Chapter 6. Application of ECA in the field of medical, �food processing, biotechnical �and agricultural technologies


6.1. Washing off, regeneration, improvement of biocompatibility and functional properties of articles used in medicine.


Washing off and sterilization of hemodialyzers intended for repeated use in hemodialysis procedure by the same patient.


In most cases extrarenal blood purification in uremic patients is performed with the help of disposable dialyzers, which are not meant to be reused, since their repeated use for different patients bears the risk of transmitting viral infections (infectious hepatitis, AIDS, etc.). At the same time their repeated use for the same patient is not epidemically dangerous. Nonetheless, it should be taken into consideration that in this case there is certain risk of pyrogenic reaction to residual contamination of the article with partially denatured autogenous protein. As hemodialyzers are scarce, and they are rather expensive, the issue of repeated use of disposable dialyzers by the same patient comes out, provided the risk of pyrogenic reactions is eliminated.


Also, there are purely medical arguments for reuse of disposable hemodialyzers by the same patient. The hemoconductive system of a fresh dialyzer always contains foreign polymer particles, the products of polymer degradation, foreign toxic substances of microbial or other nature. After using disposable dialyzers based on cuprofan, a patient is likely to have typical complications presenting as a so-called “cuprofan syndrome” (intoxication, joint pains, neutropenia, allergic reactions). Dialyzing membranes based on polysulfone absorb group B vitamins causing negative effects in patients.


In the process of a disposable dialyzer’s contact with blood during its utilization, foreign impurities are washed off, and sorption sites on the dialyzer’s surface and in the pores of dialyzing membranes are covered with protein type adsorbents, mostly albumin, thus improving the compatibility of the dialyzer with blood forming elements. However, during this process autogenous proteins absorbed on a dialysis membrane undergo partial degradation and become anomalously active relative to the host’s organism. In spite of that, economic and medical-biological benefits arising from repeated use of hemodialyzers by the same patient stimulated development of methods and devices for cleansing and sterilization of dialyzers before their reuse: apparatus “Redial RD-2”, Poland – Switzerland; “Dialimed – 1/S”, USA – FRG; “Renathron”, FRG – England.


In the above mentioned devices, for washing and sterilization, chemical agents which generate residual toxic background in a cleansed dialyzer and enhance fixation of denatured proteins on the membranes are used. Some of indicated devices are inconvenient due to the need of regular replenishing working solutions.


In 1987, the specialists of VNIIIMT, USSR Health Ministry, worked out a new technological method of washing off hemodialyzers. Washing of dialyzers was carried out with the help of ECA-solutions by a “Redox” electrochemical device. The quality of washing was raised thanks to the effect of electroosmotic transfer of liquids through a dialysis membrane, separating A and C whose ORP values are absolutely different ((ORP=1500 mV and higher). If dialysis membranes are �10–40 micrometers thick, such ORP differential corresponds to electric field strength of 4(104–1.5(105 V/cm, causing electroosmotic transfer from A to C in a dialyzer, at a rate of 150 ml/m2 hr. In the process of flowing through the membrane, A acts on the contents deep in its porous structure. Thus, pressing-out of foreign inclusions from deep pores and sterilization of the membrane throughout its entire thickness is achieved.


Examination of “Redox” device’s efficiency (“Redox-1” modification) began in the Hemodialysis department of Vologda region hospital in December 1988. 400 dialyzers were washed off each year quarter. After double and triple washings 80–90% of the articles’ functional properties remained intact. The quantity of treatable complications after using washed off dialyzers was 9.25%, in the control group – 2.9% (P<0.001). There were no serious complications. Motility index of defrosted bovine sperm in the washings of cleaned dialyzers was within the normal limits. Treating a dialyzer with isotonic C solution before application stimulated a 30% increase of defrosted sperm motility in the washings from a dialysis membrane. That proves the possibility of controlling biological compatibility of polymer membranes with the help of ECA-solutions. 


Today, there are four “Redox” device modifications and a “Renathron” device performing washing off and sterilization of hemodialyzers with the help of an AN solution.


A method of producing a washing solution to remove protein impurities (96).


To increase the efficiency of a washing solution, for a solvent, an aqueous solution of sodium chloride (0.1–0.9%), hydrochloric acid (0.01–0.02%) and urea (12.0–18.0%) is used, which has previously subjected to cathodic electrochemical treatment until ORP = from (–450) to (–550) mV, CSE. For proteolytic enzyme, chemotrypsin at a quantity of 0.01–0.05% of solution mass is added. The solution is meant for removal of protein impurities from medical articles of elaborate configuration with surfaces difficult for cleaning.


Application of electrochemically activated water in the technology of cleaning and decontamination of microspheres used for “Clinitron” type devices (97).


Small glass microspheres are used as filling material in “Clinitron” devices intended for treating burn patients. In a “Clinitron” device a patient lies on a surface made of polymer material covering plenty of microspheres fluidized by a jet of warm air. As a result, a patient’s body is continuously ventilated, the pressure of the body on polymer surface is dramatically reduced, and the patient lies as if on an air pillow, which excludes adhesion of burn surface to the polymer material and thus enhances healing. With time, the microspheres are contaminated with burn excreta, get infected, and lose their functional properties. Washing off and regeneration of microspheres are expedient due to their high cost. There has been developed a technology of cleaning microspheres with CN and C solutions and decontaminating them with AN or alkaline anolyte produced by a special method with the help of a STEL device. Cleaning efficiency rises thanks to adding trypsin prepared on catholyte. Water capacity of treatment decreases 3–4 fold, time of treatment decreases 2–3 fold as compared to traditional methods using non-activated chemical solutions. The offered technology is ecologically safe and cost efficient. An industrial trial has been carried out.


Improving biocompatibility of intraocular lenses on the basis of polyacrylates with the help of electrochemically activated water (98).


Intraocular lenses (IOL) by ECA-solutions were washed off from residual monomer methylacrylate (MMA). Optimal medium for IOL cleaning is catholyte mixed with ethyl alcohol at a ratio of 1:1. After cleaning IOL with the above-mentioned mixture, MMA migration decreased by an order, which greatly improved IOL biocompatibility after implantation.


Application of ECA water for washing pharmaceutical glassware (99).


New glassware is immersed into A to prevent further glass alkalization. New glassware kept in A and that already used are soaked in a CN solution of detergent agents for 10–15 minutes, and then rinsed with CN, thus ensuring complete removal of detergent agent traces from the glass surface. AN was used to remove residues of inorganic compounds and protein traces. The indicated method of treating pharmaceutical utensils guarantees better preservation of medicinal agents coming into contact with glass.


Improving biocompatibility of polymer materials and medical items with the help of ECA-aqueous solutions (100, 101).


Improving biocompatibility of polymer materials while treating them with ECA-solutions synthesized by STEL-range devices is provided thanks to their high ability of extracting the products of incomplete polymerization of polymer compositions, technological additives and so on. The above products can migrate to contact media (medicinal preparations, biological fluids) in the process of operation. After treating silicone tracheal protheses with AN, the level of polymer decomposition products migrating from them decreased 2–3 fold. Treating last generation dressing materials (adhesive tissue), as well as hemo- and immunosorbents with ECA-solutions rids them from residual monomers and enhances their sorption properties. In particular, treating adhesive film with AN confers sorption qualities on it, which provide extra cleaning of injured surface. This effect is associated with the liberation in adhesive film material of sorption sites previously occupied by the products of polymer material degradation. 


Regulating oxidation-reduction properties of application sorbent with the help of ECA-solutions.


In VNIIIMT AO NPO “Ekran” “Tsefosorb” application absorbent possessing anti-oxidant activity has been worked out. The absorbent is based on microcrystallline cellulose (MCC) with anti-oxidant synthetic phospholipin coating (PHOLS emulsifier). The absorbent is recommended for clinical use by a resolution of Commission on Instruments, Devices and Appliances Used in General Surgical Practice of Committee for New Medical Equipment of the Ministry of Health Care and Medical Industry of the Russian Federation. (Protocol No. 5 from 20.05.93.)


A technological scheme of absorbent production includes rinsing a MCC sorption matrix with tap water catholyte of pH=10–10.5; ORP = from (–700) to (–800) mV, CSE, bringing extraction from non-coated MCC to pH=7.0 ( 0.1. After coating MCC with PHOLS emulsifier by way of sedimentation in hexane from PHOLS solution, ECA conditioning of the absorbent is performed through consecutive treating the coated absorbent’s mass with A, AN and C produced by a STEL device. After that the absorbent is washed off with a sodium chloride saline solution until the pH value of washed off solution ranges between 6.8 and 7.2. If needed, conditioning of the absorbent in the range of washings’ pH between 5.0 and 8.0 is carried out.


Enhancing the action of surface-active substances (SAS) (102).


Production of SAS solutions based on activated aqueous media heightens their efficiency, reduces SAS expenditure, and augments detergent and emulsifying effect. The technology is useful for cleaning medical articles, washing hospital laundry, utensils, etc. General SAS discharge decrease is economically efficient and reduces ecological risk.


6.2. ECA in food-processing and biological industry.


Raw sugar inversion (103).


Experiments performed in industrial conditions allowed producing invert syrup of high physical, chemical, technical and economic qualities. The acid in the syrup composition is replaced by electrochemically treated 0.5–1% sodium chloride solution (ORP=1200 mV, CSE). The process of sucrose inversion is 3–4 times accelerated. 


Technology of starch hydrolysis (104).


A is used as a catalyst of starch hydrolysis. C is applied for hydrolysate neutralization. The technology makes possible to obtain resulting products with desired ORP parameters. The produced hydrolysate is used for making treacle of the highest quality (GOST 5194–68), with 2% ash content.


Technology of dry tea concentrate production (105).


Tea raw material is extracted in C with pH=10–11; ORP=from (–150) to �(–400) mV, CSE. The given C parameters provide maximum yield of extractive substances. Primary and secondary extracts are mixed, cleared from ballast materials, concentrated and dried. The technology was tested in 1986 at Samtredi tea factory (Georgia). It got high appraisal.


Regeneration of oxidized fats (106).


Melted cooking fat is poured into the cathodic chamber, and tap water is poured into the anodic one, at current of 10–20 A, and voltage of 40 kV. Treatment time is 20–30 minutes, until the moment of reaching constant acid number value. Steadiness of regenerated fat oxidative tendency increases 2.5 fold.


Milk reduction (107).


Acidity of milk subjected to cathodic treatment in a diaphragm electrochemical reactor can be brought to the condition of fresh milk even when initial acidity is equivalent to 50( of Turner. According to the findings of experiments performed in 1981 by Tashkent Dairy Producers’ Association, palatability and biological value of milk reduced with the help of electrochemical method are fully restored.


Application of ECA-solutions in paste production (108).


Different kinds of pasta made of baking flour and cathodically activated water contain very low percent of free radicals as compared to paste produced with the use of untreated water. Institute of Nutrition, USSR Academy of Medical Sciences, performed the control investigation. (See Doc.72–980 from 24.05.89.)


Altering structural and mechanical properties of wheat grain by using activated water (109).


A helium-neon laser of LG-75 type performed water activation. Soaking the grain in activated water intensified the process of endosperm loosening, which was associated with elevated output of first-grade produce and lower ash content.


Effect of electrochemical treatment on the quality of cocoa grist (110, 111).


Electrochemical treatment of moistened cocoa grist was carried out in the cathode area of a diaphragm electroactivator. After treatment, the fat content of cocoa mass increased from the initial value of 53.5% to that of 57.4–58%. The extract’s pH index rose from 5.7 to 6.3. The highest increase of cocoa oil content was observed at KCl and K2CO3 concentration of 0.05%. Carbohydrate components’ hydrolysis was accelerated. Ash content fell from 6% to 3.8%. Organoleptic properties of the product ameliorated. Economic effect was due to elevated yield of cocoa oil during extrusion.


ECA application in beer brewing (113).


Soaking grain in ECA-solution for malt production provides:


decontamination of grain without using special agents;


reduction of soaking time by 12–24 hours;


augmentation of grain germination energy, 1.5–2 fold acceleration of extraction and fermentation processes.


As a result the quality of end product becomes much better.


A new technological method of producing a carbonated drink (114).


A drink termed “Creamy” is made on the basis of milk whey subjected to electrochemical reduction. In this way it becomes possible to utilize 2/3 of useful resource of milk processed while producing cream butter, cheese, curds, casein. Biological value of reduced whey is completely preserved.


A technological method of producing food from horse flesh using ECA-solutions (115).


Salting meat in C shifts pH of the meat towards alkaline values and increases its moisture retention capacity without polluting it by additives. Decontamination of meat is carried out with the help of A.


A new way of improving conservation of raw meat (64).


See paragraph 4.8.


A new way of sanitary treatment of pipelines’ equipment and package used in food industry (116).


Equipment, pipelines or package are first washed in C for 5–7 minutes. In case detergents are used, the equipment is rinsed with C. Then washing in A or AN is done for 10–15 minutes, which ensures decontaminating effect. Duration and labor consuming nature of the treatment are considerably reduced.


Efficiency of treating the killed poultry carcasses with electroactivated water (117).


Cooled A solution is used for disinfecting carcasses in the technological process of their treatment, in particular, during cooling, thus providing good sanitary state of poultry meat in comparison with the results of cooling carcasses in cold tap water.


Washing and decontaminating effect of ECA-solutions in the technology of treating poultry farm products (87).


C based on low-mineralized water (pH=9.5–11.0; ORP=from (–600) to �(–900) mV, CSE) well washes off egg shell from organic and inorganic impurities. Thanks to C penetration into the shell pores, the washing quality was noted to be very high. Further treating the eggs with A makes certain their surface decontamination. As a result of A and C interaction in the shell pores, hypochlorites were formed. That guaranteed a 25-day protection from microbial invasion. Treating broilers’ carcasses with hot C contributed to a greater lack of resistance on the boundary of phases “feather rod – feather follicle”. That was due to hydroxyl adsorption in the tissues of feather follicles. Simultaneously, the quality of feather removal from the carcasses and their cleaning considerably improved. After treating carcasses with A (ORP=1100 mV, CSE), cooled to 0�2(C, bacterial contamination of the carcasses was completely eradicated.


ECA-solutions used in the technologies of pectin production (118, 119).


A technological method of producing pectin from apple husks has been developed. The method specifies replacing mineral acids with ECA-solutions in the technological cycle. Treating depectinized (secondary) apple husks with ECA-solutions makes possible to receive valuable end products: nutritive microbiological media, cellulose complex enzymes and antibiotics. Hydrolytic activity of A produced by an RFE reactor is regulated in the range of pH=1.1–5.0, which is necessary for obtaining pectin with predetermined qualities. Structural abnormalities of activated A relax in the course of several hours, but thanks to them A possesses high penetrating, moistening and extracting abilities, which are actively used in the process of source raw material hydrolysis to produce pectin.


ECA-solutions applied in the technological processes of producing medicines and biologically active additives for food industry (120).


Application of ECA-solutions produced by STEL range devices allows complete elimination of synthetic detergents from the technological process. At the same time, hard heat sterilization of glass culture vessels was replaced by chemical sterilization via immersion of articles into AN, and alkali and hydrogen peroxide use was excluded from the process of washing and sterilizing micro-filtration appliances.


Extraction treatment of natural bio-stimulators (adaptogens) with ECA-solutions.


In 1991–1993, the scientists of VNIIIMT AO NPO “Ekran” investigated the extracting action of ECA-solutions on natural substrates with the purpose of eliciting biologically active compounds from them. Extraction of natural bee-glue was carried out with the help of distilled and fresh water, with ethyl alcohol and catholyte of aqua-saline solution of 0.2–1.5 g/l mineralization; pH=11.0–11.7; �ORP = from (–700) to (–820) mV CSE. At that, the ratio between bee-glue mass and the extractor’s volume was 20:100 g/ml. Extracting lasted for 4 days, in the dark, at t(=4(C.


The findings of the experiment.


No bee-glue extraction took place in non-activated water. In ethyl alcohol, bee-glue tincture with yellowish color and typical honey odor was produced. Its optic density was D=0.15, in the conditions of photometry with the help of KFK-2: �(=540 nm, processing dish 10,070. In the same conditions bee-glue tincture on catholyte had intensive brown color, mild honey odor, pH=9.0, D=1.0. These qualities of bee-glue extract based on catholyte were not subject to alteration for 3 years.


Testing motility indices of defrosted bovine sperm showed that bee-glue extract prepared with catholyte was 30 times less toxic than that based on ethyl alcohol, under equal conditions of testing (4:100 dilution of a tested sample in a standard medium). 


Experiments on extracting dry ginseng root powder in various fluid media were performed. It was found that ginseng root extract based on AN with pH=5.8; ORP=760 mV, CSE possesses the highest optic density, maximum values of dry residue and electric conductance. Extracts based on catholyte (pH=9.5–10.6; ORP=from (–200) to (–700) mV, CSE) had a high dry residue index and good electric conductance. Extract on distilled water had a high dry residue index, but comparatively low electric conductance. The acid anolyte of the saline solution possessed the lowest ability to extract dry residue components from raw material but comparatively high ability to extract electric conductance in the given experiment. AN and C demonstrated a higher extractive ability in comparison with 70% ethyl alcohol. Thus, ECA-solutions manifest selective ability of extracting different fractions from vegetative raw material. The greatest extractive ability of AN as compared to other aqueous media in this case is due to the specificity of soils, suitable for growing ginseng (extraction of root powder is most active at neutral pH and high ORP values). 


Application of concentrates based on ECA-solutions in the production of foods made of flour (121).


Pectin concentrate produced on the basis of ECA-extractors improves the quality of baked goods as judged by the parameters of specific volume, resiliency and the time of preservation of the article’s freshness, which increases 1.4–1.9 fold.


Extracting useful components from chicory roots with the help of an ECA-solvent (122).


To produce a medicinal beverage from chicory roots, A, saturated with carbon dioxide was used. With the help of calculations on a mathematical model the parameters of extraction process were optimized.


6.3. ECA-solutions in cosmetics.


Application of ECA-solutions for beauty creams production (123, 124).


Two different beauty creams containing up to 30% of anolyte and catholyte have been developed in Latvia. ECA-solutions, which are a part of the creams, exist in a state of microcapsules. A cream containing anolyte (Ekoell-A) decontaminates skin. A cream with catholyte (Ekoell-C) is a universal stimulator of cell metabolism, stabilizes cellular membranes and inhibits skin aging.


6.4. Technological application of ECA-solutions in agriculture and in the process of treating agricultural raw material and products.


Production of ecologically pure nitrogen fertilizers (125).


Using ECA allows developing an ecologically safe process of nitrogenous fertilizers’ production. Sodium, calcium, magnesium and potassium saltpeter is synthesized directly from salts (chlorides, sulfates, and carbonates) in water for irrigation. The water is previously cathodically treated, and through this water nitrogen oxides are passed, which were obtained in the process of plasma-chemical air treatment.


Production of ecologically pure cotton defoliant (126).


When defoliant, prepared through anodic treatment of mineralized (irrigation ditch) water, is applied to cotton leaves, they dry up and fall. Mineralization and acidity of soil do not increase. Terms of cotton bolls’ ripening and opening shorten. The technology was improved via mixing definite A and C doses, resulting in the formation of defoliant with pH=4.5–5.5. When mixed, A and C form calcium and magnesium chlorates, which are efficient defoliants acting in a metastable state.


Pre-sowing treatment of seeds (127).


Soaking cotton seeds before sowing in C of tap water (pH=10–11) intensifies seed germination, raises their resistance to viral infections, increases cropping capacity and quality of cotton. The technology was several times upgraded.


Green fodder silage making (128).


Silage preservative based on anolyte of 1% common salt solution meets the requirements of GOST 23638–79, is no inferior to imported agents, but is 100 times cheaper. There have been developed additional methods of elevating the fodder nutritional value. AN with C.a–Cl=300–400 mg/l can be used as a preservative.


A technology of decontaminating grain and grain products (130).


Treating grain with C provides sensitization of eradicated factors of grain contamination (insects, microorganisms) to subsequent treatment with the help of an atomized biocidal agent based on A with added emulsifiers. Electrolysis gases are introduced into atomized air current. The treatment creates no background of residual toxicity. The efficiency of grain decontamination rises. The method of decontaminating grain with ECA-solutions provides accessibility of working sites and cost effectiveness.


A technological method of storing citrus fruit (130).


Citrus fruit are washed for 3–4 minutes in A having pH=2.0–2.5; �ORP=400–600 mV, CSE, dried and put into package. The fruit are stored in the air of 85–90% humidity, maintained by regular spraying C (pH=10.5–11.5; ORP=up to (–800) mV, CSE). The technology was tried by Georgian Institute of Subtropical Farming. When the treatment was performed with the help of strong ECA-solutions, mass share of fruit loss did not exceed 0.1% (26% in the control) in the course of 90 days. Treated fruit were not seeded with microorganisms.


Controlling plant pests (131).


To provide good results of white-fly eradication with the help of A, emulsion of anodically treated oil in A was applied. Treating oil was performed at the copper anode. The biocidal emulsion interacted with such hydrophobic protective formations as shells of eggs, larvae and nymphs of white-fly. The percent of insect eradication was 100% (70% in the control).


A new technology of treating raw guts with the help of ECA-solutions (132).


A technology of preserving raw guts with the help of A produced by an “Espero” electroactivator has been developed.


A technology of using ECA-solutions for prolonging the terms of fruit and vegetables’ storage (133).


Sterilization of fruit and vegetables, as well as of package and utensils was performed with the help of A by immersion or spraying.


A technology of stimulating weight gain in animals and birds (134).


The technology offers interrupted watering of animals and birds with C. The best results were obtained with watering C of pH=7.5–9.5, at a quantity of 10 ml/kg As pH value of a C solution increases, the gain begins to dramatically fall, at pH=12 enzyme activity depression is observed.


A new technology of skin preservation and wool washing off (135, 136).


Skins of pigs and small cattle were treated with A having pH=2, �ORP=840 mV, CSE, on outer and inner sides. Protein degradation index of treated skins was lower than the control one. The process of preservation and dehydration of treated skins was accelerated, the raw material was decontaminated. To wash fine-fleece wool, solutions of synthetic washing agents (SWA) based on C were produced. SWA consumption was reduced by 70–80%, the duration of technological cycle shortened, the procedure’s water capacity decreased. Investigations of potential wool washing without SWA application, according to the following cycle: C with pH =10 – A with pH=4–5 – C with pH=10 – water, are under way.


6.5. Conditioning the water of swimming pools and drinking sources �of questionable sanitation quality.


Decontaminating swimming pool water by neutral anolyte (137, 138, 139).


AN at a quantity of 180 liters (C.a–Cl=700 mg/l) was added to the water of a swimming pool of 3(106 l. volume (at a ratio of 1:17,000) (“Octyabr” swimming pool, Moscow). E.coli titer shifted from 4.0 to 111.1 per hour. There was no chlorine odor in the swimming pool water. 1–2 times a day decontamination of swimming pool water with AN in the given cycle is sufficient, unlike every 8 hours’ chlorinating using routine methods. In Las-Vegas, state of Nevada, USA, for treating water in open swimming pools at a quantity of 50–80 cubic meters, AN produced by the STEL device was used at a ratio of AN: water = 1:1000. In the swimming pool source water pH value was equal to 7.3; active chlorine content was 3 mg/l; bromine content was 6.5 mg/l; the water was of bright blue color; there was a strong chlorine odor. After adding AN, 3 days after pH of water was 7.2; active chlorine content was 1 mg/l; no bromine was found; water was of light turquoise color, there was no odor. These parameters maintained during the entire period of investigations. There was no Blak Algea growth. Minimal permissible level of C.a–Cl in swimming pool water preventing Blak Algea  growth when AN was added was 0.1 mg/l.


The water was less hard, and had beneficial effect on the swimmers’ skin.


Decontaminating open source water.


During Rwanda crisis in 1994, British authorities purchased a batch of STEL devices in Russia. The devices were used in Rwanda to decontaminate open source water. Water, decontaminated by adding AN, was used for drinking in the refugees’ camps. The volume of water decontaminated in this way was 100,000 liters per day for a device.
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