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Abstract

Mevastatin is one of the pollutants in wastewater that is difficult to biodegrade. In this study, the

issue of mevastatin biodegradation and simultaneous electricity generation using microbial fuel cells,

which is one of the current sustainable technologies, was investigated. Effects of mevastatin on the

performance of single-chamber air-cathode microbial fuel cells were investigated. On average,

0.2 volts of electricity was generated in microbial fuel cells in the presence of 5.6 pM mevastatin, while

mevastatin caused an important increase in coulombic efficiency, from 35+5% to 49+8. More than

90% of the mevastatin was removed in microbial fuel cells in approximately four days. In conclusion,

mevastatin that causes toxicity in wastewaters could potentially be treated using microbial fuel cells.

Meanwhile, mevastatin may enhance electricity generation either through improved electron transfer or

suppressed methanogenesis during microbial fuel cell operations.
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Introduction

Microbial fuel cells (MFCs) are one of the most
studied research topics in recent years, especially due
to the decreasing need for alternative clean energy
resources [1]. MFC is an environmentally friendly
biotechnological device that produces electrical energy
from industrial or household wastes while providing

*e-mail: tunc.catal@uskudar.edu.tr

wastewater treatment [2]. With the advantages it offers,
MFCs are expected to be part of our lives in near future
since they are environmentally benign and able to carry
out operations in ambient conditions [3, 4]. In this
technology, electrogenic microorganisms are employed
to produce electricity by breaking down substrates from
waste materials. Thus, MFCs may also be utilized for
bioremediation of various environmental contaminants
[5, 6, 1].

In MFC systems, nature of the microorganism
community forming biofilms on the electrode
surface may vary significantly [7, 8]. For example,



5408

Akul N.B., et al.

MFCs using mixed microbial cultures suitable for
wastewater treatment may also contain methanogenic
microorganisms [8, 9]. These microorganisms are
able to channel part of the electrons derived by other
microorganisms into methane production, thereby
reducing system efficiency by lowering -electricity
production. A great many studies were therefore focused
on elimination of methanogenic microorganisms in
MFCs. Methane production rate is lower in closed circuit
operated MFCs than in open circuit operated MFCs [10-
11]. In MFCs, it was shown that power and performance
increase is achieved using various antibiotics and
methanogen inhibitors such as 2-bromoethane sulfonate
[12]. It was also reported that mevastatin molecule
inhibits the growth of methanogenic microorganisms
such as Methanobrevibacter in microbial cultures [13].

Mevastatin is a hypolipidemic statin drug that
works via inhibition of hydroxymethylglutaryl~SCoA
(HMG-CoA) reductase [14-15]. Although it inhibits
the production of methane, it does not exhibit
inhibitory effect on microorganisms that degrade
complex polymers such as cellulose [14]. Mevastatin
is prescribed as a cholesterol lowering and lipid
regulator drug [16]. Drugs like mevastatin are partially
metabolized, and contaminate the feces, urine and
thus, the wastewaters. Mevastatin exists in wastewater
at the concentration range of 0.15-1.25 pg L
(0.3-3.2 uM) [17]. Drug metabolites that get into
surface waters from wastewater cause accumulation
in a long term and adversely affect aquatic organisms
[18]. Elimination of mevastatin from water bodies
and wastewaters is of critical importance. However,
there is no information about how a methane inhibitor,
mevastatin, affects energy production performance, nor
its degradation in MFCs.

Here, the effects of mevastatin on the performance
of MFCs were reported for the first time, in terms
of voltage production and effects on power and
current density. Removal of mevastatin by microbial
community in MFCs was also investigated using
liquid chromatography tandem spectroscopy method
(LC-MS/MS).

Experimental
Chemicals

Mevastatin [C,,H,,O.] was obtained from Cayman
Chemical Company (CAS. No. 73573-88-3, M1, USA).
All other chemicals used in the study were analytical

grade and obtained from commercial sources.
MEFC Construction

In the study, single-chamber MFCs made of
plexiglass were prepared and used as described before
[4]. Electrodes were placed in MFCs and carbon cloth
was used as the electrode materials. Both the surface

arca of anode (Lot: 14032102, FuelCells, Texas, USA)
and cathode (CTO32414, FuelCells, Texas, USA) was
7 cm?.  While preparing the air cathode, the surface
facing inside was coated with platinum (0.5 mg/cm?)
and nafion (CAS. No: 31175, Sigma-Aldrich, USA),
while the exterior was waterproofed using PTFE [19].

Inoculation and Operation of MFCs

Electroactive microorganisms used in MFCs were
enriched from activated sludge from a local advanced
biological wastewater treatment plant (Pasakoy,
Istanbul, Turkey). Microbial fuel cells were fed standard
medium with glucose as carbon source (1.2 g L'). The
medium was composed of the following ingredients:
NaH, PO, 7H,0O (15.47 g L"), Na,HPO,.H,O (5.84 g L"),
NH,CI (0.31 g L"), KCI (0.13 g L"), a vitamin stock
solution (12.5 mL L") and a mineral stock solution
(12.5 mL L") as reported previously [20]. pH of the
medium was adjusted to 7.

Microbial fuel cells were run in batch mode and fed
with fresh media when the voltage production dropped
below 50 mV. After reproducible voltage production
was observed, mevastatin was added to the medium.
Mevastatin was prepared as stock solution in ethanol to
(5 mg mL™"). Two different concentrations of mevastatin
were tested in the study. The same concentration of
mevastatin was repeatedly tested in batch operations
and the wvoltage production was monitored. All
operations of microbial fuel cells were carried out at
ambient conditions.

Analyses and Calculations

The electrodes of the MFCs were connected to the
data acquisition system (Keithley KickStart Software,
Version 1.9.8.21, Tektronix Company, Beaverton,
Oregon, USA) via titanium cables and the operation
was started with a 980 Q external resistance. System
recorded voltage data every 11 min. Samples from
MFCs were collected, filtered and subjected to further
analysis. A liquid chromatography-tandem mass
spectrometry  (LC-MS/MS) (Agilent Technologies
1200 Series 6410, Santa Clara, CA, USA) was used to
measure the concentrations of mevastatin [21].

Power density, which is one of the most important
parameters to evaluate the performances of MFCs, was
calculated using the formula; P = IV/A, where 1 is the
current (A), V voltage (V), and A is the surface areca
of the electrode (cm?) [21]. Coulombic efficiency (CE),
which shows how much of the electrons supplied to
the system is recovered electrically, was calculated as;
CE = CP/CTi x 100%, where CP is the total coulombs
calculated by integrating the current over time and CTi
is the theoretical amount of coulombs that could be
extracted from the carbon source [22]. All experiments
were repeated at least twice, and standard deviations
were calculated based on the mean of two independent
measurements (n = 2).
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Chemical oxygen demand (COD) analyses were
performed on samples before and after the operation
using standard methods [23].

Results and Discussion

In previous studies, the concentrations of lipid
regulator and cholesterol lowering statin-group drugs
including mevastatin in wastewaters may vary from
ng L' levels to g L' levels in a study analyzing
hospital wastewater samples. Previously, these drugs
including mevastatin were measured in wastewaters at
concentrations such as 54.3 gL', 21.6 gL' and 1.75 g L!
on a daily basis [18]. The stability of atorvastatin,
rosuvastatin and simvastatin drugs, which belong to
the group of HMG-CoA reductase inhibitors (statins)
similar to mevastatin was also published [24]. To
investigate their removal from wastewater, activated
sludge samples were designed to contain drugs at a
concentration of 1 g L' [24-25]. Atorvastatin and
simvastatin removal was previously measured, and
their concentrations were found as 1.56 pg L' and
.23 pg LT (3931 uM), respectively [26].
In wastewater models used in the study, however,
1 mg L' as the initial concentration was chosen [26]. The
approximate concentration of mevastatin in wastewater
has been reported as 150-1250 ng L7 (0.3-3.2 uM)
[26]. In the current study, therefore the concentrations
for mevastatin was selected to be in the range or even
above the concentrations used in the previous studies.
It was shown that MFCs were successfully capable of
degrading even higher concentrations than those tried
before.

Microbial fuel cells produced approximately
0.22 V of constant electricity with glucose as the
carbon source. Once the stable production was observed
through several batches, mevastatin was introduced at
a concentration of 5.6 uM. The presence of mevastatin

at this concentration caused negligible effect on voltage
production by dropping to 0.21 V, however, it took
longer to complete a batch cycle (105 hours instead
of 55 hours). When the concentration of mevastatin
was increased to 10 uM, another slight decrease
(to 0.2 V) was detected in voltage production. These
results showed that administration of mevastatin does
not notably inhibit voltage production (Fig. 1).

Mevastatin was degraded by 98.6% and 90% in the
MFCs at concentrations of 5.6 uM or 10 uM, respectively
(Table 1, Fig. 2). These results indicated that mevastatin
could be efficiently removed from wastewaters using
MFC technology. Metabolites eluted at around 2.5 min
represent an unknown substance similar to mevastatin
molecule. In the presence of 5.6 mM mevastatin, the
chemical oxygen demand (%) removal was 56+5.6,
when the concentration was increased to 10 mM, the
removal increased to 86+1.6. Researchers often focused
on removing antibiotics and heavy metals toxicity from
wastewater, using MFC technology [2]. Studies on the
elimination of lipid-regulating drugs from wastewaters
are rare in the literature. The removal of two lipid-
regulating drugs from synthetic wastewater by a novel
wastewater treatment model was studied, and it was
reported that atorvastatin (1.56 pg L) and simvastatin
(1.23 pg L") were removed by 85-90% [26].

In the presence of 5.6 uM mevastatin, power densities
and current densities were also minutely influenced,
maximum power density increased from 67+1 mW/m?
to 68+1 mW/m? while the maximum current density
did not change (0.031 mA/cm?) when compared to the
control. When mevastatin was raised from 5.6 uM
to 10 puM, these values changed to 61+3 mW/m? and
0.029 mA/cm?, respectively (Table 1). Interestingly,
however, administration of mevastatin at a concentration
of 5.6 mM resulted in an increase in coulombic
efficiency with respect to the starting conditions.
Nevertheless, increasing the concentration to 10 uM
resulted in a decrease. This suggests that, mevastatin
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Fig. 1. Voltage production in MFCs in the absence and presence of mevastatin (0 pM, 5.6 uM and 10 pM). Arrows indicate the addition

of fresh medium.



Akul N.B., et al.

Before operation
0.9 /

Peak Height
o
&

After operation

0.1 /
0 !

24 25 26 2.7 238 29 3 3.1 3.2
Acquisition Time (min)

. Before operation
0.9 /

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Peak Height

| After operation

24 25 26 27 28 29 3 31 32
Acquisition Time (min)

Fig. 2. LC-MS/MS chromatogram of before and after operation in
MFCsusing 5.6 pM Mevastatin a). LC-MS/MS chromatogram of
before and after operation in MFCs using and 10 uM mevastatin
b). Arrows indicate the mevastatin peaks.

at 5.6 uM increased electron recovery from the system
compared to control MFCs. One of the reasons for this
increase in the coulombic efficiency may have been the
suppression of methanogenic microorganisms with the
application of mevastatin. It was previously reported
that in the MFCs operated in ambient conditions not
favored by methanogenic microorganisms, coulombic
efficiency values also increased [l1]. These results
imply that mevastatin could reduce methanogenic
acitivty in MFCs and cause an increase in coulombic
efficiency values.

Researchers often focused on their work with
removing antibiotics and heavy metals from wastewater
[27-30]. Studies on the removal of lipid-regulating

drugs are not very common in the literature. The
removal of two lipid-regulating drugs dissolved in
synthetic wastewater by biodegradation method
was previously investigated [26]. It was reported
reported that atorvastatin (1.56 pg L") and simvastatin
(1.23 pg L' drugs were removed by 85-90%.
In another study elimination of three lipid regulating
drugs (clofibric acid, bezafibrate, gemfibrozil) from
wastewater was investigated using two sewage treatment
plants. It was reported that 60-70% of clofibric acid and
more than 75% of bezafibrate and gemfibrozil were
removed [31]. Due to its recalcitrant nature, however,
mevastatin elimination via conventional wastewater
treatment was reported to be as low as 34% [32].
Using MFCs, however, we were able to demonstrate
almost complete removal of mevastatin. This result is
therefore highly promising for potential use of MFCs
for treatment of wastewaters containing mevastatin as
well as other statins or similar biochemicals, in addition
to electricity production.

Conclusions

In the current study, degradation of mevastatin
as well as its effects on electricity generation in
single-chamber MFCs were investigated. Voltage
generation was around 0.2 V in the presence of
mevastatin when the drug concentration was increased
from 0 mM to 5.6 pM, the coulombic efficiency
increased from 35+5% to 49+8%. Mevastatin was
nearly completely degraded at this concentration.
In conclusion, MFCs could be an efficient tool in
wastewaters with mevastatin, with an added value
of electricity generation. Moreover, mevastatin may
enhance electricity generation during MFC operations
either through improved electron transfer or suppressed
methanogenesis which needs further studies involving
microbial community analysis on biofilm on the
electrode surfaces.
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Table 1. MFC performance using different concentrations of Mevastatin (0-10 pM).

Concentration (uM) | Power density (mW/m?) | Current density (mA/cm?) Coulombic efficiency (%) MVS removal (%)
0 67+1 0.031+0 35+5 n.a.
5.6 68+1 0.031+0 49+8 98.6+0.9
10 61+£3 0.029+0 30+8 90

*MVS: Mevastatin
n.a.: not applicable
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