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Application of Nanoparticles in the Remediation of Heavy Metal-Contaminated Soils: A Scientific Review

Alireza Aleebrahim'*, Seyad Hossein Banitaba?

L2Departments of Soil and Water Research, Isfahan Agricultural and Natural Resources Research and Training
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Abstract

Soil contamination with heavy metals is one of the most pressing environmental challenges of the present era,
posing threats to human health, plants, and natural ecosystems. Metals such as lead, cadmium, mercury, and
chromium accumulate in the soil due to their high stability and resistance to biodegradation, eventually entering the
food chain. Nanotechnology, by offering nanoparticles with high surface area, enhanced chemical reactivity, and
the ability to selectively target pollutants, has emerged as a novel and effective approach for remediating
contaminated soils. This article introduces various types of nanoparticles used for this purpose, including zero-
valent iron (nZVI1), metal oxides, carbon nanotubes, and nanocomposites, and examines their primary mechanisms
of action, such as surface adsorption, reduction, stabilization, and chelation. The advantages and challenges of
applying this technology, particularly regarding environmental sustainability and recyclability, are also analyzed in
comparison with conventional methods. Both domestic and international case studies indicate that nanoparticles can
effectively reduce heavy metal concentrations in contaminated soils. The findings of this study suggest that the use
of nanoparticles, especially in combination with biological methods such as phytoremediation, opens new horizons
for soil restoration and the conservation of the country’s natural resources.

Keywords: Soil contamination, Heavy metals, Nanoparticles, Phytoremediation, Soil restoration, Environmental
sustainability.



