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Fig. 1 Schematic diagram of a microbial fuel cell-based biotoxicity sensor
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MFC B Az Wy 35 M AL B 25 A i 1 L Rk A2 R R BTt I B I8) o 2 OO A 22 [) 1 fR UF A% JR 2% 7 24 h
()P A2 Bsf )

3FIRA RGN E FIRW T IREARZ A k2 Fp 2% SRR 1A 5 7R
TR E AR +0.05 mg- L' & A H40.01 mg L™ BRI ; IREGNKRZ By 2 MR ERIR
75 L HEH0.05 mg L™ MG P 5 TR K2 C MR K AHR G2 B,
1.4 MESTHE

e Ak it 28 A ol 2 2 BE A R B R 10~99 999.9 Q Ay HL BELAR IR, Hh 5 B AR Y % MFC AU 2k 9y
B AL R P AN FBH , A R R AL S R4 120 min, b H BH T 3 A9 H R (i L R R ) 0 8EE R R
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Fig. 2 Voltage outputs during the start-up and power generations after the start-up of
a microbial fuel cell-based biotoxicity sensor
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MFC A4 Y FEPEAL JRE X R 2 R (K] 3(a)) . A B (1 3(b)) . H W (K 3(c). 552 (K1 3(d))
A s ik [ (61 3(e)) S5 P BB A 25 3547 B I ) B PR R N O LRI SRR OR A 1), H I B AR 24 vk B 3
o . 24 R A TR Y T R N 0.005~0.3 mg LTI, 1R (1.0+0.6)%~(38.5£7.2)%; 4T
By 5B U R 0.05~0.4 mg- LTI, 1K (8.34£6.7)%~(24.5+3.0)%; 4 1 1 T B9 5 W R 0.01~
0.3 mg'L™' B, 1,28 (10.1£5.2)%~(45.5+3.3)%; 4 35 J% L 19 Jot & V& & 4 0.003~0.05 mg-L™' B, 1K
(7.3+3.4)%~(28.7+3.0)%; 24 48 195 fifk [ %) Jo o Y 2 4 0.01~0.3 mg- L' B, 1, A (2.9+0.8)%~(29.1£1.8)% .
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Fig. 3 Detection of five typical agrichemicals using microbial fuel cell-based biotoxicity sensors
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WAk, 5 HABAN R E I 9046 75 A W) 0 7K T A= ) B PR A D5 A X H L R 55 Fe i Y o ik A
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R WE Y S T S R R 10%"7, T R 0 R E S B 4.3 me L BF A (B G BE (Skeletonema
costatum) ) 96 h 5 JGHNTHPRIE 109%™, TiE E A A B R BE 75 =ik 1452 mg-L 05 A B XTI 22 & 6T
(P. phosphoreum) == 10% B & Y60 K120, 55 4%, HERNANDO 520 RL 2% (G (V. fischeri) M 48
AR RN 55 R A RN, & B 2 A T VR B TR 6 mge L AR UL B B VR
TR TR 1 R R 38 S mge L A R] PR A 30% (1) 2 G R 0 IR B8 PR A 109 04 8508 Y AR 25 T
T I T A S TS A0 45 58, F W MEC R Az ) 55 V5 1% 8 g M FU G 35 60 A 0 55 1k A% R o i
5 b g7 e 25 (gt PR A
2.3 MEMRR BRI A Y E MR KRB R IRE 8 I

T MFC RY A= ) 5 A% IER A8 A SC B T /KO V5 Yo BB K AR e i3 47, LR PHAR A 2k 7
B 5 e RO 8 A I PR ARG AR A B R 2 )5 38 e ) BH A 3 8 AR B TR 2
IR 7 A P AR ol A P R R B 0 P o AR i AR R B R BH AR AR 2B B AN HE
A HE L A 24738 2k BH R S AR W AR B AT R U, RIS, 2B E R E R E 2
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B M AR SR AT A I 3 5 b R 25 5 AR A2 5 [B) 3 FE 240 min P 3 3 B MFC B A= W) 5 M AR IR 2% 19
FRAR A= ik 5 FhA 2l Jo ml bRt e 52 1k 250

e h R LEE R 5 b LI ¢ 25 7 4 {1 PEATR B R E‘%ﬁiﬁ_ FERUE MR
WA AE T, MIFC 0 A 5 T 1 S 2% 1 o o 2007
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16 R R B R AT . 3K 15 MFC B A: 4 7 . i#) sl
S R 0 5 AR R ) i P e e =
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AR MACR BB R KR, RERZA CH ) T gt 8
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Ve, ARl ALY AL, AT T EOH 58 Fig. 5 Detection of different mixed agrichemicals using
W EEtE . LA b ax segh AR, AEIX 5 Fi ity microbial fuel cell-based biotoxicity sensors
A 24 % B 9 . GB 3838-2002 Hp At 1A 15 1
ARG MK BT R I, MEC AU A= 3 1 A% J8ti o LA 5 b i 80 o 24 i IE a1 AS TR TR 5 R 24 349 W ik
A BE PR RN 03X 150 B A R A ) B M A TR R A G I AR T R v AR T O K D b K B A o TR A
Y EEVERIRE T, TR MG GE R AG I Jy 1 R A I R — R 2l vk AN B SN TR A AR 2 4 FE
AN, 38 FH T 300 K U b 22 Fh R 25 TR B 15 G

MFC B2 )5 PR A% SRS 4G DU B Pk g e W sk, Ject 0 vy e R s I I e B 2 i i AR A e 722 BH i
T W R ZE R, AELHR 3% A T 1) AR R 2 B 3 o 23 BRI Y, XING S5 & 3, MFC 84 W) i P A%
JEAR E R 7 T R Cu(ID(10 mg- L"), 2,4- 4% KB (1 000 mg-L ™"z ML AE (1 000 mg- L)1 K5,
FH AR o A= W A R A R B AR TC A2 1k, B IG PE B Geobacter . Azoarcus. Arcobacter Fil Desulfovibrio 1 AH
XoF A= B B B ARG o A I B e s A 2SI S . 14N, ZHOU 48P Y 1.5 mmol-L™" W Iz 5 4170 il 551)
& AW MFC FHIR 4 52 130 A I, & B0 FH B G0 A 400 08 45 4 o W W e A8, IR A& AT
Geobacter F Ignavibacterium. 3 &5 ¥ B e 5 nT 240 78 PHAR S0 26 90 1R BE A 4548 . MIFCs BH AR 48 v o
e JE A 28 Tl B R (S0 mg- L), MH MR i R R (30 mgeL ). SR LK (S0 mg-LY) AT SR N H R
(8 mg-L™") YL iE 20~180 d Ji7 , PR AR 5 T eh HL T35 1 T 25 A R 4080 4% Ml 3k e A 25 Y B AR 1) AR Y
th, MFC B AR W) 35 P A4 Tt PR AR N0 %) o 24 Jo s MR B 451K (<0.5 mg- L), YL BEINHA] 5 (24 50 min-d ™)
H Y8 )5 476 240 min PR . BRLIE,  ATHENN MFC 7 A= ) 35 M 15 I8 25 70 A 0 3 5 Fh B 70 e 25 )5
BFUAR T35 26 0 R R ) 2 BT RS K A 78 Ak, A T Pk T AR = B2 TR A1, 4500 i BE A 9 v Ji P
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Abstract At present, microbial fuel cell (MFC)-based biotoxicity sensors were widely attended to detect heavy
metals, cyanide and antibiotics in water, while the detection of agrichemicals‘'was rarely discussed. In this paper,
five typical agrichemicals including deltamethrin, trichlorfon, chlorothalonil, atrazine, and nicosulfuron were
detected using an MFC-based biotoxicity sensor. The results showed that the response (coulombic yield
inhibition ratio) of each of these five agrichemicals was in a good linear relationship with the logarithm of its
concentration. As low as 0.016 mg-L™"' deltamethrin, 0.070 mg-L™" trichlorfon, 0.013 mg-L™' chlorothrin,
0.005 mg-L™" atrazine or 0.033 mg-L™" nicotsulfuron could result in a coulombic yield inhibition ratio of 10% for
MFC-based biotoxicity sensors. After the biotoxicity detection, the recovery time of MFC-based biotoxicity
sensors increased with the increase of agrichemical concentrations; and stable voltage output could be achieved
within 240 min for all tested concentrations of these five typical agrichemicals. In addition, compared with the
single agrichemical, joint biotoxicities of different mixed -agrichemicals prepared by the five typical
agrichemicals were apparently higher. This study confirmed that MFC-based biotoxicity sensors possessed
sensitive response, low detection limits to these five agrichemicals and robust recovery ability after being
poisoned, thus providing an alternative and promising method for fast water quality monitoring and early
warning of agrichemical pollutions in water.

Keywords microbial fuel cell; biosensor; biotoxicity; agrichemical; recovery time
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