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Abstract

Difenoconazole is a triazole fungicide that inhibits the activity of fungi and is widely
used to protect fruits, vegetables and grains. Its health and safety issues need to be
further studied. In this study, experiments were conducted to investigate the
degradation kinetics and electrochemical degradation pathways of difenoconazole to
harmless inorganic products using two electrochemical methods; cyclic voltammetry
and constant current electrolysis, in association with UV-Vis spectrophotometric
analysis. The results of electrochemical tests indicated the participation of
difenoconazole pesticide molecules in charge transfer processes with a priori
adsorption of its molecules on the surface of the platinum electrode. UV-Vis
spectrophotograms of the pesticide solution indicated a decrease in the absorbance
value corresponding to difenoconazole during constant current electrolysis processes.
The study elaborates on a mechanism for direct electrochemical degradation of
pesticide molecules on the platinum electrode surface.
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1. INTRODUCTION

The use of pesticides in agricultural production worldwide is
highly controversial and legislated as it contributes to widespread
environmental pollution, noting that many current diseases can be
closely linked to long-term exposure to various pesticides or pesticide
residues [1-6]. Difenoconazole is a broad-spectrum triazole fungicide
that inhibits cytochrome P450 (CYP450) enzyme activity, thereby
inhibiting fungal growth, and plays an important role in inhibiting
demethylation during ergosterol synthesis and thus preventing fungal
growth and reproduction and controlling fungal diseases [3-7].
Laboratory experiments conducted to investigate the degradation
kinetics, pathways, and toxicity of difenoconazole transformation
products revealed certain products generated by photolysis, hydrolysis,
and soil degradation, identified by UHPLC-QTOF/MS and UNIFI
software. The main transformation reactions observed for
difenoconazole were oxidation, dechlorination and hydroxylation in the
environment [6].

Advanced oxidation processes (AOPs) refer to a wide range of
pollutant removal methods, including homogeneous and heterogeneous
catalytic processes and encompass electrochemical, photochemical and
photoelectrochemical methods, photocatalytic oxidation, ozonation,
Fenton, photo-Fenton, electro-Fenton, photo-electro-Fenton for the
treatment of pollutants [8-12].

The ability of some fungi such as: Phyllobacterium sp.,
Aeromonas sp., Fusarium oxysporum, Aspergillus oryzae, Lentinula
edodes, Penicillium brevicompactum and Lecanicillium saksenae, for
the green biodegradation of some pesticides as well as difenoconazole,
was tested [13-15].

Boron-doped diamond (BDD) electrodes were used for the
electrooxidation of difenoconazole, a commonly used triazole fungicide.
The observation of a maximum of the anodic current density at a
potential of +1.75 V vs. Ag/AgCl may provide a basis for both the



electrochemical oxidation of difenoconazole and the development of
voltammetric methods for its determination in aqueous media [16].

Removal of difenoconazole by calcium alginate composite beads
[17], water treatment and ultrasound processes [18], ozone microbubbles
[19] and the photo-electro Fenton method [20] indicated about 50%
mineralization of the solution which contains pesticides. The correlation
between the efficiency of pollutant degradation and the composition of
the environment, the nature and composition of the electrodes as well as
the physicochemical properties of the pollutants were taken into
account.

This study aimed to evaluate the possibility of removing some
active substances from the category of frequently used pesticides such
as difenoconazole, through an electrochemical process of treating
polluted waters. Therefore, cyclic voltammetry and constant current
electrolysis in combination with UV-Vis spectrophotometric analysis
were used for the electrochemical degradation of difenoconazole.

2. MATERIALS AND METHODS
2.1. Materials

Sodium chloride, the only supporting electrolyte used, was
purchased from Merck. The fungicide difenoconazole was purchased
commercially as Score 250EC in 2.5 mL vials at a concentration of 250 g
L. Two inert shiny platinum plate electrodes with a purity of 99.99%
and an area of 1 cm? were used as working and auxiliary electrodes,
respectively.

2.2. Analysis methods

The electrochemical behavior of difenoconazole pesticide was
studied by cyclic voltammetry and electrolysis at a constant current
density in association with UV-Vis spectrophotometry.

The electrochemical stability study of difenoconazole was
performed using a VoltaLab 40 potentiostat/galvanostat, VoltaMaster 4
software. Cyclic voltammograms were recorded at a potential sweep
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rate of 100 mV-s?! in the potential range between -2.0 V (Estart / Estop) and
2.0 V (Ereverse). In constant current electrolysis, a constant current of 50
mA was imposed for a period of 30 minutes.

Both electrochemical methods were coupled to UV-Vis
spectrophotometric analysis of the working solution using a Varian
Cary 50 spectrophotometer, CaryWin UV software (quartz
spectrophotometric cuvette with 10 mm optical path length).

All experiments were performed at room temperature under a
dynamic stirring regime at 300 rpm.

3. RESULTS AND DISCUSSION
3.1. Study of difenoconazole stability by cyclic voltammetry

Figure 1 shows the cyclic voltammograms recorded for the
platinum electrode in a 0.1 M NaCl supporting electrolyte solution and
in the supporting electrolyte solution containing the pesticide
difenoconazole at a concentration of 1.9-10°¢ g-L-'.
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Figure 1. Cyclic voltammogram recorded on a platinum electrode in NaCl
supporting electrolyte solution (0.1 mol-L") and in difenoconazole solution
(1.9-10° g-L!) containing NaCl (0.1 mol-L') as supporting electrolyte, v = 100
mV-s?, 100 rpm.



The comparison of the two cyclic voltammograms highlights
certain particularities of the shapes of these voltammograms. Thus,
corresponding to the supporting electrolyte solution, higher anodic and
cathodic current densities are recorded, reaching values of 67 and -100
mA, respectively (Figure 1).

A significant increase in anodic current densities is recorded
starting from a potential of 1.1 V; this charge transfer to the electrode
surface is attributed to both the formation of platinum oxides on the
electrode surface and the discharge of water molecules.

The cathodic polarization reveals the appearance of three maxima
of the cathodic current density at potentials of 0.8, 0.0 and -0.5 V
respectively, corresponding to the reduction of some oxygenated species
both on the surface of the platinum electrode and in the solution (Figure
2a).
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Figure 2. a) detail of cyclic voltammogram (figure 1) recorded on platinum
electrode in difenoconazole solution (1.9-10¢ g-L-!) containing NaCl (0.1 mol-L-
1) as supporting electrolyte, v = 100 mV-s?, 100 rpm; b) UV-Vis absorption
spectra of difenoconazole solution (1.9-10 g-L-1) containing NaCl (0.1 mol-L")

at the initial time and after cyclic voltammogram recording.

The working solution containing both the pesticide and the
supporting electrolyte was analyzed by UV-Vis spectrophotometry,
initially and after cyclic voltammetry. Figure 2b shows the UV-Vis
spectrophotograms recorded for the working solution initially and at
the end of the cyclic voltammetry. It can be seen that the initial solution
leads to the recording of an absorption maximum corresponding to the
wavelength of 223 nm having a higher initial relative intensity. After
recording the cyclic voltammetry, the UV-Vis spectrophotogram shows
a decrease in the absorption maximum, which is correlated with an
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electrochemical degradation of the difenoconazole molecule during the
electrode processes corresponding to the cyclic voltammetry.

The electrochemical stability of the difenoconazole pesticide was
also tested by constant current electrolysis in association with UV-Vis
spectrophotometry. The UV-Vis spectrophotograms of the working
solution containing difenoconazole subjected to electrolysis were
recorded every 2 minutes for 30 minutes, and are presented in Figure 3.
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Figure 3. UV-Vis absorption spectra of difenoconazole solution (1.9-10-° g-L-!)
containing NaCl (0.1 mol-L!) at the initial time and after each 2 minutes of
electrolysis at a constant current of 50 mA (total time = 30 mins.).

At a pesticide concentration of 1.9-10¢ g-L?, an absorption
maximum in the UV range is recorded at the wavelength A = 223 nm
with an intensity of 2.27 (Figures 2 and 3). Under constant current
electrolysis conditions (i = 50 mA), there is a decrease in the initial
absorbance, which attests to the electrochemical degradation of
difenoconazole during electrode processes.

3.2. Study of the mechanism of direct electrochemical degradation

Figure 4 shows the molecular structure of difenoconazole and
highlights its four cyclic structures (C1, C2, C3, C4).

The electrochemical degradation mechanism takes into account
the successive charge transfer on the surface of the platinum electrode,
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the presence of hydroxyl radicals and the formation of intermediate
chemical species in a higher oxidation state.

Cl

Figure 4. Molecular structure of difenoconazole highlighting its constituent
rings, C1-C4.

Schemes 1-4 show the electrochemical degradation mechanisms
of the C1, C2, C3, and C4 cycles proposed for the transformation of the
difenoconazole molecule into harmless inorganic products equivalent to
an electrochemical mineralization.
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Scheme 1. The electrochemical degradation mechanism proposed for the
degradation of the 1,2,4-triazole (C1) ring.
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Scheme 2. The electrochemical degradation mechanism proposed for the
degradation of the dioxolane (C2) ring.
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Scheme 3. The electrochemical degradation mechanism proposed for the
degradation of the benzene (C3) ring.
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Scheme 4. The electrochemical degradation mechanism proposed for the

degradation of the benzene (C4) ring.

Electrochemical mineralization involves the transformation of the
difenoconazole molecule through the successive transfer of electrons on
the surface of the Pt electrode and the attack of hydroxyl radicals to
products such as carbon dioxide, nitrogen oxide and chloride anions, as

shown by the total reaction:
C19H17CIN5O5 + 41H,0 - 976 —— 19CO, + 99H" + 3NO, + 2CI’

4. CONCLUSION

Electrochemical methods stand out as advanced technologies for
treating harmful organic pollutants such as the pesticide difenoconazole in
polluted waters. Electrochemical degradation presents considerable
advantages due to its ability to non-selectively transform different
pesticides, which can be completely mineralized to avoid the presence of
toxic by-products remaining in the treated solution.
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