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 Background: Indoor air quality (IAQ) is crucial for the health of all habitats. Northern 

ethnic Thai highlanders are among high risk groups from exposure to wood smoke from 

cooking and warming in their home. Fire wood from orchard trees is inexpensive, and a 
convenient source of energy among thoseliving in the highland. Objective: In the 

present study, we employed PM10, levoglucosan and 2-methoxyphenol to investigate 

the indoor air quality of the houses using wood burning for cooking. Results: Mean 
concentrations of PM10, levoglucosan and 2-methoxyphenol from the studied houses 

were significantly higher than the control in both wet and dry seasons. In wet season, 

mean±SD concentrations of PM10, levoglucosan and 2-methoxyphenol from the 
studied houses were 124.5±70.1 μg/m3, 6.2±7.1 μg/m3 and 20.7±7.4 ng/m3, 

respectively. In dry season, mean±SD concentrations of PM10, levoglucosan and 2-

methoxyphenol from the studied houses were 162.5±56.5 μg/m3, 8.7±6.9 μg/m3 and 
14.7±6.6 ng/m3, respectively. Meanwhile in the control house in wet season, mean±SD 

concentrations of PM10 and 2-methoxyphenol were 43.0±18.2 μg/m3 and 10.9±7.4 

ng/m3, respectively and levoglucosan was not detected, while in the dry season they 
were 49.6±9.0 μg/m3 ,0.2±0.2 μg/m3 and 7.9±4.1 ng/m3, respectively. Conclusion: 

The present study shows that those living in the houses using wood fire indoor may 

prone to health risk from exposure to indoor air pollutants. 
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INTRODUCTION 

 

 Fire wood is still commonly used in the houses of some areas i.e. on the highland of northern Thailand due 

to their availability and inexpensive. Indoor air quality (IAQ) is crucial for the health of all habitats especially 

children, elderly and those infirm. Indoor air pollutants have been reportedly correlated with asthmatic and lung 

cancer cases [1, 2]. In northern Thailand, there are about a million people living on the mountainous highlands. 

Wood fire is an inexpensive source of cooking and house warming. Therefore, open wood burning is the major 

source of particulate air pollution both in ambient and indoor environment. Size of particles links to their 

potential for deposition and clearance in the respiratory tract which is highly relevant for triggering deleterious 

health effects [3, 4). A survey of indoor air quality in the home of those using wood fire in this area is rather 

limited. To our knowledge, this report may be the first of its kind from northern Thailand. We reported a survey 

of indoor particulate matter with aerodynamic diameter less than 10 micrometers (PM10) inside the home of 

Hmong Khun Chang Kian (KCK) village living on Suthep hill on the west Chiang Mai city (Figure 1). Typical 

house and cooking stove from KCK village is shown in Figure 2.  

 Levoglucosan (1,6-anhydro-β-D-glucopyranose) and its isomers (mannosan and galactosan) are dehydro-

manosaccharide derivatives formed exclusively from the thermal breakdown of cellulose and hemicellulose, 

respectively [5], and its structure is shown in Figure 3. Levoglucosan is common used as a marker of biomass 

burning [6, 7]. 
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 Fig. 1: Maps of studied site Khun Chang Kian village, Chiang Mai province, Thailand 

 

 

 
 

Fig. 2: Characteristics of the house and cooking stove in KCK village. 

  

 Another markers of biomass burning is methoxyphenols resulted from pyrolysis of lignin which is 

commonly found in cell walls of plants and is a waste product of the paper industry [8]. 2-Methoxyphenol is the 

most abundant methoxyphenols measured and its structure is shown in Figure 4. 

 

 

 

 

  

 

 

Section of cellulose Levoglucosan 

 

Fig. 3: Levoglucosan was formed in high yields (up to 60%) by the pyrolytic unzipping of cellulose [9] 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Pyrolysis of lignin to 2-methoxyphenol [10] 
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 Therefore, the present study we employed PM10, levoglucosan and 2-methoxyphenol to investigate the 

indoor air quality of the houses using orchard wood burning for cooking. 

  

MATERIALS & METHODS 

 

 Laboratory materials and chemicals: PM10 filters, quartz, 1.2 µm pore size, 37 mm, Cat. No.225-1827 were 

from SKC Inc, USA, Levoglucosan (1,6-anhydro-β-D-glucopyranose,98%), Cat. No.498-07-7; Methyl β-D-

xylopyranoside (98%), Cat. No.612-05-5; 2-Methoxyphenol (98%), Cat. No.90-05-1; 2-chloro-4-

methoxyphenol (98%), Cat. No.18113- 03-6; N,O-Bis(trimethylsilyl) trifluoroacetamide (BSTFA, 98%), 

Cat.No.2556-30-2; N-trimethylsilylimidazole (TMSI, 97%), Cat. No.18156-74-6; and N-Methyl-N-

(trimethylsilyl)trifluoroacetamide (MSTFA, 98%), Cat. No.24589-78-4 were from Sigma Aldrich, U.S.A. 

Pyridine (99%), Cat. No.110-86-1 was from BDH Laboratory, England. Organic solvents including ethyl acetate 

(100%), methanol (100%), acetone (100%), and n-Hexane (100%) were from J.T. Baker, Germany.  

 Apparatus: (i) Gas chromatograph (Hewlett-Pakard ,6890 Series, USA) equipped with flame Ionization 

detector (FID), the separation was accomplished by capillary column (HP-5(5% phenyl methylpolysiloxane with 

30 m×0.25 mm,0.25 µm film thickness), and computerized data handling system (Version.A.10.02 series 

Chemstation); (ii) Gas chromatograph (Agilent.7890 series, , USA) equipped with mass spectrometer detector 

(Model.5975C, Agilent Technology), the separation was accomplished by capillary column (HP-5MS (5% 

Phenyl Methyl Siloxane with 30 m × 0.25 mm, 0.25 µm film thickness, Alltech, U.S.A), and computerized data 

handling system (Version.E.02.02 series Chemstation); (iii) Microbalance, 5 decimal places of gram, Mettler 

Toledo, AB135-S/FACT, Switzerland; and (iv) Personal air sampler, SKC Inc, U.S.A. 

 Study design: It was a follow-up study of collecting PM10 samples in wet (October 2011) and dry (January 

2012) seasons. 

 Study site: It was an ethnic highland Hmong village names Khun Chang Kian (KCK) village, Muang 

district, Chiang Mai province, northern Thailand (Figure 1). 

 Sample collection and analyses: Fourteen studied houses using fire woods and one control using liquid 

petroleum gas (LPG) were invited to participate. PM10 samples were collected using personal sampler using 

quartz filter in accordance with the reference method defined in the NIOSH Manual od Analytical Methods [11]. 

The position of personal sampler in the houses was located about 1.5 meters above the floor level with flow rate 

of 2 L/min. PM10 sample collection was performed on 3 consecutive days in each houses from 6pm to 6am 

which is most of the time that participants stayed at home. Levels of PM10 on the collected filters were estimated 

by pre- and post-gravimetric method. Levoglucosan and 2-methoxyphenol on PM10 samples were analyzed 

using gas chromatography-flame ionization detection (GC-FID) and GC-mass spectrometry (GC-MS), 

respectively using the developed method [12]. In brief, levoglucosan and 2-methoxyphenol were extracted from 

PM10 filters using ethyl acetate (J.T. Baker, Germany), dry and redissolved in ethyl acetate. The extract was 

divided into 2x200 µL portions, one for levoglucosan that was derivatized with N-trimethylsilylimidazole 

(TMSI, 97%) and N-Methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA, 98%). The product was measured 

by GC-FID. Another portion was derivatized with N,O-Bis(trimethylsilyl) trifluoroacetamide (BSTFA, 98%) 

and the product was measured for 2-methoxyphenol using GC-MS. 

 Statistical analysis: All data were performed using computer-based software and expressed as mean±SD 

and paired t-test was used to compare the data in wet and dry seasons, studied and control houses. Pearson 

correlation was implemented in forms of correlation coefficients (r). 

 

Results: 

 Twelve-hour PM10 samples were collected from 14 studied houses and a control house for analyzing 

levoglucosan and 2-methoxyphenol. Mean±SD levels of PM10, levoglucosan and 2-methoxyphenol from wet and 

dry seasons were shown in Table 1. Mean concentrations of all three pollutants were not significantly different 

when comparing between wet and dry season. The concentrations of PM10 and 2-methoxyphenol in studied 

house were about 3 and 2-fold, respectively, higher than control house. Levoglucosan was detected in studied 

houses in both seasons while it was detected in control house only in dry season. 

 
Table 1: Levels of PM10, Levoglucosan and 2-Methoxyphenol collected from the studied and a control house during wet and dry season. 

Parameters PM10 levels 

(µg/m3) 

Levoglucosan levels 

(µg/m3) 

2-Methoxyphenol levels (ng/m3) 

Wet season Dry season Wet season Dry season Wet season Dry season 

Studied houses, N=14       

Mean 124.5 162.5 6.2 8.7 20.7 14.7 

SD 70.1 56.5 7.1 6.9 7.4 6.6 

Median 105.9 130.5 2.2 7.8 18.3 9.6 

Min-Max 43.9-250.8 67.2-283.7 1.3-21.5 1.9-24.7 9.1-31.3 6.8-30.3 

Control house, N=1       

Mean 43.0 49.6 ND 0.2 10.9 7.9 



274                                                              Tippawan Prapamontol et al., 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 271-276 

SD 18.2 9.0 - 0.2 7.4 4.1 

Median 43.0 52.7 ND 0.1 8.0 6.6 

Min-Max 20.1-67.2 29.9-67.8 ND 0-0.4 2.9-22.3 3.8-14.6 

  

 The Pearson’s correlation coefficient of the association of PM10 concentrations with levoglucosan and 2-

methoxyphenol was shown in Figure 5. PM10 significantly correlated with levoglucosan (r=0.57, p < 0.05) but 

not correlated with 2-methoxyphenol (r=0.22). 

 

 
 

 

Fig. 5: Correlations of PM10 concentrations with levoglucosan (A) and 2-methoxyphenol (B) measured in both  

seasons. 

 

Discussion: 

 Mean concentrations of PM10 in studied houses were obviously higher than the control house. The studied 

houses which use wood as fuel had higher PM10 concentration than Thailand standard level of 24-h PM10 (120 

µg/m
3
) in both wet and dry season. However, it should be considered that PM10 in this study were collected for 

12 h. In contrast, PM10 level in control house which uses liquid petroleum gas (LPG) did not exceed the standard 

level. Please note that there were only one house using LPG in the the village. This suggests that these three 

pollutants were from burning woods which mostly were lychee (Litchi chinensis) wood. 

 Levogucosan and 2-methoxyphenol levels were obviously higher than the control house as same as PM10. 

Levoglucosan were detected in µg/m
3
 level while 2-methoxyphenol were detected in ng/m

3
 level. Since 

levoglucosan were exclusively from the thermal breakdown of cellulose which presents outer of wood and 2-

methoxyphenol is derived from lignin which presents in wood core, wood burning gives levoglucosan higher 

than 2-methoxyphenol. 

 When comparing between dry and wet seasons, PM10, levoglucosan and 2-methoxyphenol were not 

different in both studied and control houses. This can be explained by indoor wood burning which is common 

lifestyles of people living in KCK village, Hmong hill tribe village. They use wood for indoor cooking and 

warming through the whole year. These wood burning produce air pollutants which impact to KCK villagers’ 
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health. Moreover, house characteristics with poor ventilation in this study site enhance the exposure to air 

pollutants among these villagers. 

 Although KCK village may be the good site for studying indoor biomass burning, the control house in 

present study was too few. Increasing number of the control houses might show the obvious difference of the 

results between the study and control group with statistically significance. Unfortunately, they were very few 

houses using LPG or other clean energy due to the higher cost and logistic inconvenient. 

 Moreover, the biomarker of exposure to these pollutants in human such as levoglucosan and 2-

methoxyphenol in the urine should be investigated. Although levoglucosan and 2-methoxyphenol are not found 

the evidence of their toxicity, many epidemiological studies found that indoor air pollution from household solid 

fuel use in developing countries had significant health effects.  

 

Conclusion: 

 The present study shows that households with using indoor wood burning had significantly higher 

concentrations of PM10, levoglucosan and 2-methoxyphenol than those using LPG which is a cleaner energy 

than wood fuel. People living in the houses using wood as fuel may be more exposed to these pollutants and 

prone to health risk. 
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