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Heavy Metal Pollution Characteristics and Ecological Risk
Assessment of Soils in Small Watershed of Lead-Zinc Mine

in Danzhai County, Guizhou Province
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Abstract: In order to explore impact of mining activities on operation of soil system in lead-zinc mining area of
Danzhai county, Guizhou province, soil of lead-zinc mining area in Xingren town, Danzhai county was taken as
research object, and soil surface layers (0~20 cm) of different land use types around rivers in small watersheds
were collected. Contents of 7 heavy metals Cu, Cd, Pb, Zn, Mn, Hg, As in soil samples were
analyzed. Pollution degree and potential ecological risk of heavy metals in different soil layers in the mining area
were evaluated through single-factor pollution index method, Nemeiro comprehensive pollution index method,
geological accumulation index method, and potential ecological index method. The results show that contents of
Cu, Cd, Pb, Zn, Mn, Hg and As in 0—10 cm soil are 0. 65, 5.13, 1.74, 2.45, 0.59, 5.08, and 0. 27
times of the soil background value in Guizhou province. Contents of Cu, Cd, Pb, Zn, Mn, Hg, and Asin 10—
20 cm soil are 0. 71, 3.11, 1.18, 2.21, 0.65, 4.88, and 0. 21 times of the soil background value in Guizhou

province. Different small watersheds and different depths of soil layers have different levels of damage. The
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evaluation results show that the main polluting heavy metal elements in study area are Cd and Hg. and the soil

heavy metals are at a medium or above potential ecological hazard level.

Key words: lead-zinc mining area; small watershed; soil heavy metal; ecological risk
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Fig. 1

rivers and sampling points in Xingren town

Distribution map of small watershed,
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4.1 TEEEEAEFHITEFME 10~20 cm + 4 Hg & EAE N 4 5/NREA S4
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TIEPESE S RIS R NEL 1, 0~10 cm 11E
F1 Cu.Cd.Pb.Zn.Mn.Hg.As & &5k 15. 22~
37.21.0.83~10.01,25.50~85.93,63.67~419.95,
227.26~814.38.0.23~1.13.3.48~11.71 mg/kg,
SEHE Sy 3 Sk 20. 78.3.39,61. 28,244, 01,470. 63,
0.56.5.4 mg/kg, 73l & 5t M & L HEH AW

RHE A 0.93 mg/kg; 0~10 em HIEH As & B 5
A4 B/ ST KRS 1171 mglkg,10~20 cm
TR As SREBE N 4 SN S4 R R
8. 74 mglkg., FNPERFTTER 4 /NI EUERAE 5 10
t Ph & L HAR /N R A SR T Zn 5
15 S3.S2 fm THAWRAE £ AT W BB /9 TF R i
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Table 1 Statistical table of heavy metals in 0—10 ¢cm and 10—20 cm soil /(mg « kg™')
Cu Cd Pb Zn Mn Hg As
SRR S WA 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~
10ecm 20em 10em 20em 10 em 20 em 10em 20em 10em 20em 10 em 20 em 10 em 20 ecm
s1 S ORiE] 15.86 17.46 10.01 3.29 85.93 44.47 63.67 70.13 727.23 921.78 0.46  0.50 11.71 4.47
) bRUEfRm2  0.68 0.8  0.55  0.20 0.36 1.00 0.76 816  9.58 10.35 0 0.01 0.68 0.13
5 X E 15.22 18.18 1.65 1.46  63.16 42.10 419.95 422.83 227.26 252.05 0.35  0.37  4.50 3.59
) bREfRZE  1.54  0.94 0.21  0.13 2.25 1.29 6.99 6.82 10.30 24.06 0.01 0.03 0.19 0.38
- Y4 16.63 18.81 1.34  2.23 52.94 25.48 92.61 80.23 459.39 551.41 0.23  0.20 3.48 2.38
brfifwzE  1.28  0.78 1.12  0.13 16.55 0.87 10.28 3.86 16.50 19.73 0 0.06  0.39 0.26
St T IME 15.85 16.57 3.08  1.20 74.57 46.89 148.91 123.29 572.36 485.71 0.62  0.93 5.59 8.74
bRUEMRZE  0.37  1.26  0.06 0.14  5.40 0.82  0.62 10.92 7.93 877 0.0l 0.02 0.16 0.15
s SE A 16.63 18.81 1.34  2.23 52.94 25.48 92.61 80.23 459.39 551.41 0.23  0.20 3.48 2.38
brEfm2E  1.28  0.78 1.12  0.13 16.55 0.87 10.28 3.86 16.50 19.73 0 0.06  0.39 0.26
s SE A 37.21 34.31  4.97  2.18 25.50 24.46 156.27 112.88 290.17 280.71 0.35  0.25 5.39  3.42
bR 2 1.07 2.08 0. 64 0. 14 1.18 0. 82 6. 62 4. 90 9.02 9.83 0. 04 0.02 0.24  0.15
s7 S OpIEN 23.69 24.42  0.83  2.45 49.79 38.43 202.74 119.75 814.38 903.29 1.13  0.79  4.19  3.86
) b2 0.30 0. 64 0.15 0. 05 8.19 1.55 13.34  4.21 7.77 2.33 0.12 0.21 0.45 0.78
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4.2 TESEEHEXEXMESH
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24 H0~10cm fil 10~20 em T EEFE 4 JE B
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{BAE 0. 72~2. 44, Horh 4 S /N sk 3 1 SR A AR AL
JETG O R R B B BET5 Y 5 Zn 1 P EAE 0. 64~
F2 0~10ecmtESERETEZEHN
person 18X 14+ R
Table 2 Person correlation coefficient between

heavy metal elements of 0—10 cm soil

£33 10~20em TEEEETLEZEN
person 1 X4 R
Table 3 Person correlation coefficient between

heavy metal elements of 10—20 cm soil

LR Cu Cd Pb Zn Mn Hg As

Cu 1

Cd  —0.004 1

Pb  —0.043 —0.326 1

Zn 0.232 —0.547 0.748 1

Mn —0.397 0.755* —0.188 —0.658 1

Hg —0.176 —0.300 0.639 0. 146 0.238 1

As  —0.406 —0.374 0.245 —0.216 0.102 0.714 1

LR Cu Cd Pb Zn Mn Hg As
Cu 1

Cd 0.035 1

Pb —0.803* 0.305 1

Zn —0.049 —0.451 0.220 1

Mn —0.206 0.288 0.187 —0.659 1
Hg 0.071 —0.296 0.123 0.260 0.469 1
As  —0.167 0.949* 0.408 —0.532 0.494 —0.187 1

e % 7E 0.05 K CRUID 1 @3 AH G, %« £E 0. 01 K- CRD | &
ELYPS

T % 8 0. 05 ZKF OBUD | ik 2 AR E

6.27,52.,S3 TG YL, ST TG YL, S4.S6 R ETS
Yu,S1.S5 3 3% s Mn i PAEATE 0. 26~1. 03, Hirp S7
BB AR R BV s He 19 PoEAE 2. 14~
10. 28, S5 Jhy o BE 5 Gy, AR RAE U T EEVG Y5 As
1) PAEAE 0. 15~0. 59, T A7 R AF S ER IR VG . 10~
20 cm HIEREKHEEEE PoFEE CuMn 1L 0~
10 em (1 PV M e HRE &R0 PoFBET
0~10 cm [ P, 1A .

5N THEESE NP IR BOE N 4R .
MK S W LUE . R 7 M E S BN P,V AELE
0.40~7.75, 5 Cd.Zn.Hg K EE 5 Y, Pb K%
FETG . Cu Mn Ry i i T . As HiE . A7 &
PR A 2 e B AT N 5 6) A 5 X 4 e Cd,
Pb.Zn . Hg ML AR HL 5 BiA

F4 0~10cmFA10~20 cm TEEEE L E FiTLIBEIEM

Table 4 Single factor pollution index evaluation of 0—10 cm and 10—20 cm soil heavy metals

Cu Cd Pb

Zn Mn Hg As

FREA 0~ 10~ 0~ 10~ 0~ 10~
10em 20em 10em 20 em 10 em 20 cm

10~ 0~ 10~ 0~ 10~ 0~ 10~
20 cm 10 cm 20 cm 10 cm 20 cm 10 em 20 cm

S1 0.50  0.55 15.17  4.99 2. 44 1. 26 0. 0. 70 0.92 1.16 4.16 4.56 0.59  0.22
S2 0.48  0.57 2.50  2.21 1.79 1. 20 4. 4.25 0.29 0. 32 3.19 3.41 0.23  0.18
S3 0.66 0.90 2.78  2.36 2.19 1.94 6.2 6.11 0. 26 0.27 6.97 6. 40 0.15  0.17
S4 0.50  0.52  4.66  1.81 2.12 1.33 1. 1. 24 0.72 0.61 5.63 8. 46 0.28  0.44
S5 0.52  0.59  2.02  3.37 1.50 0.72 0. 0. 81 0.58 0. 69 2.14 1.81 0.17  0.12
S6 1.16  1.07  7.53  3.30  0.72 0. 69 1. 1.13 0. 37 0.35 3.21 2.31 0.27  0.17
S7 0.74  0.76  1.26  3.72 1.41 1.09 2. 1. 20 1.03 1.14  10.28  7.18 0.21  0.19
SEHME 0.65 0.71  5.13  3.11 1.74 1.18 2. 2. 21 0.59 0. 65 5.08 4.88 0.27  0.21
faEBE WHE W %E ;? %E %? T TE RG] RG] . %? W
15 Y 75 Y \EES e 5 (EES 75 Yy EES
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Table 5 Nemero pollution index evaluation of soil heavy metals

MR 5 e dE Bk Cu Cd Pb Zn Mn Hg As
0~10 cm 0. 94 11.33 2.12 4.76 0. 84 8. 11 0. 46
10~20 cm 0.91 4.16 1. 61 4.59 0. 94 6.91 0. 34

S E 0.93 7.75 1. 87 4. 68 0. 89 7.51 0. 40

f& B i 1 1 TG g BTG EEREEC GRCRG] CEREE T R

4.4 HRBRRIEHE

DA 5T SRR H0 R AR U] L3R 0~10 cm
5 10~20 em TIEHEGEHFTIEM . HHRIEK 6,
£ 0~10 ecm +3EEW I FHEAE—2.61~1.58,
Hr Cd.Hg ARBTG5 Y. Pb. Zn R 205 4, Cu,
Mn.As HTT5SE . 76 10~20 cm 3R 1., FH
{H7E—2.93~1.50, A Hg Hi2)E 54, Cd.Zn K
B5 Y, Cu Pb.Mn As B TGi5 4L, Al W, A+
H)EH 0~10 em K EEE Lo FHEKT 10~20 cm,

TERTERN X IR 5 H BT R B AW R, 4
SN A ST~S4 SR L3R T Pb AE 0~10 em
HB Y BAS[A) FE BE (975 4 7E 10~20 em Hr HA S3 2%
FER BTG Y, Cd 2 MR /- HOT R LG8 W MR A7
R IR b B SR B [ 0 B A
1 AR R Y BN S I TR R R R S Bt
Herp Cdis e BN R, HERFET R IERK
FER A LR ol s TR R 3 BOR A AL Cd,
Pb E4EITEMW [0 0~10 cm & F 10~20 cm,

&6 0~10 cm 71 10~20 cm $55¥0 X TR B & Bt R RREBEETM

Table 6 Geological accumulation index evaluation of soil heavy metals

in 0-10 cm and 10-20 c¢cm lead-zinc mine area

Cu Cd Pb Zn Mn Hg As
TR 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~
10em  20em 10 ecm 20 em 10 em 20 cm 10 em 20 cm 10 em 20 cm 10 ecm 20 cm 10 em 20 cm
Sl —1.60 —1.46 3. 34 1.73 0.70 —0.25 —1.23 —1.09 —0.71 —0.37 1. 47 1. 61 —1.36 —2.75
S2 —1.66 —1.40 0.74 0. 56 0. 26 —0.33 1. 49 1. 50 —2.39 —2.24 1. 09 1. 18 —2.74 —3.06
S3 —1.19 —0.73 0.89 0. 65 0. 55 0. 37 2.06 2.03 —2.55 —2.47 2.22 2.09 —3.36 —3.17
S4 —1.60 —1.53 1.64 0. 27 0. 50 —0.17  0.00 —0.28 —1.06 —1.29 1.91 2.50 —2.42 —1.78
S5 —1.53 —1.35 0.43 1.17 0. 00 —1.05 —0.69 —0.90 —1.37 —1.11 0.51 0. 27 —3.11 —3.65
S6 —0.37 —0.48 2.33 1. 14 —1.05 —1.11 0.07 —0.40 —2.04 —2.09 1. 10 0.62 —2.48 —3.13
S7 —1.02 —0.97 —0.25 1.31 —0.08 —0.46  0.44 —0.32 —0.55 —0.40 2.78 2.26 —2.84 —2.96
EXE —1.28 —1.13  1.30 0.98 0.12 —0.43 0.31 0.08 —1.52 —1.42 1.58 1. 50 —2.61 —2.93
2 BE fA FiA fi T2 f BA f A BF A BF

EHRIE i i jf_i jfz jsz 5 5 ;Z j:j: Eish Kig jji ﬁi T ik

4.5 RABEESIEH(RI)E

F£T7H0~10 cm il 10~20 em Zy LR X 113
HEBEBAEESKBEIEM AR, R 7 o] I, AR 4
E; B, 0~10 cm JIr A SR FE 5B I i)+ 38 50 3500 78 2R
AR 2%y Cd>Hg>Pb>Mn>As>Zn>Cu,
Cd 1 BRI 7 U B3 K, S1.S6 BRI 5 7 A 45 KU
Qb T R A 2 RV 55 9% LR Hg 11808 70 A 25 XU 7 2
B .S3.54 . ST M TFEAESKE S, 10~20 cm ff
AR A B T A A B A A A XU R A Heg >
Cd>Pb>Mn>Zn>As>Cu), Hg 5 I % 7E K
W Jpc R, S3 .54, ST BT AR AR A5 KUK Ak T AR 2SR

B 45 9%, ok Cd i T 78 2B 28 KU 2 J32 48 g » ST, S7
Wb F R SR S

+3H 0~10 cm AY S1 RAE A RIZ>600, £
R e PV A AR S KR A, 8 10~20 em (1)
Jr A R AE R RI<T600, 1A I TE FE 2R AR
FORHME R PAS TR SR AT A DX I g BRI A 2 285 U
585G WA AR A5 AU 45 R AR I AN 5 X T 91X ek
# Hg.Cd & fya 3 8y B0 T 7E /N BN P Zn
PR TR VA B s e ST ORAE S L LI b A TR Y
CEATRH, FOUCRAE NN IR E SRS
B EPE .
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F7 0~10 cm f1 10~20 cm $FEH X TBEE S B EAEESRE T M
Table 7 Potential ecological risk assessment of heavy metals in
0—10 cm and 10—20 cm lead-zinc mining area

BB AEESRERZECED
Cu Cd Pb Zn Mn Hg As
0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~ 0~ 10~

RI fi

10ecm 20 em 10 em 20 em 10 em 20 em 10 em 20 em 10 em 20 em 10 em 20 em 10 em 20 em 10 em 20 em 10 em 20 ecm

S1 0.50 0.55 606.84 199.51 12.21 6.32 0.64 0.70 4.58 5.80 124.77 136.90 5.86 2.23 755.39 352.01 #¥5® ik
S2 0.48 0.57 100.15 88.54 8.97 5.98 4.22 4.25 1.43 1.59 95.80 102.17 2.25 1.80 213.30 204.90 w4 isg
S3 0.66 0.90 111.26 94.47 10.95 9.71 6.27 6.11 1.28 1.35 209.01 192.06 1.46 1.67 340.89 306.27 &R iR
S4 0.50 0.52 186.60 72.48 10.59 6.66 1.50 1.24 3.60 3.06 168.85 253.84 2.80 4.37 374.43 342.16 51 iR
S5 0.52 0.59 80.91 134.91 7.52 3.62 0.93 0.81 2.89 3.47 64.06 54.37 1.74 1.19 158.58 198.96 %k %
S6 1.16 1.07 301.25132.19 3.62 3.47 1.57 1.13 1.83 1.77 96.41 69.23 2.69 1.71 408.53 210.58 5  rr4g
S7 0.74 0.76 50.44 148.77 7.07 5.46 2.04 1.20 5.13 5.69 308.50 215.50 2.10 1.93 376.01 379.32 &R G
SEHIE 0.65 0.71 205.35 124.41 8.70 5.89 2.45 2.21 2.96 3.25 152.49 146.30 2.70 2.13 375.30 284.89 ik %
_— BWMORM R MR OB OBRM OBM OBM OBM R OB B R 4
i i
PR heavy metals content based on geostatistics [ J .
5 a7 Transactions of the Chinese Society for Agricultural
TEAYEERT X 0~10 em 5 10~20 em + 3 2 Machinery,2017,48(12) :248-254.
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