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Abstract

Bioremediation, the process of using microorganisms, plants, or their enzymes to remove or neutralize pollutants
from the environment, has emerged as a sustainable and efective solution to the increasing pollution in aquatic
environments. This paper explores innovative approaches in bioremediation techniques aimed at restoring the
ecological balance of aquatic ecosystems afected by industrial, agricultural, and domestic pollutants. The study
investigates various methods, including microbial bioremediation, phytoremediation, and the use of engineered
systems such as biosorption and bioaugmentation. The integration of genetic engineering and nanotechnology has
opened new avenues for more efcient and specifc pollutant removal, providing a cost-efective and eco-friendly
alternative to traditional remediation techniques. The paper also highlights challenges and future directions in the
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including the enhancement of biodiversity; stabilization of sediment;
and improvement of water quality. However; challenges remain
in scaling up phytoremediation applications; particularly in large
water bodies where pollutant concentrations may vary spatially and
temporally. Biosorption; a passive process where natural or engineered
biological materials adsorb pollutants from water; has gained attention
as an innovative bioremediation strategy. Biomaterials such as activated
carbon; fungal biomass; and algae are employed to absorb pollutants
like heavy metals; dyes; and organic compounds. e advantages of
biosorptioninclude itscost-e ectiveness; minimal energy requirements;
and the ability to treat a wide range of pollutants simultaneously.
Recent advancements in biosorption include the development of
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