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ARTICLE INFO: ABSTRACT
Received 2 Mar 2023 Sarafloxacin (SAR) is an antibiotic from the fluoroquinolone group
Revised form 5 May 2023 and .is' also one pf the most widely used aqtibiotics i'n veterinary
medicine. Potential performance and appropriate effectiveness have
Accepted 29 May 2023 made SAR a special place among antibiotics. Antibiotic residues in
Available online 30 Jun 2023 the environment cause many problems, the most important of which
is antibiotic resistance. Therefore, it is necessary to remove antibiotic
residues from the environment. Response surface methodology
(RSM) was utilized as a mathematics and statistics approach to
optimize the removal efficiency of SAR using the catalytic ozonation
process. The obtained regression equation for the response was the
quadratic mathematical model. The coefficient of determination (R?),
adjusted R?, and predicted R? were obtained at 0.9939, 0.9917, and
0.9855, respectively. The maximum removal efficiency of 99.3% was
obtained under optimum conditions, including a SAR concentration
of 30.0 mg L', ozone dose of 1.5 mg min™', catalyst dose (modified
activated carbon) of 600 mg L', pH of 5.0, and reaction time of
30 min. According to the obtained results, the catalytic ozonation
process as a suitable technique can efficiently remove SAR and other
pharmaceutical compounds.
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1. Introduction used to treat mastitis, which is a common disease

Sarafloxacin (SAR) is one of the most important
synthetic antibiotics from the fluoroquinolone (FQs)
group, which is widely used in human and veterinary
medicine [1]. SAR works by inhibiting the activity
of DNA gyrase and is still commonly used in
poultry production, fish breeding, inhibiting fungal
growth, and treatment of various diseases in aquatic
animals, including eye protrusion, skin wounds, fin
and tail rot, abdominal swelling, moreover, SAR is
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among animals and also to increase lactation and
growth in livestock [2, 3]. Residues of antibiotics
in the environment, especially aquatic ecosystems,
are considered pollutants due to their adverse
effects on humans, animals, and the environment.
Toxicity, bacterial resistance, endocrine disorders,
mutagenicity, and disturbance in the photosynthesis
process of aquatic plants, are among the problems
caused by the presence of residues of antibiotics
in environments [4-6]. Residuals of FQs have
been detected at levels of up to 0.45 and 0.036 pg
L' in wastewater and surface water, respectively
[7, 8]. Although the concentration of residue
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antibiotics in aquatic environments is low, their

entry
accumulate, which is considered a potential risk

continuously causes concentration to
in the long term. Moreover, the residues of some
antibiotics in low concentrations cause many
problems [9]. Therefore, it is necessary to remove
antibiotic residues from aquatic environments. So
far, several techniques have been used to remove
residual antibiotics from aqueous media such as
the process of adsorption [10-12], coagulation [13,
14], activated sludge [15], filtration [16-18], and
advanced oxidation [19-21]. Ozonation is one of the
advanced oxidation processes (AOPs) in water and
wastewater treatment. The ozonation process alone
often leads to low efficiency in mineralization.
However, the removal efficiency by combining
the ozonation process with other oxidation agents
(UV or H,0,) can be improved but may increase
the treatment and operation costs. In recent years,
catalytic ozonation has attracted the attention of
many researchers due to its high oxidation potential
in water and wastewater treatment. Activated
carbon (AC), an inexpensive material, was widely
used as an adsorbent for organic and inorganic
molecule removal in water and wastewater
treatment [22]. Ozonation catalyzed by AC was
reported to produce H,O, via the reaction of O,
to the surface of AC, eventually resulting in "*OH
formation, and active O’(s) species resulting from
O, decomposition on AC surfaces. Pyrrol groups on
ACs have been reported to increase the formation
of O, resulting in ‘OH formation and increased
pollutant removal. AC can simultaneously adsorb
a wide variety of pollutants because of its large
surface area and porosity, whereas its reaction with
ozone on its basic surface promotes strong oxidants
that enable the mineralization of organic pollutants
[23, 24].

According to the studies and knowledge of the
research team, this is the first time the catalytic
ozonation process using modified activated carbon
as the catalyst for the removal of SAR antibiotic
from aqueous solutions using CCD in response
surface methodology (RSM) has been from aqueous
solutions. The aims of this study are as follows:

() to investigate the effects of various operating
parameters, such as the initial SAR concentration,
ozone dose, and catalyst dosage (activated carbon),
and (II) to optimize the SAR removal efficiency
and investigate the main, interaction, and cubic
effects of critical operating parameters.

2. Material and methods

2.1. Chemical

Sarafloxacin (C, H F N.,O,) was purchased from
Darou Pakhsh Pharmaceutical Company, Iran.
NaOH (sodium hydroxide, CAS N.: 1310-73-2),
KI (potassium iodide, CAS N.: 7681-11-0), HNO,
(nitric acid, CAS N.: 7697-37-2), H,0, (hydrogen
peroxide 30% (%w/w), CAS N.: 7722-84-1), HCI
(hydrochloric acid, CAS N.: 100317), and activated
charcoal (CAS N.: 7440-44-0) were obtained from
Merck Co. All chemicals were of analytical reagent

grade.

2.2. Catalytic ozonation process system

The catalytic ozonation of SAR was performed in
a 500 mL Pyrex reactor with an 8.0 cm diameter
and 12 cm high and equipped with a magnetic
stirrer. Ozone was generated from the air using an
ozone generator (ARDA, Model MOG+10) with an
input rate of 5 g h'. The reactor included an input/
output port for the ozone gas stream. Ozone was
introduced through a porous fritted diffuser that can
produce reasonably fine bubbles. All experiments
were performed at the ambient temperature (2042
°C), constant pH of 5.0 +0.5, and reaction time
of 30 min. After performing the reaction in each
experimental run, the concentration of SAR was
measured at 272 nm using a UV-Vis spectrometer
(OPTIZEN 3220 model).

2.3. Modification of activated carbon by MgCl,
as catalyst

10.0 mg of commercial activated carbon (CAC)
was mixed with 200 mL of 2.0 mM nitric acid for
3.0 h at 80 °C to convert to the hydrophilic form.
After the mentioned time, the CAC particles were
filtered and washed several times with distilled
water to stabilize the pH and then dried at 110 °C.
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Subsequently, 5.0 g of CAC from the previous
step was added to 200 mL of MgCl, 10.0 mM and
shaken for 24 h at room temperature. The thermal
modification was carried out at 800 °C for 2.0 h
under the N, gas stream. Then, the modified CAC
(MAC) was brought to ambient temperature and
used as a catalyst in the catalytic ozonation process.

2.4. Application of Response Surface
Methodology

surface methodology (RSM) is a
widely used mathematical and statistical approach

Response

employed to model, design, and evaluate the
relationship between several independent variables
and responses of the proposed model [25, 26].
Unlike conventional methods for data analysis,
RSM analyzes data using simple techniques
based on the mathematical model. In the RSM,
to optimize the variables, a polynomial function
(often a quadratic polynomial model) can be used,
as given in Equation 1 [27-29].

Y = Bo + Ziss BiXi + Tisy BiXP + TSy Bisip By XiX; + €

(Eq.1)

Where Y is the predicted response (SAR removal
%), k is the number of independent factors, B, B,
B,, and Bij are the constant, linear, quadratic, and
interaction model coefficients, respectively, also,
X, Xj, and € are the independent factors and the
error. Table 1 shows the ranges and levels of the
studied variables [30].

The effect of the model, main, interaction and
quadratic variables were investigated using analysis
of variance (ANOVA) tools which included
the p-value (probability value) and the F-value
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(Fischer’s test value). Furthermore, the parameter
of regression analysis such as the determination
coefficient (R?), adjusted R* (Adj. R?), and predicted
R? (Pred. R?), were investigated [31, 32].

3. Result and Discussion

3.1. Response surface methodology and results
analysis

Table 2 shows the central composite design
(CCD) matrix and the obtained results from each
experimental run.

The adequacy and statistical evaluation of the
significant variables for the predicted model were
investigated using ANOVA. The obtained results of
ANOVA are listed in Table 3.

X, X, and X, are SAR concentration, ozone dose,
and catalyst dosage. Also, X,*> and X/ are the
quadratic effects of ozone dose and catalyst dosage,
respectively. According to the table.3, the model is
significant due to the high F-value and p-value of
less than 0.05. The p-values < 0.05 indicate that
model terms including X, X,, X, X > and X_? are
significant (X,?). The p-value of lack of fit was
0.1111 (p-value less than 0.05, not significant),
which indicates a good fit for the experimental data.

3.2. diagnostic plots and adequacy check of the
predicted model

Several diagnostic plots to prove the normality
of data were analyzed. Diagnostic plots studied
include normal plots of residuals, residuals vs.
predicted, predicted vs. actual, and residuals vs.
run. The normal plot of residuals and residuals
versus the predicted plot is shown in Figure 1.

Table 1. Input factors and experimental levels of study

Coded Variables Experimental Field
Factors
X) -0 -1 0 +1 +a
X, A= SAR concentration (mg L) 10 25 50 85 100
X, B= Ozone dose (mg min™) 0.5 0.75 1.25 1.75 2.0

X C= Catalyst dosage (mg L") 200 300 500 700 800
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Table 2. Central composite design (CCD) matrix and experimental response

Actual values Coded values
Run Removal (%)
" (mg min') - X X X
1 55 1.25 200 0 0 -1.5 73.4
2 55 1.25 500 0 0 88.7
3 55 1.25 800 0 0 1.5 87.1
4 25 1.75 300 -1 1 -1 85.3
5 100 1.25 500 1.5 0 0 79.4
6 85 0.75 700 1 -1 1 73.2
7 85 1.75 300 1 1 -1 71.8
8 25 0.75 300 -1 -1 -1 80.0
9 25 1.75 700 -1 1 1 96.4
10 55 1.25 500 0 0 90.1
11 55 1.25 500 0 0 0 89.1
12 10 1.25 500 -1.5 0 0 99.3
13 55 1.25 500 0 0 0 88.6
14 55 1.25 500 0 0 0 89.2
15 55 2.00 500 0 1.5 0 84.3
16 55 0.5 500 0 -1.5 0 71.1
17 55 1.25 500 0 0 0 89.4
18 85 0.75 300 1 -1 -1 63.6
19 25 0.75 700 -1 -1 1 89.2
20 85 1.75 700 1 1 1 80.9
Table 3. Analysis of variance (ANOVA) for the predicted model
Source Sum of squares Degree E)(;‘i;'reedom mean squares F-Value Probability P-value > F
Model 1581.5 5 316.3 455.0 <0.0001
X, 666.1 1 666.1 958.2 <0.0001
X, 185.8 1 185.8 267.3 <0.0001
X, 283.7 1 283.7 408.1 <0.0001
X} 272.4 1 272.4 391.8 <0.0001
X} 165.5 1 165.5 238.3 <0.0001
Residual 9.73 14 0.70 - -
Lack of Fit 8.26 9 0.92 3.13 0.1111
Pure Error 1.47 5 0.29 - -

Cor Total 1591.2 19 - - R
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Fig.1. Diagnostic plots (a) normal % probability versus externally studentized residuals,

(b) Externally studentized residuals versus predicted

According to the results obtained from the  The R? of the predicted model was 0.9939,
diagnostic plots, the response showed a good fit, indicating that 99.39% of the total variations in
and all the points fall along the straight line and  the results could be due to significant factors.
the specified lines. Consequently, the experimental ~ Moreover, the Adj. R*> was 0.9917, which Adj. R?
data are in good agreement with the predicted  was very close to R2. Additionally, the difference
model and confirm the normality of the data. The  between the Adj. R* (0.9917) and pred. R? (0.9855)
predicted versus actual and residuals versus run is less than 0.2 [33, 34].

number plots are presented in Figure 2.
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3.3. Predicted model and effect of variables
The predicted model can be expressed in coded
units as Equation 2.

Y(%) = 89.29 — 7.30X, + 3.86X, + 4.76X; — 5.14X2 — 4.01X2

(Eq.2)

Y is the predicted response (SAR removal efficiency
%), X, X,, and X, are SAR concentration, ozone
dose, and catalyst dosage. Also, X,? and X.* are the
quadratic effects of ozone dose and catalyst dosage,
respectively.

Figure 3 shows the contour plot of the effects
of SAR concentration and ozone dose on SAR
removal efficiency.

According to Figure 3, SAR concentration
increases from 10 to 100 mg L', and the SAR
removal efficiency decreases from 100% to 78.3%
in the constant condition (ozone dose of 1.25
mg min’, and catalyst dosage of 500 mg L).
As can be seen in the predicted model, the SAR
concentration (X,) has shown a negative sign
(-7.30), which indicates the inverse effect on the

2.0

removal efficiency. The negative effect of SAR
concentration on the removal efficiency during the
catalytic ozonation process can be attributed to the
phenomenon that when ozone dose and catalyst
dosage be considered fixed, the number of radicals
generated is constant. Only a specific amount of
SAR molecules were degraded and by increasing
SAR concentration there are not enough radical
species in the reactor for the degradation of SAR
molecules. Therefore, the SAR removal efficiency
decreases [35, 36].

Figure 3 also shows the effect of the ozone dose
on removal SAR efficiency. As the ozone dose
increases from 0.5 to 2.0 mg min', the SAR
removal efficiency increases from 71.8% to 83.4%
in the constant condition (SAR concentration 55.0
mg L, and catalyst dosage 500 mg L!). As can be
seen in the predicted model, the ozone dose (X,)
has shown a positive sign (+3.86), which indicates
a positive effect on the SAR removal efficiency.
According to Figure 3, the effect of the ozone dose
has specified as a curve. Moreover, in the predicted
model, the quadratic effect of the ozone dose (X?)
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Fig.3. Contour plot as a function of ozone dose and SAR concentration

(Experimental conditions: catalyst dosage of 500 mg L! pH of 5.0, and reaction time of 30 min)
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is significant. When a variable has a significant
quadratic effect, its effect will be shown as a curve,
the increasing trend of ozone dose decreases after
the concentration of 1.5, and the maximum SAR
removal efficiency at the dosage of 1.5 is equal to
90.1%.

According to Figure 3, the effect of the ozone
dose has specified as a curve. Moreover, in the
predicted model, the quadratic effect of the
ozone dose (X.?) is significant. When a variable
has a significant quadratic effect, its effect will
be shown as a curve, the increasing trend of
ozone dose decreases after the concentration of
1.5, and the maximum SAR removal efficiency
at the dosage of 1.5 is equal to 90.1%. The reason
for the increase in SAR removal efficiency by
increasing the ozone dose can be because in
the conditions where the SAR concentration
and the dosage of catalyst are constant, with
the increase in the ozone dose, the generation
of radical species in the reactor also increases
and as a result, the more number SAR molecules
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are exposed to radical species and decompose,
and subsequently the SAR removal efficiency
increases [37, 38].

Figure 4 shows the 3D plot of the effects of the
catalyst dosage and SAR concentration on the SAR
removal efficiency.

As catalyst dosage increases from 200 to 800 mg
L', the SAR removal efficiency increases from
73.1% to 87.3% in the constant condition (SAR
concentration of 55.0 mg L' and ozone dose of 1.25
mg min'). As can be seen in Equation 2 (predicted
model), the catalyst dosage (X,) has shown a
positive sign (+4.76), which indicates a positive
effect on the SAR removal efficiency. Furthermore,
the quadratic effect of the catalyst dosage (X,?)
with a negative sign (-4.01) is also significant. The
maximum SAR removal efficiency was obtained in
the range of 600 to 700 mg L' from the catalyst
dosage. Catalysts create a synergistic effect on
the decomposition of ozone molecules into other
active radical species, and therefore the pollutants

are decomposed faster [39].

_________________ o %Q“

Fig. 4. 3D surface plot as a function of SAR concentration and catalyst dosage (Experimental

conditions: ozone dose of 1.25 mg min™', pH of 5.0, and reaction time of 30 min)
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4. Conclusion

Central composite design (CCD) optimized the
SAR removal using a catalytic ozonation process.
The main variables include the SAR concentration
(10-100 mg L"), ozone dose (0.5-2.0 mg min™'), and
catalyst dosage (200-800 mg L). The effects of
operating parameters including SAR concentration,
ozone dose, and catalyst dose for SAR removal were
studied using analysis of variance (ANOVA) and
regression analysis. The predicted model confirmed
that the predicted value agrees with the actual value.
Modified AC by MgCl, (MAC) promoted ozone
decomposition into reactive oxidizing species. The
maximum SAR removal efficiency of 99.3% was
achieved under optimal conditions. During the
catalytic ozonation process; active free radicals
are generated, increasing the degradation rate and
mineralization of pollutants. Catalytic ozonation
using MAC as a catalyst enhances the removal of
more oxidized and saturated compounds.
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