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Ecological risk assessment of heavy metal pollution in soil of a lead-zinc mine area in
Danzhai County Guizhou Province China. GAO Yue' SUN Rongguo'” YE Cai' LIU
Chaoshu' DAI Guang—qian' FAN Li' ('School of Chemistry and Materials Science ~Guizhou
Normal University Guiyang 550025; *State Key Laboratory of Environmental Geochemistry —Insti—
tute of Geochemisiry Chinese Academy of Sciences Guiyang 550081 China) .

Abstract: The ecological risks of heavy metals (Pb Zn Mn Cu Hg and Cd) in soil were
evaluated in a lead-zinc mine area located in Danzhai County Guizhou Province China. We
analyzed concentrations and chemical species of heavy metals and assessed ecological risk using
potential ecological risk index ( RI) and the ratio of secondary phase to primary phase. The
results showed that concentrations of Pb Zn  Mn Cu Hg and Cd in 0-10 cm soil layer were
5.69 391 0.80 0.58 9.64 and 1.50 times higher than background values of Guizhou Pro-
vince respectively. Compared with the risk screening values of heavy metals in Risk Control
Standard for Soil Contamination of Agriculture Land in China ( GB 15168-2018) concentrations
of Pb Zn and Cd were high in the tailings accumulation area. For 10-20 c¢m soil layer concen—
trations of Pb Zn Hg and Cd were higher than the background values of Guizhou Province.
The concentrations of Zn and Cd exceeded the risk screening value of heavy metals in the tailings
accumulation area the cropland in the tailings accumulation area and the downstream of the
river near the tailings. Residual fraction was the predominant species for all heavy metals. ExcPb

2120190647

( LH 2017 7334) . ( KY 2016 135)
1©2019-12-09

E-mail: sunrongguo88@ 163.com



929

(20.9%) CARB-Zn (26.2%) RED-Mn (31.8%) and OM-Mn ( 48.7%) accounted for the
highest proportion in the exchangeable fraction carbonate bound fraction iron-manganese bound
fraction and oxide bound fraction respectively. The bioavailability of heavy metals was character—
ized by the order of Zn>Pb>Hg>Cd>Cu>Mn. The potential bioavailability heavy metals was char—
acterized by the order of Mn>Pb>Cd>Hg>Zn>Cu. Results of potential ecological index assess—
ment showed that there were high ecological risk in the cropland in tailings accumulation area

village of downstream of the tailings accumulation area and the downstream of the river near the
tailings. Contribution rate of Hg to the potential ecological hazard index was 60.9%. Soil Mn and
Cd had the greatest ecological risk as indicated by the ratio of secondary phase to primary phase.

Key words: lead—zinc mine area; heavy metal; soil contamination; risk assessment.
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Table 1 The physical and chemical properties of the soil ( RI)
pH CEC
Sampling Coordinate (‘emol * kg™) Organic o
sites matter ( %)
st 26.30675°F 5.16+0.19 6.17+1.21 2.67
107.89658°N N
2 ?(6)73(9)3325151\1 5.42+0.09 4.79+0.98 1.58 ( Sundaray et al. 2011)
$3 26.30925°F 581:0.11  20.10:3.14 3.88 (D ~(3)( 2015) :
107.90402°N i _ i i
S4 26.32222°F 6.87+0.04 4.71£0.59 1.65 =0 /G (1)
107.90300°N E'=T'xC! (2)
S5 26.30597°F. 7.36+0.05 10.07+0.76 2.07 oo
107.85088°N LI "o . " ‘ .
56 26.31994°F 7215007 743134 2.96 RI=3E =%TxC=3TxC /C
107.82202°N =1 = =
(3)
1.2 C, , C
ZYA-IOF ; Co
( 2000) 2019 1 Pb.Zn.Mn. Cu. Cd.
(0~10 cm) (10~20 cm) 24 h Hg 35.2.99.5.794.32.0.0.66.0.11 mg
. < kg™!( 1990) ; T E'
200 o Pb.Zn. Mn. Cu. Hg Cd Rl
HNO,-HF-H,0, ( o PbZn.Mn.Cu.Cd Hg
WFX-210) Hg  50%( V/V) 5.00.1.00.1.00.5.00.30  40( Guo
( et al. 2010; Gupta et al. 2014)
AFS230E) Tessier ( Tessier et al. ( 2017) 2.
1979) ( EXCH .
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(OM9 (RES9 . 5 ; > >
10% . .
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20% 2013) o
81% ~128% . pH (
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( H] 889—2017) PO = 100 (4)
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Table 2 Relationship between degree of pollution and indices of potential ecological assessment

Index Project Ecological risk level
E <40 40~80 80~ 160 160~320 >320
Coefficient range
Pollution degree Slight Medium Strong Very strong Extremely strong
RI <150 150~300 300~ 600 >600

Index range

Pollution -degree Slight Medium

Strong, _.Very strong
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Fig.3 Distribution characteristics of heavy metals fractions in soil
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Fig.4 Distribution characteristics of bioavailability for heavy metals in soil
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Table 3 Single factor ecological risk level and potential ecological risk level of heavy metals in soil
RI
S.ampling Potential ecological risk index of a heavy metal ( E*) Degree
siies Ph Zn Mn Cu cd Hg of harm
S1 31.10 1.38 1.30 2.39 4.10 125 165
Medium
S2 394.50 7.43 0.30 2.85 61.80 93.80 561
Strong
S3 455.10 4.96 0.50 5.07 61.70 579 1106
Extremely Strong
sS4 16.50 1.45 1.10 6.97 59.90 214 299
Medium
S5 14.90 1.46 0.69 4.86 12.40 445 479
Strong
S6 113 6.75 0.89 5.64 62.30 634 823
Very strong
171 3.91 0.80 4.63 43.70 348 572
Average value Strong
Degree of harm Very strong Slight Slight Slight Medium Extremely Strong Strong
52 S3 Pb  RI 300 o 6
29.8%;Cd  Cu P% Mn( 5315%) >Cd( 1240%)
7.7% >7n ( 1026%) > Pb ( 368%) > Hg ( 122%) > Cu
0.8%;Mn Zn RI . R (66.2%) .
S3 S6  2.3.3
RI>600 . He $3.85 86
S2.S3 S6 Pb Hg 2 S3 Pb
Hg Pb 5
2.3.2 CdZn Mn P%
300 yHe Cu  P%
300 ; Pb o S1.852.83
° 6 S4  P% 300 S5 6
( P%) ( P% 300 .
5) . Cd.ZnMn  P% 300 He
; Hg  Cu P% >Pb>Cd>Cu>Zn>Mn
300  Pb S1.52.53 54 Mn>Cd>Zn>Pb>Hg>Cu.
P % 300 S5 S6 P%
4 RI ( 2014)
Table 4 Ratio of average E' for each heavy metal to RI
RI
Heavy Ratio of average E' for each
metal heavy metal to RI ( %) o
Pb 29.8
Zn 0.7
Mn 0.1
Cu 0.8 .
Cd 7.7
He 60.9 ( 2014)
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Fig.5 Ratio of secondary phase to primary phase of six heavy metals in soil
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