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Spatial Variability and Influencing Factors of the Concentrations of
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Abstract: [Objective] Studies on the spatial variability and influencing factors of heavy metals can provide useful
informations for the protection of environmental quality of cropland. [Method] Geostatistics combined with GIS were used for the
analysis of the spatial structral, spatial distribution and influencing factors of copper (Cu), zinc (Zn), and chromium (Cr)
concentrations in cropland soil in Shuangliu county, Sichuan province, China. [Result] The concentrations of Cu, Zn and Cr in
cropland soil belonged to moderate variability, the maximum value and minimum value of the three heavy metals were obviously
different. The spatially dependent ranges of concentrations of Cu, Zn, and Cr in soil were 28 281, 45 613, and 45 892 m, respectively.
The concentrations of Cu, Zn, and Cr in soil had a moderate spatial dependence, and their spatial variability was caused by structural
factors and random factors. [Conclusion] The ordinary Kriging interpolation showed that the spatial distribution trends of
concentrations of Cu, Zn, and Cr in soil were quite similar. The regions with high concentrations of Cu, Zn, and Cr in soil were
mainly distributed in the northwet part of Shuangliu. The results of influencing factors showed that the concentration of Cu in
cropland soil was very significantly different among different terrain conditions. Soil parental materials was an important factor
affecting spatial variability of the concentration of Cu and Zn. The organic fertilizer application rate was the important factor which
affected spatial variability of the concentration of Cu, Zn, and Cr in cropland soil. The influence degree of agricultural conditions and
fertilizer application rate on spatial variability of the concentrations of Cu, Zn, and Cr in cropland soil was the highest in social
economic conditions .
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Table 1 Description statistics of the concentrations of Cu, Zn, and Cr in cropland soil (mg-kg™)

FH{E EEl w/ME FE NI brifE A5t AR i )3 AR

Mean Median Min. Max. S.D. CV (%) Skewness Kurtosis Distribution type
il Cu 36.57 36.25 13.03 88.01 9.24 25.27 1.298 4.231 WHEA Lognormal
¥t Zn 159.73 156.35 43.90 336.19 53.48 33.48 0.523 0.268 1EA Normal
% Cr 59.90 60.15 25.30 137.73 11.77 19.65 0.343 3.254 XAUFEA Lognormall
2.2 . 3. BZTEEESH 38296.57 m 2L KARA IR A AL P As, BRI i) [7]

TR AR I SR M OGRS RS R R s M TE 42 551.74 m D KA LIS P AR, DL
(R0 T7 ZE RO, R PRI ARSI, o BB 75 38 296.57 m A KA AR ES FEA P A TR] R
SERH (RD k% (RSS) , HRGEEHEIEM PRSI il A, 35 7R R ar rsA.
HARFRMIRN, DMRIEAS B R4 T LA 5 s 1) t 2 mn, AL 1 000 m 5K R ERIRFA  fr
AN . G EAE G ] SRR R B, BELL3 595 m DK R IR EUR AN S AR AL,
AHOGRERE, I <25%, RUPAERHAAMHAMZ ML 3 871 m K FMHEAR A AR R, 3
FARSGHE, HAS(AR S RS gi MR s 25k RRESJE M ARREYE K, RILAETIIX A 2 25 )
H>75%, WSR2 (A DG HEAR 59, B AE AEOCHE NS BEEER T2, S A AT 2 AR AT 5T
St SRR ALIE R TR Y, MEEAEFIE G LT LUR Y, 3 S & w4l

ORI, AR . B SRR A PSRRI SN ARG, LA AR a2 B A
B30y 51 062.09 m, JLrPARIFIAELE 42 551.74 m. B&AE PERIBERLYED T 3L R 40

F2 LIIRW. . WEERARMFAERIERREREXSH
Table 2 Theoretical isotropic semivariogram model and corresponding parameters of the concentrations of Cu, Zn, and Cr in
cropland soil

A PAIS Pl HEM By Co/( Co+C) PeE R Bz

Model Lag (m) Co Co+C Range (m) (%) R? RSS
i Cu S 1000 0.03034 0.06984 28281 43.44 0.845 1.142E-06
B Zn E 3595 2251.50 4284.0 45613 52.56 0.743 1.337E-06

% Cr

E 3871 0.02996 0.04910 45892 61.02 0.795 1.497E-04
S FRBRIRATY, E RIREMFT, NI S refers to spherical model, E refers to exponential model. The same as below
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Fig. 2 Interpolation maps of the concentrations of Cu, Zn, and Cr in cropland soil
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Table 3 The concentrations of Cu, Zn, and Cr in cropland soil
as affected by different terrain conditions

% FE A 41 Cu BE Zn % Cr

Terrain Sample No.  (mgkg™") (mgkg!)  (mgkgh)
“FJ5U Plain 274 41.43aA 179.95aA 63.84aA
FBZ Hills 297 33.30bB 138.78bB 57.12bB
114 Mountains 54 29.55¢C 172.81aA 54.93bB

Bl J5 (/NE FBER IR P<<0.05 P B 22 B3, KEF-BERR P<0.01
K LERKEE. NH

Values followed by different small and capital letters indicate significant
level at P<<0.05 and P<<0.01, respectively. The same below
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Table 4 The concentrations of Cu, Zn, and Cr in cropland soil as affected by different soil-forming materials

Ff 2540 Sample No. i Cu (mgkg™) Bt Zn (mgkg") % Cr (mgkg™)
IREMFY Grey alluvium 266 41.73aA 181.41aA 64.45aA
F B Old alluvium 118 30.93¢C 129.56¢C 55.07bB
o5 ALY Purplish rock saprolith 239 33.60bB 150.49bB 57.23bB
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Table 6 Loading matrix of social economic factors

MECERAES Y 1 I, R 1 AR
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Table 5 Eigenvalue and cumulative contribution of social
economic factors

¥ g3 1
Factor Component 1
A 251 i 5 The application rate of pesticide 0.325
ZUIEJit H] 5 The application rate of nitrogen fertilizer -0.107
fiff L Jiti Fi] 5 The application rate of phosphate fertilizer -0.319
AT H] 5 The application rate of potassium fertilizer -0.356
545 I8 1 & The application rate of compound fertilizer 0.408
Ak A\ T Agricultural population 0.780
A% FH 283 4 ] 5 The application rate of agricultural diesel oil 0.727
TR £ i Number of villages which recanalizing cars 0.864
38 L5 £ Number of villages which recanalizing tellephone 0.864
O The income of animal husbandry 0.499
Tkt The income of industry 0.590
ZHIN The income of transportation industry 0.637
Fi ML The income of commercial 0.273
M4 M The income of service industry 0.650

%y FHAEH TR YA e
Component Eigenvalue Contribution(%) Cumulative
contribution(%)
1 4.643 33.165 33.165
2 2.570 19.642 52.807
3 1.765 12.604 65.410
4 1.476 10.540 75.950
5 1.181 8.436 84.386
6 0.881 6.294 90.680
7 0.551 3.934 94.614
8 0.310 2.215 96.829
9 0.182 1.297 98.125
10 0.125 0.896 99.022
11 0.099 0.705 99.727
12 0.027 0.196 99.924
13 0.011 0.076 100.000
14 1.74E-017 1.25E-016 100.000
gy 2 Iy 3 Iy 4 gy 5
Component 2 Component 3 Component 4 Component 5
0.248 0.153 -0.311 0.809
0.791 0.173 0.187 -0.141
0.822 0.245 0.374 -0.024
0.454 0.081 0.399 0.101
0.780 -0.301 0.071 0.096
0.328 0.293 0.019 -0.052
0.094 -0.627 0.005 -0.054
0.110 0.294 -0.203 -0.175
0.110 0.294 -0.203 -0.175
-0.096 0.545 -0.094 -0.348
-0.271 -0.144 0.624 0.005
-0.242 0.204 0.225 0.532
-0.517 0.215 0.712 0.026
0.152 -0.705 0.041 -0.124
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