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Abstract; Daily PM, 5 samples were collected from 2009 to 2010 during a typical month of each season at an urban site of Chengdu. The mass
concentration and chemical compositions ( including carbonaceous species, water-soluble inorganic ions and elements) of PM, 5 were determined. The
results showed that the average PM, 5 mass concentration was (165.1+85.1) pg-m~*, which was 4.7 times the annual PM, 5 National Ambient Air
Quality Standard of China. The average concentrations of OC, EC and total secondary inorganic ions (SO~ , NO; and NH, ) were (22.6 +10.2)
pgem 3, (9.0£5.4) pgrm > and (62.8 +44.3) pg-m 3, accounting for 13.7% , 5.5% and 38.0% of PM, 5 mass concentration, respectively.
Higher levels of PM, 5 mass concentration and their major chemical compositions were found in autumn and winter compared to those found in spring and
summer. Positive Matrix Factorization ( PMF) model was performed to identify the sources of PM, 5 at urban Chengdu. Four sources significantly

contributing to the observed PM, 5 were: soil dust and fugitive dust, biomass burning, vehicle emissions and secondary nitrate/sulfate, with the
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contributions of 14.3% , 28.0% , 24.0% and 31.3% to PM, 5 mass concentration, respectively. These four sources exhibited distinct seasonal patterns ;

the relative contribution of biomass burning to total PM, 5 was relatively high for all seasons; the relative contribution of soil dust and fugitive dust

increased significantly during spring; vehicle emissions contributed significantly during summer; and the highest relative contribution to PM, 5 during

autumn and winter was secondary nitrate/sulfate factor.

Keywords: Chengdu; PM, s; carbonaceous aerosol; water-soluble inorganic ions; source apportionment

1 3|5 (Introduction)

KA PR (PM, 5, 25 K 8h I i HAR /I
F2.5 pm BYHCRLY) XF AR E (Samet et al. |
2000) , iE LI (Watson, 2002; %3845, 2012) L J%
A4S K ( Ramanathan et al. , 2001) ¥ HAG H 25
e, 4T S AOR A ) ft B AR RSB, H R 7E
SERIEEN IR T — 5] PM,  SUIHF 7T DL T fif
SRR FRAE (Malm et al. , 2004 ; Viana et al. |
2008 ) , 33 X I B DAt IR 490 118 52 e B il 52 FH R 1)
Pl s AR . RETELEFETA
FEIY PM, RIUAFSY (B0 2 2L rh AE U B K =
FAFIER = fAHIX (He et al. , 2001; Ye et al. , 2003 ;
Lai et al. , 2007; Wang et al. , 2008; J& 4 %5,
2013) , MiE N 1 24 H 25 R 75 YL JE ™ 1R (1 1Y )1
Zh b H) A L 3E (Cao et al. , 2007; Zhao et al. ,
2010). R TGRS 05 Yoot i Hh XN A4 e e At
ST R R ) BT ) 38 D) i M X R
PM, | (1975 YLHFAE B SR JR Mo

GRS T U )1 2 b 1 9 S 2 TR ] 7Y R b X A
KA Z—, A E #1000 J7. 3R IX 2R 786 w43
5ol Ay e S L JoK R IS ke Ly Jbk , bR Ll A 3 P I 8
P R/ INJRUBIR i 7532 1 IX UK 4 e 8 o A Ak T
B K (Tao et al. , 2013a; Tao et al. , 2013b).
ARFFTE L 2009 4F 4 H 3 2010 4F 1 H 425 gL Al

H A BT 3 DX s ORI 2 56 | SRER T PM, R
R4y (S A PR (OC) MICE K (EC) ) KT
PUE FRIOC R 5 —F B, #R1 T PM,
F B 5 20 T Y AR AR R, I R I 22 AR
R4 R F o A X PML, A TR VR ARATT , DASUI A 24 1
ORI E AH R PM,, 15 e g il BUR R A0 R} 2 %

2 HFEFE(Methods)

2.1 HEXE

SRR B TE P R R AT = RO
FIT B IR T, BE B M TR 29 15 m, JA B2 4R v )
fEIX,5 km $i [ PN TG Tl T3 GL i J2 55 M8 i ik
DRI 2k 5. WF9E T 2009 2 2010 45 4[] A
BUEW B A 5.0 L-min " FY/NR & OR Y R A 28
(Airmetrics Corp. , USA) HEREET 121 41 PM, AEf
(WLFR 1) F10 s FIAES. SRR H (X H B
10:00 YK H (1% 10.00) [FEHEH 47 mm (147 538
FESRIRR 80 IR SRR . 25 R ft D A 2R 2
24 h AFFHLIBATRYNE L T AR, A g AR RAE FiTE
i 800 C il kke 3 h DAL BRvT BEAAR TS 4. HFaR
T A E SRR G T R T A (IR 20 ~23 °C L 4
SRR 35% ~45% )47 24 h )5, K E N 1 ug
Y HL K ( Sartorius, Gottingen, Germany ) #E47FK
T DIE PM, 1Y BT REVR BE. A A S 34 T A VR Uk
FE( =18 °C) P IRFF RIS HT.

F1 HREABREEERSKSHERL

Table 1 ~ Summary of sampling information and meteorological conditions during study period

Fh SRR # '}Eﬁfi e p r’?_’fl) R e L
E=3 2009-4-29—2009-5-17 29 49 0.7+0.4 67.9% +11.2% 20.0+1.9 9.8+3.2
B 2009-7-6—2009-8-6 31 216 0.6+0.3 79.2% +7.1% 25.4+1.7 10.1 1.6
Tk 2009-10-26—2009-11-26 31 11 0.5+0.5 75.8% +7.0% 12.3 +4.8 7.5+£3.1
4 2010-1-1—2010-1-31 30 0 0.5+0.3 76.1% +9.5% 7.4£1.5 6.8+3.3

2.2 EREMFAN

>R 1 5 [ 75 3 A9F 5 By 9F il ) DRI Model 2001
POEERAHTAL ( Atmoslytic Inc. , USA) A1 L JEAE i
HERZH 7 AT E . ARG SE[E IMPROVE -6 R gt
#13 ( Thermal-Optical Reflectance) X OC 1 EC #17

K143 ¥ 0C = X H 0C1 + 0C2 + 0C3 + 0C4 + OP,
EC %E M EC1 + EC2 + EC3 — OP. %77 ¥k = E it
J P K A A0 R T 275 SCHR ( Cao et al. , 2007).
S 174 A S IR M A 10 mL £ B F oK
(>18.2 MQ) BAAE] h J5RH 0.45 wm 15T
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UE AR LI B E 2T, AR5 (0 v R A e L BR PR SR 5
PPV IS 52 560 %8 A9 Dionex- 600 7 85 €0 353 X 7k
VPR BH S 7 R T I s | B G3 BT J k i] 275 U
(Zhang et al. , 2011).

it o R 2 B b R B S5 AR 90 i A0 e S
Fhe | O E A X 28065 {Y (XRF, Epsilons,
Netherlands ) X483 le B A0 IS BIF & OO0 % 3547
T, B 5 Ar 2 R T 2 0L SR (Xu et al.
2012).
2.3 JRMATZ AR

IEASHE R PR -3 (PMF) H A (5] B 5 75 L U
JER L FNIR TTER 0 AL, HLJC R F 48 56 B i I o v
A (Reff et al. , 2007). 2 &3 E A0 P TH AL
GG NG DL K 32 Z2 T T G2 e (9 BRAR At
FERHTT PMF J7 iR AT AR PM, | (K
K oTmk. PMF ACRUTE i A PM, o S AR 27 o0 1 ik
JEE L P RN i 2 RE R . 25 A2 0 v ) g 22
SEATREFINZS A B B 4 i 22 ~F- J7 F1EG 7 7 AR BT SR
1. AP ERRAE tZ W R - YA AU, [
i 22 B MBI 4 A5 LARRARZ A0 45 0 52 k)
(Polissar et al. , 2001 ). HIHBLAKE H 55 (K
TEARRE S 20% ) B KIS PE RS 7 (4 Ca®" [ Na™ |

Mg FF ) e, [ B AN 1 oo sl A 1 55
PTG R WHHERR , R Ao 15 R4 b (W3R 2)
A TIZ L 1A ,2009 4F 4 24 H & 26
H B4 BT 52 210" 5 0 10 20 S 252 ot g 51 I
(Tao et al. , 2013a).

3 R 5378 (Results and discussion)

3.1 PM, s Z= 5 AR fLAFAE

2009—2010 4F BRI X KA PM, -2 i ik
JERIE 165, 1 pg-m ™, 2 KRB 25 K bR ifE
(GB3095—2012) 4E ¥ PM, ( FRAH (35 wg-m ™) Y
4.7 f5. AR PM,, v B 25 AR AL ARAE I f | RPRK 4
ZRESTHEEEKE,p<0.05). TkA&ZEPM,
Fri e A E R TR R IR 55, i
JEBAR, i/ INRR AU, T G P LAY 8L, [R] s Bk
K ZERETNRC AT 5 Y i BRI A I
TR . 3 A A5 Bk A< 2 Ry B #R b IX B 3 R <
(415 2B (88 1 AT JEIRK A& T 21 25 R UL 4 )
H7.5 km f16.8 km). FEHRE TP, KA HLE
sRFL AR B N B S e A — T
BRVE ], AT 75 PM, | i B Ak T8I /K .

F*2 HEPM, REFENERSTHIREKTE

Table 2 PM, 5 and its major chemical compositions for all seasons at Chengdu pgem 3

215y JEREN BE ES & A7

PM, 165.1+85. 1 133.2£55.5 113.5£39.3 188.0 £106.9 225.5£73.2
oc 22.6+10.2 20.7 £6.0 14.9£3.8 23.3+9.7 31.5+11.6
EC 9.0+5.4 5.7+1.8 7.1+2.8 11.6 +8.0 11.6 £3.6
S0z~ 32.8+21.9 15.5 6.0 27.8 £12. 1 36.5+25.2 50.6 £20.6
NO; 19.7 £14.6 9.7+6.2 12.1+5.5 25.5+17.6 31.2+12.8
NH; 10.4 +8.7 4.6+4.6 4.7+4.2 13.7 +8.6 18.27.3
cl- 5.0+3.1 2.7+1.7 3.8+1.4 6.2+3.3 7.1+3.4
K* 3.4:1.9 3.0=1.8 2.2+0.8 4.1£2.0 4.3:1.9
Al 1.05 £2.13 2.41 £4.05 0.37 £0.20 0.69 0. 31 0.82 £0.45
Si 1.09 £2.19 2.28 £4.26 0.38 £0.21 0.78 £0.32 1.01+0.34
Ti 0.13 =0. 14 0.19 £0.26 0.06 =0.02 0.11 £0.06 0.14 £0.05
Mn 0.14 £0.08 0.11+0.09 0.10 £0.05 0.14 £0.07 0.20 0. 10
Fe 1.68 +1.79 2.39+3.21 0.79 +0.35 1.37 £0.65 2.23£1.00
Zn 0.82 +0.47 0.45 +0.24 0.69 £0.27 0.95 £0.46 1.19 +0.51
Pb 0.32+0.19 0.19 £0.08 0.23 =0.08 0.37 £0.08 0.49 0.2l
Cu 0.05 +0.03 0.03 £0.01 0.04 £0.02 0.07 £0.03 0.08 +0.04

3.2 PM, E EALF A 410 FF R LEAE
PM, ;1" OC Fl EC S I BI{E 43 51 0 (22. 6 +
10.2) pg-m >H(9.0+5.4) wg-m >, 23055 PM, |

WL 13.7% F15.5% , 7] WLERZH 432 PM, (A9 B 2L
ZHAL. EC RIETBRRE i iR BE r= A 1) PR o ik o e
B FORERY, 78 KRB P AT e, i
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ERBOAE N SRR — R B NIE S
(Turpin and Huntzicker, 1995). OC W 7] i i+ I
TR MU, B T A48 75 Y U8 B 2 HE R — K
A B (POC) 3B AL 7 fi A 8 R SR IR HE L #5 &
PEA DL 2 KA E AR ) — A BLIk (SOC)
(Pandis et al. , 1992). HIL,0C 5 EC [A] i AHH &
RIS AR TR. & 1 A AR X AN
[AZ=95 OC 5 EC ZEMCHKR. hE 1 A, iaxrh
OC Fl EC Z AR B ELR PG R, 0125 Ul B ik
SN EELZ R IR A2 H. OC/EC HAE 1 mT 4
BRI W S A SRR, 40 Watson 5 (2001 ) B 4R E
BLBH 2215 R A= ) o R e Rl 1) R4 T OC/EC
FCfE 45 1.1 19,0, R EFES 0C/EC H1E
(3.8) MU FHEZ (¢ ki ,p <0.05) , H
0C 5 EC MIMILE X RZBHEE NI (R =0.32),
FEEH AR B VR 1) FF 6T BT R T BB AR T B R 1 2
AF. KT BB FH TR 2R A W) B RR R T itk SV IS A R
DUIREE R 1 T R BT S 350 (B4R 5%, 2011).

60
v v
50 v .,
w A
‘= 40k v ., -
5 v /v P
0 vy, e A
g 30 v g a g7 %8
EN B ,%&’ a V.- -
z L2
. ¢~ 0O
s 20 Hi&/fa 0% 0 y=1.83x+104, R2=0.32, p<0.005
3 éﬁf@go % v 5 y=1.12x+6.92, R>=0.69, p<0.005
0| 4RB,Y o Bk : y=1.13x+10.1, R*=0.88, p<0.005
° A% y=279x-0.77, R*=0.73, p<0.005
0 1 L L 1 1 L J
0 5 10 15 20 25 30 35
r EC in PM, 5/(ugC-cm™)
6 -

0 1 1 I
k % Bk

F=

E1 HESEH PM, H OC 5 EC WNALERILE
Fig. 1  The fit relationship between OC and EC in PM, 5 and OC/

EC ratio for each season at Chengdu

BARE X PM,,  HK P — R F (SO, \NO;
FIUNH, ) BB E R (62.8 £44.3) png-m >, 5
PM, M Y 38. 0% , AT DLK P IR B F 2
PM, (%) A R . Bk X 4Bk 4 p SO
NO; FERZHAY) SO, F1 NO, 78 KA AL H1E
FHF A= B R AN RS R T 1. NH,™ U3 % g
&S RIS R TS Y Wi R 5 R
J% 42 i ( Seinfeld and Pandis, 2006 ). P /KEYE —
BT F B RIS WAL, k2 )
HLKEEPE R TR R E [ (87.7
pgem ) IEEFHEREZE(37.5 pgom ), R T
AZERE NN FIZSME, A BT SO, NO, KA
AL R DT A R T B Rk R R R 1 2B AL it
A Rl B 45 R TR R A R B AR
NIRRT EaNDIE Tk A S AW e i)

3.3 RAI X PM, iy kIR AR AT

T E T (IR Bt 3 IR B AT T £
UGB e T, A E S AR TR A
PR AR SMEF FRARAR Y PM, i e 8 R Ak 27 1
B 5 SE A Y R 7€ 0. 78 % 0.97 [a], Hiv
PM, A A S SEME A R4 0. 97,884 1. 02.
5 AT VR E L A STk A I 2 3 BT, ml ] e
&N Y VY N O]k K

G D4 ek
IR @ WIHIREL/ BRI AN QI X PM, 5 Y
. LSESRERE =2 2N S 7EN

TR

E2 PMF J7i%mTH iR E
Fig.2  Source profiles derived from PMF
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SR TR RS N 14. 3% 28.0% 24.0% 31.3%
2.4%.

951 AT 6 ALLSI LT Fl Fe 28107570
R TTRER, £F A B KA R IR IS RRAE.
&l 3 AT HNZ IR AE A 2R 0] DTk Ry 28. 8% , b & 5
FHEFN(L10% ). HAESHLAL P )I| 210, B PE ¢
T e S, AU A DR LR 28 0 1 KA Ry SRR B B (H
B2 KA B2 52 XUy Je e g 1475 T A%
MR, N 2009 4E 4 H 24 H % 26 H ] EE KRS
PM, 32247 VAR ™ E M0 ( Tao et al. , 2013;
Wang et al. , 2013). 4 1E PMF B0 B HRRR X
AR vy = P R ) AL S A 2 A TR A A M DAY
Bk - M T B A B4 4O, HL AR B0k 22 T R UL
RAAE S5 W AE A SR 18 & Sh s i
DI 2B IE ARG A KA, DT A5 22 R U0k
Y32 3 1 5eb K L s A

W r ARy ET2 EETS
- CIET4EEETS

% 30%
X
.-lr’—y
ljﬁg 20% Q
’ N
\
N
10% 8
\
. N7 N
F-= e [ & 27 Bk

Fig.3 Estimated average source contributions to PM, 5 mass

concentration based on PMF for each season

552 AT X KR OC B STk oK,
[l C1 A BTk AR e . 98 SCRk IR, B9
JF Rk e ok AR R i BURL ) R R & OC KT EC M
Cl~ %2204} (Engling et al. , 2009) , [ i 41 iokz 4
K38 B N Ry 02 AR W iR R 1Y R B 9 ( Duan
et al. , 2004). P, AT AHIWHZ I F 0 A W ke
JR. X PM, B BTk R AE A BT R AR R
K AE B TR F 0k 28. 0% |, Ui B AR W T IR B2 TR
BRI X KA PM,, I E AU, 76 4 [ A4 ) ook be
TS GRS SR 5T v, VU1 48 16 2 ) R e 1
Bl ( LMIRELRS T S SR is RASFHRbe 3 ) TR
) PM, i Jm 4 B AL (BN A, 2011). X UL

AH AL ) 0 MR 8 S BT T 2 DU )1 A8 0 TR B S R TS

55 3 AT X EC Zn Cu 1 Pb 5540 43
(AT BIRREE K. BRRHENL S 425 2R 1 R iR IR b T
AR K ) EC (Huang et al. , 2006). Zn Fl
Cu AT SR H A6 M R 25 R R o ol (22 R 4%
2006). HBAREUMF H 2000 4 HH 425 (700 Ph 7E
ST BT B R0 AT A = Y Ph, 5
AR BB 45t o A8 R 23 77 A Ph UKL ( Lough et al.
2005). B, B 54T G AL 42 U5 A HEBURFAE.
VRARHTEE T R 15 G PM,, 1435 Bk
HH24.0% 7 E Z2 0 DTk e, 15 38.9% .
AT e T = 25 0 B A B AU T 4
2R AR, EL BB ] 11 A 0 ST AR e A T X R X
AR IR, DT 2 8 1 3R X ML 30 ZE W HE B A Bk

55 4 Fp R F o P X NHY SO FNO; Ay
AR A, H L AT R B R 7 T8 T Uk i R SR A
TURBRIRES. AR BT I X B SR Ak A R
BHABE (I BL B 4= B 55 ) F A= W) SRR e i 2 7 AE
(A ST Y3 23 Ak 2 SO T R B ki .
TRARMT4E R R TXF PM, FERK A 2 1 BTk R
(PMER40.2% ) R mTHERE(21.7%). X£
BT AT Bk 2% 2 iy L T2 e R I R /D A R ARUAR A
TN R RS Y I B, 3 10 05 8 Bk Bk A 2
i PM, R BEZKF- A B2 R 2R

555 AP 7 X% Mo Fe (C1™ Zn i1 Pb %5
oy DTERBEK R AT RSk [ Tl T W TR
T2 (HIZ R 5T PM,, 5 B9 53 lkOR AR, 45 F 0
2.4%.

4 518 (Conclusions)

1) JCHR I X KA PM, 5 F 1 5T i ok BE R A
165. 1 pgem 3 = T B 5 I 5% 25 30 i A o B
{H. PM, S 32 B Ak 2 il A3 v B 7K 7 S 30 Hh Rk 4
B THEE RN A, R R IE S5 KRR FK
(AR e A e

2) HRIR X KR PM, P OC 55 EC &5 4B 5
L R G OC R, R T i R I 32 Sk e
R E L. 0 OC/EC HIEREEHAAV B LR,
FAF T2 W TR b 0 A X BTk T R B .
Ab K KB T BT E R 62.8 pgem 7, 5
PM, B RY 38. 0% ,J& PM, , AY £ B4 043

3) 5T PMF B 77k, AR X PM, ;1K T
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FTHER 5000 A . 3 K32 (14. 3% ) A=W Jodk
$2(28.0% ) HLEIAPR(24.0% ) \ —IRTEIREL/ B R
H(31.3% ) MHE (2.4%). #iZ=TAtkms, &
Y BRBE R TTHR AR AE DA 247 A AE R 7 B i K5
T3 R R W DT RIS R LSRR
M TTRRRAE B b R BLSE M T A IR A6/ Bt IR
AR TTHRORAERK A T N o 3

SEEEEEN: WR(1979—), B M+ BHTR. EEH
HRFEEKRATHES KAE, BLFKL X4 £ 4.
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