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Distribution, Characterlstlcs of Heavy Metals in Farmland Soﬂs Around M1n1ng Areas.

WANG Hai-yang'; ~HAN Llngl 2* | XIE Dan-ni' 3 HU Hul-]uan , LIU Zhi-heng’ , WANG Zhgn s
(1School of Ldnd Engineering, Chang’an University , Xi'anl 710054“Ch1na 2. Shddnm Key Laboratory of Land Consolidation, Xian 710075, China; 3. School of Ceologledl
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Abstract In order 10 explore the spatial distribution and e¢ological nsk of hea\Ly Hietals in farmland soil around Tongguan Mining area, surface soil samples from Tongguan
Mining area were collectedin September 2020, and the contents and distribution characteristics of eight heavy metals (Pb, Cu, Cd, Hg, Cr, Ni, Zn, and As) in the samples
were analyzed. The Nemerow comprehensive pollution index and potential ecological risk index were used to evaluate soil pollution. The results showed that the contents of the
eight types of heavy metal elements in this area exceeded the standard, and the exceeding rates were 97.91%, 84.79%, 100%, 95.41%, 96.87%, 98. 54%, 91.45%, and
28.95%, respectively. The variation coefficients of the eight heavy metals were ranked as Hg >Pb > Cu > Cd >Zn > As > Ni > Cr. The variation coefficients of Hg, Pb, Cu,
Cd, and Zn were all greater than 1. Correlation analysis showed that these five heavy metals were obviously correlated. In terms of spatial distribution, Ph, Cd, Cu, Hg, Zn,
and As were distributed in patches, whereas Cr and Ni were distributed in flakes. The high values of Hg, Cd, Pb, Cu, and Zn were mainly distributed in the southern and
central part of the study area. The comprehensive pollution of Nemerow showed that the severe pollution rate reached 87.91%, and the moderate pollution rate and the mild
pollution rate were 9. 58% and 2. 5%, respectively; thus, the overall pollution was severe. The potential ecological risk index showed that Hg, Cd, Pb, and Cu were the main
risk elements. The total potential ecological risk index showed that the proportion of samples with strong pollution was 97. 08%, and the proportion of extremely strongly, very
strongly, and strongly polluted samples were 55.63%, 27.08%, and 14.37%, respectively, indicating that the overall potential ecological risk in the study area was very
strong. Combining the two pollution assessment methods, it can be seen that the heavy metal pollution around Tongguan mining area, primarily by Hg, Cd, and Pb, was
serious. These results can provide data support for regional pollution control, soil remediation, and ecological protection. It is suggested that the state of soil heavy metal
pollution and its transformation in various media should be monitored continuously in the future.

Key words: Tongguan mining area; soil heavy mental ; spatial distribution; pollution assessment; source analysis
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Table 1  Indices used to assess the potential ecological risk status
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Table 2 Characteristic description of heavy metal content in topsoil of the study area(n =480)
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Table 3 Number of samples with different pollution levels and their percentage of the total number of samples(n =480)

5 YA

; P, >5(HI5Hs) 3<P<s(Hi5YY) 2 <P, <3754 1 <P, <2(§fi544) P, <1(Ji54%)
Pb 255(53.13) 88(18.33) 64(13.33) 63(13.13) 10(2.08)
Cu 79(16.46) 56(11.67) 57(11.88) 215(44.79) 73(15.21)
Cd 337(70.21) 105(21. 88) 34(7.08) 4(0.83) 0(0.00)
Hg 321(66. 88) 62(12.92) 44(9.17) 31(6.46) 22(4.58)
Cr 0(0.00) 0(0.00) 0(0.00) 465(96. 88) 15(3.12)
Ni 0(0.00) 0(0.00) 0(0.00) 473(98. 54) 7(1.46)
Zn 0(0.00) 0(0.00) 0(0.00) 335(69.79) 41(8.54)
As 0(0.00) 0(0.00) 0(0.00) 132(27.50) 341(71.04)

D) 15 S IMEUE SRR R A 455 WA R A e R AR 5 T (% )
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@(Pb)/mg-kg™ @(Cu)/mg-ke™!

I 174.18-310.91 W 22.85-56.53
B 310.91-587.10 B 56.53-94.71
[ 587.10-855.40 O 94.71-144.11
[ 855.40-1 139.48 [ 144.11-206.98

B | 139.48-1 557.71
M 1 557.71-2 086.41

e
¥ >

@(Zn)mg-keg™!

[ 206.98~323.74
Il 323.74-595.45

@(Cr)/mg-kg™!

M 68.62-94.29 B 57.99-60.49
B 94.29-126.37 B 60.49-63.00
[ 126.37-170.00 ] 63.00-65.50
1 170.00-220.05 [ 65.50-68.01
B 220.05-295.76 M 68.01-70.51
M 295.76-395.86 M 70.51-73.02
0

@ ) 2
Yy oV

w{Cd)mg-kg ™"
W 0.26-0.58
[ 0.58-0.93
] 0.93~1.34
1 1.34-1.89
B 1.89-257
M 2.57-3.78

@(Ni)mg-kg™!

W 25.22-26.37
M 26.37-27.25
&= 27.25-27.85
[ 27.85-28.46
W 28.46-29.23
M 29.23-30.55

4 km

B2 HRRIFESEESEZTEANH

Fig. 2 Spatial distribution of soil heavy metals in the study area

R4 NEFRATEEERHANTHRE ALY (n=480)

o(Hg)mgkg™'
M 0.61-2.72
W 2.72-4.60
] 4.60~7.16
1 7.16~9.95
B 9.95-14.01
M 14.01-19.81

@(As)/mg-kg™!

Wt

W 8.69-10.60

B 10.60-11.82
3 11.82~13.42
[ 13.42~16.36
M 16.36-20.10
W 20.10-24.33

Table 4 Number and percentage of samples of each grade of Nemerow comprehensive pollution(n =480)

HH Py >3.0(HIGY)  2.0<Py<3.0("h154) 1.0<Py<2.0(754) 0.7 <Py<1.0(&5) Py <O0.7(Ki54)
27 422(87.92) 46(9.58) 12(2.50) 0(0.00) 0(0.00)

D)6 S HMUE R R 165 WEE AR 5 B BRI i L (%)

e AR S KU TR 25 R L3 5, BRIE e A 2
KBS FE A He A1 Cd A9 A8 25 XU DA S 5ik 14 235
WA KT HAE 4 8. He k25055 & L E AR
SRR 88.95%, H b il iR 15 gL A FE A L R
53.95%. Cd ikF|5ET5 YRR S EL RN 95. 62% , H

R R TS Y A S LR 35.83% . (K itk , Hg AT Cd
B AR TEAE A A KU (R TTAR 45 AT B 3E 5 . Ph ik
PSR Y5 YL AL 855 L 21.45% . Cu., As, Ni, Cr Al
Zn WA FE 50 AR T He 1 Cd B ETHEA
AR BV A A 2SR RIS A Vs A A 2 AU 36 5

®5 MRARBEESKEEHSERESNTERALIL (n=480)

Table 5 Number and percentage of each grade of potential ecological risk index in the study area(n =480)

15 YA Pb Cu Cd Hg Cr Ni Zn As RI
LIS 31(6.45) 1(0.21)  172(35.83) 259(53.95)  0(0.00) 0(0.00) 0(0.00) 0(0.00)  267(55.63)
R 26(5.41) 2(0.42)  150(31.25) 91(18.95)  0(0.00) 0(0.00) 0(0.00) 0(0.00)  130(27.08)

[ 46(9.58)  21(4.37) 137(28.54) 77(16.04)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 69(14.37)
hag 64(13.33)  28(5.83)  21(4.37)  31(6.45) 0(0.00) 0(0.00) 0(0.00) 2(0.00) 14(2.92)
B 313(65.21) 428(89.16)  0(0.00) 22(4.58)  480(100)  480(100)  480(100)  478(100) 0(0.00)

D) 6 S AMUE R R 165 WEE AR 5 B B R R i L (%)
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Pradi R W3R 6. 1 3EH 4 8 A OG0T B8 Pb. Cu,
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WEARSE, Hidr Cd-Zn |, Pb-Cu, Cu-Hg ., Pb-Hg, Pb-Zn
Cu-Zn . Pb-Cd, Hg-Zn . Cu-Cd Fll Hg-Cd =2 [&] i AH &
Z% M 0.94, 0.90, 0.86, 0.85, 0.82, 0.81,
0.74.0.73,0.71 F10.64, 55 B FEFMHE(P <
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®6 MRAXIBEEEHEXRHY

Table 6  Correlation coefficient of soil heavy metals in the study area

Pb Cu Cd Cr Ni Zn As
Pb 1
Cu 0.907 ** 1
Cd 0.739 0.716 ** 1
Hg 0.850 " 0.864 ™ 0. 644 ™
Cr -0.399 ** -0.368 ** -0.301 -0.354* 1
Ni -0.582* 0.525* -0.488 ™ -0.455* 0.675* 1
Zn 0.819 " 0.813 " 0.940 ™ 0.736 " -0.336 " -0.551* 1
As 0.175™ 0.317 " 0. 155" 0.173 ™ 0.014 -0.023 0.220 " 1

1) ™ %R P<0.01,7E0.01 /K | B EH
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Table 7 Principal component analysis of heavy metals

in soils in the study area
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Fig. 4 Distribution map of pollution sources in the study area
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