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Sulfide removal and hydrogen production in a microbial electrolysis cell (MEC) were simultaneously 

accomplished using potassium sulfide as the substrate. Experiments were conducted utilizing a single-

chamber MEC under the applied voltage of 0.7 V with different concentrations of potassium sulfide
 

(i.e., 500, 600, 800, and 1000 mg/L). MEC test results indicated that the optimum concentration of 

potassium sulfide was 600 mg/L with a maximum hydrogen production rate (QH2) and overall energy 

recovery (ηw+s) of 0.913±0.023 m
3
H2m

-3
d

-1 
and 261%±6.5%, respectively. The sulfide removal rate 

was 80.7%. Microbial community analysis of the anode biofilm showed an extensive diversity of 

bacteria, including Geobacter(7.35%), Desulfurella(4.31%), Sulfuricurvum(3.33%), and 

Sulfurospirillum(2.82%). This study presents a new and effective method for sulfide removal.   

 

 

Keywords: Sulfide removal; Hydrogen generation; Microbial community diversity; Microbial 

electrolysis cell 

 

 

 

1. INTRODUCTION 

Sulfide-rich wastewater is generated by petrochemical processing, as well as paper and digester 

effluent [1]. Sulfide-containing wastewater should be treated before discharge because it is toxic [2], 

corrosive [3], and malodorous [4]. Traditional physical chemical methods of sulfide treatment, 

including precipitation [5-6], absorption [7], and chemical oxidation, are limited by their high costs. 

Several studies have recently recongnized biological sulfide removal as an alternative method [8]. 

Microbial full cells (MFCs) are usually used to remove sulfide and generate electricity [9-10]. 

However, few studies have ever reported on the use of microbial electrolysis cells (MECs) to remove 

sulfide and generate hydrogen simultaneously.  

http://www.electrochemsci.org/
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An MEC contains an anode and a cathode, and the substrate is oxidized in the biofilm on the 

anode to generate electrons and protons; the electrons pass through the external circuit to the cathode, 

whereas the protons diffuse to the cathode. Finally, these protons and electrons combine to generate 

hydrogen at the cathode [11-12]. This feature enables an MEC to generate hydrogen at the cathode, 

which is accomplished by adding voltage (as low as 0.2 V) over that required for electrolytic hydrogen 

production (1.23 V in theory). Hydrogen is a promising energy carrier as an alternative fuel because of 

its high energy density, availability from renewable sources, and zero-emission characteristics [13]. 

Current hydrogen production methods utilize processes that rely on non-renewable energy sources. 

Electrohydrogenesis that employs an MEC is a promising approach to produce clean hydrogen fuel 

from different biodegradable carbon sources, including wastewater and other renewable resources [14]. 

Lin [15] demonstrated that the sulfide removal rates at 2 and 10 mM Na2S are 44% and 121% with an 

applied voltage of 1 V in the MEC. 

 

 
  

Figure 1. MEC schematic. 

 

Anti-toxicity biofilms were grown in an MFC in this study by increasing the sulfide 

concentration while lowering the glucose concentration in the same gradient manner until pure sulfide 

was obtained. The biofilm was adopted as the MEC anode. The sulfide was rapidly oxidized to 

elemental sulfur (S
0
) by sulfide-related bacteria in the biofilm. Potassium sulfide served as the 

substrate for the MEC with different concentration of potassium sulfide
 
(i.e., 500, 600, 800, and 1000 

mg/L) to demonstrate the high sulfide removal and hydrogen production rates. 

The sulfide removal in the anode (1) and hydrogen generation in the cathode (2) are expressed 

in the following equations: 
 
S

2-
→S

0
+2e

-
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2H
+
+2e

-
→H2    
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2. MATERIALS AND METHODS 

2.1. MFC construction and domestication 

The two chambers were separated by a proton exchange membrane (Nafion 115, DuPont) with 

an area of 4 cm
2
, and their effective volume was 80 mL. For each MFC, the per-treated carbon felt (2 

cm × 5 cm × 1 cm)(Shanghai Lishuo Composite Material Technology Co., Ltd.) was employed as the 

anode in the anode chamber, whereas the cathode was a platinum network (2 cm × 2 cm) in the 

cathode chamber. Electrodes were connected with a concealed copper wire. The external circuit was 

connected to a constant external resistance of 1000 Ω. The sludge collected from a local coking 

wastewater treatment plant in Taiyuan, China served as the inoculated sludge. A 20 mL bacterial 

solution was injected into the anode chamber of MFC. After each cycle, the anode supernatant was 

replaced with 60 mL of anode buffer solution and the substrate [16], the cathode buffer solution 

contained 6.64 g·L
-1

 of NaH2PO4·2H2O, 20.64 g·L
-1

 of Na2HPO4·12H2O, 2.634 g·L
-1

 of K3[Fe(CN)6]. 

Startup of MFC using 1000 mg·L
-1

 glucose as substrate, domestication of biofilm using glucose and 

potassium sulfide as substrate, the amount was changed as follows: the sulfide amount increased (100-

500 mg·L
-1

), whereas the glucose amount decreased (400-0 mg·L
-1

) in the same gradient manner. The 

MFCs were operated in batch mode at 25 °C. 

 

2.2. MEC construction 

Single-chamber MEC reactors were constructed using a glass cylindrical. For each MEC, the 

anode was made of carbon felt initially inoculated in the MFCs, whereas the cathode was a platinum 

network (2 cm × 2 cm). Electrodes were connected with a concealed copper wire, and a power source 

(HB 17301 SL; Hossoni, Inc., China) was linked to the circuit. The power source provided an external 

voltage of 0.7 V. After inserting the electrodes, the chamber volume was 100 mL. A 20 mL bacterial 

solution was injected into the MEC. The gas was collected with a sealed tube glued to the reactor top. 

The tube top was sealed with a 10 mL gas bag. The nutrient solution contained the following (in 1000 

mL distilled water): 5.618 g of NaH2PO4·2H2O, 6.155 g of Na2HPO4·12H2O, 0.13 g of KCl, 0.31 g of 

NH4Cl, and 12.5 mL of trace metal solution. 

The sulfide was added to the nutrient solution of the MFC as an electron donor in the form of 

K2S. The MECs were operated in batch mode at 25 °C. The current in the adjacent period reached a 

stable maximum current under each stable condition, and the MEC was run for at least three cycles. 

The MEC was operated in the next condition. After each cycle, the supernatant was replaced with 80 

mL of nutrient solution, and the cathode was washed to prevent poisoning. 

 

2.3. Analytical methods 

The MEC current was recorded every 30 min using a digital multimeter (UNI-T 803; Uni-

Trend Electronics Co., Ltd., Shanghai, China). Current density was calculated as Im=I/S, where I is the 

measured current(A), and S is the anode surface area(m
2
). The gas composition and volumetric 
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fraction of H2 were determined using a 1000 μL gastight syringe and a gas chromatograph (Thermo 

Fisher Scientific, Waltham, MA, USA). Micrographs of the biofilm on the anode were investigated 

under a scanning electron microscope (SEM-7001F, JEOL, Japan). 

All electrochemical experiments in this study were performed with a V3 electrochemical 

workstation (Princeton, USA). A three-electrode system, including a Ag/AgCl reference electrode 

(MF-2052 Bioanalytical Systems, USA), a Pt net applied as the counter electrode, and a carbon felt 

biofilm, was employed as the working electrode in an electrolyte of 0.1M phosphate buffer solution 

(PBS). Linear sweep voltammetry (LSV) measurements were performed at different scan rates in the 

potential range of -0.6–0V at a scan rate of 10 mV/s. Tafel analysis was conducted to determine the 

corresponding equilibrium potentials and exchange current density.  

Hydrogen recovery, including coulombic efficiency (CE, %), cathodic hydrogen recovery 

efficiency (rcat, %), overall hydrogen recovery efficiency (rH2, %), and energy efficiency [i.e., electrical 

energy input efficiency (ηw, %) and overall energy efficiency (ηw+s, %)], were calculated as previously 

described. Hydrogen production rates ( , m
3
H2m

-3
d

-1
) were also described. This formula showed in 

Supporting Information. 

Sulfide concentration was determined by an ion-selective glass electrode (Cole Parmer, 

Chicago, IL) in accordance with the Standard Methods for the Examination of Water and Wastewater 

[17]. 

 

2.4. 16S rRNA 

After running in the MEC for 6 months, the carbon felt was cut and crushed using a sterile 

spatula. Microbial samples were obtained from the surface of the carbon felt and sludge. Total 

community genomic DNA extraction was performed with an  E.Z.N.A.Soil DNA Kit D5625-01 

(Omega, USA) in accordance with the manufacturer’s instructions. We measured the DNA 

concentration with a Qubit 2.0 (life, USA) to ensure that adequate amounts of high-quality genomic 

DNA have been extracted. 

Polymerase chain reaction (PCR) was started immediately after the DNA was extracted. The 

16S rRNA V3–V4 amplicon was amplified utilizing a KAPA HiFi Hot Start Ready Mix (2×) (TaKaRa 

Bio Inc., Japan). Two universal bacterial 16S rRNA gene amplicon PCR primers were applied: the 

amplicon PCR forward primer (CCTACGGGNGGCWGCAG) and amplicon PCR reverse primer 

(GACTACHVGGGTATCTAATCC).  

After amplification, the PCR products were purified with AMPure XP beads. The samples were 

delivered to Sangon BioTech (Shanghai) for library construction using a universal Illumina adaptor 

and index. Before sequencing, the DNA concentration of each PCR product was determined with a 

Qubit® 2.0 Green double-stranded DNA assay and it was quality controlled with a bioanalyzer 

(Agilent 2100, USA). Depending on the coverage requirments, all libraries can be pooled for one 

run.The amplicons from each reaction mixture were pooled in equimolar ratios based on their 

concentration. Sequencing was performed with the Illumina MiSeq system (Illumina MiSeq, USA) in 

accordance with the manufacturer’s instructions.  
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3. RESULTS AND DISCUSSION 

3.1. Anti-toxicity biofilm domestication 
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Figure 2. Startup of MFC using 1000 mg·L

-1
 glucose as the substrate and voltage generation of anti-

toxicity biofilm domestication in the MFC. 

 

The voltage profiles of MFC with different substrates are illustrated in Fig.2. The output 

voltage increased rapidly until it reached a stable voltage when the medium was refreshed after 

approximately 20–30h and then decreased. The voltage output reached 149 mV at 24 h, 250 mV at 158 

h, 376 mV at 279 h, 510 mV at 390 h, and 510 mV at 514 h. Thus, the start-up time of 1000 Ω external 

resistors was 390 h. The substrate amount was changed as follows: the sulfide amount increased, 

whereas the glucose amount decreased in the same gradient manner. When the substrate concentrations 

of sulfide and glucose were 100 and 400 mg·L
-1

, respectively, a stable voltage generation of 371 mV 

was attained. When the substrate concentrations of sulfide and glucose were 200 and 300 mg·L
-1

, 

respectively, a stable voltage generation of 300 mV was attained. When the substrate concentrations of 

sulfide were 300, 400, and 500 mg·L
-1

, a stable voltage generation of 246, 215, and 305 mV was 

attained, respectively. The experiments were repeated twice, and the output voltage reached the 

maximum value of 495 mV. 

 

3.2. Effects of current density in the proposed MECs 

After running in MEC, the sulfide performance as a substrate (the concentration was 500 mg·L
-

1
) became stable at the current density. In Fig.3, when the sulfide substrate concentration was 500 

mg·L
˗1

, the current density reached its maximum value of 5.42 A·m
-2 

within the first 0.5 h of operation 

and then decreased gradually until the cycle end (24.5 h). The experiments were performed twice after 

a cycle. The peak current density at the third cycle was 5.44 A·m
-2 

when the medium replacement was 

only 0.02 A·m
-2

 higher than that of the first cycle, which indicates the excellent stability of the 
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performance. Under the sulfide substrate concentration of 600 mg·L
˗1

, the current density curve was 

similar to that the sulfide substrate concentration of 500 mg·L
˗1

. 
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Figure 3. Current density variation with time in a cycle of the MEC at different concentrations of 

sulfide with an applied voltage of 0.7V. 

 

The current density reached its maximum value of 5.7±0.16 A·m
-2 

after the medium was 

replaced and then rapidly decreased because of the medium consumption (approximately 33 h). The 

peak current density and cycle time of the sulfide substrate concentration was 600 mg·L
-1

, which was 

slightly higher than 500 mg·L
-1

, which may be attributed to the 600 mg·L
-1

 of the sulfide being the 

most beneficial to the bacterial activity. When the sulfide substrate concentration was 800 mg·L
-1

, the 

current density became stable and reached its maximum value of 4.42 A·m
-2 

simultaneously. The time 

required to reach this value increased to approximately 6 h, and the running time was 30.5 h. When the 

medium was 1000 mg·L
-1

 of sulfide, the current density significantly decreased. The stable and 

maximum value reached 2.53±0.4 A·m
-2 

after the medium was replaced at approximately 1 h, but the 

time cycle was only 14 h. This result may be due to the sulfur ion concentration being excessively high 

that inhibits bacterial activity or Pt poisoning [18]. 

 

3.3. Sulphide  removal 
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Figure 4. Variations in the sulfide concentration in the influent and effluent, as well as the sulfide 

removal rate with different sulfide substrate concentrations. 

 



Int. J. Electrochem. Sci., Vol. 12, 2017 

  

10559 

Table 1. Comparison of the sulfide removal rate for the different sulfide substrate concentrations and 

other initial sulfide concentrations under different power supply levels. 

 

Initial concentration 

(mg·L
-1

) 

Voltage 

(V) 

Time 

(h) 

Sulfide removal 

rate (%) 
Reference 

156 1.0 48 44 [15] 

780 1.0 48 121 [15] 

60 – – 58.3 [19] 

100 – 72 84.7 [20] 

546 – 120 47.1 [21] 

500 0.7 24.5 81.8 Current study 

600 0.7 33 80.7 Current study 

800 0.7 30.5 77 Current study 

1000 0.7 14 72.7 Current study 

 

Changes in the removal rate of sulfide in the catholyte are shown in Fig.4. The effects of the 

initial sulfide concentration (i.e., 500, 600, 800, and 1000 mg·L
-1

) with different cycle times (i.e., 24.5, 

33, 30.5, and 14 h) on the MEC performance were investigated. When the sulfide substrate 

concentration was 600 mg·L
-1

, the sulfide concentration decreased with time, whereas the sulfide 

concentrations decreased from 500 mg·L
-1

 to 91 mg·L
-1

 until the cycle end at approximately 24.5 h. 

Correspondingly, the sulfide removal rates with 600, 800, and 1000 mg·L
-1

 reached 80.7%, 77%, and 

72.7%, respectively, which demonstrate that MEC was promising for sulfide wastewater treatment. 

Sulfide can be rapidly oxidized to other sulfur compounds through electrochemical and biological 

actions in the anode compartment [20]. In contrast to previous studies, we used MEC to handle ultra-

high concentrations of sulfide and obtained hydrogen. 

 

3.4. Hydrogen production and energy recovery 

The gas produced in the experiments was collected, and its composition was analyzed (Fig.5A). 

The gas produced at the sulfide substrate concentration of 600 mg·L
˗1 

for the MEC in one cycle was 

20.1±0.5 mL, which was 39.3% higher than that at 800 mg·L
-1

 for the MEC (12.2±0.3 mL) at the cycle 

end and 65.7% higher than that at 500 mg·L
-1

 (6.9±0.2 mL) at the cycle end. The sulfide substrate 

concentration of 1000 mg·L
-1

 could only collect 4±0.1 mL in one cycle. The gas composition produced 

at the sulfide substrate concentration of 500 mg·L
-1

 for the MEC included H2 (98.17%±3.1%), CH4 

(0.25%±0.1%), and CO2 (1.57%±0.4%). 
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Figure 5. Gas composition and volume (A), hydrogen recovery efficiencies (B), and hydrogen 

production rates and energy recovery efficiencies (C) with different sulfide substrate 

concentrtions. 

 

The H2 and CH4 gas compositions produced at the sulfide substrate concentration of 600 mg·L
-1

 

totaled 99.02%±2.8% and 0.07%±0.01%, respectively, which were higher than those of the 500 mg·L
-1 

sulfide substrate. The gas composition produced at the sulfide substrate concentration of 800 mg·L
-1

 

included H2 (58.23%±1.5%), CH4 (1.33%±0.2%), and CO2 (40.38%±0.5%). The H2 proportion 

significantly decreased, whereas the CH4 and CO2 proportions significantly improved.  

Fig.5B shows that the coulombic efficiencies (CE) at sulfide substrate concentrations of 600 

and 800 mg·L
-1

 reached 131% and 79.2%, respectively, which were higher than that at 500 mg·L
-1
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(139%) and 1000 mg·L
-1

 of sulfide substrate (16.6%). The CE values exceeded 100%, which indicate 

that electron recycling occurred by the bioanode using hydrogen as an electron donor [22-23]. The 

cathodic hydrogen recoveries (rcat) at sulfide substrate concentrations of 600, 800, and 1000 mg·L
-1

 

were above 100%, which suggest that more hydrogen was recovered than expected based on the 

current.  

The nature of the hydrogen production rates and energy efficiencies are described in Fig.5C. 

The maximum hydrogen production rate (QH2) at a sulfide substrate concentration of 600 mg·L
-1

 

(0.913±0.023 m
3
H2m

-3
d

-1
) was comparable with those at 800 mg·L

-1
 (0.534±0.013 m

3
H2m

-3
d

-1
) and 

1000 mg·L
-1 

(0.411±0.010 m
3
H2m

-3
d

-1
), whereas it was superior to that at 500 mg·L

-1
 (0.325±0.009 

m
3
H2m

-3
d

-1
). The electrical energy input efficiencies (ηw) were 112%±3.2% (500 mg·L

-1 
of sulfide as 

substrate), 292%±7.3% (600 mg·L
-1 

of sulfide as substrate), 231%±5.7% (800 mg·L
-1 

of sulfide as 

substrate), and 306%±7.6% (1000 mg·L
-1 

of sulfide as substrate), which indicates that sufficient 

hydrogen was produced to power the MEC. The relatively high values of ηw are due to the low current 

densities output [24].  These results can be translated into higher energy recovery from wastewater 

[25].  

3.5. Electrochemical properties 
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Figure 6. LSV curves (A) and Tafel plots(B) for the different sulfide substrate concentrations with the 

presence of an anode at a scan rate of 10 mV/s in neutral phosphate buffer. The inset figure 

shows the LSV and Tafel at the end of the three-cycle MEC work. 

 

The use of different sulfide substrate concentrations of the anode biofilm generated different 

electrochemical properties. The LSV curves of the anode biofilm domesticated by the different sulfide 

substrate concentrations are shown in Fig.6A. Increasing the sulfide substrate from 500 mg·L
-1

 to 1000 

mg·L
-1

 decreased the current density from 34.2 A m
-2

 to 18.13 A m
-2

 at -0.2 V. However, the 

acclimated biofilm produced a current density of 33.4 A m
-2

 when the sulfide substrate concentration  

was 600 mg·L
-1

, which was lower than the 34.2 A m
-2

 at 500 mg·L
-1

. When the sulfide concentration 

were 500, 600, 800, and 1000 mg·L
-1

, the acclimated biofilm produced current densities of 193, 141, 

117, and 59.33 A m
-2

, respectively. The corrosion behavior investigated by the Tafel plots is shown in 

Fig.6B. The exchange current density at the sulfide substrate concentration of 600 mg·L
-1

 (3.279 mA) 

exceeded those at the three other concentration (i.e., 3.105 mA for 500 mg·L
-1

, 3.101 mA for 800 
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mg·L
-1

, and 2.186 mA for 1000 mg·L
-1

 of sulfide substrate). The higher corrosion rate promoted more 

cells on the surface, which may promote electron transfer from the bacteria to the electrode [26]. 

 

3.6. Scanning micrographs  

 
 

Figure 7. SEM images of the bare carbon felt (A) and microbes on the anode surface at the sulfide 

concentration of 1000 mg·L
-1

 at the end of the three-cycle MEC work (B). 

 

Fig.7 reveals the microbial images of the growth on the bare carbon felt. The structure of the 

carbon felt without cells was initially bare (Fig.7A). After the four sulfide
 
substrate concentrations for 

the biofilm domestication were introduced, the biofilm formed on the carbon felt surface was no longer 

uniformly distributed (Fig.7B). Under the sulfide substrate concentration of 1000 mg·L
-1

, some chain-

like and ring-like bacteria were attached to the surface. The increasing sulfide concentrations resulted 

in more microbes on the carbon felts because the microbes adapted to the sulfide-containing 

environments. More sulfide-related and producing-electricity bacteria that adhere on the carbon felt 

may be introduced, which increases the biodiversity. This scenario is a further reminder of the 16S 

rRNA complicon sequencing results. Differences in the sulfide substrate concentrations may present 

selectivity toward different types of bacteria, which could lead to anodes with markedly different 

electrical properties.   

 

3.7. Microbial community analysis 

Table 2. Number of sequence reads after quality filtering, operational taxonomic units (OTUs) at 95% 

sequence identity, and diversity indices of the bacterial community in two samples collected 

from the inoculum and the MEC. 

 

Sample Total # of quality 

filtered sequence 

reads 

OTUs Coverage Shannon 

diversity 

index 

Simpson 

index 

Chao1 

index 

ACE 

index 

Inoculum 11488 977 0.95 4.46 0.07 2249 3293 

MEC 81814 5269 0.95 5.27 0.02 41123 87394 

A 
 

B 
 

×4,500      1 μm      1 μm      ×10,000      
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In this study, the number of sequence reads after quality filtering, OTUs at 95% sequence 

identity, and diversity indices of the bacterial community in two samples collected from the inoculum 

and MEC were compared (Table 2). The microbial community distributions in the inoculum and MEC 

were investigated with 16S rRNA complicon sequencing (Fig.8). A total of 84,564 raw sequence reads 

were produced in this study through the high-throughput amplicon sequencing of the 16S rRNA gene 

(V3–V5 region) in the biomass sample of the anolyte in the MEC, which contains 100 mg of sulfide in 

a 100 mL buffer solution. By contrast, 15,389 raw sequence reads were generated in the biomass 

sample of the inoculum. After quality filtering, 11,488 sequence reads were continued for further 

analysis of the inoculum sample, whereas 81,814 sequence reads were continued for further analysis of 

the MEC sample. These results suggest that the microbial community in the inoculum was richer than 

that in the MEC sample. The OTU number after changing the sulfide concentration increased 5 times 

unlike the inoculum, where in the community diversity largely increased after the run. This finding 

was confirmed by the Shannon diversity, Chao1, and ACE indexes, which were higher for MEC 

sample than in the inoculums sample; by contrast, the Simpson index was lower in the former than in 

the latter, which further proves the slightly higher diversity of the MEC sample compared with the 

inoculums sample [27]. The coverage was the same for the MEC sample (0.95) and the inoculum 

sample (0.95), which indicate that the coverage could sufficiently capture most of the bacterial 

diversity [28]. 
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Figure 8. Microbial community distributions for the inoculum and MEC samples with an applied 

voltage of 0.7 V at (A) the phylum and (B) genus levels. 
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We analyzed the reads at the phylum level to investigate the different microbial communities. 

Fig.8A shows that most phyla were similar in the inoculum and MEC samples. Proteobacteria, 

Firmicutes, Actinobacteria and Bacteroidetes were dominant, but with largely different ratios. The 

bacterial community analysis of the MEC sample revealed the dominance of Proteobacteria, which 

accounted for 70.06% of the biofilm and was significantly higher than that in the inoculum (39.59%). 

This result is consistent with the results of bacterial communities in active sludge [29], soil [30], and 

sewage [31]. Furthermore, Proteobacteria was the most electrochemically active bacteria, suggesting 

that electrical stimulation promoted the increase in electroactive bacteria. The frequencies of the 

phylum Firmicutes in the MEC and inoculum samples were 10.19% and 42.00%, respectively. 

Firmicutes was also identified as transferred extracellular electrons in electricity generation [32].   

The microbial community distribution at the genus level (Fig.8B) shows that the genera were 

mainly Desulfovibrio(13.61%), Geobacter(7.35%), Desulfurella(4.31%), Sulfuricurvum(3.33%), 

Azospirillum(3.13%), Sulfurospirillum(2.82%), and Halothiobacillus(2.43%). Results showed a large 

percentage(8.74%) of unclassified species. Desulfovibrio was the main bacteria detected in the MEC, 

which is also the most studied genus of sulfide-related bacteria [33]. Geobacter and Desulfobulbus, 

belong to the Deltaproteobacteria class. Deltaproteobacteria could reportedly enhance the direct 

electron transfer efficiency between bacteria and the electrode. Wang [34] determined that 

Desulfovibrio is responsible for the direct electron transfer to the electrode. Sulfide removal may occur 

on the account of Desulfovibrio using electrodes that serve as the electron donor. Blázquez [35] also 

believed that Desulfovibrio and Paludibacter play key roles in sulfide conversion. The abundance of 

the genera Desulfovibrio, Geobacter and Desulfurella in the MEC were 13.61%, 7.35%, and 4.31%, 

respectively, which were considerably higher than those in the inoculums at 3.19%, 3.26%, and 0%, 

respectively. These results indicate that the bacteria have adapted to the environment.  

 

 

 

4. CONCLUSION 

This study determined that the optimum concentration of sulfide potassium is 600 mg·L
-1

 for 

sulfide removal and hydrogen production in the MEC with potassium sulfide as the substrate. 

Microbial community analysis of the anode biofilm showed a high diversity of bacteria, including 

Desulfovibrio(13.61%), Geobacter(7.35%), Desulfurella(4.31%), Sulfuricurvum(3.33%), 

Azospirillum(3.13%), Sulfurospirillum(2.82%), and Halothiobacillus(2.43%). These bacteria increased 

unlike the same bacteria in the inoculum, suggesting that the bacteria have adapted to the environment. 

Desulfovibrio was identified as the bacterial genus responsible for directing the electron transfer to the 

electrode. This study presents a new and effective method for sulfide removal. 
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SUPPLEMENTARY MATERIAL: 

 

1. Hydrogen recovery 

Coulombic efficiency (CE) was calculated on the basis of the measured current compared to the 

substrate removed using the following Eqs.(1-3): 

                    (1) 

                (2) 

                      (3)  

Where nCE (mol) is the moles of hydrogen that could be recovered based on measured current, nth 

(mol) is the maximum theoretical hydrogen potential from the substrate consumption, I (A/m
2
) is the 

current density of the anode surface area, F is the Faraday constant (F=96,485 C/mole
-
), is the 

conversion factor of substrate to moles of hydrogen, VL is the volume of reactor,  (g) is the mass of 

substrate consumption, MS (g/mol) is the molecular weight of substrate. 

The cathodic hydrogen recovery (rcat) was calculated using Eq.(4): 

                      (4) 

Where nH2(mol) is the actual moles of hydrogen recovered at the cathode. 

The overall hydrogen recovery (rH2) was calculated using Eq.(5): 

                       (5) 

2. Energy recovery 

The electrical energy efficiency (ηw) was calculated using Eq.(6): 

                    (6) 

Where △HH2 (285.83 kJ/mol) is the energy content of hydrogen based on the heat of combustion, 

Eps(V) is the applied voltage to the system by the power supply. 

The overall energy recovery (ηw+s) was calculated using Eq.(7): 

      (7) 

Where △HS (20.502 kJ/mol) is the energy content of substrate based on the heat of combustion. 

The hydrogen production rate (QV) was calculated using Eq.(8): 

          (8)    

Where IV (A/m
3
) is the current density of the liquid volume, T (K) is the temperature. 
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