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Overview 

Urban groundwater resources are under 

enormous pressure around the globe because of 

rapid growth in densely populated areas. In 

countries like the UK with early industrial 

development, the sewer networks infrastructure 

is now very old and leaking raw sewage into 

groundwater in many unknown locations. In 

developing countries like Tanzania with large 

unplanned settlements, the majority of the 

population are using on-site sanitation systems 

such as pit latrines and septic tanks and this has 

also led to a rise in anthropogenic groundwater 

pollution through chemicals i.e. increased 

dissolved organic carbon (DOC), nitrate (NO3-) 
and pathogens. Experience has shown that 

waterborne disease outbreaks in Dar es Salaam 

City in Tanzania are usually triggered by rainfall, 

which is thought to be caused by the washing of 

faecal matter into groundwater drinking water 

sources such as shallow wells, which has also 

been noted in other countries. Lack of routine 

groundwater quality monitoring is thus a major 

challenge for the management of public health in 

both the developed and developing world.  

 

The vision of Earth Systems Engineering relies of 

inexpensive, continuous monitoring of 

environmental conditions, which forms the basis 

for cost-effective and timely targeted 

interventions. This project will tackle this low 

cost monitoring requirement by the development 

of a Microbial Fuel Cell (MFC) biosensor for the 

continuous monitoring of groundwater quality.  

 

Microbial fuel cells convert the chemical energy 

contained in polluted water into electrical current 

using bacteria as catalyst. The electrical current is 

proportional to the microbial density present as 

well as the concentration of water pollutants 

such as organic matter and inorganic nutrients. 

These constituents would all be present in 

groundwater impacted by faecal pollution. 
Importantly, because microbial fuel cells produce 

energy from the water pollution they do not 

need batteries or chemicals to operate. 

Therefore they have huge potential for self-reliant 

continuous monitoring of groundwater quality 

and the detection of major pollution events.  

This PhD project will aim to facilitate the 

continuous monitoring of anthropogenic 

groundwater quality in urban environments 

through the development and rigorous testing of 

an inexpensive and user-friendly in situ bio-sensor 



  

which requires no power source or chemicals to 

operate.  

 
Methodology 
 

The student will start conducting a literature 

review on the topic. Next an inexpensive MFC 

biosensor would be developed along with the 

environmental experimental system set-up. 

Various designs will be assessed with respect to 

electrode sizes and materials. Also sensitivity and 

repeatability of the biosensor response would be 

evaluated using variable nutrient concentration 

and wastewater strengths. 

 

After this, the student will embed MFC 

biosensors in different columns containing 

different aquifer materials. Ground water or 

diluted wastewater will then be introduced to the 

columns and faecal coliforms and other 

parameters will be correlated with biosensor 

signals. Also, a plug input of diluted 

wastewater/groundwater will be fed into the 

“uncontaminated columns” and the feed of the 

“contaminated columns” will be switched to 

ground water only and the water quality 

indicator/biosensor responses to these changes in 

ground water quality will be compared. 

 

Field work will be carried out in an UK area 

where a shallow aquifer is used and pollution is 

likely. This will be used to field test the suitability 

of MFC for groundwater quality monitoring. 

Ground water quality and biosensor signals will 

be monitored in these wells and the results will 

be compared with those obtained from 

Newcastle University laboratories using column 

studies.  

 

Further filed work will take place abroad to 

compare results under different environmental 

conditions. The data obtained from both 

locations will be incorporated in the final 

biosensor design. 

 

 

Timeline 
 

A detailed research proposal and literature 

review would be developed in the first 3 months 

of the programme. Secondly, in the next 9 

months different biosensor designs and materials 

will be tested using a Design of Experiments. The 

main work, 12 months, would be devoted to test 

different types of aquifer beddings in the 

laboratory. Field tests will be conducted on the 

first half of the last year. The last months would 

be used to analyse results, work dissemination 

and finish thesis writing.  

 

 
Training & Skills 
 

The student will be primarily based in the 

environmental bioelectrochemistry research 

group within the School of Chemical Engineering 

and Advanced Materials (CEAM) at Newcastle 

University. The student will participate in 

research group meetings, and attend CEAM and 

environmental engineering seminars. The student 

will receive technical and research skills to 
support development as an independent 

researcher through the Postgraduate Training 

Programme plus a UK electrochemistry 

workshop. During the project, the student will 

interact with our international collaborators 

based in Tanzania and in Mexico to develop skills 

when working with researchers outside the UK.  
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