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Abstract

The gaseous and particulate emissions from agricultural crop residues burning were investigated. The test
residues included white soybean stem, pepper stem, apple branch, peach branch, pear branch, grape branch, sesame
stem, perilla stem, and barley stem. Particulate emissions were dominated by fine particles (<0.1 um in size). The
highest PM, 5 Emission factors were from barley stems (35.2 g/kg), and the lowest from pepper stems (7.9 g/kg).
Emission factors for CO, NO, and VOCs were 146~305 g/kg, 4.94~15.02 g/kg, 27.4~353.3 g/kg, respectively.

Benzene played an important role in VOCs emissions from biomass burning.

Key words : Biomass burning, Field burning, Agriculture residue, Emission factor
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Fig. 1. Test samples of agricultural crop residues.
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Fig. 2. Experimental chamber for biomass burning.
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Table 1. Agricultural crop residues burning in this study’.

Sample Burning duration® (min) Volume (m?) Weight (kg) to burn

White soybean stem 30 1076 £36 13.9+0.2
Pepper stem 15 513£52 6.0+0.0
Sesame stem 30 1111+£99 13.6£0.1
Perilla stem 15 639+19 5.6+04
Barley stem 15 1217176 4.6+1.7
Pear branch 25 1013+46 13.0+£0.4
Apple branch 20 446109 13.0£0.5
Grape branch 20 809+ 160 93+19
Peach branch 20 816192 74+£0.5

DAl experiments were run in triplicate.
Yincluding ignition time, flaming time, and smoldering time.

Table 2. Analytical condition of GC/MS with thermal desorber.

Instrument Analytical condition

Desorption temperature: 300°C
Desorption time: 5 min

Thermal Desorber Desorption flow rate: 45 mL/min

(Markers) Tube: Tenax-TA
Cold Trap low and high temperature: —10/300°C
GC GC column: Agilent DB-1MS (60 m X 0.32 mm X 0.5 mm)
(HP7850 Agilent) Oven Temperature: 35°C — 5 min holding — 230°C (6°C/min) — 15 min holding: total 52.5 min
MSD Detector type: EI (Electron Ton)

Electron Energy: 70 eV

(HP5975 Agilent) Detection Mode: TIC (Scan), m/z 35 ~ 350
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Table 3. Physicochemical characteristics of raw residues (dry basis).

Caloric Moisture Elementary composition (%)
Sample value content
(kcal/kg) (W/w%) C H N S Others
White soybean stem 3,835 3.5 40.6 6.0 1.1 0.0 52.3
Pepper stem 4,181 4.4 45.4 5.7 0.6 0.0 48.4
Sesame stem 3,947 5.1 42.5 5.3 0.6 0.0 51.5
Perilla stem 3,815 2.6 40.9 5.5 1.5 0.0 52.1
Barley stem 3,620 22 394 5.1 0.4 0.0 55.1
Pear branch 4,293 11.1 44.5 54 1.2 0.0 48.9
Apple branch 4,147 9.3 44.9 5.8 0.7 0.0 48.6
Grape branch 4,218 7.5 44.7 5.7 0.8 0.0 48.9
Peach branch 3,940 9.2 42.0 54 1.5 0.0 51.1
Pepper stem Perilla stem
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Fig. 3. Temperature variation during agricultural crop residue burning.
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Table 4. Emission and particle size distribution of TSP, PM,,, and PM, ; from biomass burning.

Particle size distribution

Sample Concentration (mg/m”) Emission factor (g/kg) (PM/TSP)"
TSP PM,, PM, 5 TSP PM,, PM, 5 TSP PM,, PM, 5
White soybean stem 396 157 133 30.0 12.0 10.1 1.000 0.396 0.335
Pepper stem 304 113 93 26.0 9.7 7.9 1.000 0.373 0.305
Sesame stem 724 200 168 59.6 16.3 13.8 1.000 0.276 0.232
Perilla stem 598 224 189 67.5 25.5 21.4 1.000 0.376 0.316
Barley stem 716 377 277 85.8 53.1 35.2 1.000 0.526 0.387
Pear branch 378 145 109 29.5 11.3 8.5 1.000 0.383 0.287
Apple branch 487 401 357 22.9 18.9 16.8 1.000 0.824 0.734
Grape branch 436 186 121 34.5 14.8 9.5 1.000 0.426 0.277
Peach branch 293 102 86 324 11.2 9.5 1.000 0.349 0.294
Total 1.000 0.440 0.354
D calculated based on the measurement of mass concentration.
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3R FRE 4 g Aleloh 19 A3 2 A
27 AAEE 9, 29 Al 4ot @1s) AEE
T 9 DA, 3RAE A BAL e} el @
27} whpe] = otk 17 38w E 3
TEd et B, AThbre} EeuhE 71K da
o) o= Wste dehd Aoz wFd 9 )
o] AaE of TRel Hudzel| =ddte] i)
daFE Azte] 15% W92 vephgtew, Abzt sl
EEUFE o 11 Fudwel wsigon, &
W] Q4EE A7ke] 308 A= el

of wel gAY w71 EAe Fx 293~724
mg/m*%2. cheFslA vebde) 53], TSP 7)) o}
Y7} vl B4 vebdon, PM, 0] 9ol
Aol mEjdiell A wA Velleh A w7
29EAe] WEASE HES A3 WEts &
Fo AL sgAEY FAE 28t oo
Az} zro| AZE3sllT} (Park er al., 2013; Kim et al.,
2010; U.S. EPA, 1997).

Ao/ @A A3 A1 %

A=) TSP W &A= 27} 85.8 glkg
2 7P B el o, AlhaE 71 7F 22.9 glkg
2 7B v el PM 3 PM,soll A B
7} A7k 53.1 g/kg#} 352 gkg® T B2 FEE
aF 7t A7 9.7 glkgt 79 ghkg®R 7MY G pF
< Yepde

AR FFel w2 wAwA ] wE 5

RN 23k R FRE By
veRd 4+ 9l COsl TVOCe]| w2 A3t
A ehtA]l kel Hd A E At
2 AR e wiE SR e, wivhy, B
oAb ZER| 9} 2hE Fgerhx| o) vl st
Az FRE el AR AHHow
TSP wj&A| 42 A7} A epyta, w7t
Z)e] TSP wj&A ] A= vl ZA epyioh
53], madel Y S8 FEE 22~2.6%
2 )% wgka, A4 zks Zoma) TSP &7
T A 2 debddh s Ee] 2zt
e wx]e] wjE 5L A8 3 i Uy
F ez, o gt wfg Aol vehd=
Aoz Mo, 5 Ffagel W wiE S F
At AR ZN M 2] vt o QJu)r} gl Ao
2 Haldh

oX
o

[t rlo dnt rlo
14



14000

off

QAL a7to] o3 A7l 2w WE B 60

e
At

Table 5. Emission factors of gaseous pollutants from bio-
= mass burning.
B 12000 i . 9
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=
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£ o0 N Pepper stem 207 4.94 40.3
§ Sesame stem 237 6.47 109.5
S 4000 4 Perilla stem 296 8.59 54.2
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g 2000 ( Pear branch 238 8.74 87.7
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Fig. 4. Particle size distribution from biomass burning:
particulate number (top) and concentration (bot-
tom).
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Table 6. Emission factors of volatile organic compounds from biomass burning.

Emission factor (g/kg)
. 1,3- 1,4- 1,2-
Sample Benzene Toluene Chloro-  Ethyl- p-Xylene m,0-Xylene Stylene Dichloro Dichloro Dichloro
benzene benzene
benzene benzene benzene
White soybean stem 441 2.46 0.53 2.14 0.88 1.64 1.02 0.89 0.97 0.89
Pepper stem 5.24 3.77 0.65 0.87 0.79 1.17 2.03 3.78 0.88 0.56
Sesame stem 2.53 1.09 0.20 0.20 0.11 0.21 0.72 0.58 1.18 1.89
Perilla stem 0.56 0.42 0.32 0.16 0.08 0.14 0.82 1.36 2.06 2.42
Barley stem 5.54 4.07 0.21 1.32 1.46 2.73 1.85 0.10 0.20 0.56
Pear branch 0.88 0.53 0.04 0.04 0.02 0.03 0.12 0.03 0.05 0.33
Apple branch 1.91 0.44 0.10 0.60 0.19 0.36 0.87 0.14 0.02 0.70
Grape branch 3.44 3.19 0.38 2.28 1.11 2.07 1.33 1.95 1.92 1.98
Peach branch 10.41 1.42 0.08 0.91 0.24 0.45 0.26 0.06 0.04 0.68
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