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Abstract— Levoglucosan, as a biomass tracer, and sixteen polycyclic aromatic hydrocarbons 16 

(PAHs) in PM2.5 ambient air samples collected from Tak Province during smoke and non-smoke 17 

episodes were analyzed. The average PM2.5, levoglucosan and total PAHs concentrations in the smoke 18 

episode were 61.64 ± 22.85, 1.00 ± 0.41 µg/m3 and 6.32 ± 2.26 ng/m3, respectively. This figures were 19 

significantly higher than those recorded during the non-episode (13.76 ± 5.58, 0.12 ± 0.03 µg/m3 and 20 

2.59 ± 0.15 ng/m3, respectively). The predominant PAHs proportions were comprised of 21 

Phenanthrene and Benzo[ghi]perylene and levoglucosan concentrations revealed a strong correlation 22 

with PM2.5 concentrations, which indicated the source of PM2.5 from biomass burning. Toxicity 23 

equivalent (TEQBaP) and the mutagenic equivalent (MEQBaP) levels during the smoke episode were 24 

significantly higher than those in the non-smoke episode. Furthermore, lifetime lung cancer risk 25 

recorded during smoke episode exceeded the acceptable cancer risk that has been recommended by 26 

US-EPA. These results suggest that this area was not only exposed to PAHs that originated from 27 

traffic combustion, but was also exposed from biomass burning emissions, particularly during 28 

biomass burning season when there is an  increased risks of cancer and mutation. Although the 29 

exposure time in this area is relatively short, the high dose period of exposure occurs repetitively 30 

every year. In addition, backward trajectories showed that most of the air mass was generated from 31 

western region of Thailand and they were throughout the burning region not only emitted from local 32 

areas, but also from outside the country during the smoke episode.  33 

 34 
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1. INTRODUCTION 37 

The northern region of Thailand is well known for experiencing severe smoke-caused air 38 

pollution every year during the dry season (Wiwatanadate and Liwsrisakun, 2011). Open burning is 39 

one of the crucial issues in northern Thailand, Laos and Myanmar and in some areas of Vietnam and 40 

Cambodia. (Streets et al., 2003; Hyer et al., 2010; Lee et al., 2011; Huang et al., 2013; Popovicheval et 41 

al., 2017). The pivotal instances of open burning activities that occur in the dry season include 42 

agriculture waste burning, rice straw burning and the lighting of wildfires (Garivait et al., 2008; 43 

Chantara et al., 2012). Traditional slash-and-burn agricultural processes are in part the causes of this 44 

problem. This traditional practice is hard to change because it is an inexpensive method that farmers 45 

have used to clear surface biomass for generations, leading to faster crop rotation, and enabling 46 

farmers to limit the presence of undesirable weeds, pests and plant-based diseases (Pongpiachan, 47 

2016; Kim Oanh et al., 2011a). Biomass burning is considered a potential major source of toxic 48 

compounds releases into the atmosphere such as particulate matters (PM), polycyclic aromatic 49 

hydrocarbons (PAHs), water-soluble organic carbon (WSOC), elemental carbon (EC), organic carbon, 50 

(OC), anhydrosugars and volatile organic carbons (VOC) (Lemieuxa et al., 2004; Estrellan and Iino, 2010; 51 

Chuang et al., 2013; Zhu et al., 2015). These compounds produce a local, regional, and global impacts on 52 

air quality (Chen et al., 2017). At impact present, fine particles of smaller than 2.5 µm in diameter 53 

(PM2.5) are a critical topic of study (Pongpiachan et al., 2015a, 2017a). The smaller size fraction of 54 

these particles enables them to be absorbed into the alveolar region of the respiratory system with far 55 

better efficiency than coarse particles (Harrison and Yin, 2000). PM2.5 has been tied to increased risks 56 

of severe asthma attacks as well as to an increased use of medication among children who have 57 

asthma (Slaughter et al., 2003). Furthermore, PAHs are known to be important substances that are 58 

attached to PM. There are a large group of organic compounds that have two or more fused aromatic 59 

(benzene) rings. They are formed mainly as a result of pyrolytic processes, especially in the 60 

incomplete combustion of organic materials during industrial and anthropogenic processes (Hagedorn 61 

et. al., 2009 and WHO, 2000). They have a relatively low in water solubility, but highly lipophilic. 62 

The main sources of PAHs emission include not only biomass burning, but also motor vehicles, 63 

industrial processes, domestic heating, waste incineration and tobacco smoke (Ré-Poppi and Santiago-64 

Silva, 2005). Consequently, these substances end up being widely distributed as environmental 65 

contaminants (Igwe and Ukaogo, 2015). Human exposure to these substances can occur in indoor and 66 

outdoor environments by inhalation, the ingestion of food and through contact with skin (Pongpiachan 67 

et al., 2015b, 2017b). PAHs have received an increased amount of attention in recent years in a range 68 

of air pollution studies because some of these compounds are highly carcinogenic or mutagenic 69 

(IARC, 1983). Although there are hundreds of PAHs, perhaps the most important is benzo[a]pyrene 70 

(BaP) (WHO, 2000). BaP is commonly present along with other PAHs in cigarette smoke, grilled and 71 

broiled foods, and as a by-product in several industrial processes. It can be easily dispersed into the 72 



3 

 

ambient air, indoor air, and in some water sources (ATSDR, 1995). In addition, Levoglucosan (1,6-73 

anhydro-B-D-glucopyranose) is a major component of the particles emitted by biomass burning 74 

(Simoneit et. al., 1999). It is derived from pyrolysis of cellulose and hemicellulose at high 75 

temperatures (Fine et. al., 2001). Several previous studies have recommended using levoglucosan as 76 

an indicator for the tracer of biomass burning emissions (Simoneit, 2002; Hu et. al., 2013). For 77 

example, Fartas et al. (2009) conducted studies on the determination of levoglucosan in PM10 and the 78 

possible sources of emissions occurring from the combustion of selected plants found in Malaysia, 79 

and also found that the burning of softwoods produced more levoglucosan than hardwoods.  80 

In focusing on air pollution problems in 8 provinces of upper North of Thailand, the numerous 81 

studies of the air quality, characteristic of PM10, PM2.5 and theirs sources especially in the city such as 82 

Chiang Mai, Lamphun and Lampang provinces have been reported (Pengchai et. al., 2009; Chantrara 83 

et. al., 2009; Phoothiwut and Junyapoom, 2013; Pongpiachan, 2013; Tsai et al., 2013; Wiriya et al., 84 

2013; Khamkaew et al., 2016; Thepnuan et al., 2019). These problems has not only affected the 85 

visibility, the tourism, and the economy, but also the health of the people living in the areas resulting 86 

in a lot of extra-governmental budgets spent on air pollution related-treatments. Tak Province is 87 

located in the lower North of Thailand. It is the second largest province of the North of Thailand after 88 

Chiang Mai Province. The unique position and geography of Tak province with its western side join 89 

and form a long boundary with the Republic of the Union of Myanmar as well as other provinces in 90 

upper Northern Thailand such as Chiang Rai, Chiang Mai and Mae Hong Son Province, has made it 91 

especially vulnerable to the seasonal air pollution. However, there were only a few air pollution 92 

studies and none on the PM2.5 studies in Tak Province regarding both the components and its toxicity. 93 

Moreover, investigation of the emission of biomass smoke particles to the PM2.5 is important to find 94 

out the air pollution source in this area. The first goal of this study is to investigate the concentrations 95 

of PAHs and levoglucosan in PM2.5 in suburban areas and the second goal is to assess the health risks 96 

of local people for providing empirical data with regard to the potential health effects. 97 

 98 

2. MATERIALS AND METHODS 99 

2.1 Study Site 100 

The sampling site in this study was situated in Mae Sot District, Tak Province (Fig. 1), which is 101 

a district that is located in the west of Tak Province and shares a border with Myanmar. Mae Sot 102 

District is distinctive as a trade hub. It is referred to as a Special Economic Zone (SEZ) and it is home 103 

to considerable Burmese migrant and refugee populations. The study site was situated in Mae Sot 104 

Basin, which is surrounded by high mountains with tropical and pine forests. It is located at 16° 43' 105 

07" N, 98° 33' 56" E (MSO) and is primarily situated along the roadside at an altitude of 212.71 m 106 

above sea level. PM2.5 pollution has rarely been reported on in this area and there are no recorded data 107 

on the characteristics of PM for this study site. Whereas the eight provinces of northern Thailand are 108 
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currently receiving a lot of attention with regard to the air pollution issue and the concentrations and 109 

components of PM for these eight provinces are presently being studied. 110 

2.2 Sample Collection 111 

PM2.5 samples were collected continuously for five days per month during the period of March 112 

to July 2016 by Mini Volume Portable Air Sampler at a flow rate of 5 L/min within twenty-four-hour 113 

in ambient air. The filters that were used to collect the samples were 47mm fiber film filters (∅ = 47 114 

mm, Pallflex T60A20, Pall Corporation, Putnam, CT, USA). The filters were weighed at least three 115 

times before and after sampling with a microbalance (AB135-S/FACT Dual Range Analytical 116 

Balance, METTLER TOLEDO) with an accuracy of 0.01 microgram after being conditioned in an 117 

electronic desiccator at 25 ºC and with relative humidity of 10% for 24 hr. After collection, sample 118 

filters were stored in a refrigerator at approximately -20°C until analysis. PM10 concentrations and 119 

meteorological data were obtained from the Pollution Control Department (PCD) and Northern 120 

Meteorological Center, respectively.  121 

2.3 Chemicals Analysis  122 

2.3.1 Extraction and PAHs Analysis 123 

In this study, the 16 PAHs identified by the United States Environmental Protection Agency 124 

(US-EPA) were analyzed. The results are shown in Table 1. The half filter of each sample was cut 125 

into small pieces. After that, the filter samples were extracted ultrasonically twice with 126 

dichloromethane for 15min at 20° C and then centrifuged at 3,000 rpm for 15 min. Next, the solution 127 

was filtered through a 0.2 µm syringe PTFE filter and 0.1 mL hexane was added. Subsequently, the 128 

solution was evaporated by a gentle stream of nitrogen gas (N2). The residue solution was added with 129 

the internal standard (Semivolatile Internal Std Mix, Supelco, USA) and analyzed by gas 130 

chromatography system with mass spectrometry (GC-MS-QP2010 Series, Shimadzu Corporation, 131 

Japan). The column was a DB-5MS column (0.25 mm i.d. x 30 m and 0.25 µm film thickness, Agilent 132 

technologies Inc. USA) had an initial temperature of between 50 °C to 300 °C at 10 °C/min, and these 133 

conditions were then held for 10 min. High-purity helium was used as the carrier gas at a constant 134 

flow rate of 1.3 mL/min. The injection mode was splitless and the sample volume was 1 ml. MS 135 

detection was operated in selected ion monitoring mode (SIM). This protocol was carried out using 136 

the method reported by Wang et. al. (2016). 137 

2.3.2 Extraction and Levoglucosan Analysis 138 

The method for levoglucosan analysis was done following the procedure of Kumagai et al. 139 

(2010). Briefly, one quarter of each filter was extracted with 5 mL of dichloromethane/methanol (2:1). 140 

The internal standard (1 µL of Levoglucosan d7) was added before sample extraction. The extract was 141 

further evaporated and dried under a stream of gaseous nitrogen. Levoglucosan was quantified by 142 

analyzing N, O-Bis (trimethylsilyl)-trifluoroacetamide with 10vol% Chlorotrimethylsilane (BSTFA 143 
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with 10vol% TMCS). Results of a gas chromatograph (Shimadzu Corporation, Japan) with a 60 m 144 

DB-5MS silica capillary column (Agilent technologies Inc. USA) connected to a mass spectrometry 145 

device (6890GC/5973MS, Agilent Technologies, CA, USA) was used for the analysis of 146 

levoglucosan. 147 

2.3.3 Quality control for chemical analysis 148 

The accuracy of PAHs analysis was performed using five replications of 0.1 µg/mL of mixed 149 

PAHs standard solution (Semivolatile Internal Standard Mix 2000 µg/ml in dichloromethane, 150 

Supelco, Merck, USA) to match the method used with samples. The results revealed high recovery 151 

levels (92 – 111%) for all PAHs compounds. The limit of detection (LOD) and limit of quantification 152 

(LOQ) values of GC-MS for 16-PAHs analysis were derived from six measurements of 0.005 µg/mL 153 

and were mixed with PAHs standard. Results were recorded at 0.28 – 2.40 ng/mL of LOD and 0.92 – 154 

8.01 ng/mL of LOQ. The recovery levels of levoglucosan were achieved using the spiking method of 155 

standard solution (0.1, 0.5 and 2.0 mg/L). These concentrations were spiked in seven replications and 156 

the percent recoveries ranged from 96 – 120%. LOD and LOQ values of GC-MS for levoglucosan 157 

analysis were 0.04 mg/L and 0.13 mg/L, respectively. The results of repeatability of the method were 158 

evaluated in terms of percentage relative standard deviation (%RSD) ranged from 4.0 – 10.6%. 159 

2.4 Health risk evaluation method 160 

The carcinogenic and mutagenic health risks that occur as a result of PAHs exposure can be 161 

calculated by multiplying the concentrations of each PAH compound. The toxicity equivalents (TEQ) 162 

were calculated based on the toxicity equivalency factor (TEF) as Eq. 1 (Petry et al., 1996; Tsai et al., 163 

2004; Wang et al., 2011; Benson et al., 2014; Mishra et al., 2016; Chen et al., 2019 and Ghanavati et 164 

al., 2019 are referred from Nisbet and LaGoy, 1992) and the mutagenic equivalents (MEQ) were 165 

computed from the mutagenic equivalency factor (MEF) as Eq. 2 (Durant et. al., 1999; Qu et al., 166 

2015; Balgobin and Ramroop Singh, 2019). Additionally, BaP was classified as Group 1 by the 167 

International Agency for Research on Cancer (IARC) (Table 1) and was used as a representative 168 

marker for mixture exposure to PAHs.  169 

 170 

TEQBaP = 0.01(CHR) + 0.01(BghiP) + 0.1(BaA) + 0.1(BbF) + 0.1(BkF) + 0.1(IND) + BaP + DahA                       171 

(Equation 1) 172 

 173 

MEQBaP = 0.082(BaA) + 0.017(CHR) + 0.25(BbF) + 0.11(BkF)   + 0.29(DahA) +0.19(BghiP) +    174 

0.31(IDP) + BaP      175 

(Equation 2) 176 

The inhalation cancer risk (ICR) was used for estimation of the cancer risk from exposure to 177 

PAHs which assessed the association between ICR and PAHs as a linear function of the TEQ 178 
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concentrations and the inhalation unit risk (IUR). IURBaP is the inhalation unit risk defined as the risk 179 

of cancer from a lifetime inhalation of unit mass of BaP (m3/µg) which specifically, “the calculated, 180 

theoretical upper limit possibility of contracting cancer when exposed to BaP at a concentration of one 181 

microgram per cubic meter of air for a 70-year lifetime” (Bari et al., 2011; Jia et al., 2011; Manoli et 182 

al., 2016; Wang et al., 2012) 183 

ICR  =  ΣTEQBaP  x  IURBaP     (Equation 3) 184 

Where: IURBaP = 1.1×10−6  m3/ng   (Cal-EPA, 2005; US-EPA, 2005) 185 

      IURBaP = 8.7 × 10-5  m3/ng  (WHO, 2000) 186 

 187 

2.5 Backward trajectory calculation 188 

The 24-hour backward trajectories were determined by using the Hybrid Single-Particle 189 

Lagrangian Integrated Trajectory (HYSPLIT) model (Draxler and Hess, 1998). The backward 190 

trajectories are available online at https://ready.arl.noaa.gov/HYSPLIT_traj.php. The trajectories were 191 

computed every day at the same sampling site to investigate the air mass that was transported from the 192 

originated source to the receptor site. 193 

 194 

3. RESULTS AND DISCUSSION 195 

3.1 Concentration of PM  196 

The data on PM10 concentrations were obtained from PCD, while PM2.5 concentrations were 197 

collected from the ambient air samples using Mini Volume Portable Air Sampler during the period of 198 

March to July 2016 in Mae Sot District. The results varied from 65.8 – 128.2 and 3.3 – 122.0 µg/m3, 199 

respectively and were highest in March. The seasonal and spatial variations in PM concentrations are 200 

presented in Fig 2. The mean averages of PM10 and PM2.5 concentrations were recorded at 89.0 ± 201 

17.2, 60.5 ± 27.9 µg/m3 during the dry season (March - April), 84.6 ± 18.8, 63.9 ± 8.5 µg/m3 and 202 

during the transitional period (May), respectively. In the wet season (June – July), the mean averages 203 

of PM2.5 concentrations were recorded at 13.8 ± 5.6 µg/m3 according to the data of PM10 204 

concentrations of the PCD that were recorded during the period of January – May. The results of the 205 

PM2.5 concentrations recorded during March – May (61.64 ± 22.85 µg/m3) exceeded the acceptable 206 

24-hr levels according to the National Ambient Air Quality Standards (NAAQS) in Thailand (50 207 

µg/m3). Accordingly, this period was classified as a smoke episode (episode). On the other hand, 208 

PM2.5 concentrations recorded from late June to July (13.76 ± 5.58 µg/m3) did not exceed the 209 

standards of the NAAQS which classified this period as a non-smoke episode (non-episode), while 210 

PM10 concentrations recorded during the sampling period exceeded 120 µg/m3 only on the 26th of 211 

March. The variations of mean PM concentrations are illustrated in Table 1. The concentration values 212 

of PM2.5 recorded during the episode were significantly higher than those recorded during the non-213 
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episode. This was probably due to the open burning activities that typically occur during this period, 214 

which included the lighting of wildfires and the agricultural burning that takes place in rural areas and 215 

in neighboring countries. In addition, these results revealed a pattern that agreed with the pattern 216 

variations presented in previous reports produced in northern Thailand (Chantrara et. al., 2009; 217 

Pengchai et. al., 2009). In addition, the topography of the North of Thailand is mainly comprised of 218 

high mountains and pan basins, which give rise to temperature inversion or stagnant meteorological 219 

conditions in the dry season. Conditions involve low relative humidity levels, low dew point 220 

temperatures and light winds that are indicative of a stable atmosphere as has been previously 221 

reported (Amnuaylojaroen and Kreasuwun, 2012; Pungkhom and Jinsart, 2014). 222 

 223 

3.2 PM2.5-bound PAHs and their health risks  224 

The total concentrations of 16 US-EPA PAHs ranged from 2.29 - 11.36 ng/m3 and the highest 225 

total 16PAHs were recorded on March 26th 11.36 ng/m3, while 2.29 ng/m3 was recorded as the lowest 226 

concentration on June 5th. The variations of mean and standard deviation (SD) of each PAHs 227 

compound during both the episode and non-episode periods are shown in Table 1. The proportion of 228 

each PAH compound to the total of the PAHs was calculated in percentage to show the profile of the 229 

PAHs and the temporal variations of PM2.5 bound PAHs during the sampling period, and the results 230 

are presented in Fig. 3. The major PAHs compounds in this study included PHE 21%, BghiP 17%, 231 

BbF and IDP 12%. Additionally, the descending order of 5 PAHs compounds (ng/m3) were BghiP > 232 

PHE > IDP > BbF > BaP recorded during the smoke period and PHE > BghiP > DahA > IDP > BaP 233 

recorded during the non-smoke period. The results show that the concentrations of PHE and BghiP 234 

were dominant during both episodes. Previous studies reported that Southeast Asia countries, i.e. 235 

Thailand, normally found a high proportion of BghiPe and IDP compounds (Kim Oanh et al., 2000; 236 

Chantara et al., 2009; Chuesaard et al., 2014). Several previous research studies have suggested the 237 

use of PAH compounds as tracers to identify the sources of pollution. These results concurred with 238 

those of other studies (Freeman and Cattel, 1990; Bari et. al., 2010), where it was found that BghiP, 239 

IDP, BaP, BbF, BkF were the predominant PAHs, while smaller proportions of BaA, PHE, ANT, 240 

PYR, FLA and CHR were found in the softwood burning emissions. Accordingly, Shen et al. (2011) 241 

found that the dominant particulate-bound PAHs were PHE (20 ± 12%), FLA (11 ± 7%), FLO (11 ± 242 

7%), and PYR (10 ±7%) from indoor crop residue burning in a typical rural stove. Likewise, 243 

Chuesaard et al. (2014) referred from Kulkarni and Venkataraman (2000) considered using the BaP as 244 

a biomass burning tracer, while BhgiP and IDP as the vehicle exhaust tracers. On the other hand, 245 

Miguel et al. (1998) reported that the higher molecular weight PAHs (HMW-PAHs) such as BaP and 246 

DahA were the dominant emissions occurring from gasoline vehicles, while diesel trucks emitted 247 

HMW-PAHs such as BaP, BghiP, IDP and DahA at higher concentrations than duty vehicles. And 248 

also Boström et al. (2002) presented the BghiP as a source specific indicator for gasoline vehicles. 249 
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Fig. 5 illustrated the temporal variations of PM2.5, levoglucosan and tPAHs levels, which reveal a 250 

similar variation pattern. Moreover, the total PAHs concentrations during the episode were higher 251 

than those of the non-episode with statistical significance (p < 0.05). Accordingly, the concentrations 252 

of each PAHs compound recorded during the smoke episode were higher than those recorded during 253 

the non-episode, whilst pyrene (PYR) levels in the non-episode period were higher than in the episode 254 

period. Consequently, the concentrations of BghiP, PHE, IDP, BbF and BaP recorded during the 255 

smoke episode indicated that the possible sources of air pollution at this study site occurred not only 256 

from vehicle emission, but also from the increased biomass burning activities that go on during the 257 

dry season. These results agree with those of other studies (Chantara et. al., 2010; Phoothiwut and 258 

Junyapoom, 2013; Chuesaard et. al., 2014).  259 

The health risks were evaluated by calculating the TEQBaP and MEQBaP values, particularly 260 

BaP, which is classified as a Class 1 carcinogenic to humans by the International Agency for Research 261 

on Cancer (IARC). The individual PAHs concentrations used in the calculation included CHR, BghiP, 262 

BaA, BbF, BkF, IND, BaP and DahA. The ambient TEQBaP and MEQBaP levels in this study ranged 263 

from 0.41 – 3.14 ng/m3 and 0.34 – 3.35 ng/m3, respectively. The highest values of TEQBaP and 264 

MEQBaP were recorded on the 26th March 2016. This study found that the TEQBaP and MEQBaP values 265 

recorded during the episode were three times significantly higher than those recorded in the non-266 

episode, as illustrated in Table 1. In the smoke episode, the mean TEQBaP values in MSO (1.57 ± 0.67 267 

ng/m3) was lower than those in April 2010 (3.70 ng/m3) and higher than those in January – March 268 

2011 (0.25 ng/m3) while those in the non-smoke episode (0.53 ± 0.07 ng/m3) was higher than those in 269 

Aug – Nov 2010 (0.18 ng/m3) in Chiang Mai Province (Wiriya et al., 2013). Therefore, the study by 270 

Wiriya et al. (2016) showed that the TEQ value of PM10-bound PAHs obtained from the burning of 271 

leaf litter was higher than in the burning of maize residue and rice straw. Notably, the burning of leaf 272 

litter emitted higher amounts of pollutants than the burning of agricultural residue. The relationship 273 

between TEQBaP, MEQBaP and tPAHs concentrations are shown in Table 3, both of correlation 274 

coefficient between TEQBaP and tPAHs value and MEQBaP and tPAHs value in MSO were strongly 275 

significant (p < 0.01). Furthermore, the correlation between BaP equivalent (TEQBaP and MEQBaP) and 276 

tPAHs in the smoke episode was greater than those in the non-smoke episode and the correlation 277 

coefficient of mutagenic equivalent was higher than carcinogenic equivalent in both episodes. 278 

The potential inhalation lifetime lung cancer risk (LLCR) of human exposure to PAHs was 279 

evaluated by calculating the ICR based on BaP equivalent. This study employed the IUR 280 

recommended by California Environmental Protection Agency (Cal-EPA) and the United States 281 

Environmental Protection Agency (US-EPA) of 1.1×10−6 ng/m3 and World Health Organization 282 

(WHO) of 8.7 × 10-5 ng/m3 for 70 years of lifetime (Cal-EPA, 2005; US-EPA, 2005; WHO, 2000; Jia 283 

et al., 2011). The mean ICR-∑8PAHs-BaP values in this study were 1.27 × 10-6 and 10.02 × 10-5 for 284 

carcinogenic risk and 1.28 × 10-6, 10.09 × 10-5 for mutagenic risk based on EPA and WHO, 285 
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respectively. In addition, the ICR values of both TEQBaP and MEQBaP obtained during smoke episode 286 

were 3 times significantly higher than that of the non-smoke episode. Moreover, the LLCR values that 287 

calculated based on WHO were higher than the values that were calculated based on EPA (Fig. 4). 288 

The similar results were also observed in Zaragoza, Spain (Callén et al., 2014), Amazon region (de 289 

Oliveira Alves et al., 2015) and Kuala Lumpur, Malaysia (Sulong et al., 2017). Furthermore, it was 290 

found that the values of LLCR based on both of EPA and WHO techniques were higher than the 291 

estimation of the previous study for the 70 years of lifetime ICR from of PM2.5-bounded PAHs 292 

(ΣPAH12-BaPeq) of northern Thailand in 2012 - 2013 (Pongpiachan et al., 2015a). However, these 293 

values were lower than those in Guangzhou, China (5.98 × 10−4) (Liu et al., 2015). Thereupon based 294 

on US-EPA, the acceptable level of risk is one chance in a million (LLCR = 10-6) or less of 295 

developing human cancer over a lifetime (70 years) and one case in ten thousand people (LLCR = 10-
296 

4) is a very high potential risk (Greene and Morris, 2006; Sun et al., 2016). The LLCR values in the 297 

smoke episode were over the acceptable cancer risk for 2 cancer cases per million people in this study 298 

area. The period of PAHs exposure from biomass burning season is not a long time, but the dose 299 

exposure is extremely high and repeated in every year. 300 

 301 

3.3 Levoglucosan concentrations 302 

Levoglucosan, 1,6-anhydride of glucose, is the product of the degradation of products from 303 

cellulose and it is stable in the atmosphere. It represents a fraction marker for biomass burning in the 304 

form of wood burning and wildfires (Hoffmann et. al., 2010). The concentrations of levoglucosan in 305 

this study ranged from 0.08 – 1.95 µg/m3 and the average concentration values recorded in the 306 

episode and non-episode were 1.00 ± 0.41 and 0.12 ± 0.03 µg/m3, respectively (Table 1). The 307 

temporal variations of levoglucosan are shown in Fig. 5. This factor has cleared the biomass burning 308 

pattern with very high emissions occurring in March through May and low emissions during the 309 

remaining months. Accordingly, the results show that the levoglucosan concentrations were 310 

significantly higher during the episode than those recorded in the non-episode. The correlation 311 

between levoglucosan, PM2.5 and individual PAHs compounds during the smoke and non-smoke 312 

episodes were calculated, and the Pearson correlation coefficients (r) are listed in Table 2. 313 

Levoglucosan concentrations revealed a significantly strong correlation with PM2.5, FLU, BbF, BaP, 314 

IDP, DahA, BghiP and tPAHs during the smoke episode, while it was not significantly correlated 315 

during the non-smoke episode. These results corresponded with those of previous research studies 316 

involving biomass tracers, which found that levoglucosan was a concomitant in the fractions of PM 317 

being emitted from biomass burning.  Consequently, these studies revealed that there was an increase 318 

in biomass burning emissions resulting in increased air pollutant concentrations in the ambient air 319 

(Bari et. al., 2010; Chuesaard et. al., 2014).  320 

Furthermore, the relationship between TEQBaP and MEQBaP and levoglucosan concentrations 321 

are shown in Fig. 6. Both the correlation coefficients between the TEQBaP and levoglucosan values 322 
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and MEQBaP and levoglucosan values at this study site that were recorded during the smoke episode (r 323 

= 0.753 and 0.761, respectively) were higher than those in the non-smoke episode (r = -0.245 and -324 

0.287, respectively). These results confirm that the increasing biomass influences in the smoke 325 

episode could potentially present a carcinogenic risk to health and a greater mutagenicity risk than 326 

those same influences in the non-smoke episode. Therefore, the health effects of PM exposure depend 327 

upon certain physical characteristics, such as the breathing mode of the inhabitants (volume and rate 328 

of a person), the size of particulates and the effectiveness of PM exposure by local area conditions 329 

(e.g. topography, weather and seasons), sources of PM, concentrations being emitted and 330 

microenvironments (Brown et al., 2013; Casati et al., 2007; Kim et al., 2015). 331 

 332 

3.4 Relationship of PM2.5 concentrations to other air pollutants and Meteorological concentrations 333 

The correlation between PM2.5 levels to air pollutants and meteorological concentrations was 334 

analyzed by Spearman rank correlation analysis. The results found that the PM2.5 concentrations had a 335 

strong positive correlation with tPAHs, TEQBaP and MEQBaP, levoglucosan concentrations and 336 

temperature (Temp) (p < 0.01), and a significant degree of correlation with PM10 at p < 0.05 as is 337 

shown in Table 3. On the other hand, the increased precipitation (rain) and relative humidity (%RH) 338 

values established negative relationships with PM2.5, tPAHs and levoglucosan with statistical 339 

significance at a confidence level of 0.01. Notably, wind speed (WS) yielded a negative correlation 340 

with PM2.5, but without statistical significance. These results were similar to those of previous studies 341 

such as Owoade et al. (2012), Jayamurugan et al. (2013) and Chen et al. (2016). The effects of the 342 

meteorological parameters typically fluctuate in different regions of the world. The important factors 343 

such as temperature, %RH and wind can influence the dispersion, transport and removal of particulate 344 

matter in the atmosphere (Munir et al., 2017). The strong positive correlation between PM2.5 and 345 

temperature was due to the temperature and could have affected the formation of secondary 346 

particulate matters in the atmosphere. This may have been the case as high temperatures pay a role in 347 

photochemical reaction precursors (Wang and Ogawa, 2015; Munir et al., 2013). Wet deposition is 348 

one of the important mechanisms for removing air pollution by washing out PM and organic 349 

pollutants from the atmospheric to the ground (Guo et al., 2014). The negative relation coefficient 350 

obtained might have been a result of the washout mechanism of rainfall that occurs by reducing the 351 

atmospheric particulate pollution and covariate factors of atmospheric pressure and ambient 352 

temperature (Guo et al., 2016; Chen et al. 2016). Additionally, high humidity can reduce PM2.5 353 

concentrations as particles expand to become too heavy to dwell in the ambient air. Conversely, when 354 

hygroscopic influences grow along with low humidity, the PM2.5 concentrations are increased (Wang 355 

and Ogawa, 2015; Lou et al., 2017). The precipitation data recorded during the sampling of PM2.5 are 356 

shown in Fig. 2. All the sampling during the non-episode period occurred on rainy days. Therefore, 357 

the rain that fell on the sampling days resulted in decreased concentrations of particulate matter, 358 
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tPAHs and levoglucosan. Thus, rainfall was an important factor that effectively resulted in a reduction 359 

the pollutants in the ambient air during the non-smoke episode. On the 28th of March during the 360 

smoke episode, the levels of PM and tPAHs in the pollutants were slightly reduced as a result of the 361 

rainfall. This might have been the case because it had rained for a short period of time and the amount 362 

of rainfall was minimal (2.2 mm) on this occasion. In addition, the air mass movement was not only 363 

influenced by the local area, but also from the direction of the southeast, as is illustrated in Fig. 7. 364 

Several studies have correlated the occurrence of rain fall with a reduction in the particulate matter 365 

present in the atmosphere with regard to the amount, frequency, intensity, and the number of 366 

consecutive rainy days. Qian et al. (2009) found that the frequency and amount of precipitation are 367 

both significantly decreased during periods of high pollution. On the other hand, Choi et al. (2008) 368 

reported that the aerosol concentrations over a number of days were positively associated with the 369 

days of moderate-rainfall frequency (10-20 mm/day), but negatively correlated with the days of light-370 

rainfall frequency (5 mm/day). 371 

 372 

3.5 Backward trajectories of air movement 373 

The Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model (Internet-374 

based) developed by the Air Resource Laboratory (ARL) of the National Oceanic and Atmospheric 375 

Administration (NOAA) was used to compute the 24-hr and 72-hr backward trajectory values at 16.00 376 

UTC in each day of the sampling period in this study. The air mass trajectories were used to interpret 377 

the transport pathways of infinitesimally small particles as they move through time and space (Stohl, 378 

1998; Wang et al., 2010). Backward trajectory recorded during each sampling month showed the 379 

arrival height of 500 m above ground level (AGL) (Fig. 7) identify the source regions and long-range 380 

transports of air mass (Kim Oanh and Leelaskultum, 2011b; Crosbie et al., 2014). As shown in the 381 

study done by Zhu et al. (2011), for the receptor heights of 100 - 1000 m, the transport pathways were 382 

not significantly different, whereas the trajectories could increase the length of transport with the 383 

receptor height. The 24 or 72 hr backward trajectories are frequently used in previous studies (Wiriya 384 

et al., 2013; Xin et al., 2016; Sun et al., 2017).  The 24 hr backward trajectories, with its smaller 385 

trajectory position errors, have been used to investigate the possible sources of regional emission and 386 

elucidate the regional transport pathways (Wang et al., 2010; Godłowska et al., 2015). Increasing the 387 

time of trajectories could trace the increase in long-range transport pathway. In addition, Fig 7 388 

illustrated the accumulated 7 days of hotspots during sampling in each month. Hotspot analysis is the 389 

primary tool to locate the patterns of the forest fire occurrence (Feltman et al., 2012; Said et al., 2017). 390 

In this study, hotspot data was derived from Moderate Resolution Imaging Spectroradiometer 391 

(MODIS) on board the Terra (EOS AM-1) and Aqua (EOS PM-1) satellites from the NASA’s Earth 392 

Observatory website (https://earthdata.nasa.gov).  393 

Most of the data model showed that the air mass movement was from a westerly direction. 394 

During the smoke episode, the major direction of the backward trajectory originated from the 395 
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continental area of Myanmar before arriving in Mae Sot District except for the backward trajectory in 396 

March which showed the originated of air mass not only from Myanmar but also from the local area 397 

and Cambodia (Fig 7(a-c). Besides, the map of hotspots shows that the accumulated 7 days hotspots 398 

were very high at both local area and neighboring countries. Likewise, the pathway of air mass moved 399 

over the areas showing a high accumulated number of hotspots before arriving at the study sites. 400 

Numerous studies have reported that the air mass transport pathways significantly correlated with 401 

spatial and temporal variations of pollutants. It was considered that under propitious atmospheric 402 

conditions the air mass parcels can transport particulate matters and other pollutants generated from 403 

the open-burning areas (Chuang et al., 2016; Liu et al., 2013; McGowan and Clark, 2008). As a result 404 

in this study, the close correlation between PM2.5 and levoglucosan concentrations and the peak of 405 

hotspot activity during the smoke episode implies that the high concentration of PM2.5 during this 406 

period was from biomass burning emission. Although the air mass trajectory during the non-smoke 407 

episode generated in the Andaman Sea, it was transported by the air mass that blew through Myanmar 408 

to the receptor site (Fig. 7(d-e). The air mass transport was not affected by the hotspot activity in this 409 

episode. This is concordant with the reported wind direction in Chiang Mai Province in 2010 and 410 

2011 (Wiriya et al., 2013). In the details, the backward trajectory values recorded during the non-411 

smoke episode moved directly from a southwest direction into the receptor sites and had a longer 412 

trajectory than those recorded during the smoke episode. This would indicate the presence of a 413 

significantly high-wind speed regimes (Pöhlker et al., 2018) and long-range transport pathway over 414 

the Andaman Sea and Myanmar to the sampling sites. In addition, the increase of the wind speed 415 

would decrease the concentration of PM2.5 (Wang et al., 2017). 416 

 417 

4. CONCLUSIONS 418 

Mae Sot District is located in Tak Province, which is a province in western Thailand. Notably, 419 

the air pollution issue in Tak Province during the dry season is not different from that of northern 420 

Thailand. The results in this study reveal that the temporal variations of PM2.5 concentrations, and 421 

other air pollutants such as PAHs and levoglucosan, displayed a similar trend with those of previous 422 

studies conducted in Chiang Mai, Lamphun and Lampang Provinces. The peak concentrations in 423 

those studies were recorded in March. The average of PM2.5, tPAHs and levoglucosan were 424 

significantly higher when recorded in the smoke episode than in the non-smoke episode. The 425 

predominant compounds of PAHs are PHE and BghiP in both episodes that can emit from not only 426 

vehicles but also biomass combustion. However, all individual PAHs concentrations recorded during 427 

the smoke episode were significantly higher than the non-smoke episode except for PYR (indicating a 428 

vehicle source). The concentrations of levoglucosan were strongly correlated with PM2.5 and tPAHs 429 

during the smoke episode that can identify the source emission from biomass burning. Thus, these 430 

results can confirm that the sources of air pollution at the study site not only involved traffic 431 

emissions but also occurred from increasing biomass burning during the dry season. The human 432 
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health risks of PM2.5-bound PAHs exposure evaluated from TEQBaP and MEQBaP showed that the 433 

smoke episode could increase a potential human health risk higher than those in the non-episode 434 

period. As a result, the LLCR during smoke episode were higher than the acceptable level of 435 

augmentative human cancer risk over a 70-year lifetime (US-EPA). During the smoke episode, 436 

backward trajectories have revealed that the problematic air masses that moved over the burning areas 437 

as showed the high hotspot activity were not only emitted from local areas, they were also emitted 438 

from outside the country like Myanmar and Cambodia. Therefore, the most air masses were generated 439 

from the western region of Thailand. 440 

 441 
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Fig. 1 Location of sampling site (MSO) at Mae Sot District, Tak Province, Thailand. 
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Fig. 2 Seasonal and spatial variations of PM concentrations during sampling period. 

 

 

Fig. 3 Percentage contributions (pie graph) and temporal variations (bar graph) of PM2.5 bound PAHs 

at sampling site. 
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Fig. 4 Assessment of lifetime lung cancer risk from the TEQBaP and MEQBaP during smoke episode 

and non-smoke episode in Mae Sot district. The US-EPA and WHO Unit Risk were also remarked 

with 1.1×10−6 ng/m3 and 8.7 × 10-5 ng/m3, respectively.  

 

 

Fig. 5 Temporal variations of PM2.5, levoglucosan and tPAHs concentrations at MSO site. 
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 Fig. 6 Correlation between levoglucosan and equivalent concentrations during smoke episode and 

non-smoke episode. 
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Fig. 7 Hotspots and 24 hr (green line), 72 hr (blue line) backward trajectories of air mass movements 

generated from the NOAA HYSPLIT model at 500 m AGL; endpoint 16 UTC for March (a), April 

(b), May (c), June (d) and July (e) in 2016. 
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Table 1 Range and mean of PAHs, PM and meteorological values measured during sampling period 

Parameter Abbreviation  IQ 
IARC 

class* 

Mean ± SD 
Unit 

Episode Non-episode 

Naphtalene NAP 128 
 

0.02 ± 0.01 ND 

ng/m3 

Acenaphtylene ACY 152 
 

0.10 ± 0.05 0.06 ± 0.03 

Acenaphtene ACE 154 
 

0.02 ± 0.02 ND 

Fluorene FLU 166 3 0.06 ± 0.04 0.02 ± 0.01 

Phenanthrene PHE 178 3 1.04 ± 0.03 0.99 ± 0.01 

Anthracene ANT 178 3 0.31 ± 0.07 0.21 ± 0.01 

Fluoranthene FLA 202 3 0.11 ± 0.02 0.05 ± 0.01 

Pyrene PYR 202 3 0.02 ± 0.01 0.16 ± 0.04 

Chrysene CHR 228 2B 0.06 ± 0.05 ND 

Benz[a]anthracene BaA 228 2B 0.29 ± 0.06 0.16 ± 0.02 

Benzo[b]fluoranthene BbF 252 2B 0.84 ± 0.48 0.16 ± 0.03 

Benzo[k]fluoranthene BkF 252 2B 0.20 ± 0.13 0.02 ± 0.03 

Benzo[a]pyrene BaP 252 1 0.70 ± 0.33 0.21 ± 0.06 

Indeno[1,2,3-cd]pyrene IDP 276 2B 0.85 ± 0.39 0.22 ± 0.04 

Dibenz[a,h]anthracene DahA 278 2A 0.65 ± 0.27 0.26 ± 0.03 

Benzo[ghi]perylene BghiP 276 3 1.21 ± 0.63 0.26 ± 0.07 

Total PAHs tPAHs 
  

6.32 ± 2.26 2.59 ± 0.15 

Toxicity equivalent TEQBaP 
  

1.57 ± 0.67 0.53 ± 0.07 

Mutagenic equivalent MEQBaP     1.63 ± 0.76 0.46 ± 0.06 

Particulate matter (2.5) PM2.5 
  

61.64 ± 22.85 13.76 ± 5.58 µg/m3 

Particulate matter (10) PM10 (Mar - May 2016) 87.55 ± 17.19 - µg/m3 

Levoglucosan Levo 
  

1.00 ± 0.41 0.12 ± 0.03 µg/m3 

Temperature Temp 
  

30.63 ± 1.34 26.40 ± 0.74 °C 

Relative humidity RH 
  

58.72 ± 4.89 85.19 ± 2.95 % 

Rainfall RN 
  

0.15 ± 0.57 6.46 ± 8.63 mm 

Wind speed WS     32.84 ± 5.31 32.41 ± 7.00 km/hr 
a QI = Quantification ion (m/z) 
b The IARC Classified: 1= Carcinogenic to humans; 2A = Probably carcinogenic to humans; 2B = Possibly 

carcinogenic to humans; 3 = Not classifiable as to its carcinogenicity to humans 

ND = Not detected 
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 Table 2 Correlations between concentrations of levoglucosan, PM2.5 and PAHs in both episodes 

 
Episode Non 

Levo 1 1 

PM2.5 0.795** 0.088 

Nap -0.547 a 

ACY -0.295 0.054 

ACE 0.488 a 

FLU 0.775** a 

PHE -0.081 0.014 

ANT -0.482 0.473 

FLA 0.514* -0.033 

PYR -0.013 a 

CHR 0.3 a 

BaA 0.592* 0.124 

BbF 0.736** -0.579 

BkF 0.545 a 

BaP 0.723** -0.125 

IDP 0.796** -0.041 

DahA 0.698** -0.233 

BghiP 0.782** -0.006 

tPAHs 0.760** -0.251 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

a Cannot be computed because at least one of the variables is constant. 

 

 

Table 3 Correlations between concentration of PM2.5 and other parameters 

 
PM2.5 PM10 tPAHs TEQ MEQ Levo Temp RH Rain WS 

PM2.5 1 0.630* 0.810** 0.769** 0.827** 0.864** 0.590** -0.678** -0.515** -0.134 

PM10  1 0.263 0.077 0.204 0.671** 0.068 -0.359 a -0.016 

tPAHs 
  

1 0.928** 0.961** 0.831** 0.445* -0.576** -0.471* -0.242 

TEQBaP 
  

 1 0.973** .827(**) 0.505* -0.578** -0.475* -0.314 

MEQBaP 
  

  1 0.839** 0.486* -    0.578**  -0.439* -0.319 

Levo 
  

   1 0.545** -0.653** -0.601** -0.173 

Temp 
  

    1 -0.927** -0.387  0.357 

RH 
  

     1 0.464* -0.291 

Rain 
  

      1 0.246 

WS 
  

       1 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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Fig. 1 Location of sampling site (MSO) at Mae Sot District, Tak Province, Thailand. 
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Fig. 2 Seasonal and spatial variations of PM concentrations during sampling period. 

 

 

Fig. 3 Percentage contributions (pie graph) and temporal variations (bar graph) of PM2.5 bound PAHs 
at sampling site. 
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Fig. 4 Assessment of lifetime lung cancer risk from the TEQBaP and MEQBaP during smoke episode 
and non-smoke episode in Mae Sot district. The US-EPA and WHO Unit Risk were also remarked 
with 1.1×10−6 ng/m3 and 8.7 × 10-5 ng/m3, respectively.  

 

 

Fig. 5 Temporal variations of PM2.5, levoglucosan and tPAHs concentrations at MSO site. 
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 Fig. 6 Correlation between levoglucosan and equivalent concentrations during smoke episode and 
non-smoke episode. 
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Fig. 7 Hotspots and 24 hr (green line), 72 hr (blue line) backward trajectories of air mass movements 
generated from the NOAA HYSPLIT model at 500 m AGL; endpoint 16 UTC for March (a), April 
(b), May (c), June (d) and July (e) in 2016. 
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Table 1 Range and mean of PAHs, PM and meteorological values measured during sampling period 

Parameter Abbreviation  IQ 
IARC 
class*  

Mean ± SD 
Unit 

Episode Non-episode 

Naphtalene NAP 128 
 

0.02 ± 0.01 ND 

ng/m3 

Acenaphtylene ACY 152 
 

0.10 ± 0.05 0.06 ± 0.03 
Acenaphtene ACE 154 

 
0.02 ± 0.02 ND 

Fluorene FLU 166 3 0.06 ± 0.04 0.02 ± 0.01 
Phenanthrene PHE 178 3 1.04 ± 0.03 0.99 ± 0.01 
Anthracene ANT 178 3 0.31 ± 0.07 0.21 ± 0.01 
Fluoranthene FLA 202 3 0.11 ± 0.02 0.05 ± 0.01 
Pyrene PYR 202 3 0.02 ± 0.01 0.16 ± 0.04 
Chrysene CHR 228 2B 0.06 ± 0.05 ND 
Benz[a]anthracene BaA 228 2B 0.29 ± 0.06 0.16 ± 0.02 
Benzo[b]fluoranthene BbF 252 2B 0.84 ± 0.48 0.16 ± 0.03 
Benzo[k]fluoranthene BkF 252 2B 0.20 ± 0.13 0.02 ± 0.03 
Benzo[a]pyrene BaP 252 1 0.70 ± 0.33 0.21 ± 0.06 
Indeno[1,2,3-cd]pyrene IDP 276 2B 0.85 ± 0.39 0.22 ± 0.04 
Dibenz[a,h]anthracene DahA 278 2A 0.65 ± 0.27 0.26 ± 0.03 
Benzo[ghi]perylene BghiP 276 3 1.21 ± 0.63 0.26 ± 0.07 
Total PAHs tPAHs 

  
6.32 ± 2.26 2.59 ± 0.15 

Toxicity equivalent TEQBaP   
1.57 ± 0.67 0.53 ± 0.07 

Mutagenic equivalent MEQBaP     1.63 ± 0.76 0.46 ± 0.06 
Particulate matter (2.5) PM2.5   

61.64 ± 22.85 13.76 ± 5.58 µg/m3 
Particulate matter (10) PM10 (Mar - May 2016) 87.55 ± 17.19 - µg/m3 
Levoglucosan Levo 

  
1.00 ± 0.41 0.12 ± 0.03 µg/m3 

Temperature Temp 
  

30.63 ± 1.34 26.40 ± 0.74 °C 
Relative humidity RH 

  
58.72 ± 4.89 85.19 ± 2.95 % 

Rainfall RN 
  

0.15 ± 0.57 6.46 ± 8.63 mm 
Wind speed WS     32.84 ± 5.31 32.41 ± 7.00 km/hr 
a QI = Quantification ion (m/z) 
b The IARC Classified: 1= Carcinogenic to humans; 2A = Probably carcinogenic to humans; 2B = Possibly 
carcinogenic to humans; 3 = Not classifiable as to its carcinogenicity to humans 
ND = Not detected 
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 Table 2 Correlations between concentrations of levoglucosan, PM2.5 and PAHs in both episodes 

 
Episode Non 

Levo 1 1 
PM2.5 0.795** 0.088 
Nap -0.547 a 
ACY -0.295 0.054 
ACE 0.488 a 
FLU 0.775** a 
PHE -0.081 0.014 
ANT -0.482 0.473 
FLA 0.514* -0.033 
PYR -0.013 a 
CHR 0.3 a 
BaA 0.592* 0.124 
BbF 0.736** -0.579 
BkF 0.545 a 
BaP 0.723** -0.125 
IDP 0.796** -0.041 
DahA 0.698** -0.233 
BghiP 0.782** -0.006 
tPAHs 0.760** -0.251 

** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
a Cannot be computed because at least one of the variables is constant. 

 

 

Table 3 Correlations between concentration of PM2.5 and other parameters 

 
PM2.5 PM10 tPAHs TEQ MEQ Levo Temp RH Rain WS 

PM2.5 1 0.630* 0.810** 0.769** 0.827** 0.864** 0.590** -0.678** -0.515** -0.134 
PM10  1 0.263 0.077 0.204 0.671** 0.068 -0.359 a -0.016 
tPAHs 

  
1 0.928** 0.961** 0.831** 0.445* -0.576** -0.471* -0.242 

TEQBaP   
 1 0.973** .827(**) 0.505* -0.578** -0.475* -0.314 

MEQBaP   
  1 0.839** 0.486* -    0.578**  -0.439* -0.319 

Levo 
  

   1 0.545** -0.653** -0.601** -0.173 
Temp 

  
    1 -0.927** -0.387  0.357 

RH 
  

     1 0.464* -0.291 
Rain 

  
      1 0.246 

WS 
  

       1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
 

 

 

 

 

 

 



Hightlights: 

• Mae Sot District, Tak Province, Thailand was affected with crisis of PM2.5 concentration in 

burning season, the same as the northern Thailand. 

• Levoglucosan indicated the emission sources of PM2.5 from biomass burning.  

• Lifetime lung cancer risk during smoke episode exceeded the acceptable cancer risk of US-

EPA's recommended. 

• Most air masses generated from the western region of Thailand and blew through burning 
areas to the study site during the smoke episode. 

 


