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Source apportionment and evaluation of potentially toxic elements, P and Se, for paddy soils in the western
margin of Chengdu Plain, China

ZHANG Junji®, SHI Zeming"*, LIAO Rong', WANG Yu', WANG Xinyu"’

(1.Geochemistry Department, Chengdu University of Technology, Chengdu 610059, China; 2.Chengdu Center of China Geological Survey,
Chengdu 610081, China; 3. Sichuan Province Key Laboratory of Nuclear Techniques in Geosciences, Chengdu 610059, China)

Abstract: An experment was conducted to investigate the effects of risk elements on rice soils in Chengdu Plain. Soils were collected at
depths of 0 to 20 cm on the western margin of the Chengdu Plain. The sources of Ni, Cr, Cu, Pb, Zn, As, Cd, Hg, P, and Se in paddy soils
were studied using statistical descriptive analysis, cluster analysis, principal component analysis, and GIS methods, and the ecological risks
posed by heavy metals were evaluated. The results showed that Ni, Cr, and Cu were not enriched. Pb, Zn, and As were enriched, along with
Cd, Hg, P, and Se. The area that was strongly influenced by human activities was mainly distributed between Rivers | and J and along River
L. The Cu, Cr, Ni, and Se were mainly from the parent rock. Phosphogypsum influenced Pb and As. Hg and P were influenced by
residential waste. Zn and Cd levels were controlled by chemical activities. Due to the influence of the high Cd content in cultivated soils,
the Nemerow pollution index was 1.20, indicating that the pollution level of soils was mild.
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Figure 1 Soil sampling sites and study area
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FE SRR E A 0~20 em, LB Z8H BR A7 25 4R s
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Table 1 Evaluation methods and corresponding evaluation standards

PRI YL FE 507 Single factor index

PAREE $5 5072 Nemerow index

S Fel TG e S T 15 YL
Grade Range Pollution degree Grade Range Pollution degree
I Pi<l T I Py<0.7 W
1 1<P:<2 LD I 0.7<Py<1.0 T I
I 2<P;<3 L35S I 1.0<Px<2.0 REEE Y
I\ 3<P.<5 HE I\ 2.0<Py<3.0 hEETE Y
Vv P:>5 GiV; Vv Py>3.0 Gl Rt
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Table 2 Statistical characteristic values of potential pollution elements in the study area

JLR BN FIE SRDASE brifE 22 BRAM WS 953 2%l

Element Range/(mg-kg") Mean/(mg-kg") Median/(mg-kg™") SD/(mg-kg™) CvV Skewness  Kurtosis  Reference value/(mg-kg™)
Ni 13.5~50.2 30.44 29.80 7.22 0.24 0.37 -0.15 32.6
Cr 62.7~125.0 86.04 84.15 11.64 0.14 0.90 0.82 79.0
Cu 21.0~61.2 33.70 33.15 7.44 0.22 0.60 0.26 31.1
Pb 14.3~139.0 34.26 32.40 11.86 0.35 5.38 44.00 30.9
Zn 67.4~391.0 131.16 117.50 52.38 0.40 2.77 9.94 86.5
As 3.55~40.80 8.06 7.29 3.77 0.47 4.92 40.37 10.4
Cd 0.21~7.38 0.85 0.63 0.92 1.09 5.50 35.28 0.08
Hg 0.05~1.86 0.27 0.20 0.22 0.84 3.72 19.62 0.06
p 662~12 600 1509.58 1 300.00 1104.83 0.73 7.63 74.08 713.5
Se 0.15~1.39 0.54 0.50 0.22 0.41 0.87 0.84 0.1

V8 S R R=ARUEDE PP IR 5 S5 (A U1 4 s S

Note : Coefficient of variation= standard deviation/mean ; the reference value is the soil background value of Sichuan Province®.

1% WHART]
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Figure 2 Cluster analysis(CA) of potential pollution elements in

farmland soil
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Table 4 Rotated component matrix for the data of the

farmland soil

JEE Ji43 Component

Element PCAIL PCA2 PCA3 PCA4
Ni 0.868 0.110 -0.072 -0.014
Cr 0.799 -0.111 -0.038 0.065
Cu 0.812 0.331 0.195 0.053
Se 0.608 0.444 0.359 -0.038
Ph 0.004 0.840 0.180 0.371
As 0.223 0.868 -0.014 0.021
Zn 0.050 0.454 0.119 0.812
Cd 0.030 -0.004 0.149 0.928
Hg -0.036 -0.035 0.884 0.258
P 0.114 0.184 0.900 0.029

R3NI0MTETEMER

Table 3 Total variance explained and component matrices illustrated

o GEERRIEN FEF T FIERA TR 5 FIERA
Initial eigenvalue Extract the sum of squares and load Rotate the sum of squares loading
5y - RRE e~ BRI -~ RRIrE
Component FFAE(E - Cumulative FFAE(E - Cumulative FFE(E - Cumulative
. Percentage . Percentage . Percentage of
Eigenvalue . percentage of  Eigenvalue . percentage of  Eigenvalue . percentage of
of variance/% . of variance/% . variance/% .
variance/% variance/% variance/%
1 3.63 36.26 36.26 3.63 36.26 36.26 2.49 24.89 24.89
2 2.08 20.84 57.10 2.08 20.84 57.10 2.03 20.31 45.19
3 1.35 13.50 70.60 1.35 13.50 70.60 1.84 18.35 63.55
4 1.03 10.29 80.89 1.03 10.29 80.89 1.73 17.34 80.89
5 0.55 5.46 86.35
6 0.46 4.61 90.96
7 0.34 3.42 94.38
8 0.28 2.80 97.19
9 0.19 1.88 99.07
10 0.09 0.93 100

WWW.QEs.0r9.CN
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Figure 3 The first principal component distribution
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Figure 4 The lithology distribution in the study area
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index of farmland soil heavy metals
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Table 5 Evaluation results of soil heavy metal single pollution index

R AL Number of points/{™

FLIG Jef KT S

G Ko T T 15 0 TSR verage of single factor
Heavy metal Non—polluting Light pollution Mild pollution Medium pollution Heavy pollution pollution index
(P<1) (1<P<2) (2<P<3) (3<P<5) (P>5)
Ni 140 — — — — 0.35
Cr 140 — — — — 0.31
Cu 140 1 — — — 0.51
Pb 140 — — — — 0.29
Zn 133 7 — — — 0.60
As 139 — 1 — — 0.31
Hg 129 10 — 1 — 0.47
Cd 49 74 10 2 5 1.59
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