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STUDY OF ELECTROGENIC PROPERTIES OF MICROFLORA
OF MUD MASSES OBTAINED FROM VARIOUS BIOTYPES

Tjurin-Kuzmin A.Ju., llyin V.K., Korshunov D.V., Punegova A.V., Suprunova Ju.V.

Abstract: Microbial fuel cells (MFC) are an environmentally friendly way of generating electricity, which is often
accompanied by the decomposition of organic waste. A common problem for these devices is the low power generated
by the electric current. In nature, the decomposition of organic waste, coupled with oxidation-reduction reactions, i.e.
the transfer of electrons and protons formed during the decomposition is carried out by microbial communities, which,
in their optimal state for this process, are called active sludge (AS). A mature active sludge consists of a so-called
flocculium - round formations in the size from 30 to 100 and more microns, inside of which microorganisms carrying
out various reactions of decomposition of organic substances are contained. It is easy to see that the MFC design is
topologically similar to the active sludge flocculant. We tried to check how the presence of microorganisms in the water
chamber affects the productivity of the MFC by filling the anode and cathode chambers with the same sludge mixture,
and the test cells were shaken on a shaker to create favorable conditions for the formation of microbial communities.
The active sludge cell in both chambers shaken on the shaker, over time, generated the highest voltage in the external
circuit as compared to the control samples. The obtained data confirm the legitimacy of the assimilation of MFC
flocculine AS. The evolution of the microbial community of the silt mixture in two directions - in the aerobic and
anaerobic MFC chambers - apparently leads to the formation of two different communities mutually complementing
each other as part of the MFC and improving the operation of the MFC, subject to additional dynamic provision
(shaking). The effect of the addition of peptone to the anode chamber on the productivity of MFC was also investigated.
The periodic addition of peptone significantly increased the output power of the MFC cell. Apparently, substrates of
protein nature, representing a nutrient medium for electrogenic bacteria, can be used to stimulate the electrogenic
activity of the microflora of late anaerobic silt.
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INTRODUCTION

The use of microbial fuel cells (MFC) is an
environmentally friendly way of generating
electricity, reproducing a process that naturally
flows on the Earth [1, 2]. The MFC test during the
flight of the Foton-4m satellite showed that this
process is also able to occur in space, in a state of
weightlessness. However, the electric current
produced at this time is still small, which encourages
us to look for ways to increase the efficiency of
MEFC.

In natural conditions, the decomposition of
organic waste, coupled with oxidation-reduction
reactions, i.e. the transfer of electrons and protons
formed during the decomposition is carried out by
microbial communities, which, in their optimal state
for this process, are called active sludge (AS). AS is
a structured system consisting of bacteria of
different species, which does not form immediately,
but ripens in the process of functioning under certain
conditions.

Mature AS consists of floccules - rounded
formations in the size from 30 to 100 and more
microns, inside which there are mainly
microaerophilic and anaerobic bacteria - the main
converters of organic compounds, and outside -
aerobic, which complete the oxidation stages of
decomposition products. The outer and inner layers
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are connected by structures that transport the
products formed during decomposition, including
electrons and protons [3].

The traditional design of the MFC includes an
anaerobic - "microbial" chamber with microbes
present in it, and an aerobic chamber - an "aqueous"
chamber containing water. Both chambers contain
electrodes electrically connected to each other
through a payload, and the electrical circuit closes
through a proton-permeable membrane separating
chambers.

It is easy to see that the MFC design is
topologically similar to the AS flocculature, with the
difference that the connection of electrons and protons
with oxygen takes place in the water chamber without
the participation of microorganisms.

The purpose of the work was to determine how
the presence of microorganisms in the water
chamber and the periodic addition of peptone to the
anode chamber will affect the productivity of the
MEFC.

Objectives of work:

1) To evaluate the effectiveness of continuous
shaking as a biotechnological method of increasing
the output power of a microbial fuel cell.

2) Confirm or disprove the likeness of the MFC
to the active sludge flocculum.
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3) To investigate the microflora of the anode
and cathode chambers of the MFC.

4) To estimate the effect of adding a solution of
peptone to the output power of MFC.

As mentioned, maturation of AS occurs when a
number of conditions are fulfilled [3], the main ones
of which are:

1) dynamic provision conditions, i.e. transfer of
nutrients and products of their decomposition, as
well as mechanical effects on AS.

2) food conditions, i.e. the inflow of nutrients
corresponding to the possibilities of the system for
their processing.

3) the non-exceeding of the threshold level of
toxic substances almost always present in sewage.

In the event that one of the above conditions is not
met, the AS is not formed, with a lack of dynamic
supply or nutrition, the bacteria enter into a "waiting"
mode of favorable conditions, forming spore forms, etc.,
such a sludge Condition is usually called a mud mixture.

When working with MFC, condition 3) is
satisfied by the experimenter. Condition 2) turns out
to be uncritical when using AS. (Unlike the use of
"pure cultures" of microorganisms that require special
feeding, AS is able to consume organic substances
that are part of its own composition, and can work in
MFC for several years). Condition 1) in the MFC is
performed only partially, ensuring the flow of
electrons from the "microbial" chamber to the "water"
chamber through the wires, and the transition of the
protons through the proton-conducting membrane by
diffusion. A priori, it was unclear whether such a
dynamic provision is sufficient for the optimal
operation of the MFC.

Under the maturation of the floccula, which,
apparently, corresponds to the output of the MFC at
the optimal level of functioning, it is possible to
assume a change in the ratio of the bacterial species
and the creation of metabolic transfer structures
between them (or between the bacteria and the
surface of the electrodes and the membrane).

Assuming a similar course of events, we filled
the same mixture of silt and microbial and water
chambers in two cells of the MFC. Controlled by
them were MFC cells filled in a standard way, i.e.
the silt mixture was placed only in the microbial
chamber, and water was in the water chamber. One
pair of cells (control-experiment) was immovable on
a laboratory table, and the other pair was placed on a
shaker with moderate shaking.

The effect on the output power of the cell
adding a solution of peptone to the anode chamber
was also estimated.
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MATERIALS AND METHODS

Cells made of polypropylene in the form of two
concentric vessels were used, of which a closed
inner volume of 280 ml was a microbial chamber, a
membrane of the MK-40 type (Russia) with an area
of 8 cm® was fixed in its bottom, Volume 300 ml,
was opened from the top for air access and played
the role of a water chamber. The electrode of the
microbial chamber was made of metallized carbon-
coated graphite and had an area of 62 cm” (without
taking into account the microstructure of the
surface), the electrode of the water chamber was
made of smooth graphite and had an area of 20 cm”.
The electrodes were connected through a load of
150 kOm.

The sludge mixture was taken at the Kuriana
Wastewater Treatment Plant in Moscow more than
10 years ago. All this time it was stored in a closed
aluminum can at room temperature without
additional influences.

Characteristics of the sludge mixture:

The dose of silt by volume is 850 ml.

The concentration of sludge is 16 g /1.

The sludge index is 53 ml /g.

The transparency of the surface liquid is> 30 cm.

To describe the sludge mass, the terms and
methods described by O. Nikitina in her book
"Bioestimation" [3] were used. Sediment concentration
refers to the concentration (dose) of the sludge mass by
weight. Filtered on a paper filter, a slurry of a certain
volume of sludge was dried at 95 © C for 2 hours (after
making sure that the weight does not change with
further drying). Transparency was determined by the
height of the column of liquid, through which it was
still possible to read the standard text of the book
(10-12 Times New Roman).

Prior to loading into the MFC, the mixture was
mixed with a scoop to a uniform state. Viewing of
this mixture under a microscope did not reveal
microorganisms in the stage of active vital activity,
however, when this silt mass was placed in the
conditions of dynamic provision, for example, with
the possibility of removing protons and electrons
formed in the process of metabolism (as in the MFC
conditions), the vital processes became more active.
The repeated use of this sludge mixture to fill the
MFC has shown good reproducibility of the results.

The silt mixture to which the peptone solution
was added was taken from the Makedonka River
(Bykovo settlement, Ramensky district). In the anode
chambers of the MFC, the sludge mass was placed,
diluting with distilled water in a ratio of 1:10. The
initial volume of sludge was thus 28 ml. The dry
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peptone was diluted with distilled water in a ratio of 4
g peptone per 100 ml water. The resulting solution was
added to the anode chamber of MTB 2 times a week in
a volume of 4 ml. Also 2 times a week, 4 ml samples
were taken from the anode chamber of the MFC, some
of which were analyzed on a photometer.

Studies of the microflora of MFC were carried
out by traditional methods. "Sowing" was performed
on the following media: LB agar, TSA and Wilkins
medium for anaerobic bacteria. The cultures were
incubated at 37°C. Anaerobic conditions were
achieved through the use of “Gazpacks”. The
resulting colonies were microscopized and,

subsequently, were determined on a Bruker Daltonik
MALDI Biotyper analyzer (Bruker, USA). The
culture was considered identified when the
appearance of the colonies and the morphology of
the cells coincided with the analyzer data.

RESULTS

Although immediately after filling the cell
"experiment on the shaker" gave a smaller
indication, 26 days later she overtook the control,
and then overtook and began to steadily exceed
"control on the shaker" by 200 mV (Fig. 1).
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Fig. 1. Dynamics of the voltage variation in the outer circuit of MFC cells shaken on a shaker

Without additional shaking, the "experiment on
the table" cell did not catch up with the control, and
remained below the "control on the table" by 200 mV
(Fig. 2). At the same time, the region of the silt mixture

around the electrode in the water chamber had a
slightly different color as compared with the silt lying
closer to the surface of the water, which is probably
due to a different oxygenation of the mud.
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Fig. 2. Dynamics of voltage variation in the external circuit of fixed cells of MFC
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The cell "experiment on the shaker" was
observed for more than two years (adding water to
the water chamber as it evaporated). During this
time, the cell readings remained at 700 + 30 mV. At
autopsies (for sampling), the readings were restored
after 0.5 - 1 days. After 2 years and 3 months after
the start of the experiment, the cell was opened to

determine the characteristics of the sludge. The
sludge concentration decreased to 11.7 g/ 1.
To test the contribution of bacteria to the generation
of electric current in the cells of the MFC, an
experiment was performed with an autoclaved active
silt, the results of which are shown in Fig. 3.
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Fig. 3. Dynamics of voltage variation in the external circuit of fixed cells of MFC containing autoclaved mud

Autoclaved sludge showed a slight increase in
voltage compared to the control sample. A week
later, the control sample generated 700 mV in the
external circuit, while the autoclaved sludge
generated 400 mV. The fact that the initially sterile
environment of the experimental MFC was
nevertheless able to increase the voltage in the
external circuit can be explained by contamination

of the anode chamber of the experimental MFC.
Those who enter the sterile sludge bacteria (during
the refueling procedure or from the external
environment during the experiment) could provide
an increase in voltage that is half that of the original
community.

The list of bacteria found in the cells of the
MFC is presented in Table 1.

Table 1. Comparative characteristics of metabolic peculiarities in bacteria isolated from

the cell of a microbial fuel cell

Oxygen Nitrate breathing The final
Culture breathing products of
Denitrification Dissimilation breathing
ammonification
Biotope - cathode chamber
Microccocus luteus + - - H,0, CO,
Staphylococcus + - + H,0, CO,, NH,"
Piscifermentas [4, 5]
Paracoccus yeei + + - H,0, CO,, N,O,
NO, N,

Bacillus licheniformis + + - H,0, CO,, N,
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Streptomyces hirsutus + + - H,0, CO,, NOy
Streptomyces + + - H,0, CO,, NOy
violaeoruber

Sphingomonas + - - H,0, CO,
paucimobilis

Biotope - anode chamber

Micrococcus roseus + - + H,0, CO,, NOy
. 7. +

Bacillus subtilis + - + NH,4
Sphingomonas + - - H,0, CO,
paucimobilis
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Fig. 4. Dynamics of voltage variation in the external chain of MFC with periodic addition of peptone solution

The wvalues of the output power of cells than the control MFCs. The maximum power
containing river silt with periodically added peptone values were recorded from the 15th to the 25th
are shown in Fig. 4. day of the experiment. The optical density in the

It can be seen from the graph that the MFC, samples taken from the experimental MFC also
into which the peptone solution was added, significantly exceeded the control samples
generated a significantly higher electrical power (Fig. 5).
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Fig. 5. Dynamics of the change in the optical density of the sludge mass taken from the
anode chamber of the MFC, to which a solution of peptone

DISCUSSION

The results of the microbiological studies
presented in Table 1 indicate that the cultures found
have a number of common features of energy
metabolism. All the bacteria listed in Table 1 are
optional or obligate aerobes. Perhaps, therefore,
more species have been allocated from the cathode
chamber open to air access. However, the presence
in the anode chamber of the culture of
Sphingomonas paucimobilis, a non-spore-forming,
strictly aerobic microorganism, indicates that
oxygen was present in the anode chamber at a
concentration sufficient for the survival of this
bacterium. Anaerobic bacteria gave single colonies,
which in the framework of this study can be
neglected.

The remaining cultures isolated from MFC
have an alternative form of existence in anoxic
conditions - nitrate respiration. Such species as
Staphylococcus piscifermentas and Bacillus subtilis
restore nitrogen to ammonia, decomposing the
proteins to peptides and amino acids, which are then
utilized by the cell. The process of ammonification
is better known as "rotting" [6]. Both cultures were
found in the cathode and anode chamber,
respectively.

Another, more numerous group of bacteria, is
represented by species that restore nitrate to nitrite,
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nitrogen oxides and molecular nitrogen. Of the
seven cultures found in the cathode chamber, four
species are capable of denitrification. Such a
predominance of microflora with alternative oxygen-
free respiration can be explained by competition for
oxygen between bacteria, the presence in the biotope
of zones with different concentrations of oxygen and
substrates with a high content of nitrogenous
compounds. Perhaps nitrate breathing is an
adaptation to the existence MFC chambers.

The total number of microbial cells: 2 * 10°
CFU / ml and 7.4 * 10° CFU / ml in the anode and
cathode chambers, respectively, which is a
difference within one decimal logarithm.

Despite the fact that we did not find anaerobic
cultures, their presence in the anode chamber can be
assumed based on indirect data: in the control
sample, an autoclaved AS (120°C, 1 atm., 40 min)
generated an electric current of relatively low power
in the external circuit MFC (Fig. 2 or 3). In the
cathode chamber, the number of microbial cells
slightly exceeded the analogous index in the anode
chamber. However, in the cathode chamber, aerobic
bacteria were found to be much larger (Table 1).

The obtained data confirm the legitimacy of
the assimilation of MFC flocculine AS.

The evolution of the microbial community of
the silt mixture in two directions - in the aerobic and
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anaerobic MFC chambers, apparently leads to the
formation of two different communities mutually
complementary to each other as part of the MFC and
improving the operation of the MFC under the
condition of additional dynamic provision (shaking).

Without shaking, the aerobic community of
microorganisms that improves the performance of
MFC is not formed. Perhaps this is due to the fact
that the sludge prevents the access of oxygen to the
electrode.

Obviously, in the laboratory version presented
here, shaking takes much more energy than can be
obtained from MFC. But in this case the
fundamental question was solved: is it possible to
form an aerobic population of silt microorganisms
that improve the performance of MFC. In practice,
probably, various technological solutions of dynamic
support are possible, allowing to increase the ratio of
the received and expended energies in the
implementation of the described approach.

Based on the data obtained by adding a solution
of peptone to river silt in the MFC, it can be assumed
that microorganisms adapted to the use of proteins are
an important constituent of the electrogenic microflora
of mud masses. Apparently, anaerobic respiration plays
a key role in the processes of biological transport of
electrons to the anode.

CONCLUSIONS

1. The data obtained confirm the validity of the
assimilation of the MFC flocculine AS.

2. Evolution of the microbial community of the
silt mixture in two directions - in the aerobic and
anaerobic MFC chambers leads to the formation of
two different communities mutually complementary

to each other as part of the MFC and improving the
operation of the MFC under the condition of
additional dynamic provision (shaking).

3. Without shaking, the aerobic community of
microorganisms that improves the performance of
MFC is not formed. Perhaps this is due to the fact
that an unmixed sludge prevents the access of
oxygen to the electrode.

4. Regular replenishment of activated sludge
with peptone solution significantly increases the
electrogenicity of its microflora.
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W3CJIEJBAHE HA EJJEKTPOT'EHHUTE CBOMCTBA HA
MUKPO®JIOPATA HA KAJIHU MACH, ITOJTYYHEHHU OT PA3/IMYHHU
BUOTHUIIN

A1O. Tropun-Kysmus, B.K. Mnun, /I.B. Kopurynos, A.B. Ilynerosa, 10.B. CynpyHosa

Pe3rome: MukpoOuute ropusau kinetku (MI'K) morar fa ce u3momn3Bar kaTo CpeACTBO 3a MMOJTydaBaHe Ha €IEKTPUIecKa
€HEprysl 10 eKOJOTUYEH HAYMH, KOETO YECTO C€ ChIIBTCTBA C pasrpakJaHe Ha OPraHMYHH OTHanbIM. [ 1aBeH mpoliem
3a Te3W YCTPOWCTBAa € MajKaTa MOILIHOCT Ha TEHEpUpaHMs ENEKTPHUYECKH TOK. B mpupomaTa pasrpaxiaHeTo Ha
OpPraHUYHU OTHAABIM, CHUETAHO C OKHUCIUTEIHO-PEIYKIMOHHM PEAKIMH, T.e. NMPEHOC Ha EJIEeKTPOHH U TPOTOHH,
00pa3yBaHH 110 BpeMe Ha Pasrpax<JaHeTo, Ce U3BBPIIBA OT MUKPOOHHU CHOOIIECTBA, KOUTO B CBOETO ONTHMAJIHO 32 TO3H
TIPOIIEC ChCTOSIHUE Ce HapuyaT akTHBHA yTalka (AY). 3psutata AY ce CbCTOM OT T.H. (PIOKYIyMH - KpBIIK popManyu ¢
pa3zmepu ot 30 go 100 1 moBeye MUKPOHA, B KOUTO C€ ChABPKAT MUKPOOPTAaHU3MHU, KOUTO OCBINECTBSIBAT Pa3IUYHU
peaKuuy 1o paszyaraHe Ha OpraHu4HU BenlecTBa. OueBUIHO e, 4ye KoHcTpykuusaTa Ha MI'K e Tononornaxo nono6Ha Ha
aKTHBHUS yTaedeH (uiokynaHT. OChIIEeCTBUXME ONHUTH 3a /1a IPOBEPHUM KaK MPUCHCTBUETO Ha MHUKPOOPTaHM3MH BBHB
BOJIHAaTa Kamepa BiMsie BbpXY nponsBoautenHoctTa Ha MI'K, kato 3ambIHUXME aHOIHHUTE M KaTOJHUTE KAMEPH C €IHA
U ChINA CMEC OT YTalKU M TECTOBH KJIIETKH, KATO ONMTHHUTE KIETKU CE pa3Kiallaxa Ha MEHKbp C Lel J1a ce Ch3AanaT
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OnaronpusATHU YCIIOBHS 3a 00pa3yBaHe Ha MUKPOOHH ChoOIIecTBa. Y CTaHOBEHO 0Oe, ue KiieTkara ¢ AY B JBeTe KaMepH,
KOSITO Ce pa3Kialla ¢ MOMOIITa Ha MEeHKbp, C TEeUeHUEe Ha BPEMETO reHepupa Hall-BUCOKO Halpe)keHHe BbB BHHIIHATA
BEpUra B CpaBHEHHE C KOHTpoJIHMTE 00pa3uu. [loiaydeHnTe naHHU MOTBBP)KIABAT TOCTOBEPHOCTTA HA aCUMMIIALIUITA
Ha ¢uokymure Ha AY or MI'K. EBomronmsata Ha MUKPOOHOTO CHOOIECTBO HA yTaeyHATa CMEC B JIBE€ YCTaHOBKH — B
aepoOHn u aHaepoOHM MI'K kamepn — o4eBHAHO BOIM 1O 00Opa3yBaHETO Ha IBE PA3IMYHM CHOOIIECTBA, B3aWMHO
nmorreiBamm ce karo yactu Ha MI'K m monoOpsBamu ¢yakumorupanero Ha MI'K mpu ycrmoBue Ha JOIMBIHUTEITHO
JUHAMUYHO OCHTypsiBaHe (paskiamane). M3cieasan 6€ n epekTsT OT J0OaBsIHETO HA IETITOH B aHOJHATAa KaMepa BBPXY
npousBoauTenHoctTa Ha MI'K - meproandHOTO 100aBsSHE HA MENTOH 3HAYUTENHO yBEIWYHM M3XOIHATA MOIIHOCT Ha
MI'K. OueBraHO 32 CTUMYJIMpaHE Ha €JIEKTPOreHHATa aKTUBHOCT Ha MUKpo(IopaTa Ha KbCHa aHaepoOHa yTaifka Morar
Jla ce U3IO0JI3BaT cyOCTpaTu ¢ OenThyHa IPUPOIa, IIPECTABISBAILY XPAaHUTEIIHA CPEeia 3a eNIEKTPOreHHUTE OaKTEepHH.

Kawo4yoBu gymu: MUKpOOHH TOPUBHHU KIIETKH, OMOTOPUBHH KJIETKH, aKTHBHA yTaliKa, (JIOKYJIN, HATPATHO JUILIAHE
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