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Influence of Electrochemical Oxidation Potential on Biofilm Structure and Bacterial Dissimilation in
Wastewater Treatment Bioreactor. Na Byung Kwan and Doo Hyun Park*. Department of Biological Engi-
neering, Seokyeong University 16-1 Jungneung-dong Sungbuk-gu, 136-704 Seoul, Korea — Biofilm media was
equipped in two-compartmented wastewater treatment bioreactor which was separated by porcelain septum.
DC 2.0 volt of electric potential was charged to anodic (oxidative) biofilm media (ABM) to induce oxidation
potential but not to that of carbon (neutral) biofilm media (CBM) that was used for control test. Biofilm struc-
ture, biomass variation, ORP variation and wastewater treatment efficiency in the bioreactor equipped with
ABM (ABM-bioreactor) and CBM (CBM-bioreactor). Time-coursed variation of biofilm structure forming on
surface of ABM and CBM was observed by scanning electron microscopy. The biotilm growing on ABM was
dispersed on surface and was not completely covered the media but the biofilm growing on CBM was contin-
uously increased and finally covered the media. The ORP of CBM was decreased to 100 mV, which was recip-
rocally proportional to the biomass growth. However, the ORP of ABM was about 800 mV, which was
maintained during operation for about 60 days. The treatment efficiency of COD in the ABM bioreactor was 2
times higher than those in the CBM bioreactor. From these results, we proposed that electrochemical oxidation

potential charged to biofilm media may inhibit formation of biofilm extremely condensed and activate bacte-
rial cell metabolism.
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Fig 1. Schematic structure of two-compartmented wastewater bioreactor, to which carbon electrodes was equipped. Anodes func-
tioning as biofilm media were periodically removed from reactor at the intervals of 7-9 days for scanning electron microscopy and biomass
measurement. Completely same system was used as control experiment but electricity was not charged between anode and cathode. Size of
cathode was adjusted to 300 mm (width) x 150 mm (height) x 10 mm (thickness) and anode was adjusted 50 mm (width) x 150 mm
(height) x 10 mm (thickness). The oxidation-reduction potential (ORP) of ABM and CBM was measured by using ORP meter 1 and ORP

of liquid phase was measured by using ORP meter 2.
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Fig 2. SEM image of biofilm growing on surface of CBM
immersed in the aerobic wastewater treatment reactor for 3
days (1), 10 days (2), 16 days (3), 25 days (4), 32 days (5), 40
days (6), 48 days (7) and 57days (8), respectively. Electricity was
not charged to electrodes.
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Fig. 3. SEM image of biofilm growing on surface of ABM
immersed in wastewater treatment reactor for 3 days (1), 10
days (2), 16 days (3), 25 days (4), 32 days (5), 40 days (6), 48
days (7) and 57 days (8), respectively. +2.0 volts of DC electric-
ity was charged to all electrodes during operation for 60 days.
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Fig. 4. Hypothesis model of biofilms grown on CBM (left) and ABM (right) designed on the basis of SEM image. In the CBM, Inter-
spaces between bacterial cells may be converted to anaerobic environment by which growth of aerobes may be inhibited or stopped. In the
ABM, however, the oxidation potential charged to ABM may generate oxidative environment around bacterial cells and induce electro-
static repulsion between bacterial cells, by which inter-spaces between bacterial cells may be expanded, and penetration of oxygen and sub-

strate into substratum of biofilm may be not inhibited [17].
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Fig. 5. Time-coursed variation of cell proteins (A) and sus-
pended bacterial cell (B). Cell proteins were obtained from alka-
line-lysis of biofilm grown on the CBM (O) and ABM (¥). The
protein concentration of biofilm in CBM was decreased after 30
days incubation but that in ABM was steadily increased during
incubation for 60 days. The free-living bacterial cells unbound to
biofilm media in the CBM-bioreactor (O) and the ABM-bioreactor
(V) were spectrophotometrically measured at 660 nm. The pro-
tein concentration can be converted to OD by using a predeter-
mined calibration equation [bacterial density (OD) = protein
concentration x 0.133 = 0.003].
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liquid phase (@) of CBM biereactor, liquid phase () of ABM
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electrode.
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Fig. 7. COD variation (A) of inflow wastewater (%), and.out-

flow discharged from ABM-bioreactor (V) and CBM-bioreac-

tor ([J). The bacterial dissimilation of organic compounds in the

ABM-bioreactor was about 2 times higher than that in CBM-biore-

actor. COD was trending downward in the ABM-bioreactor but

that was trending upward in the CBM-bioreactor during incuba-
tion for 60 days.
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