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BRfite 2 BRiEAE AT IR RIS, SR AR A

(1 BFRFUTHGERIER S TREA, BT 361021; 2. P EBF AP TTHREI R IR T AR S @R ESTRE,
KT 361021)

WE. DAmEamM ., BEITMmE M 3 A BB AR S, RET 42 PM,  FE 5, R #OGE 5% (thermal optical
transmission, TOT) 43745 2| PM, ; . OC Fl EC (¥ BE/KEFIZS [E] 4345 . OC 5 EC MIFHICHE | OC/EC B LA K Z A MLER 53 1R FF
fE. ZESREM AN | T RURMIAZE PM, IR BETL I (79. 94 +18.08) ~ (114.78 +£26.10) pg-m i (B S R
EPRIE) (GB 3095-2012) HLAE 1) PM, s HI{H 75 pg-m ™. OC M EC WML (LA C 1) 40510 (14. 77 £2.65) ~ (19.27
1.96) pg-m H1(1.99 £0.50) ~ (3.36 £0.41) wg-m >, /3 H 25 SR EER 1.2 ~ 1. 6 f5M 1.2 ~2. 0 £%. &M FHE (R
=0.70) MIEL (R =0.66) 42 PM, ;' OC 5 EC AR 2, UiEH OC 1 EC AL 1 — KI5 44k IH. OC/EC {HN 5. 64 ~
7.71, BAES R T 2.0, 38 £ SR KL S A 7E Z WK AT HLER (secondary organic carbon, SOC) B 4E K. SOC B Mk By 2.47 ~7.17
pgem 5 OC LA 13.08% ~45.67% 5 PM, (H2.20% ~7.78% .

KGR PM, 5 ; AHLEKR; TCREK; POCHINE; fEE =T

FESES. X513 XEARIRME. A XEHRS: 0250-3301(2013)05-1988-07

Characterization of Organic Carbon ( OC) and Elemental Carbon ( EC) in

PM, . During the Winter in Three Major Cities in Fujian Province, China
CHEN Yan-ting"">, CHEN Jin-sheng®, HU Gong-ren' , XU Ling-ling”, YIN Li-qian®, ZHANG Fu-wang’

(1. Environmental Science and Engineering Department, College of Chemical Engineering, Huagiao University, Xiamen 361021,
China; 2. Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen
361021, China)

Abstract: PM, ; samples were collected in three cities ( Fuzhou, Xiamen and Quanzhou) in Fujian Province, China, during the
winter, and were analyzed for organic carbon (OC) and elemental carbon (EC) by thermal optical transmission ( TOT). The
characteristics such as pollution levels and spatial distributions of PM, 5, OC and EC, correlations between OC and EC, OC/EC ratios
and secondary organic carbon (SOC) were discussed in details. Average concentrations of PM, 5 were ranged from (79.94 +18.08)
pgem > to (114.78 £26.10) mg-m >, which were in excess of the Ambient Air Quality Standards ( GB 3095-2012) 24-hr mass-
based standards of 75 pg-m ™. Averages concentrations of OC and EC were fluctuated from (14.77 £2.65) pg-m ™ to (19.27 =
1.96) pgem™> and (1.99 £0.50) wg+m to (3.36 +0.41) pg-m >, respectively, which were 1.2 to 1.6 times and 1.2 to 2.0
times more than that in the background site, Pingtan in Fuzhou. Correlations between OC and EC in PM, ;were found to be strong in
Pingtan (R*> =0.70) and Jin’an (R*> =0.66) (Fuzhou) , suggesting that there were similar primary pollutants of OC and EC. Average
OC/EC ratios were 5. 64-7.71 and all higher than 2, which indicated that the secondary organic carbon (SOC) was formed. The
estimated concentrations of SOC were from 2.47 wg-m ™ to 7.17 pg-m~>, which contributed 13.08% -45.67% to the OC and
2.20%-7.78% to PM, ;.

Key words:PM, , ; organic carbon (OC) ; elemental carbon (EC) ; thermal optical transmission (TOT) ; three major cities in Fujian

Province
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AR P PML, o HRR A I 118 B 243 78 A B 5 YRR AE
R e R HEEEPELE, B, Fik
ST A SERIT = N8

FE R TASR AE A i PG R 2 B IX 3 AN
BRI, KRR I 15 Y [n] 37 3] T R
ZI R (HE R PM,  IBFFE AR &0,
ol = A Al 2T P, OC Fi EC 15 4RFAE
X L ZE. IR, AR SC A& 2 PM, M F5E X 42
[ S A3 BT 1 A e AN R R SR A =
PM, A HLER (0C) FIICE K (EC) 1975 YLK F
FNG YRR, NI T A R T | KR AR LR
REIX A& 2 A5 4L % OC F1 EC 43 A HR A 4 5% .
TR 45 T A B T4 10 M 1 fire A A YT Bl T A
KA PM,, s PRREL 615 YR i, XA 05 il ik i 25
SRS R S K .

1 #R57TE

L1 FRALRAE

PM, s FE ik A A M L TR X 3 A
FEIRTAT T AL, Horh AR R T IR S
BN T ST VB SR A R TR S TR = S A i K P A PR
s, JEL LRy K 7K T B AR R 3 M. 7 A 3 A A 1

AR IR 1.

REEMFE] S 2011 4R 1 A 5 ~14 H 25w [F 4
KA BN A ESE 24 h RAERE S LKA 70 AMRE
fi. SRARIIEI R R BLRAR WL 2. SRR v
T IR I BURLAY ( TH-150C B4 RILKHT A ],
B, W A 100 Lemin ™', JF FH A7 9% £F 4k g
( Whatman, QFF, @90 mm ) 7E R & T 5 36 J
450°CH5HE 5 h, LUK BR AT REAFTE B H AR, SRAEHT
Jer DM OB R AE IR A PP A5 24 W[l (25 =
C, (52 +1)% ], &KMo T 70 Hr K-F
( Sartorius T-1 14)%%&1@ PMHEE,%TE% 0.01
mg. SRAEST Y8 R A0 11 4% 2 S A DR R iR
TRAF.

L2 BRI

PM, #FfH OC il EC BT ¥ B 43 >R I 9 AX
BN Sunset Lab. A F A= 19 Model-4 2
BESA HUBR/ TC B BRI T AL, AR 23
J e R O 3B BT 1 (thermal optical transmission ,
TOT) , 5 3 [ [ 5 Bl 22 4 fR d AF 52 Ir ( National
Institute of Occupational Safety and Health, NIOSH )
Tk AR R IO 1 R ESHESCER[10 ], EC
FTOC A I BR FAIAK F0. 1 pg-m . {XEF 19 5256 J5

R1 RERANEEHR

Table 1 Specific description of sampling sites
o . 2353 B ORMER
SRR M 3k R o) /(%) m DATVETEL
FEE EE= oS MM 119.76  25.48 10 A FPEE = oSAWIK RS B R oK P B AR S b
o . - AL TR T 22 X, 3l oD B i 5 e B IX 10 A5 7 T 24
= SI 13 L B AT £ 5 5 )
M R 2R PH I 119.32  26.08 2530 30 m S T3 b 2 32 0 K 2 S SR B e
VG AR T 119.38  25.73 2920 L FAEE T, WO AL JE DR RIR A X
FEX RIMTIHRE 118.60  24.90 2530 TR NIRRT, JE R IR X, A EI o R
S . A, N LT AW CARGE SRR T, B0, FAERI7E 5 ~8 2.
AT AR A 118.66  24.73 2525 e PRI T 9 AT T
v e b e [ T AT T TS X RHGEIRIR BT R BE N, 8 Bl /DN X 2k i AN A AR TS
: Al 2 o S P 24 N [PONy §
. HLRX P EBERIRTTAEEMIRIT 118.06  24.61 45 KT B AR 7120 30 m 4168 K St R 26 it
e s 7 F BRI X i sme/NF N, 8 FEEA AR X, DA M2 100 m
BHX Big/h 118.15  24.48 20 ST 2 i B
xR2 EHHPESESH
Table 2 Meteorological parameters during sampling
w4 iR/ R/ % R /m-s=! K] KNGO
FEE 8. 62 71.96 4,98 FEE XL 11 HA/NW
WX 7.87 67.92 1.95 i A 5.6 11 HA/NE
T 8.32 64. 19 2.17 [EE[ALRITEIR 5.6 HEAA /N, 11 HA/NE
FFKX 10.32 —b 1.76 PEAL KU P8 32 . AREXL 6 HEFERN, 11 HA /NS
£ 10. 08 67. 74 2.18 PEAC XU P | PE R 11 #1112 HEW
LR 11.48 64.05 1.67 UL U PSS 3= PR XL 5 H/NIHEFERN, 11 f1 12 HA/NW
B 10. 20 66. 13 2.77 gl 11 HBA%EREm

1) RS A



1990 2D 5%

BEo 34 %

B, RS (He) MRS AL IR BE vh B R 0E 47 A%
JPFHE, (i OC B #4458 K (A — 7 Bl ik )
FRFE S TE AR MA R (He/0,) FALIREE (98%
He +2%0,) FZHMHATTHHE, FHRSFE P EC BiA
oo AR, THE AR H T AR R 4 = A
B 3 AT = A, B He 5% He/0, 83 — 5
R A ALY (MnO, ) BEEE4E A €O, J5 B Tk JETE
(FID) B2 AL AMMa L (NDIR ) A . A
I FEER A — RO, B 660 nm HYZ0)G, FRAE A7 35
L B S GTE OC Bl 25 2 #5591 7F He
Yl He/ 0, I}, i EC B8 L, BOGR Y5
SCHL S BT, 2435 5O Y B R A B )
i, IEZISER: OC A1 EC 5943505, BRI ERH 20 2 ik
WA OC, Z JEH H AR R EC.

2 HFR5ITE

2.1 OC Fl EC Ji e FEHRFAE
2.1.1 PM, . OC il EC -3 i i ik

23 JpAE M BT 3 AT 7 AN 7
JHAZEPM, . OC Ml EC ¥R RYFH9ME. b4,
JEIT4EE | SR E PR N B %422 PM, s 9 3ME
B HAB I 110 pg-m ™, 2054 (114.78 £26.10)
pgem . (113.33 £20.89) wg-m > HI(112.14 +
20.30) pgem~ FAKAE HELAEVE N T S A AR N
S HAE M (79.09 £27.87) wg-m . #ZHR 2012
AR 2 B AL i A B 2 KB BRIEE) (GB 3095-
2012) HLE PM, s 9 do e BRI oA H YIME 75 g em —7 2K
F AR E TR N AT PM,, ¢ 14 5 Tk 2 L
bR, AWFFE RN, 2010 4R T1E LA T PM, WK
FE[(99.92 +5.17) pg-m WK T EHBA[ (117. 08
+10.12) pe-m ], 52 ML, 2011 FLAFLEEX

PM,, ¥R BE(EL IS =5 A X, 53X 5 2011 45 4 55 3 Ik
T H KBS #5047 20 5 TG HUAHE 2
XA TR AE A OC. FRINAR X 2008 45
K75 PM, (HIVEE K 59.81 pg - m 0 MEZ T,
AHIF ST FRAT AR JH 1 X, P, | e B 17 Al 5, i ]
e F T IR IX ML B A2 5500 P s G i DTk, A 4K
P, Ak 2008 4 1 H , fR M X HL 3 40 =
T 80 JTH, E 2011 4F 11 A, WL G4 A ik
116 J1i0, 3K T 45% .

YER T S S B AR N T = S A 22 PM,
i OC Fl EC P-4k B B AR T HASRAE AL, 43 3R
(12.03 £2.87) pg-m > FI(1.65+0.50) pg-m ™.
X5 TR TR b TR R K 2R AR 3 b
ZEI AR/ NG . [FEE, 3 2 mTA, SRR
[ S-S 2 KU A e, 1T 5K 4,98 mes ™! X OC
EC kBR8] — @ R REVE . BB LA R A,
EC 15 e (B RN B AR 43 ) s BRAE B T T4 32 [ (3. 36
+0.41) pg-m ™ ] FAE M [(1.99 +0.50)
pgem RSS2, 0 5 1.2 £5; i OC 1k
JEE S e (AR R (I 53 ) o A SR M R [ (1927 +
1.96) pg-m™] HI % M 4% 3 [ (14.77 = 2.65)
peem ] JETEEAY 1.6 A5 1.2 £

OC Hl EC W PR BE A R B R 5 % > fRiE
R 5 P > AW RN ) 5 4£3€ > BB EN),
X5 RAE SRR B VIR, AR
I T SE 4 A AW B | 37 B AEIE 15 YL RE R
RIS OC 1 EC #R BE 3 SIRH X6 T 48 M AR 7 A0 T
SELBHB A R 5 A R SRAE S T A AR h 2
T, 32 I K52, H OC il EC ¥ BE S A XK T
TR IR A XA E R, R, BE 2 T f kA2
R | SRRE L PR SRt T4 2 S LGS B HE Y
A MENT OC Fl EC ¥ = A 52 m).

£3 @M, ERMRMEE PM, . OCH EC RENFHE

Table 3 Average concentrations of PM, 5, OC and EC in Fuzhou, Xiamen and Quanzhou

i SRR PM, Y&/ pg-m ™3 OC Y/ pug-m 3 EC #J¥/pg-m >
TR 79.09 +27.87 12.03 +2.87 1.65 +0.50
AN B 112. 14 £20.30 18.84 +4. 14 2.98 +0.88
I 79.94 £18.08 14.77 +2.65 1.99 £0.50
) b5y 99.99 +£27.23 15.71 £2.19 2.72 +0.70
3% 114.78 +26. 10 18.67 £1.67 3.36 +0.41
SN F¥ 113.33 £20.89 19.27 +1.96 2.85+0.41
VR 81.42 £20.26 15.31 £2.12 2.42 +0.43

2.1.2 EWAPHALIRTT OC F1 EC (1) 34 f ik i
4 N E NI AT 42 PM, ;b OC ., EC
S SRR EE RN OC/EC {H. 53 4 ML,

B =T 0C, EC V3 5t &t ¥ FE 4k T rf 557K F-
A =R OC, EC ¥R EE B WAk T B A iy Jb Jr
WA, A 5 [31.49 pgem L 11.08 pgem ],
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1991

KH[(41.4 £29.8) pg'm >, (8.0 +2.4)
pwgem ] KJR[(28.9 £14.8) pg'm ", (8.0 =
2.4) pgem ] HIVEZE[(61.9 £33.2) pgem |
(12.3 £5.3) pg-m ] Hdb st K, KJEF
VY 22 A ZR I FLE R BA e B2 OC M EC 1 122
DUHRYR , JF H & B OC My vk BE 8 &5 T EC BV 2.
AR R A 3 o B AT AR AR HE R X
LA TR TTIR R R LRI 449% 70l %
AN 44% EWBOREE & 9% Sl 3% , T
HR 4R B OHE Rt 2 3 S 3 T = MR B OC FTEC 1Y
FETTHRIE. RS I &5 &R TR OC Fi EC
WelE, 4y % 0 (20.3 £4.8) wg-m M (12.7 =
3.1) pg-m 7 BE R T AREE =, X2 R T IRII
i IXCBAT 1) 22 38 HE R KR R A STk,
W R IR B 2 50 T 8O & 09 Tl HE IR 0 BTk, 7

IR 114 6 P 0 s R AR A AR A A8 8 o 2t 5 — Tt
FR. AL T3k i H s B AR N B 2 SR R
AR ERY OC W B T iy, W 2 5 A e Y i
FEr AN | JE TR M A 2 AR 2B T —E R
AR

RN BLTTHUR M (BR T8 50 435 PM,
OC W BESY i T R RFAK 22 | [ 8 - M1, Bl
BREUTRE P O A I AR AR T EC ¥ 32 U 45 3k 26 i i
ARHIE , Ul I = R T A A 51 A RS T e A R
B BT IR R A X EC 32
RV T SN B AN 5E A RBE TP AR il 2 & R
R R EOR OC. H AT, BT S A4 B
AT W2 T2 BC HCER > RN A =K
ST ST TP I R R T I, SRR RO R S i P
PLEC RS RIF A5

x4 ENIEMETEZEPM,F OC, EC EHRERE

Table 4  Average concentrations of OC and EC in PM, 5 during the winter in other cities
44 0C/pug+m 3 EC/pg-m~3 VLIRS SRAEHF ]
Jegzls] 31.49 11.08 /65 (TOR) 2003 4E 1 H
FeeL16] 41.4+29.8 8.0+2.4 PR (TOR) 2006 4 12 A ~2007 4F 1 A
i1 28.9+14.8 4.8£2.2 P/ B S (TOT) 2005 412 A ~2006 42 A
ik 61.9 +33.2 12.3+5.3 BRI (TOR) 2003 4£9 A ~2004 4E2 A
gl 16.1 £8.0 2.3£1.0 /AL (TOT) 2005 4 10 A ~2006 4F7 H
R (19) 20.3+4.8 12.7 +3.1 W E ST (TOT) 2004 £ 11 ~12 A
R 24 (0] 13.4 1.6 MBS (TOT) 2002 4F 8 J] ~2003 4E 11 A
R 13.4x5.4 3.6+2.5 BRI (TOT) 2003 4E 3 H ~2005 4E2 A
A A R 22 6.7 1.7 OB (TOT) 2005 4E1~2 A
A B AR 122 5.4 1.2 o OEE ST (TOT) 2005 4E1~2 A
HhE )2 10.9 +0.8 1.8 +0.1 /ST (TOT) 2009 4E 6  ~2010 4£5 A

1) TOT F1 TOR #Y X I7E T OC, EC B4 E AR, TOT 454 OC e B {H = T TOR s
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Table 5 Levels of secondary organic carbon (SOC) in PM, 5 during the winter at Fuzhou, Xiamen and Quanzhou
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