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Stochastic Simulation of Spatial Distribution and Uncertainty Assessment of Heavy

Metal in Paddy Soil
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Abstract: Ordinary kriging and sequential Gaussian simulation (SGS) were used to estimate and simulate spatial distribution of heavy metal Cu
in paddy soil in Hang-Jiang-Hu plain, and sequential indicator simulation (SIS) was used to assess the probability of Cu content exceeding the
predefined threshold. The results indicated that north region in the study area has high Cu content. The spatial distribution of Cu obtained by
ordinary kriging was continuous and smooth, whereas that obtained by the SGS was relatively discrete and fluctuant. The results of the SIS
indicated that the conditional probability of Cu content exceeding the threshold of 35 mg/kg was greater than 80% in the north area, whereas in
south area the probability of Cu content exceeding 35 mg/kg was less than 10% . Based on the joint probability statistics; the spatial
uncertainty ( multi-points uncertainty ) obtained from the SIS was used to assess the reliability of delineation for regions suspected of
contamination. The result showed that assessment of spatial uncertainty are more strict than that of single-point uncertainty. Therefores it is
more acceptable and convinced that these two approaches of uncertainty assessment were used simultaneously for delineating the contaminated
area.
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Fig.1 Spatial distribution of the soil sampling points
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Table 1  Conventional statistics of some heavy metal in soil( n = 204)/mg*kg~

1

JLH /M KA AE I X bt bl % I e 32 K-S (Z)
Cd 0.08 1.26 0.22 0.3 0.12 4.5 33.06 2.97(0)
Cu 16.80 61.72 32.8 50 6.7 1.1 3.04 1.13€0.16)
As 4.07 12.47 8.66 30 1.57 -0.32 -0.49 0.66(0.78)
Cr 57.12 125.59 87.77 250 11.68 0.03 0.15 0.38(1.0)
Pb 17.6 49.41 33.89 250 4.86 -0.04 0.51 0.5(0.96)
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Fig.2  Frequency distribution of soil Cu
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Table 2 Indictor semivariances of soil Cu and their fitted models for different quantiles

e R4 A oA IE A S AV SN[ AR T2 /m R?
20% 5 i BRORA A 0.060 4 0.1408 42.9% 7 890 0.786
40% 7 i E B 0.0109 0.2258 4.8% 4740 0.74
60% 53 4L grAEG 0.163 0.2308 70.6% 14756 0.802
80% 711 41 LS 0.133 4 0.169 8 78.6% 19 439 0.434
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Fig.3 Results of ordinary kriging interpolation and SGS for soil Cu and their spatial distribution frequency
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Fig.4 Results of SIS of soil Cu exceeding 35 mg*kg ™! threshold (a) and its prediction variance map (b)
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Fig.5 Spatial distribution of soil Cu exceeding 35 mg*kg ™! threshold as cutoff values were 0.85 and 0.75
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Table 3 Joint probability statistics of soil Cu exceeding 35 mg*kg~
threshold as cutoff values were 0.85 and 0.75

1

WRE HHEERH DA mME A MR b 2
>0.85 34 0.571 0.022
>0.75 172 0.082 0.012
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