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Enhanced Removal of Herbicide 2,4-dichlorophenoxyacetic Acid and

Simultaneous Power Generation in Microbial Fuel Cells
QUAN Xiang-chun, QUAN Yan-ping, XIAO Zhu-tian
(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract ; This study investigated the effects of a widely used herbicide 2 ,4-dichlorophenoxyacetic acid on power generation, pollutants
removal from microbial fuel cells (MFCs) and microbial community changes, and also explored anode pre-aeration for enhanced 2 ,4-D
removal and power generation. The results showed that when 2,4-D was inputted to the anode chamber of MFCs which was previously
enriched with acetate sodium as the fuel, the voltage output and power density declined and the internal resistance increased

2 -2

apparently. The maximum power density declined to 0. 057 W+m ~? in the presence of 300 mg-L.~" 2,4-D comparing to 0. 151 W-m

obtained with acetate alone (850 mg-L '), and the internal resistance increased from 524 Q to 1230 Q correspondingly. To
accelerate 2 ,4-D removal rate and reduce its inhibition to anode exoelectrogens, 6h pre-aeration was applied to the anode chamber.
Fast removal of 2,4-D was achieved during aeration period and simultaneous high maximum voltage output (0.42-0.47 V) was
obtained. Anode microbial community changed after 2,4-D addition and several 2,4-D degrading bacteria and 2,4-D tolerant
exoelectrogen were enriched. MFCs could be used for 2,4-D removal and simultaneous power generation through anode pre-aeration.

Key words : microbial fuel cell( MFC) ; 2 ,4-dichlorophenoxyacetic acid; anode aeration; biodegradation; recalcitrant organics
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1.1 5%

ARG FH—Fh 7 TE AL ZE MFC, BHR 2 AT AR
ZFEARF R 100 mL, FHAR R %75 (2 cm x 8 cm,
HCP330, T £k, i) , BIRCR IR B AR 1057 (0. 40
mg-cm ) BUBRAE (3 em x4 cm) , B [E]) FH 5T 738 e
5B (PEM) . PEM £ FH AT HE47 WAL B, DL 25 B
T P48 BT 22 . # B A 80°C 1y
3% 3 B AL AT 1h, FH 80°C AY LB T /K W&l 1 h,
FRBEISAE 80°C Y 1 mol - L™ FRERIATR TR 1 h, A
80°C Ay LB F /K MV 1 h. 220335 15 A9 Nafion
PEAEAE Z5 8 Kl AT e 28 <o KU, T4
SLRIETE BN, SN Z R A A, T i A R R
(14 JE Y HEE S R S B % 3. MFC 193817
IREEBE N (30°C £1°C) , RGAE M B A T i817.
1.2 RUEYER ST

SR FH B V5 KA B T (14 IR S80S Ve AN - e R T
PeHEATRERR. B, BH AR 25 A B A 2 75 200 FH
TR ER 2% v %5 W ( phosphatebuffered solution, PBS) 2k 1%
TR A S N ZE s BE 1. LAE2 000 mg-L™' &R
B4 PBS YA (50 mmol-L ™", pH =7.0) &}y FH#%
W, VASAAE) PBS IR (50 mmol -L™", pH =7.0) /F
R BRI B AR 25 GRS B AR SR THIE ) AT
UL RS, 2% 53 BB 8 7 R V5 .

FESLE T, BT MFC (38 A LR 4M . 2,4-
D, LTREAFN2,4-D IRA . MFC Sefii H 2 RN
YERFEER, G 2h o) J5 e 40 iR A FE L. 10 MFC
A 2,4-D B RE 1 (0 47 20 80 15 U AR 48
SRR A Y, ME A d A 2,4-D FEffGe )
() MFC IR . LI R 35 9 MFC B 56 7 B AR R
AR BT, PR N RV Y 2,4-D A, &
e 5 45 1F 22 /038 47 WA JE 0T 5 F R B %2 50 mV
AT B B 48 R . g VR 4 T BH A A
10 min DURIER ECRE. 2 )5 R F Ia] 8RB <A
KBAT, EEAJE I IT 45 w6 FHA 5 6 h, FH T
sAk 2 ,4-D [

1.3 ZRArRem ik

K 8 n: Ak 2% 7% A i ( chemical oxygen
demand , COD ) #2 REARIE 73 #7150 2, 5 ik S8R HAE
FEA A AN 2 AL (B G JPBI-608 ) HEAT I E |2 ,4-
D 11 & B SR FH 8 508 H 2 3% { (HPLC ) ( Waters
1525, USA) #EATAGI, #EAERTH 0. 22 wm A9 B 2T
UE. WSRO UK =301, R K 2241 280
nm , AR TS 3# M1 mLemin ™.

A 22 SR RO R AR R i S AE L -
IR 45 (RBH8253, Bt A2 Bl 47, v [ ) 2R 5L
s HLURE (1) R e AR e fb £ mT L
SR ARSI 5 |, 3 3 5E MFC ZEAS ] £ Ha B
S T RRE Bl rR B (Y S L BEL PR R B 1 = U/R AR
2 LI, A5 S A 0 2R, 450 A it 2 ) R £k
X G L AR HL G AR 2 1 RBR R F N B, Hoe
A0 2 il FH LAk 2 T4 S ( CHIG00D , - iff J 48 )
SR

A 0 BE T o0 AT 08 R A M B R SR I RRL UK
( denaturing gradient gel electrophoresis, DGGE ) K.
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GGC AGC AG-3") F1907R (5'-CCG TCA ATT CCT
TTG AGT TT-3") ¥4 V3 [X. § LK. HILE
95°C 2% 10 min, #FEEEH 30 AW, %5 A0 4
94°C A 30 s, 57°C FiR K 1 min,72°C T ZEfH 2
min, TEAREER. )5 72°C FEEMH 7 min. § 1500
FEALTE DGGE ( Bio-Rad, USA) &G k412047, K H
6% ( J5 0 VI FE ) 114 3R TR Ik Tk o 8 , 72 R BB B
30% ~ 55%. 41 M 45 % Rl SYBR Green 1
(Invitrogen, USA) ¥t {4 J5 7€ M % 1 ( VILBER
INFINITY 3000, France) A7 850 #r. 4545 &)
JREIN 7 16 I 16 28 55 5 A= W B R 2 w) R AT I 43
Mr. L5051 BLAST $E47 HEXT 2047

2 HR5iTE

2.1 MFCs 24X%F 2,4-D 09554 b r= v PEBE
ANTFIHR BE 2 ,4-D AEAERT MEC (1) L e v an & 1
Ji7R. AT LA B0 B v 4 L R B 2 ,4-D AR EE RSN
TMFEAG. EXT IR R G0 (T 2,4-D) , dic i B R ] 35 2]
0.53 V, 4 2,4-D ¥R 43514 30, 80, 180 Al 300
mg- L~ I 55 LR 2R BIFE R 0.51, 0.47 ., 0.33 #l
0.31 V. fili R TREFTREZ M T 2,4-D Y
BEPERIS T AR IS M, 5 — T T 2,4-D i8R
I RETHAE T —8B 0 H . Sun 251 AGE T ERAME
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2,4-D fi1 COD Ay 2Bk, I 2 il 3 fis. vl L&
PH,2,4-D (1) 5 ik 24 i HL v JiE %) 15 fm T 1S,
COD B0 2 ,4-D WRIE TR AL, 24 2,4-D 1Y
WRE /354 30, 80, 180 1300 mg-L ™" i, HF 3
£ B o# R B 0.23, 0.51, 1.44 H1 2.02
mg-(L-h) ™", X COD By EBRFE N 96% . 95% .
78% H168% . JinfTHfE] R HEK,2,4-D 7] LIPE
bR, HAE T BBCRIAE] 96% ~100% .

0.6

—o— 0mg-L™"2,4-D
—o— 30mgL7' 2,4-D
—&— 80mg-L7' 2,4-D
&— 180 mg-L™' 2, 4-D
—+— 300 mg-L"" 2, 4-D

] 20 40 60 80 100
i i/h
E1 ARERE?2,4-D FER MFC (IEHBE

Fig. 1 Voltage output from MFCs in the presence

of different concentrations of 2 ,4-D

—=— 30mgL™"2,4-D
—— 80 mgL™"2,4-D
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300

250

150

2, 4-D e Ji mg-L™!

0 20 40 60 80 100
i /h

B2 AERE?2,4-DEFET2,4-D XKL

Fig. 2 Removal of 2,4-D at different concentrations

K4 AT 2,4-D-CFRENRA LI 2 ,4-D il
YER IR B = A e, MRS T &A 300
mg-L'1 2,4-D B, P2 AR e R R 0.31 V HZ
2,4-D HUMAETE RAE LT A LR = A X R 2,
4-D ANREHE RS 7 B B A A I L. 55— I R
BIRFH IR T 2,4-D BYFEAR il HOE 1 25

100
80 -
-2
=
W 60
&
#
g
o 40r
—o0— OmgL™"2,4-D
—=— 30mgL™'2,4D
20 —e— 80mglL™'2,4D
—&— 180 mg'L™ 2,4-D
—4— 300mg-L"'2,4-D
U 1 1 1 1 1
0 20 40 60 80 100

B /b
E3 TEKE2,4-D FET COD KRR
Fig. 3 Removal of COD in the presence of different

concentration of 2 ,4-D

—a— 850 mg-L™' ZF§g ) + 300 mg-L7! 2, 4-D
—o—300 mg-L™' 2,4-D

0.4 - 80
~ {300
03§ 1240 7 4 60
3| %
Img|
Ho2p 2140 i
= (=] (=]
1203 &
“f W~
0.1 f 420
160
0 2 T ey 0 dq
0 20 40

60 80 100
B 1K) /h

4 24D BEREEZBNEERSEHET MFCs
RGESEAMERMBEREER
Fig. 4 Electricity generation and voltage output from MFCs fed
with 2,4-D alone as the fuel or the mixed substrates

of 2,4-D and acetate sodium

FRi# A<M 1. 46 mg- (L-h) =" (X 2,4-D) Hhn% 2. 02
mg-(L-h) "(IREET). oI, MFC &4+ 5 %
it L T R BN A AE T LA R ME R A B 2,4-D
28k, Luo S5 WSt & B, MFC R 45 5 [ fit
B MUY TE BERE = 2R B AN e 1) L BRAICR.
2 R AR E S, PR A R BELT A5 A 2L R
12 ,4-D TRAVE AR R L5 A48 A il £ A oh =R 1
A e, IR S BT AR P BEL ARSI i BELAH 5 fsf
g HH T R B R SRR B T N BRI, LR 1.
K 300 mg- L0 2,4-D FFEAERT, 5 Z RN
(850 mg-L.~") BASL A HL , B R R % M 0. 151
Wem 23 FRER 0.057 Wem 2, W13 1 Fins, N
FEAR R AN 524 Q #EM%E1 230 Q. 2,4-D MIFFLESE
PRI 3R B SR T R, PO BRI I, 3 n] RS2
2,4-D Y3 E 1 R 0 BHAR Sl A= 00 305 v LA B W s
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x1 FARERZFAHHHNEZL
Table 1  Internal resistance in different cycles with

increasing concentration of 2,4-D

LA NBE/Q
LR +0 mg-L~! 2,4-D 524
LFREN +30 mg-1L.-' 2,4-D 550
LR +80 mg-1L.-' 2,4-D 712
LR +180 mg-L-! 2,4-D 1150
ZTREN +300 mg-L~! 2,4-D 1230

ST 2,4-D B A BR . A BESER AL
MFC G HR 5T ME R it A7 AIL 40 s ope AR L B %o 7™ FiL 5%
M, &30 500 mg - L~ WAk 5 7] 45 fie R 1) R 2%
N7 Wem U IEBEVERRIR EARAS B B K TR %
ER1.T Wem 7

0.7

—o— 850 mg LT ZEH
sl —e— 850 mg-L™' ZAEHY + 300 mg-L7'2,4-D] 0.16
/D\ﬂ J0.14
0'5 B [
0.12 2
E 0.4 0.10 Z
2 3 0.08 %
B
oa oo 0.06 =
0.04
0.1 0.02
0 . ; : : : —o
0 0.1 02 03 04 0.5 0.6
ML /A m™
E5 ZEWEERRS2,4-D HEREMET MFCs
REMAMEZEILE

Fig. 5 Comparison of polarization curves produced by MFCs
fed with 850 mg+L ™" acetate alone and

its mixture with 300 mg-L ™' 2,4-D

2.2 PHAR TN 2,4-D R AL R AN

AR 5 235 S 2% WA BP0 feff 28 5 K s i) 403 7 3% %
(AANAEF),2,4-D J5AREYE T MFC j=H | 1fif
BHAFAER 20 = s S = AR A E . PR
M HAFAE T P 2 i g Bl S — PP Bk 2,4-D
M. B IR EIA MG G — T L i A 4T
Bl A YR A, DR AE A T 9T 6 h 45 FHAR
FER, IR G P A o ) IR AR is 4T 0 5L PR
BRSO T 2,4-D [ BR AN B A 2 i dn & 6 ARl 7
FiE7n. AT LA B0 R £ B SR B, Rt R T
£0.42 ~0.47 V. SR, 77 B IR R R S
g8 T H AL E 47 R B 38 i A, 7T fE
LR U R . B0 7 A LTS T is 114
W AR , I R BGS 1T R A48 40 5 BEE 1247 A
BOHEIN , EZ 0 U S 2 B R B R A S B . B

TSI R A, WHE LA R 6 h Y T
SR 2,4-D R, Rl 25 3 IRy 6 h £
FRAHEIT 50% , M SRCR B T R8sty
AR MFC RGEXF 2,4-D (R, ffif3 MFC 76K
FRGF 2,4-D 22 B 2 HHR BE PR AR s 1w v .
M BAMR AL GE IR B A7 R TR <Y 25— JR L2 ,4-D
R A A R I F AT 31 J 25 4 T, T B PR A A R 4R
TR TR AR SIS AT I (R B S il LT .
A5 R B PR AR 0t T4 SR AE — 2 R AR
L AEC AU PR IS R, AT sE R R
LSRN 7 MFC Iz AT ) o 4R THA i A S i 2
0.3 mg-L™' IR mge b, — SRRk
BEWI AN Shewanella oneidensis DSP 10 £ E fES £ 5
VA (=8 mg L) Fro . SRR R
WA LA 2 ORI R A s AT MFC 7T LA i Al — 88
MERE AR A DL Y KB, 75 MFC v [R] s A7 7 X B3 fige
A LTS YW T 53 B A5 G WD R I DT MERS Ak 35
Py ] BB 77 W S A WA AR B AR IO LA H
FEH LT LA T LA 3 ok PR 90 5 < =Xt PR e
AU EER, SR E B AR Es i, BA
PR R A, TR S T4 & S THFER
TR, DT AR P 2538 L FERRE i A )R Ay e
VM A LY 5 2 B Ao A DL TR 5 i T I R I
SEREE S AT LA 7 H TR A 410 T B R RO, X T )
FPRH RO HEL A, A AR ISR T SR
PRI TR - IR A A T

BE/V

! 3 i ;E%mz s

0 20 40 60 B0 100
B/

Ee6 PAMBSEMEHBE(ZDHEMNE)

Fig. 6 Voltage curves of MFC with sequential aeration

in anode chamber( multiple cycles)

2.3 GEYIEEE T

I3 ILL L RENER 2,4-D BphVE LT | 2 R4
52 4-DIRGVEER, H5 T MFC REMAE YR
SEMIRAE AL, R DGGE Xt kAT T 2047, 45 5
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80 ——
- —o— M |
— A

W A

2, 4-Dife fif /mg- L™

0 20 40 60 80 100
i/

80
70 =
o
i1}
=
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Table 2 Microbial composition for the anode biofilm enriched with different substrates
Filiis  RUYF HALEE/ % RYrk TR RN
1 Uncultured bacterium clone NK-M30 99 Uncultured bacterium JN685491. 1
2 Bacteroides sp. 22C 99 Bacteroidetes AY554420. 1
3 Bacteroidetes bacterium 4F6B 100 Bacteroidetes AB623230. 1
4 Bacterium enrichment culture clone DPF25 99 Uncultured bacterium GQ377128. 1
5 Clostridium sp. C5S7 99 Firmicutes AB539900. 1
6 Delftiaacidovorans strain WR42 96 B-Proteobacterium JF700415. 1
7 Comamonas sp. CGOO01 100 B-Proteobacterium JN995542. 1
8 Diaphorobacter sp. bk_62 99 B-Proteobacterium HQ538669. 1
9 Azospirillum sp. CRRI-31 91 a-Proteobacterium JN592448. 1
10 Sphaerochaeta sp. GLS2 96 Sphaerochaeta IN944166. 1
11 Azospirillum sp. UNPF1 100 a-Proteobacterium AB696837. 1
12 Acidobacteria bacterium Ac-F6 96 Uncultured bacterium (G0902908. 1
13 B-Proteobacterium sp. oral strain AOSKA 98 B-Proteobacterium AYO005031. 1
14 Sphingobium sp. 662 100 a-Proteobacterium JF297621. 1
15 Comamonas sp. BF1 96 B-Proteobacterium EU869280. 1
16 Variovorax sp. DC2a-29 100 B-Proteobacterium AB552857. 1
2281-2285.
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