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Schematic diagrams of sampling points in the study area.
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Table 1  Statistical results of heavy metal element contents in soil
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Fig.2 Spatial distribution maps of heavy metal element contents in the study area.
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Table 2 Correlation coefficients of heavy metal elements in soil
e BTR Cr Co Ni Cu Zn Cd Pb As Hg

Cr 1 -0.049 0.947%* 0. 082 0.820"*  0.783"%  0.797"*  0.463" 0. 034
Co 1 0.110 0.645"*  0.048 -0.016 -0.062 0.129 0.036
Ni 1 0. 157 0.847% " 0.810" " 0.797* " 0.536" " 0.041
Cu 1 0.184 0.133 0.116 0.093 0.034
Zn 1 0.867" " 0.909" * 0.461%* 0. 047
Cd 1 0.854**  0.437"" 0.055
Fb 1 0.387"" 0.039
As 1 0.025
Hg 1
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Table 3 Component matrix of principal component analysis of

heavy metal contents in soil

B4 B 2 A e J R - 28
F1 F2 Fl F2

Cr 0.921 -0.121 0.929 0.016
Co 0. 064 0.914 -0.071 0.914
Ni 0. 946 0.014 0.934 0.153
Cu 0.196 0.873 0.065 0.892
Zn 0.945 -0.015 0.937 0. 124
cd 0.913 -0.077 0.914 0.058
Pb 0.914 -0. 120 0.922 0.015
As 0.582 0.100 0.561 0.185
Hg 0. 061 0.079 0. 049 0.088
FETHRE(%) | 52.127 18.334 51.395 19. 066
BRUr TR (%)| 52. 127 70. 461 51.395 70. 461
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Fig.3  Principal component load of heavy metal elements in

soil from the study area.
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Fig. 4 Spatial distributions of heavy metal single factor pollution index in the study area.
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Table 4 Potential ecological hazard index of heavy metals

EERITE E EeBITE E!
Cr 0.85 Cd 18.06
Co 5.73 Ph 2.26
Ni 2.38 As 6.96
Cu 3.95 Hg 14.79
Zn 0.54 RI 55.50
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Table 5  Grading standards of Hakanson potential ecological
risk
B A KU R () LA ERSEERRE(RD
G 54y £ (i
R A A U <40 IR A 25 AU <150
AR S 40~80 A XU 150~300
B A S R 80~160 RS 300~ 600
e AR 2 U 160~320 e e A 25 KU >600
e o e A R >320
3 45

AR FEFR FAHGA ST 8T 2 0G4
235 AR (53 BT RS G RS 8 B0 AT 19 i XehimT b g
AT TR X 9 P 4 @ 15 YR LT T 0 A 5%
GERRIW X 15 Co MR F i =N 75.83%,J8 T
VG YL, Cu, Cd, As B b5 50 51 R 14. 70%
21.40% M 13.29% ,J& T 82 15 4Y, Cr \Ni Zn ,Pb
Il He BFRRIIE 5% LT, B TRETE Y Cr Ni



52 4]

ARTEHE, 45 TP A T R X T B ¥ e s ) A S XU A

Ft

Zn .Cd Fl Pb iX 6 BT 2 2 [F] ok I T i 4 v X B
TR SR XL R BE TS5 Y2, Co A1 Cu L [FR IR TR
WA= ACAEAE BT AR R RS G, He TR
VT AN R 2 1 A JRy i 75 e s 9T IX 9 Pl 42 )
P Ty 23 T R R 0 R R DX 0 A 5, T 3 R B X
RARE S ; 4B AR 25 515 Y48 50k 13. 49,
AR R BN 55. 50, 32 W 9% IX 48, B 4R s gk
R TR Y H R AR T 5, (AR EER
& 20 XAFE NN Z SRR He Co,Cu 154, 75
B OISR A IR B TAE

AW TARLE G 73 T84 11807 IX 9 Fh
E DI ORER Y 9 AN R 1 I (1 RS0
B, W XEGRGRAGEAA - ENEFE
SCL A BT Rt o) 72 A B I B I . {ER Bk
P 7 T 0 A TR T G AT O M A A — E 1)
Jey BRAE: , TR A o e 2 ) M R 24 3 1 3 R R 5
FAFERRAE BEBT By ¥ g A | XE 99 TR 4% B i
P, e AT B 6 s 5 Qe WE 58 B9 Rl L, S ) Al
A FH e 't 1 228 J2% 458 v 2 B AR O i R < s
BT TAE

Spatial Analysis and Risk Assessment of Soil Heavy Metal Pollution in the

Xishimen Iron Mining Area of Hebei Province
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HIGHLIGHTS

(1) High—precision content analysis results of 9 heavy metals were achieved using ICP-MS.

(2) The spatial analysis results indicated that the pollution of Hg, Co and Cu caused by human factors should be

specially noted.

(3) The risk assessment results revealed that the pollution grade of the study area was severe while the ecological

risk remained in the controllable range.
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ABSTRACT

BACKGROUND: Heavy metal pollution in the soil of mining areas is a serious threat to the ecological
environment and the health of surrounding residents, and it is of great significance to effectively supervise it. The
Xishimen iron deposit in Hebei Province is a large magnetite deposit in the Hanxing area. Comprehensive research
on soil heavy metal pollution in this mining area is urgently needed.

OBJECTIVES: To evaluate soil heavy metal pollution in the Xishimen iron mining area in Hebei Province.
METHODS : The No. 1 mining area of the Xishimen iron deposit was selected as the research object. ICP-MS was
used to determine the heavy metal content. The exceedance rate, pollution sources and spatial distribution
characteristics of heavy metals were obtained by descriptive statistical analysis, multivariate statistical analysis and
spatial interpolation analysis, and the pollution risk was evaluated by combining the single factor pollution index,
Nemero comprehensive pollution index and potential ecological hazard index.

RESULTS; Descriptive statistical analysis showed that the exceedance rate of Co in the mining area was 75. 83%,
indicating heavy pollution, while the exceedance rates of Cu, Cd and As were 14.70%, 21.40% and 13.29%,
indicating moderate to light pollution. The exceedance rates of Cr, Ni, Zn, Pb and Hg were less than 5%, which
were light pollution. The multivariate statistical analysis showed that Cr, Ni, Zn, Cd, As and Pb were from the
natural weathering environmental pollution in the mineralized area, and Co and Cu were from the anthropogenic
environmental pollution caused by mining production and fertilizer use. Hg came from the local pollution caused by
human factors. Spatial interpolation analysis showed that the nine heavy metals had a high distribution in the open
pit mining area on both sides of the Mahui River and a low distribution in the rivers and residential areas. The
Nemero comprehensive pollution index of heavy metals in the study area was 13. 49, and the comprehensive
ecological risk index was 55. 50.

CONCLUSIONS:: The results indicate that there is Hg, Co, and Cu pollution caused by human factors in the
mining area, which needs to be addressed. The heavy metal pollution in this area is serious but the ecological risk

is still in a controllable range.

KEY WORDS: mining area; heavy metals in soil; inductively coupled plasma—mass spectrometry; statistical

analysis; spatial analysis; pollution risk evaluation
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