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Emission characteristics of PM,; and its carbonaceous components emitted from crop straw burning

YE Xun, CHENG Jin—jun, CHEN Sha, LIANG Zhi—fa, ZHANG Hui, LIU Jun—xia, LIU Qiong-yu"

(Hubei Key Laboratory of Industrial Fume and Dust Pollution Control, Jianghan University, Wuhan 430056, China)

Abstract: Five kinds of typical crop straws including wheat, corn, peanut, rice and soybean siraws obtained from Huainan, Anhui Province
and Wuhan, Hubei Province, were investigated for combustion experiment using self-designed combustion—dilution sampling device. The
fine particulate matter (PM,s) and carbonaceous components emitted from crop straws combustion were collected and the differences in
emission factors of PM,s and the carbonaceous components in the two regions were analyzed, and the indicative components of carbona-
ceous components were screened. The result showed that emission factors of PMas from crop straw burning were obviously different for the
different crop straw species and regions. The emission factors of PMas from crop straw burning in Huainan were 0.56~7.67 g-kg™', and that
in Wuhan was 3.53~7.91 g-kg™". Moreover, the emission factor of PMas was also significantly different for the different kinds of crop straws.
The emission factor of PM,s of peanut straw reached the maximum value with an average value of 5.98 g-kg™ among the five crop straws,
which was 2.93 times of that of soybean straw (the average value was 2.04 g+kg™). The emission factor of PM,s increased with increasing
the moisture content in straw. Carbonaceous components were the main component of PM,;s from crop straw burning, and the percentage of

total carbon (TC) in PM,;s ranged from 36.40% to 65.84%. Among the five crop straws, peanut straw showed the highest emission factor of
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TC in PM,s with an average value of 2.58 g-kg ™', which was 2.41 times of that of wheat straw with the average value of 1.07 g-kg™'. The per-

centage of organic carbon (OC) was much higher than that of elemental carbon (EC) in PM.s, and the ratios of OC/EC ranged from 2.36 to

13.73, indicating that crop straw burning had an important effect on the formation of secondary aerosols. The ratios of char—EC/soot—EC in

PM, s from crop straw in Huainan and Wuhan were between 17.20~64.16, and char—EC was significantly higher than soot=EC. So the ratios

of char—EC/soot—=EC could be used as an important indicator to judge the source of straw combustion. The result of principal component

analysis (PCA) showed that OC1, OC2 and EC1 mainly contributed to the carbonaceous component in PM»s in Huainan and Wuhan, and

therefore OC1, OC2 and EC1 could be used as indicative components of PMs emitted from crop straw burning.

Keywords : crop straw; fine particulate matter(PM.s); carbonaceous component; emission factor; indicative component
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Figure 1 The sampling device schematic diagram of PM,sfrom

crop straw burning
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Figure 2 Emission factors of PM,s from crop straw burning
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Table 1 Comparison with published emission factors of PMs from crop straw burning at home and abroad

H X FEFFRRE Hers ¥ Bhbe—RAE X E=BUN
Region Species of straw Emission factor/g kg™ Combusition—Sampling method Reference
HER /NEEREFF Wheat 1.13+0.13 LI RS IR TR R A ABST
Huainan FOKFEFF Corn 0.72+0.34 Simulative experiment of burning This study
s T in stove—dilution sampling
AEAFEFT Peanut 7.67+2.30
IKFEFERT Rice 4.81+0.68
K FEFF Soybean 0.56+0.20
L /NETFERT Wheat 3.60+1.84
Wuhan FKAHFF Comn 7.91:3.11
AEAFHFT Peanut 4.29+2.63
IRFEFEFF Rice 4.17£1.98
K FEFF Soybean 3.53+1.39
TTF XS £ Dengxian /NEREFT Wheat 0.84+0.47 S LA R AR b — T R i TR [16]
T RFEEHS Wangdu INEFEFF Wheat 0.900.55 'Sln}ulatwfa experiment of burmr}g
in field=dilution channel sampling
I 55 HR I Zhengzhou FKFEFF Corn 1.08+0.59
PN NIFARLICNUE /N FEFT Wheat 11.4+4.9 SR ARG S MRE 0 B 1 1 RAE Simulative [17]
Shaanxi, Anhui, Shandong, FRFEFF Corn 12.045.4 experiment of burning in s.love—dilution channel
Henan and Hebei sampling
IRFEFEFF Rice 8.5+6.7
rpE RS L R AL INEFEFF Wheat 6.2 S0 5 Bh b 2 SR be T FRE JE R A¥: Simulative [18]
East, north and c-entral section FKFEFT Corn 105 experiment of burning in stove—dilution channel
of China sampling
IKFEFERT Rice 13.1
K Chongging TFKFEFE Corn 2.45~3.85 PRI AT I AR AR~ B 1 R [19]
SKEEFEFF Rice 1.66~1.94 .Simula[ive' exPeriment of burnirTg
in stove—dilution channel sampling
K EF5HF Soybean 3.28+0.87
¥ Henan /NEFEFF Wheat 5.61~8.39
111 7% Shandong INFEFEFF Wheat 3.21+0.32
FKFEFT Corn 4.54x0.97
ENJE India IKFETERT Rice 9.34.1 S A BAAAT et b — 7 il A R [20]

Simulative experiment of burning
in stove—dilution channel sampling
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Figure 4 Percentage content of TC in crop straw
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Figure 5 Emission factors of OC, EC and TC in PMas from crop straw burning
F2 BHBREESPMsHOC ECTCESSE
Table 2 The percentage content of OC, EC and TC in PM.s from crop straw burning
Hb X Region FEFFFIE Species of straw % K Straw moisture content/% 0C/% EC/% TC/% OC/EC
WER INAEREFE (R ) 13.01 4424 10.61 54.85 4.17
Huainan RS ORUTHE) 14.56 36.28 14.39 50.67 252
AEEREF T HE) 15.19 36.69 4.18 40.87 8.78
IRAEREF (RTH) 11.78 32.59 10.69 43.28 3.05
KEFEF T 12.68 42.18 17.90 60.07 2.36
KGR 15.08 39.95 15.54 55.49 2.57
19.70 46.46 9.11 55.57 5.10
26.63 44.53 12.65 57.17 3.52
I INEREFE(RHR) 10.53 32.59 9.43 42.02 3.46
Wuhan TRFEFFOTHE) 13.10 31.05 5.35 36.40 5.80
EEFERF OFFE) 11.49 37.99 9.05 47.04 4.20
IKAEREFE(RTHR) 10.11 30.15 11.92 42.07 2.53
KGFEFFOUTHE) 12.63 61.37 4.47 65.84 13.73
KRR 18.83 51.55 6.54 58.09 7.89
25.81 49.48 4.82 54.30 10.27
36.49 47.38 5.39 52.77 8.79

FEFFI) OC/ECE Y 3.7 1% . 2RI K Z R FF OC/EC F&FF OC/ECAH 22 BE 3, 'L 1) R A% #F OC/EC
{7, N 13.73, 52 OC/EC H f AR i /K R F5 AT 1Y 5.4 (BRI GRS FF OC/ECE 19 5.8 4% . AWFFTFEFT
. AN[EIZEAEFTF A OC/EC H 2Z PEA R . P Y [) 2 PRBEHEC S, PMLs A OC/ECE Y & T 2, H G E A
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Figure 6 Emission factors of OC,EC and TC in PM,;s from

soybean straw burning under different straw moisture contents
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Table 3 Correlation coefficient of carbonaceous components
Rii]in Carbonaff)i}zﬁt‘imponent TC OC EC 0Cl1 0C2 0C3 0C4 EC1 EC2 EC3 OPC
I TC 1
Wuhan
oC 0.967** 1
EC -0.174  -0.418 1
0C1 0.975%* 0.940** -0.159 1
0c2 0.899** (0.955*%* —0.488 0.864%* 1
0C3 0.953** 0.929*%* -0.195 0.879%* (.846%* 1
0c4 0.336 0.349  -0.151 0.206 0.159 0.490 1
ECI 0.239 0.039 0.704 0.148  -0.142  0.317 0.536 1
EC2 0.950%* 0.964** -0.339 0.919** 0.932%*% (0.918** 0.353 0.063 1
EC3 0.322 0358 -0.239 0.118 0.381 0.505 0.512 0.316 0.286 1
OpPC 0.429 0.612 -0.839" 0.338 0.572 0.518 0.617 -0.205  0.522 0.574 1
i TC 1
Huainan oc 0.995%% 1
EC 0.773*%  0.704 1
0Cl1 0.982%* 0.994**  (0.658 1
0c2 0.998#* 0.995%* 0.754* 0.981%%* 1
0c3 0.995%*% 0.983** 0.813* 0.968** 0.990%** 1
0C4 0.725*%  0.661 0.931**  0.638 0.692  0.772% 1
ECI 0.955%* 0.926*%* 0.893** (.885%* 0.950** (0.962%* 0.805%* 1
EC2 0.273 0.258 0.301 0.198 0.306 0.235  -0.004  0.367 1
EC3 0.739%  0.671 0.968** 0.625  0.717% 0.791* 0.957** 0.857**  0.099 1
OPC 0.846%* 0.884** 0392 0.871** 0.868** 0.800*  0.280  0.754*  0.359 0.349 1

TE##7E0.01 /K- (UI) B RS, *7E0.05 /K- CRUI) b AR

Note: ** indicate significant correlation at P<0.01 levels(two—tailed test). * indicate significant correlation at P<0.05 levels(two—tailed test).
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Table 4 Results of principal component analysis

K 1Factor 1 [K-F 2Factor 2

ik 4153 carbonaceous component

0Cl1 0.901 0.224
0c2 0.924 0.258
0c3 0.969 0.184
0C4 0.904 -0.170
EC1 0.901 0.195
EC2 0.028 0.930
EC3 0.895 -0.095
OPC 0.665 0.443

& OPC bR PELL 7.
3 #ie

(1) 22 40 T AN b 2 00 7% AT SR B R S PMs
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