 
TSP 

Coarse/ 
TSP 

Coarse/ 
PM10 

PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.63+0.16 
 

0.67+0.21 
0.61+0.15 
0.61+0.10 

 
0.63+0.13 
0.64+0.17 
0.60+0.17 

 
0.59+0.09 
0.67+0.26 
0.70+0.20 
0.68+0.18 
0.65+0.12 
0.50+0.09 
0.62+0.09 
0.61+0.07 
0.60+0.15 

0.39+0.11 
 

0.37+0.12 
0.40+0.12 
0.39+0.10 

 
0.39+0.08 
0.38+0.11 
0.41+0.14 

 
0.41+0.09 
0.38+0.12 
0.34+0.13 
0.37+0.08 
0.35+0.12 
0.50+0.09 
0.38+0.09 
0.39+0.07 
0.40+0.15 

0.70+0.36 
 

0.66+0.34 
0.76+0.44 
0.69+0.27 

 
0.66+0.22 
0.65+0.29 
0.81+0.48 

 
0.72+0.24 
0.68+0.31 
0.59+0.44 
0.61+0.22 
0.60+0.33 
1.06+0.51 
0.65+0.20 
0.67+0.21 
0.74+0.37 

1.18+0.47 
 

1.56+0.61 
1.10+0.36 
0.94+0.17 

 
1.15+0.44 
1.11+0.36 
1.26+0.58 

 
1.57+0.50 
1.39+0.37 
1.73+0.79 
1.30+0.46 
1.07+0.37 
1.01+0.22 
0.86+0.16 
0.91+0.09 
1.05+0.21 



Phirata Charoenphol                                                                                                             Appendix  
 

/ 128

4. Thonburi Substation 
 

Table 4C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Thonburi Substation 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.61+0.11 
 

0.65+0.10 
0.58+0.11 
0.60+0.10 

 
0.57+0.09 
0.62+0.11 
0.63+0.11 

 
0.59+0.09 
0.67+0.09 
0.67+0.09 
0.53+0.12 
0.60+0.11 
0.59+0.11 
0.60+0.06 
0.57+0.10 
0.62+0.11 

0.39+0.11 
 

0.35+0.10 
0.42+0.11 
0.40+0.10 

 
0.43+0.09 
0.38+0.11 
0.37+0.11 

 
0.42+0.09 
0.33+0.09 
0.33+0.09 
0.47+0.12 
0.40+0.11 
0.41+0.11 
0.40+0.06 
0.43+0.10 
0.38+0.11 

0.71+0.39 
 

0.58+0.27 
0.81+0.48 
0.72+0.34 

 
0.81+0.36 
0.68+0.37 
0.67+0.44 

 
0.75+0.27 
0.53+0.25 
0.52+0.25 
0.97+0.50 
0.73+0.35 
0.80+0.64 
0.70+0.17 
0.82+0.48 
0.65+0.28 

1.15+0.24 
 

1.15+0.24 
1.12+0.25 
1.18+0.23 

 
1.13+0.27 
1.14+0.22 
1.17+0.24 

 
1.17+0.20 
1.16+0.20 
1.14+0.31 
1.07+0.31 
1.13+0.26 
1.15+0.19 
1.19+0.28 
1.13+0.19 
1.22+0.22 

 
5. Traffic Police Residence (Choakchai 4) 
 

Table 5C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Choakchai 4 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.58+0.17 
 

0.60+0.20 
0.55+0.14 
0.63+0.18 

 
0.54+0.12 
0.58+0.12 
0.61+0.23 

 
0.59+0.12 
0.58+0.10 
0.61+0.29 
0.52+0.09 
0.56+0.17 
0.56+0.13 
0.56+0.16 
0.60+0.10 
0.71+0.24 

0.44+0.13 
 

0.44+0.14 
0.45+0.14 
0.41+0.12 

 
0.46+0.12 
0.42+0.12 
0.44+0.15 

 
0.41+0.12 
0.42+0.09 
0.47+0.19 
0.48+0.09 
0.44+0.17 
0.44+0.13 
0.44+0.16 
0.40+0.10 
0.39+0.11 

 

0.93+0.83 
 

1.01+1.19 
0.97+0.67 
0.78+0.59 

 
0.99+0.73 
0.85+0.61 
1.01+1.09 

 
0.74+0.40 
0.76+0.22 
1.40+1.83 
1.00+0.42 
1.04+0.94 
0.90+0.46 
1.07+1.12 
0.71+0.26 
0.67+0.30 

1.87+0.60 
 

1.76+0.47 
1.77+0.61 
2.09+0.64 

 
1.72+0.49 
2.02+0.51 
1.76+0.69 

 
1.56+0.60 
1.85+0.25 
1.74+0.58 
1.69+0.54 
1.76+0.52 
1.84+0.77 
1.95+0.05 
2.44+0.34 
1.71+0.76 
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6.  DinDang 
 

Table 6C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at DinDang 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.47+0.11 
 

0.45 +0.12 
0.47+0.11 
0.48+0.09 

 
0.49+0.16 
0.45+0.11 
0.49+0.09 

 
0.41+0.11 
0.50+0.11 
0.44+0.15 
0.46+0.12 
0.49+0.07 
0.55+0.15 
0.47+0.05 
0.45+0.07 

0.53+0.11 
 

0.55+0.12 
0.53+0.11 
0.52+0.09 

 
0.51+0.16 
0.55+0.11 
0.51+0.09 

 
0.59+0.11 
0.50+0.11 
0.56+0.15 
0.54+0.12 
0.51+0.07 
0.45+0.15 
0.53+0.05 
0.55+0.07 

1.25+0.53 
 

1.35+0.66 
1.23+0.52 
1.17+0.38 

 
1.25+0.80 
1.35+0.56 
1.12+0.35 

 
1.60+0.77 
1.06+0.38 
1.50+0.89 
1.27+0.48 
1.07+0.30 
0.96+0.64 
1.17+0.23 
1.25+0.37 

1.94+0.52 
 

2.22+0.54 
1.88+0.36 
1.78+0.62 

 
2.10+0.64 
1.87+0.43 
1.94+0.57 

 
2.02+0.41 
2.43+0.59 
2.02+0.62 
1.75+0.18 
1.96+0.22 
2.22+0.68 
1.89+0.62 
1.35+0.18 

 
7. Ministry of Science and Technology  (MOSTE) 
 

Table 7C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at MOSTE 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.55+0.14 
 

0.53+0.10 
0.51+0.10 
0.60+0.18 

 
0.54+0.11 
0.51+0.11 
0.60+0.16 

 
0.57+0.08 
0.54+0.11 
0.50+0.09 
0.48+0.06 
0.47+0.11 
0.59+0.06 
0.56+0.14 
0.53+0.12 
0.68+0.22 

0.46+0.11 
 

0.47+0.10 
0.49+0.10 
0.42+0.13 

 
0.46+0.11 
0.49+0.11 
0.42+0.11 

 
0.43+0.08 
0.46+0.11 
0.50+0.09 
0.52+0.06 
0.53+0.11 
0.41+0.06 
0.44+0.14 
0.47+0.12 
0.36+0.12 

0.97+0.67 
 

0.96+0.41 
1.11+0.91 
0.82+0.50 

 
0.93+0.33 
1.14+0.92 
0.79+0.41 

 
0.77+0.22 
0.92+0.38 
1.09+0.48 
1.13+0.29 
1.40+1.25 
0.70+0.17 
0.85+0.35 
0.99+0.63 
0.63+0.40 

0.84+0.22 
 

0.85+0.19 
0.79+0.21 
0.90+0.23 

 
0.83+0.18 
0.81+0.23 
0.92+0.22 

 
0.98+0.29 
0.79+0.13 

- 
0.70+0.15 
0.77+0.26 
0.86+0.13 
0.83+0.10 
0.86+0.24 
0.98+0.26 
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8. Department of Land Transportation 
 

Table 8C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10 

 and PMGHV/PMBAM at Department of Land Transportation 
 

Pattern Time period PM10/ 
TSP 

Coarse/ 
TSP 

Coarse/ 
PM10 

PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.34+0.16 
 

0.23+0.06 
0.25+0.11 
0.50+0.09 

 
0.39+0.16 
0.27+0.12 
0.42+0.15 

 
0.34+0.06 
0.21+0.06 
0.23+0.04 
0.23+0.05 
0.20+0.04 
0.45+0.15 
0.56+0.03 
0.45+0.07 
0.51+0.10 

0.66+0.16 
 

0.77+0.06 
0.75+0.11 
0.50+0.09 

 
0.61+0.16 
0.73+0.12 
0.58+0.15 

 
0.66+0.06 
0.79+0.06 
0.77+0.04 
0.77+0.05 
0.80+0.04 
0.55+0.15 
0.44+0.03 
0.55+0.07 
0.49+0.10 

2.63+1.71 
 

3.61+1.34 
3.64+1.54 
1.05+0.38 

 
2.19+1.69 
3.39+1.69 
1.79+1.23 

 
1.97+0.53 
4.13+1.46 
3.38+0.81 
3.63+1.53 
4.19+1.16 
1.45+0.93 
0.80+0.10 
1.28+0.33 
1.03+0.42 

1.14+0.85 
 

0.40+0.18 
1.05+0.53 
1.69+0.90 

 
1.07+0.61 
1.22+0.98 
1.05+0.77 

 
0.59+0.23 
0.36+0.10 
0.40+0.21 
0.48+0.16 
1.04+0.39 
1.80+0.61 
1.45+0.51 
2.20+1.06 
1.34+0.73 

 
 
9. Chulalongkorn Hospital 
 

Table 9C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Chulalongkorn Hospital 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period    
           
Annual                       
 
 
Season (aggregating   
whole period)             
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.52+0.09 
 

0.49+0.07 
0.54+0.10 

 
0.50+0.06 
0.49+0.08 
0.57+0.11 

 
0.54+0.09 
0.46+0.07 
0.52+0.04 
0.49+0.04 
0.53+0.08 
0.59+0.13 

0.48+0.09 
 

0.51+0.07 
0.46+0.10 

 
0.50+0.06 
0.51+0.08 
0.43+0.11 

 
0.46+0.09 
0.54+0.07 
0.48+0.04 
0.51+0.04 
0.47+0.08 
0.41+0.13 

0.99+0.35 
 

1.10+0.39 
0.90+0.29 

 
1.02+0.30 
1.10+0.37 
0.82+0.29 

 
0.94+0.47 
1.22+0.40 
0.92+0.14 
1.06+0.19 
0.91+0.24 
0.77+0.33 

0.86+0.23 
 

0.91+0.26 
0.81+0.19 

 
0.79+0.16 
0.85+0.15 
0.92+0.33 

 
0.80+0.20 
0.87+0.18 
1.09+0.36 
0.79+0.15 
0.82+0.12 
0.82+0.26 
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10. Odean Circle 22 
 

Table 10C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Odean Circle 22 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period    
           
Annual                      
 
 
Season (aggregating   
whole period)             
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.65+0.15 
 

0.64+0.13 
0.66+0.18 

 
0.68+0.25 
0.64+0.08 
0.65+0.12 

 
0.66+0.09 
0.63+0.10 
0.66+016 
0.70+0.31 
0.66+0.04 
0.64+0.06 

0.37+0.08 
 

0.37+0.08 
0.36+0.07 

 
0.36+0.09 
0.36+0.08 
0.37+0.06 

 
0.34+0.09 
0.38+0.10 
0.38+0.05 
0.38+0.08 
0.34+0.04 
0.36+0.06 

0.60+0.21 
 

0.62+0.23 
0.59+0.18 

 
0.60+0.26 
0.60+0.23 
0.60+0.14 

 
0.55+0.27 
0.64+0.28 
0.62+0.12 
0.65+0.26 
0.53+0.10 
0.58+0.16 

- 
 
- 
- 
 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 

Note : - data was not completed because all the PMBAM data were missing 
 
 
11. Bangkok University 
 

Table 11C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Bangkok University 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.66+0.14 
 
- 

0.60+0.14 
0.71+0.10 

 
0.63+0.12 
0.70+0.12 
0.61+0.16 

 
- 
- 
- 

0.58+0.06 
0.66+0.10 
0.54+0.21 
0.72+0.08 
0.73+0.12 
0.66+0.08 

 

0.34+0.14 
 
- 

0.40+0.14 
0.29+0.10 

 
0.37+0.12 
0.30+0.12 
0.39+0.16 

 
- 
- 
- 

0.42+0.06 
0.34+0.10 
0.46+0.20 
0.28+0.08 
0.27+0.12 
0.34+0.08 

 

0.64+0.67 
 
- 

0.82+0.89 
0.44+0.22 

 
0.65+0.45 
0.47+0.25 
0.89+1.11 

 
- 
- 
- 

0.73+0.19 
0.55+0.21 
1.34+1.55 
0.41+0.16 
0.41+0.25 
0.54+0.20 

1.58+0.80 
 

2.25+0.99 
1.34+0.63 
1.26+0.35 

 
1.21+0.38 
1.50+0.86 
1.86+0.81 

 
1.23+0.45 
2.31+1.21 
2.52+0.68 
1.13+0.57 
1.24+0.47 
1.59+0.81 
1.25+0.22 
1.14+0.28 
1.42+0.46 

 
Note : - data was not completed because some of TSP and PM10 data were missing 
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12. Banggruy Substation 
 

Table 12C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Banggruy Substation 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period    
           
Annual                       
 
 
Season (aggregating   
whole period)             
 
 
Single season       

15/2/2002-14/2/2004 
 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (02 & 03) 
Rainy     (02 & 03) 
Winter    (02 & 03) 
 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.58+0.11 
 

0.58+0.10 
0.57+0.12 

 
0.53+0.13 
0.59+0.11 
0.60+0.09 

 
0.58+0.09 
0.57+0.11 
0.60+0.11 
0.48+0.14 
0.61+0.11 
0.60+0.07 

0.42+0.11 
 

0.42+0.10 
0.43+0.12 

 
0.47+0.13 
0.41+0.11 
0.40+0.09 

 
0.42+0.09 
0.43+0.11 
0.40+0.11 
0.52+0.14 
0.39+0.11 
0.40+0.07 

0.82+0.45 
 

0.79+0.34 
0.85+0.54 

 
1.03+0.71 
0.76+0.30 
0.72+0.30 

 
0.79+0.37 
0.81+0.32 
0.74+0.39 
1.33+0.88 
0.69+0.25 
0.71+0.22 

1.05+0.24 
 

1.02+0.25 
1.09+0.22 

 
0.98+0.28 
1.02+0.16 
1.14+0.27 

 
1.06+0.30 
0.95+0.08 
1.08+0.34 
0.90+0.21 
1.10+0.19 
1.18+0.19 

 
 
13. Sukhothai-Thammathirat University 
 

Table 13C Proportions of PM10 /TSP, Coarse Particle/TSP, Coarse Particle/PM10  
and PMGHV/PMBAM at Sukhothai-Thammathirat University 

 
Pattern Time period PM10/ 

TSP 
Coarse/ 

TSP 
Coarse/ 

PM10 
PMGHV/ 
PMBAM 

Whole period      
         
Annual        
                 
 
 
Season (aggregating   
whole period)   
            
 
Single season             

15/2/2001-14/2/2004 
 
15/2/2001-14/2/2002 
15/2/2002-14/2/2003 
15/2/2003-14/2/2004 
 
Summer (01,02 & 03) 
Rainy     (01,02 & 03) 
Winter    (01,02 & 03) 
 
Summer (15/2/01-14/5/01) 
Rainy     (15/5/01-14/10/01) 
Winter    (15/10/01-14/2/02) 
Summer (15/2/02-14/5/02) 
Rainy     (15/5/02-14/10/02) 
Winter   (15/10/02-14/2/03) 
Summer (15/2/03-14/5/03) 
Rainy     (15/5/03-14/10/03) 
Winter   (15/10/03-14/2/04) 

0.66+0.15 
 
- 

0.64+0.18 
0.68+0.11 

 
0.65+0.12 
0.71+0.11 
0.61+0.18 

 
- 
- 
- 

0.62+0.07 
0.71+0.14 
0.57+0.22 
0.67+0.14 
0.71+0.07 
0.65+0.11 

0.34+0.15 
 
- 

0.36+0.18 
0.32+0.11 

 
0.35+0.12 
0.29+0.11 
0.39+0.18 

 
- 
- 
- 

0.38+0.07 
0.29+0.14 
0.43+0.22 
0.33+0.14 
0.29+0.07 
0.35+0.11 

 

0.85+2.21 
 
- 

1.21+3.14 
0.51+0.28 

 
0.58+0.26 
0.45+0.27 
1.45+3.57 

 
- 
- 
- 

0.64+0.22 
0.47+0.35 
2.31+4.95 
0.55+0.29 
0.43+0.15 
0.59+0.35 

1.16+0.35 
 

1.44+0.52 
1.08+0.27 
1.09+0.22 

 
1.08+0.33 
1.21+0.38 
1.13+0.32 

 
- 

1.55+0.49 
1.18+0.53 
1.07+0.25 
1.08+0.19 
1.08+0.36 
1.08+0.38 
1.06+0.14 
1.16+0.10  

Note : - data was not completed because some of TSP and PM10 data were missing 
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D. The relationships on quantitative and measurement of suspended particulate 

matter by simple linear regression analysis 

 

 Results of regression analysis from the study on relationship of daily average 

TSP, PM10 and coarse particle which were measured from 13 monitoring stations by 

the gravimetric high volume method during the period 2001-2003 are shown in Table 

1D-18D. 

 Table 1D-3D the equation of all stations useful for the prediction of PM10 from 

TSP concentrations  

 Table 4D-6D the equation of all stations useful for the prediction of TSP from 

PM10 concentrations  

 Table 7D-9D the equation of all stations useful for the prediction of coarse 

particle from TSP concentrations  

 Table 10D-12D the equation of all stations useful for the prediction of TSP 

from coarse particle concentrations  

 Table 13D-15D the equation of all stations useful for the prediction of coarse 

particle from PM10 concentrations  

 Table 16D-18D the equation of all stations useful for the prediction of PM10 

from coarse particle concentrations  

  

 Results of regression analysis from the study on relationship of PM10 

measurement between the reference gravimetric high volume method (GHV) and the 

automated beta-ray absorption method (BAM) which were measured from 13 

monitoring stations during the period 2001-2003 are shown in Table 19D-24D. 

 Table 19D-21D the equation of all stations useful for the prediction of PMGHV 

from PMBAM concentrations 

 Table 22D-24D the equation of all stations useful for the prediction of PMBAM 

from PMGHV concentrations 
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E. Instrument for TSP and PM10 measurement 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1E High volume air sampler for TSP measurement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2E PM10 High volume air sampler for PM10 measurement 
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Figure 3E PM10 Inlet of beta attenuation monitor for PM10 measurement 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4E Beta attenuation monitor for PM10 measurement 
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Figure 5E Container for operating instrument at Thonburi Substation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6E Small container for operating instrument at 

Ministry of Science and Technology station  
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