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Waste gas removal by bioelectrochemical systems: a review
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Abstract: Bioelectrochemical systems (BESs) couple energy generation with biodegradation and
bioconversion of a wide range of contaminants. BESs have increasingly attracted research attentions and
would have a broad application prospect in the treatment of environmental pollutants. Recently, BESs are
used to treat waste gases. Due to the combined electrochemical and biological processes, BESs generally
show higher efficiency and promising application in the treatment of waste gases. Here, we summarize gas
types, treatment efficiencies and reactor structures of BESs for waste gas treatment. Moreover, the
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functional microorganisms and the possible bioelectrochemical mechanisms in those systems are
summarized. The main problems needing to be solved in the future are also proposed, with the aim to

promote BESs in waste gas treatment.

Keywords: Bioelectrochemistry, Waste gas, Microbial fuel cells, Microbial electrolysis cells
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filter-microbial fuel cells, BF-MFCs)f)—14~5& 544
g, L AT DA P R R e s o = i 5 R i <
PSRRI, 3 ARt 2 P 22 H
2.2 EHEMR

SAH BESs F FHR AR k(a2 R B ER 1),
AL IE PEf . Bdl. BRAT . BREL AR . B
FBRAC S PE gty , PhRE A e, (HE
Mg, AE TV RAN . 16 PR EORL . ik
2 2 ) A cEs 45 LA fbE R M . AR AR
Gy T RACR RS, SRy P 2 A v 7 X
MR RE . 2% B R AR R TR Ak, A )
7Tyt NE E 1 RS B i i AL/ FN A BRALR
R, TSR MFCs Y PEAR IR i 45
I, PrLAh T 38 KA 5 F A 2 18 A ) B 1 42
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e FF B AR A1 BH A A9 PR SR BRI . 8 FE 21 A0 58 e
AT 3% . T 52 #e 5 (PEMs) . BH B 1 A8 46 JiE
(CEM). BHES T2l (AEM) FIH IE I (UFM) . <,
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3.1 S NO HEIB AL FAE
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Fe(IEDTA-NO /KHkEEA ¢, >4 Fe(IHEDTA-NO
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KU {125 T CABER BI85
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Fe(IINEDTA +e —» Fe(I)EDTA® (R4)

TE CABER MAUBifHI R, Fe(IIHEDTA |
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IS S L A 23 0 B PR30 2 522

Zhao %X} MEC 4bBE NO, 1 2 i i i P LEE
HEATIFSE, R BZM R i A R AR DN
I R PR AR W b A 8 2 AR 2R
) 2 A fh 2 b A% 3o 2 B ) N AR A
Ty EE ) P R R, ek ch R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HATAESE: AR AL R GEAL IR T R

1123

DL fig ik oh g b E
Thermomonas . Chelatococcus . Azospira; F %)
BRI R 2T 15.11%, 16 Actinotalea F1
Desulfitobacterium™, Ohmura 2% B Thiobacillus
ferrooxidans W LA FI AR R ™A 10 Ho A0+
GRS Fe' UEATRAE A 7R K. Zhou Z5HiH
REH e W I T LIFER A S B F FUFA S
ol QAL TAMA, FfFE CABER 1 NO
R AR A] R A FE U ML )i . Fe(ID)id i FTHL
WA 5, 45 Fhids 42 0 BT Bk EL 451 32 310 F A L A
Fe(IDW B . AW TG TESE ZFh R (5200 . Zhao
R R, TE Fe(DiR R fed, BT HfEH
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Fe(ID)5¢ Wi i, FEAR FL AL 4REE T B IF I8 )5 5T
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monoxide dehydrogenase, CODH)FIZ L4 A &
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CO #efbhy LRl ) N . CO EWE ALY
FEY R CORR, )5 #H AT LAERIR 2
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A AR AL IZ AR R P BRI R . &
A REE A EE 0, DI SFRI=E L
TP G R QR VAol NI N ¢ NG ER DAL
(=550 mV), Dehalococcoides J&=FERA R, HF
JEE 65%; BEE AL ETE, REGFRET Chloroflexi
UV R B i s R Y, TRER T
HUNEEE o VRBERRAIG, AR BLA 3 B2 A,
Chen ZHUEL T AR HLA(—-0.06 . —0.26, —0.46 il
—0.66 V) I MEC F#f# TCE BIRCR, &I—0.26 V it
LYE S F IR Ul NS g i N g AN R G )
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R RULAT L, FEfE A MEC RS AT L
Yok, AR AL I AR ARG, iR BRI
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AW R, B BB
Wy R LR B R L W KR -2,6- B R
(Antraquinone-2,6-disulfonate, AQDS)% Hi, /M A T]
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I VR B0 0 A T 1 B BE RN 25 4 A A A [R) 1Y 52
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HIRIFIRE, N 2 i A 2 A i A
WA, BRI AL RE-02 ViES, 1R
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4 RE
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IR CAFRBES(EK . BRI ISR

IS IREE . BESs 7RS4 AL HE R A S AR AN
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FFB WS BB £ 1 BESs FIE AN I ST
HHSENE {HIE, BESs 781X S0 [ %) 4b P it o
WAFTER 2, 75 2045 L JLAS Jr i oe
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NH, 85 2 SRR T 78 i A= 07 v vl P Y At
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RO (3) FIAAASIL T LAY BESs Hi25 6 K2 sl
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HWALE S 5 PME.

REFERENCES

[1] Oon YL, Ong SA, Ho LN, et al. Synergistic effect of up-flow
constructed wetland and microbial fuel cell for simultaneous
wastewater treatment and energy recovery[J]. Bioresource
Technology, 2016, 203: 190-197

[2] Potter MC, Waller AD. Electrical effects accompanying the
decomposition of organic compounds[J]. Proceedings of the
Royal Society of London. Series B, Containing Papers of a
Biological Character, 1911, 84(571): 260-276

[3] Logan BE, Rabaecy K. Conversion of wastes into bioelectricity
and chemicals by using microbial electrochemical
technologies[J]. Science, 2012, 337(6095): 686-690

[4] Huang LP, Cheng SA, Chen GH. Bioelectrochemical systems for
efficient recalcitrant wastes treatment[J]. Journal of Chemical
Technology and Biotechnology, 2011, 86(4): 481-491

[5] Pandey P, Shinde VN, Deopurkar RL, et al. Recent advances in
the use of different substrates in microbial fuel cells toward
wastewater treatment and simultaneous energy recovery[J].
Applied Energy, 2016, 168: 706-723

[6] Yang YG, Sun GP, Xu MY. Progress of research on the microbial
fuel cells in the application of environment pollution treatment—a
review[J]. Acta Microbiologica Sinica, 2010, 50(7): 847-852 (in
Chinese)

WKL, PRERE, VFBCE. SRR MR Lt R R S YA TR AT
FER IR TEERET]. P24, 2010, 50(7): 847-852
[71 Song TS, Xu Y, Ye YJ, et al. Electricity generation from

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HATAESE: AR AL R GEAL IR T R

1125

(8]

[9]

[10

=

[11

—

[12

—

[13

[t}

[14]

[15

=

[16

[}

[17

—

[18]

[19

[}

[20]

[22]

(23]

terephthalic acid using a microbial fuel cell[J]. Journal of
Chemical Technology and Biotechnology, 2009, 84(3): 356-360
Zhang CP, Liu GL, Zhang RD, et al. Electricity production from
and biodegradation of quinoline in the microbial fuel cell[J].
and Health Part A
Toxic/Hazardous Substances & Environmental Engineering,
2010, 45(2): 250-256

Xia CY, Xu MY, Liu J, et al. Sediment microbial fuel cell prefers
to degrade organic chemicals with higher polarity[J]. Bioresource
Technology, 2015, 190: 420-423

Yang YG, Xu MY, He ZL, et al. Microbial electricity generation
enhances decabromodiphenyl ether (BDE-209) degradation[J].
PLoS One, 2013, 8(8): €70686

Zeng PY, Li JJ, Liao DQ, et al. Performance of a combined
system of biotrickling filter and photocatalytic reactor in treating
waste gases from a paint-manufacturing plant[J]. Environmental
Technology, 2016, 37(2): 237-244.

Zhang SH, You JP, Kennes C, et al. Current advances of VOCs
degradation by bioelectrochemical systems: A review[J].
Chemical Engineering Journal, 2018, 334: 2625-2637

Hussain A, Raghavan V, Guiot SR, et al. Electricity production
from synthesis gas in a multi-electrode microbial fuel cell[J].
Journal of Chemical Technology and Biotechnology, 2014, 89(4):
499-507

Kim D, Chang IS. Electricity generation from synthesis gas by
microbial processes: CO fermentation and microbial fuel cell
technology[J]. Bioresource Technology, 2009, 100(19): 4527-4530
Hussain A, Tartakovsky B, Guiot SR, et al. Use of silicone
membranes to enhance gas transfer during microbial fuel cell
operation on carbon monoxide[J]. Bioresource Technology, 2011,
102(23): 10898-10906

Mehta P, Hussain A, Tartakovsky B, et al. Electricity generation
from carbon monoxide in a single chamber microbial fuel cell[J].
Enzyme and Microbial Technology, 2010, 46(6): 450-455
Hussain A, Mehta P, Raghavan V, et al. The performance of a
thermophilic microbial fuel cell fed with synthesis gas[J].
Enzyme and Microbial Technology, 2012, 51(3): 163-170

Guo QB, He Y, Sun TH, et al. Simultaneous removal of NO, and
SO, gas using combined Na,SO;
electrochemical reduction and direct electrochemical reduction[J].
Journal of Hazardous Materials, 2014, 276: 371-376

Zhang SH, Chen H, Xia YF, et al. Current advances of integrated
processes

Journal of Environmental Science

from flue assisted

combining chemical absorption and biological
reduction for NO, removal from flue gas[J]. Applied
Microbiology and Biotechnology, 2014, 98(20): 8497-8512

Xia YF, Lu BH, Liu N, et al. NO, removal in chemical
absorption-biological reduction integrated system: Process rate
and rate-limiting step[J]. Bioresource Technology, 2013, 149:
184-190

Xia YF, Zhao JK, Li MF, et al. Bioelectrochemical reduction of
Fe(IDEDTA-NO in a biofilm electrode reactor: performance,
mechanism, and kinetics[J]. Environmental
Technology, 2016, 50(7): 3846-3851

Mi XH, Gao L, Zhang SH, et al. A new approach for
Fe(II)EDTA reduction in NO, scrubber solution using bio-electro
reactor[J]. Bioresource Technology, 2009, 100(12): 2940-2944
Zhou Y, Gao L, Xia YF, et al. Enhanced reduction of

Science &

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Fe(I)EDTA-NO/Fe(II)EDTA in NO, scrubber solution using a
three-dimensional biofilm-electrode reactor[J]. Environmental
Science & Technology, 2012, 46(22): 12640-12647

Xia YF, Shi Y, Zhou Y, et al. A new approach for NO, removal
from flue gas using a biofilm electrode reactor coupled with
chemical absorption[J]. Energy & Fuels, 2014, 28(5): 3332-3338
Zhao JK, Zhang CY, Sun C, et al. Electron transfer mechanism of
biocathode in a bioelectrochemical system coupled with chemical
absorption for NO removal[J]. Bioresource Technology, 2018,
254:16-22

Kuroda M, Watanabe T. CO, reduction to methane and acetate
using a bio-electro reactor with immobilized methanogens and
homoacetogens on Electrodes[J]. Energy Conversion and
Management, 1995, 36(6/9): 787-790

Nevin KP, Woodard TL, Franks AE, et al. Microbial
electrosynthesis: feeding microbes electricity to convert carbon
dioxide and water to multicarbon extracellular organic
compounds[J]. mBio, 2010, 1(2): €¢00103-10

Aryal N, Ammam F, Patil SA, et al. An overview of cathode
materials for microbial electrosynthesis of chemicals from carbon
dioxide[J]. Green Chemistry, 2017, 19(24): 5748-5760

Zhang T, Nie HR, Bain TS, et al. Improved cathode materials for
microbial electrosynthesis[J]. Energy & Environmental Science,
2013, 6(1): 217-224

Zhou JA, You Y, Bai ZP, et al. Health risk assessment of personal
inhalation exposure to volatile organic compounds in Tianjin,
China[J]. Science of the Total Environment, 2011, 409(3): 452-459
Li MZ, Huang ZH, Kang FY. Progress of volatile organic
compounds control technology[J]. Chemical Industry and
Engineering, 2015, 32(3): 2-9 (in Chinese)

BT, WIER, BCFE. BAMAE LY 0 B AR R[]
k2Tl 5 TR, 2015, 32(3): 2-9

Luo HP, Liu GL, Zhang RD, et al. Phenol degradation in
microbial fuel cells[J]. Chemical Engineering Journal, 2009,
147(2/3): 259-264

Wu CH, Lai CY, Lin CW, et al. Generation of power by
microbial fuel cell with ferricyanide in biodegradation of
Benzene[J]. Clean-Soil Air Water, 2013, 41(4): 390-395

Wu CH, Yet-Pole I, Chiu YH, et al. Enhancement of power
generation by toluene biodegradation in a microbial fuel cell in
the presence of pyocyanin[J]. Journal of the Taiwan Institute of
Chemical Engineers, 2014, 45(5): 2319-2324

Rakoczy J, Feisthauer S, Wasmund K, et al. Benzene and sulfide
removal from groundwater treated in a microbial fuel cell[J].
Biotechnology and Bioengineering, 2013, 110(12): 3104-3113
Luo HP, Zhang CP, Song HH, et al. Electricity production of
microbial fuel cell with biodegradation of benzene[J]. Acta
Scientiarum Naturalium Universitatis Sunyatseni, 2010, 49(1):
113-118 (in Chinese)

BiENE, TR, RURLL, S5 FRRORIORUE PR it r
RERFSELI]. LRl FARBIFRR, 2010, 49(1): 113-118
Lin CW, Wu CH, Chiu YH, et al. Effects of different mediators
on electricity generation and microbial structure of a toluene
powered microbial fuel cell[J]. Fuel, 2014, 125: 30-35

Friman H, Schechter A, Ioffe Y, et al. Current production in a
microbial fuel cell using a pure culture of Cupriavidus basilensis

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1126

TEY I8

Microbiol. China

[39

[40

[41

[42

[44

[45

[46

[47

[48

[49

[50

[51

[52

—

]

]

]

=

]

=

]

]

]

=

—

—

growing in acetate or phenol as a carbon source[J]. Microbial
Biotechnology, 2013, 6(4): 425-434

Song TS, Wu XY, Zhou CC. Effect of different acclimation
methods on the performance of microbial fuel cells using phenol
as substrate[J]. Bioprocess and Biosystems Engineering, 2014,
37(2): 133-138

Pham H, Boon N, Marzorati M, et al. Enhanced removal of
1,2-dichloroethane by anodophilic microbial consortia[J]. Water
Research, 2009, 43(11): 2936-2946

Li J, Li M, Zhang J, et al. A microbial fuel cell capable of
converting gaseous toluene to
Engineering Journal, 2013, 75: 39-46
Wu CH, Tsai YY, Lin CW. Modifying membrane anode in a
microbial fuel cell to improve removal of gaseous ethyl acetate

electricity[J]. Biochemical

without reducing generation of electricity[J]. Journal of the
Taiwan Institute of Chemical Engineers, 2016, 62: 169-176

Wu CH, Lin CW. Electricity generation and kinetic aspects of a
biotrickling filter-microbial fuel cell for the biofiltration of ethyl
acetate vapor from waste gas[J]. Journal of the Taiwan Institute of
Chemical Engineers, 2016, 68: 332-337

Wu CH, Shih JC, Lin CW. Continuous production of power using
microbial fuel cells with integrated biotrickling filter for ethyl
acetate-contaminated air stream treatment[J]. International
Journal of Hydrogen Energy, 2016, 41(47): 21945-21954

Yu J, Park Y, Nguyen VK, et al. PCE dechlorination by
non-Dehalococcoides in a microbial electrochemical system[J].
Journal of Industrial Microbiology & Biotechnology, 2016, 43(8):
1095-1103

Aulenta F, Tocca L, Verdini R, et al. Dechlorination of
trichloroethene in a continuous-flow bioelectrochemical reactor:
effect of cathode potential on rate, selectivity, and electron
transfer mechanisms[J]. Environmental Science & Technology,
2011, 45(19): 8444-8451

Gao L, Mi XH, Zhou Y, et al. A pilot study on the regeneration of
ferrous chelate complex in NO, scrubber solution by a biofilm
electrode reactor[J]. Bioresource Technology, 2011, 102(3):
2605-2609

Li W, Xia YF, Zhao JK, et al. Generation, utilization, and
transformation of cathode electrons for bioreduction of
Fe(IIEDTA in a biofilm electrode reactor related to NOy
removal from flue gas[J]. Environmental Science & Technology,
2015, 49(7): 4530-4535

Leitao P, Rossetti S,
Bioelectrochemically-assisted
1,2-dichloroethane by a Dehalococcoides-enriched microbial
culture[J]. Bioresource Technology, 2015, 195: 78-82

Leitao P, Rossetti S, Danko AS,
Dehalococcoides mccartyi spp. from a municipal activated sludge
during AQDS-mediated bioelectrochemical dechlorination of
1,2-dichloroethane to ethene[J]. Bioresource Technology, 2016,
214: 426-431

Lohner ST, Tiehm A. Application of electrolysis to stimulate
microbial reductive PCE dechlorination and oxidative VC

Nouws HPA, et al.

reductive  dechlorination  of

et al. Enrichment of

biodegradation[J]. Environmental Science & Technology, 2009,
43(18): 7098-7104

Aulenta F, Catervi A, Majone M, et al. Electron transfer from a
solid-state electrode assisted by methyl viologen sustains efficient

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

microbial reductive dechlorination of TCE[J]. Environmental
Science & Technology, 2007, 41(7): 2554-2559

Aulenta F, Di Maio V, Ferri T, et al. The humic acid analogue
antraquinone-2,6-disulfonate (AQDS) serves as an electron
shuttle in the electricity-driven microbial dechlorination of
trichloroethene to cis-dichloroethene[J]. Bioresource Technology,
2010, 101(24): 9728-9733

Aulenta F, Reale P, Canosa A, et al. Characterization of an
biocathode
trichloroethene and cis-dichloroethene to ethene[J]. Biosensors
and Bioelectronics, 2010, 25(7): 1796-1802

Aulenta F, Reale P, Catervi A, et al. Kinetics of trichloroethene
dechlorination and methane formation by a mixed anaerobic

electro-active capable  of  dechlorinating

culture in a bio-electrochemical system[J]. Electrochimica Acta,
2008, 53(16): 5300-5305

Patil SS, Adetutu EM, Rochow J, et al. Sustainable remediation:
electrochemically dechlorination  of

Microbial

assisted  microbial
tetrachloroethene-contaminated
Biotechnology, 2014, 7(1): 54-63
Strycharz SM, Woodard TL, Johnson JP, et al. Graphite electrode
as a sole electron donor for reductive dechlorination of
tetrachlorethene by  Geobacter lovleyi[J].  Applied
Environmental Microbiology, 2008, 74(19): 5943-5947
Catal T, Li KC, Bermek H, et al. Electricity production from
twelve monosaccharides using microbial fuel cells[J]. Journal of
Power Sources, 2008, 175(1): 196-200

Sharma V, Kundu PP. Biocatalysts in microbial fuel cells[J].
Enzyme and Microbial Technology, 2010, 47(5): 179-188

Zhang SH, Li W, Wu CZ, et al. Reduction of Fe(I)EDTA-NO by
a newly isolated Pseudomonas sp. strain DN-2 in NO, scrubber
solution[J]. Applied Microbiology and Biotechnology, 2007,
76(5): 1181-1187

Li W, Wu CZ, Zhang SH, et al. Evaluation of microbial reduction
of Fe(IIHDEDTA in a chemical absorption-biological reduction
integrated NO, removal system[J]. Environmental Science &
Technology, 2007, 41(2): 639-644

Kleifges KH, Juzelitinas E, Jiittner K. Electrochemical study of
direct and indirect NO reduction with complexing agents and
redox mediator[J]. Electrochimica Acta, 1997, 42(19): 2947-2953
Ohmura N, Matsumoto N, Sasaki K, et al. Electrochemical
regeneration of Fe(Ill) to support growth on anaerobic iron
respiration[J]. Applied and Environmental Microbiology, 2002,
68(1): 405-407

Henstra AM, Sipma J, Rinzema A, et al. Microbiology of
synthesis gas fermentation for biofuel production[J]. Current
Opinion in Biotechnology, 2007, 18(3): 200-206

Zhang T, Gannon SM, Nevin KP, et al. Stimulating the anaerobic
degradation of aromatic hydrocarbons in contaminated sediments
by providing an electrode as the electron acceptor[J].
Environmental Microbiology, 2010, 12(4): 1011-1020

Di BA, Verdini R, Rossetti S, et al. CARD-FISH analysis of a
TCE-dechlorinating biocathode operated at different
potentials[J]. New Biotechnology, 2012, 30(1): 33-38

Chen F, Li ZL, Liang B, et al
bio-dechlorination of trichloroethene by potential regulation:
Kinetics, microbial community structure and function[J].
Chemical Engineering Journal, 2019, 357: 633-640

groundwater[J].

and

set

Electrostimulated

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn





