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The objective of the present paper was to investigate the photocatalytic 

oxidation of azithromycin, which was one of the most used antibiotics during the 

COVID-19 pandemic, from aqueous solutions by using an UV photocatalytic reactor 

equipped with three different TiO2-coated fiberglass photocatalytic membrane. The 

synthetic aqueous solution of azithromycin was prepared at an initial COD (chemical 

oxygen demand) equivalent concentration of 500 mg O2/L and was photocatalyzed for 

two hours. The photocatalytic oxidation efficiency after two hours of irradiation was 

in the range of 50 - 90% depending on the type of photocatalytic membrane used. 
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1. Introduction 

Water represents the most important natural and vital resource, safety of 

water quality being essential for people's health and well-being [1]. Fast growing 

of industrial development and urbanization, the modernization and advanced of 

industries and population, all this leads to an important growth of pollution at 

globally level. Another worrying situation which contributes at increase of pollution 

is the global demand for water, which are also growing so fast. During the Covid-

19 pandemic, has been reported a high consumption of a series of drug such as 

antibiotics, antivirals, and analgesics [1], [2]. One of the most often used antibiotic 
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in the coronavirus pandemic period and not only was the azithromycin, either in the 

form of tablets or as a powder in suspension, especially for kids up to 12 years old. 

Azithromycin is a semisynthetic macrolide antibiotic, widely used in the treatment 

of respiratory tract infections, such as pharyngitis, pneumonia, chronic bronchitis, 

and bronchopneumonia. In the last two years, the concentration of the drugs which 

was used in the treatment of Covid-19 have a big increase in the water and 

wastewater. This consumption has led to the inevitable appearance of this antibiotic 

in municipal wastewater, which implies paying more attention to its treatment [2], 

[3]. 

The conventional treatment technologies fail to remove these organic 

compounds from different types of wastewaters, reason for which they are 

becoming an emerging concern in the environmental protection. Advanced 

oxidation processes (AOPs) have been proven to be very efficient in removing 

organic contaminants present in aqueous solutions, including the antibiotics. Many 

research papers conclude that the advanced oxidation processes can be successfully 

applied for the removal of drugs, especially antibiotics. Efficiency up to more 80% 

removal of azithromycin was obtained using these processes [4], [5]. 
 

 
Fig. 1. Chemical structure of Azithromycin  

Azithromycin is an antibiotic with broad spectrum, from macrolide group 

of antibiotics and it is using a large scale for treatment of several respiratory 

diseases. The chemical and physical properties of azithromycin is shown next, in 

the Table 1. 
Table 1 

Chemical and physical properties of azithromycin 

Chemical formula C38H72N2O12 

Molecular weight 748.996 g·mol−1 

Appearance White crystal powder 
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This drug, in addition to its antibacterial activity, has demonstrated to have antiviral 

and immunomodulatory activities, that are of significant interest in almost all viral 

infections, including Covid-19. Therefore, big increases of the consumption of this drug in 

the context of the current Covid-19 pandemic period has been founded in municipal 

wastewaters [6]. Also, azithromycin was detected in groundwater sources and hospital 

wastewater in almost all the world. The concentrations detected were two or three times 

higher compared to the period before Covid-19 pandemic. Given this trend, numerous 

methods of removing this antibiotic from aqueous solutions have been tested. Table 2 

shows some of them with the removal efficiency obtained for each one. 
 

Table 2 

Methods for removing azithromycin from aqueous solutions 

Removal method Experimental conditions Removal 

efficiency, 

% 

Reference 

Adsorption on ZnO nanoparticles 

Adsorbent dosage 0.05 

mg/L, hydraulic retention 

time 20 min, temperature 60 

°C, pH 2 

100 

[7] UV irradiation 

Hydraulic retention time 20 

min, temperature 60 °C, pH 

2 

73 

Fe (VI) oxidation 

Fe (VI) concentration 2.53 

mg/L, hydraulic retention 

time 20 min, temperature 60 

°C pH 2 

100 

UV/sodium persulfate 

Azithromycin initial 

concentration 5 mg/L, 

irradiation time 30 min, pH 7 

98.3 [8]  

Adsorption onto organoclay 

adsorbents: L-methionine modified 

montmorillonite K10 (LMP clay) 
Azithromycin initial 

concentration 50 mg/L, 

Adsorbent dosage 0.5 g/L, 

contact time 180 min, pH 8, 

temperature 25 °C 

98 

[9] 
Adsorption onto organoclay 

adsorbents: 3-

aminopropyltriethoxysilane 

functionalized magnesium 

phyllosilicate (AMP clay) 

93 

Adsorption onto activated porous 

carbon prepared from Azolla 

filiculoides 

Azithromycin initial 

concentration 100 mg/L, 

Adsorbent dosage 1 g/L 

contact time 75 min, pH 9, 

temperature 60 °C 

98 

 

[10] 

Melting point 113 - 115°C 

 

Solubility 

Slightly soluble in water. 

DMSO (dimethyl sulfoxide):100 mg/mL 

Ethanol:100 mg/mL. 
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Adsorption onto saponin-modified 

nano diatomite 

Azithromycin initial 

concentration 100 mg/L, 

Adsorbent dosage 2.5 g/L 

contact time 60 min, pH 9, 

temperature 25 °C 

90 [11] 

Heterogeneous Fenton with 

amino/thiol-functionalized 

MnFe2O4 magnetic nanocatalysts 

Azithromycin initial 

concentration 0.1 mg/L, 

catalyst dosage 1 g/L, H2O2 

concentration 29.4 mM/L, 

temperature 30 °C, pH 3, 

reaction time 240 min 

92.6 [12] 

Peroxi-electrocoagulation 

Azithromycin initial COD 

concentration 190 mg/L, 

current density 20 mA/cm2, 

H2O2 concentration mM/L, 

electrolysis time 60 min, pH 

3 

95.6 [13] 

Adsorption onto waste-product-

derived graphene oxide 

Azithromycin initial 

concentration 0.1 mg/L, 

adsorbent dosage 0.25 g/L, 

contact time 15 min, pH 7 

98.8 [14] 

Simulated sunlight radiation 

Azithromycin initial 

concentration 0.5 mg/L H2O2 

concentration 480 mg/L, 

irradiation time 30 min, pH 6 

77 [15] 

Therefore, the objective of this work is to test a photocatalytic system 

composed of an UV photocatalytic reactor and the fiberglass photocatalytic 

membrane with different content of photocatalyst (TiO2) to remove azithromycin 

from aqueous solutions. 

 

2. Material and Methods 

2.1 Materials and chemical reagents 

Azitrox formulation (200 mg/5 ml powder for oral suspension - antibiotic 

azithromycin) from Zentiva was purchased from a human pharmacy. It contains the 

active component (azithromycin dihydrate) and a series of organic and inorganic 

excipients (sugar, trisodium phosphate anhydrous, hydroxypropyl cellulose, 

xanthan gum, and banana flavor). 

Hydrogen peroxide solution with a concentration of 30% was purchased 

from Sigma-Aldrich and its role is to be a source of hydroxyl radical species. A 

solution of 1 N (normality) sulfuric acid (H2SO4) purchased from Sigma- Aldrich 

was used for adjusting the value of pH of the working solutions to the default values. 

Chemical oxygen demand (COD) analysis was performed by using potassium 

dichromate (K2Cr2O7), mercuric sulphate (HgSO4), silver sulphate (Ag2SO4), 
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potassium acid phthalate (C8H5KO4), as well as sulfuric acid 95 - 97% by mass, all 

of them of analytical grade purchased from Sigma-Aldrich. Distilled water was 

used to prepare all reagents and working solutions. The photocatalytic membranes 

are made on an inert fiber glass support with photocatalyst (TiO2) deposited on its 

surface. In this respect, the fiberglass membranes were immersed in a suspension 

of sodium silicate and titanium dioxide at a mass ratio of sodium silicate:titanium 

dioxide of 10:1. Next, the membranes were oven dried at 105°C for an one hour, 

followed by calcination in a furnace at 180°C for two hours. 

In the next part of this paper, the acronym AZT will be used for the antibiotic 

(azithromycin). 

 

2.2 Photocatalytic degradation experiments 

The photocatalytic degradation experiments were carried out according to the 

conditions presented in Table 3. The synthetic aqueous solution of azithromycin 

was prepared at an initial COD (chemical oxygen demand) equivalent concentration 

of 500 mg O2/L. However, the concentration of the initial solution obtained from 

the calculation based on the stoichiometry of the oxidation reaction was checked 

each time by COD analysis. After the preparation of the working solution, its pH 

was adjusted to the default value and the volume of H2O2 was added to reach the 

H2O2/AZT molar ratio of 1. UV photocatalytic reactor equipped with photocatalytic 

membrane was used and the working solution was continuously recirculated at 

room temperature by a recirculation vessel via an external centrifugal pump.  
 

Tabel 3 

Photocatalytic conditions for experimental tests 

reactor volume, L  1.5 

recirculation flow rate, L/min 2.0 

volume of AZT working solution, L 2.0 

UV lamp High-pressure mercury lamp; 

power = 120 W 

pH of AZT working solution  3 

H2O2/AZT molar ratio 1 

Reaction time, minutes 120 

TiO2-coated fiberglass photocatalytic 

membrane 

0.5, 1, 2% TiO2 (by mass) 

 

The photocatalytic degradation progress was checked by a continuous 

monitoring of the evolution of the organic substrate of the working solution as a 

function of irradiation time. Samples of 10 mL were taken from the reactor at 

predefined irradiation times (5, 15, 30, 60, 90, 120 minutes). Next, the samples were 

prepared and analyzed for the organic content by COD analysis according to the 
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APHA 5220 D standard method [16]. LT 200 digestion unit and DR 3800 

spectrophotometer (Hach Lange GmbH) were used in COD analysis. 

3. Results and discussion 

The results obtained after testing the three photocatalytic membranes are 

presented in Figs. 1 - 4. For all the three membranes were calculated the 

photocatalytic oxidation rate constant and the AZT degradation efficiency. The 

results obtained for the first photocatalytic membrane (0.5%TiO2-coated fiberglass 

photocatalytic membrane) are shown in Fig. 1. 

 

  

Fig. 1. Kinetics of the photocatalytic degradation of the organic content of the Azitrox 

using the 0.5%TiO2-coated fiberglass photocatalytic membrane 

As it can be seen, the concentration of the organic substrate decreases with 

the increase of the irradiation time. The content in the organic substrate of the 

aqueous solution decreases constantly during the two hours of irradiation from an 

initial concentration of approximately 500 mg O2/L to a final concentration of 

approximately 200 mg O2/L. From Fig. 1 it could be remarked that the evolution of 

photocatalytic degradation in time its matches on a pseudo-first-order kinetics with 

the rate constant value of 0.007 min-1.  

For the second photocatalytic membrane (1%TiO2-coated fiberglass 

photocatalytic membrane) the results are presented in Fig. 2. It could be observed 

(Fig. 2) that the concentration of organic substrate is decreasing constantly with the 

irradiation time, the final concentration at 120 minutes reaching the value of 

approximately 136 mg O2/L, a concentration approximately 3.4 times lower than 

the initial concentration. Again, a pseudo-first-order kinetics fits the experimental 

data, and the rate constant has a value of 0.01 min-1.  
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Fig. 2. Kinetics of the photocatalytic degradation of the organic substrate of the Azitrox 

using the 1%TiO2-coated fiberglass photocatalytic membrane. 

 

  
Fig. 3. Kinetics of the photocatalytic degradation of the organic substrate of the Azitrox using the 

2%TiO2-coated fiberglass photocatalytic membrane. 

For the third photocatalytic membrane (2%TiO2-coated fiberglass 

photocatalytic membrane) the results are shown in Fig. 3. Regarding this 

membrane, it has a good capability to degrade the organic substrate in the 

photocatalytic conditions in which the photocatalytic reactor was operated. At the 

end of the two hours of irradiation, the organic substrate content of the aqueous 

solution was approximately seven times lower compared to that at the beginning of 

the photocatalytic oxidation process. This result corresponds to an organic substrate 

degradation efficiency of almost 90%.  Although the experimental results follow 

quite well a pseudo-first-order kinetics with a rate constant of 0.015 min-1, it seems 

that the degradation rate in the first 30 minutes is somewhat lower than afterwards. 

This evolution could be attributed to the slow degradation of azithromycin in the 
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first minutes of photocatalysis, followed by a faster degradation of both the 

intermediates formed and the excipients present in the Azitrox formulations. 

The degradation efficiency obtained for all three photocatalytic membranes 

tested is presented in Fig. 4. As it can be seen, the efficiency increases with the 

increase of the TiO2 content deposited on the fiberglass membrane. Thus, the 

membrane with a 2% TiO2 content has an efficiency approximately 1.5 times higher 

than the one with 0.5% TiO2 content and approximately 1.2 times higher than the 

one with 1% TiO2 content. 

 

Fig. 4. Degradation efficiency of photocatalytic membranes 

4. Conclusions 

The experimental results obtained showed a good photocatalytic oxidation 

efficiency of the organic substrate present in the Azitrox formulations of the tested 

photocatalytic membranes. The photocatalytic degradation efficiency of the organic 

substrate is between 50 – 90% depending on the type of photocatalytic membrane 

used. It seems that increasing the content of TiO2 deposited on the fiberglass 

membrane leads to an increase in the photocatalytic degradation efficiency, the best 

results being recorded for the membrane with 2% TiO2 of approximately 90%. This 

result is also supported by the kinetic parameters of the photocatalytic oxidation 

process, the rate of degradation of the organic substrate increasing with the TiO2 

content of the fiberglass membranes. 
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