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Characteristics and Influencing Factors of Carbonaceous Aerosols in PM, ;in
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WANG Yang-jun, DONG Ya-ping, FENG Jia-liang, GUAN Jing-jing, ZHAO Wei, LI Huai-jian

(School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China)

Abstract ; Organic carbon (OC) and elemental carbon (EC) in PM, ssamples collected in urban ( Xujiahui) and industrial ( Baoshan)
areas in Shanghai during 2007-2008 were analyzed with a DRI carbon analyzer using IMPROVE-TOR protocol. The results showed that
the seasonal average concentrations of OC and EC were highest in the winter and lowest in the summer. The annual average
concentrations of OC and EC were 8. 10 and 3.91 pg-m ~ at the urban sampling site, and 11.91 and 4. 69 wg-m " in the industrial
area. The annual average OC/EC ratios at the two sites were 2.01 and 2.42, respectively. Strong correlations ( R* 0.52-0.87)
between OC and EC were found in all seasons, with the highest correlation coefficients in the winter ( R> 0.87 and 0.80) and the
lowest in the spring (R” 0.52 and 0. 58) , indicating that the pollutant sources in spring was more complicated due to the varying wind
directions. The annual average concentrations of secondary organic carbon (SOC) were 2.72 and 5.07 pg'm ™ at the urban and
industrial sites, accounting for about 30% of the total OC. The contribution of SOC to OC was the highest (about 40% ) in the
summer, in accordance with the high temperature and strong solar radiation in the summer. It was also found that precipitation had
significant impact on the concentrations of OC and EC, especially in the winter. The average concentrations during periods without
precipitation were two times higher than that during periods with precipitation in the winter, whereas no significant difference was found
between the concentrations of OC and EC in the periods with and without precipitation in the summer, possibly due to the more stable
atmospheric conditions during the periods with precipitation in comparison with those without precipitation. The OC/EC and SOC/0C
ratios decreased significantly during precipitation.

Key words:PM, , ; organic carbon (OC) ; elemental carbon (EC) ; precipitation; Shanghai
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HEH /9 7= 9y, 2 — WO KRART5 B i AR 4 19 48
5 EC BATHROGRE 1, XS0 A 4 ol
PR BRI T AE R A BRI 5 A% N Y 3 R B [N
T,

o T L AR 28 5% B PR R R BOR TS )
AR, AT B H 45 i, 32 3 1 BOR B2 1 56
TE. At 2k mey) BHR Al s 1oy 2 — ok A
E AR KRB L EC g A R XA AR
A B — > 35 BBl A 1, 0 e [ 0 A ok R AL R
AT I A L BRI Ak RS EC HE iR
BN W SRR B R AR —

VT BEAE SR, XoF FRATT I 52 A DR A A UK B b Y
B Wy Jo B T 58 Ok B Az B AL, A AR T E
) — BB ST Y PM, S R B BB, AR YL
S AT R X B e
TR A bl A e
A RABURL ) FR B T A AR [
AT T — Lo R T, R
UL 5 ik O I A B ATS LA BR , 0 5 3 %
R T A R IR AR JIL i ) R A A TEAR R Y
A

A R v I R DR R M R T S T A i B
ERRMHE A Z —, 2010 445 7E B S0 i SN
23, PR 7 10 DR AT A E A2 B BOR B 1 SG G
AR A T BE IR A ST I 1S 2 | 2B P A i AR AT
Y S R B RS W 23 (hittp . //www. envir.
gov. cn/airnews/ ). 5 MW R BF, | 0 42PN A 1= Bt
HEHE I, 1996 AE K 46.6 T3 I 2 2007 4F
253.6 J7 4, % b e X A RO B SE AR TR R R
T3, T R g B S BURAT R W b T . b
f9 25 A0 e DN IRE AR 7 Sy = 3 3 B A Sy SO R R R A
M I A ARG g

AWE ST A T X LT 2008 4R R PM, R
OC . EC fy¥e FE AR I 25 B AL AR AR 9 20 B, 1 ik 52
Wi b T PM, s rh BB Bk B Y B R IRR R
AR RIURE ) Y R UE, LA S AR T e A K
P Tl B2 A 5 il L OB 22 3

1 #R57*

L1 SRR A
b (E121°297, N31°14”7) Mt 4b K7 74 /2

ARG AR T, R G AN T J b S BT e KU R, &
FRRAT PG, B 2 11 32 5 KU S AR KL 4411
R 17.4°C AR R KR 200 mm.

ARE BT BT 2 NSRS PM, 1
FAERCIE 1) Horh— DR R L (XIH) 1B
I DX B SR FE A5 5 5 — A FEFE 1L (BS) J/E R Tl IX (%6
X)) B SRR . 5000 (XTH) SR RE S5 7E 11 T 3%
Wy s R b T 24 35 m. 3% SRR R E B R N I
INHERTRT 37 BT, DL R/ i B4 8 XL AR T IIX R
£ | w b A AE TR A BB PR B 52 00 (BS) SRFR AT
BEAE i K2 a2 Ll e DX 3027 B T, B b 1 249 20
m. RAE SRS 500 m Ab A — 5% R A8 U Y
¥ 600 m b JE — A EREN AW, B RATZ
o AU G AR 5E . AR 3T A X T A A T
e R RN, T RAESARERTAEX . Tl XK
RA M.

E1 EBWHFC(XJH)MEL(BS) RERATE
Fig.1 Location of the sampling sites (XJH and BS) in Shanghai
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FE R 4R T T B A s o A0 24\ ((Thermo-
Andersen) [ KU fE PM, SR AR AL, SR AE I i 2 8
1.13 m’ ~min " SREEVEME H 20 cm x 25 em £ BEHK
L1 2 P55 ( Whatman 20 &), 92 (6] ) . SR AR i A7 9% JBE 7
450°C K48 4 h, LABR 25188 1 J5 A (A LA AL Al 4
JoT . B i SR B TS A S JIE TR RS 20°C R X IR R
40% K I 5 9% 48 N ( Binder KBF-115, £ [&] ) -
24 h, 8k )5 L T fk & K SF (Sartorius, 0. 01 mg, &
) FRa . SR AR e B 08 B 2 B A 7Y T i AR 9 L 4
FEEE T - 20°C kAR E T
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TR (XTH) FI5E 11 (BS) SR AE £ Y SR B 1) [8]
B3 2008 4F 1, 4.7, 10 A, 0540k &F FE,
H MK F R RE— DN, BRI 24 h
(18:00 ~ YT H 18:00). B L3k 4 4> H 9% 42 R A 1)
SRR A Gy 8E 6 d RAE 1AM, #5010 (XTH) |
F U (BS) KA A9 A O 80330 D 137 F10143 4.
1.3 0C. EC 5t

ST R OC Hl EC J5 ¥k B2 149 43 17 4 1)
% B VLA i ( Desert Research Institute ) 38 34/ 56
B4 HHAY (702 3% Model 2001 A) |, 5% ] IMPROVE
( Interagency Protected  Visual
Environment) Jift 72 J5° Fl 5 55 W06 25 (TOR) 47 A
BLBR B B AL AE . THRFEF 200 2 BB, 5 — A B
B ol A0 5, By Bk b TR 5 140, 280, 480 Al
580°C , 53] OC iy 4 4i~~ #4r 0C1, 0C2, OC3 Fll
OC4 ;55 AP Be, FEATE & 2% A M A T,
T 580, 740 1 840°C B i, 458 EC (1 3 4SER 4>
EC1, EC2 fil EC3. EC i 5 i 2 i iz i & ] &2 51 49
{ELIN B 308 0 B 1 g OC 3¢ Al 2ok A v 1B i ) 2L fie sk
(OP). Fx 241 OC #i 7€ X 3/ OC1 + 0C2 + 0C3 + 0C4
+O0P, EC g€ X & EC1 + EC2 + EC3 - OP. £ IF filj
LA 1 TREAR VA VORI T R M IE AR A
1.4 i fRuE A & 426 (QA 1 QC)

FE b 3 A Z W E e AR AT RGN L 10 s
AR S RIS ANl 3 0. 01 psi, HR S H TC <
0.2 g, FLEWR <3 WA TG IEATRE Mo 17. IR
TR B A RS 2, A 10 A i D B — YR R T S
PRI 5 152 22 76 10% DL N I A 3647 J5 SE 0 it 43
B, A 2R 2 U, R 03X 10 A . RIS R

£ il 23 BT TR Z 00 93 BT 25 5 2 05 Y AT A v
VA VRN e L0 TR AN RS A RS E M e T8 VR W) 1 g 2
<5% ).

Monitoring  of

AN 2745 B B Ah a5 1 DL R S 3 8 I A R
R AhE AL g % 2 H B OC F1 EC B 1
T SEPRAE RN 5% , DR G 0 A 45 R R A 25 AR E.

2 FHRE5IH®

OC F1 EC {1y ¥ J& 7K -
WAL (XJH) FT th (BS) SR A £ 45 19 PM,,
() 4F - 34 W JBE 43 ) 9 (64.17 =35.82) pgem Al
(88.49 +45.29) pg-m (WFE 1), 3% ¥ B 40 X T
HOC X, AR DX (Tl X)) Y5 G i ™ L X 5
SKRE ST A B 22 0 T, DA BT YA B A
2 R B8 1 S B A O 2 — BUm . 3k T JLAR R |
T TP 3 DX A 7 el S W AR AT S SO R 4
JiE LB XA A B JSUR . AR RF Y 9 45 5 15 Ye 2570
Je Feng %512 1) 28 5L HAT B g iy ] Lk

BS [ OC F1 EC 4FF ¥k BE (43 Ry 11.91
pegem I 4.69 pgem ) ET XJH(8. 10 pgem P HI
3.91 pgem ) ULER 13X 5 40 UM R R B 1 4y
i —3. BS Al XJH B & k4143 (OC x 1.6 + EC) 43
M PM, SRR 25.7% * 6.5% . 26.6% =
6. 0% , Ut W i 41 23 2 AN UKL 4 (PM, ) 1 T 2241
O3 Z— . ASBIF R 0 I 1 45 SR AR T G 36k X 2000
AR L TE (H (OC A1 EC ¥R B2 (1) 4 14. 88 il 6.50
pgem ) P AILTF 2005 4F A HIE A (OC A1 EC
BEAN N 16,1 A1 2.9 pgem )2 U6 28 i 2
AR 2205 Y AR R R I S, IS R O &
AT AR . Feng 2521 45 51 1y EC 3543 /9 (8
B, 32 PO AN]SR TR [ 18 0 43 AT O e ——
HOEiBE L (TOT)
2.2 0C, EC iyZHr sk

KPR Y OC 1 EC 2 J3 57 B v JF Y fi
KRAEE WAL T B/ ME M IAEE Z= (£1) ,XJH

2.1

F1 HIRCMEWRESR PM, ;4 OC, EC 71 SOC HFE FHRE

Table 1 ~ Average concentrations of OC, EC and SOC in PM, 5 at XJH and BS in Shanghai
REWA BH mas o 0C 7t ECHR - gope (oomey,,  OCFE o000
/g m /pg m /pg m /pg m
* 35 62.14 £21.79 7.14 £3.24 4.06 +1.32 1.74 1.02 2.99 +£2.45 0.36
2 38 44.02 £18.30 5.53 £2.47 3.41£1.33 1.62 0.99 2.16 +1.38 0.37
HEFAL(XIH) Fk 36 71.47 £43.30 7.80 £3.58 3.49 £1.39 2.23 1. 64 2.09 +1.69 0.23
23 28 84.65 £43.49  13.18 £8.70 4.93 £2.46 2.57 1.88 3.96 +4.64 0.24
G AR 137 64.17 +35.82 8.10 £5.48 3.91+1.72 2.01 0.99 2.72£2.75 0.30
* 37 105.15 £36.62  11.28 +4.97 4.96 £1.91 2.31 1.35 4.61 £3.42 0.37
-k 35 72.80 +26. 80 8.94 +4.30 3.99+1.71 2.22 1.22 4.07 £2.63 0.42
FI1l (BS) &K 37 78.46 +41.08 11.59 +6.98 4.66 £2.27 2.45 1.57 4.32 £4.06 0.33
4 34 97.68 +63.85 16.02 +14.90 5.13 £2.86 2.73 1.68 7.41 £10.80 0.31
LAR 143 88.49 £45.29  11.91 +£9.00 4.69 £2.24 2.42 1.22 5.07 £6.14 0.36
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FALTNFE L REE S OC e EC HJE 2 [0 A2 7E i 5 1Y
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SRAF T BE S KA URL ) rh 2 i ) Jo vk B Y T A
PR 2R b v 32 A 2 XU, A& ZR AT PE B XL, AT
o PN I e DX B A T G ) i BT & T, AT N
ERE G R R, A FERRRERK, KRIREGRES
FEAR AR 15 Y i 3 EL 9 H, PR B 7 05 Y HE
TR B AN (A BT A 28 KT G ) v A 2 B
fer. R AT AR K, R I Y T i AT AT LA
— TR B A BEAS s gy Rl B, R RIR A
JEE R . RARRE B 2, B K, i 7 3 4k
PR 28 23 B AR B 25 RS T Yo ik i

EC i 2= 15 A2 IR BEAE 2 AR BRI T 0C,
BT OC AR K8 43 A 2 # J PEA HLYD , B HE TR
AL CRABEHE I LR E R A& A 21 0C) 4,
AN TR KA BE A5 8 N 21 45 R P HLY -8 43 TRd 7Y
UL R K OC MR IR BE R T EC Ay H 2 s A
2.3 0C 5 ECWXRLL K OC/EC LA LR

KA TORE B v A OC B V5 G U T 422 HE I — Ik
AL AN T LSk |8 KA B 20647 )
T 72 AR B A HLAE S, T EC H Ak A R R B
AW AR SE R BE T, R AE T — IR IR
t. FIH OC F1 EC By AHCPEBE 58 7] LLAE —E B % |
X435 T AU JE ok T 1 SR IR 0. 1] 2 g XTH Al BS
X2 AN KFE A PM, s OC Fi1 EC /4 AH S& 1 40 BT, AL
HA LA S, O0C F1 EC MR . Bk £ F L
BAF,MAAEFMME R 2Z. B B, 43 0C, EC
B B AH G PR I X 3 A 2740 S Al AU IR B R U A
X AR, A 2 A X AR 4 A OGP 15 B H R R AR X 2
Z% i T R 2R KU A 248 ok HOR R HLIX Y
15 YL ) S AE AN [ B () X6 b 9 7= A O [R) R R A 5
AL I 7 25 A 240 JURE ) v 1 5 e A=V R 1 e J i s
[i] 25 A6 R R A R 1 A2 4k

13027 XJH fil BS SRFE 5 —4F DU Z D) K 4>
AERFEY) OC/EC FfE. 4220 OC/EC h{H ey, B
R A T — FBEIA R & ZE AR R AR B A R
Ak SO Y R S R A FE s ) OC/EC [
B TT BB 5 22 b 5 HE AR 9 A8 Ak SR A IR o 4
PEA ML RS 1) R A Y 5 Ak, BS 45 T
OC/EC I H Y T XIH, 35X 32 2 R ot 3 X

60

(a) HREIL

50| * &% OC=330EC- 3.12, R?=0.87
o F%& 0C=1.77EC - 0.06, R*=0.52
e 5% OC=1.69EC- 0.23, R2=0.83
40 1 o #F OC=2.39EC- 0.54, R>=0.86

30

OC/pgm

(b) Fily
« X7 OC=446EC-7.92, R2=0.80 .
o #%E OC=198EC+ 148, R?=058 ¢
e 5% OC=223EC+0.02, R?=0.79 .
40| o %ZE OC=2.75EC- 1.24, R*=0.80

OC/pgm
W
S

12
EC/pg-m=
E2 XJHF BS AEZFET PM, HmH

OC #1 EC B9#8 X 14 5 #7
Fig.2 Correlations between OC and EC in PM, 5 at XJH

and BS in different seasons

L7 LB 4R RS A T TS YL UR RS L T BS B
MLBh 42 B R ASZ BRI ( TAlb J % v ) 19 5 i B R, R
B OC/EC AN % #m TALsh R
MIE—Z= 45 ) OC/EC HuAA 1Y i) (] A8 {8 & , BS
{14725 A6 1R )3 K F XTH, 404 Zeid XTH SRR 5 OC/EC
FUAR 19 A2 fE i Bl R 1,57 ~ 3. 81, 1fif BS Ay 2% fk v [l
M 1.48 ~6.01, X Al GEULIA T BS 1975 4 ¥ 4 U AH
X HT AT k.
2.4 A HLER (SOC) 8 B A 5 B LA fb R AiE
H 1 A 42 1 o 7 B R8s IX 4 s e vh
{1 — UM A WL, W G 18] 3% 77 242 4% OC/EC
WA vE . A WL T sk . BERS B o, Hp 0C/
EC Ho Aok fe g fay o0 BL3% MG 3 T8 2
I . OC/EC Hufi i 9 Bk EC /R i ¥k, Nl EC
HLA RIFRIREYE 8 R R R 2R fsp e 4k, BT LA
EC H #AE N — W HEAW 7= 559, OC/EC HH 15 H)
Wi SOC 75 ft (0 I8 5% 4% 12 2 — R HE R B OC 15 EC
FEFE— A HHXT RS 19 LUAEL, & S HEBOR A FP 24 5¢
WKL) OC/EC {8 2 b ife FLAEL B, 26 A
SOC yIE B . Chow 2 S\ K S OC/EC {8
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T 2.0, AT UCHAETE RS By A H B 0 2
HRHLSOC Byt r .
SOC = TOC - EC x (0C/EC) (1)
K, TOC fLFE B A ML, (OC/EC) TR —IkKT5
PR p)oF-3 OC/EC A, SR, 837 (OC/EC) , If R
%5, (OC/EC) 5% 75 Je il 0y HE Rk A 1R KOG
F AR E Ve, T B2 TR IR HE S B S A RN 2=y
Pesh ). Turpin 20 X 3% A2 TLZ0 Mo 1) 25 ORE b 2
Tt i A B, 76 48 8 B9 R (IR BT
R AR P R ) RAODGA 2 16 AR, A
FIF SOC By BL, OC/EC AR AL, Atk , AT LA —
FERTHIN OC/EC A M RARME [ (OC/EC) , 1B
AW T (OC/EC) ., WA H OC/EC /Y F AR 1H
KAl SOC, By (1) M ek S H
SOC = TOC - EC x (OC/EC) ,, (2)
(OC/EC) ,, R TEHEBR T —2& OC/EC fHAR /N,
{HJ2 PR IR (4 A5 LA S A5 Y, 3 22 IS 7T R
TN PBCRRIR 1) KA , R K & s X AR K, R
e TE A AR 3R ™ A s e il A i 3R 1 R )
R AL B AN R 25 LA K2R (OC/EC) |, , H
iR (XIH) 1 (BS) 2 4E /Y (0C/EC) ., 533l
90.99 Fil 1.22. tH FANR ZEW AL LMAR, W
A S RAR, BRAT VT AL X, T R LR E R R
FERGE AT A — N E R TSR
NP FE R (OC/EC) ,, ME N2 F1y (0C/
EC) A £ Hil i Jz W SOC fY 5T mk. 4K HYSPLIT
AL BT AE B 72 h S5 ] 03 58 55 (hitp ://www. arl.
noaa. gov/ready/) , (OC/EC) . H B | 2 3 %
H R TR AT B S e A R 2 b T I Y S T A
NG LI PEIX B R ) OC/EC BYE R BN E K
(OC/EC) . & A, XJH Fl BS RAEH 4 NS

1 (OC/EC) . S AH RN ) SOC -3 & 1 WL 3% 1.

1 A] LA R R0 A0 5 LR A A, PM,
1 SOC [ 4FF- 47 i 43 930 4 2. 72 F1'5. 07 pgem ™,
SOC X OC (1) BT #k F 7€ 2 AR A S 53 30% Al
36% , 1 W] SOC J& I g KAk ¥ h OC iy 8 %
24y, o Tk X (RR X)) /) SOC BT ik 56 bb I X i
- N SOC R FE W =1 B b, & Z P Xk i 2
T HEEE, ANEFH S0C I 1.5 ~2 f5,X 5
267 YL Wy HE R I BE A ¢, (H 42 SOC Xf 0C
M BTERR AT e . N 1 B LB, 5
SOC Xt OC 1 5Tk 2% f =5 ( XJH F1 BS 43528 37%
Ma2% ), x5E RS E S . BRI efb2E
M T EAEB R AR E SOC 1k B
A1 SOC X OC Yy 57 lik R 55 Feng 457" 1 458 (4
30% ) FEA—EFL.

2.5 [EAKX} OC, EC 5% M 53 #

b T AT 2 KU TR RN 2 W, AR Y
KK 1 200 mm 722 £7. 2008 4F % BE 3 i), 29 40% 11y
FE R S WA (R A K B4 1 B (B PRl AN 45 ), A
L 8 7K e A B9F 5% 00 i) 5 400 o ) ik R A K 11 R
M. N3 2 AT LU, & . BRI & 2= 0B K R AT
OC 1 EC {H P .5 T MK K=, & F it o 2
T U A 2 R K I T R R A R T B 2R A o K R
G W RAENI OC | EC Y F- 353 B 5 4R FR K K
AR A R X, RS XS E MR
AR KIS R R RAT W H KN, K
SRR R, AR TS Y W B bR, T 2008 A5
TR RS KHE R 3.0 mes™' i FE K K
SR 3.6 mes ™[R, 22 50K 0 F5 4k
A [ 5 2, B 7K B3 2 %) A0 9 %) B i A /0N , ERL T 7
24 h BT L5 R PR AR A AR

F2 HRFLCMEFURESFHEKMIEKRSE OC #1 EC BT 1R E
Table 2 Average concentrations of OC, EC in PM, 5 in sampling periods with/without precipitation
0C &H/pug-m™> EC &4/ pug-m ? 0C/EC S0C/0C
REWA B
A Frok Te Rk A Kok Je Kk A Kok TR BREK P N

* 5.13£1.76 8.32+3.35 3.50 £1. 11 4.40 =1.34 1.51 1.89 0.29 0.40

-k 5.60 £3.02 5.49 £2.05 3.54 £1.57 3.31 1. 16 1.57 1. 66 0.33 0.40

AL (XIH) Fk 7.17 £3.07 8.31 +£3.94 3.39+1.30 3.56 +1.48 2.13 2.31 0.19 0.27
S 6.10 £3.23 17.11 £8.30 2.79 +1.70 6.12 +1.97 2.34 2.70 0.17 0.29

LR 6.04 £2.87 9.49 £6.33 3.35+1.41 4.28 =£1.81 1. 86 2.04 0.25 0.34

K 8.04 +2.35 13.07 £5.28 4.26 £1.34 5.35+2.16 1.94 2.51 0.35 0.42

= 9.30 £5.55 8.67 £3.20 4.23£2.10 3.82+1.37 2. 14 2.28 0.39 0.45

FI(BS) #k 10.81 £6.22  12.25 +7.66 4.70 £2.30 4.64 £2.30 2.33 2.55 0.29 0.36
% 6.58 £3.75 22.62 +£16.27 3.25+1.85 6.45+2.73 2.05 3.20 0.17 0.41

A 8.81 £4.99 14.10 +10.48 4.14 £1.99 5.08 £2.35 2.13 2.63 0.30 0.41
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I OC, F/K KT EC Y A8 b 8 3 AH X 42
/N A BEK BT OC/EC HLAE /N IERE K KA, X A2
R EC (7K 7k /N 3 0 F o JHL 52 o 4 X6 458708 T
OC A RK—For AR VY, 55 5 K
B SOC 2 &K I Ve ALY, 9 BR A FH (1 52 g 52
PN LRI EY 5/ N (= Pl VR 2 It S5
SRS D | T DA R K R AR R AR A R )
) S T S DL — IR HLR B . R 2 3K
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