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ABSTRACT

Pharmaceutical compounds have been recognized as a hazardous class of organic pollutants due
to their long term effects towards the aquatic environment. The present work studies the efficiency
of electrogalation (EC) process in removal Norfloxacin (NFX) from aqueous solutions by aluminum
electrodes. This study experimentally was run in a batch electrochemical reactor (1.5 L glass
beaker) and six electrodes which installed in parallel. In each of test, 1 L of wastewater added
to the test reactor, then effect of four parameters including the voltage 10-60 V (current density:
1,2,3 and 4 mA/cmz), reaction time (5-60 min) initial concentration of NFX and the pH of
wastewater (pH=3-9) on process performance were investigated. Results of this study showed that
the efficiency of the system could be promoted by increasing the contact time, initial pH of the
solution, and the applied voltage. However, the efficiency of EC process has decreased, when
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efficiency.

higher level of NFX ions was presented in the aqueous phase. The optimal conditions for
Norfloxacin removal were: pH 7, initial NFX concentration 25 mg/L, voltage 60 V and reaction time
45 min and the highest removal rate was under these conditions 98.4%. The results of this study
indicate that EC process could be applied for the removal of NFX from aqueous solution with a high

Keywords: Electrocoagulation; norfloxacin; energy consumption.

1. INTRODUCTION

The removal of conventional pollutants, such as
persistent organic pollutants was in focus for the
last decades and so their behavior is well
understood [1,2]. On the other side very little is
known about the behavior of trace pollutants yet,

which are present in the environment in
extremely low concentrations [3,4].
Pharmaceutical compounds have been

recognized as a hazardous class of organic
pollutants due to their extensive use and long
term effects towards aquatic environment [5,6].
There has been a significant growth in the
production of livestock, especially with poultry,
porcine, cattle and salmon farming [7]. All these
highly technical livestock activities involve the
use of a great number of chemicals that includes
the use of antibiotics, used to treat infections and
as growth factors [8]. The many national and
international reports indicate that some of these
antibiotics are discarded into the environment,
maintaining their pharmacological properties [9].
About 30-90% of the given antibiotic dose can
remain undegradable in the human or animal
body, and is largely excreted as an active
compound [10]. Norfloxacin (NFX) antibiotics are
belonging to the Fluoroquinolones (FQs) family
[11]. These antibiotics are heavily used in
medical and veterinary practice. The presence of
FQs residues in effluents from households,
hospitals, and pharmaceutical industries is a
major cause of acute and chronic toxicity, as well
as the emergence of resistant bacteria [12].

The increased water use and wastewater
discharge, particularly industrial wastewater,
have added impurities to water which requires
cleaning processes [13]. The most widely used
methods for antibiotics removal from aqueous
solutions are adsorption, chemical oxidation,
biological treatment, precipitation, distillation,
solvent extraction, ion exchange, membrane
processes, reverse osmosis, and electrochemical
methods [11,12]. However, these methods have
some problems such as high cost, low efficiency,
and generation of toxic by- products [14].
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In general, the technical applicability, simplicity,
and cost-effectiveness are the key factors in
selecting the most suitable treatment of inorganic
effluent [8]. Physical methods such as ion
exchange, reverse osmosis and electrodialysis
have proved to be either too expensive or
inefficient to remove pollutant from water [15].
During the past few years, EC has been
proposed as an effective method to treat many
types of effluents [16]. All these investigations
showed that EC could achieve a significant
reduction of major pollutants and has become of
growing interest for the industrial scale [17,18].

EC technique uses a direct current (DC) power
source between metal electrodes immersed in
polluted water [19]. The electrical current causes
the dissolution of metal plates including iron or
aluminum into wastewater [20]. The metal ions
generation takes place at the anode and
hydrogen gas is released from the cathode [21].
The metal ions, at an appropriate pH, forms a
wide range of coagulated species and metal
hydroxides that destabilize and aggregate the
suspended particles or precipitate and adsorb
dissolved contaminants [22]. The hydrogen gas
would also help to float the flocculated particles
out of the water [22].

An examination of the chemical reactions
occurring in the EC process shows that the main
reactions occurring at the aluminum electrodes
are [23]:

Anode: Al — Al"® +3° (1)

Cathode: 3H,0 +3° ~ 2H, )+ 30H  (2)
AP’* and OH ions generated by electrode
reactions (1) and (2) react to form
variousmonomeric  species, which finally
transform into Al(OH);3 (s) according to complex
precipitation kinetics [24]:

Al"® + 3H,0—> Al (OH); +3H" 3)
Freshly formed amorphous Al(OH);) ‘sweep
flocs” exhibit large surface are as which are



beneficial for a rapid adsorption of soluble
organic compounds and for trapping colloidal
particles. Finally, these flocs are removed easily
from aqueous medium by sedimentation or by
flotation induced by the H, bubbles generated at
the cathode [25,26].

The main purpose of this work is to study of the
EC process efficiency for Norfloxacin (NFX)
antibiotics removals from aqueous environment
with aluminum electrodes and determination of
the important variables such as current, initial
pH, NFX concentration, and reaction time on the
removal efficiency.

2. MATERIALS AND METHODS

Norfloxacin with molecular formula: CigH1gFN3O5
and molecular weight: 319.33 g/mol andpurify:
99% and was purchased from Sigma Aldrich Co
and applied without further purification. The
chemical structure of used NFX is showed in Fig.
1. The NFX stock solution (1000 mg/L) was
prepared by dissolving 1 g of NFX in 1000 mL
deionized water. Desired concentrations of NFX
solutions (20, 40, 60, 80 and 100 mg/L) were
prepared by diluting proper amount of stock
solution with deionized water.

0 0
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Fig. 1. Chemical structure of norfloxacin

The batch system consisted of a DC power
supply, power control and measurement units, an
electrochemical reactor and a magnetic stirrer
(Fig. 2). The electrochemical reactor was a 1.5
beaker with a set of six pairs of electrodes made
of aluminum with the distance between
electrodes 2 cm. The electrodes were connected
to the DC power supply in monopolar mode and
the electrochemical reactor was operated in
batch mode. Before and at the end of each run,
electrodes were washed thoroughly with water,
dipped in HCI solution (5% vol/vol) for at least 15
min and rinsed again with tap water.During the
runs, the reactor unit was stirred at 120 rpm by a
magnetic stirrer (IKA, C-MAG HS, Germany).
The experiments were carried out in a batch
mode with a liquid sample of 1 L. Four different
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voltage at different four current density of 10, 20,
40,60 V (1, 2, 3 and 4 mA/cm2) were applied.
For each voltage, EC time of 5, 10, 20, 30, 45
and 60 min were used. By using 0.1 M NaOH or
HCI solutions, NFX solutions were adjusted to pH
values of 3-9. After the specified EC time, the
system was allowed to stand at room
temperature (25+2°C) for 30 min and a
supernatant was pipetted from the middle of the
supernatant portion for the analysis of water
properties. The concentration of NFX in effluent
stream was calculated continually using UV-
Visible = Spectrophotometer at  maximum
wavelengths of 272 nm for NFX.

Fig. 2. Bench-scale EC reactor with bipolar
electrodes in parallel connection

3. RESULTS AND DISCUSSION
3.1 Effect of Reaction Time

Reaction time has been considered as one of the
main parameters in chemical reactions. In
addition to the decrease in costs, reaction time
increases both performance and feasibility of the
processes.The effect of changes in reaction time
on energy consumption in NFX removal by
aluminum electrode is shown in Fig. 3. The NFX
removal efficiency directly depends on the
concentration of hydroxyl and produced metal
ions on the electrodes [27]. After 45 min of
electrolysis, the NFX removal efficiency reached
a maximum of 98.4%. Also, previous studies'
results were proved this fact that an increase in
contact time can enhance pollutant removal from
solution [28-30]. An increase in NFX removal
percentage with increase in reaction time is
accordance to Faraday's law. Based on
Faraday’s law, increases in electrolysis time
leads to increase in Al species in the
electrocoagulation reactor and their hydroxide



flocs, so the electrocoagulation process vyield is
enhanced [28].

3.2 Effect of NFX Concentration

Fig. 3 shows the evolution of removal efficiency
of NFX removal as a function of the initial NFX
concentration, using the optimum conditions
obtained previously for applied voltage, reaction
time and pH of solution. As expected, the rate of
NFX removal decreases with the increase in
initial NFX concentration. This result is in accord
with previously published findings [29]. This is
may be attributed to the fact that at a constant
current density or applied voltage the same
amount of aluminum ions passes to the solution
at different NFX concentration the better is the
concentrations. Consequently, the formed
amount of aluminum hydroxide complexes were
insufficient to coagulate the greater number of
NFX molecules at higher NFX concentrations
[30]. On the other hand, decrease in removal
efficiency  with increasing initial NFX
concentration may be attributed to requiring more
coagulant when increasing levels of pollutant
[27].

3.3 Effect of Applied Voltage

Fig. 4 showed that an increase in the voltage
causes an increase in NFX removal efficiency.
Voltage is the most important parameter for
controlling the reaction rate within the reactor. It
is obvious that amount of voltage determines the
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effects on the growth of flocks [28]. Rising of the
voltage causes a significant increase in the
oxidation of aluminum electrodes [29]. Optimum
voltage of 60 V was wused for all
experiment. Parsa et al investigation showed that
with increasing the primary voltage in EC
process, the removal efficiency also increased
[21].

With an increase in voltage, the amount of
aluminum ion produced increased. Therefore,
there was an increase in flock production, and

hence, an improvement in NFX removal
efficiency [22].
Electrical energy consumption: Electrical

energy consumption and current efficiency are
very important economical parameters in the EC
process. Electrical energy consumption was
calculated by the following equation [24]:

E= Ult/m

Where, E is electrical energy in KWh/m?, U is cell
voltage in volt (V), | is current ampere (A), V is
the solution volume (m®) and tis the EC process
per h. The value of energy consumption as a
function of treated solution volume was also
calculated in different voltages for each NFX
solution. In Fig. 5, voltage system is plotted
against power consumed. Inspection of Fig. 5.
reveals that the minimum energy consumption
for the NFX removal was 0.277 KWh/m® after 5
min of electrolysis time.
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Fig. 3. Effect of reaction time and concentration on the NFX removal efficiency
(Voltage: 60 V, pH: 7, d=2.5 cm, conductivity: 2500 uS/cm)
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Fig. 4. Effect of the initial concentration at different time
(Co: 100 mg/L, pH: 7, d=2.5 cm, conductivity: 2500 uS/cm)
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Fig. 5. Energy consumption at different voltages
(Co: 100 mg/L, pH: 7, d=2.5 cm, conductivity: 2500 uS/cm)
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Fig. 6. Effect of pH on removal efficiency of NFX
(d=2.5 cm, conductivity: 2500 uS/cm, time=45 min, CO=100 mg/L)

57



3.4 Effect of Applied pH

Fig. 6 shows that the maximum removal
efficiency for NFX is achieved at pH 7. The lower
removal efficiency at strong acidic medium is due
to the higher solubility of Al (OH); which is not
useful for water treatment [28]. The removal
mechanism of NFX molecules is based on their
adsorption on the Al (OH); flocs. There is
another mechanism may be occurred in addition

to simple adsorption mechanisms [31]. The
concentration of the aqueous complexes
(polymeric  aluminum  species:  Als(OH),*",

AlL(OH),*, AI(OH)** of the dissolved aluminum
becomes maximized between pH 5-7. The
aluminum atom of these species acts as an
electron acceptor for an electron pair donated by
different NFX [32].

4. CONCLUSION

In this research, the removal efficiency of EC
process with aluminum electrodes and the effect
of operating parameters, such as applied
voltage, reaction time, initial NFX concentration,
and pH for the treatment of a synthetic solution in
batch system has been studied and concluded.
The best NFX removal efficiency was obtained
98.4% at pH 7, initial NFX concentration 25
mg/L, voltage 60 V and reaction time 45 min. It
was concluded that EC process by aluminum
electrode is an efficient method for the removal
of NFX from aqueous solution.
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