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Abstract: A microbial fuel cell (MFC)-based microbial electrochemical sensor was developed for
real-time on-line monitoring of heavy metals in water environment. The microbial electrochemical
sensor was constructed with staggered flow distribution method to optimize the parameters such as
external resistance value and external circulation rate. The inhibition of concentration of simulated
heavy metal wastewater on voltage under optimal parameters was analyzed. The results showed that the
best performance of MFC electrochemical sensor was achieved when the external resistance value was
130 Q and the external circulation rate was 1.0 mL/min. In this case, the microbial electrochemical sensors
were responsive to 1-10 mg/L Cu*", 0.25-1.25 mg/L Cd*", 0.25-1.25 mg/L Cr®" and 0.25-1.00 mg/L Hg**
within 60 minutes. The maximum rejection rates of the output voltage were 92.95%, 73.11%, 82.76%
and 75.80%, respectively, and the linear correlation coefficients were all greater than 0.95. In addition,
the microbial electrochemical sensor showed a good biological reproducibility. The good performance
for detecting heavy metals by the newly developed microbial electrochemical sensor may facilitate the

real-time on-line monitoring of heavy metals in water environment.

Keywords: microbial fuel cell (MFC); microbial electrochemical sensor; parameter optimization; voltage
suppression rate; biological reproducibility
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Configuration of microbial fuel cell reaction chamber.
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Figure 2 Microbial fuel cell reaction chamber configuration.
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YHELH] 1000 mL, FEANA 12.5 mL LR IF
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T BB BEAR S S A gk 1 R,
R SCR IR AT 3R 2 s .

FFIMZ BB : K3Fe(CN)g 8.320 g/L, NaH,PO,
1.930 g/L, Na,HPO, 1.385 g/L.

LR : NaAc 1.650 g/L, NH,C10.310 g/L,
AR 15-20 min GEFTR FAERCHI T8 4
J& K B AR vp ki) . i B B

x1 PRIEMR S

Table 1 Anhydride composition
Composition Content (mg/L)
CH;COONa-3H,0 1.650

NH,Cl 0.310
NaH,PO412H,0 1.930
Na,HPO,-2H,0 1.385
MgSO,7H,0 0.100

NaHCO; 1.000

CaCl, 0.100

KCl 0.100
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x2 WERRFRAS
Table 2 Anhydride composition

Composition Content (mg/L)
FeSO,7H,0 100
ZnCl, 70
MnCl,-4H,0 50
H;BO; 6
CaCl, 100
CuCl,2H,0 2
NiCl,*6H,O 24
Na,Mo0042H,0 36
Na,WO42H,0 24
CoCl,*6H,0 238

123 HEMBUFERENEMSERER

56 AE Yy WAL 2 A AR IS S, UE
MFC B 2 N A 2% AR M filk B 75 22 [ 35— )=
AP, AR b AR S T M TR L A RE A
RS, Bk b, PO Ear
LA O v A2 A2 It 1) AR A e T 460 9l Ak
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Figure 3 Change of starting voltage during the
attachment process of electrochemically active
bacteria.
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Figure 4  Stable operating output voltage of
microbial fuel cell.
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x3 ARIEHRBEIVEERT BIE/BIFR(V/pA)
Table 3 Voltage/current at different peristaltic pump circulating rates (V/pA)

Resistance Circulation rate (mL/min)

@ 0.4 0.6 0.8 1.0 1.2 1.5

8 000 0.670 1/84 0.664 0/83 0.669 2/84 0.674 0/87 0.675 7/85 0.675 0/85
4 000 0.660 0/166 0.653 0/154 0.657 5/165 0.662 0/167 0.665 8/168 0.664 8/162
2 000 0.636 4/321 0.628 0/317 0.633 0/320 0.638 0/322 0.642 0/324 0.642 0/324
1000 0.594 0/600 0.587 0/593 0.592 5/599 0.596 0/602 0.600 0/606 0.599 0/605
800 0.576 3/723 0.569 3/714 0.575 0/726 0.579 0/726 0.582 0/730 0.580 0/728
500 0.530 0/1 061 0.525 0/1 050 0.531 0/1 064 0.534 7/1 070 0.537 0/1 075 0.536 0/1 074
300 0.460 0/1 539 0.456 0/1 527 0.465 0/1 557 0.470 0/1 574 0.471 4/1 580 0.471 6/1 582
200 0.387 0/1 940 0.390 0/1 955 0.400 0/2 012 0.405 0/2 036 0.410 0/2 057 0.409 2/2 055
150 0.330 0/2 200 0.338 0/2 250 0.350 0/2 342 0.356 0/2 382 0.360 0/2 409 0.360 0/2 410
100 0.250 0/2 510 0.260 0/2 616 0.270 0/2 710 0.283 0/2 841 0.287 0/2 887 0.287 0/2 887
80 0.203 5/2 530 0.214 0/2 672 0.226 4/2 825 0.240 3/3 001 0.246 7/3 084 0.243 8/3 048
50 0.140 0/2 850 0.150 0/3 020 0.160 0/3 185 0.170 0/3 408 0.174 0/3 472 0.171 0/3 421
30 0.086 0/2 830 0.097 0/3 183 0.100 0/3 400 0.110 0/3 670 0.113 6/3 740 0.110 0/3 695

2.2.2 mEEFESBEBE
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ENGIENER =N
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5 MFC BERINET sk Figure 6 Test curve of MFC sensor recovery
Figure 5 Voltage and power curve of MFC. performance.
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Figure 7 Toxicity test curve of Cu®" to MFC sensor. (A) Voltage decline curve upon adding different
concentrations of Cu®". (B) The change of voltage inhibition rate of Cu" and its fitting curve.
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1.25 mg/L N TR BFFEINA Cré X ik
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Figure 8 Toxicity test curve of Cd*" to MFC sensor. (A) Voltage decline curve upon adding different
concentrations of Cd*". (B) The change of voltage inhibition rate of Cd*" and its fitting curve.
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Figure 9 Toxicity test curve of Cr" to MFC sensor. (A) Voltage decline curve upon adding different
concentrations of Cr®". (B) The change of voltage inhibition rate of Cr®" and its fitting curve.
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Figure 10 Toxicity test curve of Hg”" to MFC sensor. (A) Voltage decline curve upon adding different
concentrations of Hg2+. (B) The change of voltage inhibition rate of Hg2+ and its fitting curve.
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Table 4 Output voltage inhibition rate and error analysis of biologically repeated experiment

Heavy metal Concentration Inhibition rate (%) Standard Relative standard

(mg/L) Number of experiment deviation (%) deviation (%)
1 2 3

Cu? 10 92.95 93.15 89.15 2.25 2.46
6 55.65 57.44 56.85 0.91 1.61
4 48.97 46.00 44.00 2.50 5.40
2 31.19 30.12 31.13 0.60 1.95
1 19.54 19.32 18.86 0.35 1.80

crt* 1.25 82.76 85.26 83.20 1.33 1.59
1.00 73.66 75.11 74.79 0.76 1.02
0.75 55.40 57.44 56.85 1.05 1.86
0.50 30.91 32.26 29.20 1.53 4.98
0.30 25.30 24.37 24.58 0.49 1.97

cd* 1.25 64.56 62.58 66.38 1.90 2.95
1.00 56.85 59.86 57.64 1.56 2.69
0.75 35.44 35.12 35.00 0.23 0.65
0.50 21.07 23.77 21.04 1.57 7.14
0.25 17.61 18.05 17.79 0.22 1.24

Hg*" 1.00 75.80 76.20 78.26 1.32 1.72
0.75 51.60 51.03 55.20 2.26 4.30
0.50 42.87 44.00 43.86 0.62 1.41
0.25 32.26 35.00 35.10 1.61 4.72

A A IR I A W S AT, AR A v A 1153-1162.

ZEFEATERITE 5% LA, HH H 4 ) 2 1 i
RO AR RS E R

REFERENCES

(1]

A, Z2EZ, BERR. FREKARES TG BUR
SR HT ORI, R TRHE, 2013, 29(4): 98-99.
Zhou QY, Li GC, Tang ZC. Status and treatment of
heavy metal pollution in water in China. Light Ind Sci
Technol, 2013, 29(4): 98-99 (in Chinese).

GB 3838-2002, i /KIS FEbRME. JLat: HIEH
BBk L, 2002.

GB 3838-2002, Environmental quality standard for
surface water. Beijing: China Environmental Science
Press, 2002 (in Chinese).

PSS, RaW], skITE, 55 M EERIZEKE S
J& AR AL R S R R . BREE R, 2008, 29(5):

: 010-64807509

(6]

He ZP, Song JM, Zhang NX, et al.

characteristics and controlling factors of heavy metals

Variation

in the south Yellow Sea surface seawaters. Environ Sci,
2008, 29(5): 1153-1162 (in Chinese).

T, BERBR, IR, . KRR PR AR £
ARRIK RS EERHE, 2008, 21(S2): 27-29, 31.
Wang GH, Qu JY, Lu XY, et al. Technology of rapid
assay for water toxicity and its development trends.
Environ Sci Technol, 2008, 21(S2): 27-29, 31 (in
Chinese).

B, MRFH, MR, . BUEPIRARE B (MFC)
TR W) 35 A R T 6 8 A I AR T S O e
AR PSR, 2021, 37(1): 1-9.

Lu R, Lin LL, Xiao ER, et al. Review of development
in heavy metals monitoring with microbial fuel
cell-based toxicity biosensor. J Ecol Rural Environ,
2021, 37(1): 1-9 (in Chinese).

HOE W] AR TR A M RORL H it B AR R AT

X: cjb@im.ac.cn



1914 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

NID]. b AEARHLT R, 2015.
Chang DM. The behavior of heavy metal ions in

microbial fuel cells[D]. Shangha: East China
University of Science and Technology, 2015 (in
Chinese).

Bruno JG, Yu H. Immunomagnetic-

electrochemiluminescent  detection  of  Bacillus

anthracis spores in soil matrices. Appl Environ
Microbiol, 1996, 62(9): 3474-3476.

Feng C, LiuY, Li Q, et al. Quaternary ammonium
compound in anolyte without functionalization
accelerates the startup of bioelectrochemical systems
using real wastewater. Electrochimica Acta, 2016, 188:
801-808.

Kim JR, Min B, Logan BE. Evaluation of procedures to
acclimate a microbial fuel cell for electricity
production. Appl Microbiol Biotechnol, 2005, 68(1):
23-30.

AL TR W A 2 AR I R T g T ST

fF5E[D]. KH: BIIFR, 2019.

http://journals.im.ac.cn/cjben

[12]

[13]

Li T. Study on the early warning and prediction of
pollution based on the microbial electrochemical signal
response[D]. Tianjin: Nankai University, 2019 (in
Chinese).

R, Bk W, BISCE, S RS Ve Hh R s TR L
A B AR T R I ST . BAE W aE i, 2019,
46(8): 2090-2100.

Song JH, Yang YG, Hu WZ, et al. Advances of
enrichment electroactive

Microbiol

and  screening  of
microorganisms from activated sludge.
China, 2019, 46(8): 2090-2100 (in Chinese).
MO A A S i A DR A £ DR R X R
FHE 242, 2018, 36(6): 8-16.

Xiao XJ. The “repeatability” difficulty in ecological
experiment. Sci Technol Rev, 2018, 36(6): 8-16 (in
Chinese).

Wang HQ, Wei LL, Yang CJ, et al. A pyridine-Fe gel
with an ultralow-loading Pt derivative as ORR catalyst
in microbial fuel cells with long-term stability and high
output voltage. Bioelectrochemistry, 2020, 131: 107370.

(A3CTE9  ABETTT)



