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Abstract Environmental pollution driven by industrialization, urbanization, intensive agriculture, and inadequate waste

management poses a major global threat to ecosystems and public health. Conventional physicochemical remediation
methods, though effective in some contexts, are often costly, energy-intensive, and may generate secondary pollutants. In
contrast, microbial bioremediation has emerged as a sustainable, eco-friendly, and versatile alternative for restoring
contaminated environments.

This review presents a comprehensive overview of microbial bioremediation, highlighting microbial diversity,
ecological adaptability, and pollutant-specific applications. It outlines key mechanisms of degradation and detoxification,
including enzymatic activity, redox transformations, biosorption, and genetically regulated metabolic pathways.
Applications extend to organic and inorganic pollutants, persistent organic pollutants, emerging contaminants,
microplastics, radioactive waste, and biomass-derived residues. The review also explores current applications of
bioremediation in Saudi Arabia, particularly in the treatment of oil-contaminated soils, industrial effluents, and saline,
arid environments.

Microbial bioremediation offers advantages such as cost-effectiveness, low ecological disruption, resilience under
harsh conditions, and potential integration into circular bioeconomy strategies. Although challenges remain, including

slower degradation rates and environmental variability, it remains a practical and sustainable pollution management




approach. Future advances integrating omics technologies, genetic engineering, artificial intelligence, and hybrid systems

within strong regulatory frameworks will further enhance its effectiveness and global impact.
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