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Abstract  

Discharge of pharmaceutical wastewater into surface and underground water has harmful effects on 

human health and living organisms, even in low concentrations. For this reason, pharmaceutical 

wastewater treatment is very important. In this research, wastewater treatment of Aria Pharmaceutical's 

Fluoxetine production unit was studied using γ-alumina catalysts. The catalyst was synthesized using the 

co-precipitation method and characterized by XRD, FTIR, FESEM, EDX, and BET methods. In the 

synthesis of γ-alumina catalyst, aluminum nitrate was used as a precursor, and sodium carbonate was used 

as the precipitating agent. The central composite design method was used to design experiments and to 

model and optimize the wastewater treatment using catalytic ozonation. In addition, the effect of the 

operating parameters on the catalytic ozonation process of Fluoxetine-containing wastewater, including 

the inlet ozone concentration, the amount of the catalyst, and reaction time, were investigated. Based on 

the obtained results, a significant agreement was observed between the experimental data of COD 

removal for wastewater and the values predicted by the CCD method. The results of the Pareto analysis 

showed that among the studied operational parameters, the reaction time, the amount of catalyst, and the 

initial concentration of ozone are the most effective parameters on the COD removal with percentages of 

35.58%, 34.64% and 10.87%, respectively. Finally, by optimizing the process, the maximum value of 

COD removal of 92.13% was obtained experimentally for pharmaceutical wastewater using catalytic 

ozonation process in the reaction time of 30 min, the amount of catalyst of 1 g/L and the ozone 

concentration of 30 mg/L as optimal conditions. 
 

Keywords: Pharmaceutical Wastewater, Fluoxetine, Ozone, Central Composite Design, 

Catalyst, COD. 
  

https://doi.org/10.22093/wwj.2023.444359.3401
https://orcid.org/0000-0003-4611-5578
https://orcid.org/0000-0002-6311-9477
https://orcid.org/0009-0004-7437-4109


Wastewater treatment of fluoxetine unit of …                                                  dx.doi.org/10.22093/wwj.2024.444359.3401 

 

 
                                                              Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

1. Introduction 
An emerging class of pollutants is personal care 
products1 and pharmaceuticals, which can enter 
water and wastewater and result in public health 
issues even at low concentrations. Recently, 
Fluoxetine has been prescribed widely as an 
effective antidepressant, and has gained 
considerable attention. In this respect, many 
researchers have declared that pharmaceutics, 
such as Fluoxetine, lead to chronic and acute 
toxicity in aquatic ecosystems. Various studies 
showed that Fluoxetine is not easily destroyed 
through traditional approaches of WWTPs. 
Several researchers have investigated the removal 
of Fluoxetine by ozone and other AOPs such as 
ozone/H2O2, ozonation and coupling of 
ozone/activated carbon procedure, sonochemical 
methods, advanced electrochemical treatments, 
photo-oxidation through a combination of TiO2-
based catalysis and ozonation and irradiation of 
electron beam. 

According to our experiences and library 
studies, in the published articles about the 
removal of Fluoxetine with different methods, 
synthetic (artificial) wastewater has been 
investigated. Also, no research has been reported 
on the removal of Fluoxetine from the real 
wastewater of the pharmaceutical unit using the 
catalytic ozonation method. For this purpose, in 
this article, at first, γ-alumina catalyst was 
synthesized using the co-precipitation method, 
and then experiments were designed using the 
Central Composite Design2 method. Then, the 
efficiency of the synthesized catalyst was studied 
for the treatment of wastewater produced by the 
Fluoxetine unit in Ariya Pharmaceutical, and 
finally, the optimal conditions were obtained to 
achieve the maximum amount of wastewater 
treatment efficiency. 
 

2. Materials and methods 
To synthesize γ-alumina by co-precipitation 
method, deionized water, sodium carbonate and 
aluminum nitrate were employed. Initially, 
solutions of sodium carbonate and aluminum 
nitrate were made. Then, the prepared solutions 
were added dropwise to a round-bottom flask 
containing deionized water. The flask contents 
were stirred continuously using a magnetic stirrer 
and Al3+ cations precipitated gradually as 
aluminum hydroxides. In the next step, the settled 
precipitate was left to age for 3 h at 70 °C, filtered 
and suspended again in hot deionized water. The 
precipitate was filtered once more and completely 
washed using several solvents subsequently, 
which included warm deionized water, ethanol, 
and acetone, respectively. Then, it was dried in 

 
1 Pollutants is Personal Care Products (PPCPs) 
2 Central Composite Design (CCD) 

air at 25 °C. At this stage, the precipitates 
consisted of nano-sized boehmite particles. 
Therefore, they were further calcined for 5 h at 
550 °C in air inside a programmable furnace to 
obtain γ–alumina powder with 2 °C/min rate of 
heating. 

The XRD3 patterns of the nano-catalysts were 
recorded by a Siemens-D500 instrument. Specific 
surface area measurement of the catalysts with 
BET4 method was performed by nitrogen 
physisorption at 77 K on a ChemBET 3000 
device. The functional groups of the catalysts 
were recognized by a Mattson 1000 FTIR5  
instrument. The morphologies of the catalysts 
were obtained by FESEM6 Tescan VEGA-II 
analyzer. 

A semi-batch bubble column reactor was used 
for catalytic ozonation experiments. An ozone 
generator was used for the production of the inlet 
ozone stream to the reactor. Typically, 200 mL of 
a solution containing Fluoxetine wastewater and 
γ-alumina catalyst was placed inside the reactor. 
Then, the generated ozone-rich stream was 
bubbled by a glass sparger throughout the reactor. 
During the reaction time, the reactor contents 
were stirred completely. The ozone that remained 
in the output stream before its purgation, was 
catalytically destroyed. The reactor solution was 
sampled at regular intervals of time to measure 
COD removal by means of a spectrophotometer 
according to a calibration curve. 

In order to investigate the effectiveness of the 
catalyst and the catalytic ozonation process for 
the treatment of industrial wastewater produced 
by the Fluoxetine unit of Aria Pharmaceuticals, 
experimental studies, modeling, and optimization 
were carried out using the CCD method. To 
establish the model, effective independent 
variables such as inlet ozone concentration (X1), 
dosage of the catalyst (X2), reaction time (X3), 
and their ranges were considered according to 
Table 1. 

 
Table 1. Levels and ranges of operating variables 

for catalytic ozonation process  

Parameters 
Ranges and levels 

-1.682 -1 0 +1 +1.682 

Ozone (X1) 10 14 20 26 30 

Catalyst 

(X2) 
0 0.20 0.5 0.80 1 

Time (X3) 4 9.27 17 24.73 30 

3. Results and discussion 

 
3 X-Ray Diffraction (XRD) 
4 Brunauer- Emmett-Teller (BET) 
5 Fourier Transform Infrared (FTIR) 
6 Field Emission Scanning Electron Microscopy (FESEM) 
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Specific surface areas of the synthesized 
boehmite and γ-alumina samples were measured 
by BET analysis. The results (Table 2) confirm 
that the surface area values obtained in this work 
are higher than those reported for the other 
boehmite and γ-alumina samples synthesized by 
other researchers. 
 
Table 2. Surface area of Boehmite and γ-alumina 

synthesized using co-precipitation method 

Surface area 
(m2/g) 

Sample 

332 This work 

Boehmite 294 (Chuah et al., 2000) 

261 (Potdar et al., 2007) 

306 This work 

γ-Alumina 258 (Chuah et al., 2000) 

220 (Potdar et al., 2007) 

 
Fig. 1 illustrates the observed morphology of 

γ–alumina by FESEM. According to Fig. 1, the 
prepared particles of γ–alumina are strongly 
agglomerated with varying sizes. Agglomeration 
of the particles related partly with high surface 
area of boehmite particles. Another reason of 
agglomeration refers to the absorbed water 
molecules and presence of hydroxyl groups on 
surface of the precipitated hydroxides, which 
provides agglomeration of the precipitated 
precursors when the small particles were dried 
and calcined. 

 

 

Fig. 1. SEM photographs of γ-Alumina 

 
Considering the experimental data, an 

empirical quadratic polynomial equation (coded) 
was obtained between the independent parameters 
and the response using the CCD method. The 
equation is presented as Eq. 1, which is derived 
for inlet ozone concentration, γ-alumina catalyst 
dosage and reaction time independent variables to 
predict COD removal. 

Y=80.2887+1.4204x1+2.4987x2+2.5699x3+0.858
4x1x2+0.6743x1x3+1.3649x2x3-0.1439x2

1-
0.4876x2

2-0.6179x2
3 (Eq. 1) 

 
Graphical form of Pareto analysis is presented 

in Fig. 2. As it can be observed in Fig. 2, the three 
selected independent variables have a 
considerable impact on the catalytic ozonation 
process. The results of the Pareto analysis showed 
that among the studied operational parameters, 
the reaction time, the amount of catalyst, and the 
initial concentration of ozone are the most 
effective parameters on the COD removal with 
percentages of 35.58%, 34.64% and 10.87%, 
respectively. 

 

 

Fig. 2. Pareto analysis to determine the 
percentage effect of each factor on the response 

 

Effect of ozone concentration in the reactor 
inlet stream and reaction time on COD removal 
for 0.5 g/L γ–alumina catalyst is shown in Fig. 3. 
According to Fig. 3, efficiency of COD removal 
increases with higher inlet concentrations of 
ozone. An ozone-based AOP process relies on 
direct and indirect reaction mechanisms that are 

associated with ozone decomposition to OH• 

radicals in wastewater. Since OH• radicals are 
stronger oxidants than ozone, their impacts on 
pharmaceutical molecules  elimination should be 
considered. Using higher ozone concentrations in 
the inlet gas stream enhances rate of mass transfer 
and elevates concentration of dissolved ozone in 
water. Therefore, maximized concentration of 
ozone in the solution produces a higher number of 
hydroxyl radicals. As a result, more hydroxyl 
radicals and ozone molecules are available to 
attack and decompose Fluoxetine  molecules. 
Therefore, pharmaceutical molecules  would 
degrade faster. 

The effect of catalyst dosage and reaction time 
on COD removal efficiency is shown in Fig. 4. 
Experiments were conducted at 26 mg/L inlet 
ozone concentration with a variation of γ–alumina 
catalyst dosage from 0.0 to 1 g/L and reaction 
time from 4 to 30 min. As shown in Fig. 4, 
increasing dosage of the catalyst gradually 
enhanced the COD removal efficiency. The reason 
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Fig. 3. a) Response surface and b) contour plots 
for COD removal as a function of ozone 
concentration entering the reactor (mg/L) 

and reaction time (min) 

 
is that applying a higher amount of catalyst 
provides more active sites for physical adsorption 
of ozone and results in increased ozone 

decomposition into OH• radicals. Also, ratio of 
hydroxyl radical to molecular ozone 
concentrations increases. Consequently, indirect 
mechanism contributes to greater removal of 
pharmaceutical molecules and so the efficiency of 
catalytic removal by the ozonation process is 
increased.  

The optimum independent variable values for 
achieving the highest COD removal efficiency are 
reported in Table 3. 

 

4. Conclusion 
In this research, catalytic ozonation for the 
treatment of the production wastewater of Aria 
Pharmaceutical's Fluoxetine unit was investigated 
using a semi-continuous bubble reactor. XRD,  

 
 

 

Fig. 4. a) Response surface and b) contour plots 
for COD removal as a function of catalyst dosage 

(g/L) and reaction time (min) 
 

Table 3. Optimum values of operating parameters 
for the maximum COD removal of the real 

wastewater of Aria Pharmaceuticals Fluoxetine 
production unit using the catalytic 

ozonation process 

Ozone 
concentration 

(mg/L) 

Catalyst 
dosage  
(g/L) 

Reaction 
time 
(min) 

COD removal (%) 

Predicted 

Observed 

CCD 

30 1 30 95.86 92.13 

 
FESEM, FTIR, EDX and BET methods were 
used to characterize the synthesized γ-alumina 
catalyst. The CCD method was used to model and 
optimize the catalytic ozonation process of 
pharmaceutical wastewater. The main factors 
studied in this research included reaction time, 
amount of catalyst, and ozone concentration. A 
high correlation coefficient for the CCD method 
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 was obtained with the help of analysis of 
variance1 equal to the value of R2=0.968, which 
confirmed the acceptable agreement between the 
experimental results and the quadratic polynomial 
response model. According to the Pareto analysis, 
the reaction time was determined as the most 
important and influential parameter for the COD 
removal of pharmaceutical wastewater. The 

 
1 Analysis of Variance (ANOVA) 

optimal values for the concentration of ozone, the 
reaction time, and the amount of γ-alumina 
catalyst were obtained as 30 mg/L, 30 minutes 
and 1 g/L, respectively. Finally, an efficiency of 
92.13%, which is a significant value, was 
obtained for the amount of COD removal through 
catalytic ozonation using γ-alumina under the 
optimal conditions predicted for operational 
variables. 
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Parida et al., 2009

 

 

Fig. 1. System for the synthesis of catalyst

 

 

pH

 
1 Deionized Water 

Parida et al., 2009

2O+CO2O→2NaOH+H2+6H3CO23Na

↓+3NaNO3+3NaOH→Al(OH)3)32Al(NO

O2→ AlOOH↓ + H 3Al(OH)

ºC/min

O2+ H 3O22AlOOH → Al

BET

 

 

 

 

 
2 X-Ray Diffraction (XRD)
3 Brunauer- Emmett-Teller (BET) 
4 Field Emission Scanning Electron Microscopy (FESEM) 
5 Energy- Dispersive X-Ray Spectroscopy (EDX) 
6 Fourier Transform Infrared (FTIR) 
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Fig. 2. Schematic of the experimental system for catalytic ozonation process
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Table 1. Levels and ranges of operating variables in actual and coded values for the catalytic ozonation 
process of real Aria pharmaceutical wastewater

Independent variables                              
Factor Range and level 

Xi -1.682 -1 0 +1 +1.682 

Ozone concentration (mg/L)                                (X1) 10 14.05 20 25.94 30 

Catalyst dosage (g/L)                                           (X2) 0 0.20 0.5 0.80 1 

Reaction time (min)                                             (X3)  4 9.27 17 24.73 30 

AbsorbanceCOD

COD

CODmg/L

pH 

 

CCD

 

1- mg/L 

2- g/L 

3- min 

COD

 =α

CCD

FESEM

FESEM

FESEM

EDX 

EDX

3O2AlAlOOH

XRD

XRD

C0 
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Fig. 3. FESEM photographs of γ-alumina

FESEM

 

Fig. 4. EDX spectrum related to the synthesized catalysts, a) γ-alumina and b) Boehmite

EDXa b

 

Fig. 5. XRD pattern of a) Boehmite and b) γ-alumina 
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D = Kλ/(β cosθ)

 D(nm)Kλ

CuKαθ

β

 

Table 2. Crystal size of Boehmite and γ-alumina 
nanoparticles 

Crystal size 
(Å)

Peak position (2θ)Sample 

11 13.08 

Boehmite 
14 27.98 
2338.26

22 48.46 
23 64.88 
13 37.33 

-aluminaγ 25 46.07 
30 66.62 

XRD

C•

 

BET

BET

 
1 Scherrer 

BET

g/2m

g/2m

Chuah et al., 2000, Potdar et al., 2007

FTIR

FTIR
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Fig. 6. FTIR spectra of the γ-alumina
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Table 3. Comparison of specific surface area values of synthesized Boehmite and -alumina
nanoparticles with other research 

Surface area 
/g)2(m Synthesis method Sample

332Co-precipitationThis work 

Boehmite 294 Co-precipitationChuah et al., 2000 

261 Co-precipitation Potdar et al., 2007 

306Co-precipitationThis work 

-aluminaγ 258 Co-precipitationChuah et al., 2000 

220 Co-precipitation Potdar et al., 2007 

CCD

Table 4. The matrix of experiments designed for the catalytic ozonation treatment process of the real wastewater of 
Aria Pharmaceutical's Fluoxetine production unit along with the experimental results and predicted by the CCD model 

Run 

 Uncoded values  COD removal (%) 

[O3]0 

(mg/L) 
Catalyst dosage 

(g/L) 
Reaction 

time (min) 
 Observed 

Predicted 

CCD 

1 25.95 0.80 24.73  87.7145 88.4259 

2 25.95 0.20 9.27  75.5064 75.2232 

3 20.00 0.50 17.00  79.9263 80.2887 

4 14.05 0.20 24.73  76.9797 76.5094 

5 20.00 0.50 17.00  80.4788 80.2887 

6 20.00 0.50 30.00  83.7403 82.8632 

7 20.00 0.50 17.00  79.3738 80.2887 

8 25.95 0.20 24.73  78.0847 78.9818 

9 20.00 0.50 17.00  80.2947 80.2887 

10 20.00 0.00 17.00  74.4015 74.7071 

11 20.00 0.50 17.00  80.9263 80.2887 

12 30.00 0.50 17.00  83.3702 82.2705 

13 10.00 0.50 17.00  76.7956 77.4930 

14 25.95 0.80 9.27  78.4530 79.2077 

15 20.00 1.00 17.00  83.8195 83.1117 

16 14.05 0.80 24.73  81.9521 82.5198 

17 14.05 0.80 9.27  76.6114 75.9987 

18 20.00 0.50 17.00  80.6630 80.2887 

19 14.05 0.20 9.27  75.8748 75.4478 

20 20.00 0.50 4.00  73.7440 74.2190 

COD

CCD

CCD

Nl/h
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 Minitab16 

COD

1x2x3x

Y = 80.2887 + 1.4204x1 + 2.4987x2 + 2.5699x3 +

0.8584x1x2 + 0.6743x1x3 + 1.3649x2x3 − 0.1439x1
2 −

0.4876x2
2 − 0.6179x3

2

1

ANOVA

COD

F-value 

P-value

 

F-valueP-value

P-valueLack of fit

Lack of fit

2R 

2R

COD

P-value t-

 
1 Analysis of Variance (ANOVA) 

value

P-value

P-value

COD

COD

 

 

 

Table 5  ANOVA results for the designed experiments 

of the catalytic ozonation process

Source of 

variations 

COD removal (%) 

DF Mean square F-value P-value 

Regression 9 26.1808 33.15  0.000 

Linear 3 67.6725 85.68 0.000 

Square 3 2.7250 3.45  0.059 

Interaction 3 8.1451 10.31 0.002 

Residuals error 10 0.7898   

Lack-of-fit 5 1.2695 4.09 0.074 

Pure error 5 0.3101   

R2=0.968,      R2(Adj) = 0.938 

P-value  t-value 

Table 6. Estimated regression coefficients, t-values 

 and P-values

Terms 
COD removal  

Coefficient t-value P-value 

β0 80.2887 221.514 0.000 

β1 1.4204 5.906 0.000 

β2 2.4987 10.391 0.000 

β3 2.5699 10.687 0.000 

β12 0.8584 2.732 0.021 

β13 0.6743 2.146 0.057 

β23 1.3649 4.344 0.001 

β11 -0.1439 -0.615 0.553 

β22 -0.4876 -2.083 0.064 

β33 -0.6179 -2.639 0.025 
 



  dx.doi.org/10.22093/wwj.2024.444359.3401 

                                                              Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

 
Fig. 7. Main effects curve for COD removal based on average values 

COD 

 

Fig. 8. Pareto analysis to determine the percentage effect 
of each factor on the response 
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Fig. 9. a) Response surface and b) contour plots for COD removal as a function of ozone concentration 
entering the reactor (mg/L) and reaction time (min) 

abCOD
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Fig. 10. a) Response surface and b) contour plots for COD removal as a function of catalyst  

dosage (g/L) and reaction time (min) 
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Table 7. Optimum values of operating parameters for the maximum COD removal of the real wastewater of Aria 
Pharmaceuticals Fluoxetine production unit using the catalytic ozonation process 

Ozone 

concentration 

(mg/L)

Catalyst dosage  

(g/L) 

Reaction time 

(min) 

COD removal (%)   

Predicted 
Observed 

 Error 

(%) CCD  

30 1 30 95.86 92.13  3.89 

 
mg/L

COD

COD

(Khataee et al., 

)2017

COD

COD

Response Optimizer Minitab 16

maximize

COD

CCD 
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COD
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EDXBET 

CCD

CCDANOVA2R 
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