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Introduction. Plastic waste leakage is a global issue highlighted in the SDGs, and increasing attention has been paid to the potential health effects of microplastics (MPs, <5 mm) and nanoplastics (NPs, <1 μm). These particles have been detected in multiple human tissues, indicating unavoidable exposure. However, most toxicological studies use idealized spherical particles, which do not reflect the diversity of environmental MNPs. To address this gap, we developed an environmentally relevant MNPs library incorporating realistic physicochemical properties.
Aims. This study aimed to characterize the physicochemical properties of our MNPs library and assess its similarity to environmental samples. We also evaluated cellular responses to these particles, focusing on the influence of surface degradation and particle size on toxicity.
Methods. PE, PS, PP, PVC, and PET were selected and prepared into sphere, fragment, and fiber-like MNPs. Surface-oxidized MNPs were generated using vacuum ultraviolet (VUV) irradiation to simulate environmental aging. Particle properties were characterized by attenuated total reflectance infrared spectroscopy and scanning electron microscopy. Cytotoxicity was assessed using A549, THP-1, and Caco-2 cells by the MTT assay.
Results. VUV irradiation induced surface oxidation, forming hydroxy and carbonyl groups. The library comprises more than 100 particle types with heterogeneity comparable to environmental MNPs. Surface-oxidized MNPs showed greater cytotoxicity than pristine particles in all cell lines in a dose-dependent manner. NPs induced stronger cellular responses than MPs.
Discussion. We established an environmentally relevant MNPs library and demonstrated that surface aging significantly enhances MNP toxicity. These findings emphasize the importance of considering realistic particle properties in safety assessments. This library provides a standardized platform for toxicological studies and is available for collaborative research (Contact: Yuya Haga at haga-y@phs.osaka-u.ac.jp).
