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Project Highlights:  

 Generation of fundamental knowledge of the performance of natural capital waste-
water treatment systems – constructed wetlands – that will underpin significant 
investment by the water industry from 2020-2027. 

 Developing novel methods to track and analyse behaviour of solute and microplastics 
transport under the impacts of constructed treatment wetland processes  

 Identify and quantifying key underlying physical transport mechanisms that govern 
movement of solute and microplastics (of different density, size and shape) in the 
constructed wetland ecosystem and understand the potential for microplastics to 
cause ecotoxicity in biological organization within a wetland ecosystem.   

Overview:

Constructed wetlands (CWs) are ecologically-engineered systems that use soil, vegetation 

and organisms to treat water and remove solute and solid pollution. It is the interplay between 

water-vegetation-soil that governs the wetland physical, chemical and biological treatment 

processes. These ‘Natural Capital’ assets are one of the most effective measures to treat 

municipal and industrial wastewater, greywater and storm-water runoff. Dynamics of water 

movement plays a key role in the removal of pollutants, as it influences the hydraulic residence 

time (contact and activity time) for treating the pollutants. Plant communities have a prominent 

effect on the wetland hydrodynamics and performance, as they generate flow resistance, 

changes the velocity field and affect mixing characteristics, enabling suspended material to 



fall to the wetland bed. Seasonal variation in vegetation growth and die-back influences the 

performance of the system. In addition, the microbial community will respond over time to the 

organic and metal pollutants that are constituents of the effluents. However, critical knowledge 

gaps remain in sources and fate of pollutants in wetland ecological systems.  

The main aim is to identify and quantify key mechanisms that govern the transport and fate of 

pollutants using laboratory and field-based data from wetlands located within the Norfolk 

Rivers Trust. This project will also explore the interaction of microplastics with soil and 

ecological systems within wetlands to understand the potential for ecotoxicity in biological 

organizations. These mixing and transport mechanisms will be investigated using state of the 

art fluorometric and experimental fluid dynamics methods as well as our innovative technology 

for microplastic staining. The new insights offered by this project will enable understanding the 

dynamics of pollutant transport in wetland systems. The algorithms which will be developed 

within this project will be coupled with existing multi-phase flow models in order to simulate 

pollutant transport under various hydro-climates.  Hence this project will provide a step change 

in environmental protection and integrated catchment management by understanding and 

optimising the performance of constructed wetland natural capital assets, and significantly, be 

influential at a time of considerable investment in these systems by the water industry.  

Figure 1: Constructed Wetland in Norfolk 

Methodology:  

This project will undertake laboratory-based physical modelling measurements and fieldwork 
data collection to understand the dynamics of pollutant transport in wetlands. We will create 
an interacting mesocosm wetland environment using the world class experimental facility at 
Warwick Water Laboratory. Fluorometric tracing along with novel particle staining techniques 
will be applied, alongside planar laser-induces fluorescence(PLIF) and particle image 
velocimetry(PIV/PTV), with the aim of identifying and quantifying underlying physical transport 
mechanisms of pollutants and the impact of hydraulic conditions on the transport and fate of 
the pollutant. The experimental and fieldwork investigations will explore the interactions of 



microplastics with sediment bed of fluvial systems with the aim of identifying and quantifying 
the hyporheic exchange processes governing pollutant interactions with the wetland sediment 
bed. A comprehensive set of tests will be conducted to quantify transport and fate of different 
types of microplastic polymers (varying in density, shape and size), across a wide range of 
environmental flows.  

Training and skills: 

Students will be awarded CENTA2 Training Credits (CTCs) for participation in CENTA2-provided and 

‘free choice’ external training. One CTC equates to 1⁄2 day session and students must accrue 100 CTCs 

across the three years of their PhD.  

Training will be provided in a wide range of numerical tools to process and analyse 
experimental fluid dynamics data. Training on particle staining technique will be provided for 
microplastics tracer measurement. The student will be trained in cutting-edge hydrodynamic 
and fluorometric measurement techniques including, Particle-Image-Velocimetry and Laser-
Induced-Fluorescence. Through our industrial partners a range of training will be provided on 
catchment planning and management, pollution risk management, habitat improvement, 
communication and public understanding of science. In addition, the researcher will be able 
to work closely with the wetland design and creation team, ensuring that their science will be 
applied and validated at full field-scale. 

Partners and collaboration (including CASE):  

This PhD project benefits from supervision by two internationally leading groups at University 
of Warwick including, Warwick Water (Engineering) and Microbial Diversity and Functioning 
(Life Sciences). The research team are internationally recognized for their research into fate 
and transport of contaminants in aquatic and ecologically sensitive systems. Besides the 
standard NERC PhD-funding, the project is supported by Norfolk Rivers Trust(NRT) and 
Anglian Water. The Student will have the opportunity of data collection in wetlands operated 
by NRT and Anglian Water. Furthermore, there will be internship and placement opportunity 
for the student at NRT to engage with projects in pollution risk-management, catchment 
planning and management.  

COVID-19 Resilience of the Project: 

The first year of this PhD is designed to train the student with a range of experimental and numerical 

skills and to conduct a comprehensive gap analysis on the existing study and data. The nature of 

activities in the Year1 of this PhD allow us to operate remotely and supervision will be through 

online platforms if necessary. The activities considered for lab and field-based measurements will 

only start in the second year of the PhD in order to mitigate the risk of COVID19. 

Possible timeline: 

Year 1: Basic research skill training; literature review and familiarisation with existing datasets 

and analysis techniques for hydrodynamic and fluorometirc data. Preparation for experimental 
studies. Familiarisation with field test sites and constructed wetland design, planning, 
construction, and management. 

Year 2: Comprehensive laboratory and field-based hydrodynamic and fluorometric 

measurements for solute and microplastic transport under various hydraulic conditions within 



wetlands. Investigating the impact of particle density, size and shape on the transport and fate 
of microplastics.  

Year 3:  Detailed analyses of laboratory data, deriving mathematical algorithms suitable for 

simulating solute and microplastic transport under various environmental flows and inclusion 
to the existing numerical codes. Writing the thesis will take place during the final year.  
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Further details: 

Norfolk Rivers Trust.  

https://norfolkriverstrust.org/

Norfolk Rivers Trust have created innovative natural treatment plant for over a million litres of 
water a day to help improve the quality of water that is returned to the River Ingol, one of 
Norfolk’s precious chalk streams. 

https://www.theriverstrust.org/2018/07/12/wet-and-wildand-clever-norfolk-rivers-trust-create-
wetland-water-treatment-facility-for-anglian-water/

Frogshall: Creating an Integrated Constructed Wetland (ICW) 

https://norfolkriverstrust.org/project/upper-mun-restoration-frogshall-wetland-project/


