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Figure 1. The position of sampling sites and Khatoon Abad copper smelter in the study area
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Table 1. The classification of the severity of heavy metal contamination

(Element) Kelly Indices
(mg kgt (Uncontaminated) (Slightly contaminated) (Contaminated) (Very contaminated) (Very dangerous)
Cu) 0-100 100-200 200-500 500-2500 >2500
Zny 0-250 250-500 500-2000 2000-10000 >10000
(AS) 0-30 30-50 50-100 100-500 >500
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Table 2. Summarizes in results of statistical analyzes of heavy metals in the soil samples (mg kg?)

(Element) (Mean) (Standard deviation) (Range) (Minimum) (Maximum)
(mg kg

Cu 731.13 723.86 3188 130 3318

@ny 72.06 70.92 300 3 303

(As) 40.13 37.07 151.6 7.2 158.8
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Table 3. Specifications of variogram model for investigated heavy metals
Element Model CO (Nugget) Co+C (Sill) A, Effective Range C/Co+C R? RSS

Cuw (spherical) 0.001 0.94 2480 2480 099 0.72 0.27

n) (spherical) 0.77 4.55 10830 10830 0.83 078 1.2

(As) (spherical) 0.001 0.87 2380 2380 099 0.74 0.21
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Table 4. Results of cross validation analysis for Kriging method

Validation Criteria

R? MBE (mg kg™) MAE (mg kg?)

(Element)

Cu 0.81
Zn 0.67
As 0.79

-15.4565

188.47
31.11
9.83
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Spatial Distribution Analysis of Copper, Zinc and Arsenic Heavy Metals
in the Soil of Surrounding Areas of Khatoon-abad Copper Smelter
Industry
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Abstract

According to harmful environmental effects of Khatoon-abad copper smelter industry activities on
soil quality; this research was conducted to determine the spatial distribution pattern of Zn, Cu and
as heavy metals of soil in the surrounding areas of this industry company. Soil sampling was
designed in a systematic network plan from 0-5 cm horizon, and laboratory analysis was carried out
by ICP. Mean of Zn, Cu and as metals concentrations was obtained 731.13, 72.06, and 40.13 (mg
kg™), respectively. Statistical and geostatistical analysis was conducted by Gs+ and GIS softwares.
The results showed that there exist strong spatial correlations with spherical variography model for
all of heavy metals due to high amount of (C/Co+C) ratio that equal 0.99, 0.83, and 0.99,
respectively for Cu, Zn, and As heavy metals. Regarding to mobility of studied heavy metals in
soil, the effective ranges equal to 2480, 2380 and 1083 (meter) and the Sill content equal 0.94, 4.55
and 0.87 (%) were obtained for Cu, Zn, and As respectively. Furthermore, the zonation map of
contaminants illustrated that the amount of Zn pollution problem is not remarkable and there is a
sever contamination of Cu and as with the spatial extending direction of the southwest of Khatoon-
abad industry.

Keywords: Effective range, Geographic Information System, Geostatistics, Spherical variogram.
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