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In this research, the methods of oxidation, oxidation along with carbon
nanotubes and surface absorption of carbon nanotubes were
investigated to remove the drug substance of cefixime from aqueous
solutions. In these methods, the removal percentage of cefixime was
78%, 96% and 70% respectively. Therefore, the results showed that
oxidation with carbon nanotubes had a positive effect on the removal of
cefixime. For this reason, oxidation along with carbon nanotubes was
used to remove the cefixime. Next, different operating parameters such
as the concentration of drug pollutants (20,30,40 and 55ppm), reaction
time (5,10,15,20,25 and 30 min), concentration of hydrogen peroxide (1,
3 and 5ml) and amount of carbon nanotubes (0.05, 0.01 and 0.2 g/l)
were studied in the removal process of cefixime using the method of
oxidation along with carbon nanotubes. It should be noted that in all
experiments, certain amounts of carbon nanotubes and the oxidizing
agent of hydrogen peroxide were used. In addition, a mixer, with a given
round, was used to mix the materials. The maximum removal efficiency
of cefixime from aqueous solutions is about 96% , which is related to the
process of the removal of cefixime at the constant concentration of 55
mg/L by 0.1 g/L of carbon nanotubes and 5ml of hydrogen peroxide at
the t =30 min.
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1. Introduction

Pharmaceutical industries are among the most
important industries that their wastewater
contains serious biochemical pollutants [1-3].

In recent years, concerns have been raised
about the presence of a wide range of drug
substances in aqueous environments [4-6].
Due to the increasing population growth,
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expansion of various chemical and agricultural
industries and lack of safe water in the world,
the need for the purification and recovery of
water has gained special importance [7]. The
development of industrial activities and the
entry of polluted wastewaters into the drinking
water are the major threats to the environment
and public health of countries. One of the
developed industries is the pharmaceutical
industry, which produces a significant amount
of contaminated wastewater containing
medicines  including  antibiotics.  The
pharmaceutical industry is one of the most
important and diverse industries in the world
[4, 8]. The pollutants in the wastewater of the
pharmaceutical industry are very complex and
mostly hard or non- biodegradable, and their
entry into the environment has irreversible
effects. Also, these compounds and pollutants
that are found in the wastewater of the
pharmaceutical industries, including
antibiotics and certain organic compounds that
are used in the manufacturing process, are not
commonly found in other industrial effluents
[9]. The majority of drugs, especially the most
widely used ones, are dumped into urban
wastewater directly or indirectly without
altering the metabolism. Some of these drugs
can accumulate in the environment because of
their long half- life and reach biologically
active and detectable levels [10, 11]. The most
important reason for investigating and
controlling the pharmaceutical pollutants in
the environment is the entry of these pollutants
into the food cycle and making drug
resistances that pose many environmental and
medical risks. Therefore, we should prioritize
the drugs that have more risks. One of the
potential effects of pharmaceutical pollutants
and one of the major concerns of drug
contamination is the presence of antibiotics in
water resources and urban wastewater, which
increases microbial resistance, drug resistance
in humans, and the population of pathogenic

microbes in the environment (water, soil, air)
[12-14]. Antibiotics form a large group of
drugs that account for 15% of the total
consumption of drugs, and today they are the
most commonly prescribed among all drugs
[15, 16]. The non-biodegradability and drug
resistance of antibiotics have led to these
compounds being called environmentally
quasi-stable pollutants that will not be
destroyed wunder any conditions in the
environment. So they must undergo a specific
purification process and be destroyed. The
biological, physical and chemical purification,
coagulation and flocculation, membrane
processes, adsorption, oxidation and advanced
oxidation are among the common methods
being used in the pharmaceutical wastewater
purification [16, 17]. Cefixime with the
general formula of C16H1sNs07S3. 3H20 is one
of the third generation cephalosporins that has
become one of the most popular and widely
used disinfectants today, and it's due to its high
efficacy, safety and availability. Therefore, the
presence of this antibiotic in water and
wastewater ~ will cause environmental
problems, so the purification of cefixime
contaminated wastewater, in addition to saving
water resources, prevents the entry of
antibiotic- contaminated wastewater into the
environment and degradation of soil, water and
so on[18, 19]. In this research, the removal of
cefixime, using carbon nanotube adsorbents
and hydrogen peroxide oxidizing agents, was
investigated, of which the results will be
discussed in the following sections.

In addition, according to the water shortage
crisis, it is highly important to understand and
develope wastewater management systems in
the pharmaceutical industries. To this end,
after the disposal of pollutants, water should be
used by pharmaceutical industries. According
to the noted points, the main purposes in this
research are:
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1- Investigating how to  remove
pharmaceuticals from the aqueous
environment using inexpensive and available
adsorbents,

2- Studying the effect of oxidizing agents on
the removal of drug compounds from aqueous
environment in a short time, and

3-  Studying  wastewater  purification
procedures using oxidizing agents along with
adsorbents.

2. Materials and Methods

In this experiment, at first the desired
concentrations of the cefixime solution were
prepared. For this purpose, the stock solution
of cefixime was prepared at the concentration
of 55 ppm (based on the maximum solubility
of cefixime in aqueous solutions). Then, for
the preparation of different concentrations, the
amount of V ml of the stock solution was

ambient
temperature

aqueneous solution
containing cefixime
and carbon nanotube

=

measurem _\

removed, and the pharmaceutical wastewater
was prepared with the desired concentration of
X ppm according to the following equation by
adding the distilled water to reach the solution
volume of 500 ml:

V (mL) = 500 x/55 (1)

As shown in fig (1), to perform the cefixime
removal process, certain amounts of carbon
nanotube adsorbents and hydrogen peroxide
oxidizing agents were added to 50ml of the
cefixime solution with different concentrations
at ambient temperature in a 200ml beaker, and
stirred at 400 rpm for different periods of 30-
50 min of time. After completing the reaction
time, a centrifuge was used to separate the
suspended solid particles. The concentration of
the removed cefixime was then measured and
recorded by the LAMBADAZ25
spectrophotometer.
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Figure 1. Laboratory process system and its components.

As shown in table (1), carbon nanotube
adsorbents and H20: oxidizing agents were
used to remove cefixime from aqueous
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solutions. In this research, hydrochloric acid
(HCI) and potassium hydroxide (KOH) were
used to adjust pH.
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Table 1.
Materials used in the research

row Chemical composition  Chemical formula Manufacturer
1 Cefixime C16H15Ns07S; Pharmaceutics
2 Ethanol C2HsOH Hamoon Teb
3 Distilled water H-O Distiller
4 Potassium hydroxide KOH Merk
5 Hydrochloric acid HCL Merk
6 Hydrogen peroxide H20, Merk
7 Carbon nanotube - Merk

3. Results and discussion

3.1. Specifications of carbon nanotubes

As it can be seen in table (2), the carbon
nanotube adsorbent, with the following
characteristics, was used in the research:

Table 2.
Specifications of carbon nanotube adsorbent
Row  Specifications Carbon nanotube

Then, the FTIR spectroscopic analysis was
used to investigate the functional groups
present in the carbon nanotube, the results are
shown in fig (2). The wavelength of 3462 cm"
Lindicates the presence of OH free bonds and
humidity absorbers. The peaks at 3043 cm™
indicate the presence of OH attached to the
aromatic ring and different hydroxyls on the
surface of carbon nanotubes. The peaks at

1 Particles size 10-20 nm 1475-2947 cm™ represent the — CH group and
2 Particles length 40pum the peaks at 1435-2907 cm™ represent the —
3 Purity 95wt% CHz group. The peak at 1635 cm™ indicates the
4 Density 12 gem3 unsaturated and aromatic structure of C= C
bonds. The peak at 1741 cm™ indicates the
presence of C=0 bonds, and the peak at 1385
cmt indicates C-O bonds [19-21].
100
95
z %1
g 8S -
80
5 | [\
7 ‘ f'"’\.:[ o~ = D‘l U Jl |
3 ad8 & E 8 B398 g3

3500 3000 2500 2000

1500 1000 500

Wavenumber em-1

Figure 2. FTIR spectrum of carbon nanotubes.
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3.2. UV spectroscopy of cefixime solutions

According to Beer- lambert's law, when a
monochromatic light ray passes through a
complementary color solution, the amount of
the light absorbed by the solution is directly
proportional to its concentration. According to
this law, there is a linear relationship between
the concentration and the absorbed light.
Concentrations are usually determined in the
range where the absorbance is linearly

correlated with the concentration. For this
reason, a spectrophotometer was used in this
research to measure the concentration of the
pharmaceutical pollutant in the liquid phase
and according to the absorption profile of
drugs in the UV region. As it can be seen in fig
(3), the peak at 286 nm represents the
maximum wavelength for the cefixime
solution.

Absorbance
8,

A max = 286 nm

Initial CF concentration = 30 ppm

w—pH=11
m—pH=4
— D H=2

200 260

320

A (nm)

Figure 3. Absorption spectrum of cefixime (drug concentration 30 ppm)

3.3. Effect of the oxidation process on the
removal of the cefixime antibiotic

In this section, the effect of the hydrogen
peroxide oxidizing agent on the procedure of
removing cefixime was studied. For this
purpose, 50ml of the cefixime solution, with
the concentration of 55 mg/L, was removed
and 5 ml of hydrogen peroxide was added for
oxidation. At specific intervals, a certain
amount of the drug was removed, then the
collected samples were analyzed by a
spectrophotometer and the amount of the drug
was read at the wavelength of 286 nm. The
obtained results are shown in fig (4). The
results show that the oxidation process using
hydrogen peroxide has a positive effect on the
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removal of the above mentioned pollutant so
that an increasing trend in cefixime removal
efficiency from the aqueous solution is seen
over time, as the highest removal rate is 78%.
As shown in fig (4), the rate of the
concentration reduction due to the oxidation is
more intense at the early moments, and reaches
a nearly constant trend over time. This
phenomenon can be attributed to the rapid
oxidation of organic compounds occurring in
the early minutes. In addition, the production
of intermediates begins over time and because
the reactivity of these materials with oxidizing
agents is low, the reaction rate decreases as the
reaction time is prolonged and the drug
removal rate reaches a constant level.
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Figure 4. Effect of oxidizing agents on the cefixime removal percentage from aqueous solution.

3.4. Investigation of the cefixime removal
process by the adsorption of carbon
nanotube

At this stage, another experiment was carried
out to investigate the effect of carbon
nanotubes on the cefixime removal from the
aqueous solution without the oxidation
process. In this experiment, 0.1 g/L of carbon
nanotubes was added to 50ml of the cefixime
drug solution with the concentration of 55
mg/L. The experiment was conducted in 30
min and under appropriate stirring. The
samples were then inserted into a centrifuge to
conduct the adsorption analysis, and their
absorbance was read by a spectrophotometer.

As shown in fig (5), the carbon nanotube has a
positive effect on the removal process of the
pharmaceutical pollutant and decreases its
concentration. The comparison of this
experiment with oxidation and oxidation with
carbon nanotubes shows that the carbon
nanotube alone is not significantly capable to
remove the cefixime pharmaceutical pollutant
and the removal rate is about 70%. Therefore,
according to fig (6) and the obtained results of
pollutant  absorption values and their
comparison, one can recognize the effect of the
presence of carbon nanotubes along with the
oxidation process on the cefixime removal
from aqueous solutions.
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Figure 5. Effect of the adsorption of carbon nanotubes on the cefixime removal percentage from aqueous

solution.
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Figure 6. Investigation of oxideaiton, oxidation along with carbon nanotubes and the adsorption of carbon
nanotubes.

3.5. Effect of operating parameters on the
cefixime removal in the reaction of
oxidizing agents with carbon nanotubes

The most important parameters in the cefixime
removal process are:

- Initial concentration of cefixime (ppm)

50

- Reaction time (min)
- Amount of carbon nanotube adsorbents (g/L)
- Amount of oxidizing agents (ml).

The following equation is used to calculate the
removal efficiency:
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Removal efficiency (20R) = (ANT)%- (ANT)/
(ANT)?*100

In this equation, (ANT)? is the initial
concentration of antibiotic, (ANT) is the
concentration at any time, and R% is the
percentage of the antibiotic removal efficiency
at that time.

3.6. Effect of the reaction time on the
cefixime removal

As the reaction time increases, at the constant
concentration of 55 ppm of cefixime, the
concentration decreases as expected, and so
the cefixime removal efficiency increases.

As shown in fig (7), the removal efficiency
reaches 66% int =5 min and 90% in t = 20
min, and then it increases slightly so that the
removal efficiency reaches 96% after 30 min.
Therefore, the effect of time on the cefixime
removal using the adsorbent along with the
oxidizing agent can be analyzed in two steps.
In the first step and when the slope of diagram
is steep, the concentration of pollutants

decreases significantly, but in the second step,
the concentration of cefixime decreases less
and eventually reaches equilibrium. The
hydrogen peroxide oxidizing molecules
gradually dissolve in the solution over time,
react with the cefixime pollutant molecules,
and oxidize them. As a result, the cefixime
removal rate increases, and after about 20 min,
reaches the equilibrium. The reason for the
steepness of the slope of the diagram in the
first minutes is that cefixime pollutants are
directly removed in the early times due to the
vacancy of the carbon nanotube active sites as
well as the rapid oxidation reaction with
hydrogen  peroxide, but the  more
decomposition of hydrogen peroxide into
hydroxyl radicals leads to the indirect removal
of cefixime, which results in a slower removal
process. In fact, it can be concluded that by
increasing the reaction time, the carbon
nanotube adsorbent and hydrogen peroxide
oxidizing agent have sufficient time to remove
cefixime.

Degradation%
(2]
(=]

/
/
f

Initial pH =5

N
(=]

,'/ Initial CF concentration = 55 ppm
40 / H,0,concentration =5 ml
NC laoding=0.1g/L

o

o
w
o

15 20 25 30 35

Time (min)

Figure 7. Effect of the reaction time on the cefixime removal percentage in the oxidation process along
with carbon nanotubes.
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3.7. Investigation of the effect of the initial
concentration of cefixime on the removal
efficiency

Fig (8) shows the results of the cefixime
removal experiment at different concentrations
with the carbon nanotube adsorbent and the
hydrogen peroxide oxidizing agent. As the
figure shows, the removal efficiency of the
pharmaceutical pollutant decreases during the
first 5 minutes by increasing the concentration
of cefixime. But after 5 min and within 30 min,
the increase of the concentration of the drug
leads to increasing the removal efficiency of
the pharmaceutical pollutant. In the analysis of
the first result, it can be noted that in the early
reaction times, due to the increase of the
concentration of cefixime and low amounts of
the oxidizing agent in the reaction container,
less hydroxyl radicals are formed. Therefore,
the removal rate decreases in the early times.
As the concentration of cefixime increases in
the constant volume, the number of available

reaction molecules increase. As a result, they
will see the hydrogen peroxide oxidizing
molecules and the carbon nanotube adsorbent
particles of the pollutant molecule in front of
themselves in a more concentrated solution.
This is less likely to occur in dilute pollutant.
Therefore, it can be said that as the
concentration of cefixime increases in a
constant volume, the contact surface increases,
which increases the probability of the reaction
between the free radicals of the oxidizing
species as well as the adsorbent particles of the
carbon nanotube with the cefixime molecules.
This leads to an increase in the removal
percentage. Over time and at a given
concentration, the removal rate is almost
constant because the concentrations of
oxidizing agents and carbon nanotubes are
fixed by increasing the concentration of
cefixime in a constant volume, which acts as a
limiting factor. So after a certain concentration
we will not see any significant changes [22].

100

80

60

Degradation %

40

—&— CF=20 ppm

- CF= 30 ppm
—@®— CF=40 ppm

CF=55 ppm

Time (min)

Figure 8. Effect of the initial concentration of cefixime on the cefixime removal percentage in the
oxidation process along with carbon nanotubes.

3.8. Effect of the amount of oxidizing agents
on the cefixime removal

Fig (9) shows the effect of the hydrogen
peroxide oxidizing agent on the cefixime
removal efficiency at the constant

52

concentration of cefixime (55 mg/L) and with
the constant amount of carbon nanotubes (0.1
g/L). According to the figure, it is clear that as
the amount of hydrogen peroxide and time
increase, the concentration of cefixime in the
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solution decreases or the cefixime removal
efficiency increases in the oxidation process
along with carbon nanotube so that the highest
percentage of the cefixime removal from the

H202 g ZOH

Thus, by increasing the amount of hydrogen

aqueous solution is about 96% in 5 ml of
hydrogen peroxide. Hydrogen peroxide using
photolysis produces the hydroxyl radicals
according to the following reaction:

)

produced, which increases the rate of mass

peroxide, more hydroxyl radicals are transfer and then removes more cefixime.
100
—  ____—oaat
“#/,q»/

80 et
S 60 —e—H202=5ml
:—3; { H202=3ml
S 40 / H202=1ml
[ /

/, Initial CF concentration = 55 ppm
20 // NC laoding = 0.1 g/L
Initial pH =5
0
0 10 15 20 25 30

Time (min)

Figure 9. Effect of the concentration of hydrogen peroxide on the cefixime removal percentage in the
oxidation process along with carbon nanotubes.

3.9. Effect of the amount of carbon
nanotubes on the cefixime removal

In order to study the effect of this factor, the
amount of carbon nanotubes was changed to
0.05 0.1 and 0.2 g/L at the constant
concentrations of 5ml of hydrogen peroxide
and 55 mg/L of cefixime. The results are
shown in fig (10). According to the graph, it is
clear that there is a direct relationship between
the concentration of carbon nanotube and the
drug removal percentage. As the amount of
carbon nanotubes increases, the cefixime
removal efficiency increases. But at high

concentrations of carbon nanotubes (0.2), no
significant increase in the removal efficiency
is observed with the increase of the amount of
carbon nanotubes. Therefore, the amount of
0.1 g/L is considered as the best concentration
of carbon nanotubes. The increase of the
cefixime removal efficiency from aqueous
solutions by increasing the concentration of
carbon nanotubes can be due to the increase of
vacancies on the surface of carbon nanotubes,
which results in the interactions of carbon
nanotubes and more removal of cefixime.
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Figure 10. Effect of the concentration of carbon nanotube on the cefixime removal percentage in the
oxidation process along with carbon nanotubes

4. Conclusion
The obtained results are as follows:
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The amounts of the cefixime removal
percentage in the oxidation, oxidation
along with the activated carbon and the
adsorption of carbon nanotube
experiments are 78%, 96 %and 70%
respectively. Therefore, these results show
that carbon nanotubes along with oxidation
has a positive effect on the cefixime
removal process.

The results of the effect of the
concentration of cefixime on the cefixime
removal efficiency from aqueous solutions
show that by increasing the concentration
of the pollutant from 20 to 55 mg/L during
the initial times, the oxidation has a
decreasing trend, and it has an increasing
trend in the removal of the pharmaceutical
pollutant from 5 min onwards.

By examining the effect of time as an
important parameter in the oxidation
process with carbon nanotubes, it was
found that the reaction was accompanied
by a rapid rate and gradient, which
decreased over time and after 20 min, it

gradually approached the equilibrium at
initial times of process.

As the concentration of carbon nanotubes
increases due to the increase in available
sites for the removal of pharmaceutical
pollutants, the cefixime removal rate
increases. Therefore, 0.1 g/L of carbon
nanotubes was selected to continue the
project.

As the concentration of hydrogen
peroxide, as the oxidizing agent, increases,
the production of hydroxyl radical
increases in the pharmaceutical solution,
which increases mass transferring and
consequently removes more cefixime.
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