journal of environmental sciences 101 (2021) 227–235

Available online at www.sciencedirect.com

www.elsevier.com/locate/jes

Enhancing sensitivity of microbial fuel cell sensors
for low concentration biodegradable organic matter
detection: Regulation of substrate concentration,
anode area and external resistance
Yangyang Gao 1,2,3, Sha Wang 1,2,3, Fengjun Yin 1,2,3, Pin Hu 2,
Xingzu Wang 1,2,3, Yuan Liu 1,2,3,∗, Hong Liu 1,2,3
1 Key

Laboratory of Reservoir Aquatic Environment, Chinese Academy of Sciences, Chongqing 400714, China
Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 400714, China
3 University of Chinese Academy of Sciences, Beijing100049, China
2 Chongqing

a r t i c l e

i n f o

a b s t r a c t

Article history:

The relatively low sensitivity is an important reason for restricting the microbial fuel cell

Received 19 May 2020

(MFC) sensors’ application in low concentration biodegradable organic matter (BOM) detec-

Revised 20 August 2020

tion. The startup parameters, including substrate concentration, anode area and external

Accepted 21 August 2020

resistance, were regulated to enhance the sensitivity of MFC sensors. The results demon-

Available online 2 September 2020

strated that both the substrate concentration and anode area were positively correlated with
the sensitivity of MFC sensors, and an external resistance of 210  was found to be optimal
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in terms of sensitivity of MFC sensors. Optimized MFC sensors had lower detection limit
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(1 mg/L) and higher sensitivity (Slope value of the linear regression curve was 1.02), which
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effectively overcome the limitation of low concentration BOM detection. The essential rea-
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son is that optimized MFC sensors had higher coulombic efficiency, which was beneficial

Substrate concentration

to improve the sensitivity of MFC sensors. The main impact of the substrate concentration

Anode area

and anode area was to regulate the proportion between electrogens and nonelectrogens,

External resistance

biomass and living cells of the anode biofilm. The external resistance mainly affected the
morphology structure and the proportion of living cells of the anode. This study demonstrated an effective way to improve the sensitivity of MFC sensors for low concentration
BOM detection.
© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction
Microbial fuel cell (MFC) sensor have been considered as a
promising technology in the detection of many water quality

∗

indicators, such as biodegradable organic matter (BOM), heavy
metal ion, dissolved oxygen (DO), nitrates, etc. (Kumar et al.,
2019; Yi et al., 2019). In particular, the MFC sensor-based technology presents more accurately and quickly than five-day
biochemical oxygen demand (BOD5 ) in BOM detection. The
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principle of MFC sensor is that the chemical energy in BOM is
converted into electricity via metabolic processes of bacteria
on anode, the corresponding electrical signal can reflect the
concentration of BOM (Do et al., 2020). Wang et al. (2019) constructed a dual-chamber MFC sensor with potassium permanganate (KMnO4 ) as cathodic electron acceptor, a better linear
relationship (R2 > 0.992) between the electric charge and BOD
concentration within a BOD range of 25–500 mg/L was observed. Liu et al. (2018) proposed a new index (BOMQ ) to quantify BOM which was calculated by the coulombic yield from
MFC sensor. This method was effective for rapid and precise
determination without any calibration curve. Even though the
accuracy and efficiency have been greatly improved, the application of MFC sensors is still limited due to low sensitivity
when it comes to detection of low BOM concentration, which
is common in surface water and sewage treatment plant effluent (Vigiak et al., 2019).
The sensitivity is defined as the difference of signals per
unit change of target substance concentration (Wang et al.,
2018; Yi et al., 2019). In order to improve the sensitivity, regulation for MFC sensors is necessary, essentially regulating
the performance of the bacteria on anode (Kumar et al., 2020;
Zhang et al., 2017). Pan et al. (2020) enhanced the performances of bacteria on anode by adding quorum sensing autoinducers (AHLs), and it was found that modified MFC sensors were more sensitive to the change of Pb2+ concentrations.
Qi et al. (2020) artificially designed the morphology of a naturally formed biofilm by employing a serrated knife to scrape
the biofilm, revealing that the decreased biofilm thickness was
conducive to the improvement of sensitivity. Although these
regulatory methods were proven to have effects on the sensitivity, there is still a far way to practical application because of
cost and technology. Regulating the startup conditions of MFC
sensors may be a simple and viable way to optimize the performance of the bacteria on anode. The substrate in the anode
chamber is the only source of electrons, regulating the substrate concentrations can change the structure and composition of the bacteria on anode (Jadhav and Ghangrekar, 2009).
A large anode area can provide lots of surface sites to support the growth of bacteria. High biomass on the anode can
decrease anodic internal resistance (Zhang et al., 2020). External resistance is one of the factors that have quite complicated effects on the performance of MFC. Appropriate external resistance can improve the power output of MFC (Kook
et al., 2020). Besides, the construction of anode, such as the anode materials, the size of anode chamber, and the anode potential, have also been widely studied as regulatory methods
to improve performance of the bacteria on anode (Geetanjali
et al., 2019; Qi et al., 2020). But the current regulatory methods
about startup conditions are mostly concentrate on the improvement of maximum power density or wastewater treatment efficiency, few studies focus on enhancing the sensitivity of MFC sensors for BOM detection.
In this study, our purpose was to investigate the roles of
substrate concentration, anode area and external resistance
in improving the sensitivity of MFC sensors for low concentration BOM detection and unravel the corresponding microbiological mechanism. Three sets of MFC sensors were constructed to quantify BOM in samples through the coulombic
yield (Liu et al., 2018). The sensitivity of all MFC sensors, as

well as the electrochemical characteristics, were firstly investigated. Then the sensitivity was further assessed by improved
MFC sensor under optimized conditions. Finally, the influence
mechanism was intensively explored by characterizing the
anode biofilms.

1.

Materials and methods

1.1.

MFC sensors construction and start-up

The construction of MFC sensors was the same as previously
described (Gao et al., 2020): MFC sensors with dual chamber structure (a cylindrical interior of the anode chamber:
1 cm × π × (1.5 cm)2 and a cylindrical interior of the cathode chamber: 2 cm × π × (1.5 cm)2 ) were separated by a proton exchange membrane (Nafion117, DuPont, USA). After inoculated with abundant biofilm in the long-term stable largescale MFC for over one month, the carbon cloth (W0s1009, Phychemi Co. Ltd., China) was used as the anode in MFC sensors.
Air cathode included a diffusion layer and a Pt/C catalyst, and
the cathode material was carbon cloth (W1s1009, Phychemi
Co. Ltd., China). An explicit external resistance connected the
cathode and anode. The voltage across the external resistance
was recorded by a signal acquisition system (PCI-1747 U, Advantech Co. Ltd., China).
In order to improve the detectability of MFC sensors for
the complex organic compounds, standard GGA solution (the
same mass weighted glucose and glutamic acid mixture) was
selected as the substrate for MFC sensors startup. The anolyte
and catholyte of MFC sensors were regularly replaced. Each
liter of anolyte contained a certain amount of GGA, 0.13 g KCl,
0.31 g NH4 Cl, 6.09 g NaH2 PO4 •2H2 O, 21.85 g Na2 HPO4 •12H2 O,
12.5 mL trace minerals solution and 5 mL vitamins solution (Yi et al., 2019). Each liter of catholyte contained 6.09 g
NaH2 PO4 •2H2 O and 21.85 g Na2 HPO4 •12H2 O. The experiment
was performed with 12 different MFC sensors, each type of
sensor has triplicates, resulting in 36 sensors in total. The corresponding startup parameters refer to Table 1.

1.2.

Quantification of bom detection

When the standard deviation of three normal coulombic
yields was within 5%, the MFC sensors were started successfully, and can be used to detect the artificial samples. Standard GGA samples with low concentrations (3.75, 7.5, 11.25,
15, 22.5 and 37.5 mg/L, corresponding theoretical BOD5 values
were 5, 10, 15, 20, 30 and 50 mg/L) were served as artificial samples to be measured. The initial DO concentration of samples
was maintained below 0.1 mg/L before detection. When the
voltage decreased to 20 mV, voltage acquisition was stopped
(Gao et al., 2020), and the voltage of MFC sensors with different external resistance was converted to the MFC sensors
with 1000  to record. After voltage acquisition was finished
throughout the MFC sensors running cycle, coulombic yield
was calculated, and then converted into oxygen consumption
(BOMQ , mg/L) for easier comparison with BOD5 . BOMQ is given
by Eq. (1) (Liu et al., 2018).

8000 t Ecell
BOMQ =
dt
(1)
FVAn 0 Rext
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Table 1 – The startup parameters of different MFC sensors∗ .

Table 2 – MFC sensors linear regression equations for low
concentration BOM detection∗ .

Variable

Variable

Number

Substrate
MFC-a1
concentration MFC-a2
MFC-a3
MFC-a4
Anode area
MFC-b1
MFC-b2
MFC-b3
MFC-b4
External
MFC-c1
resistance
MFC-c2
MFC-c3
MFC-c4

Substrate
concentration
(mg/L)

Anode
area (cm2 )

External
resistance
()

37.5
75
150
375
150
150
150
150
150
150
150
150

7.07
7.07
7.07
7.07
2.00
4.00
6.00
8.00
7.07
7.07
7.07
7.07

1000
1000
1000
1000
1000
1000
1000
1000
150
210
500
1000

∗

The theoretical BOD5 values of the substrate concentrations
(37.5, 75, 150 and 375 mg/L) were 50, 100, 200 and 500 mg/L, respectively.

where, F (96,485 C/mol) is the Faraday constant; Ecell (mV) is
the output voltage; Rext is the external resistance; VAn (L) is
the effective volume of anolyte and t (hr) is testing time.
In addition, the real water samples, including surface water and municipal wastewater, were also measured by MFC
sensors. The pretreatment for real wastewater samples was
needed to obtain an appropriate conductivity (Gao et al., 2020).
Each water sample was measured in triplicate.

1.3.

Sensitivity and electrochemical tests

The sensitivity of MFC sensors is usually defined as the difference of signals (BOMQ ) per unit change of BOM concentration (BOM) (Wang et al., 2018; Yi et al., 2019). In this study,
the slope of the linear regression equation between BOMQ and
the BOM concentration of GGA samples (theoretical BOD5 values) can represent the sensitivity of MFC sensors (Pan et al.,
2020). The sensitivity is given by Eq. (2):
Sensitivity = Slope =

BOMQ
BOM

(2)

where, BOMQ (mg/L) is the difference of measured values;
BOM (mg/L) is the corresponding change of BOM concentrations (theoretical BOD5 values).
When the MFC sensors reached a steady-state, power density was obtained by measuring the voltage over a range of
resistance (10,000 to 10 ), and the electrode potentials were
determined against the Ag/AgCl electrode (saturated KCl).

1.4.

Microbiological analysis

The anode biofilms of MFC sensors were comprehensively analyzed to investigate the biological mechanism of different
regulating methods. The anodic biomass was measured based
on the protein content using a modified bicinchoninic acid assay (BCA) protein assay kit (C503051, Shanghai Sangon, China)
(Ren et al., 2019).

Number

Substrate
MFC-a1
concentration MFC-a2
MFC-a3
MFC-a4
Anode area
MFC-b1
MFC-b2
MFC-b3
MFC-b4
External
MFC-c1
resistance
MFC-c2
MFC-c3
MFC-c4

Linear regression
equation

R2

Measurement
range (mg/L)

y = 0.76x - 7.25
y = 0.81x - 3.21
y = 0.73x - 0.02
y = 0.89x + 4.58
y = 0.52x - 1.97
y = 0.68x - 1.09
y = 0.68x + 0.06
y = 0.71x + 1.44
y = 0.86x - 0.63
y = 0.96x + 1.05
y = 0.76x + 0.81
y = 0.73x - 0.02

0.99
0.97
0.94
0.97
0.97
0.98
0.97
0.96
0.94
0.99
0.95
0.94

10–50
10–50
5–50
5–50
5–50
5–50
5–50
5–50
5–50
5–50
5–50
5–50

∗
The BOM concentrations values of measurement range were the
corresponding theoretical BOD5 values of artificial samples.

The morphology of the anode biofilms was obtained with
a scanning electron microscope (SEM) (JSM-6510LV, JEOL Co.,
Ltd., Japan). Before SEM testing, the anode samples were pretreated as following: (1) the anode samples were immersed
overnight in the fixative containing 2.5% glutaraldehyde at
4°C; (2) rinsed with 0.1 mol/L PBS solution; (3) next, dehydrated
with 50%, 70%, 80% and 90% ethanol, respectively; and (4) then,
dehydrated with tert–butyl alcohol; (5) finally, they were tested
after coated with 10 nm of gold (Jin et al., 2019).
Metabolic structures of the anode biofilms were examined
with a confocal laser scanning microscope (CLSM) (InVia Reflex, Renishaw Co., Ltd., UK). Before CLSM testing, the anode
samples were pretreated as following: (1) the anode samples
were rinsed with 0.1 M PBS solution to eliminate the original medium; (2) then, stained using a LIVE/DEAD Baclight Viability Kit (L13152, Life Technologies, USA) for 20 min, (3) finally, rinsed with 0.1 M PBS solution to eliminate excess dye
(Pan et al., 2020).
The microbial diversity of the anodic biofilm was sequenced by the MiSeq Illumina sequencing technology (Illumina miseq, Shanghai Majorbio Bio-pharm Technology Co.,
Ltd., China). The hypervariable regions were V3-V4, and corresponding primers were 338F (5 -barcode-CCT ACG GGA GGC
AGC AG-3 ) and 806R (5 -GGA CTA CHV GGG TWT CTA AT-3 )
(Yi et al., 2019).

2.

Results and discussion

2.1.

The sensitivity of mfc sensors analyses

Three sets of experiments were performed to investigate the
sensitivity of MFC sensors for low concentration BOM detection, including different substrate concentrations, anode areas and external resistances. In the series of experiments,
good relevance between BOMQ values and the BOM concentrations of GGA samples was observed (Table 2), and the corresponding regression coefficients ranged from 0.94 to 0.99.
Firstly, when the startup parameter of substrate concentra-
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Fig. 1 – Maximum power density and slope of MFC sensors linear regression curve from different startup parameters,
including different substrate concentrations (a), anode areas (b) and external resistances (c).

tions was low (37.5 or 75 mg/L), the measurement range of
BOM concentrations was only 10–50 mg/L (theoretical BOD5
value). However, the measurement range of MFC sensors cultivated by high substrate concentrations (150 or 375 mg/L)
was extensive, ranging from 5 to 50 mg/L. Indicating that the
MFC sensors cultivated with high substrate concentrations
were beneficial to the detection of low concentration BOM.
In addition, a positive correlation was observed between the
slope of the linear regression curve and the substrate concentrations within the same measurement ranges. MFC sensors
were more sensitive with the increase of the substrate concentrations. Secondly, the increase of anode area was benefi-

cial to improve the sensitivity of MFC sensors. The anode area
varied from 2 to 8 cm2 , and the corresponding slope of the linear regression equation varied from 0.52 to 0.71. Furthermore,
the external resistance had an obvious influence on the accuracy and sensitivity of MFC sensors, which shown a peak
value as the external resistance increased. The optimum accuracy (R2 =0.997) and sensitivity (slope=0.96) of MFC sensors
were observed when the external resistance was 210 .
In the experimental range, it was worth noting that there
was a significant positive relationship between the maximum
power density and the slope of the linear regression equation (Fig. 1). Therefore, the maximum power density could

journal of environmental sciences 101 (2021) 227–235
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Table 3 – BOM measurements obtained from the artificial
and real wastewaters with the optimized MFC sensors.
Sample

Theoretical
BOD5 (mg/L)

BOMQ (mg/L)

RSD
(n = 3)

GGA-0
GGA-0.375
GGA-0.75

0
0.5
1

–
–
1.45±0.25

–
–

GGA-1.5

2

2.65±0.32

GGA-2.25
GGA-3
GGA-6

3
4
8

3.35±0.23
4.45±0.25
8.70±0.99

GGA-7.5
GGA-11.25
GGA-15
GGA-18.75
GGA-31.25
GGA-37.5
Municipal wastewater
Surface water

10
15
20
25
30
50

12.53±0.41
16.86±0.70
20.95±0.85
26.01±0.57
29.87±2.28
52.10±1.28
19.08±0.58
2.39±0.24

17.13%
12.19%
6.84%
5.64%
11.38%
3.29%
4.16%
4.06%
2.20%
7.64%
2.46%
3.02%

Fig. 2 – Linear regression curve of GGA samples with the
optimized MFC sensors.

10.12%
“-” means the result is not available. RSD: relative standard
deviation.

reflect the sensitivity of MFC sensors for low concentration
BOM measurement, which contributed to the rapid determination of the sensitivity of MFC sensors.

2.2.

BOM detected by optimized mfc sensors

According to the above research, the optimized startup parameters of three variables were that the substrate concentration of MFC sensors was 375 mg/L, anode area was 8 cm2 and
the external resistance was 210 , respectively. Results of BOM
measurements by optimized MFC sensors are listed in Table 3.
The detection limit of BOM was 1 mg/L and the corresponding RSD (relative standard deviation) values of BOMQ values
ranged from 2.20% to 17.13%. Municipal wastewater and surface water were also detected by optimized MFC sensors. The
corresponding RSD values of BOMQ values were 3.02% and
10.12%, respectively. Hence, the stability of low concentration
BOM detection was guaranteed. The linear regression curve
between BOM concentrations of artificial wastewaters and
BOMQ is shown in Fig. 2. The regression coefficient arrived 0.99
and the corresponding slope value was 1.02. This result was
better than previous studies (Table 4), which indicated that the
optimized MFC sensors had good accuracy and sensitivity for
low concentration BOM detection. The optimized MFC sensor,
in most cases, could produce more coulombic yield than other
MFC sensors (Appendix A Table S1). For example, the coulombic yield produced by optimized MFC sensor was ten times
more than that of MFC–a1 when GGA sample with 10 mg/L was
detected (Fig. 3). More coulombic yield meant higher coulombic efficiency. For each MFC sensor, good relevance between
the BOMQ values and the BOM concentrations of GGA samples was observed, the coulombic efficiency is relatively stable when low concentrations of GGA samples were detected.

Fig. 3 – Voltage output of GGA samples with 10 mg/L
(theoretical BOD5 value) by MFC-a1 and Optimized MFC
sensor, pH 7.0, (30 ± 1) °C.

Hence, the sensitivity can be shown as Eq. (3):
Sensitivity = Slope =

a(BOMQ1 − BOMQ2 )
BOM1 − BOM2

(3)

where, BOM1 (mg/L) and BOM2 (mg/L) are the BOM concentrations of GGA samples (theoretical BOD5 values); BOMQ1 (mg/L)
and BOMQ2 (mg/L) are the theoretical BOMQ value detected by
MFC sensors; a is the coulombic efficiency of MFC sensors.
This demonstrated that higher coulombic efficiency was
the main reason for high sensitivity of MFC sensor (Jiang et al.,
2018).

2.3.

Anode biomass analyses

Three variables of MFC sensors had significant effects on the
anode microbe growth. Anode biomass rose with the increase
of substrate concentration (Fig. 4a). Higher substrate concentration promoted the growth of anode microbe (Jadhav and
Ghangrekar, 2009), with the maximum biomass about 7.06 g
protein. The larger anode area was favorable for the growth

232

journal of environmental sciences 101 (2021) 227–235

Fig. 4 – Anode biomass (g protein) of MFC sensors from different substrate concentrations (a), anode areas (b) and external
resistances (c).

of attached microbes (Fig. 4b) (Zhang et al., 2020). When the
anode area was 8 cm2 , the biomass reached to 7.34 g protein. Additionally, there was a positive correlation between
the external resistance and biomass (Fig. 4c). The larger external resistance could offer lower anode potential, which is

very conducive to the growth of microbes (Chou et al., 2013).
To conclude, the anode biomass increased with the increase
of three variables values. Combing the data of Table 2, the increase in substrate concentrations and anode area enhanced
the sensitivity of MFC sensors. The reason was that more
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Table 4 – Properties of different MFC sensors for BOM detection∗ .
Type of MFC

Type of wastewater

Slope

Measuring range

Reference

Dual chamber
Dual chamber
Dual chamber
Dual chamber
Dual chamber
Single Chamber
Single Chamber

Artificial wastewater
Artificial wastewater
Real wastewater
Artificial wastewater
Artificial wastewater
Artificial wastewater
Acetate

1.02
0.93–1.18
0.91–1.03
1.11
0.0145
0.390
0.059

1–50 mg/L
5–500 mg/L
100–10000 mg/L
50–500 mg/L
5–235 mg/L
60–720 mg/L
64–640 mg/L

This study
(Liu et al., 2018)
(Liu et al., 2018)
(Gao et al., 2020)
(Logrono et al., 2016)
(Spurr et al., 2018)
(Modin and Wilen, 2012)

∗

The BOM concentrations values of measurement range were the corresponding theoretical BOD5 values of artificial samples.

Fig. 5 – Community compositions of all anode biofilm on the classification level of genus. Anode biofilm from different
substrate concentrations (MFC-a1 to MFC-a4), anode areas (MFC-b1 to MFC-b4) and external resistances (MFC-c1 to MFC-c4).

anode biomass improved the electron transfer efficiency of
MFC sensors and increased coulombic yield. But the sensitivity was not increased with the increase of external resistance.
Hence, the increase of anode biomass was not the main reason for the improvement of sensitivity of MFC sensors when
the external resistance was regulated.

2.4.

The microbial diversity analyses

Since the macromolecular organics (glucose and glutamic
acid) were selected as the culture substrate for MFC
sensors, the bacterial community composition of anodes
was relatively complex. The bacterial community composition of anode microbe at the genus level was shown
in Fig. 5 and Appendix A Table S2. The top 10 predominant genera included fermentative bacteria, such as
Raoultella (7.74%−52.48%), Petirmonas (1.07%−6.72%), Propionicicella (0.02%−5.60%), electrogens, such as Citrobacter freundii
(6.47%−30.78%), Aeromonas (1.16%−30.82%), Chryseobacterium
(0.68%−25.83%), Pseudomonas (0.03%−20.50%), Aquamicrobium
(0.07%−7.16%), Anaeroarcus (0%−8.26%), and anaerobic denitrifying bacteria, such as Ignavibacterium (0.81%−24.70%). The
degradation of complex organisms by anode bacteria mainly

consisted of two-steps: (1) the macromolecular organics are
firstly degraded into the micromolecular organics (such as acetate) by fermentative bacteria, (2) the electrogens degrade
the micromolecular organics completely and produce electricity. The proportion of fermentative bacteria increased with
the increase of substrate concentration. Combing the anode
biomass analyses, the increased bacteria more belonged to
fermentative bacteria. More fermentative bacteria could thoroughly degrade macromolecular organics and then benefited
to the progress of the step (2) (Kumar et al., 2020). Hence, the
MFC sensor with high substrate concentration parameter can
produce more coulombic yield and improve the sensitivity of
MFC sensors. When the anode area increased to 8 cm2 , the
proportion of electrogens increased. The degradation of micromolecular organics was accelerated by abundant electrogens, which could also improve of the sensitivity of MFC sensors. Larger external resistance promoted the growth of fermentative bacteria. The reason was likely to be that a larger
external resistance could provide low anode potential, which
benefited the increase of nonelectrogens (Katuri et al., 2011).
But no obvious correlation between the sensitivity of MFC sensors and the bacterial community composition was confirmed
with the external resistance being regulated.
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Fig. 6 – SEM images of anode biofilms from different substrate concentrations (MFC-a1 to MFC-a4), anode areas (MFC-b1 to
MFC-b4) and external resistances (MFC-c1 to MFC-c4).

Fig. 7 – CLSM images of anode biofilms from different substrate concentrations (MFC-a1 to MFC-a4), anode areas (MFC-b1 to
MFC-b4) and external resistances (MFC-c1 to MFC-c4). Live cells: Green. Dead cells: Red.

2.5.
The morphology and metabolic structure of the anode
biofilm
After start-up, the carbon cloths of anode covered with
biofilms successfully, and the bacteria could tightly adhere to
the carbon cloths (Fig. 6). It was clear that the biofilm morphology of MFC-c2 was different from others. The bacteria on
the carbon cloth of MFC-c2 had a clear and single structure,
but the bacteria structure of other anode biofilms was disordered and crowded. This demonstrated that a suitable resistance (210 ) could change the morphology of anode biofilm,
which benefited to the improvement of the electron transfer
efficiency (Qi et al., 2020). This was probably the main reason for regulating the sensitivity of MFC sensors. Fig. 7 shows
the CLSM images of different anode biofilms. When the parameters of high substrate concentrations and large anode areas were used, the living cells proportion of anode biofilms

was much higher. High ratios of live/dead cells could also
benefit the improvement of the electron transfer efficiency
(Pan et al., 2020), and then enhance the sensitivity of MFC
sensors. Besides, the proportion of living cells significantly increased when the external resistance was 210 . This demonstrated that the external resistance could improve the ratio of
live/dead cells of anode biofilms. This might be another reason to improve the sensitivity of MFC sensors by regulating
the external resistance.

3.

Conclusions

This study has shown that when substrate concentration, anode area and external resistance were optimized, the sensitivity of MFC sensors for low concentration BOM detection
was significantly improved. Higher coulombic efficiency was

journal of environmental sciences 101 (2021) 227–235

the main reason to improve the sensitivity of MFC sensors.
The regulation methods can effectively optimize the biomass,
distribution of microbial population, proportion of living cells
and morphology structure of anodic bacteria. Overall, this
study has reported three major startup parameters that might
have a significant effect on the sensitivity of MFC sensors for
low concentration BOM detection.
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