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Proposal
It is known that a significant part of the million tons of plastic produced each year spread in the environment, downgrading in micro- and nano-plastics. Microplastics (MP, size <5 mm) display all features of emerging pollutants: ubiquity, persistence, bioaccumulation. Among the variable matrices where they distribute, MP accumulate in the soil, modifying its chemical-physical properties. That degrades soil quality with possible negative effects on crop growth; also, MP enter the food chain with possible risks for human health. Based upon these premises, this project aims at characterizing from a geological viewpoint selected samples of soil and its components, as well as the interactions between soil components and MP with the aim of testing possible methods for mitigating their impact on the environment. Recent studies (Fu et al., Chemosph. 2021; Xie et al., Sci. Tot. Env. 2021) pointed out the adsorption/ desorption features of heavy metals on the surface of MP. Indeed, because of downgrading caused by exposition to exogenous agents, abrasion and photo-oxidation, MP form a layer of organic film on the surface, characterized by negative charges capable of trapping, even selectively, metal cations (e.g., Pb, Ni, Cu, Zn, Mn). In certain types of soil, adsorption of heavy metals and/or MP themselves might be further enhanced by the presence of specific types of zeolites, clay minerals and other cation exchangers. Therefore, a mineralogical and geochemical characterization of soils such as those of volcanic origin occurring in Campania, that are rich in natural zeolites and clay minerals, along with an investigation through spectroscopic and isotopic analyses of some pollutant metals, capable of identifying their anthropogenic or natural origin, will certainly build a solid ground for elaborating remediation strategies.

Research Program
The project includes the identification of sites characterized by volcanic soils, thus rich in natural zeolites and clay minerals, that will be sampled with the aim of individuating dispersed plastic polymers. Samples will be characterized from the mineralogical and geochemical points of view through spectrometric analytical techniques; plastic polymers (MP) will be characterized through Raman and FT-IR spectroscopic techniques. Then, chemical-physical interactions between MP and heavy metals will be investigated, paying particular attention to adsorption/ desorption mechanisms by aged MP and variable types of zeolites and clay minerals. For some metals (e.g., Pb), the isotopic composition will be determined to identify possible natural and anthropogenic sources, and assess their relative contributions. Therefore, the final goal will be gathering scientific data relevant to developing mitigation strategies against pollution.
The analyses program will be carried out utilizing the facilities available at DiSTAR (University Federico II of Napoli), where the PhD student will take advantage of analytical techniques such as inductively coupled plasma - optical emission spectrometry (ICP-OES), scanning electron microscopy SEM), Raman and FT-IR spectroscopy, and thermal ionization mass spectrometry (TIMS). The Doctoral School of the host University will provide training courses that will allow the PhD student deepening his/her knowledge in variable fields. The research plan will be scheduled during the three years as follows:
· I year: planned training to face the research theme; search and analysis of specific literature; acquisition of specific skills on analytical methods; selection of interest sites, sampling and sample preparation.
· II year: mineralogical and geochemical analyses of soils; preparation of preliminary tests; identification of polymers and study of interaction mechanisms through spectroscopic methods and SEM observations; study of metal sources through isotopic analysis; possible experiments of soil remediation from MP and heavy metals.
· III years: synthesis of the results; contribution to open data spectra archives; comparison with previous studies and reference materials; writing of PhD Thesis.
The program includes a ca. six-month period to be spent in a university abroad, to allow the PhD student to deepen the analytical methods comparing with other scholars, as well as writing scientific papers concerning the results of the investigation and their presentation to national and international congresses.
