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Abstract  

This study deals with the development of efficient and economic electrochemical 

treatment processes to confront the treatment of liquid wastes containing non-polar 

organochlorine pesticides. In previous works, it was demonstrated that it is possible to 

use electrocoagulation (EC) as a concentration technique for a model organochlorine 

pesticide (oxyfluorfen). Within this framework, the present work describes a process for 

the degradation of wastes containing non-polar organochlorines (oxyfluorfen or lindane) 

in two consecutive stages: 1) a first stage of concentration by electrocoagulation; 2) a 

second stage of electrochemical degradation by electro-oxidation (EO) or electro-Fenton 

(EF). The first result reached in the present work is that it is possible to remove close to 

50% of both pollutants using EO and more that 94% using EF. Additionally, it was proved 

that the addition of a pre-concentration stage decreases by a factor of 20 the power 

consumption needed to deplete by EO the same amount of the initial pollutant. Moreover, 

when EF process is performed to the concentrated stream, the power consumption is 

further reduced, getting values (for 1-log removal) as low as 14.51 kWh m-3 for 

oxyfluorfen decrease and 49.7 kWh m-3 for lindane. These results strengthen the fact that 

the removal efficiency increases with the concentration of the pollutant and demonstrate 

that the combination of concentration steps and electrochemical degradation technologies 

is an efficient and promising alternative for the degradation of non-polar organochlorines. 
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1. Introduction 

The climate change and the social development led to a significant increase in the use of 

organochlorine compounds such as pesticides in order to satisfy the food demand of 

humans (Aktar et al., 2009; Mall et al., 2017; Regmi, 2015). Agriculture is considered to 

be the greatest contributor to pesticides contamination in European surface and 

groundwater (Marianne Köck-Schulmeyer 2013). Various countries in Europe reported 

that the contamination with pesticides in groundwater surpass the quality standards. 

According to data reported by the European Environment Agency, about 7 % of the 

groundwater stations recorded excessive levels for one or more pesticides. This 

contamination damages the water quality and restricts its use as drinking water. In aquatic 

ecosystems, elevated concentrations of pesticides may lead to the reduction of population 

density and to the loss of biodiversity. Nowadays several European water bodies are at 

risk from diffuse pollution by pesticides (Turan-Ertas and Gurol, 2002). Specifically, 

oxyfluorfen has been ranked in the top 5 pesticides by cancer hazard factor and has also 

been classified as an endocrine disruptor (Sugeng et al., 2013), meanwhile the 

neurotoxicity of lindane has been reported as well as the systemic effects (as depressed 

liver function and cardiac diseases) related to the chronic exposure to this pesticide (Nolan 

et al., 2012).  

 

There are many technologies available for the treatment of wastewaters polluted with 

organochlorine compounds. The bioremediation technique was tested in 2,4-D removal 

(Sinton et al., 1986) and for several organochlorine compounds (Neilsen, 1996). Recent 

developments for the removal of 2,4 -D (Carboneras et al., 2017; Chinalia and Killham, 

2006; González-Cuna et al., 2016; Sandoval-Carrasco et al., 2013) and for the removal of 

atrazine by bioremediation-related technologies have been reported in literature (Noor et 

al., 2014; Wackett et al., 2002). Another interesting alternative for the treatment of 

wastewater containing organics is the adsorption on granular activated carbon 

(MuñozMorales et al., 2018). The use of nanoparticles for the removal of this type of 

pollutants has also been well studied (Patel et al., 2019; Rani et al., 2017; Rawtani et al., 

2018).  Paknikar et al. used FeS nanoparticles stabilized by biopolymers for the removal 

of Lindane from aqueous solution (Paknikar et al., 2005). Another interesting application 

of nanoparticles in the removal of the organochlorine pesticides was seen in the work of 

Joo and Zhao (Joo and Zhao, 2008) where lindane and atrazine were efficiently removed 

from wastewater. 

Electrochemical oxidation gained a special attention and many researchers focused on the 

development and integration of this technique. The main advantage of this approach is 

that the addition of chemicals or other products is not required and that the processes may 

be easily connected to renewable energy sources (Souza et al., 2015). 

The electrochemical oxidation process (Dominguez et al., 2018a, c) showed good results 

in the treatment of wastewater polluted with lindane wastes and other chlorinated 

herbicides (Lizama-Bahena et al., 2015). However, the huge volume of wastewater still 

represents an important problem that urges to be solved. When dealing with high amounts 

of wastewaters, the size of the equipment and installations increases along with the energy 

consumption and waste generation. Moreover, by treating high amounts of low 



concentrated wastewater the formation of side reactions and mass transfer limitations are 

almost impossible to avoid (Comninellis et al., 2008; Panizza et al., 2001).  

In order to minimize these limitations, an interesting alternative is the development of 

concentration strategies, that can be integrated with the main degradation process.  

Recently, our group begun the study of this approach by applying electrodialysis for the 

concentration of ionic soluble pesticides (Raschitor et al., 2017) and electrocoagulation 

for the concentration of insoluble organochlorine compounds (Muñoz et al., 2017).  

Based on these previous findings, the present work aims to take a step forward in the 

development of wastewater treatment technologies by studying the degradation of two of 

the most used non-polar organochlorine pesticides worldwide, oxyfluorfen and lindane, 

from a wastewater previously concentrated by electrocoagulation. The degradation was 

performed by electrochemical oxidation and by electro-Fenton, in the latter case taking 

advantage of the high concentration of iron of the concentrated solution due to the 

previous electrocoagulation step. Treatment efficiencies and specific power 

consumptions were evaluated for all pesticides and technologies tested.  

2. Material and Methods 

 

2.1.Materials 

The removal of two different non-polar organochlorines was tested. The first one is 

oxyfluorfen, that was acquired as the commercial formulation Barre® (Oxyfluorfen 24%, 

Solvent naphtha (petroleum) > 25%, Cyclohexanone < 15%), provided by a local store 

named Jovenes Agricultores. As the commercialization of lindane is nowadays forbidden 

in Spain and there are not commercial formulations available, lindane (C6H6Cl6, 97%) 

was purchased pure from Sigma Aldrich.   

Sodium Dodecyl Sulfate (SDS) of analytical grade was purchased from Sigma Aldrich 

(Spain) and used as received. Ethyl Acetate high pure and Acetonitrile were obtained 

from Sigma Aldrich was used for GC-ECD. Sodium sulfate 100%, H2O2 37%, 

hydrochloric acid 37%, sulphuric acid 96% and Fe2(SO4)3 ∙ x H2O were provided by 

Panreac and the synthetic wastewater was carefully prepared using ultra-pure miliQ 

water.  

2.2.Experimental 

The experiments were performed using synthetic wastewaters. For the tests performed 

with oxyfluorfen, it was prepared a diluted synthetic wastewater containing 100 mg dm-3 

oxyfluorfen and 3000 mg dm-3 Na2SO4. The concentrated wastewater was prepared 

according to the results obtained in our previous study: 1400 mg dm-3 oxyfluorfen, 3000 

mg dm-3 Na2SO4 and 2800 mg dm-3 of Fe in the form of Fe2(SO4)3 (Muñoz et al., 2017). 

On the other hand, for the lindane tests it was prepared a diluted synthetic wastewater 

containing 50 mg dm-3 lindane, 3000 mg dm-3 Na2SO4 and 10000 mg dm-3 SDS. The 

concentrated wastewater contains 250 mg dm-3 lindane, 3000 mg dm-3 Na2SO4 and 2800 

mg dm-3 of Fe in the form of Fe2(SO4)3.  



The electro-oxidation and electro-Fenton tests were conducted using a commercial 

Adamant Cell equipped with BDD electrodes having a thickness of 2.7 µm ± 10%, a 

sp3/sp2 ratio of 220 ± 5% and a boron concentration of 500-700 ppm. 

The experimentation begun with the preparation of the lab scale experimental setup, that 

consists in the polarization of the electrochemical cell with H2SO4 20% followed by a 

rigorous rinsing with miliQ water. 

Electro-oxidation tests were performed at galvanostatic mode and at three current 

densities: 254.67, 177.33 and 63.6 A m-2. At last, Electro-Fenton process was performed 

by adjusting the pH at 3.0 followed by the addition of 200 ppm H2O2 every 10 minutes 

during the test.  

2.3.Analytical measurements 

COD was determined using COD measurement kits and a Spectroquant Pharo 100 

supplied by Merck KGaA (Darmstadt, Germany). Oxyfluorfen concentration was 

measured by HPLC (Jasco, Japan) after its L–L extraction with Acetonitrile. 

Acetonitrile/water, 70/30 by volume, was the mobile phase, and the column, a Kinetex 

5 μm Biphenyl 100 Å, 150 × 4.5 mm (Phenomenex, USA), with an isocratic flow rate of 

0.6 mL min−1. The UV wavelength was 220 nm and 20 μL of injection volume. To 

determine lindane concentration in the liquid phase, an L–L extraction process was used 

before the analysis. This process was carried out in separator flasks of 10 mL, using ethyl 

acetate as extraction solvent (ratio lindane solution/solvent = 1 v/v is required to extract 

100% of lindane contained in the aqueous phase). After that, all samples extracted from 

electrolyzed solution were filtered with 0.25 μm nylon filters before analysis by Gas 

Chromatography-Electron Capture Detector (GC ECD) (Thermo Fisher Scientific) using 

a TG-5MS capillary column (30 m × 0.25 mm 0.25 mm) and 63Ni micro-electron capture 

detector, a split/splitless inyector and ChromCard Software. Under the conditions used, 

the quantification limit of the GC ECD was 0.02 mg L−1. The He flow rate of was 1.0 mL 

min−1. The temperature of the injector was 210 °C. All measurements were performed in 

triplicate with a relative standard deviation of 3.18% for oxyfluorfen and 1.54% for 

lindane 

 

3. Results and discussion 

 

As previously stated in the introduction section, this work aims to demonstrate that the 

efficiency in the removal of insoluble organochlorines from wastewater (in terms of 

degradation degree and treatment costs) improves significantly by integrating 

concentration strategies with electrochemical degradation methods. Basically, the two 

possible scenarios are schematized in Figure 1. The first one is the direct treatment of a 

solution polluted with a given non-polar organochlorine compound by electro-oxidation. 

The second scenario considers performing the treatment in two consecutive stages. The 

first stage is the concentration of the non-polar organochlorine by electro-coagulation. In 

this case, the pollutant is concentrated in the solid phase, which can be subsequently 

dissolved by the addition of an acid as it was tested and explained in our previous work 



(Muñoz et al., 2017). The second step is the treatment of this concentrated stream. In this 

case, two different alternatives are evaluated: 1) electro-oxidation with BDD anodes and 

2) electro-Fenton, taking advantage of the high concentration of iron previously generated 

in the electrocoagulation stage.  

 

 

Figure 1.  Treatment diagram for the removal of non-polar organochlorines from 

wastewater 

 

3.1. Removal of a commercial herbicide containing oxyfluorfen 

The first step of the work consisted in comparing both scenarios previously described for 

the treatment of a wastewater containing a commercial formulation of a non-polar 

organochlorine (Barre®, containing oxyfluorfen). 

 

3.1.1. Treatment scenario 1: direct removal by EO  

Thus, Figure 2 presents the results obtained in the removal of oxyfluorfen and COD 

during the electro-oxidation of a diluted stream at 3 different current density values: 

254.7, 177.3 and 63.6 A m-2.  



 

Figure 2. Influence of the current density applied to a dilute stream on the oxyfluorfen 

(Figure 2.a) and COD (Figure 2.b) removal ● j= 254.7 A m-2, ■ j= 177.3 A m-2 and ▲ 

j= 63.6 A m-2 

At the beginning of the experiment, it can be observed a progressive depletion of the 

pollutant until getting around 50% removal of the initial oxyfluorfen concentration. This 

depletion is performed at two dissimilar removal rates: faster at the beginning of the test 

and at a lower removal rate when increasing the value of the applied electric charge. This 

dissimilar rate may be explained by the complex matrix of the target wastewater. As a 

commercial formulation is used, oxyfluorfen is placed in the solution together with 

petroleum naphtha (which in turn is a complex mixture of compounds) and 

cyclohexanone. As it is well-known, the removal of organics by electro-oxidation can be 

explained by a combination of direct oxidation processes and oxidation mediated by the 

formation of oxidants (Garcia-Segura et al., 2018; Panizza and Cerisola, 2009; Song et 

al., 2018), giving a very complex mixture of intermediates specially with the complex 

initial matrix. Although this behavior should be further studied, the formation of 

intermediates that are more easily degraded by hydroxyl radicals  (Oturan and Aaron, 

2014) and the lower availability of oxyfluorfen for lower concentrations (with respect to 

the rest of organic molecules of the raw stream) may explain the dissimilar removal rates 

observed. 

This hypothesis is consistent with the dissimilar results obtained  in a previous work that 

dealt with the removal of oxyfluorfen from soil washing effluents by electro-oxidation 

with BDD anodes (dos Santos et al., 2016). This work was confronted by preparing the 

solutions with pure oxyfluorfen (not a commercial denomination) and by adding 

increasing concentrations of sodium dodecyl sulphate (SDS) in order to permit the 

solubilization of oxyfluorfen. It was observed that the removal efficiency of oxyfluorfen 

increased when higher concentration of SDS were added to the solution, mainly due to 

the formation of persulphate from the sulphate ions released from the oxidation of SDS, 

according to Equation 1 (Louhichi et al., 2008; Panizza et al., 2005). A similar explanation 

was given in the work of Chair et al. that combined biosorption with electrolysis for the 

removal of oxyfluorfen (Chair et al., 2017). Moreover, in these cases, the water mixed 

with surfactants drags the minerals and other substances found in soil along with the 

pollutant. These minerals may favor the formation of oxidant species and enhance the 

removal efficiency. The influence of the surfactant has been recently studied also on the 

petroleum elimination using BDD anodes by Escalona-Durán et al. (Escalona-Durán et 

al., 2019).  



2SO4
2- → 2S2O8

2- + 2e-      (1)  

 

A second noticeable result is that the removal efficiency of oxyfluorfen is similar 

regardless the value of current density applied, a result that can be explained based on the 

combination of direct and indirect process that are concurring in the system. On the one 

hand, if mass transfer limitations are expected when working at low concentration of the 

pollutant, the removal efficiency of direct oxidation processes is expected to decrease 

when increasing the current density. On the contrary, the production of oxidants by BDD 

electrolysis may be promoted at higher values of current densities(Sánchez-Carretero et 

al., 2011). As the oxidation of organics by the oxidants electrochemically produced is 

expected to be occurring in the bulk (and thus is not limited by mass transfer to the 

electrode surface) (He et al., 2019; Vicente et al., 2011), the combined result is a similar 

value of efficiency regardless the value of the current density applied. 

Regarding the removal of COD, it is related to the removal of oxyfluorfen and the rest of 

organics of the commercial formulation (cyclohexanone and petroleum naphtha) and not 

only on the main target pollutant. In this case, a removal close to 35% of the initial COD 

value is reached at the range of specific charges applied.  

 

3.1.2. Treatment scenario 2: concentration by electrocoagulation and subsequent 

degradation technologies. 

 

Next, the degradation of the concentrated stream previously obtained in an EC process is 

confronted. In the Figure 3, it can be seen the influence of the current density applied in 

the removal of oxyfluorfen and COD during the electro-oxidation of a concentrated 

wastewater at the same values of current density used in the tests with diluted solutions 

(254.7, 177.3 and 63.6 A m-2). 

 

Figure 3. Influence of the current density applied to a concentrated stream on the 

oxyfluorfen (3.a) and lindane (3.b) removal: ● j= 254.67 A m-2, ■ j= 177.33 A m-2 and 

▲ j= 63.6 A m-2 



As it can be observed, the profile of the degradation of oxyfluorfen is similar to that 

obtained with diluted solutions: comparable removal efficiency for the different current 

densities, a maximum of 50% removal of oxyfluorfen and 30% COD removal in the range 

of charge applied and a different rate of oxyfluorfen removal at low and high charge 

passed. The only difference is a slightly higher efficiency on the removal of oxyfluorfen 

in the case of the lowest current density, although it cannot be considered noticeable 

considering the complex matrix analyzed. Nevertheless, it is key to notice that the initial 

concentration of oxyfluorfen was close to 14 times higher than for the diluted solution 

but similar degree of removal (50 %) was obtained for similar values of applied electric 

charge. This result has a direct impact on the power consumption (Contreras López, 

2003), gathered in Figure 5 for diluted and concentrated streams and for a 30% removal 

of oxyfluorfen in all cases.  

 

Figure. 4.  Influence of the applied current density and the concentration of the solution 

in the power consumption: grilled-diluted solution (100 mg dm-3) and dotted- 

concentrated solution (1400 mg dm-3) 

As expected, the specific power consumption decreases by a factor closely related to the 

increase in the concentration. The power consumption decreases by a factor of 21.6 for 

the highest current density, 16.8 for 177.3 A m-2 and 20.8 for the lowest value of current 

density, meanwhile the initial concentration of oxyfluorfen increased by a factor of 14 in 

all cases. This result was previously found for the concentration of polar organochlorines 

by our research group (Raschitor et al., 2017) and it is closely related to the higher rate of 

both direct (influenced by mass transfer) and indirect oxidation processes, both of which 

depend on the concentration of the target pollutant (Cañizares et al., 2004; Cavalcanti et 

al., 2013; Hamza et al., 2009; Lanzarini-Lopes et al., 2017). The slight differences 

between the different current densities are related to the values of the total voltage applied 

to the cell (average value of 10.2 V for 254.7 A m-2, of 7.9 V for 177.3 A m-2 and 6.1 V 

for 63.6 A m-2). 



These results are confirming the viability of the approach of scenario 2 for the treatment 

of oxyfluorfen from the viewpoint of the power consumption. Nevertheless, this operation 

could not be used as a final treatment technology as there is still a 50% of the pollutant 

that it is not removed by electro-oxidation in the range of electric charge applied. To solve 

this issue, it would be necessary to apply a higher value of applied electric charge or to 

test a different technology for the electrochemical degradation stage. Thus, the treatment 

of the concentrated stream was also confronted by electro-Fenton. It is important to 

highlight that this concentrated solution comes from the previous EC stage, so a high 

concentration of iron is found in the water effluent and it is only required to add hydrogen 

peroxide to promote the Fenton reaction.  

Thus, Figure 5 represents a comparison between the results obtained by performing the 

EO and EF for the removal of the pollutant from the liquid waste, carried out at the highest 

value of the current density previously tested for EO (254.7 A m-2).  

 

Figure 5. Influence of the treatment on the oxyfluorfen removal at j= 254.67 A m-2. 

◼Electro-oxidation● Electro-Fenton. 

 

As it can be clearly observed in Figure 5, promoting the Fenton process by adding H2O2 

to the iron-rich solution has a clear positive effect in the efficiency of the process. In a 

simplified way, it is considered that in the Fenton process the reaction between H2O2 and 

Fe2+ in acid medium (pH ≤ 3) generates hydroxyl radicals (OH ●) according to Equation 

(2) (Nidheesh and Gandhimathi, 2012). As it can be seen, the removal of oxyfluorfen is 

faster for the EF process than for the EO, achieving a degradation of oxyfluorfen of 94.8% 

for a value of charge of 3.14 Ah dm-3, at which the degradation was lower than 50% when 

applying the EO process. The promotion of Fenton process and its combination with BDD 

electrolysis has been proved efficient in the removal of a wide spectra of organics from 

both synthetic and real wastewaters (Huguenot et al., 2015; Klidi et al., 2019; Moreira et 

al., 2017), thus confirming the applicability of this technique to the treatment of the 

proposed effluents.  

   𝐹𝑒2+ + 𝐻2𝑂2 → 𝐹𝑒3+ + 𝑂𝐻− + 𝑂𝐻•  (2) 



 

The power consumption also decreased compared to EO, reaching a power consumption 

of 7.55 kWh kg-1 for a 30% removal of oxyfluorfen. In this case, we have also calculated 

the energy consumption per order (EEO, for a 1-log decrease), a figure of merit that can 

be more easily compared to other data previously published (Lanzarini-Lopes et al., 

2017). This EEO can be estimated to be 12.04 kWh kg-1, if it is referred to the unit of mass 

of oxyfluorfen decrease, and to 14.51 kWh m-3, if it is referred to the volume of 

concentrated solution. This consumption is in the range of the 25th percentile of lowest 

consumptions reported for electrochemical advanced oxidation process, according to the 

review recently published by Miklos et al. (Miklos et al., 2018). 

 

3.2. Applicability of technology for the removal of lindane 

Once established that the EO and EF are suitable and efficient treatment options for the 

removal of oxyfluorfen, the second part of this work was confronted by using synthetic 

wastewaters prepared from pure lindane, another non-polar organochlorine herbicide 

widely used in the past. In order to perform the treatment, lindane was solubilized by 

adding a proper concentration of SDS as described in the experimental section.  

Following the same procedure, the performance of the electro-oxidation process for the 

removal of lindane, without (scenario 1) and with (scenario 2) previous concentration 

with electrocoagulation, was tested. The results are presented in Figure 6.  

 

Figure 6. Influence of the current density applied on the lindane removal from diluted 

(50 ppm, Figure 6.a) and concentrated (250 ppm, Figure 5.b) streams during EO: ● j= 

254.67 A m-2, ■ j= 177.33 A m-2 and ▲ j= 63.6 A m-2 

As it can be seen, the performance of the process changes when increasing the 

concentration from 50 to 250 ppm. In general terms, the efficiency of the treatment rises 

when increasing the current density. Nevertheless, for the lowest initial concentration, 

there is not a noticeable change when increasing the current density from 177.3 to 254.7 

A m-2, meanwhile it does if the test is performed at the highest initial concentration. 

Moreover, in this case the removal rate is not affected by the amount of charge passed, 

being the highest removal of lindane (61%) obtained for a value of applied electric charge 

of 8.73 Ah dm-3. This behavior is different from that observed in the case of oxyfluorfen 



and may be related to the highest contribution of mediated oxidation processes, that are 

promoted as the current density increases. This marked contribution of mediated 

processes must be related to the addition of SDS, as it was previously explained for the 

removal of oxyfluorfen. 

As it was the case for oxyfluorfen removal, the EF process was also applied for the 

removal of lindane, using the highest value of the current density. The results obtained 

are presented in Figure 7, meanwhile Figure 8 represents the specific power consumption 

for a 30% removal of lindane. 

 

 

Figure 7. Influence of the treatment on lindane removal at j= 254.67 A m-2 using: ■ 

Electro-oxidation ● Electro-Fenton 

 

 

Figure 8. Influence of the current density applied and the concentration on the stream 

on the energy consumption: grilled – diluted stream; dotted - concentrated stream by 

EO; empty – concentrated stream by EF. Current density: 254.67 A m-2 



 

As it can be seen, the performance of both processes is similar in the first part of the test, 

although the EF process rapidly overcomes the performance of EO for applied charges 

higher than 1 Ah dm-3.  The additional contribution of EF process is noticeable, and it can 

be observed in terms of power consumption, gathered in Figure 8. In this case, the power 

consumption is reduced by a factor of 15, meanwhile the initial concentration was only 

increased by a factor of 5. Regarding the energy consumption per order, it is estimated to 

be equal to 214.4  kWh kg-1, if it is referred to the unit of mass of lindane decrease, and 

to 49.7 kWh m-3, if it is referred to the volume of concentrated solution. This value of 

power consumption is close to the median of the previously published values for the 

removal of organics by electrochemical advanced oxidation processes (Miklos et al., 

2018) and in the range of those values calculated in works directly devoted to the removal 

of lindane by EF (Dominguez et al., 2018b).  All values obtained are over those calculated 

for the removal of oxyfluorfen in the line with the lower concentration of the raw effluents 

selected, thus confirming again the key role of the concentration in the performance of 

electrochemical degradation technologies. Moreover, the results obtained in this study 

concerning the decrease in the power consumption when using EF are sustained by the 

recent review of Bello et al. about the limitation of Fenton reaction and the possible 

upgrades that can increase the efficiency of this treatment option (Bello et al., 2019).  

 

4. Conclusions  

From the results presented and discussed in the previous sections, it can be concluded that 

the following conclusions can be drawn: 

 

- The addition of a concentration step significantly improves the global removal 

efficiency of electrochemical degradation processes. 

- The required power consumption to remove a unit of mass of oxyfluorfen 

decreased by a factor of 20 when a previous concentration stage by 

electrocoagulation is applied.  

- If an EF process is performed to the concentrated stream, the power consumption 

is further reduced, getting values for 1-log removal (energy per order) as low as 

14.51 kWh m-3, which is within the range of the 25th percentile of lowest 

consumptions previously reported for electrochemical advanced oxidation 

process. 

- Slight differences are obtained for the treatment of lindane, probably due to the 

dissimilar matrix of both pollutants: SDS for lindane and petroleum naphtha and 

cyclohexanone for oxyfluorfen. Nevertheless, a clear increase in the performance 

of the electrochemical degradation processes is also observed in this case. 
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