+ 1 (Soils), 2022, 54(3): 564-571

DOI: 10.13758/j.cnki.tr.2022.03.017
WG, A, ESEsE, A5 BT bR AR 00 B i B R 4 TR 4 AR S R R A AE . R, 2022, 54(3): 564-571.

EF IR BN A RATIEES B SR EAR"

X 1 SRE L 2 2
BACE, ", mR R, Ak
+e

(1 MR AN IVE AR, Bal 2100955 2 b3 SR T Rp4E A e I 5 S & ([ R B g o IR SER), At 210008)

 E: LITMAHEEEARX, RIS INEAREEMR TR0 H3EE S8 Cd. Cu. Cr. Pb. Zn il As ZS A RHIE ;
[, R FHSE T b FRER I SRR f A5 1 8 N I ER A s A M A s . 455838 W] . pFSEIX 14 Cd. Cr. Pb Ml Zn %
SR TR R T SE, T Cu A As AR T A R URE L R HAE R R A Cd B i g S G XU
P, THARRIRM R, TES MM F, Cd. Cr. Pb &Y s {E X503 FZ MR AERF Y AR . PURg AL, As & 5 i S B X
SR TEFE X ALERFIPY R, Cu Fl Zn & 10 (X AEMFR X F AL J7 1 22k R 43 A . Cd. Pb Rl As F i AIE IX 2 fEHIE IX.
F#B, Cr. Cu. Zn Ml As F M IERX FZ A MEVFR X TR, HIRZRINES TR0, T4 Jm 25 430 32 8 A AR R A
FILFEVER, AR & i maBERM B R T, NSRBI A T P T Z IR A28 GAE R TR F e,
HAE P& 5 % 122 AR I T 42 25 (R 4315 152 4 i 2

KR HIEFESIE; AESAM; MRS, HES

RESES: X53 XEFRERG: A

Study on Factors Influencing Heavy Metal of Farmland Soils Based on Geographical Detector

in Fengqiu County

DAI Qiangian', XU Mengjie'", ZHUANG Shunyao®, CHEN Dongfeng®

(1 College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China; 2 State Key Laboratory of Soil
and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: The spatial distribution of Cd, Cu, Cr, Pb, Zn and As in cropland in Fengqiu County of Henan Province were explored
based on inverse distance weighted interpolation method. Simultaneously, the geographical detector model was adopted to
illustrate the effects of 8 influencing factors on heavy metal spatial distribution. The results show that the average contents of Cd,
Cr, Pb and Zn are higher while Cu and As are lower than the background values of the fluvo-aquic soil in the lower Yellow River.
All heavy metal contents in soil are lower than the allowable values for agricultural land except for Cd from few samples. The
high-values of Cd, Cr, and Pb are distributed in the middle, southwest and north, respectively, while As is distributed in the north
and southwest. The high-values of Cu and Zn are shown in zonal distribution. The low-values of Cd, Pb and As are mainly
distributed in the south, and the low-values of Cr, Cu, Zn and As mainly distributed in the middle. According to the geo-detector
model, the spatial distribution of heavy metals is influenced by both the natural and artificial factors, among of which, soil organic
matter content is a dominant natural factor, while the population density is the primary artificial one. The interaction effect of
each two factors is greater than that of single factor, especially the interaction between soil organic matter and other factors.

Key words: Soil heavy metals; Spatial distribution; Geographical detector; Fengqiu County
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Fig. 1 Locations of study area and sampling sites
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Fig. 2 Distributions of various influencing factors
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Table 1 Types of interaction between two covariates

FIWHR s T
q(X1N X2) <Min (¢(X1), ¢(X2)) AELE P
Min (g(X1), q(Xz))<q(XlnX2) e
<Max (¢(X1), ¢(X2)) B R AR LRSS
g(X1N X2)>Max (¢(X1), g(X2)) S T3

g(X1INX2)=q(X1) + q(X2) LLIBYA
g(XINX2)>g(XD)+ q(X2) E|S2 e El

2 HEREHSWH
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~ 3171, 15.50 ~ 37.33., 36.14 ~ 101.60 FI 2.89 ~
17.02 mg/kg, FHME 51K 0.23,55.59,20.23,24.78
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Table 2 Descriptive statistics of soil heavy metal contents

A e/ ME R P YR AR s I Ve AR TR ik
A AEPS HPY

Cd 0.13 1.08 0.23 0.10 6.14 51.83 0.42 0.09 0.6
Cr 39.78 73.03 5559 6.51 0.40 -0.16 0.12 53.6 250
Cu 877 31.71 20.23 437 0.11 0.19 0.22 21.4 100
Pb 1550 37.33 24.78 431 0.51 0.05 0.17 144 170
Zn  36.14 101.60 68.59 12.01 0.01 0.02 0.18 65.1 300
As  2.89 17.02 862 272 0.57 050 0.3212.94 25

*3 LTEEZREMBEXM

Table 3 Correlation analysis of soil heavy metals

Cd Cr Cu Pb Zn As
cd 1
Cr  0.115 1
Cu 0.233"  0.803" 1
Pb  0.396"  0.6127  0.767" 1
Zn 02217 0.798" 09637  0.758" 1
As  0.126  0.808" 0.883" 0.663" 0.852" 1

e 2RIRTE P<0.05 /KF-WEMC, **3FRRTE P<0.01 KT
L/ATE P
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Table 4 Influencing factor analysis of soil heavy metals based on
geographical detector

ELEE X
Cd  0.031 0.021 0.045 0.186 0.126 0.040 0.012 0.050

X2 X3 X4 X5 X6 X7 X8

Cr  0.024 0.057 0.143 0.142 0.020 0.139 0.056 0.081
Cu 0.008 0.071 0218 0.071 0.037 0.081 0.030 0.155"
Pb  0.026 0.032 0.133 0.050 0.081 0.046 0.020 0.199 ™
Zn  0.011 0.048 0.263 " 0.060 0.027 0.076 0.028 0.125
As  0.011 0.045 0.155" 0.062 0.034 0.095 0.036 0.115"

VB ¥, R R RIORAE P<0.1, P<0.05. P<0.01 /K5
TRTE N

Cr (mg/kg) N
= 39.82~50.22

Cu (mg/kg)
= 8.80~16.15

= 22.08~24.13
‘- 24.14~31.67

As (mg/kg)
= 2.89~6.93

Zn (mg/kg)
= 36.22~57.22

= 73.87~80.01
m 80.02~101.52

= [8) 53 7 [
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REMHT S AL X AT 00, gk s frs.
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Table 5 Top 5 paired factors and their interaction influence on soil heavy metals

JLE 1 2 3 4 5
cd X3NX5(0.776) X5NX6(0.762) X3NX4(0.749) X4NX5(0.721) X5NX7(0.700)
Cr X3NX7(0.459) X3NX6(0.412) X3NX4(0.407) X3NX8(0.364) X2NX3(0.350)
Cu X3NX7(0.481) X3NXB(0.474) X2NX3(0.443) X1NX3(0.442) X3NX5(0.401)
Pb X5NX8(0.433) X1NX3(0.417) X3NX8(0.407) X3NX7(0.400) X5NX7(0.382)
Zn X3NX7(0.510) X3NX8(0.498) X1NX3(0.469) X2NX3(0.451) X3N.X6(0.428)
As X3NX7(0.449) X3NX8(0.393) X2NX3(0.388) X3NX6(0.380) X5N.X8(0.344)

W X1, X2, X3, X4, X5, X6. X7 F1 X8 sr5lERm M. Y. ARG, 1O NDVIL BN EMEEE . 814K R

MANLEE, RG-S N BRI ) g 5.

0.4 Vi L, H X3nX7 ZZHAEHR N FKE] T
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YEHIRE Pb B2 [B] 53 AT 50 13k % 0.4 LU E, Hrp X5
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