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Detection of toxic substances in microbial fuel cells
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Abstract:  Microbial fuel cells (MFCs) is a highly promising bioelectrochemical technology and uses microorganisms as
catalyst to convert chemical energy directly to electrical energy. Microorganisms in the anodic chamber of MFC oxidize the
substrate and generate electrons. The electrons are absorbed by the anode and transported through an external circuit to the
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cathode for corresponding reduction. The flow of electrons is measured as current. This current is a linear measure of the
activity of microorganisms. If a toxic event occurs, microbial activity will change, most likely decrease. Hence, fewer
electrons are transported and current decreases as well. In this way, a microbial fuel cell-based biosensor provides a direct
measure to detect toxicity for samples. This paper introduces the detection of antibiotics, heavy metals, organic pollutants

and acid in MFCs. The existing problems and future application of MFCs are also analyzed.

Keywords: microbial fuel cell, toxicity sensor, antibiotics, heavy metal ions, organic pollutants
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Fig. 1 The principle of single (A) and double (B) chambered microbial fuel-cell-based toxicity sensor.
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1 TELPAL MFC % )85 1 3 7 5 2 BOR ER I
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MFC & 8t 7 B 5% i AN KA R 0 o P 7
bR T T o, T PO R 3 Y R BR U
JiE L5 Shen 155 H] MFC LR )4 a6
SRR G K R B T, AR R IR . (K]

o 338 32 ) K onT B AR M R0/ 55 4 R A v e T R
Ji . Jiang ZEVVL L, T4 LR ARR 5 6 v B
W rT e MFC K IN A RBUE . 48 2 mg/L
CUu Il A MFC, i i =X P o 37 A A1 1 15
0.76-1.55 mA , T “F- 47 =X L I B A% i B
0.02-0.06 mA, REEHER T 15-41 i,

RE A TR I, JEPPH MFC 351 15 /8
TRVERER) L —FRifE. MFC B9 [ Fe s 42 fiE ffdi L
AT R EL YT, Stein B mfaE iz
157 MFC FEME H IS & 75, MFC fith
L TG T B 44.4% )5 AR Pk &2 31 5 R /K, HL
{5454 5 . Deng 204 50-400 mg/kg 4 5 T

£1 E&£EX MFC BIESHFM
Table1 The effect of heavy metals to electrical signals

MFC
. Device Heavy . respones/ .
Biocatalyst . . Concentrations Function Reference
configuration Metals voltage,
current
Activated sludge Dual chamber Pb 1-10 mg/L Decreasing Negative-correlation Kim®
Activated sludge Dual chamber Hg 1-10 mg/L Decreasing Negative-correlation Kim®®
Dual chamber cu* 85-0 mg/L Increasing  Positive-correlation ~ Stein®”!

Soil o . . .

. . Dual chamber cu’ 50-400 mg/kg ~ Decreasing Negative-correlation Deng™®
microorganisms
Activated sludge® Single-chambered Cu®* 1.0-10.0mg/L  Decreasing Linear relation Yt
Activated sludge® Single-chambered Ni** 0.1-1.0 mg/L Decreasing Linear relation Yt
Activated sludge® Single-chambered Cd** 0.1-1.0 mg/L Decreasing Exponential function Yi®*
Activated sludge® Single-chambered Cd**-Ni**  0.2-1.0 mg/L Decreasing Linear relation Yt

. . Acephate- . . . .

Activated sludge® Single-chambered Cuz*p 2.0-10.0mg/L  Decreasing Linear relation Yit*l
Enterobacter 34 . . . [40]
cloacae” Double-chamber ~ As 0-0.5 mmol/L Decreasing Linear relation Rasmussen
Enterobacter " . . .
cloacae” Double-chamber ~ As® 0-0.5 mmol/L Decreasing Linear relation Rasmussen™”

il " . . . .
So Double-chamber ~ Cd? 10-100 mg/kg ~ Decreasing Linear relation Jiangt

microorganisms*
a: all MFCs were inoculated with activated sludge from the anaerobic tank of a municipal wastewater treatment plant
(Beijing, China); b: E. cloacae (ATCC 39978); c: soil was collected at a depth of 0—20 cm from a broad-leaf forest in
the campus of Nanjing Normal University, Nanjing, China.
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PR, RN FER . SAMis A 1 mg/mL 1)
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