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Applications of Geostatistical Analyses and Stochastic Models to Identify Sources
of Soil Heavy Metals in Wugqing District, Tianjin,China

SONG Zhi-ting'* ,ZHAO Yu-jie’* ,ZHOU Qi-wen”,LIU Xiao-wei’ ,ZHANG Tie-liang

(1. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2. Agro-Environmental Protection

Institute , Ministry of Agriculture, Tianjin 300191, China)

Abstract: A survey on soil samples was conducted to study the heavy metal pollutions and their potential sources in Wuqing District,
Tianjin, China. A total of 578 topsoil samples were collected and the concentrations of eight heavy metals, namely, Cd, Pb, Cu, Zn,
Cr, Ni, As (metalloid) and Hg were analyzed. A summary of descriptive statistics, principal component analysis, geostatistical
analysis and stochastic forest regression models were applied to study the spatial and temporal variation and identify proportional
contribution from either natural or anthropogenic sources for the eight heavy metals in topsoils of the study region. The results indicated
that the average concentrations of all the heavy metals except for Cr in the topsoils exceeded their corresponding natural-background
values. As, Ni and Cr were mainly contributed by natural sources (i.e. , soil parent materials). Cu and Zn originated from both the
soil parent materials and sewage irrigation. Pb and Cd originated mainly from non-point source pollution and partially from point
source. Hg originated from sewage irrigation. It was proved that combination of multi-technologies provides an effective way to delineate
multiple heavy metal pollution sources.
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Fig. 1 Distribution of sampling sites in the study region
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Table 1 Summary statistics of metal concentrations in topsoils in the study region

~ FE KETERE REXER EMRECESE Pt BRER BME EFN N

EER /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /% /mg-kg™'  /mg-kg! iz W
Cd 0. 14 0. 09 0.09 0. 16 0.13 50. 2% 0.02 0. 65 1.82 6.78
Pb 24.27 20 20. 60 23.42 23.38 21.3% 12.00 51.00 1.25 2.91
Cu 24.54 28.4 19. 88 23.94 23.50 28.3% 9.35 48. 00 0. 60 0.14
Zn 71.56 77.75 66. 87 70. 14 69. 00 28.9% 17. 00 141. 50 0.50 0.23
Cr 62.52 83.8 63. 69 66. 39 60. 07 21.4% 34.63 106. 75 0.64 0.11
Ni 32.12 32.95 26. 69 28.19 30. 55 29.4% 8.25 74. 45 0. 60 0.31
As 9.47 9.32 8.39 9.98 9.20 29. 6% 2.80 20. 20 0.82 1. 00
Hg 0. 08 0.05 0. 04 0. 05 0.07 61. 1% 0.00 0.32 1.59 3.29
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Table 2 Loadings of heavy metals on VARIMAX-rotated

factors of different datasets
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Table 3 Best-fitted semivariogram models and parameters of the soil heavy metals
oy HA WM c,  HAMH/(C+C)  BEH/[C/(C+0)] A5 F/km EX4
Cu 54 0. 645 1.073 0. 60 1.75 1.33
Zn T 0.615 1.067 8 0.57 1.76 1.42
Ph TR 0. 631 1.045 0. 60 1.37 1.33
Cd FHa 0. 658 1.215 0.54 1.78 2.0
Hg FE 0.736 1.043 0.70 1.71 2.0
As P 0. 090 1.188 0.07 2.23 0. 61
Ni T 0. 626 1.247 0. 50 2.89 1.88
Cr Fha 0.511 1.169 0. 43 2.83 1.38
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Fig. 2 Spatial distribution maps of heavy metals (Zn,Cu, Ni, Cr,As, Pb, Cd and Hg) in topsoils in the Wuging district in Tianjin, China
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