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Tab.1 Characteristics of heavy metal content in soil samples

s S i H Cd Cr Cu Ni Pb Zn Hg As
B/ ME/10 -0 1.00 51.00 26.00 22.00 27.00 47.00 0.02 29.70
P KA /10 -0 78.90 295.00 728.00 121.00 2295.00 2025.00 2.82 1 788.00
SFXE/10 -6 7.82 164.26 108.30 64.66 212.75 219.76 0.27 165.10
Bl 1.43 0.28 0.83 0.34 1.40 0.98 1.02 1.39
/M 1070 0.96 80.00 26.00 20.00 16.00 38.00 0.03 26.90
ol wKfE/10 -6 9.05 330.00 197.00 127.00 262. 00 203. 00 0.78 252.00
SEXE/10 -6 3.20 169.39 85.70 74.22 97.32 117.72 0.20 96. 42
BT 0.67 0.36 0.46 0.44 0.62 0.39 0.80 0.56
B/ME/10 -0 0.52 40. 50 14.00 11.00 14.00 36.00 0.02 12.90
o wKfE/10 -6 5.11 584.00 149.00 222.00 130. 00 228.50 0.40 225.00
FHIME/10 -6 2.14 182.16 68. 66 72.20 49.39 97.39 0.09 70.76
BT 0.68 0.65 0.59 0.74 0.58 0.47 0.94 0.92
B/ME/10 -0 0.52 40. 50 14.00 11.00 14.00 36.00 0.02 12.90
v IORAE/107° 78.90 584.00 728.00 222.00 2 295.00 2 025.00 2.82 1788.00
PATHE SEXIME/10 -0 6.68 166. 50 101.73 66. 66 182.50 194.88 0.24 147.35
5 R A 1.51 0.35 0.81 0.42 1.47 1.00 1.04 1.40

3.2 TESSESHRFITEIEN

HRARE A2 2R, i LI E SR P,
WEAKIK K Cd > As > Hg > Pb > Cu >Zn > Cr > Ni,
KA EE)E P, YEMKICH Cd > As > Hg > Pb >
Cu >7n > Cr > Ni MM ESE P, BEMKICH Cd >
As >Hg>Pb >Cu>Cr>Ni>Zn, i H 48 P, 1Y

{EMKYK A Cd > As > Cr > Hg > Cu > Ni > Pb > Zn, A
[7) - 3t A 7 2K 3 o 4 J B DR T Qe BE A 45 2R
W2, 3 M T Cd As /Y P (ETY
BB E RS Y, Cr Ni 76 3 A LRI R P 3o
EZENAK, WS s, B Cr Ni Ab, R
W HAE SR P, AW T AR RIS
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Tab.2 Statistical results for single factor evaluation of heavy metals in soils

R B i 5 Cd Cr Cu Ni Ph Zn Hg As
i/ MA 8.62 0.75 0.77 0.61 0.71 0.60 0.46 2.70
IEoN 680. 17 4.33 21.43 3.34 60.51 26.06 72.31 162. 40
e SEH{E 67.44 2.41 3.19 1.78 5.61 2.83 6.89 15.00
V5 YA WP R RS RBRROsEg SRR RATR SR HETGHR
o/ MA 8.28 1.17 0.77 0.55 0.42 0.49 0.79 2.44
. iGN 78.02 4.84 5.80 3.51 6.91 2.61 19.90 22.89
SFH(E 27.59 2.49 2.52 2.05 2.57 1.52 5.18 8.76
V5 YR WP R R REmE RS REgsRk EESRE 0 SwEESR
e/ ME 4.48 0.59 0.41 0.30 0.37 0.46 0.54 1.17
_ I5oN( 44.05 8.57 4.39 6.13 3.43 2.94 10.31 20.44
FHE 18.44 2.67 2.02 1.99 1.30 1.25 2.39 6.43
V5 YL WP R R RBREgsE RBEosE RS RBEWR @SR
e/ ME 4.48 0.59 0.41 0.30 0.37 0.46 0.46 1.17
[ SPNE] 680. 17 8.57 21.43 6.13 60.51 26.06 72.31 162. 40
TR 57.62 2.44 2.99 1.84 4.81 2.51 6.27 13.38
V5 YL WEEYE O REEE RERYE R hEEVsY RREETSY EESY EHEEHR
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Fig.2 Potential ecological risk coefficient of heavy

metals in soils
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Tab.3 Correlation analysis of heavy metals in soils

THAATR  EEE cd Cr Cu Ni Pb Zn Hg As

cd 1.000
Cr -0.063 1.000
Cu 0.558 0.243 1.000
Ni -0.006 0.840 0.279 1.000

R Pb 0.599 -0.052 0.822 -0.040 1.000
Zn 0.888 -0.046 0.533 0.011 0. 664 1.000
Hg 0.589 0.010 0.379 0.019 0.552 0.682 1.000
As 0.779 0.017 0.894 0.034 0.887 0.726 0.539 1.000
cd 1..000
Cr 0.297 1..000
Cu 0.325 0.687 1.000

i Ni 0.362 0.818 0.711 1.000
Pb 0. 662 -0.049 -0.005 0.018 1.000
Zn 0.784 0.338 0.178 0.406 0.770 1.000
Hg 0.593 0.369 0.497 0.584 0.356 0.531 1.000
As 0. 807 0.264 0.224 0.440 0.636 0.745 0.613 1.000
cd 1.000
Cr 0.490 1.000
Cu 0.521 0.708 1..000
Ni 0.543 0.943 0.818 1.000

Ficith
Pb 0.697 0.189 0.207 0.171 1.000
Zn 0.771 0.551 0.677 0.652 0.640 1.000
Hg 0.682 0. 364 0.411 0.406 0.479 0.800 1.000
As 0.934 0.514 0.517 0.594 0.472 0.747 0.658 1.000

3.5 EEREHSHT

E RS R — i e B 40 B v R G B
FoR BT DA 24 AR J i i ok D FOLA F 8057,
R REAREE 45, ] T IR AR
JCETGYIRA SN > R SPSS 22. 0 Bkt
T IEE 4 8 & R 3T KMO il Bartlett 656 ,3 Fh 1+
HAH 7720 KMO #KF 0. 5, Bartlett BRIE K 56
P =0.000, 3R IHEHE 238 G AT FE L b, 3 Fh
TR AT PR 2 MR E R T 1 B 3
BA , FETTHR R T BT Z TR LR 4

3 A b A 5 R 28— E s Cd P Zn,
Hg  As 2R 2058 i, IAh, A F b3S — £ 43 Cu
AT B AR TR 347, Cd \Pb Zn Hg \As B
GRS R T SHE SRR, R R
e In R, RPX TR e 2 Z 8 A
RGN, TR XA TR B AT A b S8 1, A
b A ) A S T e A e KADTRE b R AR
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Tab.4 Principal component analysis of heavy metals in soils

HEE A H ML giiith
LR OS2 R RS2 A1 RS2
Cd 0.868 -0.072 0.873 0.255 0.873 0.359

Cr -0.018 0.952 0.083 0.892 0.183 0.915
Cu 0.811 0.332 0.071 0.869 0.269 0.847
Ni 0.020 0.951 0.214 0.912 0.230 0.955

Ph 0.889 -0.018 0.890 -0.180 0.847 —0.058
Zn 0.880 -0.064 0.894 0.201 0.791 0.495
Hg 0.716 -0.033 0.578 0.538 0.784 0.261
As 0.947  0.055 0.865 0.244 0.766 0.444
FEIEME 4.397 1.925 4.319 2.043 5.110 1.465
ﬁ;/zﬁﬂ}\ 54.968 24.061 53.985 25.539 63.876 18.308
Zil  54.968  79.029 53.985 79.524 63.876 82.184

1B IRAR R R A5 7 T 2 ) ] 3 M TS G
Wi, AT, A M ) < TR P B AR AR AR A T
RS (=44 R W e AN v R 5 @ 12 RPN I L S
M, BERA A 25 ML RE ) 1 FH 5 S04 3t i 70 B 46
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Hi Cd \Pb . Zn Hg As Cu EZ R TR, Al
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Hb AR AR T 48 1 P, B {E 35 I KT AR
Hi NS HE
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Distribution characteristics of heavy metals in soils around smelting
enterprises and potential ecological risk assessment

FU Xiaodong, SUN Congwu, YAO Yeting, YANG Zhengpeng
( Geological Team 308 of Yunnan Nonferrous Mentals Geological Bureau, Kunming Yunnan 650214, China)

Abstract; In order to investigate the distribution characteristics of heavy metal pollution in soils under different
land use types of surrounding industrial parks,the authors in this paper focused on typical smelting industry areas
in Yunnan Province and took targets soils with various land uses as the study object. The contamination status of
eight heavy metals in agricultural land, forest land, and wasteland was comprehensively evaluated by single pollu-
tion index method and potential ecological risk index. Correlation analysis and principal component analysis were
utilized to explore the sources of pollution. The results indicate that the average content of Cd, Cr, Cu, Ni, Pb,
Zn, Hg, As in soils of the study area all exceeded the background value of heavy metals in soils of Yunnan Prov-
ince. Among the three land — use types, agricultural land exhibited a significant higher mean single pollution index
(excluding Cr and Ni) and higher comprehensive potential ecological risk level compared with forest land and
wasteland. The overall comprehensive potential ecological risk level for heavy metals in the entire region was clas-
sified as strong or extremely strong. A clear spatial pattern emerged, showing that the comprehensive potential ec-
ological risk level generally decreased with increasing distance from the industrial park. Correlation analysis and
PCA indicated that Cd, Pb, Zn, Hg, As, Cu were primarily derived from industrial sources for forest land and
wasteland, and Cd, Pb, Zn, Hg, As, Cu were superimposed with agricultural sources for agricultural land. Cr
and Ni were mainly controlled by the soil parent material. Undersinding of the dynamic changdes in heavy metal
concentrations as well as the rationality regarding land utilization methods could be strengthened throug the re-
search ,and it could provide scientific basis and guidance for preventing soil heavy metal pollution in this area.

Keywords: Pb —Zn smelting; heavy metal in soils;land use types;potential ecological risk index
(EfEHE: 1)



