[bookmark: _GoBack]Triclosan degradation by electro-Fenton process using electrolytic unit with titanium electrodes coated with mixed IrO2/RuO2
Jan PÉRKOa, Hans Christian Bruun HANSENb, Tomáš WEIDLICHa
aInstitute of Environmental and Chemical Engineering, Faculty of Chemical Technology, University of Pardubice, Studentská 95, 532 10 Pardubice, Czech Republic, e-mail: jan.perko@student.upce.cz; tomas.weidlich@upce.cz.
bDepartment of Plant and Environmental Sciences, University of Copenhagen, Thorvaldsensvej 40, DK-1871 Frederiksberg C, Denmark, e-mail: haha@plen.ku.dk.

Abstract
The paper focus on the degradation of a widely used antibacterial agent triclosan 
(5-chloro-2-(2,4-dichlorophenoxy)phenol) by electro-Fenton process. The electrochemical process was conducted in recirculating setup by passing the reaction mixture through an electrolytic unit consisting of titanium electrodes coated with mixed iridium and ruthenium oxides. An initial triclosan concentration of 10 mg/L was used throughout. Different reaction conditions and their impact on triclosan degradation were studied such as different concentrations of added iron(II) as Fenton reagent, different concentrations of sodium sulfate electrolyte, different flow rates, current density values and different pH values. High triclosan sorption to plastic surfaces of the equipment (tubing, cells etc) was observed and this phenomenon was quantified and taken into account during calculations. About 30 – 50% of triclosan was degraded after 80 minutes of electrolytic process. The optimum conditions for electro-Fenton degradation of triclosan were: current density 24 mA/cm2, flow rate 50 ml/min, pH 4, initial concentration of iron(II) at 5 mg/l, and 2 mmol/l sodium sulfate.
	Keywords: Degradation, electro-Fenton method, triclosan, advanced oxidation process.

Introduction
In last few decades there has been increasing concerns regarding environmental effects of emerging pollutants such as pharmaceuticals, pesticides, personal care products (PCPs), surfactants, plasticizers, flame retardants, endocrine disruptors etc. These are frequently detected in the aquatic environment. Recently the PCPs have been found in the aquatic environment in higher concentrations than e.g. pharmaceuticals which has caught attention lately. There are very few studies on the mixtures of these pollutants in natural waters and hence little insight on the impact of PCPs with synergistic or combined effects. Many of these pollutants might be candidates for future regulation because there is still a lot unknown about their impacts (mechanisms of action and fate) on environment, human health1-4. Among these pollutants is also triclosan (TCS), 5-chloro-2-(2,4-dichlorophenoxy)phenol – a broad spectrum antimicrobial agent widely used in personal care products such as toothpastes, soaps, shampoos, and cosmetics5,6, but it can be also found as an antibacterial preservative in plastics like kitchenware, toys as well in textile products like socks, beddings, and sports clothing7-10. TCS (see chemical structure, Figure 1) has been also found in human breast milk, in fish11,12 and it has the ability to cumulate in plant roots and shoots13. TCS is ordinarily detected in aquatic environments14,15 and even though the removing efficiency of TCS is quite high in wastewater treatment plants (WWTPs), a small percentage of the antimicrobial is discharged into rivers. There it could affect the aquatic biota because of its toxicity for water organisms such as algae, phytoplankton, daphnids, invertebrates, and fish16,17. Also either during the treatment in WWTPs, by incineration of clothes and fabrics containing triclosan7, or in surface water by means of photocatalysis it could be transferred to even more toxic by-products such as methyltriclosan (MTCS; 5‐chloro‐2‐(2,4 dichlorophenoxy)anisole), dioxins, chlorinated phenoxy phenols (mono- and dihydroxy-triclosan), chlorinated phenols, and chloroform18-25.
What is commonly discussed about TCS and antimicrobials in general is the bacterial resistance and antibiotic cross-resistance and if it´s really necessary to use it in such wide range of products such as plastics, clothes, PCPs and so called TCS-impregnated polymers (e.g. meat packaging). For example, the usage of TCS has been proved to be still very efficient in oral hygiene products26. However the experiments showed that antibacterial soaps containing TCS has almost the same efficacy as the plain soap27. Studies of TCS in above mentioned kitchenware, meat packaging materials, and textiles, have not produced convincing proof that it significantly improves the inhibition of bacterial growth. It might be caused probably due to interactions with the meat or because only small amount of TCS being released from the plastic is not sufficient for the inhibition of bacterial growth8. The use of TCS in textiles has been banned in Europe because of the concerns about antibiotic resistance and production of toxic by-products, mainly 2,8‐dichlorodibenzo‐p‐dioxin25. All in all there is a need to evaluate the false sense of security that TCS and other antibacterial products creates and use these wisely in particular where it was proven to be effective, including oral hygiene products26 and medical disinfection, such as high-frequency, high-risk handwashing that could offer mild, safe and effective antimicrobial hand soap for health care professionals28. However there is more research that has to be done in this field.


Figure 1 Structural formula of triclosan 1 (TCS) with pKa = 7.929.
There are several ways for degradation of organic pollutants including so called advanced oxidation processes (AOPs). These latter processes are all characterized by oxidation using •OH radicals  as the main oxidizing species which are very strong oxidants capable of degrading a broad spectrum of organic molecules. The main aim is to degrade organic pollutants possibly to CO2 and small(er) and non-harmful organic or inorganic compounds. Examples of these oxidation processes comprise TiO2/UV photocatalysis25,30, electrochemistry31, sonoelectrochemistry32,33, ozonation34, chlorine dioxide35, potassium permanganate36 and Fenton based processes which are used in recent years in many different ways.
Fenton reactions could be distinguished as follows: classical Fenton reaction uses combination of H2O2 and Fe2+ to generate •OH radicals37, Fenton-like processes (H2O2 and Fe3+)38, photo-Fenton (H2O2/ Fe2+ (Fe3+) / UV30 and also electro-Fenton which is the focus of this paper. Hydrogen peroxide in electro-Fenton process could be generated from the saturated oxygen solution on the electrodes of various materials, e.g. titanium39, graphite40, aluminum, stainless steel, copper41, boron-doped diamond, platinum42, or directly by injecting the gas to a gas diffusion electrode. In the electro-Fenton proces hydrogen peroxide can be either added to solution or generated electrochemically.
Hydroxy radicals are very powerful oxidation species, considered as the second strongest oxidizing agent right after fluoride with a standard reduction potential E0 (•OH /H2O) = 2.8 V/SHE43. The main advantage is that this in situ generated radical acts in a nonselective way so it could degrade and eventually mineralize most of organic and organometallic pollutants.
Hydrogen peroxide could be generated at the cathode as it is illustrated in the bellow equation (Eq. 1). Either this generated hydrogen peroxide or the externally added one is reacting with added Fe2+ to generate •OH via the Fenton reaction (Eq. 2)44:
O2 + 2H+ +2e− → H2O2                                           	(Eq. 1)
H2O2 + Fe2+ + H+ → Fe3+ + •OH + H2O                	(Eq. 2)
These generated hydroxyl radicals then oxidize the organic pollutant (Eq. 3)44:
RH + •OH → R• + H2O 			            (Eq. 3)
Also a recombination of radicals and their uncontrolled reactions with other reagents present in the solution might occur including the unwanted ferrous ions destruction by hydroxyl radicals which means that it is necessary to continously add Fe2+ to the solution to keep the reaction running (Eq. 4, 5)45.
R• + Fe3+ → R+ + Fe2+ 				(Eq. 4)
Fe2+ + •OH → Fe3+ + OH−                                        (Eq. 5)
A crucial stage of the electro-Fenton reaction is the regeneration of Fe2+ which is required in order to save externally added Fe2+. These regeneration reactions could occur in different ways. It could be either by reaction with hydrogen peroxide which is present in solution or by generated hydroperoxyl radicals - which in turn may be produced by reaction of hydrogen peroxide with either ferric ions or with hydroxyl radicals (Eq. 6, 7, 8)43.
H2O2 + Fe3+ → Fe2+ + HO2• + H+ 			(Eq. 6)
Fe3+ + HO2• → Fe2+ + O2 + H+ 			(Eq. 7)
H2O2 +•OH → HO2• + H2O 				(Eq. 8)

Meanwhile, in the anode compartment various reactions are taking place, some of which are listed below (Eq. 9, 10, 11)46. 
O2 + 3H+ + 3e− → H2O + •OH 			(Eq. 9)
  H2O→ ½ O2 + 2H+ + 2e− 				   (Eq. 10)
 ½ O2 + H2O→2 OH• 					  (Eq. 11)
In this study we have investigated the efficiency of electro-Fenton process for the degradation of the antibacterial agent triclosan using electrolysis cell comprised of titanium electrodes coated with IrO2 mixed with RuO2. In this regard, different concentrations of Fe2+, different concentrations of Na2SO4 (NaCl respectively) as supporting electrolyte, different flow rates and current values have been investigated.
Experimental part
Methods and materials
Chemicals and reagents
Triclosan (under commercial name Irgasan) of highest available purity (97%) and potassium permanganate were obtained from Sigma-Aldrich (Denmark). Sulfuric acid, hydrogen peroxide (35%), HPLC grade solvents such as methanol, acetonitrile were obtained from Rathburn Chemicals Ltd. (Scotland). Sodium hydroxide, sodium sulfate, iron(II) sulfate, ammonium iron(II) sulfate, nitrilotriacetic acid (NTA); 1,10-phenanthroline hydrochloride (PHT), glycine (GLY),  hydroxylamine hydrochloride were obtained from Merck (Germany). All above mentioned chemicals were obtained of highest available purity without any further purification. For experiments was used deionized water (with conductivity of 5.5 x 10-5 S/m at 25°C) obtained from a Millipore Milli-Q system. Triclosan stock solution was prepared in methanol to secure good solubility47, the concentration was 1 g/l and from this TCS stock solution were prepared solutions for degradation experiments with TCS concentration of 10 mg/l.
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Figure 2: Experimental setup: 1 – Power supply, 2 - Electrolytic cell: Ti/RuO2-IrO2 as cathode and anode in polypropylene case, 3 - Peristaltic pump, 4 - TCS aqueous solution (10 mg/l), pH = 3 or 4 (sodium sulfate or sodium chloride, iron(II)), 5 – Thermostat, 6 - PTFE tubing.
Electrolytic equipment
The experimental setup is illustrated in Figure 2. Triclosan dissolved in Milli-Q water was circulated through an electrochemical cell for 80 minutes at a flow rate 50 or 100 ml/min. The electrolytic unit provided by Adept Water Technologies AS, Denmark, consisted of undivided reactor cell of volume about 70 cm3 with the electrodes covered by a polypropylene (PP) case. Both electrodes were Ti electrodes coated with RuO2 mixed with IrO2 and were used as cathode and anode. The surface area of each electrode was 165 cm2, with a distance between the electrodes of 1.6 mm. The cell was connected to a 1L glass reservoir (with 10 mg/l TCS aqueous solution) and a peristaltic pump (Cole-Parmer, Masterflex L/S, Easy load II) with connector tubings made of polytetrafluoroethylene (PTFE) and with Tygon LFL Masterflex tubing as the pump tubing. If not specified otherwise the time of electrolysis process was 80 minutes. 
Triclosan sorption and degradation
For quantification of sorption TCS solutions in presence of different electrolytes was circulated through the electrolytic equipment with the electrolysis unit off. Flow rate was either 50 or 100 ml/min. TCS solutions were prepared by diluting appropriate amount of TCS stock solution (1 g/l TCS in methanol) and appropriate amount of aqueous electrolyte stock solution in Milli-Q water. The pH was adjusted to the required value by adding 1 mol/l sulfuric acid. Samples were taken from the glass reservoir (Figure 2, entry 4) every 20 minutes.
Degradation experiments were conducted in the same manner as for the sorption experiments but with the electrolysis unit on. Flow rate was either 50 or 100 ml/min. TCS solutions were prepared by diluting appropriate amounts of TCS stock solution (1 g/l TCS in methanol), aqueous electrolyte stock solution, and aqueous iron(II) sulfate stock solution (pH ≈ 2) in Milli-Q water. The pH was adjusted to the required value by adding 1 mol/l sulfuric acid. Current densities were set to 6, 12, or 24 mA/cm2 and samples were taken from the glass reservoir (Figure 2, entry 4) every 20 minutes.
No oxygen saturation of the solution was provided during experiments, the reservoir was open to atmosphere and there was much headspace

Analytical methods
Triclosan was quantified by an Agilent Technologies HPLC 1100/1200 series equipped with Zorbax Eclipse XDB - C18 column (4.6 x 150 mm, 5 μm) and a DAD detector. The mobile phase was a mixture of acetonitrile and water (65:35, v/v) at a flow rate 1 ml/min. The detection wavelength was 214 and 220 nm. Soluble and total soluble iron were measured by the 1,10-phenantroline method48 using Perkin Elmer UV-VIS spectrometer Lambda 25 at the wavelength of 512 nm. Samples were mixed with beforehand prepared iron(II) reagents in ratio of GLY:PHT:NTA = 5:5:1. The concentration of total soluble iron was determined by adding reduction agent hydroxylamine to the sample, letting to react for a several minutes with subsequent adding of iron(II) reagents. Samples were taken from the glass reservoir (Figure 2, entry 4) every 20 minutes. For measurement of generated hydrogen peroxide two spectrophotometric methods were tested – DMP method using copper(II) ion with 
2,9-dimethylphenantroline49 and also Iodide method using potassium iodide with several reagents50. However both of these methods for H2O2 determination showed significant interferences with either iron present in the solution or even TCS itself. Because of this H2O2 possibly generated during the electrolytic process was not measured.
All experiments were conducted in duplicates - average value and error bars representing standard deviation are given in graphs if not mentioned otherwise.

Results and discussion
Sorption of TCS
At first initial sorption experiments were conducted to see if TCS is adsorbing to surfaces of tubings, cell and reservoirs in the experimental equipment. Results were surprising – TCS was heavily adsorbed to the surface of almost all plastic tubing used. This has led to a need to avoid working with plastics during the manipulation of TCS solutions. When dissolved in MeOH, there was no sorption to any surfaces of the equipment while a strong sorption was observed while working with low concentrations of TCS. After 60 minutes of TCS solution circulating through turned off electrolysis cell with different types of tubing the sorption of TCS was between 55 – 80 %. 
Many different types of tubing were tested. Teflon tubing was the final choice as it showed no signs of TCS sorption. However there was still difficulty with the pump tubing which was plastic and Teflon tubing could not be used in the pump because of its rigid properties and special requirements. For this setup sorption tests were carried out to quantify the sorption alone in presence of different electrolytes; results are shown in Figure 3. When the plastic parts were reduced as much as possible, the sorption after 80 minutes of circulating was around 20%. Percentage of TCS sorption was increasing with increasing electrolyte concentration. Although many lab studies of TCS has been carried out only, sorption has only been accounted for in a few studies, and it is likely that sorption may have contributed significantly up to more than 50 % of the TCS dissipation observed and misleadingly has been attributed to true degradation. Our study confirm that TCS bind strongly to plastics but not to glassware51,52. 
Since TCS is not adsorbing to glass, using glass reactors and tubing could be a good solution to the sorption problem but in our case it was not possible to avoid use of plastic. However, by use of Teflon tubing the sorption problem could be minimized.  It was also found, that PTFE syringe filters could not be used for filtration probably because of TCS sorption probably to the plastic parts of the filter However, PTFE filters were better than glucose or nylon syringe filters where the recovery was close to zero. Due to the filter sorption problem it was decided not to filter solutions from the reactor, and HPLC analysis was done without any further filtration. 


Figure 3: Sorption of TCS at end of experiment (electrolysis cell off) in presence of different supporting electrolytes. Reaction conditions were 10 mg/l initial TCS, flow rate of 50 ml/min, no added iron(II), I = 0 A, time of experiment was 80 minutes. Error bars represent standard deviation of duplicates.

Electro-Fenton degradation of TCS
In the degradation experiments the sorption was deducted from the overall decrease of TCS during the process.  The possible effect of added iron(II) on  sorption was not investigated. 
Figure 4a depicts the effect of flow rate on sorption and degradation. It is evident that the sorption at a flow of 100 ml/min is almost double that at a flow of 50 ml/min. The degradation rate is similar for both flow rates but since the sorption at 50 ml/min is lower than at 100 ml/min it was decided to carry out further experiments at a flow of 50 ml/min to secure enough time of contact of the solution with the electrodes.


	            
Figure 4: Electro-Fenton degradation of TCS depending on flow rate and pH. (a) Effect of flow rate on degradation and sorption of TCS, (b) effect of pH on TCS degradation. Reaction conditions for (a) and (b) were 10 mg/l initial TCS, 80 minutes of experiment, initial iron(II) was 5 or 50 mg/l, sodium sulfate was 2 or 20 mmol/l. For (a) the data sets are averages of 24 conducted experiments, for (b) the data sets are averages of 17 conducted experiments Error bars represent standard deviation. In (a) sorption is already deducted from the degradation values and is shown in the bar right next to the degradation bar. In (b) the degradation values are shown with already deducted sorption. 

Experiments with different initial pH were also conducted (see Figure 4b). Since the classical Fenton process was conducted in acidic medium37 and most of the studies reported that the optimum pH of Fenton process is around 353-56, pH values of 3 and 4 were compared. Acidic pH was adjusted by adding 1 mol/l sulfuric acid until the desired pH. As can be seen no significant difference in degradation could be observed between those two pH values during our studies but pH 4 was preferred since there was a decrease of pH during the process in contrast with other electro-Fenton studies where the pH was increasing and leading to a decrease of iron(II) ions (which are at higher pH oxidized to iron(III) causing precipitation as ferric hydroxide particles45) decreasing the speed of the electrolytic process53,55. On the other hand lower pH might affect the in situ generation of H2O2 because of the competing hydrogen evolution at the electrode and also because iron species form stable complexes with H2O2 at lower pH values, leading to deactivation of iron catalysts55,57.

Different current densities had been tested for the purpose of TCS degradation (Figure 6). The best results were obtained by using the current density of 24 mA/cm2 even though the differences between different current densities are only around 10 percent. There is a clear trend of increasing  triclosan degradation rate with increasing current density.


	         
Figure 5: Eletro-Fenton degradation of TCS as a function of current density and iron(II). (a) Effect of current density on TCS degradation, (b) effect of iron(II) and supporting electrolyte concentrations at current density 24 mA/cm2 on TCS degradation. Reaction conditions for (a) were 10 mg/l initial TCS, time of experiment was 80 minutes, initial iron(II) was 5 or 50 mg/l, sodium sulfate was 2 or 20 mmol/l, data sets are averages of 17 conducted experiments. Reaction conditions for (b) were 10 mg/l initial TCS, I = 4 A (equals current density of 24 mA/cm2, initial pH 4, flow rate at 50 ml/min, time of experiments was 80 minutes. Error bars represent standard deviation of duplicates.

After finding the optimal current density of the reaction, different concentration of iron(II) sulfate and also different concentrations of sodium sulfate as supporting electrolyte were studied with set current density of 24 mA/cm2. The best results were obtained (almost 50% of TCS degradation) with 5 mg/l of iron(II) sulfate concentration and 2 mmol/l of sodium sulfate. It could be seen that increasing the concentrations of iron(II) did lead to decrease in the degradation rate while the sodium sulfate concentrations stayed at 2 mmol/l. However when sodium sulfate concentration increased to 20 mmol/l (with iron(II) concentration at 50 mg/l), another decrease of degradation rate followed. It seems that shift in sodium sulfate makes larger impact on the degradation rate than that of iron(II) concentration but in the end the differences are not significant.
Iron(II) progression during experiments
Progression of iron(II) concentration throughout the process was analyzed by the 
1,10-phenantroline method45 using UV-VIS spectrometry.. Concentrations of both iron(II) and iron(III) were decreasing during the process, and after 80 minutes of electrolysis there was almost no iron(II) present in the solution but instead total soluble iron was still detected. We are assuming that most of the iron precipitated according to the results of soluble iron analysis. No significant difference was observed between 2 mmol/l and 20 mmol/l sodium sulfate electrolyte concentration in experiments with a current density of 24 mA/m2 nor between different initial concentrations of iron(II) (Figure 6a, 6b). Same conclusions apply for Figures 7a and 7b. No significant differences could be seen between current densities of 6 and 24 mA/cm2 (compare Figures 6a, 6b with Figures 7a, 7b). 

	           

Figure 6: Time course of iron(II) concentration and total soluble iron during TCS degradation experiments with current density 24 mA/cm2 and with different initial iron(II) concentration. Reaction conditions for (a) were 5 mg/l initial iron(II), 2 or 20 mmol/l sodium sulfate, 10 mg/l initial TCS, I = 4 A (equals current density of 24 mA/cm2), initial pH 4, flow rate of 50 ml/min. For (b), 50 mg/l initial iron(II), 2 or 20 mmol/l sodium sulfate, 10 mg/l initial TCS, I = 4 A (equals current density of 24 mA/cm2), initial pH 4, flow rate of 50 ml/min. Error bars in (a) and (b) represent standard deviation of duplicates.

	           

Figure 7: Time course of concentration of iron(II) and total soluble iron during TCS degradation experiments with current density of 6 mA/cm2 and with different initial iron(II) concentration. Reaction conditions for (a) were 5 mg/l initial iron(II), 2 or 20 mmol/l sodium sulfate, 10 mg/l initial TCS, 
I = 1 A (equals current density of 6 mA/cm2), initial pH 4, flow rate of 50 ml/min. For (b), 50 mg/l initial iron(II), 2 or 20 mmol/l sodium sulfate, 10 mg/l initial TCS, I = 1 A (equals current density of 6 mA/cm2), initial pH 4, flow rate of 50 ml/min. 

As a main conclusion we have found out that TCS degradation using electrolytic procedure described above is between 30 – 50 % after 80 minutes of experiment. If we take a look to other studies of similar topic, results vary widely according to the type of electrodes used. Our results are comparable with degradations of 42 – 62% published by Metatham et al.59 when using electrolytic cell made of titanium coated with RuO2/IrO2 as anode and stainless steel as cathode with iron(II) and hydrogen peroxide as Fenton reagents59. Sírés et al.58 reports total disappearance of TCS after 8 – 120 minutes with many different setups, such as different electrodes (Pt/carbon felt cell; Boron-dopped electrode (BDD)/carbon felt cell; Pt/O2 diffusion cell; BDD/ O2 diffusion cell), adding iron(III) as a Fenton reagent, different initial TCS concentrations etc. Nevertheless our method gives lower degradation percentage in comparison with Sírés et al.58. Another study reports TCS degradation between 42 – 62% when using electrolytic cell made of titanium coated with RuO2/IrO2 as anode and stainless steel as cathode with iron(II) and hydrogen peroxide as Fenton reagents59. Both of those studies were conducted in batch electrolytic systems and did not take into account possibility of TCS sorption so the results may not reflect the true degradation. 

Conclusions
This study demonstrates that electro-Fenton process is an efficient method for degradation of the antibacterial agent triclosan. An aqueous solution of TCS was continuously pumped through electrolytic cell with titanium electrodes coated with RuO2 mixed with IrO2, which were both working as cathode and anode. The first thing taken into account was the sorption of TCS to the surfaces of all plastic parts of the electrochemical equipment which was significant. Replacing plastic with teflon the extent of plastic surfaces was lowered to minimum but there were still some parts where the plastics getting in contact with the TCS solution. By adopting above mentioned improvements the sorption was lowered from 55 – 80% to a value of around 20% after 80 minutes of experiment. This was an inevitable compromise with the available laboratory equipment. Experiments at a flow rate of 50 ml/min was preferred to 100 ml/min because of lower TCS sorption to the equipment and also because of longer contact time with the electrodes at the lower flow rate. The change in pH between 3 and 4 had no significant effect on degradation. At a current density of 24 mA/cm2 the degradation rate was higher than at 6 and 12 mA/cm2. The difference between 5 and 50 mg/l of iron(II) added to the solution was not significant enough for us to be certain that one value  is preferable to another. Electrolyte concentrations of 2 mmol/l of sodium sulfate showed higher degradation than 20 mmol/l. In this study 30 – 50% of TCS degraded within 80 minutes. Future experiments with sodium chloride as supporting electrolyte and analysis of the intermediates generated during the process will be conducted. 
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Degradace triclosanu pomocí elektro-Fentonovského procesu za použití titanových elektrod s vrstvou směsných oxidů IrO2/RuO2
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Souhrn
Tento článek popisuje degradaci široce využívaného antibakteriálního činidla triclosanu 
(5-chlor-2-(2,4-dichlorfenoxy)fenol) pomocí elektro-Fentonovského procesu. Elektrolytická studie byla provedena v kontinuálním uspořádání za čerpání reakční směsi skrze elektrolytickou jednotku skládající se z titanových elektrod potažených vrstvou směsných oxidů iridia a ruthenia. Veškeré experimenty byly provedeny za koncentrace triclosanu 10 mg/l. Byly studovány různé koncentrace Fe2+ jakožto Fentonova reagentu, různé koncentrace Na2SO4 jakožto pomocného elektrolytu, různé hodnoty průtoku, proudové hustoty, různé hodnoty pH a jejich dopad na průběh degradačního procesu. Bylo zjištěno, že triclosan se silně adsorbuje na plastové části elektrolytického zařízení (cela, hadice atd.) během experimentů a tato skutečnost byla kvantifikována a brána v potaz během výpočtů. Během 80 minut elektrolytického procesu bylo degradováno 30 – 50% triclosanu. Optimální podmínky elektro-Fentonovské degradace triclosanu byly: proudová hustota 24 mA/cm2, průtok 50 ml/min, pH 4, počáteční koncentrace Fe2+ iontů 5 mg/l a 2 mmol/l Na2SO4.
	Klířová slova: Degradace, elektro-Fenton proces, triclosan. pokročilé oxidační metody.

Soluble iron(II), 2 mmol/l sodium sulfate	6.3516260162601604E-2	0	0	0	0.12703252032520301	6.3516260162601604E-2	0	0	0	0.12703252032520301	0	20	40	60	80	4.7129065040650397	1.4735772357723571	0.457317073170732	0.203252032520326	0.33028455284552899	Total soluble iron, 2 mmol/l sodium sulfate	6.3516260162602006E-2	0.25406504065040802	0.31758130081300801	0.57164634146341398	6.3516260162602006E-2	0.25406504065040802	0.31758130081300801	0.57164634146341398	0	20	40	60	80	5.2210365853658516	2.489837398373985	1.6641260162601621	0.52083333333333304	Soluble iron(II), 20 mmol/l sodium sulfate	0	6.3516260162601798E-2	0.12703252032520401	6.3516260162601701E-2	6.3516260162601701E-2	0	6.3516260162601798E-2	0.12703252032520401	6.3516260162601701E-2	6.3516260162601701E-2	0	20	40	60	80	4.7764227642276431	1.6641260162601621	0.58434959349593596	0.139735772357724	0.139735772357724	Total soluble iron, 20 mmol/l sodium sulfate	6.3516260162602006E-2	0	0	6.3516260162601701E-2	0	6.3516260162602006E-2	0	0	6.3516260162601701E-2	0	0	20	40	60	80	5.2210365853658516	2.8709349593495941	1.8546747967479671	1.537093495934958	1.219512195121951	time [min]

Soluble iron(II) [mg/l]


Soluble iron(II), 2 mmol/l sodium sulfate	0.19142419601837399	6.3808065339461706E-2	6.3808065339459902E-2	0	0.127616130678918	0.19142419601837399	6.3808065339461706E-2	6.3808065339459902E-2	0	0.127616130678918	0	20	40	60	80	48.200612557427263	24.591628381827469	12.34047983665136	6.406329760081678	3.5987748851454828	Total soluble iron, 2 mmol/l sodium sulfate	0.127616130678916	6.3808065339461706E-2	6.3808065339459902E-2	1.2761613067891771	6.3808065339459E-2	0.127616130678916	6.3808065339461706E-2	6.3808065339459902E-2	1.2761613067891771	6.3808065339459E-2	0	20	40	60	80	49.540581929555898	32.759060745278212	23.82593159775395	17.253700867789689	13.9994895354773	Soluble iron(II), 20 mmol/l sodium sulfate	0.89331291475242502	0.63808065339458697	0.38284839203675203	0.19142419601837701	0.19142419601837701	0.89331291475242502	0.63808065339458697	0.38284839203675203	0.19142419601837701	0.19142419601837701	0	20	40	60	80	47.881572230729958	21.84788157223073	10.234813680449211	4.93874425727412	2.8968861664114351	Total soluble iron, 20 mmol/l sodium sulfate	0.63808065339458897	1.7228177641653899	1.786625829504852	2.2970903522205299	2.1694742215415901	0.63808065339458897	1.7228177641653899	1.786625829504852	2.2970903522205299	2.1694742215415901	0	20	40	60	80	49.540581929555898	31.99336396120469	25.1659009698826	21.082184788157221	17.636549259826442	time [min]

Soluble iron(II) [mg/l]



Soluble iron(II), 2 mmol/l sodium sulfate	0	20	40	60	80	5.1301684532924972	2.194997447677387	1.0464522715671269	0.53598774885145495	0.53598774885145495	Total soluble iron, 2 mmol/l sodium sulfate	0	20	40	60	80	5.5130168453292479	3.5987748851454828	2.705461970393058	2.3226135783563051	1.812149055640633	Soluble iron(II), 20 mmol/l sodium sulfate	0	20	40	60	80	5.00255232261358	1.9397651863195511	0.791220010209291	0.40837161817253698	Total soluble iron, 20 mmol/l sodium sulfate	0	20	40	60	80	5.6406329760081668	3.4711587544665652	2.5778458397141391	1.812149055640633	time [min]

Soluble iron(II) [mg/l]



Soluble iron(II), 2 mmol/l sodium sulfate	0	20	40	60	80	47.243491577335348	26.82491066870854	13.93568147013783	7.4272588055130164	4.364471669218986	Total soluble iron, 2 mmol/l sodium sulfate	0	20	40	60	80	50.306278713629403	36.140888208269523	26.952526799387449	21.337417049515061	16.360387953037261	Soluble iron(II), 20 mmol/l sodium sulfate	0	20	40	60	80	46.988259315977537	24.272588055130171	11.89382337927514	6.15109749872384	3.4711587544665652	Total soluble iron, 20 mmol/l sodium sulfate	0	20	40	60	80	50.178662582950501	34.609494640122513	25.931597753956101	20.444104134762629	16.232771822358341	time [min]

Soluble iron(II) [mg/l]
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