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This project investigated the use of graphene technology to reduce the impact of pathogens on salt water
net-pen farms in Hong Kong. Mortality from infectious disease is one of the biggest limiting factors to
the sustainable growth of the net-pen aquaculture industry. The marine environment around Hong Kong
is rich in nutrients which promotes pathogen proliferation including bacteria and harmful algae. New
technology may provide a mitigation strategy to reduce the quantity of pathogens that passively enter
net pens. Here we proposed to develop a graphene electrode net to inactivate pathogens passively with
the movement of water through the system. The goal of this project is to adapt graphene water
disinfection technology to open net pen farms to reduce the use of medication required to mitigate
infectious diseases.

We have found that graphene was very effective at killing bacteria and viruses in salt water when
activated with a small electrical charge under laboratory conditions. However, the material slowly
degraded during operation and produced too much chlorine for fish in the net pens when scaled up. We
therefore had to make several adaptations to our original concept design. We initially adapted mixed
metal oxide (MMO) and graphitized carbon fibre felt (gCFF) electrodes, both of which have a high
surface area that promote direct oxidation of pathogens using low voltages. Although these systems
reduced the voltage required for disinfection and consequently the amount of chlorine generation, the
levels remained too high for fish survival.



Nevertheless, the mixed metal oxide electrodes demonstrated exception durability and efficiency in
generating disinfectants in our experiments. Therefore, we redesigned the concept and used our
electrochemical reactor with Ruthenium Iridium coated titanium electrodes to disinfect seawater in a
chamber followed by neutralisation with sodium thiosulfate. This water was then used in a flow-through
closed containment system (Figure 8). The incoming disinfected water was significantly lower in bacterial
pathogens suggesting a possible solution for quarantine or treatment tanks to reduce pathogens
entering and leaving net pen systems. Although we did not add the effluent treatment to our system,
the electrodes could be installed on the outflow pipe of the containment unit to treat the outgoing water
and reduce exposure to neighbouring fish (Figure 2). Results of our system on fish health demonstrated
that the treated electrolysed seawater was safe to aquatic organisms. This disinfection method can also
be readily applied to flow-through and batch water treatments commonly used in land-based
aquaculture facilities and recirculating aquaculture systems, offering potential solutions to improve
saltwater aquaculture production in Hong Kong and China.



