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: Abstract

¢ Introduction: Medicinal sewages are considered as one of the most
: dangerous sewages due to their effects on human health and the
: environment. The aim of the present study was to investigate the
: photodegradation of cephalexin contaminants in aqueous solutions
. using synthetic photocatalyst nanostructure.

: Materials and Methods: In this study, a new metal-organic
: compound (Zn-MOC) synthesized by the synthetic sonocyte (4-
: cyanophenyl) porphyrin synthetic ligand (nanostructure) was used
: to optically degrade cephalexin. All parameters affecting the
: degradation efficiency of pollutants, including pH, irradiation time,
amount of photocatalyst, and cephalexin concentration, are
. investigated and optimized using the central cube design (CCD)
: method, which is one of the response surface methods (RSM).

: Results: Zn-based synthetic photocatalyst nanostructure (Zn-MOC)
: showed very high efficiency (94.20%) in the degradation of
: cephalexin in the presence of visible light.

¢ Conclusion: The synthetic photocatalyst used in this study showed
. high efficiency in a shorter time. Also, the optimal parameter values
: affecting the photodegradation process of cephalexin were observed
* by Zn-MOC at pH=4 the amount of photocatalyst was 0.90 g/], the
: irradiation time was 45 minutes and the contaminant concentration
: was 4.80 mg /1.
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Extended Abstract

Introduction

Environmental pollution is one of the most
important problems that human beings face
and due to the increase in population and the
increasing expansion of industries, the
importance of controlling environmental
pollution and preventing its exponential
growth is felt more than ever. Problems
caused by the presence of pollutants that are
not biologically eliminated, have led humans
to identify different ways to eliminate or
reduce them. There are different types of
environmental pollutants, one of the most
important environmental pollutants are
drug pollutants [1]. The presence of active
pharmaceutical ingredients (APIs) in
aqueous media was first reported in 1980
[2]. Conventional wastewater treatment is
not able to effectively remove drugs such as
antibiotics [5]. Therefore, it is important to
remove the remaining antibiotics from the
environment. Cephalexin is a first-
generation cephalosporin antibiotic [6] and
with a wide range of antibacterial activities
and high solubility in water, it is widely used
to treat a variety of infections in humans
caused by gram-positive and gram-negative
bacteria [7]. Various techniques such as
membrane separation of liquids, solid phase
extraction, etc. have been used to destroy
cephalexin [9]. Nanotechnology has
emerged as one of the most attractive water
treatment technologies. The advantages of
using nanomaterials include high surface
area, high reactivity, on-site fabrication and
high potential in water treatment [10]. The
aim of this study was to investigate the
degradation of cephalexin antibiotics from
aqueous solutions by Zn-MOC photo catalyst.

Materials and Methods

A new metal-organic compound (Zn-MOC)
was synthesized by the synthetic ligand
mesotherapy (4-cyanophenyl) porphyrin

213]

using the solvothermal and sonochemical
methods [14]. Response surface
methodology (RSM) was used to optimize
the effective parameters in the process of
photodegradation of cephalexin. The
response surface method (RSM) in Design
Expert software is a powerful tool for
statistical modeling, which is performed
using the least number of practical
experiments according to the test design
[17]. In this research, the central cube design
(CCD) method, which is one of the response
surface methods, was used to optimize the
effective parameters in the process of
photodegradation of cephalexin. Many
variables may affect the response of the
system, but it is not possible to control all of
these variables. Therefore, it is necessary to
select the independent variables and
interactions that have the greatest effect on
the system response. In this research, first,
by reviewing previous studies in the field of
photodegradation, effective parameters in
the process were identified [18]. The
parameters studied in the process of
photodegradation of cephalexin prepared
with photocatalyst were pH, radiation time,
amount of photocatalyst and cephalexin
concentration. For this test design, according
to the number of variables, 30 experiments
with 6 replications at the central point, 8
experiments for the axial points and 16
experiments for the surface points were
designed.

Results

pH is one of the most important parameters
affecting the percentage of contaminant
elimination in wastewater treatment. In this
study, the highest degradation efficiency was
obtained at pH=4. Degradation of cephalexin
at low pH can be due to the presence of more
H+ ions in the acidic environment, which
leads to the formation of H+ radicals. Also,
through the oxygen present in the solution, it
forms HO; radicals, which finally become OH
radicals. As the contact time increases, the
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percentage of degradation gets higher,
however, the percentage of degradation
increases the most in the first 45 minutes of
the process, and over time, the increasing
process of degradation of cephalexin
decreases. This can be attributed to the rapid
degradation of cephalexin contaminants in
the first 45 minutes of the process by free
radicals generated by the excitation of zinc
oxide nanoparticles and the production of
hydroxyl free radicals [21]. Initially,
increasing the amount of photocatalyst led
to an increase in the percentage of
cephalexin degradation, but then with
increasing this amount, the percentage of
cephalexin degradation decreased. So, the
optimal value of 0.90 g/1 was selected. The
cause of this phenomenon is the increase of
the turbidity of the solution and the decrease
of the penetration of visible light [22]. The
percentage of degradation increased with
increasing cephalexin concentration to 4.8
mg/l and then it decreased. This is due to the
adsorption of more cephalexin molecules in
higher concentrations, which reduces the
production of hydroxyl radicals and cavities
and reduces the percentage of degradation
[23].

Conclusion

The results of this study showed that the Zn-
MOC photocatalyst shows a very high
efficiency (94.20%) in the degradation of
cephalexin in the presence of visible light.

The synthetic photocatalyst used in this
study has high efficiency in a shorter time. By
consuming a small amount of photocatalyst
and exposing it to the visible light, a high
percentage of degradation can be achieved.
In order to optimize the parameters
affecting the degradation efficiency of the
desired pollutant, the response surface
methodology (RSM) was used. One of the
advantages of the response surface method
is the optimization of the factors affecting
the process, which in this study at pH=4, the
amount of photocatalyst is 0.90 g/l, the
radiation time is 45 minutes and the
pollutant concentration is 4.80 mg/1 Optical
degradation of cephalexin by Zn-MOC was
94.20%.
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