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Risk Analysis of Heavy Metal Contamination in Farmland Soil Around a BaUXlte

r"

Residue Disposal Area in Guangx1 : =

GUO Ying, LI Yu-bing, XUE Sheng-guo * LIAO Jia-xin, WANG Qiong 1i5"WU Chuan
(School of Metallurgy and Environment, Central South Unlversny, Changsha 410083, China) | .

Abstract; Bauxite residue disposal areas ( BRDA) appqar to result in the heavy metal pollutm‘n of the farm fields %urrounrﬁng Ih(bm ‘In
total, 194 topsoil sdmples were collected from/the fields® suHoundmg a BRDA in Guangxmn ord,er to jcomprehensively “understand, the
pollutan’t characteristics. [These characteristics and tHeif ebolgglcal risks were assessed by the Nemerow ‘and Harkanson 1ndlces “whilst,
the Sources and, ('orrel'atlon% of eight heavy metals yf CP"’ Ni, Cu, Zn, As, Pb, 4nd €o)! wete analyzed by means-of the. spa‘flal_‘_,.
interpolation method correlation analysis? and” prmupdl pomponent analysis ( PCA). -The résulls demonstrated that the surroundmg
fields were serlously polluted by heavy nietals. Nlnety -twé" percent of samples Averé! polluted “including 36% that showed serious
pollution, ,and|As was " the dominant contaminfnt! The-’lecologl(al risk results showed 'that the risks of the surrounding fields” were
medium, lahd As' whS" responsible for 68% of thi€. Spatial interpolation suggested that concentrations of heavy metals in the
nonhqastward and southwestward areas were higher, hpwever e ge‘utheastward areas were lower. Multivariate statistics indicated that
the possiblé’soutce of As contaminant was différent to those=6F \7- Ni, Zn, Pb, and Co; As was primarily influenced by anthropogenic
contaminaﬁon, including atmospheric sedimentation, and agricultural fertilization. Cr was affected by both soil parent material and
atmosphieric sedimentation, whereas V, Ni, Zn, Pb, And Co levels were mainly affected by soil parent material.

Key words : bauxite residue disposal area; farmland soil; heavy metal pollution; risk analysis; source apportionment
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Table 1  Descriptive statistics of heavy metal concentrations in the soil surrounding the bauxite residue disposal area (n =194)

GeiiE \ Cr Ni Zn As Pb Co pH
KA/ mg-kg ™! 205. 4 200. 6 60. 81 38.48 245.2 229.3 140. 7 38.96 8.52
/M /mg-kg ™! 32.24 25.15 7.98 0.30 21.86 12. 18 27.74 6.24 5.53
Pt/ mg-kg ™! 112.9 94.82  35.86 18.73 113.6 105.3 78.94  20.33 7.03
FrifE2% 37. 44 33.23 13.22 8.75 43.38 51. 10 22. 04 7.23 0. 68
A5 5 2 % 33.15 35.04 36. 88 46.71 38.20 48.53 27.93 35.55 9.67
it B 0.063 0.16 -0.22 -0.07 0.33 0.32 0.32 0.04 0.11
Ui -0.50 0.002 -0.97 -0.68 -0.396  -0.97 -0.32 -0.77 -0.55
J*ME;.‘:? ) /mg-kg ™! 129.9 56.25  26.60 20.79 46.43 8.90 18. 82 10. 40 —
TS AR/ % 34.0 86.0 71.0 41.0 97.0 100 100 90. 0 —
GB 15618-1995 —Zbrif — 300 50.0 100 250 25.0 300 — 6.5~7.5
e/ mg-kg ! 208. 6 1264 63. 04 36.23 26.49 92.70 122.2 35. 67 10.76
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Table 2 Semi-variance functions of soil heavy metals and their parameters
o g A Heg:Ad ARFALD) bR
£ AR (Cy +C) (Cy) FE%) [Co/(Cy+C)] K
v =1 1597 552 0.0182 0. 654 0.727
Zn BRIE 2099 648 0.020 1 0. 691 0. 823
Pb BRIE 539.3 165 0.014 4 0. 694 0. 687
Ni [ 220 64.5 0.026 8 0. 707 0. 947
Cu BRIE 81. 64 36.9 0.0151 0. 548 0.728
Co =1 60. 57 16.7 0.0175 0.724 0. 861
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Fig. 2 Distribution of heavy metal contamination in the soil around the bauxite residue disposal area
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Table 4  Ecological risk indices of heavy metals in the study area (n =194)
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Table 6  Results of principal component analysis for heavy metals sources

T8 As PR 4R8N 3.5 ,E, 117, 6, E
1Y H B A BORINETEAESfGH, FTIAh PC2 et
TANTEYHE.

o PRI (A LN

7 aiF T/ % 2R % aif I/ % 2R %

1 5.30 66. 26 66. 26 5. 300 66. 26 66. 26

2 1.49 18. 68 84.94 1.494 18. 68 84.94

3 0.534 6.679 91.61

4 0.217 2.709 94.32

5 0. 182 2.278 96. 60

6 0. 149 1. 867 98. 47

7 0. 082 1.022 99. 49

8 0.041 0.508 100.0

55 %45 R —3, V. NiL Zn, Pb, Co T
FHE PC1 AT 3, 78 PC2 W AFAE— T3, ' M
F] 5 PTG S RSO T LR O 1 sl .
JH WA X 35 26 1 DX AP, T BEA 7 A oo
MR, BRI AL e g s
TR AR B L A RN T Tl il c
SRR TR FEO K SR S, |
%,%ﬁﬂ%W%m,iﬁmiﬁaéggﬁﬂa
ST FF A R . s RATREA 4 Ll
:%E#&Eﬁy%ﬁﬁ% “ ﬁﬂ“ : 0 Yy 0 05 0
R O Cr o AR Bt i

R TSI i kAL

I A O B S MCE — B, e T
PC1, BC2 LA Bk i, 2 M B A Sy 35 2
e, WY X8 2 Tk Fel iy 2 LR . S s m
TR A R e A B R RE R R Y
YEFIR , DUk 2 J5 il 138 . Pascucei 2 F FH 5
TR SR AR AR R S AR R 2 LR B2 AR T 3K
TR, I Cr(1264 mg-kg ™) B, AR
KL/ SRR, Cr 76 3 S XU A XU
WAALE R W] 1Y B R A Ak ey, il Cr & s,
Al A7 B AR IR A R ).

As 7€ PC2 _FArdldin F 1, RWF R IX & & &
(1) As FEARH A NG RE R, — 85, & H -
By As IS FEOR A TARAMN . RV,
TEKIGIRTEE | & T 4R R I HE B AR
HE37 J i - SEBTRE R P YA 7 AR AR AR AR K
A St [R) R 1A Tl bl XA AR
PSR, L3 As 5 B AT g R 32 40 1 sh A Tl
Febsm. ZRUerh As Sk, 7 92.70 mg-kg ™',

B4 IESEERFESSH

Fig. 4  Factor score distributions for heavy metal concentrations
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