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Estimation of air pollutant emissions from straw residues open burning in Henan Province

FU Le, WANG Shan—shan®, WU Zhi-li, LIU Sai-nan,YANG Shu—xian, ZHANG Rui-qin"

(Research Institute of Environmental Science, College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001,
China)

Abstract : Open burning of agriculture straw residueis a common method to dispose waste after harvesting seasons in Henan Province.Based
on the survey data, the air pollutant emission inventory of crop straw open burning in 2014 for Henan Province was established by using e—
mission factor approach. Besides, the temporal and spatial distribution characteristics of air pollutant emissions were also presented in this
paper. The results showed that the total emissions of CO,, CO, CH,, NMVOCs, NH;, BC, OC, SO,, NOx and PM,;s from straw residues open
burning in Henan Province were 1.210 45x107, 5.174x10°, 3.27x10%, 7.19x10%, 5.9x10% 4.2x10°, 2.47x10% 5.5%10%3.13%x10* and 7.48x%
10* t in 2014.Wheat and maize were the main sources of air pollution in Henan Province, with the contribution rate 38%~67% and 17%~
36%. Spatially, the cities of Zhumadian, Zhoukou, Nanyang and Shangqiu were the highest value areas of atmospheric pollutant emission in
Henan Province. Temporally, the emissions were concentrated in June and October,with the contribution rate 37.1%~65.7% and 11.3% ~
37% respectively. The research results will provide scientific basis for improving the regional environmental air quality in Henan province.

Keywords: straw residues; open burning; emission inventory; temporal distribution; spatial distribution; Henan Province

TRy 2 AR R A P e, RO i AN R M R LB B K B e A — AR A )l
WEFFEREEEE—, ERETENANEER,  FAERIERACORETIR, mHAES 5 KKK 15
WRA TS R H S 2 AR RO A ™ JORAIRE . X AR RIS S 35 A i 52 1 4 4
FIA RAG 7 NS TR A RSP TIR B L R A RS AT 8 R B B8 2 Rl R i 9 €O .CO, NOy,

K FE B H7:2016-10-26
EERN A R(1992—), 55 B S it . E-mail : fule0305152033@163.com
*BISEE . KHE  E-mail : rqzhang@zzu.edu.cn; WY E-mail ; wangshanshan@zzu.edu.cn



4T A R FF R R S A 5 e HEC B 05 5507 809

SO, NH; FURy 242 S R TG G P, X e RT3 e Y
HE 2 IS i 45 3 1) 25 S B 52

A=W BB — BRI R AUBRI R IR 2 —,
FEXFAR 3 DX Ay 2 U i A BRI AR AR 7 AR B R
SR, AN TR SRR R T AE B R, [ N a2
AR IR T X TS A BIEST o R E N TR R K
BEBRBIITTE T E A TP E X VR IR AT i BT A
Ak AT BEBE LE 1] RS AR B85 5 e R S HE
TS 6] 53 A1 2507 T = 25 557 SEPUIEE T T R A %
AR AT B LA B P s A R 5 T ] R 2 o SC
MR 2 32 , 41 R TR g e ST ARG A ) — 2P BEA T
ST RS AT 82 RAERE R LW 25% 5 FA45 1 S5 5R
()35 A £ AR A5 [ R AT e K A8 B i HE
1149 18.6% , -Gl TR 75 RWIHERCH B, 7087 725
(8] 73 A s KR AR g 4 B 2/ N RS AT AE RS54
HECRE AT TARSRIBETE , 2387 T PM,s HECR 12 0]
o3, ISR PMos U BEAT T ARSCE 2
e AESRXT TR & AN R RSN RS AT KL BERY
RATG YD HER AT 15 Y B HE R Y Dk R R 55 e
F109 251 PR A A 3 2% SRR e 114 A T ke
TR R & FEAF R, H T A

ABIFFE LA 1 4 45 i T A ARG AT (/AL
K UKAE AEA MRAE RE H D) ARG,
2014 AT RG4S 25 1 RS AT AE BEHER I R s e
PEATAGSE, ST R A T AT 8 KA TS e R g
B, R SRR Y ) b o A A T )RR L O
XA R Rh A AR DA AT 85 % B b it R s Y ki
TN T5 AW HE RO A BTRR A T O A, i 12
F2 KRB I H AR A S RAL RS AT BE e )
AL RS [ o BT 25 A RS AT e KR AE B 15 G HEik
A AR HE RO R R 2 H A B e 3 R A A
AP FEFT BEBER A5 YW HER A i AR S AT BUR
A KR E A SRR AR AR A A

1 #REFE

1.1 A EEEYFEFT R PR

AHIFF 38 2 H [ 2 AR SO A SO R R A 5 R
TR A SRR TS S, il DA Ath 1 X s A SRR, 3k
TR R4 A EDRE AT B A [RIVE YIRS F %) %
BABTEEILER 1, Sl Al PoRt Ui E AT, 3
WA A8 A RS A P e W, 508 2ok V4 s 2 st ]
RAGEREFE T 78t o X T 85 14 RS DX I i i
Y, e T WA EY G KB e 45 A 1 A
03, %7 B RET 5 B He 3R LRy DX 3,
AT L], 5 REAEYFREF S E A, B2
ZH BRI 5
1.2 TEFFBRGEHEEMITE

T AT g K AE BTG BKF , BVFS FF 58 KA B IHAE
A e BT S T

M=PxNxRx0 (1)
K M TR EE R BB TG SKF G P o RAED)
PRGN RIS L R TS AT EE R AE B L] 50 S IA
e

2014 AFT g A8 P AR AW 7 i B R R T Gl e
BYITEE(2015))M, S 1 AT HER HOAG T R
FEFFHERE L), AT 0T B 4 A T S FH AR e 25
BRHINVAEW LK, S5 M0 TR L R
B BN TR FFAS 58 7 ] B R, 255 e 4 AR
Tof i, DX A R 5 A A 10 3k O AR 1 9458, ATt
2014 A7) e 44 FG AT 8 K B8 B L 53 L ol 10% ~
15% AR 12% . 25 LA EDI R AT LA e
ROCREAR A, 1k 2 PR,
1.3 KESEMHRENITE

XFF AR BRGSO P i HE
KA A

E=Y (M,,xEF,;,)/1000 (2)

&1 UEEEEEMRETR RS

Table 1 The maturity date of crop residue in Henan Province

RAEY) ME/(AH) FliE X 3k
NG 5/1—5/31.6/1—6/30 T R R TR B VA 2 X, Yl i A A B A5 X g K Vv R A 2 X
Tk 9/7—10/20 T AR T B K X
K 8/24—9/29 9/6—10/26 T P R B AR R B RS X, T AR B A L BB R AR AR X
1A 9/5—9/30.7/18—8/28 (#4% ) .9/25—11/6( ) TG GBI AL 5 RAEE X I e g ) VLR B AE X
02 10/5—10/30,10/15—11/25 TR FP b TR DX, Tl e P T S K T AR X
K 9/11—10/15,10/5—11/10 AT R I R X, VAT R R R KT B R X
LS 10/1—10/31,10/20—11/20 T R P e B VAR B X T U A R VT X
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Table 2 Parameters used in the calculation of crop residues

burning amounts

AW HEAH RRBRACR
/N 1.3 0.8611
B S 1109 09261
U 1 0.896
pian 1.5 0.801"
HiiAE 51l 0805
KR L6 0.68111
g 0.631" 0.805
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Table 3 Emission factors of crop residues open burning

159 INE ok KT 14 Likia PN HH SR
CO, 1460 1355 1460 1580 1445 1445 1445 [6,11,22-25]
CO 64.2 54 30 102 68.3 335 55.1 [18-19,25]
CH, 34 45 32 5.8 3.5 39 39 [6,19-24]

NMVOCs 7.8 10.4 6.1 9.4 8.7 8.7 8.6 [6,11,18-25]
NH; 0.5 0.7 0.8 2.2 0.8 0.5 0.5 [6,11,18-25]
BC 0.5 0.4 0.7 0.8 0.5 0.2 0.4 [11,18-25]
ocC 2.7 39 33 14 4.5 1.1 2.0 [11,19-25]
S0, 0.8 0.4 0.9 0.4 0.6 0.3 0.3 [6,11,18-25]
NOy 34 43 3.1 53 3.4 1.1 2.1 [6,11,20-25]
PM.5 7.6 11.7 13.0 6.3 11.7 33 5.8 [6,18-25]
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Table 4 The quantity of main crop straw of each city in Henan Province

X INGZITT ¢ EKTTt IKFEIT t AT 1 HRAETT KTt EER STt et/ %
R 105.5 776 0.1 2.1 02 3.1 5.0 214.6 2.6
IS 236.6 86.9 43 71.1 22 7.5 54 4226 52
W 138.1 88.2 0.9 12.6 0.3 40 11.0 256.2 32
FTL 133.0 64.1 03 116 0.2 34 5.2 218.6 2.7
I 257.3 1712 0.4 37.1 0.6 2.6 3.9 475.7 5.9
o 81.25 61.15 0 4.86 0.04 0.32 0.58 148.36 18
Wz 309.21 160.03 2233 52.16 0.46 6.66 3.42 556.09 6.8
a1k 1432 972 47 12.9 0.2 1.6 1.2 261.5 32
WEPH 201.9 78.5 295 255 0.4 5.9 32 346.2 43
YrE 203.0 115.6 0 10.4 0.3 46 9.8 345.0 42
s 1324 74.9 0 3.5 0.7 27 2.1 219.1 27
=1k 36.0 247 0 2.1 0.1 7.1 2.9 733 0.9
b 488.9 190.3 315 156.5 2.5 23.4 19.4 922.3 114
[ 542.3 242.8 0.4 51.8 2.5 242 5.6 879.4 10.8
{50 193.4 16.3 4195 39.8 0.1 2.6 46 676.7 83
FE 663.3 265.7 0.6 49.1 3.5 47.9 15.5 1059.4 13.0
B 584.2 260.4 17.8 1438 0.8 10.9 6.2 10272 12,6
ok 14.6 1.1 0 02 0 03 0.2 26.4 0.3
24 44642 2 086.7 532.1 707.0 15.0 158.9 105.0 8 128.5 1
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Figure 1 The quantity of monthly crop straw of each city in Henan Province
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Table 5 Municipal emission inventory of crop straw open burning of Henan Province (10*t)
T CO, CO CH, NMVOCs NH; BC oC SO, NOx PM,;5
FRH 31.96 1.41 0.09 0.20 0.02 0.01 0.07 0.01 0.09 0.20
Fr it 62.04 2.86 0.17 0.37 0.03 0.02 0.12 0.03 0.16 0.35
% H 38.09 1.64 0.11 0.24 0.02 0.01 0.08 0.02 0.10 0.24
ST 32.58 1.42 0.09 0.20 0.01 0.01 0.07 0.01 0.08 0.20
2 71.00 3.12 0.20 0.44 0.03 0.02 0.15 0.03 0.19 0.45
il 22.25 0.95 0.06 0.14 0.01 0.01 0.05 0.01 0.06 0.15
e 83.25 3.62 0.23 0.50 0.04 0.03 0.17 0.04 0.22 0.52
(8 39.19 1.68 0.11 0.24 0.02 0.01 0.09 0.02 0.10 0.25
1EMH 51.83 2.19 0.14 0.30 0.02 0.02 0.11 0.02 0.13 0.32
JAn=] 51.40 2.20 0.14 0.32 0.02 0.02 0.11 0.02 0.13 0.32
VA 32.39 1.38 0.09 0.20 0.01 0.01 0.07 0.01 0.08 0.21
=T 10.69 0.44 0.03 0.07 0 0 0.02 0 0.03 0.07
mFH 136.58 6.19 0.38 0.81 0.08 0.05 0.26 0.06 0.36 0.79
[ 129.93 5.66 0.35 0.79 0.06 0.04 0.27 0.06 0.34 0.78
{5 BH 103.99 3.14 0.24 0.49 0.06 0.05 0.22 0.06 0.24 0.78
JE 155.51 6.70 0.41 0.93 0.07 0.05 0.31 0.07 0.39 0.92
Rk 153.82 6.96 0.43 0.92 0.08 0.05 0.30 0.07 0.41 0.91
ol 3.95 0.17 0.01 0.03 0 0 0.01 0 0.01 0.03
oy 1210.45 51.74 3.27 7.19 0.59 0.42 247 0.55 3.13 7.48
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Figure 2 The contribution ratio of crop residues open burning to total pollutant emissions
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Figure 3 Spatial distribution of pollutant emissions from crop straw open burning of Henan Province
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Figure 4 Contributions of monthly atmospheric pollutants emissions to the annual emissions
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Figure 5 Monthly variations of atmospheric pollutants emissions

and fire counts in 2014
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