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Composition of Organic Carbon/Elemental Carbon and Water-soluble Ions in

Rice Straw Burning

HONG Lei, LIU Gang”, YANG Meng, XU Hui, LI Jiu-hai, CHEN Hui-yu, HUANG Ke, YANG Wei-zong,
WU Dan

(School of Environmental Science and Engineering , Nanjing University of Information Science & Technology , Nanjing 210044 , China)

Abstract: Six types of rice straw were selected in China in this paper, the homemade biomass combustion devices were used to
simulate the outdoor burning. The concentrations of organic carbon( OC) , elemental carbon(EC) and water-soluble ions in particular
matter produced by the flaming and smoldering were analyzed using Thermal Optical Carbon Analyzer ( Model 2001A ) and Ton
Chromatography ( ISC 2000/1ISC 3000). The results showed that the mean value of OC(EF,.) and EC(EF,.) emission factors were
(6.37+1.86) g-kg™' and(1.07 £0.30) g-kg™' under the flaming conditions, respectively, while under the smoldering conditions
the two mean values were(37.63 +6.26) g-kg™' and(4.98 +1.42) g-kg™'. PM, OC and EC emitted from the same kind of rice
straw had similar change trends. The average values of OC/EC under flaming and smoldering were 5. 96 and 7. 80, and the value of
OC/PM was almost unchanged along with the combustion state. Nevertheless, the values of EC/PM under flaming and smoldering were
0. 06-0. 08 and 0. 08-0. 11, respectively. The trend of combustion state could be determined using the ratio of EC/PM and the R* of
emitted OC and EC through those two types of combustion reached 0. 97, which was significantly correlated at the 0. 01 level. Among
the anions, Cl~ showed the highest concentration, the results indicated that the average value of of Cl1~ emission factor was(0. 246 +
0.150) g-kg™" under flaming, while it was(0.301 £0.274) g-kg™' under smoldering. However, A big difference between flaming
and smoldering was found in the average value of K* emission factor, where(0.118 +0.051) g-kg™' of the former was significantly
higher than the latter (0. 053 £0.031) g-kg™'. When it came to Na*, the result of smoldering was significantly higher than that of
flaming. The correlation between water-soluble ions in flaming was more significant than smoldering. Rice straw burning could be
distinguished from fossil fuels and some other biomass burning by the OC/EC ratio, and it could also be distinguished from sort of trees
burning by the ratio of K*/Na®, Cl~/Na " in water-soluble ions.

Key words :straw burning; organic carbon; elemental carbon; water-soluble ions; emission factor
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Fig. 1 Combustion device
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Table 1  EF,EF ., EFpyfor rice straws in flaming and smoldering/g-kg '
HF 4R R
R A EF Eﬁf EF EF EIEFM EF
PM oc EC PM oc EC
W26 10.77 +1.36 4.96 +0.26 0.89 +0.30 99.17 £0.81 43.15 +6.81 6.45 +0.87
I 15 13.64 +0.30 6.28 +0.13 1.34 +0.21 80.57 +7.89 39.18 +4.38 5.53 +0.81
I 2 5 16.61 £0.54 7.19 £0.76 1.31 £0.01 88.65 £11.72 40.83 +4.58 5.65 £1.51
1 279 11.08 +1.56 5.55+0.86 0.84 +0.21 56.22 +4.45 28.57 +2.14 2.93+0.17
w6 5 11.84 £0.93 5.51+1.27 0.88 +0.02 80.02 £2.95 37.45 +3.06 5.16 £0.32
TH15 16.83 £7.71 8.7 £3.96 1.15+0.55 77.92 £19.07 36.62 +8.80 4.18 £1.65
HE 13.46 +2.71 6.37 +1.86 1.07 £0.30 80.43 +14.22 37.63 £6.26 4.98 +1.42
£2 BWEHMETF O/ kg
Table 2 Emission factors of rice straws during burning/g-kg !
T EFpy EFge EF ¢ Na* NH; K* Ca®* Mg * cl- NO5” 803~ Sk
5.3 0.86 [17]
3.49 [18]
0.5 0.94 0.021 0.21 0.48 0.016 0.94 0.008 0.12 [19]
ik 0.17£0.04  8.94+0.42 [20]
0.49+0.22 10.53+4.87 0.03+0.05 0.4420.2  0.64£0.38  0.04+0.02 0.83£0.42  0.03£0.02 0.18£0.06  [21]
0.065 0.01 0.538 0.049 0.004 0.68 0.029 0.161 [22]
6.28+1.59  0.49:0.21 2.01£0.67 0.077£0.035 0.003+0.008 0.715£0.533 0.061 £0.029 0.006 £0.005 0.855+0.491 0.047£0.076 0.182+0.072 [23]
13.4642.71  1.07+0.30 6.37+1.86 0.101£0.033 0.176 +0.088 0.118 +0.051 0.022£0.013 0.113£0.056 0.246£0.150 0.070 £0.076 0.090 £0.051 ZAHF5T
i 0.37+0.11 8.77+4.81  0.05£0.06 0.27+0.18 0.82+0.65  0.05+0.03 1.14£0.59  0.02£0.01  0.22+0.12  [21]
T 80.43£14.22 4.98+1.42 37.63%6.26 0.280+0.070 0.4070.304 0.053+0.031 0.050 +0.071 0.331£0.091 0.301+0.274 0.128£0.137 0.163£0.097 &M%
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Fig. 2 EFpy,EF ¢ ,EFg. for rice straws in flaming and smoldering
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S R sk AR AT, 43 0 R 46.79% . 6.2% . PM
0C., EC & AR BN B LLE K 2 (c)
7, BRIRIE PM A HE 249 02 B BRI 19 6 £i5, OC &4
6 A, EC 2k 5 £%, g2 6 5 PM,
0C 5 EC M1, BHIAHER 35 B i, T8 1 5
R HE TR LE A X A K. A — S R RS FF A9 PML, OC |
EC 7EBRIL . BRI AR BRI 3 S b4k
e BBz, B — B .

R3 BEPMPRASHRESE %

Table 3 Average chemical composition in PM/%

TiH 0oC EC Na* K* Mg** Ca’* NH; Cl- NO; S0;~ SR
RO 47.28 7.94 0.83 1 0.89 0.17 1.42 2.16 0.52 0.85 63.06
A% 46.79 6.2 0.35 0.07 0.41 0.06 0.5 0.36 0.21 0.19 55.14
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1 OC/EC {E—f/NTF 0.4 RSB 0C/
EC LEA T 2.8 ~6. 207 =Wy B kb b 0C/
EC B, AR B A ) Bk e R 1Y) OC/EC {H A7
FEZE ], WG A AZE TR . IR &4 F OC/EC
JEREN 3 ~ 78, {H Hy 35, ¥ M AE WG Rl sk BE 45 14 F
OC/EC YulHh 9 ~43  #{H K 23. 6, F A HEAEF
HIBART OC/EC JEEN 19 ~ 44 ¥{H Ky 31100 £
MRk IR i Uk R ) OC/EC FE BBl N 5 ~
713, $e /N BB 2 7 BRI B, B oo (B J2: 78 D TRR By
BePY . Hays %P HEgT R, RS EE R AR,
OC/EC HEXI Ll g 31 (16 ~58) , IR0 T I
HN 23 (11 ~40). AW EF SR BN OC/EC
FLMETERE o 4. 69 ~9. 75, BIBRIR ST OC/EC ¥{H
M 6(4.69 ~7.57) , FIREIRAE T OC/EC ¥I{E N
7.8(6.69 ~9.75) , [l —Fp A% FF BB A9 LA 3 & F
HRRASE %) EOARL, X 5 =AM 52 & 1) OC/EC R 2.0 ~
6. 2! P, SRR AR B T A5 AR A B
BR . B OC/EC FUE Y A8 Ak BBl B @ 4/, HL 8K

(/N T R R .

W 4 s, 0C/PM [EUEAEBRI . IR & A
TPF G, v LIRS RS SR e HEC OC #E PM
H T 7 B LIS SZ R PERAS 5 . 2R IS
BRI EC/PM, 4 0. 058 ~0. 116, BI#kH Lo (E
}0.047 ~0. 053, IRRIRAE T EC/PM, s & A 811
FUAEL, W] REE: BB ok A ELAG e v A T, DT (o B 22
AN EC™ . ABF5EH EC/PM 7EBR#A |
R rhOGT L 45 B S, IR 9 LU AE Y LR 0. 08 ~
0. 11, B8R T 1 L MBS L4 0. 06 ~0. 08, Kt 7] LU
M EC 5 PM (1 HLAE 125 BTG R S iy R 34

Turpin 2573l i WF5E OC 5 EC ZAIH L &,
AT LA 438 B S I R R, 45 EC A OC 2 [B] A A
Skl MZEBH OC, EC 3K H AR 0I5 YL I8, A
FEPREAT P FR B HE LAY OC 5 EC M eI 2
(d) FioRs M E B30k 5] 0. 97, 76 0. 01 7K F FAH
P B Turpin & TRk 0TS0 2K U5 43 B X6
FIRBERAHR | BIBR D 4 1125 0] LLIs T, 2 45 X R
T HL Ath o 28 65 A BH B AR 79 o 46 2 T AR 2 v
OC ., EC #BIfE A, WA 75 22 5 £ A SE96R UE A,

x4 WERK, BT PM, EC, OC LLE
Table 4  Relationship between PM,0C and EC for rice straws in flaming and smoldering

= WK FH#A
0C/EC 0C/PM EC/PM (0C +EC)/PM 0C/EC 0C/PM EC/PM (0C +EC)/PM

N2 1k6 5 5.57 0.53 0.09 0.54 6.69 0.5 0.07 0.5
;1= 4.69 0.52 0.11 0.56 7.08 0.55 0.08 0.55
I 2 5 5.49 0.49 0.09 0.51 7.23 0.52 0.07 0.52

11 £ 279 6.61 0.56 0.09 0.58 9.75 0.57 0.06 0.56
Witk 6 5 6.26 0.53 0.08 0.54 7.26 0.53 0.07 0.53
THE S 7.57 0.6 0.08 0.59 8.76 0.54 0.06 0.52
¥ifH 5.96 0.54 0.09 0.55 7.80 0.53 0.07 0.53

2.4 BABK. WIS Aok PR T HERC T

6 FIAEHBARR . WA A 2B Hh A Vs 1 i I HE ik
HFunzk s Frn. 3 MBHE T Cl- . NO, | SO;~ #
W5, HE P T 008 22 Ak 3 B A 8 T R 5]
(0.824 +0.373) g-kg ™' FEBAHR . BRI Bl 2% 14
T, 3 A AE b, Cl Hesk H e, SO; - HEK
Wz, BT REE D Cl HEs R 7 1A
(0.264 £0.150) g-kg ™', X 5 3CHk[ 23,24 ] P 45ie
L BAEA T Cl A HERCH T ¥ 0 (0.301 =
0.274)g-kg ™' MER S FHIHE FAH K, NH, |
Na®, Mg** | Ca®*, HEJi R 7 £ 06 2 463 BB AT
K BR 3] (0. 937 £0.262) g-kg ™' TEHIRLMET,
FEEC o NH, HEC & s, BIE R (0176 =
0.088)g-kg ™', K" HEB A F Rz, ¥I{H 4 (0. 118 =+

0.051)g-kg ™", Mg>* 5 Na* Ay HEMC N 741K, 214
35124 (0. 113 £0.056) g-kg ™", (0.101 +0.033)
grkg ™", Ca? HEMC N T B A%, M (0.022 = 0.013)
g-kg ' HRFRAL T BIBRRAS R, NH, HEi T
i, 0(0.407 £0.304) g-kg ™', Mg’ " 5 Na* f9HEK
R85 514 (0. 331 £0.091) g-kg ™', (0.280 =
0.070) g-kg ™', K" HEB A FAR bR, BIBARTAL 2
(0.053 £0.031) g-kg ™", 5 Ca* HEL A T (0. 050 +
0.071)g-kg "I

FEREETRA . WA &R s 116 PM R Y i o Jo
MBI 3 FrR, Cao 2517 HFSE 45 HY BRI
K* 76 PM FY 0500 11.39% ,C1- } 13.61% ,
Park %5U7VRFSE 2 BR, ARG A Be Rt 4N ORI 4 K
bR BN 1.77% ,C17 15 2.96% . AHF5E



30 EZ

B 36 4

BREF CL™ 72 PM B LU AECAH X AEAIG, o 2. 16% , K™
BTG B BB 1% ,Ca®* BT 5 B4y B /b,
0. 17% , BIRAI BT PM BHERC w80, AR K
PEESF7E PM A LB REAR, K A 0. 07% Y kL
Bi,Cl™ 4 0.36%. 8 FKEMER Fh, K", NH, |
Na* |, Mg** | Cl™, SO;" iX 6 B e+ iyl & {6 3 5
T B, AL SPSS #4345 13X 6 Fh S T A A

Ktk 6 P, IS T NH Na®  CI™ 5
K", Na® Cl"5NH; ,lAJ Na* 5 Cl- ¥ 28l %
14 TEAH DG, 18 B BH 2 1 2 22 A SR P 0 I AP e
BSR4 B8 7 18] A A DG % T8 B A B i 38, A
Na® 5 K*, Cl™5 NH, [8)4 50 35 0 A
DR AR 25 A AN — B, TEMLAK T 1 B8 1 A e T 2
WAR—FE.

RS B ABPKEEETFHHIERETF g kg

Table 5 Emission factors of water-soluble ions in flaming and smoldering/g-kg~

1

feakigfh  WH K* NH; Na* Mg?* Ca’* cl- NO; S0z~
W6 e BB 0.090 +0 0.106 £0.043 0.110 £0.014 0.170 +0.008 0.158 +0.012 0.037 £0.015
B 0.035+0.007 0.131 £0.029 0.275 +0.007 0.205 +0.026 0.054 +0.040 0.100 +0.042 0.305 =0.094
M1 BI#% 0.180 £0.014 0.267 +0.060 0.140 +0.014 0.190 +0.045 0.044  0.401 +0.073 0.043 0.106 =0.041
B4 0.105 £0.021 0.596 +0.049 0.405 +0.035 0.429 +0.112 0.172  0.317 +0.071 0.090 0.234
B2 2 BI#A 0.205 £0.064 0.326 +0.056 0.160 +0.007 0.138 +0.004 0.018 +0.003 0.526 +0.059 0.011 0.121 £0.008
B4 0.070 £0.014 0.937 +0.262 0.280 +0.028 0.390 +0.034 0.015 0.824 +0.373 0.055 0.093 £0.025
4k 279 BB 0.100 20 0.157+0.072  0.070 +0  0.042 +0.017 0.012  0.189 +0.003 0.104
B4 0.035 £0.007 0.253 +0.148 0.215 +0.049 0.365 +0.234 0.005 0.189 £0.040 0.089 =0.088
it 6 2 BI#A 0.085+0.007 0.112+0.042 0.090 £0  0.084 +0.045 0.013 +0.004 0.161 +0.033 0.121 =0.001
B 0.020 20 0.226 +0.103 0.215 £0.007 0.231 £0.103 0.104 £0.066 0.361 £0.228 0.160 =0.074
S B BI#% 0.145+0.035 0.175+0.018 0.100 +0.014 0.092 +0.055 0.025 +0.010 0.311 +0.004 0.155 0.198 =0.062
FH#% 0.055 £0.007 0.290 +0.176 0.290 +0.099 0.370 +0.216 0.190 £0.020 0.184 £0.040 0.054 £0.019
F6 PR, BAMARKAMER FRUMEXMED
Table 6  Correlation among water-soluble ions in flaming and smoldering
WiH B K* NH,f Na* Mg?* cl- S02-
K+ 1 0.973 * 0.855" 0.45 0.992** 0.353
NH,f 1 0.831" 0.38 0.979 ** 0.255
. * 1 0.764 .866* -0.046
Bk Na 0. 866
Mg** 1 0.41 -0.428
al- 1 0.346
S0%- 1
K* 1 0.69 0.927 ** 0.793 0.513 0.079
NH, 1 0.431 0. 669 0.961 ** -0.259
, * 1 0.553 0.23 0.358
Bk Na
Mg** 1 0.554 -0.485
al- 1 -0.327
S0%- 1

1) s ATE0.01 K ERFEASG; = 7L 0. 05 KT b WFHK

8 FlES T EPIRIMABEIR ST B A R 2 B A
OC/EC T B M. &1 3 RS REE IR . WA
ZFAFT CL™ BYHETCA 7, PR ABEIRZS T A8 2 5
i 1™ HEUA T 2%, 9 2 1 6 S HEUE S f A,
H C1™ B2 e 55 it b B 52 R B0, A [R] L5 Y
R CL™ BN 722 5 WA, BRSR I i i L 240 2 B
AR 8 5.

4 SR REAEBIR . IR AR IE T KT iR (A
T AEZHARAEDREAT T (Z2 G R MRAERS T

FORFFE) Z M b K i 7 B ™, A4 Bk
BEIIKEEIE K BEAR o m BROGER , alad © nl LA 3
TRHEAT e Ve ST BV WA ME T R
WK BIHETCZ SRR SE IR R, IR A T A 2
S0 K HEROH T, BARRIRS T A8 1 S HE
(9 K" fRem. ML 2 SAERIE . IER R K E K
HERCET N e, DN 4 Fp T DIAS Y | PRI IABE 251 T
K HF S B 2 25 B R AR, BIR S 1F R R Y
K HEHA T AR P A HERL.
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Fig. 3 Emission factors of C1~ in flaming and smoldering

0.25
- —m—
2015t
o0
5010t
005l N
0 " N
: ¢ % & 3t ¢
2 E = 2 £ B
%_,’. =5y =5y = i i
B

B4 FRMgA, B KT BEEEE T

Fig. 4 Emission factors of K * in flaming and smoldering
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Fig. 5 Emission factors of Na* in flaming and smoldering
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