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Carbon Source Apportionment of PM, ; in Chongqing Based on Local Carbon

Profiles

ZHANG Can'?, ZHOU Zhi-en'? | ZHAI Chong-zhi'>, BAI Zhi-peng’, CHEN Gang-cai'”, JI Ya-qin*, REN Li-
hong’ , FANG Wei-kai'?

(1. Chongging Academy of Environmental Sciences, Chongqing 401147, China; 2. Chongging Key Laboratory of Urban Atmospheric
Environment for Integrated Observation and Pollution Prevention and Control, Chongging 401147, China; 3. State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 4. State
Environmental Protection Key Laboratory of Urban Ambient Air Particulate Matter Pollution Prevention and Control, Nankai University,
Tianjin 300071, China)

Abstract; PM, , was sampled from commercial, industrial and residential areas in Chongqing urban city from 2" May to 10" May 2012
in order to find out characteristics and sources of carbon in PM, . Eight kinds of carbons were analyzed by the TOR method.
Characteristics of carbon pollution in PM, ; from three kinds of functional areas and six kinds of sources, including coal-combustion,
exhausts (vehicle, boat and construction machine ), biomass burning, cooking smoke, were analyzed. Based on carbon source
profiles, local indicating components of carbon sources in PM, s were obtained used the chemical mass balance ( CMB ) model.

Contribution rate of different sources to PM, s carbon were parsed out by factor analysis. The results showed the OC/EC of coal-
combustion, vehicle exhausts, boat exhausts, construction machine exhausts, biomass burning and cooking smoke were 6.3, 3.0,
1.9, 1.4, 12.7 and 31. 3, respectively. High loads of EC2 and EC3 indicated diesel vehicle exhaust emissions, high loads of OC2,
0C3, OC4 and OPC indicated coal-combustion emissions, OCl, OC2, OC3, OC4 and ECI indicated gasoline vehicle exhaust
emissions , OC3 indicated cooking emissions, and OPC indicated biomass burning emissions. OC/PM, 5, EC/PM, ;, secondary organic
carbon (SOC)/0C in the commercial area were 17.4% , 6. 9% and 40. 0% , respectively. OC/PM, 5, EC/PM,  and SOC/OC in the
industrial area were 15.5% , 6. 6% and 37. 4% , respectively. OC/PM, s, EC/PM, ; and SOC/0OC in the residential area were 14. 6%
5.6% and 42. 8% , respectively. In the industrial area, the main sources of carbon in PM, 5 were coal combustion, gasoline vehicle

exhausts and diesel exhaust. In the commercial area, the main sources of carbon were gasoline vehicle exhausts, diesel exhausts and
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cooking. In the residential area, the main sources of carbon were gasoline vehicle exhausts, cooking smoke and diesel exhausts.

Key words ; carbon profiles; carbon source apportionment; PM, 5 ; coefficient divergence; CMB; factor analysis; Chongging

B 2 A URL Y PM,, 5 T B FE B8, [ N
BT S5 A B 3T PR KA e 4 43 o B PM,
JEEHRER 17% ~40% '~ B2 7> B AL A L
W (0C) FICHLER (EC) ,0C Fl EC FR N BB« (TC) ,
OC WEALHE R T35 L U5 B B HEROY — A HLR (POC)
WALFEA WL LE R R A A A 1l —
WA PR (SOC) 3 EC WK H T4k A Bk o E 9 5
MR SE kb, Bis eI Bk . oC, EC il
R RIS FH 52 el KA 24P o, W3 B AR
L RARR WL, ARG RSP s
A BRI B AN, 0C A sy I B w5 4
HIEEME  EC ARCIR MK RE T, fE & L R )
J AR Al B e A e A A {1

IMPROVE #E#£ (O I 5 ( TOR ) 73 7] 43 #r
R IERE i Y 8 APk 4> OC1, 0C2, 0C3
0C4 . EC1, EC2, EC3 #1 OPC, [A it ] 4R 48 A [7] 5
(AR T RRAE | 2 T W 0 P DA VL. AR 90 [ 4 S ik
[11 ~ 131, 0CL1 & a7 48 71 A= ) oL 1A e 1) o3 ik
0C2, 0C3, 0C4, EC1, OPC {1 i far 15 /8 1M 42
FBR,0C2, 0C3, OC4, OPC [ 15 3407 48 78 SRR IR
FL,EC2 ., EC3 W2k A4 7 S 42 B ARl Tl FH 4
TMBREER S, B N 2438 R Z R A AT T S50k
PR SR PR 1 T N AN RS R R
PERCRANR] T RELE IR AR IS L AEE 25 5 (R XTI
Ik 0 F 9T 38 . Ak 2% & F i ( chemical mass
balance , CMB ) 152 75 & 9 FH 7 Rz 4 B Hovbh 48 53 1)
HFMENT b, iR IE (PAHs ) AR A AT 571
{H F T S R 2 FTURE 4 T8 119 ke i e 28 P A o i
UL CMB RS0 X6 500 97 v 9 sk 4 0 147 F AT 1)
fiiA.

AR SCLATE PRAS b PM,,  HERCIR K R AR B ik
o MGG, M PM,, R TR P A Bk 41 7 5 10
3R H CMB 55 38U 345 5 PR 43 A1 12 4 T o Sk
PrIE I R B AL 43, A B R AR DX Tk R
X RAFAEE T PM, B 20 3 FRAE BRI HR IR, LA
RFE PM, 5 . B i 3k T 2R B T A R AE D R 4R I
S

1 #RE5FE

1.1 FESRE
1.1.1 FREERES R

2012-05-02 ~2012-05- 10, 76 5 K F I 1% &
F L AshE YPEEIL 3 AR AL IR B A IX T
AP XFREDIY X, %F PM, (HEA TR R R, SRR B
FERAS A S ks o5, R BT, JC s K smiy,
TP, EZEAIG YR 1 ~2 km Z A3 T i
B, AT LSt 30 T R A BE T i K. SRR
3% [ URG- 3000ABC R AL %%, R AL & M 8.3
U SRFEVEFCN whatman 47 mm A3 JEJEE. R
FER ] 1400 ~ R H 13:00.
1.1.2  EFEA RS

2012 4F XF PM, 19 EZORIE—RRE A A
DHLEERA ., MRS, i THES) . £
JEBRE R | BRI AR AT ToREE. IR A e e
RIRABEIEH 1Y . AR T =0 ARRIBR A5
BRI T bz, R IR BRI A i T 20 R FE AR R
£ M ERAAPE T ETHAAA B iR 9 Ff
HRI[CNG A28 75, (FERL, i Al ) 5590 4=
(PRI ) YA ZE . NG R ZE R BEFE 2], ML
B IR OE R B AT I8, FHBE 42 RAE AR AR N
AR IR PR 78 5% B UL B AT BE 0 Sl BT,
FoILTE 8 RATTE LA T , 5325 2R 20 9 F I 50 647
KFE; Bt THLA R AR BRIZIRAL . TR EE Lt
B, 72 B HUIRA N CE BHARHE SEBR T80 s 17]) iF
TTRFE, REE TS RE RN RET LM FE;
AP Rk A e R B R T B SR AR /K A
FEFFFIRAIRIAS , 76 1 AR AR A 10 T, 7228
W™ T AT RARE R A B A e PR B A R
PERINERFK AR G, b 18 M sy e 30 70 8 < HE
FHEAT HAHERAE  RFF RS 5 R A [ IR A5 A [R].
1.1.3  JEfEAb3E

KBTS FHUEMRAE S 9 4 v 800°C T HE2 h,
FE BRI A B 43 X A3 M (0 RE R A T YR A
[(25+5)°C,RH(50 +5)% ] N1 24 h J5, ffi
MEREE B o 2 — ROV FR R, 7% 22 IR FR i (2 [H]
A1 h) B5RZERKT £20 pe, BOFHE HFRE
H. RAEG PR E LR, A VKFE N (4°C) -1
LL#& 53T
1.2 FESHT

Sy T A 2R Sk 55 [ v W 58 T AF A9 DRI
MODEL2001 #5643 #T 4% ( Thermal/optical carbon
Analzer) , HJFHUEFE TCH B 46 He JREE T, ks v

Lemin~



812 2N 5%

B 35 %

A BLER 3 S 7E 140 | 280 , 480, 580°C F 5%k , 2
TR AL A G €O, 45 B 10 45 58 40 91 % I
OC1, 0C2, 0C3, OC4,SR)5 PR AL M AE 2% EAH)
He ¥85 K, 4351 F 580, 740 F1 840°C 3% A fin#4 ¥
EC Bk, A pl CO, , X EC1, EC2 1 EC3. G
UMY BeA= B CO, FAT & o B A LY €O, , 2
TR U A I T BE (CH ) F5 1 KA B 1k
FEIUAS (FID) a2 m A M. I S0 #4145 1k &40
(R ARAL) P EEE 2 OC #5748 Ry 24 gtk (OPC)
SR OPC A9 AR B, FH 633 nm 50 4 7 HE A
st , DUt T R T 3 A S Ol i (BGE SO R ) /Y
Ak, DARIIRGoR AR 2 B ER i OC A EC 1Y
B R AE IMPROVE J73%,0C = OC1 + OC2 +
0C3 +0C4 +OPC, EC=ECI +EC2 + EC3 - OPC.

FESTART ) 3450 43 A7 B A7 S BB 0. 512 em®
DB FERE i A A e Sk AR AT 0. B H
TSR, B SRR P A TR L SR S AL He/
CH,, FHAES RS =043, 033 2o J5 (62
B <3 WEMEBURZETLE 5% IN) IR R G2, W
R 0OC<1.5 pgeem™?,EC <0.5 wgrem >, TC <2.0
pgeem 2 ALEATRE AT, B AT R 10 S HE
fn , BEAT — U TR, 2 OC, EC FT TC M EE <
10 pg-cm B, RIFIRZE <1 ugrem ™ 24 0C, TC
=10 pg-cm B, RFAHXTIRZE <10% ; 4 EC=10
pg-em 7 FRVFHINHR 2 <20% . B H st i)q—
ANFE A PR T — IR I8N

2 ZR5itie

2.1 PRAYBR S RRIE
62X VR I OC EC HE AN B 2s , &h AH 2

OC S, i85 96.9% £1.4% EC &&=k
3.1% +1.4% 5 RN ED BRI, OC & & -
92.7% +4.8% ,EC &8N 7.3% +4.8% ; Jifi T-HL
MRS A B AP i BC & & fe s, o ol ik #)
41.5% +36.7% F1 34 +21.9% ; HLh4 RS % oC
SHENT5.2% +21.2%, EC &N 24.8% =
21.2% 5 Ui WA ORI ) () EC 3 2Rk 1 A2 TR HE
i, e SRR
¢ B ocimc

1.0

B 1 #%iE$ OC, EC &£

Fig. 1 OC and EC content in carbon sources
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Table 1  Distribution of 8 kinds of carbons in each source
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Fig. 2 Weather conditions during the sampling period
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Table 5 Contrast of OC and EC in this study and those in other cities
A 5[] OC W% /pgem 3 OC/PM, 5/ % EC ¥/ pg-m 3 EC/PM, 5/ % ST
et 2006-03 ~2006-12 25.85 14.6 6. 14 3.5 TOR
2006-08 13.53 7.61 3.75 2.10
Fyl2] 2006-10 20.35 20. 60 6.03 5.88 TOR
2006-12 40. 53 16.71 7.49 3.62
igl3) 2008 4EHZ 7.14 11.5 4.06 6.5 TOR
gl 2010-01 ~2011-01 16.98 14.75 5.81 5.05 TOR
k5! 2011-07 ~2012-02 19. 4 15.3 2.9 2.3 TOR
g g (32 2007-06 ~2008-05 15.7 15.9 10. 4 10.5 TOR
" év'{s 24.6 30.3 7.9 9.7 TOR
KBz 14.0 26. 1 4.7 10. 1
PiZz(33] 2005 #HZ 28.07 17.5 9.83 6.1 TOR
Fee (4) 34 &= 9.6 4.7 TOR
S 5.3 3.2
NS 1995 ~ 1996 5.0 4.4 TOR
WAL 1987 - H fkZ= 6.0 3.8 TOR
AW 2012-05 13.1~17.5 15.2~17.4 5.0~7.0 5.9~6.9 TOR
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Table 6  Rotated factor loading matrix

EHT TalkIX Rl X JEAEIX
1 2 1 2 1 2 3

0cCl1 0.938 -0.034 0.954 0. 094 0. 827 0.356 -0.286
02 0.930 -0.285 0.943 0.197 0. 844 0.148 -0. 166
0C3 0. 840 -0.354 0.582 0.779 0. 630 0. 631 -0.169
0c4 0. 886 —0.404 0.911 0. 361 0.973 0. 154 0. 146
EC1D 0. 944 -0.244 0.901 0. 160 0.789 0.185 -0.432
EC2 -0.670 0.434 -0. 841 0. 101 -0.777 0.517 -0.045
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