Chapter 7. Electrochemical control �of drinking water qualities

7.1. General principles of drinking water purification. Physico-chemical prerequisites of electrochemical treatment of low mineralized water.

Drinking water quality is assessed in accordance with well-known national standards. In the Russian Federation, GOST 2874–82 “Drinking water” is in force, according to which water used for drinking must meet the following criteria:

pH in the range of 6.0–9.0;

dry residue not exceeding 1000 mg/l;

total microbial number no higher than 100 microbial bodies per 1 ml;

coli-index no higher than 3 (the number of coli bacteria per 1 l);

concentration of chemical elements and chemical compounds of natural or anthropogenic origin in the limits of UPC (ultimate permissible concentration), indicated in GOST;

organoleptic parameters (odor, color, turbidity) in conformity with GOST demands.

Need to correct the quality of drinking water is felt in case of its excessive acidulation or alkalization, when dry residue index exceeds the above indicated limit (particularly, at high levels of water mineralization), at elevated bacterial contamination and presence of hydrobionts in water, at surplus concentration of heavy metal ions, toxic organic and inorganic compounds, in the presence of unpleasant odor, turbidity and abnormal coloring. Household water purifiers correct drinking water quality mainly with the help of filtration and absorption technologies, or by combination of the given technologies.

Filtering semi-permissible membranes (reverse osmotic or ultra-filtration) of 0.5�100 nm pores’ diameter retain salts, organic substances, viruses, bacteria, colloids and particles of mechanical admixtures, thus providing removal of the majority of components found in water. Sorbents absorb organic substances, connect colloids and bacteria. Water purifiers combining absorption and filtering functions (for instance, “Nimbus” device) retain 70–95% of all substances and admixtures contained in water. However, absorption-filtering devices for drinking water quality correction have a number of drawbacks.

Deep mechanical purification of water leads to ridding it not only from harmful admixtures, but also from biologically useful mineral components. After purification, water gets demineralized and in its qualities becomes rather close to distilled water, a priori unsuitable for drinking (140). Long-term drinking of de-ionized water (for example, snow water, soft water) causes deficiency of bio-microelements in the body (including ultra-microelements), followed by disturbances of mineral-corticoid function of adrenal cortex, by elevated risk of heart ischemic disease and arterial hypertension, appearance of joint pains, tendency to arthritis and arthrosis. Consumption of demineralized water results in “cramps’ syndrome” of domestic cattle, as well as in atherosclerosis and heart rate failure of laboratory rats (141, 142, 143). There is a theory suggesting that replacing common water containing microorganisms and major organic complexes within GOST limits with absolutely sterile water causes impairment of natural immunity. Therefore, policy of over-purification of drinking water is not entirely impeccable as regards physiology.

It is noteworthy that in Japan and South Korea common natural bottled water of �205–235 (mOm(cm–1 electric conductance, pH=6.95–7.65; ORP=340–370 mV, CSE, sold by retail, is considered to be “mineralized”. A sample of Moscow drinking water (collected in Babushkin district), respectively, demonstrates: electric conductance of 266 (mOm(cm–1; pH=6.9–7.1; ORP=310–465 mV, CSE. Since mineralization of Moscow tap water is 0.2–0.3 g/l, salt content in South Korean “mineralized” water is only 0.15–0.25 g/l. Usual mineralization level of tap water in Japan and South Korea is about 25% of that in Moscow. Probably due to that Japanese and Korean consumers appear to regard common spring water as water saturated with salts, and, because of that, good for health, though this spring water is ultra-fresh as judged by a classification adopted in Russia.

Domestic filters and filters-adsorbers used for drinking water purification retain on the membrane and in the sorbents’ pores different substances and substrates at a quantity of 50–200 g for each 100 liters of purified water. Consequently, the resource of the purifying device is soon exhausted. Discharge mains, which bring water to the consumer, undergo retrograde contamination. Bacteria actively proliferate on the outer membrane’s side at the outlet of the device, and contaminate filtered water, so that sometimes even pathogenic amebas are found in it (144). In case of total bacterial contamination of a purifying device, it becomes an additional source of epidemic risk. Regular examinations of household water purifiers with the help of laboratory analysis in each individual case do not pay.

Probability of electrochemical purification and decontamination of drinking water is determined by the following factors. In the process of electrolysis there takes place anodic oxidation and denaturation of organic compounds followed by transformation of hydrophobic toxins into less harmful and unsteady hydrophilic forms. In particular, the method of direct electrochemical blood detoxification is based on this phenomenon (11). Microorganisms found in water are killed during electrochemical treatment. Heavy metals transit into the form of insoluble compounds, or precipitate on the cathode. Classic electrolysis is well known to serve for eliciting metal elements from aqueous solutions. Electrolytic treatment of diluted aqueous solutions of about 10–5–10–4 Om(cm–1 electric conductance is carried out with the help of a flow electrochemical system in the form of a reactor supplied with bulk electrodes of highly developed working surface (145). The reactor is divided by transverse porous partitions into independent sections filled with fine granules (carbonic or metallized), possessing good electric conductance ability. Volumetric feed of a solution into the device is 0.15 l/min, current density on the surface of bulk electrodes is 1–10 mA(cm–2. When current was passed through a solution of KAu(CN)2 with 2 mg/l concentration for 150 hours (1350 liters of the solution flowing through the reactor) removal of gold from the solution was 100%, after which the efficiency of the solution’s treatment gradually decreased. In the given case, aqueous solution was purified from admixture of heavy metal ions (gold). However, such device is low efficient as a water purifier, since current density on the surface of bulk electrodes is negligible and total service life of the device is short. (In household conditions, at water consumption of 20 l/day, such a system would work no longer than 2 months.) 

A redox-filter developed in the USA on the basis of KDF-Media (13.70) bimetallic elements carries out electrochemical treatment of water with current originating on account of potential difference in the area of bimetallic granules, including metals zinc and copper. Water at the outlet from the redox-filter comprises a fine suspension of insoluble carbonate crystals and crystals of calcium and magnesium sulfates formed due to reduction of the salts of these metals contained in the inlet water. Contamination with chlorine, cobalt, nickel, arsenic, asbestos, cadmium, chloroform, chromium, lead, antimony, mercury, silver, tetrachloroethane, bacteria and so on, decreases at redox-filter outlet by a factor of 103–4, at inlet concentrations of 100–102 mg/l, and inlet bacterial body content of 2000 per ml.

Mechanism of removing ions of heavy metals in the redox-filter is electrochemical and partly catalytic. Dissolved lead cations are reduced to insoluble atoms of metallic lead and partly precipitate on the filter. Dissolved iron Fe2+ is eliminated by catalysis due to formation of insoluble iron hydroxide and oxide. So, the scope of elements and substances removed from water with the help of the redox-filter is rather wide.

In 1984, Japan started industrial manufacture of compact household devices for unipolar electrochemical treatment of drinking water (Ionica, Co., Ltd.). The device was called “water ionizer”, and was shaped as a glass of 0.5 l capacity. Cathode made of metallic foil was fixed to the inner surface of the glass. Anode was placed in the inner capacity of porous material, immersed inside the glass. Thus, the Japanese water ionizer consisted of cathode and anode chambers separated by a semi-permeable diaphragm (12, 146). The device designed in this way was no different from models of electrochemical activators for production of “live” and “dead” water, which was many times and in full detail described in Soviet popular science publications no later than 1981 (8). According to Japanese sources, in 1931, Dr. Suva noted, that “the quality of water alters when it is subjected to treatment with electric energy and such water affects animals and plants”. Without disputing this statement we, nevertheless, do not rule out the probability that our enthusiasm in this country about “live” and “dead” water as a new way of hydrotherapy greatly influenced the design of the Japanese domestic electrolyzer.

Japanese researchers regard electrochemical treatment of drinking water primarily as a means of elevating its biological activity on the basis of correcting its pH value and mineral composition. According to Japanese sources (12), in villages where pH values of drinking water were neutral or alkaline, in combination with increased content of calcium, high life span levels were registered. In the regions, where pH of drinking water was lower than 6.85, with simultaneous lower calcium content, significant reduction of life span was reported. In the families continuously consuming water with pH above 6.1, the number of persons over 80 was twice as high as in the families, drinking water of pH under 6.1. Senile disorders were more commonly observed in individuals consuming acid water. Therefore, Japanese scientists with the help of electrochemical method sought to simulate the natural water parameters (raised pH value and enrichment with calcium ions), which, in their opinion, contribute to longevity. The issue of electrochemical treatment of water from impurities was not specially considered in the given case. Advertisements of Japanese household electrolyzers are mainly focused on descriptions of therapeutic use of drinking water catholyte (“ionized water”) for quite different reasons, and excellent (if trusted) results.

Anolyte was used in Japan only as a disinfectant agent.

Table 7.1 presents elemental composition of a source sample of Japanese drinking water (pH=7.4) and catholyte (pH=10.5) produced on its basis by a “water ionizer” manufactured by Ionica, Co., Ltd.

Table 7.1

Elemental composition of drinking water (Japanese sample) before �and after cathodic treatment by a “water ionizer”

Chemical�Concentration, mg/l�Chemical�Concentration, mg/l��element�Source�Catholyte�element�Source�Catholyte��Calcium�11.9�18.4�Potassium�2.2�3.6��Cadmium�0.8�0.2�Magnesium�8.3�9.3��Fluorine�0.07�0�Sodium�9.5�14.9��Iron�0.06�0�Lead�1.4�0.5��Mercury�1.3�0.9�Sulfur�3.8�2.8��Table 7.1 shows, that cathodically treated water of low mineralization level causes regression of general content of cadmium, fluorine, iron, mercury, lead and sulfur, as well as increased general content of calcium, potassium and sodium. Consequently, a certain effect of water purification from heavy metals is achieved. Table 7.2 contains data on elemental composition of source Moscow tap water (pH=7.2) and catholyte (pH=10.0) produced on its basis by a FEM module.







Table 7.2

Elemental composition of Moscow tap water before �and after cathodic treatment by a FEM module

Chemical�Concentration, mg/l�Chemical�Concentration, mg/l��element�Source�Catholyte�element�Source�Catholyte��Silver�0�0�Potassium�3.2�3.4��Aluminum�0.4�0.34�Magnesium�13.86�13.9��Arsenic�0�0�Manganese�0.017�0.001��Boron�0.019�0.02�Sodium�12.42�13.02��Barium�0.022�0.026�Nickel�0�0��Calcium�55.83�55.23�Phosphorus�0�0��Cadmium�0�0�Lead�0�0��Calcium�0�0�Sulfur�9.37�6.22��Chromium�0�0�Silicon�2.47�2.47��Copper�0.007�0.002�Tin�0�0��Iron�0.057�0.03�Strontium�0.17�0.17��Mercury�0�0�Tungsten�0.12�0.1���Zinc�0.57�0.35��

Table 7.2 indicates that drinking water cathodically treated by a FEM module reduces total content of copper in it approximately 3 times, iron – twice, sulfur – 1.5 times, zinc – 1.5 times. Moscow water is devoid of a number of technogenous admixtures (cadmium, cobalt, chromium, mercury, lead, tin), part of which (cadmium, mercury and lead) is found in a Japanese sample. Calcium content of Moscow water is considerably higher than that of the Japanese sample, but life span of Muscovites is hardly higher than that of Tokyo residents. It should be noted that the degree of decrease of total heavy metal content in catholyte produced by the Japanese electrolyzer and a FEM module is considerably lower than the degree of reduction of metal ion concentration in water, purified by the American redox-filter. At the same time, cathodic treatment of ultra-fresh water performs a controlled pH shift.

7.2. Electrochemical devices “Emerald” based on FEM module for decontamination and purification of drinking water.

In 1990, VNIIIMT AO NPO “Ekran” in collaboration with JV “Emerald” (Russia – Britain) developed and started batch manufacture of “Emerald” electrochemical devices. “Emerald” devices are meant for improvement of quality and for additional purification of drinking water in household conditions. Unlike filtering and sorption water-purifying systems, “Emerald” devices purify water by way of oxidation-reduction reactions going on in electrochemical and catalytic reactors.

“Emerald” devices are founded on miniature RFE reactor, which, in its turn, is based on a FEM module with titanium-ruthenium oxide electrodes (see Fig.1.1). Peculiarities of FEM design provide a number of conditions guaranteeing intensity of electrochemical treatment of water with 0.1–2.0 mg/l mineralization, sufficient for effective electrolytic and electrocatalytic removal of various impurities. Density of current on the electrodes’ surface in an “Emerald” device reaches 220 mA(cm–2. Each micro-volume of water flowing through narrow ring-shaped FEM chambers comes into contact with the electrode’s surface and undergoes exposure to ultrahigh electric field strength (See sections 1.2 and 1.3). This process is accompanied by disorder (“loosening”) of hydrogen bond structural network and disintegration of inert associates of (H2O)n type, which facilitate assimilation of water by living organism cells, cause easier penetration of treated water through biological membranes and stimulate washing out biological slags from the body. 

During anodic treatment water in the course of second’s fractions is saturated with highly active oxidants. Their total concentration varies in the range of 15–150 mg/l, depending on mineralization level and rate of ultra-fresh or fresh water flow through a FEM. Organic substances, as well as microorganisms of all species and forms, break down and decayed into sub-components, which are practically safe from toxicological point of view (analogously with direct oxidative detoxification of toxic blood metabolites). In the anode chamber there occurs decomposition of such harmful organic admixtures as phenols, microbial toxins, etc. High oxidative potential of water in the anodic chamber and special forms of active chlorine compounds, formed at the anode and taking part in oxidative reactions, rule out emergence of toxic chlorine-organic substances including dioxins.

From anode chamber water arrives into a vortex reaction chamber E (Fig. 7.1), where it undergoes electrocatalytic and chemical additional oxidation. Then water goes through the following stage of purification on the redox catalyst in K reactor. In catalytic K reactor on the surface of the granules of oxidation-reduction reactions’ catalyst there takes place destruction of active chlorine compounds, synthesized in the anodic chamber, and those present in the source water. Decomposition of the above compounds is associated with formation of new, highly active short-lived particles (O(, O, Cl(, OH(), also participating in the processes of further additional oxidation of organic admixtures.
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Fig. 7.1.�Schematic diagrams of water purification in “Emerald” devices�a) process “Emerald”; b) process “Sapphire”; c) process “Crystal”

�From K catalytic reactor, depending on the type of technological process of treatment, water arrives into the cathodic chamber of a FEM device (“Emerald” technological process, Fig. 7.1a), or is fed directly to the consumer (“Sapphire” technological process, Fig. 7.1b). In the cathodic chamber water undergoes electrocatalytic reduction, gains electron-donor properties and is enriched with highly active reducers (OH–, H3O2–, H2O2, H2). After treatment in the cathodic chamber in conformity with technological processes “Emerald” or “Crystal” water comes to the consumer. Classification of “Emerald” devices and some functional peculiarities depending on technological process of water treatment is presented in Table 7.3.

Table 7.3

Classification and some peculiarities of “Emerald” devices.

Trade name of the device�Technological process�Peculiarities of treated water��"Emerald M”�"Emerald"�ORP decrease�Enrichment with reducers��"Emerald S”�“Sapphire”�ORP increase, reduction of excessive mineralization, enrichment of water with short-lived highly active particles��"Emerald K”�“Crystal”�ORP decrease�Reduction of excessive mineralization�Enrichment with reducers��

ORP shifts of water treated by “Emerald” devices depend on the sign of electrochemical action on water just before it goes out of the device. “Emerald” technological process is intended to consecutively treat the same portion of water at the anode, in E reaction chamber, in K catalytic reactor, and at the cathode. At that, general water mineralization level practically undergoes no changes, microelements calcium and magnesium, necessary for the body, are preserved. Heavy metal ions transform into insoluble compounds and are partly held on the cathode’s surface. Ultimate and safe for the body products of degradation of organic compounds, bacteria and hydrobionts remain a part of treated water.

Technological process “Sapphire” includes stages of water passing through the anodic chamber of FEM, through reaction E chamber, and reactor K. A part of water current is directed to the cathodic chamber, functioning as compensatory electrolyte, the excess of which is poured off. Simultaneously, from anodic to cathodic chamber, through a filtering membrane partial cation migration takes place, associated with some de-ionization of water coming from the outlet. Thanks to water treatment with highly active short-lived electron-acceptor particles, it acquires the qualities of oxygen cocktail.

Sequence of water treatment stages in conformity with technological process “Crystal”, as well as process “Emerald” comprises consecutive water treatment in the anodic chamber of FEM (the first module), in reaction E chamber, in reactor K, and in the cathodic chamber of a second FEM module. Part of the main water current (drain fraction) comes to the cathodic chambers of the first and second FEM modules, enhancing migration mass-transfer of cations from the anodic chambers of FEMs to their cathodic chambers. Consequently, de-ionization rate of water coming from the device increases. Enriched with mineral compounds and heavy metals, drain fraction is removed to discharge.

Water purified in conformity with technological processes “Emerald” and “Crystal”, can, somewhat conventionally, be regarded as soft activated catholyte. Similarly, with the help of “Sapphire” process anodically treated water is produced, which is practically free from active chlorine, but includes active oxygen, taking part in reactions of oxidative hydroxylation: RH + O ( ROH.

7.3. Operational features of “Emerald” devices. Quality parameters �of electrochemically purified water.

All “Emerald” device modifications are made in plastic cases. Their capacity is �50–70 l/h. The devices are connected with tap water faucets and electric circuit of 220/110 V voltage and 50/60 Hz frequency. Electric energy discharge is 1 W(h per liter. In the process of operation, as insoluble mineral compounds of metal hydroxides are deposited on the cathode, the devices are regularly rinsed by a 5% hydrochloric acid solution or a 10% acetic acid solution 3–6 times a year, under normal conditions. Total service life of the devices, provided they are used correctly, is no shorter than 5 years.

“Emerald” devices were hygienically tested in Sysin Research Institute of Human Ecology and Environmental Hygiene, Russian Academy of Medical Science, and was stated to be fit for service. Laboratory testing of the devices was also performed in the VNIIIMT AO NPO “Ekran” and in a number of independent research centers. Table 7.4 reveals values of pH, ORP, electric conductance (() and C.a–Cl parameter of Moscow tap water treated by “Emerald” devices. The measurements were carried out in VNIIIMT in December 1993.

Table 7.4

Alterations of pH and ORP values of drinking water treated �by “Emerald” devices.

Parameter�Initial value�Type of device����Emerald M�Emerald S�Emerald K��pH�7.2�7.18�6.95�7.07��ORP, mV, CSE�250�40�470�–30��(, mC(cm–1�0.3�0.29�0.28�0.24��C.a–Cl, mg/l�0.8�0.05�0.35�0.04��Values of dry residue magnitude and total hardness of water samples before and after treatment by an “Emerald K” device are presented in Table 7.5.

Table 7.5

Alterations of dry residue values and total chloride content �in different water samples during treatment by an “Emerald K” device

Water samples�Dry residue, mg/l�Hardness, mg-equiv./l���1�2�1�2��Rostov region�2802�1598�25�12.8��Rostov region�1308�784�17.1�9.8��Rostov upon Don�1284�896�17.1�8.5��Izhevsk�590�257�6�3.1��St. Petersburg�510�352�4.4�3.8��Tashkent�480�320�2.6�2.35��Vladimir�330�215�1.9�1.9��Moscow�250�230�4.1�3.4��Cyprus�140�135�2.5�2.3��GOST requirements�No more than 1000�No more than 7.0��Note: analyzed water samples not necessarily demonstrate peculiarities of water in the given region; 1 – initial water parameters; 2 – water parameters after treatment by the device.

Table 7.5 shows that electrochemical treatment of water in an “Emerald K” device helps remove 35–40% of solid precipitation components of water, when their content exceeds GOST requirements. At the same time, the effect of general hardness reduction is 45–50%. In cases when solid residue and water hardness values were in the limits of GOST requirements, these values’ decrease after treatment of water in an “Emerald K” device was insignificant.

Table 7.6 demonstrates data on changes in chloride (C1–) and sulfate (SO42–) content in different samples of drinking water after treatment by an “Emerald K” device.

Table 7.6

Alterations in chloride and sulfate content in different water samples �during treatment by “Emerald K” device

Water samples�Chlorides, mg/l�Sulfates, mg/l���1�2�1�2��Rostov region�655�164�1.05�0.98��Rostov region�438�270�146�148��Rostov upon Don�143�71�617�329��Izhevsk�224�102�545�236��St. Petersburg�185�172�130�123��Tashkent�57�56�1.6�1.5��Vladimir�13�12�42�40��Moscow�184�164�137�115��Cyprus�49�47�89�86��GOST requirements�No more than 350�No more than 500��Note: analyzed water samples are not necessarily characteristic of water in the given region; 1 – initial water parameters; 2 – parameters of water after treatment by the device.

Data of tables 7.5 and 7.6 indicate that efficiency of an “Emerald K” device rises as inlet water components of solid residue, hardness salts, total chloride and sulfate content grow. If the above parameters correspond to GOST requirements, their alterations in the process of treatment by an “Emerald K” device are negligible.

Testing “Emerald” devices in different conditions revealed the following. At initial water mineralization of about 0.3 g/l, its de-ionization degree in the “Emerald” devices is on an average 7%. At initial water mileralization of 1.0–2.0 g/l, its de-ionization degree in the devices is 30–40%. Total calcium content undergoes no changes in soft water, and in hard water, total calcium content decreases to 90% due to the treatment. Indicators of nitrate removal by “Emerald” devices are unsteady and vary from 5% to 55% for different water samples. Nitrite concentration after treatment of water in “Emerald” devices decreases by an order. The devices remove phenol and tetra-chlorine-ethylene for 90%, while initial UPC is up to 10.

Ability of “Emerald” devices to reduce concentration of strong oxidants in water can be demonstrated with the help of the following experiment. The anodic chamber outlet of a STEL device was connected with the inlets to “Emerald M”, “Emerald S” and “Emerald K” devices. The STEL device synthesized AN with C.a–Cl value = 70(6 mg/l. After treatment of AN with indicated content of strong oxidants by “Emerald” devices, C.a–Cl index at the outlet of “Emerald” devices fell to 0.7–1.0 mg/l.

Motility indices of defrosted bovine sperm in water treated by “Emerald” devices, in case of inlet value of integral index equal to 80–85%, practically did not change and at the outlet was 72–89%. In 1993–1995, Moscow drinking water taken directly from the tap sometimes demonstrated sharp suppression of defrosted sperm motility index (Is<10%). In these cases, water treatment by “Emerald” devices did not ensure correction of cell test-object motility. However, when initial or treated water was let to stand for 6 hours or longer, in the conditions of water being actively stirred by a magnet agitator, treated by a mechanical dispersant, or ultrasonically irradiated, sperm motility indices became normal again. Depression of cellular test-object motility in Moscow tap water was likely to be due to the presence of a non-identified strong oxidant at a concentration no higher than 10–6 mol/l. Isolated flagellate cells can be sensitive to similar C.a–Cl values, but when diluted in the aqueous sector of the body, initial concentration of strong oxidants in source water decreases by two orders. In the given case it decreased to 10–8 mol/l, which was absolutely toxically safe for integrated tissue structures. 

The workers of Berkshire Microbiological Service laboratory conducted trials of “Emerald M” device with the help of model solutions with predetermined content of chemical and microbiological pollutants. The findings of the trials are presented in Table 7.7.

Table 7.7.

Efficiency indicators of model solutions’ purification by an “Emerald M” device

Polluting substance�Content�Polluting substance�Content��Aluminum 		mkg/l�2000�135�Phenol 		mg/l�0.01�0.0003��Copper 		mkg/l�30000�131�Tetra-chlorine-ethylene 	mg/l�0.085�0.001��Iron 		mkg/l�2000�103�E.coli 		unit/ml�6 107�781��Mercury 		mkg/l�500�2�Salmonella 		unit/ml�4 106�191��Lead 		mkg/l�500�23�Poliomyelitis virus 	unit/ml�7108�925��Chromium 		mkg/l�10000�9�Legionella 		unit/ml�8 106�6��Silver 		mkg/l�100�3���Zinc 		mkg/l�50000�212���Note: 1 – indicators at the inlet to the device; 2 – indicators at the outlet from the device.

Sample analysis of model solutions purified by an “Emerald M” device, which was conducted by Berkshire Microbiological Service, showed that all 8 investigated metals (aluminum, copper, iron, mercury, lead, chromium, silver, zinc) present in the solutions at the inlet to the device at concentrations from 100 to 50,000 mg/l were eliminated by the device by 93–99.9%. However, trials of “Emerald” devices in some cases produce other results as regards indices of different metals’ elimination from water. For example we present the findings of “Emerald M” device trials in NPA “Sevmorgeologiya” laboratory (Table 7.8).

Table 7.8

Indices of metal elimination from drinking water by an “Emerald M” device, according to the findings of NPA “Sevmorgeologiya” laboratory

Element�Content, mkg/l�GOST requirements, mkg/l�Elimination%���1�2����Cobal�0.15�<0.15��–��Nickel�1.3�0.9��41��Arsenic�0.15�0.2�50�–��Coppe�1.7�2�1000�–��Aluminum�64�64�500�–��Calcium�10000�9600��4��Magnesium�2600�2600��–��Iron�280�230�300�18��Zinc�180�120�500�33��Chromium�0.2�0.2��–��Lead�0.15�0.25�30�–��Note: 1 – source water parameters; 2 – water parameters at the device’s outlet.

According to the data of Table 7.8, out of 11 metals contained in source water only 4 metals were removed by an “Emerald” device, elimination coefficient being 4–41%. It should be noted here, that in the given case general level of water pollution with metals was insignificant, i.e. according to these parameters water was fit for drinking without additional treatment. Similar results were obtained in some other laboratories.

In the process of testing “Emerald M” device the scientists of Sysin Research Institute of Human Ecology and Environmental Hygiene, RAMS also investigated the ability of the device to remove metal elements from drinking water and from model solutions (see Table 7.9).

Table 7.9

Removal of metals from water and model solutions by an “Emerald M” device, according to the findings of Sysin NII of Human Ecology and Environmental Hygiene

Element�Content, mkg/l���in drinking water�in model solutions��Iron�–�–�500�200��Cadmium�–�–�3�2��Cobal�50�10�20�20��Copper�20�11�1340�1330��Chromium�50�10�–�–��Nickel�–�–�270�290��Lead�–�–�100�90��Note: 1 – parameters at the inlet to the device; 2 – parameters at the outlet from it.

In some laboratories of Moscow, Vladimir, Izhevsk and Tashkent, data were obtained on removal of metal compounds from water samples of different origin by “Emerald” devices. According to these data, coefficient of water purification from pollution with metal compounds or metal ions widely varied – from 18% to 99.9%. Such discrepancy of results was a cause for performing additional testing of “Emerald M” device in “Calver Consultants” laboratory, Oakland, England, in June 1994. Judged by the findings of Oakland trials, out of 5 tested metals (aluminum, copper, lead, iron, silver) present in the inlet water at concentrations from 70 mkg/l (silver) to 23,500 mkg/l (copper), the device removes aluminum, copper, iron and lead on the average by 86(10%. Silver contained in minimal quantity was eliminated by 18%.

7.4. Efficiency of “Emerald” devices judged by parameters of water purification from heavy metal compounds, according to the concepts adopted in Great Britain and the USA.

Heavy metals are present in source polluted tap water in the form of well-dissociated salts, mostly chlorides. In electrochemical purification devices such as redox-filters (70) or flow electrochemical reactors, inlet metal compounds are reduced to hydroxides and oxide-hydroxides Men+(OH)n or MeO(OH)n, where n=1;2. In a range of metal compounds, hardly soluble hydroxides and oxides are, correspondingly, the last but one, and the last. Due to the fact that these data are little known, let us enlist metal compounds in the order of their toxicity decrease: nitrates, chlorides, bromides, acetates, iodides, per-chlorates, sulfates, phosphates, carbonates, fluorides, hydroxides and oxides (147). When metal hydroxides and oxides are bound with ligands of protein nature, which are present in the gastric juice, cation Men+ hydrolysis of these compounds either does not occur, or is sharply slowed-down (148). Correspondingly, toxic effect of heavy metals does not manifest itself.

Similarly, metal compounds reduced by the action of pharmacological protectors (antidotes) absorb proteins and other compounds playing the role of natural enterosorbents (for instance, long-fiber polysaccharides), and are eliminated from the intestines in the bound form by natural way (149).

Heavy metals which are a part of toxicologically safe compounds are to a great degree preserved in electrochemically purified water and are found with the help of elemental analysis of purified water samples, provided this analysis method is capable of detecting such elements, independent on what compound they are a part of. Often this is regarded as a sign of inefficiency of aqueous media electrochemical purification.

Until recently, practical laboratory investigations of drinking water samples in Russia have been based on the method of adding strong inorganic acids to the tested water, which causes total dissociation of all metal-containing complexes. Correspondingly, under these conditions metal ions are detected in the samples by methods envisaged by Russian GOSTs. According to the findings of such “total” analyses, unipolar cathodic treatment of Moscow tap water by a FEM element results in considerable reduction of general content of only 3 metal elements (copper, iron, manganese) out of 14 identified ones (Table 7.2). As regards other elements, decrease is either insignificant, or not revealed. “Emerald” devices in the samples of treated water are capable of reducing total content of approximately half of all identified elements of heavy metals (8 out of 18 identified ones).

Oakland laboratory performed testing of water purified by “Emerald” devices with the help of methods specified in GOSTs of the Russian Federation, adding strong inorganic acids into samples. In this case, maximum elimination coefficient (–55%) was registered only for lead. Elimination coefficient for copper, iron, silver and aluminum was on the average –22±10%. The corresponding record contained a remark: “incorrect method”.

Therefore, the essence of British (and, evidently, Western in general) concept of assessing drinking water toxicity risk relative to heavy metals’ content is the following:

heavy metals in water are mostly toxic in the form of ions;

efficiency of purifying devices as to their ability to remove heavy metals should be assessed by alterations of corresponding metal ions concentrations in native water samples (without being diluted with strong acids), and not by estimation of its general elemental composition.

Routine methods of purifying drinking water with the help of ion-exchange resins, carbon sorbents and different filters produce oxidation-reduction action on water (70). Efficiency of carbon filters by 1/3 depends on their redox-characteristics and by 2/3 from their sorptive capacity (70, 150).

Conclusion: it is worth reconsidering home standards of water purification methods as to heavy metals’ content parameters in conformity with methods of identification and measurement of Men+ ion forms.

7.5. Comparative assessment of water purification efficiency �by “Emerald” devices and household appliances of filtering-sorptive type.

Drinking water suitability criteria have been developed in full detail and registered in numerous normative documents. However, a type of “ideal” drinking water, most suitable for consumption by the population, has not been established. Therefore, general strategies of purification and quality improvement of drinking water widely vary depending on specific ideas of designers sticking to that or other technological doctrine. Thus, the most sophisticated filtering-sorptive device for water purification of “Nimbus” type (NPO “Alternative”) is meant for retention of 85–95% of chlorides, which is equivalent to (90% water de-ionization. For Moscow, receiving ultra-fresh tap water of 0.3 g/l mineralization ((=250–300 (mOm(cm–1), this means that parameters of water at the outlet from a “Nimbus” device will be as follows: about 0.03 g/l mineralization ((=30 (mOm(cm–1. Such water is particularly characteristic of northern regions of Europe and Northern America, for instance, for Karelia and Alaska.

Regional pathology associated with long-term consumption of demineralized water by local population and with deficiency of biologically active micro- and ultra-microelements is known to be a serious problem. Correction of such pathology demands developing a special diet, medicinal agents containing microelements and clinical treatment, associated with definite economic difficulties. Thus, it follows that in regions where people consume ultra-fresh water or water close to distilled in its mineralization level, use of filtering-sorptive devices for water purification leads to a higher risk of mineral deficiency syndromes. This pathology does not appear if source water mineralization is not lower than 1000 mg/l, which corresponds to dry residue index of no lower than 2000 mg/l. In this case, mineralization of water treated by a filtering-sorptive device is about 100 mg/l, which is tolerable from physiological point of view. But profound filtering-sorptive purification of water whose mineralization is over 1000 mg/l, at 90% salt retention coefficient, will cause elimination of no less than 90 g of salts and no less than 180 g of dry substances by the device. Daily family consumption of purified water for drinking and cooking is 15–20 liters, in half a year it is about 3000 liters. During half a year-service of a filtering-sorptive device in regions with elevated mineralization of drinking water no less than 2700 g of salts and no less than 5400 g of solid substances will accumulate in the device, i.e. the device will need regeneration or cartridge replacement after �2–3 months of operation.

In real life conditions, operating a “Nimbus” device helps de-ionize Moscow tap water of 0.3 g/l initial mineralization ((=250–300 (mOm(cm–1) and bring it to the value of 0.1 g/l ((=97±5 (mOm(cm–1), which corresponds to chloride elimination coefficient of about 65%. (Electric conductivity was measured in VNIIIMT on a sample of water purified by the “Nimbus 3” displayed device.) In this case coefficient of filtering technogenous admixtures is about 25–30% of their content in source water. In Moscow conditions, changeable filters of a “Nimbus” device should be replaced approximately once in half a year. A “Nimbus 3” device costs $170, a set of spare filters – $75, service life of the device is about 4000 liters at 24 l/h capacity. That is, rated time of the device’s operation (probably, till cartridge replacement) is about half a year. Cost of water volume purified in the course of a day is $0.6. Wear and tear of the device in the course of a year of operation is equivalent to about $200. During purification of water with high mineralization, total expenditures associated with the purchase and operation of a filtering-sorptive device increase 2–5 fold.

“Emerald” devices have little effect on water mineralization of 0.1–0.5 g/l salt content range, thus ensuring preservation of useful microelements in water. Retention of solid residue components by the device takes place at the cathode and is 10–100 g per each 100 liters of purified water. Rinsing the device with 5% hydrochloric and 10% acetic acid easily washes off these soilings. Financial expenditures associated with the device’s purchase are to be spread throughout the entire period of its service, which is no shorter than 5 years. In prices of 1995, the cost of “Emerald” devices is $70–110. Annual depreciation of the device is equivalent to approximately $20. Rate of electrochemical detoxification of technogenous admixtures (heavy metal compounds, a number of organic substances) in “Emerald” devices is 90% and higher.

Unlike the case with filtering-sorptive type devices, there is absolutely no risk of “Emerald” device bacterial contamination, since physical conditions in the working anodic chamber are incompatible with life of microorganisms and hydrobionts. At the outlet from “Emerald” devices water possesses bacteriostatic properties due to the presence of active particles. After several hours of storage these properties completely relax. The ORP of water treated by “Emerald M” and “Emerald K” devices is shifted towards reductive values, the ORP of water treated by an “Emerald S” device it is shifted towards oxidative values. Possibility of controlling drinking water ORP values is a unique feature of “Emerald” devices.

In case of extremely low drinking water mineralization electrochemical reactor of “Emerald” devices practically does not work because of insufficient electric conductivity of source water. In such conditions the devices are inefficient. In future, in the process of developing new generations of “Emerald” devices this drawback can be eliminated. Filtering-sorptive devices are capable of retaining technogenous admixtures in de-ionized water, but this aggravates physiological risk resulting from consumer supply of water close to distilled in its qualities.

If initial water contains a large quantity of suspended particles, “Emerald” devices can hardly correct such pollution. “Nimbus” devices, according to advertisements, are not meant “for working with turbid water, in which insoluble suspended particles are observed”.

“Emerald” devices’ capacity (about 50 l/h) makes possible quickly, in the course of 25–30 minutes, to receive daily amount (for a family’s needs) of purified water, which can then be let stand in glass vessels. In the process of standing, additional purification by relaxing metastable electrolysis products takes place. It takes 21–25 hours to produce the same volume of water using filtering-sorptive devices, i.e. to cover all family requirements the device should be in operation most part of the day, or permanently.

Cost of one liter of water purified by domestic filtering-sorptive or electrochemical devices is not high: for “Nimbus 3” device it is 2–3 cents, for “Emerald” device – 0.2–0.3 cents. Retail price of one liter of bottled spring water is $0.5–1, which makes $10–20 per day (or about $450 per month) if estimated to cover daily family requirements. Only people living in very rich countries can afford it. Consequently, for the majority of the world’s population centralized water supply, as well as water supply from wells, springs and water pools remain domineering. Such systems and water supply sources will mostly require special household appliances in order to additionally purify and better the quality of drinking water.

Comparison of sanitary and hygienic, functional and operational features of domestic filtering-sorptive and electrochemical water purifiers proves their basic competitiveness. Still, electrochemical treatment of water appears more promising in view of the following reasons. Filtering-sorptive devices eliminate from water all components, both harmful and useful. At the same time, a higher level of water purification from toxic impurities is associated with a higher degree of its distillation, however, epidemic risk is not excluded because of potential secondary contamination of the device. Electrochemical water purifiers are devoid of the above-indicated disadvantages and are able to control oxidative-reductive properties of drinking water.

At present, drinking water of industrial cities may contain dozens and hundreds of inorganic and organic substances. Physiological and hygienic value of the products of electrochemical transformation of these substances composing drinking water at the outlet from “Emerald” devices needs further investigation. There are no available data to the effect of any specific risk factors for the consumer  associated with the application of “Emerald” devices.

7.6. Biological effect of water purified by “Emerald” devices.

About 90% of individuals consuming water purified by “Emerald” devices describe good organoleptic qualities of treated water. About 1/3 of them noted disappearance or decrease of symptoms of previously diagnosed chronic diseases. A set of positive therapeutic effects associated with regular consumption of “Emerald” water can be illustrated with the following list:

considerable improvement of large intestine motility, reduced gastritis manifestations;

release of diabetes mellitus hyperglycemia without elevating insulin dosage, lower insulin requirements of patients;

noticeable diuretic effect;

decreased renal edema in nephrological patients, fewer dysuria symptoms in patients with urinary tract inflammatory processes, lower need of water in chronic hemodialysis patients;

more frequent and less painful spontaneous passage of increments from medium and lower third of the ureter (according to the data presented by Urology Dept. of City Clinical Hospital No. 67, Moscow);

cupping renal colic attacks;

considerable decrease of allergic dermatitis symptoms;

disappearance or reduction of arthralgic pains;

deeper sleep, no soporific agents needed;

release of hangover syndrome;

improvement of general well-being.

These findings need to be further statistically grounded, and are likely to be partly associated with placebo effect, or coincidence of purified water drinking and release of symptoms due to other reasons. There can be situations when a person consuming purified water after some time feels the symptoms of a disease. In one case, an individual who had bought an “Emerald K” device after four months experienced the first in his life hepatic colic attack. Such alarming report was the only one during the whole period of studies. In 3 cases, patients previously suffering from hepatic colic attacks reported spontaneous destruction of gall bladder increments and practical cure. Both in the positive and the negative case, the concept, which reads as follows: “after that – does not mean because of that”, remains true. Nevertheless, statistic prevalence of reports about therapeutic action of water treated by “Emerald” devices over reports indicating aggravated water quality or appearance of pathological symptoms is no lower than 100:1 in favor of purified water. Therefore, consumer’s risk, judged by these findings, is not higher than 1%.

Table 7.4 shows that ORP regression of water treated by “Emerald M” and “Emerald K” devices, is 210–280 mV relative to initial value. In section 3.8 we mentioned that water purified by an “Emerald K” device, possessing electron-donor properties, contributes to greater electron-donor activity of anti-oxidants. This corresponds to enhanced pharmaco-dynamic properties and therapeutic efficiency of the above-stated anti-oxidants. Thus, a method of enhancing medicinal abilities of anti-oxidants by way of drinking water treated with the help of “Crystal” or “Emerald” technological processes after anti-oxidant intake seems promising.

To produce anti-oxidant solutions and mixtures on the basis of water purified by “Emerald M” or “Emerald K” devices it is possible to use  the following method.

To prepare anti-oxidant solutions, the following aqueous or water-soluble media can be used:

Mashed berries, grated fruit pulp (particularly citrus fruit, kiwi, etc.), wild rose infusion, berry, fruit and vegetable juices, source concentrate of brewer’s yeast, vitamin tablets or concentrates, natural honey. Vitamin tablets are preliminarily ground. The above-indicated substrates can be taken alone or in combinations. Liquid media volume is calculated relative to total daily intake. A capacity of 200–750 ml is for one third filled with ground berries, fruit, vegetable pulp, extracts, juices, syrups, etc. For instance, if during a day it is necessary to take 50–60 g of medicinal syrup, it is advisable to use a 200–500 ml vessel, if it is necessary to take 200 ml of medicinal juice, the vessel should be of 600–750 ml capacity. Then it is filled with water, produced by “Emerald M” or “Emerald K” devices, to the top. It should be noted, that mixing therapeutic media with electrochemically treated water can be performed in different proportions, but at the same time it is obligatory:

to supply total daily dose of medicinal medium (syrup, juice, concentrate);

in order to rule out additional aqueous load on the body, the total volume of medicinal medium after dilution in ECA-water should not exceed 750 ml per day.

Individuals, whose water intake is not restricted as to volume of consumed liquid, can dilute medicinal anti-oxidant media in any reasonable volume of “emerald” water according to taste. Into resulting mixtures sugar, fructose, sucrose or sugar surrogates can be added (for diabetes patients).

A capacity with prepared medicinal mixture is tightly lidded to rule out contact with atmospheric air and is left to stand for 3–8 hours. After standing, the mixture is slightly agitated and drunk between meals during 3–4 days, every time being washed down with a gulp of “emerald” water. Between meals the mixture leftovers are kept tightly closed no longer than 18 hours (preferably in the refrigerator).

Oil solutions (fatty soluble vitamins, cod-liver oil, sea buckthorn oil, etc.), as well as capsules of anti-oxidant agents are taken orally as usual, and are washed down with 1–1.5 glasses of water treated by “Emerald M” or “Emerald K” devices.

Water treated with the help of “Sapphire” technological process keeps “memory” of anodic exposure and is actually “soft anolyte”, free from active chlorine compounds, but containing active oxygen compounds, which takes part in oxidative hydroxylation reactions. Correspondingly, water treated by an “Emerald S” device is fit for detoxification of hydrophobic xenobiotics in the gastro-intestinal tract.

Water purified by “Emerald” devices can be used for preparation of medicinal infusions and brewings, for making tea, coffee, etc., and for cosmetic purposes. To prevent wrinkle formation, water purified by “Emerald M” or “Emerald” devices is frozen in the freezing chamber of a refrigerator. “Emerald” water ice cubes are used to massage face and neck skin. For the same purposes ice cubes made of solutions and suspensions of anti-oxidants can be used. In case of unpleasant sensations (cold allergy) massaging with ice cubes should be stopped. An area of treated skin should be not very extensive, and the size of ice cubes should not exceed several centimeters.

People regularly consuming alcohol may experience some disagreeable feelings after drinking “emerald” water, which quickly pass and are replaced with improvement of general state.

Investigations, performed by the Department of General and Bio-Organic Chemistry of Izhevsk Medical Institute in February 1994, showed that calcium cation content in the blood of laboratory rats drinking water purified by an “Emerald K” device was 65–73 mg/l. In the control group it was 68–75 mg/l. This is due to the fact, that the device does not remove calcium of medium and low concentrations, does not interfere with normal supply of this element to the body. Similarly, electrochemical treatment does not rid drinking water of potassium, a characteristic element of Udmurtian natural waters. At the same time, the device safely removes excessive sodium cations from water, as well as cations of arsenic, lead, cesium, rubidium, selenium and excessive copper. In filtering-sorptive devices such effect of selective elimination of heavy metals from water is not achieved in conditions of maintained physiologically favorable concentrations of alkaline and alkaline-earthen metals.

According to Izhevsk researchers, “Emerald” devices carry out removal of cyclic hydrocarbons (benzopyrene, anthracene), phenols and pesticides from water. 

“Emerald” water produces tonic action on rat organism. Giving water treated with the help of “Crystal” technology to SWA mice for 30 days (males weighing 25–30 g) and Aguti guinea pigs (males weighing 200–250 g) at a volume of 6.5 ml for a mouse and 58 ml for a guinea pig led to the following alterations in the organism of tested animals (151):

13% increase of spleen mass, due to increased number of nuclei-containing cells in the given organ;

44% reduction of leukocyte content in peripheral blood (at initial values exceeding physiological norm);

accelerated switching over from immunoglobulin M synthesis to immunoglobulin G. 

Total quantity of antibodies in the organism of tested animals remained at the initial level. No immunogenetic disturbances were observed, revealed symptoms could be regarded as signs of certain stimulation of integral immunity indicators. “Emerald” water produced no allergenic action, manifested no signs of mutagenic effect as to the incidence of polychromatophilic erythrocytes with micro-nuclei (micro-nuclear test), and had no adverse effects.
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