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ABSTRACT
	Plastic waste has become a major environmental concern due to uncontrolled littering across ecosystems, including soils. Compost amendments contaminated with plastics are a significant source to land. Once in the soil, plastics undergo weathering and degradation, leading to their fragmentation into microplastics (MP, 1µm–5 mm) and nanoplastics (< 1 µm), which can be transported through the soil profile (1). Mobility of nanoplastics is particularly concerning because these particles can transport adsorbed metal(loid)s such as lead and rare earth elements (2,3). While thermal, photo- and mechanical degradation pathways are documented (4,5), the structural changes that accompany environmental alteration, and their role in generating nanoplastics, remain poorly constrained.
	Here, we examine macroplastic fragments sampled from plastic-contaminated agricultural soils at Meung-sur-Loire (Loiret, France), which aged ~ 30 years in situ. Polypropylene (PP) fragments were analyzed using synchrotron-based grazing-incident X-ray diffraction (GIXD) and nano-computed tomography (CT). At 0° incidence, GIXD resolves only two of PP’s four characteristic reflections, whereas increasing the incidence to 20° recovers the full diffraction pattern. The constant intensity of the (110) reflection, contrasted with the loss of others at low incidence angles, indicates the anisotropic alteration of plastic. Nano-CT imaging reveals sub-micron pores and micron-scale cracks forming in porous zones. Cracks network is characterized by fractures parallel to each other, with an almost vertical dip starting from the plastic surface and extending to depths of ~150 µm, demonstrating that the the weathering-induced degradation of plastics in soils is not merely a surface phenomenon, but extends into the bulk material. We observed pores with a diameter of up to ~300 µm in diameter just below the surface, which seems to capture the fragmentation of the polymer into smaller fragments. These alteration features will be compared with those observed in other polymers from the same soil profile to identify which types of polymers are most susceptible to degradation, and to link with the nature, size and shape of the nanoplastics present in the soil.
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