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Abstract: [Objective] Through studying the content and spatial distribution characteristics of heavy metals in the surface soil of
Yuanzhou District, Guyuan City, Ningxia, the ecological risk of this area was evaluated, and the accumulation of heavy metals in the
surface soil of Yuanzhou District was clarified. [Methods] A total of 12,988 soil samples were collected and tested for the
concentration of eight heavy metals, namely As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn. The single-factor index, Nemerow comprehensive
pollution index, and potential ecological hazard index methods were employed to estimate the ecological risks associated with heavy
metal contamination in soils. [Results] Compared to the background values of 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. We observed
similar distributions of the eight heavy metals, with high concentration values primarily found in areas with frequent human activities,

such as the east and west sides of Liupan Mountain, Guyuan City, Zhangyi Town, and Huangduobao Town. In contrast, low
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concentration values were observed in Tanshan Township and Zhaike Township in the northeast Quaternary areas with loess-covered
soil. The single-factor index evaluation revealed that the soil was “clean” in the Yuanzhou area. The Nemerow comprehensive
pollution index evaluation 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 reached moderate risk levels, the comprehensive potential ecological
hazard index of heavy metals was at a slight risk level.[Conclusion] Overall, the soil quality in Yuanzhou District, Guyuan City is in
good condition, but heavy metals were slightly enriched 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 topsoil in Yuanzhou District were 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 topsoil in the Yuanzhou area.
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Fig.1 Location of the study area and geomorphic type of study area
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Table 1 Laboratory elemental analysis and testing methods
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Table 2 Single factor pollution index grading standard
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Table 3 Nemero comprehensive pollution index grading standard
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Table 4 Grading standard of potential ecological hazard index of heavy metals in soil
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*5 MREXERELEEELEBIEWHE (n=12989)
Table 5 Statistical results of the total concentrations of heavy metals in the soils (n=12988)

Wi As cd Cr Cu Hg Ni Pb Zn
Be/ME/ (mglkg) 5.0 0.043 17.3 41 0.002 5.8 116 10.8
BARAE/ (mglkg) 253 0.423 87.8 46.0 1.441 433 92.9 164.1
FRAZ{E/ (mglkg) 12.0 0.158 61.9 215 0.018 29.7 205 62.1
FHIEI (mglkg) 12.1 0.159 62.1 21.8 0.022 29.7 20.7 63.0
FrtfEZ (mglkg) 0.9 0.020 4.0 2.1 0.027 2.1 1.9 6.4
B RH (%) 7.8 12.7 6.5 9.8 125.8 7.0 9.1 10.2

THE TR E SE (mglkg) 11.9 0.112 60 22.1 0.021 36.6 20.6 58.8
BEAY GuREFEMARE 1.01 1.42 1.04 0.99 1.03 0.81 1.01 1.07
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Fig. 2 Statistical results of the total concentrations of heavy metals in the soils
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Fig. 3 Spatial distribution of heavy metals concentrations in soil in the study area

4.3 TREERBESKMEITEMN

BB TS AR BOR/NIRUR  As>Cd>Cr>Cu>Zn>Ni>Pb>Hg, 8 8 4> J& 76 & B R 15 Jefe 5 /M T 1,
WRys i e s B Fbn e, PPHER AL R WED G RE T KDKRK
As>Cd>Zn>Pb>Cu>Cr>Hg>Ni, WP LEETE RAREE/NT 0.7, IS QSR NL A, 154K RIGE- . 1A
TCRBLEAER EFERIOMEIR Cd>Hg>As>Pb>Cu>Ni>Cr>zZn, ' Cd Fl Hg 87L& fEE A 5N
42.72 F1 41.37, 1t 40~80 . [i], J& T HEEX:, HAMESENEMNIE. WE 4 fios, Hg 1S XU
X 32 AT JFUMN X AT ML, Cd A rp & Uz X o5 1) 7 TS IXCOR AR AR . R R Sl EAE S
faFRHCN 111.39, /T 150, EHERARRIUNRBARL, Cd Al Hg AH LI & 0 200 EE KU DTRRZE R

(BIKE S, 2020; 5KAE55F, 2021) -
#* 6 ENMXTIEEEENEIERITNE
Table 6 Evaluation table of soil heavy metal risk index in Yuanzhou District

WH 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
WIS L A5 Yedad PI 0.69 0.53 0.304 0.36 0.297 0.20 0.40 0.42

B TTRBTEAESBFIEL E 10.13 42.72 2.07 4.94 41.37 4.06 5.03 1.07
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Fig.4 Distribution of potential ecological hazards of soil heavy metals in the study area
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A FHARSRAE AT AN E B 7 A AT L3R G R IR . WIERTPR, 8Fh G Jm Py i 2 W) 5 22 85 3%
IEAHSR CRZEVEKTP<0.05) , R LIRE & Jm B RN, RN, X0 7T X 4 )8 o R 34T £ 74,
KMO’40.869, Bartlettitr i {H<0.001, & HEHE &M EMIT 0. SHBURFIEER T8y, k8RS
fios, 8ME @ B IR 724 E Ry, 24 T R REVS AR RE ST ZE168.7%, X HT2A T o) it
170 T e] DL e 2 B < J 2 B U O R B (B B, e i 1R T ik %< u54.2%,  Hr 19 As. Cd.
Cr. Cu. Niv Zn. Pb 7TRPs a8 EHR R, RUTTIX KRR LR X 7R E G )8 oz R MLk &
72 P HgIC R BT E R, RMHGR HMRIE S TRITR A . tbAh, HEEERRZC. PORIZnTE 72

Hh A RO e R A
#x7 HEESEAEM Pearson HXMRH
Table 7 Pearson correlation coefficient of heavy metal content in soil

HER As cd Cr Cu Hg Ni Pb Zn
As 1 .366%* 489** .639** .052%* .700%* .390%* 601**
Cd 1 207** ATT* .164** 372%* 408** 552%*
Cr 1 .566** .025** .658** 344%* 468**
Cu 1 219%* .705** 562** .833**
Hg 1 .044%* 240** 243**
Ni 1 419%* .681**
Pb 1 .599**
Zn 1

*AHIPELE 0.01 K LEESE R

*8 TIREEGREMS O
Table 8 Principal component analysis of heavy metal in Soil

1% BRI EAE FEUEAT T I A
B HEY% 2HU% Bk E% FH %
1 4271 54.188 53.388 4271 54.188 53.388
2 1.154 14525 68.713 1.154 14525 67.813
3 0.759 9.486 77.299

4 0572 7.148 84.447

5 0489 6.107 90.554

6 0367 4.587 95.141

7 0.239 2.99 98.131
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Fig. 5 Soil heavy metal initial factor load matrix
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PR T R R Ah, IR E SR A B 1IN 2 B e A TE BN IR R (TN, 2014)
H BRI AER R R X3 N D A X, AR E X . TR RIE— @ f2 R b gt T
A% FH 48 5 8 1 SRR, Tl XA R b P 49 eh 7R 8 RAE B R AU B B (TSR 155, 2016),
)N IX 35 Hy RG22 B (B 3) s, fEX A b, 3 rh Hg 7o 3RS AR B SR 1A 2 X P ) X
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Cr. Cu. Ni fll Zn & &7 8] 40T B A B AR E, @ E A0 KA X AR RE . ARALHF0is: As [
B DX H TLE [ J5 e 5 0 R VT P M SR A IX s P AR A a0 2 S0 A0 7 [ 5 7 4 3l R g o A 3 M 11 ) A
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