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Abstract: This paper explores how water and water-based systems change their structure under
different conditions, such as pH, temperature, and electric fields. These changes affect the properties
and performance of living and non-living systems that use water or water-based systems in various
technologies. We can use pH, temperature, and electric fields to measure and control the structural
changes in water and water-based systems and improve the outcomes of different technologies in
biology and medicine. More research is needed to understand how various factors influence the
structure of water and water-based systems and how this affects living and non-living systems.

Keywords: water structure; light; magnetic field; temperature; electric capacity; mineral water;
therapeutic mud; water-containing systems; non-living systems; organisms

1. Introduction

Water quality for drinking and other uses is usually evaluated based on four criteria:
epidemiological, organoleptic, sanitary/toxicological, and radiation [1]. However, recent
studies have shown that another criterion should be considered: the structure of drinking
and mineral water [1-4]. Water was traditionally seen as a passive substance that acted
as a solvent or heat storage for chemical reactions [2,5,6]. However, water can also have
different structures that affect its properties and functions.

The liquid state of water is characterised by a three-dimensional network of water
molecules held together by hydrogen bonds and van der Waals forces. This network
is dynamic and flexible, as water molecules can break and form new bonds with other
molecules [6]. The structure of water is influenced by both types of intermolecular interac-
tions, as [7] suggests.

Water molecules can form and break bonds with each other, creating groups of
molecules called clusters [2,8-11]. The smallest cluster has six water molecules [12]. Using
laser interference, researchers have found much larger clusters of up to 100 um that last
from 10~ s to 1 s or more, called giant water clusters (GWCs) [13].

Water is essential for the structure and function of living cells [2]. Water within
biological tissues exists in both “bound” and “free” states. The orientation of bound water
molecules on a protein’s surface leads to the formation of an aqueous shell. The structure
of bound water affects the properties and functions of protein macromolecules, enzyme
activity, structure, and biological membranes [3]. Additionally, when structured water
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combines with organic compounds, it creates a polymer-liquid pseudocrystal matrix, which
includes RNA and DNA [2]. This conditionally supports the idea that the sizes and shapes
of globular proteins correspond to water clusters [3].

Some researchers claim that water-based systems have GWCs with similar dimensions
and properties to the cells of living beings. GWCs also exist in plant sap [14]. A GWC has
a “membrane” and a trans-membrane potential (around 100 mV), like the cells of living
beings. Moreover, smaller water clusters can exist inside larger ones [8,13], resembling
the organelles inside a cell. These clusters can form structures that look like multicellular
organisms [8,15,16]. The “cellular” structure of water suggests that water already has a dif-
ferentiation that can explain the cellular structure of living beings. The organic components
of future cells in biosystems may occupy the pre-existing “cellular” structure [16].

Various factors, such as magnetic field, solution composition, temperature, and others,
can affect the structure of water and alter the sizes of water clusters [3,15,17-20]. The
structure of aqueous solutions also changes in the near-wall layer, depending on the
material of the surface and the substance dissolved in the water [21,22]. Many publications
have reported these changes in water structure under different conditions.

Water and water-containing systems can undergo structural modifications due to
various low-energy effects [2,3,15,18-20,23-26]. These structural changes can alter wa-
ter’s biological, therapeutic, and other properties and applications [17]. Experimental
and clinical evidence supports that water’s structure influences biological activity and
other characteristics.

A more comprehensive understanding of how water with different initial structures
affects the processes of living and non-living systems is still lacking [2,17,27]. The relation-
ship between various modifications in the structure of water, water-containing systems,
and changes in their properties has scarcely been investigated.

One of the research objectives in this area is to understand how water affects the
susceptibility of living systems to various weak influences, which is relevant to ecology and
medicine [27]. Several authors have emphasized the practical significance of investigating
the primary and secondary mechanisms of water and water-containing systems’ responses
to low-energy therapeutic physical factors, including at the molecular level [20,23,24,28,29].
In this context, changes in the structure and properties of water, especially intracellular
water, are worth investigating [20,23-25,28-31]. As [23] stated, water is a critical molecule
in the action of therapeutic physical factors.

Changes in the properties of cement stone, concrete, and plants were observed when
exposed to water by a magnetic field, ultrasound, or electric current [32,33]. However,
these studies did not explain how these effects are related to changes in water structure
under these influences.

In the rest of this article, we will present new data, representing the first step in
formulating methods for assessing the structure of water and water-containing systems
(for example, pH values, thermometry parameters, parameters of electrophysical methods,
and other methods) to improve living and non-living systems. The relevance of research in
this direction is confirmed in the works of recent years [34-37].

This review aims to show the possibilities of methods for assessing the composition
and structure of water and water-containing systems to improve the properties of living
and non-living systems.

2. Assessment of the Possibility of Using pH, Thermometry and Electrophysical
Methods to Evaluate the Structure of Water and Water-Containing Systems

Currently, several studies aimed at studying changes in the structure and other proper-
ties of water and water-containing systems with various properties, including low-energy
(“informational”) influences [14,17,18,38,39], in which the energy from exposure is much
less than the energy released as the result of exposure [40]. With such influences, several
orders of magnitude lower than the energy of Brownian movement and not causing tem-
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perature changes, significant changes in the properties of living and non-living systems
occur, comparable to those with powerful energy influences.

To justify methods for studying the structure of water, the following data should be
taken into account. It is known that water molecules are in continuous thermal movement.
With this in mind, when studying the structure of water and aqueous solutions, it is possible
to talk about the specific position of individual molecules (dipoles) of water relative to
each other within a time interval of less than 10713 s. It is also important to note that under
constant thermodynamic conditions, the structure of water is reproduced.

This allows the use of non-destructive research methods for various influences: eval-
uation of the structure of water, which is due to a change in the ratio and mobility of the
“free” dipoles of water, water dipoles located in water clusters and in hydrated formations
of ions, etc. [17,22].

The use of electrophysical and other methods to evaluate the structure is based firstly
on the fact that despite the brief existence of associates (clusters) of water, with constant
thermodynamic parameters, the structure of water and water-containing systems is repro-
duced [2,8-11,13].

Secondly, when using electrophysical methods in measuring cells through water
and water-containing systems, the minimum possible current values from 10 nA/cm? to
780 nA/cm? are used. At the same time, the research results in various papers did not
contradict each other [17,21,22,26,29,40-50].

Thirdly, when evaluating the results, the influence of the layers of the walls was taken
into account. It was shown that for research with distilled water and water-containing
systems, it is advisable to use measuring cells in which the capacitor plates are located at a
distance of 5 cm to 10 cm from each other [17,21,22].

Fourth, taking into account the dynamics of the formation and destruction of wa-
ter clusters, the study of the effect of temperature on the structure of water and water-
containing systems was carried out at a rate of temperature change per 1 degree of at least
50s.

When studying the structure of water and water-containing systems using pH, ther-
mometry, and electrophysical parameters and when following the aforementioned method-
ological conditions, the results of the research did not contradict each other and were
consistent with known ideas about the properties and structural features of water and
water-containing systems.

3. Using pH to Assess the Structure of Water and Water-Containing Systems to Improve
the Properties of Living and Non-Living Systems

The impacts of various factors on water and water-containing systems have produced
exciting and unexpected results. The pH of water, mineral water, and water-containing
systems increases under a constant magnetic field, indicating a change in the water struc-
ture [31,40,41,51-53]. The pH value varies depending on the magnetisation time [52], the
number of magnetic activation cycles [38], the magnetic field induction [53,54], the water
flow rate [54], and the water temperature [53,55].

Magnetised water has been used in construction to improve the properties of concrete.
The concrete strength is affected by the number of times the water is treated with magnets,
the duration between the treatment and the use of water, and the characteristics of the
magnets [38,56-58]. Previous studies have demonstrated that altering the structure and
energy of water and water—salt solutions can control their reactivity and enhance the quality
of building materials [58]. Concrete products can be strengthened by 18% using magnetised
water [59], and cement consumption can be reduced by up to 20% without compromising
the quality of the concrete mixes or concrete [57].

The authors of [40] demonstrated that magnetised mineral water has a higher pH and
more significant therapeutic potential. Previous studies [33,60,61] have shown that the
factors that increase the pH of water and water-based systems also enhance the healing
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properties of mineral water and the productivity of plants. Moreover, the plant yield is
directly related to the pH level [33,39].

The authors of [30] investigated how water properties were affected by a magnetic
field and light radiation. They found that tap water’s pH increased after 30 s of He-Ne laser
exposure. Distilled water showed less response to the He—Ne laser. The combined effect
of these factors was more pronounced than their individual effects. Distilled water was
also less responsive to the magnetic field and the He-Ne laser [30]. Similar findings were
reported in [31]. The authors suggested a synergistic effect of a constant magnetic field and
laser radiation on tap water activation, resulting in a more considerable pH change than
each factor alone.

Water’s role in the mechanism of action of therapeutic physical factors is vital. Ac-
cording to [30], water is a crucial molecule in the action of therapeutic physical factors.
According to [28], EHF therapy’s primary mechanism of action is the change in water
structure. According to [62], the positive effect of laser exposure is due to a shift in water
structure and properties in the body.

Photomagnetic therapy devices have been proven effective in preventing and treating
various diseases in clinical settings [26]. Photomagnetotherapy can provide benefits, such
as reducing inflammation, swelling, and pain and improving immune function. Moreover,
ongoing research on developing new technologies and devices that combine physiotherapy
and photomagnetotherapy is being conducted.

4. Using Thermometry to Assess the Structure of Water and Water-Containing Systems
to Improve the Properties of Living and Non-Living Systems

The effect of temperature on the properties of water and its solutions is well established
in the literature. Temperature influences the rate and direction of chemical and biochemical
processes that occur in water [43,44,63,64]. Moreover, thermometry can also reveal the
structural features of water and its solutions, as shown in thermometric studies [44]. These
studies found that the relative changes in the temperature of distilled water (Ti%) during
cooling from 46 °C to 29 °C and heating from 29 °C to 46 °C exhibited peaks at 32 °C, 39 °C,
and 42 °C (Figure 1). The cooling and warming curves follow the same path. The water
structure was relatively stable when the temperature changed from 33 °C to 38 °C [17,44,45].
Similar findings were reported in other works [17,45].

T, (o)
6

Relative changes of temperature
w

0 : : : —
30 35 40 45

Temperature °C

Figure 1. The curve of arithmetic mean values of the relative time of temperature change by 1 degree
(Ti%) when cooling distilled water from 46 °C to 29 °C and heating from 29 °C to 46 °C in a 100 mL
container [17].
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The relative time of the change in the temperature of liquids by 1 degree (Ti%) was
calculated using Formula (1):

T.% = At’TAitH -100 1)

Ti (%) measures how quickly the temperature changes at a certain level. It is calculated
by dividing the difference between two consecutive time intervals by the initial time
interval. For example, if the temperature drops from 42 °C to 41 °C in 10 min and then
from 41 °C to 40 °C in 8 min, the relative time of the temperature change at 42 °C is
(10 — 8)/10 = 0.2 or 20%. The temperature change rate at 42 °C is 20% faster than the
average rate of those two intervals.

In a previous study [14], the researchers found that heating pure water and salt water
to 40 °C breaks up clusters of water molecules that range from 2 to 40 pum in size. That
means that breaking up these clusters requires energy. Based on this finding, the authors
explained the local changes in the curve as the result of structural changes in water that
happen when the liquid cools down from 46 °C to 29 °C, releasing energy, or when it warms
up from 29 °C to 46 °C, absorbing energy [43]. Water has the unique property of changing
its heat exchange rate at different temperatures. For example, water at 32 °C, 39 °C, and
42 °C has different rates of cooling or heating when exposed to the same environment. This
property may help warm-blooded animals adapt to various environmental changes, such
as temperature fluctuations, electromagnetic fields, and so on [43].

Studies [65,66] have demonstrated that warm-blooded animals must keep their body
temperature at approximately 37 °C (with a variation of 36 °C to 42 °C) to ensure the
stability of their vital functions. That helps them minimize the energy expenditure for
maintaining homeostasis. Body temperature is a factor that influences the survival and
adaptation of living beings. Organisms with a body temperature between 35 °C and 41 °C
are more likely to cope with environmental challenges. That may be related to how water
systems are organized and how stable the body structures are at these temperatures. These
organisms also have enough flexibility in their vital processes to adjust to various changes
in their surroundings and body conditions [43].

That implies that the chemical and biochemical reactions in water-based solutions at
35 °C—41 °C have similar rates and directions as the reactions of warm-blooded animals,
such as humans. That is important for various studies in biology and medicine [67].

Collected data have helped create the best methods of using therapeutic mud for treat-
ment [40]. The best temperature range for mud is from 33 °C to 38 °C. In [40], therapeutic
mud at 35-36 degrees effectively helped treat patients with osteoarthrosis.

The authors of [46] investigated how the temperature in a measurement cell changed
when they cooled down distilled water and salt water from 10 °C to 1 °C. They found that
the temperature change curves exhibited some local fluctuations that were more noticeable
than in [44] (see Figure 2).

The time curves of the temperature decrease in distilled water, a 1 x 10~ M NaCl
solution, and a 10~2 M NaCl solution showed some compelling features when the liquids
were cooled from 7 °C to 6 °C and from 4 °C to 3 °C. The cooling rate changed signifi-
cantly in these temperature intervals, resulting in local minima and maxima on the curves.
Specifically, the cooling rate increased by 14% when the temperature dropped from 7 °C to
6 °C, creating local minima on the curves. Conversely, the cooling rate decreased when
the temperature dropped from 4 °C to 3 °C, creating local maxima on the curves. These
phenomena indicate some factors affecting the heat transfer process of these liquids at
these temperatures.
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Figure 2. Dynamics of time (seconds) of temperature decrease by 1 °C upon cooling from 10 °C to
1 °C: 1—distilled water; 2, 3, and 4—solution of NaCl at concentrations of 1 x 1074 M, 1 x 1072 M,
and 1.5 x 107! M.

The cooling process of a 0.15 M NaCl solution was studied by measuring the tempera-
ture change over time. The results showed that the cooling rate varied depending on the
temperature range. Specifically, a 9% increase in the cooling rate was detected when the
solution temperature dropped from 5 °C to 4 °C, indicating a faster heat loss. Conversely, a
246% decrease in the cooling rate was observed when the solution temperature fell from
3 °Cto 2 °C, suggesting a slower heat transfer.

The effect of temperature and concentration on the structure of water in distilled water
and salt solutions has been studied. Previous research [14] showed that water clusters of
2 to 40 um in size are disrupted by heat absorption when the temperature reaches 40 °C.
Moreover, higher concentrations of solutions reduce the number of water clusters [68,69].
Therefore, we hypothesized that the observed local minima in the solution cooling time
curves are caused by a structural change in the water with heat absorption (and hence, with
the breakdown of smaller clusters). Conversely, the local maxima are caused by a structural
shift in the water with heat release (and, therefore, with the formation of larger clusters). In
a more concentrated solution of sodium chloride (1.5 x 10~! M), larger clusters may form
with a more noticeable drop in temperature (from 3 °C to 2 °C) [46].

Thermometry revealed that water and water-containing systems undergo signifi-
cant structural changes at temperatures of 2 °C, 7 °C, 32 °C, 39 °C, and 42 °C. These
results are significant for researching and creating various technologies, such as in biology
and medicine.

5. Using Electrophysical Parameters to Assess the Structure of Water and
Water-Containing Systems to Improve the Properties of Living and Non-Living Systems

Water structure can be altered by various factors, as reported by many studies [3,15,17-20].
For instance, the authors of [47] demonstrated that different salts at the same concentrations
had different effects on water structure, as measured via electric capacitance (Figure 3).

Another study demonstrated that the electric capacitance of distilled water steadily
dropped to 37% of its original value as the reactive current frequency increased from 1 to
100 kHz [45] (Figure 4).
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Figure 3. The electric capacitance (pF) values of salt solutions at a reactive current frequency of
3 MHz: 1—1 x 1072 M FeCls, 2—1 x 1072 M CaCly, 3—1 x 1072 M MgCl,, 4—1 x 1072 M KCl, and
5—1 x 1072 M NaCl.

pF

100+

50
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Figure 4. Dependence of the electrical capacitance of distilled water and aqueous solutions on varying
frequencies of reactive current and concentrations of NaCl solution: 1—distilled water; 2, 3, 3, 4, 5, 6,
and 7—solutions of sodium chloride salt at concentrations of 1 x 107 M, 1 x 107°M, 1 x 1074 M,
1x1073M,1 x 1072 M, and 1 x 10! M, respectively [17].

The electric capacitance of distilled water is almost constant when the frequency
changes from 100 to 10,000 kHz. The electric capacitance of an aqueous solution of NaCl
gradually increases as the concentration and the frequency increase. That indicates that the
cluster structure of water is partially disrupted by sodium chloride and other salts, and
the water molecules become more mobile [14,68]. That means that the water-containing
system undergoes a supramolecular rearrangement that enhances the mobility of water
dipoles and consequently the electrical capacitance of aqueous salt solutions [43].

In [70], the structural features of water and aqueous solutions in the measuring
cell were assessed by measuring their electrical capacitance in the frequency range from
1 to 300 kHz and similar results were obtained. At a temperature of 20 °C, with an
increase in the current frequency from 1 to 100 kHz, there was a decrease in the electrical
capacity of distilled water, which, according to the authors, is due to the existence of
structural formations (water clusters) in water, in which the oscillation frequencies of
water dipoles are lower than the frequencies of the external current. In this study, based
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on experimental data [13-15] and calculations, the possibility of combining individual
molecules into associates in quantities of up to 1012 is shown, and calculations of the
natural frequencies of vibrations of associates of equal sizes during their interaction at
distances equal to the diameter of the kinetic formations are given.

It turned out that with an increase in the number of water molecules in associates, the
frequencies of their vibrations significantly decrease to 1 kHz and the orientation of kinetic
formations relative to the electric field lines will become more difficult with increasing
frequency, which is observed in the study.

Considering that interactions between associates can occur between associates of
different sizes and at different distances, the spectrum of natural frequencies of oscillations
of kinetic formations is quite wide and is determined by the thermodynamic conditions of
the system’s existence.

In solutions of NaCl, KCI, CaCl2 and MgCl2, the electrical capacity of the solutions
increased. This may be due to the destruction of clusters, an increase in the number of
unconnected water dipoles, and ion hydration processes, which led to an increase in the
mobility of water dipoles.

A water layer with a thickness of approximately 300 um near a solid surface (boundary-
layer water) has different properties from the water in the rest of the volume (“bulk”), as
shown in [18,19,22]. The mobility of water dipoles and the electric capacitance of distilled
water and solutions are lower in the near-wall layer, as demonstrated in [21,22]. The
reduction in electric capacitance is nonlinearly related to the distance to the solid surface,
the concentration and type of solute, and the surface material. In sodium chloride solutions,
the reduction in electric capacitance is more noticeable when the distance to the solid
surface decreases from 150 to 50 um [21] (Figure 5).

pF

60

I

30

Electric capacitance

0 T T T T T T T T T T T T
10 20 30 50 150 1000 20005000 10000 20000 50000 100000

" . m
Distance between capacitor plates H
Figure 5. Dependence of the electrical capacitance (C, pF) of a sodium chloride solution with
a concentration of 1.5 x 107! M on the distance between the capacitor plates (um) at different
frequencies of reactive current: 1—1 kHz, 2—3 kHz, 3—10 kHz, 4—30 kHz, 5—100 kHz, 6—300 kHz,
7—1000 kHz, 8—3000 kHz, and 9—10,000 kHz [17].

According to the electrophysical properties of water and water-based systems and the
findings of [14,50,68], we can infer that increasing the concentration of sodium chloride
solutions and other salts causes the breakdown of distilled water’s supramolecular struc-
tures (clusters). This results in higher mobility of the water dipoles and the formation of
hydrate structures.
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Conversely, the near-wall layer lowers the mobility of water dipoles and increases the
structuredness of distilled water and its solutions [21,22]. This is important for selecting
the best parameters for different technologies that use water-containing systems and
hard surfaces.

The electrophysical parameters of water, such as its capacitance and resistance, can
also indicate the influence of magnetic fields on water. In [49], a measuring cell with
distilled water was connected to an oscillatory circuit with a sinusoidal generator. The
results showed that the oscillation amplitudes decreased after the water was exposed to a
magnetic field. This confirms the previous findings on how a magnetic field changes the
properties of water [30,31].

6. Conclusions

Water has a unique molecular structure, consisting of two hydrogen atoms bonded
to an oxygen atom. Water has remarkable properties that are crucial for life on Earth.
Moreover, water’s ability to exist in different states—solid, liquid, and gas—and its high
heat capacity make it integral to Earth’s climate and the existence of diverse ecosystems.

Water acts as a universal solvent and plays a key role in biological systems and various
technological processes. The composition and structure of water and its interactions with
other substances can significantly affect the properties and functions of living and non-
living systems. Based on this, it is essential to develop and apply new methods for assessing
the composition, structure, and other properties of water and water-containing systems
under various influences.

The structure of water and water-containing systems can be evaluated using pH, ther-
mometry, and electrophysical parameters, but only when performing the above method-
ological conditions. The results of such studies do not contradict each other and correspond
to the known data on the properties and structural features of water and water-containing
systems. On the other hand, the structure of water and water-containing systems depends
on pH, temperature, and various influences. Based on this, it is possible to change pH, tem-
perature, and electrophysical parameters in various ways to find the best way to influence
non-living systems and living systems (organisms) to improve their quality and health.

It should also be noted that the influence of solid surfaces on the mobility of water
dipoles is a significant factor in the function of living systems and non-living systems.
Within a 50 um range, the presence of a solid surface can change the orientation and
movement of water molecules, which in turn can affect the supramolecular organization
of biological ends and other structures. The reorientation of water dipoles near solid
surfaces can impact the function of membrane-bound enzymes, potentially affecting their
catalytic efficiency. These structural changes can affect the structure of proteins, DNA, other
biomolecules, disease development, and treatment outcomes.

The pronounced relationship between water’s structure and its influence on different
processes is a burgeoning field of research in biology, medicine, and other technologies.
Studies have shown that factors such as temperature, magnetic fields, light radiation, and
near-wall effects can alter the structure of water and water-containing systems, leading to
significant changes in their biological, therapeutic, and other properties.

The development of research in these areas can lead to breakthroughs in the fields of
medical science, biotechnology, and other technologies.
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