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Abstract 

This work presents a novel integrated process for the reclamation of wastewaters. This 

process combines, in the same cell, the reduction in the effluent conductivity and TOC 

by electrodialysis together with the production of a value added stream, which can be 

used for disinfection purposes. In the diluate compartment, the solution is desalted 

whereas hypochlorite is electrochemically synthesized in the anolyte. The treatment of 

actual effluents from the Waste Water Treatment Plant (WWTP) of Ciudad Real (Spain) 

was confronted. It was observed that the concentration of hypochlorite synthesized in the 

anolyte increased when anolyte and catholyte are separated into different circuits, 

avoiding the reduction of hypochlorite on the cathode surface. Furthermore, a higher 

voltage to cell pair ratio also enhances the production of hypochlorite. Finally, it was 

checked the disinfectant potential of the final anolyte, being possible to produce a desalted 

and disinfected final stream with a total electrical consumption of 1.03W h dm-3 and 

dosing a volumetric ratio anolyte:diluate of 4:96. 
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1. Introduction 

 

Reclaimed wastewaters are a water resource that has not been extensively used so far. 

Focussing on Spain, a country with a great demand of water sources (overall water 

demand of around 22,000 hm3 year-1 [1]) and a pioneering regulation, the total volume of 

regenerated water means only around 2 % of its total water demand [2]. In a process of 

wastewater reclamation, a wastewater effluent, which has been previously treated by a 

conventional treatment, is further purified in order to fit the requirements for different 

uses (irrigation, recreational, environmental, etc.). Some advantages of the use of this type 

of water resource are the reduction of the overall net water demand, the decrease in 

industrial production costs due to the use of high quality regenerated water and the 

decrease in the loss of water to the sea. 

 

Within the last years, electrochemical technologies have experienced great advances in 

the treatment of wastewaters due to the development of new electrode materials and novel 

electrochemical processes [3-8]. One of the electrochemical technologies most widely 

used in the industry is electrodialysis. This technique consists of an unitary process that 

uses semi-permeable membranes to separate or concentrate dissolved ions. The depleted 

solution is generally referred to as the diluate and the concentrated solution as the brine 

or the concentrate [9]. Electrodialysis is a process currently used in brackish water 

desalination and potable water production [10-12]. Recently, different applications of 

electrodialysis in food, medicine and chemistry industries, as well as biotechnology and 

wastewater treatment, have been proposed [13-16]. Another electrochemical process 

applied in the treatment of wastewater is electrodisinfection, which consists of an 



electrolytic production of oxidizing species either from the ions initially contained in the 

target wastewater or from reagent dosed (e. g. sodium chloride) [17-20].  

 

One of the drawbacks of electrochemical technologies is the high cost, which depends on 

the energy consumption (operating), and on the high price of the electrode material 

(investment). For this reason, a hot topic in this research subject is to explore alternatives 

to diminish these operating and investment costs and hence, to develop electrochemical 

processes more cost-effective and energy-efficient. In this context, process integration 

emerges as a good alternative in electrochemical process. This process integration 

represents the union, in one single stage, of basic operations that are traditionally carried 

out separately. Regarding wastewater treatment, many authors have proposed combined 

electrochemical processes to minimize the operation costs. Thus, Jüttner et al. [21] 

reviewed different integrated industrial processes such as the treatment of highly 

concentrated salt solutions together with the production of acids and bases [22] or the 

combination of ion exchange membranes and conventional ion exchange resins for the 

treatment of water and process solutions with continuous regeneration of the ion 

exchanger [23]. Another example is the work of Rockstraw et al. [24], who proposed an 

integrated electrodialysis-evaporation process for the treatment of aqueous streams. 

Linares-Hernández et al. [25] described a combined electrocoagulation-electrooxidation 

treatment for industrial wastewater and Durante et al. [26] proposed a combination of 

electrocoagulation and advanced oxidation processes for removal of Cr-EDTA from 

wastewaters. However, these last works consist of combining different techniques in 

successive steps but not within the same experimental set-up. In contrast, Mahvi et al. 

[27] proposed an electrocoagulation/electrooxidation-electroflotation reactor for the 

simultaneous removal of ammonia and phosphate from wastewater. In that work, the 



electrochemical cell consisted of one reactor with two different units: one electrochemical 

and one more for separation using aluminium, stainless steel and RuO2/Ti as electrodes. 

More recently, Cotillas et al. demonstrated the viability of an 

electrocoagulation/electrodisinfection cell using Al bipolar electrodes [28] to carry out 

simultaneous disinfection and removal of turbidity. 

 

Within this context, the present work is focused on the assessment of the performance of 

a novel integrated electrodialysis-electrochlorination (ED-ECh) integrated cell for the 

treatment of actual wastewaters from the WWTF of Ciudad Real (Spain). The proposed 

process is schematized in Figure 1. The actual effluent from a Waste Water Treatment 

Facility (WWTF) is conducted through an electrodialysis/electrochlorination integrated 

cell. In this cell, a portion of the initial effluent is desalted (diluate) meanwhile the rest is 

concentrated (concentrate). In addition, the electrode-rinsing solution of the 

electrodialysis cell is fed with a NaCl solution in order to obtain a value-added 

hypochlorite stream, which can be used as disinfectant. Thus, the final streams of this 

process are: 1) a concentrated stream which should be discharged to the environment; 2) 

a valorized stream, desalted and disinfected, ready to be reclaimed. In this work, the effect 

of three key parameters (cell configuration, number of cell pairs and concentration of 

NaCl in the electrode rinsing solution) on the performance of the ED-ECh cell is studied. 

Furthermore, disinfection tests with the final electrode rinsing solution were carried out 

to evaluate the actual disinfection potential of this stream.  

 

 

 

 



2. Experimental 

 

2.1. Electrodialysis-electrochlorination cell.  

 

The experimental set up, schematized in Fig. 2, was provided by PCCell (Germany). 

Cationic (Neosepta CMX) and anionic (Neosepta AMX) standard ion exchange 

membranes from ASTOM CORP were used. The surface area per membrane was 69 cm2. 

Depending on the number of membranes placed inside the stack, it was composed of a 

different number of cell pairs (diluate+concentrate), being 3 cell pairs for 7 membranes 

(3 anionic, 4 cationic) and 6 cell pairs for 13 membranes (6 anionic, 7 cationic). With this 

configuration, the concentration of both catholyte and anolyte was maintained constant 

throughout the tests, closing the ionic circuit and behaving as “electrode rinsing” 

solutions. In all cases, the ion exchange membranes in contact with both anolyte and 

catholyte, were cationic exchange membranes, in order to avoid the migration of the 

synthesised hypochlorite.  

 

Dimensionally stable anodes (DSA) were used as electrodes. DSA anodes were supplied 

by PcCell and made of titanium coated with mixed metal oxides (IrO2-RuO2). DSA 

electrodes (anode and cathode) were square in shape (56.25 cm2). Wastewater was stored 

in glass tanks and circulated through the electrodialysis cell by means of a centrifugal 

pump.  

 

The flow rate for electrode rinsing solution was 100 dm3 h-1 and for concentrate and 

diluate was 30 dm3 h-1. Regarding the ratio between diluate and concentrate volumes, a 

value of 1:1 (same volume of diluate and concentrate compartments, 1.5 L) was selected. 



It is worth noting that a low diluate/concentrate ratio will lead to a strongly desalted 

solution in the diluate compartment with a limited increase in the concentration of the 

concentrate. On the contrary, a high diluate/concentrate volumetric ratio will produce a 

moderate increase in the concentration of the concentrate. In the present work, the main 

aim is not the production of a totally desalted diluate nor a highly concentrated final 

stream, which should be further treated prior to its disposal. For these reasons, in this first 

approach of the design of the ED-ECh process, a ratio 1:1 was selected.  

 

2.2. Experimental procedures.  

The experimental set up is designed to work with a maximum number of four different 

circuits (four independent tanks, pumps and tubing). In all cases, concentrate and diluate 

streams consist of actual effluents from the WWTF of Ciudad Real (Spain), meanwhile 

streams that are in contact with electrodes were NaCl solutions.  

 

Depending on the number of different circuits used, the cell was operated at two different 

configurations: 

1) Four compartments configuration (4C). In this configuration, diluate, concentrate, 

catholyte and anolyte were circulated through four independent circuits, thus 

giving four different solutions. 

2) Three compartments configuration (3C). In this case, catholyte and anolyte are 

mixed, so the cell worked with three independent circuits, one for the diluate, one 

for the concentrate and one for a mixture of anolyte and catholyte (electrode-

rinsing). 

 



Bench scale ED-ECh tests were carried out under potentiostatic conditions (voltage is 

constant) and at discontinuous mode of operation to determine the influence of the main 

parameters in the process. The temperature of the system is kept constant by means of a 

thermosttated bath and a heat exchanger at 25ºC.  The pH of anolyte (for 4C scheme) or 

electrode-rinsing solution (for 3C scheme) was maintained constant at a value of 11 by 

the addition of NaOH (1 mol dm-3), in order to promote the formation of hypochlorite. 

 

2.3. Analytical procedures.  

The anions present in the target wastewater were characterized using ion chromatography 

by means of a Shimadzu LC-20A system. A Shodex IC I-524A column was used for the 

anionic separation and it was packed with an ion exchange resin that was formulated by 

bonding a quaternary ammonium group to a hydrophilic gel. The peaks were identified 

and quantified using LCsolution Chromatography Workstation, version 1.23. In the case 

of hypochlorite, the peak of chromatogram interferes with the chloride peak. Therefore, 

the determination was realized by titration with As2O3 in NaOH 2 M [20]. The same ion 

chromatography equipment (column, Shodex IC YK-421) was used to measure the 

nitrogen inorganic cation (NH4
+). 

 

Total calcium, magnesium, potassium and sodium concentrations were measured off-line 

using an inductively coupled plasma spectrometer (Liberty Sequential, Varian) according 

to a standard method [29] (plasma emission spectroscopy). In order to evaluate the total 

metal concentrations, samples were diluted to 50:50 v/v using 4 N HNO3 so as to ensure 

the total solubility of the metal. 

 



The faecal coliforms of the wastewaters were estimated using the most probable number 

(MPN) technique. The microorganism counts were carried out by the multiple-tube-

fermentation technique (24 h of incubation at 44 °C) using five tubes in each dilution 

(1:10, 1:100, and 1:1000). 

 

2.4. Composition of the actual effluents. 

The samples of the actual effluent treated wastewater were taken from the outlet of the 

secondary clarifier of the WWTF of Ciudad Real (Spain). In order to assure a good 

conservation of the effluent, the experiments were carried out just after the collection of 

the samples. Although the composition of the effluent can vary depending on the 

collection date, Table 1 shows a representative average composition of the target effluent 

to be treated. 

 

3. Results and discussion 

 

The first step of the work consisted in testing and optimizing the performance of the 

integrated ED-ECh cell. In this first part of the work, the influence of the cell 

configuration, number of cell-pairs and anion concentration on the process performance 

was evaluated. Next, the disinfectant potential of the anolyte produced was tested by 

carrying out disinfection tests using increasing dosing of this stream. 

 

 

 

 

 



3.1. Optimization of the ED-ECh cell performance. 

 

3.1.1. Selection of the optimal cell configuration. 

The first step to optimize the process consisted on the selection of best configuration of 

the ED-ECh cell. At this point, two different cell configurations (three compartments and 

four compartments) were tested.  

 

First of all, an ED-Ch test was carried out at a constant total voltage of 7 V, with a NaCl 

concentration of 1500 mg dm-3 in the electrode-rinsing solution, with three cell pairs and 

using a three-compartments scheme (3C, catholyte and anolyte together). Results are 

shown in Fig. 3.a (evolution of conductivity, , in diluate compartment and current 

efficiency) and Fig. 3.b (evolution of ClO- concentration in the electrode rinsing 

compartment). In respect of the current efficiency, this parameter has been calculated as 

the ratio of the electrical charge that is used to transport ions from the diluate to the 

concentrate compartment. The total charge applied is calculated by Eq. 1, taking into 

account that the cell was operated at constant voltage (and not at constant current density) 

 

       Q = ∫ I · dt      (1) 

 

Where Q is the applied electrical charge (C), I is the recorded intensity (A) and t is the 

time (s).  

 

As it can be observed, conductivity in diluate compartment can be reduced below 100 mS 

cm-1. The initial current efficiency was 52%, meanwhile this value decreased with the 

applied electric charge, reaching a final value of 16%, values that are in accordance with 



typical current efficiencies reported for electrodialysis systems [30]. The decrease in the 

current efficiency is also common of electrodialysis systems [31] and is explained by the 

increase in the diffusion of ions from the concentrate compartment, due to the increasing 

concentration gradient. With respect to the concentration of hypochlorite, it initially 

increased and it finally descended to zero, reaching a maximum of 4.06 mg l-1 for an 

applied electrical charge of 0.028 A h dm-3. Both chlorate and perchlorate were not 

detected in the system.  

 

Another important parameter to be monitored is the Total Organic Carbon (TOC) in the 

diluate chamber. Fig. 4 represents the evolution of this parameter with respect to the 

applied electrical charge. As it can be observed, TOC concentration in diluate 

compartment decreases with the applied electrical charge. In a simple approach, the 

dissolved organic matter in a natural water source or an effluent from a WWTP can be 

classified into a hydrophobic (mainly humic acids and fulvic acids), a transphilic and a 

hydrophilic fraction [32, 33]. A high proportion of the hydrophobic fraction in the target 

effluent may represent a major operative drawback for electrodialysis processes due to 

the adsorption of these organic molecules on the membrane surfaces, causing fouling 

[34]. On the contrary, low molecular weight hydrophilic acids can permeate through 

electrodialysis membranes depending on the type of membrane and the conditions of pH 

and ionic strength [35]. Taking into account this, the target effluent of the present work 

may be formed mainly by low molecular weight hydrophilic organic matter that can 

permeate through the selected membranes. This composition (mainly hydrophilic 

fraction) has also been reported in other works of characterization of the soluble organic 

matter of effluents from WWTPs [36]. At this point, it is important to remark that 



reducing the soluble organic matter of the target effluent will also limit the formation of  

disinfection chlorinated by-products that are harmful to human health. 

 

Next, the cell was operated with a four compartments configuration that is, separating 

catholyte and anolyte in two different circuits. The rest of experimental conditions were 

maintained as in the previous test. Results regarding time course of diluate conductivity, 

current efficiency (Fig. 5.a) and hypoclorite concentration (Fig. 5. b) are gathered in Fig. 

5. 

 

As it can be observed, the performance of the electrodialysis process is similar to that 

obtained for the three-compartments configuration that is, similar profile of the diluate 

concentration and current efficiency. On the contrary, the maximum concentration of 

synthesized hypochlorite is 11.6 mg dm-3, almost three-fold the maximum value obtained 

with the three-compartments configuration. In addition, this concentration is maintained 

constant when increasing the electrical charge passed through the cell.  

 

To explain the lower efficiency of the 3C scheme for the synthesis of hypochlorite, it is 

necessary to take in mind the possible reduction reactions that this compound can suffer 

in an undivided electrochemical cell. Chemistry of chlorine in aqueous solution and, 

specifically, reactions involving hypochlorite (Eqs. 2-4) have been extensively studied in 

the production of chlorate [37, 38], as the reduction of hypochlorite results in a loss of 

efficiency of the process. 

 

6 ClO- + 3 H2O↔2 ClO3
- + 4Cl- + 6H+ + 3/2 O2 + 6 e-      (2) 

ClO- + H2O + 2 e- ↔ Cl- + 2 OH-         (3) 



2 HClO + ClO- ↔ ClO3
- + 2 Cl- + 2 H+       (4) 

 

Reaction (2) takes place on the anode, reaction (3) on the cathode and reaction (4) in the 

bulk solution. In the present study, the concurrence of reactions (2) and (4) should be 

discarded because chlorate and perchlorate ions were not detected under the conditions 

tested in the present work. Thus, hypochlorite reduction to chloride may be the 

responsible of the lower concentration of hypochlorite that is measured when catholyte 

and anolyte are not separated into different circuits.  

 

According to these results, a 4C configuration was selected to carry on with the 

optimization of the ED-ECh cell. With this scheme, it is possible to produce higher 

concentrations of hypochlorite in the electrode rinse solution, meanwhile the efficiency 

of the electrodialysis process remains unaltered with respect to the 3C configuration. 

 

3.1.2. Optimizacion of the number of cell pairs. 

The next step in the optimization process of the ED-ECh cell consisted on modifying the 

number of cell pairs, working at a constant voltage of 7 V and with a 4C scheme. The 

main aim of this part of the work is studying the influence of the ratio of the applied 

voltage to the number el cell pairs. Fig. 6 shows the results regarding the evolution with 

time of diluate conductivity (6.a) and hypochlorite concentration in the anolyte (6.b), for 

a test carried out with 6 cell pairs. 

 

If these results are compared with those gathered in Fig. 4 (carried out with 3 cell-pairs), 

it is easy to deduce that a higher voltage per cell pair (a lower number of cell pairs) 

decreases the rate of the electrodialysis process but enhances the rate of hypochlorite 



generation. The higher rate of the electrodialysis process is simply explained by the higher 

number of cell pairs and, thus, the higher capacity of the cell to transport ion from the 

diluate compartment.  

 

To explain the higher rate of hypochlorite generation, it is necessary to note that the total 

potential in an electrodialysis cell can be obtained as the sum of the equilibrium potencial 

of the electrodes, their overpotential and the voltage drop due to the resistance of 

membranes, electrolyte and external circuit [10]. Taking this in mind, it is easy to note 

that the resistance of the cell will be lower when working with a lower number of cell 

pairs. Consequently, the available potential to perform the reactions in the electrode 

surface will be higher when working with 3 cell pairs and, thus, the intensity that flows 

through the cell is expected to be higher in this case (intensity results are included as 

supplementary material).  

 

Thus, working with a higher ratio of applied voltage to number of cell pairs enhances the 

rate of hypochlorite generation but lowers the performance of the electrodialysis. At this 

point, it is important to take in mind that the aim of this work is the optimization of the 

integrated ED-ECh cell. Thus, the next test of this work will be carried out with a total 

applied voltage of 7V and a number of three cell pairs, in order to maximize the 

production of oxidants in the anolyte and, consequently, maximize the added value of the 

proposed process.  

 

 

 

 



3.1.3. Optimization of the anolyte concentration. 

 

Once the cell configuration and the number of cell pairs have been selected for the ED-

ECh integrated cell, the next variable to be optimized was the NaCl concentration that is 

used in the anolyte. Thus, Fig. 7 shows the evolution of the synthesized hypoclorite in the 

anolyte for increasing NaCl concentrations, working with a 4C cell configuration, 7V of 

total voltage and 3 cell pairs. 

 

As it can be observed, both the initial rate of hypochlorite synthesis and the maximum 

concentration of this oxidant increases for increasing NaCl concentrations until 750 mg 

dm-3, till the profile of hypochlorite synthesis becomes independent of the NaCl 

concentration. The initial increase in the rate of the formation of hypochlorite can be 

related to a higher conductivity in the anolyte (lower resistance and higher intensity) and 

a lower contribution of mass transfer limitations due to the higher concentration of 

chloride. From 750 mg dm-3, the system seems not to be influenced by the value of the 

chloride concentration thus working at the maximum rate of hypochlorite generation 

under the selected working conditions. 

 

As the anolyte is aimed to be used for the disinfection of the diluate stream, it is important 

that the conductivity of the anolyte was the lowest, in order not to increase the 

conductivity of the final product. Taking into account this, an anolyte concentration of 

750 mg dm-3 was selected, as this concentration is the minimum one above which the rate 

of hypochlorite generation is not affected by the concentration of chloride.  

 

 



3.2. Disinfection tests of actual effluents. 

 

Once the working parameters of the ED-ECh cell were optimized, a final test was carried 

out in order to determine the optimal anolyte dosing required to disinfect the diluate 

stream. This test is composed of two steps. First of all, an ED-ECh test was carried out, 

working at the conditions previously optimized. This test was performed until the 

conductivity of the diluate stream reached a threshold of 100 S cm-1. This value is 

considered to be the maximum quality threshold (the most restrictive) that could be 

required for the target effluent in a hypothetical reclamation process. Next, the 

disinfection capacity of the final anolyte was tested by dosing increasing concentrations 

of this stream to the final diluate. This sequence emulates the proposed process of water 

reclamation and sheds light on the final quality of this reclaimed stream. 

 

With respect of the first part of the test (ED-ECh process), the results (not shown) where 

similar to those previously presented, with a maximum hypochlorite concentration in the 

anolyte of 12 mg dm-3, a final diluate conductivity of 100 S cm-1 and a final TOC 

concentration in the diluate of 10.5 mg dm-3 (from an initial concentration of 30.1mg dm-

3). The specific electric energy consumption to reach this final conductivity was 1.03W h 

dm-3.  

 

Fig. 8 shows the results obtained in the second part of the test (final diluate disinfection). 

Fig. 8.a) shows the evolution of the concentration of E. coli for increasing doses of the 

anolyte, expressed as the added concentration of hypochlorite. Fig. 8.b) shows the 

increase in the conductivity of the diluate as a result of the dosing process. 

 



As it can be observed, the anolyte produced during the electrodialysis process can be 

successfully applied to disinfect the diluate, being necessary a volumetric ratio of 4:96 of 

anolyte to diluate (an added ClO- of 0.42 mg dm-3) to completely disinfect this stream. 

Moreover, as it can be deduced from Fig. 8.b) the increase in the conductivity of the 

effluent is negligible at the dosing required to disinfect the effluent. At this point, it is 

crucial to highlight that the presence of chlorate and perchlorate (by ion chromatography) 

and THMs (by gas chromatography) was discarded at the optimal dosing. 

 

Finally, it must be remarked that the required dosing to disinfect the diluate would 

strongly depend on its initial E. coli concentration. Nevertheless, the low dosing required 

in the present study sheds light on the potential of the proposed process, with which it is 

possible to produce high quality reclaimed water streams. Furthermore, the non-used 

portion of the anolyte represents a high quality disinfection solution which can be used in 

any other disinfection process.  

 

4. Conclusions 

 

From this work, the following conclusions can be drawn: 

 

- The treatment of actual wastewaters from WWTP by the proposed Ed-ECh process 

makes possible to reduce its conductivity and TOC concentration. Moreover, it is possible 

to produce a valuable hypochlorite solution in the electrode rinse compartment. 

 



- A configuration where catholyte and anolyte are separated in different compartments 

enhances the production of hypochlorite without affecting the performance of the system 

in terms of the reduction of both conductivity and TOC. 

 

- Increasing the ratio of voltage to cell pairs (reduce the number of cell pairs for a given 

voltages) enhances the production of hypochlorite due to the lower resistance of the cell. 

 

- It is possible to disinfect the final diluate stream by dosing reduced volumes of the 

anolyte (volumetric ratio anolyte:diluate 4:96), producing a value added final disinfected 

stream of low conductivity without unwanted harmful  chlorinated by-products. The 

required electrical energy consumption to reach the final conductivity was 1.03W h dm-

3. 
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Figure captions 

Fig. 1. Schematic representation of the proposed electrodialysis-electrochlorination 

process. 

Fig. 2. a) Experimental set-up. b) Detail of the electrochemical cell. 

Fig. 3. a) Evolution of the conductivity and the current efficiency the diluate tank with 

the applied electric charge during the ED-ECh process. b) Evolution of electrogenerated 

hypochlorite in the electrode rinsing solution with the applied electric charge. Electrode 

rinsing solution: 1500 mg dm-3 NaCl; V: 7V; T: 25ºC; 3 pairs of cells; 3C scheme. 

Fig. 4. Evolution of TOC in the diluate tank with the applied electric charge during the 

ED-ECh process. Electrode rinsing solution: 1500 mg dm-3 NaCl; V: 7V; T: 25ºC; 3 

pairs of cells; 3C scheme. 

Fig. 5. a) Evolution of the conductivity and the current efficiency the diluate tank with 

the applied electric charge during the ED-ECh process. b) Evolution of electrogenerated 

hypochlorite in the electrode rinsing solution with the applied electric charge. Electrode 

rinsing solution: 1500 mg dm-3 NaCl; V: 7V; T: 25ºC; 3 pairs of cells; 4C scheme. 

Fig. 6. a) Evolution of the conductivity and the current efficiency the diluate tank with 

the applied electric charge during the ED-ECh process. b) Evolution of electrogenerated 

hypochlorite in the electrode rinsing solution with the applied electric charge. Electrode 

rinsing solution: 1500 mg dm-3 NaCl; V: 7V; T: 25ºC; 6 pairs of cells; 4C scheme. 

Fig. 7. Evolution of the hypochlorite concentration in the anolyte with the applied electric 

charge during the ED-ECh process. Anode and cathode rinsing solution: ■500mg dm-3, 

♦750mg dm-3, ●1000mg dm-3, ▲2000mg dm-3; V: 7V; T: 25ºC; 3 pairs of cells; 4C 

scheme. 

Fig. 8. a) Variation of the concentration of E. Coli with the added hypochlorite during the 

chemical disinfection process. b) Evolution of the conductivity with the added 

hypochlorite. Catholyte/anolyte: 750 mg dm-3 NaCl; V: 7V; T: 25ºC; 3 pairs of cells; 4C 

scheme. 
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List of Tables  109 

Table 1. Representative average composition of target wastewater. 110 

Parameter Concentration 

Cl- 162.99 mg dm-3 

NO3
- 1.58 mg dm-3 

NH4
+ 45.42 mg dm-3 

SO4
2- 255.27 mg dm-3 

Na+ 141.33 mg dm-3 

E. Coli 9100 CFU/100 ml 
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