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ABSTRACT

The electrochemical oxidation of mixture pesticighaazilil and pyrimethanipesticides has been studied on boron-
doped diamond (BDD) electrodes on acid medium liiy &lectrolysis. The influences of current densitynductive
electrolyte, pH, and concentration of pesticide evervestigated. GC and chemical oxygen demand measnts
were conducted to study the reaction kinetics stipdes mineralization. The best obtained condgidor COD
removal on the BDD anode to degrade imazalil andnpgthanil solutions include operating at 50 mA<Teand 25

= 3 °C. The experimental results showed that thectebchemical process was suitable for almost cetapl
removing COD, due to the production of hydroxyl icatb on the diamond surface (QHand other
electrogenerated oxidants (CCIO).
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INTRODUCTION

The rapid increase of population and intensivecadftire in our planet has resulted in large quistiof organic
and inorganic wastes being discharged into enviorent, thus giving rise to serious environmentabfgms and
deterioration of the agro ecosystems. In geneitierdnt technologies developed for the eliminatmfrrefractory
organic micropollutants from drinking and wastewsitieclude chemical oxidation methods, which areceasfully
applied in drinking water purification plants.

Various innovative technologies have been propdsedhe removal of pesticides from water. Amongsthe
technologies, the electrochemical processes cotestlie emergent methods for the degradation dicjmbss.

These technologies include photocatalytic oxidaf{ib2], ultrasonic radiationd], bioremediation and thermal
desorption 4]. The major disadvantage of these technologigbas they are designed for decontamination of
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agueous solutions with a very low active ingrediemttent, rather than highly concentrated obsgbet#icides
stocks.

Among these technologies, electrochemical methdfs a good opportunity to prevent and remedy padhu
problems due to the discharge of industrial andagmneffluents. In recent years, electrochemicahoud are
drawing attention and starting to substitute tiadil processes due to the advantages such aseffigiency,
ease of operation, and environmental compatibjbty 1].

In anodic oxidation, organic pollutants are dirgakstroyed by reaction with hydroxyl radical (HG@eymed at
the anode surface from water oxidation [8, 9]:

HO——» OHH +e

Several anode materials such as Pt [12-14],,9608], PbQ [15-17] and BDD [6, 7, 10, 11] have been used
for pesticides removal. The new anode material (BpB&ssesses technologically important charactesisuch
as an inert surface with low adsorption propertiesnarkable corrosion stability and an extremelydewi
potential window in aqueous medium [18, 19].

Recently, Salghi et al. [8-12] demonstrated that thesticides methedation, cypermethrin, endosulfane
deltamethrine and bupirimate can be electrochefyic@moved from aqueous solutions using BDD anode.
They found that current density influence is renadll clear on the BDD electrodes where it was evidbat

the most efficient current density toward a completipirimate and buprofezin mineralization was hegicwith

the application of 60 mA cih

Imazalil and pyrimethanil is two pesticides of thmst widely used fungicide pesticides in agric@t(Fig. 1).
Imazalil and pyrimethanil formulation is commeréjadvailable in the Philabuster 400 SC.

Philabuster combines the active ingredients imhgalfate and pyrimethanil, two fungicides with fdifent modes
of action, into a single product to facilitate atop of resistance management strategies in posthidisease
control. Pyrimethanil is an anilinopyrimidine fuegle (Figure 1) that interferes with the secretafnenzymes
necessary for infection by several postharvestqugths, while imazalil sulfate is an imidazole funidé (Figure 1)
that inhibits sterol synthesis thus affecting eedlll permeability. Pyrimethanil does not exhibibss-resistance to
sterol-inhibiting or benzimidazole fungicides. UB#ILABUSTER fungicide for the control of the follomg
postharvest diseases caused Begnicillium italicum (blue mold), Penicillium digitatum (green mold),
Colletotrichum gloeosporioideg@nthracnose) anehomopsis citri & Diaporthe citr{stem-end rot) on citrus fruits.
Use of PHILABUSTER should be integrated into an ralledisease management program within each
packinghouse. Provides curative and preventativesiyc - treat fruit within the same day of picking-or
suppression of sporulation, use the highest labeled

_=CHg
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Imazalil yritnethanil

Figure 1. Chemical structure of Pyrimethanil and Imazilil

This paper presents the study of a prospectiverelgdremical treatment system for imazalil and pwtihanil
using a commercial BDD electrode. The effect ofngsdifferent supporting electrolytes (NaCl, /&&;, and
Na,;SQy), varying the pH, effect of concentration of mixesticide, and current density (10-50 mAQmpon
the rate of two pesticide and chemical oxygen deh{@OD) removal are investigated.
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EXPERIMENTAL SECTION

Materials

Pyrimethanil is an anilinopyrimidine, 4,6-dimethyHphenyl-2-pyrimidinamine. Imazalil sulfate: 1-[2;4-
dichlorophenyl)-2-(2-propenyloxy)ethyl]-1H- imidaeosulfate. The molecular structure of two pes#siis shown
in Fig. 1. All chemicals used in the experimentsenvef analytical pure grade and used without furtheification.
The sodium chloride used was of analytical-reagestle and was obtained from Aldrich (Spain).

Electrolytic system
Electrochemical measurements were performed usaogrgouter controlled by Potentiostat/Galvanostatieh®GZ
100 associated to “Volta-Master 4” software.

A conventional three-electrode cell (100 %rthermoregulated glass cell was used (Tacussedatd CEC/TH).
The anode was a square plate of BDD electrode effictive surface area of 1 énwhereas the cathode was a
platinum electrode, and the gap between electradssl cm. A saturated calomel electrode was usadeference.
The range of applied current was 10-50 mAZcamd samples were taken, at predetermined inteckaisg the
experiment, and submitted for analysis. All tesesavperformed at (25 * 3) °C in magnetically sdrend aerated
solutions. In all cases, sodium chloride was addetthe electrolytic cell, at different concentraiso The COD is
measured according to the standard methods forieation of water and wastewat&2(]. The COD values were
determined by the open reflux, with dichromateation method. All measurements were repeated ptidaite and
all results were observed to be repeatable wittirvamargin of experimental error.

Analytical procedures

The method used for the extraction of two pesteidas adapted from Charles and Raymond [21]. Fehr BanL
of the sample, 100 mL of acetone was added andntkieire was stirred for 2 h. The extraction wasriear out
respectively with 100 and 50 mL of acetone. Afiliration, the residues in acetone were partitiondgth saturated
aqueous NaCl (30 mL) and dichloromethane (70 mLj iseparating funnel. The dichloromethane fracti@s
collected and the separation process with (70 mithldromethane were combined and dried over antugiro
sodium sulphate. The solvent was removed undercegtipressure at 40 °C and the residues were dégkatvan
acetone—hexane (1:9) mixture (10 mL). Samples waeratyzed by gas chromatography.

RESULTS AND DISCUSSION

Effect of supporting electrolytes

Electrolytes of 0.1 g. T of the following salts: NaCl, NEO;, and NaSO, were studied by Boron Doped Diamond
anode. As appears in Fig. 2, the NaCl were the raffsctive conductive electrolyte for the electratgic
degradation of the investigated mixture pesticided COD removal while N80, and NaCO; electrolytes show
poor results. The operating conditions of the treatt process were: applied current of 50 mAZcpH (6.32 + 0.2),
temperature of 25 °C, initial concentration of tpesticides 40 mgt, and the distance between the two electrodes
was 0.5 cm.

Kinetic studies were carried out to determine th@DCreduction efficiency for electrooxidation peilis at
different supporting electrolytes. For this purpode removal rate of COD was assumed to obeyst-dider
kinetic as follows [8]. Figure 3 represents theekio studies of the different supporting electrelin a (0.1 g )
NacCl, (0.1 g [!) NaCO;, (0.1 g ') N&SO, solution in the presence of mixture pesticidesazatil (40 mg L) +
(40 mg ') Pyrimethanil.

It was disclosed above that in the ,8&; medium BDD was more suitable for electrochemicgineration of
organics than N&O,.

In the presence of NaCl, due to the different etettemical behaviors of active chlorines formatwndifferent
materials, this complex effect would make the dégtian performance even completely inverted. It wegsorted
that the COD removal was much higher on BDD thaat tn SnQ@ for the treatment of wastewater containing
bupirimate in the presence of NaCl [6]. In the preswvork, the degradation of mixture pesticide laié£40 mg L

) + (40 mg Y Pyrimethanil was investigated in three systemmiodure supporting electrolyte: (0.1 g'INa,CO;
+0.1 g L' NaCl), (0.1 g [* NaCO; + 0.1 g * N&,SQ,) and (0.1 g [* Na,SO, + 0.1 g * NaCl).

As shown in Fig. 4 and Fig 5, the presence of méxelectrolyte 0.1 g £ NaCO; + 0.1 g L NaCl promoted the

best electrooxidation of pesticide at BDD electrobieese results could also be confirmed by thetiirstudies of
the different supporting electrolyte systems. Agvahin Table 1, after 2 h treatment, the COD rerhovaBDD in
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the absence of NaCl was about 52 %, but in theepoes of NaCl, it significantly increased to 87 %whs also
observed that at BDD anode, the electrooxidatiof.dng L* Na,CO; + 0.1 g ! NaCl performed much better than
that on 0.1 g ! Na,CO; + 0.1 g L* Na,SO, and 0.1 g [* Na,SQ, + 0.1 g ' NaCl electrolytes. As discussed before,
the degradation of fungicides in the presence dfINeould be the co-action of direct oxidation and@ indirect
oxidation. Presumably, the heterogeneous oxidgiien direct oxidation on the electrode surfacespnted the
same performance in two media since other conditexxcept NaCl addition were similar and there vilesgame
NaSO,and NaCO; presence in both electrolyte media.
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Figure 2. Influence of supporting electrolytes onhe decay of COD during electrooxidation of 40 (mg ) Imazalil + (40 mg L*)
Pyrimethanil on BDD anode. Conditions: applied curent
50 mA cm?, T = 25 °C.
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Figure 3. Pseudo first-order plot oxidation of Imaalil (40 mg L™) + (40 mg L) Pyrimethanil in different electrolytes at 50 mA en’2.
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Figure 4. Influence of supporting electrolytes onhe decay of COD during electrooxidation of Imazali{40 mg L) + (40 mg L%
Pyrimethanil on BDD anode. Conditions: applied curent 50 mA cn, pH = 6.3, T = 25 °C.
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Figure 5. Pseudo first-order plot oxidation of Imaalil (40 mg L™) + (40 mg L) Pyrimethanil in different electrolytes at 50 mA en’2.

Table 1 Kinetic rate constants of Imazalil (40 mg ) + (40 mg L) Pyrimethanil removal fitted by a first order model and %COD for
BDD anode under diferent electrolytes.

Supporting electrolytes Rate constant, K (mif) % COD
NaCl (0.1 g/L) (1.184 + 0.13)x18 74%
Na,SO (0.1 g/L) (0.87 £ 0.09)x18 63%
Na,CO; (0.1 g/L) (0.63 £ 0.073)x18 52%
NaCO; (0.1 g/L) + NaCl(0.1 g/L) (1.75 £ 0.42)x18 87%
NaCO; (0.1 g/L) + NaSQ, (0.1 g/L) (1.01 + 0.24)x18 67%
NaCl (0.1 g/L) + NaSQy(0.1 g/L) (1.36 £ 0.16)x10 78%

Effect of applied current
The effect of current density on the electrochemacess was reported in several studigs7, §. It is an
important factor affecting the electrolysis kinsticTwo reaction zones of an anode can be distihgdis
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electrochemical reaction zone (i.e., anodic surfaue diffusion layer) where direct oxidation byaten transfer
and/or OH occurs, and chemical reaction zone fudk liquid) where compounds are oxidized by efegeénerated
oxidant species (i.e., indirect oxidation).
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Figure 6. Influence of the applied current on thedecay of concentration pesticide during electrooxition of Imazalil (40 mg L) + (40
mg L™) Pyrimethanil on BDD anode. Conditions: NaCOs (0.1 g L*) + NaCl (0.1 g IY), T =25 °C.

The influence of the current density on the CODaeah during the electrochemical oxidation of mixypesticide
Imazalil (40 mg [*) + (40 mg ') Pyrimethanil at the BDD anode is shown in Fig. 6.

Imazalil (40 mg [*) + (40 mg %) Pyrimethanil degradation rise with increasing apelied current density up to 50
mA by using BDD electrode. The apparent rate constaf imazalil (k) varies from 2.82x £anin™® (50 mA) to
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1.19 10° min™ (10 mA), four Pyrimethanil (k) varies from 2.14x 4 @in™® (50 mA) to 0.89 18 min’(10 mA)
results it was calculated that the best appliedeatiis 50 mA.

Effect of the concentration

The initial concentration of pesticide is alwaysiamportant parameter in wastewater treatment. Tedtigate the

electrooxidation efficiency on high concentratiof Imazalil (40 mg ') + (40 mg L) Pyrimethanil, the

experiments of electrochemical degradation of CGIEDO0, 1400 and 1800 mg obAQ solutions were carried out
with a selecting current density and,8&; (0.1 g/L) + NaCl(0.1 g/L). Influence of the initi@OD on the trends of
COD during electrolysis as shown in Figures 7.
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Figure 7 Influence of the initial COD on the trends of COD during electrolysis on the BDD anode. iap 50mA; pH=6.3, NaCO; (0.1
g/L) + NaCl(0.1 g/L) and T=25°C.

For low concentrations (CODO = 900 and 1400 mgL#i§, COD decreased to 41 and 370 fhgifter about 2h.
However, for higher concentrations, the total ddgt®n requires longer time of electrolysis as shamwthe trend
of the curve (CODO = 1800mgt) in kap values (Table 2) calculated from the ginailines, considering a first-
order reaction, decreased when the initial cona¢intr of mixture Imazalil (40 mg1) + (40 mg ') Pyrimethanil
increased.

This indicates that the oxidation rate and proegisiency are directly proportional to pesticidencentration. This
outcome is in agreement with the data reported dgtt et al. [6,7,8], Panizza Cerisola [22, 23]eTdlectrolysis
time for complete removal of mixture Imazalil aiyrrimethanil was proportional to the concentratibpesticide.

Table 2 Effect of the initial mixture Imazalil (40 mg L%) + (40 mg L*) Pyrimethanil concentration on the values of theate constant and
the %COD.

CODy (mg L 900 1400 1800
COD removal (%) 95% 70% 40%
K ap x10? (min?) (2.3£0.12) (1.02 £D.2 (0.41 £ 0.085)
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CONCLUSION

This work studied the efficiency of an electrocheahi oxidation system for the treatment of fungiside
Electrochemical oxidation is a method that has nbeen applied for the treatment of this type o$tea. This work
is a first attempt to investigate the degradatibmixture fungicide Imazalil and Pyrimethanil ifeetrochemical
treatment with BDD. The electrochemical degradatibmixture Imazalil (40 mg £) + (40 mg %) Pyrimethanil
has been investigated using BDD anode under aditons tested involving, applied current dendigm 10 to 50
mMA, type of electrolyte, and initial concentratioh pesticide. The experimental results allowed awgitaw the
following conclusions:

» The best results were obtained when electrolyses varied out at high densities, 50 mA, and inghesence of
mixture supporting electrolyte NaCl (0.1g/L) witlad€O;(0.1g/L).

e The removal rate of COD increases with applied entrdensity until 50 mA due to the increase of iiass
transport caused by oxygen evolution reaction, dedreases for higher values due to the improverogihis
reaction.

» The different experimental conditions tested udiing BDD anode allow us to conclude that the in@sasf
theinitiale concentration of pesticide in the sing, from 900 mg of &L to 1800 mg of @L, slightly decreases
the rate of electrooxidation of pesticides.
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