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Abstract: In order to study the heavy metal pollution characteristics, potential ecological risks and causes of the soil in the
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abandoned tungsten and molybdenum mine area in Chifeng City, Inner Mongolia, the authors collected 83 surface soil samples and 6
soil borehole samples. The spatial distribution of As, Cd, Cr, Cu, Ni, Pb, Mo and Zn was studied by ArcGIS spatial interpolation
analysis. Heavy metal disturbance index was constructed to study the anthropogenic pollution degree. The geo-accumulation index
method was used to verify the pollution degree of heavy metals in the mining area. The correlation analysis was used to judge the
sources of heavy metals and discuss the causes of pollution. The results show that the average content of As, Cd, Cu, Pb,Zn and Mo
in the soil around mining area is obviously higher than the background value around the mining area, and the high content is mainly
distributed around the tailings pond, and the main source is mining activities of the mine. Cr and Ni are basically pollution-free, and
the main source is the weathering of the parent rock. Through the calculation of the heavy metal disturbance index function, it is
found that the use of regional background values to evaluate heavy metal pollution around the mining area exaggerates the pollution
of heavy metals by the mining activities of the mine. The heavy metal pollution in the soil around the mining area is caused by the
“double-drive mode” under the combined action of natural heavy metal enrichment and mining activities. The degree of heavy metal
pollution in the soil around the tailings pond gradually decreases with the increase of the horizontal distance from the tailings pond
and the increase of the depth. At the same time, the richness of precipitation is a key factor affecting the migration capacity of heavy
metals. However, the mine is located in an area where precipitation is scarce, which makes the tailing pond exhibit a limited range of

heavy metal pollution in the surrounding soil and slight impact on the ecological environment.
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Fig.1 Location map of the studied area and sampling points
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Table 1 Statistical characteristics of heavy metals content (mg/kg) and pH value in surface soil samples

#1 RETEHRELE S E(mg/ke) K pH ESITHFE

HEEIUR  BUMEM) BONEX) CPIEE)  fMERZE WE R RRRH ERME O WRET

As 14.30 1000.00 248.69 313.37 145  0.76  126.01% 10.76 83.97
Cd 0.09 45.90 3.33 7.48 376 18.10  224.66% 0.10 0.23
Cr 3.02 71.71 45.58 11.02 -1.10 2.84 24.17% 39.22 48.62
Cu 16.06 997.50 67.13 136.58 5.82 3894 203.46% 13.53 20.35
Ni 1.34 31.10 22.44 4.29 -1.93  9.09 19.13% 19.25 22.57
Pb 20.41 2000.00 388.62 695.24 1.76 ~ 1.42  178.90% 21.30 39.89
Zn 53.30 2000.00 473.76 752.73 1.55 050  158.88% 49.25 80.53
Mo 0.30 16.60 5.61 6.10 094 -0.70  108.73% 0.88
pH 2.26 7.67 6.97 0.76 -4.50 2579 10.95%
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Table 2 Analytical results of heavy metal content (mg / kg) and pH value of surface soil samples
FE g 5 As Cd Cr Cu Ni Pb Zn Mo pH
B1708101 25.6 0.85 3.02 106 1.34 73.9 66.2 - 2.26
B1708102 710 0.52 51.7 39.3 24.4 60.3 140 16.5 7.32
B1708103 378 0.24 53.5 23.0 24.7 41.0 85.9 - 6.64
B1708104 27.8 0.24 53.0 25.4 24.7 32.6 79.3 - 7.03
B1708105 1000 0.30 45.8 36.3 22.8 40.9 108 5.29 6.71
B1708106 32.7 0.41 39.3 77.4 17.8 38.5 103 - 5.56
B1708107 685 0.19 39.4 27.1 19.2 29.7 68.5 - 7.28
B1708108 922 0.12 44.6 16.1 19.5 26.0 54.4 - 6.82
B1708109 143 0.21 59.4 29.5 27.9 33.4 75.8 - 6.33
B1708110 436 0.26 539 27.1 24.1 31.8 91.8 - 6.95
B1708111 79.9 0.16 49.4 21.3 23.6 329 71.7 - 6.91
B1708112 24.5 0.15 45.8 17.3 19.9 28.6 61.6 - 6.65
B1708113 100 0.14 50.0 18.3 23.7 30.8 67.3 - 6.95
B1708114 138 0.11 57.7 17.9 24.8 73.5 64.7 13.9 6.49
B1708115 36.0 0.14 56.2 19.1 24.1 39.7 69.9 - 6.85
B1708116 1000 1.31 50.2 34.9 21.3 39.8 143 4.99 6.83
B1708117 74.2 0.18 49.8 19.4 21.9 31.6 69.0 - 6.52
B1708118 27.5 0.15 44.2 16.7 19.2 29.0 62.6 - 6.92
B1708119 59.1 0.18 43.5 18.7 19.2 31.2 70.4 0.88 6.72
B1708120 335 0.13 55.6 22.0 25.3 233 67.4 0.65 6.66
B1708121 71.4 0.089 46.9 18.9 21.6 25.0 59.6 - 6.98
B1708122 74.7 0.14 44.2 18.1 20.2 27.5 63.5 - 6.85
B1708123 342 0.12 51.8 16.6 223 272 59.8 - 6.73
B1708124 31.3 0.18 529 17.9 23.7 41.1 71.3 - 6.95
B1708125 43.4 0.32 53.6 21.6 26.1 48.1 97.8 - 6.86
B1708126 363 45.9 71.7 998 31.1 1963 2000 - 6.69
B1708127 97.1 1.04 54.2 30.4 27.5 553 247 - 7.31
B1708128 43.5 11.1 334 240 17.7 930 2000 - 7.52
B1708129 643 11.1 31.2 111 18.6 1455 2000 - 7.12
B1708130 80.5 0.33 37.4 18.9 18.8 49.4 95.2 - 7.35
B1708131 791 3.73 40.4 78.3 19.5 476 849 11.5 7.41
B1708132 1000 15.7 27.0 232 18.4 2000 2000 - 7.21
B1708133 492 13.2 34.1 178 24.0 2000 2000 16.6 7.44
B1708134 485 9.95 31.8 124 21.4 1973 2000 - 7.48
B1708135 197 1.71 335 314 17.0 395 439 - 7.28
B1708136 1000 14.1 28.5 189 20.6 2000 2000 - 7.40
B1708137 794 15.2 28.8 104 22.0 2000 2000 - 7.47
B1708138 80.2 0.38 51.4 242 25.7 59.6 116 1.33 7.25
B1708139 44.6 0.20 44.4 18.0 20.1 33.1 70.8 0.83 7.43
B1708140 464 9.09 539 115 24.7 878 1972 - 7.18
B1708141 14.7 0.11 57.3 19.4 26.1 36.3 70.5 - 7.31
B1708142 14.3 0.11 49.7 17.5 21.6 30.3 58.3 0.74 7.41
B1708143 60.7 17.8 26.0 183 22.6 2000 2000 - 7.22
B1708144 258 1.05 55.3 32.1 26.3 160 259 - 7.25
B1708145 67.2 0.27 55.3 21.9 26.7 42.6 96.1 0.3 7.36
B1708146 173 0.66 46.1 273 23.1 77.1 154 2.68 7.18
B1708147 83.8 0.41 36.7 22.6 17.5 45.0 107 - 7.27
B1708148 31.8 0.21 49.5 19.9 21.9 30.9 71.6 0.63 7.40
B1708149 15.1 0.15 56.6 20.8 26.7 21.8 64.9 - 7.35
B1708150 86.2 0.11 51.8 18.9 242 20.4 53.3 - 7.28
B1708151 30.7 0.25 40.7 25.1 19.8 32.8 71.9 - 7.23
B1708152 342 0.27 40.8 21.3 20.1 30.1 74.8 - 7.34
B1708531 27.2 0.12 54.4 18.4 28.2 25.8 64.4 - 7.10
B1708538 1000 0.40 493 47.7 27.8 33.4 157 7.34 532
B1708545 136 0.14 48.5 20.2 254 32.1 69.7 - 7.48
B1708550 71.5 10.1 323 126 20.0 2000 2000 - 7.18
B1708557 225 1.16 47.5 30.4 26.0 191 268 - 7.67
B1708563 162 0.19 48.8 23.5 26.8 30.4 70.9 - 7.42
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Fig. 4 Spatial distribution map of heavy metal disturbance degree in surface soil
1—Evaluation area; 2— Seasonal river; 3—Office area; 4—Mining area; 5—Industrial area; 6—1 tailing pond; 7-2 tailing pond; 8- slight pollution;
9— light pollution; 10— Middle level pollution; 11— Heavy pollution; 12— Extreme pollution

(a, ¢, e, g,i .k, m — Background value is taken as regional background value; b, d, f, h, j, 1, n - Background value is taken as the upstream background
value of the mining area.)

2017; Zhuang et al., 2018; Bouzekri Siham et al.,

2019) , A SCR I BRI EOE /A R)2 3 8 Fh

G IR ACEDIVE S o (17 = F/AN= W/ (1

C.

158, 2)
AP L, WU R EG CoN S E S 8T R

M (mg/kg) s B2 E AR ITE i WH 4815 5t

l o ARSI Lo (BN 554 S V5 YRR B R A 75325

Leo<0 N O (TCT5 )50 < L,<l N 1R (RZIGHE

AT YY) 51 < Lo<2 H2HR(T T2 < L.<3H

Leew=log:(

3SHR(PEEFRIGYL),3 < L.<4NAHEIGYL);4 <
Lo<S N SR Y B EHZT5 YY) Le=5 N
6 H (M HEIG YY) FHEIUER AT L E RS
YURRE AR SCLAR X JEih 8 SAE AT TR SRS
YT

&1 5 it R EGEFHET b Cd(—1.61~7.41)
Pb(—1.55~5.06) .As(—3.14~2.99) .Cu(—0.93~5.03) .
Mo ( —2.14~3.65) . Zn ( — 1.18~4.05) . Cr ( —4.59~
—0.02) \Ni(—4.66~—0.12) ,As Cd .Pb.Zn Mo Fll Cu
HRA M AR B AR O T HFE AL, 00 Cr AN A R
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Table 4 Statistics and comparison of heavy metal pollution area

s 5 YR A /m? V5 YR 5 o /%
e V5 YRR . . .
X Sl XELESE XEEsE 0 XELYSE
Biis G 2464793 11003367 21.70 96.85
BRREE G 1777848 357340 15.65 3.15
As RS Y 3735790 32.88
HEE Y 2210906 19.46
P E 5 1171370 - 10.31 -
ks gL 5481873 6272961 48.25 55.22
BRREE G 622129 902102 5.48 7.94
cd RS Y 808858 1524350 7.12 13.42
ENRER 641794 1738558 5.65 15.30
P T 3806054 922736 33.50 8.12
BE 8132522 9695069 71.58 85.34
BTG Y 2944675 1582570 25.92 13.93
Cu Y g 238356 64787 2.10 0.57
oy gL 26999 16521 0.24 0.15
P T Y5 e 18156 1759 0.16 0.02
B g 6027183 6751302 53.05 59.43
BRI Y 789436 1187601 6.95 10.45
Pb G gL 1224372 2243680 10.78 19.75
EEREC 1230199 995652 10.83 8.76
7 T Y5 e 2089519 182473 18.39 1.61
Bk g 6608482 7478379 58.17 65.83
BREG G 1298990 2107463 11.43 18.55
Zn Hp S g 2506556 1648456 22.06 14.51
5 gL 746407 126410 6.57 1.11
™ 5 G 200272 - 1.76 -
Cr Biis g 11360707 11360707 100.00 100.00
Ni ks gL 11360707 11360707 100.00 100.00

ZHRBERNTZ, AR X T E 49k As .Cd
Pb.Zn. Mo HI Cu V54, Cr FINi K V5 4ew X J& [l 1
. [EIW} Cd.Cu.Pb 1 Zn B 7716 H 2 R4 %5 (L.,)
Mt 4 B SRR BT CdL Cu Pb Fl Zn J&5 355 2]
PR TG Y AN TG YRR BT, Mo £ 7 L B R 4L
(I.,) K83 3 By 138 RE S, UEHH Mo Jaift ik B i i5
As frAE s BFFE R (L) B 2 1) 3ERE 5 1A As
JRERIAR| R E RS YL, B X JEFE 13 Cd.Cu, Pb
Al Zn {5 Yedie ™ 5, HK o Mo Al As, Cr FlINi A5 e
1 DX il 3
5 % X JE 4R T LR IE MO R
SARIIE
5.1 XS
FHOCA AT 12 TR 4 V5 Yok 5, F 4
i 22 ) P g 35 DG 1] R S e 3 26 o 4 of YR AH

) (Barkett Mohammed Omer et al., 2018; Jiang et
al., 2019; Teixeira Renato Alves et al., 2019) . i i3
Pearson #5434 (£ 5) , As—Cd .Mo—Cd .Mo—Pb
HI Mo—Zn 7£ 0.05 7K _FAH PR & B & 1, H Cd-
Cu.,Cd—Pb.Cd—Zn Fll Cu—Mo 7E 0.01 7/KF- b A4H
W FERY, Ui As.Cd.Cu.Pb.Zn 1 Mo 1] E J2: [
—ANGYRIE . Ni—CrE 0.01 /K P LARSCHE & 2%
(), A A 398 Ni A Cr R R AT BE 2 — S . pH-
Cr il pH-Ni 7E 0.05 7K~ _EAHSCHE 2 B &1, 1S
As.Cd.Cu.Pb.Zn il Mo Jo I i AH e ME . A 4 1
i & Y As .Cd . Cu . Pb.Zn Mo FERIETH" 1L
KL ; Cr MINi FZRIETRES 704k, pH 52 R0
TE Sl RN
52 BV ERETEESESTMMFERERES
HA T 4 2 (W] 23 AT SR DGR 73 b, R i i
[X & Fl As .Cd .Cu .Pb.Zn Fll Mo FE {5 YLl J5 . %
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Fig.5 Boxplots of the geo—accumulation index (/)

I DX PN B S R R A ) B 1) 8 S W I s 8 2
- HERE S FNPEAN DXR ER 1 A DX T S M R 2
- HFERE S T As . Cd Pb I pH g BT 5T %42 (454K Tk
g S1,82,+weeee ,S9), WF5E A X 1R 2 T h E 4y
J& 5 X pH RS (1 6) o ST T X _LiF, 15
BB B T S1 R 500 m, 2 5 B H A T S1 i
2300 m; S2 4 F 1 5B E FiE70 m, 25 B4 %
#1730 m; S3E T 1 5 W E Fi#450 m,2 5 &
W PE 37 1350 m; S407 T 15 BH FE FiiF 1020 m,2
SR E FiF 780 m; S50 T 15 W E T 2200
m, 2 5 B FE T F 400 m; S6 v T 1 5 BH FE T if
2400 m,2 ‘5 B JE FiiF 600 m; S71:F 1 5 EW %
#3150 m, 25 A T 1350 m; S8 i T 1 5 &
W% T iE 5200 m, 2 5 A% T U7 3400 m; S9 {7 T

RS RETEHBBESE Pearson tHX

Table 5 Pearson correlation of heavy metals in top soil samples

As Cd Cr Cu Ni Pb Zn Mo pH

As 1.00

Cd 032 1.00

Cr -021 -0.13 1.00

Cu 021  0.94 = 0.03 1.00

Ni 0.01 0.11 0.83 %% 0.12 1.00

Pb 0.42: 0.83 % -0.44 5 0.61 #+ -0.04 1.00

Zn 0.42 %% 0.81 #% -0.43 #* 0.61 *= -0.07 0.96:**x 1.00

Mo 0.51 0.57% -0.26  0.64=x 0.14 0.57+% 0.59=* 1.00

pH 0.05 0.10 028+ -0.04 049 0.20 021 -0.06 1.00

T FORAEE A BE OBUI) 2 0.05 Fif , AHOGHE 2 B350 5+ 3R
FEE B CBUI) 2 0.01 1, G MEZ B3 .

WX, 15 R FiE 5600 m, 2 5 B A T
3800 m; S1 1S9 524" LI SR ETE shaZ /N, il Ak 15
SHE . RN pHAEAE 1 5 B0 R S2 ik fit
/N, R 532, IR B RAE AL S IR R R B Y
B, 39 PR Ry b BAE 2 5 B T SS
F) pH SR 3 /N(CR 7.18) o 2Bl pHAE RS 5 2
W 7K B 3G, 5 i i A1, B pH 22 B ™
SR B BE B R0 5 4 Cd RN P & R A AR Ak
A, 2 B SUA M, ME S5 152y
VKO- B B SN, S s N AR 2 S R E T
Ui Y S5 R F 1 i B K AE (2000.00 mg/kg) , 7 ST &
HREAIRE S1KF, F 5 AR AN, AE SO BEIRZE X
BT BHEKOE ; HHE As S HAE S2 S i R ME
(1000.00 mg/kg) , i J5 & S FEAG, SRS 7E S6 & it A7
BB, 78 S7 & B FEAK 2 S1 K, b5 (R 3 A48,
WAE S9 FEAL 2 X S EAKE . 15 b S
W I KT HE B B34, e i 4 R 1 R
Wb AR 255 BT 1350 m AE A FEAR 2 AT IX
5, 7EPEH X AR F G AR 2 X 1 S =
5 YL B /N TR O A AT IR R AT TS e
Rl , f51) G g S Se 0 R A T T 4R 2524 m i) 1
Cd I Pb % K 8K 53591l (=1 15 29 7 mg/kg . 180 mg/kg
(FREA%2015) , E&E BB S M 2l e ST
KRBT TG YA L
AR R Ui 4 5 T 4 A V5 YR R T
TFHLEBWITHII, E2ECENTE EEZW
TR UEAE FH 5 M R K AR T A R DA B A 3 f A
(R ] s e, G P RR K ORI E R DA B R 2K
FEAE Y 42 JB T R AR KA BUVE R & AR 7K il s
MK, FEBE R 7K A% 5 7] A 38 2 7 7K 52 el - 38
1) pH >k 278 4 &8 ot & 1T B BE 1 (5K I 52 4,
2007; JARFFE4E,2015) . Haubrich 1 Tichomirowa fff
FKEWEEY XA LR K iRk =2k A
KABEARFIGRAC) B AL AR SO A AT RE 5 52 K
A BEIK e R SO, (Haubrich et al., 2002) . TM1%
W IRPEA N T S Sk, Bk
WY AR e T, 5 A, B K, AU
A T [ B 4 T R A TR AR R Ok TR
R S A B S 2 B AL B R , R 1 SO
(IR 7K,2017) , Ho sz g 7 F = (4 k45,2013 5 22110
i%,2016; Chiritd Paul, 2019) % :
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Fig.6 Relationship between heavy metals content in top soil
and horizontal distance of tailings pond

PbS + 20, + 2H,0 = Pb(OH), + H,SO,

ZnS + 20, + 2H,0 = Zn(OH), + H,SO.

4FeAsS + 110, + 2H,0 = 4FeSO,+ 4HAsO,

I R AT AL BRI K R B 1 5
FE ARSI N 2R . AR XA T2 TR X, 4R
JKIE#Y298.87 mm, BB IR IEAE 55 , PRI
WP %o & ) 4 3 o 4 SR TS Y RS BB A PR . 1T R
i X AEFE 7K 524 1550.00 mm, FG 7K X AT kg
VEFRA K T A X R A A ik g 1, 3 350
AW B T Ui 19 7 B 4 S 5 ] 9 3 PR A X
K. men] WL, Bk S R W T 4 R T
B G N R T R X KR E S R
J2 %ot ) PRl - 18 T 4 S V5 Y Y A PR ) e R AL

SIS AT T Xk - 49 T A A S Y
¥E L ZK001 . ZK002 . ZK003 F1 ZK004 4 ff 58 % %

As/(mg/kg)
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N
N
0
=}

al.,2006) . [FIHT AT T Wi 4% 0 THD As 1) 7% 5 3 v
T ZK001 1 & &, i As 0] FiE R )1 50n , i %
TR #5240 em; I H ZK002 75 240 cm 5 2 5 15
176.5 mg/kg, X A] it 5 ZK002 #1135 As O & i
X% (Wu et al., 2018) . Cd F #1434, B ZK002 b,
oAb T 4 R R 2 T R 2, WA TR RS N
4@ S B s /D 5 1 ZK002 78 0~90 cm H4x i &
o BE R VR (R 3G I8, 90~160 em 5 43 & 14 7
T EGEE 138 02 B D, 160~240 om H 4 JE
O TRRE I AR T Y i . P I T 43
i, ZKOO1 7 0~90 cm 75 0 Bl 1R B 10 38 it A%
90~120 cm 7 A Frd N, 120~240 cm M Ff %5 VR
Ry 18 0 T V2L 3 ZK003 . ZK 004 7E 0~60 cm Fifi 1R JiE 1)
SIS E N, B R R B AR 1 I B R s b
ZKO002 7E 0~60 cm 7% f FEGRFE 138G hn & 538 hn, 60~
120 cm B2 R B3 I 80 5 120~160 cm 75 24
2 30 1 R, 160~240 em BETRJE 34 /i
B /L . 1% 0] fE 5 ZK002 i 1 pH A2 ki KA
K, K B IFAE (2015 ) 38 48 38 17 Hb X 4 HE XS Pb Hg .

Cd/(mg/kg) Zn/(mg/kg)

0.6 0.8 40 80 120 160 200

00 1
0 — T T o7
/

£ £
o o
1201 120

[ —=— ZK001 e 7K001
-200H —*— ZK002 -200 —e— 7ZK002
| | ——ZK003 —a— ZK003
—v— ZK004 —v— ZK004

g
o
120

&

=

8.0 0.2 0.4
— T T T T 0 T T T

40

-80F

-160r

—=— ZKO001
—e— ZK002
——ZK003
—v— 7ZK004

-200f

—v— ZK004

-240

P 7 AN [ S o s 5 A K

Fig.7 The distribution of heavy metal concentrations for the different soil profiles
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Cd 1 As 11 W& 5 fige M 4R i () F 95 & BRBE & pH (H T+
15, Pb Hg . Cd 875 57 9l W BT, 17 Als b Xt i
Fff, 33X 5 ZK 002 B 4 J@ o3 A 45 R — 3K
5.3 &FMEZMITEM 5iTie

S RE FR A A AR | R R b A S IR
S200, >R FH Hakanson 17642 25 /6 8 BOL T 35
AR AN, %07 %02 B a4 SRR
AR 5 ik (A B 56,2015 5 SR A6 45,2018 5 i T
IRA2020) . HITHE AR

n

REYE =Y/ C)= Y (T % %) (3)

K, € MR —& BT Y g8 %k ¢ o 1
FESGENEIE; ¢, W EES RS RE, R
DX [ o 45 A S5 2 O BRI 3 A VR TE AR SR
BAe %0 TR E S E N E MmN S5, S ES R
1k & BN : Zn=1 <Cr =2 < Cu=Ni=Pb=5 < As=
10 < Cd=30 (Hakanson Lars, 1980; J& $14#,2018) ; RI
h R TR A S KB TR A AR RO BB TR
fEEHTHH(FE6).

RIGEAT25 A (1 8) B i v A 25 UG 25 4%
RS (R 7)), RIITA XAEAER = RR 1 A=
A, BB DU R A AR R 3 o5 P X TR
[ 79.43% ; AR5R 5 H 25 Kb s A= 25 XURS: 2031 7 1
M X TR Y 5.03% . 4.32% . 6.07% 1 5.15% H i Jxl
S R BN T 25 R R L 15 R Y
As FEE R, A E 4 & A 2 5 BT R
LA, PR B e A S KB A 4 55 o [RII Bi 5
55 RAT PEIE E (R BN e UG A5 Tk [ B
A, KA B R 2 900 m &b b v 78 A= A 55
PO, UEIZET KR A 1 Bl A A XU 5%
M YE AR /N, X BRI XA F LR, JoHh &
KR BN, FEE S S TR B AR,
T AR A IR BT R M T

6 4% i

T A X PN 5 i A T R S B AT DX R S R
83 1y 3¢ )2 T L R 6 > H 1A FLIY As .Cd . Cr.
Cu.Ni.Pb.Mo Fl Zn 5 5 & J& & & 19 25 A 0 B 75
PSP 15 YR8 I s Y s R T e, BUR DLR
NCE

(DGR W DX 22 13 As (Cd.

Cr.Cu.Ni.Pb.Zn Fl Mo B & 5 T4 X JE i1 S AH,
Cr AN 2R T X R 15 5o, (H B i T X3
HSofH A8 S REEE AL R W] As .Cd . Cu . Pb Mo FlI
Zn Z A LR ZhEE MR, 1 Cr AN 2Z 25 1
SRBETE SR AL /N, 23 R (E AT, As .Cd.,
Cu.Pb Mo ll Zn & & & 540 A B0 1 B, BT
AR BTG R

Q) Buk I E 4 8 15 P E R 58710
ST B O 0 T 4 R DL X SR AR E 4
@Y shIe B T R X i 15 SRS A 48
LS HRE, SR FH XA G0 X ) T 3 4 )
TG Y S R T W LR BEIG sh X i X -1 4 e
(Y5 e 1 X8 B R 4 R V5 Y e T RR 4
o AR AT 1L R A T S0 3 R4 A < UK sl

3 6 Hakanson BEESRBEIEMIEIR
Table 6 Indices used to assess the potential ecological risk
status
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Fig.8 The spatial distribution of total potential ecological grade
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Table 7 Area statistics of potential ecological risks level
ERE e Hhag 7 R Aok
IEA 90227.74 5718.73 4912.57 6893.00 5846.73
FriEsrtE 79.43%  5.03%  432%  6.07% 5.15%

S35, Peshis 0k 5 Pearson AR M R B X
1T B As . Cd . Cu . Pb M Zni5 3y, FE R T
LRI ) Cr MINI FEZORIFEF A . B P
S+ R T PR RS 5 R R KR
A3 TR BE 1 I R TS T A AL 5 bt SRR Bk 3%
B X J& Bl -4 Cd . Cu F1 Pb V5 e fie ™ 5, Rl
Mo .Zn Fll As, Cr MINi AR5 5%, FEKEF 5 RE R
S 4RI RE 1 RN 2, DR b TR K
TR M X AR R AT X R B 3 4 e TS
FEIRABR .

(3) A= SIS S e PEA 285 SR R W BB A AR X
W: S5 G v DX 3RS, T R AT I J L, ELYE T3 /)N
[ Bl 5 AT R 2 i3, S 7 KU 25 M
RSN X IE R T XA T I, o
TR ERREN, FEES B TR SR,
NI RE RS 783 A L =Y ¢S

i &AL A AR NES EE
FEREETGNMAEFH B, B XESAEF
CEIRNS TR S ul:E S W 0l N LS
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