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Project Description: Global plastics production in 2019 was 359 million tonnes. Of the 62 million tonnes 
produced in Europe, only 9.2 million tonnes was collected for recycling, leaving the remainder to be disposed of 
on land or in marine environments, to the detriment of those ecosystems. Recent work has demonstrated that 
macro plastics, e.g. plastic bags, break down over time into micro- or nano-plastic particles. These microscopic 
plastics have been investigated in the marine environment and it has been found that marine wildlife, such as 
scallops and mussels ingest these, and they become distributed throughout the body of the organism. However, 
to date, no work has been done on terrestrial environments to find out whether nano-plastics can be taken up 
by plant roots and potentially enter the human food chain. Since plant roots are designed to absorb nutrients 
and small molecules from the soil it seems likely that this could occur. This project will characterize the 
abundance and distribution of macro, micro and nano plastics in a crop cultivation environment using Scanning 
Electron Microscopy. You will also use 14C radiolabelled spherical nanopolymers in a hydroponic experimental set 
up that will investigate whether plants can take up these particles and find out where in the plant they are 
subsequently distributed, using liquid scintillation counting and phosphorimaging.  
 
We have chosen to focus on the leafy salad industry as the environment in which to investigate plastic 
contamination, since businesses depend heavily on it to preserve the quality of the crops they grow. Much of 
the European supply of vegetables and fruit is produced in a region of southern Spain called Almeria, where 
2,700,000 metric tons per year of produce is harvested over a region covering 30,000 hectares, nearly all of 
which is covered in plastic. Standard practice in Almeria is to cover the crops in plastic tunnels or plastic mulch 
which is then ploughed into the soil when the crop is harvested. The mulch is used to keep the soil temperature 
warm enough for plant growth, to prevent evaporative water loss, to suppress weed growth instead of using 
herbicide, and to reduce soil erosion. Nanoplastics (<1000nm) are expected to be generated by repeated 
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cultivation of land containing waste plastic mulching 
material. Leafy salads also use plastics throughout the 
supply chain, in order to maintain freshness of the 
crop, to prevent microbial contamination, and to 
extend shelf life. Almeria produces the major 
proportion of conventionally and organically grown 
salads consumed in the UK between September and 
March. Disposable plastics are used throughout the 
supply chain for crate liners, wrapping pallets and 
product packaging. In the case of crate liners and pallet 
wrappers, waste management streams are well 
controlled, enabling most UK fresh produce businesses 
to claim zero waste to landfill. However, packaging 
used for bagged baby and cut salad leaves does not 
have a good waste management stream and 
companies are starting to explore alternatives 
including biodegradable and compostable packaging. 
Although these concepts are good, research has 
indicated that degradation of these materials is often 
poor. More work is required to develop bio-based 
packaging materials that are truly biodegradable. You 

will evaluate the potential for bio-based packaging to preserve leafy salad quality and shelf life, alongside 
assessing the ability of these types of packaging to degrade in different environments that reflect possible 
disposal routes. 
 
Finally, there is a need to undertake a structured life cycle analysis (LCA) of all plastics, and their alternatives, 
used in the fresh produce supply chain. You will evaluate the sustainability of different production and supply 
chain practices in relation to plastic use and ensure that alternative materials to hydrocarbon polymers 
represent a real improvement in sustainability.  LCA will also highlight key points when alternative waste 
management streams should be innovated in order to prevent plastics contaminating the environment. 
 
Funding Notes: This project is part of the FoodBioSystems BBSRC Doctoral Training Partnership (DTP), it will be 
funded subject to a competition to identify the strongest applicants. Due to restrictions on the funding, this 
studentship is only open to UK students and EU students who have lived in the UK for the past three years.  
 
The FoodBioSystems DTP is a collaboration between the University of Reading, Cranfield University, Queen’s 
University Belfast, Aberystwyth University, Surrey University and Brunel University London. Our vision is to 
develop the next generation of highly skilled UK Agri-Food bioscientists with expertise spanning the entire food 
value chain. We have over 60 Associate and Affiliate partners. To find out more about us and the training 
programme we offer all our postgraduate researchers please visit 
https://research.reading.ac.uk/foodbiosystems/. 
 
Training opportunities: The student will receive technical training in crop cultivation, postharvest biology, LC-
MS/GC-MS (to assess nutritional, taste and flavour compounds e.g. glucosinolates, isothiocyanates, 
sesquiterpenoid lactones, sugars), environmental chemistry and life cycle analysis. They will also be able to 
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travel to Almeria to take field samples and gain experience of the leafy salad supply chain through industry 
collaborators that already work with other members of the Wagstaff research group. The student will be 
encouraged to take a number of professional development courses: at the University of Reading these include 
Fresh Produce Postharvest Quality Management, Flavour from Farm to Fork and at the University of Surrey 
these include Life Cycle Thinking and the Circular Economy, Life Cycle Assessment.  
 
Student profile: This project would suit a candidate with a biological or chemical sciences background, with a 
keen interest in applying experimental science to real-world scenarios. Strong interest in promoting and 
improving sustainability. Ability to drive would be an advantage.  
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