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ABSTRACT: 

In this study, degradation of oxytetracycline (OTC) and chlortetracycline (CTC) was 
investigated by Fenton process. In experimental studies conducted for this purpose, different 

values of pH, Fe2+ concentration, H2O2 concentration and reaction time were tested as 

important parameters for the Fenton process and optimum conditions for OTC and CTC 

removal were determined. For both antibiotics, the optimum values of the parameters in the 

Fenton process were the same, and these values were found to be 3 for pH, 20 mg/L for Fe2+ 

concentration, 25 mg/L for H2O2 concentration, 5 min for reaction time. Under these optimum 

conditions, OTC degradation was 100%, CTC degradation was 99.68%, chemical oxygen 

demand (COD) removal efficiency for oxytetracycline (O-COD) was 89.6%, COD removal 

efficiency for chlortetracycline (C-COD) was 88.5%. These results show that the Fenton 

process is an effective method that can be used for OTC and CTC degradation. 
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INTRODUCTION 

Tetracycline group antibiotics are widely used in human and animal treatment in the world due 

to their low cost and high efficiency (Çelik et al., 2018; Wang et al., 2018). Oxytetracycline and 

chlortetracycline are two of the most commonly used tetracycline group antibiotics. The main 

chemical structure and physicochemical properties of oxytetracycline and chlortetracycline are given 

in Table 1. Oxytetracycline and chlortetracycline with their low adsorption and metabolizability are 

transported to the environment with urea and feces. Therefore, they are present even in low 

concentrations in environments such as surface water, soil, groundwater, seawater, sediment (Liu et 

al., 2016). These antibiotics pose a potential risk to human health and ecosystem through the 

development of bacteria and pathogens that resist even at low concentrations (Alalm et al., 2015; 

Aydın et al., 2016). For this reason, antibiotics need to be removed before moving to environmental 

mediums. Biological treatment methods are insufficient in antibiotic removal due to their resistant and 

toxic structures. Advanced oxidation methods are widely used in the treatment of wastewater 

containing recalcitrant and non-biodegradable organic compounds (Cahino et al., 2018). Advanced 

oxidation methods are based on the formation of hydroxyl radicals and can oxidize a wide range of 

organic matter to CO2 and H2O (Sun et al., 2009). Methods such as Fenton, photo-Fenton, ozonation, 

electrochemical oxidation and photocatalysis are the most commonly used advanced oxidation 

processes (Mousavi et al., 2018). In the Fenton process, these recalcitrant and non-biodegradable 

complex organic compounds are oxidized with the •OH formed by Fe2+ and H2O2 reaction (Eqs.1-2) 

(Hakika et al., 2019). Fenton process is one of the advanced oxidation methods with its advantages 

such as high oxidation power, fast oxidation kinetics, relatively low cost and ease of operation and 

maintenance (Gürtekin and Sekerdağ, 2008; Sun et al., 2009). 

Fe2+ + H2O2 → Fe3+ + •OH + OH-                                                                                                         (1) 

Organics + •OH  → products                                                                                                                 (2) 

Oxytetracycline and chlortetracycline are recalcitrant and non-biodegradable micropollutants. 

The aim of this study is to investigate the degradation of oxytetracycline and chlortetracycline with 

Fenton process. For this purpose, optimization values of factors such as pH, Fe2+ concentration, H2O2 

concentration and reaction time as important parameters for Fenton process were determined. 

Table 1. Chemical structure and physicochemical properties of the OTC and CTC (Daghrir and 

Drogui, 2013) 
Compound Oxytetracycline hydrochloride Chlortetracycline hydrochloride 

Structure 

 
 

Molecular formula C22H24N2O9. HCl C22H23ClN2O8. HCl 

Molecular weight 496.9 g/mol 515.3 g/mol 

Water solubility 0.062 mol/L 0.008 mol/L 

pKa 3.2, 7.46, 8.9 3.3, 7.55, 9.3 

Usage Antibiotic Antibiotic 

MATERIALS AND METHODS 

Experimental System 

All experiments were carried out in amber colored glass bottles with a total volume of 250 mL to 

prevent possible photodegradation by light exposure. Reactions were provided with agitators adjusted 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/physicochemical-property
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at 25 oC. The pH was initially adjusted with the help of H2SO4 and NaOH using a Thermo Scientec 

brand pH meter and no other pH adjustment was made during the reaction. For each experiment, a 

certain amout of Fe2+ and H2O2 was added to the oxytetracycline and chlortetracycline solutions 

prepared in different reaction vessels. At the end of the reaction, the pH was adjusted to 9-10 levels to 

allow precipitation and subjected to precipitation for 90 minutes. At the end of the precipitation time, 

clear liquid was taken from the upper part of the reactor and OTC, CTC and COD were analyzed. 

Reagents  

Oxytetracycline (OTC) hydrochloride salt and Chlortetracycline (CTC) hydrochloride salt were 

purchased from Sigma-Aldrich and 35% purity Hydrogen peroxide (H2O2) was purchased from Merck. 

Iron sulfate heptahydrate was obtained from Biochem. The pH of the solution was initially adjusted 

with dilute 98% sulfuric acid (0.2 and 0.02 N H2SO4) and sodium hydroxide (0.2 N NaOH). OTC and 

CTC solutions were prepared by diluting the OTC and CTC stock solution (200 mg/L). All solutions 

were prepared with deionized deoxygenated water (DDW) and stored at 4 °C. 

Analytical methods 

OTC, CTC and COD analyzes were performed on the samples taken at the end of the 

precipitation period in order to determine the performance of Fenton process. OTC and CTC 

determination was performed with Shimadzu brand High Performance Liquid Chromatography 

(HPLC) device. As mobile phase, a mixture of 20 mM (NH4) H2PO4 and HPLC purity acetonitrile with 

pH adjusted between 2.45-2.55 was used, and the flow rate was set at 1.2 mL/min and the injection 

volume was set at 100 µL. OTC and CTC analyzes were detected by a diode array detector at a 

wavelength of 269 nm and a retention time of 2.95 and 7.95 mins, respectively. Calibration was done 

with five standards between 20 and 100 mg/L and R2 was higher than 0.998. COD determination was 

made with Merck brand 114895 coded kit.  

RESULTS AND DISCUSSION 

Effect of pH  

pH is an important parameter in the Fenton process as it affects hydroxyl radical formation and 

the concentration of Fe forms. The pH range in which the optimum hydroxyl radical is formed in 

Fenton process is 2 to 4 (Verma and Haritash, 2019).  Based on the literature, pH 2, 3 and 4 values 

were used in this study. Studies were carried out to determine the effect of pH by using OTC and CTC 

concentration of 100 mg/L, Fe2+ concentration of 30 mg/L and H2O2 concentration of 300 mg/L. At pH 

1 and 2, the degradation efficiency decreases because hydroxyl radicals are scavenged by the H+ ion. 

Hydrogen peroxide below pH 2 can possibly remain solvated to form an oxonium ion, which improves 

its stability and significantly reduces its reaction with iron ions (Sun et al., 2009). Complex species 

such as [Fe(H2O)6]
2+ and [Fe(H2O)6]

3+ also react more slowly with hydrogen peroxide. At values 

higher than pH 4, degradation efficiency decreases with the precipitation of iron ion and reduction of 

decomposition of hydrogen peroxide to hydroxyl radical (Vasseghian et al., 2022).  Oxytetracycline 

and chlortetracycline are also available in different forms depending on pH. Oxytetracycline has pKa 

values of 3.57, 7.49 and 9.88. OTCH3
+ form at pH values less than 3.57, OTCH2

± form in the range 

3.57-7.49, OTCH- form in the range of 7.49-9.88, and OTC2- form in the values greater than 9.88 are 

the dominant form (Liu et al., 2015). Chlortetracycline has pKa values of 3.30, 7.44 and 9.27. CTH3
+ 

form with pH value less than 3.3, CTH2
± form in the range of 3.30-7.44, CTH- form in the range of 

7.44-9.27 and CTC2- form with values greater than 9.27 are the dominant form (Liu et al., 2018). The 

effluent OTC values were given in Figure 1 and the effluent OTC values at pH 2, 3 and 4 were found 
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to be 1.729, 0.189 and 2.99 mg/L, respectively. The effluent COD concentration for oxytetracycline 

(O-ECOD) was obtained as 4, 3.5 and 5.9 mg/L for pH 2, 3 and 4, respectively. Based on the results of 

this experimental study, the optimum pH value for oxytetracycline was found to be 3 and this pH value 

was used in the rest of the study. The effluent CTC concentration was found to be zero for pH 2, 3 and 

4. The effluent COD concentration for chlortetracycline (C-ECOD) at pH 2, 3 and 4 was found to be 

15, 15 and 24 mg/L, respectively. In addition, the size of the complexes formed is taken into account 

(data not given). When the effluent values and the size of the complexes formed were evaluated, the 

optimum pH value for CTC was found to be 3. OTC's main biodegradation products are 4-epi-OTC 

(EOTC), 2-acetyl-2-decarboxy-amido-OTC (ADOTC), α-apo-OTC and β-apo-OTC (Li et al.,2019). 

The transformation products of CTC have been reported to be 4-epichlorotetracycline (ECTC), 

anhydrochlorotetracycline (ACTC), and 4-epi-anhydrochlortetracycline (EACTC) (Aydın et al., 2016). 

In the study investigating the oxidation of sulfadiazine by the Fenton process, the optimum pH was 

found to be 3 (Yang et al., 2014). In another study, in which wastewater containing ibuprofen was 

purified by the Fenton process, the optimum pH value was determined as 3.5 (Odabasi and 

Buyukgungor, 2017). It is known that the protonated forms of oxytetracycline and chlortetracycline 

have little interest in the hydroxyl radical (Han et al., 2020). Despite the protonated form of 

oxytetracycline and chlortetracycline at this optimum pH, it has been observed that the hydroxyl 

radical formed in the Fenton process was effective.  

 
Figure 1. Effluent OTC, CTC, O-ECOD and C-ECOD concentrations at different pH values (OTC: 100 mg/L, CTC: 100 

mg/L, Fe2+: 30 mg/L, H2O2: 300 mg/L) 

Effect of Fe2+ Concentration  

This stage of the experimental study was carried out at concentrations of 0, 10, 20 and 40 mg/L 

Fe2+. The initial OTC and CTC concentration was 100 mg/L, the selected H2O2 concentration was 300 

mg/L and the pH value was 3. The effects of different Fe2+ concentrations on OTC and CTC removal 

were determined (Figure 2). Effluent OTC values obtained at 0, 10, 20 and 40 mg/L Fe2+ concentration 

were found to be 2.57, 1.12, 0 and 0 mg/L, respectively, while effluent CTC concentration values were 

3.6, 0, 0 and 0.12 mg/L, respectively. The O-ECOD values at 0, 10, 20 and 40 mg L Fe2+ 

concentrations were 13, 12, 5 and 8 mg/L, and the C-ECOD values were 140, 36, 16 and 24 mg/L, 

respectively. From both the effluent OTC, CTC and O-ECOD, C-ECOD values, the optimum Fe2+ 

concentration value for OTC and CTC removal appears to be 20 mg/L. Increasing the Fe2+ 

concentration up to 20 mg/L increased the •OH and concentrations greater than 20 mg/L caused a 

decrease in OTC and CTC removal and an increase in effluent COD values due to the self-scavenging 
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effect of the •OH. In a study conducted with the Fenton process, it was stated that increasing iron 

concentration had a negative effect on color removal (Kaya and Ascı, 2019). In the oxidation of 

norfloxacin by Fenton process, 100% removal efficiency was obtained at 5 mg L Fe2+ concentration 

(Cruz et al., 2012). 

  
Figure 2. Effluent OTC, CTC, O-ECOD and C-ECOD concentrations at different Fe2+ values (OTC: 100 mg/L, CTC: 100 

mg/L, pH: 3, H2O2: 300 mg/L) 

Effect of H2O2 Concentration  

Effluent OTC, CTC, O-ECOD and C-ECOD concentrations at different H2O2 concentrations are 

given in Figure 3. It was seen that there was no decrease in the effluent values of OTC, CTC, O-ECOD 

and C-ECOD with the increase of H2O2 concentration. The optimum concentration value for H2O2 is 

25 mg/L under the initial OTC and CTC concentration of 100 mg/L, Fe2+ concentration of 20 mg/L 

and pH 3 operating conditions. It has been stated that the decrease in the rate of degradation at higher 

H2O2 concentrations is due to both the recombination of hydroxyl radicals and the scavenging effect of 

the •OH of H2O2 (Dalgic et al., 2017). However, such a critical H2O2 concentration value was not 

found in this study. At the same time, excessive use of H2O2 is not recommended as residual H2O2 

concentration contributes to COD. In a similar study, 100 mg/L was found to be the optimum value for 

H2O2 concentration by looking at the efficiency of tetracycline and COD removal (Gürtekin et al., 

2022). In the oxidation of carbofuran by Fenton process, 81% of carbofuran was degraded at a 

concentration of 100 mg/L H2O2 (Ma et al., 2010). 

 
Figure 3. Effluent OTC, CTC, O-ECOD and C-ECOD concentrations at different H2O2 values (OTC: 100 mg/L, CTC: 100 

mg/L, pH: 3, Fe2+: 20 mg/L) 
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Effect of Reaction Time  

Figure 4 shows the effluent OTC, CTC, O-ECOD and C-ECOD concentrations obtained at 

different reaction times. While the increase of reaction time increases degradation efficiency, it 

increases the operating cost. When these two conditions are evaluated together, it is seen that the 

optimum reaction time is 5 min for both antibiotic removal. Elmolla and Chaudri (2009) studied the 

treatment of amoxycillin, ampicillin and cloxacillin antibiotics at the initial concentration of 104, 105 

and 103 mg/L, respectively, and stated that complete disintegration of these antibiotics was achieved 

within 2 min of reaction time under optimum conditions. It was stated that a reaction time of 10-15 

minutes was sufficient for near maximum biodegradability in the removal of chlortetracycline by 

photocatalytic ozonation processes. (Hammad Khan et al., 2013) In another study investigating the 

degradation of captopril by the Fenton process, 95% of captopril degradation was obtained in a 

reaction time of 15 minutes (Lima Santos et al., 2021).  

 
Figure 4. Effluent OTC, CTC, O-ECOD and C-ECOD concentrations at different reaction time (OTC: 100 mg/L, CTC: 

100 mg/L, pH: 3, Fe2+: 20 mg/L, H2O2: 25 mg/L) 

CONCLUSION 

In the Fenton process, the main factors such as pH, Fe2+ concentration, H2O2 concentration and 

reaction time are important operating parameters and systematic study is necessary for optimization. 

Optimum conditions in Fenton process were the same for OTC and CTC. These conditions were 

determined as 3 for pH, 20 mg/L for Fe2+ concentration, 25 mg/L for H2O2 concentration and 5 min for 

reaction time. Under these optimum conditions, OTC degradation and O-COD were 100% and 89.6%, 

respectively. CTC degradation and C-COD were 99.68% and 88.5%, respectively. These results 

showed that OTC and CTC were fully degraded. When the COD parameter was evaluated, it means 

that approximately 90% of OTC and CTC were degraded to CO2 and H2O, and about 10% of them to 

different intermediates. It was determined that Fenton process is a method that can be used for the 

degradation of OTC and CTC, which are among the tetracycline group. 
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