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Emission Factors and PM Chemical Composition Study of Biomass Burning in

the Yangtze River Delta Region

TANG Xi-bin'*, HUANG Cheng®?, LOU Sheng-rong’’, QIAO Li-ping”’, WANG Hong-li**, ZHOU Min*",
CHEN Ming-hua®, CHEN Chang-hong®?, WANG Qian>’, LI Gui-ling'?, LI Li*’, HUANG Hai-ying’,
ZHANG Gang-feng’

(1. School of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. State Environmental Protection Key Laboratory of the Cause and Prevention of Urban Air Pollution Complex, Shanghai Academy of
Environmental Sciences, Shanghai 200233, China; 3. Shanghai Key Laboratory of Atmospheric Particle Pollution Prevention, Shanghai
200433, China)

Abstract; The emission characteristics of five typical crops, including wheat straw, rice straw, oil rape straw, soybean straw and fuel
wood , were investigated to explore the gas and particulates emission of typical biomass burning in Yangzi-River-Delta area. The straws
were tested both by burning in stove and by burning in the farm with a self-developed measurement system as open burning sources.
Both gas and fine particle pollutants were measured in this study as well as the chemical composition of fine particles. The results
showed that the average emission factors of CO, NO, and PM, , in open farm burning were 28.7 g-kg™", 1.2 g-kg™' and 2.65
g+-kg ™", respectively. Due to insufficient burning in the low oxygen level environment, the emission factors of stove burning were higher

1

than those of open farm burning, which were 81.9 g-kg™", 2.1 g-kg™' and 8.5 g-kg™", respectively. Oil rape straw had the highest
emission factors in all tested straws samples. Carbonaceous matter, including organic carbon( OC) and element carbon( EC) , was the
foremost component of PM, , from biomass burning. The average mass fractions of OC and EC were (38.92 £13.93)% and (5. 66 =
1.54)% by open farm burning and (26.37 £10. 14)% and (18.97 £10.76) % by stove burning. Water soluble ions such as Cl~
and K" had a large contribution. The average mass fractions of Cl =~ and K" were (13.27 +6.82)% and (12.41 £3.02)% by open
farm burning, and were (16.25 £9.34)% and (13.62 +7.91)% by stove burning. The K*/0C values of particles from wheat
straw, rice straw, oil rape straw and soybean straw by open farm burning were 0. 30, 0.52, 0.49 and 0. 15, respectively, which can
be used to evaluate the influence on the regional air quality in YRD area from biomass burning and provide direct evidence for source
apportionment.

Key words: straw burning; PM, ;; air pollutants; emission factor; source profile
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Fig. 1 Schematic diagram of measurement system for open fire sources

SR ULTIMA Y & 45 5 IR B 0k
HAR (ICP-AES) &
1.1.2 FHIpRRRR

FBEW AR R G B 46 i 5 B AME FHR e
— 30, MK R ol S B R FEAE R SRFE DI B Sk 1 4%
AWK P A TR RAE , S WL 1.
1.2 it

Y SRS AT BE e B P B — a2 1 RS AT
BT T J7 0.5 m M HLTE LSRR, B SR RAE
MFEFF SR IE 7 A ST IR, R RSFHE KA E
WG A R 72 LA KOk e . s28iad
FEHOSRITUG S 45 it (] | FEFF &, RS A
52 PCPATER S

Pk BRI A A 1 RE X A P G kRO
S S — B AR Fe SR IR B aE FH Y < K
TSR RSP R A 2 IFATER. M
THMEA R, e RO — ka2
1.3 AW BfsFHEIR

PRI M Ae i 53k £ FH I 2k A SR R B3R
SELL R /NGE | KRR R REX 4 MUREYITEFT
YRR L. 1 BT R4 28REFF 0 Tl 7 Ar 4
o AL, & FE A B K AE 10.9% ~12.5%
ZIal; IRAMAE 1. 67% ~12.97% Z ], Hoh /KRGl
IINFE )Ry 8 2 e T HARS A 5 & SRS AR IVE
FE13.21 ~16.25 MJ-kg ™' Z ], Fde  whE k=
I PAAELIS 2 T 7K e Al /N

F1 EYRBEFHILIHETESHT

Table 1 Analysis of biofuel compositions

T H Eizta K Fe INEE PN 3 o
Kor(M,,) 12.5 10.9 11.6 12.3 12.2

TAL A (I ) /% TR (V) 59.08 60. 52 66. 31 66. 31 69
[ E Bk (FC,,) 15.82 15.61 17.08 17.93 17.13
WA (A,) 12.6 12.97 5.01 3.46 1.67
2 (Sp) 0.15 0.11 0.12 0.25 0.05
(C) 40. 41 33.46 39.4 39.01 39.39

T (REIIE ) /% A (H) 5.05 4.9 5.85 5.68 5.34
A(N) 1.04 0.72 0.6 0.22 0. 46
£(0) 28.25 36. 94 37.42 39.08 40. 89
TR HE (Qy) /MI kg ™! 13.21 13.82 14.8 14. 65 16.25
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Table 2 Emission factors of gaseous pollutants from field and stove burning of crop straw/g-kg ™!

Rk ‘%:W% _ _ _ __ LR _ _
INF KRG b3 K KRG b3 K sk
Co 20.6 3.6  27.7+1.0  34.3+0.2 32.3 82.0+2.4 133.5+45.0  80.7 £23.6 31.4
NO 0.98 £0.0 1.08+0.38  0.9£0.06 0.89 1.83+0.19  1.4720.25  2.1120.79 2.29
NO, 0.21£0.09 0.34+0.07 0.22 +0.09 0.19 0.19 £0.01  0.18 0. 01 0.08 +0. 03 0.14
NO, 1.19£0.02 1.42+0.46 1.12£0.15 1.08 2.02£0.21  1.65+0.23  2.19%0.77 2.43

1) HERCEH T 46 kg T3E7% A (075 Y He i it
2.2 SEEREYHER N 5 H e b

323 AW AT R LM HE R 5 HE
SCHRA EEEE. AT UL ASBIF T I 75 1 25 RS FTIR A
A A TE Y W HE R R 7 5 At i 5% R SE AR AR 3T
FHorb @ RARERHY NO . NO, HE T 5 Zhang 2512
(IRFFE L5 AL, CO HERUA TS5 XIM 42 | Sahai

A S AR (02 5 Zhang AL AR, X
B =oplEwoRE i o S R IS S S AV S w3
HE CO 1 NO, HERLH 7 SAKTE Cao 55 (UHFSE
ZORERIN. BRRE, BARSRITIEA T E S (1
AT TR AT R SR m] HeE, B e 1 A5 AT
IR ST AT HE A A



5 FEEAE K A RS FTRA B HIE R R 5 R A I 5 1627
£3 AAREVRBFBEBRMPLBRESSSLEMHEREFEEEXHRBOER g kg ™!
Table 3 Comparison with published emission factors of gas pollutions from crop straw burning/g-kg ="
WRpEIT FhEFF A co NO NO, NO, ik
30 [4]
~ 44.12 £0. 36 [30]
KA
64.2 £4.9 1.02 £0. 03 0.79 £0. 05 1.81 £0. 09 [32]
27.7+1.0 1.08 £0. 38 0.34 +0.07 1.42 £0.45 BN
60 +23 3.3+1.7 [20]
22.19 +0.77 [30]
(TSN INEZ 141.2 +14.8 0.79 £0. 13 0.32 +0.06 1.12£0. 19 [32]
28.1+20.1 0.78 £0.71 0.56 +0.47 1.7 1. 68 [33]
20.6 3.6 0.98 £0.0 0.21 +£0. 09 1.19 £0.09 BN
. 32.61 £1.08 [A3OL
34.320.2 AW
g 29.41 £3.13 [30]
32.3 AT
67.98 +£25.58 3.09 +£0.91 0.33 +0. 17 3.43 £1.08 [21]
- 104.5 +18.4 0.42 +0.13 [34]
KA
70.3+2.3 [35]
82.0+2.4 1.83 +£0.19 0.19 +0. 01 2.02 +0.20 LN
47 £10. 09 [35]
f K 72.3 0.5 [361
80.7 +23.6 AT
60.3 +13.2 1.11 £0.28 [34]
38.4+11.8 [35]
e 23.6 £4.25 0.52 +0.48 [37]
42 +0.17 [38]
31.40 2.43 KNI
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(R HE T IR
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FRRAL S WHE R R 7. DAl W, 5 R IR 1) 25 2
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HF7E0.11 ~0.23 g-kg ™', 0C/EC By FLIETE 4.7 ~
8. 1 Z[Al. JobfRBE M) & 2R FT PM, PR A
TE4.36 ~12.77 g-kg ™', 0C 4 HE K F7E 1. 29 ~
3.35 g-kg ™', EC “F ¥ HEM B F4E 0.91 ~ 1.80
g-kg™' ,OC/EC I HAEAE 0.9 ~3.7 ZIA]. Wik &
P, AR 7 2 A g PM,,  HEROK S 22 80K,
PRt BRBE R PM,, S HERCE B 0 5 T 88 AR, 29
P RBRGEHE 3 ~ 4 15, FER B T b mikbe s
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W g i — 2B 1
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Table 4 Emission factors of PM, 5 Emissions from field and stove burning of crop straw

R _ B KMABE _ _ _ __ PrkAR e _ _

M IKEE JliES KR KFE fliES K5 e
PM, s/g-kg ™! 2.39+0.33  3.03x0.70 3.32+0.56 1.84 9.14+£0.23 12.77£3.42 7.71£0.91 4.36
0C/g-kg ™! 0.97 £0.13  0.75 +0. 18 1.08 =0 1.05 3.35+0.57  1.63+0.72 2.12+1.04 1.29
EC/g-kg™! 0.12+0.02 0.11+0.03 0.23 £0.09 0.13 0.91+0.28 1.80+0.71 1.35=x0.06 1.50
OC/PM, 5/ % 41 25 33 57 37 13 27 30
EC/PM, 5/ % 5 4 7 7 10 14 18 34
0C/EC 8.1 6.8 4.7 8.1 3.7 0.9 1.6 0.9

1) HEB D 7 4 kg 1 7= AR 75 G A HE R

2.4 AW AW EE KRR EE PM, K OC |
EC Ak R 5 Fow Sk Heds

35 IR NABEIE I AFR PM,, o S i 4 53 HE
HCR 5 H e SCER I e g, i RS FFRR BRI R 1) HE
R F2Z LB T RS BRBeRAS (B kS
Fle) | FEFE B B AR A M R (RS AR RS K
HOBEASE, B SRR iR
HER AR AR A, 3R 5 v 0L, ARBF I A5 /N &
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R FEFHRABEARXS 7853, HEAh SR IR B35 5 fii—
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PR IC. B R HE T R PM,, M ik 20 43 HE il
TG AT S OR B A T, B — % AU
Ak, AW OC/EC AR AER R 25, 7]
REZ RS AT P RIAbE 2 1145 N R A 2, U BT
AR AR R SR FE 0T T S48 12 XA AR BE (14 S PR
HEBCRFE R B3 BORHEA 0 B R

RS5 ARAREWERERFUP IR PM, R EFSEEX#BMA LR

Table 5 Comparison with published emission factors of PM, 5 from crop straw burning

TS RHER F/ g kg ™!

e 7= TR 0C/EC SCHR
PM, s oC EC

5.45 2.1 0.79 2.66 (9]

7.6 £4.1 2.70.1 0.49 +0. 12 5.51 [20]

INFE 3.00 £0.6 1.90+1.11 0.35 +0. 16 5.43 [50]

4.71 £0. 04 1.23 +£0.03 0.52 £0. 00 2.37 [51]
. 2.39 £0.33 0.97 £0. 13 0.12 £0.02 8.08 BN
3.3 0.9 0.46 1.96 (9]

12.95 +0. 30 8.94 +0. 42 0.17 £0. 04 52.59 [51]

IKHE 8.30 +2.70 2.74 0. 89 0.48 0. 16 5.71 [52]

4.2 [53]
3.03+0.7 0.75 0. 18 0.11 +0. 03 6. 82 BN

6.28 +1.59 2.01 £0. 67 0.49 £0.21 4.10 [21]

1.66 ~1.94 1.06 ~1.07 0.09 ~0. 11 10. 65 [25]

IKAE 6.39 £0.51 1.5+0.6 0.75 0. 43 2.00 [36]

9.3+4.1 2~12.4 0.1~0.4 28. 80 [54]
9.14 +0.23 3.35+0.57 0.91 +0.28 3.68 AW

3.28 +0. 87 0.89 0. 15 0.94 +0. 04 0.95 [25]

- 5.46 +0.22 1.17 0. 18 1.37 0. 04 0.85 [36]

Ikt 9.7 4.27 0.78 5.47 [54]
7.71 £0.91 2.12£1.04 1.35 +0. 06 1.57 BN

16.8 +4.8 1.75 +0. 63 2.34%0.92 0.72 [36]

M 5.6~42.1 1.9~11.9 0.4~1.6 6.90 [54]
12.77 £3.42 1.63 +0.72 1.35+0.06 1.21 AW

8.5+1.6 4.0+0.9 1.5+0.3 2.67 [24]

— 2.21 ~4.58 0.41 ~1.43 1.03 ~3.26 0.40 [25]

4.35 +1.96 [55]
4.36 1.29 1.50 0. 86 AW
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Fig. 2 Source profile of PM, 5 Emissions from crop straw burning
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