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Effect of phenanthrene on the electricity generation and
pollutant removal of sediment microbial fuel cell
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Abstract: Combining polarization curves and electrochemical impedance spectroscopy ( EIS), the
effect of phenanthrene on the electricity generation and COD removal of sediment microbial fuel cell
(SMFC) was investigated in this work. The results showed that the peak voltages of SMFCs were
186.1, 283.4, 136.7, 112.7 mV and 74.7 mV with phenanthrene of 0,0.5, 1.0, 5.0 mg-L™" and
10.0 mg - L™'. COD removals were 30.8%, 39.4%, 26.7%, 23.5% and 22.0%. Coulombic
efficiencies were 5.4%, 7. 1%, 4. 1%, 2.7% and 2.1%. With the increase in phenanthrene
concentration of SMFC systems, the electricity generation, COD removal and coulombic efficiency
were first enhanced and then suppressed. SMFC performance was improved with 0.5 mg - L'
phenanthrene. EIS revealed that SMFC reactor with 0.5 mg-L™" phenanthrene exhibited the lowest
ohmic resistance (20.79 1), activation resistance (14.94 ()) and diffusion resistance (106.8 ()).
Its apparent internal resistances mainly consisted of the diffusion or activation resistances, and then
the ohmic one. The activation resistances of the anode and cathode had minor influence.

Keywords : phenanthrene,, sediment microbial fuel cell (SMFC) , electricity generation.

Z I J5 42 (Polycyclic Aromatic Hydrocarbon, PAHs) ELA5 45 55 A6 5 5, B /K Pk | 28 SR/, 2 Big-

2014 43 A 11 HIH.

* [E K A ARFIAEA T H (21076097, 21206058) ;5 7K M i5 Juda il 5 74 FERHE 5 K £ 101 (2012Z2X07101-013-04) 5 Hr e i BEHEARL AR
55 BB TR 4 e B (JUSRP111A09) %2 H).

# # MM IREE R A, Tel :0510- 85326516 ; E-mail ; xfli@ jiangnan.edu.cn



2186 B2 5% 1k 2 33 %

IR Z B SR S MR K, B B = BRI W ME R A A ALY, e K IR i = o 7—
60 d, 78 HIEPRREZER R 2 A A —2 45 KR UUBA A2 0 8 N H —6 4F1 X A28 fa R Fn Ak
SHWEEAWKSfGE, LEPER AR L —itad 80 ARk B 16 Fh &M 4> ) PAHs B NI 5E
AR SETE Y Bt K LB A BRSO S W 5 e 4 S 4 P TR AT R A Ak 2R S5 R R
PAHs BF5E P S AIA 5 W, & B m B S K MR SR (TR K 8 I R B N A0 HE 0.71—
2.67 mg- L' 2Z[0]) ZEA/N S EE- K L R ER AR W B A A e, R LA — i AR W B, I AE
T R AR 4 () A RN, AT R A2 B HOR R 22 1) 5GBSR T AR -k W R P
AISEIA , & BRAR IR B E R RE X 8™ B e TR SR IAD 2 PR SR PR AS [R) i B A ST B M Mot Sl 0 LA 35
PEVEFH , Fr B0 7E e FEFEAC TR R b s — B s i g

DOFR AL A= WA R] B b ( Sediment Microbial Fuel Cell, SMFC) g3+ R 4E Ve 1Y BHA A& F _E 5 ir
SE KR I IR F 1, FLZ5 M TRT 20, BUASIR B , ELA 5 A S et () 5 3R I, AT 2 VR S B e, TR
TSV B Ay R R A A6 A 5 M S Ak 5, BRIV X s A P RORE LS ( MFC ) A 2R 19 7™ H 1k fig 7™ A B A il
i) 5 SR B E AN A S350 MEC BH A 28 0 33 A 9 % 36 26 8 00 ) 36 0 i X 4 2R A i o oL R
FEARZ O SR, A S AEXT MFC 14 Z 7= o B 75 e 4 22 BR A 5 i B 55 6 L. Yan 2517 i SMFC. Xk K
WIATTAR By vb JE A EE 1Y W i 64T T 5T, & B SMFC 3547 240 d JE R R % i R 17,1+
3.8 mV, JEFIE A LR FIM 5K 96.14%+1.28% 1 92.13%+3.29%.

ARSCLIANHRFE R SMEC SAAFGE IR 2, 2558 T F5 M 300 it i R i Ak pib 2 R )y o 23 32 il 28 L P BEL %
HAM A IR A B B A5 A 5200 | 1] S MFC [ 225 PAHSs BYFE CWT SRR ILG 25 5%

1R

1.1 SEese

STEAEENE 1 R, M IEA PRI MFC (Sediment MFC, SMFC) 248, & 4% 13 em 5
20 em MIBEISAS A% , AR R 2.6 LB BAM 34 R [RUE A 2585 (0100 mmx5 mm, 65 =0z ) , %
SEIFUA 78.5 em®, AR [BIIE A 8 cm , BB AN BH K 288k 22 5 41 5 AH 3% | ZRBE R 500 Q3B HEL AR HCI
(1 mol - L") AR 1 h, FiH NaOH (1 mol - L) #1290 1 h, FeJi 8 F/KE W vp ik, 60 °C F AL+
= H.

ShHLFER
—
60,+24¢+24H"—
2ERU| oo
[ ] o
(€ RO R0 — © ©0 o
S iC_02f24e’+241{;_/ BT A

B1 MFCHERE
Fig.1 Schematic of MFC
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FERP 5 e Sl S 2 A PR AR 15 V5 7K B IR A= 4 I % ( Membrane Bioreactor, MBR) 431578, IR S TR E
TR E (MLSS) = 5.2 ¢« L7 1R & W3 & M B 77 B R MR (MLVSS) /MLSS 2 0.75, 75 e AR RS £k
(SVI) M 100.EFR N 1 g- L7 CTREN . 12.5 mL- L™ ORI 5 mL- L™ 4E4E R 1Y 50 mmol - L'
FRER 2B WA T (PBS) S0P R, pH = 7.0+0.5, ZZ th W 4.58 g+ L' Na,HPO, .2.45 ¢-L™' NaH, PO, .
0.31 g-L™' NH,CL F10.13 g-L™" KCL 41" A4 il 419 800 mL 75 7% 5 800 mL MBR A5 IR A1
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Fig.2 Effect of phenanthrene on outputted voltages of SMFCs
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Fig.4 Nyquist curves of the electrochemical impedance spectroscopy
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Table 1 Simulated values of equivalent circuits

FEVRBE/ (mg- L") R,/Q R,/Q R3/Q) R,./Q
=M 23.95 15.72 137.70 177.37

0.5 20.79 14.94 106.80 142.53

1.0 26.12 16.81 152.50 195.43

5.0 30.67 21.75 165.19 217.61

10.0 38.11 29.92 191.70 259.73

2.3 [FIAR RN BH R H #5

AR 0 BH R H A o BE AR fb an & 2 r7R. o] 1L, 0.5 mg - L' 3E Y SMFC {4 28 BHAR H 3 b &, ol
-163 mV,10.0 mg- L' FEAI BB Hd/N, H-215 mV, 25 FARTIR 1.0.5.0 mg- L™K ZR 9 B s 353501
~173 .-183 mV F1-198 mV. 412 ,0.5 mg-L ' JEAY SMFC 14 Z BH B 32 A%, H—392 mV, 1fif 10.0 mg- L™
FER B F $dR i, 7 —282 mV.

FEEZ AT A TACE Y, BEMEE A P 3 8 T 3 A, (L AR fire A1 P S it 0 32 A4 e A
MU RLAN , TR IESE 05 B b & W WF 5 R W, M T B SR AR A B 5 FE M O 3G R B rh 1
TG, Z W AACEES VSRR S Nl BT 2 A A R LR AR R 55 LA AR
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IR, Mk G A ML) A B IR AE BH AR B, B DX pH (ELORFFARUE A R Tl A i A K %0
SR A MY T | R — A0 AR T 14 e R R PR B 1 AR LA B BRI P S5 A, 88 o 7™ LRI

(YRR BRI, 22 1 S AR TR A S TR, SR A % B — S I T 32 PR (. AS B 45
REEW], X SMFC 7 U R  HIERER T 1.0 mg- L7, 7 LR REREAIR.

2 AEXT SMFCs 7K R BRI AR it 3 52

Table 2 Effect of phenanthrene on cathodic and anodic potentials of SMFCs

TEWE/ (mg-L") I L 3/ mV PR H #/ mV
ZH -173 -371
0.5 -163 -392
1.0 -183 -356
5.0 -198 -326
10.0 -215 -282

2.4 COD ZEBR%E

KI5 378 T SMFCs 1R FR COD BBl AEMR B2 1) 28 A A5 0. 504 2 i e Hh AU AR DL Bl S ok i 38
K, COD LBRFSeHIIN G AL, I-AE 0.5 mg- L7 ACEUAS e KAE, K 39.4% , 25 LB LA S AR MR 1.0,
5.0.10.0 mg-L KRS COD E5R351H 30.8% 26.7% 23.5% 1 22.0% AKHEEIEA AT COD £k,
T e 88 00 7 A A A

TEA HAWRRIE A BEVRAFAE 0 SR AE T, S Wt i e 34 e, R A I A R L TR I SO 1 8, Bk o AR g
VRS AR A — R L, A OCE BT 5 v s s DOR R EE rh A7 AR B0 F B A= W ke e
M H A TR A YRR B B 17 J8 I R T A D 3L, 7 R A0S 0y i Hh s ) 8 356 Jo , AT 4 v 7 5
B K A Ak BRGSO ) A PAHs AR P ) 7= 4 7K A R S 5 LA , REAR o0 T2k 0 I 4 35 1
P e IR R A R A AT AR 5T SMFC IR R b B A AR E RSN, B85 E 1 ¢ L' ISR
B, AFITIE R RS COD( FEER LR ) (IR 255 RIREAEZE LA CIEHE H.
2.5 JEABERCE

K 6 MR R FEASBORBEAE R B 92 A5 B0 B 6 AT LA H,0.5 mg- L™ A AE AR AT 42 v BAAR Hy 3%,
FEAR BE R L 34, f2 R 1A 22 WL 2 o R el B o, 1T L3 mT 3 v 7 [T MU AR RCR (7.1%+0.7%)
{HEAR KT, SMFC 1A 2 1 RS RCR AR, COD BRI 2 A A: U il od A1 At 4 2L

— —50 —
100 W [ AR —a— COD EEK ’ N
8001~ ? a0
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Fig.5 Effect of phenanthrene on COD Fig.6 Effect of phenanthrene on coulombic

removals of SMFCs efficiencies of SMFCs
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(1) SMFC A& ) R RS 1 75 Y0 25 B R AR 25 3 Bl A ok B v, e AR 2 I 30 H.0.5 mg - L A E
FH]TF SMFC A& Z 7 HURITS Je ) B B R Mk BE I FEAS R T SMFC &R 40 7™ L, HL ARV B2 B ey, 7™ F 41 il
VEFHAEA . 3R R 0.5 mg - LB, A4 3R 5 10 L | D) 2R 2 B I COD 5B R PEAR 03 43 5l
283.4 mV .13.91 mW-m™> .39.4% 1 7.1% , b BRRG F e et

(2) JEHR T 5k 28 N BH R /N B HAAS B3 DA 96.0.5.10.0 mg - L™ HEAY SMFC 44 2 KU Y BH L 15 16
BE A 228 A6 N BE 23514 20.79 Q. 14.94 © . 106.8 Q F138.11 ©.29.92 O 191.7 Q.SMFCs P2 HL RS AYFE
UL PN BEL = 8 7 e 2 A A PR BELAA) i, SR Ay IR A L, 17T B 4 A S I AR B BB 30 it B 1oz %) A PN REL
I o el /).
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