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Study on Volatile Organic Compounds Emission of Straw Combustion and

Management Countermeasure in Wuhan City

HUANG Bi-jie

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

Abstract: Straw combustion is an important anthropogenic source of volatile organic compounds (VOCs) in China. Emissions of VOCs
from straw combustion significantly affect climate forcing and human health. A reliable estimation of VOCs emission from the source is
the important prerequisite for emission impact assessment and control strategy in the urban or regional areas. VOCs emissions from
straw combustion in Wuhan City and the districts were estimated by factor analysis method, which was based on the yield of major farm
crops in the period of 2005-2011. Moreover, Cultivated-land Emission Intensity (/,) and Regional Emission Intensity (I,) were also
calculated. VOCs Emissions from straw combustion in Wuhan City were (3 163 £ 139) t in the period of 2005-2011; I, and I, was
(1.52+ 0.06) t-km~* and (0.37 + 0.02) t-km >, respectively; Straw combustion of grain and oilseed crops was the main source
of the emissions; 21 kinds of VOCs should be listed as the priority control pollutants for straw combustion in Wuhan City. The order of
successively decreasing VOCs emission of districts in Wuhan City was Huangpi District, Xinzhou District, Jiangxia District, Caidian
District, Hannan District, and Dongxihu District, the former 4 districts contributed to almost 90% VOCs emissions of the Wuhan City.
Huangpi District, Xinzhou District, Jiangxia District, and Hannan District should be regarded as priority control areas of VOCs
emission from straw combustion in Wuhan City. Much attention should be paid to Jiangxia District, which was nationally
representative. [ and I are important basic data for ecological risk assessment of some kind of pollutants emitted from straw combustion
in the urban or regional areas. Furthermore, straw utilization model according to agricultural cyclic economy is a feasible way to cope
with the environmental problem of straw combustion.

Key words; Wuhan City; volatile organic compounds( VOCs) ; emission inventory; straw combustion; management countermeasure
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Table 1  Ratios of dry residue to production

YEYIFP FEFF R B kg-kg ™!
R 0. 960
N 1. 390

YT 1. 520
EL%S 0.520

HoAth Fem 2.320
E50/S 0. 980
K 1. 520
iyia 4.090

THSHF 3.170
1A 1. 140
ZRR 2.230
&S 1.730
LB 0. 430

R2 2009 ~2011 FREEEREYEFRYY
Table 2 Ratios of dry residue to production for
different kinds of corps in 2009-2011
i R 8/ kg kg ™!

251 2009 4F 2010 4F 2011 4F
W 0. 998 0.994 0. 999
Uilp s 4.090 4.090 4.090
PSS 2.619 2.584 2.543

R 1.730 1.730 1.730

LB 0. 430 0. 430 0. 430

)RR RRSSREFT FB A RO T 0% B4 (it
P
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SE A AR 1 MR FTRR 5 FAACIR 00 0 i i 4 iy A
SCHR ZHAR S AFTEAR R YA & M, A W5 TR
HECRBAE 8.5 ~15.7 kg-t ™' "2, AWFSEAE %
AL SCHRFNSC R AL T 00, L 11,5 kgt 310
1.2.2 FEFHREE VOCs HERLE
TR VOCs HFsm B = (2) 7153

[ =0/4 (2)
Ao, 1 RFEFFRRSE VOCs HERGREE ; Q NFSFFIALR
VOCs HYHERCE: ; A S 3w,

A 5% BE B HE L HE i 5% ( cultivated-land
emission intensity, /) A1 X 38 HE 5 58 B ( regional
emission intensity, ,) FEfE R T M H FEARAEY) Fh
T DR RE AT R VOCs HERCORE. 1, F Tl i B
B R A RS A BE VOCs HERCIE B0, o mT #8 h B
PR TS R AT EHR R K 1, T 2Rk DX i
FUEFE N RS FHEBE VOCs HERCIE L, 16 F 5 4
Py XS A R AR A S, O i) DX I e 4 il A
RIFA BRSSP . 1., 1 o R IR (2) i
U B H FBEAAE Y FhAl XS FFRA R VOCs HERCE
SR AT AT AR | D AR A F
1.3 Hdssb PSR E o B

H Microsoft Excel 2003 & SPSS 13. 0 # {447
AT M ot i DA {E (Mean £ Std)
For. SRR 73 ikt 8 VOCs IR 1Y
R EE A T2 A 7Ry e . HAv, 3
] v fife = AR RS FFRARE VOCs AH SEHE IR K1Y
I AR T ELTR) — ST A R DX (L) R R
LN 52 g B 1Y HE TS 1 DL ERAF AR AR R 22 S+
PE A A] sk O s S BCHE RO A SRR AN E 1 | et
PRI A R DB A - Sz e 35 2 W 1 HE TR AL
AW T VOCs HET = 1Y 45 70 K 5 34 ok 5 T
S ANl 2 0 3 S PR AE TS 1 By 2 B SE it
SRR T 5RO A BT R 4 1. Sk
eV, BdE RE R BUR B KT RS AR BE VOCs HE ik
LR, B —EN %= L.

2 HRESH

2.1 FEFFBREE VOCs HEMT B B HERCHR

#2005 ~ 2011 4F BT RS FHA LS VOCs HE
HPARZ T 1. 7 a MR DU AR FFEABE VOCs
HEBCEZ M (3163 = 139) . VOCs HEk & e /NG
2011 4EAH L T KA 2007 4, VOCs AR HE &
M 12.2%.

K2 3T 2005 ~ 2011 4F 2% 30T R FFBR B2

3 600

) c
3250 3208 3263 3250

\865

2 ?{"] 1 1 1 L L L
2005 2006 2007 2008 2009 2010 2011
P
El1 2005 ~2011 FRNHEFHEE VOCs HE
Fig. 1 VOCs emission of straw combustion

in Wuhan City in 2005-2011

VOCs BIBFHERR BE (1) F0IX SRR B (1,). 7
a ()G IUTT 4E S 75 FF R B2 VOCs B9 1, A1 1, 433
(1.52+ 0.06) F1(0.37 + 0.02) t-km >, BIATHE
FHABE VOCs 1 1, B RKAH HH BLAE 2005 4F, 1 1, K
HHBAE 2007 4, DL EWIELE 2011 4R35 0y 5/ IME.
2011 AE R TT RS AFRRBE VOCs 19 1, AN 1, (HE B K
{3 SGA 11, 3% F1 12, 2% .

VOCsHEHR /!t

1.6 0.5
1.564 1.551 1.555
£ £
2 =
=] M
= =
= ¥
g2 0.384 0.383 387 =
0.383 - - o
® 0378 0370 0.372 =
—h— B HE R
—o— [X IR HE 0.337
|'3 L L L 1 L L
2005 2006 2007 2008 2009 2010 2011

Ay
2 2005 ~2011 FE X T FREFFBREE VOCs HEM 8 E

Fig. 2 VOCs emission intensity of straw combustion

in Wuhan City in 2005-2011

2.2 FEFFREE VOCs HERCIE S B
#2005 ~2011 AF TR B 2R FLERIEY
FEFFRRE VOCs HEBCE RS T3 3. X 7 a [HERINTHT
O HRAE, WokE, BRZE | B RAEY AR IR AR
52 VOCs HERCE 435 (2135 £97) , (191 £37) |
(776 £28) . (10.3 +1.4) F1(50.7 +2.9)t; 434l &
FIHE R 67.51% . 6.04% | 24.52% . 0.33%
F 1. 60% 5 I UL RS FHBe VOCs HETL
K HARE IR R EY.
2.3 FEFFBREE VOCs 43 X HECR: S HE R
2009 ~2011 BT FE W 6 AN RIEYFh
FE X RS FF A e VOCs HE 582 TR 3. 3 a
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=3 2005 ~2011 FENTRERIEYTEFBE VOCs HEHE

Table 3 VOCs emission from the straw combustion of five

crops in Wuhan City in 2005-2011

0 TEAFAEE VOCs HECE /L A
WEE ML iRk i s
2005 2205.2 181.8 803. 1 10.2 49. 4
2006 2170.3 201. 4 770. 4 9.8 56.0
2007 2201.4  225.4 777.1 9.0 50.5
2008 2081.6  231.3 771.6 11.5 49.5
2009 2173.6  211.4 800. 2 11.6 53.0
2010 2178.3 132.1 787.5 11.6 47.9
2011 1935.8 154.0 718.3 8.1 48.4

B T AR YRS AP R BE VOCs HERCE 290 (3 091 +
201)t. EEARMEY R X A TGH . DR, 284
VLKL BEBFHT N D Y AR R 2 5 - (73.5
15.9) . (141.9 £47.5) . (324.2 +50.2) , (642.8
+32.7), (1001 £23.3) F1(780.5 +47.8)t; 4%
o7 B E T HER S R Y 2.38% | 4.59% | 10.49%
20.80% . 32.38% H125.26% . i T# L 95% iy
FEFFABE VOCs HEIOR A T UL L 6 X, 3 90% Y HE
HOR HVLE | #54), SmPFHTIX 4 1X.

Ll e 0 20094 B 20104
59, B 20114
s [ 709 ¥
0 200 400 600 800 1000 1200
VOCsHEH i/t

32009 ~2011 FRIXTH SRR EMTEFFLEE VOCs HEME
Fig. 3 Regional VOCs emission of straw combustion

in Wuhan City in 2009-2011

2010 AT 43 X X d g ARHE b B B X
(2261 km*) > VLE X (2010 km®) > FrH X (1500
km®) > X (1 108 km®) > A PH I [X (439. 2 km®)
> IR IX (287. 7 km?) 3 2010 4E BT 43 X Hb 1
FRUHEY . BBk X (535. 8 km?) > #M X (487. 8 km?)
>TTE X (356.5 km®) > 341 X (257.2 km®) > &
PEIIIX (134.3 km®) > I E X (104.6 km® ) ; 2010
AR LT 0 DX b T AR 7 X TR A B HE T R
R IX (36.4% ) > HMIX (32.5% ) > AP X
(30.6% ) > 21X (23.2% ) > HE X (23.7% ) >
TEX(17.7%).

142009 ~2011 RV EZM 6 DR AEY)Fh

i IX B RS FTEREE VOCs B HERCGER B BAE2 T 4.
3 a [ HTAEF- RS FEBRSE VOCs 1Y 1, {E R (1. 49
+0.09) t-km >, ZRVGW . D, 2, TTE | B
AT X 1, (B2 50 4 : (0.54 £0.09) . (1.36 =
0.45). (1.26 £0.19), (1.73 £0.05) ., (1.87 +
0.06) F(1.59 £0.12) t-km 2. VLE . SRR
X PO 14K

H 2009 ~2011 AR ITT FE N 6 NS RAEY)Fh
X RS FTREE VOCs X IHERR B 5 R 2 T & 5.

20094

20104

—O— &KWWK  — A WK

— O —#aK ——IHIX
—K— WP —X— HMIX
— & R

B4 2009 ~2011 £ BT 5 K RAIEYREFFHREE
VOCs #HittAEBGREE (1,)
Fig. 4 Cultivated land VOCs emission intensity of straw

combustion in Wuhan City in 2009-2011

20094
0.7

20104
—— HEHHX — O WK
— %KX —+—{IHK
— K WX —A— HiH X
—&— R
B5 2009 ~2011 F£RIXHH X KIEWFEFF RS
VOCs KIFHERRE (1))

Fig. 5 Regional VOCs emission intensity of straw
combustion in Wuhan City in 2009-2011
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3 a [AIRD AR FRRBE VOCs 1Y 1, {E 4 (0. 36

+0.02) t-km > ZRVGHI, D, M, TLE | B
AT DX 1 B 5350 42 (0.17 £0.04) , (0.49 =
0.17). (0.29 +0.05), (0.32 £0.02) ., (0.44
0.01)F1(0.52 +0.03) t-km 2. VLEG. B R0
DX T E T 387K

3 itig

3.1 FEFBABEMfGH & VOCs BEPERLN

RAEDICAAER B A — KLU L AETE TR
FFS2IE RS FF i, JR R S el K, FS AR IR F
& ,2009 4RI EMEDRSF B R 6. 98 2 t, FEAT | /DN
2 FEORFEFT 2 ARG AT RAEM RSP =
A3 A 5 B R P AL ) 4R B T R N A kA B L A
PR (0.2 ~0.4 42 O # X2 R L2 FER K
YEYAE P58 150 T3 t, B4R 7 LR RAE YIRS FF 24 200
Tt R REFHRB S — gt M E 6 H b Ay
7 H AL A EgE s BiE 10 H.

i 2 ] A B AR TR AKOT- B 4 v A BB VR 45 44 1 e
AR ANEYIREFF 2R TN B by R VR JEURE R 25 T R
FEFT e RGN G AR WAL, BE LR FF i, g B2
PRAE . AL IR A 2 R i IR A SRR
TR ERE R K T B, MR &5 AN 52, 5k ™
(AR R R B (0K 4 S SO, . NO, . VOCs %64 5
HESM. LS LW HER S BORS PM, |
CO MREEF =5 30% LA b, J& S BOM 1 55 58 15 G
BN ZEZ 0 Jir, Lakiini b i s s
IR #E, 558 KA &Y. 2012 4F 6 A i), £
FE BT 7E P T S 4 b DX HE B S PRl 25 3 K
A BRI TREWLEE /N T 1 km, A B B 5
WA P R 55 3 KR, 3K — AR S R A S e o SR
I K AT b DX A VR DS FT 7 A e ELEEAH 5. 2013
1A BT SO BT A SR h
JEE RS, KRR T 15 YRR 58 10 =5 & 2=,
HIE KA VOCs WA I BE . R, VOCs J&
XoF 3t 2 B S UR R A LA I i i AR, O
A2 A R O T R AR 5 T G i T i 28 G
gLXnZSJ .

FAFIRE DA N S AR TS Y W 0 AR AR 8 7 R
TR0 A3 AT Y W A N A 3 R 4 ey e
Prig bR >, voCs B dbh | b & 8uE 1
LT HESEOR B, B, Bk, Mhigss
W ANERER , FEXF AARBIRE B IE . R A 22
RGO R R R R A B

FEERAR . KRR VOCs i & HIBIR L2 %
g b P T R | MR SRR HARER K
2 OIS RGEERFLAE, I, 38 250 A4 fg B =
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Fig. 6 Straw utilization models according to agricultural cyclic economy
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