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Possibilities for application of sediment microbial fuel cells as biosensors for monitoring
of recurrent water pollution with copper
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Abstract: Sediment microbial fuel cells (SMFCs) are special microbial fuel cells in which the anode is placed in the anaerobic sediment
and the cathode is immersed in the surface layer of water. Natural electroactive bacteria decompose organic compounds in sediment,
producing electrons and protons. The electrons reach the cathode through an external electrical circuit, while the protons pass through the
soil layer, which acts as a kind of membrane. Oxygen is in many cases the preferred electron acceptor due to its presence in the cathode
region and its high potential. Heavy metal ions and other compounds can also be reduced on the cathode, which will increase the energy
generated. Based on the above characteristics, SMFCs would be suitable for application as biosensors and would be suitable for monitoring
recurrent water pollution with heavy metals. In the present study, the possibility of application of SMFCs as biosensors for recurrent water
pollution with copper has been studied. A high correlation was found between the concentration of copper ions and the voltage generated by
SMFC, as the coefficient of determination reached 0.9921.
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The main advantages of sediment microbial fuel cells are low
cost, simple construction and long-term output power. In this way,

Heavy metal pollution can be both natural and anthropogenic.  the system is applicable as a biosensor for long-term in situ
Heavy metals from anthropogenic activity are more mobile and  operation. [5] There are a number of data on the application of
bioavailable than natural ones and pose a greater risk to human SMFC-based biosensors for real-time monitoring of environmental
health and the environment. The level of heavy metal pollution has ~ parameters such as temperature and dissolved oxygen. [7]
increased significantly with rapid industrialization. Heavy metals ) ) ) ) o
released from various industrial activities are distributed in the The purpose of this study is to investigate the possibilities for

environment, mainly through running surface waters. [11] application of sedimentary microbial fuel cells, such as biosensors
for monitoring recurrent water pollution with copper.

1. Introduction

Industrial wastewater usually contains heavy metals such as

chromium, copper, lead and others, which in high concentrations 2. Materials and Methods
can cause health problems and pollution of natural ecosystems. ) o ) )
There are various chemical, physical and biological technologies for In order to establish the possibilities of operation of sediment

treating such waters that effectively remove heavy metals. microbial fuel cells, as a biosensor for monitoring water pollution
However, after treatment, the water must be examined to see if it with copper, one cell was constructed. The sediment microbial fuel
meets the discharge standards. If emissions of heavy metals exceed  cell is a plastic container with a volume of 1000 cm®. At the bottom
permissible concentrations, this can lead to serious environmental of the vessel is a stainless steel electrode with an area of 25 cm?
problems and damage to the environment. It is crucial that the ~ The electrode is covered with a layer of gravel 2 cm thick. The
concentrations of heavy metals in wastewater are strictly controlled  particle size is from 5 to 10 mm. and above the vessel is filled with
in real time before they are released into the environment. [6] Most  Substrate (soil) with a volume of 800 cm?®. The cell was then filled
control methods include periodic monitoring, which implies a with water and a second 25 cm? stainless steel electrode was placed
limitation in monitoring, as the samples reflect the current water ~ in the surface layer of the water. On Figure 1 is shown a scheme of
quality. No contamination may be detected at the time of sampling  the laboratory model of the SMFC-biosensor 1.

or it may be minimal, but may have a significant impact on aquatic

ecosystems over a long period of time. This disadvantage is much

more serious in running surface water, where conditions can change
at any time. [9] This problem is solved with the use of appropriate
c

biosensors, through which water quality can be monitored and
environmental pollutants can be detected on site and in real time.

[1] Traditional methods of analysis have high selectivity and _

sensitivity, but are also expensive, have complex sampling and ®) S

sample preparation, and cannot provide real-time and on-site data. ﬁ

[4] In recent years, a number of biosensors have been developed, L 2 i/ A

which integrated devices are combining biological materials and T‘ ;{_\%Jo

transducers, for quantitative and semi-quantitative monitoring of OOOQ JL

various analytes, such as heavy metals, BOD and others. [12] JOQOEA ﬂ
To overcome the shortcoming, it is possible to use sensors n

based on sediment microbial fuel cells to monitor heavy metal

contaminants occurring in wetlands. [2] The main advantages of the kg 1 Design of Sediment microbial fuel cell Biosensor 1

sensor include the reduction of heavy metals on the cathode leading 1 — Inflow, 2 — Peristaltic pump, 3 — Sediment microbial fuel cell, 4 — Digital
to an increase in voltage. [8] Sediment adsorbs much of the heavy multimeter, 5 — Outflow, A — Anode C — Cathode

metal, protecting electroactive microorganisms from being inhibited
by heavy metal ions, so the sensor can operate normally after shock
contamination. The sensor uses natural electroactive bacteria living
in the sediment, generating base voltage, therefore the inoculation
process can be avoided. Based on the above advantages, the sensor
would be suitable for monitoring recurrent heavy metal
contamination in water. [3]

After filling with substrate and maintaining a constant water
level in the cell, the open circuit voltage was monitored for two
weeks. After stabilization of the electrochemical parameters,
polarization curves of the sedimentary microbial fuel cell were
measured and compared.
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After analysis of the polarization curves, a suitable resistance is
connected to the sediment microbial fuel cell and synthetic copper
solutions are successively fed to it. The solutions contain 25, 50,
100 and 200 mg/l of copper added via CuSQO4.5H,0, respectively.
After the addition of each solution, the change in voltage was
recorded, after which a standard curve was plotted.

In order to more accurately measure the change in voltage at
different copper concentrations, four sedimentary microbial fuel
cells were connected in series (Figure 2) in the next experiment.
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Fig. 2 Design of Sediment microbial fuel cell Biosensor 2

The sediment microbial fuel cell is a plastic container with a
volume of 1000 cm®. At the bottom of the vessel is a stainless steel
electrode with an area of 25 cm?. The electrode is covered with a
layer of gravel 2 cm thick. The particle size is from 5 to 10 mm. and
above the vessel is filled with substrate (soil) with a volume of 800
cm®. The cell was then filled with water and a second 25 cm?
stainless steel electrode was placed in the surface layer of the water.

After filling with substrate and maintaining a constant level of
water in the cells, they were connected in series and the voltage in
the open circuit was monitored for two weeks. After stabilization of
the electrochemical parameters, the polarization curves of the
sequentially connected sedimentary microbial fuel cells were
removed and compared.

After analysis of the polarization curves, a suitable resistance
was applied to the sediment microbial fuel cells and a synthetic
solution of copper of different concentrations was applied to each of
them. The solutions contained 25, 50, 100 and 200 mg/I of copper
added via CuSO,.5H,0. After the addition of each solution, the
change in voltage was recorded, after which a standard curve was
plotted.

The electrical parameters of PSMFC was measured using
portable digital multimeter UNI-T UT33C. A precise potentiometer
with maximum value of 13,5 kQ used for measuring of external
resistance.

3. Results and Discussion

After filling with substrate and maintaining a constant water
level in the sediment microbial fuel cell (Biosensor 1), the open
circuit voltage was monitored for two weeks (Figure 3).
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Fig. 3 Open circuit voltage of SMFC-Biosensor 1

Figure 3 shows that after several days of cell stabilization, after
the fourth day the voltage reaches close to its maximum and by the
eleventh day it is in the range of 142 - 156 mV. On the eleventh
day, the polarization curves of the sediment microbial fuel cell were
measured. Data from the study are presented in Figures 4 and 5.
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Fig. 4 Woltage dynamics (data from polarization curve) of Biosensor 1
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Fig. 5 Power dynamics (data from polarization curve) Biosensor 1

The graphs show that Biosensor 1 reached a maximum power of
2.79 mW with an applied resistance of 3 KQ. At this resistance, the
cell has a voltage of 93.3 mV and a current of 2.8 pA.

According to the measurement of the polarization curve, a
resistance of 3 KQ is connected to the biosensor and within a few
hours the voltage stabilizes at 100 mV.

After stabilizing the voltage, we moved on to the next part of
the experiment. Synthetic copper solutions with increasing
concentration - 25, 50, 100, 200 mg / | were successively fed to
Biosensor 1. When feeding the individual solutions, the change in
voltage after its stabilization was taken into account. Based on the
change in voltage at different copper concentrations, a standard
curve is plotted. The graph is shown in Figure 6.
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Fig. 6 Biosensor 1 standard curve

The graph shows a high coefficient of determination R2 =
0.962. However, the calculations according to the obtained formula
would give a significant error in the voltage range from 200 to 400
mV.

In order to better correlate between copper concentration and
voltage, as well as more accurate measurement of voltage change, a
biosensor was constructed of four sedimentary microbial fuel cells
connected in series. In this way, factors such as residual
concentrations of copper in the cell, dilution of incoming solutions
will be eliminated, and it will help to more accurately read the
change in voltage.

After filling with substrate and maintaining a constant level of
water in the cells (Biosensor 2), the open circuit voltage was
monitored for two weeks (Figure 7).
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Fig. 7 Open circuit voltage of SMFC-Biosensor 2

Figure 7 shows that after a few days of stabilization of
individual cells, after the fourth day the voltage reaches its
maximum and by the eleventh day is in the range of 1500 - 1600
mV. On day 11, polarization curves of sequentially bound
sedimentary microbial fuel cells were measured.

After stabilization of the electrochemical parameters, the
polarization curve of Biosensor 2 was measured. Data from the
study are presented in Figures 8 and 9.

The graphs show that Biosensor 2 reached a maximum power of
69.58 mW with an applied resistance of 2 KQ. At this resistance,
the cell has a voltage of 749 mV and a current of 92.9 pA.

According to the measurement of the polarization curve, a
resistance of 2 KQ is connected to the biosensor and within a few
hours the voltage stabilizes at 390 mV.

After stabilizing the voltage, we proceeded to the next part of
the experiment. After stabilizing the voltage, proceed to the next
part of the experiment. A synthetic solution of copper with different
concentrations - 25, 50, 100, 200 mg / | - was fed to each cell of
Biosensor 2 once. The voltage change after its stabilization was
measured during the supply of the individual solutions. Based on
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the change in voltage at different copper concentrations, a standard
curve is plotted. The graph is presented in Figure 10.
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Fig. 8 \Woltage dynamics (data from polarization curve) of Biosensor 2
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Fig. 9 Power dynamics (data from polarization curve) Biosensor 2
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Fig. 10 Biosensor 1 standard curve

The graph shows a high coefficient of determination close to
one - R? = 0.9921, with slight deviations of the graph from the
standard curve in the studied interval. This proves the possibilities
for the use of sediment microbial cells as biosensors for monitoring
recurrent water pollution with copper.

4. Conclusion

In order to determine the possibilities for application of
sediment microbial fuel cells as biosensors for monitoring of
recurrent water pollution with copper, two variants of SMFC-
biosensors were constructed. The influence of four concentrations
of copper (25 mg /I, 50 mg /1, 100 mg / I, 200 mg / ) on the change
of the electrochemical parameters of the cells was studied. The
addition of copper in the cathode region increases the
electrochemical parameters of the cell, because in addition to
dissolved oxygen, copper cations are also used as the ultimate
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acceptor of electrons. When using one SMGK, a correlation was
found between the increase of the copper concentration in the
cathode region and the change in the electrochemical parameters of
the cell, reaching a coefficient of determination of R? = 0.962. In
order to better detect the change in voltage, four sediment microbial
fuel cells are connected in series electric circuit. In this case the
coefficient of determination reaches R? = 0.992. Research has
shown that sediment microbial fuel cells can be used as biosensors
for recurrent copper contamination, but further research is needed
on their design, inertia in changing electrochemical parameters and
detection range.
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