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Synchronously degradation of biogas slurry and triphenyltin chloride in
microbial fuel cell
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Abstract: As a novel electrochemical apparatus for synchronous electricity generation and decontamination,
microbial fuel cell (MFC) provides a way to effectively deal with the refractory pollutant. A new method of
electricity production by anodic biogas slurry coupling with cathodic triphenyltin chloride degradation was
proposed based on the cathodic “Fenton” reaction in a typical dual-chamber MFC. The results showed that the
maximum voltage was 50.32% higher and the stable time of the voltage was 2 times longer after biofilms
domestication. In the end of the operation, the removal efficiency of COD, Total N and Total P of the biogas slurry
were 85.35%11.53%, 59.20%15.24% and 44.98%+3.57%, respectively. Besides, the triphenyltin chloride
(TPTC) degradation efficiency decreased with increasing initial concentration. In addition, when 100 pmol « L™

2015-10-09 Ye 214755, 2015-11-18 IR BIEHF.

BREA: RN, S—EE: DLE 1990—), &, WEHRt.
EEWH: EXESEMAFARBEITRTE (2013CB733904) ;
IHEERBFEEETE (BK20130932) ; ILHEHKARMENR
TE (13KIB530009) ; FEBFERHESNAMEDELRELTW

MREL TR (KLEAMCAS201503) .

Received date: 2015-10-09.

Corresponding author: YONG Xiaoyu, yongxiaoyu@njtech.edu.cn

Foundation item: supported by the National Basic Research Program
of China (2013CB733904), the Natural Science Foundation of Jiangsu
Province (BK20130932), the Natural Science Foundation of the Jiangsu
Higher Education Institutions (13KJB530009) and the Special Research Fund
Project of Key Laboratory of Environmental and Applied Microbiology of
CAS (KLEAMCAS201503).



%5

AR, AR R R P R R R AL

e 2057 »

TPTC was added to the cathodic chamber, the highest output voltage and the maximum power density of the MFC
arrived at 280.2 mV and 145.62 mW « m™, respectively. TPTC was removed after 14 d with the degradation of
91.88% and a rate of about 0.273 pmol * L™ » b’ This study provided the foundational supports for simultaneously

decomposing anodic organic effluent and cathodic organic pollution by MFC.

Key words: microbial fuel cell; electricity generation; degradation; biogas slurry; triphenyltin chloride;

electrochemistry; bioprocess

AR e (microbial fuel cell, MFC) £
FI = B B2 A AR VLA F 91k
EReEA R B E AL e B UL, Pe i o
TR R B F 2SR AR B BAMK, BRARA
TRk (00, W, M4 RN,

B MFC B A R B TREE~ B,
AFE BRI, PR REEt. B
WAL, BB RS RS, IT4ER, MFC FIRL
ARRZRRE, WHEVBKLEE., MAEwalE
&AM T A A a4, HhokEnsy
BK AL FORAE IR E AT . 57 EERH
MERFEKFEFEENEIY (FEZ2ESRM
FERALEYD, IR BKAER MEC BIFEAR RS
BEREfRIE MFC B 7R EHERRIE, HWEHMEK
FIREIRTR R, [FIN XA b E & RE Y, BF
FHERE. REE—MRIVKE, EERNLR
M A= RUR RAEFENEFRRE, WARMNGETE,
AR RBRE. BREMBRIREKREEENZ
£, EEXEAIA. FENEEREASFHEK
WMERMELEER, MHSEREKEW (anaerobic
fermentative bacteria). [RELT4EE HMERE (anaerobic
cellulose-decomposing bacteria ) « B B8 h 10 JR B

(sulfate-reducing bacteria) F1r= EF ¢ (methanogens)
L FMAEME R, B MFC PPHENERER ., &
HECILLEBCNFRN 8% MFC 7= e R kit
ITHEA, Z5RFH MFC 72| B VB = B /Y [R) B ot
BRFEENY. B BEMRE —ENEREERT.

SRTTALZ HATXS R MFC BIAR S e A vs
YEER B . BB 53R 9 Fenton B % — oy FA#
15 R B R R, g s 02
Fenton R B Xt A EEFAL TR KSHATREAR, BE/AKFH
EEMERER 94.1%, COD F TOC HIFEERR
5r 77 78.6%1 60.5%, IEBA T Fenton M2 KRi5
W Rt . AR ZRNE Fenton K5 MFC
&S, B MFC BT MR NAR H,0,, 4&H

WAk EF= A ) Fe? Mt Fenton RF. H,0, Biik
H5 Fe*' RRI4ERL « OH A1 Fe**, FIF « OH ki
BB EAL R TR B m R B AN B 1.
AHF ST HLF B SN E MFC BRARIB W E,

RIS B A% Fenton B2, AT [F) 255 P At P AR VB W
AR =K E &4 (triphenyltin chloride, TPTC),
RFIH MFC BAFEARAR A Ab 28 5 Jed i) SE s B A 42
BEEERE L HE

1.1 MEfRE

TBWK B 7 3T Tl K 2 A ) R BB YR BT AL BT i
KL, FHIMREE 4CHKEF. YItbavEpr
FAREFRERSY (11) A: Na,HPO, * 12H,0 11.53 g,
NaH,PO, * 2H,0 2.77 g, KC10.13 g, NH,C10.31 g,
HEW 1 g, W pH AN 7.0. BIREN 2% NaCl K
YW, F 1 mol s L' ERERYE pH M 3. SR {ERIHG
HEE, 2. KB NEEARA . ZFE&LS

(TPTC) M BHAEANERAFARAF . HAthik

TN TCARE IR 1 B 3 R S i 48

S A Rk e itk e BA AR 2 R BE AR = R A
R EME, FRHEFREE (3.0 cmX3.0 cm,
Nafion-117, DuPont, USA) 4 f&H, B HERE
RWAEIREN 30 ml, BAREFHTSERSEEN
R FHMBERME A B (H. ERERK
AR 1S5 emX2 em, B Smm). A BEERERTH
4mol s L' HEEW 24 h, BEF 4 KURERRE
A BEFEAE R AR ), PRAR B DR B N
W, FAMREARIE 1.2 WAkt TBis. shEE

(ZX94A, EHEIEFRGEER) HEZ (#0.5 mm,

HRERELERANERATD &, BEN2KQ.
RIEFSEIAE 30°CHMTHT. LM EERE 50
mV PUFBHE IRIEAT,
1.2 S &FAmATIE

FREX 0.3 g FeCl; « 6H,0, T 100 ml EBFK,
8 FeCl; ¥5¥; FREX 0.6 gNaBH,, BT 40 ml =5
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Tk, 13 NaBH, %W, KPIRBENETEE F&
WA, A 20 min. 218 NaBH,
VWL, A FEIR ML BRI N E SRR
EETKARSERBBEREE, JFESOCET T
- TreEEl,
1.3 MFC BIE1T

AR MFC [P Re S, S PRV IEEAT
ik, BBEHRSEFRBMKIZ 221, 2110 211, 11,
11 (BRI MHEIRE B InE] MFC BIFHR,
PR AR BRI R A R . S4BT E T FEE
50 mV DA SRR AR RN PH AR, % T — LI 3|
th, BZHEABHENR. BE, ¥ 100%5 &
VB BIER B R YL AL S B MFC FHAR, Eb
BYMLET G MFC #I72 BB ..

JE SR LAY LT BB AR AT R 7T, B4 43
ST, 5N A~D, 4 H41EF — R P T .
BRAER BV, SCIMRIR&M 1.1 FETA, 1
BLRHAR A BFT 100 Y%Fr et B W, BRI/ BIE A
WK TPTC. 2% A. B. D [N #1T. KK A
RN MFC SHHB KLY MR, 73
MFC Z1TH1JE BB BRI b ¥ R A=
(COD) . BEEE. BBEE. LK B & RN
MFC Bl TPTC BIFEARIEN., 45X TPTC 1 4
AAEVRE (100 200, 300, 400 pmol « L™ #
THE5E, MHEIRIEIT 0 min FF4E, kg2 d Bt
B, WE TPTC WIIRE. St C &%F MFC )
Bk SRR AT AR, 7ESE e A fEAR S, DA
FH R R 481 1) MEC A%t BB, 3513 5E MFC HIA%
fhti 2R, RFRZ L LEA R (CV) o 5K
55 D &t —B % MFC Bt TPTC HIREAERUR AT
WA, CASEES B AERE, DAVRINARFIVEE TPTC
FFE& MFC AR, BHAVIHRBMIEESN 100
pmol « L™ i TPTC F [ AR R 5 .

TPTC KA R4 FrE—E8# TPTC,
/B REEEME, FHREERR, EASKIME
— 2, RSB, 7 20 min EER S
RBE.

14 KNG TPTC H#RAALIE

B AR B B AR (30 ml), R R VE YR
H g EE, EE U 2 RE HPLC &l A2 TPTC,
B2 IR AT, FHFERBBRTCEZR 10 ml (F
Wa), HEATHASHT. F 1 mol « L7 EhE B
W) pH EZE 2, A 10 ml ZBRZEEXEH, BIZIRG:
fEHEMRE, REEHE 30min FH5Z, L& L

FECBOBEE VM. B 10 ml L8 LEEAE,
BHE LR, I3k, &5 3 REBFEA
H, FIMA—TERIK NaySO, B2 HAHF
KAy o TE 40°CHEIE/KIB FTHHTIREE K, KA YAH
AT, RERREEFRIEFE, BAZ Sml
AR B, ERRB TEBREH LB FKERE 50
ml AW ¢, 43 AT AR EER . Fid 3
Tt G a- b o TG BIMIRE ZF1 N TPTC
Ik EL,
XTHRE TPTC R ZE X it HE AR

X =5%100% (1)
S
TPTC EBHE v I H AR
Y:(lﬁ/ﬂ]xm% @
Xo

K, ¢ AL 1.4 TR GEGEEITES R
i TPTC #KZ, pmol « L™ co AWIEEINK TPTC
W, pmol ¢ L' Xy A% 4 TPTC HIF K&,
1.5 ®UAGE

(D B E U: BEEXE RERE 2 min il
IR B E BN mV) il R TR
Rz A

() EFFEE (COD) . RASE. B
B e 5 M B ERENE (GB 11914—89)
B TRER AT VE AR A e B (HT 636—2012
% GB 11894—89) . MR/ e Ek (GB
11893—89) .

(3) tRALBHZR R SR B E 4R i RIRIEAT
ek, BHEAFBRE FEREUMTEOER, £
W HEEREAL, DRI EEME. ARE
AN AR AN FELBRAS (100~0.25kQ), HEXTHIE Fiz
47 5~10 min BFEA, fHEAHEELE 1 min Nk
BF 2mV, AEHERE RICR AR B EE U R
B Q) HEHERES L REL @ HEH
INREE P, i BRI B 2R R TR 5 i 2k .

= 3

! RA ©)
U?

= = — 4

P=UI 4)

A, R AR, ZILTEREN 0.25~100 kQ:
A RPN BEER, %L AN 3 em’s UNEME
HFRSHEE, mV: [NETFE, mA m; P
NIRHEE, mW e m™,

(4) EHARZMZE (CV) « 4Rk E
BAFBTRENNE. 7THELS TIES
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(PGSTAT302N, Metrohm) M#4%, Wi MFC,
PLEH 22 HARAE R AR, HSREARIES i), 3%
I RS RE -1.1~0.4 V, F#EEHN 0.005V s
HATHH.

(5) HPLC &3i5%E TPTC f4 &I, &
4% 4 SinoChrom ODS-BP C18 RAB&E A, M
B SN K 257 nm, BIEEE R 25C, W
A 0.6 ml » min~'e FEFERTRESL A 0.22 um FEFLIE
JE e, R E N 20 pl. HPLC B SHAHFIES
bR 2B UK B K = 65:12:23 (4ERREL), B
0.05%=2.% (pH=3.0), FishHHEERAT#ITE
RS

2 EBREREIT®

21 ERERINE

72 LA A O B R A B ML PR AL BT 3
BE A BRI BAM, R AR s AT DI DA
MFC FI7= BB 77 R PR RS et s B &, T EA
HIRAAEREE T REFBRRE, GiFRLE
CH MO, BT GRERAK, FIMLLIRE™
HERTEE. B 1 8REYE 1| RABH MFC
FERBIK, REBREAN 644 mV. EZEHYIML
AR MR SRR, BRRERERNR
R AR R D, REVEWF - BB T HE 58,
BT ETTY, bR I VA b B R AR
syrEE., BIYMGEE 5 IR, dibHEEAFRE, A
MaERYIMb . ZYMLITFE R TSINE 5 Ve & 4MNE
Bk, T RRAYIMLR R SRR

ME 2 ATLLE R, YILETE MFC 7= R4k
A H—I, (B0 )E#) MFC &= A 280.2
mV, BIMH (BREEEN 1864 mV) B/E T

400

the fourth

3501 the first the fifth

300+ domestication

the second  the third

2501
200( H
150+

voltage/mV

100+
so B

O L
-2 0 2 4 6 8
time/d

E1 MFC eyt g

Fig.1 Domestication process of electricity generation

0 1z 14 16 18

300

voltage/mV
3

100}
50 L = without domestication
o after domestication
0 1 1 I L
0 S 10 15 20
time/d

B2 Hil{LeTE MFC F= B FI%TEE

Fig.2 Comparison of voltages before and after domestication

50.32%; T ELEEEAE 150~280.2 mV TEEA%RET
236.64h, ZARYI{LET (118.08 h) K 2 f%. MFC H)
PHIRE S S8R, YR FTE B R 3R T8 7= F
R, PEREEET, TR A
Y EFRE ERRMERK L, RNERE
B, ATUA=rmREE B RS,
2.2 B COD, N, PHIERIER

DLERAE PR F ), fF MFC BIIEFEE 50
mV U, St PEAR = A RO AT BURE R,
ST BB COD AR BB (E
). MFC BT H 5, COD. B&. BBHEBRE
SN 85.35%+1.53%. 59.20%+5.24%. 44.98%+
3.57%. FERZEPIR AR T E0E SRR
ITREEE, BRI EEIRE . pH. KWL, BE
LZSHMML, ERMEBAEEERES A
81.84%%0 97.44%, {8 COD FEFEEUN 30.13%, T
HBizT ZResER K DigEsPIRR T aihaskab
VBRI, BB E. REE . ARAR A
PE W46 pH KA [ HLAL 2 BT 4k A 3R AT A4k, COD
ARBERIRE BBREDFIIE 59%F1 46.58%, HE
AhEEFRYR, FIRER KT BeFE. TEABTR T, MFC FH
AR = B R 7 F S T FEVR TR R R BB LT R A R H
MEFYIR . &SR AR 3 Bl A A
R R BEAAE e, L ETEGEAHE TEHEER

&1 RNAIEBHET COD. B2F. BHMNESETL
Table1 COD, Total N and Total P changes in biogas slurry

before and after reaction

Items COD/mg+L"' TN/mg+L' TPmg-L"

4169.23+136.13 537.514£32.12 211.50+18.73
610.72+60.28 219.33+£19.37 116.37%£9.12
85.35£1.53 59.20+£5.24  44.98+3.57

before operation
after operation

removal efficiency/%
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HACATEBE, BEREEMG THBEESREERS
SE (N B N,O. NO; ¥k E 2@
SRR A T BB B B IR BEA B A 52 B
ALY T MFC PR T RERE, R
W BUAR R REAE I A K B sl SR AL R B
BRI R RE A B, T RE. SR
BREES—RE. (HiZREX COD MRMMREY, iF
BT MFC [F35 7= B RRV5 T AT 1.
2.3 [AR TPTC BB DO

TPTC 7E/KHIEMRERAR, R8T s
AR R TPTC WIFEMBACE . Wk 3 Fis, TER)
5d % TPTC LBREDNENE, 2 f5:BRIERHE M
R, %N 100 pmol « L™ TPTC §) MFC 7£ 14d B
KA Z| TPTC. X 7] B2 R N SLIR VI 8E MFC 724
MR ERIK, AE I AR B TEA, A4
H,0, IR, H Fenton RN RH « OH MREFH:
ik, FEit TPTC MR, WXH/ELF)E « OH
WEBE 0, TPTC ERFAIBAE k. A 3
EFLLES], PfEE TPTC WIEWKERIR, %
TPTC EBRHIBS AL 10 d 3502 20 d.iX T8 TPTC
RIFIGE AR IR E X HERAR B R KW, E
Tao %15 F BES-Fenton Z 4t F&AR X il 3 By i [
FREFEH VISR B IR/ . gk, BIE FEAR

BEMB R, TPTC WMEEVGHIRE N 100
pmol * L7,
1.0+ ® (00 umol-L™"
@ 200 wmol * L™

08F * 300 umol - L™
= -l
E 06# % 400 pmol-L
<
Py
£ oaf
1%

0.2

0 5I fO 1I5 2I0
time /d

B3 AEEREER TPTC LR HE

Fig.3 Comparison of TPTC removal efficiency with different

initial concentrations

24 BUFMEEERMNE

RNERBAN Fenton &M, #% 1.2 FTATHRFIFH
FeCl; * 6H,0 F1 NaBH, 2 S5 BA #% AR AT 181 -
ICRWARZ BRI MFC 8 MFC-1, E& 1k
MFC 5y MFC-2. & 4 /5T MFC-1 fl MFC-2 FI#k

600 160

e (] !
\ H140

500+

'

o

<
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<
=
=]
=]
e
=
(43
o
(¢l
2
(=]
o
o
n/
1
[E——
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(=) o
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: oz
2 300 i i 0 2
:%0 o * modified composite cathode %
g 200 1% %
15
\D\n 3
~ 440 &

100 D\ {20

1 S— 1 i 1 O
400 600 800 1000 1200

current density /mA-m-2
B4 MFC-1 fil MFC-2 RIARAL i 2R A0 Th 2 25 B it 2%
Fig.4 Polarization and power density curves of MFC-1
and MFC-2

R R R EE ML, 5 MFC-1 #tk, MFC-2
HIFF B K (open-circuit voltage, OCV). #ith B
JE URIhREE PES. MFC-2 KR B 5 RN 610
mV, & MFC-1 (OCV=425mV) & 43.53%. MHE
MFC-2 P AR KIHRFEE N 14562 mW « m ™2,
bt MFC-1 (28.16 mW *» m™) & 417.12%, UGAF %t
8§ MFC-2 FIFR IR B 899.44 mA + m”, HJE
N 161.9 mV., X Uk BH AR AR B fE Xt =l —
SE MR BEAE R0, Ak, MARAL 2RI 7T LA/E B
MFC-2 H1 R BEZR 0.6 kQ. ABF R A7 R A
T HABKBUBER, I0 Wang 2% B 4% Fenton
RN BER T REER SR, FRAERBFTA 75 ml. AR
K/NK 4.4 cmX 4.4 cm B MFC, PRI EREE N
0.563 A * m>, BKIHRFEIX 1353 mW +m .
AL R MFC ¥IHEE EFRE, EFaBmii
I E MFC RS H TS

MCV ER (B 5 AILUEER], £-1.1~04 V
H{EEE RN, MFC-2 £-0.363 V. -0.022V (&)
-0278 V. —0.537 V GEED A 2 ST EHE
iR, PEHR T MFC-2 Ak SiE M 87
o X2 MEMERERAT SR LB ET
T JRBFRE AR H0, P24, T7E MFC-1 Hi%H
NREZ 2 M LA, R B IX B AN AR b A 2R
BIRE BRI T HEFRESERRMN, S
KK R, SRR R MLEBT M E A
W B 5 kR,
2.5 MFC Rk TPTC HoP&AE

25 3 MFC A MFC-3, Hi MFC R
MFC-4, T ELRI#RII% I 100 umol » L™ TPTC. 34
B EREZEMLT 50 mV B, MFC-3 fil MFC-4 [FlfTiE
ITEEWR, % 2 eI BIREIE 1.4 TR s

1 1
0 200
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S5
0.004
unmodified cathode
0.003+ modified composite cathode
0.002 r—
< 0001+
g
—0.001+
-0.002}
—11,2 —ll,O —01.8 —016 —(i4 ——01,2 (I) 0I,2 OI.4 0.6
potential/ V
Bs HHERAN SmV o5 FARBHERAE A% MFC
fCV gk

Fig.5 Cyclic voltammetrys of MFCs with unmodified and
modified electrodes at a scan rate of 5 mV » 57!

B, oRl#Twmaatr. X (1D iHEAS MFC-3
) TPTC IR &% 91.88%, 1] MFC-4 #EiE1T 14
KRG CHENA S| TPTC. #E X (2)78 MFC-4 ¥ TPTC
MEBREARN 91.88%, FBEMEEELN 0273
pmol « L™ « hl,

BHS AN AR ERE S Pk
RIEBEA TGS R s, EAEFEEFRATZ,
RN IR R T R Ei5%. AT, AYUEMERER
TT A R o Ak B AR B,
FER S—CBRAWH., BRT LEENANE
FiZE i = B2, Bl R4Sn—Ri;SnX—R,SnX,—
RSnX;—SnXy. BT b 2EIEFI SR AME L FR AR IE X AL
ZMAAE R ESRMRARKR, BRiAZ R
T BEYEREBEREIG N A . EHT TPTC 4
MR H BAKP BB ERIE, RARHED PSR
ReFANERAR, THMRINRE S MRS E VS
SRR FAE TPTC Fufk, MTIFERHRE KRS, 15
SRS ER AP, #EIRIE, Soderquist P
FI R SCAEAAE R R =Y, HERRIE 97.4%,
EREERERE, {8 0.003 pmol « L'« h™l;
Ye %BUR A Brevibacillus brevis B 0.5 mg+ L™
ZREY, 5 d EEREIL 60%, WRTFHEXERE
BFREENEERERE T 15%~25%, "[EE
IR Y14 0.009 pmol +L™' +h7'. ABFRFH MFC
BI4% Fenton /% S [#f# TPTC, *» OH HISREALEE S1E
FEMRRE RN KRS . ZTENE REBEENEE
YVIRME T — PR RS FEGEUI T %R
fik TPTC W EARTAE, X TPTC KRR F=HI3-AT 43
¥, HE—BIRE TPTC HIRRMEE R,

3 %

(1) EESFFA T AEMEIMLET /S MFC 7= H 1)
Tk, ERRE, YIMLZFE MFC HIRMEHBEERS
T 50.32%, T H.HEELE 150~280.2 mV T5 FHE N 4
PRt ER T 1 £,

(2)MFC 7= I [E] B 3 BHAR VB VA PR AR
H COD. 2% . BHERESHIE 85.35%+1.53%-
59.20% £ 5.24% 44.98%+3.57%.

(3) 4 MFC LLBWBUONBAR BRI . O, NFAR
HF 2 A2 2 kQ HERRAT, B i i B R R 280.2
mV, WIHLR 0.6 kQ, BMRKIRFEE N 14562
mW * m~>.

(4) R MFC 7= B30 B 4% Fenton /%A LA
FEf# TPTC, ¥4 TPTC #¥INKEEA 100 pmol » L™
B 14 d G2, BREELAN 0273
pmol s L'« 7',

References

[1] LOGAN B E, HAMELERS B, ROZENDAL R, ef al. Microbial fuel
cells: methodology and technology [J]. Environmental Science &
Technology, 2006, 40 (17): 5181-5192. DOL: 10.1021/es0605016.

[2] YONG X Y, FENG J, CHEN Y L, ef al. Enhancement of
bioelectricity generation by cofactor manipulation in microbial fuel
cell [J]. Biosens. Bioelectron., 2014, 56: 19-25. DOI: 10.1016/
j-bi0s.2013.12.058.

[3] YONG X Y, SHI D Y, CHEN Y L, et al. Enhancement of
bioelectricity generation by manipulation of the electron shuttles
synthesis pathway in microbial fuel cells [J]. Bioresource Technology,
2014, 152: 220-224. DOI: 10.1016/j.biortech.2013.10.086.

[4] SHEN H B, YONG X Y, CHEN Y L, ef al. Enhanced bioelectricity
generation by improving pyocyanin production and membrane
permeability through sophorolipid addition in Pseudomonas
aeruginosa-inoculated  microbial fuel cells [J]. Bioresource
Technology, 2014, 167: 490-494. DOL: 10.1016/j.biortech.2014.05.093.

[5] E4X, A, BRW, % WEYRK AN NERE

7. #I#E 2014, 33 (5): 1067-1076. DOIL: 10.3969/j.issn.1000-
6613.2014.05.001.
WANG W D, LI HR, FENG Y L, et al. Research and application
advances in microbial fuel cell [J]. Chemical Industry and
Engineering Progress, 2014, 33 (5): 1067-1076. DOIL 10.3969/
j.issn.1000-6613.2014.05.001.

[6] XU&a&h, PhKEH, FLERIE, 5. WA VMK Bt R BB TR
. FEHFSHA, 2011, 34 (6): 104-108. DOIL: 10.3969/
j.issn.1003-6504.2011.06.023.

LIUJJ, SUN Y M, KONG X Y, et al. Research advance on substrates
in microbial fuel cells [J]. Environmental Science & Technology, 2011,
34 (6): 104-108. DOI: 10.3969/}.issn.1003-6504.2011.06.023.

[7] PANT D, VAN BOGAERT G, DIELS L, ef al. A review of the
substrates used in microbial fuel cells (MFCs) for sustainable energy
production {J]. Bioresource Technology, 2010, 101 (6): 1533-1543,



* 2062 -

E67%

[8]

9

[10]

(1]

[12]

[13}

[14]

{15]

{16]

[17]

DOI: 10.1016/j.biortech.2009.10.017.

K, EEREW, AR, T BRI YRR b R R
AR (1), A T#7%, 2014, 65 (5): 1900-1905. DOIL: 10.3969/
j-issn.0438-1157.2014.05.049.

CAO L, YONG X Y, ZHOU I, et al. Electrical and degradation
characteristics of microbial fuel cell using biogas slurry as substrate
[J). CIESC Journal, 2014, 65 (5): 1900-1905. DOL: 10.3969/).issn.0438-
1157.2014.05.049.

HERF, TR, 0%, & AYPRASRISMNERGER) S
REWRNE (). BRMEFR, 2015, 21 (1): 168-171. DOL
10.16108/;.issn.1006-7493.2014057.

XIA D P, WANG Z, SU X B, et al. Determination of anaerobic
bacterial consortia in added microbial sources (biogas slurry) for biogenic
methane experiment [J]. Geological Journal of China Universities,
2015, 21 (1): 168-171. DOL: 10.16108/).issn.1006-7493.2014057.
NEYENS E, BAEYENS J. A review of classic Fenton’s peroxidation
as an advanced oxidation technique {J]. Journal of Hazardous Materials,
2003, 98 (1/2/3): 33-50. DOI: 10.1016/S0304-3894(02)00282-0.
PERA-TITUS M, GARCIA-MOLINA V, BANOS M A, et dl.
Degradation of chlorophenols by means of advanced oxidation
processes: a general review [J]. Applied Catalysis B: Environmental,
2004, 47 (4): 219-256. DOIL: 10.1016/j.apcatb.2003.09.010.

F, HED, BRI, % FI9IH% Fenton HMEMMESRL
TEKBIREE RIS (7). A LER, 2014, 65 (4): 1488-1494,
DOI: 10.3969/j.issn.0438-1157.2014.04.045.

JIANG S T, ZHU J Z, GUAN Y J, et al. Performance of
heterogeneous Fenton-like system for degradation of nitrobenzene-
containing wastewater [J]. CIESC Journal, 2014, 65 (4): 1488-1494.
DOI: 10.3969/j.iss1.0438-1157.2014.04.045.

LI J P, Al Z H, ZHANG L Z. Design of a neutral electro-Fenton
system with Fe@Fe,O3/ACF composite cathode for wastewater
treatment [J]. J. Hazard. Mater,, 2009, 164 (1): 18-25. DOL
10.1016/j.jhazmat.2008.07.109.

GRAUPERA E, LEAL C, GRANADOS M, et al. Determination of
tributyltin and triphenyltin in sediments by liquid chromatography
with fluorimetric detection assessment of spiking procedures [J]. J.
Chromatogr. A, 1999, 846 (1/2): 413-423. DOIL: 10.1016/S0021-
9673(98)01033-4.

BT, A%E, BRE, £ NRBERELLKER-SEL
HEIBILE D). #£I##%, 2015 66 (6): 2280-2287. DOL
10.11949/ j.issn. 0438-1157. 20150099.

YAN Y P, QUAN X J, GE S P, et al. Flocculation-nanofiltration
treatment of biologically treated leachate and process mechanism [J].
CIESC Journal, 2015, 66 (6): 2280-2287. DOIL: 10.11949/ j.issn.
0438-1157. 20150099.

FIRTE, FE, F/AW, B BB mRAE - LERS SR
FiR R EEKROEMNGIG 1. LG FESHEI T,
2009, 29 (10): 2855-2859. DOIL: 10.3964/.issn.1000-0593(2009)10-2855-05.
YU Z H, JING M, WANG X R, et al. Simultaneous determination of
multi-organotin compounds in seawater by liquid-liquid extraction-high
performance liquid chromatography-inductively coupled plasma mass
spectrometry [J]. Spectroscopy and Spectral Analysis, 2009, 29 (10):
2855-2859. DOI: 10.3964/j.issn.1000-0593(2009)10-2855-05.
REGUERA G, NEVIN K P, NICOLL J S, et al. Biofilmand
nanowire production leads to
sulfurreducens tuel cells [J]. Appl. Environ. Microbiol., 2006, 72 (11):

increased current in Geobacter

(18]

[19]

[20]

[21]

{22]

[23]

[24]

[25]

[26]

[27]

[28]

7345-7348. DOL: 10.1128/AEM.01444-06.

LEDEZMA P, GREENMAM J, IEROPOULOS [. Maximising
electricity production by controlling the biofilm specific growth rate
in microbial fuel cells [J]. Bioresource Technology, 2012, 118:
615-618. DOL: 10.1016/j.biortech.2012.05.054.

LB, RN, RAER, B RS RN RMEDRE Rt
BEROREM R D RS [1). ZFAERSS, 2015, 36 (8): 3080-3085.
DOI: 10.13227/j.hjkx.2015.08.048.

MENG Y, FU Y B, LIANG S K, et al. Effects of oil pollutants on the
performance of marine benthonic microbial fuel cells and its
acceleration of degradation [J]. Environmental Science, 2015, 36 (8):
3080-3085. DOIL: 10.13227/j.hjkx.2015.08.048.

KANG C S, EAKTASANG N, KWON D Y, ef al. Enhanced current
production by Desulfovibrio desulfuricans biofilm in a mediator-less
microbial fuel cell [J]. Bioresource Technology, 2014, 165: 27-30.
DOIL: 10.1016/j.biortech.2014.03.148.

FEEE, B4R, REF, % REEHBRRLCERRNEK
Bkl S8 (7). K THEFHK, 2012, 28 (11): 205-211. DOL:
10.3969/5.issn.1002-6819.2012.11.033.

SUI Q W, DONG H M, ZHU Z P, et ol. Ammonia stripping control
parameters for improving effluent treatment effect in anaerobic
digesters of piggery wastewater [J]. Tramsactions of the Chinese
Society of Agricultural Engineering, 2012, 28 (11): 205-211. DOIL
10.3969/1.issn.1002-6819.2012.11.033.

iR, FEM, B BURETCEBROMA 1. 784
4, 2014, 32 (2): 26-29. DOL: 10.3969/j.issn.1000-1166.2014.02.007.
MA H C, CHEN Y C, CHEN Y. Pretreatment of biogas slurry by
electrochemical process [J]. China Biogas, 2014, 32 (2): 26-29. DOL:
10.3969/).issn.1000-1166.2014.02.007.

R, FEC A TRBER R BBRBEL S S AR R K A B
BIRLA [J]. BEH#IR, 2015, 55 (3): 264-272. DOL 10.13343/
j.cnki.wsxb.20140329.

YU H T, LI M. Denitrifying and phosphorus accumulating
mechanisms of denitrifying phosphorus accumulating organisms
(DPAOs) for wastewater treatment—a review [J]. Acta Microbiologica
Sinica, 2015, 55 (3): 264-272. DOI: 10.13343/j.cnki.wsxb.20140329.
FHE, ERE, %&% & LERENEUERBEIES COD.N
P MRS [J). # TH##K, 2015, 66 (4): 1467-1475. DOL
10.11949/.issn.0438-1157.20141549.

WANG C, WANG S Y, ZHANG M, et al. Analysis of COD, N and P
in denitrifying phosphorus removal under multivariate condition [J].
CIESC Journal, 2015, 66 (4): 1467-1475. DOI: 10.11949/j.issn.0438-
1157.20141549.

TAO H C, WEI X Y, ZHUANG L 1, et al. Degradation of
p-nitrophenol in a BES-Fenton system based on limonite [J1. Journal
of Hazardous Materials, 2013, 254: 236-241. DOI: 10.1016/
j-jhazmat.2013.03.061.

ZHUANG L, ZHOU S G, LI Y T, et al. In situ Fenton-enhanced
cathodic reaction for sustainable increased electricity generation in
microbial fuel cells [J]. Journal of Power Sources, 2010, 195 (5):
1379-1382. DOI: 10.1016/j.jpowsour.2009.09.011.

WANG X Q, LIU C P, YUAN Y, ef al. Arsenite oxidation and
removal driven by a bio-electro-Fenton process under neutral pH
conditions [J). Journal of Hazardous Materials, 2014, 275: 200-209.
DOI: 10.1016/j jhazmat.2014.05.003.

LIY, LU A H, DING H R, ef al. Microbial fuel cells using natural



E L

JBRA-SE: FURTRAE YRR, Bt [F) 2 R VB A = R B AL

* 2063 -

[293

pyrrhotite as the cathodic heterogeneous Fenton catalyst towards the
degradation of biorefractory organics in landfill leachate [J].
Electrochemistry Communications, 2010, 12 (7). 944-947. DOI:
10.1016/j.elecom.2010.04.027.

STANG P M, LEE R F, SELLGMAN P F. Evidence for rapid,
nonbiological degradation of tributyltin compounds in autoclaved and
heat-treated fine-grained sediments [J]. Environmental Science and
Technology, 1992, 26 (7): 1382-1387. DOIL: 10.1021/es00031a016.

[30] HOCH M. Organotin compounds in the environment: an overview [J].

[31]

Applied Geochemistry, 2001, 16 (7): 719-743. DOI: 10.1016/S0883-
2927(00)00067-6.

SUN G X, ZHOU W Q, ZHONG J J. Organotin decomposition by
pyochelin, secreted by Pseudomonas aeruginosa even in an iron-sufficient

[32]

[33]

[34]

environment (J]. Appl. Environ. Microbiol., 2006, 72 (9):6411-6413.
DOI: 10.1128/AEM.00957-06.

HUANG J, YE J S, MA J W, er al. Triphenyltin biosorption,
dephenylation pathway and cellular responses during triphenyltin
biodegradation by Bacillus thuringiensis and tea saponin [J). Chemical
Engineering Journal, 2014, 249:167-173. DOIL: 10.1016/j.cej.2014.03.110.
SODERQUIST C J, CROSBY D G Degradation of triphenyltin
hydroxide in water [J]. J. Agric. Food Chem., 1980, 28 (1): 111-117.
DOI: 10.1021/j£60227a015.

YE J S, YIN H, PENG H, et al. Biosorption and biodegradation of
triphenyltin by Brevibacillus brevis [1]. Bioresource Technology, 2013,
129: 236-241. DOIL: 10.1016/j.biortech.2012.11.076.



