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ABSTRACT. The main objective of this study was to evaluate the influence on ethylparaben (EtP) 

photodegradation of the catalyst loading, the initial EtP concentration, the medium pH and the presence of 

anions. The percentage removal of EtP, after 40 min, increases from 66.3 to 98.6 % when the composite 

dose rises from 100 to 700 mg/L. A rise in the initial EtP concentration reduce the percentage of degradation. 

The degradation percentage of EtP is lower in basic medium. The presence of anions in the medium reduces 

the degradation performance. The percentage viability of of HEK cells in the present of EtP degradation by 

products was > 75%, indicating their non-toxic character. 
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Introduction 

The availability of clean water is a major challenge given the large amounts of pollutants released into the 

environment. Importantly, conventional approaches applied in municipal wastewater treatment plants are 

encountering difficulties in the removal of a group of emerging pollutants, including parabens, which are 

present in some pharmaceutical and personal care products [1]. Heterogeneous photocatalysis has attracted 

particular attention as an economic, efficient, and environment-friendly technology that can improve the 

effectiveness of wastewater treatment by combining the appropriate catalysts with UV radiation [2]. The 

most widely investigated advanced photochemical oxidation process for removing pollutants from waters 

appears to be TiO2-based heterogeneous photocatalysis [3]. The combination of graphene oxide (GO) and 

TiO2 generates a synergic effect that can increase the photodegradation of organic pollutans. This 

combination has been used to degrade pesticides [4], colorants [5], pharmaceuticals [6], and, more recently, 

to degrade parabens [7]. The operating parameters exert a major effect on the photocatalytic degradation of 

parabens.  

The objective of this study was to analyze the influence of different operational variables (catalyst loading, 

initial concentration of ethylparaben (EtP), the medium pH, and the presence of anions) on the performance 

of EtP photodegradation catalyzed with an rGO-TiO2 composite. The cytotoxicity of the degradation 

byproducts was also determined. 

Material and Methods 

Synthesis and characterization of the composite  

The GO-TiO2 composite was prepared with a GO content of 7% using a hydrothermal method [8]. The 

composite was characterized by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), 

Raman spectroscopy, and X-ray photoelectron spectroscopy (XPS).  

EtP photocataliytic degradation 

EtP degradation experiments were conducted in a UV laboratory reactor system equipped with medium-

pressure mercury vapor lamp. EtP concentrations were determined at different times using a HPLC equipped 

with UV800 photodiode detector. Photodegradation experiments were performed to determine the influence 

on EtP removal from aqueous solution of varying initial [EtP], rGO-TiO2 photocatalyst load, and initial 

solution pH values. The effect of the presence of anions was studied using a given concentration of EtP in 

the presence of NaCl or NaHCO3. The cytotoxicity of the degradation byproducts was determined using the 

cultured human embrionary kidney cell line (HEK-293) by MTS assay.  
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Results and Discussion 

Catalysts characterization 

The X-ray diffractogram (Figure 1) of the composite rGO-TiO2 depicts peaks corresponding to the 

tetragonal anatase phase of TiO2. No rGO peaks are observed in the composite, possibly because the 

diffraction peak of rGO (24.47º) may be masked by the main peak of TiO2 at 25.26º.  

 

 

Figure 1. X-ray diffractogram for graphite, GO, rGO, and rGO-TiO2 

 

 

 

Figure 2. XPS profiles of rGO-TiO2 composite: a) C1s spectra; b) O1s spectra, and c) Ti 2p spectra. 

Continuous red line: experimental profile; discontinuous black line: fitted profile 



 

 

PROCEEDINGS 6TH INTERNATIONAL CONGRESS ON WATER, WASTE AND ENERGY MANAGEMENT, 20-22 JULY 2022, ROME, ITALY 

The IR spectrum of the composite shows peaks at 650 and 519 cm-1, these wide bands indicate vibrations 

of Ti-O-Ti and Ti-O-C bonds due to the chemical interaction of TiO2 and rGO.  

Figure 2 depicts the XPS spectra of C 1s, O 1s, and Ti 2p regions of the composite. The intensity of all 

peaks corresponding to the bond of C to O is lower than observed for GO sample, indicating the 

transformation of GO to rGO and the elimination of most of the O-containing groups. The separation energy 

of the two peaks (5.7 eV) in the XPS spectrum of the Ti 2p region indicates the presence of Ti(IV) in the 

composite. 

 

Photocatalytic degradation of ethylparaben 

EtP was selected for study after analyzing the effect of paraben chain length on its catalytic 

photodegradation, finding that the photodegradation rate constant values of methyl-, ethyl-, and butyl-

paraben are 0.050, 0.096, and 0.136 min-1, respectively [9]. This indicates that the photodegradation rate 

constant of parabens is higher with longer alkyl chain, which augments its oxidation capacity. 

 

Figure 3. EtP degradation kinetics as a function of initial rGO-TiO2 concentration. pH = 6, [EtP] = 50 

mg/L. () direct photolysis, () 100 mg/L, () 500 mg/L, () 700 mg/L, () 1000 mg/L. 

 

The initial photocatalyst load in solution is a key factor in the removal of emerging pollutants. Figure 3 

depicts the EtP photodegradation kinetics curves using different doses of the composite. It can be observed 

that the photocatalytic degradation rate increases when the composite dose is aumengted from 100 to 700 

mg/L, increasing the EtP removal at 40 min (from 66.3 to 98.6 %), however, an additional increase in the 

composite dose does not substantively improve the photodegradation rate or percentage EtP removal (98.9 

%). This behaviour is attributable to the aggregation of rGO-TiO2 particles at high concentrations, and the 

increased dispersion of light. 

An increase in the initial EtP concentration from 15 to 100 mg/L reduces the percentage of degradation from 

100 to 76.4 % after 40 min of irradiation. The EtP degradation rate constant also decreases with this increase 

in the initial concentration. This may be due to the generation of intermediates that increase at higher [EtP]0 

and compete with EtP for the reactive species. 

The percentage EtP degradation is lower with higher solution pH. The low percentage of degradation 

obtained in basic medium may be due to the reaction between the anion and the hydroxyl radicals, which 

produces water and oxide radical ion (O•-) with a lower oxidation potential (E0= 1.78 V vs. NHE) than the 

initial HO• radicals (E0 = 2.70 V vs. NHE). The higher percentage of degradation in acid medium can be 

attributed to degradation by a combination of reactive species (e.g., superoxide radicals, HO• radicals, and 

photogenerated hVB
+) which are favored under acid conditions, whereas HO• radicals are the dominant 

species under basic condition. 
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Figure 4. Influence on EtP photodegradation of the presence in the medium of the studied anions. [EtP] = 

50 mg/L, [rGO-TiO2] = 700 mg/L, [Anion] = 0.01 x 10-3 M. () direct photolysis, ( ) absence of anions, 

() HCO3
-, ( ) Cl- 

 

The presence of HCO3
- or Cl- anions in the medium reduces the degradation performance. Thus, the EtP 

percentage degradation decrease from 98.6 %in the absence of anions to 87.5 % and 80.1 % in the presence 

of HCO3
- and Cl- anions, respectively (Figure 4). This negative effect of the presence of anions can be 

attributed to their adsorption on the active sites and/or their scavenging reactions with reactive species. 

None of the degradation product evidences toxicity against the cultured human embryonic kidney cell line 

HEK-293 (Figure 5). 

 

Figure 5. % HEK-293 cell viability during the photocatalytic degradation of EtP. [rGO-TiO2] = 700 mg/L, 

[EtP] = 50 mg/L 

Conclusions 

The composite synthesized in this study has a major catalytic effect on ethylparaben degradation by UV 

irradiation. The photocatalytic degradation of EtP is increased at higher rGO-TiO2 load and lower EtP 

concentrations in the medium. EtP degradation is highly dependent on the solution pH and is favored in an 

acid medium. The presence of anions reduces the reaction rate due to their competition with the pollutant 

for available reactive species.  
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