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Effects of microbial fuel cells on sulfamonomethoxine degradation

YANG Yu-rong, JTANG Jin, LIU Xiao—hong, SI You-hin"

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment, An-
hui Agricultural University, Hefei 230036, China)

Abstract : Microbial fuel cells (MFCs) can exploit the metabolic activities of microorganisms to yield electricity from substrate oxidation;
thus, they have attracted a huge amount of interest in areas from fundamental theory to environmental remediation. It is well documented
that many factors impact the electrical performance of MFCs and its application in contaminant degradation, including electrode materials,
microbial source, contaminant concentration, and humic acid. In this study, the potential utilization of MFCs for the degradation of sulfa-
monomethoxine(SMM) was investigated, along with electrical output. The results showed that for three anode materials tested, the degrada-
tion rate of SMM and the electrical performance of MFCs were in the following order: carbon felt>carbon paper>graphite rod. At the initial
SMM concentration of 10 mg+ L™, the degradation rate of SMM by Shewanella putrefaciens in MFCs reached 58.92%, higher than 46.48%
by Shewanella oneidensis MR-1, and the maximum output power of MFCs from S. putrefaciens was approximately 6.51 mW +m™ higher than
that from S. oneidensis MR—1. As the SMM concentration increased, the output voltage of MFCs and the SMM degradation rate decreased.
With an increase in humic acid, the degradation efficiency of SMM and the electrical performance of MFCs were enhanced. The anode per-
formance of MFCs affected the degradation of SMM. In conclusion, MFCs could degrade SMM as fuel to output electrical energy, thereby
providing a method for the realization of efficient and low—consumption treatment of sulfonamide antibiotics in the environment.
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fith fie 2547042 & (Sulfonamides , SAs) & —ZS LAXT 2
DR L JHie Ay BEAARZE AL B 24 5 PR, BREHEA 38T
PRI TS ORAF R, T iz e T AR B
I7 B BOKT IR AT R, Pk R A
ANFIB RN G AS B 2RI, 236 40%~
90% LA i 245 5] A 7 10 %) T 2K it 385 16 R Bk Tk
ARSI E AR S . AR P A: AN 238
JEE A TG Y I 2 U R PR BT P B W A T 2
PE Az TR Itk 7 PR v 7 BORIA% 45
T A 35 Nl B, W A2 28 ZR Gt ik OV 7E . B
HI L A BT AR 25k B 10 7 VR 4 = A A R T M
W B 32 ARt 55 1 AR RO A B A ) 4k B
SERl AHIX By R A TE A R B RIS A A PN
o 37 =t

A A UK E il (Microbial fuel cells, MFCs)
HORKEFRA LTS G4y, v LA TR] IS B 5 G P36 R
REMY A" MFCs HA AR A Z R G ALY H84E %
PR AN TC 5 g 15 YR 30 i SR ), ok
A TS JAn PR ST TR g — AN 27 1] . Miran 55
¥ FH i iz FP 3% 4k (Sulfamethoxazole , SMX) 3l £k 5%
MFCs, 3 1o il £ A5 [ 4 2 SMX 9 27K, X MFCs 7E &
HL R SMX B fiff v A PR BE A T VRN, 45 R B, A= %
fif I 22 B SMX B FEEE et A o AR ATV o A X
T MECs , 2R il MFCs 4k P AR AR K BE5E T LARE
PN TR A5 VM N PRI I 4518, MFCs A0 3
i J¥e R 7K R SR By LV RE L 2 SR AR BT i 1) 22 B
AIAFI90% , H MFCs [ PR BE R 4F. Wang S5
MFCs 4845 B9 S B ALEEAE )5 T 483 T MFCs
H T e W E (Sulfadiazine , SDZ) 1) Bk , 45 B SDZ
X SN i S AR ) R A AR RS ), 7 MF Cs HxF SDZ
HEAT A W R e A I T B 94k , MFCs 7E 24 h I XTH)
UEHRIEE D 10 mg- L7 ARG W 14 KA 3 1 21 80 %

TERERERBUAE R p AR R B B FRE A h il ]
A ROR i i 1R B4 M BE (Sulfamonomethoxine,
SMM)WIIFFEED o AL T Bz U R L It
AL AT RE R SR BT AR R LA TR AR
iR, TRGE MEFCs X 5 U H SMM 114 o i 330 R S 7 v,
PEREMAE A o Sy S BEK AR BE il e S Hi A R 1
RUARFEAL I K2 MFCs 7 Ha PR RE A S R 2 kAl

1 MBEFE

1.1 MFCs & &g
I R AN A 1, R R Y AR 120

mL, ¥ 18 mmol - L™ FLER 84 VE Ky o, T~ I AAV T Wi fiR £h
2% M1k (Phosphate buffer solution, PBS) . TR £h 2% i
7 1 Na,HPO, - 12H,0 10.32 g - L', NaH,PO, - 2H,0
3.32 g+ L' \NH4C1 0.31 g- L' \KC1 0.13 g- L' Je it o0
RIYEE R N PHARCR T AR 22.5 em® [R5k
MARE(BES AT A A ), R I [ , 2 L fa R
ki Ag/AgCl, BARE A A 22 31, SN2 HLBH 1000 Q.

Z AR

n~”

B 1 MFCs#EEBERER

Figure 1 Schematic diagram of the microbial fuel cell

1.2 iRIEH R 5 (LS

it frle ) F 42 s (SMIMD) , 4468 35 K T 99% ; Ji A1 ik
(Humic acid, HA) , 4l B K 90%; DL~ 2 1l 1% Wk
(60% 7K WO W F 3 FE Brhr T30 2wl

156 18 F1 A Shewanella putrefaciens F1 Shewanella
oneidensis MR—1, 5 F P & VA FE G4 9 T Fh L 45
Hl (MCCC) |, B 07 8 4 5 43 51 o ATCC 8071 Al
ATCC 700550,

MFCs 1) BA LA 2 (37 110, b g [ 7€
ZH A Ag/AgCI(CHI 111, FiERAE) , B A4
22X (CHI 115, FifgJRAe) | A2 BH A L L B &
(ZX98A, i IERH) o 56 EZAL AR A « Ak 2E T4
i (CHI660E, [ ifF 18 ) 5 Agilent 1220 7 = %R AH €4
TS ATA (56 R ZHEAR 2N R ) s ORE €3 — F DUAR AT AR
1 B 3% AV (Agilent 1290+G6460) ; 723PC 48 4h 43565
FETF (R AR AR A BR A A .

1.3 MFCs & M#EM5IE1T
1.3.1 TR T

RS RD 2 LB R R 5L (A4 IR 5.0 g- L7 BT
J#:10.0 g- L' \NaCl 5.0 g-1."), 30 °C 150 r+min™ #% i
RS RARTE ODeo A2 CRFEIR RN 1.5 A4 5, LA
4000 r-min™", B0 10 min!">™', B0 |5 09 A A= B
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ERIK VR 3 UK, Fe Lo TR G 0 T 1A RN TG TR AR B AR OK
HIFSFEAARMC EE H 10° cells - mL ™ O T B4 . A
fi# J5 (95% PBS F15% LB, 18 mol - L FLEZ 4 ) T 87 &
7 20 T 2 T T W B (107 cells - mL™) J5 465 H, A 5 49 Aol
F MFCs. AR A A% 1 O A0 [R) i 32 1 3, L4350
W 3T, 5 pH 4R 7.0,

1.3.2 MFCs J3 )

FEMP S ) MFCs 1547 15 h 5 W5 i IR fa 2 1
F&, 3847 2 H R T [ B 4t rE AR, R s 1 T I
TR B B 20 20 0 46 F AR 9, B 520 3 O, WA 3 e o
Ha, He i o 18] T 5% 3 8 5 MFCs 1B 3.

1.4 MEHFESHIFELIE
1.4.1 HAb2A

AL E MFCs it R SR FH O B H 57 — B
] f 2k 7 (Open circuit potential-Time , OCPT) .

24 MFCs 256 5 1) i H F R I8 31 o sk, b2
AR S 2% MFCs 1 & 196 24K % (Cyclic voltam-
metry, CV) I £k , FI & 43 1 MFCs Hh s A= 9 11 FL Ak 2
TP H R LN - 1.0~1.0 'V, 394 o R
0.01 V-s™',

I 7E MFCs /4 P BELA FHAE i BEBT T 90 46 H ey
TF & H R, 49 3535 5 0.01~100 000 Hz, ) FH o Ak 2
TAF S 58 R, A5 A B T A5 50 B4 Hh Nyquist
P00 D ST FLRH
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min, fF RS 5, IO SRARUE L, B4 2= N — 41 H
PN TTAR21] i e SIS — FR 51 AR

P IR A 1T 60
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AP Re BRS040 e B F BEAEL s £ A3 FL BHAE
Xof g 000 5 4 F 66 L P 5 1 A RS PR LB LABH
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FHI 2 M4 0 fe = R R RSG5 B e K%
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1.4.2 APt e
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10.10°,10°,107 .10 . 105 — R A B I W, 7650
TR JE W1 Ll 7 6 I 14 TRV 40 S0l # Fh 22 LB [T 4%
BRI (A TR RS 34T, TG B 74 1
WA AR EURIRIS) . BRI PO 5 L
RERRB B ARG 85, 30 CAF IR
Bt 2R RV S BT
1.4.3 SMM il &

AR SMM KT S. putrefaciens X SMM f) [
fif BE ) S MFCs 1) LR B 1 s, SMM ) 46 ik B 34
0.10,20.30.40 mg- L™, &4~ & 1Y MFCs Jii 8l )5 I
T AR, Y R IR R B B 4 — > SMM
J&E, SMM ¥ A8 fb p IR 20 /55 o AR50 A R vk J3E %o M-
Cs [ SMM [ 52 i sh , SMM 41 4 4 FE 4 10 mg - 1L,
T — 5 Tt JE R 2 Y0 LA e vl 2 43 310 0.5
15.30.60 mg- L™, B3N Ji A R e B 1) MFCs Jii 8 J )
SRR, YR IF IR T BER B T — N AR R v
JE e BE AR A i AR B ey o A Y e ) 4y SMM ¥k i
Y3 10 mg- L7, BT A7 1A% & 31 P17,

R Y 5 A58 € 3 3 000 A VR TP SMIML 1 5 i
BT mL A it FHGE o e i, B P iR, B0 S B
WL 0.22 wm ZKAHE RS, RO EA THOAH I 2 . 8
B4 : Agilent HC—C18, Analytical 4.6x250 mm ; £
£ 270 nm; 3 1.0 mL - min™'; #EFE 5 20 pl; A1
40 °C. WAHIE R A A 4 0.4% 1% ,B LN -
Ao J P B B2 P < 0~7 min, 70% A; 7~8 min, 60% A; 8
min,70% A; 53847 1 min. FERSEVEIRE P 44T,
SMM 73 25808 R AT, f B IHE] 4 5.873 min.

SMM [ g 7= 9 F) F LC-MS #4740 M7 , 3 5 LC—
S A6 00 1) {49 Jo g Eb DL R H b 387 1 R 2, o
DU AT B A4 Hh 8] 7 B RN AR 7 A R s 7 o SR C18 4
(2.1 mmx100 mm, 1.7 pm) , FEshAH (20 : 0.4% . 1R=
30:70) , i3 0.3 mL-min™", LI5S HE B 1F 2 X,
E 404 L 3.0 kV, B35 Fk J7 0.276 MPa, S4B
350 °C, JFf7 Fb (m/z) (H B HEEH
1.4.4 FAEALEE 5 0 Hr

fifi FH— G 8y J 2 R A 2E W A A 48 3 T4
S. putrefaciens 1] SMM [ f#RE 7 «

C = Coexp ( —kt) (3)
Frr: Co g SMM R IR HE B 5 C 2 SMM ) SEIUAE 5 & oy
SMM FEAFH R EEL, A ¢ R RE SR E], d o

B M ShREZE BT ECR H Excel 2010 5 Ori-
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2 ZER55H

2.1 MFCs =B E £ KR Ex SMM R 3) /1%
T HEIR TR A X SMM I B A4 5 1), 152 B o itk K
TG AL %) B BHBR R e P BBl o #1561 2a m] AL S.
putrefaciens TEXG 7 1 d Ji ELAESE AR EUAER I, J5 3 d
VEAA KW 5 78 MFCs 514 F S. putrefaciens %f
SMM £ K fi% 2 Ay 58.92% , T8 M KU it 29 2 1.28 % 10°
cells « mL™"5 76 15 I K36 XF BEAL A S. putrefaciens %}
SMM 25 B 51 A1, 6 PH A7 44 A B X SMIME 114 1%
YEFIAS R . Hh & 2b ATAL, 72 SMM AEAESRE T LS. pu-
trefaciens "N 7= HL, T8 Fl , MFCs B B AL 2406 R 0. 7E
51 it I X BEZH v MFCs L350 H Ak 27 1 1 L 100 B
SMM F) B fifk L S MFCs HLREAY 7 1 3 2252 [ Dl MFCs
Hh I T AT
2.2 PEMRHF#LXS MFCs BEfE SMM K 7= B8 14 BE B 521
LA S. putrefaciens ok 56 1A A, 43 900 % 58 1 LAk
B BRAT A S5 FHBR A BH MEFCs , LR B A T

FEL, i P4 200 35 35 S5 6 SMM A W it B 7, 45 4 B
B3N AT . AR AT SMM Y R i AU
27.27% , B BARTF MFCs 25 & 3ap, 3 B[] BHAR
RS AE R, MFCs X SMM f4 5 i 2 3 531 Sy« Tk B
58.92% k4% 50.31% A1 544 33.55%

F P 3b AT AT, MEFCs 1% 20 28 5 BHAR ARG 3¢
KA AH e, FEr LIRS A BHAR A LB MFCs 14 85 K
T R R, K F] 31.47 mW -, RO Bk 4T
(26.67 mW+-m™) , e J5 &A1 244 (10.25 mW-m™) . H
WAk it 4155 m] 41, 3 i F AR A RS54 R MFCs B9 N
BEL 23 591 4 « B B 525.38 Q. Bk 4% 556.36 Q. £7 2
723.73 Q. RIS R R, DI ES A FHAR A T SMM
R R 3 A e, MFCs ) FELPE RB SR, TR I I 2300
DABHE A A FEAR AL L
2.3 FEEREMEIT MFCs B SMM K2 7= F8 14 B8 B 3 1

hg 2% ST Fh A 25 X SMM A4 [ RE 1 &% MFCs B
LA T SIS e R RS [R] 7 FLTAT, 43 31 S. pu-
trefaciens 1 S. oneidensis MR—1, i &l 4a 7] F1 , 4 [A]
MFCs i& 17 25 4F T S. putrefaciens B4 40 T H0E = T S.
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Figure 2 Growth curve of S. putrefaciens and degradation curves of SMM(a) and the CV curves of MFCs(b)
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Figure 3 Degradation curve of SMM under different anode materials(a) and power density curves and polarization curves(b) of MFCs
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oneidensis MR—1, H.S. putrefaciens SoF SMM 14 B i %55
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Figure 4 Degradation curves of SMM by MFCs(a) and power density curves and polarization curves(h) under the inoculation

of S. putrefaciens or S. oneidensis MR—1
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Figure 5 Degradation curves of SMM at different initial SMM concentrations in MFCs(a) and output voltage curves(h)
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80.96%. ¥ Il JE§ A2 iR RE A5 A2 iMF MFCs {42 2 H SMM (1)
ZB5, 1H Y 8 FE R v 75 A 30 mg - L' 3413 60 mg - 1!
IF, X SMM Y L BREZ AL/

F ] 6b RTAT, JE5 A R 1 S I A F MFCs 1) FL
o B B AR R TR B B A0, MIFCs A0 % HH HRL 1 22 8 T
YR PRV BN 5 mg - LGN E) 15 mg - LI
MFCs LR B A 3G 5 >4 B AE R Mk B I 15 mg - L7 38 0
130 mg- LB, MFCs % e K6 H LU ML 0.439 1 V 3
] 0.458 4 V5 24 JE 41 AR MK B M 30 mg - L7 #4151 60
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Figure 6 SMM degradation curves(a) and output voltage curves(b) of MFCs at different initial HA concentration
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Figure 7 Nyquist plot(a) and internal resistor component analysis diagrams(b) of MFCs at different initial HA concentrations



618

URIEIRCX ity F3965 38

H N=\l
. ON{\_(O/

P216
I -
-OH

on H.N S—OH—> QE—OH
0 0 .
P173 P158 | U IFER

Ring open
HN =>\1 —>.OH HO _)\1
0~ O/
— P125 P126 —

HO P296 P326
0 0
H:N LN ) * HN‘@*g—E N=\N
: i \ /@ e i \ 7/
pg2 07 O pgs O

B8 SMM By BEPEARIR 12
Figure 8 The probable pathway of SMM degradation
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