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Abstract: The removal of antibiotics by bioelectrochemical systems ( BES) was introduced. The effects
of reaction processes on the performance of microbial electrolytic cell (MEC) and the electricity pro-
duction of microbial fuel cells (MFCs) were summarized. The treatment efficiency of the BES coupling
system was analyzed, and the fate of antibiotic resistance bacteria ( ARB) and antibiotic resistance
genes ( ARGs) was discussed. The analysis shows that in MEC, the magnitude of applied voltage
affects the degradation efficiency of antibiotics, and the cathode provides electrons and reduces antibiot-
ics. The effective removal of antibiotics in BES mainly depends on the co—metabolic degradation or di-
rect oxidation in the anode. Antibiotics can act as the only electron donor and the only carbon source for
MFC power generation. Some coupling systems are more energy—saving and efficient in the removal of
antibiotics without external power supply. During the degradation of antibiotics, low currents can facili-
tate the propagation of ARGs through vertical gene transfer ( VGT) and horizontal gene transfer

(HGT) , while high currents are expected to eliminate ARB and ARGs.
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Fig.1 Schematic diagram of the bioelectrochemical system
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Table 1 Summary of the performance of MEC in antibiotic removal

R TE BN BUE R T BRR PEREWRE/ (mg - L7)  BHE/h SMEE/V ARGs E =P
ARy T2 (69.0% ) 0.006 168 0.20 / [15]
BRA AFE(96.0%) 32 24 0.50 / [17]
A1 LR AR (86.3%) 30 24 0.50 / [18]
AERLYER] R, DI, FE(99.0% ) 30 24 0.50 / [16]
1 BRLT YR RABR, BAEH(98.0%) 50 9 1.25 / [19]
VEPERRLT 4 m%?,ﬁﬁﬁfﬁ%uﬂé(>8&0%) 02 40 0.80 sull ,sulll , sullll tetA ,tetC , 1207
tetQ ,tet(Q) ,and tetW
kA7 BB HEE(>95.0%) 50 72 1.25 floR and cmiA [21]
4B TR L b A2 (95.0%) 32 120 0.50 / [22]
. ) I 1, sulllsullll tetA , tetC
TEPERRLFAE KR DUBRZE B R I (>72.0% ) 0.8 40 0.0 CSullosulll,sulllltei, terC [23]
tetO ,tet() ,and tetW
[/ Ze):-ii) AR (92.5%) 50 96 1.50  cmlA,floR tetC sull and intll [ 24]
TR AT 4t Tt e W (80.0% ) 160 24 / sull ,sulll | sullll | and sulA [25]
A LI E(99%) 20 48 0.90 ermG,ermB ,ermC ,ermF and ermT [ 26]
WA it iz F S (92.5% ) 30 72 0.60 sull ,sulll ,sullll and sulA ,intl1 ,intl2 [27]

VE L/ FR AT
12 EMREZEERURVEE

HMINHL s P e Bt A R AE MEC R RI0%
MEEREZ —, 4 MEC B9 H E M 0 3 i £
0.9 VI, fif JHie %5 0 (SDZ) By 2= B3 3% & 0 L 4%
e P KT BE I PR T R S A R P T L
T AEIREIE B, B A7 o] DA AL 2 8
LR VR MBI L - 1.25 V
BF, CAP I EBRBCRA TS EE, Wu 5 A5
RIL,CHH MM 0.3 V HIME] 0.5 V B, CAP 192
R AACR A 10 3 4 i, X PR A AR R R 1 A s
T, B A, R R
1.3 EYRAREERAEEZRNIER

IR R e E B AR R L BRAICR 1Y
. £ MEC H7,24 h PR B4 b AR A 4 BRI AR %
CAP [ EBRBCRE =™ Wi A= YIRS , CAP
FBRRIER 62.0%" "7 AT BA A B B A7
AEARL, AL A 90 B P00 Je P 2 A= B B A 1Y 3.2
5 A IR R R R CAP LBREE nI B
e KA A W BA AR S A el DA DA SR AR R A5 H T
55 CAP B&fR'"7 . BAM LAY IEA B T
A FL A T 2 ) A ™ BRI 2 Ah, 5 B

< FERORE BE, VTR 4 Je B R L SR i AR
ZURE iAo v A AT RLE i v A 2 OB o A
PUER, Wu % AN LR PR B A R 5 D 9]
%, %F MEC H(4 CAP FEAfPEREZETTBE T A 2L, il
URH X CAP HLAT 5¢ 4x B it (¥ PE AR, SR W AE
MEC 1, YR i 2 — AR A ATk i R PR TR R
OB AL R

2 MFC ERBin&g=x

2.1 MFC EBIERR 4R

F2 MEE T MFC LM BT A ZbERE, W
MFCs FIPRZE MFC 2% H THiE £Z Lk, 5
i, 5z MFC X - B bi Az 2 10 PR %
K 98% , 1AL ZE MFCs X filf K&K mk fifh e 2% S 55
M A RN DY 3R 2R 1 R BR R 40N 85% ,90% |
84% 99% K1 80% "> (£ 2) , ML AT WL, MFC
BB R RCRE &, SRR DF 5T EE
MFC 217U A G BRI Pl R R AR (b
TLE, BT LA R0, ok o is v 3 7t
JESE MFC A R BB EE I
2.2 MFC FERAEEBRIEZHHER

FEAESGE ) MFC B AT L i 481k R it Bt



I ¥ ADERFRAIBRRAEAZTHRZLE <11 -
F2 MFC WHRERERNERESE
Table 2 Summary of the performance of MFC in antibiotic removal
MFC Fhi& PiA: AR L BRFR iﬁ#m{g/ B iAl/h %ﬁ@?ﬁ%ﬁ/ ﬁk%m%@ 275 30k
(mg- L") (m+ Am™) (W-m™)
B HRE(98.0%) 50 24 10.7 101.20 [31]
o KA AR (91.0%) 50 24 14 800.0 113.00 [10]
HE Wi A (65.5%) 4 / / 1.50 [33]
P P e (85.4% ) 10 24 318.7 0.16 [29]
P i 1z FR 2 (70.0% ) 200 24 / / [34]
W AEHER(61.0%) 80 48 408.0 0.86 [28]
W fif 14 (90.0% ) 30 96 / / [35]
WE itk e R I (85.0% ) 20 12 / / [3]
A PUFRZE (80.0% ) 50 168 578.7 2.50 [30]
WA HAH (84.0%) 50 12 / / [11]
WA ik Jhie FP ST (90.0% ) 20 / / / [36]
W WERID AL BRI EE (599.0%)  (3~31)x1073 / / 5.80 [32]
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Table 3 Summary of the performance of coupling systems in antibiotic removal

ESi] BiAERMAE T EBRE R/ (mg - L) Hfa] /h FEAE FLRE ARGs E =P

MFC PUFRZE (99.7%) 50 12.5 0.75 W/m? / [41]

CW-MFC-MEC it iz Y 2 (95% ) 30 21.0 / / [12]
o tetA ,tetC ,tetO ,tet() ,

CW-MFC  fift e F T, DUBR 2R (>99% ) 8 60.0 0.058 W/m? [42]
tetW ,sull , and sulll

MBR-MFC  PU¥Fz, bRk (>90.0%) 180 8.5 5.1 W/m® / [14]

CW-MFC-MEC ik Jhie FF IR (9% ) 4 60.0 / sull ,sulll ,and sulll [43]

CW-MFC itk e FF IR (82.4% ) 4 72.0 7.428 mW/m? sull [44]

/R ARIT

Yang 55 NFF & 17— g B % 22 MFC W
B R Gk L BR TC, A3 TC W BE | ey LA Jo vk B
MK pH E AT LR & TC M EBRZE, XI5
T, TR EK, G 0 #R A MFC %k AT DU
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