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Spatial Distribution Characteristics of Heavy Metals in Soil of Qidashan Iron Mine
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Abstract: To investigate the characteristics of heavy metal pollution and its spatial distribution patterns in the soil around the
Qidashan iron mine, three types of single pollution sources (open-pit mine, waste rock dump, and tailings pond) and their
multi-pollution source areas were selected as the study objects. Soil samples were systematically collected, and the
concentrations of four heavy metals (Ni, Cr, Zn, Cu) and physical and chemical properties of soil were measured. A spatial
distribution model was constructed by using the inverse distance weighting interpolation method, and correlation analysis was
conducted to explore the migration patterns of soil pollutants under both single and multi-pollution source conditions. The
results show that the concentrations of all four heavy metals generally exceed the background values of Liaoning Province,
among them. Ni pollution is the most prominent. Horizontally, the heavy metal contents in the soil around single pollution
sources decrease with increasing distance, while the multi-pollution source composite area exhibits a center-high distribution
pattern. Vertically, heavy metals show overall enrichment in the surface layer. but in some areas. influenced by rainfall
leaching and soil adsorption, a “low at surface layer-high at middle layer-low at deep layer” distribution phenomenon has been
observed. Correlation analysis indicates that the spatial distribution of heavy metals is jointly influenced by pollution source
types. distance, and physical and chemical properties of soil such as pH, organic matter content, and cation exchange capacity.
This study can provide a scientific basis for the prevention, control, and ecological remediation of soil pollution in mining areas.
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Fig.1 Distribution of soil sample points
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Table 1 Statistics of characteristic values of soil heavy metal elements

HF 5T X 38k FEAEAA TR Ni Cr Zn Cu
*®Z 41.2~64.4 39.1~65.6 58.7~94.8 9.6~21.7
AL/ (mg/kg) = 38.7~62.1 34.3~57.6 52.7~74.5 8~20.3
W2 37.7~51.2 34.9~48.8 50~63.2 7.8~16.4
=2 48.9 51.1 71.3 14.4
#wRRY SEHIE/ (mg/ke) 2 47.3 46.2 61 12.3
W2 45.2 42.2 56.8 11.2
x2 13.00 14.30 17.20 29.80
LSRR/ % HE 13.60 14.30 11.20 31.80
77777777777777777777777777777777 Wz 8.90 9.80 7.20 23.90
5 14.1~116.9  35.1~132.6  45.3~5Ll.2 7.2~10.7
A/ (mg/kg) 2 45.7~108 32.5~61 48~72.1 7.2~12.8
w2 46.7~103.3 34.6~59 46.1~74 7.1~9.4
PR s i 2%)%‘ 73.1 75.1 48.6 8.7
X 5 mg/kg) 2 71.2 44.0 53.7 9.2
PAY 69.9 44.9 53.2 8.3
xZ2 38.10 49.40 5.20 14.90
BRRE/% R 33.80 26.00 19.20 23.00
________________________ w2 31.40 23.70 22.00 9.90
"""""""""""""""""""""""" %2 28.9~819  8~88.6  29.8~49  1.3~10
AR AL/ (mg/ke) b2 30.5~59.1 8.2~74.7 40.1~48.9 2.2~12.4
Wz 33.1~59.7 11~75.1 40.4~49.1 2.1~9.4
x)Z 52 43.6 38.3 5.8
B FHME/ (mg/ke) 2 43.1 35.1 42.8 7.9
W2 43.8 36.6 43.4 6.9
E = 37.10 68.40 19.20 68.40
BRERE/N 2 25.70 69.30 8.20 47.20
777777777777777777777777777777777777777777 Bz 25.10 64.10 7.90 42.40
S E - 21.3~60.4 10.7~68.8 42.5~65.3 11.4~16.9
AFEE I/ (mg/ke) R 18.8~46.9 13.2~51 39.1~51.4 8~15.9
W2 16.1~44.7 12.7~41.5 39.8~148.7 5.9~14.6
x®Z 40.4 39.0 54.2 13.7
EACE 3 3% FHME/ (mg/ke) GRS 35.6 34.4 46 11.8
w2 32.3 30.9 44.6 10.5
x®Z 40.60 62.00 20.60 16.90
A5 R A % GRS 35.60 46.20 11.80 27.60
__________________________________________________ wZ 40.70 42.20 8.20 34.30
L 2 T R log T
ER s =L <60 <250 <300 - <00
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Fig.2 The horizontal spatial distribution characteristics heavy metals content in soil of four pollution source areas
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Fig.3 The horizontal concentration distribution of heavy metals in soil
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Fig.4

The vertical concentration distribution of heavy metals in soil



REF FFRLGYT LR ELEEM S AL LFL S TR ,2026,46(2). 213

HE 4 AT FE B — g Ye R R 3 b, 4 Rl R
G B S B A0 AR () 75 e YA DX el 9 10 R[] T AR Ak
BIA i AS [ o U8 B 6 4 J 1 o o AR b 5 Ak
e —E KRR, E45JE P N Al Cu B 1
i AR AR R L A TR AR R A L Cr R
BEEHm S TR AR R U Cr i
HIiEBRE I N 5, &R TEBMEN S Rk
PR E & JE A SR, REESRY
i B T 2 ANR)E RS Zn Ml Cu TR W
AR T BE R R B BT E R R
(g, X 2 oA HE 3 R TR K 0 HE B
BHE TR KRV T 5 22 4 18 v i i b 5 45 ) Bl K 43
KRB 2 b P R A B A T Cn

A ML e B 123 e i) X 5 4 R 7R AR T R
I 6 7 SEL A i) VR 2 A RS L 5 BOR 2 R K
A AR 2 T B 4 R A AR kR i B R R
I i) & R o A 4R

FEZ 75 YR i ih 3, 4 FhEE & @ 1 3
HERBESPESHEZEN BB, b2 agZ2
B R R 4 i R A R AL, T &
T5 YL R A R X A R A B 1 R I
H 275 e IR + He Fp 2 T GEA7 75 22 55, FL b 1k I
T R T B SRR

K SPSS22.0 B 15 B R b A ¢ R B G
Jra x4 TSGR XR I I E AR S+
S BRI S HE AT R OG A BT L B SR LR 2.

*2 rtEEcESCESEAMRMEX TSR

Table 2 Correlation analysis of soil heavy metals contents and physical and chemical properties

T 9% 1X 45k %if’;? Ni Cr Zn Cu pH FH LR KR gi;
Ni 1
Cr 0.564 1
Zn 0.342" 0.327 1
I Cu 0.455 ** 0.474 % 0.690 1
BARG pH 0.460 ** 0.559 —0.025 0.022 1
EER NG —0.197  —0.411* 0.039 —0.211 0.095 1
KR —0.285 —0.218 —0.661** —0.658 0.159 0.357" 1
PHESF2cH#eit —0.261 0.186 —0.387 —0.425 0.478 0.226 0.700" 1
TN T
Cr 0.480 1
Zn —0.222 0.057 1
qégfwg—gg Wt Cu 0.534" 0.219 —0.181 1
T X 3 pH 0.157 0.408"* 0.202 0.225 1
EER NG —0.171 —0.235 0.671" —0.221 0.085 1
TKER —0.584 0.107 0.17 0.059 0.515 —0.535"" 1
FH B8 38 i it 0.271 0.21 0.195 0.495 " 0.253 —0.035 —0.111 1
TN T
Cr 0.898 * 1
Zn —0.259 —0.26 1
[ Cu 0.071 —0.074 0.703*" 1
pH —0.093 —0.029 —0.26 0.770 1
EER NG 0.644 " 0.514*" 0.057 0.113 —0.076 1
Y€ 0.024 0.2 —0.476" 0.057 0.079 0.387 1
PHES Fac#et —0.177 0.017 0.603 0.085 0.095 0.411 0.847 " 1
""""""""""""""""""""""""""""" N1
Cr 0.332 1
Zn 0.022 0.487** 1
NS Cu 0.338 0.169 —0.188 1
ETRBES pH 0.590"* —0.195 0.031 0.254 1
AU —0.03 —0.292  —0.841"* 0.047 0.068 1
TKR —0.861""  —0.003 0.585 " —0.206 0.400" —0.657"" 1
FH 25 5 3¢ e i 0.296 0.036 0.065 0.495"" 0.21 —0.046 —0.103 1

W AR 0.01 GO U L AHCHE 3 5 7E 0.05 A U » MM 3%

Hi 2 2 AT, A () 9 e 5 b 0 R Jm S B
e B AT — 2 A e, FE 2 T9 YL IR JH 1L

W, B KRR E G R NI ) R T B A R s BH R 15
B MG m Cr 09 BE 1A 520 5 - 18 1 il J32
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Table 3 The values of soil physical and chemical properties in the vertical direction

S RS EE?E%%A H+5 _ B P
pH GIKE/ % pH TKE Y AHLB S A PR TSk AALE SR
x#2 6.81 0.82 7.09 0.75 5.39 138.68 3.81
f/ME 2 6.85 0.96 6.93 0.85 5.67 315.07 4.83
B2 6.78 1.21 7.05 1.35 5.47 83.06 .06
. 7.60 252 739 271 634 52315 6.23
ISYN -] )z 7.46 2.65 7.28 3.22 6.91 531.97 6.30
= 7.54 2.92 7.43 3.35 6.55 500.29 12.34
- 728 185 721 231 5.8 302.71 ¢ 530
A )z 7.26 2.08 7.14 2.49 6.25 109.21 5.28
w2 7.17 2.24 7.19 2.80 6.11 219.83 6.27
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