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Theoretical aspects of electrochemical activation (ECA) of water and aqua-saline media are dwelled upon. Analysis of experimental data on anomalous physical and chemical properties of ECA-water is given. Potential transition of electric non-equilibrium properties of ECA-water through an amorphous substance is shown. ORP parameters of different solutions, among them some beverages, are examined. The book contains evidence of possible electroactivation of water molecules proper in the process of unipolar electrochemical treatment in a flow electrochemical reactor of new design. Influence of ECA factors on isolated cells as well as on the organisms of farm and laboratory animals is investigated. A model of ECA effects on peroxide homeostasis and on the state of internal median of animal and human bodies is presented. Technological, including biotechnical and medical-technical aspects of ECA application are enlisted. A hypothesis of natural activation of spring waters is formulated. Issues of drinking water purification with the help of electrochemical treatment method are considered. The results of medical and biological studies of medicinal properties of ECA-water are presented.
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Preface


This book deals with the problems of studying the parameters and principles of biological effects of electrochemically activated water, sometimes, in everyday life, called “live” and “dead” water. Biological matter to a considerable extent consists of water. That is why analysis of electrochemical activation (ECA) phenomenon in respect to physiology, biochemistry, biotechnology and adjoining branches of science is directly associated with the problem of the role aqueous media play in the life of different biological objects from biological molecules to multicellular forms.


The internal body medium is a unity of aqua-protein solutions or biological fluids (blood, lymph, intercellular tissue medium), which are estimated in relation to cells and other structural objects inside the body. According to Claude Bernard (1865), the internal medium is characterized by the fact that it is there that “elementary parts of the body live”. Since cells’ habitat is meant, to further analyze this problem we shall use ecological approach suggested by I.V. Davydovsky (1962) (1) for describing the forms of interaction between internal and external causative pathogenic factors and macroorganism.


Ecological approach to the external medium means shifting accents of research towards the sphere of complex action on the organism which is produced by physical, chemical, biological, information and even space factors, directly surrounding the body and existing in dynamic interaction with it. Similarly, the cells inside the body are in direct contact with complex aqua-mineral and protein solutions, as well as with other cells. Cell and its paracellular medium present the internal microecological system or subsystem.


The boundary between a macro- or microbiological object and its surrounding medium is determined by segregation factors or material structures forming the border between substances and substrates existing outside the object and those found inside it. Such segregation in most cases is relative, and this relativeness is especially true for water. Animal tissue is 70% water, which easily penetrates through all biological barriers and is present in the body as a kind of common substantional continuum termed the water sector of internal medium. Water of living tissues is the most universal common substance for internal ecological subsystems, and in respect to the entire organism water, when it is taken inside, after absorption, is the direct physical continuation of the external medium.


Most biological molecules of a living organism function in water. That is the reason why interaction of water with different organic and inorganic components is of such interest. Until recently, it was considered that from biochemical point of view water itself was passive and served mainly as a mechanical dissolvent and a filling agent in a water sector, where multiple active substance transformations take place. At the same time biological (microecological) compatibility of cells and paracellular medium was considered to be dependent on various concentration ratios between the cells and its surroundings. Simplest monocelled organisms, for instance, infusoria, or cells cultured in isolation, are capable of living in aqueous media (natural and artificial) only in a definite concentration range of different substances, elements, as well as in the conditions of definite pH, oxidation-reduction potential (ORP) values and temperature. Similar ecological discrimination works against cells making up organs and tissues of animals and plants. However, macro- and microecological role of water structure was neglected, and discussing the issue of structured water and physiological effects associated with it was judged as something apocryphal.


Nevertheless, hypothesis of potential alteration of water properties by non-reagent water’s structural rearrangement became rather popular about 30 years ago owing to accumulated experimental data on magnetized water, i. e. water treated in a magnetic field (2). Today this question still waits for its answer. The suggestion that chemically pure water (H2O substance) is able to somehow change its characteristics under the influence of forces not associated with any added substance agents continues to raise serious doubts due to at least two reasons:


–	absence up to the present time of a commonly recognized model accounting for the mechanism of non-reagent alteration of water properties;


–	complicacy, or even impossibility of reproducing results of a number of experiments in the framework of research conducted in this field.


Gradually information was gathered, proving that common water subjected to magnetism, sonic treatment, agitation, exposure to light, heating or cooling, freezing followed by further melting, attains new qualities, affecting the kinetics of chemical reactions occurring in it, altering its dissolving, washing properties, as well as biological and medicinal activity. It was found that under quite different influences out of those listed above, alteration of water properties was much the same from qualitative point of view, due to which fact such water was termed activated (3).


Activated water helps loosen scale of steam boilers, stimulates seed germination, increases growth when given to calves, pigs, broilers etc. This is the result of magnetic treatment of water; of light, sound, electric field exposure; and even after preliminary stirring. I. e., final technological effect does not reflect specificity of an activating factor. Correspondingly, the essence of water media activation proved to be difficult to explain being presented as something almost bordering on metaphysics. Appearance of various terms, such as “live”, “dead”, “charged”, “energized’ water has not clarified the subject. Therefore, let us outline the subject of further discussion more clearly. Under water and other liquids’ activation a number of phenomena, effects or new substance properties will be meant further, which, thanks to the use of technical methods of monitoring modify the reaction ability of substances (including water) without altering their elemental chemical composition.


Any substance whose supplies of internal energy become balanced under given temperature and pressure values due to external effects, may be called activated. In other words, activation is a long lasting unstable state. Such states are likely to be based on the primary ability of matter to demonstrate multiple structurization variations depending on physical and chemical conditions. Thus, a molecule’s atomic structure is determined by interposition of atomic nuclei, internuclear space and valence angles... Many molecules under temperatures higher than absolute zero reveal infinite variety of atomic structures caused by oscillations of atomic nuclei and free rotation of isolated molecule’s fragments around unitary s-bounds, formed as a result of overlapping electronic orbitals along the line connecting atomic nuclei (4). A classical example of infinite variety of molecular structures may be demonstrated with the help of models of secondary and higher levels of nucleoproteid organization. The same is true in respect to water – under external influences H2O dipole H2O modifies its form due to the altered valence angle and internuclear spaces. Water decomposition is an extreme variation of its dipole structure deformation.


Everyday experience indicates that prolonged unstable states of water solutions are very common. Reference books on chemistry often inform us that a freshly prepared solution is fit for using only after 2-3 days of passive standing. It can be said that during this period its properties become stable, though uniformity of a substance dissolution is reached practically immediately in the process of stirring while dissolving. Therefore, structural transformations of dissolved substance molecules go on for dozens of hours and during this time the solution’s reactional ability undergoes gradual changes until it finally becomes stable. It is usually impossible to register long-lasting lack of thermodynamic equilibrium of the solution or to estimate its activation state with routine methods. So, we have to evaluate the degree of activation of aqueous and other liquid media on the basis of indirect data, in particular, on the basis of resulting technological effect produced when some objects, among them biological ones, have been treated with an activated liquid.


This is associated with a variety of guesses and hypotheses. For instance, water activation caused by ice melting and further heating of melted water has been explained by destruction of structural associates of (H2O)x type, where x – is an indefinite number growing from 3 to several dozens in cluster-associates which are formed in iced water in freezing point area. Association of charged dipole molecules of water in the clusters occurs due to Van der Waals forces, whose energy is negligible (8-20 kJ/mol) and does not prevent associates destruction as a result of relatively limited effects. After associate destruction heated aqueous medium is filled with a multitude of H2O monomolecules, which are more chemically active. According to this version, activation is caused by water destructurization (3).


Until there are more precise data on the liquid media activation nature, activation of water and water solutions will be understood as their acquiring anomalous reactional abilities and anomalous characteristics caused by non-reagent influence.


The term “electrochemical activation” first appeared in the papers of a Tashkent team of researchers who worked on this problem from 1974, under the auspices of the USSR Ministry of Gas Industry (5, 6). There is a draft version of the relationship of electrolysis and ECA notions. Its essence is as follows:


–	decomposing water with electricity is a physical-chemical modification of water medium composition with ions H+, OH-, metal oxide hydrates, acids, peroxide compounds and radicals, free chlorine, ozone, hydrogen peroxide, hypochlorite anion, etc. appearing in it;


In its turn, ECA means acquisition by water medium of such properties which exceed the limits of strictly chemical transformations. Thus, if electrolysis products are taken in their pure form and dissolved in distilled water, imitation of electrolysis, but no ECA, can be achieved. However, even this electrolysis imitation is very relative.


In case of a real electrolysis of aqueous-mineral medium there occur multitudinous, diverse and to a considerable extent unique reactions. Pure products of these reactions in a complete set can’t be purchased in a shop selling chemical reagents (i. e., they can’t be isolated and packed), as a lot of them are synthesized exclusively in the conditions of an electrochemical reactor and exist only in ECA media in combination with other components of electrochemical synthesis (and can’t exist in the absence of these components). That is, in the process of electrolytic decomposition of water (for example, distilled) particles and compounds are formed, which can’t exist outside of water, i. e. in other aggregate states. Oxidation-reduction parameters of ECA water or ECA solutions are neither apt to be reproduced by way of imitation, nor can be precalculated on the basis of well known physical and chemical assumptions.


Thus, ORP values of common (non-activated) chemical solutions are determined by the ratio of their content of reduced (electron-donor) and oxidized (electron-acceptor) chemical forms. If reduced and oxidized forms of a compound are dissolved in distilled water in definite proportions, a chemical redox pair is formed. When a system of heterogenous electrodes (for instance, platinum and chlorine-silver ones) is immersed into such a solution, in the absence of partitions in the inter-electrode space between these electrodes, there appears electric potential. This potential changes in an easily predictable manner when interrelationship of redox-pair components is artificially altered by way of introducing corresponding reagents into the medium. If a strong reductant or an oxidant with a different molecular composition is added to such chemical system in plenty, the buffer capacity of a previously existing redox-pair will be depleted. Correspondingly, the ORP of the produced mixture will manifest extreme degrees of reduction (when a reductant is in plenty) or oxidation (when an oxidant is in plenty), i. e. millivoltmeter will register ORP typical for concentrated strong reductants or oxidants. In this case the ORP value can be easily found with the help of simple calculations.


In the process of electrolysis of aqueous-saline media with a high mineralization level considerable shifts in pH and ORP values can be attributed to electrochemical synthesis of large quantities of acids and alkali. However, as the technical means of electrochemical treatment of water media became more sophisticated, new electrolyzers of diaphragm type were designed which made it possible to perform unipolar (anodic and/or cathodic) treatment of water with a low mineralization level (0.01-0.2 g/l). Under such conditions high concentrations of acid or basic electrolysis products cannot be achieved. Nevertheless, anodic and/or cathodic treatment of fresh, ultrafresh and even distilled water leads to the formation of anolyte and catholyte identical in their pH and ORP parameters to exclusively strong non-activated acid and alkali solutions. This process is associated with the formation of such combinations of pH and ORP values in anolyte and catholyte, which can never be reproduced in common chemical solutions without exposure to electrochemical action. This is one of the most interesting anomalous properties of ECA-water revealed by the research of the Tashkent team.


The term activation seems to be the most appropriate one, since it means enhancing electron-donor or electron-acceptor abilities of aqueous-mineral media or water (including specimens of extremely demineralized water), manifested in energy exchange between a solution or water and an electrode substance on the basis of free electrons’ transport.


Aqueous solutions can be considered activated only in the process of existence of anomalous properties or during relaxation period; after they are over, anomalous symptoms disappear and a classical thermodynamic equilibrium is established in the liquid medium, followed by a transition towards functional dependence of pH and ORP values typical for common (non-activated) chemical solutions. Biocatalytic activity of ECA-solutions is also among their anomalous characteristics, which is a background for non-reagent, non-medication monitoring of biological (including biotechnological) processes.


In 1985, the idea of ECA as a new class of physical-chemical phenomena, being the basis of a specific branch of science and engineering, was formulated by V.M. Bakhir (7), which was a starting point of a wide range of research into the given problem. The importance of ECA phenomenon for the theory of physiological homeostasis follows from better opportunities of biophysical management of delicate structural organization of water in the context of living tissues and from the processes of electron exchange in biological substrates.


Chapter 1. The first investigations of ECA phenomenon


1.1. How “live” and “dead” water was discovered.


It was found in the Laboratory of Electrotechnology of Central Asian Scientific Research Institute of Natural Gas (head of the laboratory – V.M. Bakhir) that drilling solutions prepared from the catholyte of technical water with different levels of mineralization possessed a number of useful properties anomalously different from the properties of drilling solutions based on non-treated water: formation of finely dispersed homogeneous suspensions, not separating during a long standing; direct alterations of solutions’ viscosity. Contact of ECA solutions with rocks increased their wettability, contributing to better rock softening. The indices of drilling solutions’ water loss were considerably better. Consumption of reagents commonly added to drilling solutions for pH regulation was reduced by 10-100 times, thus highly increasing cost-effectiveness.


Simultaneously, increased biological activity of ECA water was noted. Irrigation of cotton seeds with fresh water catholyte stimulated germination ability and subsequent growth of plants. Treating seeds with anolyte brought germination ability practically to zero. At the same time catholyte watering of the plot sown with cotton seeds previously soaked in anolyte, caused intensive growth of cotton.


The workers of desert drilling rigs noticed that bathing in capacities filled with catholyte made them feel better, healed eczematous skin processes, led to lacerations’ adhesion. Catholyte also prevented skin from getting sun-burnt. In its turn, anolyte demonstrated bactericidal, styptic and coagulating ability.


�
� EMBED Word.Picture.6  ���The above combination of incidentally discovered qualities made it possible to call catholyte “live” and, anolyte, correspondingly, “dead” water. These terms in respect to ECA-solutions were first introduced by V.M. Latyshev (8). After 1985, different research teams from Tashkent, Kazan and Nizhnekamsk worked out their own approaches towards ECA development. Since 1987, regular investigations of ECA began in Moscow, under the auspices of Ministry of Chemical Industry, Ministry of Higher Education of the Russian Federation, Ministry of Health of the USSR and in a number of joint ventures.


1.2. Design and development of new ECA technical equipment.


Updating electrochemical devices was focused on creating long lasting, cost-effective, ecologically safe and toxic free, convenient to operate stationary- and flow-type reactors, which can be easily built into different modern technological processes using no complex intermediate coordinating systems. Much attention was devoted to diminishing the size of elements and units while simultaneously increasing specific productivity and economical efficiency of the appliances due to the use of new materials and technological schemes.


In 1988, on the basis of accumulated practical experience and theoretical investigations, a concept of rational designing electrochemical reactors for unipolar electrochemical treatment of water with salts’ content ranging from the level of almost distilled water to saturated saline solutions was developed. A flow electrochemical reactor (RFE) of several standard sizes was designed (9) RFE was assembled from parallel flow miniature electrochemical FEM modules having coaxial disposition of external tubular and internal rod-loke electrodes, with a tubular ceramic diaphragm between them. It is presented in Fig. 1.1. A FEM diaphragm is ultrafiltrational and its leakage current varies from 0.5 to 2.0 ml/m2(h(Pa. Placed between the electrodes, it provides efficient performance of main stages of electrochemical unipolar water treatment passing through anodic and cathodic chambers. Standard size of RFE is determined by the number of FEM modules it consists of. During treatment of aqueous media in a FEM module all the products of electrochemical reactions, including highly charged metastable particles are completely passed into a flowing aqueous medium, and being evenly distributed, saturate it.


The result is that from anodic and cathodic chambers of the electrolyzer, isolated anolyte and catholyte go out, which possess physical and chemical characteristics determined by current magnitude, volume feeding of aqueous medium and its mineral composition.


Since 1988 VNIIIMT NPO “Ekran” has been designing and manufacturing flow electrochemical devices (electrolyzers) of STEL and “Emerald” range on the basis of RFE reactors. STEL devices are meant for producing washing, disinfecting and sterilizing ECA-solutions. “Emerald” devices are used for additional purification and improving qualities of drinking water.


1.3. Factors of physical and chemical activity of ECA-media.


Based on studies of ECA with the help of different types of electrolyzers a number of conclusions have been made concerning the properties of ECA solutions (10). A group of factors have been identified which stipulate physical and chemical activity of anolyte and catholyte:


stable products of electrochemical reactions, stable acids, bases etc.;


highly active unstable products of electrochemical reactions with life term up to dozens of hours (among them free radicals);


long-lasting quasi-stable structures formed in the area of volume charge near the electrodes’ surface, both as free structural complexes and hydrated membranes of ions, molecules, radicals and atoms.


The factors of the first group mainly determine acid and alkaline properties of ECA media, which influence pH value. The factors of the second group enhance oxidant (electron-acceptor) ability of anolyte, as well as reductant (electron-donor, antioxidant) ability of catholyte, stipulating anomalous ORP parameters. The factors of the third group add catalytic (including biocatalytic) properties to ECA media.


The second and third group factors can be produced only under the unique conditions of electrochemical synthesis. Their imitation by other methods is impossible. Long living quasi-stable structures in ECA media arise near the electrodes’ surface in the electric field of several million V/cm voltage. They cause modification of activation energetic barriers between interacting atomic-molecular components thus providing activation of electrochemically activated water in conformity with indicators of catalytical activity.


Simplified, the main processes taking place in an electrolyzer can be expressed in the following way:


oxidation of water at the anode: 2H2O ( 4e ( 4H+ ( + O2;


reduction of water at the cathode: anode: 2H2O + 2e ( H2 + 2OH(;


formation of gaseous chlorine in chloride solutions at the anode: 2Cl( ( 2e ( Cl2;


formation of highly active oxidants in anodic chamber: Cl2O, ClO2, ClO(, HClO, Cl(, O2(, O3, HO2, OH(;


formation of highly active reductants in cathodic chamber: OH(, H3(O2(, H2, HO2(, HO2(, O2(.


Presence of enough strong oxidants and free radicals in anolyte turns it into a solution with marked biocidal properties. Catholyte saturated with reductants, achieves high adsorption-chemical ability as well as good washing properties.


Samples of anolyte and catholyte of aqueous media with different mineralization levels are characterized with abrupt shifts of pH and ORP as related to the initial values: in anolyte pH value is reduced, and ORP is elevated up to the extreme positive (oxidant) value; in catholyte pH is increased and ORP is reduced to the extreme negative (reductant) value.


While conducting pH-metry and ORP measurement (redoxmetry) of aqueous solutions of common chemical reagents and water media on the basis of non-activated water, the above mentioned indicators are distributed in the following value ranges (up to ��an order accuracy): pH=0(12.5; ORP = from ((100) to 700 mV according to the readings of a platinum electrode, with chlorine-silver electrode (CSE) of comparison.


As it is well known, ORP values measured with the help of the above indicated electrode pair are systematically about 200 mV higher than those measured with the help of a platinum electrode as related to a standard hydrogen electrode (SHE). In laboratory conditions the following real combinations of extreme pH and ORP values in the solutions of chemical reagents have been obtained: concentrated sulfuric acid: pH=0.3; ORP = 680 mV, CSE; saturated KOH solution: pH=12.3; ORP=((60) mV; CSE; saturated chloride of lime solution Ca(ClO)2: pH=11.5; ORP=750 mV, CSE and so on. It was previously shown that in case of diluting the given type compounds with water pH values gradually approach the values of the diluent’s pH (water in the present case). The pH values’ deviations are associated with ORP regression, whose coefficient is about ((60) mV for a pH unit. That is, if in the process of diluting an acid with distilled water pH value of the solution increases by 1.0, expected ORP reduction will be 60 mV. When alkali is diluted with water, pH decrease by 1.0 corresponds to ORP increase by 60 mV.


Combined or conjugate pH and ORP values, registered during simultaneous pH-metry and redoxmetry of the same sample of water solution of a compound, are covariant. A pair of them is called a covariant. In a rectangular coordinate system any pH and ORP covariant is depicted as a point on a plane.


In ECA solutions on the basis of aqueous-mineral media of different mineralization levels, extreme covariant pH and ORP combinations are the following:


for anolyte – pH = 0 ( 1.0; ORP = 1000 ( 1150 mV, CSE


for catholyte – pH = 11.5-12.5; ORP = from ((750) to ((850) mV, CSE


Thus, the range of pH value deviations of ECA-media practically coincides with that of non-activated solutions. However, extreme ORP parameters of ECA solutions exceed the limits of occurrence of this parameter in solutions which did not undergo electrochemical exposure. Under routine laboratory conditions it is impossible to achieve such deviations of water media ORP by adding different agents to non-activated water. Correspondingly, anomalous ORP changes of aqueous-saline media achieved in the process of unipolar electrochemical treatment, indicate potential ways of monitoring this parameter in liquid medicinal and biological media.


1.4. Medical and biological prerequisites of electrochemical regulation of oxidative equilibrium in internal organism medium.


Direct measurement of ORP value in blood, living organism tissues and physiological excretions has not become a common procedure, since redoxmetry is not believed to supply new information as compared to pH-metry and pO2 evaluation, acid-base state indices (ABS), peroxide homeostasis, etc. Nevertheless, the issue of the physiological results of directed ORP alterations in the organism may be of practical value. First of all, this problem is associated with the problem of analysis of the mechanisms of ECA-media effects on biological processes. 


ECA action on biological objects may be direct and indirect. There exists the following method of direct electrochemical treatment of liquid biological media: electrooxidation of blood or its individual fractions at a platinum anode in a special cell with low current (no higher than 14 MA) (11).


Almost all toxic compounds, metabolic slags (except urea and acetic acid), and many xenobiotics are subjected to oxidation on the anode’s surface. Method of direct electrochemical detoxication was tested on laboratory animals. The results were promising. But therapeutic effectiveness of the method was unsatisfactory, since to increase the degree of detoxication it was necessary to raise working current up to the level over 14 MA, which did not meet the demands of biocompatibility of an electrochemical cell with the patient’s blood. This method is still not clinically approved.


In cases of indirect electrochemical action on a biological object a primary electrochemical treatment of some material mediator which later comes into contact with the named object is performed. Ingestion of anolyte or catholyte causes physical, chemical and physiological effects in the body, which are indirectly determined by ECA-media modification, produced by electrolysis in electrochemical reactors of a diaphragm type. Using fresh water catholyte for drinking is officially sanctioned by Japanese medical authorities (12).


In this country, in the period of enthusiasm for “live” and “dead” water numerous activists used catholyte and anolyte of sodium chloride solutions of different strength for various purposes. Naturally, today such amateur approach towards a new medicinal agent’s approbation appears to be archaic, and, eventually, illegal. Nevertheless, experience accumulated in the process of self-treatment with ECA solutions proves the following. Anolyte and catholyte with pH parameters analogous to those of strong acids and alkali did not manifest aggression against human tissues. It is evident that acids with pH=1(2 or alkali with pH=11(12, coming into contact with skin, mucous membranes or wounds would as minimum cause irritation, and as maximum a chemical burn. However, while treating skin, mucous or wound surfaces with anolyte of pH=1(2 or catholyte of pH=11(12 in cases when the mineralization of ECA-solutions with such pH values did not exceed 3 g/l, no burn was observed, though biological activity of ECA-solutions was evident.


It does not follow from the above that ECA-media produced with the help of home-made diaphragm electrolyzers are suitable for therapeutical purposes. Nevertheless it is clear that extreme anolyte and catholyte pH and ORP values’ deviations themselves are practically harmless. So, the danger of self-treatment with “live” and “dead” water proceeds from the very fact of self-treatment, but not from ECA factors as such.


Recently, there has been performed a clinical trial of the method of indirect electrochemical oxidation of toxins and metabolic slags in the body, based on intravenous introduction of electrochemical synthesized sodium hypochlorite solution (11). A medicinal sodium hypochlorite solution was produced by EDO-2 apparatus (a design of the Institute of Electrochemistry, the USSR Academy of Sciences) in the process of anodic oxidation of an isotonic sodium chloride solution. In the body, in the presence of organic substances, sodium hypochlorite liberates “active oxygen” contained in its molecule, oxidating toxic and slag compounds. Hypochlorite easily penetrates into cellular membranes and detoxifies not only the volume of circulating blood, but also a considerable part of the water sector volume. In therapeutical doses sodium hypochlorite has no marked toxic effects.


1.5. Indirect electrochemical treatment of horned cattle blood serum in the dialyzer of an “artificial kidney” apparatus (test bed experiments).


Dialysis treatment of horned cattle blood serum was performed with the help of a physiological solution subjected to unipolar cathodic exposure. As perfusate conserved bovine serum (initial pH value = 7.8) acidified by acetic acid to pH=7.35–7.4 with urea added at a concentration of 1% was used. That is, metabolic disturbances caused by renal failure were simulated. 0.5 l of perfusate was poured into a capacity from which it was fed to the blood dialyzer’s inlet with the help of a roller pump (perfusate pump) at a volume rate of 30–40 ml/min. A fiber German made “Fresenius” dialyzer of D1 type on cuprofan basis was used. From the dialyzer perfusate came back to the initial capacity. Thus, serum perfusion through capacity – pump-dialyzer went on a closed circuit.


Dialysis solution was prepared on the basis of a physiologic sodium chloride solution, brought to pH level = 7.35–7.45 with the help of added bicarbonate concentrate (“Dial Medical Supply” firm, England), 20 liters of which were poured into a different capacity wherefrom with the help of an extra perfusion pump (a dialysis solution pump) it was fed through a splitting branch tube to the inlets of the cathodic and anodic chambers of a diaphragm electrolyzer. A STEL unit based on RFE was used as an electrolyzer. The rate of dialysis solution flow through the electrolyzer was adjusted by dialysis solution pump performance. Distribution of a dialysis fed to the cathodic and anodic chambers was arranged with a regulatory clamp.


 Regulation of dialysis solution volume feeding was performed in such a way that it arrived to the cathodic chamber at a rate of 75 ml/min, and to the anodic one – of no more than 10 ml/min.


From the cathodic chamber the dialysate was brought to the dialysis cavity inlet of the hemodialyzer, after which waste solution was discharged into sewage. Thus, the circulatory loop of the dialysate worked in the flow condition. A portion of the dialysate, passing through the anodic chamber and necessary for shorting the electrolyzer’s electric circuit, was discharged into sewage with the help of a separate catheter. The electrolyzer was connected with a power supply source of B-5–47 type, with 0.01 A current regulation step and connection of power supply source to AC circuit – 220 V, 50 Hz.


A diagram of a test bed for indirect electrochemical treatment of horned cattle blood serum in the dialyzer of an artificial kidney apparatus is presented in Fig. 1.2.


The experiment began with simultaneous turning on the perfusate and dialysis solution pumps, the volume feeding of perfusate being 30–40 ml/min, volume feeding of a dialysis solution – 75 ml/min. In the initial phase of the experiment perfusion was carried on for 15 minutes with switched off power supply. Then power supply was switched on and 0.02–0.03 A current was established on the background of previously set magnitudes of volume feeding of a dialysis solution into the cathodic and anodic chambers. Dialysis with electrochemical (cathodic) treatment of a dialysis solution was performed for 185 min. The total duration of the experiment (including initial 15 minute period of dialysis at switched off power supply) was 200 minutes.
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1 – initial capacity


2 – perfusion pump


3 – dialyzer


4 – dialysis solution


5 – FEM


6 – FEM inlet


7 – dialysis solution pump


8 – power supply source








Fig. 1.2.�A test bed for indirect electrochemical treatment �of horned cattle blood serum treatment


Redox- and pH-metry of samples of a dialysis solution and perfusate were carried out on minutes 1 and 14 of the experiment at switched off power supply, and on minutes 45, 75 and 200 of the experiment after current supply was switched on minute 15 of the dialysis. pH value was measured with a “Elvro” pH-meter (Poland), and ORP – with a pH-340 ionometer. The results of the measurements are given in Table 1.1.


Table 1.1


Changes in pH and ORP parameters of horned cattle blood serum during indirect electrochemical (cathodic) treatment in the dialyzer of an artificial kidney apparatus


�
�
Parameters�
�
Time, �
Current, �
Dialysis solution�
Perfusate�
�
min�
A�
at the inlet�
at the outlet�
�
�
�
�
�
pH�
ORP�
pH�
ORP�
pH�
ORP�
�
1�
0�
7.40�
190�
7.45�
40�
7.40�
50�
�
14�
0�
7.45�
180�
7.40�
100�
7.40�
120�
�
45�
0.03�
7.50�
(85�
7.35�
(110�
7.35�
(140�
�
75�
0.02�
7.50�
(110�
7.35�
(130�
7.55�
(170�
�
200�
0.03�
7.55�
(130�
7.70�
(150�
7.80�
(170�
�
Note: Accuracy of measurement for pH(0.05; ORP(20 mV; number of experiments ( 3; pH and ORP values of a dialysis solution at the dialyzer inlet were measured at the chamber outlet.


Therefore, when horned cattle blood serum dialysis is performed without electrochemical treatment of a dialysis solution, perfusate recirculates along a closed loop and pH parameters are balanced. The ORP of perfusate in the initial state is lower than in a dialysis solution. In the process of 15-minute perfusion with no electrochemical treatment, the perfusate’s ORP increases and approaches the ORP values of the dialysis solution. The ORP parameters of the dialysis solution at the dialyzer’s outlet are symmetrically reduced relative to the inlet parameters.


Cathodic electrochemical treatment of a dialysis solution with weak constant current allows to produce catholyte with pH=7.5–7.55 and ORP value ranging from �((85) to ((130) mV, CSE. Perfusate’s pH parameters in the process of dialysis with the help of saline solution catholyte are gradually increasing up to 7.8; and the perfusate’s ORP becomes negative and is even 40–60 mV lower than the inlet negative ORP values of the dialysis solution. With ORP<0 the absolute magnitude of this parameter |ORP| characterizes the medium’s reduction potential. Similarly, ORP>O is called the medium’s oxidation potential.


The data of Table 1.1 indicate that in the end of the experiment the pH value and the reduction potential of the dialysis solution at the dialyzer’s outlet become higher than at the inlet. The perfusate’s reduction potential at this moment exceeds in its turn the analogous parameters of the dialysis solution, that is, in the process of indirect cathodic serum treatment in the recirculation loop there occurs self-elevating extension of the reductant properties of this biological fluid. Additional ORP regression in the treated serum affects the ORP of the dialysis solution on the feed-back principle.


The present hypothesis has been confirmed by the following observations. After the experiment had been over, perfusate subjected to indirect cathodic treatment was stored in the initial capacity on a laboratory table in contact with atmospheric air, at 24(C. 15 hours later the parameters of the perfusate after dialysis treatment with saline solution catholyte were as follows: pH=7.8(0.05; ORP=((580)((20) mV, CSE. The parameters of the treated perfusate after 100 h. standing at room conditions were: pH=7.8(0.1; ORP=((620)((40) mV, CSE.


The results of the experiment showed that a prolonged contact of a liquid biological medium (blood serum) with saline solution catholyte, separated from the biological medium with a half-permeable membrane, leads to its alkalinization (pH shift from 7.4 to 7.8) and considerable ORP change towards negative (reductant) values. A preparation of bovine blood serum under these conditions maintained its usual appearance, no color changes were observed, there were no precipitates. It is noteworthy that pH of the acidified serum after trans-membranous treatment with catholyte was reduced precisely to the value (7.8) the conserved serum had in the initial (fresh) state. That is, the buffer properties of the given biological medium were reduced only because of indirect ECA, and without added alkaline reagents. 


Conclusions: 1) with the help of electrochemical exposure it is possible to regulate the ORP of biological media over a wide range without altering their chemical behavior and pH with routine reagent methods; 2) primary indirect ECA action on a biological medium has a secondary consequence, in particular, self-elevation of induced reductant abilities.


1.6. Potential range of the body internal media ORP deviations during catholyte drinking.


Routine daily doses of ingested ECA solutions (“live” and “dead” water) are 300–400 ml. Japanese company IONIKA Co., Ltd. (12) states that the volume of “ionized” water drunk by individuals during a day, may reach 1–2 liters. After absorption by the stomach and bowels the volumes of consumed liquid inside the body first get mixed with the circulating blood volume (CBV). In adult persons CBV is up to 6 liters. Correspondingly, the drinking portion of 300 ml volume when mixed with CBV is diluted at a ratio of 0.3:6 or 1:21. Then the ingested liquid is gradually diffused into a water section of the body (about 42 l in adults), its dilution degree achieving a ratio of 1:100 – 1:200 (it is necessary to remember that in the process of the drunk water diffusion in the body tissues, a part of it is eliminated from blood by the kidneys). In Japan, some patients consumed high doses of drinking water catholyte, so calculated proportion of catholyte dilution for their bodies could be 1:30. To evaluate possible pH and ORP deviations in CBV and in a water sector of the body after ingestion of drinking water catholyte, the following experiment was conducted.


With the help of a FEM module drinking water catholyte of 0.2 g/l mineralization was produced. Its characteristics were: pH=10.7; ORP ((750) mV, CSE. Three samples of freshly conserved bovine serum with pH=7.77(0.05: ORP=60(30 mV, CSE were collected. Creating different ratios of catholyte dilution in serum – 1:100, 1:50, 1:20, 1:10; pH and ORP values were measured. The results of the measurements are presented in Table 1.2.


Table 1.2


The pH and ORP parameters of horned cattle blood serum �when catholyte was added to it in different ratios


Catholyte dilution degrees�
pH�
ORP, mV, CSE�
�
(0) Initial serum�
7.77 ( 0.05�
60 ( 30�
�
1 : 100�
7.80 ( 0.05�
(30 ( 10�
�
1 : 50�
7.80 ( 0.07�
(70 ( 20�
�
1 : 20�
7.82 ( 0.05�
(140 ( 30�
�
1 : 10�
7.82 ( 0.003�
(175 ( 50�
�



Thus, even the lowest (1:100) dilution of strong catholyte in a serum medium caused ORP regression of about (100 mV, which was associated with slight alkalinization. As the doze of catholyte added to the serum increases, ORP shifts in the direction of negative values become more prominent and reach the level of about (200 mV when catholyte is diluted in serum at a ratio of 1:10. A daily storage of serum with added catholyte pH values did not change, ORP remained in the area of negative values or relaxed to 0. There was no further ORP regression in the sample under these conditions.


Biological media are mostly heterogeneous in their composition. In the gastric cavity catholyte interacts with acid gastric juice, with food masses, etc. In this connection, the ability of catholyte to cause ORP regression under these conditions was examined. Gastric contents were simulated by dissolving acidin – pepsin in drinking water at a concentration of 5 mg/l (one 0.25 mg tablet of preparation for 50 ml of water). Catholyte based on water with 1 g/l mineralization was added to the resulting acidin-pepsin solution. pH and ORP values were measured in the tested samples. The obtained results are shown in Table 1.3.


Table 1.3


The pH and ORP parameters in an acidin-pepsin solution �when weakly mineralized water catholyte is added


Sample�
pH�
ORP, mV, CSE�
�
Initial acidin-pepsin solution�
2.15�
500�
�
Initial catholyte�
10.5�
(540�
�
Catholyte + acidin pepsin solution 1:100�
2.16�
445�
�
Catholyte + acidin pepsin solution 1:10�
2.18�
75�
�
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Fig. 1.3.�The ORP dependence on pH in acidin-pepsin solution based on common water (control) and on water with added catholyte (experiment) while alkalinization.�1 – the initial acidin-pepsin solution based on common water; �2 – acidin-pepsin solution based on water with catholyte added at 1:10; �3, 4 – samples 1 and 2 after alkalinization by portions of KOH; �5. – KOH solution 1 g/l based on common water.
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����Fig. 1.4. �Area of ORP values compatible with microorganism growth on culture media with added redox-elements (KDF Media) 





Consequently, in the given case ECA-solution (catholyte) in the process of simulating its consecutive transport through the media with abrupt pH overfalls, when mixed with them, produces in these media considerable ORP shifts towards reductant range. This suggests that direct penetration of ECA solutions to the body stipulates certain definite shifts of tissue fluids’ ORP value. The result is that the changes in microecological conditions of existence of different populations of cells inside the body can be predictable.


1.7. Oxidation-reduction area of microorganisms’ habitat. 


According to T. M. Lotts (13) various types and groups of microorganisms live and proliferate on nutrient media only in definite ranges of ORP values which depend on acid-alkaline characteristics of these media. Different pH and ORP covariants of artificial nutrient media were obtained by addition of bimetallic powder (granules) of KDF Media type, containing metal components of zinc and copper. Due to the difference between standard electrode potentials of zinc and copper (E°Zn=((0.76)V; E°Cu=0.34V) a medium coming into contact with KDF Media is subjected to oxidative-reductive exposure, therefore its ORP value alters. Fig. 1.4 demonstrates the area of combined pH and ORP values (the area of pH and ORP covariants’ distribution), compatible with microbial life. Outside the boundaries of the given area of combined pH and ORP distribution, there occurs no bacterial vegetation. In the range of pH values of nutritive media between 3 and 8, the scope of ORP values compatible with microorganisms’ life is comparatively broad and is 600–800 mV along the vertical. On media with elevated acidity (pH=2–3), or with elevated alkalinity (pH=8–10), the interval of ORP values compatible with microorganisms’ vegetation gradually narrows from 500 to 100 mV as it approaches extreme pH values.


Bacteria with increased acid resistance surviving on the media with pH=2–3 produce no growth when ORP<400–550 mV, CSE, and when ORP>900–1050 mV, CSE. Microorganisms, adapted to moderate acid media (pH=4–5) survive in the ORP range from 100–200 mV, CSE to 900–950 mV, CSE. On neutral media (pH=7–8) microorganisms are viable at ORP from (–130) – (–30) mV, CSE to 700–820 mV, CSE. On alkalinized media (pH=9–10) the range of ORP values compatible with bacterial life is from (–120) mV, CSE to (–50) mV, CSE.


Thus, the example of microbial cells (Procariota) demonstrates that ORP deviations towards reductant (negative) or oxidant (positive) values do not render the medium “live” or “dead” themselves. It is evident that for different biochemical processes and physiological functions there exist their own optimum ORP values. Similarly, there are oxidation and reduction potential values at which life activity of individual biological objects (molecular, intracellular, cellular, tissue and macroscopic) becomes impossible. Consequently, extreme ORP values (positive or negative) are equally abiotic. Normal and pathological ORP changes of biological fluids in the composition of the internal medium of multicellular organisms have not been sufficiently studied. In fact, the ORP values of blood, lymph, intercellular fluid and cytoplasm of somatic cells have not been standardized. Therefore, there arises the problem of a more detailed investigation of biological and physiological role of this physical-chemical parameter.
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