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Abstract: The purpose of this study was to investigate the characteristics of carbonaceous
components in PM, s at three sites of Kunming. PM, ; samples were collected during July 21 to 27,
2014 (Summer) , October 27 to November 31, 2014 ( Autumn) , January 9 to 15, 2014 ( Winter)
and April 14 to 20, 2015 (Spring). Organic carbon (OC), elemental carbon (EC) and the eight
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carbon components were measured using thermal-optical method. And seasonal variation of OC and
EC were investigated, the relationship between OC and EC and characteristics of OC/EC ratio were
analyzed and compared. Factor analysis on the eight carbon fractions was performed to assess the
main contribution to the total carbon emissions sources. Results show that the annual OC and EC
concentrations in Kunming were 17.83+9.57 wg-m™ and 5.11+4.29 pg-m™, respectively. OC
concentrations displayed seasonal variation as winter = spring>autumn>summer. EC concentrations
decreased in the order of winter>spring = autumn>summer. The seasonal distribution of OC and EC
suggests that there may be different soures of carbonous component. From the spatial distribution, the
concentrations of OC and EC decreased as Jinding mountain ( JDM ) >East Dongfeng road ( DR) >
West mountain ( WM ), consistent with the spatial distribution of PM,. The OC/EC correlation
coefficient is higher in winter and spring, while the correlation between summer and autumn is lower.
The average concentrations of ( secondary organic carbon) SOC accounted for 25.8%, 23.7% and
47.7% of OC at DR, JDM and WM, respectively. Results suggested that SOC was an important
component of OC in PM, in Kunming. In general, vehicle exhaust, coal combustion and biomass
burning were the important sources for carbonaceous aerosol in each season. Among them, a
combination of vehicle exhaust and coal combustion contributed 51.28% of carbonaceous aerosol on
the scale of the year, which were the major sources for carbonaceous aerosol in Kunming.

Keywords:PM, ,, organic carbon, element carbon, secondary organic carbon (SOC) , source.
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Fig.1 Location of PM, ; sampling sites
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Fig.2 Various meteorological factors of Kunming during the sampling period

2 R 51718 (Results and discussion)
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Fig.3 Seasonal variation of PM, ., OC and EC at three sites in Kunming
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EC 7EA A2 B 5 R, BT LA B A SRR AN R 2 2> OC 5 EC YA PR, HAR I Y
HERIRAIRS BB — | W 2 A MURRIE WO HoAT A R B2 i AR B T 2 WL 3h 22 R U AE W BUR e Y
PSR S, — A HLERIE RIS A 1 S 52

F 1502 T RUIRIXIYZE 3 ASRAE L 2T i OC/EC HE. Z /) 0C/EC W iE R, &%
AR, &S A HURT IR Y R &, 74 2 RS P ST O A LY. A o3k
B2 YR SR SR T Y ) I A I T R, BT X B R A R v DG IR R, RSO I
AR AN L, IR 2 OC/EC U {E R 5. PY LR AR 23 B8l 2% 2= 35 1) OC/EC FEfE i T
it LM XUZR 8, 3 T2 R DR R 2R XUAR B B 22 b 52 9 4 2 AU A Sad A S <5 i L B 22 2 JOR LRI
S A R AR T 04 LU AR AR Bl (02T B WA PG AU RR X, Bk 323k X35 e 132 AR ARAE ) HE T 0 #  PEA AL
P1(VOCs) 1Y IR FEALTEM K.

x£1 BB PM, 1 OC EC F1 SOC HZE EHuk i

Table 1 Average concentrations of OC/EC, SOC and SOC/OC at three sites in Kunming in different seasons

RFETEN RFEHLA OC/EC soc/ (S0C/0C)/ || RFEFEYT  RFEFHLE OC/EC soc/ (socsoc)/
Seasons ~ Sample site pgem?) % Seasons ~ Sample site (pg'm™) %
DR 6.09+2.04 6.55+3.63 24.1 DR 2.44%1.09 4.83%6.19 34.9
P oM 5.15+2.43 4.31£3.01 18.2 &= DM 3.49+2.63 9.01+8.67 28.3
Spring WM 1.77%2.55 6.31%3.03 40.9 Autumn WM 8.58+4.87 4.24%3.17 57.5
Mean 3.12£2.72 5.82+3.34 25.6 Mean 3.27£2.31 7.29+7.51 423
DR 6.08+4.25 4.62+4.98 39.2 DR 3.28+1.43 3.79+2.76 17.6
" JDM 5.33+3.09 2.79+2.40 15.6 A7 DM 2.37+2.01 8.06+7.81 25.4
Summer WM 9.29+6.68  8.17+11.03 53.6 Winter WM 4.67+2.56 3.17+3.24 222
Mean 6.44+3.24 5.13+6.77 35.1 Mean 2.93+2.67 5.01%5.26 22.3

. SOC: KA MUK Second organic compound.

2.4 ZWHEHIIE K SOC fhH

M 1 AT 7E 4 D B RAEE N OC/EC MM 2.0 HAMETE AR (B T H27
LR RS540 ), UHH BB IX AR 4 ASZ77 L AFAE SOC( kA HLEK) . T H EI SOC 12 &
IFBA —Fh AT B 2T 3, AR 42215 OC/EC HE M B ARMERAGH SOC & . ey
P JE R A2 B OC/EC MR ARE AT R AE A IE B 1% 21— RI5 3 OC/EC /Y AR, D
KA HFARLELE SOC I OC/EC ({1,

SOC=TOC-ECx(OC/EC) ..

K, TOC F1 EC 43 HIEFEAA PM, FEM AT & 8 OC F EC R E; (OC/EC) |, A& ETTHL
OC/EC I HAIRMA , RAE & 4 ANZET OC/EC MYBIE AR 1Y SOC -3 & & W3R T ARKR I 4ol
PO L ARPRA 45 3 A RAE 5L PM, s SOC AR FE 43R 4.1524.28 pg-m™ [6.26+6.04 pg-m ™ Fl
5.47+6.12 pg-m™>,SOC %I OC M TTHRRAE 3 D RAE R 5N 25.8% .23.7% F1 47.7% , i H SOC & B
WX KA ATRY T OC P EE AL 43, Forh oy L ZRAR A e (RRIX) 19 SOC BTk LIk X 5 1.8—2.0 £ A
SOC WEEMZE BE , BRkE>FEE>H FE~ LN LES, 5 0C WENHMEFMRNE
WA LAE H, BKZE SOC KT OC 1 5Tk e fie g , B 25 0 K BG4 S AR EE 24 L Bk 2 8, o SOC [l bk
BB A R 25 (HR TR XF SOC BIREm L OC 4Hr K, R A IX & HEEN >, E B R L &
e LR T H R s S0 s WG, R B 8O B, T AFE L R 461 T, SOC W 5 SOC X OC
DTk 2 IR > B ZR AR fh e 3.
2.5 OC F1 EC KW

XFEEBHIRIX. PM, PRSI B 8 NI 4 ST IR F- 430, vT DA — s R B S R il SV G 1)
VEARNT. 2% 2 FR N 4 AT BRSIAIL 8 453 F /Mt 5. Chow > 45 (5T A S, OC1 il OPC 7
AP BRPERE S TP B R, 002,003 ,0C4 J EC1 /2R BERBLEN 4 B < =F & Ik 24 43, EC2 Fll EC3 &
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SEMERS T EEMA S FEERNT 17 002,003,004 ECL,OPC 7B %, e T R4 410
55.5% , F BB SO AR Tk, T 2 T OCT AR 38, M B T BRAL A3 Y 22.4% , T8 2R
FAR AN ST A HECR BTk, 2 AN PR R T i S IR IR Y 77.9%. &+ 1 H 0C2,0C3,0C4,
EC1.EC2 EC3 1 OPC E/H 5.3 , il T R4 31 53.4% , T B2 1 45 A s im 4= HE g sk, I 1 2 o
OC1.,0C2 F1 OC3 1EH B2, e T ORI 27.2% , 5 B2 SRR AE W) IR B 10 Bk, 2 NI T ke 1
BRI TR ) 80.5% . FKZEH T~ 1 1 0C3 ,0C4 F1 EC3 VEH .3, it Be 1T RRZH 4019 35.5% , 8 2R
RS PO ZEHEB TTER, I 2 OCT,0C2 FEF W 3 e 1 4150 /9 30.6% , = BUE AR W) ik be
TURR, 2 N TR T S BOR IR 66.0%. 42K - 1 Hh 0C2,0C3 ,0C4 Al EC1 YRR % , iR 1
UMY 51.1% , EZLZBRIER VM ZEHE R STk, R 2 v OC1 F1 EC2 VB FH 8 35, ff e T Bk 4 43 1)
24.3% , EEIRAY) BRI SE B TTER , 2 R RE T R IR R IR Y 75.4%. & 4FE R F 1 h oC2
0C3.0C4 EC1 Fl EC3 1EH B2, R T RZH 50110 51.3% , T Z AL 4 HEBCR BRI i sk, 11 2
OC1 1 OPC fEF B2, fRE T 15019 23.6% , B2 R W U B BTk, 2 TR Fff B T i IR ok
JRIH 74.9% .4 DZE 1 AR TR ZE S IlBILHE R B A 10 I R e Xof e A< i ik . 2, AR S ik 4 43 1) L
iz — Hop FE A28 MRS TR A HE I TR A 2 B B W DXl SV R 1) e 2 BRI s AE S 28, WL B
P RS R W DX A TG 1) e T2 B U s FEARK %, A ) STOIR e T S T 9 DX e A e 1) e 2 R UL 7
FAR R I, HLh 42 R A HE ORI BTR A 2 B AR X e A0 M 1) e = R AL

&2 HWroadraif

Table 2 Results of factor analysis

e 2 Spring X 7% Summer #ZE Autumn 247 Winter A4F Four seasons
Compositions HF 1 ¥ 2 K1 K2 HF 1 HF 2 KT 1 K2 HWr1 HWr2
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
0C1 -0.136 0.942 -0.137 0.893 0.048 0.967 0.261 0.815 -0.074 0.968
0C2 0.820 0.503 0.601 0.770 0.118 0.971 0.933 0.273 0.971 0.049
0C3 0.969 -0.068 0.675 0.679 0.744 0.350 0.929 0.192 0.759 0.367
0c4 0.902 0.337 0.874 0.379 0.900 0.337 0.975 0.046 0.941 0.179
EC1 0.631 0.333 0.951 0.245 0.588 0.483 0.927 0.177 0.683 0.386
EC2 0.351 0.596 0.775 -0.096 0.598 -0.203 0.237 0.756 0.509 0.339
EC3 0.209 0.885 0.719 0.330 0.866 -0.234 -0.172 0.560 0.768 -0.141
OPC 0.832 -0.144 0.804 0.026 -0.061 -0.015 0.730 -0.329 -0.194 0.609
GIMR{E Variance/% 55.53 22.37 53.35 27.19 35.47 30.56 51.09 24.30 51.28 23.57
FFIE(H Eigenvalue 4.443 1.790 4.268 2.175 2.838 2.445 4.087 1.944 3.466 2.042
e iy OIS IO BRRRIT e RRC IR e
IR Source i Po R gy WSS e TURE SRS e s
FHee AR FHERL HEk Tk

3 4512 ( Conclusion)

(1) BEMIRX A OC F1 EC A4 /054 17.83+9.57 wg-m™ 5.11+4.29 pwg-m™ , TCA [y F i
JELE PM, 70 &l 39.9% , I & B4 70 S PM, (I E B4 /22 —.0C 55 EC W BEZ=5 A (AR —
0, FEP L ARAR A B SRAE A, OC BV B S B 2 iy T HAW Z= 5 Y B4 N 25 (R 3 A b2k 3, OC Fi EC 1
SIS LU > AR RUAR 66 > PG LU R AR 2 Bl (R 5 0, 55 P, 119 25 [ 3 A R DR 7 — 3L

(2)0C F1 EC MYAHOCHETE S R AR 3 A B A DG 55 . SOC 1Y ot it Wk B Fk 52 > B =
~ K& FTSHTE KRR T 28l RS FUREE B P IR B2 I A1, A AL T 1 [l A X A
B 5200 . SOC X OC By BTRRATE S A 1L AR XUZR B P8 LLBRAR 2 B 3 AN SR AE 555300 Ry 25.8% ,23.7% Fil
47.7% ,SOC 2 B AR 9 B 222 B 47

(3) X ELBIIRIX. PM, B IR I 8 ASAS[RIZH 23354 DR 120 B Al AAE — R AR B b S BN i A e
AT R A 3R T, 4 25 AR T 4 S ILHE R B A6 0 TR vt e S e D ik fnb 3, R I
Bl 53 M B BRI Z — AE BT A S M A HE TR & 43 0 Tk T 2 43 19 55.5% F151.1%,
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36 &

JEIX P AT X e A I A S BRI A2 S ML A B STk T R 3 Y 53.4% , 2% R W]
IR DX VA I 8 T2 ORI TR KR, AR W) SO DK T B 4123 30.6% , 1% B W X die U I AY 2
TR Forp AW AF RUEE b MLl HEBORIR IR AR 45 BTR 1 BR410 19 51.3% , 2 B W3R XA i IS Y
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