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ABSTRACT

The purposes of this study were to examine PM10-bound elements emitted from 

the burning of different biomass types in order to evaluate any emission factors, as 

well as the emission rates of the PM10 particles and their elemental composition. 

Ambient PM10 samples were collected during the dry season (51 samples) and during

the rainy season (6 samples) in the year 2010 from the roof of a nine-storey building,

SCB1, Faculty of Science, Chiang Mai University. Samples were collected onto 

quartz fiber filters using the Minivol air sampler at a flow rate of 5 L/min over 24 hrs. 

PM10 concentrations in the dry season ranged from 73.8 to 249.1 µg/m3, while those 

in the rainy season were 12.0 to 32.3 µg/m3. The quality control evaluation of the 

optimized extraction conditions was done using the standard reference material 

(SRM) urban dust (NIST 1649a) and clay soil (RTC 051). The SRMs were extracted 
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with 12 mL of aqua regia in the block digester at a temperature of 95oC over 2 hrs 

without allowing the mixture to boil, and the SRMs were analyzed by ICP-OES.

Positive recoveries (85 to 109%) of almost all elements (Al, As, Cd, Co, Cu, Fe, K, 

Mg, Mn, Pb, Sb and Zn) were obtained for SRM urban dust and positive recoveries 

(86 to 109%) of almost all elements (As, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Ni, Pb, Sb, 

Se, V and Zn) were obtained for SRM clay soil. The detection limits of the ICP-OES 

ranged from 0.007 to 0.053 µg/mL for all elements, except for K (0.112 µg/mL) and 

Na (0.303 µg/mL). The major elemental constituents of PM10 from ambient air

samples were Ca (5.1 µg/m3) and K (1.6 µg/m3). Ten biomass samples (plain rice 

straw, sticky rice straw, maize, corn and leaf litter) and ten surface soil samples were 

collected during the harvest season in Chiang Mai Province (Mae Rim, Doi Saket and 

Chiang Dao Districts). The major biomass compositions were C (36.60 to 48.62%),

with slight amounts of H (5.03 to 6.05%) and N (0.05 to 1.98%). PM10 

concentrations emitted from the burning of biomass in the chamber ranged from 0.38 

to 6.16 g/kg. Maize and corn emitted higher PM10 concentrations than another 

samples. Average concentrations of elements extracted from PM10 samples in 

descending order were K (8.96%) > Al (1.40%) > Ca (0.19%). Potassium was the 

major elemental composition found to be bound with PM10 that was emitted from 

biomass burning; 14.7 to 21.5% for rice straw, 3.6 to 8.2% for maize and 0.2 to 0.4% 

for leaf litter. The aluminum mass content of the PM10 was also relatively high with 

0.9 to 2.2% for rice straw, 1.2 to 1.8% for maize and 0.9 to 1.0% for leaf litter. 

Concentrations of K and Al in PM10 emitted from burning of agricultural biomass 

samples were higher than those in the leaf litter from forest areas. The use of chemical 

fertilizer in agricultural areas was considered a primary source of the K and Al that 
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was released into the environment. Based on Principle Component Analysis (PCA), 

PM10 concentrations in the ambient air were well correlated with PM10 levels that 

were emitted from the burning of leaf litter. Soil samples collected from the same 

areas of the selected biomass had pH levels ranging from 4.6 to 7.6 and contained 

0.73 to 4.53% organic matter. Concentrations of As, Cr, K, Mg, Mn, Ni, Pb, Sb and 

Zn in samples of agricultural soil were higher than those measured in samples of soil 

taken from the forest area, while Ca, Cd, Co, Cu, Fe, Se and V contents were lower.

Emission factors (EF) of PM10 emitted from the chamber experiment were 381 

mg/kg for rice straw burning and 6,159 mg/kg for maize burning. Burning of maize 

presented relatively high EF for K (461 mg/kg), Al (70.6 mg/kg) and Cd (9.29 

mg/kg), whereas leaf litter provided the highest EF for Ca (9.29 mg/kg) and Mg (0.77

mg/kg). According to the information obtained from questionnaires in the sampling 

areas and biomass burning experiments, the PM10 emission rate (ER) from the 

burning of rice, maize and leaf residues in the 3 sampling districts was 134.5 ton/yr. 

The ER of PM10 from leaf litter burning was 7.5 ton/yr, while those from rice straw 

and maize burning in agricultural areas were 22.4 and 104.6 ton/yr, respectively. 

Therefore, maize burning was determined to be the major PM10 emission source and

accounted for 77% of the total biomass burning in the area. In addition, the PM10 

emission from rice straw and forest burning accounted for 17% and 6%, respectively.
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