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Introduction
An Arduino is an inexpensive microcontroller 
that can be coded by anyone to perform just 
about anything.  For this project we wanted to 
see if we could use an Arduino to help with
lake cleanup efforts. 

What is an MFC?

• A microbial fuel cell (MFC) is a one to two 
chamber cell that uses the metabolism of 
bacteria to create an electric current (Franks 
& Nevin, 2010)

• The metabolism of the bacteria frees an 
electron to travel between the anode and 
cathode then to the electric circuit available, 
this process is known as an oxidation 
reduction reaction

• The limiting factor of MFCs is the amount of 
voltage it can produce.  As current is drawn 
from the cell, the voltage drops due to losses 
bringing the actual voltage much lower than 
the theoretical voltage

• It has been demonstrated the size of an MFC 
is inversely related to the amount of voltage 
and power produced.  There are a number of 
variables that can aid in an increase in 
voltage including sediment composition, 
electrode composition, and electrode size 
(Rinaldi et al., 2008)

• This project will test which sediment 
composition can produce the greatest 
increase in power in an MFC and take 
beginning steps towards storing various 
water quality data

Limiting Nutrients
Limiting nutrients are an important part of 
any functioning ecosystem. To have a healthy 
ecosystem, the nutrients cannot have too 
high of a concentration or else 
eutrophication will occur.  Phosphorus and 
nitrogen are two of the hardest nutrients to 
address in most watersheds because they are 
easily found in agricultural runoff (Sakka et 
al., 1999).  Including iron, these three 
nutrients can also be found in the bedrock of 
surrounding formations.  

Methods
Application Mudwatt Setup

• Need glauconite(Fe) and apatite 
(P) formation, Lake Menomin 
Sediment, KNO₃ and KH₂ PO₄ (N) 
powder, and 10 Mudwatts

• Test power output of Lake 
Menomin sediment mixed with 
three limiting nutrients 

• Mudwatts power output was 
recorded every day for 3 weeks

• Circuit and a prototype built using 
Arduino microcontroller

A. Control: 400g sed. - x2
B. Glauconite: 360 g sed. 40g rock- x2
C. Apatite: 360 g sed. 40 g rock -x2
D.Glauconite & Apatite: 360 g sed. 20g glauconite, 

20g apatite- x2
E. Nitrate & Phosphate: 400 g sed. 2g KNO₃ 2g 

KH₂ PO₄.  - x2
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Future Applications

•A prototype for a water quality circuit has been produced and tested.  At this point in time the prototype 
can only take water temperature values and measure the voltage in an MFC in the lake sediment.  The 
prototype has been connected to an SD card to record time and voltage for the time being.
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Discussion

• It is noticeable that the first four power 
curves mimic a population curve, that 
begins to level off at its carrying capacity.  

• Each MFC had fluctuations. On various 
days some MFCs were tapped and shaken 
to release possible air pockets.  The air in 
the sediment acts as an electron acceptor 
instead of the electron going through the 
electrical circuit.

• The MFC that created the most power was 
C2 (18µW).  But the group that visually 
showed the most oxidation was B.  

• Mudwatt B1 decreased by the second week.  
This could be due to the Fe(II) in the 
glauconite acting as an electron acceptor.  
Even though it is visually the group with 
the highest amount of oxidation, the 
electrons were not traveling through the 
circuit. 

• Three Mudwatts never seemed to produce 
any measurable power.  

• Mudwatt D1 never started producing power 
due to multiple air pockets between the 
anode and the rest of sediment.

• Mudwatts E1 and E2 showed the smallest 
amount of oxidation in the cathode.  
Theorized the nitrate in sediment acted as 
an electron acceptor.  

• To test this, two more Mudwatts that had 
been running for 7 weeks on composted 
manure were spiked solely with 0.5g of 
KNO₃ and let run for a two day period.  The 
amount of power they started with was 
close to 50 µW an they ended up with 
either 0 or very close to 0 µW.

Figure 3: 
Mudwatt A2, B2, E1 and E2 shown.  Mudwatt A1 controls no extra limiting nutrient, while 
Mudwatt B2 contains glauconite (Fe) and group E has KNO₃ and KH₂ PO₄.  Visually 
comparing the amount of oxidation that occurred in the cathode, B2 oxidized much more 
than A2, and both A2 and B2 have oxidized more than twice as much as group E.  Visually 
displaying, nitrate in group E is limiting microbial metabolism. 

Figure 1: 
Two visuals of a single chamber MFC.  The pictorial shows the placement of the anode and 
cathode, as well and the movement of the electrons in the circuit.  The second picture shows 
an MFC after about 6 weeks.  The change in sediment color is due to oxidation.  

Figure 2: 
Setup of the 10 Mudwatts Figure 4: 

A 3D depiction of the current prototype using Fritzing. Using two Arduino 
microcontrollers, the LCD screen can display the voltage if the MFC is connected to 
the breadboard.  The temperature sensor is connected to the second Arduino.  The 
two Arduinos are connected and the voltage and the temperature  data are then 
stored in the SD card.  

Figure 5:
The prototype in a floating buoy.  This buoy is deployed in the UW-Stout Dirt Lab’s 
Lake Mini-Nomin.  The buoy at this point in time is not completely waterproof and 
should not be used in an actual lake.  It is plugged into a nearby outlet to bring power 
to the Arduinos to allow them to capture and store the data.  

Figure 6: 
A graphical depiction of the data that could be taken from the prototype now.  This is the data from the UW-Stout Dirt Lab’s Lake Mini-Nomin over a course of 
just about two months.  An external voltage and temperature reader were hooked up to the MFC in Lake Mini-Nomin to capture this data.  The voltage and 
temperature were recorded.  The “events” indicates points where extra mixtures were added to the lake water.  Mixtures including extra lake sediment, an aerator, 
plant fertilizer, cyanobacteria, and other mixtures similar to these.  After each “event” the voltage spikes.  The temperature over the first few weeks decreases and 
then stays relatively the same.

• Future plans for this prototype would be to create a website/phone app that could connect the 
community to the surrounding lakes., called Menomi-net.   This application would be able to display:

water temperature, pH, turbidity and levels
sediment voltage
dissolved O₂

surrounding air temperature and pressure
at various locations.  This information will also be available on stored SD drives.   
• Menomi-net would have available information about the phosphorus levels caused by agricultural runoff 

and by communal leakage. 
• Ideally this application would be useful for people who enjoy using the lake for recreational purposes, as 

well as people who normally survey lake water quality.   It will also be cost efficient and time saving for 
both of these groups.    

Conclusion
• Also the values obtained from the MFCs in this experiment were very minimal, larger two chamber MFCs 

would be able to produce hundred of microwatts.  
• These MFCs would not be able to be used to bring power to the Arduinos in the prototype because they 

are too small.  
• The amount of voltage Group C can produce is 0.141 V. An Arduino needs at minimum 7 V to allow it too 

run.  There would need to be over 50 Mudwatts to power an Arduino. 
• Although they cannot produce much power, the fact that they produce any is significant. 
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