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Anode and air-cathode fabrication 

The pristine carbon fiber (CF) was subjected to a sequential pretreatment involving 

three distinct solvents (ethanol, acetone, and water), with each solvent undergoing 15 min 

of ultrasonication. Subsequently, the CF was dried at 60 °C for 3 h and then cut into 1 x 1 

x 1 cm³ cubes. In the final step, all fabricated anodes were connected using stainless steel 

wire to establish electrical contact with the external circuit. With these preparations com-

pleted, the anodes are now ready for placement into the MFC systems. The cathode was 

prepared with a PTFE coating and a 5% platinum catalyst, following the procedure out-

lined by Cheng et al. [1]. 

Home-made reference electrode fabrication 

Due to the limitations of commercial Ag/AgCl reference electrodes (RE) in terms of 

size, a cost-effective, miniaturized Ag/AgCl (saturated KCl) RE was fabricated. The fabri-

cation process was executed in three distinct phases: (i) Ag/AgCl Formation: Silver wires 

were partially immersed in a 50 mM FeCl3.6H2O solution for a duration of 1 min (Figure 

S1). This immersion facilitated the formation of an AgCl film on the silver wires, in ac-

cordance with the specified redox reactions [2]. Subsequently, the silver wires, now coated 

with the AgCl film, were transferred to a saturated KCl solution. (ii) Preparation of ion-

conducting agarose hydrogel: This phase involved the creation of a conductive hydrogel 

to act as a salt bridge at one end of a Pasteur pipette. The hydrogel was formulated by 

dispersing 1% (w/v) agarose in a saturated KCl solution (0.2 g in 20 mL). This mixture was 

subjected to microwave irradiation for a total of 1 min (in two 30-second intervals) to en-

sure complete agarose dispersion. The resultant dispersion was then placed on a pre-

heated hotplate set at 80 °C and stirred vigorously. Concurrently, aliquots of the solubil-

ized agarose solution were injected into one end of Pasteur pipettes and subsequently 

cooled in a saturated KCl solution. (iii) Assembly of the reference electrode: Once the hy-

drogel solidified, the pipettes were filled with saturated KCl. The previously prepared 

Ag/AgCl electrodes were then inserted, yielding Ag/AgCl (saturated KCl) REs analogous 

to commercial variants (Figure S2). The opposite ends of the Pasteur pipettes were sealed 

using silicone and left to dry at room temperature prior to their deployment in MFC sys-

tems. The potential of this home-made reference electrodes was measured against com-

mercial AgCl/Ag reference electrodes, and only those electrodes exhibiting a shift of less 

than 10 mV were retained. This potential difference was noted for each electrode and 

taken into account to adjust the potential values presented. 



 

Figure S1. Silver wires used to prepare Ag/AgCl electrodes by immersing them in a solution of 50 

mM FeCl3⋅6H2O to form AgCl films on the silver wires. 

 
Figure S2. (A) Glass Pasteur pipettes plugging with ion-conducting agarose hydrogel. (B) Cool the 

hydrogel-plugged glass Pasteur pipettes at one end by immersing them in a cold KCl solution. (C) 

Pasteur pipette closure with silicone and stored in saturated KCl solution. 



 

Figure S3. Injection of the targeted pollutant (NS or Pb2+ ions) in the MFC biosensor containing fresh 

wastewater solution with 10 mM NaAc. 

 
 

Figure S4. CV curves for different biofilm growth periods on CF anodes describing the electrochem-

ical behavior of nonadapted electroactive biofilm and adapted to (A) 0 and (B) 1 mg L-1 Pb2+ ions in 

MFC reactors. Scan rate 10 mV s−1. 

  

Figure S5. CV curves for different biofilm growth periods on CF anodes describing the electrochem-

ical behavior of nonadapted electroactive biofilm and adapted to (A) 0 and (B) 1 mg L1 NS antibiotic 

in MFC reactors. Scan rate 10 mV s−1. 



 

Figure S6. CV curves recorded in fresh wastewater without (a) and with (b) 60 mM Na+, Cl-, σ ≈ 7 

mS cm2, on different mature biofilms already formed on CF anodes and nonadapted and adapted 

to 1 mg L1 (A) NS antibiotic and (B) Pb2+ ions in MFC reactors. Scan rate 10 mV s1. 
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