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ABSTRACT
BACKGROUND AND OBJECTIVE: Lack of enough fresh water is a global challenge. Water sweetening can be done
using thermal or membrane systems that each of them requires significant energy. Microbial desalination cell (MDC) is
a new technology which can desalinate water, generate electricity, and simultaneously purify wastewaters in a reactor.
However, low current generation and deionization are from main challenges of this process. This study aimed to improve
the MDC:s efficacy.
METHODS: In this experimental study, a modified three-cell MDC consisted of anode, cathode, and middle chambers,
was designed in order to water desalination (20 g/L NaCl). Here, the cathode solution was diffused via ozone (O3-MDC)
and the middle saline solution was pretreated into an ultrasonic bath. Subsequently, the results achieved in O3-MDC in
terms of water desalination and current generation were compared against those of another reactor operated under oxygen
diffusion (O,-MDC), and without ultrasonic pretreatment (control). Biofilm formation on anode surface and dominant
bacteria in the O3-MDC reactor were studied using Scanning Electron Microscopy (SEM), and 16S rRNA gene
sequencing, respectively.
FINDINGS: Saltwater pre-treatment caused to increase the electrical conductivity from 28.1 ms/cm to 35.5 ms/cm; and
then current generation from 191 to 131 mV after 24 hr operation. O,-MDC and O3-MDC were able to remove 74% and
55.58% of NaCl from water, respectively. Proteobacteria, firmicuites and acidobacteria were dominant microbial
communities in the anode biofilm based on 16S rRNA sequencing.
CONCLUSION: Based on the results of this study, modified MDC with ozone and ultrasound waves could be an
appropriate option for desalinating salt water.
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Introduction

Lack of enough fresh water is a global challenge
because about 97% of the available waters are salty and
cannot even be used for irrigation (3-1). So now, in
many parts of the world, water desalination and
purification of saline waste for reuse are considered as
a water supply method for communities (4, 2). In
general, sweetening can be done using thermal or
membrane systems, each of which requires significant
energy (6, 5). The cost of energy accounts for 40% of
the total cost of scavenging. For example, a reverse
osmosis device consumes about 3 to 7 KW/h of
electricity for the production of fresh water per cubic
meter of saltwater (7).

One of the new alternative methods is the extraction
of energy from microorganisms in the microbial fuel
cell (MFC) (9, 8). A MFC can be modified in which de-
acidification, flow generation and wastewater treatment
are performed simultaneously in a reactor. Such a
device is called the Microbial Desalination Cell (MDC)
(10-12).

In MDC, bacteria liberate electrons and proton by
metabolizing organic matter into the anode. The
electrons migrate through the external circuit to the
cathode, but protons that cannot pass through the
anionic membrane and the external circuit remain in the
anode. To compensate for the difference in electrical
charge between the two electrodes, the anions and
cations in the middle chamber are pulled to the anode
chamber and the cathode, respectively. As a result, a
water desalination, sewage treatment and electricity
generation reactor are carried out (14, 13).

Kokabian et al. obtained a flow rate of 1 W/m3 in a
MDC guidance cycle (15). Kalleary et al indicated that
MDC can remove green and yellow malachite by 40 to
90% and remove salinity by about 62% (16). However,
the process faces the challenge of low flow and low
decomposition. The aim of this study was to increase
the MDC performance with ultrasonic waves to
improve salt ionization and also to introduce an ozone-
receiving electron in microbial cells.

Methods

This experimental study after approval by the Ethics
Committee of Yazd University of Medical Sciences
with registration code of IR.SSU.SPH.REC.1395.35

Biofilm

was conducted. The MDC is designed with three anode,
middle and cathode chambers with a diameter of 5 cm
and a volume of 75, 38 and 75 mL (Fig. 1). First, the
reactor was used as MFC (17) for one month, then as an
MDC, an anionic membrane (AEM, AR204SXR412,
lonic, USA) between the anterior and middle chamber
and the cationic membrane (CEM, CR67, MK111,
lonic, USA) between the middle chamber and a cathode.
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Figure 1. Schematic view (a) and real (b) Modified
MDC Reactor

Before testing, the membranes were submerged in a
1 molar solution of NaOH and HCI for 2 hours, then
washed with deionized water. Anode electrode (30x25
mm), porous graphite and electrodes of carbon fiber
clad with 0.5 g/cm2 of platinum were selected and
connected to one another by titanium and 100 ohm
resistors (18). Anode chamber with sewage anaerobic
sludge as well as Peptone Water (25g/L) and 1.6 g
C6H1206, 4.4 g KH2PO4, 3.4 g K2HPO4 « 3H20, 1.5
g NHA4CI, 0.1 g MgCI2 « 6H20, 0.1 g CaCl2 + 2H20
and g 0.1 KCI (in liter of distilled water). Also, this

solution (enolite) was circulated with external
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peripheral feeding solution (100 mL) at a rate of 0.05
mL/min (24 hours of hydraulic time) with two
peristaltic pumps. The enolite was subjected to N2 gas
injection (40 mL/min) for 10 minutes (17 mL/min) and
replaced every 48 hours. The middle chamber was filled
with NaCl/g/L solution.

To investigate the effect of applying ultrasound on
the efficiency of the reactor, experiments were carried
out parallel to the reactor containing oxygen instead of
ozone (02-MDC) under the conditions of processing
and non-processing of ultrasound saline at a frequency
of 22 kHz and 15 minutes (19), and the results with the
reactor Containing ozone (O3-MDC) were compared.
When the salt concentration in the middle chamber was
less than 1 g/L, this solution was replaced (a driving
cycle). The cathode chamber was filled with phosphate
buffer and replaced every 48 hours. Ozone was used as
an electron receptor in the cathode chamber. Ozone was
produced by ozone generator using oxygen intake gas
(95% purity) and continuously injected (8.26 mg/min)
into catholyte (cathode chamber solution).

The amount of desalting and flow generation in O3-
MDC and the ultrasonic sonication solution were
compared with the values obtained in the control
reactors (O2-MDC and non-ultrasonic, non-ultrasonic).
Measurement of salinity of water was carried out by
removing the sample from the middle solution every 24
hours and measuring its electrical conductivity (EC)
using a conductivity meter (HQ40d). After
measurement, the solution was returned to the chamber.
Productive voltage (E, V) was recorded every 5 minutes
by multimeter. Flow (I, A) was determined according to
Ohm's law. The concentration of ozone in the inlet and
outlet gas was measured by iodometric titration (20).
The power density (PAn, W/m2) was measured based
on the anode cross section (AAn, m2).
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The polarity curve was plotted by measuring the
reactor voltage at Q 10 to 1 MQ (min 10 for each
resistor). The total desalination rate (TDR, mg/h) was
calculated as follows:

(CO - Ct)Vd
t

TDR =
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Where CO and Ct are the initial and final
concentrations of NaCl; Vd (L) are the volume of the
middle fluid; and (h) t is the time of desalting. Biofilm
formation at anode level was monitored using an
electron scanning microscope, and the growth of the
bacterium in O3-MDC was monitored by PCR of the S
rRNAL6 gene. Samples were prepared from enolite and
middle anode. Enolite samples were taken without any
preprocessing.

The method of DNA extraction and gene
amplification is detailed in previous studies (13). In
total, about 150 samples from O3-MDC and O2-MDC
reactors were collected in a double-repeat steady run
(each about 75 samples). Data were analyzed by using
SPSS Ver. 20 and by Wilcoxon and paired T-tests and
p<0.05 was considered significant.

Results

Effect of ultrasound waves and bioelectricity
production: EC of saline solution was 35.7+1.2 mS/cm,
which was 39.5+2.4 mS/cm after preprocessing with
ultrasound. The 24-hour operating time of O2-MDC,
Voltage and EC pre-dispensed anchorage was 131+7.4,
27.6£2.6 mS/cm, respectively. These values were
1194119 mV and 28.1+1.5 mS/cm in the crude
solution. Therefore, in previous experiments, its
preprocessing was performed. The maximum OCV in
02-MDC and 03-MDC was 628.3+3 and 1331+11.6
mmol/L, respectively.

This value was 178.8+1.8 mV and 793+7.7 mV,
respectively (Fig. 2 (a) and b) respectively. Also, the
maximum current density of O2-MDC and 03-MDC
was 1.16+0.57 A/m2 and 5.27+0.55 A/m2 respectively;
the current density in O2-MDC and O3-MDC in the lag
phase was initially The increase and then decreased, but
the slope of the decrease was higher in O3-MDC,
however, the O3-MDC voltage was higher than O2-
MDC at all steady-state times.

Due to the abnormalities of the data, Wilcoxon test
was used to analyze the data. Significant differences in
the results of two reactors were confirmed in the
crossover mode (p<0.001 and Z=-27.84). Polar curve:
The maximum power density of O3-MDC was
4.06£0.63 W/m2, which is about 11 times its value in
02-MDC (W/m2, 369.0+0.04 W/m?2).
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The use of O3-MDC for irrigation desalination
reduced internal resistance to O2-MDC, so that based
on the polar curve, the internal resistance of 305+4 and
71+2/5 mm were estimated in O2-MDC and O3-MDC,
respectively. These results show higher ozone vyields
relative to oxygen as electron receptors in the reactor.
Data analysis showed significant difference between
two O2-MDC and 03-MDC reactors (p<0.05).
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Figure. 2. Electrical conductivity A: O2-MDC and B: O3-
MDC. Compact Voltage, NaCl solution g/L20

Desalination: Desalination was found to be faster in
producing higher flow (Fig. 3). The mean TDR of O2-
MDC and O3-MDC was 2.02+0.20 mg/h and 2.58+0.38
mg/h respectively. In the first 24 hours, 02-MDC and
03-MDC eliminated more than 18.9%+1.2 and
35.8%+3.1.3 salt. 02-MDC produced a mean flow rate
of 0.42+0.2 mA and eliminated 55.58%+0.25% of the
solution from the middle solution, while in O3-MDC,
the mean flow was 1.41+0.31 mA, and 74.8+1.3% salt
was removed from the solution. This represents an 18
percent increase in desalination performance. In O2-
MDC and O3-MDC control samples, 19% and 21% of
salt were eliminated, respectively.
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Figure 3. TDR in O2-MDC and O3-MDC
(in% NaCl/h)

Morphology of the anode level: An examination of the
SEM images of the anode level before and after the
experiment (Fig 4) shows a significant change in the
morphology of the anode, in which the new electrode
has a smooth surface without microorganisms, while the
anode image used to indicate surface occupation by
germs.

Figure 4. SEM Images A: Before, and B: After
completing the tests

TDR (mgh)
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Dominant bacteria: The sequencing of s rRNA 16 was
used to represent bacterial communities (22, 21). Figure
5 shows the samples of this study.

The samples taken from the enolite and anode
(bands 2 to 5) show the presence of bacteria, while there
was no spectrum in the control sample (band 6), so the
bacterium was not present in the band. Also, bacteria in
biofilm anode and enolite are listed in Table 1. The
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anode biofilm has a more diverse microbial community
than enolite. Proteobacteria (Proteobacteria) were
dominant microbial communities in anode and enolite
biofilm. Firmicutes and Acidobacteria were also
identified in biofilm samples, while they were not
present in enolite. However, Epsilon proteobacteria and
bacterioides (Bacteroidia) were present only in the
enolite.

Figure 5. amplification product using general primer

Product size: 468 bp, arrange samples from left to right: column 1: bp50 DNA ladder, column 2: sample isolated from the electrode, column

3: sample isolated from the electrode, column 4: enolite sample, column 5: Example of enolite, column 6: control sample

Table 1. Identified bacteria in enolite and anode microbial desalting reactors

Sequence similirity Gene bank
Category
ID (%) number
Anode biofilm
MA1 Acidobacteriace Acidobacteria Acidobacteria 88 HG763957.1
. Gamma Proteobacteria
MA2 (Chromatiaceae) . 91 HQ877094.1
perothebacteria
. . Gamma Proteobacteria
MA3 (Ectothiorhodospiraceae) . 87 KC009941.1
perothebacteria
MA4 (Burkholderiaceae)  Beta Proteobacteria Proteobacteria 87 KP772724.1
MA5 Clostridiace Clostridia Firmicute 89 KU045501.1
Enolite
MS1 Compilabacticase Epsilon Proteeobacteria Proteobacteria 89 KF721645.1
MS2 Proletase Bacterioid Bacteriotite 86 GU955392.1
Discussion

In this study, ultrasonic waves have a positive effect
on electricity production and salinity removal. This
finding is due to the fact that, in very high-salt waters,

chlorine and sodium ions are close together, stick
together and form crystals, so that part of the ions are
inactive in water (13); applying ultrasound to the salt
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solution increases ionic mobility and their deionization
becomes better. The positive effects of ultrasound have
been proven in many environmental studies (23-25).
The production voltages in O3-MDC were much higher
than those obtained in O2-MDC. The molecular ozone
is highly reactive and has a higher oxidation potential
(V 2.07) relative to oxygen (23.1 V) (26).

In this case, almost all of the electrons that are
oxidized into the cathode through the orbital circuit
increase between the anode and the cathode of the
potential difference, which is a higher ozone efficiency
factor. Ozone injection into a catholic solution does not
produce hazardous side-effects and its performance is
maintained at a wide range of pH levels. In a bio-
electrochemical reactor, ozone is converted to oxygen
for a short time; this oxygen will re-enter the reaction
(26). The flow density generated in O2-MDC and O3-
MDC increased at initial guidance, then decreased. This
electrical trend is also seen in other similar studies, as
the internal resistance increases due to the gradual
decrease of the electrical conductivity of the salt
solution and the use of substrate (27, 28).

In addition, the gradual increase in salt
concentration in the enolite can inhibit microbial
activity (29, 13). The internal resistivity (polarity curve
slope) of 02-MDC and O3-MDC was 305 and 71 ohm,
respectively. In practice, the internal resistance of the
bioelectrochemical system strongly affects the electrical
outflow and depends on factors such as the material of
the anode and cathode, the reactor size, chemical
properties of the solvent, temperature, electrical
conductivity, ion mobility, and the electrode surface and
the type of electron receptor (29,30).

Liang et al. used carbon nanotubes, flexible graphite
and activated carbon as an anodic MFC material and
obtained internal resistance of 263, 301, and 381 ohms
(31). Kim et al. found that the type of membrane could
affect maximum power density, and the internal
resistance in air cubic MFCs (91-84 ohm) was lower
than that of water bottle MFCs (1272 -1230 ohms) (32).
The use of thinner desalting rooms can reduce internal
resistance and improve ion removal (33).

It was found that desalting efficiency is a function of
flow generation and desalination is faster in higher
flows. However, with the increase in time, TDR reduces
the activity of the active ion in the middle room. In
addition, the gradual increase in electrical conductivity

in enolite solution is harmful to microorganisms and
disrupts microbial activity (34). The performance of
02-MDC in biomass production is similar to that of
other MDC systems with electron airborne receptors or
ferricyanides.

In a study by Luo et al., which used ferricyanide,
MDC removed about 66% of salt in 400 hours of lead,
and in the long run, the flow density and desalting rate
were 47% and 27%, respectively (34). In the study of
Sevda et al., the phosphate buffer as catholyte and real
sea water as the middle solution, the maximum
desalting rate was 19.9%, which is lower than the
present study (29).

When ozone was used in the MDC, the average
desalting recovery was remarkable (from 55.8% to
about 74%), the reason for such findings was previously
mentioned. The O2-MDC and O3-MDC control system
eliminated only 19% and 21% salt, respectively,
indicating that the desalination of water was mainly due
to the production of electric current and other factors
such as normal osmotic ion exchange played a minor
role. Proteobacteria were dominant microbial
communities in  anode and enolite  biofilm.
Proteobacteria have been reported extensively in
previous studies as electrons, and this is probably due to
competition in the transmission of extracellular
electrons (27,35,36).

Epsilon proteobacteria and bacterioides were found
only in enolite specimens. Bacteria are also gram-
negative bacteria that have been reported in
bioelectrochemical and saline water systems (37, 38).
The presence of acidobacteria may be due to the low pH
of the O3-MDC enolite, because they can withstand
acids, metal contamination and hardened environments.
The presence of fermiquits confirms the existence of
anaerobic conditions because these bacteria are
anaesthetized (39,40).

Rabaey et al. concluded that gamma pertobacteria
and pyramicovites have the capacity to generate
electricity (9). The limitations of the present study
include the failure to identify the contribution of each
bacterium in the reactor due to lack of facilities, the cost
of ozone production, long-term non-examination, and
the lack of evaluation of the amount of organic matter
removed.

So further studies are recommended. In general, the
sonication of ultrasound salts and the application of
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ozone-receiving electrons in the cathode chamber
instead of oxygen can improve MDC performance as a
process of water desalination or an undertone for lower
scavenging processes, however, the operation of the
process requires more extensive research.

55

Acknowledgment

Hereby, we would like to thank the Vice-chancellor
for Research and Technology of Yazd University of
Medical Sciences for the financial and spiritual support
of this research.



56 Capabilities of Modified Microbial Desalination Cell...; A. Gholizadeh, et al

References

1. Carmalin Sophia A, Bhalambaal VM, Lima EC, Thirunavoukkarasu M. Microbial desalination cell technology:
Contribution to sustainable waste water treatment process, current status and future applications. J Environ Chem Eng.
2016;4(3):3468-78.

2. Gholizadeh A, Mokhtari M, Naimi N, Shiravand B, Ehrampoush MH, Miri M, et al. Assessment of corrosion and
scaling potential in groundwater resources; a case study of Yazd-Ardakan Plain, Iran. Groundwat Sustain Dev.
2017;5:59-65.

3. Malakotian M, Asadipour A, Jamshidi Moghaddam Y. Effect of Iron Oxide Nanoparticles for the Removal of Coliform
Bacteria from Contaminated Water. J Babol Uni Med Sci. 2017;19(4):60-6. [In Persian]

4. An Z, Zhang H, Wen Q, Chen Z, Du M. Desalination combined with copper (II) removal in a novel microbial
desalination cell. Desalination. 2014;346:115-21.

5. Subramani A, Jacangelo JG. Emerging desalination technologies for water treatment: A critical review. Water Res.
2015;75:164-87.

6. Burn S, Hoang M, Zarzo D, Olewniak F, Campos E, Bolto B, et al. Desalination techniques - A review of the
opportunities for desalination in agriculture. Desalination. 2015;364:2-16.

7. Fallahzadeh RA, Miri M, Taghavi M, Gholizadeh A, Anbarani R, Hosseini-Bandegharaei A, et al. Spatial variation
and probabilistic risk assessment of exposure to fluoride in drinking water. Food Chem Toxicol. 2018;113:314-21.

8. Mathuriya AS. Novel microbial fuel cell design to operate with different wastewaters simultaneously. J Environ Sci.
2016;42:105-11.

9. Rabaey K, Verstraete W. Microbial fuel cells: novel biotechnology for energy generation. Trends Biotechnol.
2005;23(6):291-8.

10. Gholizadeh A, Salmani MH, Ebrahimi AA, Hosseini SS, Ehrampoush MH, Miri M, et al. Improved power density
and Cr/Pb removal using ozone in a microbial desalination cell. Environ Chem Lett. 2018; 16(4):1477-85.

11. Tao HC, Lei T, Shi G, Sun XN, Wei XY, Zhang LJ, et al. Removal of heavy metals from fly ash leachate using
combined bioelectrochemical systems and electrolysis. J Hazard Mater. 2014;264:1-7.

12. Brastad KS, He Z. Water softening using microbial desalination cell technology. Desalination. 2013;309:32-7.

13. Gholizadeh A, Ebrahimi AA, Salmani MH, Ehrampoush MH. Ozone-cathode microbial desalination cell; An
innovative option to bioelectricity generation and water desalination. Chemosphere. 2017;188:470-7.

14. Al-Mamun A, Ahmad W, Baawain MS, Khadem M, Dhar BR. A review of microbial desalination cell technology:
Configurations, optimization and applications. J Clean Prod. 2018;183:458-80.

15. Kokabian B, Gude VG. Sustainable photosynthetic biocathode in microbial desalination cells. Chem Eng J
2015;262:958-65.

16. Kalleary S, Mohammed Abbas F, Ganesan A, Meenatchisundaram S, Srinivasan B, Packirisamy ASB, et al.
Biodegradation and bioelectricity generation by Microbial Desalination Cell. Int Biodeterior Biodegradation.
2014;92:20-5.

17. Cao X, Huang X, Liang P, Xiao K, Zhou Y, Zhang X, et al. A new method for water desalination using microbial
desalination cells. Environ sci technol. 2009;43(18):7148-52.

18. Ping Q, Abu-Reesh IM, He Z. Boron removal from saline water by a microbial desalination cell integrated with
donnan dialysis. Desalination. 2015;376:55-61.

19. Jyoti KK, Pandit AB. Ozone and cavitation for water disinfection. Biochem Eng J. 2004;18(1):9-19.

20. [No Author]. Standard methods for the examination of water and wastewater. USA: Am Pub Health Associat; 2005.
21. Liu G, Zhou Y, Luo H, Cheng X, Zhang R, Teng W. A comparative evaluation of different types of microbial
electrolysis desalination cells for malic acid production. Bioresour Technol. 2015;198:87-93.



J Babol Univ Med Sci; 20(11); Nov 2018 57

22. Zhi W, Ge Z, He Z, Zhang H. Methods for understanding microbial community structures and functions in microbial
fuel cells: a review. Bioresour Technol. 2014;171:461-8.

23. Omastova M, Mic¢usik M, Fedorko P, Pionteck J, Kovafova J, Chehimi MM. The synergy of ultrasonic treatment and
organic modifiers for tuning the surface chemistry and conductivity of multiwalled carbon nanotubes. Surf Interface
Anal. 2014;46(10-11):940-4.

24. Matougq MA-D, Al-Anber ZA. The application of high frequency ultrasound waves to remove ammonia from
simulated industrial wastewater. Ultrason Sonochem. 2007;14(3):393-7.

25. Mohammadi AR, Mehrdadi N, Bidhendi GN, Torabian A. Excess sludge reduction using ultrasonic waves in
biological wastewater treatment. Desalination. 2011;275(1-3):67-73.

26. Rodriguez A, Rosal R, Perdigdn-Melén J, Mezcua M, Aglera A, Hernando M, et al. Ozone-based technologies in
water and wastewater treatment. In: The Handbook of Environmental Chemistry. Berlin: Springer, Heidelberg; 2008. p.
127-75.

27. Luo H, Xu P, Roane TM, Jenkins PE, Ren Z. Microbial desalination cells for improved performance in wastewater
treatment, electricity production, and desalination. Bioresour Technol. 2012;105:60-6.

28.Sevda S, Yuan H, He Z, Abu-Reesh IM. Microbial desalination cells as a versatile technology: functions, optimization
and prospective. Desalination. 2015;371:9-17.

29. Sevda S, Abu-Reesh IM, Yuan H, He Z. Bioelectricity generation from treatment of petroleum refinery wastewater
with simultaneous seawater desalination in microbial desalination cells. Energy Convers Manage. 2017;141:101-7.

30. Heijne AT, Liu F, Weijden Rvd, Weijma J, Buisman CJ, Hamelers HV. Copper recovery combined with electricity
production in a microbial fuel cell. Environ Sci Technol. 2010;44(11):4376-81.

31. Liang P, Fan MZ, Cao XX, Huang X, Peng YM, Wang S, et al. Electricity generation by the microbial fuel cells
using carbon nanotube as the anode. Huan Jing Ke Xue. 2008;29(8):2356-60.

32. Kim JR, Cheng S, Oh SE, Logan BE. Power generation using different cation, anion, and ultrafiltration membranes
in microbial fuel cells. Environ Sci Technol. 2007;41(3):1004-9.

33. Kim Y, Logan BE. Microbial desalination cells for energy production and desalination. Desalination. 2013;308:122-
30.

34. Luo H, Xu P, Ren Z. Long-term performance and characterization of microbial desalination cells in treating domestic
wastewater. Bioresour Technol. 2012;120:187-93.

35. Zhang Y, Angelidaki I. A new method for in situ nitrate removal from groundwater using submerged microbial
desalination—denitrification cell (SMDDC). Water Res. 2013;47(5):1827-36.

36. Zhang H, Wen Q, An Z, Chen Z, Nan J. Analysis of long-term performance and microbial community structure in
bio-cathode microbial desalination cells. Environ Sci Pollut Res. 2016;23(6):5931-40.

37. Gao C, Wang A, Wu WM, Yin Y, Zhao YG. Enrichment of anodic biofilm inoculated with anaerobic or aerobic

sludge in single chambered air-cathode microbial fuel cells. Bioresour Technol. 2014;167:124-32.

38. Lu L, Xing D, Ren N. Pyrosequencing reveals highly diverse microbial communities in microbial electrolysis cells
involved in enhanced H2 production from waste activated sludge. Water Res. 2012;46(7):2425-34.

39. Ludwig W, Schleifer KH, Whitman WB. Revised road map to the phylum Firmicutes. Bergey’s Manual® of
Systematic Bacteriology. New York:Springer; 2009. p. 1-13.

40. Karluvali A, Kéroglu EO, Manav N, Cetinkaya AY, Ozkaya B. Electricity generation from organic fraction of
municipal solid wastes in tubular microbial fuel cell. Sep Purif Technol. 2015;156(Part 2):502-11.


https://www.ncbi.nlm.nih.gov/pubmed/18839600

