Chapter 3. ANOMALOUS PROPERTIES OF ECA-AQUEOUS MEDIA �AND PROSPECTS OF ELECTROCHEMICAL REGULATION �OF THE BODY’S INTERNAL MEDIUM PARAMETERS

3.1. Discussion of “electrochemical activation” phenomenon.

Introduction of electrochemical methods into the sphere of medical and biological experiments and therapeutic practice went on in the following directions:

producing materials, substances used in medicine, adding new properties to materials and substances used for different purposes;

developing electrochemical systems which are meant for detoxication of the body;

using ECA-aqueous media to stimulate vital functions (mainly, ingestion of “live water”). (Today, when this chapter is being written, we know for sure of the official permission to drink the catholyte of drinking water or aqueous-saline solutions in at least two countries – Uzbekistan and Japan). The experts’ approach to ECA theory in recent years has been to some extent revised. First amateur attempts to use “live” and “dead” water for quite various purposes and for known (and sometimes unknown) reasons caused negative response of the scientists. Unfortunately not only quack’s methods (alas, accompanying so many new scientific discoveries), but at the same time the whole concept of anomalous physical, chemical and biological properties of activated media were doubted. In 1988, one of those criticizing ECA theory wrote: “...nowadays, practically no one mentions electrochemical activation of water, instead KCl and NaCl solutions are discussed. Fewer voices are heard of those speaking in support of stimulating effects of “live water”, major attention is paid to its bactericidal ability, which is evident” (25).

Three years later in the abstracts from the Conference on Application of Electrochemical Methods in Biology and Medicine (Dagomys), an altogether different statement was made:

“Research into the given field (i.e. medical electrochemistry) has led to the development of the theory of “activating” water and different solutions...” (26) (italicized by the authors).

Both statements contradicting each other were made by the same author. In that case, what is the subject of the argument?

Rightfulness of the notion “ECA-water” is in doubt due to the following reasons. In the process of electrolysis H2O molecule structure undergoes no serious changes, and the whole number of electrochemical treatment effects is not associated with water, but with the quantity of water-dissolved substances which have undergone electrochemical transformation. It was assumed that under the effects of constant current the structure of water molecules (or their associates) would change, but after the current action cessation structurally changed molecules would immediately return to their initial state, which is similar to what happens under other modifying energy exposure (27).

The following thought was expressed in favor of the above named version: current voltage in interelectrode space of an electrolyzer is comparatively low – only about 1000 V/m. But the ECA theory suggests that during electrolysis the main structural transformations of water molecules occur not in electrolyte depth, but on the electrode’s surface – in a double electric layer of 10–8 m thickness, in which current voltage is by several orders higher. Thus, direct electrochemical oxidation of organic compounds (methanol, ethanol, barbiturates) takes place at the anode itself. An anode made of porous platinum with developed surface is the best choice for the procedure (11).

According to critics of the ECA-water theory, ORP of electrochemically treated aqueous solutions depends exclusively on the ratio of oxidized and reduced forms in strict conformity with Nernst formula. It is also believed that distilled water can’t be electrochemically treated and that water media activation by indirect non-contact or non-reagent method is a priori impossible. Unusual qualities of “live water” are the result of carbon dioxide of the air dissolved in alkaline catholyte with further formation of sodium and potassium carbonates and bicarbonates in the solution. The resulting water is analogous to a common carbonate-bicarbonate medicinal water, such as “Borjomi” (28).

At the same time in the papers evidently dedicated to unmasking a mystification of another panacea quite different views were expressed:

“Alkaline (cathodic, “live”) water stimulates wound healing, relieves pain of inflammatory processes and burns. It certainly augments cell regeneration and development. Neither effect could be achieved by simply acidifying or alkalinizing source water: it follows that it is the ability of an activated system” (29).

In fact, the same was stated by the so called “dilettantes” who advertised unique properties of anolyte and catholyte.

3.2. Distribution of conjugate pH and ORP values �of electrochemically treated aqueous media as compared �to analogous distribution of these parameters in aqueous solutions �not subjected to electrochemical treatment.

Anomalous properties of “live” and “dead” water are new in that on the whole they can’t be reduced to well-known electrochemical transformations of components dissolved in water. Thus, using pure oxidized or reduced forms of chemical reagents, any combinations of their concentrations can be produced in vitro. At that, in conformity with the formula (6) ((st value will be functionally dependent on a ratio between [Ox]/[Red] and pH. Aqueous media of any complex chemical composition are considered to be determined by (s parameter which depends on the sum of several or many redox-pairs. That is, the ORP value of a solution is the function of a number of independent or relatively dependent (correlating) variables.

Any water solution sample, independent on its chemical purity and the way of production can correspond to a covariant combination of pH and ORP (pH((s covariant). Distribution of pH((s covariants for the solutions and water media of the following classes (Fig. 3.1) is:

solutions of inorganic compounds of ChDA type in distilled water without electrochemical treatment (marked as ();

solutions of chemically pure organic substances and multicomponent bioorganic media (marked as ();

ECA-solutions and aqueous media on the basis of alkaline metal chlorides from ultra-fresh water to a saline solution, produced by unipolar electrochemical treatment (anodic or cathodic) (marked as ().

In Fig. 3.1 streak parallel lines 1(1 restrict correlation corridor of prevalent distribution of pH((s covariants in inorganic substances’ solutions. The area limited with contour line 2, corresponds to the area of distribution of conjugate pH((s values of the solutions of organic compounds substances and organic media. The area limited with contour 3 corresponds to pH((s covariants’ distribution in ECA-solutions.

Samples of inorganic aqueous solutions are characterized by pH((s covariants which belong to their 1(1 correlation corridor with 0.95 probability. The exclusions are concentrated (over 10%) solutions of strong oxidants (FeCl3, HNO3, KMnO4, NaClO, Ca(ClO)2) and a strong reductant solution (Na2S2O3). The pH and (s combinations of the given inorganic compounds are beyond the limits of 1(1 corridor.
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Fig. 3.1. �Distribution of conjugate pH and ORP values �in inactivated liquids and ECA-media.

Probability of pH((s covariants of organic solutions belonging to the distribution aria limited by contour 2 is 0.99. The same is true for organic compounds’ solutions of 2.4–8.5 pH value. pH values of organic solutions’ exceeding the indicated limits require strong acids and alkalis to be added due to their well known denaturating action on biological substrates. The pH and ORP ratios in such mixtures were not investigated in this case.

Practically all pH((s covariants of organic substances are at the lower boundary level of inorganic solutions’ pH((s covariants’ corridor or overstep the lower limit of the given corridor. Consequently, at equal pH values in the range of 2.4–8.5 pH, solutions of organic compounds possess a higher electron-donor ability in comparison with solutions of inorganic compounds.

The area limited by contour 3 includes pH((s covariants of ECA-solutions of up to 3 g/l mineralization level with 0.997 probability. In the process of electrochemical treatment of sodium chloride’ solutions of higher concentrations some pH and ORP combinations exceed the bounds of contour 3.

For an absolute majority of inorganic compounds ORP and pH values’ regression is expressed by the equation:

(s = (770 ( 60 pH) ± 110 mV, CSE�(10).��With the help of this formula, for each sample of an inactivated solution of an inorganic compound having pH and ORP values corresponding to 1(1 correlation corridor, an expected minimal ORP ((smin) value which corresponds to the pH value of the given sample can be calculated. For solutions of organic substances with definite pH parameters the expectation (smin can be calculated which would be found in a group of inorganic compounds’ solutions with similar pH values. For instance, a sample of 5% solution of enzyme preparation acidin-pepsin has pH=2.42. An inorganic compound solution with the same pH would have a (smin value not lower than a calculated one with 0.95 probability: (smin(calc) =770 ( 60 ( 2.42 ( 110 = 515 mV, CSE. But the real ORP value of a tested acidin-pepsin solution sample was 500 mV, CSE, being 15 mV lower than the minimal calculated one for inorganic solutions with the same pH value. Therefore, in a medium of a dissolved organic enzyme preparation with pH=2.42 ORP regression relative to a group of inorganic solutions with similar pH values was 15 mV. In a general case ORP regression in organic media relative to inorganic media at pH-const. is a measure of relative electron-donor activity of organic substrates as compared to inorganic ones. The regression magnitudes of organic solutions and media ORP values relative to inorganic solutions at equal pH values are presented in Table 3.1.

Table 3.1

Indices of ORP regression in organic compounds’ solutions

Name of solution�pH�ORP, mV, CSE�(smin�mV, CSE�ORP regression, mV��5% acidin-pepsin �2.42�500�515�15��1% acidin-pepsin �2.44�365�514�149��1% citric acid �2.8�470�492�22��10% acetic acid �2.9�300�486�186��Oxalic acid 0.01N�2.9�410�486�76��Coca-Cola�2.9�400�486�86��5% pharmaceutical glucose�3.12�270�473�243��“Gurjaani” wine�3.15�140�471�331��Sprite�3.36�270�458�188��Grape juice�3.4�160�456�296��Kvas, made of bread�3.7�140�438�298��40% formaldehyde�3.71�0�437�437��“Ungeny” wine, turned sour�4.07�(30�416�446��Bavaria beer�4.3�80�402�322��1% horseradish peroxydase�4.59�290�385�75��Haake Beck beer�4.6�170�384�214��1% arginin-chloride�4.83�300�370�70��Tomato juice�4.9�70�366�296��2% solution of “Dekamevit”�5�(70�360�430��5% Chemically Pure sucrose�5.42�260�355�76��5% Chemically Pure glucose�5.64�300�322�22��Human urine�6�100�300�200��0.5% starch�6.38�50�277�227��Blood from median cubital vein�7.4�(30�216�246��50% ethyl alcohol�7.75�(10�195�205��Urea 0.25ml/l�7.8�60�192�132��Bovine blood serum�7.8�0�192�192��1% urea�8.15�100�171�71��Glucose-citrate isotonic solution�8.3�160�165�5��

In all the examined cases at equal pH values, the real ORP parameters of organic solutions and media are lower than minimal calculated values of inorganic solutions’ ORP calculated with the help of the formula (10). Mean regression of organic compounds’ ORP solutions relative to ORP solutions of inorganic substances was 191(24 mV according to the data of Table 3.1.

The ORP value of human blood taken from median cubital vein is in the area of negative values, i.e. it is lower than theoretically expected values for redox-pair “hemoglobin-oxyhemoglobin” and seems to reflect electron-donor properties of other biochemical agents coming into direct contact with a measuring electrode.

The distribution area of ECA-media pH((s covariants is 3.2 times the square of distributing pH((s combinations in inactivated media–inorganic and organic. (Measurement of distribution area squares of pH and ORP values combinations in Fig. 3.1 was performed with the help of trapezoidal approximation method). At fixed pH values, the ORP value spread in ECA-solutions is considerably higher than in inactivated ones. Differences between maximal and minimal ORP values in inactivated aqueous media and ECA-solutions at equal pH values are given in Table 3.2.



Table 3.2

Indicators of differences between maximal and minimal empirical ORP values �in inactivated media and ECA-solutions at fixed pH values

Type of solution�Difference (mV) between maximal and minimal ORP values �at fixed pH values���pH = 3.5�pH = 7.0�pH = 10.5��Inactivated�600�750*�500*��ECA-solutions�1050�1750*�1350*��*	the difference was calculated with account of maximum ORP values registered at given pH values in lime chloride solutions of different concentrations.

On the whole, aqueous media (see Fig. 3.1) not subjected to electrochemical treatment in most cases demonstrate electron-acceptor properties relative to a platinum electrode (ORP(0 mV, CSE). The exclusions are (see Table 3.1) only some substrates: 40% formaldehyde solution, bovine serum (ORP=0 mV, CSE); grape wine turned sour, 50% solution of ethyl alcohol in drinking water, 2% “Dekamevit” solution, whole human blood from median cubital vein (ORP = from (–10) to (–70) mV, CSE). Also, solutions of strong inorganic alkali with pH>10.5 manifest electron-donor activity relative to platinum. But in all cases aqueous media not subjected to electrochemical exposure have ORP value asymmetrically tending towards oxidant values.

ECA-solutions as well as solutions of substances produced by electrochemical synthesis unlike inactivated media have a wide range spread of pH((s covariants (Table 3.2) which allows to combine pH and ORP values with practically no limits independent on ORP sign. That is, in solutions subjected to unipolar (anodic and/or cathodic) treatment by devices supplied with RFE reactors, depending on ECA regime, any varieties of combinations of pH (acid, neutral, alkaline) and ORP (positive, equivalent to 0, and negative on CSE scale) values can be achieved. In a typical case, using diaphragm electrolyzers production of acid anolyte (A) with acid pH and positive ORP, or alkaline catholyte (C) with alkaline pH and negative ORP values is most common. Aqueous media treated at the anode always obtain electron-acceptor properties, but not necessarily become acid. With the help of special technological methods anolyte with high ORP values can be produced, but its parameters can be neutral and even alkaline. Such solutions are respectively called neutral anolyte (AN) and alkaline anolyte (AAl). Similarly, samples of neutral catholyte (CN) and acid catholyte (CA) can be synthesized, which manifest electron-donor properties obtained in the process of cathodic treatment. AN-type solutions with combinations of neutral pH=7(1 and oxidation potential higher than 550 mV, CSE or CN with combinations of pH=7(1 and reduction potential corresponding to ORP values lower than (–150) mV, CSE have no analogues in the class of familiar inactivated solutions of inorganic or organic compounds. Which makes ECA media with highly paradoxical combinations such as AAl and CA really unique.

In inactivated media ORP parameters are stable because they depend on the presence of stable chemical components. In ECA-solutions ORP values can be irregularly high or irregularly low relative to the ORP of inactivated solutions at equal pH values, but at the same time the ORP values of activated solutions are unstable and in the course of 1–1.5 days relax to stable values. After ECA-solutions’ relaxation their pH and ORP covariants correspond to 1(1 correlation corridor (Fig. 3.1).

During active mixing of freshly produced catholyte with atmospheric air or diluting it with inactivated water at a ratio of 1:1 the pH value of catholyte or its mixture undergoes no considerable changes, whereas its ORP immediately rises up to the values close to 0 mV, CSE at pH(10. The given ORP elevation (from minus 600–800 mV, CSE to 0 mV, CSE) is absolutely inadequate to the pH shift which does not exceed 1.0 pH unit.

When freshly produced catholyte is stored at room temperature in a hermetically sealed capacity without stirring, its ORP dynamics depend on the water media mineralization.

3.3. Dynamics of the pH and ORP parameters of catholyte produced �on the basis of water with different mineralization levels, during storage.

Catholyte of sodium chloride solution with 0.5–22 g/l concentration (C) was synthesized with the help of an electrochemical STEL-1-35-01 device supplied with an electrochemical RFE-type reactor based on a FEM-module. In the process of unipolar cathodic treatment of saline solutions, specific power consumption was 120–1400 C/l corresponding to C level. In initial (freshly prepared) catholyte samples the following parameters were registered: pH with “Elvro” ionometer, Poland; ORP ((s) with ionometer “pH-340” supplied with a CSE reference electrode; electric conductance (() with OK 102/1 conductometer, Poland. The investigations were carried out in 1994 in the Laboratory for Electrochemical and Membrane Technologies of VNIIIMT NPO “Ekran”, Moscow (30).

Produced catholyte samples were placed into hermetically sealed glass flasks with ground stoppers and exposed for up to 20 days at room temperature (17–21(C). In the process of the samples’ exposure pH, (s and ( were periodically measured. The parameters of electric conductance during catholyte exposure corresponded to the initial ones in the limits of measuring accuracy, therefore, the level of the samples’ mineralization was the same. The catholyte’s initial and final (after 20 days of exposure) pH parameters are given in Table 3.3.

Table 3.3

The pH parameters of the catholyte of sodium chloride solutions �with different mineralization levels before and after storage in a closed vessel

C,  g/l�pH initial�pH final��0.5�9.9 ± 0.2�9.6 ± 0.1��1.5�11.6 ± 0.2�11.2 ± 0.2��2.5�12.0 ± 0.3�11.6 ± 0.3��3.5�11.9 ± 0.2�11.7 ± 0.3��7�11.9 ± 0.2�11.8 ± 0.2��22�12.1 ± 0.5�11.9 ± 0.5��

Thus, in the process of long-lasting exposure of catholyte in a closed capacity the pH value of a cathodically activated solution decreases by 0.1–0.4 un., i.e. this parameter is practically stable.

The dynamics of catholyte’s ORP during storage under the given conditions are depicted in the diagram of Fig. 3.2. The diagram shows that when the solutions’ mineralization is lower than 3.5 g/l, the catholyte’s (s relaxation is taking place during several days in all tested samples. At the same time the relaxation rate is approximately similar and during the period of 1–4 day observation is on the average 68±4 mV/day. In the course of the first day of exposure most samples demonstrated spontaneous negative dynamics of ORP values from about (–80) to (–140) mV/day.
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Fig. 3.2.�Dynamics of ORP relaxation in electroactivated catholyte solutions on the basis �of sodium chloride aqueous solutions depending on mineralization level. �Exposure at T=17–21(C.

When catholyte’s mineralization is 7 g/l and over, the (s parameters are in most cases stable during observation period and are about (–800) mV, CSE.

Thus, metastability of factors characterizing the catholyte’s ORP value manifests itself at solution’s mineralization level of 3.5 g/l. In concentrated sodium chloride solutions after unipolar cathodic treatment ORP values become pathologically low and for a long time remain stable.

According to the present study results unipolar cathodic treatment of aqua-saline solutions with lower than 3.5 g/l mineralization level induces appearance of slowly relaxing (metastable) electron-unbalanced properties in a solution. This phenomenon is one of the most essential ECA features. At mineralization level of solutions exceeding 5–6 g/l this effect is absent.

3.4. Definition of the terms “water” and “solution” applied �to ECA technology.

In the first scientific publications on ECA-water issue attempts were made to find adequate terms for the description of new, previously unknown, properties of water exposed to unipolar (anodic or cathodic) electrochemical treatment.

So, water was called an aqua-gas-saline solution, which was to emphasize the dependence of observed effects only on dissolved substances. Such approach was no contradictory to traditional concepts of electrochemical synthesis of substances, but did not account for disappearance of activation effects in cases of higher than 5–6 g/l mineralization of source water.

Careful studying the properties and conditions of formation of anolyte and catholyte produced from fresh drinking and distilled water showed the term “solution” to be also incorrect. Usually, a solution is a monophase (homogeneous) system of variable composition formed by no fewer than two independent components. A homogeneous system has no interface between different parts of a solution, its composition and properties are uniform in the whole volume of the solution.

A solution’s components are individual chemical substances which can be isolated from the system and which are capable of existing in an isolated form. Thus, the components of a potassium chloride aqueous solution are water and potassium chloride. The components of a solution are called a solute, or a solvent. The component which under normal conditions is in aggregative state different from the aggregative state of the solution is called a solute. The other components are considered to be solvents. In liquid solutions usually substances which in normal conditions (outside the solution) are solid or gaseous are solutes, and liquids are solvents.

In the process of electrolytic decomposition of fresh water, superactive particles and compounds unable to exist outside water, i.e. in other aggregative states: O2–, HO2, �HO2–, HO2(, OH–, H2O2–, OH( are formed. It is these particles and compounds which are responsible for catalytic ability of ECA-media.

During electrolysis electrolytes usually dissolved in fresh water also form by-products (ClO(; ClO2(; S2O2–; SO2– and others).

When an electrolyte is dissolved in water, a heterolytic bond breakage, i.e. ionization, occurs. Ionization level depends on electron-donor and electron-acceptor properties of a solute and water. For instance, when HCl is dissolved in water, a water molecule is electron-donor, and HCl molecule, or to be more precise, a hydrogen atom – is electron-acceptor. HCl ionization results in complex OH3+ formation. A free chlorine anion also participates in water molecule complex formation by means of hydrogen bonds (the closest hydration Cl–+4H2O( [Cl(H2O)4]4–).

Thus formed complex cations and anions in their turn get hydrated, that is, around them water molecules are coordinated due to hydrogen bounding (the phenomenon of distant hydration). In this way, the ionization process of CatAn covalent substance, when dissolved in water, is associated with the formation of hydrated ions-aquacomplexes.

General principles of aquacomplexes’ formation, in particular, on the basis of ions formed during electrolysis are the following. The more electropositive a Cat+ cation, the stronger its electron-acceptor interaction with water molecules and the firmer the cation aquacomplex, which is still less electropositive than the Cat+ cation. 

Similarly it can be stated that the more electronegative an An– anion, the more readily it establishes hydrogen bonds with water molecules and the more stable anion aquacomplex it forms, the role of whose charge value is, though, considerably less significant, than in An– anion.

Increasing aquacomplex stability and reducing central charge density is more pronounced when the degree of a solution’s dilution is higher. In concentrated solutions, on the contrary, aquacomplex stability decreases in conformity with greater density of central charge (31). Electron-unbalanced properties of water composing electrochemically treated media with a high mineralization level mostly depend on stable ionized electrolysis products. That seems to be the cause of high ORP stability of the catholyte of sodium chloride solutions of 7 g/l and higher concentrations. Aquacomplexes which are a part of concentrated electrochemically treated solutions due to their low stability have no particular influence on electronic state. In diluted solutions stable ions’ concentration is lower than in mineralized ones. Because of this, electronic equilibrium of electrochemically treated, diluted solutions is mostly dependent on aquacomplexes formed as a result of hydration of highly active metastable charged particles whose activity is of primary importance.

Super-active particles emerging during electrochemical synthesis due to their metastability are subject to spontaneous decomposition in the process of solutions’ relaxation. Consequently, the ORP values of electrochemically treated diluted aqua-mineral media also relax. The nature of anomalous reaction ability and catalytic activity of anolyte and catholyte produced from low mineralization water is associated with the unique assemblage of highly-active metastable particles formed by electrolysis, and with specific physical conditions arising in an electrochemical reactor.

In solutions with high mineralization and electric conductivity electrolysis goes on at low current voltage near the electrodes’ surface, so structural rearrangement of the solvent (water) occurs with lower probability or does not occur at all.

Unipolar cathodic or anodic treatment of diluted aqua-mineral media of low conductivity takes place at high current voltage in around-electrodes’ space. As a result, due to hydrogen bond breakage at the cathode an electron-donor water structure is formed, and at the anode – an electron-acceptor one. Water of a modified structure easily forms aquacomplexes enhancing reactional and catalytic activity of aqua-mineral media. Actually, this is one of the most essential ECA properties. Anomalous ORP deviations regarded statically are not the only ECA feature. The fact that after electrochemical treatment the ORP of aqueous media relaxes indicates the presence of metastable factors in anolyte or catholyte. Consequently, ECA exists only during relaxation. No relaxation means no ECA phenomenon, independent on the value of the ORP parameter.

In ECA technology the term solution is mostly used to emphasize the role of dissolved substances in chemical reactions or while analyzing their influence on physical and chemical activity of a liquid. The term water (natural, drinking, tap, distilled, etc.) is used to generally characterize the media subjected to electrochemical treatment, or as the name of a solvent in water solution composition.

If it is necessary to outline the rules of unipolar electrochemical treatment which are common for water and organic liquids (pure, or solutions) as well as for gases, the terms medium, substance and liquid are used.

Therefore, the terms water and solution in describing ECA processes have a more technological than strictly scientific meaning.

With regard to the above information it seems worthwhile to use the following terms.



Term�Meaning��Electrochemically activated water (ECA-water)�Water as a pure chemical substance or as a solvent of aqua-mineral media of mineralization no higher than (5 g/l subjected to unipolar electrochemical treatment, metastable, possessing anomalous reactional and catalytic activity and relaxation electron-unbalanced (electron-donor or electron-acceptor) qualities.��Electrochemically activated solution�An aqueous electrolyte solution with a concentration of no more than (5 g/l, subjected to ECA or an electrolyte solution of any concentration with electrolytes added to a previously activated water.��Inactivated (stable) electrochemically treated solution.�A solution treated in an electrochemical reactor of any design, which is characterized by prevalence of stable electrolysis products, demonstrating no metastable anomalous properties.��Electrochemically activated anolyte (catholyte)

Anolyte, catholyte�The same as 1 or 2, respectively, after anode (cathode) electrochemical treatment. Any liquid after unipolar electrochemical treatment respictively, those anode or cathode is not necassarily activated.��Here the term “activated” is used to designate a thermodynamically (e.g. chemically) unbalanced state of water (solution) and is valid only for the period of the liquid’s relaxation.

ECA-solutions after relaxation may be regarded as inactivated (stable) electrochemically treated solutions.

3.5. ECA-solutions’ ability to “memorize” an electroactivation state �at forced changes or pH buffer fixation.

Catholyte ORP is unstable when catholyte is quickly mixed with air, or large amounts of inactivated water are added to it. At the same time, when strong inorganic acids and bases are introduced into the medium it preserves anomalously low (relative to rated ones for the given pH values) ORP values in the conditions of swift pH drops in the range of 1.0–11.5. That is, a “memory” of electron-donor properties of initial cathodically activated solution is preserved under given conditions. 

To assess this thesis the following experiment was carried out. With the help of an electrolyzer based on an RFE reactor the catholyte of tap water with pH=10.0, �ORP=(–600) mV, CSE was produced. 10% sulfuric acid solution was added to the catholyte at a ratio of 1:5. The resulting mixture’s parameters were as follows: pH=2.4; ORP=0 mV, CSE. Sodium hydroxide saturated solution was added to this mixture at a ratio of 1:10. The produced mixture had pH=12.0;  ORP=(–400) mV, CSE. This mixture was divided into two portions, and concentrated nitric acid was added at a ratio of 2:50 into one, and at a ratio of 1:5 into the other portion. The first of the resulting mixtures had pH=1.0; ORP=(–400) mV, CSE, and the second – pH=1.0; ORP=200 mV, CSE.

Movement of pH((s covariants when acid, alkali and acid again were in succession added to catholyte is shown in Fig. 3.3. One can see that in all cases when pH values with 10–11.5 units drop are forced on a catholyte based water medium, the produced mixtures preserve their electron-donor background. In the process of strong acidulation and alkalization of catholyte, pH + ORP covariants are considerably lower than pH+ORP correlation corridor for inorganic compounds’ solutions prepared with inactivated water.
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Fig. 3.3. �Movement of pH+ORP covariants of drinking water catholyte �in cases of pH changes forced by chemical additives. 1. initial catholyte; �2. catholyte+sulfuric acid; 3. catholyte + sulfuric acid+sodium hydroxide in excess; �4, 5 – mixture 3 + concentr, nitric acid 1:5 or 2:50 before acidulation

When drinking water catholyte with pH=10.5; ORP=(–650) mV, CSE at a ratio of 1:100–1:10 was added to buffer solutions (“Radelkis”, Hungary) with fixed values of pH=2.40; 7.05; 9.20 the pH values remained absolutely constant, but the ORP values of the produced mixtures were 100–200 mV lower than the initial level. Consequently, water activated by unipolar cathodic treatment is certain to be capable of changing its ORP value independent on pH. Electron-donor properties are introduced into liquid media with catholyte and are uniformly distributed about the whole mixture volume. 

3.6. Indirect biochemical results of drinking catholyte. (Urine pH and ORP parameters after a single dose of drinking water catholyte).

Nine healthy volunteers drank at the same time of the day (10 a.m) portions of 400 ml of common boiled tap water in control groups; and the same amount of drinking water catholyte (pH=10.5–11.0); ORP= from (–700) to (–800) mV, CSE) in test groups. The interval between control and test experiments with the participation of the same individuals was no shorter than 3 days. After drinking common water or catholyte, pH and ORP parameters were evaluated in the urine excreted by the subjects 4–5 hours after the beginning of the experiment. From the moment of drinking water or catholyte and up to the time of collecting urine for analysis the subjects did not have any food or additional drink.

Observation data are presented in Table 3.4.

Table 3.4

Urine pH and ORP parameters after having common water �and drinking water catholyte

Drinking water�Parameters�Initial values�4–5 hrs after drinking�Significance criterion��Common water�pH�ORP, mV, CSE�5.8 ± 0.2�104 ± 14�6.2 ± 0.2�92 ±16�p > 0.05�p > 0.05��Catholyte�pH�ORP, mV, CSE�5.7 ± 0.1�123 ± 12�6.7 ± 0.2�58 ± 18�p < 0.001�p < 0.01��

Water load of common (inactivated) drinking water did not cause significant pH and ORP changes in the subjects’ urine for 4–5 hs. After drinking an equivalent volume of catholyte, pH value of urine increased by 1.0, whereas ORP decreased by 65 mV in accordance with the classic regression of the given parameter due to pH value changes. The pH and ORP changes in the urine of test group subjects are statistically significant.

The obtained data suggest that after drinking “live” water there is a pH shift towards alkalization in the urine of healthy people. A corresponding ORP shift complies with pH changes, that is, in the end of exchange cycle of a single catholyte dose in the body its electron-donor parameters completely relax. At the same time the concentration of alkaline products in urine rises, which is likely to reveal a tendency of reduced chemical compounds accumulation in internal physiological body media.

3.7. Theoretical comparison of expected electron-donor action �of catholyte on internal body medium with the effects of antioxidant preparations and radioprotectors.

Integral (background) increase of tissue systems’ ORP (((s) and fluid biological media vary between (–0.3) to 0.2 V, SHE (from (–100) to 400 mV, CSE) (21; 22). Data of Table 2.1. indicate that ORP increase in tissue media of about (0.01 V corresponds to 2–3 fold changes of the [Ox]/[Red] ratio for different redox-pairs which has an impact on physiological processes. ORP deviations of more than (0.02 V from initial values in tissue media set considerable thermodynamic limits on oxidation reactions if the ORP decreases, and on reduction reactions if the ORP increases. Extreme ORP deviations can put a thermodynamic end to the existence of definite oxidized or reduced forms in the substrate.

Pharmacological regulation of ORP changes in tissue media is associated with certain difficulties. For instance, single doses of biological reductants (anti-oxidants) introduced into the body, such as cystamine, cysteine, histamine, glutathion, thiourea and others can make tissue ORP values decrease by 0.1–0.19 V. But in that case preparation doses should be about 25–150 g. in conformity with the weight of an adult person. This is not cost-effective, leads to pharmacological overload and can cause toxic side effects.

As seen from the results of a model experiment with catholyte diluted in horned cattle blood serum (Table 1.2.) a catholyte dose equivalent to 1ml catholyte per 100ml fluid biological medium (correspondingly, 60 ml catholyte per 6 l. circulating blood volume (CBV) or 400 ml catholyte per 40 l water sector volume of an adult individual) can cause ((s shift of about (–100) mV in internal fluid body media, thus to a greater extent imitating ORP regression following a very large amount of antioxidants introduced to the body, but without any toxic results.

In fact, “live water” is the only antioxidant which can be introduced into a human body in doses of about several hundred milliliters. Drinking catholyte is very likely to create general electron-donor background in CBV and water sector due to physical dilution of electron-donor carrier. Similar effect is achieved when antioxidants are directly or indirectly introduced into tissue media of arthropoda (cricket’s hemolymph) or into tissue mass of small mammalia (32). At that, tissue media ORP markedly lowers, and their radioresistance rises. ORP decrease is also found to stimulate better radioresistance of living body tissues irrespective of the way (s regression is achieved by. Exo- and endogenous antioxidants have similar antiactinic activity. Therefore, electrochemical technologies can be regarded as available, safe and non-reagent means of monitoring the systems of body antioxidant and antiactinic protection.

3.8. Phenomena of super-summation of electron-donor properties �of ECA-water and substances with antioxidant activity.

JV “Emerald” (Moscow) on the basis of a FEM module designed device for electrochemical purification of drinking water “Emerald-C”. Water produced by the device has a neutral reaction and stronger electron-donor background with ORP values = from (–200) to 150 mV, CSE depending on the ORP values of water coming to the device. ORP parameters of electrochemically purified water relax during 2–6 hrs. On the basis of electrochemically purified water the following mixture was composed:

electrochemically purified water – 1.8 l;

a 2% solution of “Dekamevit” polyvitamin preparation in 0.1 l common boiled tap water;

0.1 l of a 10% solution of chemically pure sucrose.

Also, on the basis of electrochemically purified water a 1% solution of Panhexavit polyvitamin preparation was made. 

In control studies, while composing vitamin mixture and solution electrochemically purified water was replaced by common boiled tap water. The pH and ORP values in mixed substrates, in a produced mixture containing “Dekamevit” and in Panhexavit solutions after 30 min standing are given in Table 3.5.

Table 3.5

The pH and ORP parameters of vitamin-containing media and some of their components diluted with electrochemically purified and common tap water

N/N�Tested media�pH�ORP, mV, CSE��1�Common tap water (sample 1)�7�285��2�Electrochemically purified water of sample 1�7�(160��3�2% “Dekamevit” solution based on water of sample 1�5�(70��4�10% sucrose solution based on water of sample 1�5.5�250��5�Mixture 1+3+4;�6.9�200��6�Mixture 2+3+4�6.7�(23-��7�Common tap water (sample 2)�7.2�405��8�Electrochemically purified water of sample 2�7.35�140��9�1% Panhexavit solution based on water of sample 2�7.1�280��10�1% Panhexavit solution based on electrochemically purified water of sample 2�7.3�70��

Tap water electrochemically treated with the help of “Emerald-C” device gives evidence of cathodic activation. When such cathodically activated water is mixed with solutions of vitamins belonging to antioxidants (Group B vitamins, ascorbic acid, vitamin E, etc.), pH parameters of resulting mixtures and solutions are in the area of neutral values (6.7–7.3). The ORP of vitamin media based on initial tap water is 200–280 mV, CSE. The ORP parameters of vitamin media based on electrochemically purified tap water is from (–230) to 70 mV, CSE, or by 210–430 mV lower than in the previous case. Thus, in this experiment, in solutions of antioxidants in water possessing cathodically induced electron-donor properties, the ORP parameters excessively tend to regress towards reduction values. This may be due to removal of thermodynamic restrictions from biological antioxidants (vitamins) which are a part of “Dekamevit” and Panhexavit preparations. As a result, a pool of reduced compounds appeared in the produced mixture and solution, causing the ORP values to decrease to the level lower than that of each individual substrate, i.e. in the mixed components and the solvent.

Electron state of vitamin media prepared with electrochemically purified water was metastable and relaxed to stable values after 1–3 days.

3.9. Possibilities of ECA-media production on the basis of distilled water.

Electrochemical treatment of distilled water is successful when it takes place in a very narrow inter-electrode space of specially designed reactors (e.g. RFE) at high electric field voltage. 30 C/l charge was passed through distilled water between anode and cathode made of platinum in conditions of current density at the electrodes of 10,000 A/m2. After electrochemical treatment pH and ORP values of distilled water were:

in anolyte – pH=6.49; ORP=311 mV, CSE;

in catholyte – pH=7.43; ORP=(–110) mV, CSE.

Initial distilled water parameters were: pH=6.83; ORP=260 mV, CSE. Thus, electrochemical activation of electron-donor and electron-acceptor properties of water with extremely low mineralization levels (electric conductivity of about 5 (mOm(cm–1) is possible in principle, if a definite regimen of electrochemical treatment is provided in a reactor. Theoretically, these conditions can be extrapolated to the samples of water with any low levels of mineral components’ content.

With the help of a laboratory model of a diaphragm electrochemical reactor catholyte with pH=5.95 and ORP=(–535) mV, CSE was synthesized from distilled water whose initial parameters were the following: pH=5.6 and ORP=360 mV, CSE. 

On the basis of FEM module elements the researchers of VNIIIMT NPO “Ekran”, (Moscow) designed an industrial prototype of a 10-module flow electrolyzer “Basex” for unipolar cathodic treatment of demineralized water purified for hemodialysis and close to distilled one in its qualities. Source demineralized water was produced with the help of a Fresenius device firm (Germany).

With the help of a “Basex” electrolyzer with volume feeding of demineralized water (0.5 l/min), unipolar cathodic treatment of demineralized water was carried out at 0.5 A current and up to 70 V voltage. The anodic chamber of the electrolyzer was filled with filtrate from the cathodic chamber penetrating through a semi-permeable membrane. Anolyte produced during this process in small quantities played the role of compensating electrolyte necessary for electric circuit shorting. Source demineralized water coming to the electrolyzer had pH value = 6.4–7.1; ORP=180–350 mV, CSE. At the outlet from the cathodic chamber the parameters of demineralized water catholyte were the following: pH=6.95–7.75; ORP=from (–50) to (–230) mV, CSE.

Anomalous shifts of ORP values in the samples of ECA-water of low and super-low mineralization relax in the course of 3–12 hours, during storage in a closed capacity at a room temperature.

3.10. Ability of saline solutions produced on the basis of ECA-water �to maintain electron-unbalanced properties of the initial solvent.

Electron-donor properties of ECA-water with a low mineralization level are preserved after introduction of different salt additives and buffer compositions into it. On the basis of the catholyte of distilled water and water purified for hemodyalisis with pH=6.0–6.9; ORP=from (–120) to (–250) mV, CSE a physiological (0.85%) sodium chloride solution, dialysate with added salt concentrate (made by Fresenius firm) and glucose-citrate buffer isotonic solution were prepared. The pH values of produced varieties of aqua-saline media based on ECA-distilled water or demineralized water ranged from 7.35 to 7.8 at ORP values = from (–120) to (–210) mV, CSE. That is, the reduction potential in the process of producing physiological solutions based on activated water was preserved during the experiment.

8.5 g/l sodium chloride was added to tap water catholyte of pH=11.0–11.3; ORP=from (–600) to (–860) mV, CSE. On the basis of tap water catholyte in produced physiological solution, pH=11.0; ORP = from (–580) to (–820) mV, CSE. Consequently, an activated solvent preserves its acquired metastable electron-donor properties in a saline solution. In all cases salt components added to ECA-water samples affect only pH value.

3.11. No-contact ECA is direct evidence of water activation which does not depend on electrochemical synthesis products formed in it.

The following counter-argument questions the possibility of water electroactivation by way of electrochemical treatment of aqua-saline solutions:

“...to create electric field in a solution. electrodes needn’t be placed directly into the solution, they can be positioned outside the electrolyzer.., then there would be no technical problems like electrode corrosion, liberation of gases, pH changes, etc.” (27).

This remark is quite sensible. Therefore, to examine probability of no-contact electrochemical regulation of water and aqua-saline media properties several experiments were conducted, which are described below. The phenomenon of no-contact ECA was theoretically foretold by I.L. Gerlovin (33) in 1992 on the basis of physical theory of fundamental field worked out by him. Experimental data on no-contact ECA were first published by V.M. Bachir in 1992 (34).

Thin-walled soldered glass ampules, or hermetically sealed lavsan or fluoroplastic capsules of 5 or 10 ml capacity were filled with sodium chloride saline solution and placed into the working chambers (anodic and cathodic) of an ELChA-046 electrochemical activator producing anolyte and catholyte on the basis of 10% sodium chloride solution filling the activator’s working chambers.

In the test series of experiments soldered ampules or capsules were immersed directly into anolyte and catholyte media synthesized in the working chambers of an electrochemical activator at 1.8 A current.

ECA-solution parameters in the ELChA-046 working chambers

anolyte:

pH	1.1

ORP, mV, CSE	1120–1150;

catholyte:

pH	11.5

ORP, mV, CSE	from (–840) to (–850).

Temperature of ECA-solutions, (C	42–47.

Measurements were taken with the help of an EV-74 ionometer fitted with electrodes EVL-1MZ, ESL-63-07, EVP-1 with a TKA-5 thermocompensator.

Hermetically sealed capacities (ampules or capsules) containing a saline solution were kept in anolyte or catholyte for 30 minutes with turned on current or with current turned off just before immersing the capacities containing a saline solution into ECA-media. After 30 min exposure in ECA-solutions, hermetized capacities were withdrawn and consecutively after 5, 65 and 125 minutes some of them were opened. The pH and ORP values of the saline solution of closed capacities after a period in ECA-media were measured.

In the control series of experiments the working chambers of an electrochemical activator were filled with strong acids or alkali solutions prepared with inactivated (common) water. So, anolyte or catholyte medium were simulated in the electrode chambers of the device. The current was turned off, the temperature in working chambers was the same as in the test series of the experiments. Hermetized capacities made of the same material and filled with a physiological sodium chloride solution were placed for 30 min into anodic or cathodic chambers of a non-working electrolyzer, which were correspondingly filled with inactivated acids and alkali solutions.

After extracting hermetized capacities from inactivated solutions of acids or alkali, they were opened 5, 65 and 125 min later, and the pH and ORP values of a saline solution contained in them were measured. Besides, the pH and ORP values of a sodium chloride saline solution contained in hermetical capacities made of the same material which had not been immersed into any liquids (intact samples) were also determined. The pH and ORP values of a saline solution from intact samples were considered initial.

In the process of no-contact treatment of sodium chloride saline solution with ECA-solutions through the walls of hermetized capacities the following results were received.

Initial parameters of a saline solution contained in intact hermetized capacities were as follows: pH=6.7(0.2; ORP=260(5 mV, CSE. The parameters of the saline solution of the hermetized capacities right after (5 minutes later) their 0.5h exposure in inactivated solutions of strong acids and alkali were: pH=6.7(0.15; ORP=262(6 mV, CSE (P>0.5). During further examinations pH and ORP of the saline solution in the hermetized capacities subjected to exposure in inactivated strong acids and alkali remained stable and in fact were not different from the initial ones (P>0.5). After a 30 min exposure of the hermetized capacities with a saline solution in anolyte medium in the electrode chamber of a working electrolyzer the parameters of the saline solution immediately (5 min later) after the capacities’ withdrawal from the working chambers in different types of capacities were the following:



– in lavsan capsules�pH = 5.4 ± 0.1; (P<0.01);

ORP = 410 ± 7; (P<0.01);��– in glass ampules�pH = 6.2 ± 0.1; (P<0.05);

ORP = 290 ± 5; (P<0.01);��– in fluoroplastic capsules�pH = 6.9 ± 0.15; (P>0.05);

ORP = 130 ± 4; (P<0.01).��

5 minutes after exposure of hermetized capacities containing a saline solution in a catholyte medium, in the electrode chamber of a working electrolyzer the parameters of the saline solution were as follows:



– in lavsan capsules�pH = 7.5 ± 0.2; �ORP = ((300) ± 10;�(P<0.01);�(P<0.01);��– in glass ampules�pH = 7.1 ± 0.2;�ORP = ((100) ± 6;�(P>0.05);�(P<0.01);��– in fluoroplastic capsules�pH = 6.3 ± 0.1;�ORP = 290 ± 10;�(P>0.05);�(P<0.05).��

5 minutes after a 30 minute – exposure of hermetized capacities with a saline solution in the electrode chamber of a non-working electrolyzer in the previously synthesized anolyte medium the following saline solution parameters were recorded:



– in lavsan capsules�pH = 5.9 ± 0.1; 

ORP = 370 ± 10;�(P<0.01);

(P<0.01);��– in glass ampules�pH = 6.5 ± 0.1;

ORP = 291 ± 8;�(P>0.05);

(P<0.01);��– in fluoroplastic capsules�pH = 6.8 ± 0.2;

ORP = 180 ± 5;�(P>0.05);

(P<0.01).��

5 minutes after a 30-minute exposure of hermetized capacities containing a saline solution in the electrode chamber of a non-working electrolyzer in the previously synthesized catholyte medium the parameters of the saline solution reached the following level:



– in lavsan capsules�pH = 7.3 ± 0.2;

ORP = ((230) ± 7;�(P<0.05);

(P<0.01);��– in glass ampules�pH = 6.9 ± 0.15;

ORP = ((20) ± 5;�(P>0.05);

(P<0.01);��– in fluoroplastic capsules�pH = 6.5 ± 0.1;

ORP = 283 ± 7;�(P>0.05);

(P<0.01).��

P – significance criterion of Fisher-Student, calculated relative to control parameters.

Judging by the experiment’s results, no-contact treatment of a saline solution with strong acids’ and alkali solutions imitating the action of ECA-solutions had no considerable effect on the pH and ORP values of aqua-saline medium contained inside hermetically sealed capacities made of forenamed amorphous materials (lavsan, glass, fluoroplastic). Exposure the same hermetized capacities with a saline solution in ECA-media led to pH values’ significant changes in a half of cases: the most considerable pH alterations were registered in lavsan capsules, in glass ampules the changes of this parameters were less pronounced, and in fluoroplastic capsules under these conditions pH value did not change.

The ORP parameters of a saline solution contained in hermetized capacities after being immersed into ECA-media significantly changed in all the cases. In lavsan and glass capacities ORP changes of a saline solution during no-contact electrochemical treatment complied with activation sign, and in fluoroplastic capsules they were opposite to activation sign. That is, in the process of interaction with fluoroplastic, inversion of electron-unbalanced properties of ECA-solutions took place.

2 hours after no-contact ECA changed pH and ORP values of the saline solution clearly demonstrated a tendency to relax.

Lavsan, glass and fluoroplastic are amorphous, dielectric, non-filtering and non-dialyzing materials. That is why the pH and ORP changes of aqua-mineral medium inside hermetized lavsan, glass and fluoroplastic capacities, immersed into ECA-solutions, can’t be attributed to electrolysis products’ penetrating inside the capsules, or to electric current passing through the contents of the hermetized capsules or ampules.

Conclusion: inactivated solution of strong acids and alkali do not transfer their redox parameters through amorphous substances – mediators, whereas ECA-solutions transfer their electron-acceptor and electron-donor characteristics through substances of the indicated class.

Experiments on no-contact ECA of aqueous media were also conducted on a model specimen of an RSE-1 electrochemical activator in VNIIIMT NPO “Ekran” in 1992–1993. Electrode chambers were filled with a sodium chloride solution of 1 g/l concentration or a saturated solution of sodium hydroxide. Into the cathodic chamber of the elctrolyzer, filled with working solutions mentioned above, a rolled up segment of a PVC tube of 3-mm inner diameter, 1-mm wall thickness and 1.7-m length was immersed. The ends of the tube’s segment were protruded outside the chamber. The inner volume of the tube remained free from the working solutions filling the cathodic chamber.

A control series of experiments was performed on a non-working electrolyzer, i.e. with current turned off. Through a PVC tube segment immersed into the electrode chamber filled with sodium chloride (pH=6.5±0.1; ORP=270±25 mV, CSE) or sodium hydroxide (12.8±0.1; ORP=(–50)±20 mV, CSE) solutions the following aqueous media were perfused at a rate of 1 ml/min:

bidistilled water with pH=5.1±0.05; ORP=430±15 mV, CSE; – distilled water with pH=5.3±0.1; ORP=390±20 mV, CSE;

physiological solution of 0.9% sodium chloride with pH=5.9±0.15; ORP=300±30 mV, CSE 

After the tested solutions had flowed through a PVC-tube immersed into the working solutions in the electrolyzer’s chamber, the pH and ORP values of these media remained unchanged in the bounds of measurement error.

In bidistilled and distilled water samples with the help of a conductivity apparatus OK�102/1 (Hungary) conductivity of the water samples was measured before water flowed through a PVC-tube immersed into the electrode chamber. The parameters of water electroconductivity at the PVC-tube outlet were:

in bidistilled water samples – 2.5 (mOm(cm–1;

in distilled water samples – 8.5 (mOm(cm–1

(There is a chance of micro-contamination of samples in measuring cells).

After bidistilled and distilled water flowing through a PVC-tube segment, immersed into the working chamber of a non-working electrolyzer, electric conductivity parameters did not increase by more than 1 (mOm(cm–1, which is negligible. Consequently, 1 mm-thick PVC is proof against mineral components, H+ and OH– ions, contained in solutions filling the electrode chamber of an electrolyzer, since this material also possesses no filtering and dialyzing properties.

Electric conductivity of a saline solution flowing through a PVC segment, immersed into the working media of electrolyzer’s electrode chamber doesn’t change in the bounds of measurement accuracy.

Therefore, according to the control studies, inactivated solutions including concentrated alkali have no effect on pH and ORP values of tested aqueous media through PVC.

Before conducting test series of experiments an electrolyzer was switched on, 1.5-A current was set and catholyte based on 0.1% sodium chloride solution or saturated sodium hydroxide solution with pH=11.5–13.0 and ORP = from (–800) to (–900) mV, CSE was produced in the cathodic chamber. Then the electrolyzer was switched off and a PVC tube segment of the above size was immersed into the cathodic chamber with produced catholyte. Through the PVC tube segment, immersed into the cathodic chamber filled with catholyte, in the same way as in the control series of experiments, bidistilled, distilled water and a saline solution of sodium chloride were perfused. The perfusion rate was 1 ml/min. The pH and ORP values of liquid media at the inlet and outlet of the PVC tube segment immersed into catholyte were recorded. The results of the test series of experiments on studying no-contact ECA-water and physiological solution through PVC are presented in Table 3.6.

Table 3.6

Effects of indirect cathodic ECA of aqueous media through PVC

Tested media�pH value�ORP value, mV, CSE���Inlet�Outlet�Inlet�Outlet��Bidistilled water�5 ± 0.1�5.3 ± 0.1�420 ± 15�(250 ± 20��Distilled water�5.4 ± 0.1�5.5 ± 0.15�395 ± 25�(300 ± 25��0,9% sodium chloride solution�5.9 ± 0.1�6.3 ± 0.2�310 ± 25�(320 ± 40��In this case difference between inlet and outlet pH values is statistically insignificant, the difference between inlet and outlet ORP values is significant (P<0.01). ORP relaxation of tested aqueous media after no-contact ECA in a PVC tube took 3–5 hours. Electric conductivity of bidistilled, distilled water and a saline solution in the process of no-contact ECA and during relaxation period remained stable and did not differ from initial values.

3.12. Characteristic features of pH-metry in ECA-solutions.

With the help of a “Basex” electrolyzer unipolar cathodic treatment of water purified for hemodialysis was carried out in test-bed experiment conditions. The trials were conducted in Hemodialysis Department of Children’s Clinical Hospital 13 named after N.F. Filatov (Moscow). The electrolyzer was connected to a pressurized water source purified for hemodialysis. The water complied with AAMI standard (Virginia). Water was fed through the cathodic chamber of electrolyzer with a rate of 0.5 l/min. Excessive filtrate from the anodic chamber was removed by way of a catheter at a rate of 1.0–1.5 l/h. Tested water samples were collected at the outlet from the cathodic chamber of the electrolyzer. Samples taken when the electrolyzer was switched off were considered control ones. After that, the electrolyzer was switched on and samples for each of the following current magnitudes were taken: 0.2, 0.4, 0.6 A. Then, based on control and activated water samples a standard dialysis solution was prepared, the ratio of dialysis concentrate to water being 1:34 (acetate salt concentrate was used).

The pH and ORP values of control water samples of ECA-water samples, as well as pH and ORP parameters of a dialysis solution prepared from common and electroactivated water were measured. The following measuring devices were used:

ionometers with open-type electrodes: “Elvro” pH-meters (Poland) and “pH-150” (USSR).

pH-meters with closed-type electrodes: “Radiometer” (Denmark), “Corning” (England).

Before the beginning of the work indications of home and imported devices in relation to pH values were tested with the help of standard buffers made by “Radelkis” firm (Hungary). The results of the tests are given in Table 3.7.

Table 3.7

The results of testing pH-meters of different designs

Tested media�pH�ORP, mV, CSE���1�2���Buffer (pH = 7.09)�solutions (pH = 9.17)�7.09�9.17�7.06�9.24�360�180��Dialysis solution�6.92�6.85�340��Notes: the results were obtained measuring with open-type electrode ionometers (1), – closed-type electrodes (2); while measuring pH values of buffer solutions, firstly, calibration of ionometer of type (1) was carried out, then the pH values of the same buffer solutions were measured with the help of pH-meters of type (2).

The Table indicates that the results of pH-metry with the help of different class devices in the given case perfectly coincide. The data of pH-metry and redox-metry of water purified for hemodialysis and the parameters of a dialysis solution produced on its base in control tests and during unipolar cathodic treatment of initial water in a “Basex” electrolyzer with different current strength are demonstrated in Table 3.8. Measurements were also conducted with open-type electrode ionometers (1) and pH-meters supplied with closed-type electrodes (2). ORP values were measured with a “pH-150” ionometer.

Table 3.8

Current,�pH�ORP, mV, ��A�Water�Dialysis solution�CSE���1�2�1�2���0�6.4 ± 0.1�6.5 ± 0.1�6.8 ± 0.1�6.9 ± 0.05�350 ± 25��0.2�6.8 ± 0.1�6.2 ± 0.2�7.1 ± 0.2�6.7 ± 0.05�(16 ± 10��0.4�6.9 ± 0.2�6.2 ± 0.2�7.3 ± 0.2�6.9 ± 0.1�(67 ± 20��0.6�7.0 ± 0.2�6.2 ± 0.1�7.4 ± 0.2�6.9 ±0.1�(110 ± 20��

Table 3.8 shows that the data of pH evaluation with the help of electrode systems of different types in control samples practically coincide. In samples of water subjected to cathodic treatment and in samples of a dialysis solution prepared on the basis of activated water, pH values measured with electrodes of different types, considerably vary. “Elvro” and “pH-150” ionometers with glass chlorine-silver reference electrodes (open electrodes) register a theoretically expected pH shift towards alkaline values in cathodically treated media (P<0.05 according to Wilcoxon criterion). pH-meters with closed electrodes (Radiometer, Corning) meant for work with microvolumes of protein fluids such as blood do not register pH changes of water caused by cathodic activation.

Conclusion. Anomalous properties of ECA-solutions are manifested in the process of their interaction with electrodes of different types. Open-type electrode ionometers register pH of cathodically treated demineralized water corresponding to ORP shifts towards electron-donor values. Closed-type electrodes are insensitive to pH changes which are due to cathodic activation. These data indicate essential difference of pH and ORP shifts nature in ECA-media and analogous shifts of these parameters in inactivated aqua-saline solutions.

3.13. General principles of the technology of ECA-solutions synthesis in electrochemical devices based on a FEM module.

At the initial stages of research into the properties of “live” and “dead” water only two varieties of ECA-solutions were known: A and C (i.e. acid anolyte and alkaline catholyte). Electrochemical STEL range devices based on a FEM module are universal and capable of synthesizing ECA-solutions of A, C, AN and CN types with the help of one device thanks to a controlled modification of its hydraulic scheme.

To produce ECA-solutions of A and C types water or an aqua-saline solution is simultaneously fed to the anodic and cathodic RFE chambers. Normally, volume feeding of aqueous medium to an RFE reactor is 20–40 l/min for one FEM module, which is a part of RFE reactors. Hydraulic resistance of anodic and cathodic FEM chambers is approximately equal. Mineralization of ECA-solutions produced by STEL devices depends on salt content of source water and rate of feeding sodium or potassium chloride salt concentrate with the help of a special weigher. In these conditions processes of electrochemical treatment of aqua-saline solutions at the anode and cathode are relatively independent as to accumulation of stable electrolysis products, acid and alkaline in accordance with the electrode’s sign, in anolyte and catholyte. But if at the outlet from anodic or cathodic RFE chamber there is regulated hydraulic resistance, hydrodynamic pressure in a throttled electrode chamber will be elevated. As a result, transfer of liquid and stable electrolysis products through inter-chamber semi-permeable membrane from the electrode chamber with higher pressure to the electrode chamber with lower pressure will increase.

In case of throttling the outlet from the RFE cathodic chamber of a STEL device alkaline products synthesized at the cathode penetrate into the anodic chamber and there occurs alkalization of anolyte, which, nevertheless preserves its electrone-acceptor properties. It results in synthesis of type AN solution. Throttling the outlet from the anodic chamber makes acid products formed at the anode penetrate to catholyte which becomes a class CN solution without losing its electron-donor qualities. Thus manifests itself a well-known ability of ECA-media to preserve anomalous ORP deviations independent on pH changes.

ECA-solutions of AAl or CA types were produced by model electrolyzers on the basis of FEM modules in laboratory conditions. At present the qualities of these solutions are not sufficiently studied yet.
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