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Ciprofloxacin antibiotic that is used to cure several kinds of bacterial infections 
have a high solubility capacity in water. The influent of ciprofloxacin to water 
resources in a low concentration affect the photosynthesis of plants, transforms 
the morphological structure of the algae, and then disrupts the aquatic 
ecosystem. 75% of this compound is excreted from the body down to the 
wastewater which should be removed. BiFeO3, a bismuth-based semiconductor 
photocatalyst that is responsive to visible light, has been recently used to 
remove organic pollutants from water. In this study, the optimal conditions 
for removing ciprofloxacin from aqueous solutions by the BiFeO3 process were 
investigated. Effective parameters namely pH, reaction time, ciprofloxacin initial 
concentration, BiFeO3 dose, and temperature on ciprofloxacin removal were 
studied by using response surface methodology. The validity and adequacy of 
the proposed model was confirmed by the corresponding statistics (i.e. F-values 
of 14.79 and 1.67 and p-values of <0.0001 and 0.2505 for the own model and 
its lack of fit, respectively, R2 = 0.9107, R2adjusted = 0.8492, R2 predicted = 0.70, 
AP = 16.761). Hence the Ciprofloxacin removal efficiency reached 100% in the 
best condition (pH 6, initial concentration of 1 mg/L, BiFeO3 dosage of 2.5 g/L, 
reaction temperature of 30° C, and process time of 46 min).
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INTRODUCTION

Over the past few years, pharmaceutical 
residuals have been reported as one of the major 
environmental concerns throughout the world (Meng 
et al., 2015). Given the fact that such compounds 
can change the natural environmental balance, they 
have been officially labeled as dangerous chemical 
materials (Ghauch et al., 2009). Among these 
compounds, antibiotics are used more than any other 
types of pharmaceutical compounds because of their 
capability to control human and bestial infections 
(Jung et al., 2012; Balarak et al., 2016; Zhou et al., 
2019). A considerable proportion of antibiotics are 
excreted from the body after consumption and can 
pollute aqueous environments (González-Pleiter 
et al., 2013; Bahramiasl et al., 2015; Amraei  et al., 
2017). Ciprofloxacin (CIP) is one of the frequently 
used types of fluoroquinolone group that is used 
to cure several kinds of bacterial infections. This 
compound has a high solubility capacity in the water, 
and 75% of it is excreted from the body down to the 
sewage system (Githinji et al., 2011). The presence of 
fluorine atom in this antibiotic makes it more stable 
in an aqueous environment (Samarghandi et al., 
2017). The influent of CIP to aqueous environments 
in a low concentration affect the photosynthesis of 
plants, transforms the morphological structure of 
the algae, and then disrupts the aquatic ecosystem 
(Samadi et al., 2015). Upon drinking the CIP-
polluted water by human beings, the following 
adverse effects may be observed: anger, nausea, 
vomiting, headache, diarrhea, and tremor. The high 
concentration of CIP can cause severe kidney failure 
and increase liver and thrombocytopenic enzymes 
(Yoosefian et al., 2016). The concentration of this 
antibiotic in some of the pharmaceutical wastewater 
Industries has been measured as 30 mg/L (Samadi 
et al., 2015). Various methods have been employed 
to remove pharmaceutical residuals from aqueous 
environments, such as ozonation, land treatment, 
Fenton process, ion exchange, nanotubes, and 
electrocoagulation (Wang et al., 2008; Garoma et al., 
2010; Hijosa-Valsero et al., 2011; Samadi et al., 2014; 
Mostafaloo et al., 2019). The biological treatment is 
an affordable method, but it is not very effective for 
persistent organic compounds. Chemical and physical 
treatments, however, are highly efficient and can 
produce high-quality effluent; yet, they are also very 
costly. Thus, researchers are searching for a more 

appropriate treatment method for pharmaceutical 
wastewater treatment (Farhadi et al., 2012; Samadi 
et al., 2015). The photocatalytic process has been 
regarded as an efficient removal process recently (Xue 
et al., 2015; Zhou et al., 2018). Photocatalysis involves 
the photolysis—the breaking down of a chemical by 
the assistance of light—that is accelerated using a 
catalyst (Mojir Shaibani et al., 2013). This method, 
which is considered as a green technology, is an 
ideal technique to solve environmental impacts and 
save energy (Di et al., 2014; Zhou et al., 2019). TiO2 
is one of the most popular photocatalysts that is 
very effective in the photocatalytic destruction of 
all types of organic pollutants. This photocatalyst 
can easily degrade organic pollutants into harmless 
minerals. It should be noted that this photocatalyst 
only becomes activated under the direct radiation 
of UV light while about 45% of sunlight turns into 
visible light and merely 5% into UV light (Di et al., 
2014; Yin et al., 2016). Therefore, to benefit from 
solar energy more, it is better to use photocatalysts 
that are activated by visible light, not UV light 
(Gao et al., 2007). One of the newest catalysts 
is BiFeO3 (BFO) that consumes less energy, has a 
wider contact area, has more chemical stability, 
and is more recyclable (Mojir Shaibani et al., 2013; 
Ramezanalizadeh, 2017). BFO crystals can be easily 
produced by different methods, such as sol-gel 
method, hydrothermal, and thermal degradation 
(Ullah et al., 2012). This photocatalyst is a bismuth-
based semiconductor that is responsive to visible 
light and can respond to a smaller bandgap of light 
than TiO2 (EV 2/1). Moreover, it has an appropriate 
piezo-electromagnetic feature that makes it easily 
degradable at the end of the process (Yuan et al., 
2009; Bhaumik et al., 2011; Shariati et al., 2011; Tang 
2013; Ramezanalizadeh, 2017). This photocatalyst 
has been recently used to remove dyes, pesticides, 
pharmaceutical, and other types of pollutants (Xue et 
al., 2015; Yin et al., 2016). Overall, previous research 
shows that in spite of ample advantages, the BFO 
process has been mostly gone unnoticed in removing 
and destroying pharmaceutical compounds. Hence, 
the aim of this study was modeling and optimizing 
the conditions for removing ciprofloxacin antibiotic 
from aqueous solutions by the BFO process using 
response surface methodology (RSM). This study was 
carried out on a laboratory scale at Qom University of 
Medical Sciences, Iran, in 2018. 
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MATERIALS AND METHODS

Chemical materials 
Ciprofloxacin (C17H18FN3O3HCl) was bought from 

the Canadian company ‘Bio Basic Inc’. Fe(NO3)3.9H2O، 
Bi(NO3)3.5H2O, ethylene glycol, ethanol, HCl, NaOH, 
and methanol were obtained from the ‘Merk’ 
company. The required concentrations of CIP were 
prepared based on 1 mg/L stock solution. The pH 
was adjusted by normal NaOH and HCI solutions and 
measured by WTW pH meter device, model 7110. The 
CIP concentration was measured by UV-absorption 
spectrophotometer (T80 UV/VIS Spectrophotometer, 
PG Instruments Ltd) within the wavelength of 270.5 
nm. The maximum removal efficiency of CIP in the 
BFO photocatalyst process was calculated based on 
Eq. 1. 

% removal of CIP = (C0- Ct)/ C0 × 100                  �      (1)                      
         
Where, C0 = CIP concentration in feed solution,  

Ct = CIP concentration in treated solutions.

BFO synthesis 
At first, 0.0016 mol of Bi(NO3)3.5H2O was 

dissolved in ethylene glycol. Then, to clear and 
homogenize the attained solution, it was placed in an 
ultrasonic bath with a temperature of 25° C for two 
minutes. Afterward, a little Stoichiometry obtained 
from Fe(NO3)3.9H2O was added to the solution and 
placed for 10 minutes in an ultrasonic bath with the 
temperature of 25° C, so that a brownish-red solution 
was obtained. Next, to make a gel, the solution 
was placed in an oven with the temperature of 
60°C. Finally, to calcinate the obtained solution, the 
attained gel was placed in 500° C with the rate of 6° C/
min for half an hour (Shaykhi, 2014). 

Determining BFO characteristics 
The active bands in synthesized BFO were 

determined by Fourier-transform infrared 
spectroscopy method (FRIR, Tensor 27 model, 
Bruker). To dilute the sample, BFO powder was mixed 
by potassium bromide and then was scanned in 450-
4000/cm wavelengths. The superficial morphology of 
BFO was also determined by electronic microscope 
scan (SEM, HITACHI-4160 model). 

Design and model of experiments based on central 
composite  

Recently many experimental design methods 
are used to optimize the parameters of different 
processes. Numerous experiments are required in 
conventional methods to determine the optimal 
response, and such methods do not exhibit the 
combined effect. RSM is a statistical method to design 
experiments that are used to optimize and analyze 
the interactional effects of independent factors and 
reducing the number of experiments in chemical and 
biochemical process on the other (Shaykhi, 2014; 
Aravind et al., 2016; Montgomery, 2017). In this study, 
Design Expert 7 software was employed to the central 
composite design (CCD) which is an experimental 
design, useful in response surface methodology. It 
can analyze different variables (X), such as pH(X1), X2 
time, the initial concentration of CIP (X3), temperature 
(X4), and BFO dosage (X5). The design of the central 
composite makes use of the least-squares technique 
to perform a model. The number of points in CCD 
includes central points (C0), axial points (2K), and 
factorial points (2k). Therefore, the number of points in 
the design square was 50, comprising 8 central points, 
10 axial points, and 32 factorial points. Table 1 shows 
the design matrix in the experiments.

Table 1: Coded and actual values of numeric factors  

Coded variables (Xi) 
Factors  

(Ui) 

Experimental field 

-  -1 level 0 +1 level +  

X1 A: Solution pH 3 4.5 6 7.5 9 

X2 B: Initial CIP concentration (mg/L) 2 24 46 68 90 

X3 C: BFO Dos (g/L) 1 4.5 8 11.5 15 

X4 D: Reaction time (min) 10 20 30 40 50 

X5 E: Temperature(oC) 0 1.25 2.5 3.75 5 

 
  

Table 1: Coded and actual values of numeric factors
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Batch mode experiments 
The experiments were conducted in 6 mm/10 

ml plates under direct visible light. Batch mode 
experiments were carried out by adjusting pH (3 to 
9 with 0.1 N solutions of HCl or NaOH), initial CIP 
concentration (1-15 mg/L), and different dosages of 
BFO (0-5 g/L) within 2 to 90 minutes. In this study, 
the range of parameters was selected based on the 
Xue study. (Xue et al., 2015) In order to have a better 
mixture of the solution and adjusting the reaction 

temperature (10-50° C), the shaking incubator (JAL 
TAJHIZ model) was used.

RESULTS AND DISCUSSION

BFO characteristics
The SEM observations from BFO and CIP surfaces 

before and after reactions are shown in Fig. 1. As 
shown, CIP particles (A) are almost spherical with 
a flat surface; the morphology of BFO particles (B) 
are also flat and spherical without any porosities. 
The external appearance of BFO particles after the 
reaction with CIP is shown in the C section of the 
figure. Based on this image, the CIP surface is covered 
completely by tiny BFO particles. 

The FTIR results obtained from BFO also show two 
strong adsorption peaks by 441 and 557/cm (Fig. 2). 
The presence of these peaks is related to the O-Fe-O 
vibratory bands and tensile Fe-O in the octagonal 
structure of FeO6 (Yin et al., 2016; Ramezanalizadeh, 
2017). The presence of metal-oxygen compounds 
proves the formation of Perovskite structure (Wang 
et al., 2008; Lotey 2014). Changes in the above peaks 
in the spectra after adsorption of CIP by BFO, indicate 
the adsorption of ciprofloxacin onto the adsorbent.

 
Fig. 1: SEM images (A: BFO image, B: CIP powder, C: BFO image after the reaction, D: BFO image  

after reaction by 400 nm magnification) 
  

Fig. 1: SEM images (A: BFO image, B: CIP powder, C: BFO image after the reaction, D: BFO image after reaction by 400 nm magnification)

 
Fig. 2: FTIR spectrum of BFO particles a) before and b) after the reaction 
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Fig. 2: FTIR spectrum of BFO particles a) before and b) after the 
reaction
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 Analysis of CCD  
The results of central composite design involving 

five-level central composite designs based on RSM 

for different surfaces are shown in Table 2. In order to 
describe the prevailing behavior of the process and 
the adequacy of the proposed model, the CCD results 

Table 2: The 5-factor CCD matrix with coded factor levels for CIP removal based on RSM method 

Run 
order pH CIP Concentration 

(mg/L) 
BFO dose 

(g/L) 
Time 
(min) Temperature (oC) 

Removal Efficiency (%) 
Obtained Predicted Residual 

1 4.5 4.5 3.75 24 40 79.35 77.42 1.93 
2 6 8 5 46 30 66.28 65.17 1.11 
3 4.5 11.5 3.75 68 40 33.2 31.22 1.98 
4 6 8 2.5 46 30 37.9 41.31 -3.41 

5 6 8 2.5 90 30 19.3 24.86 -5.56 
6 4.5 11.5 1.25 24 40 14.19 12.72 1.47 

7 7.5 11.5 3.75 24 40 49.56 41.86 7.70 
8 6 8 2.5 46 10 25.19 35.79 -10.60 

9 6 15 2.5 46 30 27.46 38.38 -10.92 
10 4.5 4.5 1.25 68 20 34.35 35.94 -1.59 

11 6 8 2.5 46 30 37.14 41.31 -4.17 

12 6 8 0 46 30 0 0.48 -0.48 

13 7.5 4.5 1.25 24 40 28.06 30.77 -2.71 
14 6 8 2.5 2 30 42.97 36.79 6.18 

15 7.5 11.5 3.75 68 20 35.37 34.35 1.02 
16 6 8 2.5 46 50 35.9 24.67 11.23 

17 7.5 11.5 1.25 68 20 19.78 17.84 1.94 
18 6 8 2.5 46 30 48.8 41.31 7.49 

19 7.5 4.5 1.25 24 20 28.4 33.65 -5.25 
20 4.5 4.5 3.75 68 40 74.66 71.73 2.93 

21 7.5 4.5 3.75 24 20 59.1 65.80 -6.70 
22 6 1 2.5 46 30 100 88.46 11.54 

23 6 8 2.5 46 30 54.8 41.31 13.49 

24 7.5 11.5 1.25 24 20 25.5 24.07 1.43 

25 6 8 2.5 46 30 38.15 41.31 -3.16 
26 4.5 11.5 3.75 24 20 51.3 46.56 4.74 

27 7.5 4.5 3.75 24 40 64.7 72.41 -7.71 
28 6 8 2.5 46 30 37.9 41.31 -3.41 

29 4.5 11.5 1.25 68 40 7.2 -1.32 8.52 
30 7.5 4.5 3.75 68 40 69.7 69.74 -0.04 

31 4.5 4.5 1.25 24 20 45.35 39.02 6.33 
32 7.5 4.5 1.25 68 40 23.6 25.95 -2.35 

33 9 8 2.5 46 30 38.36 39.40 -1.04 
34 4.5 4.5 3.75 24 20 80.44 77.72 2.72 

35 6 8 2.5 46 30 38.25 41.31 -3.06 

36 7.5 11.5 3.75 24 20 43.37 38.42 4.95 

37 6 8 2.5 46 30 36.9 41.31 -4.41 

38 4.5 11.5 3.75 68 20 48.02 39.46 8.56 

39 4.5 4.5 3.75 68 20 66.08 76.80 -10.72 

40 4.5 11.5 1.25 24 20 21.88 25.67 -3.79 
41 4.5 11.5 3.75 24 40 28.17 43.09 -14.92 
42 4.5 4.5 1.25 24 40 22.91 29.24 -6.33 

43 3 8 2.5 46 30 44.65 42.98 1.67 

44 7.5 11.5 1.25 24 40 21.18 18.03 3.15 
45 7.5 4.5 3.75 68 20 72.85 67.91 4.94 
46 4.5 4.5 1.25 68 40 12.9 21.39 -8.49 

47 4.5 11.5 1.25 68 20 19.09 16.40 2.68 

48 7.5 11.5 1.25 68 40 3.01 7.02 -4.01 
49 7.5 4.5 1.25 68 20 42.92 33.59 9.33 
50 7.5 11.5 3.75 68 40 28.8 33.01 -4.21 

 

Table 2: The 5-factor CCD matrix with coded factor levels for CIP removal based on RSM method
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were analyzed. The results of ANOVA and comparison 
of different models showed that the second model 
(quadratic) could have a more appropriate behavior 
in the process (Table 3). Eq. 2 shows the suggested 
model in an encoded fashion. 

The ANOVA results from RSM method showed that 
the correlation coefficients (R2), adjusted correlation 
coefficients (R2 adjusted), and predicted correlation 
coefficients (R2 predicted) were 0.91, 0.85, and 0.70, 
respectively; given the fact that the difference among 
these values is less than 0.3, it can be concluded that 
the obtained and predicted data from the model enjoy 
an appropriate, exact correlation. Likewise, the AP value 
was 16.76 showing that the CIP removal model had 
acceptable reliability. The AP value shows the signal to 
noise ratio that is an index that proves the efficiency of 
the model to move in the designed space; values higher 
than 4 are appropriate for this index (Table 3). 

In this study, CIP removal efficiency was optimized 
with BFO. This optimization with RSM method was 
used to evaluate the effect of some important variables 
such as pH, reaction time, initial concentration of CIP, 
temperature and BFO dosage and their interaction 
in achieving the optimum conditions in CIP removal 
efficiency from aqueous solution. Eq. 2. shows the 
relationship between two dependent variables (CIP 
removal efficiency) and 5 independent variables. 
This model was fitted to the response variable 
from the CCD. Eq. 2 can be employed to evaluate 
the importance of operational parameters, their 
interactions, and predictive efficiency of CIP removal 
in various operational conditions. 

Equation 2:  CIP removal (%)= +37.72 - 4.21 X1 - 7.73 X2 
+26.5 X3 + 0.45 X4 + 0.65 X5 + 0.18 X1 X2 - 0.87 X1 X3 + 0.023 
X1 X4 + 0.12 X1 X5 - 1.02 X2 X3 - 0.02 X2 X4 - 0.023 X2 X5 + 0.02 
X3 X4 + 0.12 X3 X5 – 0.005 X4 X5 - 0.013 X1

2 + 0.45 X2
2 - 1.35 

X3
2 – 0.005 X4

2 - 0.028 X5
2 � (2)

Effects of process parameters on CIP removal 
efficiency 
Effects of BFO dosage and CIP initial concentration on 
CIP removal efficiency

Based on Eq. 2, the relationship between CIP 
removal efficiency and operational parameters is 
presented as a combination of 5 linear effects, 10 
mutual effects, and 5 second-rate effects. The most 
effective parameter in CIP removal was the BFO 
dosage that had the highest positive coefficient in 
the equation. Fig. 3 shows the perturbation graph 
for CIP removal parameters. In accordance with this 
graph, it is possible to compare the effects of various 
parameters on the removal response by keeping 
variables constant on particular points in the design 
space under RSM method. In this graph, the steep 
slope or curve of each parameter shows how sensitive 
the response is to each parameter.  

As observed in the graph, the BFO dosage 
parameter (code C) is in a form of a positive steep 
slope and the initial concentration of ciprofloxacin 
(code B) is in a form of a negative steep slope, 
showing the higher sensitivity of the removal process 
to these two variables. The perturbation graph clearly 
shows the individual effects of each parameter; 
yet, it cannot show the interactional effects among 
variables. The 3D response surface plot under RSM 
method for the interactions between dos of BFO and 
concentration of CIP are presented in Fig 4. In this 
graph, the mutual effect of the initial concentration 
of CIP and BFO dosage is shown. It is observed that 
a decrease in the initial concentration of CIP and an 
increase in BFO dosage could enhance the removal 
efficiency. As shown in the graph, a decrease in the 
initial concentration from 11.5 to 4.5 mg/L and an 
increase in BFO dosage from 1.25 to 3.37 g/L could 
increase the CIP removal efficiency from 20.07 to 

Table 3. ANOVA for the second-order model of CIP removal by BFO from CCD based on RSM method 

Source Sum of squares Degree freedom Mean Square F-value p-value 

Model 20209.57 20 1010.48 14.79 < 0.0001 
Residual 1981.15 29 68.32   
Lack of Fit 1663.68 22 75.62 1.67 0.2505 
Pure Error 317.47 7 45.35   

Cor Total 22190.72 49    

R2 = 0.9107, R2adjusted = 0.8492, R2predicted = 0.70, AP =16.761 
 

Table 3. ANOVA for the second-order model of CIP removal by BFO from CCD based on RSM method
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34.52 and 48.97%, respectively. Similarly, the lowest 
concentration level of CIP and highest BFO dosage 
increased the removal efficiency of the process up to 
77.86%.

The observed decrease in the removal efficiency 
of CIP initial concentrations can be attributed to the 
saturation, a decrease in active surface places and light 
penetration, and an increase in light dispersion in BFO 
surface (Elmolla, 2010). Moreover, an increase in BFO 
dosage can increase active surface places and provided 
a wider contact area between CIP and photocatalyst. 
Parsa et al. also observed similar results regarding 
the effects of these parameters on the removal of 
pollutants in their studies (Parsa et al., 2016). 

Reaction time effects on CIP removal efficiency 
As depicted in the perturbation graph (Fig. 3), 

increasing the reaction time by 46 min enhanced 
the removal efficiency; the removal efficiency trend, 
however, was decreasing beyond that time. The 
fast removal in the initial reaction stages can be 
attributed to the existence of more active places 
on the BFO surface. Nevertheless, such places 
are saturated after a while. Likewise, as the time 
and saturation of active places increase, the light 

penetration in BFO surface decreases and reduces 
the photocatalytic performance (Roy et al., 2014; 
Roy et al., 2017). These findings are all in agreement 
with the observations of Samadi et al. (2015; 
Yoosefian et al. (2016); Amraei et al. (2017) and 
Samarghandi et al. (2017).    

PH effects on CIP removal efficiency 
pH is one of the most important variables in 

this study due to its effect on surface properties of 
the substance. Therefore, with the increase in pH, 
the efficiency of CIP removal is also reduced. The 
best performance is achieved at pH equal to 6. As 
shown in Fig. 5a the CIP ionizing molecule has two 
proton binding sites, including the carboxylic acid 
group (pKa1 = 6.1) and the amine group (pKa2 = 8.7). 
Thus, in accordance with Fig. 5b, the dominant form 
of CIP at pH < 6.1 is in the cationic form, due to the 
protonation of the amine group, and at pH>8.7 in 
the form of anion, due to loss of the proton from 
the carboxylate group, and at 6.1<pH<8.7 is neutral. 
Given the measurement of zeta potential, the BFO 
isoelectric point (the pHpzc was 6.7 for BFO) in a 
lower pH than the surface charge of pH-pzc was 
positive. Therefore, in pH 6, the BFO surface charge 

 
                                                                     Deviation from reference point (coded units) 

Fig. 3: The perturbation graph for experiments’ parameters on CIP removal efficiency under RSM method 
  

Fig. 3: The perturbation graph for experiments’ parameters on CIP removal efficiency under RSM method
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was positive and CIP charge was mostly in the form 
of a positive charge with little neutral and negative 
charge as shown in Fig. 5b. Thus, because of the 
positive-positive electrostatic among CIP and BFO 
in the optimal pH, the possibility of CIP removal 
in the adsorption process based on electrostatic 

interactions of ions is weaker. On the other hand, 
given the below equations for the photocatalytic 
process, the photocatalytic process is more efficient 
in pH levels beyond 4.88 based on Eq. 3. (Xue et al., 
2015). Hence, it seems that the dominant process for 
CIP removal by BFO is photocatalytic.

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 

 
 

Fig.4: The 3D response surface plot of the mutual effects of CIP initial concentration and BFO dosage on removal 
efficiency under RSM method 
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Fig.4: The 3D response surface plot of the mutual effects of CIP initial concentration and BFO dosage on removal 
efficiency under RSM method

 
Fig. 5: A) Molecular structure of ciprofloxacin, B) ionizing forms of ciprofloxacin at different pH 

(Wang et al., 2010) 
 

Fig. 5: A) Molecular structure of ciprofloxacin, B) ionizing forms of ciprofloxacin at different pH (Wang et al., 2010)
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 In line with the findings of this study, Zhaohui 

et al. (2011) observed that the best pH level for the 
removal of CIP by kaolinite ranged from 5 to 8. In their 
study, the pHpzc kaolinite amount was determined as 
4. In another study, Samadi et al. (2015) investigated 
CIP removal efficiency by Fe3O4/MWCNT. They found 
that since the surface charge of Fe3O4/MWCNT and 
CIP in pH 4 were respectively negative and positive, 
the optimal pH was 4. 

Effects of temperature on CIP removal efficiency
Contrary to what Homem et al. (2010) and  

Fakhri et al. (2014) reported, based on the output 
perturbation graph from RSM method (Fig. 3) 
in this study, it was observed that increasing 
the temperature up to 30 °C could enhance the 
efficiency of the process. It is probable that the 
efficiency increase in the removal process follows 
Arrhenius law in which a rise in temperature can 
increase particle movement and the possibility of 
BFO particles contacting CIP ions. 

CONCLUSION

RSM method helped to optimize the 
process parameters with a minimum number of 
experiments, as well as analyzed the interaction 
between the parameters. In this study we 
optimized the efficiency of removing ciprofloxacin 
antibiotic from aqueous environments using BFO 
photocatalyst as a green technology with RSM 
method. The experiments were conducted based on 
CCD statistical procedures. According to the overall 
findings and ANOVA results, the best prediction 
model is the second-rate model. The relationship 

between CIP removal efficiency and operational 
parameters is presented as a combination of 5 linear 
effects, 10 mutual effects, and 5 second-rate effects 
based on optimized model under RSM method. The 
most effective parameter in CIP removal was the 
BFO dosage that had the highest positive coefficient 
in the equation. The best composite response for 
the ciprofloxacin removal was observed in pH 6, 
initial concentration of 1 mg/L, BFO dosage of 2.5 
g/L, reaction temperature of 30° C, and process time 
of 46 min; the removal efficiency reached 100% in 
the above-mentioned conditions. In conclusion, the 
high efficiency of antibiotic removal by BFO proves 
that this process can be successfully employed 
to remove ciprofloxacin antibiotic from aqueous 
environments. Although BFO was successfully 
applied to remove CIP from aqueous solutions, 
its degradation should be studied in much lower 
concentrations as it detected in the natural aqueous 
solutions. Other factors’ effect such as acute toxicity 
assays, mineralization degree, interfering species, 
working with real wastewater effluent, etc. should 
also be paid for more investigations. 
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ABBREVIATIONS

(%) percentage
oC Degree Celsius

3D Three dimensional

ANOVA Analysis of variance

AP Access Points

BFO BiFeO3

Bi(NO3)3.5H2O Bismuth(III) Nitrate Pentahydrate

CCD Central composite design

Con. Concentration

Dos Dosage

eV Electron volt

H2O2 Hydrogen Peroxide

Fe(NO3)3.9H2O Iron(III) Nitrate Nonahydrate

Fe3O4/MWCNT Multi-walled carbon nanotube 
(MWCNT) and magnetite

FTIR Fourier-transform infrared 
spectroscopy

g/L Gram per liter

HCl Hydrogen chloride

mg/L Milligram per liter

Mol The mole

NaOH Sodium hydroxide

O2 Molecular Oxygen

pH Potential of Hydrogen

pKa Acid dissociation constant

PZC Point of zero charge

R2 Coefficient of determination

RSM Response surface methodology 

SEM scanning electron microscope

Temp Temperature

UV/VIS Ultraviolet visible
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