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Abstract: The electricity generation performance of a microbial fuel cell (MFC) utilizing Dioscorea zingiberensis wastewater was studied
with an H-shape reactor. Indexes including pH, conductivity, oxidation peak potential and chemical oxygen demand (COD) of the
anolyte were monitored to investigate the contaminants degradation performance of the MFC during the electricity generation process,
besides, contaminant ingredients in anodic influent and effluent were analyzed by GC-MS and IR spectra as well. The maximum power
density of the MFC could achieve 118.1 mW/m’ and the internal resistance was about 480 . Connected with a 1000  external
resistance, the output potential was about 0.4 V. Fed with 5 mL Dioscorea zingiberensis wastewater, the electricity generation lasted
about 133 h and the coulombic efficiency was about 3.93% . At the end of electricity generation cycle, COD decreased by 90. 1%
while NH," -N decreased by 66.8% . Furfural compounds, phenols and some other complicated organics could be decomposed and
utilized in the electricity generation process, and the residual contaminants in effluent included some long-chain fatty acids, esters,
ethers, and esters with benzene ring, cycloalkanes, cycloolefins, etc. The results indicate that MFC, which can degrade and utilize the
organic contaminants in Dioscorea zingiberensis wastewater simultaneously, provides a new approach for resource recovery treatment of
Dioscorea zingiberensis wastewater.
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Talbe 1~ Characteristics of Dioscorea zingiberensis wastewater after pretreatment

Ei=E7N COD/mg - 7! NH, -N/mg - L' pH

S()f_/mg'L_l J‘i:Jﬁ*/fﬁ/rng'Lf1 [EE'F’?F?/MS-(:mfl

7 %] 91 000 1300

6.5~7.0

791 6 000 1850

1.2 MFC ¥ Kzt

SR A H R N A B AR = R P AR =
AR 300 mL, B WENGEN 2.5 em KEH
5 cm AU BE 4 K B F 3¢ 4 I ( Nafion 112, Dupont )
B dERE. BN 3 em x3 em MUBRZT 4EHS (db 3T
ILEAE) BN 2 em x4 em BERARRAC (Jb 5 K
LREE) ,EHN RN 1.8 mg/cmz. A HL 421 000 Q 1
P, fr R 16 IS S OoRAEAF (ADS223,
et Em e R R AR A | A 3R ELE, &
B% 5 min iC 5% — K. PHAR % 38 2 /K 3 R R RGE#2, B
e 28 3 o A AR IR A R A A SRR AR RTR S

MFC FHM % F 5 B85 15 K A B R &075 e #2
Fofr, 9 A% Y 11 BH AR W AR BRSO 150 mL. B R 7 &
AT BT, R P ek K, A2 v % T [
£ 50 mV 22 A7 A PHAR VR, B 2 A4 R R
— K AR . BHAR I COD & 75 B 43 000 mg/L
M) 22 K K, B A & B R iR (5.62 ¢/L
NaH, PO, -2H,0, 6. 15 g/L Na,HPO, -12H,0) , BA# i~
0.5 mol/L NaH,PO, 2/ (pH EHBERRIH 2 3. 3).
1.3 PrtkEResr b

MFC 7= H J& 30 o g i s fl R PR {5 5 R BB 4R A
Bid k.

MFC A BH K fe K% th D 28 (90 7€ - MFC 7= HL AR
E Ja , FAE BR AR A A4 f BHL, 7E 50 ~ 10 000 Q 1Y
T0 P P 9] 1 BELAEL , 000 %o 2 A0 % L R U, I AR 4R A 5
(D FFS w1, R0 (2) T 5 5 2 R %
P, VAR T OB A bR 4 A fe i 28 U-1, P, -1
P, -IHh £ WA B MFC e K sh = P, U-1 i
L RBERD G MFC (9 B

U

I = — x1000 1
p (1)
U2
P, = x 1 000 2
" RAan ( )

AL R NAZAR B (Q) , U D9 X B Ah #% HL
(V) 1 A% R L LR (mA ) LA, A MFC PHAR B 3%
AL (m?), P, b MFC 3% T FH % 160 A A D) 3R 2% )i
(mW/m?).

MFEC A BEAS B3 A7 - U 3 MFC N BH (9 [5] f, 7E
PH A 2 T IF A =2 B H oK FL A S S L s A, i 5%
BEAR | 9 A Hi 34 DA B 2 L e A ) 1) | 45 22 9 A8 4k DA
MU 1 AR A, 43 S0l 2 i A Ak il 2 4 A R B B
e B Hht AR [0 Fy IR e L.
1.4 JKJFEoHT

COD R FH ¥ M 7 B T B 41k vk DU e, T 4 75
HORH 3,5- R 3L K4 R (DNS) 00 5 , NH, -N2R
R4 G 70 96 B . pH 8 A pH 3t ( pH211,
HANNA) Il 75, H 5 2 H i 5 %42 (DDS-307, 44 3k
o DIS-1C B VA % B 2# A8 AT PR | ) il 45

AU HL AL 3 BT < B 22 2 7K MFC A [] 32 47 i)
Bk eE 3 uE S5 L Ak 2% TAE 55 CHI760B (i &
A8 FARIE IR 22 i 2k, e A Ak e A 351 4 i A7 X
B4 : —0.50 ~0.30 V, 5 E K 100 mV/s.

GC-MS 237 FH i 4l CH, C1, ¥ 77 2% R 1 |
rbE B SRR T B K MFC 3E K, A BUS
AV B (A HLR 0. 45um JE M, bk %2
B1) , F GC-MS( Agilent, USA ) Il 5& 75 4 4 Ji 53

2L A 53 AT 2 f 8 22 R K MFC [ 8F | 7KK
FEVR R T8 /D K By oK F D63 46 KBr R
FE4 000 ~ 400 cm ' 54 I #4038 Bl 9 TENSOR27
R ST AR 40 21 40 1% Y ( Bruker Optics, Germany )
Rl

2 HR54H

2.1 MR
MFC AR A 15 R 5, S5 300 mg/L & R #h
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Fig. 1 Time-potential relationship for MFC fed with Dioscorea zingiberensis wastewater
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Fig. 2 Polarization curves of MFC fed with Dioscorea zingiberensis wastewater
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Talbe 2 Composition analysis of the internal resistance
iH PG A FHL1E/ Q R?
B H 8 480 0.999 7
FF A% P BEL 8 92 0.992 4
3 4% P BHL 10 191 0.988 2
R 1] A BHL 18 197 0.999 9

T BIEEE 2K MFC 7 H AR E T PR
B B K s AT 1712 AR (29100 d)

W EASRREAE 0.4 V A A, 45 70 AL JE g (R
FE A 22 ) 2% 1H < 15 h. 150 mL COD ¥ B 7 B
3000 mg/ LI # 227K (R 5 mL 2 22 K K ) 1]
fiff MFC 722722 133 h, JECER AN 3.93% .
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Bl 3 9d 5 T 8 2 K MFC FH #% W & COD
(TCOD) FI A % ¥E COD (SCOD) 7E — > 58 ¥ 7= iy, J&]
W B A4 1 L. TCOD A1 SCOD %% {4 | #f &2 F [%
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M FE ANF] T TCOD R PR x4
TE LU FHE . TR ORI 1Y) S 3 b AR Y Bt &5
BB FE IR K, D% B4 () BT BE 5 R K
TR IS0, A5, S0, A= i ik B v T R A B AL 1
WBEA PVE T, S S M 32 IR B s AR AN 2 A B
FERIE AR CaS B CaSO, , SR 5 4k Ak B ik
HL . 7E MFC %t f s b T T 4 35 78 W 5 19 B B,
JRIK 2y 85. 3% W5 Y vl 25 B, o AN JR 0 Vs
YITH i 94. 6% . Z )5, BE A& P K v T g A
BTG Y Bk BE B AIK, MFC % e R TR R R,
TCOD ,SCOD Y 2 B 3 B o ekl 22, # th B FE B &2
0.05 V IS,y Hy Ji 91 45 02, JR K vh i Je ) 26 B R ]
ik 90. 1% . TEREA 7 iy Jil S v | 58 22 K K MFC BH A%
TINH, -NHH W LR 10 46 mg/LIEZE 15 mg/L, R
ik 66.8% .
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Fig. 3 Changes of anolyte COD during the electricity producing process
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Vi
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Bt 2 #h, 1, 17-Biphenyl, 4,27,3", 4'-tetramethoxy-
6-methyl-, Desaspidinol 55 3 254 Jit th J2& 32 % A £
By

B E K MFC #F 1K FTIR S6i% & an & 4
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Table 3 GC-MS analysis result of the influent and effluent of MFC fed

with Dioscorea zingiberensis wastewater
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Fig. 4 IR spectra of the influent and effluent of MFC fed with

Dioscorea zingiberensis wastewater
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Fig. 5 Oxidation peak potential of anolyte during the electricity

producing process of MFC fed with Dioscorea zingiberensis wastewater
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Fig. 6 Periodic changes of anolyte pH and conductivity of MFC fed

with Dioscorea zingiberensis wastewater
N
3 it

YIS S MFC BH AR i 7K BCh 3 22 Rk, R
TR — A TR E G g B T RE R (H R A R
0.47 V IS 0.4 V, it Kt 2h R ¥ h
142.2 mW/m> 3 /N 3] 118.1 mW/m’, JiE £ %% % il
7.32% R R 3.93% . i W] fig i = 5 T A B
— AR AR B 22 5 N R AN Y 7 R AR
S — A T A R T R R % T 2% kK T
F W TSR RS AR LR A 7 L UR
LL 5 B A R B RN 22 5 R A 0 R T
PS50 MFC /B W A BESS M RO IE IR, 2 1R
BAAE S YA I B U A T CE W AR R
fif 53 ¥ A5 LAY 1 20 B AT BE 2 AR N B = — 26 AR A
P 2K B RO 28 = R R AR &
MRS W 5, T BE 2 0 E G AR A AR
FI TS 80 MFC 7 i %8000 52 e 300 A T B
A H B SR e K MFC!T 72! — K | #32KK MFC &
BRI , 3X 1T A8 R B = T A Y AR
— X[ REE TR TG e R 2455 2%, 7
BB AR = B W N o A BL A R
LR W R 2 B AR T A BLTS e i R R
5 PR P MV R B 0 PEM PR FHA =
T 53 LA 7E AR W 1 S S0 R 0 WA i ol e
BOHAE ™ RIS TR CRCR, 5 = BB KP&A
BRI SO; R E BT nl 1 Ry il F 32 R 31
FER BT, SO CRCRIEAR ™. 4 B 41 A%
(4 53 BT 45 S (32 2) AT, AR 5% 0T MIFC ¥ i it F51
T SN A5 AL) RN B AR, 5 /0N T E AR [ B 4 o B



14 ZE AR < B 22 MK A W AR L 7 25 T P REAT Y 191

i T AR B 2 S AR PR e 22 R K MFC 7= B AR A
HE— 4R BT R RCR M RE A TR
Catal %52 A Ay Wk IR 24 Wy Joic A1 13 25 0 Jo0 vk 1 1
T 0.2 ~ 10 mmol/ LI (AN [\ Fh 34 51 1) ok 2 150 A5 e
250 A E AR MEC Y7 o 850 . AR T A6 A 52
¥ i, RS MFC #E K (9 GC-MS 3 AR A% 43 J2: ke
W 25 ) Jo R T 2 0 B 7 P 2SR O oK 32 300 ™ R )
XA RESE R O GC-MS K 45 5% 32 W) o ¥ % P 1 )
B, LB 2 e I 7K v 4 A T W e 2 4 I R Ty 2K
Wy BT AE B 22 2 K TS G W b BT o L ) S B B RS
&, AR MFC 3 7K I 88 22 % 7K 4 i B 30 £i%, i 2
W) B EOR R AR MFC 177 f R . &0
MEC. AR 5 A 68 2 7K v A AL 8 43 i O A, K
PSR ARG I ) K TR S I, R AR R A3 Ok K A
M2 Wi, Sbe ke, DA B & R IR S5 (1 g 25 I, ol
DA 00 1k e 26 9 ot e 3 O3 2K W i AR MFC 7™ H i
T ep gl o f R L 38 A — 38 43 T 25 W ot (] 092 7K v i
ANLERES G A BUER 28 . @ i i | 7K IR G A% L
BRI EAIAA Y UL AT ZR A 135 e e
H, Ok rp s T D R A S BR . B 22 R UK MFC X R K
TS5 R S 25 A LTS e W B R 0 S BR AR

4 HHit

(1)H BIXLE MFC R gs FH 5 mL K pr &
ALY BN A] £ S2 7= B 133 h £ 47, MFC N FH 2
480 Q, KIJHRBEE N 118. 1 mW/m’ ; #ME1 000 Q
HL B, MFC SF B E L RN 0.4V, JECRCRE N
3.93%.

(2) & 17 J& W1 45 R i, coD 2% [ F ik
90. 1% ,NH, -NZEBRRA K 66.8% .

(3) BRAR 5 A= Wy B 1 R 28 2680 0 7 B0 A BIL IR
ST 0 W] BRI S A T 2 M e — e AT
AALTG G, K 32 B BR — S0 X R A 0 K B B
MR TR k2, DR S R IR S R I R S RN I e M e A
Y.

e

[1] Logan B E, Regan J M. Microbial challenges and applications
[J]. Environmental Science & Technology, 2006, 40 (17) :
5172-5180.

[ 2] TLogan B E, Hamelers B, Rozendal R, et al. Microbial fuel

cells; Methodology and technology[ J]. Environmental Science &
Technology, 2006, 40(17) . 5181-5192.
[3] DuZW, LiHR, GuTY. A state of the art review on microbial

fuel cells: A promising technology for wastewater treatment and

bioenergy[ J ]. Biotechnology Advances, 2007, 25 (5): 464-

[4]

[7]

(9]

[10]

[11]

[12]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

482.

You S J, Zhao Q L, Jiang J Q, et al. Treatment of domestic
wastewater with simultaneous electricity generation in microbial
fuel cell under continuous operation [ J ]. Chemical and
Biochemical Engineering Quarterly, 2006, 20(4) : 407-412.
Min B, Kim J R, Oh S E, et al. Electricity generation from
swine wastewater using microbial fuel cells[ J]. Water Research,
2005, 39(20) : 4961-4968.

Wang X, Feng Y J, Lee H. Electricity production from beer
brewery wastewater using single chamber microbial fuel cell[ J].
Water Science and Technology , 2008, 57(7) : 1117-1121.
Feng Y, Wang X, Logan B E, et al. Brewery wastewater
treatment using air-cathode microbial fuel cells [ J]. Applied
Microbiology and Biotechnology, 2008, 78(5) : 873-880.

Oh S E, Logan B E. Hydrogen and electricity production from a
food processing wastewater using fermentation and microbial fuel
cell technologies[ J]. Water Research, 2005, 39 (19) . 4673-
4682.

FEIR, JRLIGURE | 3K B 5, A5 )R] KR IR 7 R I BUE 4
B A SE [ ], R4 2009,30(2) :563-567.

FHE R A R SF . B R GCAE W ORE T A B S R
K PERERTFE[T]. FREERE,2009,30(10) :3093-3098.
IR H R, B, AF L XU SR OB Tl R [ 4 A%
T AT B R K [ )], BB 5, 2009, 22 (4)
462-466.

E R KR AR W 3 A or sk M. (56 =00 . b
AP E PR R A 1989,

Cheng P, Zhao H Z, Zhao B, et al. Pilot treatment of wastewater
from Dioscorea zingiberensis C. H. Wright production by anaerobic
aerated filter [ J ].
Bioresource Technology, 2009, 100(12) : 2918-2925.

FyiE WY TR K L POk AT E M), B BRI
R AL, 2002.

Catal T, Li K, Bermek H, et al. Electricity production from

digestion combined with a biological

twelve monosaccharides using microbial fuel cells[ J]. Journal of
Power Sources, 2008, 175(1) : 196-200.

UG TR AR PRI AT, SF . W A R 00 B A ARk R R
PEBERFFE[J]. Al R 4l ( B R B RR) ,2010,49 (1)
113-118.

Liu H, Cheng S A, Logan B E. Production of electricity from
acetate or butyrate using a single-chamber microbial fuel cell[ J].
Environmental Science & Technology, 2005, 39(2) . 658-662.
N MEHE AR TR, A3 U5, 45 s ViR R % O R U W L Y
R MR B [ 7). FRBEREE2009,30(4) (12211226,
Jung S, Regan J] M. Comparison of anode bacterial communities
and performance in microbial fuel cells with different electron
donors[ J]. Applied Microbiology and Biotechnology, 2007, 77
(2):393-402.

Catal T, Fan Y Z, Li K C, et al. Effects of furan derivatives and
phenolic compounds on electricity generation in microbial fuel
cells[ J]. Journal of Power Sources, 2008, 180(1) . 162-166.
Cheng J, Zhu X P, NiJ R, et al. Palm oil mill effluent treatment



192 7S 5E # X 32 %
using a two-stage microbial fuel cells system integrated with 355.
immobilized biological ~aerated filters [ J ].  Bioresource [24] KimJ R, Cheng S, Oh S E, et al. Power generation using
Technology, 2010, 101(8) ; 2729-2734. different cation, anion, and ultrafiltration membranes in

[22] SRERME, FRER, X7 SL, 5. WA M Ik Y Bl A 0K Rk R b 1Y microbial fuel cells[ J]. Environmental Science & Technology,
FEHAFTERFIT[T]. BT R 24,2009 ,29 (4) . 740-746. 2007, 41(3) : 1004-1009.

[23] Huang L P, Logan B E. Electricity generation and treatment of [25] Schroder U. Anodic electron transfer mechanisms in microbial

paper recycling wastewater using a microbial fuel cell [ J].

Applied Microbiology and Biotechnology, 2008, 80 (2). 349-

fuel cells and their energy efficiency [ J ]. Physical Chemistry

Chemical Physics, 2007, 9(21) : 2619-2629.





