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Abstract

Soil pollution is considered one of the most significant environmental challenges in recent decades, directly
affecting human health, water resource quality, and biodiversity. The use of adsorbents, as an efficient,
cost-effective, and environmentally friendly method, plays an important role in reducing the concentration
of organic and inorganic pollutants in the soil. Adsorbents, due to characteristics such as high specific
surface area, suitable ion exchange capacity, and environmental compatibility, are capable of removing or
immobilizing heavy metals, persistent organic compounds, and other pollutants from the soil ecosystem.
Among these, natural and modified adsorbents such as clay, zeolite, nanoparticles, humic acid, and biochar
have been attracted much attention by researchers. Humic acid, with its complex organic structure, has a
high ability to form complexes with heavy metals and reduce their mobility. Additionally, biochar,
produced from the pyrolysis of organic biomass, is recognized as an effective adsorbent for stabilizing
pollutants in soil due to its porous structure and active functional groups. Studies indicate that the combined
use of these adsorbents can provide a sustainable and efficient solution for improving soil quality and
diminishing the risks associated with pollutants.
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