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AR, BT E MEC R B kF RERR SNl B4 T = L@ e kae. [£R] 490
Il ES5HE 12 VE, RARWREETAF 261 A/m’, Ak F9T1£0.048 m* Hym’d, 4
RS Amd EA 0.4V O FHR ST 467%F 700%. b EH 1.2V B, &4t COD #=
FEORERET AL 59%F 74%, £+ COD £HR&RZ 04 V “9HEHBRZT 22.5%.

PCR-DGGE #94~F A 5 5 A74E REAW, MM AEMIEF vA Geobacter sp A AMHH, LA
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Exoelectrogens community analysis and hydrogen
production in the microbial electrolysis cell using
dairy wastewater

WANG Wei LUO Hai-Ping LIU Guang-Li"
HOU Xiao-Yue ZHANG Ren-Duo

(Guangdong Provincial Key Laboratory of Environmental Pollution Control and Remediation
Technology, School of Environmental Science and Engineering, Sun Yat-sen University,
Guangzhou, Guangdong 510275, China)

Abstract: [Objective] Hydrogen production and the exoelectrogen activity under complex
substrate microbial electrolysis cell (MEC) are of great significance to its application in
wastewater treatment. [Methods] The characteristics of exoelectrogens were investigated with
the single-chamber MEC fed by the artificial dairy wastewater under different applied voltages
in this study. [Results] The maximum current could reach up to 261 A/m’ and the volumetric
H, production rate reached to 0.048 m® H,/m’ d with the applied voltage of 1.2 V, which was
increased by 467% and 700% compared with the applied voltage of 0.4 V, respectively. The
COD and protein removal could be achieved by 59% and 74%, respectively. The COD removal
at 1.2 V was improved by 22.5% compared with that at 0.4 V. The PCR-DGGE community
analysis demonstrated that Geobacter sp., one of well-know exeoelectrogens, existed in anode
colonies as the dominant bacteria. There might be a synergies relationship between exoelec-
trogens and non-electrochemically active bacteria. [Conclusion] MEC can use dairy wastewa-
ter as fuel, achieve the purpose of efficient degradation and produce hydrogen gas at the same

time, which provides research ideas for the practical application of MEC.

Keywords: Exoelectrogens, Microbial electrolysis cell, Dairy wastewater
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FRHLANEE )T X IR AR W LA T ML A L AR
BB — A, HAE AR ATz A, A
AT R EA BB I A Geobacter sul-
furreducens. Geobacter metallireduce .
Desulfuromonas acetoxidans . Geopsychrobacter
electrodiphilu. Rhodoferax ferrireducen %71,
DR 7 o 240 T e S BN AP e TR s A R oy, T
[Fi) BN [ gk A AL I ) St P RE, X AR
7K H [ A R T S5 BRAT A v R Y T 75 7Kk Ak PR
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PRAL TR A SRS, O AR SR X 7 H A TR S Ho A
Y B 0 s B IR 9 A 2 5 RN e A 5 0 Ja )
R — (HIE 20 IaE RR W], APy
PR BB AR AR AR, TR A TR HE 0 R B A
(™ L R T ARRUE M, DRI AR 5 fL TR R )
PEXT TRV A AP R A A B oG R B S
S i W W s (Mlicrobial electrolysis cell,
MEC) 2 FH 7™ Ha 4 T i 45 T, A LA B R
A ALY A 5 S5 FTHL 53 0 S A P HL B R A
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HL A% B B, AESAMIAH B R ISR TR, X
N R I P Ay Re SR i e Mo 7 R R~ Vi
LA R B4, MEC 7™ S BAT Al AR W 1, 4%
YRR AT S0 BB o FRTE SRR
MEC P& BIBESE, 22 LUy fa) P RE B AN 218 |
HEESE RGN, GO IR R R 5L I
D ULARGE, B Z R LY 05 R A AR AT S
R sEBRtE e, JFE MEC A3 HLE K™ &
PEREMIWTITA B T HAESZBr b B o 5 8 )4
WK &A RE ALY, Blandib . i)
FR WK fRf B0 20 . e, Hik
ASCLAA WK R0, R T 7 o 20 B A Bl A
Wy e PR R B 7 U BE R TR VR AR A, U
S P A Ak B e 7 e TR R A A A AL AT 84
G SLA

1 MESE
1.1 MEC Rz

AR, ATk 28 mL. FHCH
BRI (@DxL=2.5 cmx2.5 cm), FEHHZ 0.22 m*;
B M%7 0.5 mg/em® Pt (Y8R A (0=3.8 cm, %
BT em®). BN EI AT BN #H AR 15 min
DALRIIE BV #5% N B DR AUERBE . MEC ZEAS RS
HItHEE0-1.2 V) Fiaty, REE 30 °C+l °C.
MEC M ANHL P 10 Q, %4 %% R 4
(Keithly2700, 3 [E)%E 15 min &2 MEC #
LY o

MEC  BJHEFRIE A ) A5 Al 3a Tl 75 K b B
K, A SARIBN R4 1 000 mg/L FITCHL
AW, 12.5 mL RICER M 12.5 mL 4Efharis
W o TCHLERE W (2/L): Na,HPO, 4.09, NaH,PO,
2.54, NH,C1 0.31, KC1 0.13, 4Efliamiag . o
JCE 10 56 5 R RR i o AL R 0.8V,
ff MEC i&f7fE 3 A AW (1 L i i i
>4 mA), BCHBINA R KIETT

1.2 HIPIEKKR

N THECHI A4 93K, HWIhG /K : COD=
1 089 mg/L, [ fi=115 mg/L, pH=6.91+0.20,

JR7K COD il 7 2R FH A% BR AR 44T 7k );
PR 7K R A R I R 2 i vkt
13 FREERSEKBS SN

FHHEZK U 8E MEC 7= A i SR I Eff e AR
AT SRR GC (553 2014, HA)E
AR 23 B, SAH @I E 25 F 8 TCD Faill
i, ANEMEE, HK 2m. MESRM R RO
A TR RIS 2 3 B2 391y DINT 150 °C, 70 °C Al
150 °C, A NTEA, A E 22 mL/min,
ARRES A 18 mL/min, JEFERE 1 mL, FHRS
PSR 1, SRS i R A T AR I — 1%
L, 435 Hy Noo CHufl COpo Hid N fEH
B, SR N BNER DA E R
"4 H,, CO, Al CH, eI,
14 EYREEFUNF 5

DNA & BURI4E 16X 7 &, FastDNA® Spin
Kit for soil, MP Biomedicals; Tag DNA [if, Ta-
KaRa A ¥i50A R Al PCR &34, fE[E
Biometra /A F); DGGE HLJK &£ %4, 3 [E CBS
Scientific 3 7] . DGGE 5% 16S tDNA, V3 [X.
A5 % 338FGC (5-CGCCCGCCGCGCGCG

GCGGGCGGGGCGGGGGCACGGGGGGCCTAC
GGGAGGCAGCAG-3)#1 519RC (5'-ATTACCG

CGGCTGCTGG-3)"', PCR ¥ M FLJF: 94 °C
2 min; 94 °C 45 s, 65 °C 355, 72 °C 45's, 1334~
#EFR; 72 °C 5 min, PCR j=4) % F B BEHHEE L R
VK (1% BE | 1 xTAE LUK 2% npag) RG]

DGGE 43#: ¥ ik %) PCR ™ #)i#17 DGGE
AT o 8% MY R TN M E e B I (1.5 mm )R,
16 cmx16 cm), Z& PE 5 (100% A9 22 ¥ 5 A
7mol/L HYJRZEF 40% 1) 25 &+ H ke ) via Rl
30%—60%. LI & IRE 60 °C, HLE 200V,
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HLIKITA] 6 ho HLIKES RS Y2y 2 h, DNA [
W7 S kAR o3 B o IS v i 3 2 55 i AT
PI BI, FFLARICH) DNA Mk, ikt
V3 X PCR §"4#, PCR J2 )i 4[] . PCR 7=
Pzt 1.0%IE R L Dk k B0 s, 253 i35
AW BR 25 B AT BRI, W A5 SR 7R
NCBI (http://blast.ncbi.nlm.nih.gov/)EHE & b i7F
rXf o

15 &
15.1 MEC W= E: #()itHE:
> 14t
nHz,cat ZIZ—F (1)

Hrr=E/R, JZELHMMHEH10 Q)
PR3 ) L R (E, V) e
152 BRESEWE: ESUCNEKFRANL
Yy b A PR 5 S BRAS B ) S R & A RNCE,
R Q)HEP:
nH

My, cop
Hrh acoD ZHA A COD R AKAH, v 2T
KRR, ny cop =ACODv b, by =1 mol
H,/16 g 055
153 BB E: & TR P-4 S
M A B 4k 7 A Y ot B PR R KA 1Y L,
e G

M,.cop =

Rey
= : 3)

Ten,,cop
Ncy, cop

Hh, ey, cop =ACODV bey o5 ey s =1 mol
CH4/64 g 020
154 HRZBE:

1
L= 4)

v

Horp, T OJZ2HTEA), VORI E A AU

H(m’).
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2 HRE5WE
21 MEC MB35 REVIRIRERFENR
SR

AEASMINHE R #) MEC I 2 iESEia17 3
AR AR SE R AN 1R, B 1 Hal A
h, RSN F A TR, MEC /) e K HL 4
W ETE, AN R 0.4 VI, MEC AR K
TEBEN 4652 A/m’, MSMIH EFHEE] 1.2 V
I, FRHIRSERKF] 261415 A/m’, 504V
I, 5T 4.6 £, E 2 A ARRSMIHL R
T MEC 74 L i R [a] 28 fL g 25 51, il 2 T
W, MAMINHLE R 0.4 VI, MEC S35 7K Y
COD £BRHRN 45.5%, SHMIHEER 0.8 V i,
MEC %t COD [y 2 frZ 1 % 59%, gkt msh
T, MEC X} COD 2B R IEARF AR,
H K pH JEARYEREE 6,75, FEAHAE 1T RN
(48 h), X4 MEC ZMiHL 2R 0 B, COD 2B #4%
M 31.3%+5.0%. A WRK P &AH K RENR,
£ MEC 7™ s 41 T 6 LR 5 T 58 5 1 B AR L
UM R R 0.4 V, &R ERZ

—= Applied voltage 0.4 V
, —0 Applied voltage 0.6 V
-o- Applied voltage 0.8 V
—e— Applied voltage 1.0 V
% > Applied voltage 1.2V

Current output (mA)

S = N W ks LN X
s T T - X b

0 20 40 60 80 100 120 140 160

1 (h)
Bl 1 TR RSN S T L A 4 K R A
MEC 74 s iR e A B B 2 4L
Fig. 1 Current output of the MECs under different
applied voltages vs. time
T 5 Sk 3R il 45 ol S RE 5

Note: The arrows stand for the anode solution refreshment.
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100 1 - 100
g 80 1 80 g
g £
5 L
» / lwo
8 -o—- Protein removal %
© 20 r - COD removal 120 £
O L 1 L | H | H | H 1 . L 0

00 02 04 06 08 10 12
Applied voltage (V)

2 EARRESMIEET MEC 344 & 7k COD #
EARMERER

Fig. 2 COD and protein removal in the MECs with
different applied voltages

KF] 67.0%, HMAMMHEER 1.2 V I, HERRR
ARE] 74.1%, TSN RS 0 B, HARRR
IH 54.3%+2.7%. X ZBIAMIH X L A 7
(R0 AT — 2 B PR EVE T, A5 0 2 1 B A
HoAh A MLY% 51 A 3K R A
22 MEC IS ERSEBASERSH
M 3 Rl LUE H, B SN R T,
VLA R FE A A B S A T BT, Y
HLE 0.4 VIRE, S E 1.940.3 mL, 212V
= R 5.120.7 mL. 522 AHNL(E 4), B
NIRRT R, AR T, B 1.8%
(0.4 V)ikE| 11.4% (1.2 V), S HBER &R
97.4% (0.4 V) FI%5] 65.2% (1.2 V), 7EAHEARYSE
BT, ARSI N R — I
MEC 7= L} = 45 FAf F ek, DRk
FHEFRE P H N 0.006-0.048 m*Hy/m’d, Y
FFRE T B 1%-10%, Hi & rsikdh s
AR B, XRWH T4 KBS MR
Fetk BE A Z R A, A7 A 20 A
ot TR A DL T e, 7 Fe A TR B T T
HIFAR A, S5 S B VR 25 A A Tt i B T
X—, 3R 1 PRI, cop=

Gas production (mL)
(U8)

0.4 0.6 0.8 1.0 1.2
Applied voltage (V)

3 FRESMNEET MEC AfETEREFESE
xfEE

Fig. 3 Total gas production under different applied
voltages

O Carbon dioxide O Methane B Hydrdgen
100 — = — — —
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Gas composition (%)

0 1 1 1 1 l
0.4 0.6 0.8 1.0 1.2
Applied voltage (V)

4 AESMIEET MEC B{TRERZE SR
H LR R RE 53 3 #R

Fig. 4 Gas composition under different applied volt-
ages

0.15%—2.05%, rcu, cop=33.3%—47.1%) ] FIR &
JE & % % (Coulombic efficiency, CE) A k& %I
25.8%—40.0%, BHM thAE ™ fo 41 7E b B BE i Y
e, KKK T MEC fr=Aie . C AR E
W, BMER A LR B —FE T, MEC 7EKMisq T
R, HEERE A R R R TR ) e AR
MR KPR, mAR T /WA 1%L T, 7~
AR G S AT ik 90%LA |, BRI
MEC 752 B /K A B R F Hh Qi £ g 7= L 41 3
PEREFISE A A i T il — 2 5E .
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£1 FRIMIRERHT MEC =RIEERFSBITHER
Table 1 Performances of MECs fed with dairy wastewater
=V % Vi BR iF T e — Pz A2
SMIVRIE  ERACR  RASEMcR  Wmiex S CETR S RIREL O SCUTE
. . Hydrogen Current Hydrogen Methane
Applied Coulombic  Overall hydrogen =~ Methane ducti densi . .
voltage (V) efficiency (%) recovery (%) recovery (%) pro 3uct10n3rate ensrgy concentration concentration
(m” Hy/m” d) (A/m’) (%) (%)
0.4 25.8+0.5 0.15+0.03 33.3+0.5 0.0060.001 4612 1.8+0.1 9742
0.6 27.5+0.2 0.19+0.01 37.5+0.9 0.013+0.002 8743 1.940.3 9443
0.8 28.1+0.9 0.26+0.02 47.2+0.2 0.024+0.004 12945 2.0+0.1 9146
1.0 33.9+0.1 0.28+0.06 46.2+0.5 0.035+0.003 197+9 1.940.2 7843
1.2 40.0+0.2 2.05+0.02 47.1£0.3 0.048+0.005 261£15 11.34£0.5 65+2
2.3 MEC HP=B MG E & &5 28 Bk

Hi DGGE K DNA )45 Rl LLE th (& 5 Fl
= 2), S BIVAAE R KT ER M FE BT MEC
FE A Wy R H Y4 2] Geobacter sp., Geobacter
sp. HETC R A sE i, HEABGR ™ HRE
71, AR F 2/ . HIERSE/ Ny FH L™, i
Z R HANSE RIS A HULYIME LI Geobacter sp. H A%
FUFF=, PRk, S A 5 K Hh A A
VI s . N R S, W HA
FAYEEIFER], DGGE 444, 401, 3 XN ras
TR HAB BN TESCERAIE SR h 3R B, BAPEAE T
I F AT R BN 2 ik A HILA AR 3% v (P A
VS TRORENE ), F 48 2 3ok 6 T b (1 43 7 1R
DLk ST A PR LB ), X 5 DL SR B
MEC PR B 7 H A R 58 A —Hf o X SR BTE L
TR BE OB P R, ] BEAELE ) HL T
AR PMNEAE R, B TR T
EEIR1R 7/ T O N = s Sl e o< 5 A N o i < 51 R 7 K 3
Geobacter sp. FIFH, MIHE MEC S b v S 80 7
AEH.

3 &k

A MEC Rasxl™ i AL P T
WK AN RE S VR A AT T b, B
LR
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Acetate Dairy wastewater
=1l
=)

5 5 LAL I &K FA CBEAE 9 £ R B PRAR A 49
BH% DGGE Xttt 44

Fig. 5 Community analysis on the anode bacteria using
dairy wastewater as substrate in the MEC

(1) FEESMIHEER TR, MEC B KHL
B I, AN ETEE] 1.2 VB, R
MEEA RS 26115 A/m?, B17 WY N
46 h, YAMITHEE KT 0.8 V B, MEC %t 43K
JKE) COD EBRRAFFAE 59%AE 4, HEAMKZE
Bk % B 25 A1 0 HL R 3 T 3 Ok, f s o] b
74%, i FAMIME A 0 AT RRZL 4551

(2) BEF SN R TS, BN A R R
WA B RS R BB B TE, S A R
1.2V NP EAF 5.1 mL, PSR ES
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=2

ARERTPRREIR LAE 16S rRNA F 53t 554

Table 2 Characterization of isolated 16S rRNA gene fragments from the MEC using different substrates

i GenBank H - IRARIL BB CE % 5) FRTBLEE
Band The greatest similarity strains in GenBank (accession) Max ident (%)

1 Uncultured bacterium clone BES-NB-22 16S ribosomal RNA gene, partial sequence (JF911642.1) 96

5 Uncpltured Porphyromonadaceae bacterium clone br27fP5R2bacC11 16S ribosomal RNA gene, 95

partial sequence (JN809641.1)

3 Uncultured bacterium partial 16S rRNA gene, clone SMA11 (AM183007.1) 89

4 Geobacter sp. EB1 168 ribosomal RNA gene, partial sequence (JX287365.1) 99

5 Uncultured Pseudomonas sp. clone CAR4 16S ribosomal RNA gene, partial sequence (FJ868263.1) 99

6 Uncultured bacterium clone MFC4P 126 16S ribosomal RNA gene, partial sequence (JF309174.1) 99

7 Uncultured bacterium gene for 16S rRNA, partial sequence, clone AcOP-34 (AB297439.1) 97

8 Uncultured bacterium clone 18 16S ribosomal RNA gene, partial sequence (FJ534964.1) 96

9 Uncultured bacterium clone MGI18-D6-MF 16S ribosomal RNA gene, partial sequence 9%

(HQ413905.1)

N 11.4% (1.2 V), N eSS RN 65.2%
(1.2 V). MEC W ECRCFEIRFFE 25.8%—40.0%4°
fr, HESREREAR, 08 0.15%-2.05%%4
A, X ATRER TR R K 2 et HL A
ZFP BT, 7 H 2 R [l 2 R S Y e
AR LR,

(3) TELALE WK LR B MEC FHAR 44
JR RS 2 Geobacter sp. e HAB T, TELLAT
K S BE B P HL R R, T REAEAE A
JE 77 f B B P[RR L, A ™ TR A B R K T
EER IR NP = SR ol IV N e R SR VI 7
Geobacter sp. |, MIMTE MEC S v #sH 520
FrEVEM

% 3 o
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