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ELECTRICITY GENERATION BY DIFFERENT MICROBIAL STRAINS
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ABSTRACT. Microbial strains of iron reducing bacteria from the genera Geobacter and Shewanella were used in experiments for electricity generation by means of a
microbial fuel cell. The cell was a plexiglass cylindrical column 45 cm high and with 10 cm internal diameter. The cell consisted of two sections separated by a
permeable barrier of glass wool of 5 cm thickness. The feed stream, i.e. the solution subjected to treatment by the microorganisms, was supplied to the bottom anodic
section of the column and the effluents passed through the cathodic section and exited at the top. Air was injected to the cathodic section. Several microbial strains
from the two genera mentioned above were tested in these experiments. Some of the microbial strains, even those from the same taxonomic species, differed
considerably-in their ability for electricity generation.
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PE3IOME. Mukpo6Hu LyamoBe Ha xensi3o peayuupaiuym 6aktepuun ot poposete Geobacter u Shewanella ca u3non3ssaHn 3a NPOM3BOACTBO Ha EMEKTPUYECTBO C
nomolyta Ha MuKkpoBHa ropuBHa kneTka. Knetkata nmpeAcTaBnsiBalle MAeKCUrnacoBa LWMMHAPUYHA KOMOHa C BUCOYMHA 45 cM 1 BbTpelweH AnameTtsp 10 cm.
KneTkaTa ce cbCToeLLe OT iBe CeKLum, pasaeneHn oT Nponyckn1ea nperpaga oT CTbkneHa BaTa ¢ AebennHa 5 cM. 3axpaHBaLLus T NOTOK, T.e. pa3TBOPbT, NOANOKEH
Ha obpaboTka OT MUKpOOpraHW3mMuTe, Ce NofaBalle B [ONHUS @HOAEH Y4acTbK Ha KOMoHaTa W M3TuyalyuTe BellecTBa MpeMuHaBaT Npefd KaTofHaTa Cekuus
13nn3aT B ropHaTa 4acT. Bb3gyx ce WHXekTupalle B kaToAHaTa cekuusi. B ekcnepumeHTUTe Bsixa TECTBAHM HSKOMKO MUKPOGHM Liama, kaTo [OpW Te3n OT efVH K
CbLL TAaKCOHOMMYEH BIA, 3HAUNTENHO Ce pasnuyaBaxa no cnocobHOCTTa it 3a NPON3BOACTBO Ha eHeprus.

KntoyoBu gymu: reHepupaHe Ha enekTpuiecTBo, MUKpOOPraHN3Mu, Xens3o pefyLupalyym Gaktepun

Introduction species related to the genera Geobacter and Shewanella.
They are able to form stable biofilms on the anodic electrodes
The natural contacts of rainfalls with heaps, dumps and in the constructed microbial fuel cells. In these cells, the
even with the relatively stable deposits of the relevant ores are electrons are removed from the anode by means of wires
connected with the presence, growth and activity of different (usually from copper) and are transferred to contact with a
microorganisms. Some of these microorganisms, mainly the resistance located outside the anodic section. As a result of
chemolithotrophic bacteria and archaea, are the prevalent  sych treatment, a portion of the chemical energy of electrons is
inhabitants of these biotopes. At present, such microorganisms  converted to electricity and the electrons reach the aerobic
are largely used for leaching of useful components from cathodic section of the fuel cell in which they react with the
different mineral substrates such as low-grade ores and protons to form water molecules (Rabaey and Verdiraete,
mineral wastes but also concentrates and rich ores. These 2005; Lovely, 2008).
technologies are connected with efficient measures for Apart from the iron-reducing bacteria mentioned above,
conservation of the nature and its inhabitants. A special  anaerobic microorganisms using sulphates as electronic
attention is paid to the development of efficient technologies for  acceptors and the typical fermenting bacteria are also used in
the electricity generation by means of microorganisms. investigations of this type.
The ability of some microorganisms to generate electricity This article is related to investigations on the ability of

in constructed fuel cells is based on the microbial transfer of typ|ca| iron reducing bacteria to generate e|ectricity by means
electrons from different organic substrates to the surface of of a constructed fuel cell.

electrodes located in the anoxic sections of the relevant fuel
cells. Some of these microorganisms (mainly bacteria and .
archaea) are able to form biofilms on the anodic surface and to Materials and Methods

transfer the electrons directly, through microscopic pipes The microorganisms used in this investigation were
located in the pili of the microbial surface. The most active isolated from a natural wetland located in a territory in the
microorganisms using this mechanism are some bacteria proximity of Sofia. The experiments for electricity generation
possessing the so called anaerobic iron respiration. These presented in this study were performed in the laboratories of
bacteria are typical heterotrophs able to remove electrons from the University of Mining and Geology in Sofia.

some organic compounds and to transfer them via microbial The constructed wetland was a plastic basin 1.50 m long,
respiratory chains to ferric ions acting as final electron 1.2 m wide and 0.6 m deep. The bottom of the wetland was
acceptors. The most studied from these bacteria are some covered by a 0.2 m thick layer, consisting of a mixture of soil
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rich in biodegradable organic compounds, plant compost,
manure, crushed limestone and sand. A permeable barrier
consisting of the mixture mentioned above and with the
following dimensions - 0.6 m height, 1.2 m width and 0.5 - 0.2
m length (at the bottom and the top, respectively), was
constructed in the wetland perpendicularly to the direction of
water flow.

The wetland was characterised by abundant vegetation
and diverse microflora. Typha angustifolia, Phragmites
australis and Scirpus lacustris were the dominant species in
the wetland but representatives of the genera Juncus,
Eleocharis, Potamogeton and several algae (mainly from the
genera Scenedesmus and Eudoria) were also present.

Microbial strains of iron reducing bacteria from the genera
Geobacter and Shewanella were used in experiments for
electricity generation by means of microbial fuel cell. The cell
was a plexyglass cilyndrical column 45 cm high and with
internal diameter of 10 cm. The cell consisted of two sections
separated by means of a permeable barrier of glass wool of 5
cm thickness. The feed stream, i.e. the solution subjected to
treatment by microorganisms, was supplied to the bottom
anodic section of the column and the effluents passed through
the cathodic section located in the top part of the column and
exited outside. Air was injected to the cathodic section. Several
microbial strains from the two genera mentioned above were
tested in these experiments. Some of these strains, even such
from the same taxonomic species, differed considerably in their
ability for electricity generation.

The elemental analysis of the waters was performed by
means of atomic absorption spectrometry and inductively
coupled plasma spectrometry.

The isolation, identification and enumeration of the
microorganisms was carried out by the classical physiological
and biochemical tests (Karavaiko et al., 1988) and by the
molecular PCR methods (Sanz and Kdchling, 2007; Escobar et
al., 2008; Dopson and Johnson, 2012). The measurement of
the produced power was carried out by digital multimeter.

Results and Discussion

The treatment of the polluted waters by means of the
constructed wetland was connected with an efficient cleaning
of these waters (Table 1). The content of the toxic elements
(mainly heavy metals and arsenic) was decreased below the
permissible levels (Ordinance Ne 12, 2002). At the same time
the content of dissolved organic was considerably increased
even above the relevant permissible level. The pH was also
increased but within the relevant levels. These changes were
related to the deep changes of the microorganisms present in
these waters (Table 2). The numbers of acidophilic
chemolithotrophs (mainly Acidithiobacillus ferrooxidans and
Acidithiobacillus  thiooxidans) was negligible and in some
samples these acidophiles were not even present.

Table 1. Data about the polluted waters before and after the
treatment by means of constructed wetland

Parameters Before After Permissible
treatment treatment levels
pH 190-2.84 | 6.20-7.38 6-9
Solids, mg/l 48 - 176 28 - 60 100
Diss. Oz, mgll 14-21 02-05 20
Diss. org. C, mg/l| 2.3-8.2 45 - 82 40
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Sulphates, mg/l | 415-1085 | 215-392 400
Fe, mgll 314 - 1085 14-6.8 5

Cu, mg/l 41-23 0.21-042 0.5
Mn, mg/l 14 - 41 02-0.8 0.8
Zn, mg/l 11-51 0.28 -0.59 10
Cd, mgl/l 0.2-0.8 <0.01 0.02
As, mg/l 0.8-64 <0.1 0.2

Table 2. Microflora of the polluted waters before and after their
treatment by means of the constructed wetland

Microorganisms Before After
treatment treatment
Cells/ml
Fe?* - oxidising chemolithotrophs 105108 0-102
S0 - oxidising chemolithotrophs 105107 0-103
Aerobic heterotrophic bactria 101 - 103 102 - 104
Cellulose-degrading aerobes 0-102 101 — 104
Anaerobic heterotrophic bacteria 0-103 102-103
Cellulose-degrading anaerobes 0-10 104 — 108
Sulphate-reducing bacteria 0-102 106 — 108
Fe¥ - reducing bacteria 0-102 103 - 106

At the same time the numbers of some microorganisms
were considerably increased. The sulphate-reducing bacteria
and the ferric iron reducing bacteria were the dominant
microorganisms in the waters subjected to treatment by means
of the constructed wetland. These microorganisms were very
efficient for electricity generation in the microbial fuel cells
(Table 3).

Table 3. Maximum Fe¥ - reducing rates by means of different
mesophilic iron-reducing bacteria

Iron-reducing bacteria Number of the | Maximum Fe3* -
strains tested reducing rate,
mg/l.24 h
Shewanella genus
S. odeinensis 4 123 - 335
S. loihica 10 140 - 321
S. putrefaciens 5 87 -235
S. alga 12 77-182
Geobacter genus
G. ferrireducens 10 125 -203
G. metallireducens 6 140 - 212
G. sulfurreducens 6 62 — 140
G. hydrogenofilus 4 41-104

It must be noted that the highest production of electricity by
such cells was achieved by means of mixed populations of
sulphate-reducing and ferric iron reducing bacteria (Table 4).

Table 4. Electricity generation by means of different anaerobic
microorganisms present in the anodic section of the microbial

fuel cell
Microbial Cells/ml | COD, mg Power,
populations O2/lh mW/m?
Sulphate-reducing 6 680 - B
bacteria 0% | 9ggp | 2190-3750
Ferric iron-reducing 6 750 -
bacteria Z310° | yggp | 19402860
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Mixed sulphate-

reducing bacteria 820 -

and iron-reducing >3.10° 2640 1580 - 4060
bacteria

Mixed populations 440 -

of anaerobic >5.108 1720 1420 - 3140
bacteria

Conclusion

The investigations on the electricity generation by the
constructed microbial fuel cell revealed that this process was
possible by using different anoxic microorganisms (sulphate-
reducing, ferric iron-reducing and mixed populations of these
anaerobic bacteria). It must be noted that some strains of
these bacteria differ considerably from other strains of the
same species. These conclusions reveal that the selection of
the more active strains from the different microbial taxonomic
species is an efficient way to make this approach very efficient
for the future industrial application.
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