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Background and Objectives: Heavy metal pollution has become a
widespread environmental issue, posing serious risks to human health. The
primary causes of this pollution include rapid urbanization, land-use
changes, and industrialization, particularly in developing countries with
high population densities. This study aims to evaluate Indicator Kriging
and investigate the sources of heavy metal contamination in the surface soil
of the Shazand Plain, Markazi Province, Iran.

Materials and Methods: The study area includes lands surrounding the
Imam Khomeini Refinery, petrochemical facilities, thermal power plants,
and the Emarat lead and zinc mine in the Shazand Plain. A total of 230
surface soil samples were collected from a depth of 0-15 cm in 2019 using
a stratified random sampling pattern. The total (quasi-total) concentrations
of arsenic (As), zinc (Zn), lead (Pb), cadmium (Cd), copper (Cu), and
nickel (Ni) were measured. Indicator Kriging, which estimates the
probability of values exceeding a known threshold, was used to develop
heavy metal risk maps. The Geo-accumulation Index (Igeo) and
Enrichment Factor (EF) were calculated to assess soil pollution levels. To
determine potential sources of heavy metals, Principal Component
Analysis (PCA) was conducted using SPSS version 22.

Results: The mean concentrations of arsenic, zinc, lead, cadmium, copper,
and nickel were 151.78, 104.04, 37.88, 1.17, 13.48, and 92.98 mg/kg,
respectively. By comparing the average concentration of all metals, it was
observed that the concentrations of lead, cadmium, arsenic, nickel, and zinc
were 1.4, 2.6, 18, 3.5, and 1.7 times higher than the global soil mean,
indicating a high level of pollution in the study area. About 90% of soil
samples for cadmium and 100% for arsenic had concentrations exceeding
the global soil average. Based on Principal Component Analysis (PCA),
three components accounted for 81% of the total variance. The results
showed that the first component (lead and zinc) can be classified as an
anthropogenic factor due to the high rotated factor loadings of these metals.
The average concentration of these metals was higher than their
background values, suggesting that their origin may be related to waste,
tailings, and acid drainage from the lead and zinc mine. The second
component (nickel and copper) was classified as a geological factor,
indicating that these metals likely originate from geological sources. The
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third component included arsenic, which may have a different source from
the other metals. The presence of arsenic in the soil may be attributed to
human activities, including industrial emissions (refinery, petrochemical,
and power plants), mining operations, and atmospheric dust resuspension.
Given the widespread agricultural land in the study area, the presence of
cadmium contamination may also be linked to phosphorus fertilizer
application. The Indicator Kriging method showed that the high-risk
ranking of heavy metal contamination in the study area was as follows:
arsenic > cadmium > nickel > lead > zinc > copper. The calculated
Enrichment Factor (EF) values for soil samples ranged from no enrichment
to significant enrichment. The average Geo-accumulation Index (Igeo)
values for lead, cadmium, copper, nickel, zinc, and arsenic were 0.37, 1.59,
-2.53,-0.48, -0.63, and 2.9, respectively.

Conclusion: The Principal Component Analysis (PCA) results showed that
the origin of lead, zinc, arsenic, and cadmium is likely anthropogenic,
while copper and nickel are primarily derived from geological sources. The
risk maps confirmed that the study area has a high risk of heavy metal
contamination. The Enrichment Factor (EF) analysis indicated that copper,
nickel, and zinc exhibited no to low enrichment, lead had moderate
enrichment, and cadmium and arsenic showed significant enrichment. The
Geo-accumulation Index (Igeo) assessment classified copper, nickel, and
zinc as non-contaminated, lead as non-contaminated to moderately
polluted, cadmium as moderately polluted, and arsenic as moderately to
severely polluted.
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Shazand plain with heavy metal and preparing a soil pollution map using indicator kriging.
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Figure 1. a) markazi province, b) Shazand County, ¢) Distribution of sampling points in the study area.
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Table 1. Classes based geo-accumulation index.

Geo-accumulation index Value Classes
Practically unpolluted Igeo<0 1
Unpolluted to moderately polluted 0-1 2
Moderately polluted 1-2 3
Moderately to heavily polluted 2-3 4
Heavily polluted 3-4 5
Heavily to extremely polluted 4-5 6
Extremely polluted Igeo >5 7

1- ME
2- RMSE
3- Geo-accumulation index (Igeo)
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Table 2. Statistical of total concentration of heavy metals (mg/kg) in soil.

GRCWICH N
As Zn Ni Cu Cd Pb O S
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5
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Table 3. PCA loading of the heavy metals.
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Figure 2. Risk probability maps of a) Zn, b) Pb, ¢) Ni, d) Cd and e) Cu.
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Table 4. Indicator kriging evaluation indexes of soil heavy metals.
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Figure 3. Values of enrichment factor (a) and geo-accumulation index (b) of heavy metals in the study area.
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