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Developing a disinfection system for human waste that
does not require water, added chemical reagents, or
energy in excess of that which can be easily produced by
solar panels would be advantageous to communities in
developing nations. Electrochemical disinfection of water
refers to the elimination of microorganisms present in
water by using suitable electrodes to pass electric current
through the water'. Our current work focuses on
developing an electrochemical disinfection unit for human
urine without using any additional water or added
chemical reagents and deriving all its energy from solar
panels. The unit will be part of a modular outdoor toilet
for use in developing countries in South Asia and sub-
Saharan Africa. The electrochemical disinfection method
we have devised based on previous studies” produces
hypochlorous acid/hypochlorite at the anode as a side
reaction to oxygen evolution. In addition, other reactive
oxygen species (ROS) such as ozone, hydrogen peroxide
and hydroxyl radicals are also generated '. These ROS are
responsible for deactivating microbial cells *. Such
electrochemical disinfection techniques have been
validated in the past™.

Our prototype disinfection system consists of a two-
electrode flow cell — Diamonox 40 OSG-1 manufactured
by Advanced Diamond Technologies (Romeoville, IL)
with a boron-doped diamond (BDD) anode and a tungsten
cathode. The surface area of each electrode is 42 cm”.
Initial tests involved I L physiological saline (0.9% w/v
NaCl in water) with 1 mL green food coloring. The ROS
generated upon applying DC voltage to the electrodes
electrochemically attacked the organic food coloring
causing it to become transparent. Samples were drawn at
regular intervals and relative color was measured
optically. Figure 1 shows a plot of relative color
concentration versus treatment time for saline with food
coloring at various applied voltages from 4 — 12 V.
Plotting the energy required to discolor 1 L of saline with
1 mL green food coloring at different voltages and target
color concentrations (obtained optically) as shown in
Figure 2 will allow for optimization of parameters such as
electrode spacing and fluid flow rate.

Future work after optimization of the cell parameters as
described above will include testing of synthetic urine
spiked with Escherichia coli bacteria. Total colony
forming units (CFUs) will be counted from samples taken
before, during and after the treatment. Total colony
forming units (CFUs) will be counted from samples taken
before, during and after the treatment. Data showing
effective microbial disinfection in synthetic urine and
geometric optimization of the cell will be presented.
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Figure 1: Relative color concentration versus
treatment time for 1 L saline with 1 mL green food
coloring
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Figure 2: Plot of energy required for treatment versus
applied voltage for different target concentrations
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