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Distribution characteristics and causality analysis of soil heavy metals pollution in a metal mining area:a case

study of a gold mine

FENG Juan"?, AT Hao"**, CHEN Qingmin"?, ZHAO Penghe’, LI Hua"?, WANG Wenbo"’, XUE Zhifeng"*

(1. Shaanxi Institute of Geological Survey, Xi” an 710000, China; 2. Experimental Center, Shaanxi Institute of Geological Survey, Xi’ an
710000, China;3. Shaanxi Academy of Social Sciences, Xi’an 710000, China)

Abstract: In order to objectively evaluate the situation of soil heavy metal pollution in mining area and analyze its causal relationship, in
this study, a gold mine in Qinba Mountain area of Shaanxi Province was selected as the object. The soil heavy metal pollution degree and
ecological risk in the study area were evaluated using the local accumulation index method and potential ecological risk index method. The
spatial distribution characteristics and homology of heavy metal pollutants were examined through chemical and correlation analysis, to
analyze the causality of soil heavy metal pollution in the study area. The results showed that the pH of surface water in the study area
ranged from 2.66 to 8.18, and 62.5% of the surface water was lower than the standard of Class I surface water, especially the surface water

in industrial sites and gullies was strongly acidic. The soil in the entire study area was mainly acidic, and the variation coefficients of Cd,
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Hg, and Cu in soil samples were all greater than 1, which indicates strong variation and is significantly affected by human factors. The soil

accumulation index method showed that Cd and As were the most obvious heavy metal elements in the soil of mining area, especially in

agricultural land and on industrial sites. The pollution behavior of Pb and Cr elements was the least prominent, and the pollution—free point

number in three different regions reached 100%. From the perspective of the comprehensive degree of potential ecological risk, the three

regions were in the medium ecological risk or above. The industrial site had a high ecological risk grade and the comprehensive risk index

was 429.5. The tailings pond and agricultural land were a medium ecological risk grade, and the comprehensive risk indices were 164.1

and 155.3, respectively. Our results indicate that the tailings pond and mine water gushing are the key pollution sources in the study area,

and more attention should be paid to the ecological risks of Cd and As in the ecological environment management with monitoring in the

later stages.

Keywords : soil; heavy metal; pollution characteristic; risk assessment; causality
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Figure 1 Study area and sampling point layout
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(B, P EEARF LA . R AR S P R Cr 2 40, 3L
fihy 6 o 7 4 JB FE AR IS [RIRE B 5 TR, o, Cd ot
A ELLR A 2.94 1%, Hg As \Pb . Cu.Zn A & 553 51
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Table 2 Heavy metals content in surface water of the study area

TR SRS Cd/ Hg/ As/ Pb/ Cr/ Cu/ Zn/
Sampling location and sample number pH (pg L) (pg L") (pg L) (pg-L™) (pg L) (pg L) (pg L)
of BE X dak - 1 7.50 0.007 ND 0.58 0.050 0.73 1.33 0.52
Xof B X Js -2 7.80 0.065 ND 0.18 0.048 0.80 1.28 1.92
Tolksmi-1 2.97 31.9 ND ND 0.87 1.48 33.1 1770
Tolk -2 2.82 651 ND ND 2.75 15.2 1820 3250
Tolk -3 2.66 37.1 ND 0.1 0.45 1.89 58.2 2390
Tolk -4 2.54 51.6 ND ND 0.53 1.64 443 1947
Tolk -5 7.85 0.12 ND ND ND 2.05 ND ND
Tolk -6 8.09 ND ND ND ND 1.09 ND ND
WFFE X -1 4.15 3.52 ND ND 0.11 0.27 20.1 182
WFFE X -2 3.51 3.69 ND ND ND 0.24 16.2 204
WF5E X T -3 3.54 3.62 ND ND ND 0.22 11.9 197
WFFE X 1 -4 3.65 3.55 ND ND ND 0.19 10.4 198
WFFE X T =5 3.68 3.14 ND ND ND 0.14 7.88 176
WF5E X 1 -6 3.85 2.97 ND ND ND 0.10 4.66 162
WF5E XI5 -7 4.05 2.76 ND ND ND 0.11 3.65 148
IR i 8.17 0.019 ND 0.40 0.069 0.74 1.42 0.31
K O 8.18 0.064 ND 0.29 0.060 0.74 1.73 3.99
WFFE X SR A 7.65 0.036 0.04 0.38 0.004 9 0.76 1.30 1.22
11 &b 2K AR UE 6~9 5 0.05 50 10 50 1000 1000

www.daes.org.an




AGES 2726 RAIFER F R S EEL NPY-
R3I U RTEEEESERITHEST
Table 3 Heavy metals content in the soil of study area
W3 H PR3 RRAE e/ ME HHCF brifii2 5 REL FLME
Testitem  Sampling area Maximum value Minimum value Arithmetic mean Standard deviation ~ Coefficient of variation ~ Background value

pH B 6.34 3.83 4.46 0.86 0.19 5.90
A 6.46 5.09 5.84 0.51 0.09
Tolv 3z 8.62 3.68 5.69 1.91 0.34

Cd/(mg-kg")  REBHE 2.02 0.03 0.44 0.72 1.64 0.31
A 2.47 0.47 0.91 0.61 0.67
Tolk 4 22.60 0.14 3.53 7.24 2.05

Hg/(mg-kg")  REHJE 0.01 0.002 0.004 0.004 1.12 0.085
A 0.14 0.02 0.07 0.03 0.47
Tolk 0.05 0.01 0.03 0.01 0.42

As/(mg-kg™) B PE 151.00 4.22 87.55 44.78 0.51 8.09
AT 24.90 6.80 14.88 6.78 0.46
Tolk 90.60 10.30 45.74 24.69 0.54

Pb/(mg-kg')  EHE 28.70 18.30 20.82 3.59 0.17 22.7
AR JTIHL 25.20 21.20 23.51 1.20 0.05
Tk 32.00 21.10 24.70 3.71 0.15

Cr/(mg-kg")  RHE 118.00 53.20 88.27 22.12 0.25 87.1
A 90.30 80.10 85.21 3.24 0.04
Tl 102.00 66.00 83.05 11.97 0.14

Cu/(mg-kg")  REHE 90.90 8.86 28.31 29.56 1.04 38.1
A 66.00 40.20 51.20 9.18 0.18
Tk 177.00 32.40 63.71 43.29 0.68

Zn/(mg-kg?)  RHE 259.00 45.40 105.55 7172 0.68 114
A 182.00 109.00 141.63 21.89 0.15
Tk 1 190.00 90.60 271.58 348.89 1.28

IR FELR M 1.1.1.67.2.38 1%, Hg 5 CrBRHIAE T
Gb RTF IR, Bk R AT X 3
BLRPUNIRYE, 52 Cd 5 As 15 Y3 .35 .

A A it 22 B B ORI A 53 R TOR R R
WA S, AR B AR B KMl Cd>Heg>Cu>Zn>
As>Cr>Pb, Hiff Cd \Hg . CuZE 7 RE KT 1, )8 Tl
AR SRR R 2 NN TG Sh R A, 4 ] 25 S 1
MM E . Zn As B8 T AR vk T (8 7 R A
0.36) . A HHth 7 R 4 @ 142 S R B K2 /MK
KA . Cd>Hg>As>Cu>Zn>Pb>Cr, As .Cd \Hg J& T = /&
AR ST, CuZn J@ F P SR 5 (0.15< 748 5 R B <
0.36) ,Pb.CrJ& T2 8 55 (8 3 £ %1<0.15) . Tk
Yy b v AN [R) 5 4 8 09 7428 5 RAEGHETY R : Cd>Zn>Cu>
As>Hg>Cr>Phb, Hidt Cd  Zn J& T3 A8 VL5, Cu As
He .PbJE THHEES G TREZR
22 MRARTIFEELEESKEIFN

o BB EEIEM A R WNFR 4 R, B ET Y
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Cd.Hg.As.Pb.Cr.CuFl Zn (-1 Y4t B G 48 <1,
SATS YR B A L B Cd Y TR S e S g R
B 16.67% ZAb , Hapdgbn 15 YR LI 7E TCT5 G Ml
IR V5 YL g% He | As . Pb . Cr i TG 75 Y 25 2% 14 35 3|
100% . A% FH b 4 3ERE S, Cd 55 As PRI )1 35 4 22
BUBEAN T 0~1 Z (0], T3 e FE BB W i, 87.5% 1Y
Cd SRS TR TS Y, 12.5% () S AR S T H TS
Y ,37.5% M9 As s AR B TR TS YL AN, 12.5% 18
F T ARG YL S BR Pb 5 Cr G5 Y S AN 100%
ZAN, A AN FERE W RS, Tk
Hirh, Cd As 5 Zn =R bR F-34 1 AR £34>0,
JEHDL As 175 Y s R 2 b BRER BT I8 1,65, 5
A F AR ], Hodr 37.5% B Sk 8 TR TS YL S
K, 12.5% K3 T HETG IS . 25% 19 Cd fi ik F)
TR YL, K 12.5% ) ALK R T R E TS
Yo FEEISY JUEIG PSR He CuZnfotr iR
TG YESER AN T 12.5% .37.5% 12.5% . BERE,
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Table 4 Geo—accumulation pollution index of soil heavy metals from mining

AS[E)T5 Y S GRE 15 LA Proportion of sample points of different pollution levels/%

WHEXIER Jo®R N e/ ME I fE

Study area Element Maximum value Minimum value Mean value G199 e abES QSRR HRETG R PEETR
Pollution—free Light pollution Moderate pollution Heavy pollution Serious pollution
RO Cd 2.12 -3.95 -2.08 66.67 16.67 0 16.67 0
H -3.19 -5.99 -5.19 100 0 0 0 0
As -0.15 -1.30 -0.71 100 0 0 0 0
Ph -0.25 -0.90 -0.68 100 0 0 0 0
Cr -0.15 -1.30 -0.71 100 0 0 0 0
Cu 0.67 -2.69 -1.59 8333 16.67 0 0 0
Zn 0.60 -1.91 -0.92 83.33 16.67 0 0 0
RAH cd 241 0.02 0.76 0 87.5 0 12.5 0
H 0.13 247 ~1.00 875 125 0 0 0
As 1.04 ~0.84 0.14 50 375 12,5 0 0
Ph ~0.43 ~0.68 0.54 100 0 0 0 0
Cr -0.53 -0.71 -0.62 100 0 0 0 0
Cu 0.21 -0.51 -0.18 62.5 375 0 0 0
Zn 0.09 -0.65 -0.29 875 12.5 0 0 0
T cd 5.60 -1.73 0.93 375 25 12.5 125 125
He -1.35 -3.67 228 87.5 12.5 0 0 0
As 2.90 -0.24 1.65 50 375 12.5 0 0
Ph -0.09 -0.69 -0.48 100 0 0 0 0
Cr -0.36 -0.99 -0.67 100 0 0 0 0
Cu 1.63 -0.82 -0.04 62.5 375 0 0 0
Zn 2.80 -0.92 0.06 87.5 12.5 0 0 0

B IX LR B B ESJE LR N Cd S As,
UHEAER S Tk h B2 . Pb 5 Crot
RIT5YAT R 55 , 78 =N [R) X i T 15 e AL
IR E]T 100% -

F25 AT UL, A I 4 vh 7 30 B 4 Ja 1 BRI
TEA 28 KUK P B E B R B/IMKIKCE : As>Cd>Pb>Cu>
Cr>Hg>Zn , Horp As S 85 AU S5 4%, H Ol Cd , 35 %]
rh S A A XU S L, LAY 5 VR AR B b T IR AR S R
WS o A FH b - 458 v 7 300 i 4 T A BRI A AR AR KU
SEYE HE R A : Cd>Hg>As>Cu>Pb>Cr>Zn, HiH Cd 4b
T A A B A 2, AR 6 A A TR A 28 U 4
Do Tk 37 b - 558 v 7 TS bR A% SR I00VE E A2 28 XU
SEHEHEF A - Cd>As>Hg>Cu>Pb>Zn>Cr, H: A Cd /Y
BT A A 25 XU A B S AT 35 34101, 4 TR
S ER . WA TR SRR EERE , =1
XS 8 b T S5 AR S AU S R S DAL, Tl 37 1l oy v
A SR S 9, 27 IR 8 KK 429.5, B PEFIR ]
iRy v A A A RS SR 9, 25 AU 35 50053 351 R 164.1
1553, BAAKE , CAF As Ky T X B &R T

ey E R X5 A0 L BRI TE BOk A i g AR
—3,
23 TRELESREERXZBT

Ko BE X KA B pH AE M 7.50~7.80, Tl 37 i J& i
I REZER TREZ —, S B & B, Tk 37
A IR K S B R 3 e, R ZE R iR 4 Tl 3
J , HiZ2 K (0 pHAE A T 2.66~2.97 Z 1], 52 B & b
H Cd.Pb.Cr.Cu Ml Zn JCHRALE Tl 37 b DX I A 1) 75 15
A IR, L Zn Cu . Cr N B # . THJH
KV M TR A28 38 T A 2 DX YA T DA T 9 YT 3 ) 2k 2 B
FEST BT AT, 1 T0] 4 7K FE pHAELIE A [T (HAT 40 T
3.51~4.15 Z [a] , 4550 X 38 3] 5 Hrm K 1 1R
FORE S pHAB A 54 8.17 . 8.18 , AT LA I ™ A 7 7K 2
5 EAFSE X B KI5 YL r JE A

FH AT SCRT I, X6 BE DX 4= 38R 5 19 pH 47 5.90., 2
A V2 Ay HE TR i 14937 e, e (8 e ) 52 3K B Itk
YERT EARVE R VE ) BRI AE 5 AR TE TS ek
AR AT REME o X FLHURE A3 A RT A, pH ¥ {E A
446, LU BEYE, H Cd. As .CrEE 4 R S A A
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PR TR . U H I Cd 5 As T i3 .
] DUHE A e A 2 5 R AF Y X 3B K DL K R
A 9 A s YRR 2 — |, LA A Ok B Y A S
o M REXF Tl b A 398 KB 5 DX AT R A
HL A EBURE 43 AT, Cd L As \Pb . Cu 5 Zn 245 [a] 75 B by
1o AL AE, B DX 10 0 A FH e 398 1) 0 I 7K 34
ICEAFFE XA 7K, DRI m 40 32 5 e R TA K2 5 i AR
FH M 75 Y i SR B IR 2K 5 Dl S b 1 98 R
FE AR FH 22 18] ()35 e HAT B B i B 6 42

JUE T 5 A D& 43 AT mT DA 45 e R A % 1)
B DT AT L) 2 AN (] 0 28 02 45 ok B A [R] s G
PR, 38 3 Pearson AH 00T, Wi 2 Fr 7, 76 K
i1, Cd.Pb.Cr.CuFl Zn JGER P P Z [A] A OC R B0
Yo 5 I 2 0E A 6, 3% B X 0 B A7 E 2 DD I A AR O
2 MR K H IR IR K pH AR, 15 G P 4 5y
Z HENESE-ELIRZ0E G153 0 FE
SR FROK A2 B T R 3 A R P P K (95

e FHERES Y, Cd-Cu, Cd—Zn, Cu—Zn, FiE R ¥4
24 0.87,0.99 #10.90, 5 3 IE A&, LI EATA HH
LA I8 Bk 3 & A 5T B A MR Ak 2 AT oA g
HWRAKE HIEPEE RN EER, ol W F K
Cd.Pb.CuFlZn It HE 435 14 Cd .Pb .Cu Fl Zn ¥
BEE AR S, BN IEA R, R L3
Cd %48 Sk b Cd 2 & 4 8 HA W, i
BE AT AHEIRT , SR 106 ol 7 AR (R R 1k PR /K KB 52 IX b 3
IR TG Y, T 3275 Yo 1 i 3 K SO 3t s ] LA
o5 Y BRI . LA N RIS R TG S A T
1 DX b AR R BBl A P Y5 G o 407 1 2 BT AL, A
8 3 R He A1 As 0 R UG I e 96K 5 42 &8 I G
B2 O A OC R B L, R e i He
1 As 55 H A 4 J 2 [A] B AN [F] AR R, X — 45 2R
EjHbF K I He  As PFP T R BIAAS H 2 AHXT R 1)
L5 BT R TSRS | AT X M FRK 75 L)
EEJER , Hd, B RSB K A KT B

x5 ESBBEESKEITMN

Table 5 Potential ecological risk assessment of soil heavy metals

ST A AR B R TR 7

Individual potential ecological risk index/Individual risk degree

RAFEX Ik

L WL B2 A AU
FEJE Composite risk index/

Sampling area

cd Hg As Ph Cr Cu 7n Composite risk degree
U 2.8/ LIMAESK 1082/ At 4.6/MAETR 2.0MRESK 37K 0.94KAEZS A 164.1/H S A A5 R
2B (52 A 53 (53 53 (53
A A b 87.8/4 A 3AMRAETK 184MEAS S2MRERK 2. 0MAETK 6. 7TMRESK 12MEAT R 155.3/H &A= AR AU
SR 53 A 54 54 54 54
Tl 34LUMEE 13TMRAES 56.5/ S SAMRAESIK LOMRAERR 84MTAESK 24K EBK 429.5/= A R
EY N5 RS AU 54 54 54 54
A 1
B 0.97% 1
C 0.9 0.97%%* 1
D 0.99% 0.96%+* 0.99% 1
E 0.77%* 0.84* 0.80%* 0.74%% 1
F 0.50 0.84% 0.44 0.51 0.17 1
G -0.25 -0.40 -0.28 -0.28 -0.57 0.03 1
H -0.20 -0.23 -0.10 -0.22 0.43 -0.14 ~0.59% 1
I 0.59* 0.58 051 0.63* 0.07 -0.05 0.34 —0.42% 1
J -0.06 -0.13 -0.14 -0.16 -0.06 -0.23 -0.10 0.01 0.09 1
K 0.57* 0.83* 0.48 0.60%* 0.16 0.87%* 0.19 —0.47 0.22 -0.20 1
L 0.69%* 0.84% 0.60%* 0.75% 0.30 0.99% 0.04 -0.20 0.03 020  0.90%F | 1
A B C D E F G H I J K L

#FRAE 0.01 ZUA (AU ) , AHSGE i 25 5 RN 7E 0.05 Z 51 (AU ) MG i 2 . A Cd(H327K) , B R Ph(Hb 2K ), C 2 Cr(H13R7K) , D K Cu
(H1Z27K) ,EA Zn(H1Z2/K ), F Ry Cd(+3E) ,G M Hg(138) , H A As(3E) , 1A Ph(38) ,J R Cr( 13%) K 4 Cu(138) LRy Zn(1-3)

B2 iRk LEPESBAHEX S

Figure 2 Pearson’s correlation analysis of heavy metals in surface water and soil
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A DX M K U 5 DRI 5 DX Tl 3t 4 358 K% o i A
Ji s - 35 ey E A

3 #ie

AW 5T ARG R A0 o3 4, A HL X S
K JH K5 35 b pH 5 T 43 @ A 75 L FR R Ky
ATRFAE , R FH b SR RS H5072s 55 1 A AR 2 RUR 48 B0 %
H5 YR B TREAY , [ 38 ol A S S A i e
BRI JEE BT R AR EA TR . 2518 T0F

(1) B 52 XN b 3R 7K (9 pH 7E 2.66~8.18 Z [i] ,
62.5% B S AT T 2 Kb, R DL Tk b
Sigm oK R B, 8BRS IX
B - BRI, % Cd 5 As TS YRR 3

(2) 38 3 4t BB E A mT 0, B X S s e
O R ES R ICE N Cd 5 As, o HEER i
ST g b B2, Pb 5 Cr oo Z 075 Yo i 7 M i
550 A FHHb - HERE S, Cd 5 As T ITHE AT 9 7 24 1
SBUREAN T 0~1 2], 15 YR A B 5, 87.5% 1Y)
Cd SRR TR TS YL, 12.5% By S ALKk F) T B TS
e, 37.5% 11 As Ak B T RIS YL SR, 12.5% 15
BT RS YL

) NEEA RSN E , B Tl
Sy 1l A FH b = A DXl 4 T v 8 A 25 DR S5 9% S
DA b, Tl 37 i oy v A 2 RS S 2, 245 AU 48 55K
429.5, A FAE AR FH oA v S5 A4 28 KB S5 4%, 27 A
W38 B0 51k 164.1 F1155.3,

(4) %R DX EE 43 Jag V5 e IR AR G 3R 40 A ml A, R
WA RS ST X FK 5 Y i SR N, 5 X 3
FER NI 51 ESAHF 5T DX 1l 37 M A 458 K J&] i AR b £
s e R A
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