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Abstract Atmospheric particulate matter (PM) pollution is serious in Baoding, an industrial city in North China.
Carbonaceous aerosols are key components of particles of various sizes. Total carbonaceous aerosols (TCA) account for
(49£20)%, (45£19)%, and (19£7)% of PM1.1, PM2.1, and PM2.1-9.0, respectively. The spectral distribution and the
amount of enrichment in particulate matter concentration show seasonal variations. During autumn and winter, organic
carbon (OC) concentrations in fine particulate matter were 44.0+38.3 and 78.5+30.2 ug m™ and elemental carbon (EC)
concentrations in fine particulate matter were 3.5+ 1.6 and 8.54+6.8 ug m >, respectively. The geometric mean diameter
(GMD) of OC and EC in the whole size range was found to be centered in fine particles. The GMD of the coarse mode
(=2.1 um) was found to be larger in spring and summer and smaller in autumn and winter. However, the GMD of the
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coarse mode for EC showed the opposite tendency. The average OC/EC ratios in particles with a diameter less than 0.4

um were 5.2 in spring, 3.5 in summer, 4.1 in autumn, and 5.4 in winter, respectively. The main origin of the particles

below 0.4 pm was local vehicular exhaust, while the carbonaceous particles in other size modes mainly came from

combustion of coal and burning of biomass.

Keywords Baoding, Atmospheric particulate matter, Elemental carbon (EC), Organic carbon (OC), Size distribution
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TR KRR Y (Particulate matter,
PMD) [ Bl sr 2, AR T ATy 380 4 R
Y (PM2.5) Jii# (¥ 50% (Cao et al., 2007). i
SR B MU Corganic carbon, OC) F1JG
# % (elemental carbon, EC). #¥A 1 OC Fl EC [
W, "faENAEEEE (Rosenman, 1984; Sexton
etal,2004), FHEEEISE FF%, k%5 (Singh et
al., 2008; Houetal., 2011; Zhou etal., 2012), & H]
T8 I 52 i 3k — ORI AR SN i s e S i

(Spracklen et al., 2009).

H#T OC Fl EC ff1& ik FEER M —okik, 5%
[E b T (Desert Research Institute, DRI) 47~
HOCB MUY BEHEAT OC 1 EC HI &£ i1, 55
P BE 0 B LR o % I8 0 W 4% ( Interagency
Monitoring of Protected Visual Environments ,
IMPROVE ) Al it &= K [H 5 22 7 95 4 il M

(National Air Pollution Surveillance, NAPS) X}
AR T 2RI 9 2 #R N F T DRI ) Model-
2001 34T OC A1 EC MR EN e . A — k28
B oA E W) oy mAE 4l He A1 He/Os YRS N #k
I A0l CHy, I I & AR 25 (Flame
Tonization Detector, FID) Ak, M#vh#is OC 2
fift, PITR TR IE . X TR EOLIEIE, X
Iy N (TOR) ALESHE (TOT). Wi
W] T TOR J59%, f1 IMPROVE Ml ) OC A1 EC
WP e, IIEARFCRH T TOR £ 1E 7%,

HT 25 RN, TRIE A, FF
Sl DK A P e OB 38 Tl kg 4 Bk s A<
J 1) T2 BRI (Cao et al., 2006), {45 X — Tk
I T AE R b T — R — T Ak e 5 B b ) A
HB4, X Ab R — R — b &k el 1) & J il 45
BAER . 2011 AEAAREARE T AL EVESEEL 2449.9
{07, AR RERIAN 1394.7 Ji T, FEAH T
M58 B IE NAE 1129.5 12,75, 444 50 56 e
BB 215.6 447G, A TI7 3T FEAlt vt 5 il % 68.7
{¢.7C (http://www.bdtj.gov.cn[2012-05-23]). 44 H

{7 GDP fig#E 1.086 WitrifErE/ )y oc, SR Tk, &
M 3 AR A HE B PR 2 28 5% R 43 1) [ I g £
SE TG eI YR . H TR 5 iy G B LL iR
ATHI R X IR A Bk — MR =8 (Fu et al., 2008;
Huang and Yu, 2008; Gao etal.,2009) P KX4k, 1t
S REE— A C RO X R = R iz —, Hs
TG HOR OO P, AR IMAEX — X3, B
W A h TAL MR . Wl Zhang et al.
(2013) #iE Tkt gn kit OC A1 EC [1yPUZE
(R FE K, B 4% (2011) 204 T ALt g4
WIIF] OC F1 EC [kif20 4. Guetal. (2010) fi&
TR PR AT PM10 Hh OC A1 EC FIR KT
BRI, 0 ORE T K AR () AR TR 2> . 5527
45 (2009) $#23 T PMI0 75 5%, Z2E4¥ 2045 (2013)
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98 A6 5T — R b i X ORI BE 1 e DA %
DX sl B 877 B2 it 110 o) s i 1t — s 1 s 2 i
2 WMTE
2.1 SMFHZLIE

PR HE b s i P R 7 2 150 km (38.87°N,
115.52°E), #4k 20~70 m, Sibni. K pss
=M, NHRZ, @5 RIE, SR BT
N T = P R W P QN S = vl B A S = = 2
RAE s AT AR ANV R F VAL X TAE R 5 T, KA
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150 m IR AU AT SR G e, PRI v e
PRE Il X PR R AR

KRFEAL S Ay fii i U PR FE A (Andersen, 3
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), RiAR 76 485 <0.4 pm. 0.4~0.7 pm. 0.7~
I.1 ym, 1.1~2.1 ym, 2.1~3.3 pm, 3.3~4.7 um.
4.7~5.8 um, 5.8~9.0 um FI>9.0 pm, FFEHL5H
A (Gast, FE[E) &R, MRS BIE LT 4EnE i
ET L 450 °C Kie 4 h, LAVSBR AT BEMA ML
W, AENEONERERAR oV 24 h GREE 25 °C,
ME 50%) . RAFEFTSE AARHER S TH X RFE ST
VRS E UL R B A& 4 28.3 Lmin |, %
FEGE R RE M ARAE T 4 °C TP HT, Bl b AT WL
IR AR . SRR 2009 4E 9 H % 2011 4E 8
Ho Dift 2 4, S RERAE—IR, BRX 24 h (NEH—
K EA10:00 JF4h, H B 10:00 4550, MR
AKHE, FEREEREN 47 4o RAE )[R E SRR
MR KGRI ) 55 % A5 s - B E A0
3. 6. 9 AR, AZFf 12 ARRER 2 A,
22 REHROW

WL TR AR IR RS G 25 °C, 18
[ 50%) AbFE 24 h J5 R0 — W RFERR
. OC Il EC W ELMl i % H DRI F & ftil ) DRI
Model 2001A #OGHE BT 1% 7735 1) F 2R
P fETCEAMZE He 859, 73 514E 140 °C (OC1).
280 °C (0OC2). 480°C (OC3) F1 580 °C (OC4)
FRELEE T, % 0.50 em® [RINERE F 3 EAT Ik, KB4k
R A B G COp; ARG FREAE RN E S 2%
O, MZ/AEE R, T 580 °C ik, FEah e
e (EC1. EC2 F1 EC3) B N4 il i) i ) 22 {8
R FIR AN R R S R A )
2 MnO, AL CO,, THZE Ni B #6410
CHy, I KA TALEIES (FID) A3 CHy W
B OC 5 EC KA. FEREmAGE RS, oAl
WenT R ARSI G T R, R ECA MR R G5
WG G Xy o Bk, AENRERES, KA 633 nm
(A2 — FC e ) i 40K 1 S S e e ik, R b o
(AR A B 7 H T 3 B AR AL IR 4R X 43 OC il
EC. BRSEITTFURALE R CHy ARy AKX
BHEATROE, JEEC 10% I FE W4T R 0 #r. B
WIS YENE R A, Mk (total carbon, TC). OC
Al EC A EED N 6%~54% 6% ~45%Fl
8%~67% (FEHLLA, 2013).

3 ARSHR

3.1 OC. EC KFEFKX PM By sa#k
T AR R FE A ¥ 1,04 2,54 10.0 pm [111]

EPRite, BBl 11, 2.1, 9.0 pm, B 1.1 pm
CLF 0k 5 SO AR, 2.1 pm DL R R4 52
SR, RIARAE 2.1~9.0 um Z [A]RTR ) 2
A RRLT

B 1A SREEIA R AR T 4Dk T FHLRL 7 o
ff) OC F11 EC JFi )% . PMI1.1, PM2.1 il PM2.1-9.0
IEBIE S Wl (94.6+76.4), (143.3+£117.8) F
(129.3+81.8) pg m > (R LAELALGUAGES
HARUE WHO IT 2 4055084 4 25 pg m > F1 PM10
50 wg m ), DM R A i KRR i1 A 4Rk
VYT, [RIPRDRL T R AR L PRI A S
BF U WK FH 23 2R AR 18— 20 A A 5 R 28 kL 42
(19 B0 0 2 LR LA I A ()6 B 5 o o OC 3
PL 1.6 #:AL H Y (organic matter, OM) (Turpin
and Lim, 2001), 7328406 ¥ 4807 FAR T
1 BURSB IR (total carbonaceous aerosols, TCA)
S B (49420) %, (454+19) %A1 (19£7) %,
BRI AL ¥ AR s e, HEB Ak
R GRLF HP 5 143 1) B v T REDRL 1 1 R A
N S 32 S /2 s By 2 21 b A AP IEZLTD VAR s R S S
£,

= 1AM E 5 OC Fl EC ik FEXTLL 45 5L
T OC Ml BC T2 LTk )2 ik
b, Bk AR 7R OC A1 EC il R RE
T AP, KBRS AR A et B 11 5 i) B
Ko AN T AL X (R 40 R K s, A2
BRI 2 0, IR R E A2 T 50
T4k T FE4IRL T~ OC F EC [R7K . g M
J 1L 38 J L AR G 5 — R ) T T, R R
FELLE M OC F EC K HAEEE L. R
X k2 i) EC ACEEL R IR, 1 OC KT
JEIL (FREH L4, 2013), WifgedR. 2. KL
gk OC WEE4r ik (1474+£3.9) .
(13.345.2),(29.84+12.2) f1(53.2+18.9) ugm >,
ML B BKRAZEB AR OC ¥ % 53
J (11.9£24), (11.5426). (14.7£55) Fi
QL1£7.7) pgm . fRERH. B, AT R
ki 7 EC W50 (2240.9), (2.3+£1.4),
(2.8+1.4) fI (5.843.5) pgm >, MFLFHE. H.
FRIAZ AR 7 b BC WRIE4rh (3.5£1.2),
(41+12), (6.7+32) Ml (854+3.7) pgm >, X
ATRE R T AN TR BBV RE LIS, Hare
FIRAE B LT AR 1) Tl by, 1R — e
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W T, Tk g U R Wy Nk, 1R
G KPRRHUBEE TV, AU FE E LU R
A MR LA TR 3, R e L
A=W FRBEFEIY OC 78 TC L H 4K (Zhang et
al., 2008). [KItAEY) AR FE T R S 80T IR
OC . AMpzENAR T4 aa 6 e dukut
TR

3.2 PM KH OC #1 EC BRI 9%

K2 Jy PM. EC Fl OC Jii ik & k4243 A Al
TR 4 AT PM TR EE R B RUEAR A%
I AREAE o T AR T R A A HEOR B
RO AR, R R E AR HEBOCE S A YR, DY
7% PM EMDRL 7 R WEAE 5 U IR AE 4.7~5.8 pm 2
[B) RY KL B, FE AR (IR tHIRAE 0.4~1.1 pm
2z, Hrhf, EEEE I 04~0.7 pm 2
f], B AR 0.7~1.1 pm. #FZ= TSP
IR L A, BNk TR R I, A%
R 1R 0T 2 3] e AL PR (] SRR 1 1 o A
bote. KRN, A2 TSP i
W, XFEE AR KRR S
BN BRI IR B T Ry o A28 R FE oML 4
Ty EZHATR T 1.8 F1 2.1 £, Al WA=
RIS RSG5 G I T A I BH sk, ELX) 40001 1)
semi LR 1K

EC h—i5 4y, T 487875 Yl 2 4k 1)
L. BC T2k B S RHBARE, . 1k
AR AN TR R AZ B i EC () Fg
K. OC HZFE AR, FORIEHE IR L, B

Fz1 RESEWL OC 1 EC REREM L

ACI L AN TV EE N RSN, I SE R AI A
WEE HARVE (Gelencsér et al., 2007; Stone et al.,
2008). SN 4 DT ORI AR 4.7~5.8 pm Z [A]
PRk BC B Lk B L L e ARk, AT
3%~8% ], {HIEAE HILAEX — kit B . #kZ= EC
TEUG H I H S (s, T fE B i T A b b )R AR
s FEFES Bk R B BRI R RS xS EC
HAT—% 1Mk (Rogge et al., 1993; Duan et al., 2004;
Zheng et al., 2005; Song et al., 2007), M 2 a] I,
AP TRBE RGN R 2T T <04 um FRA)
o EC 3G 72 RAGAEARTV5 Je iy sk
BESE I SLFEAE R, &= RiitZ a1 EC it
W RRR, e THE 3AAFETN, F =,
AM%Z=<0.4 um LUN BRI EC Bk 23 i)
A (1.1£0.5), (1.340.7), (1.740.8) Fl (2.8+1.5)
pg m >, g TR RHEEER EC WA T B M
T 0.4 um LUF, R ZER FIAZE R ok B 3 301
PRI LA A IR pe g ngd 0.4 pm LU (#)
BRI W] I I0 . AT DAHERTOR € M DX S k4 43
() — VU LI W () 2 R AR, . B
2 BN A W TR B e, DR AR R R A A
/AN, T B R A AR R ot f) 3 0 i A, A4S 4
K7 ERLAR B S W 25 T

OC BERT B — i L0 4, XTI RS
R R LIS SR AL R . B B A
FKZE OC ARG A7, VA 53 il A7 T 400
T 0.4~0.7 pm AL T 4.7~5.8 pm. 4= OC
(RJUEEARL 73 AT A 2= AR AR AIE S 5 EC AHAL . 25 OC

Table 1 Comparison of OC and EC mass concentration between Baoding and Tangshan, Hebei Province

i Bk I B el LiRIEE OC/pgm™ EC/ugm™ SCHR
e PMI1.1 2009-09 % 2011-08 T 12 147+£39 22409 V'S
2009-09 42 2011-08 eSS 12 13.3£52 23+14
2009-09 42 2011-08 E= 11 29.8+24.1 28+14
2009-09 % 2011-08 A7 12 53.2+18.9 58+35
PM2.1 2009-09 % 2011-08 T 12 19.2£5.0 27+1.1
2009-09 % 2011-08 eSS 12 17.1£6.5 28+1.7
2009-09 4 2011-08 iE= 11 44.01+38.3 3.5+16
2009-09 4 2011-08 A7 12 78.5+30.2 8.1+6.8
JE PMI1.1 2009-08 42 2011-08 T 12 11.9+2.4 35+12 LEODE, 2013
2009-08 42 2011-08 eSS 14 11.5£2.6 41+12
2009-08 42 2011-08 E= 12 147£55 6.7+£32
2009-08 42 2011-08 A7 12 21.1£7.1 8.5+3.7
PM2.1 2009-08 42 2011-08 T 12 154+2.7 4.6+1.6
2009-08 42 2011-08 eSS 14 14.6£3.1 51£13
2009-08 42 2011-08 E= 12 19.2+7.1 8.8+4.4
2009-08 42 2011-08 A7 12 282+9.5 11.4+49
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FEAIRL - RURLRL 7~ 1 P9 23 ik (19.245.0)
A (10.1£2.2) g m°, HZ OC L4k TRk
TIPSR EE 9 K (17.14£6.5) F1 (8.9+4.3)
ug m”, KT OC ZE4kL T RUHLRL 7 (1) P-4 94 i
SRk (3334£19.0) Fl (10.7+4.6) pg m°, &7
OC 1 4l ki 1 F1 KL RL 7 H 10 1 ¥ 3 5 40 5
(70.1425.4) Fl (21.6+5.9) pgm . XL HEE
HA LR H X AT L5 G0 e . AT I R W ARE
i DX A5 ML) B [ 21 40 1E AR e d 2 R A LR
SKEO & A R EHTIARE (B35S, 2013),
PR] I TT DAHE T A5 58 M X OC V75 % it 8 S50 0 A0 A R
BHREE . K A Z=giRi 7 ) OC REZEH BT,
HA 4R 7 OC 7 0.4~0.7 um Kbk Ik
FIE M 3.0 1%, 475 04~0.7 um, 0.7~1.1 pm,
1.1~2.1 pm LR EE 73 ik 212 21 3.6, 4.1 Al
5.6 . EXERMMEATFERIKMAR 152D PY
T LA B RK 4 2 SR B Ik 3 3850100 A 0 o R A8 O 1 T
LR 2 R &R B OC IRKIE T &
3.3 OC/EC By GMD Tk,

Wk AR R L E RS —, G
7R &2 R A OC AT EC 45 AEIAR L, 235
VLT ORISR 0 R A Uk ) DL % A R A% B )L
{44 B 4% (Geometric mean diameter, GMD, 3
2). HT OC Ml EC F B 7 Ariganmkidyt, Kl
AN OC Ml EC 7EFT A R B GMD #4548
HLEIRL . TR OC 2k AtEY)
A R AR BRI, B2 EH Y
R R EE A P A R SRR ) OC 1) GMD
HREEFEm, KWL, ARG MR
Yirh EC ) GMD W& m, HRERK, HZE
ERERA, MK . kiyH oC 1)
GMD (& k E B A BRI, KEITH
WK, KZkB . XAAE T 52 5 1)
P=E AV YN i el 1 RS SN RN PR S
H T RE BGOSR 7= A2 [P MLk (secondary organic
carbon, SOC) FZHLLEEA MR b, Hilk %
K nT 50 SOC /R b (Strader et al., 1999), [Hl
AR ) OC (1) GMD 7E4ZEik Bl . &7
KB b R DA U R 22 AR Aok 1 IR I R
Bk PR AR 4R EC [ GMD 7E 4 ZEiA % i
w, HABRARANk T EC [f) GMD ik, <t T EC
- Pl Ik @ P i NS B S T A N R a5
G 2 TR (R AR B A P 2 5o

£2 FEZETEC F OC B JLIAEHER
Table 2 Geometric mean diameters (GMD) of EC and OC

during different seasons pm
JUT P AR

£t il AS itk SRR A

oc #HF 0.600.04 6.78+1.59 1.6340.33
FES 0.62+0.06 6.53+1.03 1.59+0.33
K 0.69+0.16 6.36+1.39 1.33+0.18
K= 0.70+0.07 5.9340.50 1.29+0.14

EC #% 0.49+0.06 6.43+1.23 1.2440.63
CES 0.4240.10 525+1.66 0.7940.39
Es 0.45+0.16 7.2244.09 0.81+0.29
A 0.50+0.15 7.30+2.80 1.1940.30

34 FBRAEZFHRF OC/EC HBEMESHT

PRI A, o A WOk s T
I3 N — KA WL R G Ak 27 S N3 A0 R ) — A L
Y. OC 5 EC BIAHIA: v LU KA OC/EC KU
[R5 (R RH R MK, FoRPiE i — Sk s
1. EFRE R, OC/EC M S 3 4 v .
DAL B, K A4 OC/EC [AHK
ZH4 0 0.89 F11 0.93 (Zhang et al., 2013). ] 3
AR EAN R BRI OC/EC AT AT as 3 .
H& 3 "4, <0.4 pm RARRRLY) T OC 5 EC (#)
R BRI (RP=0.84), FWIAETE<0.4 um (140
i 7R OC 5 EC (RS —8. HAa LAk
MR OC/EC [(IAHICHEAIRTR 22, W ANAEEL
KL RAR B OC 5 EC [(SRISAELE— 8 2 52,
H— WS A BOR TTRR .
3.5 OC/EC LL{E4HE

EC MEifase, PHsE BRI b i
—UCKIR, HLL OC/EC HIELAE R AT ki)
(1 VORI, AHERT 2, R WH VR
£ (Chow et al., 1996). & 4 fi7~ AN [FZ5 85 H0
MR OC/EC ~F34MH. 7T LA H AT KA 1)
BRI OC/EC FIELA A KT 2, RIHRIMEAEA
T Z R RRY) HPAFAE SOC, A A1 bt
ARk OC/EC L 1 2~5 2 [F] (Zhang et
al., 2013). AR HREEH OC/EC 2y 10.8, BB
7.6 (Zhang et al., 2012), SEWAIVN 1.0~4.2
(Schauer et al., 1999), ¥R K 16.8~40.0
(Schauer et al., 2002). K 4 (JUIEH, MEE
<0.4 pum FIERYH OC/EC DYZE[FME R FasE
S 520 3.5. 4.1 Fl 5.4, FWX R H kL
YRR kR, HaX S ATyl Seah iR
PRI ), B ILR IR A S BRI . X 5 1R
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Fig. 1 Mass concentrations of particulate matter (PM), organic carbon (OC), and element carbon (EC) in Baoding from 2009 to 2011
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Fig. 3 Correlationships between EC and OC concentration in particles with different sizes in Baoding
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