PhD Studentship Project Proposal: Investigating Microplastic Degradation using Advanced Tandem Mass Spectrometry

Supervisor, Professor Peter O’Connor, University of Warwick

Introduction:
Microplastic pollution is a pervasive environmental problem, threatening ecosystems and potentially human health. Understanding the degradation pathways of microplastics is crucial for assessing their long-term fate and developing mitigation strategies. This project proposes to develop and apply cutting-edge mass spectrometry (MS)-based technologies, including two-dimensional mass spectrometry (2DMS) and advanced tandem MS approaches, to characterize the chemical changes occurring during microplastic degradation. Building upon the work of Morgan, Wootton, and O’Connor in advanced MS techniques, this project will provide unprecedented insights into the complex processes governing microplastic breakdown in the environment.

Project Description:
This PhD project will focus on developing and implementing novel MS-based strategies for characterizing the degradation products and pathways of microplastics under various environmental conditions. The central hypothesis is that by combining advanced separation techniques with high-resolution tandem MS, including 2DMS, we can identify and quantify the diverse range of degradation products formed during microplastic breakdown. This will be achieved through:

1.	Development of Analytical Workflows for Microplastic Degradation Products: Establishing robust methods for extracting, separating, and analysing microplastic degradation products from environmental samples. This will involve optimizing sample preparation techniques and liquid chromatography (LC) conditions to ensure efficient recovery and separation of the complex mixture of degradation products.

2.	Implementation of Advanced Tandem MS Techniques: Employing a range of advanced tandem MS techniques, including collision-induced dissociation (CID), electron-based dissociation (ExD), and UVPD, to characterize the chemical structures of microplastic degradation products. The student will focus on optimizing fragmentation conditions to maximize structural information and develop spectral libraries for identifying known and novel degradation products. Furthermore, data processing strategies to deconvolute complex fragmentation patterns will be implemented.

3.	Application of 2DMS for Enhanced Resolution and Identification: Implementing 2DMS workflows to separate and analyze complex mixtures of microplastic degradation products. This will involve coupling different separation techniques, such as reversed-phase chromatography or ion mobility spectrometry, with high-resolution MS to enhance the resolution and sensitivity of degradation product analysis. This strategy will allow for enhanced characterization, identification, and quantification of microplastics as well as their breakdown products, even when present at trace levels in complex environmental samples. Referencing the work of O’Connor on 2DMS of cyclic peptides, this project will adapt these methodologies to resolve the complex mixtures generated during microplastic degradation.

4.	Assessment of Microplastic Degradation Under Simulated Environmental Conditions: Conducting controlled degradation experiments under simulated environmental conditions, such as exposure to UV radiation, temperature variations, and biological activity. The student will use the developed MS-based methods to monitor the degradation products formed over time and determine the key factors influencing microplastic breakdown.

Expected Outcomes and Impact:
This project is expected to generate:
	Novel MS-based methods for characterizing microplastic degradation products.
	Identification of key degradation pathways and influencing factors.
	A comprehensive understanding of the fate and transport of microplastics in the environment.
	Publications in high-impact journals and presentations at international conferences.

The successful completion of this project will have a significant impact on the field of environmental science by providing new tools and strategies for assessing the environmental risks associated with microplastic pollution. The developed methods will be applicable to a wide range of environmental matrices, including water, soil, and sediment, and will inform the development of effective mitigation strategies. Furthermore, the fundamental insights into microplastic degradation will contribute to the design of more sustainable plastics and waste management practices.

Training and Supervision:
The PhD student will receive comprehensive training in all aspects of the project, including microplastic sample preparation, advanced MS techniques, data analysis, and environmental chemistry. The student will be supervised by experts in the fields of environmental science and mass spectrometry and will have access to state-of-the-art facilities. The student will also have the opportunity to collaborate with researchers from other disciplines, such as polymer chemistry and microbiology.
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