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Abstract

This paper deals with the theoretical, scientificl goractical issues of isotopic purification of nking water
from heavy isotopes — D, T, aftD. The authors conducted the research into theedent isotope effects in
different cells of various biological objects ofarobial, plant and animal origin as a result thaatesion was
made about the complex multivariate deuterium irhpacthe body and the need for consumption thekitrin
water with a reduced content of deuterium. Theotffeof deuterium on organism possess a complexi-mult
factorial character and connected to cytologicatrphological and physiological changes. The maximum
kinetic isotopic effect observed at ordinary tenaperes in chemical reactions leading to rupturebafids
involving hydrogen and deuterium atoms lieshia range k/kp = 5-8 for C—H versus GH, N-°H versus N2H,
and O2H versus O?H-bonds. Deuterium depleted water (DDW) with decrdaseuterium content (60—100
ppm) has beneficial effects on organism. The desfgievices is given that allow purify water frorauderium
with the decreased on 50-70% of deuterium.
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1. Introduction

An important indicator of the quality of drinkingater is the isotopic composition. Natural water sists on
99.7 mol.% from water having chemical formula'i®, the molecules of which are formed by naturatretf
hydrogertH and oxygert®0. The remaining 0.3 mol.% of water are represebietotopologues — the isotope
varieties of water molecules. As isotopologuesatural water present heavy oxygen (i@ and H*®0), heavy
water (H*°0) and tritium (super-heavy) water,{i0), the last is radioactive.

The amount of natural isotopologues of water, iricivtihe atomsH, D, T, *°0, O and*®0 are presented in
various combinations compiles 18, in which 9 comtions ( ,*°0, ,*’0, 0, HD'"O, HD''O, HD'*0,
D,°0, D,Y’0, D,'®0) are non-radioactive formed with deuterium andofnbinations are radioactive £70,
1,0, T,*®0, DT**0, DTY0, DT®0, HT*®0, HTY 0, HT*®0) isotopologues of water formed with tritium (Mosi
& Ignatov, 2015a). These data indicate that ther possibility of existence in nature the watetenales that
contain any of the three isotopes of hydrogen (HTPand three oxygen isotope$d, 'O and*®0) in any
combination. 99.97 mol.% of all water in the hydgoere is represented by protium,{° ) water, the
proportion of heavy (B° ) water is less than 0.02 mol.%. On the averageiralawaters contain on 10.000
molecules 9973 molecules 0b¥D, 3 molecules of HEYO, 4 molecules of 'O, 20 molecules of 50 and 2
molecules of B0 (Mosin & Ignatov, 2015b). Even rarer than'f, occur 9 natural isotopologues of
radioactive water containing tritium (T) — a raditiee element with a half-life of 12.26 years. inih is formed

in the upper atmosphere, where occur natural nucégections of bombardment of nitrogen and oxygema
with neutrons of cosmic radiation. The small amaointritium (super-heavy water) falls to the Easth part of
sediments. Every minute per 1 Tof the Earth's surface fall ~8-9 of tritium atortsnature ,™°O is distributed
unevenly: in the continental waters the content gfO is more than in the oceans; polar ocean waters ha
more content of ,*°0 than the equatorial waters (Mosin & Ignatov, 20T4roughout the Earth's hydrosphere
there are about 15 kg 0§'°0.

The “heavy” varieties of water on its physical-cliesh properties and the adverse effects on biokdgibjects
are substantially different from ordinary waterushD,*°0 boils at +101.44C, freezes at +3.8%C, has density
at +20°C (1.105 g/cr), with the maximum density occurs not at%as ,™°0 but at +11. 2C (1.106 g/cri)
(Lobishev, 2008). ,'%0 boils at +104C, freezes at +4.9C, has density 1.33 g/éniThe physical and chemical
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properties of KO and ,'®0 less different from those of,'® than B'°0. These water isotopologues are
produced by chemical and isotopic exchange andgemjic rectification of hydrogen isotopes, and uasd
tracers with labeled oxygen in various chemicadligts (Ignatov & Mosin, 2012).

Taking into consideration the above mentioned facitois recommended for water treatment plantsatoy out
the isotope fractionation of water in order to punvater from heavy isotopes of D, T an®D. Now the
scientific research to improve the isotope quatifydrinking water is carried out in all countrigacluding
Russia and Bulgaria. However, the existing watesittnent plants and water treatment technologies afould
not cope with the tasks of harvesting water fromvyeisotopes. Therefore, in recent years have degeloped
new modern advanced methods and technologies dtwpis fractionation and purification of drinking tea
from the heavy isotopes of D, T atfd, which can be found further large-scale pracuégallication.

The purpose of this paper is to examine the fundéahepossibility of large scale production of deidm
depleted water facilitated by the use of diffetewhnologies and apparatus, as well as the stuthedfiological
effects of water with the reduced deuterium contenthe human body.

2. Material and methods

2.1. Chemicals

For preparation of growth media was ugeO (99.9 atom.%)?H | (95.5 tom.%) and ,'°0O (99.5 atom.%
®0), purchased from the “Isotope” Russian Reseflehtre (St. Petersburg, Russian Federation). Imarga
salts (“Reanal”, Hungary) were preliminary cryszt in®H,0 and dried in vacuum before usifgl,O was
distilled over KMnQ with the subsequent control of isotope enrichngriiH-NMR-spectroscopy on a Brucker
WM-250 device (“Brucker”, Germany) (working frequsn 70 MHz, internal standard: \&i). According to
'H-NMR, the level of isotopic purity of growth medisually was by-8-10 atom% lower than the isotope
purity of the initial> , .

2.2. Biological objects

The objects of the study were various microorgasjsmalizing methylotrophic, chemoheterotrophicotph
organotrophic, and photosynthetic ways of assiipitabf carbon substrates. The initial strains welgained
from the State Research Institute of Genetics ateicBon of Industrial Microorganisms (Moscow, Ra$s

1. Brevibacterium methylicurB-5652 a leucine auxotroph Gram-positive strain of featidle methylotrophic
bacterium, L-phenylalanine producer, assimilatingthianol via the NAD dependent methanol dehydrogenase
variant of ribulose-5-monophosphate cycle (RuMPgabon fixation;

2. Bacillus subtilisB-3157 a polyauxotrophic for histidine, tyrosine, ademiand uracil spore-forming aerobic
Gram-positive chemoheterotrophic bacterium, inogmmeducer, realizing hexose-6-mono-phosphate (GMP)
cycle of carbohydrates assimilation;

3. Halobacterium halobiunET-1001 photo-organotrophic carotenoid-containing sti@iextreme halobacteria,
synthesizing the photochrome transmembrane prbtateriorhodopsin;

4. Chlorella vulgarisB-8765 photosynthesizing single-cell green alga.

2.3. Adaptation technique

The initial microorganisms were modified by adaiptatto deuterium by plating individual colonies ort %
(w/v) agarose growth media with stepwise increagiraglient of , concentration and subsequent selection of
individual cell colonies stable to the action®of, . As a source of deuterated growth substrateshiogtowth

of chemoheterotrophic bacteria and chemoorganattesghic bacteria was used the deuterated biomfss o
facultative methylotrophic bacteriuB. methylicum obtained via a multi-stage adaptation on solith Zw/v)
agarose M9 media with an increasing gradierit of (from 0; 24.5; 49.0; 73.5 up to 98.0 % (Viv), ). Raw
deuterated biomass (output, 100 gram of wet wepghtl liter of liquid culture) was suspended in 18I0of 0.5

N 2HCI (in ?H,0) and autoclaved for 30—40 min at 0,8 atm. Th@ension was neutralized with 0.2 N KOH (in
’H,0) to pH = 7,0 and used as a source of growth mibst while adaptation and growing the
chemoheterotrophic bacteriug sublilisand the photo-organotrophic halobacteridmhalobium
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2.4. Scanning electron microscopy (SEM)

SEM was carried out on JSM 35 CF (JEOL Ltd., Kordayice, equiped with SE detector, thermomolecular
pump, and tungsten electron gun (Harpin type Whfdat, DC heating); working pressure =*1®a (1& Torr);
magnification <= 150.000, resolution — 3.0 nm, accelerating voltade-30 kV; sample size — 60—-130 mm.

2.5. Mass spectrometry

For evaluation of deuterium enrichment levels Ed &AB mass spectrometry was useel. mass spectravere
recorded on MB-80A device (“Hitachi”, Japan) witbutble focusing (the energy of ionizing electrong0-eV;
the accelerating voltage — 8 kV; the cathode teatpes — +180-208 ) after amino acid modification into
methyl esters of N-5-dimethylamino(naphthalene)ffesmyl (dansyl) amino acid derivatives accordimgan
earlier elaborated protocol. FAB-mass speetexe recorded on a VG-70 SEQ chromatograph (“FisoB8s
Analytical’, USA) equipped with a cesium Gmurce on a glycerol matrix with accelerating vgétes kV and
ion current 0,6—0,8 mA. Calculation of deuteriuntieiiment of the molecules was carried out usingréti® of
contributions of molecular ion peaks of deuteratethpounds extracted Gh,O-media relative to the control
obtained on BD.

2.6. Reversed-phase high performance liquid chroogrephy RP-HPLC)

RP-HPLC was performed on a Beckman Gold System (US#omatograph (25@.6 mm), equiped with
Model 126 UV-Detector (USA), 225°C. Stationary phase — Ultrasphere OD&n% mobile phase — the linear
gradient of 5 mM KHPQ,—acetonitrile; elution rate — 0,5 ml/min, detectain = 210 nm.

2.7. IR-spectroscopy

IR-spectra of water samples were registered onk&muertex (“Brucker”, Germany) Fourier-IR spectreier
(spectral range: average IR — 370-7800"cwisible — 2500-8000 ¢ permission — 0.5 ¢t accuracy of wave
number — 0.1 cihon 2000 crit) and on Thermo Nicolet Avatar 360 Fourier-transfdR (M. Chakarova).

3. Results and discussion
3.1. The study of kinetic isotope effects of D and ,'*0

The research was conducted on cells of variousgpyokic and eukaryotic organisms, including methygiphic,
chemogeterotrophic, photoorgano-heterotrophic lbiactnd green algae. For preparation of growth medis
used R0 (99.9 atom.% D) and ,'®0 (99.5 atom.%'"0) and solutions of P°0 and .0 of isotopic
composition of various concentrations, containitgpwise increasing concentrations of deuterium.

According to our research, the biological objects\gery sensitive to changes in the isotopic cortiposof the
water. When being exposed to water of differentagic composition the reaction varies dependingthmn
isotopic composition of water. The isotopologuesvater differ from each other in physical propest{@able
1). The chemical structure of molecules of watetdpologues is similar to the chemical structure gfO, with
a very small difference in the value of the lengtltovalent bonds and the angles between them. Hawthe
difference in atomic mass of isotopes in naturaewss high, therefore they are able to be strofiglgtionated
in natural processes: D/H 100%,"®0/°0  12.5%. Most effectively, the isotopes of hydrogeml oxygen
are fractionated during evaporation—condensatighcaystallization of water. The isotopologues oftevehave
considerably different equilibrium vapor pressurAs.the same time, the smaller the mass of a mtdeofi
water, the higher is the vapor pressure, so theniapequilibrium with the water, is enriched witght isotopes
of hydrogen® and oxygen' , which allows carry out the isotope fractionatioh water. The isotopic
fractionation is carried out by following methodsisetopic exchange in the presence of Pd and Rt, th
electrolysis of water in combination with a catalytisotopic exchange between,® and H, column
rectification of cooled gaseous,H/acuum freezing of cold vapor followed by thewireg and other (Mosin,
2012).

The main parameter of kinetic isotopic exchange fgartition coefficienK, characterizing the distribution of
isotopes between substances in a state of equitibdetermined by the ratio of mass concentratidrisobopes
in the reactants. With a uniform equilibrium distriion of isotopes the distribution ratio is eqtall. However,
in practice, a uniform distribution of isotopestive molecules of the reactants takes place onlyti®lisotopes
of light elements. So, for the light isotolf® with a slight difference of the atomic mass atrofcal equilibrium
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of isotope exchange each isotope is distributeéormly among the molecules of the reactants. Unligat
isotopes, for the isotopes of heavy elements asedam (D) and tritium (T) uneven in distributionmang
molecules of certain substances may reach hundfquircent.

The deviation from the uniform distribution depenust only on the weight of the isotopes, but alsotloe
chemical composition of substances between whi@h ifotopic exchange takes place. Furthermore, the
distribution ratio for various isotopes dependgtentemperature and at its increasing tends tddse ¢o 1.

Table 1: Changes in the physical properties of watth its isotopic substitution

Physical properties [FERe) D,*0 H,f0
Density at 20C, g/ m° 0.997 1.105 1.111
Temperature of maximum density, 3.98 11.24 4.30
Melting point under 1 atnfC 0 3.81 0.28
Boiling point temperature at 1 atiC 100.00 101.42 100.14
The vapor pressure at 100, mm Hg 760.00 721.60 758.10
Viscosity at 20C, cP 1.002 1.47 1.056

In the line of stable isotopédD, **0 and D the most large kinetic isotope effectsusgited by the difference in
the rate constants of chemical reactions with &t® ky/ky = 7-10 are observed in heavy water for C-H/C-D,

N-H/N-D  '®0-H/®0-D bonds (Ignatov & Mosin, 2013a; Ignatov & MosQ13b). Therefore, the kinetic
isotope effects due to the mass difference, prefgrare determined by deuterium. In mixtures gODwith

,O the isotopic exchange occurs with high speed thighformation of semi-heavy water3pD): D,O + H,0
= HDO. For this reason deuterium presents in smatlatent in agueous solutions in form dPO, while in the
higher content — in form of f». The chemical reactions in,O are somehow slower compared t£. D,O is
less ionized, the dissociation constant ofODis smaller, and the solubility of the organic andrganic
substances in f© is smaller compared to these ones in (Mosin, 1996). Due to the isotopic effects the
hydrogen bonds with the participation of deuteriare slightly stronger than those ones formed ofrtyen.
The above factors as well as a large density asabsity of DO compared with kD result in a change the rates
(slowing down) and the specificity of enzymatic agans in QO (Cleland et al., 1976). However, there are
reacl'gons which rates are higher igthan HO. In general the reaction is catalyzed byiéhs or H or **0D"
andOH'.
The numerous studies with various biological olsjéatH,O proved that when biological objects are exposed t
water with different deuterium content, their réactvaries depending on the isotopic compositiowafer (the
content of deuterium in water) and the magnitudesatope effects determined by the difference ofstants of
chemical reactions rates/kp in H,O and’H,0 (Mosin & Ignatov, 2015c¢). The maximum kinetictigpic effect
observed at ordinary temperatures in chemical imateading to rupture of bonds involving hydrogemd
deuterium atoms lies ithe range k/kp = 5-8 for C—H versus GH, N-°H versus N2H, and O2H versus O?H-
bonds (Mosin & Ignatov, 2012).
At placing a cell ontd , -media lacking protons, not onfy , is removed from a cell due to isotoptei® )
exchange, but also there are occurred a rapidpsottH—? ) exchange in hydroxyl (-OH), sulfohydryl (-SH)
and amino (-NH) groups in all molecules of organic substanceduding proteins, nucleic acids, carbohydrates
and lipids. It is known, that in these conditionslyocovalent C—H bond is not exposed to isotoplé— )
exchange and, thereof only molecules with bonds siscC2 can be synthesized de novo. Depending on the
position of the deuterium atom in the moleculeréehare distinguished primary and secondary isoteffiects
mediated by intermolecular interactions. In thipexd, the most important for the structure of mawitecules
are dynamic short-lived hydrogen (deuterium) bofutmed between the electron deficiéht(> ) atoms and
adjacent electronegative O, C, N, S- heteroatoniseérmolecules, acting as acceptors of H-bond.hyaeogen
bond, based on weak electrostatic forces, donagoc interactions with charge-transfer and intdemalar
van der Waals forces, is of the vital importanceh@ chemistry of intermolecular interactions angintaining
the spatial structure of macromolecules in aqusoligions. Another important property is definedthg three-
dimensional structure of , molecule having the tendency to pull together bptiobic groups of
macromolecules to minimize their disruptive effentthe hydrogen (deuterium)-bonded network in . This
leads to stabilization of the structure of proteiml nucleic acid macromolecules in the presenée of. That is
why, the structure of macromolecules of proteinsgl amicleic acids in the presence of, is somehow
stabilized (Cioni & Strambini, 2002; Kushner et 4999).
Evidently the cell implements special adaptive naeidms promoting the functional reorganization aélv
systems irf , . Thus, for the normal synthesis and functiofi ia of such vital compounds as nucleic acids
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and proteins contributes to the maintenance of thieucture by forming hydrogen (deuterium) bonadghe
molecules. The bonds formed by deuterium atomsliffered in strength and energy from similar bofatsned

by hydrogen. Somewhat greater strengttf 6O bond compared ttH—O bond causes the differences in the
kinetics of reactions in $#0 and? , . Thus, according to the theory of a chemical btel breaking up of
ovalent'H-C bonds can occur faster than’C-bonds, the mobility of ;0" ion is lower on 28,5% thansO*
ion, and 2 ~ion is lower on 39,8% than Okbn, the constant of ionization &f , is less than that of 4.
These chemical-physical factors lead to slowingmlawthe rates of enzymatic reactionshty  (Vertes, 2003).
However, there are also such reactions which iatés, are higher than in 3. In general these reactions are
catalyzed by 30" or H;O"ions or G ~and OH ions. The substitution dH with 2 affects the stability and
geometry of hydrogen bonds in an apparently ratberplex way and may through the changes in thedggr
bond zero-point vibration energies, alter the com@tional dynamics of hydrogen (deuterium)-bonded
structures of DNA and proteinsin, . It may cause disturbances in the DNA-synthesigdunmitosis, leading

to permanent changes on DNA structure and conséguam cell genotype (Mosin et al., 2014). The dgu¢
effects of deuterium, which would occur in macroetniles of even a small difference between hydrageh
deuterium, would certainly have the effect upondtracture. The sensitivity of enzyme functionhe structure
and the sensitivity of nucleic acid function (geéoednd mitotic) would lead to a noticeable effect the
metabolic pathways and reproductive behavior obrganism in the presence of, . And next, the changes in
dissociation constants of DNA and protein ionizagpleups when transferring the macromolecule froy® lihto
2, may perturb the charge state of the DNA and pmotedlecules. All this can cause variations in niecle
acid synthesis, which can lead to structural charaged functional differences in the cell and itgaorelles.
Hence, the structural and dynamic properties of ¢b# membrane, which depends on qualitative and
quantitative composition of membrane’s fatty acitin also be modified in the presencé of . The cellular
membrane is one of the most important organellébérbacteria for metabolic regulation, combinipgparatus

of biosynthesis of polysaccharides, transformatibenergy, supplying cells with nutrients and irneshent in
the biosynthesis of proteins, nucleic acids anty fatids. Obviously, the cell membrane plays anartgnt role

in the adaptation to , . But it has been not clearly known what occurdwlie membranes how they react to
the replacement of protium to deuterium and howoitcerns the survival of cells n , -media devoid of
protons.
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Figure 1:HPLC-chromatograms of fatty acids obtained front@nated §) and deuteratedy cells ofB. subtilis

on the maximally deuteratéd, -medium: Beckman Gold System (Beckman, USA) chrograiph (4.6250
mm); stationary phase: Ultrasphere OD &%, mobile phase: linear gradient 5 mM g#O,—acetonitrile

(shown in phantom), elution rate: 0.5 ml/min, détecat = 210 nm. The peaks with retention time 3.75 min

(instead of 3.74 minutes in the control); 4.10;742.60 (instead of 4.08; 4.12; 4.28 in the cont®I07 (instead
of 4.98 in control); 12.57; 12.97 (instead of 12.79.11; 13.17 in control); 14.00 (instead of 14i5%he

control); 31.87 (instead of 31.83 in the contr813;38; 33.74; 33.26; 36.03; 50.78; 50.99 (instda®lld)3; 51.25

for control) correspond to individual intracelluffatty acids

The comparative analysis of the fatty acid compasiof deuterated cells of chemoheterotrophic béct®.
subtilis obtained on the maximum deuterated medium wit/® @0om.%> , , carried out by HPLC method,
revealed significant quantitative differences ie fatty acid composition compared to the contrdamied in
ordinary water (Figure 1a). Characteristically,aideuterated sample fatty acids with retention sime33.38;
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33.74; 33.26 and 36.03 min are not detected irHREC-chromatogram (Fig. 1b). This result is apptyetue
to the fact that the cell membrane is one of th& fiell organelles, sensitive to the effect€ of , and thus
compensates the changes in rheological propefti@srembrane (viscosity, fluidity, structuredness) only by
guantitative but also by qualitative compositionmémbrane fatty acids. The similar situation waseobed
with the separation of other natural compounds tgims, amino acids, carbohydrates) extracted from t
deutero-biomass obtained from maximally deuterated -medium.

The isotope effects of £fO are determined by the concentration of deuteiiumatural water. The average
ratio of atoms of deuterium and hydrogen in natwalers compiles ~1:5700. In natural waters, thgeteim
content is distributed irregularly: from 0.02—-0.8®1.% for river and sea water, to 0.015 mol.% fatev of
Antarctic ice — the most purified from deuteriumural water containing deuterium in 1.5 times I that of
seawater.

The concentration of water molecules containing/iiésotopes of DO and®0, in natural water varies within
the limits laid down in the basic standards of ig@opic composition of the hydrosphere — SNOW 8héP
(Table 2).

Table 2: The calculated mass concentrations objEdbgues in natural water corresponding to intéonal
standards of SMOW* and SLAP**

Isotopologue Molecular mass, u Isotopic content, kg
SMOW SLAP
H,®0 18.01056470 997.032536356 997.317982662
'HD*0 19.01684144 0.328000097 0.187668379
D,™®0 20.02311819 0.000026900 0.000008804
H,0 19.01478127 0.411509070 0.388988825
Do 20.02105801 0.000134998 0.000072993
D,'’0 21.02733476 0.000000011 0.000000003
H,®0 20.01481037 2.227063738 2.104884332
'HD®o 21.02108711 0.000728769 0.000393984
D,®0 22.02736386 0.000000059 0.000000018

Notes:
*SMOW (average molecular weight = 18.01528873 u)
*SLAP (average molecular weight = 18.01491202 u)

According to the international SMOW standard (Odéeamater), corresponding to deep waters of the ngea
which is very stable isotopic composition, the dbocontent of D anifO (isotopic shift, , ppm) in sea water:
D/H = (155.76+0.05)0°(155.76 ppm) and (155,76+0,08)° (155,76 ppm) (Ignatov & Mosin, 2014). For the
SLAP standard (the Atlantic oceanic water) thedpit shifts for D and®0 in seawater: D/H = 880° (89 ppm)
and*®0/*°0 = 189410° (1894 ppm) (Lis et al., 2008). The content of fightest isotopologue —FfO in water
corresponding to the SMOW standard is 997.0325 (#Rg73 mol.%), and for the SLAP standard — 9979317
g/kg (99.76 mol.%) (Table 2). In surface waters, ihitio D/H = (1.32—1.510*, while in the coastal seawater —
(1.55-1.56).0".

The natural waters of CIS countries are charaadrizy negative deviations from SMOW standard t6-1.
1.5Y10°, in some places up to (6.0—-611°, but there are also observed positive deviatiorists.0°. Water of
other underground and surface water sources camtairied amounts of deuterium (isotopic shiftsyenf =
+5.0 D,%, SMOW (Mediterranean Sea) up te -105 D,%, SMOW (the Volga River).

The analyses of water from various sources of Russd Bulgaria show that the mountain water coataim
average~2-5% less deuterium in form of HDO, than river wated sea water. In natural waters, the deuterium
content is distributed irregularly: from 0.02—-0.8®1.% for river and sea water, to 0.015 mol.% fatev of
Antarctic ice — the most purified from deuteriumural water containing deuterium in 1.5 times I that of
seawater (Ignatov et al., 2015). The thawed snadvghacial water in the mountains and some otheionsgof
the Earth also contain less deuterium than ordimkinking water. On average, 1 ton of river watentains
150-200 g deuterium. The average ratio of H/D itureamakes up approximately 1:5700. According ® th
calculations, the human body throughout life reesigbout 80 tons of water containing in its conmpmsil0-12
kg of deuterium and associated amount of heavpedfO. Such a considerable amount of heavy isotopes in
the composition of drinking water is capable tosmthe genetical damage, lead to the developmerarafer,
and to initiate aging. According to our study, ghhconcentration of heavy water is toxic to theypathemical
reactions in the environment, it is slow in compan with ordinary water, the hydrogen bonds invayvi
deuterium conventional somewhat stronger hydrogerds due to the kinetic isotope effect deuteriugmgtov
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& Mosin, 2014; Ignatov at al., 2014). According dar studies the animal cells can withstand up t8@%
D,'°0, plants — up to 60% %O, while protozoa and the cells are able to exis98% DB*°O (Fig. 2). Once in
the body, B*°O can cause metabolic disorders, kidney and horhregalation. At high concentrations in the
body D,'°0 inhibited the enzymatic reactions, cell growthrbohydrate metabolism and synthesis of nucleic
acids. The effects of £O are particularly susceptible to the systems ahatmost sensitive to the substitution
of H" with D*, which use high speed formation and rupture ofydrogen bonds. Such cell systems are the unit
of biosynthesis of macromolecules and the respiyatbain. Last fact allows us to consider the kiatal effects
D,0, as a complex negative effect, acting simultasgoon the functional state of the large number of
systems: metabolism, biosynthetic processes, aalhsport, the structure and function of deuterated
macromolecules and cellular membranes. This resulishibition of cell growth followed by cell deatin
D,*0. This occurs even when using solutions ef°0 shaped with HEO. That is why it is so important to
purify water from heavy isotopes of D atf®.

Mammals
Plants

Yeast

Euglena viridis
Microalgae
Methylotrophs

Archaea

] 50 100

Deuterium content in water, % (v/v)

Figure 2:Cell survival of various microorganisms in watetwilifferent deuterium content (%, v/v)

The systematic study of the impact of fd on cells of animals, plants and bacteria hasestan Russia quite
recently (Mosin et al., 1999). The experiments halkiewn that B0 negatively affects the vital functions,
slowing down the cell metabolism and inhibits migo$n prophase; this occurs even when using the
conventional natural water with increased contérd£4°0 or HD'*O (Mosin & Ignatov, 2014). In experiments
on mice the laboratory animals were fed with watgB of which has been replaced by water of isatopi
composition of HB°O. A few days after the consumption of KD in animals was observed dysbolism with
subsequent destruction of the kidneys. With théh&rrincreasing in the concentration of deuterinrvater up

to 50% and more the animals died (Bad'in et al0f0The reducing of deuterium concentration imkirg
water stimulates biological processes and metaboliBhis fact suggests that deuterium slows down, bu
protium promotes the intensification of metabolisnbiological objects.

The studies have shown that heavy water is alsabtepf causing physiological, morphological, cggital
alterations on the cell. There were marked theifsigmt differences in the morphology of the praited and
deuterated cells of green alg@evulgaris Cells grown orf , -media were-2—3 times larger in size and had
thicker cell walls, than the control cells grown @monventional protonated growth media with ordinsater,

the distribution of DNA in them was non-uniform. some cases on the surface of cell membranes may be
observed areas consisting of tightly packed pledtsa cytoplasmic membrane resembling mezosoms —
intracytoplasmic bacterial membrane of vesiculaucttire and tubular form formed by the invasion of
cytoplasmic membrane into the cytoplasm (Fig. 3 &ssumed that mezosoms involved in the formadfccell
walls, replication and segregation of DNA, nucldes and other processes. There is also evidentehina
majority number of mezosoms being absent in noreeds is formed by a chemical action of some exkrn
factors — low and high temperatures, fluctuatiorpbf and other factors. Furthermore, deuterated a#lC.
vulgaris were also characterized by a drastic change infaeh and direction of their division. The obsedve
cell division — cytodieresis did not end by the alstivergence of the daughter cells, but led toftmeation of
abnormal cells, as described by other authors (Ritycet al., 1978). The observed morphological cleang
associated with the inhibition of growth of deuterhcells were stipulated by the cell restructurituging the
process of adaptation fo , . The fact that the deuterated cells are largesiza (apparent size was e2—4
times larger than the size of the protonated cedipparently is a general biological phenomenn guloky
growing a number of other adapted'ta prokaryotic and eukaryotic cells.
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Figure 3:Electron micrographs dflicrococcus lysodeikticusells obtained by SEM methoa) — protonated
cells obtained on }0-medium;b) — deuterated cells obtained or, -medium. The arrows indicate the tightly-
packed portions of the membranes

The animal cells, in contrast to the cells of paand bacteria are able to withstand up to 25-3Q%0Dthe
exceeding of this concentration results in celltde@his occurs even in solutions of HDO. The palssdamage
to the cellular genome by heavy isotopes in conijposdf water can have negative consequences foahity.
At the beginning of XXI century there was a view fbe complete removal of B%0 and T from drinking
water. This task is achieved by various physic&rmsital methods — the isotope exchange in the pteseh
palladium or platinum, multistage electrolysis ofater in combination with a catalytic isotopic exaba
between water and hydrogen; low temperature reatitin of liquid hydrogen followed by combustion of
hydrogen with oxygen; the vacuum freezing of wdtdlowed by the thawing, vacuum distillation etcorF
obtaining ultrapure K°0 use the multi-step purification of natural wabgrthe above techniques, or synthesize
water from isotopically pure gaseous elements-ati*®0,, which are pre-dried in the adsorption filter. \&fat
of such a high degree of isotope purification isdug experiments and procedures requiring excegiipurity
chemicals.

3.2. Biological effects of DDW

Contrary to DO, water with the reduced deuterium content 60—t (deuterium depleted water, DDW)
exerts a positive effect on metabolism. Experimantgnimals (Bad'in & Gasteva, 2004) demonstraked &t
the consumption of water with the decreased comkdeuterium pigs, rats and mice provide a largenber of
offspring, upkeep of poultry from 6 day old to pulyeon DDW leads to the accelerated development of
reproductive organs (size and weight) and stremgthe process of spermatogenesis, egg laying by fen
increased by almost half, wheat ripens earlier gimds higher yields. DDW delays the appearancéeffirst
metastasis nodules on the spot of inoculation afvical cancer, and exerts immunomodulatory and
radioprotective effect (Rakov, 2007).

Radioprotective effects of DDW were studied by WdBBIld et al, 1999) V.S. Turusov (Turusoet al, 2005)
and D.V. Rakov (Rakoet al, 2006) at irradiation of mice’s cells lgradiation at semimortal dose LD50.
Survival level of animals treated with deuteriunpld¢ed water for 15 days prior tpradiation, was 2.5-fold
higher than in control group (dose of 850 R). Theviving experimental group of mice has the numbgr
leukocytes and erythrocytes in the blood remaindtiinvthe normal range, while in the control grothe
number of leukocytes and erythrocytes was signifigadecreased.
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Consumption of DDW by cancer patients during oremftadiation therapy treatments allows restore the
composition of blood and relieve nausea (Olatwal, 2010). According to G. Somlai, the results ohichl
trials with DDW conducted in 1998-2010 in Hungahpwed that the survival rate for patients drinkDQW

in combination with traditional therapies was sfgaintly higher than for patients who only wereated with
chemotherapy or radiation therapy (Somlyai, 2001).

Biological experiments with DDW carried out in Mase Research Oncological Institute after P.A. Heraad
N.N. Blokhin with Institute of Biomedical Problen{Sinyaket al, 1998; Grigoriewet al, 2005), confirmed the
inhibitory effects of deuterium depleted water ba process of growth of various tumors, e.g. divisif breast
adenocarcinoma MCF-7 tumor cells being placed inteté&um depleted water started with a delay-6+10
hours. In 60 % of mice with immunosuppressed imiyuand transplanted human breast tumor MDA and MCF-
7 consumption of deuterium depleted water causenbituegression. A group of mice with transplantedhan
prostate tumor PC-3 consumed deuterium depletedrwshbwed the increase in the survival rate-4§ %; the
ratio number of dividing cells in tumors of deadnaals in experimental group was 1.5:3.0, and inticdrgroup

— 3.6:1.0 (Turusoet al, 2006). In this regard special attention desetwesindicators: the delay of metastasis
and loss of animal’'s weight during experimentsmbtating action of deuterium depleted water onitheune
system of animals has led to delay of developménteiastasis by 40 % in comparison with the congrolup,
and weight loss in animals that consumed deutedepieted water at the end of the experiment wamest
less. It was also reported that deuterium deplet&@r may delay the progression of prostate cafi@racset
al., 2011) and inhibit human lung carcinoma cell gtoly apoptosis (Conet al, 2010) — the programmed cell
death, resulting in fragmentation of the cell ingparate apoptotic bodies bounded by the plasmaraem
Preliminary experimental results on motility of hamsperm (Lobyshev & Kirkina, 2012), indicated tlat
DDW (4 ppm) spermatozoa longer retain their funwioactivity, and it increases with a decreasehia t
deuterium content of water, whereas the sperm ityoid by 40 % higher for 5 hours after registratio
However, the effect depends on initial propertiea eperm sample. These data indicated that deaterontent
variation in water including deep deuterium depletiproduces various non-linear isotopic effects key
processes in the cell: enzyme action of Na, K-AEPasgeneration, motility, fertilizing effectiversegind
embryo developing. It should be noted that for a@ewterium concentration dependence there shouldnbe
optimal condition for the best result.

One prominent effect of deuterium depletion is thiibition of fatty acids as well as the synthesibain
elongation and desaturation. These anabolic reectitilize acetyl-CoA, as well as hydrogen of wdternew
fatty acid biosynthesis (Boros & Somlyai, 2012)ttiFacids then are used for new membrane formatiche
rapidly proliferating cell. The complex structur@damolecular organization of the mammalian fattydac
synthase (EC 2.3.1) offer remarkable opportunitiggk altered morphology and flux handling propestie

The positive influence of drinking deuterium depbtivater on blood chemistry included a significaaatuction

of glucose, cholesterol, erythrocyte sedimentatates, leukocyte counts and cortisol (stress hoentevels,
while also revealed an increase in antioxidant citipa (Andreevaet al, 2005; Burdeynayat al, 2012; Olariu
et al, 2010). These data evidence the significancesofatium depleted water to increase energy ress@oen

in a healthy cohort, while decreasing risks of p&yemotional stress, which is known to pose a regat
influence on blood biochemistries that often leagps$ychosomatic diseases and shorten life. It s reoted
the positive impact of water on indicators of sation the liver tissue by oxygen: the observeddase in p®
was~15 %, i.e., cell respiration increased 1.3 timesl@<€ov & Pomytkin, 2006). On beneficial effect aratih

of experimental mice evidenced the increased segistand weight increase compared with the cogtmlp.

The main impact of DDW on organism is explainedalgradual reduction of deuterium content in physjalal
fluids due to the reactions of isotopic (H-D) exepe: DO + H,O = 2HDO. It was recorded the change in the
isotopic composition of urine and €aontent as well. Thus, the regular consumption BMD provides a
natural way to reduce the deuterium content irhian body to a value of 110 ppm.

Clinical trials of DDW with a residual content oéuterium 60-100 ppm, showed (Turova, 2003) theait be
recommended as an adjunct in the treatment of rgatieaving metabolic syndrome (hypertension, obesit
impaired glucose metabolism) and diabetes. In ediDDW improves the quality of life for patientaving
renal stone disease (nephrolithiasis) and variaserders in the gastrointestinal tract (colitis agastritis),
cleanses the body of toxins, enhances the actiodruwfs and promotes weight correction. DDW can be
recommended for fast and deep cleaning of the hubmaly from deuterium that is essential for metaboli
disturbances. Taking into consideration the dynarofcthe distribution of water in the human bodhe teaction
of isotopic (H/D and®0/*®0) exchange and the results obtained with DDWait be expected that the greatest
effect the isotopic purification of water will haes the regulatory system and metabolism.

The total effects of DDW depend on total body madstl mass of intracellular water, the amount afiyd
consumption of DDW and the degree of its isotopsfipation (Ignatov & Mosin, 2014b). The results tme
calculation of gradual increasing of deuterium eontin the human body at regular consumption of DRt
varied residual deuterium content are shown in &&blThese results demonstrate that the contesguwkrium
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in the human body decreases while consuming DDWisTlt the consumption of water with a residual
deuterium content of 60 ppm deuterium content & ltbdy decreases after 45 days to 117.3 ppm, atieeat
consumption of water with a residual content oftdegum 100 ppm —to 131 ppm at 1 liter of waterstanption
per a day, to 122.6 ppm at water consumption oflifebs of water a day. Hence, the regular takihddoBW
provides a natural way to reduce the content of Hb@e human body to a value€f17 ppm.

Table 3: The gradual decreasing of deuterium coimethe human body over time, with regular constiampof

DDW*
Number of days The residual content of deuterium irwater, ppm
60 | 100 | 100

Daily consumption of DDW, liters
0 1 1 15
1 150.5 150.7 150.8
2 145.5 147.9 146.9
7 136.5 143.6 140.5
14 130.6 138.3 134.7
21 120.8 135.6 129.6
28 120.0 133.9 126.6
35 119.6 132.6 1245
45 117.3 131.5 122.6

*Notes:
The calculation was performed based on the follgvdata:
- daily consumption of DDW — 1 or 1.5 liter;
- daily water exchange rate — 2.5 liters;
- deuterium content in the body corresponds to itgerd in natural water ~ 150 ppm;
- the average volume of water in the body — 45 litaxerage body weight ~ 75 kg).

The installations for extraction of heavy isotope® and T from water

Currently, there are several methods to separatbdhvy isotopes of water: isotopic exchange irptheence of
palladium and platinum, the electrolysis of watercombination with a catalytic isotopic exchangéwsen
water and hydrogen gas, the column fractionatibe, tacuum freezing of cold vapor followed by thagvin
(Mosin, 2012). In the preparation of deuterium-eéégd drinking water due to freezing and thawingcef the
preparation of ice is carried out by freezing opaaproduced from water at a temperature not exogetll0
°C; in the process of thawing the ice is exposedlt@violet and infrared radiation, and the meltedter is
saturated by gas or gas mixture. Whe® and (3'°0 + ,'°0) is mixed the isotope exchange takes place:

216 + Dzlﬁo - 2 Dlﬁo;
2160 + 2160: 2 16

Due to the isotope exchange, deuterium and trigmenpresented in ordinary water in the form of *fand

® . The temperature of the freezing point foifT makes up +3.8C, and for %0 — +9°C. HD™0O and

8 freeze, respectively, at +1°@ and +4.5C. It was established experimentally that at a &nepre in the
range from 0 to +1.8C the molecules of water with deuterium and tritiara in a metastable solid-inactive state
as opposed to the DDW. This property is in thesasihe fractional separation 05'°0 and HB°O by means
of creating the under-pressure of air above theemstirface at a given temperature. The DDW is Bitety
evaporates and is collected by means of a freazgrthus turning into ice. £°0 being in the inactive solid
state and having a significantly lower partial prgg, remains in the flash tank of initial wateorey with the
salts and impurities dissolved in water. On thimgple operates the engineered by G.D. Berdystmel/|aN.
Varnavskiy together with R. Kavetsky Institute okpgerimental Pathology, Oncology and Radiobiology
(Academy of Sciences of Ukraine) the first in therhd industrial installation VIN-4 “Nadya” for thproduction
of the DDW with reduced on 30-35% content of deuterand tritium (Fig. 4). The installation consistca
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housing 1 in which an evaporation tank 2 is setogiether with the initial water heating unit 3 azabling water
unit 4. The apparatus is equipped with a valve r5sfgpplying water to an evaporator 2 and a valfer@he
draining of waste residue, enriched with heavy bgén isotopes. The housing unit is positioned thacg 7 for
condensing and freezing the cold steam as a s#timfwalled tubular elements connected to a pump fo
pumping the refrigerant into the device. The devictogether with the sources of ultraviolet 8 anftared
radiations 9 is placed over a container 10 forabiéection of melt water. The internal cavity okthousing 1 is
connected via a pipe 11 to a vacuum pump — a salischarge of air. Furthermore the 11 is supplamtitld the
device 12 for supplying to the interior cavity bktinstallation of purified air or mixture of gaséglditionally,
the installation “VIN-4" is equipped with the tenrpéure controlled system in the cavity of the evapar
container 2 to control the set temperature of treperation of initially treated water. In additidn,the housing
1 there are windows for monitoring processes opexation, the freezing of cold vapor and ice meltinl3 and
14. The capacity of collecting the melt water 1(isvided with a valve 15 for draining the melt aratand
fitting 16 for connection to the unit forming th&wture and properties of melt water 17. The adninit 17
includes an inner conical vessel 18 with minerald dolomite. The output capacity of 19 is an adsonpfilter
20 and the drain valve 21.

Figure 4: Schematic representation of the instaliadf VIN-4 “Nadya”: 1 — housing; 2 — flash tark- a device

for heating water, 4 — a device for cooling waker, valve for the water supply to the evaporatos\@lve for
draining spent residue; 7 — the device for condémsand freezing of the cold vapor; 8, 9 — soummfes
ultraviolet and infrared radiation; 10 — a tank ¢otlecting of melt water; 11 — the vacuum pump=ltbe
device for supplying the purified air or gas mixsy 13, 14 — portholes for observing the proceskes

evaporation, freezing vapor and ice melting; 13k for draining of melt water; 16 — a branch pipé — the

block of formation of structure and properties afliwater; 18 — internal conical container and rrase 19 —

the outer conical container with minerals; 20 —aaon filter; 21 — the drain valve

The alternative electrolysis installation for theoguction of drinking water with low content of detium
constructed in 2000 Yu.E. Sinjak, V.B. Gaydadymad &.I. Grigoriev at the Institute of Biomedicaldbtems

in Moscow (Sinyak et al., 1998). The installatiocdmprises a container with atmospheric moisturelensate
or distillate, which is connected to the anode tetdygsis chamber 2 containing an ion electrolytéeTcell
comprises a porous electrode (anode 2 and thedmtBomade of titanium coated with platinum, theveoter
of electrolysis gases into water, and a capacitratd collector of the DDW. Furthermore, the devise
provided with a desiccant of oxygen 4, the reabtof isotope BYH,*°O exchange, the outer side walls of which
are constructed from ion exchange membranes, andvéiter conditioner 11 (Fig. 5). The outer walltoé
reactor 5 and the dryer 4 are constructed fromeixechtange membranes 6, 8; the oxygen dehumidifietagts
cation exchanger, and the water conditioner 1loiméd from the filter with mixed layers of ion-excige
materials — adsorbent and mineralizer containiregy gdranular calcium magnesium carbonate materidie. T
condensate or distillate atmospheric moisture entiee anode chamber of the electrolytic cell witlsadid
electrolyte, wherein the electrolysis is carried atia temperature of 60-8C. The formed in the result of
electrolysis deuterium-depleted gaseous hydrogenoaggen along with and water vapor are enterea ting
oxygen dryer 4, wherein the drying process takasepby sorption of water vapor by ion exchangerfiltation
exchanger) and further passing through the ion@axgé membrane 6. Then, the dried hydrogen is ®¢jiio
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the catalytic isotopic exchange reactor 5 wheneilergoes isotopic #H,"°0 exchange with water vapor and
hydrogen on a catalyst consisting of activated @anwith additives of 4-10% of fluoroplastic and 2-4f
palladium or platinum. After the isotopic.f,*°0 hydrogen is drained from water vapor,{D) which
adsorbed and removed by ion exchangers of theare8cposted on its outer side walls. The draineseg enter
the converter of electrolysis gases and the caabdrner 9. The flame torch is directed to a cosgde 10,
cooled in a flow by tap water wherein the wateraraig condensed and entered into the air conditiddefor
further purification on a sorption filter. Watereth flows into the collection 12 of the DDW. The tng of the
device and the work of ion exchange membranesriongl of electrolysis gases from the water vaparagied
out by a fan 7. The final purification of water aitsl subsequent mineralization is carried out bigioen and
magnesium containing natural carbonate mineralslentite or glauconite. The productivity of the devion the
DDW compiles 50 ml of water per 1 hour.

Figure 5: Schematic representation of an electiolysvice for producing the DDW: 1 — the atmospheri
moisture condensate container; 2 — the anodeh8 edthode; 4 — the oxygen drier; 5 — the readtmotope
D,/H,*°0 exchange; 7 — fan; 6, 8 — ion exchange membr&neshe catalytic burner; 10 — the capacitor; 11 —

the water conditioning unit with dolomite; 12 —@allector of the DDW

When using the vacuum freeze-thaw method it isiplesso obtain the micro-mineralized drinking wateith
the reduced deuterium content by 10-35%. When ufingelectrolysis process it is possible to rediee
amount of deuterium in water by 70% or more, butewananifests the properties of distilled watee (kack of
mineralization, the high content of dissolved gasies disordered molecular structure of water). dtleantage
of the electrolysis process is in the maximum gaegiemoval of deuterium (up 90%).

The developed in recent years combined methodsovbpic exchange and rectification of water alldvtain
water with high isotopic purity. The world’s firgtstallation for isotope fractionation of water waesigned in
1975 by Swiss SULZER and put into operation atréector HFR ILL. In 1987, a similar but more povugrf
unit was created in Canada for Canadian nucleaeppiants. In 1999 at the St. Petersburg Instibfitduclear
Physics named after B.P. Konstantinov was credteditst domestic distillation column for isotofgeparation
of water (Fig. 6). The height of the column comgiltd m, the diameter — 80 mm. The basis of thigllasion
founded on the combined method of isotope exchangseystem “water vapor-hydrogen” and the low-
temperature distillation of hydrogen isotopes. Dgrthe catalytic isotope exchange (CIE) betweenwthter
vapor and deuterium at +26Q is extracted protium and tritium from heavy waded their subsequent transfer
into the gaseous phase in accordance with theAfitpchemical reactions:

DT*0 + D, = DT + D,*®0
HD0 + D, = HD + D,'®0

The recovery of tritium from heavy water is detamad by the equilibrium constant and at the thragest
cleaning is not more than 30%. The purified by jpratand tritium heavy water is returned to the teacA
mixture of hydrogen isotopes —[DT, HD after the purification from impurities acgoling down to 25K is
entered into a low temperature column. Due to thessiransfer processes between gaseous and lioase jof
the hydrogen isotopes, the concentration of tritagours at the bottom, and protium — at the tofhefcolumn.
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The depleted on protium and tritium the flow of tigium in the form of B*°0 returns to the CIE block. From
the top of the low temperature column is carrietitbe concentrate of protium — in form of the DD&d from
the bottom — the concentrate of tritium in the favhtritiated water.

Figure 6: The experimental distillation plant feoiope separation of water developed in the SerBairg
Nuclear Physics Institute named after B.P. Kongtamnt(Russia)

The rectification is carried out in countercurrenass transfer column apparatuses with contact elisme
packing or trays. In this process there is a cowtits exchange between moving relative to each otloézcules
of the liquid and gaseous phases. The liquid piasariched with a high-boiling component and tlasepus
phase — with a low boiling - D, T, artO. In most cases, the rectification is carried iaua countercurrent
column apparatuses with different contact elemehite process of mass transfer takes place oveeritiee

height of the column between falling down phlegrd &fting up the gas/steam. To intensify the praceSmass
transfer the contact elements are often used -inmpekd plates, thus increasing the surface massfar. In the
case of dripping nozzles liquid water flows dowreithin film on its surface, in the case of trays gas/steam
passes through the water layer on the surfaceeopltites. In practice, for better extraction ofvyesotopes of
D and T of the water are used by more than onellaigin column, and the battery of several indivad

columns.

The rectification method of isotope separation ater has a number of significant advantages owestrelysis
method that allows the purification of natural waftem deuterium to values of the order of 20—3@npand
below. Furthermore, the productivity of isotope ification of water by this method is slightly highthat
significantly reduces its cost. It is assumed thtat large-scale production of the DDW in the fatitr will
become public.

Conclusions
According to experimental data the DDW water oledirby various physical-chemical methods (isotopic
exchange in the presence of palladium and platirttm electrolysis of water in combination with dadgtic

isotope exchange between water and hydrogen, tlenporectification, the vacuum freezing of cold vap
followed by thawing), has a wide range of physiadageffects on the human body (antitumor, raditgetve).
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The main impact of the DDW is the gradually redgcof the amount of deuterium in the physiologidalds

due to the reactions of isotope (H-D) exchange. dinaysis of our own and the available in the gdien
literature results lead to the conclusion thatabesumption of the DDW improves the functioningvitél body

systems. Taking into consideration the calculasetope effects of heavy water, and the resultsiddeon the
DDW, it is expected that the big effect may afféw regulatory system, metabolism and energy unih®
living cell, that is, the cell systems that use high mobility of the proton/deuteron and high th&e of rupture
of chemical H- and D-bonds. The solubility of inaric salts in the DDW is somewhat higher than enlibavy
water, enabling it to more effectively excrete nbelec products and salts from the body. The rafeshemical

reactions in the DDW are higher than ig . These factors contribute to the increased useeoDDW and the
development and improvement of methods to obtain it
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