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Characteristics of Elements and Potential Ecological Risk Assessment of Heavy

Metals in PM, . at the Southwest Suburb of Chengdu in Spring
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Abstract: PM, ; samples were collected at the southwest suburb of Chengdu in spring (in May 2012 and 2014 ). The mass
concentrations of PM, ; were determined by the weight method, and 24 chemical elements in PM, 5 were analyzed by XRF. To study the
pollution characteristics and sources of chemical elements, and the potential ecological risk of heavy metals in PM,, the Geo-
accumulation Index, Enrichment Factor, and Potential Ecological Risk Index methods were applied, respectively. The results indicated
that the mass concentrations of PM,  in spring at the southwest suburb of Chengdu were very high, compared with American EPA’s
Standard and National Standard level-Il. The detection of chemical element composition in PM, 5 showed that K and S were the main
elements, whereas the contents of Ga, Cs, Co, Cd, and V were the lowest. The differences of elemental concentrations in PM,
showed relatively large differences, when compared with domestic and foreign representative cities. Se, Cd, As, Br, S, Pb, Cl and Zn
were present at an extremely high level of geo-accumulation degree, which revealed that the pollution coming from human activities was
serious. The analysis resulis of enrichment factor showed that Se, Cd, As, Br, Cl, Pb, Zn and S elements were highly enriched or
hyper accumulated, Cu, Cs, Ni, Ga and Co elements were moderately enriched, and they were mainly from human activities rather
than soil dust. Cr, Mn, Ca and V elements were mildly enriched, and they were from both natural sources and human activities. Na,
Ti, Al, Si and Mg elements were scarcely enriched, and they were mainly from natural sources. The ecological risk assessment of
heavy metals showed that the order of potential ecological risk inedx of heavy metals in PM, ; was Cd > As >Pb > Cu >Zn > Ni > Co >
Cr>Mn >V >Ti, while the ecological harm degree of Cd was extremely strong, and the whole potential ecological risk degree was very
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Table 2 Relationships of EF and enrichment degree of the chemical elements in PM,
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Table 3  Classification criteria of the potential ecological risk index
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Fig. 2 Comparison of average concentrations of PM, 5 during sampling period in the southwest suburb of Chengdu

with National Standard, American EPA’s Standard and those in other cities
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Table 4 Concentrations and fractions of the elements in PM, 5 at the southwest suburb of Chengdu
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cd 3.220.8 0.02 2.4x1.2 0.03 0.76 2.8
Br 44.5 +14.9 0.31 22.9+15.1 0.27 0.51 33.7
Se 16.7 +6.4 0.12 11.9 +6.4 0.14 0.71 14.3
As 91.4+26.0 0.63 76.1+41.0 0.89 0.83 83.8
Ga 7.42.8 0.05 4.4+3.3 0.05 0.59 5.9
Cu 48.7£19.1 0.34 27.6+9.4 0.32 0.57 38.2
Ni 24.4+4.6 0.17 11.5+9.8 0.13 0.47 17.9
Co 3.9+2.3 0.03 2.7+1.4 0.03 0.70 3.3
Fe 524.0 +158.3 3.63 366.2 +110.9 4.28 0.70 445.1
Mn 55.9 +21.4 0.39 22.6+8.0 0.26 0.40 39.2
Cr 22.9+3.6 0.16 5.7+3.2 0.07 0.25 14.3
\% 3.0x1.1 0.02 1.1+1.3 0.01 0.37 2.0
Ti 56.0 £21.3 0.39 36.8 +13.5 0.43 0.66 46.4
Ca 620.5 +263.6 4.29 535.8 +187.8 6.26 0.86 578. 1
K 5243.9 £3544.6 36.29 3002.2 +2485.6 35.08 0.57 4123.0
cl 994.2 +497. 1 6.88 613.0 £607.8 7.16 0.62 803.6
S 4350.3 £2465.7 30.11 2103.5 +1409.4 24.58 0.48 3226.9
Si 959.5 +258.5 6.64 905.2 +362.2 10.58 0.94 932.4
Al 325.8 +91.5 2.26 300.0 £129.9 3.50 0.92 312.9
Mg 76.6 £19.1 0.53 74.4 £26.3 0.87 0.97 75.5
Na 122.0 +46.4 0.84 70.4 +34.8 0.82 0.58 96.2
Zn 666. 6 +300.3 4.61 250.9 +69. 1 2.93 0.38 458.8

H 2 4 ATN,2012 4R35 2% PM,  HOC & i ik
R/ NHEFFHIR R K >S > Cl > Si >7Zn > Ca > Fe >
Al >Pb >Na>As >Mg>Ti >Mn >Cu >Br >Ni >Cr
>Se>Ga>Cs>Co>Cd >V, H. KA S HHE
I3 R 36.29% 1 30.11% , Cl, Si, Zn. Ca,
Fe, Al, Pb, Na, As. Mg )i &/ 81E 0. 53% ~
6.88% Z[A],Ti, Mn, Cu, Br, Ni, Cr, Se (5T
BAEO0. 12% ~0.39% Z[A] ,Ga, Cs, Co, Cd, V A5
AP 0.02% ~0.05% 2 [Al; 2014 4EF5:Z PM, |

HRIOGE BRI R/ NHEFAR IR K>S > Si > Cl >
Ca>Fe>Al>7n >Ph > As>Mg >Na >Ti>Cu>Br
>Mn>Se >Ni >Cr>Cs>Ga>Co>Cd>V, Hr,
K FI'S 19 5t 12 43 %053 il 24 35. 08% H1 24. 58% , Si
Cl. Ca, Fe, Al, Zn, Pb, As, Mg, Na Jfi &2 /0 $07E
0.82% ~10.58% Z[a],Ti, Cu. Br. Mn, Se. Ni, Cr
() J 4 BUAE 0.07% ~0.43% 2 Jd], Cs, Ga, Co,
Cd., V AR5 0. 01% ~0.07% Z [A]. Haltlﬂ
UL, BT HE VR B 7R, 2012 4E 1 2014 4E 525 PM, |
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T JTR B E IR M IS A AR B OTRA
WA, JOI R 2012 4FEF L R 2014 R 2,
PM, sfhoc R AN E o LA A — 8tk K fT S &
T, POC R R B2 Al R B B 66. 40%
(2012 4E) #159. 66% (2014 4E); Cl, Si, Zn. Ca,
Fe, Al, Pb, Na, As, Mg &, X 10 FfioC & i &
SR Z R R B 31.57% (2012 4 )
38.54% (2014 %) ; Ti, Mn, Cu, Br, Ni, Cr, Se
AR, X 7 FPoT R I S B2 A R R
1.86% (2012 4E) 1 1.62% (2014 4£); Ga, Cs,
Co, Cd, V 5K, iX 5 FhoC i 502 i B s
HAE 0. 17% (2012 4F) 1 0. 19% (2014 4F).
41,2014 4E 5 2012 4FF 2= PM, T4 0 R i i
e i L B35 FEIZE 0. 25 ~0.97 ZJa], ¥9/h T 1, 3
2014 FFH 2= PM, s T & JCR BUa W B4 2012 4R &
TR Hob ., Cr R E TR £, [
T 75% ; HYKJE Ni, Mo, V. S i Zn, T I H

y I~

TE51.6% ~63.1% Z[A]; FIK/ZE Pb, Br, Se, Co,

Fe, Ti. K, Cl, Na. Ga Fll Cu, FF& L BI7E 28. 8%
~42.7% Z Ja]; Cd, Cs, As. Ca F F& It ¥ 18
13.6% ~24.3% Z [8]; Al, Si Fl Mg 43 5 F [%
7.9% . 5.7% M 3.0%.

by itk — AU AR P R R DX PM, s R OT R Y
TR BEIKF SRR T I A A T K 3R A0 ] P A1 B A 4
7 PM, s T2 A 0T & Wk B KT Bl 5 AR I 9 1 5
SRHEAT HLAE AT M. T8 X6 BU 3R T 0 35 B 3 v
HA b AR | R = AT R R A
WD Y BRI = A N R B P
P30T KRR TR P A AL R
TR A TR BHRTE ) | o 2R 2 5 3nk i B o A 3%
w0 BT R B ERCT | R ST A R Y
20 S 110113 AN (3 D 1 D= 1 e al )
JE TIPSR AR L K 5 [ 1 24 R
PO R TR BRI L CRAERE B B CER
AT SRAE RV O S B AR 5. AR
7 PM, & 0 R BTt Wk BE L4 R an 181 3 s,

x5 TRAEHHBRE, FRERMOTAZ

Table 5 Data sources, sampling information and analysis method indifferent cities

Wi SKARE ] RFFET R VR IWIReS

R (AW 2012-05, 2014-05 B ZRIX. XRF

AR 27537 ~40] 2009-04 ~2010-01 BLOE KA R XRF

F PR 2012 HOHEOKOE BRIX RBIX ICP-MS/ICP-OES
Jrzels3) 2007-04 ~2007-12 THELBE I X FIRB X ICP-AES
Fope38] 2008-01 ~2008-10 BLOEOBA WX XRF

g [ 2012-05 ~2008-10 FLHE, K D IEIX | RBIX AAS

i 4 2007-06 ~2008-05 FLOHEOK& IRIX TEP

Jop £22.300 2007-04 = WX ICP-MS

Kbl 2012-10 ~2012-12 NS WX | ZBX AFS/AAS

T R R 38 2004 ~2005 FOEOBG & WX, ZBIX XRF

g 6] 2004-11 ~2007-02 TLHE L BE WX, RBIX XRF

571 2011-07 ~2012-02 NS s IX ICP-MS

JE L8] 2014-04 ~2015-03 FLOHEKK IR X ICP-MS

I Jgi 1301 2012-02 % WX, ZBIX ICP-OES/ICP-AES
Fr s[5 1999-10 ~2000-03 THELBE BRIX PIXE

2 #4152] 2000-03 ~2001-01 (NN WX XRF

B 2] 2000-05 ~2001-06 FLOH A WX | ZRIX XRF

H1 & 3 AT, ASTRIT A L [R)—3 T AN [R] 4
T Rl T3 AS ) Dy B X% [ P AR AS TR BRT PM,,
& TC R BT R B K B R AR 25 5. ik
5 AIE AT PM, B RAERTIR] | ZE ¢ R
AETURN ST 5 TR A AS AR ] PR, B P T B
HEWOIR 25 4 K Ah R AR PM,, KR AL G B 25 22 57 4
Wiy 2s S 2 1 U E AT PM,, A TR R
R 2RI RN Z—. 5 AR X AR L, BT v
FARBIX PM, ;1 As, Se Ni, Co, Br, Cr, K, Zn. Si,

Cu JGER o1 5 Wk B2 7K 1 85 380 X, MK TR R X 1Y
7.62.5.28 .3.52,1.73,1.72,1.32,1.28 . 1. 13,
1.06, 1.05 f%; M S, Cl, Pb, Ca, Mn, Cd, Ti, Mg,
Fe, Al, Na JGE BT iR B2 /K ) FL IR IXAIG, MKk
WX B 0.75, 0.68, 0.67, 0.67. 0.44. 0.42.,
0.38.0.27.0.24,0.21, 0. 17 f5. 5EMAN“ =X~
B BURU T AR LG, BUERRB X PM, A T4 5 Joi
R EAKEICR 53R . Pb &M L
TP, REMEITH 115 ~4.07 1%, Cs R0



37 %

F

R

4496

116 ~4.13 %, K2R, JM ., TR H

1.8 ~4.87 1%, Cl 1S /&) M Ay 1.36 Fl 1. 11 1%,

4.2 4%, CdEE PR, WL, ML, REEMBETHY

1.32 ~6. 17 £i%, Br J&db 5 A 1. 49 £%, Se 2RI,

JoM R R ALY 1,20 ~ 2. 55 i, As SR, b

AL SZIRBHAIPENAY 1. 74 A1 1. 84 f%, Mg 2k FH AN

P 1. 51 103,77 4%, Zn Bt B, 7.

T R TN ETTERAY 1,28 ~4.96 %, Cu

PN /D
X PM, s H As,

pal

VR B OK
K, Hd As 19

]

J&Z
JHB
5

Ay

NV

G N O
1.07 ~5.73 f%. 5 KA I,
Cd.

FAEITHY 111 ~

or
E

N

HK
2D

1.99 ~ 6.4 f%, Co /&1

N

It

J

£

N

L

s | 7N

EITm

i A1

SUFIE PR 1. 35

%, Fe R PEIAITL A 3. 71 ~6.36 1%, Mn

\

PPN N

5.96 7, Ni

JERY 1. 41

Pb,. Ni, Co, Zn

N

K

1 6.58

kK

p=
2 T E R (ERRBIX & KR 42,52 %) 5 T Cr,

~42. 52 i Ab T8

SEP, REE FHAIE T 1,31 ~6. 82 £i%, Cr J&

Ca, Cu, Mn, Mg, Ti, Fe. Si, Na. Al f#J5i &4

TAE TN 1.01 ~3.34 £, V &k

HR . M

LI 2,92 %,

, s Ni, Br,

BIX PM

7
A

JAR

. HEUELL,

{I7N

b T

AT FH B

i

I

J

E/

.
N

iz}

N

e Kt
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e it LU ] 6
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| LAHEIE
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Fig. 3 Comparison of mass concentrations of elements in PM, s in different cities
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0 "' Z = = 0 | 1 . E Z 4 . E = 3 0 . B4 4 =
M X & = # § F HoX o m K ®F E Koo E B F E
¥ 2 2 K K B & EE R LK E E R = E OE xw L ow § =
E R I E =R H ¥ B K EH %
= ® = 2 & ® = g # =i
i i i
ot w® =
&E3

Ti. Cl, Ca., K. Zn., Cu., Mn, Fe Pb (15 &1k i ib
TR AR ETFUEAY 1,38 ~8. 54 4% 1 S A1 v
BN, SRR 0. 67 10, 42 5. 532 E 412/
FEPGLE BR V AF BABRBIX. PM, 0 2 T ht vk i
S B S TE =

2.3 PM, s InRIMTG YLHIE

JEHR PG R RR X B 2 PM, 5 P T 3R 4 SR AR5 KL
(1) 4RI % 6.

H1Z 6 A, Cr JTER MY 1, HH 0. 10(2012 4F)
KR — 1. 13 (2014 4F) 15 YRR R i B lois e b Tt
155y UL 2014 AEFZESAPT R RBIX. PM, 1 Cr JC
RWT5 Y8 2012 AEEA W W BIER. B Cr JTER L,
2012 4EHI 2014 4F % B P B X6 X PM, P 4% ¢
1 M RS OGN ) SRR e R I B 3
PE: As, Br, S, Cd, Se 9y I fHTE5.02 ~9.64 Z
[, @ HE V59 Pb, Cl, Zn 9 1, fHTE 4.21 ~4.91
Z A JEE RIS Y 2012 4FEF1 2014 4F Cu 19 1, fH 5

B4 2. 53 F12.50, JBHEETG S Ni Al Cs B9 1, fHTE
1.16 ~1.93 Z ], J@# BE 5 4L, 2012 4FF1 2014 4F
Ga I 1, fH535124 0. 18 1 0.21, )@ MI5 ;5 Co,
Fe Mn, V. Ti, Ca, K, Si, Al, Mg, Na [} Igm{ﬁiij
AINT 0, JETCTE Gy, iR, BT R AR X R 2
PM, ;#* Pb, Cs, Cd, Br, Se, As, Ga, Cu, Ni, Cr,
Cl, S, Zn STCEIHZRIRFFREE RN R iG e, Jo 2
As. Br, S, Cd, Se, Pb., Cl #l Zn J53% LA ™ .
2.4 PM,  "PICE MW E EREFRIE BT

2.4.1 PM,  "NTInEMEERHE

BLAR Y R AR X & 22 PM, s T 45 U R I & SR+
(EF) T4 R 0ERT.

2 7 Al A, Cr JGE M EF {6 i 2012 411
18.26 W&} 2014 4E/Y 6. 48, B 4278 B Hy v B 4R &
REREEE AR, S JLE M EF {A H 2012 4E 191 053. 64
FR 2014 414 729. 14, & R E B E £ &
B . B 2014 4735 22 AR VE B AR X PM,
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Table 6 Geoaccumulation index of elements in PM, 5 at the southwest suburb of Chengdu
— I -3 el 2012 4R 2014 4EH
LE /mg-kg-! I oy VR I g ET
Pb 30.9 4.43 5 WY 4.46 5 Gl R
Cs 9.48 1.40 2 BTGy 1.93 2 Uzl} R
cd 0.079 7.21 6 JUEE G G 7.59 6 JEEE G Y
Br 3.110 5.73 6 G Y 5.55 6 G Y
Se 0. 095 9.34 6 FEEE G Y, 9.64 6 G Y
As 10.4 5.02 6 JEEE G Y 5.55 6 JEEE G Y
Ga 24.2 0.18 1 BefdiE g 0.21 1 BidE g
Cu 31.1 2.53 3 o RE VS Y 2.50 3 rpRE VS Y
Ni 32.6 1.47 2 RS Y 1.16 2 Uz} R
Co 17.6 -0.30 0 PREE -0.02 0 PREE
Fe 33000 —-4.09 0 PREES -3.82 0 PREES
Mn 657 -1.67 0 Joi5 gL -2.19 0 Jei5 Y
Cr 79 0.10 1 B Y -1.13 0 PREE
v 96 -3.12 0 pREES -3.77 0 PREES
Ti 4000 -4.27 0 PREES -4.09 0 PREES
Ca 11300 -2.30 0 Joi5 Y -1.73 0 Jei5 Y
K 20 200 -0.06 0 pREE -0.08 0 PREE
cl 130" 4.82 5 TG 4.91 5 TG
S 260 * 5.95 6 G Y 5. 69 6 G Y
Si 281 500 * -6.31 0 Joi5 g -5.61 0 Jei5 Y
Al 62 600 -5.70 0 PREE -5.03 0 PREE
Mg 85 000 -8.23 0 pREES -7.49 0 Jeis g
Na 8 500 -4.24 0 P REE S —4.24 0 Jei5 Y
Zn 86.5 4.83 5 Y 4.21 5 TG
1) # FRm 4TS S 7 3 B
xR7 BEEEBX PM, FETENEEREF(EF) TEER
Table 7 Enrichment factors( EF) of elements in PM, 5 at the southwest suburb of Chengdu
. 2012 4E4 2014 4E&
R i ok R i 0T R
Pb 366. 67 4 RS 310.73 4 R
Cs 45.09 3 rpRE R AR 53.72 3 TR AR
cd 2521.56 5 i 2730. 30 5 i AR
Br 901. 93 4 e B AR 664. 05 4 w5
Se 11 050. 84 5 A 11257. 49 5 L
As 553.47 4 R 659. 72 4 R
Ga 19.30 3 LR ACE S 16. 37 3 R
Cu 98. 61 3 o AR 80. 06 3 TR
Ni 47.15 3 rpRE AR 31. 66 3 PR
Co 13. 83 3 PR 13.90 3 R AR
Mn 5.35 2 RIS 3.10 2 B
Cr 18.26 3 PEE 6.48 2 REEE
v .96 2 REEE 1. 04 2 B
Ti 0. 88 1 FEARTEE 0.83 1 FEA T
Ca 3.46 2 RIS 4.27 2 B EE
K 16.35 3 PR 13. 39 3 TR
cl 481. 60 4 FEEE 424. 94 4 RS
S 1053. 64 5 o AR 729. 14 4 R
Si 0.21 1 AT E 0.29 1 AT
Al 0.33 1 AT EE 0.43 1 FEAR T
Mg 0. 06 1 FEARTEE 0.08 1 FEA T
Na 0. 90 1 HARTEE 0.75 1 FEAR T
Zn 485. 30 4 FEEE 261. 45 4 R
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W Cr FS JEE M & R AL 2012 A B
B AW R TR AR AR R R R B 1 s 4R UL S
B8R AL T8 B B A K. B Cr 1S A1, 2012 4EF0
2014 52 NAHB VG FE ZBIX. PM, 45 L K ) EF X}
N (AR SRR R R — Bk . PM,, Y Se
Cd. As, Br, Cl, Pb, Zn JLE EF {HKF 100,
JeHJE Se Al Cd () EF {HH: #1171 000, Ky & &
TG E S, B LT R AR A P R RR X PM,
G R SAEE ) E, FEORIE T A, 2+
B DR AY S IAAR /N, Cu, Cs, Ni, Ga, Co FI K Ay
EF {HY7E 10 ~ 100 Z[8], R B 4, BB e &
Bk H T A KI5YE; Mn, Ca F1 V Y EF {EIY7E 1 ~
10 Z ], 42 w4, A B AT 20 R U8 T Ml 7E B

I TR RIET A N5 Y Na, Ti, AL, Si #l Mg
JLEN EF HY/NT 1, AT E kil =
VLA EATEZOR A FHbse o 3805, hb &M, Se |
Cd, As ., Br,.Cl, Pb, Zn. S, Cu, Cs, Ni, Ga, Co,
K. Cr, Mn, Ca, V 7EESPEHIRRIX B2 PM, ;11
AR R E %, JUHIE Se, Cd, As, Br, Cl,
Pb, Zn 1S M LR B3 2R L™ =Y
N R g 33 5 b SRR E0: o B 4 R o 4 — 3L
2.4.2  PM, sHPITERIRIED B

PM, TR KA HOR AR O, 38 2 X A% 2
SYRHE AR IEC R 5 P, TR ALY, nT ik —
A FIRT R0 HT P, § R TR. 45275 YL TR HERL A 45 A
JLE L 8.

R8 BEBREHMMFETE

Table 8 Characteristic elements of emission from various pollution sources

V5 LU + ek 25y RSN ¢ ¥ ERa LB 2R R B AEAR AW AR U
RORFFIEICE  Si, Al Ca As. Se Zn., Fe, Mn Pb V. Ni, Co Zn K
BOOREFAEJCE Ti. K, Mn Mg, Na  Sb, Hg. S Ni. Cu Br. Ba, Cl Cu. S Sh. Cd. Cu

WX A BT R 8 s YRR HE R IE T R S
LR TR LT 4

PSR RB X. HZ= PM, ' Se, Cd. As. Br,
Cl,Pb, Zn. S, Cu, Cs, Ni, Ga, Co, K FEZ AN
TREIREm. Horp, As Fil Se EEORIETHAMEA; S &
BRI T AR AR Ph, Br, C1 EER A L3
ERA; Zn FEOR AR S MRS R, Ilah 448
R 2B Zny Co FER AR 4. R
B AR, v >k AMLEN AR 4 B it Cd %
K H BB Ni EEOR AR SRR, Co &
Bk AR K B2k A LURBHSFF . #r4e e R
FEFFIRE N 0 A=W R TR 5 Cs J2 il 1 JL 25 4%
Pk, LR FEM R, Ga BHIVECFBIRE B2
B SIRAERL, % X H e T T 6ROt
HL DL AL R 2 | BB RL A L SRR
PN Ry Cs Fl Ga FER B Tolk A= i B nY JoH R
HEf IE SERF43 41 E ,Se. Cd, As, Br, Cl, Pb,
Zn ., S TERGERVE B ZRIX PM, AR AE 3 8 4R, Cu,
Cs, Ni, Ga, Co, K A7 & 4. ] AU A,
0Ll EHEBO S AR . SRR G B BRI A
U8 SR eH R Tk SRR e A
KM TCH L HEROIR UL S SHRRHRE FT | B 428 G
A BRR SR XS 1A V4 R AR X AR 28 PM, 5 (175 YL it
G LA E (1 B

Cr, Mn, Ca Rl V 76 AL PHFG 20 X 4% PM,, 5
FETE—E R B A 02 A AR TR A R IR 2L R .

Hor, Ca BEFAMFEICE; Mo F4 R IE T+
Bk HORIR TR ey G 5EREGH . B
Ty M nl IR 5, VOSBRI 6. 1R T R A
X#Z PM, ;" Na, Ti, Al, Si fil Mg £%% [ RIE
SR Hodr, Ti L AL, Si EZESR A e 11, Na
Il Mg EZR [ @b, AT X 38U MR (1 3 £
SEAER AP A A R FE AR T b A [ T
BB, KN 5 @A XM a) | A
BN B8R, BEES) . YR DL A A
SGNRIT T A b 2. e HEWT, 320 TR (46 .
THeh | EE M SR ) R AR P e RE X
HFZ PM, I FERFEZ —.
2.5 PM, 4GRS KT

PM, & A KREAELCER, IR EA R
AN ESEXNABEERR BT AsBA5
4 JE AL A e B A T, TR IR A T
PN G R Z SN AT, AR AR S
DRSS 8 H50 7 % B PE B RR X PM, 1 Ph, Cd, As,
Cu, Ni, Co, Mn, Cr, V. Ti fll Zn X 11 FhA FFES
JE IR WA A SIS FEAT V-4 . RBP4 A )2+
BEREEEE N R 1 A S ESE LR
PR WZE 6. Pb, Cd, As, Cu, Ni, Co, Mn, Cr,
V. Ti fl Zn B EEPERECC 3510 5,30, 10,5, 5,
5.1.2,2, 1, 1. PR RRIX. PM, ; " 4 Jm v 7
HEBEERB(E) KA RS (RY) 345
W3k 9.
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Table 9  Potential ecological risk index of heavy metals in PM, 5 at the southwest suburb of Chengdu
£
A SN r RI

kil R ) Cd As Cu Ni C Mn GV Ti 7n
A (AT 2012 161.29  6655.20  486.93 43.38 20.74 6.08 0.47 3.21 0.35 0.08 42.70 7420.43

2014 164.97 8697.03  700.49 42.50 16.81 7.38 0.33 1.38 0.22 0.09 27.76 9658.94
K9] 2011 141.8 933.3 20.0 84.3 19.6 1.2 5.7 0.4 86. 8 1293.10
22y 132 2011 36.33 1163.79 260.36 198.08 12.62 64.46  1735.64
I Jg 130 2012 68.01 1203.09 13.31 103.64 21.27 20.37 0.81 5.91 54.60 1491.01

H 2 9 A %1,2012 4FEF1 2014 4F B4R 7Y B %6 X
PM, s 11 P 4 Jm W A AR A e 3 R B R/ INHE 7 L
H—FPE. Cd>As>Ph>Cu>Zn>Ni>Co>Cr>
Mn >V >Ti. NI FEELESEER(E) B
Cd PIVBTEAE B AEH R ¥R K, i K T 320, Hik
s As, WA E RBORT 320, Cd FlAs 194
BEEBRE Y AW, Pb B4 ERBHE
160 ~320 Z i), AR fEHFEE ARG ; Cu TEEA
BIGE RBUE 40 ~80 Z 0], AL ERRE N 45,
Zn WP TEA G REO H 2012 419 42. 70 %R
2014 4F1Y 27. 76, A S FEF AR EE B SRR N R
Ni, Co, Cr, Mn. V., Ti B TEASEEREIY/NT
40, EBAEEBREL R A 11 FESJEKE
WIEAE S KK FE 4 (RL) &, JoiR & 2012 4F 10 &
2014 4, RV B RBIX. PM, o 11 R 4 Jm 64 10
TEE AR 2 AU R B3 328 K11 200, W78 A 25 KU
B .

2012 4FEH1 2014 4F LA AT AT AR . 2014 4R AL
HBPERERBIX. PM, H Pb, Cd. As il Co FYBAPH T
TEAZS G E 2B % 2012 4E K, 1 Cu, Ni, Mn,
Cr, V. Ti F1 Zn WINIGFAHIZ ; 2014 4F RLER P R AR IX
PM, o H 11 P 4 e v e AR 25 XU B0 2012
AR 1.3 45, BT 2014 4 PM, P E S B IETEAES
JAUBR: 35 2012 AF- 45 B 5 (14 38 5.

5 T R TR, P, Th R 4 B PR T
TEAEDGHFE RN R Cd 2R > KE >
2PN > KHEE, As AR > KiEE > KJR, Pb J& i #p
> K > K > 22, Cu A1 Cr 2221 > KJFE > K
B> AR, Zn EREE > 22 > KR > AR, Ni &
22M > K > HE, Co &K > K > i #S, Mn
BRH S K > WER, Ti &R > BUHS, i ii i .
ARG RIRRIX. PM, " Cd Al Pb (T 7E A 25 6 F R
FEBOCHE | RN, As IES ST
FEEFAKJE R, T Zn, Cu A1 Cr BYTRAE AR 25 G FE A
JEWPEERHE | RJEANL NG, Co A Mn BT TEA:
BfEEBRERRKIEFRITEBL, Ni B EAESEE

FREFR LM AR R, Ti B TR B G E R R
AL 2P E 4 JREA AR SRS FE 4 (R 2
IR ARVEEAB X PM, s H Cd, As, Pb, Cu, Zn,
Co, Cr, Mn Ml Ti iX 9 FhH 4 J@ /Y RI (A K,
Cd. Pb, Cu, Zn., Ni F1 Cr i%x 6 FhE#H 4R RI {HHK
22ME, Cd. As. Pb, Cu, Zn, Ni, Co. Cr Fl Mn X
9 PG JE AT RIEROR R AR, K, KR
2 PM, § FRTE A 2 AU B 38 S i T L Cd
DI 2 s Ry ) S U € A RO AN =4 A RN I o
MR 7.

3 HZig

(1) A PE R RBIX 2012 4F A1 2014 4F 52 K AE
BIIE] PM,, ¢ Joe 5 MR B2 194 43 i Oy (180.5 +82.9)
pgem CA1(104.5 £56.1) pg-m ™, 25l 5
EPA FRUEM R 4. 16 F11.99 1% . E ZFrUE(ERY 1. 41
0. 39 5. 5 E N AN R IkTTAH H, 1 #R 7 R 8
X2 PM, 5 00T H v B Ah T AR X5 /3 15 L7k T

() MR E FFH,2012 4 F1 2014 FHZF
PM, s 145 I 2 Wk 2 R/ NHEF B A AR (HAAJGT R
MW A, s 2012 FFFEFIL & 2014 FH R,
PM, G ER i it o0 B A — B0k R . K
1S FxE,Cl, Si, Zn, Ca, Fe Al  Pb, Na, As, Mg
@&, Ti, Mn, Cu, Br. Ni, Cr. Se %X, Ga, Cs,
Co, Cd, V ffik . 2014 4E /2= PM, , h 4 0 & it
W EEAE 2012 AF R4 BT T K. [ N AR T L
BRI, AR TR | 8] — 3 BEAS [, [A]—
Wi AR g X B AN [k PM, s Th 45 0 R
ik B KO S R B AR Y 22 55 (HEAROKR
=] Py HAUIR T PM,, ¢ 0 3R Jo o Tk B K Ok s T
5 [ £ 2 FEE Y.

(3) LR VE I AB X & 2= PM, s H' Pb, Cs, Cd,
Br, Se. As. Ga, Cu, Ni, Cr. Cl. S, Zn JLR 23|
ARBTG5 G, JLHIE As| Br, S, Cd, Se,
Ph. Cl F1 Zn V5% L4 ™ .

(4) WCERPERERBIX. PM, 1 Se, Cd NWHE 4,
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As. Br, Cl, Pb, Zn, S HEEE4H,Cu, Cs, Ni,
Ga, Co AR &  XEITR FERE T A NG
g Z HARERSZ AR/, Cr, M, Ca, V NREE
5,32 AR IR AL I/E AT Na, Til AL Si
Mg WA TC R R w4, 2R A T LRl
(5) AR VPH 9 &6 X PM,, 5 P o 6 s B PR 1T A
A HERBER/MEF A Cd > As > Pb > Cu > Zn >
Ni>Co>Cr>Mn>V >Ti, 11 FiE 4@ BG 1 EAE
A SRR A B 5 5 IR P R AR I PM,,  Hh 2 4
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HEE 4 BT PM,  Hh 20 E S RIS TR S
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