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Absract: This paper is the result of the mine environmental geological survey engineering.

[Objective] Xin Barag Youqi is located in hulun buir grassland, and mining activities are frequent. Understanding the sources and
ecological risks of heavy metals of soil in this area is prerequisite for assessing environmental impact. [Methods] We collected a
total of 221 samples of ore, bed rock and soil, and tested contents of 7 elements (Cd, Cr, As, Hg, Ni, Pb and Zn). The pollution

degree and distribution characteristics of heavy metals were evaluated by geoaccumulation index method and potential ecological
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risk index method. The sources of heavy metals in soil were determined by correlation analysis and principal component
analysis. [Results] It was found that the heavy metal pollution in the soil of Xin Barag Youqi is mainly mild, and Cd, Ni, As, Cr and
Pb are polluted. The contaminated areas are located in Jiawula—Chagan Mining Area, Zhuan Ulanor, northwest shore of Hulun Lake
and middle of the Krumlen River. Source analysis results shows that Cr ,Ni and Hg are mainly from human activities, Cd, Zn and Pb
are affected by both natural factors and human activities, and As is mainly from natural factors. [Conclusions] In general, the
ecological risk in Xin Barag Yougqi is low, and Cd has the most prominent contribution to the ecological risk of the soil in this area,

which should be taken seriously in soil quality monitoring.

Key words: soil heavy metals; potential ecological risk; mine environmental geological survey engineering; Inner Mongolia; Xin
Barag Youqi

Highlights: This paper analyzes the spatial distribution of heavy metals in the soil of Xin Barag Youqi, Inner Mongolia, and
discusses the main sources of heavy metals, which is helpful to understand the impact of mining activities on the environment in the
grassland area of Inner Mongolia.
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Fig.1 Location map of soil sampling in the Xin Barag Youqi
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Table 3 Classification of potential ecological risk index
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Table 4 Statistics of heavy metal elements in Xin Barag Yougqi soil (n=49)
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Table 5 Classification of heavy metals in soil based on the Igeo
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Ccd  -037~1.89 21.05 68.43 10.52 0 0 0 0
Cr  -221~047 92.11 7.89 0 0 0 0 0
As  2.69~122 7895 18.42 2.63 0 0 0 0
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Ni  -1.04~0.60 7632 23.68 0 0 0 0 0
Pb  -2.00~047 92.11 7.89 0 0 0 0 0
Zn  -2.50~0.09 100 0 0 0 0 0 0
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Table 6 Potential ecological risk coefficient for every
heavy metal in soil
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Cd 33.33~160.00 57.98 6843 1052 0 O
Cr  0.69~4.14 1.99 0 0
As  2.32~3485 12.23 0 0
9.21~62.78  29.18 7.89 0

Ni  3.62~11.37  6.55 0 0
0

0

0

Pb  1.87~10.40  3.99 0
Zn  0.21~1.14 0.58 0
RI 58.77~201.64 112.49 13.16
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Table 7 Statistics of heavy metal elements in Xin Barag Yougqi rock (n=11)

EEREES | et cd Cr As Hg Ni Pb Zn
N 310.00  206.00  3834.00 306.50 20.78 66422.50  44280.00
el /M 9.24 23.37 146.00 81.70 8.83 3492.50 1725.26
BfH 163.45  66.77 1393.80 213.54 15.34 2588450  21719.77
& KAA 6.39 50.63 279.30 23.16 27.66 653.15 889.24
E¥ e H/MA 0.78 9.20 26.68 5.74 5.80 79.00 198.99
B 2.54 33.33 107.81 12.23 17.23 233.54 393.10

H Hg LR BN pg/kg, HATGE AN me/ke.
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BRIGZ AN, 28385 %0 8 R R AT T - e b 7 Fp
SIRICEIAT T T3 BT, DIAE 1K B0 5 4 ke 24
9 H 1Y (Singh et al.,2004; MZLH#55,2009) . M9
A SRR IO3 A R, BT R RE ) T
70% , BEE S WA IX. 38 H 4 I 70 22 A 1 4 R
LA o 5 — FE U4 (PCL) 1Y J7 22 BT kR R
40.07% , FZH Cr NiJCEFE M, Cr Ni (2 far 4331
290913 5 0.873, Zn . Hg X Z , 87 5351 4 0.653 55
0.570, &5 —FE S (PC2) B 7 22 5Tk R 4 16.89%,
F % Cd Pb e E 5, Cd . Pb A2k A 431k 0.831
50.661, [F B Zn 78 A — i Z M, #f R 0.511,

x8 HMEREAEITEEEEHEXKR

Table 8 Correlative coefficients of heavy metals in Xin

Barag Youqi soil

PH Cd Cr As Hg Ni Pb Zn
Cd -0.70° 1 0.64° 0917 -0.01 -048 0.92" 0.99”
Cr -058 - 1 0.85" 0.13 -030 0.83" 0.69°
5t As -0.58 - - 1 -0.02  -0.51 0.99" 0.90”
., Hg -036 - - - 1 -0.047 -0.02 0.02
- Ni 012 - - - - 1 -0.49 -0.48
Pb -0.65 - - - - - 1 0.92"
Zn -0.74" - - - - - - 1
Cd -0.09 1 0.08 000 025 0.10 027 034
Cr -032" - 1 0.28 0477 0.797 036" 0.69°
As -0.08 - - 1 0.19 037 0.06 032
; Hg -0.68" - - - 1 0477 013 038
Ni -0.17 - - - - 1 0.29 0.57"
Pb -0.15 - - - - - 1 0.42"
Zn -0.16 - 1

T TE0.05 20 R MEARIE, "E 0.01 25 25 PEAR G .

9 = F U (PC3) B T 25 TR0 13.39% , 2
AsTTR A, Hifirh 0.913,
6.4 1 it
SRS AR SO 3 3 N A BT R Ok
TRIEATIRA , 4354« Cr Ni Hg; Cd.Pb.Zn;As,
e, Cr Ni Hg 2 [A] A W i i AH e, HL
XFPC1 HAT B @8y . AJTREA, 7 AR A, Cr,
Ni =B PR S — S b TR B R R A T
AV SUE B R A ERYE Ao 3 B Crfe
Hh 5 TR AR  H Cr Ni Hg 7R
AR, K A TR p T REPE AR, A2
[ 534k, Cr NI TG R & X FZAL T H &5 X
T EAS PG5 | PFAS 0 PG It 5 1E A 36 L T M
T KA T, D Cr Ni R 54 T X 8 54
7 NG X IR JE, Cr Ni 8
Iz N T HIE A Al R R AR (F
PR24,2011; 564855, 2015) . TOohk4E(2018) (56
A (2017) 764390 X #m) F lie S i R i 4
SRS R & B Cr Ni AT S8 R v R IR 55 T
A i5 Ye it A 1 3E . Van Bohemen and Van De Laak

xR HRRTEESGEEEEH T AT IERE
Table 9 Component matrix of principal component analysis
of heavy metal concentrations in soil of the study area

PCI PC2 PC3
cd -0.017 0.831 -0.104

Cr 0.913 0.157 0.277

As 0.193 0.037 0.913

Hg 0.570 0.188 -0.230

Ni 0.873 0.135 0.359

Pb 0.345 0.661 0.154

Zn 0.653 0.511 0.353

J5 72 TUBR /% 40.07 16.89 13.39
BT E TR % 40.07 56.95 70.34
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(2003) %2 BLIR 4= Z5 30 LA K 58 B 45 B Cr il i 11 5
B, R RE S 1) 3B Cr. [RIRS, AT AFGE 6,
Hg 2k A T4 ah & IR beSE NG sh. %
A FEPCLH, Zn AR AN R BRSl H 2 (H AR
A B AT, Lii et al.(2013) 7EX) H IR e 70T
S8 R IR G A ) e 5 A 2k n 4
e zn SR, SAARXIGEE MRS HTEIRE
AT SRy B Al A DX DX PN I T8 AT A 1 i 325l 5
Tolb, Rk, 3 Cr Ni Hg 19 A 1] g5 24
Hi e RAC TR IR | B HE R 70 400 5 T R4
A K R i it Aok N I A ¢, RPC T AT B
fift A NG S o D A4 Cr Ni R UR
JERWIE o T H A DL sl T A B S
T, T Hg WK H TRk be .

Cd.Pb.Zn & PC2 EEEHITTE . I XTIk,
Pb . Zn 2 A X K EZWM B 5K, Cd.Pb.Zn
FEAR XA 7 5 5525 b 5L A W0 1 A S 540 = 1Y)
i, AR Y HGE 0 1 R A
W1 Cd Po IG5 YL LG , A SO A FEAS Hh Pb &5 i B
JE35 66422.2 mg/kg, Cd RAL2AME RS Zn AL, W
5ZofPA: A BRI E ST, 25 5 if A 260
TR fi ks b FE BRI AR Y B e A A . L)
HHEWT PC2 58710 K. G5 EaMamKkE,Cd.
Pb 7E0 X JEl 1 30884 42, eI 52 B (AR R AR =
SR HERIMIES I . {5 Cd 5 Pb 7EHA AR IE
RIS, 2 EAT 45 [ BRI . Cd FE e A b B A
A i T B A BRI E TR MK BE & R,
Sy BEIKIEBGERS o 1M Cd & 4 1 X8 e A Tl i,
W BRL AT B S 2 X T K
P DX, HED R AT P B Cd kA ML T K S 53
—J7 I, Pb HAE IR A RIS Y bR T R
(LhEAESE 1 2009; 5 HER4E, 2012; 5K M5 55, 2015) ,
Pb £ PC1 -t HLA s 1 2847 BV U8 BH Pb 22 3] 3238
15 YRR , 454 Pb B AS R 40 A K &, PO BRAEA X
JE AL AN  AEPEAS I PE L IR B 4R, TS A
IYMTEE A EIIE . R, PC2 n] Bl B = 5
WP iE s . Cd Zn FESRIEFHIRR AR, Ry
e — R EInsE T Cdyc K M £ 2 H T
Pb M 3Z 26 R 1 8 538 15 YL 1 R A 5200 .

AsTENIRIR S TC R lH & E T AR TR
F I TR R M T R AR XS R B B s Y

Fri, R P35 279 mg/kg, 7E T AR th
As S E] K 3834 mg/kg, TEW A S5 RA 5 T
R RGBS, 2 B8 T H A
DX K A1 B Bh 35 0 X T K X (1 2240
IR) o ARJITREVEN, BYEED IRAME 228 2T 1 As IR
A IS B R E R bR, R
NN As (R TR A - B BRI MR R 7 3% B 18k
e ol HE T AT it 55 (A 45, 2011 5 R 5%
2018375 45,2019) o A5G 8T LR R A Ay 7L Ji
WL DX B R A A A UL HE IS it AR R ) 175
B, A As FEORIEF (K S5 5. R/
PC3I I EMERHARH RN, (EEMEENE,
W B S IR B As B 4 DX IR T 1 2L 0
IR ANHEBRRAT P3N As SRS AT RE

Zi LRk, Cr Ni RZORIE T T HER 5 2258
159 Hg F2ORIE THRORIAKE ; Cd . Zn FZ2Z 071K
WAL 5 R0 1 S0, Pb A2 BB R R AR 5 R
T SIS YN AR . As FEESZ0 R

7 %5 1B

(DHERELAE L IEES B RRE N
F,Cd . Ni,As.Cr.Pb U R EAR X HA —E R
TG Yo VoY XS R T A X S 240
IR PRSI VPE Lt LA K v A Tl v i

(2) 8 LR B A T - o 4 Ja A A5 KR 2 (A Ah T
BRAOE , Hop CA XA X+ 3 8 40 B VAR A B e
TRk A S FEAR X A 48 e W v 1 37 B A

(3) 7 B IR P A7 T 4 48 7 4 R oC ZOR IR A B 46
W], Cr.Ni Hg %32 AKTEZN 50 ; Cd.Zn . Pb 2
AR E 5 NG ShIE R, As F 257 H AR
ES 20N
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