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Worldwide issues 
• Esrey et al surveyed 142 studies on 6 major waterborne diseases 

and estimated that there were 875 million cases of diarrhoea in 
developing countries.  

 

• Waterborne diseases are largely transmitted from contaminated 
water sources containing faecal matter.  

 

• Conditions are most severe in sub-Saharan Africa. Here 42% of the 
country’s population is without improved water and 64% without 
improved sanitation.  

S.A. Esrey, J.B. Potash, L. Roberts, C. Shiff, Health Benefits From Improvements In Water Supply and Sanitation: Survey and Analysis of the Literature on Selected Diseases   in: 
B.o.S.a.T. Office of Health, U.S. Agency for International Development, under WASH Task No. 035 (Ed.), WASH - Water And Sanitation Health, Washington DC, 1990. 
M.A. Montgomery, M. Elimelech, Water and Sanitation in Developing Countries: Including Health in the Equation, Environmental Science & Technology 41 (2007) 17-24. 
 



Water monitoring methods 

• Laboratory-based monitoring  

• Field kits 

• Probes: dissolved oxygen, pH, UV-vis, etc. 

• Biosensors have increased in popularity as an 
alternative to the traditional BOD tests 

 

– Expensive and/or time consuming 

 



Biosensors 

• Biosensors have variations in the biological 
receptor alongside differing types of 
transducing elements.  

• Examples of bio-receptors include enzymes, 
micro-organisms, antibodies and organelles. 

• The transducing element of a biosensor also 
varies, with conductometry, amperometry and 
potentiometry used as microbial sensors.  



Microbial sensors 
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Sediment Microbial Fuel cell 
(SMFC)  

A. Zabihallahpoor, M. Rahimnejad and F. Talebniaab. ‘Sediment microbial fuel cells as a new source of renewable and sustainable 
energy: present status and future prospects’. RSC Adv., 2015,5, 94171-94183. 
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• SMFCs can serve as sustained power sources for many low-power instruments (i.e. seismic 
detectors, monitoring devices and oceanographic instruments 
 

• Charge capacitors can be used if higher power levels are needed 
 

• No need of any exogenous microorganism or electron shuttles addition - power is derived 
from the metabolism of the microorganisms in the environment 
 

• The sustainability of the system does not relate through if the system is batch or 
continuous but is related to the source of the substrate  
 

__________________________________ 
 
• Can be used as online biosensor for the detection of organic or toxic compounds 

 
• Changes in the organic substrate in the sediments changes MFC performance 

 

SMFCs 
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Case study 1: Construction of electrochemical biosensors for 
water stream pollutants monitoring and power generation  

• Two SMFC reactor configurations in a set up using water and sediment from Tyne river 
 
Reactor 1: Carbon cloth                                         Reactor 2: Carbon granules  
 

 
 
 
 
 

 
Active anode area = 144 cm2  
Active cathode area = 100 cm2 

X Christodoulou, S Velasquez  
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Case study 1: Construction of electrochemical biosensors for 
water stream pollutants monitoring and power generation  

Reactor 1: Carbon cloth Reactor 2: Carbon granules 

• Maximum current density generated from river water stream in different 

concentrations of glucose (200, 400, 600 and 1000 mg/L) 

• Reactor 1: current density increased with increased glucose concentration 
• Reactor 2: current density increased from 200 to 400 mg/L of glucose ONLY 
• Reactor 1 reached steady state within 2 weeks, two times faster than Reactor 2 

y = -0.154x2 + 0.3379x + 0.3355 
R² = 0.9948 
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y = -0.7786x + 1.1857 
R² = 0.9018 
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Case study 2: Sediment Microbial Fuel Cell Biosensor for monitoring 
faecal pollution discharges into groundwater 
S Velasquez, D Werner, J Varia, S Mgana 
 

1. To assemble a SMFC system in a cost-efficient way. 
 

2. To develop different types of  MFC concepts. 
 

3. To study the impact of temperature, external resistance and salinity in the response. 

• Velasquez-Orta et al. 2017 Microbial fuel cells for inexpensive continuous 

in-situ monitoring of groundwater quality. Water Research 
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Case study 2: Sediment Microbial Fuel Cell Biosensor for monitoring 
faecal pollution discharges into groundwater 
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Case study 2: Sediment Microbial Fuel Cell Biosensor for monitoring 
faecal pollution discharges into groundwater 
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 SMFC was the best configuration within the different concepts tried. 
 The system was assembled in the laboratory and field (Tanzania)  

• Velasquez-Orta et al. 2017 Microbial fuel cells for inexpensive continuous 

in-situ monitoring of groundwater quality. Water Research 



Example of MFC biosensor response 
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 Potential Difference (mV) of the electrolyte increases after 

addition of contaminant in lab-scale experiments using 

Tanzanian soil.   
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Case study 2: Sediment Microbial Fuel Cell Biosensor for monitoring 
faecal pollution discharges into groundwater 

Addition of contaminant (MFC3 – 312 

mgCOD/L; MFC4 – 294 mgCOD/L) 
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Case study 2: Sediment Microbial Fuel Cell Biosensor for monitoring 
faecal pollution discharges into groundwater 
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Boxplot of Not contamin, Contaminated, Not contamin, Contaminated

Source DF Adj SS Adj MS P-Value 

Model 7 92.621 13.232 0.423 

Linear 3 70.828 23.609 0.187 

Temperature 1 64.947 64.947 0.045 

Salinity 1 4.131 4.131 0.567 

Resistance 1 1.75 1.75 0.707 

2-Way Interactions 3 12.306 4.102 0.787 

Temperature*Salinity 1 3.109 3.109 0.618 

Temperature*Resistance 1 2.267 2.267 0.67 

Salinity*Resistance 1 6.929 6.929 0.461 

3-Way Interactions 1 9.487 9.487 0.392 

Temperature*Salinity*Resistanc

e 1 9.487 9.487 0.392 

Error 8 92.534 11.567   

Total 15 185.155     

• From the variables tested, only temperature presented a statistically significant effect on 

the response (p<0.05) 

• No significant changes from varying salinity and external resistance, within the tested 

range . 

 • Velasquez-Orta et al. 2017 Microbial fuel cells for inexpensive continuous 

in-situ monitoring of groundwater quality. Submitted to Water Research 



Conclusions 
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 SMFCs were able to produce a current that correlated to faecal matter 
pollution.  
 

 SMFCs were susceptible to a change in temperature in the environment but 
not to changes in conductivity or resistance within the ranges tested 
 

 SMFCs offer an alternative to the continuous monitoring of groundwater 
pollution  
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Outlook 

Further stabilise cell response by:  
 
 Understanding the type of exoelectrogens attached to anode and cathode 

• Stabilising biofilms in the cathode and anode sides.  
 

 Determining the rate of substrate consumption by anodic communities in the sediment 
at different temperatures 
 

 Decreasing interference of temperature in cell response 
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