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Abstract

This thesis focuses on the development and evaluation of the
performance of cell-based biosensor systems for organic matter through the detection
of biochemical oxygen demand (BOD). The first development was a sensor system
for ﬁ?onitoring an anaerobic process for the treatment of high BOD levels in
wastewater samples from a factory processing concentrated rubber latex. The
amperometric cell-based biosensor based on flow injection analysis was investigated
using mix cultures from activated sludge of a concentrated rubber latex factory as
biological sensing element and oxygen electrode as a transducer. The sensor showed
wide linear ranges, between 2.0-25 and 5.0-60 mg 1!, and the limit of detection was
found to be 0.20 mg 1. The sensor analysis time was around 10-15 min. The
repeatability was observed with relative standard deviation of 3.9% and stability was
over a period of 15 days (RSD of 0-6.7%). Good agreement between the results from
biosensor method and standard method was obtained with a percentage difference of
less than 10%. An anaerobic reactor treatment process was investigated by continuous
feeding wastewater sample at flow rates 10, 20, 40 and 80 ml day_1 (30 days for each
flow rate 120 days in total). At 10 ml day™' the highest efficiency was obtained with
percentage of COD and BOD reduction up to 97%. This treatment process showed
good efficiency for high strength wastewater. The BOD biosensor was successfully
applied to off-line and on-line monitoring of the anaerobic reactor treatment process.

The second study was to develop a biosensor based on a single-
chamber microbial fuel cell in which anaerobes were retained in the anode
compartment separated from the cathode compartment by a proton exchange
membrane. In the sensor a replaceable anaerobic consortium was used for analyzing

biodegradable organic matter. The anaerobes acted as biocatalysts in oxidizing
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organic matter and transferring electrons to the anode. The biocatalysts were renewed
for each sample analysis by replacing the old anaerobic consortium with an equal
amount of fresh one. Glucose standard solution was used as the target substrate. To
obtain the maximum sensor output, the MFC-based sensor system was optimized
using an 800 Ohm resistor as the load to the external electric circuit and 25 mM
phosphate buffer with 50 mM NaCl as catholyte in the aerobic compartment. The
temperature of anaerobic compartment was maintained at optimal 37 °C. The cell
potential across the electrodes increased with increasing loading of glucose. The
sensor response was linear against concentration of glucose up to 25 g I”'. The
detection limit was found as 0.025 g I”'. The microbial fuel cell with replaceable
anaerobic consortium could be used as a biosensor for on-line monitoring of organic
matter.

The third project was a simple microbial fuel cell for BOD analysis of
wastewater using Saccharomyces cerevisiae to degrade the substrates. The MFC used
a simple salt bridge to replace a more expensive proton exchange membrane (PEM)
and pencil graphite carbon as the electrodes. Glucose standard solution was used as
the substrate. The proposed system showed linear range between 8.0-100 mg 1" and
the detection limit was at 0.50 mg I"". The repeatability of the MFC was tested with
the standard glucose solution producing a relative standard deviation of 14.7% for 30
samples tested over a period of 5 hours. The sensor response time was around 3.0 - 10
min. This MFC biosensor system can satisfactorily determine the BOD of several
types of wastewater. The salt bridge was very simple to prepare and much cheaper

than a PEM. However the salt bridge has to be freshly prepared.
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