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Abstract 

 

Due to the rapid development of industry and growth of population, water consumption is increased. 

Beside this, releasing of xenobiotics, which represent significant pollutants into watercourse, like 

heavy metal ions, pesticides, paints, and solvents, made this problem much bigger. Therefore, they 

can enter into aquatic organisms directly from industrial plants or into human bodies indirectly 

through agricultural products. New technologies, including photocatalytic decomposition, are 

necessary for wastewater treatment as a highly efficient and low-cost process. Photocatalysis implies 

the degradation of various types of harmful organic substances to simple molecules such as CO2, SO2, 

ions, and water. The applied process has no detrimental effect on the environment and does not require 

additional chemicals for precipitation of the products. In this work, photodegradation of the pesticide 

difenoconazole (DFC) using a TiO2-based photocatalyst was examined using doubled wall 

thermoregulated quartz reactor. As a replacement for UVC radiation, solar imitated Ultra Vitalux 

(UV) lamp (300W) was used. Determination of DFC concentration was performed using a UV 

method. Degradation kinetics follows pseudo-first order. After 120 minutes, the DFC was completely 

degraded. Chemical oxygen demand (COD) also confirmed that successfully indicating that this 

process can be used in treating of industrial wastewater. 

 

Keywords: photodegradation, xenobiotics, environmental, DFC, wastewater. 

 

Introduction 

 

Pesticides are products of biological or chemical origin intended for the protection of plants and 

animals from harmful insects, diseases. The use of pesticides has a negative impact on the ecosystem 

in which they are applied. In order to maintain agricultural production, reducing the use of pesticides 

is of great importance. They are used in agriculture for more than fifty years. About five hundred 

different pesticides have been registered (Sakkas et al., 2011). The classification is made depending 

on the purpose, chemical structure, mechanism of action (Sakkas et al., 2011). They can be divided 

into herbicides, insecticides, fungicides, bactericides, physiotropes, hemosterilants (Marican & 

Durán-Lara, 2018). In the Republic of Serbia, usage of pesticides in agricultural production is still in 

small quantities. In recent decades, pesticides are increasingly present in underground, surface and 

drinking water (Moore et al., 2007; Palma et al., 2009; Šunjka, 2012). Together with other pollutants, 

which are present in wastewater, they can have a very severe impact on human health due to high 

toxicity, carcinogenicity, bioaccumulation (Eriksson et al., 2007). Less than 0.1% of the applied 

amount reaches the target organisms and about 99.9% is lost to the environment (Pimentel, 1995). 

They get into water and soil through direct use, washing off crops, and runoff from the soil surface 
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(Jing et al., 2011). In order to improve the protection of the environment, the management of pesticide 

residues represents a special challenge. 

Pesticides-polluted waters is a major problem for the environment and requires systematic 

monitoring. The need for the development of new technologies that could be used in the treatment of 

wastewater contaminated with pesticides arose due to their long-term degradation by photolysis and 

high stability in the environment (Bavcon Kralj et al., 2007). Photodegradation and biological 

treatment are the widely used techniques in wastewater treatment (Oller et al., 2011). Biological 

treatment (BT) is the degradation of pollutants in the soil and natural waters by fungi and bacteria. 

However, due to the low efficiency and long duration of the purification process, BT is not widely 

used in industry (Hincapié et al., 2005). Also, due to the high toxicity of pesticides towards 

microorganisms, wastewater can not be treated by biological methods and its biodegradation is not 

possible (Chiron et al., 2000). The most suitable technique for removing pesticides from wastewater 

is photodegradation. During the photodegradation process, oxidation-degradation reactions take place 

during which organic radicals are generated. The intermediate radicals that were formed during the 

degradation process are captured by dissolved molecular oxygen and are further guided through 

peroxyl radicals, thus increasing the efficiency of the degradation process (Tomašević et al., 2009). 

The advantage of this process compared to other processes is that it results in a complete 

transformation of harmful substances (Tomašević et al., 2009).  

The aim of this work is to investigate the possibility of removing DFC from wastewater using the 

photocatalytic degradation process utilizing TiO2 as a photocatalyst. 

 

Materials and Methods 

 

Degradation of DFC by means of heterogeneous photocatalysis was carried out with the help of TiO2 

P25 (Degussa) photocatalyst. For the purposes of the experiment, a cylindrical glass thermostated 

reactor with a volume of 100 cm3 was used. The double walls in which the thermostatic water 

circulates in the reactor made it possible to maintain the reaction temperature. 

The initial concentration of DFC solution was 15 ppm, while the mass of TiO2 was 10 mg. The 

suspension is mixed during the irradiation process on a magnetic stirrer (500 rpm). In this way, an 

even distribution of TiO2 particles was achieved. The apparatus was placed in a digester, in which 

protection from daylight was provided. In certain time intervals, sampling was carried out for the 

purposes of analytical testing. After sampling from the reactor, filtration was performed through a 

nylon filter (Cronus, 13 mm, 0.22 µm).  

The change in pesticide concentration was monitored on a UV/Vis spectrophotometer (Shimadzu 

1800) in the range from 200 to 400 nm, in quartz cuvettes with an optical path of 1 cm. Residual 

concentrations were sampled at certain time intervals (0, 10, 20, 30, 60, 90 and 120 min). Degradation 

kinetics were determined at 235 nm. 

The degree of removal of DFC and the reaction rate constant (k) were used as a measure of the 

catalytic activity of TiO2 in photocatalytic degradation processes. With the help of the Langmuir-

Hinshelwood (Li et al., 2021) kinetic model, the pseudo-first-order degradation rate constant was 

determined. 

ln c c0= -k∙t⁄                                                                                                                                                         (1) 

where k is the reaction constant, pseudo first order. 

 

Results and discussion 

 

Absorption spectra of adsorbate medium given as a series are provided in the Figure 1. As it can be 

seen from the Figure 1, absorption maximums lowers as the contact time increases. The changes in 



 

 

"XIV CONFERENCE OF CHEMISTS, TECHNOLOGISTS AND ENVIRONMENTALISTS OF REPUBLIC OF SRPSKA" 

 

244 

 

the adsorption spectra during the degradation of DFC during 2h of irradiation are presented. The rate 

of photocatalytic degradation of DFC is influenced by its initial concentration. Research has shown 

that the speed of the process decreases with increasing pesticide concentration. In Figure 2, it can be 

seen how the initial concentration of DFC affects the photocatalytic degradation, in the presence of 

the optimal concentration of TiO2. An increase in the initial concentration of the substrate leads to an 

increasing number of DFC molecules adsorbed on the surface of the catalyst, which leads to a 

decrease in the efficiency of the photocatalytic process (Nezamzadeh-Ejhieh & Moeinirad, 2011). 

Also, organic molecules have the ability to absorb light, as well as catalyst particles, and this leads to 

a decrease in the photoactivity of semiconductors (Nezamzadeh-Ejhieh & Moeinirad, 2011). 

 
Figure 1. UV adsorption spectrum of DFC in the presence of 10 mg/L TiO2 

 
Figure 2. Effect of DFC concentration on the rate of photocatalytic degradation in wastewater 
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Conclusion 

 

The subject of this work was the removal of DFC from wastewater by photocatalytic degradation. 

Photocatalytic degradation was studied with the help of nanogranulometric photocatalyst TiO2 P25 

(Degussa), in a thermostated quartz reactor. The change in DFC concentration was monitored on a 

UV/Vis spectrophotometer. The degradation kinetics is pseudo-first order. After 120 minutes, DFC 

was fully degraded. Based on the presented results, it can be concluded that DFC was successfully 

degraded from wastewater with the help of TiO2 photocatalyst, which implies that applied system has 

a viable path in future investigation and optimization. 
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