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Overview 
Many invertebrates in aquatic ecosystems are able to 

hyperaccumulate, stabilize or degrade pollutants. Such 

invertebrate species have simple life histories, are 

resistant to toxicity and have the ability to generate 

an economic return following remediation activities. 

Therefore, there is a growing interest in using 

invertebrates for the bioremediation of contaminated 

waterways. Using invertebrates for bioremediation 

initiatives has been termed ‘zooremediation’, with 

evidence in the literature suggesting that bivalves 

(oysters, mussels and clams), polychaetes and sponges 

are suitable candidates; however, the concept of 

zooremediation is still poorly developed and not 

widely recognised. Zooremediation can be achieved in 

several ways: through the culture, introduction, and 

harvest of invertebrates, i.e. a form of aquaculture; or 

supplementation or maintenance of wild invertebrate 

populations, leading to the stabilisation or degradation 

of pollutants. The ability of invertebrates to take up or 

assimilate organic and inorganic pollutants has been 

demonstrated in controlled laboratory experiments, 

whilst several small scale field studies (particularly in 

Scandinavia) have indicated the potential for efficient 

invertebrate pollutant uptake and removal. 

 

Using invertebrates for zooremediation is a non-

invasive process for sustainably treating impacted 

waterbodies. One strategy is to harvest and remove 

the invertebrates from the water and, depending on 

the type of pollutant the animal has sequestered, use 

their biomass (including the shell of bivalves) as a soil 

conditioner, animal feed or as feedstock for bioenergy 

production. Alternatively, the pollutant can be 

recovered during a depuration process and the 

animals returned to the water. However, this strategy 

for sustainably protecting & increasing environmental 

water quality needs to be optimised for context-

specific situations to provide innovative solutions that 

are relevant in UK catchments. In this project the 

student will explore the opportunities for exploiting 

zooremediation in nutrient enriched and multi-

pollutant impacted waters (e.g. point source discharge 

areas, areas of intensive livestock farming, transitional 

waters, estuaries and coastal zones). 

 
Fig 1: Eutrophication caused by excessive nutrients 

from agricultural run-off 

 

Aims 

The overarching aim of this project is to optimise a 

series of strategies that can improve water quality by 

exploiting the ability of filter-feeding aquatic 

invertebrates to assimilate waterborne pollutants.   

This studentship aims to provide transformative and 

sustainable solutions to address the increasing 

demand for water security, and provide the necessary 

data for introducing environmental management 

options throughout the UK. The student will 

contribute towards a strategic blueprint that can be 
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translated to other areas of the world where there is 

growing pressure on water resources because of 

increasing population demands, and provide the 

scientific basis for national scaling-up in countries with 

pressing water security challenges. Crucially, the 

student will integrate biological, environmental and 

engineering dimensions that cut across traditional 

academic disciplines. 

 

Research objectives 

1. Identify native invertebrates that provide maximum 

sequestration potential for nutrient and microbial 

pollutants 

2. Develop a novel ecological-engineering system 

capable of deploying ‘zooremediation units’ into highly 

impacted waters, and carry out field-scale 

experiments to determine optimal deployment and 

extraction efficiencies  

3. Quantify the potential for resource recovery from 

zooremediation as part of a circular economy 

approach 

4. Assess the feasibility of scaling-up zooremediation 

strategies, and calculate the economic practicality of 

implementing these systems at the field- and 

catchment scale 

 
Fig 2: Mutilus edulis are known to take up significant 

concentrations of waterborne pollutants 

 
Methodology 
Using a combined field and laboratory-based 

experimental approach, this multidisciplinary project 

will provide the fundamental understanding necessary 

to deliver a step-change in our understanding of field-

scale zooremediation strategies. In all cases, cultured 

and locally adapted native species of invertebrates will 

be used in the experimental and treatment systems. 

Field-scale trials will be carried out in a range of 

aquatic environments, e.g. rivers receiving discharge 

from WWTP, eutrophic waterbodies (e.g. the 

University of Stirling’s Airthrey Loch and Howietoun 

Freshwater Research Unit), the Forth and Clyde 

estuaries and associated coastal zones encompassing 

EU designated bathing waters. 

 

1. Identifying native invertebrates with maximum 

potential for sequestering specific diffuse pollutants 

The objective of this initial phase of the studentship is 

to quantify and optimise the ability of selected 

cultured invertebrates, to remove aquatic 

contaminants from freshwater environments, 

estuaries and coastal zones. The student will quantify 

the efficiency of pollutant uptake (N, P, heavy metals, 

e.g. Cd, Pb, Cu and Zn, microbial pathogens and 

microplastics) by native filter-feeding bivalves, e.g. 

freshwater swan mussel (Anodonta cygnea) and the 

edible mussel (Mytilus edulis), in fully replicated 

mesocosm tanks. Stocking density and timing of 

harvesting will be manipulated to maximise pollutant 

extraction efficiency and sequestration.  

 

2. Developing novel engineering solutions for 

deploying invertebrates into contaminated aquatic 

environments 

In this phase of the project, the student will develop a 

strategy for deploying bivalve invertebrates in the 

environment for maximum pollutant uptake.  Initially, 

this will involve stocking hinged-lid metal cages (e.g. 

50 cm x 30 cm x 30 cm, and mesh size of 2 cm) with 

an optimal density of bivalves, and submerging the 

whole ‘zooremediation unit’ in the water. Over a time 

series, each unit will be recovered and the 

invertebrates either, (i) harvested and their pollutant 

concentration quantified, or (ii) transferred to a 

depuration tank where the pollutant will be recovered 

whilst keeping the animals alive.  

 

3. Quantifying the potential for resource recovery as 

part of the waste-based circular economy  

The objective of this phase of the project is to 

calculate the potential added value associated with the 

removal of these pollutants, for example by reusing 

the nutrients sequestered in invertebrate biomass as a 

soil conditioner or fertiliser for increasing crop 

production, or using the shells as a liming agent or 

poultry feed. The value of extracting waterborne 

microbial pathogens or microplastics will be quantified 

by calculating the reduction in drinking water 

treatment costs, against the cost of setting up and 

subsequent harvesting of a zooremediation system 

(including a scenario where a zooremediation unit is 

installed within a WWTP just before the discharge 

point). The ability of harvested animals that have 

undergone depuration to release their sequestered 

pollutant (e.g. microbial pathogens or microplastic) 

and be re-deployed will also be compared to the 

performance of fresh stock. Such a non-food-based 

aquaculture system would allow repeated utilisation of 

the same invertebrates as part of a novel and 

sustainable bioremediation process. 

 



 

  

4. Assessing the economic practicality of 

implementing zooremediation at the field- and 

catchment scale 

The student will use their data to calculate the 

feasibility of scaling-up zooremediation strategies, and 

assess the economic practicality of implementing 

zooremediation at different scales.  

 
Timeline 
The overlapping experimental phases of this project 

will take 36 months to complete, with the remaining 6 

months being allocated to writing the thesis & papers 

for publication, attending conferences and networking 

with stakeholders. 

 

Following a critical review of the literature (months: 

0-4), a comprehensive series of field-relevant 

controlled laboratory mesocosm experiments will 

investigate pollutant extraction efficiencies by a range 

of invertebrates (months: 4-18). During the second 

phase of the project (months: 12-30), the student will 

develop an engineering strategy for deploying 

zooremediation units in the environment. This will 

involve designing and testing prototype designs for 

different environments (e.g. near point sources on 

rivers, or within transitional/coastal waters), and 

assessing stocking densities and the optimal duration 

for efficiency of harvests. In the third phase of the 

project (months: 24-36), the student will quantify the 

potential for resource recovery from invertebrates 

deployed in contaminated water, and finally (months: 

35-36) determine the acceptability & likelihood of 

uptake of these novel zooremediation strategies by 

different groups of stakeholders & end-users. This will 

be achieved by a student-led end of project workshop, 

with invited stakeholders from the regulatory, policy, 

farming and conservation communities. During this 

workshop the results of the project will be 

disseminated & discussed, and a roadmap developed 

for potential further scaling-up via future large-scale 

field trials. 

 
Training & Skills 
This studentship will provide a platform to build an 

interdisciplinary research career in the environmental 

and ecological sciences. Extensive skill development in 

field work will include comprehensive training in 

sampling and monitoring techniques, while the student 

will also benefit from working closely with members 

of the NERC-funded Hydroscape team at Stirling. 

Specialist training in the safe handling of Hazard 

Group 2 microorganisms and toxin-producing micro-

algae will be provided by the supervisory team at both 

Stirling and CEH. During the first year, the student 

will learn key laboratory analytical skills for quantifying 

nutrients and heavy metals in both water and 

invertebrate tissue; the student will also become 

proficient in microbiological methods for quantifying 

pathogenic bacteria, and microscopy for enumerating 

microplastic particles. 
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