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INFLUENCE oF rEdoX PoTENTIAL oF 

dIFFErENT WATEr QUALITY oN THE 

HUMAN BLood

Досліджено вплив дистильованої, водопровідної та мінеральної води «Поляна Квасова» (Украї-
на) з від’ємним окисно-відновним потенціалом на стан крові людини. Воду насичували воднем або 
активували в електроактиваторі. Доведено позитивний вплив такої води на стан крові людини. 
Насичення водопровідної води воднем може розглядатися як метод поліпшення якості питної 
води, а отже здоров’я людини.

ключові слова: питна вода, окисно-відновний потенціал, насичена воднем вода, електро-
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1. Introduction

The quality of the water consumed by a human is the 
determining factor in the health of the population of any 
country in the world. Compliance of drinking water quality 
indicators to state regulations are not always shows its 
best composition and properties for human health.

The most important indicator of drinking water pro-
perties is the redox potential (RP). Previous studies were 
found that the consumers of the drinking water in Lviv 
have drinking quality water. However, during the research 
of water RP isn’t determined [1]. The influence of different 
water hardness on human blood revealed that condition 
of the blood does not change significantly for consump-
tion of tap water. An almost perfect blood conditions is 
observed for the human consumption of natural mineral 
medical-table water «Polyana Kvasova» [2].

In view of the above-mentioned, research of the ef-
fect of water RP with different salt content on human 
blood is relevant.

2.  The object of research and its 

technological audit

The object of research is distilled tap mineral water with 
different RP values and its influence on the human blood.

Technological audit that would aim to determine an 
influence of water with different RP values on the hu-
man blood should be done on the basis of regulations 
governing the relevant state-level standards. Therefore, 
the most appropriate should be considered use of recom-
mendations of the World Health Organization (WHO), 
which recommends to use the water with RP no more 
than 60 mV. Redox potential of the internal environment 
of the human body is normally always less than zero and 
is in the range of –100 to –200 mV. In [3] the authors 
suggest that the optimal water for the human health is 
drinking water with negative RP value. However, people 
consume water with the RP within 100–400 mV. Human 
consumes extra energy to adapt the redox potential of 
drinking water and the internal environment.

In Ukraine, the process of water treatment is not con-
sidered this factor. Moreover, RP value of bottled and 

other water isn’t standardized by DSanPiN 2.2.4-171-10 
«Hygiene requirements for drinking water intended for 
human consumption».

Water with negative RP and its quality indicators 
may vary depending on the treatment method.

3. The aim and objectives of research

The aim of research is determination of the effect of 
the redox potential of different water quality on the state 
of human blood.

To achieve this aim there are the following tasks:
1. Analyze the compliance of quality indicators (RP, 

common salt content, pH) of source (distilled, tap, mine-
ral) water with standards for drinking water.

2. Analyze the compliance of quality indicators (RP, 
common salt content, pH) of analyzed (activated and hydro-
gen-saturated) water with standards for drinking water.

3. Evaluate the change of human blood state after water 
consumption of different composition with different RP.

4.  research of existing solutions of the 

problem

Over the life a person is exposed to harmful factors, 
including consumption of unsafe drinking water. This con-
tributes to the destruction of redox regulation system of 
the body at the cellular level. The immediate cause of 
injury and death of cells may be free radicals.

Metabolic and energy disturbances, accumulation of free 
radicals, reactive oxygen intermediates are called oxidative 
stress. During oxidative stress, together with an excess of 
free radicals, a decrease in the activity of antioxidant defense 
system is observed. For example, diabetes is characterized 
by increased formation of reactive oxygen intermediates and 
a sharp decrease in antioxidant defense of the body [4].  
Oxidative stress is also associated with physiological de-
generation that accompanies Parkinson’s and Alzheimer’s 
diseases, cardiovascular, oncological diseases and aging [3].

Recently, scientists have identified a new risk factor 
for ill health of the population – lack of electrons in the 
environment and drinking water, and consequently in the 
human body. This, in turn, disturbs cellular metabolism and 
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provokes the emergence of «diseases of civilization» (car-
diovascular disease, diabetes, obesity, osteoporosis, malignant 
tumors, etc.) and aging. Human blood is a multiphase and 
polydisperse system, spatial stability of which is caused by 
electrical charges of corpuscular elements. The surfaces of 
red blood cells, platelets and white blood cells are negatively 
charged. Stability of blood electrostatic system is lost in 
the case of charge deficiency that leads to the unifica-
tion of particles and their coagulation. So, long electron 
deficiency causes abnormal endogenous electric exchange 
reduces electric potentials of the blood particles, colloids, 
cells, tissues and organs and disturb a metabolism [5].

The antioxidant system of the human body is balanced 
antiradical network of antioxidant agents. They transfer 
electrons and protons from metabolites – participants of 
enzyme oxidation to free radicals. Transfer activity of pro-
tons and electrons regulates the PR [6]. Balance of redox 
regulation system is normalized using antioxidants. Strong 
antioxidant is water with a negative RP value [3, 7].

Reducing the water RP is possible by its electrochemical 
activation using electric activator or hydrogen saturation.

The first information that molecular hydrogen can be 
an antioxidant was in 2007 [8]. Before it, studies on this 
subject were isolated. During the last decade research of 
the effect of hydrogen on living organisms are greatly in-
tensified mainly in China, Japan and the USA. Researches 
were conducted on animals (especially rodents), plants 
and peoples. The dominant form of hydrogen injection in 
the body is hydrogen-saturated physiological solution or 
water, and hydrogen gas. The positive therapeutic effect is 
found in almost all bodies that cover 31 type of diseases 
caused mainly by oxidative stress and inflammation [9].

Human consumption of hydrogen-saturated water im-
proves lipid and glucose metabolism in patients with type 
2 diabetes or impaired glucose tolerance [10]. The positive 
therapeutic effect is proved during the research for people 
who suffer from metabolic syndrome [11].

Consumption of such water improves the quality of life 
of patients during radiation therapy of liver [12]. It can 
complement traditional therapy in rheumatoid arthritis [13],  
chronic hepatitis B [14], Parkinson’s disease [15] and 
atherosclerosis [16] due to reduction of oxidative stress.

The results of the above-mentioned researches show 
a positive therapeutic effect. However, the mechanism 
of action of such water on the human body isn’t fully 
explained. This requires further large-scale studies on this 
topic. In particular, an influence of different quality water 
with negative RP in the human body isn’t analyzed.

5. Methods of research

5.1. Analyzed materials and equipment used in the expe-

riment. Potentiometric method for determining quality of 
source and analyzed water was used during research. Redox 
potential was measured by portable RP meter ORP-2069 
(China), the total salt content and temperature – by water 
quality portable analyzer – TDS-meter TDS-3 M (China), 
pH – by portable pH meter PH-2011 ATC (China). Ac-
curacy of measuring instruments is under – ±5 mV, ±2 % 
and ±0,01 pH unit.

Water with a negative RP value was received by:
– Activation of source water using an electric water 
activator ЭАВ-3 («Ecovod», Ukraine) (Fig. 1).
– Saturation of source water with molecular hydrogen.

Fig. 1. External appearance of electric water activator ЭАВ-3

Using electric water activator ЭАВ-3, 2.75 dm3 of 
source water was activated for 1 hour 10 minutes. 1,0 dm3 
of catholyte was used for the experiments.

Hydrogen obtained by electrolysis of 30 % aqueous 
KOH solution was used in experiments using pure hydro-
gen generator Н2-13В2 («Vodorod», Ukraine) (Fig. 2).

Fig. 2. External appearance of electric hydrogen  
generator Н2-13В2

Source water was saturated with molecular hydrogen 
under the next scheme. Plastic bottle volume of 1,5 dm3 
was filled with source water to the top. Bottle neck was 
closed by the lid. Then the bottle was lowered upside 
down into a bath of source water 3. Lid was opened 
under water. 0,5 dm3 of hydrogen was injected through 
the tube from the electrolyzer in the bottle. Any hydrogen 
purification wasn’t performed (Fig. 3).

Fig. 3. Scheme of source water bottle filling with hydrogen:  
1 – hydrogen-filling bottle volume; 2 – source water bottle; 3 – source 

water bath; 4 – hydrogen supply
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Bottle was closed under water after entering 
the required amount of hydrogen. Hydrogen-
filling bottle was removed from the bath and 
kept upside down or on its side for 24 hours.

The blood state of experimenter was measured 
by live blood analysis (instantaneous research of 
drop of capillary blood under the microscope at a 
magnification of 4,5 thousand times) in health and 
rehabilitation center of biological Medicine «Si-
dus» (Lviv, Ukraine) (license of MON of Ukraine 
series AG № 600865 from 04.07.2012).

5.2. Method of water rP influence on the 

state of human blood. The method of research 
was in the next – quality indicators of source 
water were defined, then it was activated or 
saturated with hydrogen. 1 hour before selec-
ting a drop of blood experimenter determined 
the quality of analyzed water and drank 1 dm3 
of analyzed water. Blood conditions were exa-
mined by live blood analysis of and compared 
with blood examples. Six series of experiments 
were performed.

The first series of experiments (reference blood 
state) were performed on an empty stomach for 
accustomed food and water consumption.

The second series of experiments were performed after 
consumption of tap settled water within 24 hours. Tap is 
located at: Ukraine, Lviv, Kolberg st., 6.

The third series of experiments were performed after 
catholyte consumption. Tap settled water within 24 hour 
was used as source water. Tap is located at: Ukraine, 
Lviv, Kolberg st., 6

The fourth series of experiments were performed after 
consumption of distilled hydrogen-saturated water.

The fifth series of experiments were performed after 
consumption of hydrogen-saturated water taken from the 
tap 105 of 2-th academic building of «Lviv Polytech-
nic» (Ukraine, Lviv, Karpinski st., 6).

The sixth series of experiments were performed after 
consumption of natural mineral hydrocarbonate sodium 
boric medical-table hydrogen-saturated water «Polyana 
Kvasova».

6. research results

Research results of quality indicators of source and 
analyzed water are shown in Tables 1 and 2.

The result of experimenter’s blood change after con-
sumption of water of different quality is microphotographs 
of the fragments of blood samples (Fig. 4).

Research results of source water quality indicators 
shown that the total salt content in the samples of the 
source water range from 0,01 mg/dm3 (distilled water) 
to 2700 mg/dm3 («Polyana Kvasova» mineral water). 
The value of the total salt content in tap water samples 
(202–206 mg/dm3) meet the indicator of physiological 
full value of the mineral composition of drinking water  
(200–500 mg/dm3). Distilled water is unsuitable for 
 drinking purposes in the absence of dissolved salts. The 
value of the total salt content in «Polyana Kvasova» mine ral 
water (2700 mg/dm3) is far exceeds the standard value 
of allowable salt content in drinking water intended for 
human consumption. It can be used only for medical pur-
poses, as provided by the manufacturer of the product.

Fig. 4. Microphotographs of the fragment of blood sample: a – taken as 
the standard; after consumption: b – tap water; c – catholyte; d – distilled 
hydrogen-saturated water; e – tap hydrogen-saturated water; f – «Polyana 

Kvasova» mineral hydrogen-saturated water

a

c

e

b

d

f

pH of the source water varies from 5,79 (distilled wa-
ter) to 7,68 (tap water). All water samples in accordance 
with pH value, except distilled water, meet drinking water 
quality indicators.

Table 1

Quality indicators of source water

Series of 
experiment

Type of 
source water

Redox poten-
tial, mV

Total salt con-
tent, mg/dm3

Tempera-
ture, °С

рН

II tap 205 204 19 7,63

III tap 149 206 17 7,68

IV distilled 151 0,01 19 5,79

V tap 260 202 17 7,48

VI mineral 60 2700 19 6,60

Table 2

Quality indicators of analyzed water

Series of 
experi-
ment

Type of source water
Redox po-
tential, mV

Total salt 
content, 
mg/dm3

Tempera-
ture, °С

рН

III catholyte –162 115 27 10,40

ІV distilled, hydrogen-saturated –168 0,01 19 5,85

V tap, hydrogen-saturated –210 208 21 7,40

VI mineral, hydrogen-saturated –103 2680 22 6,84
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RP values of source water samples vary in the range of 
60 mV («Polyana Kvasova» mineral water) to 260 mV (tap  
water). According to WHO recommendations most favor-
able to the human body for this indicator is «Polyana 
Kvasova» mineral water. Other water samples don’t meet 
these recommendations.

Research results of water quality indicators of analyzed 
water indicate that the saturation of the source water with 
molecular hydrogen and activation in electric activator 
can reduce its redox potential for negative values from 
–103 mV («Polyana Kvasova» mineral water) to –210 mV 
(tap water). This water is favorable for the human body.

The values of the total salt content and pH of the 
hydrogen-saturated water aren’t changed (within the mea-
surement error). However, this is not for the tap water, 
activated in electric activator. The value of total salt con-
tent for catholyte is reduced from 206 to 115 mg/dm3,  
which doesn’t comply meet the physiological full value of 
mineral composition of drinking water. pH of the catholyte 
is increased from 7,68 to 10,40, exceeding the standard 
value of acceptable pH of drinking water.

The results of the first series of experiments (refe-
rence blood state) indicate that red blood cells and white 
blood cells are aggregated and tight to each other. Li-
mited plasma and not enough oxygen are found in blood. 
Blood is acidified.

The results of the second series of experiment (muni-
cipal tap) indicate a massive aggregation of red blood 
cells and insufficient amount of plasma. Blood is acidi-
fied. Blood state is not very different from the reference.

The results of the third series of experiments (catho-
lyte) indicate that red blood cells in the blood of experi-
menter are aggregated in columns, white blood cells have 
a regular shape and plasma is the cleaner. There is more 
immunomodulatory effect than antioxidant.

The results of the fourth series of experiments (distilled 
hydrogen-saturated water) indicate that the columns of 
aggregated red blood cells break down, amount of plasma is 
close to normal, single leukocytes acquire the correct form.

The results of the fifth series of experiments indicate 
powerful antioxidant effect of tap hydrogen-saturated wa-
ter. In the blood there are few columns of aggregated red 
blood cells, white blood cells have a regular shape and 
sufficient amount of plasma.

The results of the sixth series of experiments («Polyana 
Kvasova» mineral hydrogen-saturated water) indicate that 
the blood of experimenter is enriched with oxygen, all 
of white blood cells and red blood cells become regular 
shape, separate and start a normal operation. Thus, this 
blood state is close to ideal.

7. SWoT analysis of research results

Strengths. The research states the positive effects of 
water with different salt content and negative RP value 
on the state of human blood. Qualitatively blood condition 
improves with increasing salt content of water. Water is 
considered as a multicomponent mixture. The analysis of 
the literature indicates that these data are absent today.

Saturation of water with hydrogen doesn’t change the 
value of its salt content and pH. Such water is charac-
terized by a strong antioxidant effect. This can be seen 
as a method of improving drinking water quality and, 
thus, human health.

Weaknesses. Tap water is activated in electric activa-
tor (catholyte) doesn’t meet the indicators of drinking 
water. But it is characterized by immunomodulatory effect.

Opportunities. A promising for future research is to de-
termine the optimal ranges of technological parameters of 
drinking water quality improvement – an optimal time of 
water saturation with hydrogen, RP relaxation time, etc. It 
is reasonable to conduct more detailed studies of RP changes 
of tap water in Lviv depending on its salt content, presence 
of microelements, etc. Consumption of such water offset the 
effect of adverse environmental factors on human health 
and, thus, reduces government costs in the health sector.

Threats. Difficulties in the implementation of the results 
are due to lack of research involving people, absence of 
the standard RP value for drinking water. Implementation 
of this technology in the public utilities will require addi-
tional costs and, thus, increase the cost of water treatment.

8. Conclusions

1. Tap distilled water (the central part of Lviv) and 
natural mineral medical-table water «Polyana Kvasova» 
is analyzed as source water. Distilled water is unsuitable 
for consumption because it doesn’t contain dissolved salts. 
The value of the total salt content of «Polyana Kvasova» 
mineral water far exceeds the standard value of allowable 
salt content in the water. Tap water is characterized by 
physiological usefulness of mineral composition. All water 
samples in accordance with pH value, except distilled 
water, meet drinking water quality indicators. The value 
of the redox potential is most favorable to the human 
body for «Polyana Kvasova» mineral water.

2. The source water saturation with molecular hydrogen 
and activation in electric activator can reduce its redox 
potential for negative values. Change of the quality pa-
rameters for activated water (catholyte) indicates their 
non-compliance with drinking water indicators. Quality 
of hydrogen-saturated water hasn’t changed.

3. Water consumption with negative redox potential 
improves blood condition of the experimenter compared to 
the reference. Blood condition improves qualitatively with 
increasing salt content of water. The powerful antioxidant 
effect of hydrogen-saturated water is indicated. Consump-
tion of activated water (catholyte) has immunomodulatory 
effect rather than an antioxidant effect. Blood state close 
to ideal is observed after consumption of natural mineral 
medical-table hydrogen-saturated water «Polyana Kvasova».

Saturation of water with hydrogen can be considered 
as a method of improving drinking water quality and, 
thus, human health.

Acknowledgement

The author would like to thank the Ya. Dunaevsky – 
student of ВПБм-21 group of Institute of Civil and Envi-
ronmental Engineering, National University «Lviv Poly-
technic» for assistance in the experiments.

references

1. Matsiyevska, O. Study of water quality in the distribution 

network of the centralized water supply system in the city of 

Lviv [Text] / O. Matsiyevska // Eastern-European Journal of 

Enterprise Technologies. – 2015. – № 6/6 (78). – P. 62–70. 

doi:10.15587/1729-4061.2015.56225



Хімічна інженерія:
екологія та теХнології заХисту навколишнього середовища

38 Технологічний аудиТ Та резерви виробницТва — № 1/3(33), 2017

ISSN 2226-3780

2. Matsiyevska, O. О. The Research of Influence of Water of 

Different Hardness on Human Blood [Text] / O. О. Matsi-

yevska // Scientific Bulletin of Ukrainian National Forestry 

University. – 2015. – Vol. 25.10. – P. 173–178.

3. Goncharuk, V. V. Ispol’zovanie okislitel’no-vosstanovitel’nogo 

potentsiala v protsessah vodopodgotovki [Text] / V. V. Gon-

charuk, V. A. Bagrii, L. A. Mel’nik, R. D. Chebotareva, 

S. Yu. Bashtan // Journal of Water Chemistry and Techno-

logy. – 2010. – Vol. 32, № 1. – P. 3–19.

4. Kim, M.-J. Anti-diabetic effects of electrolyzed reduced water 

in streptozotocin-induced and genetic diabetic mice [Text] / 

M.-J. Kim, H. K. Kim // Life Sciences. – 2006. – Vol. 79, 

№ 24. – P. 2288–2292. doi:10.1016/j.lfs.2006.07.027

5. Rahmanin, Yu. A. Novyi faktor riska zdorov’ia cheloveka – 

defitsit elektronov v okruzhaiushchei srede [Text] / Yu. A. Rah-

manin, A. A. Stehin, G. V. Yakovleva, V. V. Tatarinov // 

Strategiia grazhdanskoi zashchity: problemy i issledovaniia. –  

2013. – Vol. 3, № 1 (4). – P. 39–51.

6. Peresichnyi, M. The electroactivated water in human nutri-

tion [Text] / M. Peresichnyi, D. Fеdorova // Commodities 

and Markets. – 2013. – № 1. – P. 70–86.

7. Hong, Y. Hydrogen as a Selective Antioxidant: A Review of 

Clinical and Experimental Studies [Text] / Y. Hong, S. Chen,  

J.-M. Zhang // Journal of International Medical Research. – 2010. –  

Vol. 38, № 6. – P. 1893–1903. doi:10.1177/147323001003800602

8. Ohsawa, I. Hydrogen acts as a therapeutic antioxidant by 

selectively reducing cytotoxic oxygen radicals [Text] / I. Oh-

sawa, M. Ishikawa, K. Takahashi, M. Watanabe, K. Nishimaki, 

K. Yamagata, K.-I. Katsura, Y. Katayama, S. Asoh, S. Ohta // 

Nature Medicine. – 2007. – Vol. 13, № 6. – P. 688–694. 

doi:10.1038/nm1577

9. Ichihara, M. Beneficial biological effects and the underlying 

mechanisms of molecular hydrogen – comprehensive review of 

321 original articles [Text] / M. Ichihara, S. Sobue, M. Ito, 

M. Ito, M. Hirayama, K. Ohno // Medical Gas Research. – 

2015. – Vol. 5, № 1. – P. 12. doi:10.1186/s13618-015-0035-1

10. Kajiyama, S. Supplementation of hydrogen-rich water improves 

lipid and glucose metabolism in patients with type 2 diabetes or 

impaired glucose tolerance [Text] / S. Kajiyama, G. Hasegawa, 

M. Asano, H. Hosoda, M. Fukui, N. Nakamura, J. Kitawa-

ki, S. Imai, K. Nakano, M. Ohta, T. Adachi, H. Obayashi, 

T. Yoshi kawa // Nutrition Research. – 2008. – Vol. 28, № 3. –  

P. 137–143. doi:10.1016/j.nutres.2008.01.008

11. Nakao, A. Effectiveness of Hydrogen Rich Water on Antioxi-

dant Status of Subjects with Potential Metabolic Syndrome –  

An Open Label Pilot Study [Text] / A. Nakao, Y. Toyoda, 

P. Sharma, M. Evans, N. Guthrie // Journal of Clinical Bio-

chemistry and Nutrition. – 2010. – Vol. 46, № 2. – P. 140–149. 

doi:10.3164/jcbn.09-100

12. Kang, K.-M. Effects of drinking hydrogen-rich water on the 

quality of life of patients treated with radiotherapy for liver 

 tumors [Text] / K.-M. Kang, Y.-N. Kang, I.-B. Choi, Y. Gu, 

T. Kawamura, Y. Toyoda, A. Nakao // Medical Gas Research. –  

2011. – Vol. 1, № 1. – P. 11. doi:10.1186/2045-9912-1-11

13. Ishibashi, T. Consumption of water containing a high con-

centration of molecular hydrogen reduces oxidative stress 

and disease activity in patients with rheumatoid arthritis: an 

open-label pilot study [Text] / T. Ishibashi, B. Sato, M. Riki-

take, T. Seo, R. Kurokawa, Y. Hara, Y. Naritomi, H. Hara, 

T. Nagao // Medical Gas Research. – 2012. – Vol. 2, № 1. –  

P. 27. doi:10.1186/2045-9912-2-27

14. Xia, C. Effect of Hydrogen-Rich Water on Oxidative Stress, 

Liver Function, and Viral Load in Patients with Chronic Hepa-

titis B [Text] / C. Xia, W. Liu, D. Zeng, L. Zhu, X. Sun, 

X. Sun // Clinical and Translational Science. – 2013. – Vol. 6, 

№ 5. – P. 372–375. doi:10.1111/cts.12076

15. Yoritaka, A. Pilot study of H 2 therapy in Parkinson’s disease: 

A randomized double-blind placebo-controlled trial [Text] / 

A. Yoritaka, M. Takanashi, M. Hirayama, T. Nakahara, S. Ohta, 

N. Hattori // Movement Disorders. – 2013. – Vol. 28, № 6. –  

P. 836–839. doi:10.1002/mds.25375

16. Song, G. Hydrogen Activates ATP-Binding Cassette Transporter 

A1-Dependent Efflux Ex Vivo and Improves High-Density 

Lipoprotein Function in Patients With Hypercholesterole-

mia: A Double-Blinded, Randomized, and Placebo-Controlled  

Trial [Text] / G. Song, Q. Lin, H. Zhao, M. Liu, F. Ye, Y. Sun, 

Y. Yu, S. Guo, P. Jiao, Y. Wu, G. Ding, Q. Xiao, S. Qin // The 

Journal of Clinical Endocrinology & Metabolism. – 2015. –  

Vol. 100, № 7. – P. 2724–2733. doi:10.1210/jc.2015-1321

влияние окислиТельно-воссТановиТельного ПоТенциала 

воды разного качесТва на кровь человека

Исследовано влияние дистиллированной, водопроводной 

и минеральной воды «Поляна Квасова» (Украина) с отрица-

тельным окислительно-восстановительным потенциалом на 

состояние крови человека. Воду насыщали водородом или 

активировали в электроактиваторе. Доказано положительное 

влияние такой воды на состояние крови человека. Насыщение 

водопроводной воды водородом может рассматриваться как 

метод улучшения качества питьевой воды, а следовательно 

и здоровья человека.

ключевые слова: питьевая вода, окислительно-восстано-

вительный потенциал, насыщенная водородом вода, электро-

активированная вода.
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