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Figl. Study area location and sampling points on the studied catchment
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Table 1. Some physico-chemical properties of sampling points in two landuses
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Table 2. Heavy metals concentration and their statistical analyses in the soils studied
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Fig 2. Comparison mean of heavy metals concentration in agriculture and rangeland use
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Table 3. Value of heavy metals (mg kg) in standard sample and different cities of Iran
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Table 4. Correlation coefficient between heavy metals and soil physicochemical properties
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Table 5. Correlation coefficient within heavy metals studied
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Table 6. The parameters for fitted variogram model for heavy metals
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Fig 3. Variogram of Zn, Cd, Cu, Pb and Ni metals
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Table 7. Charactrisitcs of anisotropy elliptical for nikle element in the study area
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Table 8. Estimates of lead kriging with real data
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Table 9. Estimates of Nikle kriging with real data
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Abstract

Soil serves as a fundamental environment for plant
growth, and due to its critical importance, the
examination of heavy metal distribution is essential for
monitoring  soil contamination and maintaining
environmental quality. This study aimed to investigate
the spatial variability of specific heavy metals in surface
soils of Shazand City. A total of 76 surface soil samples
were randomly collected from a depth of 0-30 cm
within the study area. Following sample preparation,
various physicochemical characteristics, as well as the
total concentrations of lead (Pb), cadmium (Cd), nickel
(Ni), zinc (Zn), and copper (Cu), were measured. The
mean concentrations of Pb, Cd, Ni, Zn, and Cu were
found to be 31.20, 54.12, 23.11, 2.05, and 59.36 mg
kg™ 1, respectively. Significant correlations were
identified between Ni and Cu (r = 0.41, p < 0.01) and
between Ni and Zn (r = 0.50, p < 0.01).
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Additionally, a significant correlation was observed
between Cu and Zn (r = 0.40, p < 0.01). The spatial
variability of these variables was assessed using
variogram models and ordinary kriging. The results of
the geostatistical analysis indicated that the spherical
model was the most suitable for describing the spatial
variability of all studied elements. A strong spatial
dependence (with a nugget-to-sill ratio of less than 0.25)
was observed for lead. According to established
standards, Pb and Cd exhibited the highest levels of
pollution in rangeland and agricultural land use,
respectively, within the study area. It is recommended to
enhance soil quality and mitigate degradation from
pollutants through the implementation of appropriate
environmental practices.

Statement of the Problem: Soil serves as a
fundamental environment for plant growth, and its
significance necessitates the investigation of heavy
metal distribution for the purposes of monitoring soil
contamination and maintaining environmental quality.
Given the widespread nature of polluted areas and the
associated challenges in soil sample collection, the
application of geostatistical methods proves to be highly
beneficial. Among these methods, Kriging stands out as
a geostatistical technique with considerable potential for
assessing the spatial distribution of heavy metals in soil.
The spatial distribution of heavy metal pollution can be
analyzed using Geographic Information System (GIS)
technology in conjunction with geostatistical methods.
Given the rise in pollutant levels surrounding industrial
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centers and their subsequent dispersion into agricultural
lands and pastures, an effort was made to identify an
industrial region that significantly impacts both animal
and human populations.

Purpose: This investigation was conducted to examine
the spatial variability of certain heavy metals in surface
soils of Shazand City, with the aim of improving the
prediction of sources of soil contamination.

Methodology: The primary land uses in the Shazand
region include agricultural (both irrigated and rainfed),
rangeland, industrial, and urban areas. A total of 76
surface soil samples were randomly collected from a
depth of 0-30 cm within the study area. Following the
preparation of these samples, various physicochemical
characteristics were assessed, along with the total
concentrations of lead (Pb), cadmium (Cd), nickel (Ni),
zinc (Zn), and copper (Cu). Data analysis and mean
comparisons were conducted using SPSS version 19.
The anisotropy of the data was examined through a
surface variable; subsequently, the degree of anisotropy
was determined, and a directional variance was plotted
for the elements under investigation. Upon identifying
the most suitable model, kriging interpolation maps and
estimation variance maps were generated for each
element using ArcGIS software.

Results and discussion: The mean concentrations of
Pb, Cd, Ni, Zn and Cu were measured at 31.20, 54.12,
23.11, 2.05, and 59.36 mg kg~ %, respectively. Nickel
exhibited a significant correlation with pH, cation
exchange capacity (CEC), as well as silt and sand
content (p < 0.05). Cu content demonstrated a
significant correlation with lime content, while Zn
content showed significant correlations with CEC,
organic carbon, lime, silt, and sand content.
Additionally, lead displayed a significant negative
correlation with pH (p < 0.01). Significant correlations
were identified between Ni and Cu with a correlation
coefficient of r = 0.41 (p < 0.01), as well as between Ni
and Zn with a correlation coefficient of r = 0.50 (p <
0.01). Additionally, a significant correlation was
observed between Cu and Zn, with a correlation
coefficient of r = 0.40 (p < 0.01). The spatial variability
of the heavy metals under investigation was analyzed.
The symmetry of the spatial variables indicated that the
distribution of Zn, Pb, Cd and Cu in the region was
isotropic, suggesting that the variability of these
elements is consistent across different geographical
directions. In contrast, Ni exhibited an anisotropic
distribution within the region. To assess the direction
and degree of anisotropy, a directional variance analysis
was conducted at four angles: 0, 45, 90, and 135
degrees. The analysis of directional variables for Ni
across various lengths indicated the presence of
geometric anisotropy within the study area, with an
anisotropy ratio of 1.36 for total Ni. Furthermore, the
comparison of heavy metal variations revealed that the
conventional kriging method outperformed both

ordinary and simple kriging techniques, as evidenced by
superior error evaluation indices and a higher
coefficient of correlation (r?) between the measured and
estimated variables. The findings from the statistical
analysis indicate that the spherical model provides the
best fit for the concentration of the elements under
investigation. The maximum and minimum impact
ranges were observed to be 17,200 meters and 2,354
meters, corresponding to Ni and Pb, respectively. A
strong spatial dependence was identified for Pb, as
evidenced by a nugget-to-sill ratio of less than 0.25. The
comparison of total Cd concentrations in agricultural
and rangeland indicates that agricultural lands exhibit a
higher concentration of Cd. The level of Cd
contamination in the study area is notably elevated,
measuring 0.38 mg kg~ !, which exceeds the standard
range for Cd established by the National Institute of
Research and Technology. The spatial distribution map
of Cd generated through blocky kriging indicated that
the highest concentrations of Cd were located in the
southern part of the region, particularly in the vicinity of
the Shazand Petrochemical area and extending towards
Shazand city, which poses a significant risk.
Furthermore, a comparative analysis of Cu
concentrations revealed that agricultural land exhibited
higher levels of Cu compared to rangeland. The findings
revealed an elevation in the Cu concentration in the
western, southwestern, and southeastern areas of the
region, which can be ascribed to the presence of shale
parent materials characterized by elevated Cu content. A
comparative analysis of Ni concentration between
agricultural lands and rangelands demonstrated that the
Ni concentration in agricultural lands was significantly
higher than that in rangelands. Furthermore, the findings
revealed an elevation in the concentration of this
element in the northwestern and southeastern regions,
which may be ascribed to the presence of shale parent
materials characterized by elevated Ni content. A
comparative analysis of Zn concentrations in rangeland
versus agricultural lands within the study area
demonstrated that rangelands exhibited higher Zn
concentrations than their agricultural counterparts. The
results indicated that the regions adjacent to the Shazand
Petrochemical Power facility and its periphery exhibited
the highest concentrations of Zn. The blocky kriging
map revealed that the northern, southern, and western
areas of the region recorded the highest Pb
concentrations, which can be attributed to industrial
activities, vehicular traffic, and other anthropogenic
influences. Furthermore, the blocky kriging estimation
variance maps for the variables under investigation
demonstrated that the margins of the region exhibited a
higher estimation variance compared to other areas,
likely due to a scarcity of sampling in these locations.

Conclusions: The findings indicate that agricultural
practices characterized by elevated concentrations of
Cu, Cd, and Ni, as well as rangeland utilization,
exhibited the highest levels of Zn and Pb. According to
the American National Institutes of Standards and
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Technology (NIST), Pb and Cd present the greatest
pollution risk within the study area. According to the
zoning results, the primary source of Cd
contamination in the region is attributed to
agricultural activities, whereas the predominant
source of Pb due to its significant spatial
dependence, can be linked to industrial activities,
specifically the Shazand Petrochemical facility, as
well as road transport. The elevated concentrations
of Cd in certain areas of the region, which exceed
established standards, suggest that the study area is
at risk of being classified as polluted and may

exhibit symptoms of environmental degradation.
Consequently, it is imperative to manage the
sources of pollution effectively to avert the
emergence of severe environmental hazards. It is
recommended that adequate protective measures
be implemented to enhance soil quality and
mitigate soil degradation.
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