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IMPROVE-#OE T (TOR) , A HT R &L HF B9 BLER (OC) FITZE B (EC) B BE K R4 A FRAE. A 5T 32 1
SRR PM, H OC F1 EC (19 F- 319 B 7K P43 114 23.3£11.0 pg-m 7 1 7.7+3.2 pg-m™ ,PM, ;71,0C
FEC AMREE /> B 18.1+9.6 wg-m > Fi1 6.62.9 wg-m ™. 5 P HABSE A Eb , B 5 T AR BORR 209k FEAL T
BARIK I (05 4 3k [ SR A3 T A L R B RS AR 8 SN S P9 P il PML, 5 5 B9 OC il EC Y H 28 b 3L 5 151
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Concentrations and distribution characteristics of organic carbon and
element carbon in ambient particulate matter (PM , and PM, ;)
during autumn in Nanjing

YUAN Siyu"" SHEN Guofeng ZHAO Qiuyue

( Department of Atmospheric Sciences, Jiangsu Provincial Academy of Environmental Sciences, Nanjing, 210029, China)

Abstract; The 24 h PM,; and PM,, samples were collected during Nov. 2011 in Nanjing. Organic
carbon (OC) and elemental carbon (EC) in atmospheric particles were simultaneously measured
during sampling periods. The OC and EC were analyzed by thermal/optical reflectance ( TOR)
following the Interagency Monitoring of Protected Visual Environments (IMPROVE) protocol. The
average concentrations of OC and EC in PM, were 23.3+11.0 wg-m™ and 7.7+3.2 pg-m™
respectively. The average concentrations of OC and EC in PM, were 18.1£9.6 pg+m™ and 6.6+
2.9 pg-m™ respectively. The level of PM,, and PM,, was much higher than the cities of the
developed countries. OC and EC concentrations were lower than other chinese cities, but much
higher than those in the developed countries. The particle size distribution of OC and EC indicated
that the OC and EC were mainly enriched in the fine particles (PM,;). The results from the eight
fractions of carbonaceous carbon (0C1,0C2,0C3,0C4,0PC,EC1,EC2 and EC3) suggested that
the influences of diesel combustion and emission ( EC2 and EC3) were negligible, while the

emission of coal combustion, biomass combustion, road dust contributed to OC, and gasoline
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combustion from EC1 dominated the source of carbonaceous carbon in the city.

Keywords : particulate matter, organic carbon, element carbon, concentration, distribution characteristics.
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(PM,) FANBURL ) (PM, 5 ) 975 G ] UK B2 B RHIFAILAL  BURFAR T T AN AR DT R4 v ik 2 o
BT E , % LA HLEK ( Organic carbon, OC) ., JC Z Wk ( Elemental carbon, EC) Fl#k iR £k ( Carbonate
carbon, CC) MIERAFAE EC H AR 58 &R P8 2 7= A, 1 OC BEA ¥4 Yo U5 1 42 HE 1 — KA DLk
(Primary organic carbon, POC) , t AJ DL i KAk 2% I 7 i85 78 — IR A2 B ( Secondary organic carbon,
SOC) 2 UKL 2L 53 7T LA A WS IS R BH TG, R AR OR AR DL T B, A AL T ARG
A IR0, TG FR W23 WO Az TE I 4 S iR, ook DXl iy Sl AR 16 A 3 Bl 2 10 52 A AL F G
RIS A ZFA T 159, 10 22 2005 e (0 WS T sl W e 28 4 25 | DT A0 30 2 o 0 e 8 T T 9 8 Ak i
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AFAEET At by DX JRAT A5, 5C T IAUIURE ) rh ke 2H 43 A 5 30 P A /b T o T 32 IX Sl A Bl i A A T
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1 STk

1.1 FEAAREE

SR oS, 2 T A TSR DX XU PG 7, YT 90 48 SRS 2 0 9 B KRR 002 (S b i BE 2 21 m) . R 26 R 4
PM,  Fll PM, B 50 REERT ] . 2011 4F 11 A 9 H—11 A 28 H B R ELE 24 h REE KRR 1 AR
DURHT 4 3838 (FfE 16.7 Lemin™" ) KPR REESUR 4 £ H it 2 B0R PR B Y (L 100 Lomin ™).
AR YOI B 0] S5 25 R L8 1.7 o T M A 0 ey 2 RS X, Bk A B DUARAERC 32, 7 R DLAR A
AR KA 3 B RGE AR K, KIRHBOR 2.

R1 REHAIRRA

Table 1 Meterological conditions during sampling period

H PNl TR PN BRI Wil SR AR S R
11.10 EAN 7 C—17 C L 3—4 63.6%
11.11 I 9C—I18 C FRVNT 3 % 53.9%
11.12 EZS 9°C—I11C MXVNT 3 K 68.5%
11.13 ESN 11C—18 C ALK 3—4 % 62.3%
11.14 I 11 C—20 C HI3—4 9 63.5%
11.15 fiF 13 C—20 C REX 4—5 94 72.2%
11.16 fifg 14 C—21 C REX 4—5 94 84.8%
11.17 % 15 C—21 C KRKUNT 3 94 85.7%
11.18 Y] 12 C—21 °C LR 3—4 98.2%
11.19 Y] 7 °C—I15C LR 4—s5 9 78.2%
11.20 It 5°C—15C R 4—5 2 49.3%
11.21 IS 7 C—15C TR 4—5 94 63.2%
11.22 EAN 7 C—15C R 3—4 % 79.0%
11.23 i 3C—13<C B 4—5 9% 57.1%
11.24 i 5C—14 C KK 3—4 % 60.5%
11.25 EAN 10 C—17 C KR 3—4 % 70.5%
11.27 ESSN 13 C—21 C KK 3—4 % 73.4%

11.28 EAN 13 °C—22 C ZRALR 3—4 9 85.7%
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1.2 FEah AL B AR A

KAEDENE :47 mm A SEFNREFE DR T 4 T8 1E KA, 90 mm A7 315 I 7 4EDE ] T rh i
SRFEALDEIETIAL B A S IR SR T AR LA A S IR B TR DL 450 “C ke 4 h. I BR T 40K SR I IR 21 4E
TENEALLT  TOAKERR 60 “CHERE 4 h HEBEZE AR K BRI, 55 98 A4 4 i 3] T i v B T4 2 i 7
KAV 2 V- 48 ho A i BOFR G « FREE FIT S 10 SR R F- 28 BIREE 3 FR I S SR IR R oy WL, R AT
AET et 24 h 5, KPR IO E RN W2, | W1-W21<0.02 mg, £4 SR BN e = m LA . A
SR LT T 0P SR A T AL P B R A RS U AL FA A VA AT
1.3 FEa AT

BURLIRE Al b OC (EC 1975 1 i1 2 E VB A 1 DRI Model 2001 #4065k 43 #14X ( Thermal/ Optical
Carbon Analyzer, Atmoslytic Inc., Calabasas, CA, USA), # #li IMPROVE ( Interagency Monitoring of
Protected Visual Environment Thermo Optical Reflection) PR E BY TOR Bl .

TOR ¥& M E 2 M #E 08 - B i 7R G4 40 He SR5EH, 20900 4E 120 °C (0C1) (250 C (0C2) 450 C
(0C3) F1 550 °C (0C4) , XFTHIAN 0.495 om® HYUEME T HEATANEN Reug 58 1 i) OR: SRR EG AL CO, s8R
FRIEFERAE T 2% 0,1 He 355, 43 3 26 FHE, KK R 550 °C (EC1) ,700 °C (EC2) 800 C (EC3), It
PRE S EC BB R, AU €O, . RS NIRRT 7= 19 CO,, 28 MnO, fiEfL, FE 38 JFURBE T
S¥eAk oy CH, 85 JOHE B ARl & (FID) I AR B b I A b 320 A Lt & AR i A BT i
MRk BRI LR A R EHGE R ER OC i IER] EC RIS X7 MR 633 nm (95170
DR LA S 0 381 8 4 A2 PR AR b 0 OGO 022 Ak, AT BB 6 75 Y EC 8B BYAR IR . 25 S8 U AR R
J& SRR R AL R R AR, I LIRS ERG I, i A S80S B IS SR [0 21 5 46 K S LS Bl s 4 e
YIFRZ N 245k (OPC) o).

2 R 55He

2.1 OC.EC MU EKF-

F 2 FIER 3 W R TR AT 2011 4F 11 H RS PM, 1 PM H OC EC Y BT vk 2P 341, I
G T AN AR T R AR T Y OC EC 7245 B LI P9 i B HE AT FL . j T PM,, T OC F1I
EC M BEA> 3 M 11.6—55.8 pg+-m > Fl 2.8—14.3 pg-m™>, HFEEHE M2 23.3 pg-m Fl
7.7 pge-m AFE 2 FE[FEH, BT PM,,h OC Fl EC A{EMAR FAL st A M ik T o642, 5 RN
et 3 T HARTA T RN BT /R B L X P KA Tspra M X FISE ER&AZWL.OC/EC H M 3.2 5
VY2215 R AZ LIS X AH AL

R2 HAUT PMH OC EC 3 i ik 5 AR LA (pgem™)
Table 2 Comparison of OC, EC and OC/EC in PM, of Nanjing with other cities (pg-m™)

4 SRAERT ] oDk oc EC 0C/EC
SHEE:E 2011.11.10—2011.11.28 TOR 23.3+11.0 7.7%3.2 3.220.89
s 2002. 11 TOR 25.6 10.5 2.4
Hh K e 2008.10.01—2008.10.25 TOR 20.2 6.5 2.8
o [ g 22 [0 2003.11 TOR 67.5 + 25.7 19.8 + 8.2 3.6
HhE o 10) 2004. 08.02—2004.09.10 TOR 34.8 + 8.4 12.7 + 3.0 2.7
HAS G 1999.11 TOR 6.10 2.02 3.0
ol K B g X 012 2001.02.21—2004.07.03 TOT 8.97 + 5.22 1.89 + 1.43 4.7
[ Melpitz' ') 1997.11 TOR 5.2 7.8 0.7
AT Areaol ¥ 1993—1996 TOT 2.5 0.7 3.6
BAH] Ispral 9] 2002.07.01—2003.07.01 TOT 7.7926.80 1.83+1.32 4.3
WAZHL 1-710010) 2011.3—2011.4 TOT 7.3+2.0 2.2+ 0.4 3.3

* TOR #OCRH:, TOT #OGiE k.
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F T PM, s OC L EC 1 F- 1B 5050 18.1 pg-m ™ 1 6.6 pg-m™.PM, 1 OC {HIEK T L
AN B SR TR PE 4 EC AR T b ACHEE i (IR FPE A M, B 8 & 7 _Bi.0C il EC 1Y
{E B = 156 B Kosan fB[E Erfurt 38 E 41 29 M AZ LK. OC/EC {5 5 ) MR 35 B 4 29 4230, B 2 1K
T LRy 5.3 £ 2.0 (£ 3).38 2 FI5R 3 AOZE R RWT, B 50 T AH Lo ) oy LAk Tl 1 5 e A S TR BE K P48
A, AE b v ) ) ) R X2 v R B KRS 22 3k ) R 30K T T 5 i v 15 10 AR ™ B

R 3 HAPM,H OC EC P Bk 5 AT HUEL (pgem™)
Table 3 Comparison of OC, EC and OC/EC in PM, of Nanjing with other cities (pg-m™)

4 KA 8] WARiIWIReS oc EC 0C/EC
SHEEEE 2011.11.10—2011.11.28 TOR 18.1+9.6 6.6+2.9 2.8+0.88
e ] 2006.10.24—2006.11.12 TOR 29.6 =15.6 8.1+ 4.6 3.6
o [ K8 2008.10.01—2008.10.25 TOR 33.2 7.4 3.7
P e 2003.11 TOR 52.4 £ 27.1 12.1 = 5.1 4.3
gl 2005.9—2005.11 TOT 21.8 + 14.2 3.9+ 1.3 5.3+ 2.0
HE ] 2004.11.29—2005.01.06 TOR 23.9 + 11.9 9.2 5.7 2.7
e [ e A (20 1998.11—1999.04 TOR 10.4 4.0 2.6
#E Kosan! ] 1996—1997 TOR 3.3 0.3 11
P8 Erfurt2!] 1997—2001 TOR 1.1 1.5 0.73
26 [E A2 South Bronx! ) 2006.11—2008. 11 TOT 2.5 1.0 2.5
EEKAZIL1-71001) 2011.3—2011.4 TOT 6.2 1.9 3.3

2.2 OC.EC 1y HZE LR

NI P PM, o F1 PM, s H1 OC F1 EC 19 H 22 A HUHE5 ORI A AR, B34, DLIRT 1.PM e
FIEARE S0 BAE 11 A 28 HAT11 A 20 H, 4354 308.2 pg-m ™ H176.7 pg-m™ . Hrfr OC Hl EC 1
EEAHIAE 11 A 27 B, 450 55.8 pg-m A 14.3 pg-m™, SAREA L EE 11 A 19 B, 450K
11.6 pg-m 2.8 pg-m>.PM,,H OC/EC My RMEHBIAE 11 H 13 H oy 5.1, f/MEHEAE 11 H 17 H
H1.8(F 1a).

T Or® mmoc caEC - PM, 750 T Or O mmmoc £ EC - PMy; 7250
g 4300 @50k ~
20 o 2 - 1200
= i =R - y
B 40 250 & Baor &
¥ % 1200 = oy S ] 1150 =
8 30 B3 300 \ == J b,
¢ Q150 ¥ S \ o -t H100 *¥
Q = o) Y " b Y N .~ 0
S 20 2‘ 20 N [ AN SN EN
& 410 2 & o \ 2
£ 10 £ 10 188
= 50 =
Ay Ay

B 1 Eutili PM(a)'5 PM, (b) 1 EC.OC H K
Fig.1 Diurnal variations of OC, EC in PM,,(a) and PM,(b) during November

PM, F5 i B R AR AR A 0 R BRAE 11 0 28 HA 11 J 20 H, 435109 205.7 pg-m > F149.2 pg-m™,
Hrroc fEC Ml mEH 37 11 A 27 H, 45008 49.1 pg-m> H1 13.1 peg-m™, e f(EHIAE 11 A
20 H 535059 9.9 pg-m>H13.0 pg-m* (Kl 1b) .PM, H OC/EC B AMEHINAE 11 A 13 H R 5.0, &/
HHEE 11 H 17 HA 1.6,

AW, IEE R A R 5 A OB Tk B S B A JC G R, S ORI b B A K U B
ARG T K fof 75 T Y 1 A 2 W MO/ T e K, L — 2 P 8 R S BT ( AR A 3 e Sk A PR
DAL, O R e ) R 0 A T B R AR IR XL i S i B2 P W ¥ e s R R H A 2 8
PR 3 5 X R A R A i e A s R, T B ] 7 B XU 8 XU X6 5 Y 4 ) 3 ke
TR FE 38 B 75 e 0T b J2 3 R B T v P R P, TS e M B I O BEE 11 A 12 H 13 |
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17 H .18 H .27 HFI 28 H, &\ L H LI, XILRAL ARS8/ (3—4 %), 11 H 12 H |
17 IR A ZE/ANF 3 9. 5540, 11 A 17 H 18 H .27 HA1 28 H 4 KA XHBE&R S, 11 A 17 H |
18 H A28 H AYAHRHE 2 5 T 85%. 1 B8 [ ZHAH] T BOkL 75 YL 199 1.
2.3 SRAAERHE

AWFFIE T PM, ) OC EC 57E PM,, ' OC \EC Y LU{H , K LA UKL (PM, ) T iy OC Fl EC i
FLBRL (PM,) 5 OC F EC A ELIE 20581 T 75%F1 80% , e WAEURIY H i OC \EC %2 & e 40k 1
XA B DR A e 0 26 AT IR A ORI T PM 1 BT R =, BT AR R AR P, 7 LA, TR
HNPURL(PM,, ) 5 EAR R BT A5 Y 4R OC R ERIE T A LRGBS  EC R IFAI X & 2%, 5K
V5T AR BE R AR ) TR A8 5 45 P A 52 Ak b AR T 9 485 SR B /R 3 T LRV T 77 26 1) S B R I B 2
BEAE PM, 40K, 53 4h, Chen %5 SRS 45 H BRI IR (TSP ) Hh 43 BI4T 75.19% 1 70.3% 1) EC
1 OC EH FhifE<l pm BRI H ,84.9% 1 EC 1 81.9% 1) OC FEH T-hift< 2.5 wm R H | &
T 93%1 OC Fil EC P ERIAR<10 um FORA) SR FE 25 AR T OC FI EC FEAFAE T 4kL
T,
2.4 BRI BERIEHI L R

A% IMPROVE PR B TOR I8 7577, 8 B2l 438 H KA R i YL I b ic 4 , 31 a1 22 54 43 B
D55 (PMF) e 65 G U8 A BTk >0 . g o Bk 2 KA UL B i o 8 S o0 4 W 45 SR AE 6 4 R 4l
L PM, B R TR BUE T 4 S AT PM, O 4 SRR B T 3 A R - o P 1
T 1 R e (78> 0.7 BIME) 45342 0C1 A1 0C2.0C1 A5 Fb v, Al REZ B 1 78 st v Wt i 3 )
T ) 00 M DA R AT AR G ) R U B AR B T T DR At A= 9 ol o 5 ) SR AR R 24 (R e S
13 M DX H R AR AN s DX AT A e ) PR R A R & 2E. OC2 1 OC3 1] BE 2 B T BRJE VR X e S0 JE 1)
TR P e ) R e B T R 2 KUk T, Bk L A 2 U A R AR i BRIy HE R R S,
TR BT T AR Al J& 22 BT DL TR BRI 0C2 . 0C3 A BB BRIy sTlk. Rt BRI 1 7T
REFE /R T BRI A 4 R B TR A R B A e i Bk 7 2 W BC2 M EC3 4L /i i, X nT g S
AN T SRS T R A HERL. P 3 T OC4 A 43 (E e 378 = T HL A 28 3, 2 58 3 7 00300 300 [, O30 o5 ) el
TR T HUiE T 4522, T LA OC4 AR W REFE 7 T T8 I it T 47 2 X KA BE BU5E . [ F 4+ ECI-
OPC MR = T H AL 43 X 7R TN 4 B STER. PM, S AR X 243 3 o L P B 2% 7 1 v
0C1,0C2.,0C3 Fl EC1-OPC HY i #B M A , 1 W HR I8 T VM A H ik A= W B e A Tl RIS TR &
PRI AT REPERS A, 3K 3 FUR T = A AR AL 53 B 22 b & 4R 1E PM, T MELLIX 43 388 5 PM,, P A BREL 43 AN
AR, T 2 s a4y B EC2, K1 3 i 0C4 AUMEIE i T Al 4H 43, X T BTG /R T 2R Aok I

R4 HATTEKTE PM, A PM, KRS 07 A4l
Table 4 Analytical results of Positive matris factorization (PMF) on PM,, and PM,

- PM,, PM, 5
28 1 2 3 4 1 2 3
0C1 0.769 0.310 0.352 0.399 0.885 0.438 -0.109
0C2 0.762 0.362 0.315 0.409 0.817 0.562 -0.094
0C3 0.686 0.455 0.128 0.511 0.768 0.596 0.121
0C4 -0.111 -0.034 0.985 0.032 0.053 -0.141 0.982
OPC 0.365 0.391 0.779 0.250 0.665 0.671 -0.297
EC1-OPC 0.366 0.171 0.029 0.907 0.947 0.046 0.179
EC2 0.184 0.850 0.281 0.372 0.202 0.937 -0.135
EC3 0.530 0.831 0.044 0.019 0.665 0.631 -0.343
. A
i LR sl o ¥l “ﬁ;@;ﬁ;’i; sl 4
Tk

REH
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R BT JLAF K & Jr SRt Uit 14, 3k IX A 22 Al 6t 1, v R g i 331 H A B Z2 40 s Ml = 30 H Al
TENE T, Bk T35 H 5 2000 A4, i B 2011 4E 10 A 6y LUK 5T 0 iiA 7 7 /5407 AR AR K%
A A 3t TR A A ORI 9 [ %) SO0 5 ) LSt W T 0 3 TR R AR T b ) T, 5 A, LI a1 T £ )
NIER A Z AR FTE, B bR RS W R) 0 i R B DA SS @ U (ST AR R ) A A TR A
AT T 7 1) 325 YR .

A SCHRBFSEEE H OCT EZR AT AR Bk B0 .0C2 Fil 0C3 7] g 15 I8 T A FHL3h 42 103R
EHEE T ECL 458 TR E RS TTEE, EC2  EC3 M 2% T 88 E RS orak*2.003 ,0C4
T TR R A STk B TR PM B PM, REAL P 8 B4 A E M ULIE 2, R AR
AR 0C1,0C2.0C3,0C4 ., 0PC EC1 EC2 I EC3, ] & M 5 5 Bk 2= 0K # h 0C2,0C3
0C4 EC1 #1 OPC %{ OC1 &+, L = T EC2 1 EC3.31E B B 5t T Bk Z= 4L 3h 45 Yt R be HE i 75 e 1R ™
T, TR B B T 2 T Y M B AR R e i Y HE R LA R T T A, S 405 Y HE ik
/b

100%~ . —_

EC3
EC2
7. ECI-OPC
OPC
& 0C4
0C3
0oC2
» OC1

80% -

||||II|I|||IIIN
MR
AN\

60% -

40% |- l S
20% % gl

oL & ®

PM,, PM, 5

SEHME
i
L

» 0 ® ¢ Il N

B2 RAUTiEkSE PM, 1 PM, R 8 AL
Fig.2 The eight carbon fractions of PM,; and PM, 5 in Nanjing

3 45

T R ORI S8 1) ke =8 e 5 % 5 1 P Al T R B Ak T AR K 1B 5 2 58 R 2R 3k i A e e ™
H.PM , Fl PM, "1 OC Fl EC 19 H A AL HUEE 5 Ok i AR 0L, B #H . OC A1 EC 2040 F 4k +
PM, s, H EC [ OC B0 ) 76 40 BURLA) b 1) A ARYE 8 Bl 2 A i O, B st i Bk R i i i AR
Wi Tl BRI T B Rt T 475202 OC A9 EZRIE, ECT EEACE T IR B R IR , Hirf 0C2.,0C3 .
0C4 EC1 VUK OPC & im, kT EC2 M EC3, X B 5l Ak B KA RS B BTk K. OCT & i g
%, AR T A W B b ot o o T B AV I STk /N ST BR P £C2 A EC3 B F2 BRI, {H X Bl o Tl B
S BTk dee /> UEBH B 5t T A ZEAIL Bl ZE P R e HE TS YL AR ™ B, T R B R T i Y
B, ) TR TS Y HE A AR T AR, S 4TS YR b

Z X X W
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