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Spatial Distribution of Soil Heavy Metal Contents and Influencing Factors in Northwest of
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Abstract: Identifying the factors influencing heavy metal contents in soil could reveal the pollution sources of heavy metals, and
can lead to pollution mitigation opportunities. In this study, Heishitou Town in Weining County was selected as the study area, the
inductively coupled plasma mass spectrometry (ICP-MS) and high-definition X-ray fluorescence spectrometer (HDXRF) were
used to determine soil heavy metal contents, and then the spatial distribution and influencing factors (including soil topographic
factors and soil physiochemical properties) of soil heavy metals were analyzed in order to explore the applicability of HDXRF in
assessing soil heavy metal pollution. The results show that both the contents of Cd, Pb, Zn, Cr, Cu and Ni determined by HDXRF
and ICP-MS follow the normal distribution. Cu determined by HDXRF is about 16% higher than by ICP-MS, no significant
difference is found in the determined contents of other elements but a significant correlation between the same heavy metals by

ICP-MS and HDXREF, with the correlation coefficient ranged from 0.702 to 0.940 (P<0.01), and the similar results are found
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between the contents by ICP-MS and HDXRF and the influencing factors, in which, Cd, Pb, Zn, Ni significantly correlated with
soil physiochemical properties, Cr significantly correlated with soil physiochemical properties, slope aspect and elevation, and Cu
significantly correlated with cation exchange capacity (CEC) and elevation (P<0.01). The interactive detection results of
geographical detector show that the interaction of influencing factors has enhancement effect, the interaction between pH, organic
matter, CEC and other factors are the dominant factors for the spatial differentiation of Cd, Pb and Zn, while spatial
differentiation of Cr, Cu and Ni are resulted from soil physiochemical properties and terrain, with interaction value from 0.200 to
0.700. In conclusion, the accuracy and precision of HDXRF is good, and the spatial distribution of soil heavy metals is greatly
influenced by the interaction of topography and soil physiochemical properties. HDXRF can be used for rapid detection and
assessment of soil heavy metals, the variable models related to soil pH, organic matter and topographic factors should be
established to correct systematically the results by ICP-MS.

Key words: HDXRF (high-definition X-ray fluorescence spectrometer); ICP-MS; Soil heavy metals; Soil physiochemical

properties; Terrain factor; Geographical detector
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Fig. 1 Sampling points in study area
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Table 1 Detection limits of heavy metals by HDXRF and ICP-MS

i 7y 1% cd Pb Zn Cr Cu Ni

HDXRF 0.05 0.800 0.50 5.000 0.50 1.000
ICP-MS 0.01 0.005 0.02 0.005 0.01 0.005
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Table 2 Types of interaction between two independent variables
(Xi» X) and dependent variables

J i ZHAEH
(X1 N X)<min[q(X)), q(X3)] Al 2 1 sk 555
min[q(X)), ¢(X2)1<g(X: N X2)<max[q(X1), ¢(X2)] Ht P TR L5
g(X: N Xo)>max[g(X;), g(X2)] pAGS g
g(Xi N Xo)=q(X)+q(X2) sz
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Fig. 2 Distributions comparison of soil heavy metal contents
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Fig. 3 Spatial distributions of topsoil heavy metal contents
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Fig. 4 Variations of heavy metal contents in soil profile
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Table 3  Correlation coefficient matrix between different heavy metals
HDXREF % ICP-MS i
Cd Pb Zn Cr Cu Ni Cd Pb Zn Cr Cu  Ni
HDXRF Cd 1
& Pb  0.561" 1
Zn  0.721"  0.584" 1
Cr 0208 0.565" 0.333" 1
Cu  0.029 -0.402" 0.143 -0.569" 1
Ni 03107  0.5307 0.625" 0.743"  -0.151 1
ICP-MS Ccd 0.909" 0.599™ 0.737" 02577 -0.002  0.243" 1
ik Pb 04707 0932 0.562" 0.636" -0.406" 0.519" 0.574" 1
Zn  0.6357  0.562™  0.858”  0.323  0.040 03657  0.725"  0.606™ 1
Cr 0279 0.5917 0.251" 08667 -0.601" 0.676" 0.323" 0.670"  0.400” 1
Cu -0.088 -0.477" 0.064 -0.618" 0.940" -0.303" -0.109 -0.475" 0.064 —0.607" 1
Ni  0.276" 04597 04177 0.655" -0.266" 0702  0257° 05247 04807 0.8177 -0.241" 1
W *, HRRBIRIRTE P<0.05, P<0.01 7K LB FEHGU), R,

2.1.5 HEHESRSEEWE T HhEk 4
FLAT, PRI E RTINS R A S5 A
] AH O PE 2 BT 45 B AE P<0.01 KF- FAHIE, Cd 54
HUT . CEC MR, Pb SHEVLE ., £kttt
HEWURLAN G B, Zn SAMLE . CEC A Rifs
+ IR AR CYE B ¥, Cr 5 pH. CEC. &kttt

BEURL ) | R AR A W AR OCTE , Cu 5 CEC.
R RRAHOCE 2, Ni 545 R4 ISR AH OC 1 1
o PRI SE D 3k JIr D B 4 TR R 4% R e 1R 2R )
FHIENE P HT 45 BAE P<0.05 /K- I B4R % &

BN A4 2R, U] HDXRF ¥ Al 1 L
4w A

k4 TEEEESEZMETFHHEXRLY
Table 4 Correlation coefficients between soil heavy metals and influencing factors
AL HDXRF % ICP-MS 3%
Cd Pb Zn Cr Cu Ni cd Pb Zn Cr Cu Ni

pH 0.249° —0.013  0.134 -0.328" 0.141 -0273"  0.134 0.03 0.183 —0.285" 0.191  —-0.211

I 0.710"  0.4517 0478  0.060 0.014 0202  0.589” 0483 0.4417  0.054 0.013 0.131
CEC 0.424™  -0.067 0.381"7 0296 0.481" -0.173 03197 -0.048 0.4307 -0.266" 0.468" -0.218"
Fhkr 0.123  0.289"  0.234" 04527 -0.224" 04957 0.107 0265  0.181 04197 -0204 0.461"
biAg A -0.108 -0.324" -0.239" -0.510" 0.194 -0.578" —0.118 -0.289" —216" -0.495" 0.171 —0.584"
bk -0.034  -0.076 —0.109 -0.134  0.145  -0.126 —0.037 -0.099 -0.039 -0.106  0.164  —0.045
oy 0.027  -0.25 0.143  -0378" 04347 —0.113  -0.097 -0.164  0.078 -0.385" 0436~ —0.141
Wi -0.261  0.011 —0.173  0.115  —-0.033  0.058 0266  0.083 —0.096 0209 -0.071  0.130
e 1] 0271 0212 0.047 -0.355" 0.145  -0.192 0.22 -0.133  0.007 -0.486" 0.102 -0.336"
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Fig. 5 Spatial distributions of topographic characteristics and soil physicochemical indexes in study area
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Fig. 6 Interaction of influencing factors on soil heavy metals
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