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RETRACTED: Treatment
mechanism of hexavalent
chromium wastewater in
constructed wetland-microbial
fuel cell coupling system
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gy, Guilin, China,

University of Technology, Guilin, China

Cr(VI) is toxic to the an bodyfand environment. As a suitable wastewater
treatment wit re ment technology, constructed wetland-
microbial fuel can treat Cr(VI) wastewater while generating
electdeity. In t W-MFC and constructed wetland systems were

Is 2.99-8.13% higher than that of the constructed wetland system, and
maximum power density is 505.61 mW m™. Moreover, the XPS and EPR
analyses demonstrated that Cr in substrates and Leersia hexandra Swartz
primarily is in the form of Cr(lll). Moreover, in plants and substrates, the Cr(lll)
content of the CW-MFC system was higher than that of the control, and the
bioconcentration and translocation factors were 0.23 and 0.05 higher than those in
the control group, respectively. Therefore, the CW-MFC system can efficiently
remove Cr(VIl) and promote the accumulation and transport of Cr. Microbial
community diversity in the CW-MFC was significantly higher than CW. The
abundance of electrogenic bacteria Geobacter and metal dissimilatory reducing
bacteria Acinetobacter in CW-MFC is higher than that in CW. To summarize, the
study results provide a theoretical basis for the mechanism study of Cr(VI)
wastewater treatment using CW-MFC systems.

KEYWORDS

CW, MFC, Leersia hexandra Swartz, wastewater treatment, XPS, FTIR, EPR

Abbreviations: COD, chemical oxygen demand; CW, constructed wetland; EPR, electron
paramagnetic resonance; FTIR, Fourier transform infrared spectroscopy; MFC, microbial fuel cell;
XPS, X-ray photoelectron spectroscopy.
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1 Introduction limited. Note that the oxidation-reduction potential of Cr(VI)
(1.33 V) is higher than that of O, (1.23 V) (Gupta et al., 2017;
In the last many decades, hexavalent Cr has been Liand Zhou 2018; Ren et al., 2018). Therefore, Cr(VI) can be
extensively used in the welding, tanning, mining, used as an electron acceptor and be converted to Cr(III).
electroplating, and pigment industries (Li et al., 2018). Because both CW and MFC can remove Cr in water, the
Because of its wide range of industrial applications, Cr is redox gradient of the natural layering of the CW system is highly
one of the primary toxic heavy metals. (Dermou et al., 2005). consistent with the operating conditions of MFC, thus providing
Therefore, the chemical reduction of Cr(VI) to Cr(III) is an the feasibility for the coupling of CW and MFC systems (Yadav
acceptable and effective technology, as it can reduce Cr(VI) et al,, 2012). In recent years, the ability of constructed wetland-
toxicity and stability in polluted environments. Generally, the microbial fuel cell (CW-MFC) systems to provide low electricity
moderate intake of Cr(III) is beneficial to the human body, while improving the treatment capacity of heavy metal
whereas Cr(VI) has high solubility, fluidity, and toxicity wastewater has attracted considerable attention (Wang et al,
(mutagenicity, carcinogenicity, and teratogenicity) (Gil- 2022). A removal study of Pb(II) by CW-MFC displayed that the
Cardeza et al, 2014; Qin et al., 2016). The long-term removal efficiency was up to 85% with a maximum power density
exposure to Cr(VI) may cause serious health problems, of 7432mW m™ (Zhao et al, 2020). In another study,
such as stomach and skin tumors and liver and kidney approximately 91% removal of Cr( btained in CW-

damage, and lead to interferences with the DNA MEFC under the optimal operating
transcription process (Vendruscolo et al., 2017; Li et al, However, the current researgh i i al improving the
2018). Unlike certain organic pollutants, Cr(VI) is non- treatment capacity of
biodegradable and can be stored in the environment for i -MFC system is
long periods of time (Li et al., 2012). Moreover, Cr(VI) is still not very cledf. invegigite the redox properties
relatively stable in water, exists in a dissolved state, has a of Cr i i€ study combines physical
¥ reduction, and microbiological
ove Cr(VI) from water bodies and
n of the treatment ability of CW-MFC and
the Cr(VI) polluted wastewater. Electron

strong migration ability in the environment, and can be
reduced to Cr(III) under certain conditions. Cr(III) can be
easily adsorbed by the bottom sludge in water, where most of it
is transferred to the solid phase and only a small amountg4
dissolved in water. The hydrolysis of Cr(III) produces
(III) wa

precipitate of chromium hydroxide; however, Cr S), Fourier transform infrared spectroscopy (FTIR) were used

nalyze the quality of wetland effluent, valence state of
sediment, thus resulting in a weak mi i chromium, and chemical characteristics of Cr in wetland
water (Blowes 2002). Therefore, Cr matrices and plants. The biogeochemical mechanisms of
priority pollutant in many Cr(VI) for water treatment were discussed and compared,

(Broadway et al., 2010; Bar, focusing on providing a scientific basis for improving the

Data acquisition

Leersia hexandra

Microorganism

~ . H,0 cr(in) i wEffluent,
(Chaudhry et al., 2017). Moreover, they are unsuitable for LY P 4% | Cathode |
—-— §
treating polluted water bodies with large area and low 0,+H: H | Middle layer
concentration of Cr(VI). Constructed wetland (CW) has a H :
number of complex ecosystems, including plants, e | Anode |
. . . CO+H
microorganisms, substrates, and water. Moreover, it has a - H
high treatment capacity for heavy metals, such as Cr, and the ﬁ/ Cr(vl) | Bottom layer | Sunibetic
atrix >
refractory organics in wastewater (Dotro et al., 2012; Gomes e :
etal, 2018). Microbial fuel cells (MFCs) have been extensively M
examined as a new technology for purifying wastewater while Peristaltic |
generating electricity (Gul P. et al., 2021; Uddin et al., 2021).
FIGURE 1

Certain studies used transition metals, such as Cu(II) (Tao Installation diagram of the constructed wetland-microbial
et al, 2011), Ag(I) (Choi and Cui 2012), and Hg(I) (Wang fuel cell coupling system (EAB, electrochemically active bacteria).
etal., 2011), as electron acceptors, but their success rates were
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treatment performance of Cr(VI) purified water in CW-MFC
coupling systems.

2 Material and methods

2.1 System construction and sludge
inoculation

A vertical upward-flow CW-MFC sewage treatment system
was constructed for this study. The primary part comprises a
reactor made of UPVC pipes with a diameter of 30 cm, a height of
70 cm, and an effective height of 60 cm (Figure 1). A water inlet is
located at the bottom of the system, and a water outlet lies close to
the top at a height of 60 cm. The system is composed of a bottom
layer (zeolite, 15 cm), an anode layer (activated carbon, 20 cm),
and a middle layer (ceramsite, 15 cm), as well as a cathode layer
(activated carbon, 10 cm). Both anode and cathode are composed
of 100-mesh-sized stainless steel wrapped with activated carbon.
The design of the stainless steel mesh improves the contact area
between the MFC and the pollutants, as well as prevents the
irregular diffusion of electrons, which improves the power
generation performance of the system. The anode and cathode
wires are connected by a copper wire and an external resistance
box (Fuyang Precision Instrument Factory, Hangzhou, China).
The voltage information is collected using an informatign
acquisition card (NI USB-6009, Suzhou Fuyutong Electroni
Co., Ltd., China). The source of inoculation is concentrateg
anaerobic sludge from Guilin Liquan Brewery,d
sludge is first acclimated in a laboratory ana

inoculated with sludge for
artificially prepared Cr(VL

ontrol group are not
After a preliminary
xperiment were conducted with a
COD concentrati@ihof 300 mg L™, a Cr(VI) concentration of
80mg L', and artif

pH of 6.5-8.0.

ally simulated Cr(VI) wastewater with a

2.2 Analytical methods

2.2.1 Determination of heavy metal chromium
and a valence state analysis

After wetland operation, substrates were sampled using a five-
point sampling method by inserting a sampler into the wetland
system, maintaining the same depth and mass of each matrix
sample. The collected samples are placed in an oven at 75°C,
baked to a constant weight, grated, and then set aside after a
100 mesh-sized sieve. A part of the samples was used for
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determining the Cr content, and the other part was used for XPS
and FTIR detection. The roots, stems, and leaves of L. hexandra were
collected, washed, and then placed in an oven at 105°C for 30 min.
Then, they were dried at 75°C to constant weight and used for EPR
detection after crushing. The roots, stems, leaves, and the Cr(VI)
substrate were extracted using the basic digestion method
(EPA3060A), and Cr(VI) obtained after the extraction process
was determined using the water quality—determination of
chromium(VI)-1,5 diphenylcarbohydrazide spectrophotometric
method. The extraction of total Cr was performed using the acid
digestion method, and Cr obtained after the digestion process was
determined by the water quality—determination of chromium-flame
atomic absorption spectrometry. The measurement experiments
were set up using three parallel samples, and the average
experimental results were obtained.
In this study, Bioconcentration

e above-ground parts. Substrate
nalyses are as follows:

e pressure of the sample chamber is less than 2.0 x 10 mbar, send
h#'Sample into the analysis chamber. The spot size was 400 pm, the
working voltage was 12 kV, and the filament current was 6 mA; the
full-spectrum scanning pass energy was 150 eV with a step size of
1 eV; the narrow-spectrum scanning pass energy was 50 eV with a
step size of 0.1 eV.

FTIR test steps: In a dry environment, take a sample visible to
the naked eye and an appropriate amount of dry potassium
bromide powder into a mortar, and grind it for several times.
Then put it into the tablet machine for tableting (press into a
transparent sheet). During the test, the background was collected
first, and then the infrared spectrum of the sample was collected.
The resolution was 4 cm™}, the number of scans was 32 times, and
the test wavenumber range was 400-4,000 cm ™.

EPR test steps: Disperse the solid sample ultrasonically in the
corresponding solvent, prepare a solution of 1 mg mL™', take an
equal amount of the dispersion and mix with the capture agent,
and then use a capillary to absorb an appropriate amount of the
mixture, put it into a quartz tube, and insert it into the sample
cavity. After adjusting the instrument, set the parameters, start
scanning the spectrum, and save the data.

2.2.2 Water quality analysis indicators

After stabilization of the system, the samples were regularly
obtained from each reactor as per experimental conditions. All
samples to be tested were passed via a 0.45-um-sized glass fiber
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filter membrane to remove any suspended impurities before the In the formula, P, is the power density (mWm™), U is the
measurements. COD was determined using the water voltage (mV), I is the current (mA), and A is the anode effective
quality—determination of the COD-dichromate method area (m’).

(HJ828-2017). Ammonia nitrogen was determined using the MFC internal resistance: This study used the polarization
water quality-determination of ammonia nitrogen-Nessler’s curve slope method to obtain the internal resistance of the
reagent spectrophotometry (HJ535-2009). Total phosphorus CW-MEFC system, i.e., the slope of the linear section of the
was determined using the water quality—determination of total polarization curve is the internal resistance.

phosphorus—ammonium molybdate spectrophotometric method
(GB11893-89). Cr(VI) was determined wusing the solid
waste—determination of chromium(VI)-1,5-diphenylcarbohydrazide 2.3 Scanning electron microscopy
spectrophotometric method (GB7467-87). The pollutant

removal efficiency Rg could be calculated using the following Before the system is operated, the original activated

Formula 1: carbon is collected and stored in dry environment. After

Ciy — Cout the system was stabilized, samples of the cathodic activated

Rg = ————x 100 1 carbon and anodic activated carbon were collected. The plant

" mple was then

In the formula, Rg is the pollutant removal efficiency, C;), is sh-sized sieve

the CW-MEFC pollutant influent concentration, and C,,, is the ize. Thedacti arbon sample

CW-MFC pollutant effluent concentration. The unit of COD iodi bsery#'the form of the
is mgL™". i are as follows:

y %o the conductive glue,

2.2.3 Electrochemical analysis index 7620 sputtering coating

Voltage collection: The data collection card (NI USB-6009, i 45s, the”spray gold is 10mA; then use

Suzhou Fuyutong Electronics Co., Ltd., China) collects voltage croscope (SEM, ZEISS Sigma 300/
0/TESCAN MIRA LMS, Germany) to
e appearance. The acceleration voltage was

information, it was connected to a computer to realize online
real-time monitoring. The sampling frequency was 15 min, a

the sampling period was determined as follows: the act opography shooting. The detector is the second

operation requirements of the device. The current in th tronic detector of the SE2.

2.4 Microbial community analysis

While operating the experimental system, the system filler
was sampled as per the experimental requirements, 16S rRNA
gene sequencing was used, and 454 high-throughput
sequencing technology was used to analyze the microbial
community structure. The filler samples were extracted and

placed in sampling bottles during sampling, stored in ice packs
10,000-10 Q) eve

10). Record the v&
system stabilizes 4

during transportation to the laboratory, and then stored in a

¢ value across the resistor after the -80°C refrigerator for sequencing by Sangon Biotech

each resistance value. The current is (Shanghai) Co., Ltd., After sampling, the kit was first used

calculated using Ohm’s law from the measured battery for DNA extraction, followed by amplification and

voltage. Then, calculate the current density I, 3) and power purification of the 16sRNA gene fragment in the V3-V4

density P, 4) as per the following formulas and then draw the region, and finally 454 high-throughput sequencing.

power density curve and polarization curves.

U
I, =
A7 RxA 3

2.5 Quality control

In the formula, I is the current density (mAm™), U is the
. ) . In order to ensure the accuracy of the test results, the

voltage (mV), R is the external resistance (Q), and A is the .
> 5 instrument components were cleaned and debugged before
effective area of the anode (m?®). . .
the test. Based on the concentration of the standard solution

P, = UxlI () and the solution to be tested, the error of the instrument was
=
A taken to be three times the detection limit. One quality control
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Ruler =1 um EHT =3.00kV Mag=10.00 KX Signal A=SE2 WD = 8.0mm
FIGURE 2

Surface morphology and microstructure of (A) virgin activated carbon, (B) anode biofilm, and (C) cathode biofilm of constructed wetland-
microbial fuel cell.

sample was added for every 10 samples, and the recovery rate
of heavy metals in quality control samples was 90-110%.

3. Results and discussion e organic matter in the CW-
#ed to electron donors using the
3.1 Scanning electron microscopy ive microorganisms on the anode
an 2006). Moreover, the presence of the

The figure shows the surface structure of the origin| ig€liit promoted electron transfer, stimulated the
activated carbon and the anode and cathode activated carbo
i yidation-reduction reaction rate, thereby achieving the
removal effect (Srivastava et al.,, 2020b; Gupta et al., 2021).
As per the research of Zhao et al. (Zhao et al., 2020), the
microbial diversity and community richness were generally
higher in CW-MFC than in CW. Hartl et al. (Hartl et al., 2019)
also reported similar results, and they demonstrated that the
pollutant removal efficiency of closed-circuit systems is higher

than that of the open-circuit systems.

metal ions, and the pores were 3.3 Chromium distribution and
may have occurred because of the accumulation
reduction in the inhomogeneity of the adsorbent surface. This

carbon was cové
relatively smooth.

observation indicates that metals are adsorbed on the functional The total chromium and Cr(III) accumulated by L. hexandra
groups within pores (Hanumantu 2021). Therefore, the CW- in the CW-MFC system were higher by 3582.29 and
MEFC system ran stably during the experiment. 4,326.04 mgkg™', respectively, and the Cr(VI) content was

lower by 743.75 mgkg™ (Table 1). The total chromium and
Cr(lII) contents in the substrates were 2928.13 mgkg™' and

3.2 Treatment and power generation of 3352.71 mgkg !, respectively, which is higher than the CW
the Cr(VI) wastewater system, and the content of Cr(VI) was 424.58 mg kg™, which
was lower than the CW system (Table 2). As shown in Table 3

Figure 3 shows that the pollutant removal efficiency of the that the plant-heavy metal BCF of the CW-MFC system was
CW-MEFC system is on an average 2.99-8.13% higher than that 0.23, higher than that of the control group, and that the TF was
of the control group. The pollutant removal efficiency and 0.05, higher than that of the control group. Most of the
system voltage increased with the extension of the wetland chromium entering the wetland system was trapped in the
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Constructed wetland-microbial fuel cell (CW-MFC) system power generation: (A) CW-MFC system voltage, (B) power density curve and

polarization curve of the CW-MFC

system.
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TABLE 1 Cr concentrations in the plants.

10.3389/fenvs.2022.937740

Total chromium Total Cr(VI) (mgkg™) Cr(VI) Cr(IlI) (mgkg™) Cr(l11)
(mg-kg™) chromium of plant of plant
of plant (mg-kg™) (mgkg™)
(mgkg™)
Root  Stem  Leaf Root  Stem Leaf Root  Stem  Leaf
CW-MEC 8969.79 2100 1t934.38 13004.17 1406.25 614.58 770.83 2791.66 7563.54 1485.42 1163.54 10212.5
Control 6752.08 1428.13 1241.67 9421.88 2320.83 662.5 552.08 3535.41 4431.25 765.63 689.58 5886.46
group
TABLE 2 Cr concentrations in the substrates.
Total chromium Cr(VI) (mgkg™) Cr(III) (mgkg™)
(mgkg™)
Anode Cathode Anode Cathode thode
Constructed wetland-microbial fuel cell 4977.08 5911.46 413.33 182.92 .54
Control group 3189.58 4770.83 572.50 448.33
TABLE 3 Bioconcentration and translocation factors.
Bioconcentra#ion factor Translocation factor
Constructed wetland-microbial fuel cell 2.20 0.45
Control group 0.40

primary removal
bioelectrochemical tction of Cr(VI) to Cr(III) and Cr(III)
precipitation (Habibul et al, 2016). Compared with CW, L.
hexandra produces more biomass, accumulates more heavy
metals, while also generating more bioelectricity and improve
the activity of aerobic microorganisms, thus promoting the
removal of pollutants (Di et al., 2020). Briefly, plant biomass
and electrical performance were mutually reinforcing. Studies
demonstrated that the root tissues of gramineous plants, such as
L. hexandra, can secrete iron-deficient mugineic acids, which can
increase the absorption efficiency of metal elements in roots
(Romheld 1991). The results of Liu et al. (Liu et al., 2022)
demonstrated that the removal of Cr(VI) was primarily
performed by the adsorption and accumulation of the
substrate, while the concentration of enriched chromium in

Frontiers in Environmental Science
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plants was less than substrate and water, and the enriched
chromium was primarily concentrated in the roots of plants.
As per the abovementioned results and analysis, Cr(VI) in L.
hexandra ~ CW-MFC
bioelectrochemical plant
precipitation, in which the bioelectrochemical reduction process
the primary mechanism for Cr(VI)
bioelectrochemical reduction of Cr(VI) reduces the toxicity of
Cr(VI) to plants and promotes the absorption of Cr by plants,

can be removed by combining

reduction, accumulation  and

is removal. The

thereby improving the removal efficiency of Cr(VI) in wastewater.

3.4 Morphological characteristics of
chromium

3.4.1 Morphological characteristics of the
chromium in substrates

It can be seen from Figure 5 that the primary peaks observed
at 285.08 and 531.08 eV correspond to C and O, respectively. C is
generated by exposure to small molecules in carbon dioxide, air,
and water. The peak position of O is attributed to the high oxygen
content of the system’s cathode, and it is classified as the peak of
surface chemisorption oxygen (Wang et al., 2022), and the other
elements may exist in the form of oxides or hydroxides (Liu et al,,

frontiersin.org
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FIGURE 5 FIGURE 7
X-ray photoelectron spectroscopy wide scan spectra of the Fourier transform in pec
substrates. substrates.

2014). Furthermore, the added peak detected at 577.08 eV can be
attributed to the Cr2p peak. These results demonstrate that the
activated carbon surface contained Cr after the reaction in
CW-MEC system.

In the Cr2p spectrum of the CW-MEC s
characteristic peaks corresponding
577.48 eV (anode) and 577.30 eV (ca
and the characteristic peaks corres
579.67 ¢V (anode) and 579.60

the peak area, ode and cathode Cr(III) contents
%, respectively, whereas the anode and
contents were 14.60 and 6.37%, respectively

e results demonstrated that 85.40% of Cr(VI)

reducing microorganisms. The cathode can reduce more
Cr(VI), and the chemical and microbial processes may
cause a reduction in Cr(VI) (Moreau et al., 2013), which
confirms that the cathode bioelectrochemical reduction

A B
Cr2p3 Cr2p3
Cr(OH),
(85.40%) /Cr(OH)3
(93.63%)
5 3
s s
2 o
g 2
2 Cr(VI) 2
£ (14.60%) £
1 1 1 1 1 1 1 1 1 1

582 580 578

Binding energy (eV)

576 582 580 578

Binding energy (eV)

FIGURE 6

High-resolution X-ray photoelectron spectroscopy spectra of Cr2p3 after the adsorption of Cr(VI) by the constructed wetland-microbial fuel
cell system: (A) anode, (B) cathode.
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FIGURE 8
L. hexandra's electron paramagnetic resonance spectra of

the constructed wetland-microbial fuel cell (CW-MFC) and CW
systems.

reaction is the primary route of Cr removal in L. hexandra
CW-MEFC. The presence of C, O, and Fe reported that Cr in
substrates can exist in organic Cr(III) complexes or Cr(III)-
Fe(III) hydroxides (Kotas and Stasicka 2000; Liu et al., 2014).
Although the method used in this study cannot confirm the
Cr species, Cr(III) can be hydrolyzed to Cr(OH); undg
neutral or alkaline conditions (Blowes 2002).
It can be seen from Figure 7 that the FTIR spectra before ané

Sorption peak at the cathode
ber area. This shows that the
C=N (Ren et al., 2016), C=C, N=0O,
groups are related to the adsorption and

1

and C-O(Lim et al., 2008
reduction of chromium (Jain et al., 2010). Both cathode and anode
showed obvious shoulder-structures at wavenumbers of
1100-1800 cm™', which was usually attributed to multiple
oxygen-containing functional groups (Yangdong et al, 2012).
During the whole process of electricity generation, electroactive
bacteria secrete a large amount of cytochrome C, and its structure

TABLE 4 Statistics of alpha diversity index.

Sample Number OTUs Shannon
CW-MEC 61597 1457 5
cw 59773 1325 459
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has a large number of oxygen-containing functional groups such as
carboxyl and amide groups. Therefore, the abundance of oxygen-
containing functional groups in the FTIR spectrum may be related
to the secretion of cytochrome C (Li et al., 2019). These results
suggest that organics in the matrix participate in the reduction of
Cr(VI) while acting as electron donors to generate electricity.

3.4.2 Morphological characteristics of
chromium in plants

The EPR spectra of the reference materials K,Cr,O; and
CCr,01,-6H,0 demonstrated no obvious characteristic peaks in
the entire magnetic field. The EPR spectra of CrCl; and Cr(OH);
showed obvious signal areas at g = 2.00, as shown in Figure 8. The
EPR spectrum of L. hexandra’s roots, stems, and leaves

demonstrated characteristic peaks at g = 2.00. These g values

ompounds known as abiotic stress factors
0). These results were consistent with the results

et al, 2014). However, these species undergo the reduction of
Cr(VI) after the further biological absorption of Cr(IIl) in roots
and leaves. Thus, the roots are primarily responsible for isolating
Cr and other metals (Padmavathiamma and Li 2007).

4. Microbial community structure
analysis

4.1 Community diversity analysis

As shown in Table 4, the higher Chaol index and Ace index
indicated the microbial community was more abundant. The
higher the Shannon index, the lower the Simpson index and the
higher the community diversity. The analysis of Alpha diversity
index demonstrates that bioelectricity production in the CW-
MEFC system is more conducive to the growth and reproduction

Chao Ace Simpson Shannonven
174826 171375 0.03 0.69
1256.55 1287.06 0.06 0.61
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of microorganisms, as well as has a positive effect on the increase wastewater while generating electricity. Most of the Cr in
of community diversity (Torresi et al., 2017; Tao et al.,, 2020). the substrate and L. hexandra was reduced to the less toxic
Cr(III), and the CW-MFC system could better promote the
migration and transformation of Cr compared to the CW

4.2 Analysis of system community system. The abundance of electrogenic bacteria Geobacter and
composition metal dissimilatory reducing bacteria Acinetobacter in CW-
MEC is higher than that in CW. Thus, CW-MFC is an

Figure 9 shows the microbial community composition of extremely cost effective and high-efficiency technology that
CW-MFC and CW at the phylum level. The microbial can efficiently remove and detoxify Cr(VI). To summarize,
proportions of CW-MFC and CW systems are Proteobacteria these research results are expected to provide a scientific basis

(56.86 and 50.41%), Chloroflexi (10.29%, 15.15%), Bacteroidetes for improving the treatment performance of Cr(VI)
(6.14%, 6.91%), Actinobacteria (5.45%, 5.37%), and Firmicutes wastewater using CW-MFC systems.

(8.14%, 4.49%). Previous studies demonstrated that both

Proteobacteria and Firmicutes were defined as the most

common EABs in MFC reactors(Logan and Regan 20065 Data avallablllty statement

Wang et al., 2019; Tao et al, 2020). The microorganisms of

various genera in the Proteobacteria phylum play important roles
in degrading substrates and generating electricity (Obata et al.,
2020). Cheng et al. (Cheng et al., 2021) noted that the high EAB
abundances in both devices would have promoted COD removal,
and the results confirmed that this did occurred. The three most
common microbe phyla in the CW-MFC were Proteobacteria,
Firmicutes, and Bacteroidetes. In this study, the total content of vestigation: PJ; Resources: ZD;
ing and Editing: YS. All authors have

than that in the CW system. Xie et al. (Xie et al.,, 2017) found published version of the manuscript

these three microbe phyla in the CW-MFC system was higher

similar results.

Figure 10 shows the microbial taxa in the system are classifid
at the genus level. Common genera identified by CW-MFC ané
CW  primarily included Acinetobacter (11
Geobacter (13.89%, 6.48%), Thauera
Desulfuromonas (1.25%, 1.51%). Prad
2017) has been demonstrates t

This work was funded by the Natural Science Foundation of China
(51868010 and 52170154), Guangxi Natural Science Foundation
Program (2019GXNSFBA245083 and 2021GXNSFBA196023),
tolerant to many metals and g : and the Innovation Project of Guangxi Graduate Education
been used for Cr(VI) rem@Vval and has sho d chromium- (YCBZ2021066). This work was supported by the Collaborative

reducing ability. Geobactef Wasgfl mon electrogenic Innovation Center for Exploration of Hidden Nonferrous Metal
microorganism gy conversion rate of Deposits and Development of New Materials in Guangxi.

duct electrons to electrodes, thus reducing C onflict of interest

ducting via other electron mediators, and

with electrodes an@
electron loss when

generating better electricity (Reguera et al, 2005; Gorby et al, The authors declare that the research was conducted in the
2006). Moreover, Wang et al. (Wang et al., 2019) believed that absence of any commercial or financial relationships that could be
Desulfuromonas were the possible EAB. Therefore, the relative construed as a potential conflict of interest.

abundance of Geobacter in CW-MFC contributed to the high
power generation. Thauera was an autotrophic denitrifying
bacteria (Mousavi et al, 2012). This could explain the high Publisher’s note
nitrogen removal efficiency of the CW-MFC.
All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
5 Conclusion organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
Compared with the CW system, the CW-MFC system claim that may be made by its manufacturer, is not guaranteed or
improved the removal efficiency of pollutants in Cr(VI) endorsed by the publisher.
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