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Metallic additives are widely used in the formulation of plastics to give them different properties. Although the use of hazardous substabces is now largely restricted in the EU, numerous metal(oid)s, such as lead, arsenic or chromium(VI), were incorporated into the composition of plastic formulation1,2 before these restrictions entered into effect. However, such legacy plastics which contain metal(oid)s are still present in landfills or dispersed in natural environments. Under environmental weathering, plastics can be altered leading to fragmentation into micro- and nanoplastics (i.e., < 5 mm and < 1 µm, respectively)3. However, the fate of such metal(loid)s additives during environmental degradation of plastics remains poorly understood.

To assess the behavior of such additives during plastics degradation, environmental macroplastics were collected from the banks of the the Yvette river in Gif-sur-Yvette (France) and altered through UV-C irradiation followed by mechanical fragmentation. The distribution of elements in the different size fractions obtained (i.e. macro-, micro- and nanoplastics) was characterized by micro- and nano-XRF mapping at the LUCIA and Nanoscopium beamlines. Chromium (Cr) speciation was determined collecting XANES and EXAFS spectra at the LUCIA beamline4. These analyses permitted to quantify the distribution of Cr and determine its speciation in plastics through the degradation process. Macroplastic revealed significant concentrations of Cr, in which Cr(VI) dominates in the form of micrometric aggregates of crocoite (PbCrO4) homogeneously distributed within the polymer matrix. These distribution and speciation are not altered by fragmentation into microplastics. By contrast, a dramatic decrease in total chromium content is observed in nanoplastics, which is associated with the shift of the main chromium species from Cr(VI) to Cr(III) bound to the polymer matrix.

The drastic decrease in Cr content associated with its speciation change from Cr(VI) to Cr(III), as the main species in the final stage of plastics, highlights the release of Cr(VI) during fragmentation. This study demonstrates that the fragmentation of macroplastics and microplastics into nanoplastics that can occur in the environment leads to their leaching and to the release of potentially toxic microparticulate Cr(VI) when contained from the formulation.  
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