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a b s t r a c t

A single chamber microbial fuel cell (MFC) with an air-cathode is successfully demonstrated using
glucose–ceftriaxone sodium mixtures or ceftriaxone sodium as fuel. Results show that the ceftriax-
one sodium can be biodegraded and produce electricity simultaneously. Interestingly, these ceftriaxone
vailable online 3 November 2010

eywords:
icrobial fuel cell (MFC)

eftriaxone sodium
ower density

sodium–glucose mixtures play an active role in production of electricity. The maximum power den-
sity is increased in comparison to 1000 mg L−1 glucose (19 W m−3) by 495% for 50 mg L−1 ceftriaxone
sodium + 1000 mg L−1 glucose (113 W m−3), while the maximum power density is 11 W m−3 using
50 mg L−1 ceftriaxone sodium as the sole fuel. Moreover, ceftriaxone sodium biodegradation rate reaches
91% within 24 h using the MFC in comparison with 51% using the traditional anaerobic reactor. These
results indicate that some toxic and bio-refractory organics such as antibiotic wastewater might be

ctrici
node discharge suitable resources for ele

. Introduction

As microbial fuel cell (MFC) is a device that transforms chemical
nergy stored in organic matter into electricity via electrochemical
eactions for energy recovery, it is considered to be a promising
io-electrochemical power source for directly recovering elec-
rical energy from organics [1,2]. It can also use wastewater as
ubstrates to remove contaminants in wastewater and produce
lectricity simultaneously, thus decrease the operational costs of
astewater treatment. The study of MFC is gaining importance

ecently, but most studied were based on various biodegradable
rganic matter as substrates, for example, glucose, acetate, sucrose,
omestic wastewater, brewery wastewater and starch processing
astewater [1,3–7]. There were only a few reports on bio-refractory

ompounds as fuel, for instance, phenol, furfural, pyridine, and p-
itrophenol [2,8–10]. These results indicated that some toxic and
io-refractory organics might be suitable resources for electricity

eneration using MFC technology in practical applications.

Although pharmaceuticals are not environmentally differ-
nt from other chemicals, they should be paid more attention
ecause recent studies showed that substantial quantities of these

∗ Corresponding author at: College of Material Science and Chemical Engineering,
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ty generation using the MFC technology.
© 2010 Elsevier B.V. All rights reserved.

compounds and metabolites are discharged down the drain in
sufficiently high concentrations to cause deterioration of the envi-
ronment [11]. They enter the aquatic environment and eventually
reach drinking water if they are not biodegraded or eliminated
during sewage treatment.

As an important group of pharmaceuticals in human and
veterinary medicine, large amounts of antibiotics are produced,
consumed and widely used in controlling bacteria in humans and
animals. Abuse of antibiotics and the existence of residual antibi-
otics in natural systems have accelerated the pollution of the
environment. Hence, it is necessary to treat the effluents containing
antibiotics before being discharged into the environment. How-
ever, toxic effects of common antibiotics on different organisms
(aquatic organisms, plants, soil organisms and bacterial commu-
nity, foodborne pathogens and spoilage microbe algae, Artemia
saliva, Daphnia magna, etc.) have been found even at very low
exposure doses [12–14]. These will make wastewater biological
treatment more difficult. Nevertheless, biological treatment is still
regarded as the most common and economical approach for the
treatment of contaminants in wastewater, which may be one of
the methods for the removal of antibiotics from wastewater. It was
reported that wastewater containing antibiotics could be degraded

efficiently in the biological system, such as up-flow anaerobic stage
reactor (UASR) and sequencing batch reactor (SBR) [15–18]. Kim
et al. have indicated that the acclimatization is the major phe-
nomenon by which microorganism mitigates the toxic effects of
inhibitors [12].

dx.doi.org/10.1016/j.jpowsour.2010.10.085
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
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�-Lactam antibiotics are among the most widely used antibac-
erial agents on account of their broad spectrum, such as penicillins,
ephalosporins. As considered, in this work an air-cathode MFC
noculated with anaerobic microorganisms was therefore con-
tructed to generate electricity from glucose–ceftriaxone sodium
ixtures or ceftriaxone sodium. To our knowledge, ceftriaxone

odium (C18H17N8NaO7S3) as the fuel in a MFC has not been
eported previously. The present study aims to: (i) investigate the
iodegradation feasibility of ceftriaxone sodium in the MFC; (ii)
xamine the influence of ceftriaxone sodium on MFC power elec-
ricity generation; and (iii) to evaluate the differences of ceftriaxone
odium degradation between MFC and traditional anaerobic reac-
or.

. Materials and methods

.1. Air-cathode MFC configuration

An air-cathode single-chambered MFC was constructed by a
lexiglas vessel with internal dimensions of 6 cm × 6 cm × 3 cm
total volume of 108 mL, working volume of 100 mL). The cath-
de was Pt-coated PTFE, (6 cm × 6 cm), prepared as Wen et al.
19], whereas the anode was carbon felt (6 cm × 6 cm). The sur-
ace areas per volume of the anode and cathode electrodes were
oth 36 m2 m−3. Two electrodes had a distance of 3 cm. Water inlet
nd outlet ports were set up on each side of the vessel. Two ports
ith an inner diameter of 1 cm were arranged for sampling and

nstalling reference electrode. Insulated copper wires were used to
onnect the circuit with the external resistance (500 � unless spec-
fied otherwise) and all wire contacts were sealed with epoxy resin.
he system was sealed carefully to maintain anaerobic microenvi-
onment.

.2. Microbial inoculum and MFC operation

Bacteria from another glucose-fed MFC were used to inoc-
late the MFC with a glucose solution of 1000 mg L−1 and
n anodic solution. The MFC was continuously fed using
eristaltic pump (BT100-1J, Baoding, China) at a flow rate
f 12.5 mL h−1. Anodic solution contained (per liter): KCl,
30 mg; NaH2PO4•H2O, 4.97 g; Na2HPO4•H2O, 2.75 g; and other
race elements required by microorganism growth as reported
y Liu and Logan [20]. After stable voltage outputs were
chieved, ceftriaxone sodium–glucose mixtures were used to
eplace the solutions in the MFC. The cefriaxone–glucose
ixtures included 30 mg L−1 ceftriaxone sodium + 1000 mg L−1

lucose, 50 mg L−1 ceftriaxone sodium + 1000 mg L−1 glucose,
0 mg L−1 ceftriaxone sodium + 500 mg L−1 glucose, 50 mg L−1

eftriaxone sodium + 250 mg L−1 glucose, 30 mg L−1 ceftriaxone
odium + 500 mg L−1 glucose. Again after stable voltage outputs
ere achieved, a ceftriaxone sodium solution with a concentration

f 50 mg L−1 as the sole fuel was operated in the air-cathode MFC.
xperiments were conducted in a room temperature (24 ± 1 ◦C),
nd pH of the analyte was 6.8–7.0.

.3. Analyses and calculations

The output voltage (U) was measured across an external resistor
500 �, unless stated otherwise) using a data acquisition system
onnected to a computer. Current was calculated according to
hm’s law as I = U/R, where U is voltage and R is resistance. Power (P)

as calculated according to P = IU. Polarization curve was obtained

y varying the external resistance over a range of 1–9000 � and
ecording the voltage. The power was then calculated for each
esistance as a function of the current. Current density and power
ensity were normalized to the MFC volume or electrode surface
Time / h

Fig. 1. Anode bacterial accumulation and continuous voltage outputs of MFC with
different concentrations of ceftriaxone sodium at a fixed resistor of 500 �.

area (100 mL or 36 cm−2). The performance and electrode potential
(anode and cathode OCPs; anode and cathode working potential)
were measured using the variable resistor with an Ag/AgCl refer-
ence electrode.

Electrochemical impedance spectroscopy (EIS) was performed
over a frequency range of 0.01 to 105 Hz at open-circuit con-
dition and a perturbation signal of 5 mV using a potentiostat
(CHI760C, Chenhua Instruments, Shanghai, China). Two types of
measurements were done, one using a whole cell, two-electrode
configuration, and the other using a three-electrode configuration
with a reference electrode (Ag/AgCl). The whole cell EIS measure-
ments were done using the cathode as the working electrode and
the anode as the counter electrode.

Samples from the anode solutions in the air-cathode single
chamber MFC were treated by filtered through a 0.45 �m pore
diameter membrane. Ceftriaxone sodium concentrations were ana-
lyzed using a liquid chromatography (Agilient 1100, USA). The
mobile phase consisted of a mixture of 0.02 mol L−1 N-octyl amine
and acetonitrile (73:27, v:v) and 254 nm wavelength was used to
detect ceftriaxone sodium with a flow rate of 1 mL min−1.

3. Results and discussion

3.1. Anode bacterial accumulation and voltage output from
ceftriaxone sodium–glucose mixtures in the MFC

During the start-up phase, the anode in the MFC was colonized
using a glucose solution (1000 mg L−1) in a continuous feed oper-
ational mode. When 1000 mg L−1 glucose was pumped into the
MFC, an initial circuit voltage of 0.161 V was immediately generated
(Fig. 1). It might be due to the difference of the potential between
the two electrodes based on chemical and biological factors [21].
Thereafter, because of biological activity, voltage increased with the
increase of the time, and registered a maximum of 0.368 V within
22 h. During the next 148 h, the maximum voltage stabilized at
0.385 ± 0.005 V, indicating the exoelectrogenic biofilm formation
and the finish of MFC start-up.

As is shown in Fig. 1, voltages were obviously decreased when
ceftriaxone sodium–glucose mixtures were added into the MFC.
The decreased voltages indicated that ceftriaxone sodium might

reduce the electrochemical activity of bacteria on the anode. After
10 h acclimation and cultivation, voltages were then gradually
increased with the addition of ceftriaxone sodium, indicating that
the concentration of ceftriaxone sodium was within the range of
adaptation of microbial culture. The maximum voltage outputs
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ig. 2. (A) Power generation from different concentrations of ceftriaxone sodium m
ixed with different concentrations of glucose; (C) power generation from the alm

sing ceftriaxone sodium–glucose mixtures, pure glucose, and pure ceftriaxone sod

ere 0.368, 0.453 and 0.472 V for the fuels with ceftriaxone sodium
oncentrations of 0, 30, and 50 mg L−1, respectively. Results sug-
ested that it was possible to operate the MFC in the presence
f ceftriaxone sodium, demonstrating that electricity generating
acteria on the anode could be acclimated, cultivated and suitable
or generating electricity. Meanwhile, each increase in the ceftri-
xone sodium concentration gave an increase in voltage output.
he gradual increase indicated the short cultivated time period
or ceftriaxone sodium–glucose mixtures, which suggested that

icroorganisms in the MFC needed short time to adapt ceftriaxone
odium. In this study, the ceftriaxone sodium–glucose mixtures uti-
ization by bacteria might be attributed to the use of mixed bacteria
fter a period of acclimation in MFC. It was also demonstrated that
he mixed bacteria generate power from recalcitrant contaminants
uch as phenol, furfural, and pyridine [2,8,9].

.2. Effect of different ceftriaxone sodium concentrations on
oltage and power density

Polarization data were obtained to characterize the perfor-
ance of the system at different ceftriaxone sodium concentra-

ions. Fig. 2(A) shows the polarization and power density curves

f a MFC operating on 1000 mg L−1 glucose containing ceftriax-
ne sodium with different concentrations. It can be seen that
he presence of ceftriaxone sodium significantly affected the MFC
olarization behavior, and large differences in power production
ere observed based on polarization data. The increased ceftriax-
ith 1000 mg L−1 glucose; (B) power generation from 50 mg L−1 ceftriaxone sodium
e COD value (1000 ± 30 mg L−1); (D) comparison of power generation for the MFC

s the fuel.

one sodium concentration caused a low polarization and a high
power density. Maximum power densities produced with dif-
ferent ceftriaxone sodium concentrations (from 0 to 50 mg L−1)
varied over a large range of 19–113 W m−3. It was apparently
observed that power production depended on the ceftriaxone
sodium concentration, with the largest maximum power density
of 113 W m−3 produced with a mixture of 1000 mg L−1 glucose
and 50 mg L−1 ceftriaxone sodium at a current density of 13 A m−2.
Thus, a 6-fold higher maximum power density can be obtained
in the MFC system than that using individual 1000 mg L−1 glu-
cose.

This power density (113 W m−3) was high in comparison to
other findings, particularly since the anode used was carbon felt.
For example, Luo et al. achieved a power density of 18 W m−3

using 6.68 mM furfural as fuel with carbon cloth anode (anode sur-
face area of 54 m2 m−3, i.e. 7 cm2 × 13 mL reactor volume) and air
cathode (carbon cloth with Pt catalyst). Luo et al. also achieved
103 W m3 with 6.68 mM furfural as substrate using a brush anode
and ferricyanide as the electron acceptor [8]. Interestingly, the max-
imum power density 113 W m−3 was 4-fold higher than that of
27 W m−3 produced from 1800 mg L−1 glucose (with almost the
same COD (chemical oxygen demand) value of 1800 ± 50 mg L−1).
Polarization data were then obtained to compare the perfor-
mance of MFC over a series of glucose concentrations mixed with
the same ceftriaxone sodium of 50 mg L−1. As is shown in Fig. 2 (B),
from the mixtures of 1000, 500, 250 mg L−1 glucose and 50 mg L−1

ceftriaxone sodium, the maximum power densities were 113, 98
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nd 85 W m−3, respectively; the corresponding current densities
ere 14.8, 12.3 and 11.4 A m−2, respectively.

In comparison with 1000 mg L−1 glucose without ceftriaxone
odium (19 W m−3), the maximum power densities produced
ith other fuels were increased by 337% for 30 mg L−1 ceftriax-

ne sodium + 1000 mg L−1 glucose (83 W m−3), 495% for 50 mg L−1

eftriaxone sodium + 1000 mg L−1 glucose (113 W m−3), 416% for
0 mg L−1 ceftriaxone sodium + 500 mg L−1 glucose (98 W m−3),
nd 347% for 50 mg L−1 ceftriaxone sodium + 250 mg L−1 glucose
85 W m−3) (Fig. 2(A) and (B)).

In order to investigate whether the different COD values
nfluenced the results, power densities of 250 mg L−1 glu-
ose + 50 mg L−1 ceftriaxone sodium (85 W m−3), 500 mg L−1 glu-
ose + 30 mg L−1 ceftriaxone sodium (71 W m−3) and 1000 mg L−1

lucose (19 W m−3) were compared with almost the same COD
alue (1000 ± 30 mg L−1) (Fig. 2(C)). These glucose-mixtures gen-
rated a much higher power density than 1800 mg L−1 glucose as
ole fuel (27 W m−3) (Fig. 2(A)), with almost the twice COD value
1000 ± 30 mg L−1 vs. 1800 ± 50 mg L−1). If COD value was a signifi-
ant limited factor in this MFC system, the power densities with
lmost the same COD value would have been comparable, and
he power density of 1800 mg L−1 glucose would be higher. These
esults demonstrated that it was the additional ceftriaxone sodium
elow a particular level substantially that enhanced power pro-
uction instead of inhibiting. Nevertheless, the ceftriaxone sodium
s the sole fuel produced a relatively low power density, as is
hown in Fig. 2(D), the power density was 11 W m−3. It was inter-
sting to find that the power density (113 W m−3) using ceftriaxone
odium–glucose mixtures as the fuel was 277% higher than the sum
f power densities using individual glucose (19 W m−3) and ceftri-
xone sodium (11 W m−3) as the fuel. These results suggested that
he MFC using the mixtures might show different characteristics of
ower generation compared to using the pure organics. Similar to
he phenol and pyridine results of Luo et al. [2] and Zhang et al. [9],
o-substrates could enhance the energy output.

As can be seen from the above results, the activity of electric-
ty generating bacteria in MFC was not inhibited and presented a
igh tolerance to ceftriaxone sodium in some extension with glu-
ose as co-substrate. These experimental results were very useful
n practice and showed the possibility of the MFC application on the
ndustrial wastewater treatment containing ceftriaxone sodium.

.3. Electrode potential analysis

Potential is one of the important parameters used to describe
uel cell efficiency. Individual electrode potential was investigated
n order to examine the performance of each electrode at dif-
erent ceftriaxone sodium concentrations (0, 30, and 50 mg L−1)
Fig. 3). As 1000 mg L−1 glucose mixed with ceftriaxone sodium
oncentrations of 0, 30 and 50 mg L−1, the open circuit poten-
ials of anode were −300, −380 and −385 mV, respectively; while
hat of cathode were 111, 130 and 147 mV. At the current den-
ity of 5 A m−2, the value of anode potential minus open circuit
otential at each condition was 244 (0 mg L−1), 110 (30 mg L−1),
nd 48 mV (50 mg L−1), whereas the value of open circuit potential
inus cathode potential was 147 (0 mg L−1), 104 (30 mg L−1), and

3 (50 mg L−1). It can be seen that increasing the concentration of
eftriaxone sodium improved both the anode and cathode perfor-
ance, however, the cathode working potentials did not change

ignificantly with increases of current density. The effect of ceftri-

xone sodium on the anode and cathode led to the enhancement
n power output of MFC, meanwhile, evidence from the anode and
athode polarization curves showed that the anode were respon-
ible for the overall power output. As is known, anode potential is
ontrolled by the kinetics of electron transfer from the microorgan-
Fig. 3. Anode and cathode potentials as a function of current density for different
concentrations of ceftriaxone sodium (0, 30, and 50 mg L−1) mixed with 1000 mg L−1

glucose.

isms to the anode, so the significantly decrease in anode potential
was possibly due to an improvement of electron supply in the
glucose–ceftriaxone sodium fed MFC. The improvement of electron
supply would enhance the redox reaction on the cathode and then
resulted in the increased cathode potential.

3.4. Electrochemical impedance spectroscopy (EIS)

The MFC requires a better understanding of the distribution of
internal resistance within the MFC. Quantification of the changes
in individual impedances corresponding to the anode and cell with
process conditions is needed to improve our understanding of MFC.
Therefore, changes in the anode and the whole cell impedances
were measured using electrochemical impedance spectroscopy
(EIS). In order to assess the impedances under different operation
conditions, the EIS analysis was conducted at different ceftriaxone
sodium concentrations. Fig. 4 showed that the impedance spectra
for the anode and the whole cell decreased gradually as ceftriaxone
sodium concentration increased from 0 to 50 mg L−1. The Nyquist
plot of the 1000 mg L−1 glucose showed that the whole cell resis-
tance was about 19.4 �, while the anode impedance was 10.2 �.
With the addition of ceftriaxone sodium, both of the impedances
for the whole cell and anode were decreased. The total impedance
for the mixtures of 1000 mg L−1 glucose and 30 mg L−1 ceftriax-
one sodium was 16.2 �, which decreased to 8.0 � at ceftriaxone
sodium concentration of 50 mg L−1. The impedance associated with
the anode also decreased from 7.2 to 3.0 � at ceftriaxone sodium
concentration of 30–50 mg L−1. In addition, the ohmic resistance of
the MFC was also decreased from 8.4 to 5.3 � with the addition of
ceftriaxone sodium from 0 to 50 mg L−1. It can be said that there was
a significant change in the anode and the whole cell impedances
with cefriaxone addition. The increase in power density might be
due to the decrease in the whole cell impedance.

3.5. Anode discharge performance in MFC

In order to evaluate the discharge performance of the anode with
different ceftriaxone sodium concentrations in the MFC, the current
from ceftriaxone sodium–glucose mixtures at a constant potential

(0 V) was measured. As is shown in Fig. 5, the current ascended with
the increased ceftriaxone sodium concentration. The current–time
curves of glucose or ceftriaxone sodium–glucose mixtures were
significantly different from each other. For the pure glucose, the
current increased very slowly and the current was much lower than
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hat in the presence of ceftriaxone. For the two concentrations of
dditional ceftriaxone sodium, when the current of the 30 mg L−1

−1
eftriaxone sodium reached a plateau, the current of the 50 mg L
eftriaxone sodium was still increasing and the current density
s higher than the former. For electricity production in an air-
athode MFC, electrons are produced during microbial metabolism.
pecifically, organic matter is oxidized to produce electrons and
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protons upon the catalysis of the microorganisms. Electrons are
transferred from the cell to the anode electrode and collected in
the anode, subsequently, arrive at the air-cathode where they com-
bine with protons and oxygen to form water [22]. The analysis of
the electron transfer mechanism of the MFC suggested that cur-
rent production mainly relies on the electron transfer between
bacterial cells and electrode. Fig. 5 indicated that anode discharge
almost increased 2-fold when added 30 mg L−1 ceftriaxone sodium
to 1000 mg L−1 glucose. It can be concluded that the additional cef-
triaxone improved the ability of electrons transfer from microbe to
anode.

Above all, results revealed that ceftriaxone sodium–glucose
mixtures and pure ceftriaxone sodium could be used as fuels to
generate electricity in the MFC. And it was interesting to discover
that great improvements in power density, electrode potential,
resistance and anode discharge were revealed with ceftriaxone
sodium–glucose mixtures as fuels in comparison with glucose as
the sole fuel (Figs. 2–5). These results may be due to the effect of
ceftriaxone sodium on the electricity generating bacteria.

The �-lactam antibiotics work by inhibiting the formation of
peptidoglycan cross-links in the cell wall of bacterial. The �-lactam
functional group binds to the enzyme (DD-transpeptidase) that
links the peptidoglycan molecules in bacteria, which weakens the
cell wall of the bacterium [11,30–32]. In the MFC, the cell mem-
branes and walls of bacteria contain non-conductive materials,
such as lipid or peptidoglycan, which would result in the block
of directly electron transfer between cell and outer membrane.
In this study, the addition of ceftriaxone sodium (30–50 mg L−1)
in the MFC might destroy the integrity of the cell walls, but have
no apparent influence on the activity of microbial cells, causing
an improved diffusion of redox species and redox enzymes (mainly
hemoproteins) in cell membrane [33]. Thus, direct electron transfer
improved, resulting in an increase of anode discharge (Fig. 5). The
improvement in electron transfer capability decreased the anode
resistance and therefore reduced the overall internal resistance of
the MFC (Fig. 4), which resulted in an increase current density and
a decrease of polarization (Fig. 3), finally, the power generation
increased (Fig. 2).

An analysis of the electricity generation of the MFC suggested
that current production mainly relies on the electron transfer
between bacterial cells and electrode. Considering that the cell
walls and membranes of bacteria contain non-conductive mate-
rials, such as lipid or peptidoglycan, the direct electron transfer
rate from microbe cell to anode is quite low. Despite the fact that
in recent years the power generation from MFCs have improved
considerably [23–29], it is still a big challenge. This study not only
demonstrated the feasibility of electricity generation from ceftriax-
one but also provided a new approach to increase electrons transfer
rate through ruptures of cell walls. For further consideration, it
could also improve electrons transfer through increasing the per-
meability of microbial membranes.

3.6. COD and ceftriaxone sodium degradation in the MFC
comparison with the anaerobic reactor

In the field of wastewater treatment, substrate utilization and
degradation are practically important. In order to investigate the
substrate degradation capability in the MFC and the differences
from anaerobic reactor (AR, MFC reactor with open circuit and
everything else was exactly the same), the experiments were con-
ducted to investigate the degradation of ceftriaxone sodium and

COD. As is represented in Fig. 6, the removal efficiencies of both
ceftriaxone sodium and COD in MFC were higher than those in
anaerobic reactor at any given time during the 24 h experiment.
At the substrates of 1000 mg L−1 glucose + 30 mg L−1 ceftriaxone
sodium and 1000 mg L−1 glucose + 50 mg L−1 ceftriaxone sodium,
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ig. 6. Ceftriaxone sodium degradation (A) and COD degradation (B) with different
ubstrates (1000 mg L−1 glucose + 30 mg L−1 ceftriaxone sodium, and 1000 mg L−1

lucose + 50 mg L−1 ceftriaxone sodium) in the MFC and anaerobic reactor (AR).

he ceftriaxone sodium removal efficiencies within 24 h in the
FC were 72% and 91%, respectively, and the corresponding COD

emoval efficiencies were 88% and 96%; while in anaerobic reactor,
eftriaxone sodium removal efficiencies were 46% and 51%, and the
orresponding COD removal efficiencies were 69% and 77%. These
esults revealed that: (i) it was feasible to treatment wastewater
ontaining ceftriaxone sodium in MFC; (ii) the removal efficiencies
f ceftriaxone sodium and COD in MFC were higher than those in
he anaerobic method. These results were similar to [9,34,35]. They
ll found that the degradation rates of substrates in MFC systems
ere better than traditional anaerobic reactor. The accelerated and

mproved degradation of ceftriaxone sodium in the MFC in com-
arison with traditional anaerobic treatment in this study might
e attributed to the current generated in the MFC, which might
ave an active effect on the metabolism of electrochemically active
icrobes.
In this MFC, the removal efficiency of COD increased from 88%

o 96% as the addition of ceftriaxone sodium increased from 30
o 50 mg L−1, indicating that the interfering with integrity of the
ells did not inhibit overall cell functioning. Although ceftriax-
ne sodium below a particular level (50 mg L−1) did not have an
nhibition to bacteria, it should be noted that with an increase in

eftriaxone sodium concentration, the inhibition on bacteria could
e apparent and might destroy the system. The utmost of ceftriax-
ne sodium degraded in MFC system and the influence on bacteria
n the MFC will need further research.
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4. Conclusions

Electricity was successfully generated using ceftriaxone
sodium–glucose mixtures or ceftriaxone sodium as the fuel
in the air-cathode single chamber MFC. Interestingly, results
demonstrated that the ceftriaxone sodium–glucose mixtures
could improve the power density, for example, the maximum
power density increased from 19 to 113 W m−3 when 50 mg L−1

ceftriaxone sodium was added to 1000 mg L−1 glucose. Moreover,
91% ceftriaxone sodium was degraded within the operation time
in the MFC compared with 51% in the anaerobic reactor when
1000 mg L−1 glucose + 50 mg L−1 ceftriaxone sodium mixtures
were used as the substrates. This study shows the potential of
biodegradation of antibiotic wastewater (e.g. �-lactam class) and
their possible electricity generation using the MFC.
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