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Abstract 

The use of antibiotics in the community harms the environment. Due to the use of antibiotics is a risk of antibiotic resistance. 
Photodegradation was a method that could be used to reduce this impact. Photodegradation is a decomposition process using 
photon energy assistance. The photodegradation process requires a photocatalyst, which is a semiconductor material when 
subjected to an energy photon. This jump of electrons causes electron holes that can interact with water solvents to form 
radicals. TiO2 is the most common photocatalyst that is used for the destruction of pollutants in aqueous solutions. 
Photochemically, TiO2 is a stable, non-toxic, widely available, and low-cost manufacturing process. Increasing the 
concentration of TiO2 catalyst will also increase the photodegradation activity of antibiotics, and the longer time of the 
irradiation time will increase the antibiotic degradation. 
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Introduction 
Several types of drugs, mainly antibiotics, hormones, preservatives, and anesthetics, have been identified in-ground, 

waste, and drinking water. The presence of antibiotic waste in water can affect harmful to aquatic organisms as well 

as causing antibiotic resistance in pathogens in wastewater [1]. Antibiotics are drugs used to treat infections caused 

by bacteria and other microorganisms. Its toxic properties can inhibit the growth of bacteria (bacteriostatic) or kill 

bacteria (bactericidal) that contact with these antibiotics [2]. 

  

To overcome antibiotic effects on aquatic ecosystems and the environment can be done photodegradation. 

Photodegradation is a decomposition process (generally organic compounds) with the help of photon energy. This 

jump of electrons causes electron holes that can interact with water solvents to form radicals [3]. TiO2 is the most 

common photocatalyst semiconductor used for the degradation of pollutants in aqueous solutions [4]. 
Photochemically, TiO2 is a stable, non-toxic, widely available, and low-cost manufacturing process [5]. To 

determine the extent of mineralization of the photodegradation process has been done with a TOC analyzer. Total 

Organic Carbon (TOC) is the number of carbon contained in organic compounds [6]. Classical methods of chemical 

oxidation for TOC determination are widespread in soil analysis. They are simple and fast, offer high sensitivity [7].  

Some studies suggest that the use of TiO2 catalysts can increase degradation activity. The degradation of thymine 

over TiO2 photocatalyst was rapid and significant in aqueous solution under UV irradiation [8]. Combination 

variation between TiO2 and activated charcoal (35: 1) for 100 minutes can degrade ciprofloxacin by 82.18% [9]. C-

N-S-tridoped TiO2 materials increased the degradation of tetracycline because has a large specific surface area [10]. 
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Sulfamethoxazole degradation and TOC reduction were improved when TiO2 concentration was increased, until an 

optimum located between 0.5–1.0 g TiO2/L. Degradation 82% of sulfamethoxazole degradation and 23% of TOC 

reduction [11].  

 

This review focuses on the photodegradation of antibiotic compounds with TiO2 as a catalyst. Also, it can provide 

some information about the photodegradation using UV-Vis spectrophotometry, High-Performance Liquid 

Chromatography (HPLC) is used to analyze the degradation of the compound class of antibiotics, and the 

measurement of Total Organic Carbon (TOC) for mineralization determination from the photodegradation process. 

 

 

Data Collection 
The author created this article review by conducting literature studies. The works of literature were collected from 

national and international journals in the last twenty years (2010-2020) and pharmaceutical scientific books. The 

works of literature were collected from trusted online journal sites such as the digital library, ScienceDirect, 

Elsevier, NCBI, Researchgate, Google Scholar, Springer, and other E-resource with the keyword "photodegradation 

of antibiotic”, “TiO2 as a catalyst”, and “TiO2”. 
 

 

Analysis Method 

The analytical method was used in photodegradation, such as ozonation, ultrasonic waves, Fenton process, and 

photocatalytic. In the photocatalytic method, TiO2 was the most commonly used photocatalyst. Photochemically, 

TiO2 is a stable, non-toxic, widely available, and low-cost manufacturing process. The visible light absorption of 

TiO2 can be influenced by the presence of dopants (Carbon, Nitrogen, and Flour), this is due to a redshift [12]. 

Photodegradation using TiO2 catalyst can be measured using UV-Vis spectrophotometer and HPLC as shown in 

Table 1 and Table 2. 

 

 

 

Table 1: Photodegradation measurement of antibiotic compounds using UV-Vis Spectrophotometry 

No. Drug Concentration Wavelength Degradation Results References 

1. Tetrasiklin 40 mg/L 365 nm 50% [13] 

2. Ciprofloxacin 0,01 mg/ml 278 nm 88,561% 
[14] 

3. Amoxicillin 10 mg/L 387,5 nm Uv = 25 % 

Vis = 50% 

[15] 

4. Ofloxacin 20 mg/L 288 nm 60% [16] 

 

 

To get 50% tetracycline degradation with a concentration of TiO2 0.5 g/L and tetracycline itself 40 mg/L, 10,20 and 

120 minutes irradiation were necessary for UV, solarium, and blacklight lamps, respectively. Tetracycline 

degradation analyzes were performed in a Shimadzu UV-1603 spectrophotometer as an absorbance measurement, 

the maximum absorbance at 365nm wavelength [13]. The use of TiO2-SiO2 catalyst will increase tetracyclines 

degradation. The increasing  SiO2 molar ratio will increase tetracycline degradation [17]. Absorbance ciprofloxacin 

at a concentration of 0.01 mg/ml was measured using Shimadzu UV 1603 spectrophotometer with a wavelength of 

278 nm. Determination of ciprofloxacin degradation was conducted at pH 5.8 under a UV lamp at a distance of 5 cm 
and the addition of 0.05 g of pure TiO2 nanoparticles, the results obtained 88.561%. No significant degradation 

when irradiation is not using TiO2 as a catalyst [14]. Besides, ciprofloxacin can be degraded by TiO2 and ZnO 

prepared by sol-gel modified with a pH 10 and 60 minutes, ciprofloxacin degraded about 50% [18]. Exposure 
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duration also affected the photocatalytic degradation of ciprofloxacin. for 2, 5, and 30 min Exposure duration, 

ciprofloxacin degraded were 94%, 97%, and 99%, respectively. This study was conducted by 3.75 mg / L 

ciprofloxacin concentration and 0.01 g TiO2 mass [19].  

 

Photocatalytic degradation of Amoxicillin catalyzed by TiO2 was conducted using a speccord plus UV / Vis 

spectrophotometer with a wavelength of 387.5 nm. Amoxicillin volume and concentration: 100 mL and 10 mg L-1, 

photocatalysts mass: 40 mg, time: 24 h, and pH: 6, 25% of amoxicillin degraded by UV and 50% of Vis light [15]. 

Exposure duration also affected photocatalytic degradation of amoxicillin, for 2, 5, and 30 min Exposure duration, 

amoxicillin degraded were 94%, 97%, and 99%, respectively. This study was conducted by 10 mg / L ciprofloxacin 

concentration and 0.01 g TiO2 mass. Samples of drug solutions were examined using a Perkin Elmer Lambda 16 
dual-beam spectrometer with 195  nm wavelength [19].  

 

The photodegradation process of amoxicillin can also be done by the photo-Fenton process with an effective 

irradiation time of 30 min. However, photodegradation of amoxicillin with photo-Fenton uses a higher cost 

compared to TiO2 catalyst [20]. Besides, pH is also very influential in the photodegradation of amoxicillin with 

photo-Fenton, due to the ionization states of the substrate and the catalyst [21].  

 

The UV / Vis spectrophotometer (Jasco V-530) was used to determine the absorbance of ofloxacin with a 

wavelength of 288 nm. Analysis of ofloxacin degradation rate by using TiO2 as the catalyst may degrade ofloxacin 

by 60%. 0.25-4 g/L TiO2 concentration was added with ofloxacin 10 mg / L, and pH: 8. The irradiation time 

required to degrade 60% of ofloxacin is over 120 minutes with an efficient TiO2 concentration of 3 g / L [16].  
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Table 2: Measurement photodegradation antibiotic compounds using HPLC (High-Performance Liquid Chromatography) 

No. Samples Column Mobile phase 
 

Detector 
Chromatographic 

conditions 

Result 

degradation 
References 

1.  Amoxicillin 

Zorbax Eclipse 

XDB-C18 column 

(Agilent) 

Water : methanol : 

acetic acid (200 : 

300 : 5) 

Detector UV 

228 nm 

Flow rate: 0,8 cm3/min 

vol. injection : 5 µL 

isocratic elution 

60% [22] 

2. Amoxicillin 

L-2130 pump, aL-

2200 autosampler, 

aL-2300 column 

oven, and an L-2455 

DAD 

Acetonitrile : 

methanol: oxalic 

acid (10:5:80) 

Detector UV 231 nm Flow rate: 0,8 ml/menit 

 

vo injection: 20 µL 

61% [23] 

3. Amoxicillin 

ZORBAX SB-C18 
(4,6 mm × 150 mm, 

5 µm) dan suhunya 

60 ° C 

Water : asetonitril 
(60 :40) 

DAD  with λ = 204 
nm 

Flow rate 0,50 mL / min 58,7% [5] 

4. Tylosin 

BEH C18 reversed 

phase column (100 

mm × 2.1 mm i.d. × 

1.7 μm) at 30°C 

Acetonitrile: water 

(20 :80) 

Photodiode array 

detector 

(AcquityHclass: 

Waters). 

λ max (= 232 nm) 

Vol injection: 10 μL 

Flow rate: 0,4 mL/menit 

80% [24] 

5. Spiramycin 

BEH C18 reversed 

phase column (100 

mm × 2.1 mm i.d. × 

1.7 μm) at 30°C 

Acetonitrile: water 

(20 :80) 

Photodiode array 

detector 

(AcquityHclass: 

Waters). 

λ max (= 232 nm) 

Vol injection: 10 μL 

Flow rate: 0,4 mL/menit 

98% 
[25] 
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Amoxicillin degradation analysis was carried out using HPLC and Zorbax Eclipse XDB-C18 column 

(Agilent). The analysis was performed by an isocratic method using water: methanol: acetic acid (volume ratio 

of 200: 300: 5), flow rate 0.8 cm³ / min and the column temperature was 258 ° C. Injection volume was 5 μL, 

and UV detection performed at 228 nm. A total of 100 mg/dm3 amoxicillin concentration and nanocrystal TiO2 

catalyst 2 g/dm3, increase in amoxicillin degradation rate 60% with the increase of pH [22]. Analysis of 

amoxicillin concentration of 40 mg / L was carried out using HPLC using acetonitrile (mobile phase A), 

methanol (mobile phase B), and oxalic acid 0.01 M aqueous solution (mobile phase C) with a ratio (10: 5: 80), 

an instrument using Hitachi ELITE LaChrom HPLC (Merck-Hitachi, Tokyo, Japan), equipped with L-2130 

pump, L-2200 autosampler, L-2300 column oven, and L-2455. Purospher ® RP-18e 125–4 (5 μm; Merck) 
reverse-phase columns were operated at room temperature (25 ° C). The injection volume was 20 μL and the 

wavelength of the UV absorbance detector was set at 231 nm. Amoxicillin degraded by 61% with 40 mg/L 

amoxicillin concentration and 0.5 mg/L TiO2 catalyst [23].  

Amoxicillin concentration was determined by High-Performance Liquid Chromatography (HPLC) (Agilent 

1100 Series) equipped with a micro vacuum degasser (Agilent 1100 series). Quaternary pump, diode array, and 

multiple wavelength detector (DAD) (Agilent 1100 series) at 204 nm wavelength. Data recorded by chemistion 

software. The column was ZORBAX SB-C18 (4.6 mm × 150 mm, 5 µm) and the temperature was 60 ° C. 

Mobile phase was 60% 0.025 M KH2 PO4 buffer solution in ultrapure water and 40% acetonitrile with a flow 

rate of 0.50 mL/min. Amoxicillin concentration was 104 mg / L with a pH of 5 for 300 minutes of irradiation 

and the concentration of TiO2 catalyst was 2 g / L, amount of degraded amoxicillin by 58.7%. Catalyst 

concentration is related to the amount of degraded amoxicillin. TiO2 concentration above 1 g/L does not 
produce significant antibiotic degradation [5]. It due to reduced light penetration and increased light scattering 

[26], agglomeration, and high TiO2 sedimentation below catalyst concentration [27]. With the higher number 

of TiO2 concentrations (0-4 mg / L), the photodegradation activity of antibiotics also increases [28].  

Experiments of tylosin tartrate photocatalytic degradation were carried out with a batch photoreactor. The UV 

light used is a Philips PL-S 9W / 10 / 4P lamp. Irradiation was carried out for 300 minutes with an initial 

concentration of tylosin tartrate 20 mg / L. TiO2 usage of 1 g/L and initial pH of 4.5. Results obtained 35% and 

80% degradation of tylosin tartrate in sequence with UV and UV+TiO2 radiation [24]. Spiramycin degradation 

over the initial concentration range of 5–80 mg/L is investigated at constant TiO2 dose (1 g/L) and natural pH 

(6.68). It is observed that the time required for the maximum degradation depends on the initial concentration. 

For the concentrations used in the experiments and at an irradiation time of 300 min, the extent of the 

Spiramycin removal is 98% [25]. The Spiramycin concentration was monitored by Ultra-High Performance 
Liquid Chromatography (UHPLC) at λmax (= 232 nm) equipped with a photodiode-array detector. The injection 

volume and flow rate were respectively 10 μL and 0.4 mL/min. Chromatographic separation was performed 

with a BEH C18 reversed-phase column (100 mm × 2.1 mm i.d. × 1.7 μm) at 30°C. The mobile phase was 

0.1% aqueous solution of formic acid in acetonitrile ACN/ultra-pure water (20 : 80, v/v) [24][25].  

Total Organic Carbon (TOC) measurements were used to determine mineralization from the photodegradation 

process. During the photocatalytic process, the resulted intermediates and products may be more toxic than the 

parent compound. Therefore, complete mineralization of CO2 and water is the main target of the treatment 

process [29]. TOC measurements are shown in table 3. 

 

Table 3: Total Organic Carbon (TOC) 

No Drug Tool TOC Result References 

1. Amoxicillin  Zellweger LabTOC 2100 47% [22] 

2. Amoxicillin TNM-1 unit (Shimadzu, model TOC-VCSN) 44% [23] 

3. Tetracyclines TOC analyzer (Shimadzu V CHS / CSN , Jepang) 50,4% [30] 

4. Tetracyclines Shimadzu 5000 TOC 20% [13] 

5. Ofloxacin TOC analyzer (Shimadzu TOC-VCPH/CPN) 50% [16] 
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Measurement of TOC was carried out using Zellweger LabTOC 2100 instrument, with a concentration of 100 

mg / dm3 of amoxicillin and 2 g / dm3 of nanocrystal TiO2 catalyst. The total organic carbon elimination was 

47% after 210 min of irradiation. The amount of amoxicillin degraded was 60%. Indicating that the TOC 

elimination rate was not proportional to the rate of amoxicillin disappearance [22]. Measurement of TOC 

analyzed with a TNM-1 unit (Shimadzu, model TOC-VCSN), using amoxicillin concentration of 40 mg/L for 

110 min of irradiation, achieving mineralization of 44%. The organic carbon in the solution 21 % is attributed 

to low molecular weight carboxylate anions, mainly formic, propionic, and maleic acids. However, most of the 

other organic intermediates still contained sulfur and nitrogen, since only 17 % of the total nitrogen in solution 

was detected in the form of ammonium [23]. Byproducts that were found on photodegradation antibiotics were 

nitrogen and sulfur [31].  
Measurement of TOC tetracycline at pH 6, with a TiO2 catalyst 0.4 g / L was determined using a TOC analyzer 

(Shimadzu VCHS/CSN, Japan) for 180 min. A total 50.4% were achieved for TOC [30]. About 20% of the 

total organic carbon (TOC) tetracycline was eliminated with an irradiation time of 40 min, complete 

mineralization can only be obtained with irradiation of 2 hours. TiO2 concentration used 0.5 g/L using 

Shimidzu 5000 TOC [2]. TOC of ofloxacin measurement using a TOC analyzer (Shimadzu TOC-VCPH/CPN), 

with TiO2 and solar Fenton as a catalyst. The concentration of solar Fenton 5 mg / L was more effective than 

TiO2 3 g / L in removing DOC and highest removals of about 50% and 10% in 120 minutes photocatalytic 

[16].  

 

Conclusion 
Based on the description above, TiO2 is the photocatalyst most commonly used for the destruction of pollutants 

in aqueous solution. TiO2 is the most common photocatalyst used for the destruction of pollutants in aqueous 

solutions. Photochemically, TiO2 is a stable, non-toxic, widely available, and low-cost manufacturing process. 

Increasing the concentration of TiO2 catalyst will also increase the photodegradation activity of antibiotics. 

High-performance liquid chromatography (HPLC) and UV-Vis spectrophotometry are often used in 

degradation measurements. Because it provides precise and accurate results, as well as the determination of 

mineralization from the photodegradation process using TOC (Total Organic Carbon). 

 

References 
[1] Kansal, S. K., Kundu, P., Sood, S., Lamba, R., Umar, A., & Mehta, S. K. (2014). Photocatalytic degradation of the 

antibiotic levofloxacin using highly crystalline TiO 2 nanoparticles. New Journal of Chemistry, 38(7), 3220-3226. 
[2] Rayamajhi, N., Cha, S. B., & Yoo, H. S. (2010). Antibiotics resistances: past, present and future. Journal of 

Biomedical Research (JBR), 11(2), 65-80. 
[3] Fatimah, I., & Wijaya, K. (2005). Sintesis TiO2/zeolit sebagai fotokatalis pada pengolahan limbah cair industri 

tapioka secara adsorpsi-fotodegradasi. Teknoin, 10(4). 
[4] Gaeta, M., Sanfilippo, G., Fraix, A., Sortino, G., Barcellona, M., Oliveri Conti, G., ... & D’Urso, A. (2020). 

Photodegradation of Antibiotics by Noncovalent Porphyrin-Functionalized TiO2 in Water for the Bacterial Antibiotic 
Resistance Risk Management. International Journal of Molecular Sciences, 21(11), 3775. 

[5] Elmolla, E. S., & Chaudhuri, M. (2010). Photocatalytic degradation of amoxicillin, ampicillin and cloxacillin 
antibiotics in aqueous solution using UV/TiO2 and UV/H2O2/TiO2 photocatalysis. Desalination, 252(1-3), 46-52. 

[6] Jamaluddin, J., Nugraha, S. T., Maria, M., & Umar, E. P. (2018). PREDIKSI TOTAL ORGANIC CARBON (TOC) 
MENGGUNAKAN REGRESI MULTILINEAR DENGAN PENDEKATAN DATA WELL LOG. Jurnal 

Geocelebes, 2(1), 1-5. 
[7] Bisutti, I., Hilke, I., & Raessler, M. (2004). Determination of total organic carbon–an overview of current 

methods. TrAC Trends in Analytical Chemistry, 23(10-11), 716-726. 
[8] Elsellami, L., Hafidhi, N., Dappozze, F., Houas, A., & Guillard, C. (2015). Kinetics and mechanism of thymine 

degradation by TiO2 photocatalysis. Chinese Journal of Catalysis, 36(11), 1818-1824. 
[9] Fatmawati, S. (2017). PENGGUNAAN KOMBINASI FOTOKATALIS TiO2 DAN ARANG AKTIF UNTUK 

PENGOLAHAN LIMBAH FARMASI. Jurnal Inovasi Teknik Kimia, 2(2). 
[10] Lan, N. T., Anh, V. H., An, H. D., Hung, N. P., Nhiem, D. N., Van Thang, B., ... & Khieu, D. Q. (2020). Synthesis of 

CNS-Tridoped TiO2 from Vietnam Ilmenite Ore and Its Visible Light-Driven-Photocatalytic Activity for Tetracyline 

Degradation. Journal of Nanomaterials, 2020. 



 
Aprilia Kurnia Asih et al, Int. Journal of Pharmaceutical Sciences and Medicine (IJPSM), 

Vol.6 Issue. 2, February- 2021, pg. 37-43 
ISSN: 2519-9889 

Impact Factor: 3.426 

© 2021, IJPSM All Rights Reserved, www.ijpsm.com                                                     43 
 

[11] Abellán, M. N., Bayarri, B., Giménez, J., & Costa, J. J. A. C. B. E. (2007). Photocatalytic degradation of 
sulfamethoxazole in aqueous suspension of TiO2. Applied Catalysis B: Environmental, 74(3-4), 233-241. 

[12] Widayanto, A. R., Dinda, K. W., Awalia, W. F., & Harsa, A. (2019). Pengaruh Dopan terhadap Aktivitas Serapan 
Cahaya Tampak pada TiO2. Institut Teknologi Sepuluh Nopember. 

[13] Reyes, C. Fer nández. J., Freer, J., Mondaca, MA, Zaror, C., Malato, S., Mansilla, HD, Degradation and inactivation 
of tetracycline by TiO2 photocatalysis (2006). J. Photochem. Photobiol. A Chem., vol. 184, no. 1–2, pp. 141–146, 
2006, doi: 10.1016/j.jphotochem 

[14] Hayder, I., Qazi, I. A., Awan, M. A., Khan, M. A., & Turabi, A. (2012). Degradation and inactivation of ciprofloxacin 
by photocatalysis using TiO2 nanoparticles. J. App. Pharm, 4, 487-497. 

[15] Wahyuni, E. T., Yulikayani, P. Y., & Aprilita, N. A. (2020). Enhancement of visible-light photocatalytic activity of 

Cu-doped TiO2 for photodegradation of amoxicillin in water. J. Mater. Environ. Sci, 11(4), 670-683. 
[16] Michael, I., Hapeshi, E., Michael, C., & Fatta-Kassinos, D. (2010). Solar Fenton and solar TiO2 catalytic treatment of 

ofloxacin in secondary treated effluents: evaluation of operational and kinetic parameters. Water research, 44(18), 
5450-5462. 

[17] Duong, T. N. B., & Le, M. V. (2019, March). High efficiency degradation of tetracycline antibiotic with TiO2-SiO2 
photocatalyst under low power of simulated solar light irradiation. In AIP Conference Proceedings (Vol. 2085, No. 1, 
p. 020020). AIP Publishing LLC. 

[18] El-Kemary, M., El-Shamy, H., & El-Mehasseb, I. (2010). Photocatalytic degradation of ciprofloxacin drug in water 
using ZnO nanoparticles. Journal of Luminescence, 130(12), 2327-2331. 

[19] Palmisano, R., Campanella, L., & Ambrosetti, B. (2015). Photo-degradation of amoxicillin, streptomycin, 
erythromycin and ciprofloxacin by UV and UV/TiO2 processes. Evaluation of toxicity changes using a respirometric 
biosensor. J. Environ. Anal. Chem., 2(03). 

[20] Homem, V., Alves, A., & Santos, L. (2010). Amoxicillin degradation at ppb levels by Fenton's oxidation using design 
of experiments. Science of the total environment, 408(24), 6272-6280. 

[21] Turkay, G. K., & Kumbur, H. (2019). Investigation of amoxicillin removal from aqueous solution by Fenton and 
photocatalytic oxidation processes. Kuwait Journal of Science, 46(2). 

[22] Radosavljević, K. D., Golubović, A. V., Radišić, M. M., Mladenović, A. R., Mijin, D. Ž., & Petrović, S. D. (2017). 

Amoxicillin photodegradation by nanocrystalline TiO2. Chemical Industry and Chemical Engineering 
Quarterly, 23(2), 187-195. 

[23] Borges, V. J., & Boaventura, R. A. (2014). 5 Assessment of Solar Driven TiO2-Assisted Photocatalysis Efficiency on 
Amoxicillin Degradation. Solar Photocatalytic Degradation of Antibiotics: Chemical, Ecotoxicological and 
Biodegradability Assessment, 93. 

[24] Ounnar, A., Bouzaza, A., Favier, L., & Bentahar, F. (2017). Degradation of macrolide antibiotic in water by 
heterogeneous photocatalysis. Revue des Energies Renouvelables, 20(4), 683-691. 

[25] Ounnar, A., Favier, L., Bouzaza, A., Bentahar, F., & Trari, M. (2016). Kinetic study of spiramycin removal from 

aqueous solution using heterogeneous photocatalysis. Kinetics and Catalysis, 57(2), 200-206. 
[26] Kansal, S. K., Singh, M., & Sud, D. (2007). Studies on photodegradation of two commercial dyes in aqueous phase 

using different photocatalysts. Journal of hazardous materials, 141(3), 581-590. 
[27] So, C. M., Cheng, M. Y., Yu, J. C., & Wong, P. K. (2002). Degradation of azo dye Procion Red MX-5B by 

photocatalytic oxidation. Chemosphere, 46(6), 905-912. 
[28] Kaniou, S., Pitarakis, K., Barlagianni, I., & Poulios, I. (2005). Photocatalytic oxidation of 

sulfamethazine. Chemosphere, 60(3), 372-380. 
[29] Abdel-Wahab, A. M., Al-Shirbini, A. S., Mohamed, O., & Nasr, O. (2017). Photocatalytic degradation of paracetamol 

over magnetic flower-like TiO2/Fe2O3 core-shell nanostructures. Journal of Photochemistry and Photobiology A: 
Chemistry, 347, 186-198 

[30] Kakavandi, B., Bahari, N., Kalantary, R. R., & Fard, E. D. (2019). Enhanced sono-photocatalysis of tetracycline 
antibiotic using TiO2 decorated on magnetic activated carbon (MAC@ T) coupled with US and UV: A new hybrid 
system. Ultrasonics sonochemistry, 55, 75-85. 

[31] Klauson, D., Babkina, J., Stepanova, K., Krichevskaya, M., & Preis, S. (2010). Aqueous photocatalytic oxidation of 
amoxicillin. Catalysis Today, 151(1-2), 39-45. 

 
 

 


