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Heavy Metal Pollutlon Characterlstlcs and/ Ecologlcal and Health Rlsk

‘Assessment of Atmospherlc PM2 . in a Living Area of Z}lengzhou City :

HE Rui- dong, ZHANG Yi-shuny CHEN ong yang, JIN Meng-j ]1e HAN Shl—]le ZHAO Jin-shuai, ZHANGRUl-
qin, YAN-Qi- she 7 f‘ .
€ Resear(’h Instltute of Environmental S(’lf;nce Colrlége of Chemlqu"y and Molecular Engineering, Zhengzhou University, Zhengzhou
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A’bstract Po” study the pollution characigflstics of dtmosphenc heavy metal elements in a living area of Zhengzhou City, assess the

i

potent}al ecological risks, and determine risks to resident health in this city, the Wuhan Tianhong TH- 16A Airborne Particles
Intelligent Sampler was used to collect atmospheric PM, 5 in Zhengzhou City. The mass concentrations of 17 metal elements were
analyzed by ambient air determination of inorganic elements by ambient particle matter wavelength dispersive X-ray fluorescence
spectrometry. The source of heavy metals was analyzed by the enrichment factor method and principal component analysis. The
ecological risk index method and the US Environmental Protection Agency’s health risk assessment method were used to evaluate the
potential ecological risks and residents’ health risks from Cr, Cd, Cu, Zn, Ni, Pb, As, and other elements. The results showed that
metals with higher enrichment factor values were Cd, Sb, Pb, and As, and Cd had the highest enrichment factor value. The sources of
metal elements in a living area of Zhengzhou City were mainly crust/burning coal, fuel, garbage burning, metallurgical dust, and
vehicle emission. The single factor potential ecological hazard index values of Cd, Pb, Zn, As, Cu, Ni, and Cr were 70 420. 2,
255.3, 204.6, 71.5, 36.9, 24.0, and 5. 1, respectively. Cd, As, and Cr in a living area of Zhengzhou City posed a cancer risk,
and Cd was the most harmful. Mn had a non-carcinogenic risk.

Key words:PM, ,; enrichment factor( EF) ; principal component analysis( PCA) ; ecological risk analysis; health risk assessment
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Table 1  Potential ecological risk grade parameter table
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M HQ<1 I, JER X A1 fa B A ARl 2 0 A
it HQ > LA, XAMA BRI _IECR R4
SRR RS, B R A RERAE S HE M2 5 SF
H R SR T [ me (kged) ] 27 Cd |

- %2 BPEBASHESNE |
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Table 3 Comparison of the mass concentration of 17 heavy metal elements in a living area of Zhengzhou City compared with that of other cities/ng-m ™

PRI % J0 3R SE B AR 60

i AT ARG X AR TS5 Cd, As F1 Cr 5550
£3 BHTREER 17 HELRTERBRES EMMHFLE" /ngem

REVIMK, X

SRR 223 ™ G

G m I

P H AR, X

3

JLE 5 A Fk = R Jestl
Cr 8.5+2.9 7.4 0.2 12.7£6.3 18.314.2 49.3 £37.2 15.0 £10.0
Mn 100. 6 +70. 5 133.7 +128.7 190.3 +134.9 203.5 +182. 1 51.90 £10. 1 51.0£28.0
Fe 1193.4+1013.7  1090.7 =1 033 1628.8 =1 006 1531.6 =1 127 740. 50 =230. 6 950. 0 +260. 0
Co 4.1£1.2 3.6£0.1 3.6+0.8 4.0£2.0 1.120.1 0.8+0.5
Mg 203.9 £129. 1 164.6 +105. 9 141.9 £83.9 175.2 £101.5 164.7 £70. 6 236.0£94.0
Al 1129.4£924.5 933.4. £483.1 921.7 £517.5 850. 4 +496. 3 177.5 +62.3 n.a.

K 848. 5 £402.2 848.7 £456.0  1086.2+442.2  1879.5+1262.2 1701.152.8 n.a.

Ca 1078.2 £742.7 954.6 £531.8  1059.8 £683.9 987.6 £646. 6 457.9 £254.7 n.a.

Ti 71.9 +59.6 76.9 £72.5 35.3:16. 1 49.7£27.7 655.6 383.2 42.0£25.0
v 9.4+4.5 6.3+4.7 5.3£3.0 10.3 £6. 1 5.2+1.4 9.0£6.0
Ni 11.9£3.9 3.7£2.7 5.2£4.3 14.5£4.9 n.a. n.a.

Cu 27.5+14.4 219 +11.5 31.915.7 35.6 +21.6 52.5+16.7 29.0£19.0
Zn 147.1 £76.6 157.1 £71.7 251.8 £98.5 283.3 £179.9 423.7 £194.9 349. 0.4154. 0
As 15.3+6.6 9.1+4.9 20.7 £13. 1 25.7+17.4 28.0£24.4 e s~98, Q= 19.0
cd 16.2 6.3 14.5 5.8 16.5 6.7 17.1 £8.3 5.0£3.0 | o8 7 4.0
Sh 9.9£3.7 10.4 6.9 16.2£7.8 14.0 % 10.6 16.1£8.3 $22.0£5.0
Ph 72.6 +33.7 73.3£25.7 (47 117.6£55.1 136.6/+78.9 294.1:119.3  A43.05117.0
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TE % CHE R &7
Cr 7.1 6.2 10. 6 15.5
Mn 9.3 8.4 17.2 18.5
Fe 2.1 1.9 2.8 2.8
Co 16.2 14. 4 14.2 16.7
Mg 1.3 1.1 0.9 1.1
Al 0.8 0.8 0.8 0.7
K 2.3 2.3 2.9 5.1
Ca 4.6 3.7 3.5 3.3
Ti 0.9 0.8 0.5 0.7
A 5.8 3.9 3.2 13.2
Ni 11.9 6.9 9.8 51.8
Cu 26.9 32.2 87.2 57.9
Zn 100. 9 107. 8 172.8 194. 4
As 69. 4 41.5 94.3 116.9
Cd 8509.9 7596.5 9712.1 8811.9
Sh 417.1 436.4 680. 1 613.6
Pb 142.3 143.6 230.3 160. 8
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Fig. 1 Mass concentration of nine metal elements in different seasons
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Fig. 2 Annual average enrichment factor values of 17 metal elements in a living area of Zhengzhou City
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Table. 5 : Elemem principal component analy51s I‘Ebu‘hb ==
TOFE f Iﬁﬁ% FERSY2 f&ﬁq.imﬁf Emﬁs
£t # 0:49 -0.71  0/264 L 0027 & -0.08
M Y/ 081 mt-0.32 -0/03 ' 0. 21 " _—_,0.-“"27!; !
Fe o 4% 092%™ 005 -0.224 0700 =075
& F ~0.21 0.2 0.2 0.41 0.09
Mg 0.73 0.36  -0.41 -0.06 -0.07
Al 0. 89 0.29 -0.31 -0.12 0.02
K 0.90 0.18 =-0.05 -0.19 -0.06
Ca 0.76 -0.09 -0.08 0.19 0. 44
Ti 0. 86 0.28 -0.33 -0.10 0.11
v 0.26 0.70  0.27 0.17 0.36
Ni 0.11 0.68  0.41 0.35 -0.25
Cu 0.58 -0.68 -0.05 0.09 -0.14
Zn 0. 66 -0.15  0.60 -0.31 0.01
As 0.72 0.33  0.32 0.03 -0.34
cd 0.31 -0.04  0.25 -0.76 0.28
Sh 0.43 -0.26  0.04 0.33 0.70
Pb 0.71 -0.10  0.52 -0.12 0.01
FHOEAE 7.33 2. 60 1. 60 1.36 1.21
T &/ % 43.09 15.31 9.36 7.97 7.12
BT 2/%  43.09 58.40  67.76 75.72 82.84
; FEU s i E¥: HE
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id%F Cr, Cd, Cu. Zn., Ni, Pb Fl As (AR A 25 X

B PEA, T LR B R ) 4 s oo R B R AR S
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Table 6  Potential ecological risk values of metal elements in a living area of Zhengzhou City

i H Cr Cd Cu Zn Ni Pb As
g 5.5 96 337.8 59.5 38.6 23.8 277. 1 267. 1
= 4.7 83543.4 69 39.9 13.5 270.3 154.4
79 4.3 56 736 99 33.9 10. 1 230 186. 6
&S 5.8 46 863 60 35.9 48.5 242.7 210.5
SAF 5.1 70 420. 2 71.5 36.9 24 255.3 204.6

®7 HtEHEETREEESREHE"
Table 7 Potential ecological risk values of metal elements in other cities

HaR, TiH Cr Cd Cu Zn Ni Pb As
K5 (2] 2012 4E& 5.9 1203.1 103.6 21.3 54.6 68 13.3

Fopge30] 2011 4F42 5.7 933.3 84.3 86.8 — 141.8 20
AR 2014 4ERkZE 1.4 8697 42.5 27.8 16.8 164.9 700

1) “—" 3CHkH Teic 2k

ARG, R ARG BRI EUE . Cd XFL
AR EFRAR MR TLCR B2 50 5. 8 x
1075, 2.5 x 107 1 2.3 x 107, &A1 HIMEH A T
1070 ~ 10~ 2 A, S AHAELAT B0 BOR AR 1T
Cr X JLEE 24 R 53 1 TLOR (543091 4 4.0 x
1075 1.7 J0°F1 1.5 x 107 | Hxd Aphg Sl
B T AR €y (LR RE 5 B2 B NIAATCR fi
BN, AFE107° ~ 10 R, GA @RI SO
LA T A R RE KSR Y | 2 (R KU
IR As> @0'> Cr > Ni. R HF KB S

Vot Mn XL E OO (4 6.3, S8 HeATRAE

LM HO (B3 510 2.6 1 2.5, HQ LK T 1,
S B4 Al S0 RS S 5 B 4 PR 9. Cu,
Zn, Pb A Cr XL | BUAR T3 VERBUAR 2 PE Y HQ
fE¥/NT 1, ENTR HQ EHEFHA Cr>Pb > 7Zn >
Cu, BARXLE P —GRARAIEZIENE, Hid 2
BERENRIZEE M. TEIZRAE XN LB
N2 M e ) AR B0 MBS, 402 Mn ST XL
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Table 8  Carcinogenic risks of toxic metal elements

in different populations

Wi As Cd Ni Cr

JLE 1.5x107% 5.8x107° 5.8x107°% 4.0x107°
BAERYE 6.5x107°  2.5x107°  3.0x10°° 1.7x107°
WAL 6.0x107°  2.3x107°  2.8x107° 1.5x107°

x99 BEEBIENTAEABNIERERLE
Table 9 Non-carcinogenic risks of toxic metal elements
in different populations

i H Cr Cu Zn Mn Pb

JL#E  2.4x107' 2.5x107* 4.0x10™* 6.3  1.6x102
BAERME 1.0x107' 1.0x107* 1.7x107* 2.6 7.1x107?
WAELME 9.8 x10729.0x107° 1.6x107™* 2.5 6.7x1073
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