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Abstract: Eutrophication-induced algal blooms significantly disrupt the stability of aquatic ecosystems. Micro-nano bubbles (MNBs),
which generate reactive oxygen species (ROS) upon self-collapse, exhibit strong oxidative capability and hold great promise for
water pollution control. This study investigates the patterns and impact factors of ROS generation by MNBs under various
environmental conditions, and further explores the role of ROS in the degradation of Chlorella. The results demonstrate that higher
gas flow rates, longer aeration times, and greater water depths favor the generation of ROS, with hydroxyl radicals (-OH) identified
as the primary active species. Degradation experiments reveal that, compared to conventional ozone bubbles (Os), O3-MNBs produce
a higher yield of ROS, which further induce oxidative damage to the Chlorella cell membrane, leading to accelerated leakage of
intracellular proteins and nucleic acids, and ultimately causing cell lysis. ROS inhibition studies confirm that -OH is the key driver of
cell membrane damage in Chlorella. This study provides insights into the generation mechanisms of ROS by MNBs, elucidates their
roles in algal inactivation, and offers valuable theoretical support for the management of eutrophic water bodies.

Key words: micro-nano bubbles; reactive oxygen species (ROS); eutrophication; algal degradation
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