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Abstract: Seven kinds of biomass samples including masson pine needles and branches wheat rice grass maize and cotton straw were burned under
flaming and smoldering conditions to investigate the emission factors of PM, s and its associated major components including organic carbon ( OC)

elemental carbon water soluble ions water soluble organ carbon ( WSOC) organic acids and levoglucosan ( LG) . The results showed that the emission
factors were in the range of 2.82~7.74 mgeg™" and 3.24 ~22.56 mg*g™' for PM, from biomass burning in flaming and smoldering conditions

respectively. The difference between the two burning conditions varied in different kinds of biomass fuel. The profiles of water soluble ions in PM, 5 were all
dominated by ClI™ accounting for 72% ~94% of the total water soluble ions. Significant positive correlations were only observed between Cl~ and NHj.
The concentrations of water soluble ions were generally higher in flaming PM, 5 than those in smoldering PM, 5. The organic components showed much
higher levels in smoldering PM, 5 with respect to those in flaming PM, 5 because of incomplete burning. The higher emission factors of PM, s under
smoldering conditions were mainly due to the higher emission factors of organic species. Three source characteristic ratios including LG/PM, s LG/0C

and LG/WSOC in rice straw burning PM, 5 were only 0.34 0.24 and 0.27 times of the mean ratios in wheat and maize straw burning PM, 5 respectively.
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Thus different characteristic ratios are required to estimate biomass burning contribution in different biomass burning seasons.
Keywords: biomass type; combustion condition; PM, 5; emission factor; characteristic ratio
1 ( Introduction) . . LG
K (LG/K™)
( Goncalves et al. 2010; Harrison et al.
2012) .
s PM, 5 PM,
( 2000; Duan
et al. 2004; Andreae 1991; Fearnside 2000; Penner 7 (
et al. 1992) . (2011) 2007 N
)
36.7%.Cheng  (2013) 1996—2010 PM,,
(0C)
( EC) 34% ~45%  63% ~
74% 2000
. . . (Li et al. )
2 ( Materials and methods)
2008; Tang et al. 2014) .Zhang ( 2008)
PM,; PM,, 2.1
18% ~38%  14% ~32%.
PM, 3~5cm 25~50 ¢
PM, 5 ( 50 g 25 ¢)
99% ( 2015) .
PM,
50% 41%( Lee et al. 2016) . ( 2005; 2016) .
Simoneit  ( 1984)
(
( LG) K ). 4 mx3 mx3m( X X
(WSOC)  ( Simoneit 2002; Simoneit et al. 1999) . ) ( TH-
K* 1000 1.05 m’ min"' ) PM,;
( Andreae 1983; Jung et al. 2014) .LG ( Pallflex 2500QAT-UP 20.32 cm X 25.4 cm) .
40
( 2006) . LG min ;
( Hoffmann et al. 2010) 30 min
10 d ( Fraser
et al. 2000) ; LG PM, 5 (mgeg™).
2.2
( Engling et al. 2009) . 2.2.1
( ) LG K 0.22 wm
( PIC-10

) F~.Cl".NO;. SO} .Na*. K"\
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NHj . Mg**. Ca™* 9
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2.2.2 PM, 5

(
2012; Wu et al. 2015; Wu et al. 2016) .0C EC
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)
(2:1
)
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MS , 65
C 2 min 6 °Cemin”' 300 C 20
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. GC-MS
( HP-5 MS ). : 50
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Ph) .8 (
Cizo~ Czs:o) 3 (
Cigin Cis 1Cg.,) -
2.2.3
600 C 4 h ;

40% 25 C
-20 C
NH; Na' 76%
(Na®) ~ 102%( NH})
( RSD) 1.7%( Na*) ~ 8.6%( Ca™")
oC EC 0.9 nge
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;0C  EC
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3 ( Results and discussion)
3.1 PM,,
1
PM,
PMZ.S
0.96( ) ~5.71( )
PM,
(2005) .
PMZ‘S
(31.2 +8.6) .(15.1 +8.6) (8.7 +1.1)
mg'gil PM, s
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61.3 ~
128.9 mgeg™' ( CO.
(7.9~31.9 mgeg™') . (2014) CO,)
( ) ( ) PM,;
( 1).Carroll (1977) 1
25% 10% PM,
PM, 18 mg*g™' 5 mgeg™'.Chen N
(2010)
( 2016) .
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3.2
. M, 2 PM, 7
Table 1  Comparison of PM,s emission factors of different biomass . 2
burning PM2_5 Cl
PM, 5 / 72% (
(mgg) ) ~949%( ) NHI.K' SO
77 - 5.4% ~26.4%.
7.2 22.56 (2016)
4.57 8.10 PM, cr
4.90 27.98 K Ca®  Mg™
6.00 574 (2007) NN
2.82 3.24
4.53 20.63 . B
2680 8832163 K Cl 33.1%  43.6%.
15.1¢8.6  91.848.5 2005 (2016)
8111 69.9:12.7 cI K°
3~18 56~104 Ortiz et al. 2000 Na" CI’
7.9~31.9  61.3~128.9 2015 . (2015)
2.39+0.33" - N . N
3.03:0.70* 9.14x0.23 b  a. K
3.32+0.56" 12.77£3.42 b b, 2014 a1 (K/C) 5 14-6.48
1.84° 7.71£0.91"
_ 436" Cl HCl  KCI
- 7.6£4.1 . PM,; K
- 117410 Li et al. 2007 - (K'/C) 0.01~0.26
- 4.7120.04 Cl
B 12.95£0.30 Hays et al. 2005 . K /CL
() - 1.08:0.59 (6.48) PM,, K'/CI”
() - 0.84:0.47 2016 ( 0.07 0.26)

( ) - 0.90+0.55
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Table 2 Emission factors of water soluble ions in PM, s under different combustion conditions petg!
Na* NH} K* Ca® cl- NO; S0%”
1.3£0.3 812.7£108.9  326.9+52.0 - 23325+3392  43.4x13.6 192.7225.4
5.6+0.6 228.15.1 159.9:28.1 - 6403£226  26.8+4.6 226.5+3.2
0.9+0.2 12.9+0.2 46.6+4.3 - 959119 6.1£2.0 127.8+4.9
4.0+0.5 464.826.0 184.8+9.5 - 9800+527  125.0+15.5 181.2+1.5
0.1£0.0 49.3+1.7 30.7x1.5 - 1414913  6.320.2 2.2+0.3
53£0.5  1488.0+63.9 637.8+69.4 - 304712131 91.0x15.2 114.6£10.0
2.5+0.3 618.2422.9 89.5+8.1 - 11867790  51.4x4.1 136.3+5.4
40.8+3.1 698.3:97.9  1502.+217 - 20952+436  144.7+10.1 491.6x21.2
1.8+0.1 6.4+0.3 133.620.7 - 52346.6  9.4x1.8 51.9£0.5
83.2+0.4 396.7+8.7 4447488 5 53.3+58.2 7613336 107.3.0 209.2+1.6
63.12.6 144.7222.1 98.127.7 112.7x118 2086+525  82.2+10.6 191.0£19.4
73.6+155  613.4x11.3 260.1£19.6 85.8+2.5 12829£1015  57.8+11.1 355.2+3.7
4413 70.9+4.5 40.2+0.5 - 142824 25.1x1.6 109.0+3.2
(2011) PM,. CI° NH!.K' (1
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600 °C 2 NH, ( p<0.01)
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NH, N HCl
cl NH,
200 ~ 400 °C 60% Cl K" Cl'.s07 K
( Hd ) 800 C NO; K
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Bjorkman et al. 1997; Knudsen et al. 2004; Jensen KNO, KOH
et al. 2000) . PM, 5 ( Nielsen et al. 2000) .
CI".K"  NHj K*/PM,, 0.15%~1.41% ( 0.47%)
0.03% ~ 0.13% (
; PM, 0.07%)
K" /PM,
1 PM,;, CI° NH; K*

Fig.1

Scatter plots of CI” vs NH} and K* in PM, 5 under different combustion conditions
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3.3 . ( )
3 . OC/EC
PM, LG .3
0OC WSOC PM,; X oC
EC . ;
( brown carbon) ( HULIS Humic.ike
: Substances) .
CO CO, ( Gao et al. WsSoC  OC ( WSOC/0C) 0.28~0.65
2003) .Ferek  ( 1998) 0.46
WSO0C/0C (0.37~0.47
.3 oc 0.42) ( 2016)
EC ( OC/EC)
(1.2~30.2) 0C/EC
3 PM,; OC.EC.WSOC LG ( x )
Table 3 Concentrations of OC EC  WSOC and LG as well as source characteristic ratios in PM, 5 under different combustions
(me)  (mee)  (mg)  (mpy M 1G/0C IG/WSOC oGrEC
409.9+16.1 16.8+1.4 202.1+2.7 49.7+3.3 5.0% 12.2% 24.6% 24.4
561.0+12.3 33.3+0.4 206.4+0.6 17.4+4.2 1.7% 3.1% 8.5% 16.8
585.5+33.2 17.4+6.0 287.9+2.3 11.7+1.3 1.2% 2.1% 4.1% 33.6
451.7+9.7 44.7+0.3 224.5+6.5 55.1+£7.5 5.5% 12.2% 24.5% 10.1
506.1+41.6 16.8+3.6 300.0+7.3 10.0+£0.4 1.0% 2.0% 3.3% 30.2
380.1+15.1 23.9+2.1 163.6+3.0 41.6+2.9 4.2% 11.0% 25.4% 15.9
437.4+18.5 31.7+0.4 202.9+0.4 39.0+2.8 3.9% 8.9% 19.2% 13.8
380.1+15.1 23.9+2.1 163.6+3.1 16.5+3.7 1.7% 6.7% 10.2% 1.4
437.4+18.5 31.7+0.4 202.9+0.4 10.0+1.5 1.0% 2.5% 3.1% 3.3
431.2+12.1 127.3x14.5 224.8+13.1 21.5+4.4 2.2% 7.0% 9.6% 1.2
593.4+22.2 51.4+3.3 249.4+3.8 62.1+6.3 6.2% 13.5% 24.9% 2.5
413.9+6.3 199.1£7.7 118.6+£5.2 17.1+1.1 1.1% 4.1% 14.4% 2.1
646.6+63.4 25.1+0.3 179.3+4.9 45.0+2.5 4.5% 7.0% 25.1% 25.7
PM,, LG
PM,. LG 26 2.9 PM,, LG
0.2
e PM,, LG
550 ~650 C 640 °C LG . LG
54.4% 640 C  1G ( )
LG
( 2003) ; e
LG PM,,.0C  WSOC (LG/PM,.LG/0OC
( Schmidl et al. 2008; Kim LG/WSO0C) LG
et al. 2004) . PM,..0C  WSOC
LG Wu (2016) LG/K*

( Zhuang et al. 2001) .
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LG/PM, 21
PM, 1.49%( ) 2.58%( 182.7~638.4 pgeg™' ;
). LG/PM, 1.0% ~ 6.2% (
( 3.1%) Zhang  (2007) N 2)
2.98% ~
6.47% ( 4.52%) ; LG/0OC
2.0% ~13.5% ( 7.1%) Zhang  (2007) . PM,,
5.4% ~11.8% ( 8.2%) ; 68% ~
LG/WSOC 3.1% ~25.4% ( 15.2%) 87%
Yan ( 2015) (Wu et al. 2015) .
(17.0%) . LG/WSOC N
(4.1% ~8.5%)
(19.2% ~25.4%) LG/OC  LG/PM,; . 2
PM,;
PM,;
PM,;
2 (a)v (D) (¢) (d) PM,

Fig.2 Source profiles of organic acids in PM, 5 from rice ( a) and corn straw ( b) masson pine needle ( ¢) and stick ( d) burning under

different conditions

3.4 (2016)

(0.86
4 mg‘g_]) (0.42 mg'g_l)

1.3~6.9 2.20 mgeg”’ 0.63 mg*g™")
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3.95 mgeg”' OC EC
(2014) 0C.WSOC EC 0.46.
0oC EC 0.19  0.02 mgeg™'
0.75~1.08 mgeg™  0.11~0.23 mgeg”'
(0C  1.29~3.35
mgeg” EC  0.91~1.80 mgeg™"). (2015)
oC EC N
5.17 mgeg™'  6.77 mgeg”
23.23 mgeg”
4
Table 4 Emission factors of chemical species from biomass burning under conditions
/ oc/ EC/ WSOC/ LG/ /
(mgeg™) (mgeg™) (mgeg™") (mgrg™") (mgeg™) (pgeg™)
1.79/- 3.17/- 0.13/- 1.56/- 0.39/- 1.45/-
0.48/0.24 4.05/13.21 0.24/0.39 1.49/6.50 0.13/0.27 4.04/9.07
0.50/0.39 2.22/14.16 0.22/0.47 1.10/8.39 0.27/0.28 1.16/7.60
2.35/0.69 2.28/2.51 0.14/0.18 0.98/1.17 0.25/0.22 2.46/11.49
1.03/0.15 1.11/8.32 0.82/2.53 0.73/0.67 0.07/0.21 1.89/13.17
0.24/0.09 0.87/1.50 0.70/0.60 0.63/0.81 0.06/0.20 0.52/1.18
0.61/0.13 1.89/5.24 0.91/0.20 0.54/1.45 0.08/0.36 0.72/2.15
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