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Evaluating the bioavailability of heavy metals and determining the effective parameters of
bioavailability play a key role in the management and remediation of contaminated soils. In
various land uses with different soil properties (physical, chemical, and biological), there were
different factors affecting heavy metals' bioavailability. The present study was conducted in order
to investigate the relationship between the heavy metal’s bioavailability with the physical,
chemical, and biological properties of soil in agricultural, industrial, and urban land uses in Arak
city. One hundred surface soil samples were randomly collected from these three land uses, and
their physical, chemical, and biological parameters were measured. By statistical methods, soil
properties were compared for agricultural, industrial, and urban land uses. The correlation
between heavy metal bioavailability and soil properties was calculated using Spearman's test.
Based on the obtained results, there was a statistically significant difference between different
land uses in terms of CEC, microbial respiration, CaCO3 and organic matter (p<0.05). Also, there
was a statistically significant difference between different land uses in terms of the bioavailability
of cobalt, manganese, zinc, copper, nickel and lead and the total amounts of copper, lead and zinc
(p<0.05). In agricultural land use, clay percentage, soil pH and EC; for industrial land use, EC,
the percentage of clay, sand, silt, carbonate, organic matter, CEC, and microbial respiration, and
in urban land use, the percentage of silt, organic matter, microbial respiration, carbonate, CEC,
and EC have a significant correlation with the metal’s bioavailability. In all three investigated
land uses, EC has a significant correlation with the bioavailability of heavy metals and EC is an
effective parameter in all three land uses. Meanwhile, EC, CEC, soil texture, microbial
respiration, carbonate, and organic matter are effective parameters in the bioavailability of heavy
metals in different land uses and these parameters should be managed in order to remediate
the contaminated soils. For this purpose, considering the negative correlation between carbonate
and pH and the bioavailability of heavy metals, it is possible to suggest the use of lime for the
remediation of the studied soils.
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Extended Summary

Introduction

The bioavailability of heavy metals determines their toxicity (Miranda et al., 2020). Several factors, such as the type
and amount of soil colloids, pH, solution ion concentration, metal cation concentration, the presence of competing metal
cations, and the presence of organic and inorganic ligands are effective factors on the absorption of metals and as a
result their bioavailability (Zan et al., 2013). Investigating the relationship between the bioavailability of heavy metals
with the physical and chemical properties of soil can be effective in managing these parameters in order to reduce the
bioavailability of heavy metals. Based on this, the current research was conducted with the aim of comparing different
uses in terms of the bioavailability of heavy metals, and the relationship between the physical and chemical properties
of the soil and the bioavailability of heavy metals was investigated.

Materials and Methods

Sampling and analysis of samples

In this study 39, 32 and 39 soil samples were collected randomly from industrial, agricultural, and urban land uses in
Arak city, respectively. Soil samples were collected from depth 0 - 20 cm in urban and agricultural land uses and 0 to
15 cm in industrial land use. After air-drying and sieving the samples, soil texture (Jacob and Clarke, 2002), soil pH and
EC (Rowell, 1994), organic matter (Walkley and Black, 1934)), calcium carbonate (Allison and Moodie, 1965)), Cation
exchange capacity (Bower et al., 1952), microbial respiration (Anderson, 1982), bioavailability (Lindsay and Norvell,
1978) and total heavy metals (Solgi et al., 2020) were measured.

Statistical analysis of data

Kruskal-Wallis tests and One-Way analysis of variance (ANOVA) were used to compare different land uses in terms of
physical and chemical properties and bioavailability of heavy metals. Spearman’s tests were used to investigate the
relationship between physical and chemical properties of soil and bioavailability of heavy metals.

Discussion of Results

The results of One-way- ANOVA test showed that there is no statistically significant difference between different land
uses in terms of clay percentage, silt percentage, sand percentage and pH (p>0.05). These results showed that there is a
statistically significant difference between different land uses in terms of CEC and microbial respiration (p<0.05).
Based on the results of the Kruskal-Wallis test, there was a statistically significant difference between different land
uses in terms of EC, CaCOs and organic matter (p<0.05). The results of the Kruskal-Wallis test showed that there was a
statistically significant difference between different land uses in terms of the bioavailability of heavy metals such as
cobalt, manganese, zinc, copper, nickel, and lead (p>0.05). Also, there was a statistically significant difference in the
total amounts of copper, lead and zinc between different land uses (p>0.05), while this difference was not significant in
the case of manganese, nickel, and cobalt (p<0.05).

In agricultural land use, clay percentage, soil pH and EC have a significant relationship with the bioavailability of heavy
metals. For industrial land use, the bioavailability of heavy metals has a significant correlation with soil characteristics
including EC, percentage of clay, sand, silt, carbonate, organic matter, CEC and microbial respiration. In urban land
use, the bioavailability of heavy metals has a significant correlation with the percentage of silt, organic matter,
microbial respiration, carbonate, CEC and EC. The amount of bioavailability of cobalt, manganese and lead has a
positive and significant correlation with soil EC. The city of Arak is one of the industrial cities of the country, where
there are many large and pollutants industries, which are the source of the many pollutants, including heavy metals. As
a result, in this study, the industrial soil shows higher concentrations of heavy metals.

One of the effective parameters on the stabilization of heavy metals in soil is organic matter; So, the mechanism of
using modifiers such as biochar is to stabilize heavy metals, increase organic matter and change soil pH (Liu et al.,
2022). Patterns of mobility and bioavailability in soil are different for each metal and are strongly influenced by soil
parameters such as soil pH, organic matter content, mineralogy, and concentration and composition of metals in soil (de
Santiago-Martin et al., 2014).

Conclusion

The bioavailability of heavy metals had a negative relationship with soil pH in all three land uses. Generally, due to the
key role of pH in metal transfer processes, pH is mentioned as the most important factor affecting metal bioavailability
in soil. Therefore, changing the pH soil is a suitable management option to improve polluted soils. Based on this, it is
suggested to investigate the effect of biochar made from organic materials on pH changes and bioavailability of heavy
metals in soils with different pH in this research, it is necessary to pay attention to other soil characteristics and their
relationships.
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