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Advanced oxidation This study aimed to remove the antibiotic tetracycline from a sample of
processes, Fenton’s synthetic wastewater using an advanced oxidation process by Fenton's
reagent, Tetracycline. reagent treatment. Central Composite Design (CCD) software was used to

reduce the number of tests required to remove tetracycline. The
independent variables identified in batch oxidation experiments are the
concentrations of tetracycline (40-250 mg / L), hydrogen peroxide (20—
600 mg /L), and Fe(Il) (0—60 mg / L). The rate of tetracycline degradation
was significantly influenced by the concentration of hydrogen peroxide
and tetracycline. The reaction time required for tetracycline removal was
determined to be 15 minutes. The optimal ratio of independent variants
leading to complete degradation 100% of tetracycline was hydrogen
peroxide / Fe2 + / tetracycline 310/30/145 mg / L.

How to cite this article: M. H. Mahdi, T. J., Mohammed, and J. A. Al-Najar, “Removal of tetracycline antibiotic from wastewater by
Fenton oxidation process,” Engineering and Technology Journal, Vol. 39, Part A, No. 02, pp. 260-267, 2021.
DOI: https://doi.org/10.30684/etj.v39i2A.1915

This is an open access article under the CC BY 4.0 license http:/creativecommons.org/licenses/by/4.0

1. INTRODUCTION

Human and veterinary drugs are one of the main causes of pollution of natural water systems due
to their frequent use today [1-6]. Many antibiotics are discharged into the river environment with
medical waste and wastewater from pharmaceutical plants [3]. The presence of antibiotics in the
aquatic environment is a major source of environmental pollution. Several researchers have reported
the risks of the presence of these pharmaceutically active compounds (PhACs) in aquatic
environments [3-6]. Tetracycline (TC) is one of the most widely used antibiotics in the world, and
due to its frequent use, it is often present in wastewater [7, 8]. It is difficult to very effectively
remove TC from aqueous media due to its complex chemical structure and antibacterial properties.
The accumulation of tetracycline in river water leads to the development of bacteria resistant to
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antibiotics, which poses a serious threat to human health and ecosystems [9, 10, and 11]. To get rid of
this type of pollutant, more sustainable and efficient technologies need to be developed. Fenton's
reagent, consisting of H202 and Fe (II), is one of the most oxidation agents most effective in
removing the most hazardous organic compounds that affect water quality. The following mechanism
is acceptable for the activity of Fenton's reagent [12].

Fe (II) + H20, - Fe (II) + OH- + « OH )

Fe (II) + » OH - Fe (III) + OH- 2)

Due to the high oxidation potential (2.8 V) of hydroxyl (+ OH) radicals, Fenton's reagent is
widely used to decompose slowly decomposing chemicals [13, 14]. Fenton reagent can be used to
remove drug residues from wastewater and industrial wastewater from pollutants, Some of the
advantages that led to the use of the Fenton method are its high ability to remove pollutants, as well
as the oxidizing agent and catalyst in this method, are available at a low cost.

Several previous studies have been investigated the advanced oxidation process of various types
of antibiotics and pharmaceutical compounds [3, 7, 8, 10, 15-17]. A relatively high rate of
tetracycline removal (TC) was obtained by the Fenton method using the most efficient catalyst in the
batch samples, Morphology-tunable WMoO-1 nanowire, as a typical TC removal material, In which
unsaturated metal atoms acted together with oxygen defects as sites for TC chemical absorption and
the transfer of electrons. As a result, the degree of TC removal of 91.75% was obtained within an
hour after the reaction for an initial TC concentration of 400 pM [18].

The applicability of Fenton's oxidation has been investigated to improve the biodegradability of
biologically treated medical wastewater. Treatability studies were carried out under known
conditions for all chemicals (COD 900 to 7000 mg / 1) to determine the optimum operating
conditions for their widespread use in wastewater treatment plants. The optimum pH for the
oxidation and coagulation phases of the Fenton process was determined as 3.5 and 7.0, respectively,
Higher COD removal efficiency for all chemicals was obtained at a H,O, / Fe, " molar ratio of 150-
250. With a H202 / Fe2 + ratio of 155, 0.3 M H202 and 0.002 M Fe2 +, 45% to 65% COD is
removed. [19].

Two advanced oxidation methods have been used, namely, the Fenton process (Fe2 + / H202)
and photo-oxidation processes (UV-A / TiO2) to remove amoxicillin (AMO) and chemical oxygen
antibiotics (COD) from the aqueous solution. Many factors affect the removal ratio as pH, antibiotic,
Fe2 +, H202, TiO2 concentrations, and reaction time. The removal efficiency of AMO and COD in
the Fenton process was obtained at 83% and 66, respectively, and the optimal ratio for Fe2 +/ H202
was 1/15. While the percentage of removal was obtained in the photocatalytic process, AMO and
COD were 62% and 52%, respectively [20].

Oxidation with Electro Fenton has proven to be very effective for the treatment of aqueous
solution containing tetracyclines. Hydrolysis of tetracycline proceeds by 84.6% at pH 3 [21].
Adsorption and Fenton-like catalyst degradation of tetracycline were investigated by using
nanoparticles ferric iron oxide (AC@Fe304) coated on activated carbon with which acts as a green
oxidizer. The removal efficiency and total organic carbon (TOC) of 99.8% and 50.6% respectively
were obtained under optimal conditions [22].

The removal of tetracycline (TC) from aqueous solutions was studied by oxidation of the UV-
Fenton system with a heterogeneous synthetic catalyst consisting of magnetite Fe304 nanoparticles
deposited on activated carbon powder (Fe304 @ C). The influence of reaction time, catalyst, H202
concentration, and pH on TC removal was studied to determine the optimum condition. The removal
efficiency under optimal conditions was 79% in 44 minutes, and the decomposition reaction followed
the pseudo-first-order kinetic model [23].

In this study and after reviewing the previous studies above, the Fenton reagent was used to
degrade tetracycline. The central compound design (CCD) approach was used by looking at
independent variables such as tetracycline, hydrogen peroxide, and iron concentrations. As well, the
optimal conditions that increase the degradation of tetracycline have been identified.
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2. MATERIALS AND METHODS

1. Chemicals

Tetracycline was obtained from commercial source Wadi Alrafidain company pharmaceutical
products. Baghdad, Iraq. Table 1 summarizes some of the main properties of tetracycline. Hydrogen
peroxide (35% w / w, solution) and ferrous sulfate (FeSO4 7H20) were obtained from Sigma
Aldrich, USA. Hydrochloric acid (HCl) and Sodium hydroxide (NaOH) used for pH adjustments
were obtained from Merck(Germany). Acetonitrile and methanol (HPLC grade) were purchased from
Merck for HPLC analyzes.

TABLE I: Basic characteristics of tetracycline

Name of antibiotic Tetracycline
Molecular formula C22H24N20s
Chemical structure

OH O OH O

““ )

N
N
Molecular weigh 444 43¢
Solubility Light
Colour Yellow

11. Experimental system

A jar apparatus was used to mix the wastewater synthetic tetracycline at a constant speed (300
rpm). The required amount of iron in the form of FeSO4 7H20 was added to the aqueous solution.
Specific amounts of the oxidizing agent hydrogen peroxide were then added at the beginning of the
experiment with the pH adjusted to the desired value with either HC1 or NaOH. The ferrous sulfate
catalyst was well mixed with tetracycline solution before hydrogen peroxide was added. All
experiments were performed at ambient temperature (25 £ 2 © C). The pH was adjusted to 3.5, as it is
more suitable for treating Fenton reagent [24]. A 0.22 um filter was used for filtering samples before
performing HPLC analysis.

1II. Analytical methods

After the completion of the mixing process through the jar apparatus, the samples go through
several stages, including placing these samples on a centrifuge at 4500 rpm for 10 minutes, after that
the samples were filtered with a 0.22 um filter. Also, the samples were placed in a high-performance
liquid chromatography (HPLC) device to measure residual tetracycline concentration in water. This
HPLC is equipped with UV—vis detector (Waters 2998) at A = 285 nm using a non-end capped high
strength silica C18 column (4.6 mm 250 mm, Smm, Waters, USA). Also, contains a mixture of
Milli-Q water: methanol (30:70 v/v) and 0.1% formic acid at a flow rate of 1 ml/min. This mixture
was used as a mobile phase for elution purposes. The column temperature was maintained throughout
the analysis at 25 ° C.

1V. Design of experiments

Statistical experiment design methods and Response Surface Methodology (RSM) have become
widely used to identify factors affecting the treatment process [25, 26]. RSM designs have different
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types such as 3-level factorial design, central composite design (CCD) [27, 28], Box—Behnken design
(BBD) [29] and D-optimal design [30]. Among all the designs mentioned above for the Response
Surface Method (RSM), the central composite design (CCD) requires the least number of
experiments compared to the other types [31]. The advantage of this design allows for the
identification of important factors and reactive factors to be quantified. It also works to discover the
nonlinear behavior of the effect and to determine the best set of experimental factors that lead to
producing the maximum result. While it covers the same experimental space as the traditional array
design used in the primary study, in economic terms the CCD is more economical and requires fewer
experiments. In this work, the Design Expert 11 edition was used. There are three types of CCD
design points: (i) Center points (0, 0): These points are detected in the center and are also used to
detect curvature in the response; (ii) Axial points ((+ a, 0), (0, + a), (-a, 0), (0, -a)): The Axial points
are detected at a distance o from the center point and are also used to estimate coefficients Quadratic
terms (iii) Factorial points ((-1, -1), (+1, -1), (-1, +1), (+1, +1)): Factorial points are located at the
corners. These points are mostly used to evaluate linear terminology coefficients and two-way
interactions (Expert 2016) [26].

The optimization procedure includes studying the response of statistically designed experiments,
evaluating the coefficients by comparing experimental data with response functions, predicting the
response of the prepared model, and checking the adequacy of the model [31]. The effect of three
factors affecting the removal rate of tetracycline, which are the concentrations of tetracycline
antibiotic (X1), hydrogen peroxide (X2), and iron ion (X3) was studied as shown in Table II.

TABLE II: The experimental results of Central Composite Design (CCD)

Run Variables Experimental percent removals
Tetracycline, X1 H202, X2 Fe(l), X3 Tetracycline
(mg/1l) (mg/1) (mg/1) removal (%)
1 145 20 60 16
2 145 310 30 100
3 40 600 30 100
4 250 600 30 90
5 250 310 0 40
6 145 600 60 100
40 310 0 92
8 40 310 60 87
9 145 310 30 100
10 250 20 30 7
11 145 600 0 100
12 250 310 60 52
13 145 310 30 100
14 40 20 30 22
15 145 20 0 12

The experimental results were correlated with a second-order polynomial as described below

Y = bo + b1X1 + b2Xz + b3X3 + b12X1X2 + b13X1X3 + b23X2X3+b11X12 + b22X22 + b3szX32 (3)

Where Y is the predicted response; b0 is a model constant; X1, X2, and X3 are independent
variants; Linear coefficients b1, b2, and b3; interaction coefficients b12, b13, and b23; And bl1, b22,
and b33 are the quadratic coefficients. In this study, 15 experiments were designed based on CCD
(Table II), and all experiments were analyzed by analysis of variance (ANOVA). The accuracy of the
appropriate model was evaluated based on the coefficient of determination and its adjusted value.
Also, the significance of the linear and quadratic terms was verified by the F-test. Besides, the final
subset of variables is determined based on the p-value.
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V. Results and discussion

Many experiments were carried out under different experimental conditions according to Central
Composite Design (CCD) as shown in Table II. A complete removal rate of tetracycline was obtained
under the following operating conditions (tetracycline, 145 mg /1, H202 dose, 310 mg / 1, Fe (II), 30
mg /1, pH 3.5) over a 15 min time.

The coefficients were determined through a regression analysis depending on the experimental
results shown in Table II that were associated with the quadratic response functions. Response
functions to remove the percentage of tetracycline (Y) after 15 minutes of reaction time are presented
in Eq. (4) with the determined coefficients

Y =100 - 14X; + 41.75Xz + 1.25X5 + 1.50 X1Xz + 4.50X:X5 — 1XzX3 — 17X12 — 28X22 — 15X32 (R?
=0.97) 4)

Eqn. (4) was used to predict the removal efficiency of tetracycline at the experimental points. The
obtained predictions of the response function are in agreement with the experimental results. To
determine the quality of fit, the ANOVA test was used. Table III shows a presentation of the results
obtained from the ANOVA test based on the removal efficiency of tetracycline. Have been
concluded from the F-value of 21.01 shown in Table III that the model is significant. In addition, a p-
value of less than 0.05 indicates that the model conditions are important. The factors that had a major
influence on the removal efficiency of tetracycline were the hydrogen peroxide dose and the
tetracycline concentration.

TABLE III: ANOVA test for the response function Y (%tetracycline removal)
Source Sum of df Mean F- p-Value
squares square Value
Model 19851.00 9 2205.67 21.01 0.0019
A- Tetracycline (mg/L) 1568.00 1 1568.00 14.93 0.0118
B- H20: (mg/L) 13944.50 1 13944.50 132.80 <0.0001
C- Fe?* (mg/L) 12.50 1 12.50 0.1190 0.7441
AB 9.00 1 9.00 0.0857 0.7815
AC 81.00 1 81.00 0.7714 0.4200
BC 4.00 1 4.00 0.0381 0.8529
A? 1067.08 1 1067.08 10.16 0.0243
B2 2894.77 1 2894.77 27.57 0.0033
C? 830.77 1 830.77 7.91 0.0374
Residual 525.00 5 105.00
Lack of Fit 525.00 3 175.00
Pure Error 0.0000 2 0.0000
Cor Total 20376.00 14

Parameters X1, X2, X3, X12, X22, and X32 were identified as important model parameters with
p-values less than 0.05. It can be concluded from the results obtained from the ANOVA test to
removal efficiency of tetracycline that the variants X2, X3, X22, and X32 were important model
terms with a p-value less than 0.05.

Figure. (1-a, b, ¢) shows the effect of influencing factors on the removal efficiency of
tetracycline.

Figure. (1-a) illustrates the effect of both the tetracycline concentration and the hydrogen
peroxide dose on the removal efficiency. An increase in the tetracycline concentration reduces the
removal efficiency. Therefore, a higher concentration of tetracycline requires a high peroxide dose to
generate sufficient hydroxyl radicals to attack the tetracycline. Whereas, the removal efficiency of
16% was obtained at a concentration of 145 mg / 1 tetracycline and a hydrogen peroxide dose of 20
mg / I. When the hydrogen peroxide concentration was increased to 600 mg / | and with the same
concentration of tetracycline, complete removal efficiency of 100% was obtained. The reason for the
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complete removal is due to the generation of hydroxyl radicals that were formed upon increasing the
dose of hydrogen peroxide.

Figure. (1-b) shows the effect of both tetracycline concentration and Fe (II) dose on removal
efficiency. The high removal efficiency of 90% was obtained at a Fe (II) dose of 30 mg / | at a
concentration of 250 mg / 1 tetracycline. The removal efficiency decreased to 52% when increasing
the dose of Fe (II) to 60 mg / 1 at a concentration of tetracycline of 250 mg / 1. The reason for the
decrease in removal efficiency could be attributed to the scavenging of the hydroxyl radicals due to
the high doses of Fe (II) [32].

In addition, Figure.(1-c) shows the effect of both the hydrogen peroxide dose and Fe (II) dose.
From the removal results obtained, conclude that low doses of Fe (II) require high doses of hydrogen
peroxide to generate sufficient hydroxyl radicals capable of attacking the organic compound and
degradation it in water.

The removal of tetracycline that was only accomplished by oxidation of H202 was lower than
that of Fenton oxide ( Fe (II)+ H202).

traccane oo

etrichrms el 1

Figure 1: 3D response surface and contour plots: interactive effects of (a) Tetracycline conc. and
H:0: dose, (b) Tetracycline conc. and Fe?* dose (c) H20: dose and Fe** dose.

3. CONCLUSIONS

Total removal of tetracycline was obtained by using the Fenton method. The effect of
independent variables including tetracycline concentration, hydrogen peroxide dose, and Fe (II) dose
on tetracycline removal efficiency was studied. It was found that the most influencing factors on
removal efficiency were hydrogen peroxide dose and tetracycline concentration. It can be concluded
that higher concentrations of tetracycline require higher doses of hydrogen peroxide, but they do not
necessarily require high Fe (II) doses because sometimes an increase in Fe (II) doses leads to the
scavenging of the hydroxyl radical.

The optimum ratio of hydrogen peroxide / Fe (II) / tetracycline to achieve complete removal of
tetracycline is 310/30/145 mg / 1.

References

[1] J. Beausse, Selected drugs in solid matrices: a review of environmental determination, occurrence and
properties of principal substances, TrAC, Trends Anal. Chem., 23 (2004) 753-761.
doi.org/10.1016/j.trac.2004.08.005

[2] D. Bendz, N.A. Paxéus, T.R. Ginn, F.J. Loge, Occurrence and fate of pharmaceutically active compounds in
the environment, a case study: Hoje River in Sweden, J. Hazard. Mater.,, 122 (2005) 195-204.
doi.org/10.1016/j.jhazmat.2005.03.012

[3] K. Kiimmerer, “Antibiotics in the aquatic environment — a review part I, Chemosphere, 75 (2009) 417-434.
doi.org/10.1016/j.chemosphere.2008.11.086

[4] T. Heberer, Occurrence, fate, and removal of pharmaceutical residues in the aquatic environment: a review
of recent research data, Toxicol. Lett., 131 (2002) 5-17. doi.org/10.1016/S0378-4274(02)00041-3

[5] K. Fent, A.A.Weston, D. Caminada, Ecotoxicology of human pharmaceuticals, Aquat. Toxicol., 76 (2006)
122-159. 10.1016/j.aquatox.2005.09.009

265


https://doi.org/10.1016/j.trac.2004.08.005
https://doi.org/10.1016/j.jhazmat.2005.03.012
https://doi.org/10.1016/j.chemosphere.2008.11.086
https://doi.org/10.1016/S0378-4274(02)00041-3
https://doi.org/10.1016/j.aquatox.2005.09.009

Engineering and Technology Journal Vol. 39, Part A (2021), No. 02, Pages 260-267

[6] K. Ikehata, N.J. Naghashkar, M. G. El-Din, Degradation of aqueous pharmaceuticals by ozonation and
advanced  oxidation processes: a review, Ozone Sci Eng., 28 (2006) 353-414.
doi.org/10.1080/01919510600985937

[7]1 S. Kim, P. Eichhorn, N. J. Jensen, S. A. Weber, D.S. Aga , Removal of antibiotics in wastewater: effect of
hydraulic and solid retention times on the fate of tetracycline in the activated sludge process, Environ sci.
Technol., 39 (2005) 5816-5823. 10.1021/es050006u

[8] Y.Zhoua, X.Liu, Y.Xiang, P.Wang, J.Zhang, F.Zhang, J.Wei, L.Luo, M.Lui, L.Tang, Modification of
biochar derived from sawdust and its application in removal of tetracycline and copper from aqueous
solution: adsorption mechanism and modelling, Bioresour. Technol., 245 (2017) 266-273.
doi.org/10.1016/j.biortech.2017.08.178

[9] Y Deng, L.Tang, G.Zeng, J.Wang, Y.Zhou, J.Wang, Y.Zhou, J.Wang, J.Tang, L.Wang, C.Feng, Facile
fabrication of mediator-free Z-scheme photocatalyst of phosphorous-doped ultrathin graphitic carbon nitride
nanosheets and bismuth vanadate composites with enhanced tetracycline degradation under visible light, J.
Colloid Interface Sci., 509 (2017) 219-234. doi.org/10.1016/.j¢is.2017.09.016

[10] L. Rizzo, C. Manaia, C. Merlin, T. Schwartz, C. Dagot, M.C. Ploy, 1. Michael, D. Fatta-Kassinos, Urban
wastewater treatment plants as hotspots for antibiotic resistant bacteria and genes spread into the
environment: a review. Sci. of Total Environ., 447 (2013)345-360. doi.org/10.1016/j.scitotenv.2013.01.032

[11] J.Wang, L.Tang, G.Zeng, Y.Deng, Y.Liu, L.Wang, Y.Zhoud, Z.Guo, J.Wang, C.Zhang, Atomic scale g-C
3 N 4/Bi 2 WO 6 2D/2D heterojunction with enhanced photocatalytic degradation of ibuprofen under visible
light irradiation, Appl. Cata. B Environ., 209 (2017) 285-294. doi.org/10.1016/j.apcatb.2017.03.019

[12] D.F. Bishop, G. Stern, M. Fleischman, L.S. Marshall, Hydrogen peroxide catalytic oxidation of refractory
organics in municipal wastewater, Ind. Eng. Chem.: Process. Des. Dev., 7 (1968) 110-117.
doi.org/10.1021/i260025a022

[13] J.A. Zazo, J.A. Casas, A.F. Mohedano, M.A. Gilarranz, J.J. Rodriguez, Chemical pathway and kinetics of
phenol oxidation by Fenton’s reagent, Environ. Sci. Technol., 39 (2005) 9295-9320.
doi.org/10.1021/es050452h

[14] E.C. Catalkaya, F. Kargi, Effects of operating parameters on advanced oxidation of diuron by the Fenton’s
reagent: a statistical design approach, Chemosphere, 69 (2007) 485-492.
doi.org/10.1016/j.chemosphere.2007.04.033

[15] J.Wang, R.Zhuana, Degradation of antibiotics by advanced oxidation processes: An overview, Sci. Total
Environ., 701 (2020) 135023. doi.org/10.1016/].scitotenv.2019.135023

[16] A.G.Trovo, R.F.P.Nogueir, A.Agiliera, A.R.Fernandez-Alba, S.Malato, Degradation of the
antibiotic  amoxicillin by  Photo-Fenton  process-chemical and toxicological assessment,
Water Res., 45 (2011) 1394-1402. doi.org/10.1016/j.watres.2010.10.029

[17] L.V.S.Santos, A.M.Meireles, L.C.Lange, Degradation of antibiotics norfloxacin by Fenton, UV
and UV/ H202, J. Environ. Manage., 154 (2015) 8-12. doi.org/10.1016/j.jenvman.2015.02.021

[18] Y.Hu, K.Chen, Y. Li, J.He, Z.Kaisheng, T.Li, X.-J.Huang, L.Kong, J.-H. Liu, Morphology-tunable WMoO
nanowire catalysts for the extremely efficient elimination of tetracycline: kinetics, mechanisms and
intermediates, Nanoscale, 11 (2019) 1047-1057. doi.org/10.1039/C8NR08162J

[19] H.Tekin, O.Bilkay, S.S.Ataberk, T.H.Balta, I.H.Ceribasi, F.D.Sanin, F.B.Dilek, U.Yetis, Use of Fenton
oxidation to improve the biodegradability of a pharmaceutical wastewater, J. Hazard. Mater., 136 (2006)
258-265. doi.org/10.1016/j.jhazmat.2005.12.012

[20] G.Koyuncu, H.Kumbur, Investigation of amoxicillin removal from aqueous solution by Fenton and
photocatalytic oxidation processes, Kuwait J. Sci., 46 (2019) 85-93.

[21] Y.Zhang, S.Zuo, M.Zhou, L.Liang, G.Ren, Removal of tetracycline by coupling of flow-through electro-
Fenton and in-situ regenerative active carbon felt adsorption, J. Chem. Eng., 335 (2018) 685-692 .
doi.org/10.1016/.cej.2017.11.012

[22] A.lJafari, B.Kakavandi, N.Jaafarzadeh, R.R.Kalantary, M.Ahmadi, A.A.Babaei, Fenton-like catalytic
oxidation of tetracycline by AC@ Fe304 as a heterogeneous persulfate activator: adsorption and
degradation studies, J Ind Eng Chem., 45 (2017) 323-333. doi.org/10.1016/j.jiec.2016.09.044

[23] B.Kakavandi, A.Takdastan, N.Jaafarzadeh, M.Azizi, A .Mirzaei, A.Azari, Application of Fe304@ C
catalyzing heterogeneous UV-Fenton system for tetracycline removal with a focus on optimization by a

266


https://doi.org/10.1080/01919510600985937
https://doi.org/10.1021/es050006u
https://doi.org/10.1016/j.biortech.2017.08.178
https://doi.org/10.1016/j.jcis.2017.09.016
https://doi.org/10.1016/j.scitotenv.2013.01.032
https://doi.org/10.1016/j.apcatb.2017.03.019
https://doi.org/10.1021/i260025a022
https://doi.org/10.1021/es050452h
https://doi.org/10.1016/j.chemosphere.2007.04.033
https://doi.org/10.1016/j.scitotenv.2019.135023
https://doi.org/10.1016/j.watres.2010.10.029
https://doi.org/10.1016/j.jenvman.2015.02.021
https://doi.org/10.1039/C8NR08162J
https://doi.org/10.1016/j.jhazmat.2005.12.012
https://doi.org/10.1016/j.cej.2017.11.012
https://doi.org/10.1016/j.jiec.2016.09.044

Engineering and Technology Journal Vol. 39, Part A (2021), No. 02, Pages 260-267

response  surface method, J. Photochem. Photobiol. A: Chem., 314 (2016) 178-188.
doi.org/10.1016/j.jphotochem.2015.08.008

[24] R.Vasquez-Medrano, D.Prato-Garcia, M.Vedrenne, “Chapter 4 - Ferrioxalate-Mediated Processes.” in
Advanced oxidation processes for waste water treatment: Emerging Green Chemical Technology,
S.C.Ameta and R.Ameta, Copyright © 2018 Elsevier Inc. All rights reserved, p.89-113.
doi.org/10.1016/B978-0-12-810499-6.00004-8

[25] E. Balanosky, F. Herrera, J. Kiwi, Optimization in design, testing and construction of reactors by use of
statistical modeling of the reaction variables, energy input and reaction time, Stud Surf Sci Catal., 130
(2000) 2765—-2770. 10.1016/S0167-2991(00)80889-7

[26] J. Fernandez, J. Kiwi, C. Lizama, J. Freer, H.D. Mansilla, Factorial experimental design of Orange II
photocatalytic  discolouration, J. Photochem. Photobiol. A: Chem., 151 (2002) 213-219.
doi.org/10.1016/S1010-6030(02)00153-3

[27] G.E.P. Box, K.B. Wilson, On the experimental attainment of optimum multifactorial conditions, J. R. Stat.
Soc. Ser. B Methodol., 13 (1951) 1-45. 10.1007/978-1-4612-4380-9 23

[28] A. Boza, Y. De la Cruz, G. Jordan, U. Jauregui-Haza, A. Aleman, 1. Caraballo, Statistical optimization of a
sustained-release matrix tablet of lobenzarit disodium, Drug Dev. Ind. Pharm., 26 (2000) 1303-1307.
10.1081/ddc-100102313

[29] S.K. Singh, J. Dodge, M.J. Durrani, M.A. Khan, Optimization and characterization of controlled release
pellets coated with an experimental latex: I. Anionic drug, Int. J. Pharm., 125 (1995) 243-255.
doi.org/10.1016/0378-5173(95)00135-6

[30] C. Sanchez-Lafuente, S. Furlanetto, and M. Fernandez-Arevalo, Didanosine extended-release matrix
tablets: optimization of formulation variables using statistical experimental design, Int. J. Pharm., 237
(2002) 107—118. doi.org/10.1016/S0378-5173(02)00028-5

[31] M.Ahmadi, F.Vahabzadeh, B.Bonakdarpour, E.Mofarrah, M.Mehranian, Application of the central
composite design and response surface methodology to the advanced treatment of olive oil processing
wastewater using  Fenton's  peroxidation, J. Hazard. @ Mater.,, 123  (2005) 187-195.
doi.org/10.1016/j.jhazmat.2005.03.042

[32] F. Ay, E.C. Catalkaya, F. Kargi, A statistical experiment design approach for advanced oxidation of Direct
Red azo-dye by photo Fenton treatment, J. Hazard. Mater.,, 162 (2009) 230-236.
doi.org/10.1016/j.jhazmat.2008.05.027

267


https://doi.org/10.1016/j.jphotochem.2015.08.008
https://doi.org/10.1016/B978-0-12-810499-6.00004-8
https://doi.org/10.1016/S0167-2991%2800%2980889-7
https://doi.org/10.1016/S1010-6030(02)00153-3
https://doi.org/10.1007/978-1-4612-4380-9_23
https://doi.org/10.1081/ddc-100102313
https://doi.org/10.1016/0378-5173(95)00135-6
https://doi.org/10.1016/S0378-5173(02)00028-5
https://doi.org/10.1016/j.jhazmat.2005.03.042
https://doi.org/10.1016/j.jhazmat.2008.05.027

	1. Introduction
	2. Materials and methods
	I. Chemicals
	II. Experimental system
	III. Analytical methods
	IV. Design of experiments
	V. Results and discussion

	3. Conclusions
	References


