K F RS W R F R
2016 4F 5 J1 %5 33 445 3 1:221-229 May 2016+ Vol.33-No.3:221-229

ZESFMTEAK B L
B R RIS ERXBE TN

MoV AR, RS LHER Y, T L3 W, kmaR!, TaL!
(LIRS (R g PN R T, 45 TN 510655; 2K 2 KA FREERE 5 TREBR , BEpd P52 710064 )

8 E PRI S SRR ERA R T i B Y A R, BRI hE T A X L SRR BT BT R, DA SRR BRA R R L IH
Ytk JRl 0 A3 R SERT AR BEALAT B 14 D SRAF AL, KRB 42 A R B, R HUERE & 55 B A SRS 21 3G
FE LIERES Y Cr Cu Mn (Ni \Pb Zn Cd As Hg, RAZEETS P 805 SR BA880% e A G B Ha R0k R g e RS AN Jr ik
Xof - g v e G s YR S LA R XU RS TIT A . BIRER ], RSP BRI AR A3 g Cr Cu Mn \Ni \Pb.Zn Cd As il Hg
T34 2 KO3y 92.25 .226.81 .1 567.45 ,65.16 ,.394.66 .1 451.63 .11.16.43.81 .0.47 mg-kg™, B Cr Hg #b, HAh 5 48 & 51y
e ) % PRI B R Ao ) — AR ERL, Forh Cd W dRe sy BARE R 274 % MR BRI EOPM 45 R W] i X I -3 rh Cd 5%
Tk B A B M B TS YL s VR AR A LR AR O A R BN K XIS 4 R 15 Y sb T R 50 A A 2 XU PR 5 f e
UGB 45 220 IH LR 2 388 Ph Cd %o JL 23 HA i (VB e fa e XU .

KRR BYEHE IR LB AR T YR s R XU PN

E 525 :X820.4 XEFRERD: A X EHS:2095-6819(2016)03-0221-09 doi: 10.13254/j.jare.2015.0306
5| g

XN, BRARIE, AR R 45 S i BRA R AL LT 4 5 YRR AR R KU AN (I, Al B I S FREE 2431, 2016, 33(3):221-229.
LIU Xiao—yan, CHEN Mian-biao, LI Liang—zhong, et al. Contaminant Characteristics and Health Risk Assessment of Heavy Metals in Soils from Lead—
Zincs Melting Plant in Huize County, Yunnan Province, China[J]. Journal of A gricultural Resources and Environment, 2016, 33(3):221-229.

Contaminant Characteristics and Health Risk Assessment of Heavy Metals in Soils from Lead-Zincs Melting
Plant in Huize County, Yunnan Province, China

LIU Xiao—yan'?, CHEN Mian-biao', LI Liang—zhong', HU Guo—cheng", HUANG Jian—hong', LIU Shan®, ZHANG Li-juan', YU Yun-jiang'
(1.South China Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China; 2.School of
Environmental Science and Engineering, Chang’an University, Xi'an 710064, China )

Abstract:In order to explore history environmental problems of lead-zinc smelting, Huize County, Yunnan Province, forty—two surface soil
samples were collected randomly from 14 sampling sites surrounding lead—zinc smelting plant. Heavy metals (Cr, Cu, Mn, Ni, Pb, Zn, Cd, As
and Hg) in all samples were determined by inductively coupled plasma —optical emission spectroscopy and atomic fluorescence
spectrophotometer. Contamination characteristics of heavy metals in soils were observed on the basis of background values of comprehensive
pollution index method. Potential risk was evaluated by using the geoaccumulation index(/,,), potential ecological risk index(R/) and health
risk assessment method. The results indicated that the average concentrations of Cr, Cu, Mn, Ni, Pb, Zn, Cd, As and Hg were 92.25,
226.81, 1 567.45, 65.16, 394.66, 1 451.63, 11.16, 43.81, 0.47 mg kg™, respectively. Based on the Environmental Quality Standard for
Soil, the multiple super scale of Cd concentration was highest, more than 274 times. According to the /,., Cd ranged from partial severity to
serious degree. The RI indicated that the soils around lead —zinc smelting plant were at the serious ecological hazard level. Health risk
assessment showed that Pb and Cd in soils surrounding old site had potential health risk to children.
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Figure 1 Sampling sites of soil samples around Huize lead—zinc smelter area, Yunnan Province
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Table 1 Parameter values in exposure assessment of heavy metals

ZH ZHE L ZHE -
LiE [N
CS/mg kg EERITRRE
IngR/mg-d” KA 200 100
InhR/m*-d"! =R 5 20
CF/kg mg™ F 285 107 10°
AF/mgrem?-d™ -IEXF IR I R A 0.2 0.7
EF/d-a SRS 350 350
ED/a TR 6 24
PEF/m’ kg™ A ) HE R IR 1.32x10°  1.32x10°
BW/kg ZARKTE 15 55.9
EBUE ] AT/ A R ) 365xED  365xED
FURER] AT/ SV FH ] 36570 365x70
SA/em?+d™ A RE R IRE AL 1 600 4350
ABS B R B 2R 4 0.001 0.001

R2 EEBRTARRERERZSEFE (mg-kg'-d)
Tatle 2 The reference dose of no—carcinogen exposure for each

metal and exposure pathway(mg-kg™-d™")

TR RID iy RD y¢e RD i
Cr 2.86x107° 5.00x107 2.50x10™
Cu 4.02x107 3.70x107 1.90x107
Mn 1.40x107 4.70x107 2.40x107
Hg 8.57x107 3.00x10* 2.10x10°
Zn 3.00x10™" 3.00x10™ 6.00x107
Pb 3.52x107 3.50x107 5.25x107

2 HR5iTie

2.1 TIEPESEEREKTE
ANTRERAE G S G S i K A 3 .
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Table 3 The concentrations of heavy metals in soils from Huize lead-zinc smelter area, Yunnan Province(mg-kg™)

SRAE S Cr Cu Mn Ni Pb 7n Cd As Hg
IHhE S1 69.37 256.72 2 363.87 47.42 1 686.19 5749.5 41.33 151.89 1.91
S2 59.13 174.83 1 686.55 51.75 2 193.07 5 146.7 22.72 156.1 1.34
S3 68.18 217.93 1 676.19 66.05 236.49 508.6 9.11 49.22 0.23
S4 56.35 229.82 1 143.33 52.22 211.73 966.05 10.81 20.17 0.32
S5 107.93 195.47 822.43 65.78 72.09 270.4 4.88 17.61 0.29
S6 47.43 231.49 1114.31 51.41 56.78 218.29 3.89 17.29 0.19
S7 53.21 213.68 1 500.78 52.2 316.97 17214 24.82 32.78 0.57
S8 52.54 238.48 1 029.87 55.03 79.92 270.15 3.88 11.62 0.16
S9 293.87 686.93 4420.01 209.11 237.27 854.5 16.71 57.24 0.18
SER{E 89.78 271.71 1 750.82 72.33 565.61 1 745.07 15.35 57.10 0.58
Bk S10 72.7 174.07 1 033.02 50.1 21.79 143.87 2.44 6.8 0.12
S11 92.04 146.85 1092.11 55.5 34.45 182.98 2.81 8.98 0.13
S12 131.93 129.94 888.31 64.74 32.11 160.54 2.79 13.58 0.22
S13 138.97 103.87 1511.37 56.11 35.59 165.93 3.31 30.73 0.23
S14 47.82 175.2 1 662.18 34.88 310.78 39639 6.68 39.34 0.68
SER{E 96.69 145.98 1 237.40 52.27 86.94 923.44 3.61 19.89 0.27
FRUE(E 200 100 — 50 300 250 0.3 30 0.5
GRS 65.2 46.3 626 425 40.6 89.7 0.218 18.4 0.058
F 4 ZESERERE BLLESEERESLRERRITRAEE
Table 4 Pollution indices and classification of heavy metals in soils from Huize lead—zinc smelter area, Yunnan Province
P, Cr Cu Mn Ni Pb Zn cd As Hg  ZEBI5 G850 159255
S1 0.35 2.57 3.78 0.95 5.62 23.00 137.78 5.06 3.81 98.48 HiG
S2 0.30 1.75 2.69 1.03 7.31 20.59 75.74 5.20 2.69 54.35 ERGE Y
S3 0.34 2.18 2.68 1.32 0.79 2.03 30.37 1.64 0.45 21.72 5
S4 0.28 2.30 1.83 1.04 0.71 3.86 36.04 0.67 0.64 25.76 iYL
S5 0.54 1.95 1.31 1.32 0.24 1.08 16.28 0.59 0.58 11.66 5
S6 0.24 2.31 1.78 1.03 0.19 0.87 12.97 0.58 0.39 9.31 HiG
S7 0.27 2.14 2.40 1.04 1.06 6.89 82.74 1.09 1.14 59.02 GG
S8 0.26 2.38 1.65 1.10 0.27 1.08 12.93 0.39 0.31 9.28 Hi5
S9 1.47 6.87 7.06 4.18 0.79 3.42 55.71 1.91 0.36 39.91 EREEC
S10 0.36 1.74 1.65 1.00 0.07 0.58 8.13 0.23 0.23 5.86 GieEE
S11 0.46 1.47 1.74 1.11 0.11 0.73 9.36 0.30 0.26 6.73 5
S12 0.66 1.30 1.42 1.29 0.11 0.64 9.29 0.45 0.43 6.68 HiG
S13 0.69 1.04 241 1.12 0.12 0.66 11.04 1.02 0.45 7.94 G
S14 0.24 1.75 2.66 0.70 1.04 15.86 22.27 1.31 1.36 16.18 5y

RAE RS ST AT S2 3 Ph Zn As K Hg R HBA R 45
B, A Ak T - B R R R -
5 s Cd (B RAEECH 2.90~6.98 Z [1], 4b
T VG YT, A SOR AR RSB0 2
FERVERRIR) B, IHhE R 14 ASSRAE S 3 b
& B 5 e S S 25515 AR BOE P 45 R A —
o IRgEREN ARG AL 1 Cd V53
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F1 Cu(BR S9 M) B FEA MG H RE(E ) /N T 40
(3 6) 40 TR A S AE FFEE ; T8 % 1)+ HEFE ity v
Zn B TEAESIGH RBE )/ T 40, kb TR0
He G EFERE ;ST M1 S2 - 3ERE ML Pb As 235l Ak T
R Fh AR R A A F R, A 12 AR s 1A
a1 Ph R As MAb TR A S F TR He 19
WIS fEERE (E) 4bF 80.46~1314.94 Z JA],
57%0) -3ERE Sy He Ab oA S e ERE; Irf

TR Cd I EASREERE (E) HKTF
320, b TR R A AL EREEE . [HAE - 58(S1)H Cd
PV AEAE G HE RE(E ) Fe = (5 688.07) , Ui B IHAE
Jilih 357 Cd 15 4L ™8 . AWF5Erh 9 FhE 48
FAJVER A AR A A T R e 28] 553 ) I PP AR Yk R < Cd>Hg
>Pb>Cu>As>Zn>Ni>Cr>Mn; 2545 e A 25 XU 35 %1
(R WG Ky 449.26~7 393.18, FHor A 3 A RFE A
MR AT TEAE S XS FEEL (R A 300~600 Z [A], kb T

RS ZESFRTRGT BhLETESEHRRIBHMLSER

Tatle 5 Index of geoaccumulation and classification of heavy metals pollution of the soils from Huize lead—zinc smelter area, Yunnan Province
TR Cr Cu Mn Ni Pb Zn Cd As Hg
Tl A L. A% L. B L A% L B L. % L. 8% La A% L. S
S1 - -0.50 0 1.89 2 1.33 2 -0.43 0 4.79 5 5.42 6 6.98 6 2.46 3 445 5
2 -0.73 0 1.33 2 0.84 1 -0.30 0 5.17 6 5.26 6 6.12 6 2.50 3 3.95 4
53 -0.52 0 1.65 2 0.84 1 0.05 1 1.96 2 1.92 2 4.80 4 0.83 1 1.38 2
54  -0.80 0 1.73 2 0.28 1 -0.29 0 1.80 2 2.84 3 5.05 6 -0.45 0 1.88 2
S5 0.14 1 1.49 2 -0.19 0 0.05 1 0.24 1 1.01 2 3.90 4 -0.65 0 1.74 2
S6  -1.04 0 1.74 2 0.25 1 -0.31 0 -0.10 0 0.70 1 3.57 4 -0.67 0 1.15 2
S7  -0.88 0 1.62 2 0.68 1 -0.29 0 2.38 3 3.68 4 6.25 6 0.25 1 2.71 3
S8 -0.90 0 1.78 2 0.13 1 -0.21 0 0.39 1 1.01 2 3.57 4 -1.25 0 0.85 1
S9 1.59 2 3.31 4 2.23 3 1.71 2 1.96 2 2.67 3 5.68 6 1.05 2 1.05 2
S10 -0.43 0 1.33 2 0.14 1 -0.35 0 -1.48 0 0.10 1 2.90 3 -2.02 0 0.42 1
S11 -0.09 0 1.08 2 0.22 1 -0.20 0 -0.82 0 0.44 1 3.10 4 -1.62 0 0.58 1
S12 043 1 0.90 1 -0.08 0 0.02 1 -0.92 0 0.25 1 3.09 4 -1.02 0 1.32 2
S13 051 1 0.58 1 0.69 1 -0.18 0 -0.77 0 0.30 1 3.34 4 0.15 1 1.38 2
S14 -1.03 0 1.33 2 0.82 1 -0.87 0 2.35 3 4.88 5 4.35 5 0.51 1 2.97 3
x6 ZMSFREHAL BRI BETESRBEESRERY(L)MEERHB(RD)

Table 6 Potential ecological risk coefficients(E] ), risk indices(RI) of heavy metals in soils from Huize lead—zinc smelter area,

Yunnan Province

SRR - RI
Cr Cu Mn Ni Pb Zn Cd As Hg
S1 2.13 27.72 3.78 2.23 207.66 64.10 5 688.07 82.55 1314.94 7393.18
S2 1.81 18.88 2.69 2.44 270.08 57.38 3127.06 84.84 926.44 4491.62
s3 2.09 2353 2.68 3.11 29.12 5.67 1253.67 26.75 156.32 1502.95
S4 1.73 24.82 1.83 2.46 26.07 10.77 1488.07 10.96 220.69 1787.40
S5 3.31 21.11 1.31 3.10 8.88 3.01 672.02 9.57 200.00 922.31
S6 1.45 25.00 1.78 242 6.99 243 535.32 9.40 133.33 718.13
S7 1.63 23.08 2.40 2.46 39.04 19.19 3416.06 17.81 393.10 3914.76
S8 1.61 25.75 1.65 2.59 9.84 3.01 533.94 6.32 108.05 692.76
9 9.01 74.18 7.06 9.84 29.22 9.53 2300.00 3111 12414 2594.09
S10 2.23 18.80 1.65 2.36 2.68 1.60 335.78 3.70 80.46 449.26
S11 2.82 15.86 1.74 2.61 4.24 2.04 386.24 4.88 89.66 510.10
S12 4.05 14.03 1.42 3.05 3.95 1.79 383.49 7.38 149.43 568.58
S13 4.26 11.22 241 2.64 4.38 1.85 455.96 16.70 156.32 655.75
S14 1.47 18.92 2.66 1.64 38.27 44.19 919.27 21.38 468.97 1516.76
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SRS E R, HoAh A B8 3 600, 4k FAR 5% fY)
ASFEERE . TEARVIEH  ASFRERAR S R 5
Cd PVEEESfaE ZB(E )5 RI BB B —3
P, Cd X LEA A AR SR sk i Ko
2.2.4 faERE RS PEAT

15 3 PSRRI T 0 0k E L e
T4 8 038 ot BRI L2 A 1 S0 25 18 XU
B, 403 7 FioR . 455 SR AR 4R 1Y AR S0 XS
E KNI 241 R TF-— VR AR A8 > B JR A2 Ak ade 15> 0 U
WA W T ILE M S, T LR R AR i A 0w XU 2
TR XT)LE , 2 TF- DB i A B0 XU
FREN 5 BN AERF IR A B Bz e il R Fhags 12 T 1R
S XU = T L3 AR S0 S RS S B L2 s TR
FREAIE o 3K —BIFFE s S 15 At DX % K A4 b 1
BTG IR — 5B, R 7 R BR T 1H

HEJE 1 Ph XL AR S0 RS HT LA H Qe 8
it 1 LA, HoAhEE 4 Jm i AR B0 A Y A L 1. [
RIAEIHAEA 1 -3 Ph & AR (E A 12 101.50
mg kg™, B AR AT - O EAE Ph XA
L A fe R AR B0 2 58 XU B 437y 5.93 i 44.21,
PR KT 1, RIHIEE D 45 i Ph X sl A FL
BIH BENARSoE N, LR LE, S
FIAAEZE R RN, =~ XELER Pb 9 H AR
R E A H 24 AR (PTDDARE , J8U 21 24 Hb f
FOEE I , X S A9 Y 245 SR AH— 2

AW I T 3 Fiof o KU () 4w, L
FEAB AN 8 Fin . TEARFRERE T, IHIEhE
48 BB RS HEIE A Cd>As>NI, T #THE R Ni>As>
Cd, W55 LY 1E5f-AH 2, vl OB IR St J8 i+ 3 v
G T AE B0 U 25 K o 3 P 4 i i 0 XU

R FRARRTEEBRNIFRERZENKE

Table 7 The value of heavy metals at non—carcinogenic exposure risk under different ways

TAER & HQuwy — HQuwe  HQ up HI R PIES HQuwy  HQwe  HQuy HI
IH4kE L2 Cr 7.60x10*  3.83x10"  7.35x10°  3.91x107" || [HhEAGA Cr 8.16x10*  5.13x107  1.88x10?2  7.09x107
Cu 1.64x10°  9.39x107  2.93x10*  9.68x107 Cu 1.76x10°  1.26x107  7.47x10°  2.01x10?
Mn 3.03x107%  4.76x10"  1.49x107  5.21x10" Mn 3.25x107  6.39x10°  3.81x107  1.34x10"
Hg 1.62x10°  2.46x107>  4.91x10°  2.46x107 Hg 1.75x10°  3.30x10°  1.25x10°  3.31x107
Zn 1.41x10°  7.44x107 5.95x10*  7.50x107 Zn 1.51x10°  9.97x10°  1.52x10°  1.15x107
Pb 3.89x107 2.07 2.20x102 2.09 Pb 4.17x10°  2.77x10"  5.63x102  3.34x10"
Bt 3.11x107? 3.12 4.78x107 3.20 J=8an 3.33x107  4.18x10™"  1.22x107"  5.74x10™
Bk )L Cr 8.19x10*  4.12x10"  7.91x10°  4.20x10™" || Hrhkai A Cr 8.79x10*  5.53x107  2.02x107>  7.63x10°
Cu 8.79x107  5.04x10°  1.57x10° 5.20x102 Cu 9.44x107  6.77x10°  4.01x10°  1.08x107
Mn 2.14x107  3.37x10"  1.05x10?  3.69x10™ Mn 1.84x107  3.61x107  2.15x10? 7.61x107
Hg 7.74x107  1.17x107  2.34x10°  1.17x107 Hg 8.31x107  1.57x10°  5.96x10° 1.57x1073
Zn 7.45x107  3.93x107  3.15x10*  3.97x107 Zn 8.00x107  5.28x10°  8.04x10™  6.08x107
Pb 5.98x10°  3.18x10" 3.39x10°  3.21x10” Pb 6.42x10°  4.26x107  8.65x10°  5.13x107
Bt 2.22x107 1.17 2.37x107 1.21 J=San 2.39x107  1.57x10"  6.06x107  2.41x10"
x8 AEEETEERNBUERREXKRE
Table 8 The value of heavy metals at carcinogenic exposure risk under different ways
Fhs otk St RISK oy RISK s RISK RISK
L I'UN L 'ON JLFE UN JLE A
IHHE As 1.5 1.78x10” 7.63x10” 9.39x10° 5.04x10° 1.51x107 1.53x10° 9.42x107° 5.19x107
Cd 6.4 2.04x10” 8.76x10” 1.08x10* 5.78x10° 1.72x107 1.76x10°° 1.08x10™* 5.95x107
Ni 0.84 1.26x10° 5.41x10° 6.66x10° 3.57x10° 1.06x107 1.09x10° 6.67x10° 3.68x107
BT RISK 2.69x10* 1.48x10™
ik As 1.5 6.19x10"  2.66x10” 3.27x10° 1.75%10° 5.23x10°* 5.34x107 3.27x10° 1.81x107
Cd 6.4 4.79x10"  2.06x10” 2.53x10™ 1.36x10° 4.04x10°* 4.13x107 2.53x10° 1.40x107
Ni 0.84 9.11x10™  3.91x10™"  4.81x10° 2.58x10° 7.70x10°* 7.86x107 4.82x10° 2.66x107
Bt RISK, 1.06x10™* 5.87x10°
http://www.aed.org.cn —227—
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A REAM R 2 RO RS A I, R S5 L
BT WM 4R S SRR T A A S KU
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CEATT YR RO (R BAE RO OB A S S FE £
2, RGN T SRR AT I H 7t
+ IR E AR TS YAF I PPN SRR A 2 R
FRFERR RS PR AR, AL 42 e X 24 ) LZE AR
A R XUBSS: , (BRI — 2 S

3 %

(D=FPERERAE) i 3% Cr.Cu Mn,
Ni.Pb.Zn Cd As I Hg (9°F-3) & KP4l =
IS SO A R BRI ) — bR UL T
PR, IHSHE A0 R rh Cd Zn BEAREC N ™, fRm
FEBREEO g 274 .48 5
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