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ABSTRACT

This paper explores the degradation of a modeugentit, 2-(4-thiazolyl) benzimidazole by electrocivahprocess. The
degradation of the real Agricola effluent is folledvby COD abatement and UV spectroscopy. The ebbemical
oxidation of fungicide thiabendazole has been studn boron doped diamond (BDD) electrodes on ime&dium by bulk
electrolysis. The influence of several operatintapeeters, such as applied current density, effeetactrolytes (NaCl),
effect of concentration and effect of temperatuees Wwvestigated. UV spectroscopy and chemical oxysmand
measurements were conducted to study the readtietids of thiabendazole mineralization. The resshiowed that the
rate of the electrooxidation increases with inciegscurrent density and decreasing NaCl. The oVemdults
indicated that BDD electrode exhibited the besf@enance.
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INTRODUCTION

In recent years there has been increasing inténeshvironmental damage and human injury gmilution
resulted by the use of pesticide in agricultured tre relevant legislation is always being madeshear [L]. The
intensive use of pesticides in agriculture andithgroper storage or disposal of obsolete pesticatesa source
of contamination of soil, ground water, rivers, éak rainwater and airL[Z]. Various innovative technologies
have been proposed for the removal of pesticides fwater. For the disposal and degradation of piglsti
waste have recently been well reviewed by seveudduas B-7]. Various methods for pesticide treatment
methods are available, according to the World He&ltganisation, including high temperature incitiers
chemical treatment or removal to specially engiadelandfill sites §]. Amongst the possible methods of
treatment of pesticides, ozonatiof],[ oxidation with Fenton’s reagentl(], photodegradation 1[]] and
photocatalysis with Ti@ have been investigated for a wide variety of médéis [L2]. Since the 1990s,
electrochemical methods have been widely studiedthie removal of organic substances and a number of
reviews are available in the literature3f15. Recently, electro oxidation has received grétgraion due to the
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use of boron-doped diamond (BDD) thin film electesdwhich possess so high O2-overvoltage that &tror
production of great quantity of reactive BDD (QMith ability to completely mineralize organics shown for
several aromatics1p-19. In recent studies Salghi and co-workers studiee electrooxidation of various
groups pesticides sach as bupirimaté{q; methidathion 23] and cypermethrine/[ in brine solution using
BDD and SnQ@ anodes. The authors studied the electrooxidatforanous organic compound by Outuran et al
(2015) p4, 29, Tissot et al (2012)75]. Benito et al (2017)4€], Chaplin et al (2014)77], and Panizza et al
(2014) 8. Thiabendazole is used to control a varietyraftfand vegetable diseases such as mold, blight, r
and stains caused by various fungi. Thiabendasdiermulated as a ready-to-use, dusts, flowableeatrates,
emulsifiable concentrates, wettable powders, gesyund water dispensable granules (Fig2%). [

xS~

Fig. 1: Structural formula of thiabendazole
MATERIALS AND METHODS

Electrolytic system

Electrochemical measurements were performed usaugrgputer controlled by Potentiostat/Galvanostatieh®GZ
100 associated to "Volta-Master 4" software. A aamtional three electrodes cell (100%nthermoregulated glass
cell was used (Tacussel Standard CEC/TH). The an@dea square plate of BDD electrode with effectiuegface
area of 1 crfh whereas the cathode was a platinum electrode,ttecyap between electrodes was 0,5 cm. A
saturated calomel electrode (SCE) was used agenek electrode. Galvanostatic electrolysis wasecbout with

a volume of 75 cfhaqueous solution of initial CQ{1680 mg/L). The range of applied current densias 40 to
80 mA/cnf and samples were taken, at predetermined ingeduing the experiment, and submitted for analysis
All tests have been performed at different tempeeain magnetically stirred and aerated solutidnsall cases
sodium chloride was added to the electrolytic alilifferent concentrations. The chemical oxygemdnd (COD)

is measured according to the standard methodsc&mieation of water and wastewatét.[The Chemical Oxygen
Demand (COD) values were determined by open reflugichromate titration method. All chemicals usedhe
experiments were of analytical pure grade and wgttbut further purification. The sodium chloridsad was of
analytical-reagent grade and was obtained fromigidiAll measurements were repeated in triplicaie all results
were observed to be repeatable within a 5% marfgaxperimental error.

RESULTS AND DISCUSSION

Effect of supporting electrolytes

The investigation of the mediator concentratioretfhas been performed in the range 2% - 4% forl N&Cshown
in Fig. 2, the electrochemical degradation of thstjgide is achieved at reasonable rates onlyarptesence of the
mediator and is higher at higher NaCl concentratiom to values around 2% of NaCl. Further in@eabove this
limit, causes and inversion of the trend. The djiregaconditions of the treatment process were:anirdensity of
60 mA cn¥, temperature of (25 + 3)°C, initial concentrati®®D (1680 mg['), and the distance between the two
electrodes was 0.5 cm. The addition of NaCl topésticide solutions during electrolysis, the degtimth efficiency
increased for thiabendazole. From this observatiams concluded that the introduction of NaCl kctolyte can
enhance the degradation efficiency and shortengr@lsis time, which may be attributed to the reacttbetween
the electrogenerated chlorine/hypochlorite and TBZ molecule. The possible mechanism of electroébaim
degradation in the presence of NaCl is as giveoviel

Anode reaction:

Anode reaction 2Cl —> gt 2€
Cathodereaction AH+ 2e- ———>  ,H 20H
Bulksolutionreaction St HO ——> HOCI +'H CI
Bulksolutionreaction HOCI 5 H+OCI

The above mechanism was classified as indirectretedtiation of pollutant. Moreover, the increasetiaentration
of NaCl results in a decrease in the operatingageltat the given current density.
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Fig. 2. Influence of supporting electrolytes on ta decay of COD during electro-oxidation of 1680 mb/thiabendazole on BDD anode.
Conditions: Current density 60 A.cm? T: 25°C

The electrochemical degradation of the fungicideZTiging the BDD anode. The removal of the pestian2%
(NacCl) higher than that of 3% (NaCl) and much higtiean 4% (NaCl). Working in galvanostatic conditiadhe
concentration of «OH can be approximated in a stestdte and therefore, the oxidation rate exprassan be
written as follows [21, 22]:

% = K[OH][COD] = K, [COD]
which can be integrated to give the following exgsien:
COD
Ln 9) =Kt
(CODI ) app

The Ln ([COD]t/[ COD]0) vs. time plot appears to lbeear (Fig. 3), which means that the procesdristic under
mass transport control. Thus, we can obtain thesrtrasisport coefficient from the slope of the linpot. The
mechanism of electrochemical mineralization candbvect, in this case there is oxidation of pestcigh the
electrode or indirect via some mediators like dhiated species or other radicals [3-6]. Kinetidgts were carried
out to determine the COD reduction efficiency fdectrooxidation fungicide Thiabendazole at diffdren
concentration of supporting electrolyte NaCl. Hais tpurpose, the removal rate of COD was assumeibéy a
first-order kinetic as follows [6].
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Fig. 3. Pseudo first-order plot oxidation of 2g/Lthiabendazole (COR= 1680 mg/L) in different concentration of electrojte at 60 mA.cm
2

Fig. 3 and Table 1 represents the Kinetic studiesevearried out to determine the COD reductiorcigfficy for
electrooxidation thiabendazole at of the differenncentration of NaCl supporting electrolyte saatiin the
presence of COgx= 1680 mg/Lof thiabendazole. For this purpose, the removal 0&tCOD was assumed to obey a
first-order kinetic as follows.

Table 1. Effect of the NaCl concentration on thealues of the rate constant and the %COD

Supporting electrolytes | Rate constant, K (mif) | COD removal (%)
NaCl (2 %) (6.50 + 0.05)x10D (70 +£2.25)
NaCl (3 %) (4.00 £ 0.10)x10 (50 +3.7)
NaCl(4 %) (2.70 £ 0.08)x1H (39+2.2)

Effect of current density

Applied current is an important factor affectingetblectrolysis kinetics and process economics. dffect of
applied current on the electrochemical processdeasonstrated in several studiésd, 12, 19, 25, 46In Fig. 4 the
% COD reduction for thibandazole is presented uwmiféerent current inputs (2%NacCl). These studiesatuded
that applied current increases the rate of elebtmical oxidation process. As shown in Figs (4altendazole
COD removal increase with increasing the applieueru density up to80 mAchby using DDB electrode. Further
increase of the current density was followed bydged decrease in COD removal due to increase ipéesture
[14-19]. In other words, the rate of degradatiopesticide increases with increase in current debgi maintains a
moderate temperature. The COD of thiabendazok wlaserved to fall with pseudo first-ordemndiics (Fig.
5), on all the surface studied. This is relatethe dependence of the rate of oxidation on #ébe of formation of
the oxidizing species at the electrode surface pdeudo first-order constant of thiabendazole @ges from, 2,
5x10° min* (40 mA) to 8,1x13 min* (80 mA). From these results it was calculated thatbest applied current is
80 mA.
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Fig. 4. Influence of the applied current density o the trends of % COD electrolysis of ThiabendazoléCOD, = 1680 mg.L™%) using a
1cn? BDD anode
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Fig. 5. Influence of applied current density on thedecay of %COD during electro-oxidation of thiaben@zole 2g/l on BDD anode.
Conditions: current density 80 mA cm? 2% NacCl

223



Rachid Salghiet al Der Pharma Chemica, 2016,8 (18):219-227

80 ‘ T T T
—=—25°C
—e—35°C /'
60— ——45°C
—v—55°C
L
A 40 / |
O
O -
0+ : ; | ; | ;
0 50 100 150 200

Electrooxidation Time (mn)

Fig. 6. % COD reduction for thiabendazole in 2% NaCat 25°C and volume of treated solution: 75 cfiat different temperatures, 80 mA
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Fig. 7. Pseudo first-order plot oxidation of thiab@dazole in 2% NaCl at 80 mA and volume of treateddadution: 75 cn?® under different

temperatures (COD at a given time, t, during elecwlysis)

Effect of temperature

To determine the effect of temperature on the % Q@duction for the thiabendazole, experiments veargied
under current input 80 mA for which degradatiortted thiabendazole is more important. Fig. 6 shdwes% COD
reduction for thibendazole at different temperaturdt was observed that, the % COD reduction degrenith
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temperature, for 25°C and 55°C the achieved redictias 70% and 30% respectively. Fig. 7 illustratesthe
pseudo first-order of thiabendazole at differemhgerature under 80 mA current inputs. The pseudst-dirder
constant of thiabendazole (k) varies from 0.0045hain25 °C to 0.002 mihat 55 °C.
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Fig. 8. Direct electrooxidation at BDD anode: effeioof initial concentration of thiabendazole on theeCOD (80 mA.cm 2, and T=25°C)
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Fig. 9. Pseudo first-order plot oxidation of thiakendazole: T= 25°C, 2% NacCl at 80 mA.cr, for different concentration

Effect of concentrations of pesticide
The initial concentration of pesticide is always iamportant parameter in wastewater treatment. ¥h€OD
reduction was studied at three different conceistmadf thiabendazole pesticide 1 g/L, 2 g/L and/iB) ginder the
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previous optimum conditions. Fig. 8 shows the eftédifferent initial Thiabendazole concentratiansthe rate of
fungicide degradation and corresponding Concentiattmoval during electrolysis at temperature of@5NacCl
(2%) and using a current density 80 mAtrithe increased rate of pesticide degradation éstduhe diminution of
thiabendazole concentration and formation of chimgas at anode and hypochlorite after reactioh @it at the
cathode. The degradation of different concentratibpesticide was observed with pseudo first-okdeetics (Fig.
9). The pseudo first-order kinetics constant oélteindazole removal (k) varies from approximately1?® min*
for 1g/L to 35x1d min™ for 3 g/L.
CONCLUSION

This work studied the efficiency of an electrocheahi oxidation system for the treatment of fungiside
thiabendazole. Electrochemical degradation is ahatethat has never been applied this type of waStke
electrochemical degradation of thibendazole has heeestigated using BDD anode under all condititested
involving, applied current density from 40 to 8@ ntype of electrolyte, effect of temperature 2583%5°C , effect
supporting electrolyte NaCl and initial concentatof pesticide 1g/L to 3g/L. The experimental tesallowed us
to draw the following conclusions:
» The best results were obtained when electrolyses eaaried out at high densities, 80 mA, and ingresence of
supporting electrolyte NaCl (2%) .
» The COD of pesticide thaibendazole was obseineedall with pseudo first-order kinetics, @il the surface
studied.
» The applied current increases the rate of elecénmatal oxidation process.
» The different experimental conditions tested ughmg BDD anode allow us to conclude that the in@sa¥ the
initiale concentration of pesticide in the solugpfrom 1g /L to 3g /L, slightly decreases the @ftelectrooxidation
of pesticides.
» BDD-anodic oxidation can be used successfutlyremove almost all the COD of synthet&stewaters
polluted with thiabendazole fungicide
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