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Abstract: Micro- and nanoplastics (MNPs), due to their widespread distribution, persistence, and potential toxicity, have become a
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prominent research focus in environmental science. Reactive oxygen species (ROS) play a crucial role in driving the aging of MNPs and
modulating their environmental behavior and ecological risks. This review systematically summarizes the environmental sources of ROS,
their surface generation mechanisms on MNPs, and the multipathway-coordinated aging mechanisms. It further elucidates the regulatory
effects of factors such as light wavelength, oxygen concentration, and polymer structure on the aging process. The ecological impacts of
aged MNPs on pollutant adsorption and biological toxicity are discussed in detail, along with recent advances in characterization
techniques. The main findings are as follows: (1) ROS are widely derived from both natural environments and intrinsic MNP reactions,
and can be continuously generated on MNP surfaces via photochemical reactions, biological metabolism, and chemical oxidation. This
induces functional group reconstruction and structural breakdown, accelerating aging and enhancing pollutant adsorption and ecological
risk. (2) ROS trigger polymer chain scission and functional group transformation through chain reactions, showing multipathway-
synergistic aging behaviors regulated by multiple factors including polymer type, photo-thermal conditions, radical species, and oxygen
concentration, which significantly alter the physicochemical properties of MNPs. (3) Surface-generated ROS during aging influence the
environmental behavior of organic pollutants, pharmaceuticals, and heavy metals via oxidation, structural rearrangement, and energy
transfer, and may lead to antagonistic or synergistic toxic effects when coexisting with other pollutants, exacerbating ecological risks.
Accordingly, future studies should focus on developing high-resolution in situ ROS monitoring techniques, deepening the understanding of

ROS-MNP-pollutant interactions, and elucidating ROS generation mechanisms under non-photolytic aging conditions. Establishing multi-

factor aging kinetic models will provide scientific support for predicting the environmental behavior and risks of MNPs.
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Table 1 Surface morphology of different types of micro- and nanoplastics before and after aging
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Table 2 Changes in functional groups of various micro- and nano plastics induced by aging
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Table 3 The impact of ROS associated with aged micro-nano plastics on environmental pollutants.
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