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4- University of Belgrade, Institute of Chemistry, Technology and Metallurgy, National Institute of the Republic of
Serbia, Njegoseva 12, 11000 Belgrade, Serbia

Population growth, the development of agriculture, industry, and mining, caused the creation of an increasing amount of
wastewater. Due to the discharge of wastewater, without prior treatment, the quality of water resources is impaired.
Polluting substances, such as pesticides, have a negative impact on human health and the environment. Heavy pollution
of both surface and underground water is one of the biggest problems associated with the use of pesticides. They reach
human organisms indirectly via agricultural products. Most pesticides are more or less toxic, some of them are highly
soluble in water. In recent years, special attention has been paid to the development of methods for the treatment of
wastewater contaminated with pesticide residues, in order to partially reduce or eliminate their further impact on humans,
plants, and the environment. Among many processes, the photocatalytic degradation process has proven to be a very
effective process for the removal of pesticides from wastewater. Photocatalytic degradation implies the breakdown of
various types of toxic organic substances into simpler molecules, such as ions, water, etc.

In this paper, the photocatalytic degradation of the pesticide mesotrione (MS) using ZnO photocatalyst is presented. The
degradation of the pesticide compound was studied using Shimadzu 1800 analytical UV-VIS spectroscopy. As a
replacement for UVC radiation, a solar-imitated irradiation Ultra Vitalux (UV) lamp (300W) was used. Degradation
kinetics follows pseudo-first order. After 240 minutes, the MS was completely degraded.

Keywords: mesotrione, photocatalytic degradation, pesticides, UV-VIS

Introduction

Pesticides are chemical substances or biological agents that being used against insects, weeds,
microorganisms that cause diseases or are harmful in some other way [1]. They have become an
essential tool in agriculture and in urban life, and it is impossible to imagine modern agricultural
production without them [2]. Pesticides have been used in agriculture for more than fifty years, and
about five hundred different pesticides are registered [3]. Pesticides are divided into different classes
based on their application, way of penetrating the body, chemical structure, mechanism of action [3].
Main classes arephysiotropes, hemosterilants, fungicides, bactericides, insecticides, and herbicides
[4]. The range of preparations based on these chemical substances used in agriculture is constantly
changing, systematically renewed, poorly effective substances are replaced by more effective and less
dangerous for the environment. Most pesticides are more or less toxic. Due to their high toxicity,
carcinogenicity, and bioaccumulation, they can have a very negative influence on human health when
combined with other pollutants found in wastewater [2]. Also, most have a negative impact on aquatic
organisms, like atrazine. Atrazine is one of the most popular herbicides from the triazine group, whose
primary purpose was to control weeds in corn fields. However, since 2007, atrazine has been banned
in the countries of the European Union, and mesotrione is being used instead to control weeds in corn
fields [5]. Mesotrione is a benzoyl-ciclohexanedione herbicide used to control a variety of broad leaf
weeds, particularly in corn production. It is relatively new and insufficiently researched on the market.
Mesotrione is stable in water in the presence of light (DT50) for about 90 days, based on a 2003
European Commission report [5].
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One of the biggest problems that occur when using pesticides is the large pollution of surface and
underground waters. Groundwater is of great importance for life on Earth, so its pollution is a big
problem. With the use of pesticides, only a small part attacks the target harmful organism, while the
rest ends up in underground, in surface water and soil. Through direct use, crop washing off, and
runoff from the soil surface, they enter waterbodies and soil [2]. In order to protect the environment,
the priority is to reduce the use of pesticides and to replace high-risk active substances with less risky
ones [1]. Special attention is paid to the development of methods that would help to purify waters
polluted by pesticide residues in order to, at least partially, reduce or eliminate their further negative
impact on humans, plants, animals and the environment in general. The two most popular methods
for treating wastewater are photodegradation and biological treatment [6]. Biological treatment means
the degradation of fungi and bacteria in natural waters and soil. Photochemical methods have several
advantages, such as the shorter time of the purification process, they are more efficient compared to
biological methods [5]. In addition, because pesticides are so hazardous to microorganisms,
wastewater cannot be treated by biological methods and its biodegradation is not possible [7].
Photodegradation is the most suitable technique for purifying waters polluted by pesticides. Organic
radicals are produced as a result of oxidation-degradation processes that occur through the
photodegradation process.

The goal of this work is the photocatalytic degradation of mesotrione with the help of a UV-Vis lamp
as a source of consciousness in deionized water, using a ZnO photocatalyst.

Materials and methods

Chemicals

Mesotrione and ZnO were purchased from Sigma Aldrich and were used without any further
purification.

Photocatalytic degradation experiment

Photocatalytic degradation of mesotrione (MS) was performed with the help of ZnO photocatalyst. A
glass thermostated cylindrical reactor, with a volume of 100 cm?, was used for the experiment. The
temperature of the reaction was constant (25 ‘C), thanks to the double walls in which the thermostatic
water circulates.

The initial concentration of the MS solution was 2 ppm, while the mass of the ZnO catalyst was 0.067
g/L. During the irradiation process, the suspension was mixed on a magnetic stirrer (500 rpm),
whereby an even distribution of ZnO particles was achieved. In order to protect it from daylight, the
apparatus is placed in a digester. Sampling was done in certain time intervals. Through a nylon filter
(Cronus, 13 mm, 0.22 um), the samples were filtered after they were taken from the reactor. With the
help of a UV-Vis spectrophotometer (Shimadzu 1800), the change in pesticide concentration was
monitored in the range from 200 to 400 nm, in quartz cuvettes with an optical path of 1 cm. At 225
nm, the degradation kinetics were determined.

In the processes of photocatalytic degradation, as a measure of the catalytic activity of ZnO, the
degree of mesotrione removal and the reaction rate constant (k) were used.
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The degradation rate constant is pseudo-first order and is determined using the Langmuir-
Hinshelwood kinetic model.

In (/. ) = —kt (1)

where k is the pseudo-first-order rate constant.

Results and discussion

The removal of used pesticide mesotrione (Figure 1) in wast water using commercial catalyst cinc
oxide and UVA lamps as simulated sunlight irradiation was studied. Besides, in the absence of UV-
Vis radiation, as well as catalyst the degradation process was not observed. The efficiency of the
photocatalytic process will decrease, if the initial concentration of the substrate increases, because
the number of adsorbed MS molecules on the surface of the catalyst increases [5].

Figure 1 Chemical structure of the mesotrione

The influence of the ZnO photocatalyst concentration on the photocatalytic degradation of mesotrione
was shown on Figure 2.
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Figure 2 The influence of the ZnO photocatalyst concentration on the photocatalytic degradation of
mesotrione

Based on the results shown, it can be concluded that about 68% degraded after 30 minutes, while
98% degraded after 240 minutes. Also, the photoactivity of the semiconductor decreases, and as a
result, organic molecules and catalyst particles have the ability to absorb light.
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Based on the literature data, it can be concluded that the photocatalytic efficiency of TiO» Degussa
P25 and ZnO in the photocatalytic degradation of mesotrione is similar [5]. Also, it is important to
mention that it has been previously reported that based on a review of the literature, it was determined
that during irradiation with the help of sunlight, mesotrione is completely degraded in two days, with
the help of both catalysts, while in the absence of them, only 60% is degraded over 6 months, while
in the dark it is not degraded at all [5]. Based on the results presented, it can be concluded that the
UV/catalyst treatment is the most effective for the removal of mesotrione.

Conclusion

The subject of this work was the photocatalytic degradation of mesotrione with the help of a UV-Vis
lamp, as a source of sunlight. ZnO nanogranular catalyst was used during the study of photocatalytic
degradation. The change in MS concentration was monitored on a UV-Vis spectrophotometer. The
degradation kinetics is pseudo-first order. After 240 minutes MS has completely degraded. Based on
the presented results, it can be seen that MS was successfully degraded with the help of ZnO
photocatalyst, on the basis of which we can conclude that the applied system has a sustainable path
in the following research.
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