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Overview 
 

In the last few decades, concerns have been raised 

over the ubiquity of new biologically active 

compounds in waterways and the marine 

environment. These xenobiotic compounds such as 

prescription (pharmaceutical), recreational drugs and 

personal care products arrive in the aquatic 

environment via the effluent of wastewater treatment 

plants. The concentrations of xenobiotics in various 

environmental compartments (water, sediment, plants 

and animals) are ever increasing and their ecological 

effects are not yet fully characterised. For these 

reasons, they have been labelled “emerging 

contaminants”. Particularly, patients in hospital have a 

high burden of medicines and these prescriptions may 

be more potent than pharmaceuticals from primary 

care e.g. some of the most potent antibiotics and 

chemotherapy are used for the sickest patients in 

hospital. Hospital waste is therefore a potential high 

source of emerging contaminants.  

There is a pressing need to understand the fate of 

emerging contaminants in the environment. Notably, 

we need to characterise their natural attenuation and 

biodegradation by indigenous microbes in engineered, 

surface and ground waters. 

This interdisciplinary research programme will 

incorporate synthetic chemistry, analytical chemistry 

and environmental biotechnology to develop a 

“FluoBait” device to “fish” emerging contaminant 

degraders in natural systems and elucidate their 

degradation pathways. Using meshed cartridges filled 

with fluorescently tagged emerging contaminants 

adsorbed onto activated carbon (the FluoBaits), 

biofilms will be extracted from environmental waters 

and fluorescent (i.e. metabolising) microbes enriched 

and/or sequenced. The FluoBaits have the potential to 

1) demonstrate the occurrence of in situ 

biodegradation and 2) considerably accelerate the 

isolation and characterisation of emerging 

contaminants metabolising bacteria.  

 

This novel project is in collaboration with NHS 

Highland and the student will develop three FluoBaits 

for emerging contaminants of particular concerns: 

Triclosan, a synthetic antibacterial agent found in 

many commercially available products labelled 

“antibacterial” including antibacterial soaps and 

handwash found in hospitals; diclofenac, a commonly 

prescribed non-steroidal anti-inflammatory drug in the 

United Kingdom and clarithromycin, an antibiotic 

normally used to treat respiratory and skin infections.  
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Methodology 
 

The aim of the studentship will be the development of 

FluoBaits for triclosan, diclofenac and clarithromycin. 

This will be achieved through four main objectives: 

1. The synthesis of fluorescent emerging 

contaminants. The student will learn cutting-edge 

click-chemistry methods to bind micropollutants 

with fluorescent and protein tags. Synthetic 

chemistry training will be carried out at the 

University of Canterbury (NZ) with Professor 

Rudi Marquez. 

2. The characterisation of the mechanisms of uptake 

of the fluorescent compounds by known 

degrading microorganisms and the comparison of 

the metabolisms of known-degraders with non-

tagged and tagged standards as carbon source.  

Metabolomics studies will be carried out using a 

range of state-of-the-art analytical methods such 

as gas chromatography/ mass spectrometry and 

high performance liquid chromatography/ mass 

spectrometry. This part of the research will be 

undertaken in collaboration between the 

University of Glasgow and at Newcastle 

University. 

3. Development of novel FluoBaits for diclofenac, 

triclosan and by adsorption of fluorescently tagged 

standards onto activated carbon cartridges and 

first applicability test in microcosms of 

contaminated river water collected from China 

and wastewater from hospitals in the Highland of 

Scotland. This will also include the development of 

a fluorescent method to separate fluorescent and 

non-fluorescent microorganisms in a mixed 

population containing both the known degraders 

and non-degrading bacteria. Fluorescence-

activated cell sorting (FACS) methods will be 

developed at Newcastle University and 

microcosms will be run in the Environmental 

Biotechnology laboratories at the University of 

Glasgow.  

 
Figure 1- The Yellow river in China is contaminated with 

Triclosan (Zhao et al., 2013).  

Fluorescently tagged emerging contaminants 

can be employed to fluoresce metabolising 

bacteria and isolate them through FACS. Bio-

Traps® samplers by Microbial Insights are 

similar devices to the proposed FluoBaits that 

use stable isotope analysis and molecular tools 

to monitor natural attenuation of organic 

contaminants.   

 
Timeline 
 

First 18 months:  

Literature review and theoretical and technical 

training in analytical and synthetic chemistry and 

environmental microbiology, chemistry and 

engineering.  

The synthesis of fluorescent CECs  

Uptake mechanisms characterisation 

Metabolomics studies 

Second 18 months: 

Development of FACS separation methods 

Development of FluoBaits and Feasibility study in 

contaminated groundwater 

Final 6 months: 

Thesis preparation and further publications 

 
Training & Skills 
 

The student will be addressing a real-life problem in 

environmental and human public health. The project is 

problem-driven rather than discipline-driven and 

traditional subject boundaries will be transcended to 

enable the student to acquire expertise in a variety of 

cutting-edge scientific and engineering methods 

including: synthetic and analytical chemistry, 

microbiology and molecular biology, and 

environmental engineering and in pharmaceutical 

public health. Between them, the supervisory team 

have the technical expertise to fully support all 

aspects of the scholar’s research programme; 

however, the scholar will also have the opportunity to 

receive regular advice NHS Highland and from other 

stakeholders such as Scottish Water and SEPA 

(Scottish environment protection agency) providing 

valuable insight and steering from the practitioner 

perspective. This is an exciting interdisciplinary 

project addressing real and topical issues in 

environmental sciences with a true potential for 

significant long-term impact on current practices. It 

will transform a talented student into a highly 

employable individual with a unique set of skills and a 

transdisciplinary approach to science and engineering 

that will set them apart from traditionally trained 

postgraduate students. 
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