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TEFTRRGEHERR PM, s F7AE K S0 A R 53
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WE YT XS R HBOR B FRLS e, ERE, WOERFETRE R b BB KA, % X IR BT
N A e T 7™ EE R e ] e 2 T P T R VR R/ 22 A AT (1 8% R R e AT AU, 7 A UL HE UK S,
FRAE R 2. FORAVNZEREFFIABE PM, s HERKIR 25108 1082.8 A1 835.7~897.3 mg/kg. H WL & WUk ¥ 3= 240
Iy, BB A PMys R 42%~66%. C1 A K 4351 &5 PM, s 8 B 4%~ 15%F11 2%~ 14%, K™/EC {89 0.5~3.8. %4
FRTERCRL BT 5 BB 5 2 BT 4G R — 3 RS FTS /K SR REIRE R PM, s HE UK R BORRAE. BEFSFT& /K 238
T, PMys Al OC HIHERUR T30, AEFFS K S, BRI BEIRWT PR, AW R R G NS R i KA
Cl HL 32 ek /N 5 80— 3 AR RIORE ) v 0 P A PG, BRI R |l TR AN/ N R T 8 RIRIFHE ) PMys F1 OC 43 iR
92.7 Gg 1 47.5 Gg, fEag2H FEE Y

KGR EMIRBEEE TEH PMys; HEERF; RHAE; RmR 2

Characterization and Influence Factors of PM,; Emitted from
Crop Straw Burning

Wang, Yujue” Hu, Min** Wang, Yu’ Qin, Yanhong” Chen, Hongyang® Zeng, Limin“
Lei, Jianrongb Huang, Xiaofengb He, Lingyanb Zhang, Ruiqin® Wu, Zhijun“
(“ State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental
Sciences and Engineering, Peking University, Beijing 100871)
(* Key Laboratory for Urban Habitat Environmental Science and Technology, School of Environment and Energy,
Peking University Shenzhen Graduate School, Shenzhen 518055)
(¢ Department of Chemistry, Zhengzhou University, Zhengzhou 450001)

Abstract Large quantities of particulate pollutants are emitted into the atmosphere during biomass burning processes. In
China, large amounts of agricultural residues are burned in the field during harvest seasons, which influence regional air
quality and human health. Corn and wheat are two major crops grown in China, whose burning was simulated in this study.
The controlled laboratory simulation of straw burning was performed in the Laboratory of Biomass Burning Simulation at
Peking University Shenzhen Graduate School. The burning simulation system was improved and verified. Straw burning
aerosols (PM, s5) samples were collected and measured by gravimetric method. Organic carbon (OC) and elemental carbon
(EC) were measured by thermal/optical method. Water-soluble inorganic ions and organic matter were measured by ion
chromatography. Emission level, characterization and influence factors of crop straw burning aerosols are discussed. PM, 5
emission factors of corn and wheat straw burning are 1082.8 and 835.7~897.3 mg/kg, respectively. Organic matter (OM),
which is calculated by multiplying organic carbon (OC) by 1.3, is the major component of PM, 5, accounting for 42%~66%
of the total mass. Nearly half (37%~50%) of OM are water soluble. CI_ and K*are two major components among wa-
ter-soluble inorganic ions, accounting for 4%~15% and 2%~ 14% of total particle mass, respectively. The K*/EC ratio is
0.5~3.8. The proportions of these species in PM, 5 are comparable to previous studies. Straw moisture content and burning
temperature influence the emission level and characterization of straw burning aerosols. Emission factors of PM, s and OC
increase with the increase of straw moisture content because of incomplete burning. With higher moisture content, more
thermal energy is used for the evaporation of water, lowering the burning temperature. Then less proportion of K and CI~
are released from biomass into the smoke. Therefore, their contributions to the particle mass decrease with the increase of
straw moisture content. The emissions of PM, s and OC/EC by crop straw burning in the field are estimated based on the
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emission factors obtained in this study. Corn and wheat burning in the field yield 92.7 Gg PM, s and 47.5 Gg OC every year
in China, accounting for important fractions among the total mass.
Keywords biomass burning; crop straw; PM, s5; emission factor; characterization; influence factor
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AL T BRI 1) KA HE TR 2 S A AR A 15 Je ),
S S ST E A N A BN Y, BRI IR A AR U
FEHE BRI e B30 1996~2010 4ENA], A=
W 5 R Bt o [ A5 HLBR (OC) AT B (EC) Y 53 R 20 71
N 34%~45%F1 63%~T74%, H.2000 4E2 J5 S )
TP AW T R B B RS AR AR AR R, AR
NV IE FEDREFFSERIBRIR, AN [F) b2 22 S MR e HE TS RORE
PII KPRV AE A7 R iRk 22 e 07 7 v [ B AR A R e
Ab, FEAT B8 R AT ke i) — R E . i 7
FKH, HEEEA 110~158 Tg, Bl 17%~26% IR EY)
AT 0 B4 5 A b 30100 o [ 1) A W S R s HE T
TR IR B RE AR 5 R MR B o 32 A R R e % X )
E AR, S H AT IR HEBOSRL ) R AE 34745
AT 78 H AT S X

A WU A REFF R P OO ) P B R B 5y, 2
5T 26%~85%! 12 KR Ky R W R IR T
Y, FEFFRGE AR B e ik FE I, A ok
JRHEBCBURL I R 2 22 PR R 52, SRR AR R
AR R RS K E RS B 25 2 S R BRIk
A BRI HEROK S RRRE ) SRR H ik
IR IR e HE TSR 70 3 B A S ke sz g 1418 TR sz g
SRR 20 RN R g A SR BE S G T BT
SEBRAEFT fr RIRBE I AN T 26, R S50 26 2F X LA ],
R A 2 [E AP RS AT R HE U AT BEAFE R 2 5, A IF
S 48 FEIA) o] LE M DAVEAR . B AR IR RSOl S 36 v s
FFIR e B AR SEPRAE LA D, 5 S bR e R RS
FAPAFAE— 8 22 57, (RS20 S A0l T DUBE f 4% ) A e 2%
PERISPAT M, B FC AR R se HE TR i R 2R d2 F 1)
Jiik.

s EE RO K E, BORZE AR KRR+
B RBRI S, HAFRMX MR AR S35
BRPCIR S FIHEBUFIEAZAE 22 5. AR SR IR E 5 E 2 1)
PRI B D) TRV RERT, XA beHE AT R
I, FEIH AT S K & HE OB 0 7K S FVRFAE (1 5
M. ASHIF 5 9 3 A 0 S R e H I TSRO A7 05 1 AR Ay
TAE M 5E 35 I SR AL R BcE, Sy ey v 1 e 1) il
EHA EEE L

2 GRS
2.1 PMysHERE T
N A RIS R BEHR ORUR A0 7K1 (0 22 5, 3K —

HR > AN BB FI R RS AT 25 S K AR L[] I HE 22 5, oK
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F 1 TKFEF HENEREFFIIBIN N ZFEFE PM, 5
FIHERUA 743 34 1082.8, 835.7 £l 897.3 mg/kg. Hays
21212005 ) % FE AR BEHEBURI B S B B R, /N RIK
FEFEFT PMa s HECEE 43328 4710 1 12950 mg/kg; Li
20070 5T 45 HR W/ R FORFEFF AR PM, 5 HF
TR T3 514 7600 A1 11700 mg/kg; Andreae Z£161(2001)
BRI 7R e PM, s FEIUA T4 3900 mg/kg. 5
Z AL, ARWTUAS B HER R U, X5 AN [E R T
FRIRABLAN R S HL 5 7K & BTy SR e Sk A S5 D R
K. PN EZREF IR HE OO ) (7K T A 2, KA
FEHEBOK St T/ N2 FEAT . DR 2 o) DL
FORFEFTPRGEIT fo peid B R SRt [ B4, 1 /N2 A AT B
KPR B, RIBER BB BE A 7 ), S HEOE
Z Tk

K1 PMys RAHDHIUF T (mg/ke)
Table 1 Emission factors of PM, s and the components (mg/kg)

FRFEFT INFERERT(HE D) INFEFRERT (KB
PM,s  1082.84589.7  835.7#4713 897.3£554.6
oC 584.7+409.8 392.0+266.6 394.2+300.6
WSOC  250.1+148.8 145.2£101.0 184.6£169.4
EC 20.5+7.8 215454 21.543.8
LI 1.7¢1.4 1.1£1.2 1.3%1.7
HEE 04203 0.4£0.5 0.4£0.6
TR 09%1.0 0.8+1.2 0.9%1.5
L 0.240.1 0.3+0.2 0.2%0.2
HE  NA N.A. N.A.
FEAER  N.A. N.A. N.A.
K" 30.4+21.5 39.2420.3 51.9423.2
cl 64.8429.7 50.8+14.1 64.7£15.5
NH,"  11.2%10.1 45%2.9 4.6£2.0
SO 4.1£23 47%2.4 11.0£10.7
NO; 04203 0.5+0.5 1.0£1.4
Na' 0.120.1 0.2%0.1 2.7%4.1
Mg>"  0.01%0.02 N.A. N.A.
Ca*" 0.02+0.03 N.A. 0.01+0.02
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“NLAYARAE H S SRR T A PR,

ERAT TG PM,s HERE 7, HA/ N2 R5 AT HE
TR BT S8, 120 i 545 31 A [ R4y 1K AN
INERERT R RIRBE™ 4 PMy s (735009 63.0 Al 29.7
Gg. HERZ 1 5 DA AR BRI HHR IS
AR VTR AR, ILAR, Wb 2 YL, XL
73 BRI 8 [R5 P9 o A5 AT R 58 HIR T 12 1) D ik 23 )
N 54%H01 76%. FEFT & RIRBE TS A HERCR 51X L83
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HARRBERE T SAWEEE. RSN ZE S HE
BRI, BARGE AP/ — iR, HIXHA RN
AR S 2 L. EARAEY AR T AR A Ok A
SRSCERZE T RE AT R R BRI i 8 G oy L,

2.2 PM,sWFHEMKEEANEAT

FEFFRRIGEHE PMy s 2B 40 24 20 il i HER R 7 AT EE
Bl 1 FE 1 Fros, A TR 2 45 S b TR )
R R 73%~82%, i OM/OC HUAE A 1.3 111145 3]
B HLAIOM) i 5. AHF 5 S H e i 7045 2 A [5)
FRRAEREF AR PM, s 32 ZEH 3 [ EL 151 38 2.
OC & FEFF BRI PM, s i EEHH 7, (5 s =)
31%~51%, 52 R 26%~69% [ &5 5 — 3113,
PRI N FEAT IR B HE UK AR 24, 435128 392.0 F1394.2
mg/kg; FORFEFHRIEHEUR T2 0/ NEREFT I 1.5 5.
OC "' 37%~50% N/KIEHEA HLEK(WSOC), B> T-E/K
WA PR(WISOC), 5 Bae Z:(2013)F1 Guo %(2014)
(RIRFF 70 285 SRAHUE P22 K A HLBR (WSOC) [Al B 2 31
TR HE S TN AT . LS T angn]
PLE ) 6 P& 2 MU Hr HEBOK T = R 4 4,
FXIR 0.4~3.0 mg/kg, HEBUKFFIFE 2 FKFEF &
T/ANERERF %, EC MA@ T OC, “F¥h
16.1~26.6 mg/kg, iR E N 1%~4%, 528
T 1%~23%M 4R —B(EE 2). ToK LM /NEFR
FF EC HEBUKFAHIE.
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Figure 1 Chemical composition of PM, s emitted from the burning of
straw with different moisture content

FAeh PM, s HERCRITHS 7925, Wb Al AR B 4
A ROKR R/ NEREFT R RIRBE= 4 OC [ES N
34.0 1 13.5 Gg; EC 20518 1.2 #10.7 Gg. B [EEH4E &
VEVIRERT 88 KIRBEHE OC. EC HIE4 54 395.8~
402.9 Gg F184.2~100.0 Gg™'®, T KA1/ i iy foh 3
VR #2 R e RO B E AL AT 82 KRB OC.
EC MBI M A 12%H1 2%, {H2% & F)] Cao 25111
Yan 2R AT A BITR A O HECE TR T A R TS 45
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K2 FEFFRBEHE PMy s ALK (%PM,s)
Table 2 Chemical composition of PM,s emitted from straw burning
(%PM.5)

FEATANZE ocC EC K’ Il ZEMR
34 3 9 23 [11]
FOKFEH 33 14 14 26 [13]
47~51 2 3~6  7~10 AR
39 8 10 14 [11]
INEFERF 26 11 25 24 [12]
37 14 16 22 [13]

INEFERT (EHD) 42~50 2~4 2~7 4~8 KR
INEFRERE () 31~48 1~4 3~14 4~15 AWI%
KEFF 38 16 15 5 [13]
3 69 1 1 1 [12]
IKFERGFF
22 23 15 27 [13]
HREAE T 37 15 12 18 [13]
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R, PIRIRS AT F RARGEHR O 2 1 DOk L 51 T RE
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=],
IRV P TEHLES 7 40 73 35 5 ORI S R = 1) 8%~
32%, Cl, K 2k m 4 sy, HikZ so Ml
NH, ", HEHn & EMRRBREHGEE 1), KT —&IAA
VR RIZR ), KM RS & RV R
Byox i KA P HEBORC R KO A8 3] KHER
K4 29.6~65.8 mg/kg, i PM,s & i1 2%~ 14%,
HZ AT 1%~25% M85 R —81(EK 2). AFEFEF
K HEROK S AR SR AS | A WL, /N2 R HE
K- EE A b T KR, AN AN RS HEBOK =
TEEA/NEREF. X ] Re S RS AT AR B 2 R SR e 7 2k
TR P TR 22 S 5%, BREIR FE BRI AR T KRRt
NS, IXEKAE 2.3 TR BeHERG mi K 23500 v
oA, A RARIRRH K/EC AN 0.5~3.8,
FHN 2.0, SHEHIFEH 02~2.3 455 R g e
Bk K4k, PP oA Mk CLUHER, AHF
FAFE] ClHERA T4 48.7~75.8 mg/kg, 15 PM, s i
I 4%~15%, 5Z AT 2%~27% 145 R —Fu(&
2).
2.3 FAIHERM RS0 E R
AW TN TR INZZFEF 53 4z i) 2 AN F0 3 AN K
SRR AT IR, AN TRl /K S B RS AT R e HE Tk
PM, s FEIHERS R 7 RO s B 1 FnE 2 o, Bl RS FE 3
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Figure 2 Emission factors of PM, s, OC, EC, K", Cl" and their contri-
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A CU Heds R 7 B E UL R BT o LA Bl RS K
0N (R B S R FE KB IR A O, ANEE K
B RS FTF IR e FE K G IR AR AL W 3 o, RS FFHR
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Figure 3 Temperature during the straw burning process
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RN RS 2 RIRBEHE PM, s (155304 63.0
29.7 Gg, TEAAEDFIAE HIAL B 148 00 s e sk 25715
FEFT 8 R IR B I A 0 AT et bl N E L OC A&
PM,s Wi FE L5y, HorpKE A HUBK LB /N T
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K'/EC{H 7 0.5~3.8. SHFAE PM, s FT & Lol 5 2 i
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4 SCIGERSY
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AT TR R FH I AR P R A 0L 3R 4t T B R R
WAL BBARG. WNRGIKFSEARILE RS 4
T4y, BT B R 25 B AN AR R 1k DA 0
WPV BEMI R %, RALEMWE N He 55
(2010). FEA R BB FE A (1) AEFTE RN
BRIGET- & L iR, BRIGe = A 1 BURE P i 7 AR BB
£, TEMEMERH T HEERFE OHEAME RS, M
FE FE R A Sk S A I A SR G IR AL, QR R
S0 HT i B A AT, b TR S TR REE
PR A 2 o Ui P R % 5 R A B TR . R, TS
Y6 70 Limin (02— MR, RESE CER”
ARG % 20 L/min B F 2R 40m R, T2 i
TR TR, AT S AR A AT [ S A PR R R
SIS RSB ECN 10 5. Q)IRESEHS
1FHENREEPCREE, KRGS 6 %, S
y/]j‘j 16.7 L/min; ﬁx:':':' 1~5 E%’{%éﬁ PM;;5 ﬁ/@ﬂiﬁﬁ]%”?&a
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(99.99%), 1 FGufa € Ja FH = AR 5 BT 050 S0l 0 7
FERT G CO, MR EE, 43 TR AR R 17 S 94 B P 0 e A ok 2%
o N A SR FE A N R T JE N CO, Y SEBRIREE, W3
AHBR RN RS SLPRf R L. SEPRllE(E N 10.6, W LASKE
RV E IR AT R E 10 5 FRE. (2) & REIEIE 7]
FSPAT PRI A2 A GRIE SRR e R o % 3 08 (] (1 — 30k,
FEHR 4.2 R 4.3 TEERA A2 10 S PR i FE X BOKAS AT
AR e AT BLALRT KA, W 52 R4 B A S SR ot R
HUBR(OC)FI LR BR(EC). TRSLIGEE R, Hilid KAt
JiE8 1 OC 4 99.4~101.7 pg/em®, EC A 2.4~3.1 pg/em?,
ZETE S%ULAP, FRPEimTE ) B A R i — Sk,
42 tmRE&E

RYE 2014 FGHFL, 2004~2013 FHE NEM
T KRG A ) R TR 40 ) o R AR A A R T AR
22%K129%, FEEAr A AR A EYDE R 2 21%H0 32%.
AR 38 BN 22 R R K I R A R B R,
X HAEFFRBS AT AL 2014 4F 6 H, /INFERGRETE
TR A8 AN BT AL BRI ER N2 R TS 10 H, BRIk
SREENITE R B WU TR

R 458 K 25 FR HE(CEN/TS  14774-2004) 0 1 [ 25 £ 4
JRBREL K 230 2 73, W — e RS FEAE 105 CHIKE
Fa ML AR, I R S B E AT S K&
M 25 R BoR, AT FORREFT . M /IN RS AT R0 B2
INEREFFRIWIUE B K E N 13%, T%H1 9%. SLiit
TR, PRSI BT 55 RS AT 35 7 S0 =8 P4 R A 4 1 5 K
B i R TR RS P I3 2 P AR AT i e 4l
JK(Milli-Q Gradient 4f7KH1, 18.2 MQecm), %/b 20 h )5
FHRRE IR SR KR, 3 PR FH RPN S50 1)
FARME HASHLE 3.

155 BRESRBERAE T, 25 3 BE R Teflon JE
(Whatman Inc., USA, 47 mm), 1, 2, 4, 5 K5 A Seef 4
JENE(Whatman, UK, 47 mm). &R S50 K A Y05 8%
B K G TR RAFE, KUK H CO, PR Z BERE AT
KOG 15 IR, BRCRAERFSE 20~35 min. IRIESE
g R FENE, SRR RS AT RS B KRB R e 1)
HAT 3 L. H T A RS B e T S,
TERA RIS 0L T, R RIRE IS AR AR i, fE
B S R
4.3 SDhrEE

KFEATIE ¥ Teflon JEAEEIRIEIZ[(20£1) C, (40
5)% 8 14 % TA7 24 h JE AR E, ARYERAERT G R S
FIREE PMys L. B RRESEEEN) Teflon A 10 mL
B /KMilli-Q Gradient 4H/KAL, 18.2 MQecm)ff 7 2
I 30 min, % 0.45 um PTFE JE/#(Gelman Sciences)id Ji&
J5ia B T i (Dionex  1CS-2000/2500) 5 7K %5 1
B 4Hsr(Na®, NH, , K, Mg?", Ca*", CI", NO; ,
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Table 3 Parameters of straw burning simulation
FEFFAhE WA B, A5/ ] BIKE/% PRRH /g PRBERR B2 18] /min (PR €
FARFEFF TR XSEL/2014.10 B Ho=1o 30733 >

18 1.8~1.9 30~35 3

9 0.8~0.9 23~25 3
NERERT L2 #R/2014.06 18 1.0~1.1 24~26 3

27 0.8~1.2 20~30 3

7 1.0~1.1 20~25 3
INEERERT TR AN /2014.06 22 0.9~1.0 24~26 3

33 0.7~0.8 25~30 3
TR 2 —R™. iz 2 [H Sunset EC/OC i #0k References

VRO AT A S A 24 0 R AR IR A7) Hh (A LR (OC) ATt
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