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Abstract: As global ecosystems face unprecedented pressure from industrial 

pollution and atmospheric  CO2  accumulation, microbial biotechnology has emerged 

as a critical tool for enhancing climate resilience. In 2026, the strategic deployment of 

microorganisms has transitioned from isolated laboratory experiments to integrated 

field applications, simultaneously addressing water scarcity, environmental 

detoxification, and carbon capture. This review synthesizes current advancements in 

microbial waste water treatment, the degradation of emerging pollutants like PFAS 

and microplastics, and innovative carbon sequestration pathways such as microbially 

induced carbonate precipitation (MICP). We evaluate the role of "omics" 

technologies and artificial intelligence (AI) in optimizing these biological systems for 

large-scale environmental restoration. The findings establish that microbial consortia 

can achieve up to 95% pollutant removal efficacy while contributing significantly to 

net-zero climate goals through biological carbon fixation. 
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1. Introduction 

The escalating climate crisis necessitates multi-functional environmental 

technologies. Conventional physical and chemical remediation methods are often 

energy-intensive and may lead to secondary pollution. Microbes—including bacteria, 

fungi, yeast, and microalgae—offer a cost-effective, sustainable alternative for 

restoring ecosystem health. By 2026, the focus has shifted toward a "circular 

bioeconomy" where wastewater treatment plants (WWTPs) are redesigned as resource 

recovery centers that produce energy and sequester carbon. 

2. Next-Generation Wastewater Treatment 

Modern microbial wastewater treatment utilizes diverse consortia to manage 

organic loads, nutrients, and heavy metals. 

Nutrient Cycling: Species such as Nitrosomonas and Nitrobacter facilitate 

nitrification, while algal–bacterial consortia (ABC) utilize photosynthesis to drive the 

carbon cycle, reclaiming resources while removing pollutants. 
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High Efficiency: Microbial systems in 2026 are capable of removing 90–95% of 

pharmaceutical residues and reducing microplastic loads by 70–80%. 

AI Integration: Emerging AI-enhanced environmental DNA (eDNA) models now 

achieve >90% predictive accuracy for effluent quality and monitoring antibiotic 

resistance gene (ARG) prevalence in real-time. 

3. Advanced Bioremediation of Pollutants 

Bioremediation leverages the metabolic diversity of microorganisms to transform 

toxic xenobiotics into harmless byproducts. 

Emerging Contaminants: Specialized microbial strains have been developed for 

the anaerobic degradation of PFAS analogs and the detoxification of persistent dyes 

from the textile industry. 

Nanobioremediation: In 2026, the integration of nanotechnology with microbial 

systems—termed nanobioremediation—uses biological nanoparticles to accelerate the 

breakdown of petroleum hydrocarbons and refinery wastes. 

Enzyme Immobilization: Research in early 2026 highlights the use of biochar-

immobilized enzymes, which offer superior stability and synergistic effects in 

degrading organic pollutants and heavy metals in both soil and water. 

4. Microbial Carbon Sequestration- Microbes are vital regulators of the 

terrestrial carbon pool, the largest active carbon reservoir on Earth.  

Soil Microbial Carbon Pump:  Microbial activity is essential for forming stable 

soil organic matter (SOM) and aggregates. Advanced interventions, such as the 

introduction of engineered microbial consortia or soil transplants, are used to increase 

soil carbon stocks by up to 4.2% under elevated CO2 conditions. 

Biogenic Mineral Carbonation: Techniques like microbially induced carbonate 

precipitation (MICP) act as catalysts for capturing atmospheric CO2 as mineral 

carbonate precipitates, providing a permanent storage solution. 

Microbial Carbon Capture Cells (MCCs): These systems are now being 

deployed in WWTPs to simultaneously generate energy and sequester carbon during 

the treatment process. 

5. Results: Impact on Climate Resilience 

The integration of these microbial strategies in 2026 has yielded measurable results: 

Mitigation of Greenhouse Gases: Co-treatment of organic waste with wastewater 

has led to significant reductions in N2O and methane emissions while increasing 

biogas production. 

Ecosystem Restoration: Nano-bioremediation has indirectly boosted soil carbon 

sequestration by restoring soil health, which promotes plant root exudation and 

microbial activity. 

Economic Viability: Microbial treatments are consistently cheaper and more 

energy-efficient than traditional physicochemical methods, reducing fossil fuel-related 

emissions by up to 84% in optimized systems. 
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6. Discussion and Future Directions 

Despite these successes, challenges remain regarding the long-term stability of 

engineered microbial communities in uncontrolled natural environments. Field 

applications are sometimes limited by microbe incompatibility with specific pollutant 

characteristics. Future research must focus on tailoring microbial interventions to 

specific soil types and pH levels and scaling laboratory breakthroughs through long-

term field trials. 

7. Conclusion 

In 2026, the deployment of microbes for wastewater treatment, bioremediation, and 

carbon sequestration is a foundational pillar of global climate resilience. By aligning 

microbial technologies with Sustainable Development Goals (SDG 6 and 13), 

societies can effectively address the intertwined challenges of pollution and global 

warming. The transition to AI-managed, omics-verified microbial systems marks a 

paradigm shift toward nature-based, sustainable environmental management. 
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