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Pollution Level and Source Apportionment of Atmospheric Particles PM, . in

Southwest Suburb of Chengdu in Spring

LIN Yu',YE Zhi-xiang'*>* , YANG Huai-jin'* ,ZHANG Ju'?,YIN Wei-wen', LI Xiao-fen'
(1. College of Resources and Environment, Chengdu University of Information Technology, Chengdu 610225, China; 2. Air
Environmental Modeling and Pollution Controlling Key Laboratory of Sichuan Higher Education Institutes, Chengdu 610225, China)

Abstract; In order to understand the characteristics of PM, ¢ pollution in the atmosphere of Chengdu southwest suburb, PM, ¢ particles
in Chengdu southwest suburb were collected and analyzed from March 1 to March 31*, 2015. The results showed that the daily
average concentration of PM, 5 in the southwest suburb of Chengdu reached 121. 21 pg+m~, and the average daily concentration of 24
samples in 31 PM, ; samples was over 75 pug-m~*, the daily excessive rate was 77% , indicating the PM, ; pollution in the study area
was serious in March. When studying the relationship between atmospheric and meteorological factors, it was found that there was a
significant index correlation between PM, ; concentration and atmospheric visibility, and it had a positive correlation with temperature
and humidity, but the correlation was not obvious. NH," (16.24% ), SO.™ (12.58% ) and NO; (9.91% ) were dominant in PM, ;.
The ratio of NO; /SO; "~ was 0. 77, which indicated that the pollution of stationary sources in the southwest suburb was more severe than
that of mobile sources. Organic carbon ( OC)/elemental carbon ( EC) ratios were higher than 2, which indicated the existence of
second organic carbon (SOC). Using OC/EC ratio method to estimate the concentration of SOC, it was found that the average
* . and the contribution rate of OC was 20. 6% ,

which showed that the main source of OC in the southwest suburb of Chengdu was primary discharge. The correlation analysis of OC

concentration of SOC in the southwest suburb of Chengdu in March was 3.49 pg-m~

and EC showed that the correlation coefficient reached 0. 95, indicating that the OC and EC sources were similar and relatively stable,
and there was a great impact of local source emissions on Chengdu southwest suburb in spring, and primary discharge played a
dominant role, while the contribution of SOC to OC was relatively small, which was consistent with the SOC characteristics obtained by
estimation. Using principal component analysis method to analyze the sources of PM, ; in the southwest of Chengdu, it was found that
the main pollution sources of PM, 5 in southwest suburb of Chengdu were coal burning and biomass burning, secondary nitrate/sulfate
soil and dust, vehicle emissions, electronic production source, and mechanical processing source.

Key words: Chengdu; PM,.; organic carbon; elemental carbon; water-soluble inorganic ions; inorganic elements; source

apportionment
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1.1 FEACRE
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To. BETHFE S M 12 m A2 Aq, SROFE A5 BERE T b g
1.5m Pl b, F2015 43 A 1~31 HAFH KS-306
RUBRL Y R AL (B E R 2.3 m*-h ") ST HE

iR SRR AR H (245 H 10:00 ~ X H 09:30) i
FH 47 mm 7 BEECRAE PM, RESL, HERAE T 31 A4
PM, s B i, SRAE BIDRE AT 55 BT 5 3f b F 800°C T
IBe 3 h LLLRBRANLY. A ST R AR S TE R
fEIBAR (20 £1)°C, (50 £5) % V47 24 h 5, FH+
Ti 53 Z H 1 K ( Mettler Toledo ) 47 FR 2 LU &
PM, 51 MR B, T A3 R b B AR VR AR (- 4°C)
T RAE SR BT
1.2 SEPEREIRMIRI

SRAEHARIFIH VEP B UL EE A AT R AR s KA
AE UL BE B[] 25 00, 38 R DL KRR B R TEOM
1405 F RIS I0R: ) 14 S8 W L FR A
1.3 FESMARER S A
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PRI A ik — DAY

W PM, A ST
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= u e
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E =
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F e
s 100 - \/. .
|
80 |-
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Fig. 1 PM, s mass concentration and atmospheric visibility

2.2 PM, sHoKiEHICHLE T EEKF
SRR B K 7 M 7 B (TWST) B ik |
A K 17.55 ~74.5 weg-m >, H R E K
(46.63 +18.08) pg-m ™, 5 &L PM, , i & ¥ Y
38. 47% , LI /K I HE B % PM, s B 2 B 47,
5 HABIE T B Z KA T 9T 45 A A IR T
B (RTF60% ) , = T8 (30.1% ). Hp
KBTI R B /IMKR IR SO;™ [(15.25 +
5.96) ] wg-m ™’ (12.58% , /5 PM,, i & > %0) >

NO; [(12.02 +6.32) ] wg'm > (9.91% ) > NH,
[(10.12 £4.77) Jpug-m > (8.35% ) >Cl [ (3.29 +
1.70) T wg'm > (2.71% ) > Ca’* [ (2.51 +1.40)
pgem > (2.07%) > K" [(1.96 + 0.74) ug-m™>
(1.62% ) >Na* [ (0.79 £0.42) Jpg-m > (0.65% )
>Mg™* [(0.349 £0.11) J g m > (0.29% ) > F~
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TIREF SO;T . NO; . NH, 7 PM, 1 i £ 5 b
7, 5 PM, ;BT 43400 30. 84% .
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SO;” MINO, FEUERZILRIAY) SO, MNO, 75K
SEEAFIWE R T A RO BR AN R, NH, DU 3 9A N
SRS RAIE U KI5 Y0 R s A R 2 v A=
B A TS SO, SERERER A NO, SHERERZ [AlfY

AR il H FH SOR[ sulfur oxidation ratio, BAYEALR,
WLZAZL (1) F1(3) ] F1 NOR [ nitrogen oxidation ratio , 2
SR, WWAR(2) 1R, SOR I NOR s, Ui
AR A i RIS Yz

®1 REPERESESRERY

Table 1 ~ Meteorological elements at the sampling site during the sampling period
i [T VR o _— N o perdEs o S S
RAE I ] *Edg’f BT /mm /% WEEC || REERE T Em{% WET L /mm IR/ % LB/ C
/g m” /pgrm”
03-01 54.25 0.0 63. 58 10. 84 03-17 73.97 0.0 63. 40 21.57
03-02 118. 64 0.0 77.59 9.31 03-18 112.17 0.0 70.71 18.27
03-03 74.76 0.3 61.64 11.21 03-19 79. 81 0.0 75.26 15.82
03-04 43.80 1.9 9. 10 7.15 03-20 115.48 0.3 71.15 17.01
03-05 86. 90 0.0 83. 04 8. 60 03-21 64.76 0.3 62.24 19.59
03-06 106. 76 0.0 79.77 10.77 03-22 94. 00 0.0 71.72 17.18
03-07 154.48 0.0 82.23 10. 68 03-23 63. 88 0.0 69. 33 17. 60
03-08 177.71 0.0 65.23 14. 50 03-24 66. 67 0.0 72.63 18.28
03-09 181.52 0.0 66.76 15.94 03-25 113.71 0.0 73.51 18.76
03-10 124. 46 0.3 78.16 12. 66 03-26 142. 09 0.0 66. 76 20.97
03-11 152. 04 0.0 74.50 12.94 03-27 179. 57 0.0 83. 83 18.06
03-12 161. 45 0.0 72.65 12.79 03-28 180. 43 1.3 88. 81 17.58
03-13 144.89 0.0 66.51 16. 82 03-29 110. 41 0.0 75. 44 21.36
03-14 176.58 0.0 67.74 18.27 03-30 158.57 0.0 67. 48 24.19
03-15 178.37 0.0 77. 16 17.75 03-31 120. 64 0.0 82.00 21.09
03-16 144.73 0.0 81.45 17.17
1) REERFRIJE LA H 1000 ~ K H 09:30 F—RAEEH , Qnkk sl 03-01 £ 2015 4E3 A 1 H 10.00 ~2015 4£3 A 2 H 09.30, £ L HRBIEH
it R A3 A s B H E
PM, st & TCAILK I PR B - 22 ) 1 A S 14 R
2- i ¥ [ S
SOR - [ nss-SO;™ ]/96 () SBR[ SRR R A R (AR B )R
- 2- NN _ _ N
[nss-S0y"]/96 + [S0,]/64 6] YK T NH, 5 S02™ # NO; #A 1R ik 6
NOR - [NO; ]/62 (2) P ARG R B E R=0.89 F1 R=0.84( LK 2),

[NO; 1/62 + [ NO, /46
[nss-SO;"] = [SO;"] -0.2517 x [Na*] (3)
' nss-SO; ™ (non-sea-salt sulfate, IE¥FE: SO~ ) &
KA Y B SO, B A s AN bR AR sk =
B (MEER ORI T SO2T/Na® =0.2517). KAk
Pyrh Na* fEUE 28Rk AR, B6 R wmol »m .
SKEEWIE] PM, 5 o SOR H1 NOR 4 - 34 {8 43 51
0. 42 F10.16,SOR #&5F NOR, i BH #0114 7
LA E AR Z2 | AR B T LER SO, Wk BEAIG
T FIEE 2 S bR, 11 NO, = TR RS
s ST R b o, DU BT I 24 M A S 4 NO,
(R, AEL7E N b v 0 B 4 A A 3T 4 il 4 BT
NO, F [R] st 07 F5 ) SO, Ay ¥R B sl 2 — vk 75 Y.
S H AR T g, SOR B TR (0. 26) , i pg )
(0.32) ,NOR m T H K (0. 12) K T PE (0. 18)
Ut BF A T PG R A DX W T s e R S X
55 BB T AR KA BA A= AN TFY.

VA NH,; 5 SO;~ 1 NO; F LA (NH,),S0, .
NH,NO, FER A7 B 3 M 7 5 k2
BN P R R TG T P RS RB X KR, PM,, 5
o NH, 5 S027([S02 ] =2 x [ kL S02 1) F
NO; BEIRWREE QI ELE A 1. 07 , i —2UEB] T AR
HBATPURRBIX KA PM, s NH,” 5 S0;~ MINO, F
) (NH,),S0, . NH,NO, HIEXAE7E "
KEFR Y h NO; 5 SOL- YW ¥
FH LA A% sh IR (iR 4 2 ) AN 2 VR ANk )
St RATG Y B TTER AN AR NO; /805 Y LMl
ANT 1 DR [ VA Y5 Y R T RS B A 5 Y
RIS A R 2 T B R R, 2R NO, /805~ (1 Eu A
KT 1 NI BARS Sl R 4 75 Yo TR T [ PR 75 e,
RIVRZE R A 2 205 e U5, SRR 0 () A 5% IX 4k
NO; /S0;™ WY HUAE A 0. 77, 5 [ P HAtb IR T #F 5 45
A R, R T b ™ (0.88), B T L g
(0.43) . K (0.65) A A2 (0.2) W
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CE( Cation-equivalent) = [Na®]/23 +
[NH; ]/18 + [K"]/39 + [Mg*" ]/12 + [ Ca’* ]/20
(4)

AE( Anion-equivalent) = [SO; ]/48 +
[NO; 1/62 + [F ]/19 + [Cl17]/35.5 (5)
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FHCO,; S5 H A TTALBA B+t ml 5 5 HoAth T 5
A HLERA 5. s T P 1 240 DX R A 4 B B
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CE {EART i > R v 2™ | gl DL v 2 i
YR ) S TR PE.
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FERAK(43. 80 pg-m ) G A M RG4£I
(W 1),3 04 HYRAU K, HERRE
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3.99,FHME N 2. 68 +0.43, H L KT 2, BEHA AT
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Table 2 Comparison of the value of OC/EC in PM, s in the southwest suburbs of Chengdu with those in other cities
SRR HIA(H-H) PM, s oc EC 0C/EC
NI 2015-03 121.21 16. 88 6. 56 2.68
AR X (22) 2009-04 ~2010-01 165. 10 22.60 9.00 2.51
Jez®) 2011-12 ~2012-01 90. 69 21.91 5.03 4.36
g2 2010-01 ~2011-01 60. 01 10. 48 2.63 3.98
P2z (%] 2011-01 ~2011-03 85.29 17.05 6.30 2.71
o 2] 2011-07 ~2012-02 127. 00 19. 40 2.90 6. 69
I JE[27] 2011-01 ~2011-03 248. 60 29.70 20.20 1.47

SOC Jf e FE T LI H OC/EC HEEFR EC
INERIEEATAG S LR B — R HEE ) OC 5 EC 47
FE—AFEXSRRUE 1 LU AR M B T . & S HEBOR
IRNEA 2, YRR Y OC/EC {H Mg IbIG A
{ERF, 2R A SOC MR . Chow IR0, 4
OC/EC 81t 2.0, BIRIAA SOC F#7E. R T i
& SOC % OC AYTTHRAR , Turpin &E 1 32 1 286 /4 5
(6):

SOC = 0OC - EC x (OC/EC) .. (6)
K (OC/EC) .. WA M OC/EC HAE Y B/
. ARBFFEH(OC/EC) . N 2.06. K5 H SOC K
— WA LK (POC) ot 2 Wk B H A8 1k, Mrbn 1,
PM, ;H SOC B9 H ¥J¥R JE 4 3.49 pg-m ™, SOC Xt
OC FITTHRR K 20. 6% , UL A R0 SOC A AL,

PM, s OC FEZERIE T — U HEL.

KA EC J2& t b A Rk sk A 9 i 55
A TEIRBE ™=, BT — R h e R
HPARERE 5 AL A SRR bR B B HE L ) — A Pl
A ALY 24k 2% B i 7= A 1 R L
B, & OC PR FERIR. — W HER OC F1 EC £
KA A2 R SR e B K &, P HAE RS
rh T HBORR T BE T s e AR AL R TG L B 2 ) LA
AR S 5 T U BILAR 9 R B O TR
TR B R s e FL AR e R ) — 28 R R ok
W IR AN A O B R AR AR e OC Al
EC AR LAY . LRI oC A EC
(AR ST 5 ] DAAE— 2 R B DX 43 B B AR ) o
PR Turpin 20, 75 OC 5 EC A HEAR
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Fig. 5 Daily variation of SOC and POC concentrations
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/N HE R TT R A H AR K ST R AR
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Fig. 7 Daily variation characteristics of inorganic elements concentration in PM, 5
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Table 3 Principal component analysis of chemical constituents
- WOy
(L= N 5 3 2 S
Al -0.262 0.769 0. 394 0. 082 0.134
Ba -0.151 0.327 0. 841 0. 170 0.116
Cr 0.451 -0.038 -0.552 -0.179 0. 549
Cu 0.344 -0.532 0.153 0. 346 0. 395
K 0. 666 0.490 0. 459 -0.099 0.122
Mn 0.761 0.389 -0.151 -0.238 0. 190
Mo 0. 504 -0.534 -0.086 -0.183 0. 189
Pb 0.742 -0.222 0. 184 -0.090 -0.116
Zn 0. 396 -0.119 0. 546 -0.317 -0. 141
ocC 0. 909 0. 088 -0.017 -0.303 0. 065
EC 0. 886 0.023 0. 057 -0.387 -0.017
Na + 0.494 0. 131 -0.331 0.234 -0.627
NH, 0. 907 -0.227 0.123 0.175 0.016
K* 0. 856 0.239 -0.124 0. 141 -0.268
Mg?* 0. 037 0. 853 -0.232 0.018 0.012
Ca®* 0.072 0. 822 -0.333 0. 054 0.252
F- 0.497 0. 185 -0.205 0.579 -0.048
Cl~- 0.776 0.117 0. 027 -0.301 -0.253
NO5 0. 810 -0.016 0. 109 0.461 0. 097
S0%- 0.744 -0.155 0. 101 0. 446 0. 125
Ji %% 39.4 16.7 10.7 7.9 6.2
1) BFRFRIR R — o B e e R
BT 1R EORA OC, NH, | ECLK' . Bk T2 FREERHIE Mg G’ A AL

NO; . Cl1~, Mn., SO~ HIPb, Hirf EC &2 kA3 Bk}
A BT AN 8 BB AR T AL BRORHMER 5
BEHER ) — WA LR A R A ML a2 O
M F=AR 0 R B, & OC TR FEZRE; NH, |
NO, F1S0;~ FERIETF NH,, NO, il SO, #£ K<,
o A NH, 2R A ARSI i 254 D)
BTl AT i A = HE R, T B AR RAE A A5 X
WA U T i T O R R (i T
JIFE R (0 205 Y I N 2 78 K I N 58 4T 2%, TR et
FE DI NH, EZORIE T AP 208 | Tolk
AR A P HE A B S 2R T NO, Fi SO,
BORIE TR E R AR HER, Bt NH, . NO; #i
SO}~ FESRET a5y M K w9l 24
BB AR FE T 2, PR e HOR U5 T B A 9 T Y
ABE,Cl™ FZORIE T Tk R ; Mn B2HZEWT Y,
JITLATT DA 3 R U 1 e, R A 35 4 1
IR, ek | BRBERR A RS HERL, S0nT LA
VIR iZ M X A Mn = ZRIEF 5T | HLBm T
BABELL R G R AR AR RIS s R A b
(1) Pb BRI TRAME K | S VA (J5h BLAS S
TAMEY) . TobHER K -3 R,
T 1 ATLURFRBRMIE . AW A BRE . IR A R R A

ENPEIR R e TR MW 7 2 Al YRR £
AR, T3 AT ERAYIE Ba Hl Zn , X
FhoCH R o T A, A A DG SCHk R I, Zn 1
HERCIR 204 I i ik . IR B8 5¢ , Ba HYHE
R EZARE R A, I 7 3 AT LMURIR G 2
. T 4 TR B TR A LR
HR Rl Bl (AR E PR | SRR ) AROBAR™
AP BE A BT 0 A R L G R H eR
Al AR PRI 23 A 2 A ) (AN SRR L AL
B) T4 nTRMUER A AR AT 5 P
BORIIE Cr Fl Cu, Cu WO N2 mIG IR HE
BbRETETE R A BRI Cu (4R £
B BIRIGHR R SRR R BE R, Cr 5L
VAT BRI R . BRI, T BT DX I S AT — SE AL
INT/MESS B R F 5 ] BEAC R LA TR, 257
B RIIFTEIX SR PM, § EZORPEOIRIE . A= i
KRB . KGR OB AR . A AR
AR, A P IR L B LR T

3 it

(1) RCERVE B &0 X PM,, ¢ J B o B 3k 121. 21
wgem L CREER) 31 NARL PM, (KRS HRA 24 KR
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i W BETE 75 wg-m LUIE, HBARRN 77% , 3

WiZ X 3 H PM, (75 Y™ .
(DTEHRIRAGERW LR T, KK

SUBURL PM,, 5 KRR UL BE A 2 1 A G OC

LG WREA R IEAH R AT

ENVIETR
(3) 7KV B BH S F i NH,' (16.24% ) | SO;~

(12.58% ) . NO; (9.91% ) i PM, ;) & S 1A, 7F

KA PM, th FELI(NH,),S0, . NH,NO, HIER T

FE. NO; /SO;~ MJFi & Mk & HUAE /& 0. 77, 3 B AL #R

VY R R DX PR ) 75 Y B R TR s IR 0 75 e A

HER TS G AR X TR A R ARECK.

(4) APEREARIX 3 H PM, s #Edh A SOC 77
42 ,80C Xt OC Y TTHRFHL/N(20. 9% ) , BB AR T
PURRBIX A OC FZEIET— U HEiL. 0C 5 EC 1Y
M 7R OC . EC SR IFEAR L EL AR R e , il
ARV P A0 X 7 2 27 Jey i VR HE TR Wi A, — Wk HE
B 3 S A, U LR XS OC STRkAR X/, 5
fhH AT SOC —3%.

(5) R 3= 14343 B X s R VY e <R X PM, 5 32
AR ST, CHT P R RB X PM, | Y 35 295 YL U5 AR
SRV RS . IR AE IR Eh BB R AR . - A
PR i AR, AR R DL R BL A
TR
SE T
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