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Enhancement of the biodegradability of a mixture of dyes (Methylene Blue and Basic Yellow 28) using the electrochemical process on a glassy carbon electrode
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The coupling of an electrochemical process with a biological treatment for the degradation of methylene blue (MB) and basic yellow 28 (BY28) considered separately or in mixture on a glassy carbon electrode was examined in this study. It was shown that color removal efficiency and mineralization yield of MB, BY28 and their mixture increased with the working potential and decreased with the initial dye concentration. The optimal conditions were found to be E = 2.4 V/SCE, [MB]0 = 50 mg L -1 , [BY28]0 = 50 mg L -1 , pH = 2, T = 25°C and ω = 600 rpm, which led to 100% color removal after 120 and 240 min of reaction time for BY28 and MB, respectively. Under these optimal conditions, the mineralization yield of BY28, MB and their mixture (50 mg L -1 of each dye) were close to 59 %, 57% and 54% within 360 min of reaction time, respectively. The BOD5/COD ratio increased substantially after 360 min of pre-treatment from 0.04 to 0.27 for the dyes mixture. Microbial degradation was therefore performed for the pre-treated mixture solution and the results showed significant mineralization yields leading to an overall DOC decrease of 78% for the coupled process. It was therefore shown the presence of residual refractory compounds at the end of the culture which was illustrated by the decrease of the BOD5/COD ratio (0.045) obtained for the final solution. However Biodegradability was improved after a recycling of the solution in the electrochemical oxidation pre-treatment during 180 min, leading to a BOD5/COD ratio of 0.73.

Introduction

The recent United Nations World Water Development Report has given prominence to the growing concern on dyeing industrial effluents [1,[START_REF] Thiam | Effect of anions on electrochemical degradation of azo dye Carmoisine (Acid Red 14) using a BDD anode and airdiffusion cathode[END_REF]. Large volumes of these wastewaters with high dye contents are daily discharged into water bodies, thus causing not only aesthetic problems but also toxic effects on aquatic organisms and humans [START_REF] Barros | Degradation of amaranth dye in alkaline medium by ultrasonic cavitation coupled With electrochemical oxidation using a boron-doped diamond anode[END_REF][START_REF] Kariyajjanavar | Degradation of textile dye C.I. Vat Black 27 by electrochemical method by using carbon electrodes[END_REF][START_REF] Khenniche | Photocatalytic degradation of bezacryl yellow in batch reactorsfeasibility of the combination of photocatalysis and a biological treatment[END_REF][START_REF] Yahia Cherif | Heat Attachment Method for the Immobilization of TiO2 on Glass Plates: Application to Photodegradation of Basic Yellow Dye and Optimization of Operating Parameters, Using Response Surface Methodology[END_REF][START_REF] Daneshvar | The use of artificial neural networks (ANN) for modeling of decolorization of textile dye solution containing C. I[END_REF][START_REF] Anantha | The Effect of Cathode Materials on Indirect Electrochemical Oxidation of Methyl Orange, Malachite Green and Methylene Blue, Port[END_REF][START_REF] Wang | Degradation mechanism of methylene blue in a heterogeneous Fenton-like reaction Catalyzed by Ferrocene[END_REF][START_REF] Kariyaj Janavar | Studies on degradation of reactive textile dyes solution by electrochemical method[END_REF][START_REF] Robinson | Remediation of dyes in textile effluent: a critical review on current treatment technologies with a proposed alternative[END_REF][START_REF] Mcmullan | Microbial decolorization and degradation of the textile dyes[END_REF][START_REF] Raghu | Evaluation of electrochemical oxidation techniques for degradation of dye effluents-A comparative approach[END_REF], including proven carcinogenic, mutagenic and bactericide activities [1][START_REF] Thiam | Effect of anions on electrochemical degradation of azo dye Carmoisine (Acid Red 14) using a BDD anode and airdiffusion cathode[END_REF][START_REF] Barros | Degradation of amaranth dye in alkaline medium by ultrasonic cavitation coupled With electrochemical oxidation using a boron-doped diamond anode[END_REF].

With the aim of removing theses organic toxic compounds from wastewater, a lot of physicochemical techniques were studied such as adsorption, biosorption, ozonation, advanced oxidation processes (AOPs) including O3/H2O2, UV/O3, UV/H2O2, H2O2/Fe 2+ , etc. [START_REF] Kariyaj Janavar | Studies on degradation of reactive textile dyes solution by electrochemical method[END_REF][START_REF] Robinson | Remediation of dyes in textile effluent: a critical review on current treatment technologies with a proposed alternative[END_REF][START_REF] Mcmullan | Microbial decolorization and degradation of the textile dyes[END_REF][START_REF] Raghu | Evaluation of electrochemical oxidation techniques for degradation of dye effluents-A comparative approach[END_REF][START_REF] Panizza | Electrocatalytic materials for the electrochemical oxidation of synthetic dyes[END_REF]. To remediate groundwater contaminated by such non-biodegradable organic compounds, direct and indirect electrochemical processes can be implemented [START_REF] Kuo | Decolorizing dye wastewater with Fenton's reagent[END_REF][START_REF] Spadaro | Hydroxyl radical mediated degradation of azo dyes: evidence for benzene generation[END_REF][START_REF] Gallard | Kinetics of oxidation of chlorobenzene and phenyl-urea by Fe(II)/H2O2. Evidence of reduction and oxidation reactions of intermediates by Fe(II) and Fe(III)[END_REF][START_REF] Martinez-Huitle | Decontamination of wastewaters containing synthetic organic dyes by electrochemical methods: A general review[END_REF][START_REF] Guivarch | Removal of organophosphorus pesticides from water by electrogenerated Fenton's reagent[END_REF][START_REF] Oturan | Degradation of chlorophenoxyacid herbicides in aqueous media, using a novel electrochemical method[END_REF][START_REF] Mansour | Biodegradability improvement of sulfamethazine solutions by means of an electro-fenton process[END_REF][START_REF] Ferrag-Siagh | Tetracycline degradation and mineralization by the coupling of an electro-Fenton pretreatment and a biological process[END_REF][START_REF] Belkheiri | Feasibility of an electrochemical pre-treatment prior to a biological treatment for tetracycline removal[END_REF][START_REF] Basha | Electro-degradation and biological oxidation of non-biodegradable organic contaminants[END_REF][START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF]; while biological processes which are the most cost-effective appear not always relevant for the remediation of such recalcitrant compounds [START_REF] Oturan | Degradation of chlorophenoxyacid herbicides in aqueous media, using a novel electrochemical method[END_REF][START_REF] Mansour | Biodegradability improvement of sulfamethazine solutions by means of an electro-fenton process[END_REF][START_REF] Ferrag-Siagh | Tetracycline degradation and mineralization by the coupling of an electro-Fenton pretreatment and a biological process[END_REF][START_REF] Belkheiri | Feasibility of an electrochemical pre-treatment prior to a biological treatment for tetracycline removal[END_REF][START_REF] Basha | Electro-degradation and biological oxidation of non-biodegradable organic contaminants[END_REF][START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF].

Consequently, the implementation of a combined approach coupling direct electrochemical oxidation and biological process for the degradation of dye effluents could become an interesting alternative [START_REF] Belkheiri | Feasibility of an electrochemical pre-treatment prior to a biological treatment for tetracycline removal[END_REF][START_REF] Basha | Electro-degradation and biological oxidation of non-biodegradable organic contaminants[END_REF][START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF]. The potential advantages of the strategy of combining physicochemical and biological processes to treat contaminants in wastewater have been previously suggested [START_REF] Mansour | Biodegradability improvement of sulfamethazine solutions by means of an electro-fenton process[END_REF][START_REF] Ferrag-Siagh | Tetracycline degradation and mineralization by the coupling of an electro-Fenton pretreatment and a biological process[END_REF][START_REF] Belkheiri | Feasibility of an electrochemical pre-treatment prior to a biological treatment for tetracycline removal[END_REF][START_REF] Basha | Electro-degradation and biological oxidation of non-biodegradable organic contaminants[END_REF][START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF]. When used as a pre-treatment, physico-chemical processes can modify the structure of the pollutants leading to by-products which are expected to be more biodegradable and less toxic, allowing a subsequent biological treatment. The second strategy consists in the implementation of a biological pre-treatment to remove the biodegradable part, keeping the physico-chemical process for the treatment of the non-biodegradable part of the effluent [START_REF] Belkheiri | Feasibility of an electrochemical pre-treatment prior to a biological treatment for tetracycline removal[END_REF][START_REF] Basha | Electro-degradation and biological oxidation of non-biodegradable organic contaminants[END_REF][START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF]. MB is a widely used dye for cotton, wool, acrylic and silk [START_REF] Anantha | The Effect of Cathode Materials on Indirect Electrochemical Oxidation of Methyl Orange, Malachite Green and Methylene Blue, Port[END_REF][START_REF] Wang | Degradation mechanism of methylene blue in a heterogeneous Fenton-like reaction Catalyzed by Ferrocene[END_REF]; it is highly stable and non-biodegradable [START_REF] Anantha | The Effect of Cathode Materials on Indirect Electrochemical Oxidation of Methyl Orange, Malachite Green and Methylene Blue, Port[END_REF][START_REF] Wang | Degradation mechanism of methylene blue in a heterogeneous Fenton-like reaction Catalyzed by Ferrocene[END_REF]. Among the cationic dye family, BY28 which is commonly used in dying industries was selected [START_REF] Yahia Cherif | Heat Attachment Method for the Immobilization of TiO2 on Glass Plates: Application to Photodegradation of Basic Yellow Dye and Optimization of Operating Parameters, Using Response Surface Methodology[END_REF][START_REF] Daneshvar | The use of artificial neural networks (ANN) for modeling of decolorization of textile dye solution containing C. I[END_REF]. The degradation of MB and BY28 by the combination of an electrochemical oxidation using Pb/PbO2 electrode to a biological treatment was studied and the results were reported in our previous papers [START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF], showing the efficiency of the proposed combined process; which however shows a crippling drawback owing to the slight dissolution of lead in the treated solution and hence less pollutant electrode materials such as carbon and glassy carbon electrodes could be an attractive alternative. In this work, a biological process was therefore tested in combination with an electrochemical process on a glassy carbon electrode to remove methylene blue (MB) and basic yellow 28 (BY28) considered separately or in mixture in aqueous solutions. The impact of the initial MB and BY28 concentrations and the working potential on the color removal and the mineralization yield were examined and the electrochemical pre-treatment was optimized.

Materials and Methods

The experimental set-up

The experimental set-up is described in Figure 1; it is mainly composed of the following parts: 

Target compounds

The synthetic dye solution of BY28 was supplied by a Textile Factory (Alfaditex Remila -Bejaia, Algeria). Methylene blue was obtained from Biochem Chemopharma (Montreal, Quebec, Canada). Their chemical structures are given in figure 2. 

Basic Yellow 28

Color removal efficiency measurements

Concentrations of dyes (MB and BY28) in the aqueous solution was spectrophotometrically determined at the maximum absorption wavelength (665 nm and 412 nm for BY28 and MB, respectively) using an ultraviolet-visible light (UV-vis) system (UV-vis A SAFAS SP2000 Monaco, Principality of Monaco) [START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF]. Sulphuric acid (H2SO4; 96 % purity form Biochem Chemopharma (Montreal, Quebec, Canada)) has been used both as supporting electrolyte and to adjust the pH of the solutions to 2 and all the dyes solutions were prepared with ultra-pure water (PurelabOptions-Q7/15, Elga, 18.2 MΩ cm -1 ). All experiments were conducted at 30 °C and 200 mL volume solution. When considered separately, two different initial dye concentrations were studied, 50 and 100 mg L -1 ; and for the mixture solution 50 mg L -1 of each dye was used.

Dissolved organic carbon (DOC) measurements

Dissolved organic carbon (DOC) was measured by TOC-VCPH/CPN (Total Organic Analyzer Schimadzu). Samples were taken and filtered through 0.45 μm membrane syringe filter (Satorius Stedim biotech Gmbh, Germany) for the measurement of dissolved organic carbon (DOC) [START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF].

COD and BOD5 measurements

Chemical oxygen demand (COD) and biological oxygen demand in 5 days (BOD5) were measured by Nanocolor 500D photometer type (Macherey-Nagel, Hoerd, France); all COD and BOD5 measurements were duplicated. The determination of BOD5 was carried out into tube tests in the presence of added nutrients according to the EN 1899-1-H51. Additionally, probable influence of nitrification processes is inhibited by N-allythiourea which was also added.

Samples incubation was carried out directly in the test tubes and the determination of oxygen dissolved in water was carried out after 5 days in accordance to the Winkler method EN25813-G21 by photometric evaluation of iodine-color. The COD was measured by means of Kits Nanocolor® 15-160 mg L -1 COD according to DIN ISO 15705 at 148 °C. The amount of oxygen required for the oxidation of the organic and mineral matter was quantified after oxidation with K2Cr2O7 at acidic pH and heating at 148 °C for 2 h [START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF].

Media and culture conditions

Biodegradability tests and biological treatments were duplicated and were carried out on MB, BY28 and their mixture (MB and BY28) electrochemically degraded under the following conditions: 25 °C, 2.4 V/CSE, 600 rpm and 50 mg L -1 of dye (50 mg L -1 each in the case of the mixture).

Biological treatment was only performed on a mixture of dyes (50 mg L -1 each) electrolyzed under the optimal conditions for 360 min. Batch cultures were carried out at 25 °C during 30 days in shake flasks (250 mL) containing 0.5 g L -1 of activated sludge and the following mineral basis were added in the flasks: 0.5 mL of KH2PO4 (43.8 mg L -1 ) and Na2HPO4 (33.4 mg L -1 ), 0.150 mL of CaCl2 (27.5 g L -1 ), MgSO4, 7H2O (22.5 g L -1 ) and NH4NO3 (3 g L -1 ). 0.5 mL of trace elements was added to all solutions (FeSO4,7H2O: 1.36 g L -1 , CuSO4,2H2O: 0.24 g L -1 , ZnSO4,5H2O: 0.25 g L -1 , NiSO4,6H2O: 0.11 g L -1 , MnSO4 H2O: 1.01 g L -1 , H3BO3: 0.1 g L -1 ).

The pH was adjusted to 7.0 with 1 mol/L NaOH solution [START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF].

Results and Discussion

Effect of the working potential

The effect of the working potential on the color removal efficiency was examined at 1.5, 1.8 and 2.4 V/SCE (Fig. 3). Comparison of the data for 2.4 V/SCE with those for 1.8 SCE/V and 1.5 V/SCE reveals that the degradation rate increased with increasing working potential; a significant effect was observed for both initial dye concentrations tested. Dyes were completely or nearly completely removed (> 90% color removal efficiency) within a reaction time of 360 min for 2.4 V/SCE. This effect should be related to the production of oxidizing • OH with increasing the working potentials [START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF][START_REF] Belhadj Tahar | Mechanistic aspects of phenol electrochemical degradation by oxidation on a Ta/PbO2 anode[END_REF][START_REF] Belhadj Tahar | Electrochemical polymerization of phenol in aqueous solution on a Ta/ PbO2 anode[END_REF][START_REF] Awad | Electrochemical degradation of acid blue and basic brown dyes on Pb/PbO2 electrode in the presence of different conductive electrolyte and effect of various operating factors[END_REF][START_REF] Gattrell | The electrochemical oxidation of aqueous phenol at glassy carbon electrode[END_REF].

Fig.3

For the electrolysis carried out at 1.5 V/SCE, it can be assumed that the degradation of BY 28 and MB was due to their direct oxidation at the electrode surface thus leading to low mineralization yield. Glassy carbon can be considered as an active electrode where chemisorbed "active oxygen" reacts with the dyes even if it is generally accepted that carbon electrodes have not a satisfactory stability [START_REF] Sirés | Remediation of water pollution caused by pharmaceutical residues based on electrochemical separation and degradation technologies: A review[END_REF][START_REF] Martınez-Huitle | Electrochemical oxidation of organic pollutants for the wastewater treatment: direct and indirect processes[END_REF]. The part of chemisorbed "active oxygen" increased with the potential (Eq. ( 1)) (Gattrell et al. [START_REF] Gattrell | The electrochemical oxidation of aqueous phenol at glassy carbon electrode[END_REF]), leading to higher degradation and mineralization yields at 2.4 V/SCE. [MB] 0 = 50 mg L -1

2.4 V/SCE 1.8 V/SCE 1.5 V/SCE (2) S V K K app m 
Where V is the volume of the solution (mL) and S the anode surface (cm 2 ). Removal efficiencies of BY28 and MB decreased with increasing initial dye concentrations (Fig. 3). This could be attributed to the competitive consumption of oxidizing • OH radicals between the considered dye and the generated intermediates formed; this result is in agreement with other findings [START_REF] Mansour | Biodegradability improvement of sulfamethazine solutions by means of an electro-fenton process[END_REF][START_REF] Yahiaoui | Response surface methodology for the optimization of the electrochemical degradation of phenol on Pb/PbO2 electrode[END_REF][START_REF] Yahiaoui | Combination of an Electrochemical Pre-Treatment with a Biological oxidation for the Mineralization of Nonbiodegradable Organic Dyes: Basic Yellow 28 Dye[END_REF][START_REF] Yahiaoui | Removal of tetracycline hydrochloride from water based on direct anodic oxidation (Pb/PbO2electrode) coupled to activated sludge culture[END_REF][START_REF] Yahiaoui | Electrochemical Pre-Treatment Combined with Biological Treatment for the degradation of methylene blue dye: Pb/PbO2 electrode and modeling-optimization through central composite Design[END_REF][START_REF] Belhadj Tahar | Mechanistic aspects of phenol electrochemical degradation by oxidation on a Ta/PbO2 anode[END_REF][START_REF] Belhadj Tahar | Electrochemical polymerization of phenol in aqueous solution on a Ta/ PbO2 anode[END_REF]. The kinetics of disappearance of BY28 and MB are displayed in Fig. 4. First order kinetic model was determined as follows:

Where C0 and Ct are the initial dye concentration and its concentration at a given time t, t is the decolorization time (min), and k is the first order decolorization rate constant (min -1 ), which corresponds to the linear fit between lnC0/Ct and the decolorization time. Parameters k and R 2 (correlation coefficient) are given in table 1.

According to Figure 4, for the considered dye concentration (50 mg L -1 ), total color removal was observed after 150 and 240 min for BY28 and MB dyes, respectively. Figure 5 illustrates the absorption spectra of dyes before and after the electrochemical pretreatment in the optimal conditions, showing nearly complete removal of the color of the solutions. A gradual disappearance of the peaks was observed during the electrolysis (Fig. 5) but without modification of the shape of the spectra, namely a modification of the number of peaks. Total disappearance of absorption peaks at the end the treatment showed the total degradation of the main chromophores in accordance with results from figure 4.

(3) C ln 0 kt C t 
Table 1 Apparent rate constant (Kapp), apparent mass-transfer (Km) coefficients and R 2 values Wang et al. [START_REF] Wang | Degradation mechanism of methylene blue in a heterogeneous Fenton-like reaction Catalyzed by Ferrocene[END_REF] proposed an oxidation mechanism of methylene blue by hydroxyl radicals. From this mechanism, MB chromophore groups such as -C=C-C=Cand -C=N-didn't react first with hydroxyl radicals. On the contrary, in the case of the basic yellow 28 [START_REF] Dai | The application of a novel Ti/SnO2-Sb2O3/PTFE-La-Ce-b-PbO2 anode on the degradation of cationic gold yellow X-GL in sonoelectrochemical oxidation system[END_REF], chromophore groups namely -C=Ndouble bonds, seemed to react first with hydroxyl radicals. The total decolorization of BY28 before MB can then be assumed. Regarding mineralization, similar yields were obtained for the two molecules (BY28 and MB), close to 57 % after 6 h of electrolysis (Fig. 6). It should be noted that under the optimal conditions, the mineralization yield of the mixture solution (50 mg L -1 of each dye) was about 54% within 360 min reaction time (Fig. 6). substantial increase of the BOD5/COD ratio, from 0.08 initially to 0.50, from 0.07 to 0.26 and from 0.04 to 0.27 after 6 h for MB, BY28 and their mixture respectively (Table 2), namely above the limit of biodegradability (0.4) for MB and close to the limit of biodegradability for BY28 and the mixture of the two dyes. These results were in favor of the proposed combined process.

Biological treatment

Biological treatment (made in duplicates) was only realized for the mixture solution (50 mg L - 1 of each dye), after electrolysis under the optimal conditions. The electrochemical pretreatment allowed 43% mineralization yield, which had to be completed during the subsequent Therefore, the combination of an electrochemical pre-treatment to a biological treatment led to an overall decrease of 78% of the dissolved organic carbon. It is noteworthy that a recycling of the solution in the electrolysis cell for 3 h after the biological treatment led to an impressive increase of the BOD5/COD ratio, from 0.045 to 0.73, showing that a succession of electrolyses and biological treatments to achieve a complete refractory compounds removal may be promisingly considered. 

Conclusion

Aqueous solutions of dyes (MB and BY28) considered separately or in mixture have been effectively treated by the electrochemical process on a glassy carbon electrode coupled to a biological treatment. The effects of the current density and the initial dye concentration were investigated in order to optimize the process. The color removal efficiency decreased with the initial dye concentration, while it increased with the current density. Biodegradability tests realized on the solution electrolyzed in the optimal conditions showed a clear improvement of the (BOD5/COD) ratio, from 0.076 initially to 0.50, from 0.068 to 0.26 and from 0.04 to 0.27 after 6 h of electrolysis for MB, BY28 and their mixture, respectively. From this, a biological treatment was considered, leading to an overall DOC decrease of 78 % by means of the combined process. Residual refractory compounds were shown at the end of the culture, illustrated by the decrease of the BOD5/COD ratio (0.045); biodegradability was however subsequently improved (0.73) after a recycling of the solution in the electrochemical pretreatment during 3 h.

( 1 )

 1 potentiostat/Galvanosta VoltaLab; (2): glassy carbon anode (50 mm x 40 mm x 1 mm); (3): reference electrode (saturated calomel electrode-SCE); (4): graphite carbon cathode (188mm² of geometrical surface area); (5): magnetic bar-stirrer; (6): magnetic stirrer; (7): jacketed reactor; (8): water circulation "in"; (9): water circulation "out". Electrolysis of the aqueous methylene blue (MB), basic yellow 28 (BY28) and their mixture solutions were carried out in a one-compartment Pyrex glass cell of 200 mL volume.The reference electrode (saturated calomel electrode-SCE) was positioned in the middle of the glass cell, between the anode and the cathode. The working potential control was performed using a potentiostat/Galvanostat VoltaLab PZG301. BY28 and MB degradation experiments were conducted in batch mode and the distance between electrodes was 10 mm.
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  biological treatment. A rapid decrease of the [DOC]t/[DOC]0 ratio was observed within the two first days of culture, from 1.0 to 0.84 (Fig.6-a), which correspond to the combination of two phenomena, the biosorption of intermediates compounds formed on activated sludge and their degradation by activated sludge, namely nearly 11% (Fig.6-b) and 5 % DOC, respectively. The weak [DOC]t/[DOC]0 decrease observed in a second part of the culture, from roughly 2 to 8 days (Fig.6-a), appeared not really significant; it correspond most likely to an acclimation of the activated sludge to the recalcitrant intermediate compounds generated by the electrochemical oxidation pre-treatment. According to figure6-a, after 16 days, DOC decrease reached approximately 47.1% and then remained almost constant until the end of culture (30 days) (Fig.6). This recalcitrant DOC corresponds most likely to the formation of recalcitrant intermediate compounds generated by the electrochemical oxidation pre-treatment. Indeed, the determination of the BOD5/COD ratio of the final culture solution (30 days) showed a value of 0.045, namely significantly lower than the value obtained at the end of the electrochemical pretreatment (0.27).
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 7 Figure 7. (a):Time-courses of [COD]t/[COD]0 values during activated sludge culture of the
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