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ABSTRACT 
EVOdrop water treatment device output was tested together with samples of filtered water and 
compared to control samples of tap water. The device includes an ultra-nano membrane and 
rotation jet nozzle for water vortexing. Investigations were conducted with Non-equilibrium 
Energy Spectrum (NES) and Differential Non-equilibrium Energy Spectrum (DNES) analysis of 
hydrogen bonds energy distribution, mathematical models of water molecules 
clustering, 1H NMR, hardness and pH. Alteration of hydrogen bonds energy distribution and 
chemical shifts were measured and subsequently interpreted as restructuring of water molecule 
clusters in the direction of beneficial health effects. Reduced hardness and unchanged pH levels of 
treated tap water were additionally observed.     
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1. Introduction 
 
The influence on water of magnetic fields [1, 2, 3] and nano membrans [4, 5] has been 
clearly demonstrated. It can be interpreted with the following considerations. Hydroxyl 
groups (-OH) in H2O molecules are polar. Their covalent bond involves sharing of electron 
pairs between O and H atoms. In addition, electromagnetic hydrogen bonds (О–Н…О) 
occur between Н2О molecules. Hydrogen bonds are weaker than covalent bonds.  
It has been generally accepted that aqueous solutions can undergo autoprotolysis, i.e. H+ 
(protons) are released from Н2О molecules and then transferred and accepted by other 
neighboring Н2О molecule, thus resulting in formation of hydronium ions as Н3О+, 
Н5О2+, Н7О3+, Н9О4+, etc. That is how, water should be considered as an associated liquid 
composed of individual H2O molecules, linked together by hydrogen bonds and weak 
intermolecular van der Waals forces [6]. The simplest example of such associate can be a 



 

 

dimer of water. This approach has been forther extended in the research by Keutsch, 
Saykally et al. on water clusters with 3 to 50 water molecules [7, 8]. Different models of 
water clusters have also been described in the work of Fowler et al. [9], Shu et al. [10], 
Chaplin [11], Sykes [12], Liu, Cruzan, Saykally [6], Choi, Jordan [13], Loboda, 
Goncharuk [14], Timothy, Zwier [15].  
 
The following methods have generally been used to study water clusters – 1H NMR [16, 
17], far-infrared spectroscopy [18], vibration-rotation-tunneling (VRT) spectroscopy [6], 
neutron diffraction [19], SCC-DFTB method [13, 20]. A cluster model with hydrogen 
bonds energy equal to -0.1387 eV has been proposed with 20 water molecules in a 
dodecahedral structure with diameter of the circumscribed sphere equal to 0.822 nm [21, 
22, 23].  
Along these lines, beneficial effects of drinking water containing different types of 
molecular clusters on human longevity (Ignatov, 2018) [24] and tumor suppression 
(Toshkova, Ignatov, Zvetkova, Gluhchev, 2019) [25] have been observed. 
The present study of water processed with EVOdrop technology aimed at measurement 
of changes in molecular clustering due to alterations in hydrogen bonding with 
Non-equilibrium Energy Spectrum and 1H NMR. In addition, changes in hardness and pH 
were observed.    
  
 
2. MATERIALS AND METHODS 
 
2.1. Evodrop turbine water purifier 
 
The investigated device is EVOfilter with ultra-nano membrane [26] and rotation jet 
nozzle for vortex water [27]. The ultra-nano membrane is a competitor to the Reverse 
Osmosis Membrane. The rotation jet nozzle for vortex water [28] is equipped with three 
injection nozzles designed with a golden ratio based algorythm.  

Тhe proprietary operating principle and developed geometry of EVOdrop turbine 
(Figures 1, 2, 3) allow for highly efficient treatment. Incoming water passes through 
rotating turbine, driving them with its pressure, whereby it passess through the device 
rotating. Specific outcomes of such treatment are based with and magnetohydrodynamic 
forces [26, 27]. Figures 1 and 2. show EVOdrop turbine operation principle   
 



  

 

 

 

 

 

 
 

 

Fig 1 and 2. EVOdrop turbine operation principle   



 

 

 
Figure 3 illustrates EVOdrop fillter 

 

 

 

Fig 3. EVOdrop filter  

 

2.2. NES and DNES Spectral Analyses 
 
The methods of Non-equilibrium Energy Spectrum (NES) and Differential 
Non-equilibrium Energy Spectrum (DNES) for measurement of hydrogen bonds energy 
distribution were applied for characterization of the effect of EVOfilter technology on 
processed water.  
The device invented by A. Antonov [29, 30, 31] for spectral analysis with NES and 
DNES methods is based on an optical principle. The evaporation of water drops takes 
place in a hermetic chamber on a glass plate covered with 350 µm thick BoPET 
(biaxially-oriented polyethylene terephthalate) foil. The evaporation of water drops was 
performed at a stable temperature of 20 oC (figure 4). 
  



  

 

 
 
 
 

Fig. 4. Operating principle of the method for measurement of wetting angle of liquid 
drops on a hard surface: 1-drop, 2 – thin maylar foil, 3 –glass plate, 4 – refraction ring 

width. The wetting angle θ is a function of a and d1. 

 
The device has the following technical features: 
– Monochromatic filter with wavelength l = 580±7 nm; 
– Angle of evaporation of water varies from 72.3 deg to 0 deg; 
– Measured range of energy of hydrogen bonds among water molecules is l = 

8.9–13.8 µm or E=-0.08– -0.1387 eV.       
 

The energy (EH...O) of hydrogen O...H-bonds among H2O molecules in water sample is 
measured in eV. The function f(E) is called spectrum of distribution according energies. 
The energy spectrum of water is characterized by a non-equilibrium process of water 
droplets evaporation and this is non-equilibrium energy spectrum (NES) and is measured 
in еV-1. DNES is defined as the difference  
∆f(E) = f (samples of water) – f (control sample of water), 
DNES is measured in еV-1 
where f(*) denotes the evaluated energy [32, 33, 34]. 
 
2.2. Bruker Avance II+ 600 NMR spectrometer 
Standardized nuclear magnetic resonance (NMR) spectroscopy platform enabling 
cost-effective, high-performance NMR pre-clinical screening and IVD-by-NMR 
discovery and validation (on RUO Level) of novel NMR assays. The new AVANCE 
IVDr system, presently for research use only, is a complete, proven and standardized 
platform for NMR pre-clinical research and screening, as well as for IVD-by-NMR 
research. It features high sensitivity and information-rich output at 600 MHz 
proton-NMR frequency, and incorporates advanced hardware, software, automation, 



 

 

spectral libraries and standard operating procedures (SOPs) for high-performance 
biofluid assay validation and pre-clinical screening. Customer benefits include higher 
information content and spectral feature differentiation compared to low-field NMR 
systems, as well as excellent reproducibility, high throughput and potentially 
dramatically lower cost per sample for better preparation and support of clinical 
screening and IVD-by-NMR discovery and validation (on RUO level). 
 
3. RESULTS 
The results are average results between results of the application of the device with three 
different samples of waters after the treatment with EVOdrop devices and control 
samples with tap waters. For each semple were performed 10 measurments. T-criteria of 
Student were applied. There was statistical significant difference of the three groups of 
results with samples and control samples according to the t-criterion of Student at level  
p <0,05.   
 
3. 1. Mathematical Models of clusters of EVOdrop water 
A mathematical model of the number of water molecules [35, 36] according to the energy 
of hydrogen bonds in EVOdrop water has been developed (Table 1; Figure 5). 
 
Table 1: Distribution of the number of water (Н2О) molecules in EVOdrop water 
according to the energy of hydrogen bonds  

-Е(eV) 
x-axis 
 

  EVOdrop 
   Water®   

(Samples) 
Number of 

water 
molecules 

  Tap water 
(Control 
Samples) 

Number of 
water 

molecules 

-Е(eV) 
x-axis 

 EVOdrop® 
Water 

(Samples) 
Number of 

water 
molecules 

 

 Tap water 
(Control 
Samples) 

Number of 
water 

molecules 
 

0.0912 0 0 0.1162 1 5 
0.0937 2 9 0.1187 1 6 
0.0962 4 7 0.1212 82  32 
0.0987 5 14 0.1237 2 6 
0.1012 0 3 0.1262 3 3 
0.1037 4 9 0.1287 4 2 
0.1062 6 5 0.1312 5 3 
0.1087 1 5 0.1337 6 2 
0.1112 111  31 0.1362 5 6 
0.1137 5 6 0.1387 273 33 



  

 

            

 

Fig. 5: Distribution of the number of water (Н2О) molecules in EVOdrop water and tap 
water according to the energy of hydrogen bonds  

The model shows the number of water molecules and their structuring in clusters. 

Notes: 
  E=-0.1112 eV; λ=11.15 µm; 897 cm-1 is the local extremum for stimulating effect on 
nervous system and improvement of nervous conductivity 
  E=-0.1212; λ=10.23 µm; 978 cm-1 is the local extremum for anti inflammatory effect  
  E= -0.1387 eV; λ=8.95 µm; 1117 cm-1 is the local extremum for inhibition of 
development of tumor cells of molecular level 

The function f(E) is spectrum of distribution according to energies. The Non-equilibrium 
energy spectrum (NES) and is measured in еV-1 

Table 2 illustrates comparative analyese between EVOdrop water and other waters 

 

 

 



 

 

Table 2. Comparative analyese between EVOdrop water and other waters 

Type of Water 
Value eV -1 of Local 
Extremum at 
(-0.1362– -0.1387) 

Deionized water 18.2±1.2 

Mountain water from Vasiliovska mountain, Bulgaria 44.9±2.2 

Northern Rhodope 59.3±3.0 

Glasier Rosenlaui, Switzerland 70.1±3.5 

Glasier Mappa, Chile 81.3±4.1 

Tap water from Zurich before EVODROP device 38.3±1.9 

EVODROP drinking water 128.3±6.5 
 
The results of Table 2 are statistically estimated with t-test of Students (p <0.05). 
 
3.2. Results with spectral analyses of EVOdrop water with methods NES and DNES 
The measurements with spectral methods NES and DNES show significant difference 
between EVOdrop water and control sample with tap water. The result for EVOdrop 
water in the NES-spectrum is -0.1255 eV, while for control sample with tap water it is 
-0.1130 eV. The value of ∆EO…H for EVOdrop water measured by the DNES method are 
in the interval (-0.0115 eV). 
The highest local extremum for EVOdrop water is 128.3 eV-1 at (-0.1362 eV; 9.10 μm; 
1099 cm-1) – (-0.1387 eV; 8.95 μm; 1117 cm-1). This value is responsible for its 
antitumor effect. The results from NES for ∆EO…H and DNES for 
∆EO…H show that the wetting angle at the EVOdrop water is larger than the one at tap 
water (control sample). The present investigation points at the relationship between the 
number of water molecules and the energy of hydrogen bonds, which may serve as a 
starting point for future research. 
 
 
 
 
 
3.3. Research of hardness of EVOdrop water 
 
 
Table 3 illustrates the results with hardness of water with influence of EVOdrop device 
[37, 38, 39] 
 



  

 

Table 3 shows the results with hardness of water with influence of EVOdrop device 
 

Number of 
samples* 

hardness of 
water 

(mgeqv.L-1) 
Tap water 

hardness of 
water 

(mgeqv.L-1) 
EVOdrop 

water 

hardness of 
water 

difference  
(mgeqv.L-1) 

 
6523; 6522 6.65±0.33 4.81±0.24 1.84±0.09 

  6870; 6869 5.28±0.26 2.74±0.14 2.54±0.13 
  7064; 7063   2.71±0.14 0.53±0,05 2.18±0.11 
average result   4.88±0.24 2.69±0.13 2.19±0.11 
 
Table 4 shows the results with hardness of water with influence of EVOdrop device 
 
 

Number of 
samples* 

pH of water 
Tap Water 

pH of water 
EVOdrop 

water 
6523; 6522 7.67±0.11 7.51±0.11 

  6870; 6869 7.83±0.11 7.80±0.11 
  7064; 7063 7.64±0.11 7.12±0.11 
average result 7.71±0.11 7.48±0.11 
 
The numbers* are from Licenced Laboratory Eurotest Control, Sofia, Bulgaria  
 
The hardness of EVOdrop water is 7.02±0.35 mgeqv.L-1. The difference 
7.82-7.02=0.8±0.04 shows effect of decreasing of hardness of tap water from the device for 
EVOdrop water. 
This effect is ecential for human health for cardiovascular system.   
 
3.3. Results of EVOdrop water with 1H NMR  
The 1H NMR spectra were measured on Bruker Avance II+ 600 NMR spectrometer using 
5 mm direct detection dual broadband probe [40, 41]. The experiments were performed at 
a temperature of 293 K. 1H NMR spectra were acquired with 128K time domain points, 
spectrum width of 9600 Hz, 16 scans and a relaxation delay of 60 s. The chemical shifts 
were referenced to the residual dmso-d6 resonance used as an external reference (2.5 
ppm). The dmso-d6 was placed in a coaxial capillary in the sample tube and also used as 
a lock signal. 
The results of EVOdrop water and control sample with 1H NMR are of figure 6.   
 



 

 

  
 
Figure 6. Results of EVOdrop water and control sample with 1H NMR  
 
There are the following parameters: 
EVOdrop water Sample – Chemical shifts 4.36 ppm (1308 Hz) line widths Dn1/2 = 17.7 Hz 
Control sample – Dn1/2 = d = 4.33 ppm (1299 Hz) line widths Dn1/2 =16.9 Hz 
Greater chemical shifts correspond to bigger clusters [17]. 
The results shows that in EVOdrop water there is structuring bigger clusters regarding control 
samples tap water. 
The number of nuclei of hydrogen atoms and ions is determined by the area of the signal [42]. 
A bigger line width Dn1/2 means faster relaxation hydrogen nucleus. The increase of relaxation rate 
with NMR is observable in natural water [43]. The increase of relaxation rate is quantitatively 
interpreted in terms of fast chemical exchange between water molecules and protein protons [44, 
45]. 
 
 
4. CONCLUSION  
 
EVO drop drinking water treatment technology, in addition to the reduction of hardness 
and preservation of the pH level of processed tap water, was shown to significantly 
rearrange water molecule clustering towards greater similarity to that of high-quality 
natural waters, even being superior to them. That is why it would be fesible to conduct 
further investigations in the direction of scaling up the technology for wastewater 
treatment. Such a development could be expected to provide more effective environmental 
protection.      
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