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Fig. 1 Stratigraphic histogram of the study area.
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Fig. 2 Location of the study area and soil samples.
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Table 1 Single potential ecological risk index (Ei),
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risk level.
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Table 2 Analysis of heavy metal concentrations in the soil of study area.

ST TR R s NI i/ ME ERAEATIE PrifEzE TR R B
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
R 6.97 2.93 3.95 0.82 0.21
pH A 6.56 433 572 0.74 0.13 6.15
Tk 435 2.79 3.85 0.51 0.13
BN 8.92 0.03 0.68 2.07 3.07
cd A b 2,51 0.26 0.59 0.56 0.94 0.34
Tk 0.33 0.022 0.08 0.11 1.51
FEH 0.27 0.002 0.02 0.06 3.32
Hg A b 0.2 0.03 0.07 0.05 0.71 0.06
Tolk 37 0.005 0.003 0.004 0.001 0.22
R 1E 242 85.9 130.0 48.40 0.37
As A b 54.4 4.25 12.13 11.69 0.96 7.89
Tk 157 63.9 105.2 32.14 0.31
B 30.5 22.7 26.1 2.05 0.08
Pb AR 43.6 18.4 23.9 5.57 0.23 22.96
Tk 21.4 18.4 20.7 1.05 0.05
B 203 70.5 111.2 35.53 0.32
Cr A 98.3 64.5 83.9 8.72 0.10 85.74
Tl 102 73.1 81.6 10.43 0.13
BN 373 10.1 53.7 85.30 1.59
Cu A b 85.6 29.4 453 13.87 0.31 38.29
Tk 70 12.4 22.1 21.15 0.96
=2 160 2.96 26.56 39.96 1.50
Ni A A 83.7 29.9 46.5 11.75 0.25 45.58
Tolk s 29.6 3.53 7.79 9.63 1.24
R 1E 355 55 112.6 66.49 0.59
Zn A 219 79.5 120 31.96 0.27 122.75
Tk 71 55.7 62.8 6.06 0.10

TE: pH{HETCHY,
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Zn, As HJJE TR AR S (5 2 80>0.36), RIIIX 6
FIEE 4 JRAE0 X B P 2s [l 43 A R3340, 2 bR

# 3 WIS E SR AR DS B 5 R

Table 3  Single factor pollution index of different heavy metals in different sampling areas in the study area.

NG K . R M IT R AR 7 R B K E /N
WU H: As>Cd>Hg>Cu>Zn>Ni>Pb>Cr, H:t
As. Cd. Hg J& T35 52, Cu. Zn, Ni, Pb J& T-rp%575
5 (0.15<E 5 £ %0<0.36), Heg J& THRELF (L5
FH0<0.15). Tl 3z o AN A 5 42 8 (1978 5 R 550HE
JF2h: Cd>Ni>Cu>As>Hg>Cr>Zn>Pb, H} Cd,
Ni, Cu J& T84 5, As, Hg J& T 48485, Cr. Zn,
Pb JE TR,
32 EESEG RN G
3201 HHFIGYIEEL
PRI PR BTN A5 R W 3. B Tl
f) Cd. Hg. Pb. Ni. Zn ANHEARSN, HABRAE 257 1Y
S IRBIA AR ARG L. P TR 37
15 e f ™ EE, As. Pb, Cr (ARG DL IE A B, 4n
As, Pb HFRFRILF] 100%., H KRR 1275
Yot BN T, 8 Flvi 4 Y ANl R BE (A AR 1R O,
HrpLL Cd, As, Cu, Pb N EEI5YLW)
322 WP ZRET5 YRS
W L2 A TG e B P 45 588 Tk 40

B LSNPSR CRICE TSR R AR ST T
M3 H SRAE X A
T ON HM BATH T s i i3 (%)

R E 26.24 0.07 1.99 13 3 1 1 27.78

cd At 7.38 0.76 1.74 3 10 1 2 81.25
R2775:) 0.97 0.06 0.22 7 0 0 0 0

R E 4.50 0.03 0.31 17 0 0 1 5.56

Hg AR FHL 3.33 0.45 1.09 10 4 1 1 37.50
Tk 0.005 0.003 0.004 7 0 0 0 0

W 30.67 10.89 16.47 0 0 0 18 100.00

As AR FHL 6.89 0.54 1.54 4 10 1 1 75.00

Tk 19.90 8.10 13.33 0 0 0 7 100.00

R E 1.33 0.99 1.14 0 18 0 0 100.00

Pb AR 1.90 0.80 1.04 7 9 0 0 56.25
Tk 0.93 0.80 0.90 7 0 0 0 0

W 237 0.82 1.30 5 12 1 0 7222

Cr AR 1.15 0.75 0.98 8 8 0 0 50.00

Tk 1.19 0.85 0.95 5 2 0 0 28.57

R E 9.74 0.26 1.40 13 4 1 27.78

Cu At 224 0.77 1.18 5 10 1 0 68.75

Tk 1.83 0.32 0.58 6 1 0 0 14.29

R E 3.51 0.06 0.58 15 2 0 1 16.67

Ni AR 1.84 0.66 1.02 8 8 0 0 50.00
Tk 0.65 0.08 0.17 7 0 0 0 0

R E 2.89 0.45 0.92 13 4 1 0 27.78

Zn AR 1.78 0.65 0.97 10 6 0 0 37.50
Tk 0.58 0.45 0.51 7 0 0 0 0
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IR N M R G TS AR EOR R, B LD Cd.
Hg. As. Cu ¥Jik 2|5 35 4L K F, Ni, Zn A RS
eIk, Pb Al Cr R BEVG YKo A M £ 4 e
Cd. As JHE {5 YK, Hg b B TS Gk, HAlh
HEBIETR Y A RETG YK, Tk 1
A As NEEISYUKF-, Cr, Cu NRETGYIKF, Pb N
LA, HARHESIEP L 2K . RIS YA EH
TS [ DX 38 1) Jor A 15 e 0 o8 g 20 255 5 0 e 4
B0 R ROl 1911 3R BT YL g, K
FHHb 2.86 R TS YL ARG, Tolkigih 0.96 Shis Yyt
TRAESFE
323 EEEIBTEAEBREEEL

ARSCFFFTIX. 8 P 4 EA IR A A KU 1
W, R TR S, B EXE g, R cd 5
As W IGE 1) BLI50RE AE XU 48 55000 3 T 40 580,
3 03 B v A AR AR KU 55 AR A KR SR 4R, R TR
4 I ) BT AR XU 8 BT 40, J& FARAE SR
W SE G, R AT R I 25 DRI o B Ay v A XU A 20
A 3+, Cd, He P63 Y BT 0 7 XU 5 5%
BN T 40 ~ 80 Z (0], Sy AE AR A U B 9, HAR B
AR AR 2 RS B 2, 556 AU o B A A A 2 XU 45

4 THEEEEAMD LG RIENER

io Tolbdgih 43, As bRk 205 e A A XU 45
G, HoA 4 A 0 B IT00E A IXURS: 5 B8 S AR A= 2 XL
W S5 2], 2 WU R E kg o A5 A 25 XU

5T AR N SR G R BTN 4
FHLE, Tl 37 Hh X 36+ R LR 5 A S XU R L3 I, 3
BUEH TR AEA SR E H 4R A it
BLER, As IIFEPER N RECH 10, 40 TR

AP 3 0] LU B Y, TGI8 S DA N AR &5
G 15 Y AR BOT M 8 R 5B T AE A S RS 48 BTN,
A i 3 R 2 T Y i R ™ R A X, R,
BN EAE G IR X 3 B P L)
KerEXIR, +3EH As, Cd, Hg. Cr &0F58 X -84
N 3R e e SR DR LIPS e s
3.3 WIRXEBEGRIER R RT

3 3 S A T R R K TR TR, A
WM g FnT I pH (R 7.33 ~7.35, HEJR T &
WA, B Cr & B7E 0.645 ~ 0.786pg/L LASH, Hiflh
ELER G EWE TR HR, -3 SR pH N
6.15. A A e i3 r, Horp i35 G52 3|
IKEIREAER ., AAUER . B ERH G, 77
V5 Yy R A B I T R o X FLERORE 43 B Rl A,

Table 4 Results of Nemerow comprehensive pollution index of heavy metals in soil.

IR E L5 T YR AL

Zh
R V?f%f i
cd Heg As Pb cr Cu Ni Zn EESE
B JE 18.60 3.19 24.62 1.24 1.91 6.96 252 2.15 10,11
15 YLK WmEEY O EEEY HERYE RBEEY REER EEERE SR hEER A;%
R (o (EZT55)
15 YA (%) 8.26 1.29 68.34 4.73 5.39 5.81 241 3.82
A FH Hh 5.36 248 4.99 1.53 1.07 1.79 1.49 1.44 5 86
15 YLK WY R EEYE REEY REEYE REBYE REER REER o "
Sy o GUEREES))
TG YALE (%) 18.20 11.40 16.11 10.88 10.25 12.34 10.67 10.15
Tl 0.70 0.07 16.94 0.92 1.08 1.36 0.47 0.55 0.96
V5 YLK L4 rs Y EAE REEY RS L4 rs (ﬁm%g D
V5 YA EE (%) 79.53 0.60 1.31 5.37 5.67 3.46 1.01 3.04 R

%5 LERESEEEESIRIEEER

Table 5 Results of potential ecological risk assessment of heavy metals in soil.

BT A A RS R AU AR

ZEE MR 5L

SR

cd He As Pb Cr Cu Ni 7z GFRRERRD
J— 59.7 124 164.7 57 26 7.0 29 09 2559
B ey ey e o L P Vo L D
S 522 43.6 154 52 1.96 59 51 087 130.23
AR SR ARSI RASXUES RS RS ARA S (RA SR (RASUE: AR AU
— 66 24 133.0 45 19 29 0385 051 152.66
] IRAESKE ARSI eSS RESKE RESKE RESKE AESKE AESKE D4R
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Fig. 3 Comprehensive risk assessment of heavy metals in soils

PRI Tk

of different regions.

pH (R 3.95, WM, H Cd FHL B T EY
AN TR RR B b v TR A, JUH LA As, Pb, Cr Bk ik
F, B ERKREEW LS, KR pH AL T
3.00 ~5.01 Z[a], 2B, P2 E 6, Cd, Zn,
Cr & W B SR L, v DA R 4
5 R XK LA RS P R 5 i
—, BB B R TR A

Tk e I R B TR —, A4 T
AN 553 I 4t SR PR, Tl 37 M R AR TR K
EI A, WAL SRR, H pH b 2.83, £ &
fig P, H Cu. Zn, Cr, Cd %5 4 J& 15 br W 10 48 1 3
SRAH A 1Y KV M AR A ST IX YA T Y, W
TE) TR A 1] 4 52 BURE 43 BRI 28, 39T b 2R 7K pHL Y [l
A1 2.90 ~ 2.94, W] LR BH A AR I 7K Ho 2 5 | I X 38
IRIG YRR o TR X Tl 373t - 398 K 95 X ) )
T A AR b+ R HURE 7347, As. Cu SF B &R YA
[F) i b v T LS A, WIS DX 00 ) A A b = 1 7Y
TSR /KA A RIS XA 7K, PRI T 4R 2 15 YL A 7k
JE 5 R FH Y5 e i FE LR A AR T K S Tolk i
3R AR T M 22 [ 135 Y HAT BH S AT RS A%

HRIE L ELEE 0T, B, Tk s
XL FRK TG Y B R A, Horp, BT EBK |
FH 7K S o 25, T 28 A U 5 RS A 5T IX 4% FH i
TG Y A

4 5

DAZEUA 111 DX 4 07 58 6 42, 4 X3 ) K
JE oK 5 e 8 F i 48 15 YLARAE, SR R
TR B0 . WIS 25 A P8 80 5 W AR A 25 KUK 48 4L
P AT RS VMY, [ 75 Y ) () 3 B8 AR 00 47 1
Mo G5 T OA[FRAE DX IR A 5800 75 YL i 1 2
SRR, B XA L As, Cd. Cr. Cu i
G = TR, As & i m T 0 (E 28.9 5. K
FHHL A HEF DL As B Cd B & TR AE, As HHELL
1B 7% B B 5o 6.07 4%, Cd H8 5E 28 {8 7% B0 ik 5 >
7.23 4%, Tkl As B g ML A, M FLZR (A A5 4L
£ 6.90 ~ 20.4 Z [0, QMNAEBEEBRERE, AT
X IR MG 25505 AR B s REOR, B R E T&
JE5 YL, AR )R TR TS Y A G, Tl by
TGP . A X IR A VAR A S KU B 5 A
FEAPE 255.9, J& T rh 48 AUE, As Fil Cd BTk e Ry 28
s A R 130.23, J8 TARAE SRR, o Heg #1
Cd 175 AR AT T s Tk FH M A v e A= S KBS (B M
152.66, J& T Hh A8 AE SR 5S, Hrt As () oTkich
. QRIS 5 S i -4 MK AT
Y15 g 2R, Horp i i K DA BT R B K
LI R, B4 S AR, DRI IX
K5 Y 1) T LS EAL, J 00A FH H 3E Hh F 32 B 5
(X VA 7K TR, (142 b2 275 e

I AU 5T, BN B AR AT T 4 R A
FEIX Y TERE B AR LA KR AT 10 Bl 0k ] 300 4 FH i Js i)
TEAE A S XU AR DL, HEUCHE 5 B A9 DX A 208
BB R R N A IR R RN E AR T
) B, 5 EFLEN As, Cd, Hg, Cr %8 4R e brit
AT WS (HIRAE T XIS X 75 Y it A5 B A% 1 A
IR RAET 0125007, J5 B 4k 8207 J 5 4 R W)
1 RN BRI, B A Rl P T AR R X A R
TS BT REIRAL
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Evaluation and Migration Path Analysis of Soil Heavy Metal Pollution in a
Metal Mining Area of Qinling Mountain

FENG Juan"*, AI Hao?, CHEN Qingmin"*", LI Hua"*, WANG Wenbo'?, XUE Zhifeng'?
(1. Experimental Center, Shannxi Institute of Geological Survey, Xi’an 710000, China;
2. Shaanxi Institute of Geological Survey, Xi’an 710000, China)

HIGHLIGHTS

(1) The pollution degree of heavy metals As and Cd was more obvious than that of other heavy metals in the study
area. The variation coefficients of As, Cd, Hg, Cu and Ni among the 8 heavy metals were large, and significantly
affected by human factors.

(2) The risk evaluation showed that the tailings pond was a high-risk area of heavy metal pollution, followed by
agricultural land and an industrial site.

(3) The migration path of heavy metal pollutants in the study area is from mining engineering to surface water, and
then from surface water to soil.

Pollution

characteristics
and

risk assessme

x, N
72, " Puy paet®
035 Leps™

-.._,." Soil pollution

o _uaad
i

ABSTRACT

BACKGROUND: The Qinling Mountains are rich in metal mineral resources, but the problem of mine ecological
environment damage left over from long-term high-intensity and large-scale mining has seriously affected the
regional ecosystem in the Qinba area. Therefore, it is essential to objectively assess the characteristics and ecological
risks of heavy metal pollution in the soil of the mining area, and to find out the migration path of heavy metals. In
recent years, domestic and foreign scholars have carried out a lot of research work from the aspects of pollutant

t¥12 source analysis!"”), etc. The distribution characteristics, risk

distribution characteristics!’™, risk assessmen
assessment and migration path analysis of heavy metal pollutants in metal mine soil in the Qinling Mountain area

need to be supplemented.

OBJECTIVES: To understand the pollution characteristics, migration path and pollution degree of soil heavy metal

in metal mines of the Qinling Mountains.
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METHODS: A total of 50 soil samples and 19 surface water samples were collected in the study area. AFS, ICP-
MS/OES were used to determine the contents of 8 heavy metals (Cd, Hg, As, Pb, Cr, Cu, Ni, Zn). The pollution
degree and spatial distribution characteristics of heavy metals in the soil of the mining area were studied, and the
migration path of heavy metals in the mining area was analyzed. The level of contamination and ecological risks
was analyzed using the individual pollution index, Nemerow comprehensive pollution index and the potential

ecological risk index.

RESULTS: The variation coefficient of As, Cd, Hg, Cu and Ni in the study area was large, and indicated that
human intervention was more significant than initially thought. The pollution of As and Cd was the most serious; all
the detection results exceeded the background value. The single Nemerow pollution index of Cd, Hg, As and Cu in
the soil of the tailings pond area were all severe pollution grade, which were 18.60, 3.91, 24.62 and 6.96 times,
respectively. The pollution level of Cd and As in agricultural land reached the severe pollution level, 5.36 and 4.99
times respectively. No detection index of industrial site reached the severe pollution level.

From the perspective of spatial content distribution, the tailings pond was the most seriously polluted by heavy
metals, among which As, Cd, Cr, Cu and Pb exceeded the background value by 28.9, 22.6, 1.41, 8.69 and 0.345
times, respectively. Agricultural land and the industrial site followed, which was consistent with the analysis results
of the single index method, Nemerow comprehensive pollution index method and potential ecological risk index
method. Weighting the data by Nemerow composite pollution index of the 8 heavy metals, the tailings pond was
19.11, reaching the level of severe pollution; agricultural land was 2.86, which was moderately polluted; the
industrial site was 0.96, which was the warning value. The analysis results of potential ecological risk assessment
index of heavy metals showed that the comprehensive risk index of tailings pond was 255.9, presenting a medium
risk grade. Agricultural land was 130.23, which was low ecological risk grade. The industrial site was 152.66, which

was medium risk.

CONCLUSIONS: According to the analysis of pollution path, it can be seen that mining engineering is an
important cause of ecological environmental damage around the study area, among which water seepage and water
gushing at the tailings pond are particularly significant pollution sources, and polluted surface water is an important
cause of soil pollution on agricultural land. It is suggested that heavy metal pollution in the tailings pond should be
the focus for later restoration and treatment process of soil ecological environment in mining areas, and heavy metal

indicators such as As, Cd, Hg and Cr should be continuously monitored.

KEY WORDS: metal mining area; soil; heavy metals; pollution characteristics; risk assessment; migration path
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