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ABSTRACT 
 

The human body consists of 55-60% water in the case of young adults. There are numerous 
studies conducted in the 21

st
 c. concerning hydration reaction in sports training and recovery. 

Dehydration is a natural process during training and competition. Athletes lose both water and 
minerals. This is accompanied by formation of lactic acid and inorganic phosphate as well as by 
decrease of calcium (Ca

2+
). We have studied optimal doses of water and mineral intake during 

training, post-competition recovery and rest days. Electrochemically activated Catholyte water was 
successfully applied in sports practice. Bulgarian mineral and mountain spring waters were 
proposed as favorable during athletes’ training. In addition, herbs used as food supplements were 
classified according to their vitamin content. Our aim was to verify the efficiency of proposed intake 
doses for athletes’ hydration. They also include vitamins which, in combination with water, have 
anti-inflammatory effect and enhance sports performance. We have observed a tendency towards 
faster elimination of biochemical compounds appearing as side effects of athletic competitions and 
training. 
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1. INTRODUCTION 
 

For high achievements at competitions, athletes 
should be properly hydrated. More than 2% of 
their body mass loss indicate significant 
dehydration. For an 80 kg athlete this is equal to 
1.6 kg. Recommended daily water intake for 
healthy adults is 30 ml/kg. Thus, an 80 kg athlete 
should drink 2.4 l per day. Moreover, it has been 
shown that, after training and competitions, 
adequate daily water intake should be 40 ml/kg 
[1,2]. In the same example of 80 kg body weight, 
it is equal to 3.2 l per day. That is why; all doses 
calculated in our work are based on 3.0 l per day. 
 

During a 90-minute football match, physical 
loading is related to endurance and speed. 
Dehydration of the human body reduces blood 
flow to the skin and increases hyperthermia [3]. 
In turn, heat dissipation is reduced. Due to 
hyperthermia and dehydration, heart pumping 
ability decreases. Consequently, blood flow to 
the muscles and their endurance are diminished. 
The body draws energy from Adenosine 
triphosphate (ATP). Chemical energy, produced 
by mitochondria, is stored in small adenosine 
triphosphate (ATP) molecules. ATP hydrolysis is 
described by the equation: 
 

enzyme ATP+H2O  → ADP+P+Н+ 
 

Fatigue is caused by metabolic by-products. 
Current studies show that muscle fatigue is due 
to the lactic acid increase and concentration of 
inorganic phosphate (Pi) and hydrogen ions (H+). 
There is a decrease of calcium (Ca

2+
) ions and 

glucose (Glc) concentration [4,5]. Hydrogen has 
reduction and oxidation properties and estimation 
of the effects depends on each case with intake 
of minerals and vitamins. The estimation is 
possible of study of saliva [6]. 
 

The aim of this paper, related to football training, 
is to show the dependence of hydration degree 
on water quantity and quality. Adequate amounts 
of calcium (Ca2+), magnesium (Mg2+), sodium 
(Na

+
), potassium (K

+
), manganese (Mg

2+
) and 

zinc (Zn2+) in mountain spring and mineral waters 
intake during sports training and recovery were 
determined. Combinations with vitamins, used in 
sports training and recovery, were also studied. 

Vitamins were administered as food supplements 
extracted from Bulgarian plants and herbs. 
Effects of Catholyte water on athletes’ recovery 
were also observed. Influence of Catholyte water 
on ATP synthesis and restoration of alkaline-acid 
balance was detected. 
 

2. METHODS 
 

2.1 Physicochemical Measurements of 
Mountain Spring and Mineral Waters 
from Bulgaria 

 

Comparative analysis of physicochemical 
composition of mountain spring and mineral 
waters was performed.  
 

2.2 Catholyte and Anolyte Activated 
Water Preparation [7-10] 

 

Catholyte and anolyte activated water fractions 
were prepared by water electrolysis. The working 
principle of the electrolyzer is presented in Fig. 1.  
 

The main stage of the electrochemical treatment 
of water takes place in an electrolyzer consisting 
of a cathode and an anode separated by a 
special semipermeable membrane (diaphragm). 
The diaphragm separates water into an alkaline 
fraction (catholyte) and an acidic one (anolyte). 
When electric current passes through water, the 
flow of electrons from the cathode as well as 
extraction of electrons from water at the 
anodeare accompanied by a series of redox 
reactions on the surfaces of both electrodes. 
 

2.3 Comparative Analysis of Hydration, 
Dehydration and Heart Rate 

 

Heart rate of football players was measured with 
GPS Sports Watches. 
The results were statistically analyzed with 
Student’s t-test. 
 

2.4 Regulatory Compliance of Drinking 
Water Characteristics  

 

All variants of drinking water consumed by 
research participants complied with the Bulgarian 
standards listed in Ordinance No 9 / 2001, 
Official State Gazette, issue 30, and decree No 
178 / 23.07.2004. 



Fig. 1. Working 

 
2.4.1 Methods for physicochemical analysis
 

1. Method for determination of color 
according to Rublyovska Scale 
by Bulgarian State Standard (BDS) 8451: 
1977; 

2. Method for determination of smell
— method BDS 8451: 1977 technical 
device – glass mercury thermometer, 
conditions No 21; 

3. Method for determination of turbidity 
ISO 7027, technical device turbidimeter 
type TURB 355 IR ID No 200807088;

4. Method for determination of pH 
3424: 1981, technical device pH meter 
type UB10 ID NoUB10128148;

5. Method for determination of oxidisability 
BDS 3413: 1981; 

6. Method for determination of chlorides 
BDS 3414: 1980; 

7. Method for determination of nitrates 
Validated Laboratory Method (VLM) 
– No 2, technical device 
photometer "NOVA 60 A" ID No 08450505;

8. Method for determination of nitrites 
NO2 – No 3, technical device photometer 
"NOVA 60 A" ID No 08450505;

9. Method for determination of ammonium 
ions – VLM – NO4 – No 1, technical device 
photometer "NOVA 60 A" ID No 08450505;

10. Method for determination of general 
hardness – BDS ISO 6058; 

11. Method for determination of sulphates 
VLM - SO4 – No 4, technical device 
photometer "NOVA 60 A" ID No 08450505;

12. Method for determination of calcium 
ISO 6058; 

13. Method for determination of magnesium 
BDS 7211: 1982; 
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Working principle of the electrolyzer 

Methods for physicochemical analysis 

Method for determination of color 
according to Rublyovska Scale – method 
by Bulgarian State Standard (BDS) 8451: 

Method for determination of smell at 20°С 
method BDS 8451: 1977 technical 

glass mercury thermometer, 

Method for determination of turbidity - EN 
ISO 7027, technical device turbidimeter 
type TURB 355 IR ID No 200807088; 
Method for determination of pH – BDS 
3424: 1981, technical device pH meter 
type UB10 ID NoUB10128148; 
Method for determination of oxidisability – 

Method for determination of chlorides – 

Method for determination of nitrates – 
Method (VLM) – NO3 

photometer "NOVA 60 A" ID No 08450505; 
Method for determination of nitrites – VLM 

No 3, technical device photometer 
"NOVA 60 A" ID No 08450505; 
Method for determination of ammonium 

No 1, technical device 
photometer "NOVA 60 A" ID No 08450505; 
Method for determination of general 

Method for determination of sulphates – 
No 4, technical device 

photometer "NOVA 60 A" ID No 08450505; 
for determination of calcium – BDS 

Method for determination of magnesium – 

14. Method for determination of phosphates 
VLM - PO4 – No 5, technical device 
photometer "NOVA 60 A" ID No 08450505;

15. Method for determination of manganese 
VLM – Mn – No 7, technical device 
photometer "NOVA 60 A" ID № 08450505;

16. Method for determination of iron 
Fe – No 6, technical device photometer 
"NOVA 60 A" ID No 08450505;

17. Method for determination 
VLM – F – No 8, technical device 
photometer "NOVA 60 A" ID No 08450505;

18. Method for determination of electrical 
conductivity – BDS ЕN 27888, technical 
device – conductivity meter inoLabcond 
720 ID No 11081137. 

 
The following characteristics, according to 
Ordinance No9, of investigated drinking water for 
sports purposes, are presented in Table 1.

 
3. RESULTS AND DISCUSSION
 
Field work results from tests performed by Ivaylo 
Yakimov in 2014 demonstrated the significance 
of hydration in sports training [
Possibilities to enhance hydration by improving 
water quality and precision of daily intake 
determination have been considered [1
sports training, analytical methods have
applied especially since the beginning of the 21
century. New opportunities for fitness and 
recovery are being sought [14,15
consider reduction of oxidative stress during 
post-training hydration [16].  

 
In our opinion, at this particular stage of sports 
training, it is necessary to use mineral and spring 
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14. Method for determination of phosphates – 
No 5, technical device 

photometer "NOVA 60 A" ID No 08450505; 
15. Method for determination of manganese – 

No 7, technical device 
photometer "NOVA 60 A" ID № 08450505; 
Method for determination of iron – VLM – 

No 6, technical device photometer 
"NOVA 60 A" ID No 08450505; 

 of fluorides – 
No 8, technical device 

photometer "NOVA 60 A" ID No 08450505; 
Method for determination of electrical 

BDS ЕN 27888, technical 
conductivity meter inoLabcond 

ics, according to 
Ordinance No9, of investigated drinking water for 
sports purposes, are presented in Table 1. 

RESULTS AND DISCUSSION 

Field work results from tests performed by Ivaylo 
in 2014 demonstrated the significance 

of hydration in sports training [11,12]. 
Possibilities to enhance hydration by improving 
water quality and precision of daily intake 
determination have been considered [13]. In 
sports training, analytical methods have been 
applied especially since the beginning of the 21

st
 

century. New opportunities for fitness and 
5]. Paik et al. 

consider reduction of oxidative stress during 

stage of sports 
mineral and spring 
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waters in certain proportions for most efficient 
hydration reaction. Combined intake of mountain 
spring and mineral waters could extensively be 
applied to improve this process for Bulgarian 
athletes during training, competitions and 
recovery. In addition, combination of such waters 
with electrochemically activated Catholyte water, 
especially in the recovery stage, improves 
functional capacity of the heart, activates 
bioprocesses in ATP synthesis and mitochondrial 
functions. Good hydration also helps reducing 
travel fatigue in modern sports. 
 
3.1 Hydration Influence on Heart Rate  
 
In 2019, Ignatov performed hydration tests on 10 
football players in Nagano, Japan [6]. Their 
recovery heart rate was continuously measured 
from interruption of physical loading to the 
moment it reached the level of 130 beats per 
minute (bpm). All research participants reached 
the recovery heart rate target significantly faster 
when hydrated. In addition, the result with 
Catholyte water was better than that with table 
water (Table 2 and Fig. 2).  
 
Comparison between the three columns noted as 
DH, H with table water, and H with Catholyte 
water was performed with Student’s t-test. 
Average values m and standard deviationss are 

estimated with t-criteria of Student. There is 
significant difference (P<0.05) between the first 
column and the third one.  However, there is no 
significant difference between the first and 
second column, and between the second and 
third column.  
 
This result shows that most efficient hydration is 
possible with Catholyte water. We also propose 
combinations of spring and mineral waters with 
Catholyte water. 
 
Bulgaria has a great variety of mountain spring 
and mineral waters. For the purpose of this study, 
we selected for athletes’ hydration several 
brands of bottled waters available on the market. 
 
3.2 Waters Rich in Sodium (Na

+
) and Calcium 

(Ca2+) Ions Bottled by Bulgarian 
Companies 

 
3.2.1 Sodium (Na) rich water 
 
Tables 3 to 6  show sodium-rich waters bottled 
by some Bulgarian companies. 
 
3.2.2 Waters rich in calcium (Ca2+) 
 
Table 7 shows calcium-rich water bottled by 
Bulgarian companies. 

 

 
 

Fig. 2. Heart rate from interruption of physical loading to the moment it reached the level of 

130 beats per minute (bpm),  H (hydration) – DH (dehydration), DH (green color); H with table 

water (blue color), H with Catholyte water (red color), HR recov – bpm 
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Table 1. Characteristics of investigated drinking waters for sports purposes according to 
Ordinance No. 9 

 

Controlled characteristics of ions Maximum limit value (mg/dm3) 

Sodium (Na) 200 

Potassium (K) - 

Calcium (Ca) 150 

Magnesium (Mg) 80 

Manganese (Mn)  

µg/dm
3
 

50 

Zinc (Zn) 4.0  

Other characteristics  

pH ≥ 6.5 and ≤ 9.5 
 
Table 2. Heart rate from interruption of physical loading to the moment it reached the level of 

130 beats per minute (bpm),  H (hydration) – DH (dehydration), HR recovery – bpm 

 

Parameters DH  H with table water H with Catholyte water 

Interruption 179.3  163.3 154.1 

1`  161.2 152.5 143.0 

 1` 30``  153.5  142.3 140.3 

 2` 144.0  135.7 132.3 

2`30``  133.4 126.1 118.2 

3`  131.5  122.0 113.4 

3` 30``  130.2  121.5 106.5 

4`  128.3 118.5 105.3 
 

Table 3. Gorna Bania Mineral Water 
 

Controlled parameters of ions Result and Measuring 
unit(mg /dm

3
) 

Maximum limit value 

(mg /dm3) 

Sodium(Na) 28.0 200 

Potassium(K) 0.4 - 

Calcium(Ca) 1.6 150 

Magnesium(Mg)  80 
Manganese(Mn)  50 

Zinc(Zn) <0.081 4.0  

Other parameters Result  

pH 9.80 ≥ 6,5 and ≤ 9,5 
 

Table 4. Bankia Mineral Water 
 

Controlled parameters of ions Result and Measuring unit 

(mg /dm3) 

Maximum limit value  

(mg /dm3) 

Sodium(Na) 84.2 200 

Potassium(K) 0.6 - 

Calcium(Ca) 8.3 150 

Magnesium(Mg) - 80 

Manganese(Mn) - 50 

Zinc(Zn) - 4.0  

Other parameters Result  

pH 8.71 ≥ 6,5 and ≤ 9,5 
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Table 5. Velingrad Mineral Water 
 

Controlled parameters of ions Result and Measuring 
unit (mg /dm

3
) 

Maximum limit value  
(mg /dm

3
) 

Sodium (Na) 37.4 200 
Potassium (K) 0.5 - 
Calcium (Ca) 2.0 150 
Magnesium (Mg) - 80 
Manganese (Mn) - 50 
Zinc (Zn) - 4.0  
Other parameters Result  
pH 9.28 ≥ 6,5 и ≤ 9,5 

 

Table 6. Hisar Mineral Water 
 

Controlled parameters of ions Result and Measuring 
unit (mg /dm3) 

Maximum limit value 
(mg /dm3) 

Sodium (Na) 50.3 200 
Potassium (K) 1.6 - 
Calcium (Ca) 3.1 150 
Magnesium (Mg) - 80 
Manganese (Mn) - 50 
Zinc (Zn) - 4.0  
Other parameters Result  
pH 8.98 ≥ 6,5 and ≤ 9,5 

 
Table 7. Bachkovo Spring Water 

 
Controlled parameters of ions Result and Measuring 

unit (mg /dm3) 
Maximum limit value  
(mg /dm3) 

Sodium (Na) 20.0 200 
Potassium (K) 3.1 - 
Calcium (Ca) 70.7 150 
Magnesium (Mg) 7.8 80 
Manganese (Mn) - 50 
Zinc (Zn) - 4.0  
Other parameters Result  
pH 7.23 ≥ 6,5 and ≤ 9,5 

 
3.2.3 Waters containing almost equal 

amounts of sodium (Na
+
) and calcium 

(Ca2+) 
 

Tables 8 and 9 show two brands of waters 
containing almost equal amounts of sodium (Na

+
) 

and calcium (Na
+
), bottled by different Bulgarian 

companies. 
 

3.3 Waters Rich In Potassium (K+) 
 
Analysis has shown that Bachkovo mineral water 
is rich in potassium (K+). In Bulgaria there are 
sports complexes near mountain and mineral 
spring waters. In the town of Teteven, there is a 
sports complex where a mountain spring was 
built in1934. Its water composition is suitable for 
sports training (Table 10).  

3.4 Suggested Mountain Spring And 
Mineral Waters For Drinking In 
Sports Training And Recovery  

 
Analyses by Ignatov, Mosin et al. of Ca2+, Mg2+, 
Na

+
, K

+
, Mn

2+
 and Zn

2+
 content in the human 

body for obtaining optimal balance of enzymes 
and vitamins was performed by studying blood 
indicators of healthy and cancer patients [17-20].  
There are valid the following standards for the 
mountain spring and mineral waters in Bulgaria 
[21-23] 
 
It showed that combinations of different mountain 
spring and mineral waterscan be applied in 
certain proportions for drinking during sports 
training and recovery. 
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3.4.1 Application in sports training 
 
Recommended intake of Velingrad, Bankya or 
Hisar mineral water is 2 l/day, combined with 1 
l/day of Bachkovo mineral water. Table 11 shows 
the corresponding mineral contents of such 
combinations. 
 
3.4.2 Application in sports recovery 
 
Catholyte water only is recommended for 
drinking during the first two hours of sports 
recovery. Then, Bachkovo and Gorna Banya 
mineral waters should be consumed. 
 
Statistical analysis shows that most efficient 
hydration is achieved with Catholyte water. 

Different brands of table water do not show 
statistically significant differences in that respect. 
That is why, we propose a hydration modality 
based on measurements of players after football 
matches. Gorna Banya water is suggested for its 
high pH=9.8. Excessive negative charges in 
Catholyte and in waters with high pH values 
contribute to neutralization of oxidative 
processes. In addition, Bachkovo mineral water 
efficiently provides calcium at 70.7 mg /dm3.  
 
3.4.3 Application during rest days 
 
Devin mineral water (1 l) and Rilana spring (1 l) 
water are recommending for drinking during rest 
days. Table 12 shows the mineral contents of 
such a combined intake. 

 
Table 8. Devin Mineral Water 

 
Controlled parameters of ions Result and Measuring 

unit (mg /dm3) 
Maximum limit value  

Sodium (Na) 5.7 200 
Potassium (K) - - 
Calcium (Ca) 6.1 150 
Magnesium (Mg) 0.3 80 
Manganese (Mn) - 50 
Zinc (Zn) - 4.0  
Other parameters Result  
pH 8.98 ≥ 6,5 and ≤ 9,5 

 
Table 9. Rilana Spring Water 

 
Controlled parameters of ions Result and Measuring 

unit (mg /dm3) 
Maximum limit value  
(mg /dm3) 

Sodium (Na) 4.1  200 
Potassium (K) - - 
Calcium (Ca) 14.2 150 
Magnesium (Mg) 1.9 80 
Manganese (Mn) <1.0 50 
Zinc (Zn) - 4.0  
Other parameters Result  
pH 6.8 ≥ 6,5 и ≤ 9,5 

 
Table 10. Dolnata Chesma Mountain Spring Water, Teteven, Bulgaria 

 
Controlled parameters of ions Result and measuring 

unit (mg /dm3) 
Maximum limit value 
(mg /dm3) 

Sodium (Na) 2.5 200 
Potassium(K) 1.5 - 
Calcium(Ca) 94.4 150 
Magnesium (Mg) 12.1 80 
Manganese, (Mn) µg/dm3 1.6 50 
Zinc, (Zn) 0.2 4.0  
Other parameters Result  
pH 8.98 ≥ 6,5 and ≤ 9,5 
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Table 11. Mineral contents of combined Velingrad, Bankia, Hisar and Bachkovo water intake 
 
Combination of two waters Calcium (Ca)  

(mg /dm
3
) 

Sodium (Na)  
(mg /dm

3
) 

Potassium (K) 
(mg /dm

3
) 

Velingrad&Bachkovo          74.7           94.2            4.1 
Bankia&Bachkovo          87.3         188.4            4.3 
Hisar&Bachkovo          76.9         120.6            3.3 

 
Table 12. Mineral contents of combined Devin and Rilana water intake 

 
Combination of two waters Calcium (Ca) 

(mg /dm3) 
Sodium (Na) 
(mg /dm3) 

Potassium (K) 

Devin&Rilana 20.3 9.8    - 
 

3.5 Use of Vitamins During Recovery 
 

Bulgaria is rich in herbs. Herbs and plants are 
usually used for various treatments in sports 
medicine. Pharmaceutical companies utilize 
them to prepare liquids from individual herbs, 
tablets and extracts.  
 

The following herbs and plants are generally 
used as sources of vitamins in Bulgaria [24-33] . 
 
Vitamin Е  
 
Oleum Gossypyi  
Oleum Helianthi  
Oleum Maydis  
 
Plants synthesize provitamin A. 
 
Urtica dioica L  
Daucus carota L  
Spinacia oleracea L  
 
Vitamin C 
 
Rosa canina L  
Ribes nigrum L  
Taraxacum officinale   
 

Vitamin B1 
 

Zea mays L  
Spinacia oleracea L 
 

Vitamin B9, folic acid 
 

Urtica dioica L  
 

4. CONCLUSION 
 

Common hydration modalities in sports can be 
improved by taking into account water 
composition. Combined intake of different bottled 
mineral waters was shown to enhance the 
hydration reaction of Bulgarian athletes during 

training, competitions and recovery. Our work 
also represents a pioneering application of 
electrochemically activated Catholyte water, 
especially in the recovery stage, resulting in 
activation of ATP-related biochemical processes 
and mitochondrial functioning. It should be 
pointed out that efficient hydration has an extra 
benefit of reducing travel fatigue in modern 
sports. In addition, we studied the possibilities of 
adding natural vitamins to drinking water that are 
derived from plants and herbs used in Bulgaria. 
Along these lines, future research will be 
dedicated to elaboration of hydration modalities 
of Bulgarian football players based on combined 
intake of bottled mountain spring and mineral 
waters together with Catholyte electrochemically 
activated water.   
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