'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 42, No. 1, March 2026, pp. 1-14
https://doi.org/10.5572/KOSAE.2026.42.1.001

p-ISSN 1598-7132, e-ISSN 2383-5346

LE AL A ISR YRR - 7tAY 2 EHC
315ty £ —E—&‘. % HIEAIS: A
Chemical Composition and Emission Factor Estimation of Particulate

and Gaseous Substances from Biomass Burning of
Agricultural Residues

5 = 1 1 Al 1 1 ol
44T, OfEhE”, 224 438 20054 98 268
, o i i i 3 ZHEHQ! 20251 9 20
ghaelFoldf st g stat, Ve akshl t7| e Ak, A(F) A o] o
Received 13 August 2025
Revised 26 September 2025
Juhan Kim, Kyunghoon Kim, Junyoung Ahn", Yongjae Lim", Jinsoo Park", Accepted 29 September 2025
llkwon Nam?, Soyoung Jung", Jaeyun Lee", Seongkyu Park?, *Co-corresponding authors
Taehyoung Lee*, Jinsoo Choi"* Tel: +82-(0)31-330-4039
E-mail : thlee@hufs.ackr
Department of Environmental Science, Hankuk University of Foreign Studies,
i i Tel : +82-(0)32-560-7260
Yongin, Republic of Korea E-mail : reconjs@korea kr
Y Air Quality Research Division, National Institute of Environmental Research,

Incheon, Republic of Korea
DKF Co., Ltd., Hwaseong, Republic of Korea

Abstract  This study aims to analyze the chemical composition of particulate and gaseous substances in real time during the
burning of agricultural crop residues (i.e., rice straw, barley stalk, corn stalk, sesame stalk, perilla stalk, peach branch, apple
branch, grape branch, pear branch), and to quantitatively evaluate the impact of biomass burning by calculating emission
factors by combustion fuel. An open chamber system for crop residue burning was constructed in compliance with EPA5G
regulations and utilized mass flow controllers to provide precise flow rate control. The chemical composition and emission
factors of PM, o sub-compounds (organics, nitrate (NO5"), sulfate (SO42'), ammonium (NH,*), chloride (CI"), black carbon (BC)),
gaseous substances (CO, CO,, CH,, O3, NOx, SO,, NH3), and 12 types of volatile organic compounds (VOCs) were investigated for
nine types of crop residues. In the case of agricultural residue incineration, the average PM; ; emission factor was 0.01575 kg/kg,
with the highest value observed in barley stalk. Rice straw and barley stalk recorded relatively high CI” emission factors of 0.0029
kg/kg and 0.004 kg/kg, respectively, compared to other fuels. This is likely due to the accumulation of CI~ within the crops,
attributed to the use of KCl fertilizer in paddy fields for cadmium contamination remediation. The average emission factors of CO,
CO,, CH,4, O3, NOx, SO,, NH3 were 0.18, 4.54, 0.012, 0.0093, 0.0049, 0.00108, 0.0032 kg/kg, respectively while the average emission
factor of VOCs was 0.001 kg/kg, with acetaldehyde, benzene, and acetone accounting for 64% of the total VOC emissions. The
results provide fundamental data to support domestic air quality impact assessments, particularly in relation to emissions from
agricultural residue combustion.

Key words: Particulate Matter of diameter 1.0 um or less (PM; ), Volatile organic compounds (VOCs), Nitrogen oxide (NOx),

ozone (Os), Agricultural burning
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Table 1. Fuel types of agricultural residues.

Number Type Name
1 Cereal crops Barley stem
2 Cereal crops Rice stem
3 Fruit trees Pear branch
4 Fruit trees Peach branch
5 Fruit trees Apple branch
6 Fruit trees Grape branch
7 Minor grains Corn stem
8 Specialty crops Sesame stem
9 Specialty crops Perilla stem
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Fig. 1. Schematic diagram of open chamber.
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Fig. 2. Schematic diagram of open chamber system for agricultural residues biomass burning.
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Table 2. Average emission factor of total PM; o and chemical species of agricultural residues (kg/kg).

Fuel Org NO;” 50,2 NH,* cr BC
Rice stem 0.02793 0.0002 0.00008 0.00082 0.0029 0.00302
Barley stem 0.05747 0.00019 0.00011 0.0009 0.00399 0.00397
Corn stem 0.00904 0.00011 0.00006 0.00013 0.00034 0.00122
Sesame stalk 0.00472 0.00012 0.00018 0.00004 0.00027 0.00425
Perilla stalk 0.00568 0.00009 0.00011 0.00009 0.00008 0.00252
Peach branch 0.00361 0.00006 0.00009 0.00001 0.00004 0.00218
Apple branch 0.01064 0.00008 0.00005 0.00003 0.00007 0.00208
Pear branch 0.00847 0.00005 0.00006 0.00001 0.00002 0.00184
Grape branch 0.0027 0.00004 0.00002 0.00001 0.00004 0.00126
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Table 3. Comparison of emission factors of agricultural residues between this study and Gyeonggi Research Institute (GRI)

2014 (kg/kg) .
M Fuel Rice Barley Corn Sesame Perilla Peach Apple Pear Grape
(kg) stem stem stem stalk stalk branch branch branch branch
(Spt,:“/“dy) 0.06 0.035 0.064 0.01 0.010 0.009 0.006 0.013 0.010 0.004
1.0
GRI 2014 9.5 0.035 0.014 0.021 0.010 0.017 0.009 0.010
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Fig. 7. The ratios of OVOCs, AVOCs and BVOCs during com-
bustion of agricultural residues.
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