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TOR) & T 4 5 H 597 HLIK (organic carbon, OC) FITGE WK (elemental carbon, EC) Fr. Z5R LM, LiFINX 2 S PM, |
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PR AR AR SOC B 8 TR XU T B BE KT A a6 AE . i — 20X OC1, 0C2, 0C3, 0C4, EC1, EC2, EC3
A1 OPC BEAT R4 07 , 45 30 /R B3R IX PM,,  H OC Fl EC =k A HLBh 42 B/, AU HERL . AE 9 sk e ATl sk | 3X 4
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Characteristics and Sources of Organic Carbon and Elemental Carbon in PM,

in Shanghai Urban Area
ZHANG Yi-hua, WANG Dong-fang, ZHAO Qian-biao, CUI Hu-xiong, LI Juan, DUAN Yu-sen, FU Qing-yan
(Shanghai Environmental Monitoring Center, Shanghai 200030, China)

Abstract: Organic carbon (OC) and elemental carbon (EC) in PM, 5 samples collected in Shanghai urban area during June 2010 to
May 2011 were analyzed with IMPROVE-TOR protocol. The results showed that the annual average concentrations of OC and EC in

3

PM, were 8.6 pg-m™> + 6.2 pgrm™ and 2.4 pg-m™’ + 1.3 pg-m™’ respectively, accounting for 20% of PM,, mass
concentration. The seasonal average concentrations of OC and EC were highest in winter and lowest in summer. And the percentages of
OC and EC in PM, ¢ were highest in autumn. The annual average OC/EC ratio was 3.54 + 1. 14. The concentrations of secondary
organic carbon (SOC) were evaluated by the minimum OC/EC ratio method and the annual average concentration of SOC was 3.9
pgem”’

well with the maximum hourly concentrations of ozone, which indicated that the photochemical reaction was an important way of SOC

+4.2 ug-m ™, accounting for 38.9% of OC. In summer, the concentrations of SOC were relatively low and were correlated

formation. In autumn and winter when the west wind direction was predominant, the concentrations of SOC were higher than that in
windless condition, which meant the transportation of SOC. The carbonaceous components were associated with source contributions
using the principal component analysis (PCA) with eight thermally-derived carbon fractions, OCl, 0C2, OC3, 0C4, EC1, EC2,
EC3 and OPC. Motor vehicle, coal-fired units, biomass burning and road dust were four main sources of OC and EC in PM, ; in
Shanghai urban area, which contributing 69. 8% - 81. 4% of carbonaceous aerosols. The contribution of motor vehicle was high
throughout the year. Biomass burning contributed about 15% -20% of OC and EC. The influence of road dust was relatively obvious in
spring and autumn. And the contribution of coal-fired units was higher in winter than those in other seasons.

Key words:PM, . ; organic carbon (OC) ; elemental carbon (EC) ; source analysis; Shanghai
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SV | ZR G M UL 5 A5 L A B, 3 Al <
VAR BIY WML A PR A AR AR 2 AN . AT
S I 43T 2010 45 6 H ~2011 45 H #E]
TFIRIX PM, o OC #l EC R JE AR ARAE , 83 |
TR T AN UL T d 2 A Y B R R Ik —
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1 #BE5HE

1.1 FRALRAE

PM, s 0B 40 1 TF TSR a5 07 T3 4R AP 36k
X N FREZE DL X8 ( E121. 533°,N31. 228°) , kLA
BRE B TE 24 20 m, vl 5 i R A KRR
X, R T 600 m Ab 2 — SR 3 TT 3238 13, il a5 5 N B
LI 4 km, A 10 km JEREIN I KR T
IR AR TR 1 IR XA 11 4 X I A PR B
TE. BFFERFERA R 2010 4E 6 H ~2011 4E5 A %
SEREIN—AF DU % | FR O B R AR SR AR B[R] Ry i
1 dH 12:00 224 K H4 12,00, SR AF B E] 52 22
< 0.5 h.

KAE £ R VUG I PM, o SR AESS (RP2300) , 4
ANTE 3 A R AR Y 16,7 Lemin ™', 55
AN RFER N 10.0 Lomin ™' AR IR 43 5%
B 47 mm 89 Teflon JE AN 5 ( Whatman,
@47 mm). FHAPA 16.7 Lomin "W IE L E Teflon
U P T R T3 TR 4 o R R DA R A TS
JCEU M, —4~ 10.0 L-min ™" 80 18 il B A Tk
JECFH T 0 5 WURL 9 R g OC A EC ¥R BE, B — A
10. 0 L-min "8 IEFH T REIMY 2 FIFEFIEATHE.
1.2 FESALERS ST

FEdh R 22 7T S5 Teflon JE X 76 38 B R (20 +
1)°C . AHXHEREE A (50 +5) % 1 1E 5 A8 1548 A Sy
24 h Db b, SR 5 H il K AF (Sartorius, 0. 01
mg) FRi. RAERTA SR AAE 450°C K585 h DL,
DL BRUERE T J5AT 1A AL A 2% B, R Kb

o A TR A 7 DR R T DR A A DR I B Ak
B RAF R A AL BTG . SRS IR i
PIRAFAE - 18°C I VKAR N L2 /1T

OC Fl EC 4341 R FH 56 [ V0 WA 52 e i i) 1 44
6B T ( DRT Model 2001A). i JH IMPROVE #4
SR 54 52 86 97 25 (TOR ) « 56 78 4l 50 3F 85 g%
0.526 cm® 119 I B5 20 i 44 & 120, 250, 450 F0
550°C , M5 OC1, 0C2, OC3 F10C4; RIGIESH 2%
ARMARAE T, 427 % 550, 700 F1 800°C,
A% ECL, EC2 Al EC3 By & &, & MR -4 m
OC Fl EC £ MnO, & AbE K CO, PR fEfb iR 7
CH, , FF38 5 A B AR 2% (FID ) $E A7 E il
FEME EC By 72 v S 5 23 81 380 40) 8 I A 30 43 o
NEFK (optically detected pyrolized carbon, OPC).
B OC & XM OC1 +0C2 +0C3 +0C4 + OPC,EC
5E XM ECL +EC2 +EC3 - OPC!™/

1.3 sl B frir

HEAT B IR T 43 B R {6l FH R e TR VR A
THAXESIEAE LA R 52 56 %8 28 (1 I o, 0 B el R v B AL
VEFRE 1 ~2 PRSI TEE M, 5 A2 SR G A
XHmZELE 10% DL,

B SRR R YR 2 DA B B
P OC Fl EC & it AR Y A R S AR IS 1R
SARIERAE 24 AL A A, 25 A OC Fil EC
W BN SEBRFE S Y 5% .

B H R R R AR 2 ~ 3 A PATHE  AE
FRAE B SIS % T i A R B . AR
KA R AR 25 A PATHE BT RE d il A5 Y
OC Al EC ¥ BE AR 22 7E 10% LA, OC il EC ¥
£ SR i 2 3301 R 8. 1% F1 4. 6% .

1.4 SEEREYSRELEHR

SCHETHE O, W B 5500 A TR — UL A 452 19 1 3
WIS | W i 2% R 95 [E APL 2\ (1) R 43 TR
(APL 400E) , W0 43 A7 77 1% Ry 2 AR W i ik | X 2% iz
TP & (MRS BT LY (S0, . NO, |, 05,
CO) #2272 48 457 AR 2R B 7575 ) (H)
654-2013) HHEFH R, K | KU SRR SECR
FAAL TSR RE S PUTE 17 km AbR 3T A7 37 00
HdE (http . //www. wunderground. com).

2 HR5iITE

2.1 OC il EC Jii ik BEARAE
2010 4F 6 H ~2011 4 5 H R 4E 181 41 PM, |
RS, PM,  JREWE A 55 pgem ™ 37 pgem ",
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fen BT (R BE 28 R A ifE ) (GB 3095-2012) Hr
PM, JAEYUR B — bR HEFR (B (35 pg'm ) 57%.
Hrp oC fil EC FX¥ kB 4301 R 8.6 pgem ™ +
6.2 pgem 1 2.4 pgem ™ 1.3 pgem 7, TC
PM, iR 20% . 5 g EAG BRI 58 45 SR
P (2 1) 12 RIS AR B0 TC W i JLAE AT

R B H TC 7E PM, TR IT i Fe B A — B R
i PM, TP Y OC 5 EC e B8 IR T B 50 Fl ot e s
HuIX P02 TC MR S Bk = A X R
AT A1 S 3k b DX 43 8 T (0 0 0 24 S 2
B ST I AT PM,, 3R B Sy TE
Z—.

F1 EWIMEEHET PM,  F OC 1 EC iRE R & LL 6l

Table 1 ~ Average concentrations of OC and EC and percentage of TC in PM, 5 in different cities in the world
i st 1] 0C/ ug-m™3 EC/ pg-m ™3 TC/PMy 5/ % )51 ik
i 2010-06 ~2011-05 8.6+6.2 2.4+1.3 20 TOR BN
i 2008 8.10 +5.48 3.911.72 19 TOR [20]
Ly 2005 ~2006 14.7 £10. 1 2.8+1.3 19 TOT [11]
s 2007-06 ~2008-05 15.7%9.9 10.4+6.9 26 TOR [21]
b 2009-04 ~2010-02 18.2+13.8 6.3 £2.93 20 TOR [22]
Kt 2009-04 ~2010-02 18.8 +12.9 6.9+3.3 18 TOR [22]
AR 2009-04 ~2010-02 26.4 +£21.7 9.7+4.8 19 TOR [22]
Imgll] 2006-08 ~2007-08 7.1£3.3 4.0+2.5 29 TOR [23]
s 2004-08 ~2004-09 , 2005-02 ~2005-03 12.0 6.2 3.4£1.0 29 TOT [16]
B 2004-11 ~2005-10 7.42+1.22 6.01 £0.55 34 TOR [24]
ff 22 BT AP 2005-07 ~2005-08, 2006-01 ~2006-02 5.3+2.7 1.8+0.8 27 TOT [25]
PEPEFEZES AL 2004-07 ~2004-08, 2004-11 ~2004-12 5.3+2.0 2.1=1.1 32 TOT [25]
[ IlingiE s 2004-06 ~2004-07 , 2005-01 ~2005-02 4.1+2.8 1.0£0.5 28 TOT [25]
BORFA 2 2002-08 ~2003-12 9.2+7.2 1.4 £0.7 27 TOT [26]
S FH 2008-03 ~2009-03 3.37 0.44 50 TOT [27]

ARV B S AGE S A A S R R T 252 5%, TRt
OC F1 EC ¥k BE R B R [R]  AS L RRAE. 3R 2 7]
W, 425 PM, s OC F EC R B2 W I ey T oA 21 i
K7 0C Fl EC WRBEARRTEAR i 2t T4 AEA TS

WO ()3 v 2 S R T a9 1, DB AL T4
T E AR RS . A OC AT EC 78 PM, T 5 HL
K, BIRKZS OC Fl EC 4u X e B FT 5 L
FrEf s, AR5 YR RO PM, s G JeHLA

YR HERCE BrinsR ) FES, Snd oy e s SP ek sk R, Wik ZE PM, s H Y OC A1 EC fT b H B TE
AN RS TS et , T 2 AT AR R I - DOErhON R SR SRR
£2 AEZT PM, ,# OC # EC RE R A & te 1

Table 2 Seasonal concentrations and percentage of OC and EC in PM,

Hif ] FEA R 0C/ pg-m™3 OC/PM, 5/ % EC/ pg-m 3 EC/PM, 5/ %
K Z(2010-06 ~2010-08) 34 6.8+4.0 14.4 £3.8 2.2+1.2 500+1.6
#Z%(2010-09 ~2010-11) 54 8.6+8.0 17.6 £5.2 2.2+1.4 5.3+£2.6
A7%(2010-12 ~2011-02) 42 11.8 £6. 8 16.9 £3.8 3.0+1.5 4.5+1.4
2% (2011-03 ~2011-05) 51 7.2+£3.2 14.3+£3.6 2.3+1.1 4.5+1.6

B HR S8 1 4 (SPSS V17.0) %A A 2=y
1 OC Ml EC ¥ B #4750 H 2K J7 22 70 1 ( one-way
ANOVA) Z35) T3 3 F1k 4 4 AFT51Y OC
FIEC ¥ B2 54 3538 1 1F 855341 Kolmogorov-Smirnov
g, Gt R, 7F 0.05 BEWAKE T, 4%
PM, W% OC Fl EC ¥R B 5 HA 3 A F= 0 394 W%
Ze5e, M HA 3 A= Z B o] 8 25 5, JF HAF
B BGX 3 ANZET R EC WREE L P ANAAE AL ] 25 5.
FIER EC FEOk A —UHR N L 2 Bk
X3 AN U I — RO B AS R, T

A TP R 75 R 5.
2.2 ZUCAHHLER(SOC) 5

A R R A HLA) (VOCs ) 48 0RL
JE RGBS OC, Bl — ¥R A5 MLk ( secondary organic
carbon, SOC) ,SOC 7 & I iy & X 4 Jkr 91 75 iR
P A TR S H T RSO BRI UKL
SOC FHAIIIE. AHIFOAKR ,0C/EC K
AT OC h ZYORIERER 3. an3k 5 s >k
FEHIIE] PM, "9 OC/EC LB A 3.54 = 1. 14, k4
FATH OC/EC AR s T/ 2 5 RIKAFT
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£3 FEZET OCRENBERFESNER
Table 3 One-way ANOVA of seasonal OC concentrations

e = s Eaes
> (2010-09 ~2010-11) (2010-12 ~2011-02) (2011-03 ~2011-05)
RS F=1.569 F =14.396 F=0.325
(2010-06 ~2010-08) Sig. =0.214 Sig. =0.000 Sig. =0.570
[&s _ F=4.180 F=1.35
(2010-09 ~2010-11) Sig. =0. 044 Sig. =0.246
g g
KT B F=17.995
(2010-12 ~2011-02) Sig. =0.000
F4 FRAEFECRENBEZEFZESNER
Table 4 One-way ANOVA of seasonal EC concentrations
=1 kZE X7 %
> (2010-09 ~2010-11) (2010-12 ~2011-02) (2011-03 ~2011-05)
CES F =0.000 F=5.812 F =0.000
(2010-06 ~2010-08) Sig. =0.991 Sig. =0.018 Sig. =0.986
BhZE _ F=6.448 F =0.000
(2010-09 ~2010-11) Sig. =0.013 Sig. =0.998
e B - F =9.206
(2010-12 ~2011-02) Sig. =0.003
£S5 AEZETPM,# OC/EC LL{&
Table 5 Seasonal OC/EC ratios in PM,
Wofi "% 27 %
(2010-06 ~2010-08) (2010-09 ~2010-11) (2010-12 ~2011-02) (2011-03 ~2011-05)
0C/EC 3.00 +0. 65 3.80£1.59 3.94 £0.90 3.31£0.79

PM, , TR REAFTERR 21 SOC.
/N OC/EC HE 2 —Fhi Y SOC & & Al
B RAR IR,
SOC = 0C - EC(OC/EC) .. (1)
K1 (OC/EC) ;W58 1A R 21 5 OC/EC HLE
() e/ IME. 25 BN [ 2275 1 G 554 s L U5 HE
A BT ANTR] A5 DA A 2= 5 I 3 9 ( OC/EC) .,
AR Z=T1 SOC &, (0C/EC) KA H #1%
A BB R RS AL R TR 6 b 4
4 SOC SEXHE N 3.9 wgm ™ £4.2 pgom jX—

SER T I O SCRRR A 25 5 v 5 T 53 A
BEE SOC Wi AR T Tl IX 507 SOC HeE ) it it
A3 T % 0 R AR R, SOC B EAIG 1T Talk X
TS YRR AT, R AR SCAY 25 SR BEA A B, BN S ik
PEHEBCIR — e FE R | 285 — R PR SO AR I X
PM, ,H' SOC ¥ J& /K. 44 SOC 5 OC tL#E N
38.9% ,HH B4 SOC IRE M B THERE
5 OC/EC WAL LR —3. 54 A
TSI A L, BR = A X FE SOC Wk BEAIR(H
OC FL i, i 5t 3 M X TG 38 SOC ¢ i i J&

&6 &/ OC/EC LL{EEMHE PM, ;# SOC iRE KT

Table 6 Estimated SOC concentrations in PM, 5 from the minimum OC/EC ratios method

B (OC/EC) i SOC/pgem > POC/pg-m 3 S0C/0C/%
ES

(2010-06 ~2010-08) 2.15 2.1=1.9 4.7+2.5 25.3£14.6
B

(2010-09 ~2010-11) L7 4.926.0 3.8+2.4 47.5+20.0
AF 2.27 5.1+3.9 6.7+3.5 39.4+14.3

(2010-12 ~2011-02) e .7 £3. 4x14,
HE

(2011-03 ~2011-05) 1.92 3.0%2.1 4.2x1.6 38.6+15.5
INAE
A 2.01 3.9+4.2 4.7+2.8 38.9x18. 1

(2010-06 ~2011-05)
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Fig. 1 Linear regression of SOC concentrations and the maximum ozone hourly concentrations in different seasons
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Table 7 PCA results of carbonaceous components in different seasons
Y4y AF %
- HF 1 HF 2 HF 3 HF 4 HF 1 HF 2 HF3 [HF 4
0C1 0. 059 -0.197 0. 844 0.074 -0.030 -0. 101 0. 904 0.224
0Cc2 0. 891 -0.131 0.209 -0.017 0.797 -0.074 -0.419 -0.051
0C3 -0.013 0. 480 0. 665 -0.132 0.182 0.135 0.072 0.918
0c4 -0.450 0.118 0. 601 0. 430 0. 821 -0.008 0. 386 0.118
ECl —0.344 0. 749 -0.129 -0.172 0.534 -0.011 0.179 -0.677
EC2 0. 820 0.072 -0.373 0.233 -0.410 0.822 0.102 0.182
EC3 0.120 0.012 0.033 0.926 0.052 0.075 0.539 -0.204
OPC 0. 156 0.942 0. 090 0.230 0.179 0.957 -0.068 0. 004
TTHkR/ % 28.0 20.9 19.9 12.6 26.5 19.8 18.4 15. 1
LEZORI:] 2.238 1.674 1.593 1. 007 2.121 1.583 1.473 1.209
Hei JIRIAE [RRILES YR ESIER T4 ESlIES YRR Bz
14 CES &=
B W1 K2 [HF 3 A1 [HF 2 HF3
0C1 0. 020 -0.153 0. 881 —0.442 -0. 140 0. 639
oc2 0.158 0. 840 0.153 0.769 -0.116 0.152
0C3 0.787 -0.025 -0.296 0.108 0. 904 -0.031
oc4 -0.077 0.280 0. 404 -0.349 0.643 -0.370
ECI 0.792 0.241 0.442 0.158 0.675 0. 490
EC2 0.910 -0.001 -0.022 0.931 0. 001 -0.059
EC3 -0.025 0. 866 -0. 107 0. 063 0. 034 0. 689
OPC 0.941 0. 036 0.016 0. 844 0.174 -0.153
TR/ % 38.3 20.0 15.1 31.9 21.7 16.2
FRAEAE 3. 062 1.598 1.208 2.552 1.739 1.298
eI HLBh % JRIE ) IR MLBNFE + SR Tk YR e
YRR TR RL 25T BT B ok B DR ) 5 Bl AR 3R
N IR
3 #ig X
SE Lk

(1)2010 55 6 A ~2011 4 5 A Wjfa], L x
PM, ;"' OC F1 EC "3 B 531 0 8.6 pgem ™ =
6.2 pgem CH2.4 pgem 1.3 pgem T PHEZA
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