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Abstract;“’i‘he pollution of atmospheric PM, 5 and ambient air quality were investigated in Wuxiang Town, Shanxi Province, China,
and the @éological and health risks of the trace heavy metals in PM, were analyzed. The PM, 5 samples were collected every day using
a medium-volume PM, § sampler in autumn (from Oct. 22 to Nov. 19, 2014) and in winter (from Jan. 12 to Feb. 13, 2015) on the
roof of a building at the Wuxiang Environmental Protection Agency ( EPA). The mass concentrations of PM, ; were determined
gravimetrically, and the contents of seven trace heavy metals (i. e., As, Cd, Cr, Cu, Ni, Pb, and Zn) in PM, ; were obtained using
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES). The pollution extent, sources, and potential ecological and
health risks of the trace heavy metals in PM, ; were identified and assessed using the geo-accumulation index, ecological risk index, a
correlation and principle component analysis, and the exposure risk models of US EPA. Results showed that the average concentration
of PM, , in winter, approximately three times higher than that in autumn, exceeded the national secondary standard of ambient air
quality (GB 3095-2012) on 65% of the sampling days. The heavy metals in PM, 5 mainly originated from anthropogenic activities,
with contributions of 58.38% and 18.73% from coal combustion and vehicular emission, respectively. In general, the levels of the
heavy metals in PM,  followed the order of Cu >Zn >Pb > Cr > As > Ni > Cd, with higher ecological risks from Cd and Cu and higher
non-carcinogenic and carcinogenic risks from Cr compared with other metals. It is suggested that greater coal combustion in winter
under the adverse geographical conditions for air diffusion in Wuxiang Town were responsible for the increased atmospheric PM,
concentration and their ecological and health risks in heavy metals.

Key words : Wuxiang Town; atmospheric PM, . ; trace heavy metals; ecological risk; health risk
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Table 2 RfD and SF of several heavy metals

i H As Cd Ni Cr Cu Pb Zn
RfD/mg- (kg-d) ! 3.00x10°* 1.00x107%  2.00x107%2  2.86x107>  4.00x1072  3.50x1073 3.00 x10 !
SF/[ mg- (kg+d) '] ! 15. 1 6.3 0.84 84 —b — —
1) “—" R TEH

N AR RAFSH, FHEImEYL 2 H(=
2 #RE5ITR J =1, Ay N y:

ABRSFHAR) W EGRS), 0l BE R

2.1 R BWRAFEARD 1 63.4% . 79.3% . 77.2% , 1 % ( 253 i 2 %%

1E 2012 ~2014 4F M, & & B &

HoMA) 530 A AE KRB 35.8% . 19.7%
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Table 3 Ambient air quality in Wuxiang Town from 2012 to 2014

e Wit s 1% 2% 3%
=] KE/d HH/ % KE/d TS/ % KHud /%
2012 4F 131 35.8 232 63.4 3 1.3
2013 4 72 19.7 289 79.3 4 1.0
2014 4F 78 21.4 282 77.2 5 1.4
os [ S 2.2 AT PM, | R RV A
80 | —o—zowz- FREFNA R RAE IR R P, 5 38 o TR B O3
—h— 201 44E
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0 1 2 3 4 5 6}”: § 9 10 11 12 Eﬁiﬂzﬁlo i?i’/}ﬂ ﬁ <0.50 m-s, IE’J—\%/« 4
m2| Ry R0 0 FEmdEg AP) AETE FR) i ity 35 52. 36% WEIA T HTIER, 7
_Kig. 2 Monthly values of atmospheric poHullon mdex (API) iﬁnﬁj‘j 1 AO mes "#
in Wlpnéng Town from 2012 to 2d14 ’ ﬂ(#ﬂﬂlﬂ%ﬁjﬁﬁjﬁ%ﬁﬁ{& (E@ j‘:’ 4. 95 ~

&bﬁzjtm,PMzJ&ﬁﬂ’]ﬁﬂﬂﬁ%ﬁﬂl’&lﬁm@@lsr J,,f
2012 2013 , 2014/ 4F:[f] KK PM, ;/}Zﬂcﬁ_% HAQI
[, )ﬁ@].%{—o&ﬁ“/ﬁ(75 pg-m ) AYREE
H94% , KB E K —HIRHE(35 pg-m ) BIREL N
Fohy 42%. HAFHREL B K FEKE KA
PM,  HIEHRZFRIM 50 99. 4% | 88.2% . 86.8% , X

596.17 ng-m > (& 5), }J\j(ﬁllj\ HKIK A . Cu > Zn
>Pb>Cr>As >Ni>Cd, HH Cu, Zn, Pb Z ¥
o7 T 4w S Y 90% . K| A& SR A N
GBI R B R ) A PM, 5 iR Y 0.45% A
1.40% , ViIHAZE PM, (M H 48 LL BN £, 1%
ﬂ%ﬁﬁL%riﬁé)ﬁiﬁk&k. (RS

ByeTju PM, Bt vk FE AR B A S8 a3, BumARiE) (GB 3095-2012) Hhl o4 Jm i ik B BR
eSS RS E AN AT R EA L. (Pb:1000 ng-m ) MISH W FRE (Cd:5 ng-m 7
160 [F rl T2
140 |- 11
,'E 120 II ‘ | ‘
g‘_’ ]:E : é_ﬁj;‘r}{f (75 pg-m™) ‘ i I " | .II Irlll[ I| L ! | | | 5|
f o |-|+ -|-| ----- | ‘ll Ty i h |r' * .-'t :'II-.:;!‘I' | -".|l- ""I‘f i ‘ |'
B IJ ll ll_ I - e L 'l" i wl' | 'I.....'k'j'(l'_' At I..‘I'.- ] -I.”J I_I. I I."_I... |||I ,_..I .I_._ R I:I__ I
:E i s |lT|| ”JI-.L‘-'T." |; 1 k.illm 1“ ] -|| l H" 1 jill'l _'IJ[Ii'n-I :‘Il{l
20124 20134 20144 20154

T1 MRKZE R AR (2014-10-22 ~2014-11-19) , T2 A ZRAEW] (2015-01-12 ~2015-02-13)
3 RZ B 2012-01-01 ~2015-02-14 HJiE XS PM, [RERET L
Fig. 3 Mass concentration of atmospheric PM, 5 in Wuxiang Town from Jan. 1, 2012 to Feb. 14, 2015
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H ,f As Cd Ni Cr Cu Pb Zn
®K 2 (#) 16.27 £15.36 2.65+1.42 5.64 +4.47 37.04 £7.93  210.77 £230.96 147.22 +78.12  226.62 +95. 17
HE (%) 14.46 +12. 14 3.94+5.34 4.95 £3.50 29.47 £17.47 596.17 £271.40 118.52 +61.71 277.59 +127.24
IRJE (&) [ 1.97 0. 33 0.52 +0. 09 7.23 £1.21 15.22 £2.54 57.80 +9. 63 34.62 +5.77 260. 06 +43. 34
JRER (k) 12 50.2 £26.9 12.9 +16.2 4.2+3.2 20.0 +8.7 — 365.0+£172.8 —
TRER (&) [12] 68.8 +26.4 5.9+10.7 8.2+4.9 25.8 +11.7 — 488.2 £203.8 —
Jemt>] 11.6 £14.0 2.6+2.4 4.0x2.4 11.3+9.4 — 142.5 +£99.0 —
1L (Fk) [26) 30.8 2.1 2.6 7.0 10.6 180. 4 449.6
(K 7] — 4.431 +1.113  6.454+3.7.3 — 57.32+15.90  201.6 £35.43 504.8 +168. 1
1) “ =" FRTCEE

H— R B RN, Cd, Cu,
Pb 3X 3 FIITER 14 1 52 AR B B 1915 e A5 e 3 IR
T 79, Zn 1 As 535 JEF 6 R (FKFH S 9) A1 S
2, Cr F1 Ni 70 51)E T 4 G (FkZEH 3 z&)ﬁuz Rk
5), Wil Cd. Cu. Pb, Zn. As 32 A\ K15 YL TR 520 4%
K, HANTRBISYKFE. Cr ib T 4275 YL Fds B s g
K Ni A TS G, EAT32 A R TR B 50
E/NTHE 5 FoE.

2.3 FHSCHER S M

7 FhICZE A Pearson AT 45 R BN, Pb 5
Zn., Cd, As, Cd 5 As, Zn 5 Cd BA B #FH X
(F6), ULEHT T R EA A 7] o 5 kA [ 42 fk
P FRA TR 2 AHTF (R T), RIR

FEHA )R PM, P Y B 4 R A R R BRI,

TR0 A 58.38% F1 18.73% , BRIt 5iMkR N
77.11% . W+ 1 st ER A As, Cd, Cr,

”‘t\;,,
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Table 5 Geoaccumulation index of trace heavy metals

in atmospheric PM, 5 in Wuxiang Town

A = X
A éJ\W*%%ZIS ﬁz) Cu £%5H? ﬂ%cL BB Tummurm nsa WERRE SRR
HEBC, TR RIS B Zn B9 — s ek ™. [ 5 21 5
N Cd 6.55 7 7.54 7
Bl 25 AR SR 4 7 A R B B AT i 2 R %ﬁ \i 0.3 5 044 5
iy Cu F1 Zn B EETTERIE . Cr 1. 60 3 2.11 4
2.4 WARIELE SR G s . 7.3 7
- N , Pb 5.43 7 5.75 7
REBUAC G MERBROUNTES L G 1 Gn
R A AR TR, HLBE 250 A2k (R 8).
=6 Et?%ﬂiﬁjt—u PMz.s hELEZENHEXES Y
Table 6 Correlation analysis of trace heavy metals in atmospheric PM, 5 in Wuxiang Town
As Cd Cr Cu Ni Pb Zn
As 1. 000
Cd 0.426 " 1. 000
Cr -0.108 -0.316 1. 000
Cu -0.081 0. 024 -0.189 1. 000
Ni 0.215 0. 080 -0.026 -0. 060 1. 000 ey
Pb 0.619* 0. 496 ** -0.026 -0.273 0.254 | 1. 000 o
Zn 0.247 0.300 ** ~0.237 0. 095 0186 0. 604 ** 1. 000
- | ’ F - —

1) * F/R P<0.05; * * /R P<0.01

x7 BRLEHARPM,; qﬂEﬁEm?ﬁ’]ﬁ% 1
S RET R | i
,“'Tahle ¥/ Va,rlmax tolatlon factor loading matrix’ fofl fragplﬁéa‘wy’ !

p".

¥

metal§ein almospheuc PM, 5 in Wuxlang’ Town

il?z'

WwE)E | EHF1
T s 0. 803 1‘ -0l 120,
7 lgd __10.856 “ 0.078,
| o) | @ 0.786 07296 —
ou 0.012 0.968
N 0.770 0. 027
Pb 0. 935 0. 103
Zn 0.789 0. 506
TR/ % 58.38 18.73

i, Pb, Zn IR FfEFRREEEAR/NT 40(As & ZF
ﬁ%s@ VLA BT A B REEIR /N ; Cu FERK
A ZR TR AR A 25 XU 3 31 2R 30k A i A i (B )
TfEFEIRBY WM 74. 28 F1325.94) ; Cd Ay PAH T

-

| &
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BB SRR TR PM, T Cd BB T G E R B
WK, " RE S H 4 8 bR fE B AK (0.3
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T SO T S [) 254 1) 2 A5 KU 4% A 2 S0 0303
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Table 8  Comparison of the potential ecological risk index of heavy metals in atmospheric PM, s in Wuxiang Town with other cities

SR Hb A SRR 1] As cd Cr Cu Ni Pb Zn RI
®% BRI 2014 FEFkZ 39.68  1803.20 2.80 74.28 3.65 16. 99 6.35 1946. 96
2015 4F4 2 45.53  3572.26 4.01 325.94 6.51 2.13 21.27 4090. 48
K gL 2012 4F4 2 13.31 1203.09 5.91 103. 64 21.27 68.01 54. 60 1491. 01
Kl 2011 4F4 2 20.0 933.3 5.7 84.3 — 141.8 86. 8 1293.10
0] 2014 4EHTE 700.49  8697.03 1.38 42.50 16. 81 164.97 27.76 9 658. 94
g (31 2013 4FFk % 107. 4 5555.6 22.2 98.5 — 397.8 96. 4 7700.0

1) “—" FoR T EHE
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RIXTRA PM, 19 Cr, Cu, Pb, Zn #8457 T AEEUE
BRI . XF As, Cd, Ni, Cr #5477 BUm
RSP, TR 80 4 )8 /Y 2 5 XS R 5 (HQ) &
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KA P, 54 fadt R KU PEAN O AT 58 v, 0 % B
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XL AR BOR R HE AR KT AR A, g S )L
FEHTSI AN 25 | X3k BEANIR TS Y 4 o AR A K.

K2 B ATPM, FF As, Cd, Ni, Cr iX 4 Ff
4 JE X AT TR RN AT LV ) B0 2 58 XU (LT e
IR 3.62%x1077 ~7.67 x10 74 (F10) , Hrf As,
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HIEH, Ni (258 XURS % 8 /D — B 2,
R EIREK AR PM, P E SR Cr A7 7E 80
AU, As \Cd (Ni AKX AR I ol 35008 AU, 4 e 4
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Ni, [ 7 4 Ja X Jl AT 55 P 1 38 XU 340 KT B
Wt WRES B rANES R E, EH 2R E S
JE A 5. Cr (AR 250 XU R0 KU 76 Bl
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Table 9 Exposure risk coefficients ofjngntcarcinogenic metals in atmospheri¢ PM, 5 in Wuxiang Town F,
- Cr “ Cu f 1A Zn
) wE = A = w A% wE =,
Lz 0:74 0.59 [ 0.003 _-0.008 0.2 * |/ 0.019 0.000 4 =10,0005"
AR A0 0.25 [ |, 000k 70004 0.015% 0.008 ¥ o' 0.0002 0.0002
MeEkre 24030 0.24 | /20000 4" 0.003 0.00 /"7 0.008 & 0.0002 0.0002 ="
A | 210 KEREAS PV, FEEEHHRENRE O J
Table 10  Carcinogenic expr)?{lre isk |valugs of trace heavy metals in atm:‘)sphelip PM, 5 in Wuxiang Town f
7 a‘”. Asx 1077 | 7 Gdx10-f "Nix10~7 Crx10~*
] ¥ a8 1BET X% Hg S T X% ThE A7
AR T 2.65 2.23 L71 =" 2.54 4.84 4.05 7.67 6. 09
AR 2.37 1.99 1.53 2.27 4.32 3.62 7.33 5.82
s ww (3) MR S0 I BB P, ;o T 2
ZATE N S Y Y . p N
I R 32 295 e I, 5Tk R 0 il b 58.38% Al

(HIPEER S B BREL 2 H(R) N
F, 2012 ~2014 4E[A] RS PM, 5 353 5 5K — bR i
(75 pgm ™) MREG LK 94% , iftrF KT
86% . KR PM, it vk MR i 4 R & it
Brm TR (IrNE & 8 7E 4 22 KA PM, s PR EL
HAEKEN 3 %)

(2) i & 4 @ o0 2 W B R B /NIUT 2 2 Cu
>Zn>Pb>Cr>As>Ni>Cd, H, Cu. Zn, Pb Z
LY 5 B 43 J8 S 1Y 90% . X T M 2 RS Hom
7, Cd, Cu, Pb iy, XN FHRTG YK As Fl
Zn W2, XN F5mis 4k Cr A Ni BAIK, XN
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UNREE 3L SN S Rl =

18.73%. As, Cd, Cr, Ni, Pb ] fiE 3=k J5 T
Sy Cu WTRE EZORIE THLEh 24 4 7 BB it Zn BE
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(4) KA PM, TR EE LB —EMES
DR, XA XS 22 i Cd ARy, Tl & 4
{14 R IR 34 7 W] 2 32 B KUBS: Y Bl 2 Py, P Cr
ST 4 m A A AR R R S50 A B0 2 5 R
B R ABESE B, JLEE A 32 2 A9 JE 80 XU 5
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