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Heavy metal pollution on soil and vegetation in
Xiaoyu gold mining area

XUE Xi-Cheng,CHEN Fei

(College of Geology and Environment , Xi’an University of Science and Technology ,Xi’an,Shaanxi 710054 ,China)

Abstract: [Objective] This research focused on heavy metal pollution on soil and vegetation in Qinling
Xiaoyu gold mining area. [ Method) Samples were collected form soil and vegetation ( Wormwoods and
Lyme grass) in Xiaoyu River from upstream to downstream to analyze the components and contents of Cu,
Pb,Zn,Cd and Cr in soil and vegetation,and by taking potential ecological index the soil heavy metals bio-
logical effectiveness was evaluated. In addition, heavy metal pollution in vegetation was evaluated using the
single pollution index method and integrated pollution index method. [Result] The concentrations heavy
metals in soil was in a decreasing order of downstream>>middle>>upstream. Content of Cu,Pb,Zn and Cd
were greatly influenced by mining activities where Cr was less influenced. The heavy metal pollution de-
grees of upstream, midstream,and downstream of Xiaoyu River slight, slight and moderate, respectively,
and the main pollutants were Cd,Cu and Zn, respectively, The migration order of heavy metals was Cd>
Pb>Cua~Zn>Cr. In Wormwoods and LLyme grass,Zn,Pb and Cu contents were high,Cr and Cd contents
were low and the pollutants accumulated from upstream to downstream. The absorbing abilities of the same

plant were different when absorbing different heavy metals,indicating it was difficult to absorb same metal

* [k HH]  2012-11-01
[H&eTWH] BEPEA HRREIE AT H (SJ08-2T08-3) ; P52 R K 2 1+ W 58 3£ 4: 7 H (B2009-18)
[fEHATA] BFERA958—) B Iy A #UZ 1+ FENFEF IS . E-mail: xuexc331@163. com
GEGEE] B FEAQ988—), @ LRl It EENFG B 5. E-mail 475252113@qq. com



142 P A e MR K 0 AR

#%

using different plants. Lyme grasses and Wormwoods both were badly polluted by heavy metals, and the

degree of pollutants were in a decreasing order of Pb>>Cd>Cr>Cu>>Zn,among which Pb was the main

pollutant with single pollution index of 29. 67 —306. 67. [Conclusion) The soil and vegetation in Xiaoyu

gold mining area were severely polluted.

Key words: Xiaoyu gold mining area; heavy metal; Tessier sequential extraction method; configuration

analysis; biological effectiveness
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Map of sampling site of Xiaoyu gold mining area



4 8 1

B A5 /N T B DX 0 AR R R T QLT 143

W TR AR S A BT R AR B B
T4k R 8 ) 12 FLA20. 147 mm [ 8 0% , 105 °C fH iR
HET 24 h, MRS VR CUIEE L H AR T JS L 105
CHE AR U 5 b, FHAE YR B 5 I3 i FL AR
0.147 mm J& .7 .

1.2 THE5EVESESENNE

W SRR M RE S 22 HNO,-HF (HNO, 5 HF
MARBIE R 3 2 DR S, CulZn & = AK 4
GB/T 17138—1997 il 22, Pb.Cd & &k ## GB/T/
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Table 1 Toxic response factor of different heavy metals
H4 R ILE Heavy metals Cu Zn Pb Cd Cr
BP0 W 2 %1 Toxic response factor 5 1 5 30 2

R2 BUONMEEEBELESEIRUNSRIRE

Table 2 Classification standard of individual and comprehensive potential ecological harm index

A1 5 3 4 A 0 R PRI AT AW R
Single potential ecological . ; Synthesis of potential . :
L. Ecological hazards L Ecological hazards
risk index risk index
Ei<40 %4 Potential RI<C150 %73 Potential
40<CEi<C80 H14E Middle 150<CRI<C300 F14E Middle
80<CE; <160 5 High 300<<RI<C600 o High
160<CE:< 320 Rk Strong RIZ=600 R 5% Strong
Ei>=320 # 5 Serious
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Table 3 Maximum levels of heavy metal contaminants in foods mg/kg
KI5 Detections Cu Zn Pb Cd Cr
R UEBR{E Standard limits 10 50 0.3 0. 05 0.5
x4 TN REVEESETLEEESTRIBHNS RIRE
Table 4 Evaluation of heavy metals pollution in agricultural crops composite contamination index classification standard
EX 3 LA T5 YR A G YR
Classification Integrated pollution index Pollution level
1 P<1 A ¥54¢ Uncontaminated
2 1<P<2 % Light
3 2<<P<3 4 Middle
4 P>3 T8 Heavy

2 RS0

NEAETRITEEESERIENW

M 5 Al g, pEoE X - Cu Pb.Zn,Cd,Cr
f &4 W 32,12~ 330. 13, 46. 33 ~ 239. 73,
79.37~ 735. 63, 0.00~ 0. 38, 51. 90 ~ 86. 00
mg/kg; ¥ & HAK K R 151, 53, 149. 69, 387. 93,
0.19,69. 38 mg/kg; A% 5 Z B 4> 1. 04,0, 65,
0.85,1.00,0. 25; 5 4 J& V- ¥ & && 43 51| & B 7Y 1 43¢

2.1

MR N 4 R Y R 7. 08, 6. 99.5. 59,2, 02,
L4, /NEW G X HIEESRE TR S 2R
L%, &4 e & R R T liE > > e, Horh
ORI N E Cu Pb.Zn & B4 . HOBH & pe v
AP AR T R 7R B RAH Cd,
Cu,Pb.Zn,Cd 78 5 R BB v W H & 5 247 1L IF
RGN B K Cr (978 5 R B/, B 2
KR T ASRAEE 20 1T &G Shsg /N,

x5 MNETETEIESEENSE
Table 5 Content of heavy metals in soil in Xiaoyu gold mining area
KFEX Sampling area Cu Pb Zn Cd Cr
[ 3%/ (mg « kg~ ') Upstream 32.12 46. 33 79. 37 — 51. 90
H1YiE/(mg » kg™ ') Midstream 92.33 163. 00 348. 80 0.19 70.23
TU#/(mg « kg™ ') Downstream 330.13 239.73 735.63 0. 38 86. 00
SFEH{E/(mg » kg™ ') Average value 151.53 149. 69 387.93 0.19 69. 38
PR/ (mg » kg 1) Standard deviation 157.58 97. 38 329. 88 0.19 17.07
s B Z 8 Coelficient of variation 1.04 0. 65 0. 85 1. 00 0.25
T - JgE e B . —
EE?Zj;?igh*;j%gg;gfﬂdEidug 21. 40 21. 40 69. 40 0.09 61. 00
AR5 % Times of ultra standard 7.08 6.99 5.59 2.02 1. 14

"R .

Note:“—” means not detected.
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2.2.1 EBEFLBFTEIKFHN RHABELS

f& FE A8 Bk i 4 4 R TS Y B AT T AN, 4

(3 6) @R /MR &6 X E o i+ E 4R

AW ES B ERE SN R 17, 05, 116. 24,

264.40, + 3 Cu.Pb.Zn.Cd.Cr [/ 330 ¥ 75 4= 7

faFEFg B4y Mk 7. 50 ~77. 13, 2. 16 ~ 11. 20,
5.71~52.99,0~120. 31,1. 66~2.75, WX X I
ORI 3 SRR IX LA W T AR S e R )
TR R i A S R R A A A R A A A A
2% T 4 B o0 2 PRIV AE AR A S 18 Sk K EVINHE) Y
$ Cd>Cu>Zn>Pb>Cr, H Cd J& T % 1t E &
B 2Bk Cd Cu.Zn,

X6 ETERELESRERANINBRTEST RESESTRIFNER

Table 6 Assessment of heavy mental pollution based on potential economical risk index in Xiaoyu gold mining area
N " AN I
I LT 85 1 2 75 16 5 P ITHS wORELE e 25 fi R i
A XA Single potential ecological risk index fa & ;‘FE'?& Ecological
Sample area Synthesis of hazards
Cu Pb Zn Cd Cr potential risk index arards
% Upstream 7.50 2.16 5.71 — 1. 66 17.05 %43 Potential
il Midstream 21.57 7.61 25.13 59. 68 2.24 116. 24 24 Potential
T % Downstream 77.13 11. 20 52.99 120. 31 2.75 264. 40 145 Middle
SEIY{H Average value 35.40 7.00 27.95 60. 00 2.22 132.57

2.2.2 X TFTEEBEHEREMAZESN KU
55 K H Tessier H A4 i% 22 # Bk X+ £ 32 v Cu . Pb,

Zn . Cd.Cr I IAT T8 4R WK 7.

KT NEAETEARTEESBERSH GLEH

Table 7 Distribution of heavy metals in soil in Xiaoyu gold mining area %
H4BIE A Heavy metal forms Cu Pb Zn Cd Cr
Al 32 #: 2% (T1) Exchangeable (T)) 17.55 18.37 26. 10 49. 28 2.65
RBR 45 & 75 (T2) Bound to carbonates (T3) 5.96 8.31 5.63 19.74 5.94
BRAR S AL 454 2 (Ty) Bound to Fe-Mn oxides (T3) 6.28 40.18 12.02 11.00 8.06
HHLE5 475 (Ty) Bound to organic matter (T,) 26. 64 3. 26 8. 46 10. 75 19. 14
525 (T5) Residual (T5) 43.5 29. 89 47. 80 9.23 64. 20

2 7 A Cu 2 LU LA &5 FEk il S 17
LSS F R T, >T,>T,>T,>T,; Pb
F DL A ALY A5 AR AR S BT
T, >T,>T,>T,>T,;Zn £ %A 58 24 F1 5% i
BEEFSIEESWEN)TF R T:>T, >T, >T,>T,;
Cd FELIAI 2 e B KA S BT R T, >
T,>T; T, . Ts;Cr RELRIE S, SIS
iF T, >T,>T,>T,>T,,

2 8 Al A1, Cu M Zn (4 24 W3 1 52 80048 10 3

HEIREARMML L BRI R K, >K, > K, B R 5 4
SPSAE W R M P R AR s M R BCR B
K.>K,>K it -5 Pb 78 % 2 /b I BT 22 1k
i 5 PR OCRE T 2 A1 B3R B84 o v o 6 PR 3 k7 B 5
Cd MAEYEVERE K W KT K, Ml Ky W 1E
SPFLER AR AN Cd 25 5y 3 9E A B B8 A
TR UG Y Cr B AE WG P R 8K, ek BT
HRARE - 52 A0 IR 5T R W fe /N L R By A W) R R
M.

xS NMNEAETKIEESCENENENUESH

Table 8 Distribution of heavy metal bioavailability in soil in Xiaoyu gold mining area

7 3 T 2 A

Biological activity coefficient Cu Pb Zn td Cr
K, 0.235 0.267 0.317 0.599 0. 085
K 0. 200 0.470 0.191 0.309 0.192
K; 0. 565 0.263 0.492 0.092 0.723
2.3 INEHEMEEEESENN i WA Y o G R R AR R i A R A

2.3.1 E&kbtE NTH-PHERLEXNHEY
() FE 4 Jd 5 Y 52, SR AR T 24 M O S P e AL
FORMHEESESEETTE.SERE DR
/N ST XY PN ESE S EE TR, H
i Zn . Pb.,Cu & 8% 5% 5, Cr 1 Cd & &4 6 5%

R RN R, mEeR T el A EERNT
> > L. MY AFESRESEES
M, Hoh Zn Pb.Cu & &8 &, Cr 1 Cd & &=
G AREY P RAMESE F8EA 25, 6l a5 h
Pb &t R FILH, R Zn & 5 KT
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R CuPb.Zn, X} Cr (WU RE 1 384K, B 2 %F Pb
Cu I W W e I & T30 H B X Zn Cd 19 W2 i fE
INFICE N A8 XA [ SR RE XA 9 % 4 R
WS RE 3 AN TR] S SRR FE 6 Ph, Cr () IR RE 7 2k
ARRBN R > e > L. LR p Cd 1Y
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Table 9 Heavy metal enrichment coefficients in plants in Xiaoyu gold mining area

oy |- %% Upstream F1ii% Midstream R i Downstream ¥ Average value

Heavy B fﬁﬁ s Iﬁﬁﬁ gl IWE— Lk IWE
Mental  Wormwoods -yme Wormwoods -yme Wormwoods -yme Wormwoods -yme
grasses grasses grasses grasses
Cu 0.311 0.467 0.379 0.298 0.167 0.098 0. 286 0. 288
Pb 0.192 0.220 0. 206 0.213 0. 325 0. 384 0.241 0.272
Zn 0. 441 0. 252 0.437 0.179 0.493 0.279 0.457 0.237
Cd 1. 750 1. 500 12.032 12.032 6.631 5.968 6. 804 6. 500
Cr 0.067 0.096 0.071 0.107 0.174 0. 145 0.104 0.116

2.4 INBEHEY XEYWESRETLEIREMR 8 B0k X AR W) 4 T S e IR AT T VA L S5 R I

3 59 2R P B DR 9 e i O R g 2 2 T

% 10,

F10 MNEAET REYESRTRARKTENER
Table 10 Assessment of heavy mental pollution in plants in Xiaoyu gold mining area
TR X 5 iy PAILY5 YL 48 4L Single pollution index W@%Hiﬁ/?%%ﬁ V5 L TR i
Sample area Vegetation Cu Ph 7n cd Cr p()llulii;aizdex Pollution level
i ¥ Wormwoods 1.00 29.67 0.70 35.00 7.00 26.8 J“ 8 Heavy
Upstream B 5 Lyme grasses 1.50 34.00 0. 40 30. 00 10. 00 26.3 % Heavy
i X Wormwoods 3.50 111. 67 3.05 45.00 10. 00 82.7 J“H Heavy
Midstream 5 Lyme grasses 2.75 115.67 1.25 45.00 15.00 85. 6 =8 Heavy
T ¥ Wormwoods 5.50 260. 00 7.25 50. 00 30. 00 190. 5 %8 Heavy
Downstream B 5 Lyme grasses 3.25 306. 67 4.11 45,00 25.00 223.5 J“H Heavy

PATH G YL PR R (32 10) s, 7E L BRI e 2 2K
Wb, FEIS YY)k P, Hk K Cd Cr,Cu.Zn; %

L B 4 (] — Rl <G TR Y B e s A T
W HRY CuZn, Cd 75 G A8 B A MR R T il B e
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