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Progress and Prospect of Cutting—Edge Treatment and Early Warning Technologies for Emerging Pollutants
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[Abstract] Emerging pollutants have become a research hotspot in the global field of environmental health due to
their characteristics such as biological toxicity, environmental persistence, and bioaccumulation. This paper
systematically reviews the cutting—edge technologies for the treatment of emerging pollutants, including advanced
oxidation technologies, gene—editing—driven bioremediation technologies, machine learning—optimized adsorbent
material technologies, microbubble oxidation technologies, and intelligent monitoring and regulation
technologies. It also summarizes the early warning technology systems based on biomarkers, model prediction,
and the integration of environmental monitoring networks. Finally, it analyzes the challenges existing in current
research and looks forward to future development directions such as cross—media collaborative monitoring and
the integration of quantum computing with deep learning, providing theoretical and technical references for the

scientific management and control of emerging pollutants.
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