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3. MEBEG RIS R A ST, FAR KE 130102

HWE. Y bR RE B A G IEE K E A HLR ( Water-Soluble Organic Carbon, WSOC ), Xfas/S it . AMEAL
AEFINAAAE RIS AT L0 . O TR AR AL X AR W SR G X S ORISR MV E . T 2013 48 5 7 —2014 48 1 J R4
ALFBR PMos BEfG, 208T TRER T AR B BE SR A5 ( ZEBERIRE ). A ML ( Organic Carbon, OC) Fil WSOC [t
WREE, LIS WSOC HYEMIHREE (Aygsa )o MR ZE AT SRME I BUEEIR BE K-, FERAEIRIR 73 AR Bikle (BB ) WiF0AE
ARG (NBB) . XF BB Al NBB ][] WSOC LIRS PMys. OC, WSOC HIZ e SR 2 18] AR G 1R 23 1l
7500, FFHHE T A BURGE A 1 WSOC X WSOC HYBTREE L FIOGRE T Aok, 252K, 76 BB I, PM,;.
WSOC A HE AT R A T vk B2 NBB #AIRI 10 £5 L4 I, WSOC MRS B AR 4 T 13 £5.BB 5 NBB HiI], PM, 5
5 Asesa FAHDGHEEL (R?) 4353179 0.98 #1034, BB HAIRIZEE AT RMBHAN Ases, ORICHEEL (0.91) 5T NBB #/] (0.09), £H]
BB ][] A Wy B BE T PM, s A I 3 DTk, FLHIERC T K a9 ik 75 BB JBITH], A= W) BTRABEXT WSOC 4 BT =11k 74.6%,
Xt WSOC FIEME NS B TTRR R ik 46.2%; Ti7E NBB f[a], £ BUALEXT WSOC BITTHR N 26.8%, %I WSOC R EME I
JETTHR N 22.6%. [Fltt, BB MWIRIA: 4 BTRAGE XS =115 WSOC 157t v B AR Wi B 0 EL A E 250
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UTEBAE | — KA A kb 32 Bl ok i £
TR, AR R EE I R P PR RS T SR (U
CHy fl CO, %), ST YW RAnmiRiyy (Rei e
HHl OC FEaxk BC) MR EHE, 23T A MAf
B AR, b s SRR, S RN
(Jacobson, 2015 ). & T JRyl AN X3 B HERC LASE,
A= ) R BRI T LA 3 K B A i oA T 4 BR X
B AFAEE Fis ( Galanter et al., 2000 ).

ARG — R I N AR RENS r AR KR ki, BF
XM, AW (Bond, 2001 ) FfbA#%KF ( Zhang
etal., 2011) BB TTk R Efi ik (BrC ), 58

WRAE T A AU B N B A A RO GRE AN ], 4%
0Tl 2 4 78 3T 55 AR AT DL U8 B Bl 2 I A< ik /DN i
M e i A — A HLAk ( Zhang et al, 2010 ),
DRI, A o il 174 R S %o i A i 3 A AN 25 200
(Park etal., 2010 ), VFZ22=& I T X R AR
SERETRIMETE, FERCAY AP BRI A G FH ) A o
#R be mI L BT R Ok 5 B WO RE 0 A AL Bk
( Kirillova et al., 2014a; Kirillova et al., 2014b ),

Mohr et al. (2013 ) 7E5< [E &I 5 RS AT X F7
IR EIOEAE TR T 4%, T A E 5 e
BARP T 5, ARV BRI N KIS TR

EL£WH: BRELAFEITIE (2017YFC0212302 ); ERK AR #EILETH (91644103 ); VLA AR %A EFERL LT H
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W A I G RE 7 5 SRR (A W USCRE T HUAE RS ik 9% —
27% ( Zhang et al., 2017 ),

AR IX Bk Z 2 AR ) ok be e i e d, HETE
VR L2 X 12 b DX A 0 Sk e 3 ) £ 5 B AL
PR . SRIEAE AL FF & T %5, Zhang et al.
(2017) i H# ST EE (TEM) 2007 T AR JbHBIX K
TR AR, 455 WoRHE 80% s K [ — A ML
S, Hk A TARHE AL Ak T /N R b
o =T ESE T E AR AU X EE AR IX ( Zhao
et al., 2015), 2w KEZE TR,
AR AR 22 R 32 B0 5B B %) 52 Wil 1 75 Y =4
Biik o Caoetal. (2017 ) i X 12 b X A= W) ok e
e RN AR A ) R e 2 S A e v oo R AR J5T
M3, A5G RALER T-BUS B AEY) Bk et ]
A WA LA I 8 R R 42 Ak 4 i A 4 B R
Ber= Wl

AR A b X2 v [ 8 KA ) SRR e i oM T R 1Y
X Z—, NRAEY)BTRARE I Bk B X KA
Re i m, A BT e A S BRI g S <
Fit . ABFIE IR =TT FR R PMys BE
o TE R (LG ). OC Fl/K & MEA MLk
( Water-Soluble Organic Carbon, WSOC ) Jii & &
K WSOC By CR BESES T 04T, % E bt T A4
JRRERT ] ( BB ) FIEHEAEY Bk bERT i (NBB) 4=
YIERREXT WSOC Joit i R BE 11 BTk Al X G i i)
DAYNG
1 #REFE*®
1.1 H@mXE

AW 5T RAE S5 T E R B VP R B
T A 3R 560 (47.35°N, 133.31°E ), —JLFJH
JERMETT . BIpT . SR BT =4 oh i A9
Ji, SR E s e R IR K . AN 1986—2005
AE, TIFSCRh A, AF AN T 161.5%, =YL
R E A E AL X Z — (Wang et al.,
2011; Zhao et al., 2015 ), FEShRAEM FHEI KT
BHEA AR A R IR eSS, REETLE N
1.05 m*min ', ZME% (K 07:00—18:00; 7/ :
18:00—06:00 )M 2013 4= 5 H —2014 4F 1 H HR4E
35 M [FIRERAE 2 DNEPAME ARE S T A0 =
S S5EEFRERES (Caoetal., 2016; Caoetal.,
2017 )o SREERT, Ao yElrde Safhrrh 450 Craii
ke 6 h, REEFESE T8 W AL I it A7 A
20 CHIVKFEH R/ HT
1.2 LWESDH

KFERT G UE AR TR A T (IR .
25 CIBEE: 45%+5% ) V45 48 h 5, HIHKRF
(MCS5, Sartorius ) #RE, 1R 2(ELE G REERETT

SR ) B R . OC 1 EC ME J7 v . HATAL
17 em EARMUERERES, , A VLT R iR
Frf¥ (4 %1, Sunset AH], 3EE) 454 NIOSH Jrik
(Birch etal., 1996 ) #EATIE o PUAERTHE S I AE bR
HETERHA O AR 1T R G UHE . WSOC e J7
% BWUEAR 20 mm FIFESHIERRICA 20 mL BEESIH
A 12 mL B4R A EK A 30 min J5, H
0.22 pm FEEORIEME T UESS (B ) JuE, JEWR
I TOC-L /A (&, HA) X} WSOC By &
WREDEATINAE o o FH AR — W R SV b v T b
SE, PRAERZAIE R BIITE 0.999 LU F. AliEd R
BEOIE T 24 18 mm BESLUEIEANA 5 mL 8
glikr, A 30 min 5 0.22 pm FEFEIR UE MRS I8
wLuENE, R 1CS-5000" 8 F i L ( FEEk
K, EE ) BIAS 4x250 mm MA1 ZMHrEEFT 4x50 mm
MA1 FEBC ik 22 KGN 2 R A ARG, HE7E A 30 °C
WA 0.4 mL-min', WEEHIEN: ESEH 300
mmol-L" NaOH WM PE 20 min, /5 480
mmol-L”" NaOH #k¥E 10 min, 5] 480 — 600
mmol-L™ I e B NaOH M BE 15 min, 2]
200 uL ERFR, ZEHEERBARELZ R2>99.9%
(Caoetal., 2017 ).
1.3 WHAHETE

B 1 mL WSOC #3112 W 1t
( Liquid Waveguide Capillary Cell, LWCC ) ( #§76
2, £ ) X WSOC BEIR IR BE (4;) FEFFIAE .
IR A ) 6 W A58 i A 2R Tl i SRR , TR
WSOC [IEMIERE (A5, BEBEAI T 51420
TR P M ISR BE AR KA WSOC 1
WORERIE (A45,) (EIAESE, 2014 ):

Ala:(A,ls_A“o)X VI'S xIn10 (l)

T, Ago SEABURAE 660 nm % K AL W s
B VR KE (mL); VO o REEARRL (m”);
[RIEHEKE (m); s BYIEREA (em® ); S EREE
BT AR (em?),

B TSR Epazes (m*g ') il 7E
365 nm PEIDERISGREE (4;,) BREL WSOC 15T
B (pgm”®) B30, HEARWT .
4,

E —

ma365

(2)
SOC
1.4 EYFRRGERENTTE
TR O = v = N N I o S A R
(LG_C/WSOC ):

LG_C/WSOC=p, / Pysoc X0.0441 (3)
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# LG _C/WSOC fRAR (4) 115 BB #
NBB ik, T8 (Yanetal., 2015) 41°F .

WSO0C,,/ WSOC= (LG C/WS0C), ... /(LG C/WS0C)_,,.. x100%

(4)

R T =AY kR AE R WSOC TR

365 nm AL Xt WSOC E’Jﬂ&;‘cﬂﬂt, FATZIAT
N3 (Yanetal.,, 2015):

r= E s X WSOC,

sample

2 %100% (5)

365a

A, AV BB A WSOC Xt &
WSOC WG TTHR 5 Emazes N IPEREIRFE S AORFIE(E
2 —n%l—ﬁrj'lb
2.1 PM.s, WSOC, LG, W&3¢tIErytaZe{l ik

SEREIAE], PM,s. WSOC HIZC e i S 0 o =
WRERT WSOC M I e H [R) 1A% 7] ) B[]
ALINE 1 Fros . PMys B34 52 ik JE
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Fig. 1 Temporal variation of mass concentration of PM, s, WSOC and

levogucosan and the intensity of light absorption of WSOC in daytime(D)
and nighttime(N) samples

(101.1£138.3) pgm ™, Joi & ¥ & R AR ( 11.9
pgm O BIAE 2013 4E 5 1 1 A IR, f (e 478.7
pg'm ) HITE 2013 4E 10 H 18 EIE% WSOC
(-4 o H MR 3 4(26.9443.4) pgem >, IedRAE (26
ug'm™) HELE 2013 4E 10 H 27 HNE], #%

(159.7 pgm>) HIFE 2013 4E 10 A 9 Hklal; £
JiE R BE I 7 2 = IR E M (3365.7£5938.2)
ngm >, AR (15.1ngm>) HIFE 2013457 A
13 HER, &l (205474 ngm ) HINTE 2013
410 H 9 HEE,, MIE 1 AT, 2013 459 H 28
H—10 H 18 H, PM,s. WSOC & R H 2o
Thim E KM, AW RS HE 7~ ) A2 e A R Y
B ERA B E T, S TR SRR
1 B a] (5 Y 5 K AR W R R AT O . HItE,
A E L BERTE] (2013 4F 9 H 28 H—10 H
18 H ) A AEYFAEER (BB ), i H A RAERT
Bt e SCRh AR YRR ] (NBB ).

BB J1[H]#1 NBB i) PM,s. WSOC Fl/c e
BRI R EE 1 i, 78 BB A,
PMZS\ WSOC RS L NBB WIEIE R T 19 £
FUAL A%, TR 20 e 1 SRM A e B K T 44
13 1%, ﬁEpeT@%}ﬁkﬁs};%Xq‘mf’ﬂxﬂﬁ BB
(Caoetal., 2017), COHEWIFREN, LY HkEiL
[ KA RO B K AR @ik ( Andreae,
2006 ). FHEBRHEABMOCYI R (RSERERSE ) T,
W HPEHL 365 nm I BAb 1 YIRS B K
RIS ISR (EA S, 2014 ), ARHFSE
FLL WSOC 7E 365 nm 7 K AR G ISR FE ( Ases,)
Ml KPS PERR Ui IR FE . WSOC 7E 365 nm
T A 1 G I S B A A ) ST RR B R S RN R A
Wb AE e 22 53, /3B h(57.1+40.55) Mem ™!
F1(3.8+2.5) M'm ', 5 NBB #[u]4H 1, WSOC (%5
WS B AE BB I T 14 £%, A Asesa
FUATE BB WH] PM, s HH /K MR CLiRT RS
VA5 T P G AT 335 S 52 M 48 T 4 2

MR 1 A1, 7F BB HH[E]F1 NBB Hi[E], WSOC
XF PMys [F- 3 BTk 5300 18.7% F1 12.6% -

&1 FREEHE PM.s., WSOC MAREREN THREIRE
Table I Mean concentrations of PM, s, WSOC and levogucosan (LG)

during the sampling period

Parameter BB episode (n=9) NBB episode (n=26) Total (n=35)
PPM,(/(pg-m’l) 260.7+155.0 31.7+16.9 101.1+138.3
Poc/(ug'm™) 101.2+64.2 7.443.5 35.8456.7
Pysoc/(ngm™) 48.7+30.7 4.0£2.1 18.0+27.4
Pwsoc/Poc 0.48+0.02 0.58+0.15 0.50+0.11
Pre/(ngm) 10 507.3£6 627.6 260.74+238.0 3365.7+5938.2
LG_c/wsoc/% 9.9+1.2 3.0+2.0 5.0£3.7
Ase5/(Mrm™") 57.1+40.5 3.8+2.5 22.1+36.1




526

RS 28 BB 3 (20194E3 A)

WSOC/OC 7& BB 18] #11 NBB HA[RI¥{H 551 4 0.48
F10.58, Aggarwal etal. (2009 ) $5H, AR YIHY
KR KA (Wi b e ) nRER
il WSOC 5 OC 1 Fu{ B M5k 2= 1y o 7EAEAE D)
FHRBSIE], &SRR WSOC/OC b T KSR
TR A 5 ARk . BAEFIIR ( Xiang et
al., 2017 ),

222 4 T AN S E NN HAB M X B PMy s
LG.WSOC #1 OC it 7KV S LG_C %} WSOC
(5% OC. PM) Wystik. 57 M. L FNEE HIF
AR —3, LG WP EREELA RS TE S,
TN ZEZ LY IR R . AEAEAE YR E A
6], =VILFJFEA PMys. WSOC F OC ¥ KTk
B bt AR, 1 LG SR R S A Y,
wg s, AR mredy ke n, 7R
L PM,s. WSOC. OC il LG FY~F-4 i v i
¥im TEANSNHbHIX ., LG C/WSOC 1AL Fkk
BEHHIIAEN 9.9%, & THEAEYI BRI Y 3.0%,
YIE T EMNANHAbYS 25 . Cao et al. (2016, 2017)
XAl X R ik (R o7 25 0 — JCRRAFAE FU (B O BF o 45
WAESE T iz X. BB WAl YA e £ B IRT—
UCHEL, K& AL Ot ) i, sl
TRUERA [ ZR b = 7T D X A ) R e HE I Y —
TSIEIERT WSOC., OC il PM, s A i 2 5Tk

2.2 YIRS EI R S R OE B4 AE

& 2 % H T AR U R ] S5 R A= 1 Uk et
B A (0 bk () GRS B AT PML s, WSOC FlIZE e 4
FREIFE SN, AW RIRBEIE] Az6s, 5 PMa s
A THE R R ME I AH D HE B33 R 0.98 11 0.91, T
ELE D T RRERE M R P A365, 15 PMa s FIZEJER
BBEIA TSR 9N 034, F10.09, FHALEAY)
JRR IR TR, Az ) R BEHE O R K A
e, XF PMys A B oimk; redEA Bk pe i,
HEYTRIREAS T PMys B9 B IR . ARBR O Hs
IE =B FR T AS [ A 5T 1R P 2 R AT ) ok 45 4
HeiE (Sun et al., 2007 ), 7£ BB #H], 4365, 5 WSOC
1 OC BIAHSCHER S, 4350 0.88 F110.87, KA
Y B — IR HER /K s A et WSOC #1 OC
A ERN  Asesa 5 WSOC HI OC FEIEA: My Rk
AR SEE 23 5 0.79 F1 0.70, {H LG 5 Asesa
MR CHE (0.09) 1R, KB NBB A&t
Ak CUnetbe s ) 7= ) WSOC WX kA
BORHRE, SHaIT (2014) fizsl (2013 ) 7E
JCHUR_E IR 25 SR A
2.3 WSOC MR Z$FEF BB X WSOC B ¢

g Sk

f A W R e IR A Bmik, TR B AR R

U5 Hb DX SR A ) TR BE HE B IR 2R A, e e SR

®2 ATEMBXZEEFEREME (LG). WSOC. OC #1 PM HREKREKFER LG_C 3 WSOC (5 OC. PM ) Ky5T#k

Table 2 Mass concentrations of levoglucosan (LG), WSOC, OC and PM and the contribution of LG_C to WSOC (or OC, PM) in different regions

/ soc/ / / LG C/ LG_C/ LG/PM/
Location Condition  Sampling Time Size pre 4 llwso: poc N pow N - » References
(ng'm™) (pgm ) (ngm™) (ugm”)  WSOC/% OC/% %
Sanjiang Plain, BB episode PM,s 10507.3+6 627.6 48.7+30.7 101.2+64.2 260.7+155.0 9.9 4.6 4.0
R Rural . This work
China (2013) NBB episode PM, 5 260.7+238.0 4.0+£2.1 7.4£3.5 31.7£16.9 2.9 1.6 0.8
BB episode PM, 5 14125 18.1 32.8 156.5 3.4 1.9 0.9
Chengdu, China Tao et al.,
rban Dust storm PM, s 194.8 9.9 20.4 242.5 0.9 0.4 0.1
(2009) ) 2013
Non-episode PM, 5 290.3 9.5 19.2 115.8 1.3 0.7 0.3
Beijing, China Utb Winter PM;5 3544278 8.0+6.7 1.9 Duetal.,
rban
(2010-2011) Summer PM, s 1504228 6.7+4.4 1.0 2014
Summer BB
) . PM, 5 750.0£680.0  14.39+5.75 20.94+8.62 2.3 1.6
Beijing, China Uth episodes Cheng et al.,
rban
(2011-2012) Summer PM, 5 120+50 6.32+£2.25 10.09+3.36 0.8 0.5 2013
Winter PM, s 6404450 10.82+7.23 24.11+15.19 2.6 1.2
Guangzhou, Ut Wet season PM;s 73.0+81.1 Zhang et al.,
rban
China (2010) Dry season PM, 5 272+103 2015
. Winter day PM; 13634310 31.848.6  43.6+5.6 1.9 14 Sorathia et
Kanpur, India ~ Urban . .
Winter night PM,o 18534412 329+9.2  69.1+8.2 2.5 1.2 al., 2018
. . Episodic pollution ~ PM;q 1 176+791 78.7 £20.4 1.5 .
Chiang Mai, o Tsai et al.,
. Urban Non-episodic
Thailand (2010) . PM,o 333+174 156.9+38.1 0.2 2013
periods
High smoke period 1 PMj, 3471+1 827 112.35 3.1
Montana, USA Rutal High smoke period 2 PMj, 2 229+41 69.8 32 Ward et al.,
ural
(2003) Post-smoke 2006
PM,o 56+64 16.88 0.3

baseline period
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Fig.2 Scatter plots of 435, wWith other components during biomass burning (BB) and non-biomass burning (NBB)

BB: n=9; NBB: n=26

Wi — B R E ARV B b s /s, #Z
BB AE P BRI 5E ( Duan et al., 20045
Wang et al., 2007 ; Zhang et al., 2008 ), A TH( 2017 )
A B R O 2Ok e 17 Ar 7 FMIREL (/2
Triticum aestivum L. JKFS Oryza latifolia Desv. . 7%
B K Zea mays L. B4t Gossypium herbaceum L.
ML AN Pinus massoniana Lamb A& . 1) BRBEIHE
R (LG_C/WSOC ), 13k 3 fin . AF5E =11
EIRA P BRG] LG_C/WSOC N 9.9%, S5/h
F . EKSE C3 Y, JREH KRR T T
FAMAEBIRA SR T A HER A ¥ e — 3., 5 =0T
SFEAR BT I Cao et al. (2016 ) 5 H ) C3 4
WRBERAI—3, HIL, AWFIELI/INE | ZRECRE K
AL, HC 3 AR HERCA - EE (10.9% )
REEBASE b 2 e s R O HE A+, RARASK
(3) Hit5 BB 5 NBB W]k IR BE = A 1Y
WSOC H BTk

53R, 76 NBB A A=Y BUARE DTER T
(26.8%+19.2%) A7 WSOC, 7£ BB Hj[1] 4= ¥ itk be o1
R T 1R (74.6%+8.9%) 1) WSOC {5 WSOC 4: 7
K B AW BUAGEAN — CR IE B AR L ( Snyder et

* 3 ARG TREEEY WSOC B EF
Table 3 Emission factors of WSOC from different emission type under

different combustion

Emission factor

» Location
Type Condition . (LG_C/WSOC)/ Referance
(Size)
%
Henan
Triticum aestivum L.  Open fire 10.82
(PM5)
X Open fire  Hubei 3.74
Oryza latifolia Desv. .
Smouldering (PM,s) 1.80
Open fire  Xiamen 10.78
Weed
Smouldering (PM,s) 1.45
Open fire  Henan 11.18 Zhu et al.,
Zea mays L. X
Smouldering (PM,s) 8.45 2017
Gossypium Open fire  Hubei 4.49
herbaceum L. Smouldering (PM,s) 1.36
Pinus massoniana ~ Open fire  Xiamen 4.22
Lamb. twigs Smouldering (PM,s) 10.96
Pinus massoniana ~ Open fire  Xiamen 6.34
Lamb. leaves Smouldering (PM,5) 11.04

al., 2009), ViPATE BB #IE] B0 WSOC K
T—W AW BB BTk, AR A Bk e 1 1]
WSOC FARK—H 5K A T IR IAE R TR
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T LR R X S RIS WSOC 11
WOGRE JI5R 5, 51 AN B IR (Ep ),
AR SON BN T Y WSOC R iesi JiE
&l 3 45 T SRAEE] WSOC 7E 365 nm KAL)
W SRCR A E] 254k . WSOC B G IRCRTE A= 1)
FFAR B ] B AR K - (1.320.22) m™g ', T
TEAEAE W AR ) 8 406.(0.90+£0.32) m*g™', W]
AW REE IR WSOC B YGAE s, Al RS2k
YR BREE— AR WSOC HAT B8 O RE
HX.

FSCHRARYE LG C/WSOC HEHEI A58 44
JBRBE I SRR Sk N RS AR IR e, ARTE IR A E
(2014 )i FI/NEZFEFF ISR S A5 5, B Ernases=0.8
mi g AR (4), FHEAR LY TR 1Y
WSOC X & WSOC W tEE )T . 45 W, 7F BB
] A= By AR BE P A2 ) WSOC 7 365 nm AbX &L
WSOC WG TTHR 4 (46.2%+8.0%), [Mi{E NBB
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Abstract: Biomass burning (BB) activities emit a large quantity of water-soluble organic carbon (WSOC) aerosols into atmosphere,
resulting in adverse effects on air quality, climate change and human health. In order to investigate the influences of BB activities on
mass concentrations and light absorption of WSOC aerosols, PM, s samples were collected from May 2013 to January 2014 in
Sanjiang Plain, Northeast China. The concentrations of levoglucosan, organic carbon (OC) and WSOC, as well as light absorption of
WSOC were also analyzed. The sampling days were categorized into BB and non-BB (NBB) periods based on the concentrations of
determined levoglucosan. During the BB period, the concentration of PM, s, WSOC and levoglucosan were 10 times higher than
those of NBB days. Meanwhile, light absorption of WSOC increased by a factor of 13. The correlation index (R?) between PM, s and
Asgs, increased from 0.34 on the NBB days to 0.98 on the BB events. Moreover, the strong correlation (R*=0.91) between Asgs, and
levoglucosan were also found during the BB period, while that (R*=0.09) was not observed during the NBB period. This indicated
that BB contributed significantly to PM,s and emitted a large amount of brown carbon. Furthermore, we estimated that BB
contributed, respectively, 74.6% and 46.2% to the total mass and light absorption of WSOC during the BB period. Although some
uncertainty was existed in the estimations, our results demonstrated that biomass burning emissions have very important influence on
both mass concentrations and light absorption of airborne WSOC aerosols at the sampling site.
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