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

[Objective] This study investigated the contents and spatial distributions of heavy metals in surface soils in Yuanzhou District,
Guyuan City, Ningxia, evaluating heavy metal accumulation and its associated ecological risk. [Methods] A total of 12988 soil
samples were collected and the levels of eight heavy metals, namely, As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, were measured. The
single—factor index, Nemerow comprehensive pollution index, and potential ecological hazard index were used to estimate the
ecological risks associated with heavy metal contamination in soils. [Results] Compared to the background values of the Ningxia
Autonomous Region, the average enrichment coefficients of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were 1.01, 1.42, 1.04, 0.99, 1.03,
0.81, 1.01, and 1.07, respectively. Similar distributions of the eight heavy metals, with high concentrations, were observed in areas
characterized by high human activity, such as the east and west sides of Liupan Mountain, as well as Guyuan City, Zhangyi Town,
and Huangduobao Town. In contrast, low concentrations were observed in Tanshan Township and Zhaike Township in the northeast
Quaternary areas with loess—covered soil. Single—factor index evaluation revealed that the soil was "clean" in the Yuanzhou area.
Evaluation using the Nemerow comprehensive pollution index indicated that the soil pollution index of all heavy metals was less
than 0.7, which is considered "clean." While the single—element potential hazard index of Cd and Hg showed a level of moderate
risk, the comprehensive potential ecological hazard index of the heavy metals showed slight risk levels. [Conclusions] The soil
quality in Yuanzhou District, Guyuan City, is in good condition, although slight enrichment of heavy metals was seen in the topsoil

due to human activities in some areas.

Key words: soil heavy metals; pollution index; ecological risk; environmental geological survey engineering; Guyuan City; Ningxia
Highlights: The ecological risk of heavy metals in the surface soils of the Yuanzhou District was assessed using several evaluation
methods; GIS spatial analysis and principal component analysis were employed to identify the main factors controlling the
enrichment of heavy metals in the surface soils of the Yuanzhou area.
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Fig.1 Location and geomorphic type of the study area
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Table 1 Laboratory elemental analysis and testing methods
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Table 2 Grading standard of single factor pollution index
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Fig.2 Distribution of heavy metal concentrations in soils
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Fig.3 Spatial distribution of heavy metal concentrations in surface soils of the study area

AN L, ARG B DR 15 e AR BT bR, PPN SRR
Toi5 g . WD 5 Yeds B /IMR IR As>Cd>Zn>
Pb>Cu>Cr>Hg>Ni, W Mg &' 25 & 15 Je F8 /N F
0.7, 15 YL S N2 4, 15 YKV i i . A ICER
WAE A S AL FH P8 FOR /MK IR Cd>Hg>As>Pb>Cu>
Ni>Cr>Zn, P Cd F1 Hg ¥ 75 2 18 E 18 5003 9
g 42.72 F1 41.37, 7 40~80, J& T 45 XUk, Hofh &
GBI RO . ANIE 4 FTR, Hg By 2 KU X
FBA TN DXCHT DRI SREE R, Cd 9 4 XU
X B TR R A, A R S AT R
DIEEIRECH 111.39, /NF 150, TR L I Rz
THOARSE, Cd A1 Hg A1 L H 8 o0 26 e KU BTk %

R (K ESE, 2020; K54, 2021)
4.4 TIESEEIRMEN

I AH S E 20 M7 76 RN 32 o0 A A e i A 7 1 8
AR IRAHNT. 8 FlvEr 4@ P 2 h) 44 2 g 3% IE A
K (B FYEAKF P<0.05) (% 7), R LIRS EH
A FVEYE . XA IX 4 8 ou &R 2T 4T,
KMO > 0.869, Bartlett £ 55 {E <0.001, %% BH %4 4z 16
B E R T MBCREEE R T 1Ay, W
8 FE 5 iR, 8 M &R u FZ LRI WA £
RGBT 3 Ao RELRES R R T 221 68.7%,
XFRT A 8o BEAT /0 T LA B o 4 R A
RS I R 5 B, e A 1 ST

* 6 FENXTEEEERKRIELITN

Table 6 Risk index evaluation of heavy metal in soils of the Yuanzhou District

TiH As cd Cr Cu Hg Ni Pb Zn

TR P 0.48 0.27 0.25 0.22 0.006 0.16 0.12 0.21

WAHEE 25615 e de 4 PI 0.69 0.53 0.304 0.36 0.297 0.20 0.40 0.42

M TLEEE SR ER B 10.13 072 2.07 4.94 41.37 4.06 5.03 1.07
ZMERRGAEEALSEHEIRERI 111.39
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Fig.4 Distribution of potential ecological hazards of heavy metals in soils of the study area
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Table 7 Pearson correlation coefficient of heavy metal concentrations in soils

HEJH As cd Cr Cu Hg Ni Pb Zn
As 1 0.366%* 0.489%* 0.639** 0.052%* 0.700%* 0.390%* 0.601%*
cd 1 0.227%* 0.477%* 0.164%* 0.372%* 0.408** 0.552%*
Cr 1 0.566** 0.025%* 0.658** 0.344%* 0.468%*
Cu 1 0.219%* 0.705%* 0.562%* 0.833%*
Hg 1 0.044%* 0.240%* 0.243%*
Ni 1 0.419%* 0.681%*
Pb 1 0.599%*
Zn 1

T PMURMSEL0.0UK T LR (W) .

*8 TEEEEIHMALH 1.0
Table 8 Principal component analysis of heavy metal in g
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Fig.5 Initial factor load matrix of heavy metal in soils
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Fig.6 Geological map of the study area
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