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Emission characteristics of pollutants from typical biomass combustion in Guangxi Province , China
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Abstract: We explored the emission characteristics of gaseous pollutants produced from common biomass combustion in south China. The
flue gas produced by common biomass combustion in Guangxi was measured using a stove, and the emission factors, component
characteristics, and chemical reactivity of pollutants emitted by biomass combustion were analyzed. The results showed that the average
emission factors of CO, NOx, CH,, and non—methane volatile organic compounds (NMVOCs) from biomass combustion were 36.42, 1.73,
0.89 g- kg™, and 2.39 g- kg™, respectively. Acetaldehyde was the most important pollutant among the aldehydes and ketones from biomass
combustion, with emission factors ranging from 147.09 mg-kg™ to 599.10 mg-kg ™. The total ozone formation potential (OFP) of aldehydes
and ketones of seven types of biomass ranged from 6.73 mg-m™ to 18.58 mg+m™, among which formaldehyde, acetaldehyde, and acrolein
had high OFPs. The average total emissions of CO, NOx, CHs;, NMVOCs, and aldehydes and ketones from biomass straw burning in
Guangxi from 2010 to 2019 were as follows: 252 660.14, 19 060.86, 23 765.92, 52 795.02 t and 40 410.62 t, respectively. Rice, maize, and
sugarcane straw were the main sources contributing to air pollutants released by biomass burning in Guangxi.
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Table 1 Element analysis of biomass (%)

TR IKFERG T FOKFEFF HHERAT [y (UL i NU filiA
Element Rice straw Maize straw Sugarcane stalk Japanese banana leaf Bamboo leaf Mango leaf Teak leaf
i (C) 37.61 42.11 37.29 46.46 37.72 40.31 41.94

2 (H) 5.57 6.23 4.64 6.78 5.60 5.36 6.30
A(N) 1.80 3.12 0.93 0.74 0.82 0.63 0.62
F(0) 37.26 38.92 40.43 37.71 35.78 34.86 38.44

i (S) 0.14 0.03 0.11 — 0.05 — —

ST TEHERGE D XL — i & i s Stk
WRIRR G . IR R B R ST R 76 emx42 cmx35 cm, H
P ELIFC AL AR S TR R BSR4 A, %
BRI B AR I 10 SR 9 AR 0 R B A A 5 AR
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T DNPH SR FEAE b, Ay sk 6 80 6 b 9 S A0 S i A 51
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FEUAR T T AR DNPH SRAFAE BRI 272 S 3, 1 P
T TR R A R A KN, S 2L 2 Lemin™ (R
FEH 2R AE 15 min B, 72575 2 i DNPH RAEE h AT
A 00 1) P G g SRS R KRR B
25 IR SR AR A A Sk 2 B 9 G 406 ™ , T By 1] 52 56
FIRAF T 4 CVKFE P AR T o BT AT 38 345 B b I
B0 R 5 (Teflon) AR}, BER AL & Y1 RAE R GER B
B 1 SRAFEE AR 8 B 3 AN A7 LA TE K088 v
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TS TR AR By (BEFESE 250.5 m) L 677

K1 ug 4
KT filter tube

T L ST A R AR S W, AR ) R AT
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CIEFIK o A BT ETx It sl AR A 7 75 I 8, 68 7 B[]
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REE T A5 0 18 e A >R P AR e i, 2
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Figure 1 Schematic diagram of sampling system
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1

5 10 15 20 25
t/min
L HEE, 2. 1, 3. IR EE, 4. T, 5. 918, 6. Tl (L E /), 7. THE,
8. EHIE, 0. S e, 10. B, 11. o~ JEIE B, 12.m—FH JEIR S,
13, p-FHILIEFIE, 14, O, 15. 2,5- H IR HI
1.Formaldehyde, 2.Acetaldehyde, 3.Acrolein, 4.Acetone, 5.Propanal,
6.Butenal, 7.Butaldehyde, 8.Benzaldehyde, 9.Isovaleral, 10.Valeraldehyde,
11. o—Methylbenzaldehyde, 12. m—Methylbenzaldehyde,
13. p—Methylbenzaldehyde, 14.Hexanal, 15. 2,5-Dimethylbenzaldehyde

B2 15 MEEER{L & ¥ DNPH T4 YRR HPLC B
Figure 2 HPLC chromatograms for 15

carbonyl-DNPH derivatives

W AUE B, FC 5 M (FEFY 0.5~10 pg-mL™)
FARFE XA R PEA T IE , FEAC LR A i 4 Ve B VI L
o DU 1) 1) 15 G 1y W B R e 0 (B 4k 1 OG R AT (R*>
0.999 5) . FIRA BRI S/ N BEXT 5 BARE &0
RS T U S A3, AR B A AR XA T D
7% (RSD) 7£ 0.37%~3.28% = ] , ¥ t FR 7£ 0.024 2~
0.236 4 pg-m>ZJf],

F 2 mL 2R ELEPE , IR PEBLR P R & B H
FrAb &1, U BRI AR 5 m . PR AR DNPH SR A
R I 2 B SR, 45 SR S R 99% 1 A 5 Y 4 AR A
S HE N R RCRIR &, BRI
1.5 #HiMEFITE

He B A A (D AT

FxCy
M (1)

I B g 55 RORHIR B8 i 565 i Bl i e 4y 64 HE i [

Eij:

Fopge g F O RBE R R A AR el HE T AR R A
B, m?s Ci 58 j RiIR IR 58 J 575 £ i e ) 1) Jo e VA
B e m s M EYI R & oo
1.6 REERERHE
R 3 T V) A 5 0 I s PR - e G R 5 S oy i
PE B (Maximum incremental reactivity, MIR)!s-1olfl 450
LA A P (Ozone formation potential , OFp)!",
0=MxC; (2)
s 0 A Wy BRI 58 IS 565« F s G W0 1) OF P,
mg-m>; CoNES i P15 YL W17 B B B, mg - m ™ M
i RS R MIR

2 FHRE5HSMH

2.1 HiEFHERS LR

& 2 AW G AT A 1 TR e 1 A TS e
Hel 7o ISR rPa] UL, £ 28 AE W5t CO il NOx -
PIHE R T3 54 31.66~41.12 g-kg™ F11.39~2.30 g-
kg™, CH, Fl NMVOCs 9 ~F- ¥ HE 735 BB+ 43 51 4 0.24~
1.71 g-kg ' f10.17~5.29 g-kg ™' MAS[H] 4 A5 4 o 2 7Y
KF AR 1) CO HER A H5c i, i85 41.12+8.29 g+
kg5 BRFEFF AT SR 0 NOXHER R T4 1 , 43 3
H2.30+0.41 g-kg ' F11.94+0.60 g- kg™, T KFEFFAY
CH4 5 NMVOCs HE i P 7t 48 %, 43 51 0 1.71+£0.79
g-kg ' H15.2942.93 ¢-kg ™',

3 ARG AE W TR b AT G W HE R
B A SCRR A HE B . KT ELZ5 S AT LR H A 5T
15 (RS FE IS LE W R e i A T G W HE R 7 5 3L
M 45 R AR . o CO NO S NOx ByHFC A
+ 5 ZHANG S5 H1H =oal 8 A i 58 45 AR I, CHL
9 HE L I F 78 YOKELSON 2524 i F 9% 235 4 (0.933~
2212 g-kg " )IEHEZ LT WANG SE"HN T #6401
A3 S0 K RS RS FF (4.8 g-kg!) L EOKAE AT (2.41 g-
ke ) HERR F o &AW R B HE U A TS Y HE

R2 EMRBRSTSERMHRETF (g-kg™)

Table 2 Emission factors of gaseous pollutants from biomass combustion(g-kg™")

R3] IKFEREFF FRFERT TIRERG AT wEn it TR ARt

Pollutant Rice straw Maize straw Sugarcane stalk Japanese banana leaf Bamboo leaf Mango leaf Teak leaf
(o0) 37.76+8.46 39.86+6.61 36.85+7.54 32.70+£7.90 35.00+8.31 31.66+5.77 41.12+8.29
NO 1.16+0.46 1.51+0.28 1.09+0.13 0.89+0.48 1.25+0.27 0.94+0.22 1.03+£0.23
NO, 0.54+0.30 0.79+0.15 0.59+0.06 0.50+0.25 0.69+0.39 0.59+0.15 0.56+0.13
NOx 1.70+0.73 2.30+0.41 1.68+0.19 1.39+0.73 1.94+0.60 1.52+0.35 1.59+0.36
CH, 1.04+0.37 1.71+0.79 1.04+0.22 1.29+0.66 0.66+0.30 0.28+0.11 0.24+0.13

NMVOCs 1.11+0.55 5.29+2.93 2.90+0.65 4.61+3.18 1.65+1.04 0.98+0.63 0.17+0.11
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Table 3 Comparison of gaseous pollutant emission factors of this study with other literatures (g-kg™")

=PI Biomass co NO NO, NOx CH. NMVOCs ~ 3C#ik Reference
IKFEREFF 64.2+4.9 1.02+0.03 0.79+0.05 1.8120.09 [18]
Rice straw 27.7+1.0 1.08+0.38 0.34+0.07 1.42+0.46 [11]
104.5+18.4 0.42+0.13 4.8+1.0 [19]
8.40 [20]
37.76+8.46 1.16+0.46 0.54+0.30 1.70+0.73 1.04£0.37  1.11+0.55 ARG
FAKFEFF 114.7£12.4 0.85+0.06 0.43+0.03 1.28+0.04 [18]
Maize straw 22.98+5.86 1.76:027  2.4120.46 [21]
53.0+4.0 43+1.8 4.40+0.97  10.0%£5.3 [22]
135.346.6 0.55+0.17 10.8+0.8 [19]
7.34 [20]
39.8646.61 1.51+0.26 0.79+0.15 2.30+0.41 1.7120.79  5.29+2.93 ENTE
HRERSAT 25.742.04 2.29+0.13 [23]
Sugarcane stalk 283 1.567 0.423 0.993 [24]
36.85+7.54 1.09+0.13 0.59+0.06 1.68+0.19 1.042022  2.90%0.65 AHFTE
Hi 48 Fuel wood 31.4 2.29 0.14 2.43 [11]
¥t & Eucalyptus 38.6 1.601 0.371 2.935 [24]
25L& Mangifera 50.9 1.389 0.685 2212 [24]
I Rosa 46.9+4.1 2.92+0.24 0.5120.11 0.69£0.03  1.40+0.78 [25]
ZR 7% Mixed deciduous 54.0x15.7 1.7+0.3 2.70.6 [26]
F2 AR Chinese fir leaf 190.77+11.19 1.8320.12 [27]
2K Chinese fir leal 102.88+26.32 1.58+0.80 [28]
Feht - Eucalyptus leaf 116.56+13.95 3.47+1.14 [28]
FHEM: Bai Huaye 118.97+10.22 13.15+0.72 [29]
FEHH Larix gmelini 209.66+10.51 12.00+2.80 [29]
BiAE Japanese banana leaf 32.70+7.90 0.89+0.48 0.50+0.25 1.39+0.73 1.29+0.66  4.61+3.18 AT
1t Bamboo leaf 35.00+8.31 1.25+0.27 0.69+0.39 1.94+0.60 0.66+0.30  1.65+1.04 AW
F I Mango leaf 31.66+5.77 0.94+0.22 0.59+0.15 1.52+0.35 0.28+0.11  0.98+0.63 AR5
HIA I Teak leaf 41.12+8.29 1.03+0.23 0.56+0.13 1.59+0.36 0.24+0.13  0.18+0.11 AW

il R 1 22 S AT RE S S R AR T X Rk
A ORI AR Y o BRI BT (AN UK R R ik
R i) S R AL, AR F KRR A S B
L, X ] B S B R KRS A NOx HERL R 7 5 T HoAb RS
FFREE Z —o Besh, = AR A R8P i oo %
AT T 22 57

NMVOCs FJHEL R 5 WEL %2 H TIHAY 552!
FIMREE SRz . A, A NS (7% 25 A ) ot
FRBEHT CO L CH. 5575 4L W iy HE s I8+ 5 LAt SOk A7
BRZESR XA RE S MR A R R, WL
T RFSAAT O o AR 5T B BRpe 1o R DA IR KR8
N E, R RIS B R G AR B
FTIRFAR XS 7843, CO B HERC IR B Al T oAb 5
g5 BARAEY BRIy VRS AT 22 5 (AART
FEAE R SR AW S HAT AT Hotk , R T A= 9 Sk

1% WHART]

BTG YL HE R ) AL

Fe A4 AR GE AT (0 A= ) 5 R 58 1) 1 T 35 e
HE R o INFRAPa] UL, 2% 26 2 W0 SR e s vy e i
Gy, C/E RO 7 fom 14709~
599.10 mg - kg™, HEE | PN 0 T B 1A o) il DT - ¢
B, 9 K 87.05~298.91, 37.51~179.99 mg - kg Fil
67.81~202.97 mg-keg' . M ALY FERORE 3
TR 1 1 1) 95 e 0 R TSR AR B MR R Ay 7K it
FEFF (1 653.58+422.76 mg-kg™) . T KFHFF (1 022.04+
405.10 mg - kg™) Fl H B F FF (953.10 + 484.48 myg -
kg™) , Horb K AEFS A BOKAS AT 15 22 24 A0 S5O
FELE R (3910 1 860.3 mg- kg™ F1947.2 mg- kg™ ) 4
T o 4T TE 8 T TR T G HE R R30I
U AEM (1 092.45+249.45 mg-kg™) A (729.62+
326.81 mg-kg") 17 (699.09+196.58 mg - kg™") Fl
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Table 4 Pollutant emission factors of aldehyde and ketone from biomass combustion (mg-kg™)
T ARRREFE TOKAEEE R At ot ERIE ikt
Pollutant Rice straw Maize straw ~ Sugarcane stalk  Japanese banana leaf ~ Bamboo leaf ~ Mango leaf Teak leaf
I Formaldehyde 298.91+115.95 206.51£71.30 213.22+101.81 263.10+27.17 87.05+21.43  87.51+17.75 123.10+28.80
% Acetaldehyde 599.10+81.46 364.88+131.33 255.18+129.10 283.09+83.24 208.85+55.19  147.09+80.13 200.32+104.14
P Acrolein 179.99+67.64  90.94+42.99 160.39+83.57 147.62+33.24 54.26+14.01 37.51£9.70  59.54+23.76
PR Acetone 202.97+47.85 112.93+62.12  133.72+74.03 104.60+39.74 92.18+24.54  67.81£28.72 99.21+47.41
PN Propanal 85.29+23.36 42.72+18.59 44.99+22.26 52.14+14.18 46.58+14.33  33.57+19.79 55.73+24.98
1% Butenal 19.86+4.88 13.53+5.01 18.57+9.14 27.40+1.87 10.89+5.93 7.20+3.99 8.70+5.68
Tl Butaldehyde 19.41+4.76 12.21+6.03 12.27+4.38 24.04+7.88 11.31+£3.38 16.64+4.01 26.47+17.16
ZK F % Benzaldehyde 32.52+16.71 22.95+10.96 18.10+6.51 32.04+4.70 24.45+11.26 11.11+1.13 16.88+8.70
S Tsovaleral 3.11+0.31 4.14+0.69 5.26+3.38 6.94+1.04 1.99+1.11 2.12+0.23 0.79+0.33
JRTE Valeraldehyde 40.31+£28.04 38.30+26.16 29.99+23.26 23.23x£16.90 56.40+16.38 5.73+5.61 26.11+16.71
o— IR T 34.69+3.56 21.97+7.40 23.40+11.25 34.19+3.18 25.47+8.08 19.48+4.47  24.42+12.50
o—methylbenzaldehyde
m—FP R 39.13+3.00 34.13+5.02 24.10+5.87 28.37+7.11 26.87+5.68 21.09+10.93  30.65+11.00
m—methylbenzaldehyde
p— SRR 7.18+1.35 5.45+1.71 2.77+2.14 7.28+2.05 2.86+1.52 0.90+0.09 3.66+3.23
p—methylbenzaldehyde
CL ¥ Hexanal 29.72+8.10 20.71+5.07 7.39+5.16 23.85+2.25 20.32+7.75 9.40+9.33 19.50+12.62
2,5- HIEESR IR 61.39£15.79  30.67£10.72 3.752.62 34.56+4.90 29.61£5.99  5.37+5.82  34.54x9.79

2,5-dimethylbenzaldehyde

H(472.53+201.70 mg-kg ™) o

SARF, MR 3 FRS A1 X5 SRR S e HE
BT 1209.57+437.45 mg-kg ™', 4 Fhyg P-4 s g
fii 75 Y Wy HE R R 7~ h 748.42+243.64 mg kg™, FF )
HEfl P 2R FI5 M, X 0T BB S5 2R ) T A B i 4 4 22
SO BUAN TR R R SRS N B B R
2SI, ARV 2R A W T 5 AR N S Ak be
Pl 55 G Wy HE Tt AT D 1K
2.2 BRI & W HE RS IE

B 3 Ry 5 25 A W IO R A8 HE T B T T 35 e ) o
SRS G I E A . IR AT L, 2 R i
BT 5 e ) , HE D F7E 147.09~599.10 mg - kg 2
i), Hor o b R SRR RS (36%) , B/ NI 2 1
FEN (25%) 5 FLUR (5 B A 22 1 2 PR R PN ), P TR 1)
di HE N 129% (A7) ~24% (B fE ), HERCR 7
87.05~298.91 mg- kg™, N R 1) 5 HL Ry 9% (5 A& ) ~
14% (P= 50 HEH 74 67.81~202.97 mg-kg ™' 1t
Gb SRR A R HE ) 2 RS
JEHE W AR e HIE TS Il 35 e 0 20 43 25 57 1) D DL v i
SRR S H A (R CRARR KRR STEN
ANTFA P, iR BRE A5 1 £ 4 25 o T i A
e BB (C—C) 2R A= I 15 A R e B R ok B 245 # 11Y
R 215 T 24 A ik 21 S0 G 0 5 R ot 2R AR A R T T

eGP D AR5 IS 1 224 5 40k v] R 2 Al 1
P 45 5 A T 1 A 2 7 ol A 0 S I 1 FY S
T DN DN T T AR I o b 2 AN AE 759% LA
BRI BT 45 A
23 MR ERMNFESE

R T VAN A 0 ST AR A I T T I 25 5 e 1 4k
SN AR T AR A R A T, B R
SR VS AR T A A T I T e 1) R T R
o 7 A4 J5 () T 75 2 P 1 OF P g it K 21 43 o5
FeunE 4 s, Y FEIAE 6.73~18.58 mg-m> Z [A], F%
FF 2R 075 I IR A8 18 Il 35 2 1 HE R () OF P B 5243 1
9 14.91+1.78 mg+-m> 1 9.94+5.77 mg+-m™; OFP # i
AR A H RS | I RN M T, I L X TR ARk
i o B N 35.3%. 34.7% . 13.8%, & M2 73 51 K
35.6% .32.6% .12.8% . R A= 9y ot ) 98 Joe vy >4 LA 9
il F I | BTN A I A oA . SR A W B A R
B ERY A AE W 0T B K A A TR A T
A 8 R AR T T 5 e RSO B . PR B RS R
FERIEE AR I8 7= A 1) TNl ol e Vet A8 v, ) ko
F10.32 mg-m™> 7% M 0.23 mg-m™, (H PR 4 MIR {2 4%
1%, A% 0 0.36, SN Y OFP 5548, 0t 25wk o HL AR
1.02% , PS4 il P Il 1 ¥ 8 % 2 i L 405 e A A1
AN

S
<
X

’
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Figure 3 The proportion of aldehydes and ketones pollutants emitted by different biomass combustions

T %7 b Percentage/%

1.3 13 0.8 1.6
28 3.1 2.2 1.4
: «‘
(a) /K FEFGFT Rice straw (b) EKFEFF Maize straw (¢) HERSFT Sugarcane stralk (d) BN Japanese banana leaf
16.81 mg-m™ 13.29 mg-m™ 14.62 mg-m™ 18.58 mg-m™
27 17

O HE% Formaldehyde
B 2% Acetaldehyde
O W Acrolein
O P Propanal
W 4T Acetone
W 14T Butenal
O T Butaldehyde
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W /% Hexanal

(e)¥71 Bamboo leaf ()72 Mango leaf () A Teak leaf

6.89 mg-m™ 6.73 mg+m™ 7.56 mg+m™
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Figure 4 The proportion of ozone potential components in flue gas from different biomass combustions (% )

FEFF A |, FORAEFT AT B G 1) OFP i mP B E AR 18.58 mg-m™, M2 18145, BIKKE,
/N(13.29 mg-* m™) , K FE RS AT B K (16.81 mg* m>), AH W2 AR W Jo PR o ik OFP A TSR &% 2H 40 o5 b 2R Ak 45
#0315, M2 OFP VS B B TR M1 6.73 mg- IR FEFF BRI S OFP KTy 28 B 5 05

1% WHART]



2022441 W TEAR AR Y LR A M R R AT Y

YIHERCRRAE 895

v

P Wl R AT 2 A W o R AT B F s il A rp L4
(A B o
24 AR EYREFRESLEYEEHNES

SR A BT DX A 0 SRR AR B I T
PIHE K-, A58 R0 HE 5B 3 5 08 A<CHE i )
CO.NOx,CH, . NMVOCs K i B gE 17 7 A5, H
H,2010—2019 4 ) P4 b X 3= SR 7R 9 19 7 1 B 4
RVEF H R G m gl i b E SRR S5 AT
A B AR ) S5 RE VR U AR LR A5
2V X EELRAE RS FE R AR5 L )
FIRBE R R LI SESH WANG 25 i o8 2516, 7%
FRREBE EL ) R RRL B R AR KA be 2 A, Hicdie >k
TR T F B ARO[ L X A3 A S A 45 R 15 31
VG b DX R A4 S BRRHR BE i) EL 81K 45% . R FTHK e
(495 e HE O L TR P R R R
TIET5 YL W HERCRRAE (1 5 250, 3 3 48 B SOk v 45
5 Y HE R R, DA R 4 A B HE RIS
15 B4 2R HF 19 R AT5 Y HE R o0 s HoA
AR . AT

M= PixN xD;xBxC (3)

E=10°XMXF, (4)
K MY R B, 6 PR S i R E D)
PR G N ES PR R R A L DR 5 RS FE
W TP 5T L8] B R A W) RS FHRRAE LU, %05 Ci Ry 385
FIASFRIABEROR . BN i 05 Y R R, Fiohy
55 i I Y HE R T g ke

iz BRI TR A2 VI X 2010—2019
A [a] A= ) RS AR 6 HE 9 CO \NOx, CH. . NMVOCs
T T Tl 15 % 4 1 SF- 347 S HE A 49 50 R 252 660.14
19 060.86 .23 765.92.52 795.02 t X 40 410.62 t,
KR L R ORORITH RS AT G XA ) SR R R
RS Y i 2 sr kIR, Sz A A A O,
TN s X i 3 RS FF A R ZR A R A . anina
Hi 7 BN 9 WA T R B OR RS AT AR AR T 3 S
Aib 5 B2 i AR RE AT BT IR AR R AR 4 B AR S F
AR IEAT AL s ARFERHE QN HT , PR FE AR A 1
BT %

3 #ie

(DAY R TS Y, CO FINOx (1)
PIHECR 43 518 31.66~41.12 g-kg ' F11.39~2.30 g-
kg™, CH, A1 NMVOCs 118 5 25 HE il [H 543 51 A 0.24~

1.71 g+ kg ' F10.17~5.29 g-kg™'o MAM: () CO HERL K
Fh i, EORFS A AT iR Be i NOx HE I 4
T AFEFT Y CH 5 NMVOCs HE R 745 .

(2) M 2 A= Wy o AR A I TS e T 8 1% B T 5
Yy, - HERC T 1k 147.09~599.10 mg-kg™'o Hirp
L R A R K RERE AT (36% ) , FEUR 5 L £ 1 J2 P
TR, 5 H A/ NS e (25%) .

(3) AN [) A= 400 J0 %) S T 5 4 0 ) R S A s s
HTE6.73~18.58 mg-m> Z 7] . RAEA MBS LB
(AT LA Ay B S | TR R DN s B 02 0 o 1 R
BN 2 DA il F S RN DY I W Ik B o 32 RS FF
RPN SL AR A BV SR T I 28, S s il
T2 AW T R bk A Bl T4 il A rh LA 2R il

(4) ] P4 #i X 2010—2019 4F [1] 2E 1y Jo 5 #1184 e
HEik 9 CO .NOx . CH, . NMVOCs K B il 75 4 4 it ~F- 24
SHETCR 4 3R 252 660.14,19 060.86 .23 765.92
52 759.02 t J% 40 410.62 to ZKFE T KA HERS FF 2
J P b X A ) SRR R AR TS e ) DT RRA
N IR 3 FEREAT A4S FEANZE A I .
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