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Abstract 

Water quality deterioration caused by a wide variety of recalcitrant organics and 

pathogenic microorganisms has become a serious concern worldwide. Bio-electro-

Fenton systems have been considered as cost-effective and highly efficient water 

treatment platform technology. While it has been extensively studied for recalcitrant 

organics removal, its application potential towards water disinfection (e.g., 

inactivation of pathogens) is still unknown. This study investigated the inactivation of 

Escherichia coli in a microbial electrolysis cell based bio-electro-Fenton system 

(renamed as microbial electrolytic-Fenton cell) with the aim to broad the application 

of microbial electrochemistry. Results showed that a 4-log reduction of Escherichia 

coli (10
7
 to hundreds CFU/mL) was achieved with an external applied voltage of 0.2 

V, 0.3 mM Fe
2+

 and cathodic pH of 3.0. However, non-notable inactivation was 

observed in the control experiments without external voltage or Fe
2+

 dose. The 

disinfection effect was enhanced when cathode air flow rate increased from 7 to 41 

mL/min and was also in proportion to the increase of Fe2+ concentration from 0.15 to 

0.45 mmol/mL. Fatal cell membrane destruction by •OH was identified as one 

potential mechanism for disinfection. This study successfully demonstrated the 

feasibility of bio-electro-Fenton process for pathogens inactivation, which offers 

insight for the future development of sustainable, efficient, and cost-effective 

biological water treatment technology. 

Keywords: Disinfection; Escherichia coli; Microbial electrolysis cell; Bio-Electro-

Fenton reactions; Advanced oxidation process; Hydrogen peroxide 
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1. Introduction 

Water contamination by pathogenic microorganisms may cause serious diseases to 

human beings, which makes sanitation a priority issue worldwide in recent years [1]. 

The increasing pressure on calling for pure water flows (e.g., drinking water) leads to 

the research of more efficient and sustainable technology for biohazards inactivation. 

Several disinfection processes (e.g., chlorination, ozonation and photocatalysis) have 

been developed in the past years with extended prospects. However, most of the 

technologies suffer from inherent drawbacks such as cost, energy-intensive, toxic 

byproducts or low efficiency [2, 3], thus it is of importance to develop an innovative 

technology that could address these limitations.  

    Among all the chemical disinfection approaches, Fenton reaction, mainly benefiting 

from the powerful oxidation capability of hydroxyl radical derivatives produced from 

hydrogen peroxide and catalysts (e.g., iron (II)), has been proven highly effective on 

disinfection process [4, 5]. This disinfectant presents disinfection efficacy in a relative 

wide spectrum of microbes including but not limited to bacteria, viruses and spores, 

by launching an attack on cell membrane, nucleic acid molecules, etc. [6]. Though 

promising, the technology is still facing several challenges. Firstly, H2O2 as the main 

reactant of Fenton reaction is mainly produced from complex anthraquinone oxidation 

process [7]. Secondly, the supply of H2O2 is also limited by safety risks of 

transportation and storage so as to be restrained in many fields. 

   Recently, bio-electro-Fenton systems, which integrate Fenton reaction into various 

bio-electro-chemical systems (BES), have been widely studied in the field of bio-

refractory organic wastewater treatment [8-11] due to their unique merits in cost-

effective and efficient in-situ H2O2 generation [12]. The first generation of bio-
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electro-Fenton systems is based a typical BES termed microbial fuel cell (MFC) [13-

15]. In this system, oxygen is reduced to H2O2 through a two-electron reduction 

pathway (eq. 1) at the surface of cathode by receiving the electrons transferred from 

the bacterial oxidation of organics in anode [16, 17].  As a result, electricity is 

generated and the H2O2 produced in-situ in the cathode reacts with Fe
2+

 to form •OH, 

a very reactive compound effective for water purification (eq. 2) [9, 18]. Latterly, it 

was found that the treatment capacity can be boosted by supplying small amounts of 

electricity (0.2-1.0 V) to the system, due to the improved H2O2 production [19]. In 

lights of the advantages in H2O2 production and utilization, the bio-electro-Fenton 

systems have been applied to treat a broad spectrum of recalcitrant organic pollutants, 

including azo days, aniline, pharmaceuticals, p-nitrophenol and so on [10, 11]. 

However, water disinfection which could be another important application of the bio-

electro-Fenton technology has never been explored. 

	O� + 2H
�
+ 2e

	
	→ H�O� (1) 

H�O� + Fe
��
→· OH	 + 	Fe

�
+ 	OH

	 (2) 

   Herein, an innovative application of the bio-electro-Fenton system for the 

inactivation of pathogenic microorganisms in water (E. coli as a model), named 

microbial electrolytic disinfection (MED) process, was proposed and investigated. In 

this process, the bacteria in the anode of MFC assisted with small input voltage (0.1-

0.4 V) will first oxidize organics and transfer the electrons to the cathode for H2O2 

synthesis (eq.1), which will react with Fe2+ to form •OH (eq.2). The •OH could 

oxidize organic pollutants and inactivate pathogens. To date, bio-electro-Fenton 

systems have never been applied for water disinfection. The objective of this work is 

to elucidate and demonstrate the feasibility of the MED process as simple, cost-
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effective, efficient and reliable approach for water disinfection. The performance of 

the system was evaluated in terms of cell inactivation effects, electron flows, and 

hydrogen peroxide generation/utilization. The effect of different operating parameters 

(e.g. cathodic aeration rate, external applied voltage and Fe
2+

 concentrations) on the 

disinfection effect was also evaluated. The outcomes are expected to offer an efficient, 

cost-effective and environment-friendly platform technology for water disinfection, 

and expand the application of microbial electrochemical system. 

2. Materials and methods 

2.1 Reactor setup and operation 

   Dual-chamber reactor with 100 mL total volume and 80 mL working volume of 

each chamber was used for this study (Figure 1). The anode electrode was carbon 

brush (5.9 cm in diameter, 6.9 cm in length, Mill-Rose, USA) on which the 

exoelectrogenic biofilm was first enriched in MFC mode for about one month using 

domestic wastewater as organic sources. An auxiliary glass bottle containing 

necessary nutrients solution was connected with anode chamber. Recirculation of the 

solution through anode was adopted to ensure efficient mass transfer and maintain the 

sufficient fuels for biofilm. The cathode was made of graphite plate (4 cm × 3.5 cm × 

0.4 cm) and was boiled in 3 M H2SO4 for ten minutes prior to use. A cation exchange 

membrane (CEM) (CMI 7000, membrane international, NJ) was used to separate two 

chambers. An Ag/AgCl reference electrode (+0.197 V vs SHE) was inserted into 

cathode chamber, close to the graphite plate (all potentials presented in this article 

were presented versus this electrode). 

Figure 1 is here 
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In the biofilm enrichment stage, the anode and cathode chambers were respectively 

fed with domestic wastewater and 50 mM potassium ferricyanide. The domestic 

wastewater was collected from primary clarifier (Lyngby Wastewater Treatment Plant, 

Copenhagen, Denmark) which was amended by 1 g/L acetate prior to use. The 

characteristics of the wastewater were described previously [10]. After enrichment for 

around one month, mature anodic biofilm was formed when stable maximum voltage 

(~650 mV) was observed in several successive batches. Subsequently, the reactor was 

switched into MEC mode and the anolyte was replaced by synthetic nutrient medium 

including 1 g/L acetate, 0.31 g/L ammonia chloride, 50 mM phosphate buffer solution 

(PBS), 12.5 mL/L mineral solution and 12.5 mL/L vitamin solution. Meanwhile, E. 

coli contaminated water samples prepared based on 50 mM sodium sulfate was added 

into the cathode instead of potassium ferricyanide, so as to prevent the bacteria from 

cell lysis. The initial catholyte pH was adjusted to 3.0 ± 0.1 using 3 mM H2SO4 and 

0.3 mM NaOH. FeSO4 of 0.3 mM was added into catholyte, except for the tests of 

different concentrations of ferrous. Constant voltage of 0.2 V was applied using a 

potentiostat (CT-4008W, Neware Battery Testing System, China). The cathode cell 

was continuously aerated through a 45 µm filter by a peristaltic pump at a rate of 29.8 

mL/min, unless otherwise stated. 

2.2 Chemicals and analysis 

Current was recorded by a battery testing system (CT-4008W, Neware Battery 

Testing System, China). The hydrogen peroxide concentration was measured by UV-

vis spectrophotometry (Spectronic 20D+, Thermo Scientific) at 400 nm wavelength 

[20]. The pH was measured by a pH meter (PHM 92 lab pH meter, Radiometer, 

Denmark). The current density was calculated according to the projected surface area 

of cathode [20]. Experiments were conducted in duplicate in a water bath at 25 °C. 
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Sodium sulfite solution (3 mM) of 100 µL was immediately added into each sample to 

quench oxygen reactive species [21] before counting the colonies, and control 

experiments showed negligible effect of sodium sulfite on bacteria concentrations. All 

chemicals were analytical pure without further purification.  

For scanning electron microscope (SEM) test, the E. coli containing solutions 

before and after treatment were centrifuged to obtain sediment pellets, which were 

fixed by soaking into 4% formaldehyde overnight in 4 ℃. Later, samples were soaked 

into gradient 25%, 50%, 75%, 95% and 100% ethanol/distilled water solutions each 

for 10 minutes, respectively. After that, samples were freeze-dried for two hours then 

powder specimens were harvested [22]. These specimens were mounted onto SEM 

holders and coated by nano-gold (Quorum sputter coater, UK) before observed by FEI 

Quanta 200 ESEM FEG (Germany).  

2.3 Inactivation tests 

The E. coli (ATCC-15597, American Type Culture Collection) was chosen as a 

typical pathogenic bacterium in this study. E. coli is considered responsible for human 

intestinal diseases or even worse illness and is the most commonly used model 

pathogen to indicate the biohazards of drinking water and water reuse under various 

official water quality standards [23]. The bacterium was first cultivated for 18 hours at 

37 °C in Luria-Bertani medium (LB broth: tryptone, 10 g/L, NaCl, 10 g/L, yeast 

abstract, 5 g/L, pH 7.4). Subsequently, the culture was centrifuged at 6000 rpm for 10 

minutes to harvest the bacteria which were resuspended in 50 mM Na2SO4. This step 

was repeated three times to achieve bacterial suspension without any nutrients and 

metabolites from the cells [24]. E. coli suspension was stocked in 4 °C for further use. 

Before each experiment, E. coli from stock solution was first cultivated for 24 hours 
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at 37 °C and then counted on LB-agar plates (LB broth + 18 g/L agar) to maintain an 

initial bacteria density (at t = 0 minute) at around 107 CFU/mL.  

The experiments were conducted to challenge the survival of E. coli in our system under 

different operating conditions including varied voltage supply, aeration rates and ferrous iron 

dosages. In the first step, the effects of external voltages (0 to 0.4 V) on E. coli inactivation 

were investigated. Secondly, the disinfection efficiency was studied by increasing cathode 

aeration rates from 0 to 80 mL/min. Lastly, ferrous iron concentration of 0, 0.15, 0.30, and 

0.45 mg/L were tested. The aeration rate and external voltage were kept at respective optimal 

conditions for the different ferrous iron concentrations test. pH was adjusted to 3.0 before 

each test. Samples were taken out of reactor every 10 minutes and diluted immediately. 

Several ten-fold dilutions were inoculated on plates in triplicate. Colony forming units 

were counted for enumeration after incubation at 37 °C for 24 hours. All experiments 

were conducted in duplicate.  

3. Results and discussions 

3.1 E. coli inactivation in MEDC system   

The feasibility of the bio-electro-Fenton for water disinfection was investigated and 

the results are shown in Figure 2.  With cathode aeration of 29.8 mL/min, Fe
2+

 dose of 

0.3 mM and external voltage of 0.2 V, the concentration of E. coli dramatically 

decreased from 107 CFU/mL to less than 1000 CFU/mL after 1 hour operation 

without any lag phase, resulting in a 4-log reduction of E. coli (Figure 2a). The 

viability loss of E. coli exhibited pseudo-first-order kinetic in the first 20 minutes and 

thereafter a much slower rate of disinfection was observed. Similar results were 

reported in the study on inactivation of MS2 coliphage by Fenton reaction [21]. The 

rapid inactivation phase was probably due to the •OH generated by Fe
2+

 and H2O2 
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while the reduction of Fe3+ to Fe2+ contributed the later 40 minutes inactivation 

process [21]. Comparatively, the sterilization was not notable in the absence of 

aeration, Fe2+ dose or external voltage in control experiments (Figure 2). Notably, a 

slight increase in the E.coli concentration (the bacteria might slightly grow after 

inoculum) was even witnessed in an open circuit control test without aeration or Fe
2+

 

dose, indicating the importance of Fenton reaction to the pathogen inactivation. The 

results also indicate that low pH at 3 had no significant disinfection effect on E. coli. 

It was in agreement with previous studies in which pathogenic E. coli strains could be 

resistance to the lethal effects of very low pH [25] Some E. coli strains could even 

survive for several hours at pH 2.0 [26-28]. The bacterial inactivation could be due to 

the Fenton reaction where hydroxyl radicals (•OH) was generated predominately 

under acidic condition and a series of subsequent chain reactions were triggered by 

Fe2+ dose (Table S1, Supplementary data). Beside •OH, other derived reactive oxidant 

species like •HO2 and Fe (IV) might be also responsible for pathogens inactivation 

[29]. The Fe
3+

 did not have disinfectant effect over E. coli at low dosages (5 mg/L, 

corresponding to 0.089 mmol/L), but 0.87 log of E. coli was killed when 50 mg/L 

Fe
3+

 was added [23]. The effect level of Fe
3+

 was much higher than what was added in 

this study. Thus, the disinfection observed in this study was not due to the effect of 

Fe
3+

.  Fe (II), Fe (III), and Fe (IV) recycled in solution so that radical oxidative species 

could be persistently generated (reactions are shown in supplementary data) [21]. 

Under such conditions, the iron sludge precipitation was avoided during the reaction 

since the pH value was lower than 4.0 which was required for ferrous iron sludge. 

Figure 2 is here 

The initial pH 3.0 was chosen to avoid ferrous precipitation by being oxidized into 

ferric iron at higher pH values, as well as preventing cell apoptosis at extremely low 
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pH (pH≤3.0). Besides, lower pH could provide sufficient protons for hydrogen 

peroxide synthesis (eq. 1) through two-electron pathway [30] . It was observed that 

pH increased with time during inactivation process in the cathode (Figure 2b). The pH 

values in control tests (no voltage, no aeration or Fe
2+

 addition) leveled out on a 

relative stationary state of 3.0. However, over the reaction time, an alkali increasing 

process was observed when Fe
2+

 was not added. The fluctuant pH might be partly 

attributed to H
+
 immigration from bacterial metabolism in anode chamber to the 

cathode via PEM. In terms of hydrogen peroxide generation, it could be accumulated 

without of Fe
2+

 but it seemed not to contribute to disinfection (Figure 2a) as only 

approximate 3.5 mg/L H2O2 was detected.  It was still far below the level needed for 

disinfection [24]. Therefore it was concluded that the radical oxidative species (e.g., 

•OH) were the active compounds inactivating E. coli, rather than other factors. 

3.2 The effect of external voltages  

The external applied voltages which determined the cathode potential of the MED 

system may strongly influence the performance of E. coli inactivation. The effect of 

external applied voltage on the inactivation was investigated and the results are shown 

in Figure 3. Antibacterial effect was not positively correlated with the applied external 

voltages. At 0.2 V applied voltage, 3.5-log bacteria were killed, which was higher 

than that at 0.1 (2.5-log reduction of E. coli) and 0.4 V (2.0-log reduction) (Figure 3a). 

By contrast, only a slight decrease (0.79 log) in E. coli concentration was observed in 

control experiment (without voltage input), which might be due to the natural death at 

limited nutrients condition in the cathode.  

Figure 3 is here 

    The decrease of inactivation effect at 0.1 and 0.4 V might be attributed to the 
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following two aspects. Firstly, disinfection in the MED system was highly relied on 

Fenton reaction. As ferrous iron concentration was fixed in this test, this phenomenon 

might be explained by the different hydrogen peroxide yield under various applied 

voltages. A few publications have reported that H2O2 produced by two-electron 

oxygen reduction could be accumulated under cathode potential of -0.450 to -0.650 V 

[19], which range was well corresponding to the cathode potentials in this study 

(Figure 3b). It was observed that the cathode potential decreased with the increasing 

of applied voltage. When 0.1 and 0.2 V was applied, the cathode potentials were 

stable at -0.450 and -0.600 V, respectively, while the potential decreased to -650 V 

when 0.4 V was applied. Although some previous works also stated that a 0.5 V 

external electric pressure was better for electro-Fenton reaction [31] in terms of 

oxygen reduction, it was the nature of carbon electrode that the balance of H2O2 and 

H2O generation may be different with different electrode [32]. Thus, by observing the 

highest efficiency of E. coli disinfection, 0.2 V was considered as a proper voltage 

supply in the following experiments. Secondly, preliminary experiments showed that 

relatively higher voltage supply caused dramatic pH increase in the cathode (Figure 

S2). It may cause iron precipitation and have harmful effect on the inactivation of E. 

coli [11]. When the reaction time stretched to more than 4 hours, ferric hydroxide was 

observed suspending in cathode solution due to the increase of pH. The ferric 

precipitate, which should be avoided, would badly influence the performance by 

attaching onto the electrode and PEM preventing movement of ions.  

3.3 The effect of cathode aeration rate    

Bioelectrochemical Fenton disinfection was carried out under different aeration rates, 

i.e., achieving various dissolved oxygen concentrations in catholyte. O2 is the key 

factor to Fenton reaction as it was the source of H2O2 for two-electron reduction 
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(imperfect reduction) in the system. It was confirmed by the monitored cathode 

potential (Figure S3). As shown in Figure 4a, when aeration rate was increased, 

cathode potential was approaching optimal H2O2 generation potential (-0.6 V). Nearly 

4.0-log inactivation of E. coli was achieved when the aeration rate increased to 41 

mL/min. In addition, insufficient dissolved oxygen could limit mass transfer rate, 

since in the system, electrode material and current density (given certain voltage) 

were fixed, the initial oxygen attachment on electrode surface could be main limiting 

factor for H2O2 synthesis. It was evidenced that the stronger cathode aeration, the 

higher current density (0.2 V, Figure 4b). On the one hand, the higher aeration (within a 

certain range), the higher H2O2 production would be achieved [11]. On the other hand, Fe2+ 

oxidation would occur during aeration which would disorder the Fe
3+

/Fe
2+

 redox cycle. 

Compared to H2O2 synthesis, the rate of Fe
2+

 oxidation could be much lower, and thus, the 

higher aeration rate can finally enhance the inactivation efficiency. It was also in agreement 

with previous bio-electro-Fenton studies [33]. However, when the air flow rate was 

increasing to 41 mL/min, no further increase in the current density was observed, 

indicating oxygen saturated in cathode solution, in other words, the amounts of 

oxygen that approached electrode did not further increased.  

Figure 4 is here 

3.4 Effect of iron addition on the disinfection efficiency     

In order to minimize the reaction time and improve the inactivation effect, several 

tests with varied dosages of ferrous ions were conducted. The disinfection efficacy 

was generally strengthened with increasing of ferrous ions dosage (Figure 5). When 

the ferrous iron concentration increased from 0.15 to 0.45 mmol (Fe2+) /L, E. coli 

inactivation was enhanced by 30% in one hour. The H2O2 accumulation curve 

indicated that the higher Fe
2+

 concentration, the higher utilization of H2O2 it would be, 
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because both chemicals are responsible for hydroxyl radical generation (Table S1).  

This change well reflected on the inactivation performance of our system. Without 

Fe2+ addition, H2O2 could be continuously accumulated following an approximate 

linearly rise up to nearly 3.5 mg/L in one hour, but little bacteria were inactivated. 

This control experiment again confirmed that Fenton reaction was responsible for the 

high performance of disinfection process. 

Figure 5 is here 

     On the other hand, •OH generation is not the unique pathway for ferrous 

consumption. In this process, Fe
2+

 reacted as a catalyst rather than a consuming 

reactant so that it could be regenerated in the Fenton chain reaction hence it could 

remain constant in solution. Due to the continuous aeration (29.8 mL/min), an over-

saturation of dissolved oxygen (9.18 ± 0.04 mg/L) was reached. Thus, a large 

proportion of Fe2+ was depleted by oxidation to Fe3+, breaking the balance of Fe2+ 

regeneration and would negatively affect the Fe
3+

/Fe
2+

 redox cycle [30]. It would 

further influence the second inactivation phase (later 40 minutes) as stated in section 

3.1. On this basis, ferrous iron concentration was a limiting factor in disinfection of E. 

coli. It could be expected that the disinfection performance could be enhanced by 

increasing the ferrous ions dosage. 

3.5 Potential mechanisms for E. coli inactivation     

To further understand the mechanisms of E. coli inactivation in MED progress, the 

surface morphology of E. coli before and after disinfection was examined by SEM. As 

shown in Figure 6, significant changes in cellular structure were observed after water 

treatment. Untreated E. coli sample showed clear bacterial outline, intact and 

undamaged cell membranes, and even filiform veins which was mostly like twisted 
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bacterial flagella. While after disinfection process, the cells were in wizened shape 

and had some holes on their membranes (Figure 6c and 6d). Similar cells deformation 

was also recently observed in E. coli disinfection process via Fenton reaction [34]. 

The holes and gaps on the membranes might be caused by the strong oxidation 

capacity of the hydroxyl radicals generated from Fenton reactions. Although hydroxyl 

radicals suffered from its short lifespan, they were considered responsible for the 

membrane damage on account of their strong reactivity to the lipid bilayer of cell 

membrane [35]. The damage was a kind of promotor for a series of reactions on the 

cytomembranes, which would excessively destroy membrane-permeability and affect 

the intracellular chemical environment and physiological function [3]. All these 

together would cause cytoplasm leaching and accelerate the death of E. coli. It has 

also been previously reported that the broken cell membranes might cause severe K+ 

leakage [36, 37]. Potassium ions significantly contribute to bio-macromolecule 

formation (protein, enzymes, etc.) and maintain osmotic pressure. Furthermore, 

without protection of lipid bilayer, the intracellular pH homeostasis could be easily 

broken especially in the acidic cathode chamber, as stated in section 3.1. Overall, it 

could be concluded that the dead of E. coli might mainly be due to the outer 

membrane fracture and distortion under oxidative attack, and thus, they could not be 

re-activated after the severe structural injuries.  

Figure. 6 is here 

3.6 Significance and perspectives 

Such MED process has never been reported and has several advantages over the 

conventional water disinfection technologies: (i) no need of externally added H2O2, 

since it is in-situ produced from oxygen reduction by the electrons harvested from 
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organic pollutants in wastewater by electrochemically active microbes, (ii) lower 

external voltage applied (only 0.2 V input) compared to the previously bio-electro-

Fenton system [31]. To further reduce the energy input, renewable electricity sources 

such as solar energy, wind power or wastewater-fed MFC could be used to power the 

process. (iii) The main disinfection mechanism was cell membrane broken and cell 

disorder rather than specific attack, the system may possess a broad spectrum 

antibacterial characteristic. (iv) Since organics are needed in the anode as substrate, 

the technology can fit well with the existing infrastructure of domestic wastewater 

treatment plant and extend the function of the plant for further water purification 

(recalcitrant organics removal and disinfection). In this way, organic matters are used 

to support the whole process rather than function as radical scavenger. The effect of 

bicarbonate present in the wastewater on the disinfection process should be further 

investigated in future work, in order to better fit the proposed technology with 

existing water treatment facilities. Besides, the potential applications of the 

technology could also be hospital wastewater purification, reuse of swimming pool 

water and any other places where there is a need of organic matters and pathogens 

removal.  (v) The energy requirement of an MEC for H2O2 generation was calculated 

as 0.45 ~ 0.93 KWh/kg (H2O2), plus the polycarbonate reactor used in our pilot study 

and acetate dosage [20, 31]. The total cost is still much lower than the price of 

commercial H2O2 purchase which equals to approx. 15 Euro/kg (30% H2O2) (Aladdin 

Co., China). Chemical costs for pH adjustment is not avoidable for conventional 

Fenton process, but it can be compensated by the relatively lower cost of H2O2 in our 

system. Furthermore, our system could be further integrated with advanced Fenton 

process that can be operated in neutral pH for saving the chemical costs. Taking 

together, this would in short-term largely decrease the cost of water treatment and 
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meet the demands of decontamination for water reuse. It was also expected in the 

long-term the technology to become the new benchmark for water streams treatment 

and disinfection industry. 

    Nevertheless, before being expanded in practical application, more efforts should 

be made so as to fulfill the great potential. Firstly, this microbial electrolytic 

disinfection process only effectively occurred under acidic condition as discussed 

above, it might to some extent make the process complex by integrating pH 

adjustment for Fenton reaction and effluent discharge. Fortunately, ferrous ions are 

not the only chemical to trigger •OH generation. This system could be integrated with 

ultraviolet light or solar light to address the pH limitation and cost of Fe
2+

. Electrode 

material with larger electrochemical activated surface instead of raw pure carbon 

cathode should be further developed to reduce overpotential of oxygen reduction. 

Additionally, higher aeration rate may make the process very troublesome to scale up 

and speed up the alkalization process. Previous research has developed a three-

dimension cathode with large specific surface area which significantly increased 

hydrogen peroxide generation. Aeration rate could be decreased by strengthening the 

effective mass transfer. Secondly, in the lights of long-term stability of this system, 

further study is also required to track the anode microflora transition over time as 

system goes on. In the meantime, an exoelectrogen bacteria-predominant anode 

biofilm will largely shorten the start-up time. More than that, the disinfection 

mechanism proposed here was mainly based on the research of Staphylococcus aureus 

inactivation [5, 35]. The actual reaction pathways should be further identified. For 

instance, probe compounds (e.g., benzoic acid) or ESR analysis could be performed to 

differentiate and quantify the radicals. Beside SEM, more characterization methods, 

such as the BacLight kit fluorescent microscopic method, luciferin/luciferase test for 
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determination of cellular ATP, the Bradford assay for protein measurement could be 

used. Thirdly, the system should be further tested with real wastewater matrix. Last 

but not least, the system should be moved from lab to field application by addressing 

the challenges during scaling up to accelerate its commercialization.  

4. Conclusions 

In this study, the microbial electrolytic-Fenton cell was proved as a promising 

alternative solution for water disinfection and purification. H2O2 was in situ produced 

in cathode and reacted with Fe
2+

 agents to trigger the Fenton reaction. System 

performance was affected by applied voltage, cathodic aeration rate and the mounts of 

Fe2+ dosage. To be more specific, batch assays revealed that applied voltage of 0.2 V 

was considered more suitable for complete inactivation. Besides, disinfection effects 

were in proportion to Fe2+ dosage and aeration rate, but from the economy point of 

view, 0.3 mmol (Fe2+)/mL and 29.8 mL/min aeration was considered as optimal. E. 

coli as a model pathogen in this study was largely inactivated by Fenton oxidation 

process after which the cells of bacteria were severely broken by hydroxyl radicals 

attack.  
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Figure captions 

Figure 1 Schematic illustration of disinfection in Bio-electro-Fenton System 

Figure 2 Inactivation of E. coli (a), pH changes (b) and hydrogen peroxide 

accumulation in bio-electro-Fenton system at initial pH 3.0 (c) (initial [E. coli] = ~ 

10
7
 CFU/mL, [Fe

2+
] = 0.3 mM, aeration rate = 29.8 mL/min, applied voltage = 0.2 V) 

and control experiments 

Figure 3 Inactivation effects of E. coli (a) and cathode potential under various applied 

voltage (b) (aeration rate: 29.8 mL/min, [Fe
2+

] = 0.3 mM) 

Figure 4 Inactivation effects and pH, fitting line indicates the positive relationship 

between pH increasing and aeration rate (a); current density under increasing cathode 

aeration rate (b) (applied voltage and Fe
2+

 dose were fixed at 0.2 V and 0.3 mM, 

respectively) 

Figure 5 Disinfection effects of E. coli under different Fe2+ additions and H2O2 

accumulation after 60 minutes treatment (external applied voltage: 0.2 V, aeration rate: 

29.8 mL/min) 

Figure 6 SEM images of E. coli (a, b) untreated, (c, d) after bioelectro-Fenton 

treatment for 60 min (Arrows indicated that the collapses in cellular structure) 
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Highlights 

• An innovative microbial electrolytic disinfection process for water purification. 

• H2O2 was in situ synthesized in cathode to trigger Fenton reaction. 

• Identified key factors affecting the E. coli inactivation in the system. 

• Cell membrane damage as potential mechanism of E. coli inactivation. 

 

 


