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Heavy metals are among the most suitable indicators for investigating
pollution in soil and water resources. Due to their long-term stability in the
environment and certain toxic properties, they often cause environmental
problems. The aim of the present study is to investigate heavy metal
contamination in the soil of forest, rangeland, agricultural, and residential
land uses in the Vaz watershed. For this purpose, 47 soil samples were
collected from all land uses within the watershed. After drying, the samples
were passed through a 63-micron sieve and then transferred to the laboratory
for analysis of element concentrations using the ICP-MS method.
Subsequently, using the concentration results of chromium, manganese, iron,
nickel, copper, zinc, arsenic, cadmium, mercury, and lead, along with
pollution indices such as contamination factor, pollution degree, modified
degree of contamination, geo accumulation index, enrichment index, and
ecological risk index, the soil quality across different land uses was
evaluated. The results showed that the average contamination factor for all
metals in the watershed, across forest, rangeland, agricultural, and residential
land uses, was 0.94, 0.58, 1, and 1.82, respectively. On the other hand, the
geo accumulation index (Igeo) for these land uses was -0.84, -1.53, -0.72,
and 0.06, respectively. These results indicate that the residential land use has
the highest values in both the contamination factor and the geo accumulation
index, followed by agricultural, forest, and rangeland uses, respectively. In
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terms of pollution degree, forest and agricultural land uses have moderate
contamination levels, with values of 9.4 and 10.1, respectively. Rangeland
use has very low contamination with a value of 5.6, while residential land use
has a high contamination level of 17.9. On the other hand, the modified
degree of contamination index showed that forest, rangeland, and agricultural
land uses had very low contamination levels, with values of 0.9, 0.6, and 1,
respectively, while the residential land use had a value of 1.8, indicating low
contamination. Additionally, the pollution load index indicated
contamination in the residential land use (value of 1.6), while forest,
rangeland, and agricultural land uses showed no significant contamination
(values 0of 0.8, 0.5, and 0.9, respectively). Furthermore, the enrichment factor
analysis revealed that the contamination is largely due to human activities.
The assessment of potential ecological risk highlighted the significant
behavior of mercury within the watershed. Although the environmental risk
assessment of the watershed showed that forest, rangeland, and agricultural
land uses pose low risk, the residential land use was found to present a
moderate level of risk. In the Vaz watershed, rangeland and, to a large extent,
forest land uses showed low values in terms of pollution indices. However,
due to the presence of livestock in the rangelands and the recreational use of
the forests in this watershed, there is a potential risk of soil contamination in
these land uses in the future. Considering that this watershed is one of the
main tributaries of the Caspian Sea in the northern part of the country, it is
essential to implement necessary conservation measures to protect water and
soil resources in the area.
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Introduction

One of the major global environmental challenges is soil contamination by heavy metals. Over the
past two decades, this type of pollution has been significantly intensified due to rapid socio-economic
development driven by accelerated urbanization and industrialization, drawing increasing public
concern. Heavy metal contamination in soils originates from both natural and anthropogenic sources.
Natural sources mainly include geological processes such as weathering, erosion, and other
geochemical phenomena. Human-induced sources, on the other hand, consist of mining activities,
industrial operations, traffic emissions, and agricultural practices—particularly the use of pesticides
and chemical fertilizers. During the mining process, heavy metals of geological origin can be released
into the environment. The effects of heavy metal pollution vary across different land-use types.
Among the most notable impacts are the decline in soil productivity in agricultural areas and the
contamination of agricultural products due to the accumulation of heavy metals. In agricultural lands,
such pollution poses serious risks to human health through the consumption of contaminated crops.
Assessing health risks from soil heavy metal sources under different land uses can serve as a critical
reference for preventing and controlling soil pollution at its source. Therefore, this study aims to
investigate heavy metal contamination in forest, rangeland, agricultural, and residential land uses
within the Vaz Watershed.

Materials and Methods

To achieve the study objectives, 47 soil samples from all land uses were collected. After being
transported to the laboratory, the samples were air-dried for 24 hours to remove their initial moisture
content. Then, they were oven-dried at 70°C for 24 hours. Finally, the samples were passed through
a 63-micron sieve and sent to the laboratory to determine the concentration of elements using
inductively coupled plasma mass spectrometry (ICP-MS). Then, using the results of the
concentration of chromium, manganese, iron, nickel, copper, zinc, arsenic, cadmium, mercury, and
lead metals, and using the indicators of pollution factor, pollution degree, modified pollution degree,
land accumulation, enrichment index, and ecological risk, the quality of the basin sediment was
investigated in different land uses.

Results

The results of this study revealed that urban land use exhibited the highest values for both the
contamination factor (CF) and geo-accumulation index (Igeo), followed by agricultural, forest, and
rangeland land uses, respectively. In terms of the degree of contamination (Cd), forest and
agricultural land uses showed moderate contamination, rangeland displayed very low contamination,
and residential land use was classified as highly contaminated. However, the modified degree of
contamination (mCd) indicated very low contamination levels for forest, rangeland, and agricultural
land uses, and low contamination for residential areas. The pollution load index (PLI) confirmed
contamination in residential land use, while forest, rangeland, and agricultural land uses remained
uncontaminated. Enrichment factor (EF) analysis further highlighted anthropogenic activities as the
primary source of pollution. Assessment of the watershed’s potential ecological risk underscored the
significant role of mercury (Hg) in the ecosystem. Although the environmental risk evaluation
classified forest, rangeland, and agricultural land uses as low risk, residential land use posed a
moderate risk.
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Discussion and Conclusion

This study evaluated heavy metal contamination across land uses in the Vaz Watershed. Although
land uses in the Vaz watershed are classified as low to moderate risk, the presence of livestock in
rangelands and the touristic nature of the watershed’s forests pose a potential threat of future soil
contamination in these areas. Agricultural and residential land uses already exhibit elevated
contamination levels due to human activities, underscoring the urgency to implement measures
aimed at reducing pollutant sources. Furthermore, given the region’s tourism appeal and continuous
influx of visitors, targeted awareness campaigns on proper waste management must be prioritized to
mitigate environmental degradation.
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