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Abstract: 

A review of biologically structured water (BSW) is needed to support a more 
convincing argument of the significance of organized water to the overall health of 
living organisms. Research phrases related to BSW water are energized, 
hexagonal, interfacial, or bound water because they refer to biological water with 
similar structural, functionality, and general water properties. Structured water is 
formed by shortening hydrogen bonds (H-bonds) in free water, forming various 
polymeric water structures. In living organisms, BSW water has liquid crystalline 
properties that have excellent redox qualities due to the energized state of the 
hexagonal ring structure. Each hexagonal ring has a vortex of delocalized 
electrons and protons that form pi orbitals above and below each ring, contributing 
to myriad redox reactions within cells. In addition, the energized hexagonal water 
rings can be readily split or ionized with minimal energy inputs, providing the 
oxygen-based ions needed to initiate water respiration. The water respiration 
pathway can convert the high-grade chemical energy stored in energized, 
biologically structured water into supplemental energy for cells. The water 
respiration theory based on interfacial structured water is revisited due to recent 
findings of superconductivity water properties. The contribution of energized BSW 
water to redox biology and water respiration can be associated with improved 
metabolic efficiency and enhanced physiological performance in all life forms. 
Finally, this article will review recent findings involving quantum biology and BSW 
water. When BSW water is confined in extremely small sites such as proton wires 
or water wires, the water properties take on strange quantum properties that 
stretch the accepted theories of chemistry and physics.  
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1. INTRODUCTION 

The first article in this three-part review of 
Biologically Structured Water (BSW) water will describe 
structured water (SW) and BSW water along with the 
associated water properties. Also, the first article will 
focus on the interplay between BSW water and 
bioenergetics, broadly defined as all aspects of energy 
related to biology. The second article in this series will 
review several natural and man-made SW water 
sources and how to monitor health-related biomarkers 
to evaluate any improvements in well-being or stress 
resilience. The second article will also cover BSW 
water and immunity to diseases. The third article in this 
series will review several methods to generate man-
made SW water and several methods to verify the 
quality of the generated SW water. Finally, the third 
article will briefly outline the diverse relationships 
between BSW water, biological coherence, and super 
coherence. 

Decades of water, SW, and BSW research have yet 
to fully acknowledge the unparalleled importance of 
BSW water for maintaining biological health and vitality, 
increasing longevity, and enhancing resilience to many 
biotic and abiotic stressors. The ongoing debate is 
partially due to the reductionist approach to 
fundamental sciences. Biological research typically 
involves highly complex, multi-factor study designs 
conducted under dynamic conditions with high 
uncertainty built into even the most straightforward 
studies. The complexity and uncertainty of biological 
research have much to do with the continuing debate 
on the biological effects and significance of BSW water. 
However, as scientific advances in knowledge and 
instruments unfold more puzzle pieces, the evidence is 
becoming more irrefutable that BSW water is essential 
for life, vigor, and well-being. A basic premise of BSW 
water is that under biological conditions, water 
structure is as important or more important than water 
content for maintaining metabolic, redox, signaling, 
energy, and coherence functions in most life forms. 
However, as animals or plants age or are exposed to 
high-stress levels, the BSW water content decreases, 
compromising the health and vitality of life. Given this 
general principle of BSW water reduction due to age 
and stress, an ensuing question is how to maintain 
adequate BSW levels during aging and stress 
exposure. This review will also offer several 
suggestions for increasing BSW levels in plants and 
animals. These suggestions are based on a holistic 

review of the scientific evidence for generating high-
quality BSW water and rehydration treatments with 
natural and man-made SW water sources. 

Structured water (SW) is defined as multiple water 
molecules joined by hydrogen bonds to form a range of 
molecular structures, from dimers to buckyball 
structures. The most common water structures range 
from dimers (two H2O bonds) to hexamers (six H2O 
molecules bonded together). The most common 
biological structures are pentamers and hexamer 
designs with five and six rings of H-bonded water 
molecules. Water research terms varied over its 
history, starting from anomalous and polywater to two-
phase water, coherent domain water, activated 
water,H-bonded water, hexagonal water, low-density 
water, super-cooled water, polymeric water, clustered 
water, vitalized water, or energized water due to a 
researcher’s preference for defining the multi-molecular 
water structures. Research terms used to describe 
BSW water have included membrane hydration water, 
vicinal water, interfacial water, tightly bound water, non-
freezing water, glassy state, liquid crystalline, and 
exclusion zone (EZ) water. All these research terms for 
SW or BSW water are broadly defined, with vague 
descriptions. This review included most of these 
research terms to maximize the information collected 
from literature searches. These terms are relevant to 
water structure descriptors, resulting in more 
comprehensive research findings and sometimes 
revealing unique insights into this complex field of 
study. Other related fields of study for water research 
include vortexed, magnetized, or cold plasma-
generated water. These water treatments typically 
increase water structure, resulting in water properties 
like BSW water properties. This review will use the 
term liquid water to refer to unstructured water, even 
though most sources of liquid water contain a varying 
percentage of structured water under ambient 
temperatures and pressures. 

A recurring dilemma in research fields is finding 
umbrella terms that still need to be used in the basic 
sciences. For example, bioenergetics has already been 
defined as a subcategory of biochemistry that typically 
focuses on a limited set of energy relationships with 
biology. The energy relationships generally originate 
with stored chemical energy and energy derived from 
redox reactions such as electron exchange down 
electron transfer chains. A broader definition of 
bioenergetics should include other in vivo energy 
sources such as energy derived from energized 
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electrons returning to their base state, membrane 
potential, biomolecular vibrations/oscillations, 
resonance, piezoelectric/mechanical or even 
bioluminescence, which are all familiar biological 
sources. Many of these energy sources emit very weak 
or subtle electromagnetic field (EMF) waves, which are 
exceedingly difficult to measure and detect due to the 
variety of energy sources. The weak EMF fields 
combined with so many possible in vivo sources have 
baffled the best biological scientists. This intractable 
dilemma has been a source of many calls for pseudo-
science and mysticism. However, recent bioenergetic 
research has shown that many weak or subtle EM 
fields exist in vivo and can be amplified, emitted, 
stored, and received to activate metabolic functions 
and achieve coherence in organisms. These 
bioenergetic findings will be reviewed in Part 3 of this 
article series. Several researchers have associated 
energy medicine with the much broader definition of 
bioenergetics described above [19 - 20]. The use of the 
bioenergetic term in this review will also be based on 
thebroad definition. 

2. SHORT HISTORY OF STRUCTURED WATER 
(SW) AND BIOLOGICALLY STRUCTURED WATER 
(BSW) 

The earliest pioneers in water chemistry interactions 
with biology can be traced back to Russian scientists in 
the 1800s [1]. In the 1930s, the pioneering work of Dr. 
Szent-Gyorgyi (Nobel Prize winner) was instrumental in 
discovering the importance of water and the redox 
exchange of electrons and protons in biology [1-2]. His 
pioneer work included brief forays into activated water 
as an alternate energy source for cells. However, this 
research was so innovative and controversial that it 
took almost another 80 years to be rediscovered. The 
cumulative advances in basic sciences have shed new 
light on the possibilities of water respiration in cells, 
which involves energized water molecules within BSW 
water. These recent advances will be explored in more 
detail in the last section of this article. In 1949, a study 
by Henniker [3] stated that water near hydrophilic 
surfaces forms a new water structure. The interfacial 
water in his research had properties much different 
than bulk water when measured in terms of refractive 
index, x-ray diffraction, viscosity, and adhesion. In the 
late 1960s, Russian researchers discovered 
“polywater” in narrow capillary tubes due to its unique 
water properties [4]. Shortly after this discovery, 
American scientists refuted their polywater claims as 
they tried to replicate the studies due to contaminants 
in the water. This was a significant setback in water 

research due to the counterclaims and professional 
fallout for the Russian scientists. It took another two 
decades before a French scientist named Benveniste 
claimed that water could be structured, and such 
“biologically active water” could be imprinted with 
“information” from biomolecule vibrations [2, 5]. 
Benveniste and his colleagues coined the term “water 
memory” and proposed a theory of imprinting energy-
based resonance in water. When his water research 
was replicated by visiting scientists, the water memory 
results could not be re-confirmed [2]. The lack of 
replicated confirmation led to a prompt dismissal of the 
water memory theory by mainstream scientists. 
Another pioneer in SW and BSW water research was 
Dr. Gilbert Ling, who published his first paper in 1962 
on the association induction hypothesis theory as an 
alternative to the membrane pump theory for the 
transport of ions across cell membranes. In 1965, Dr. 
Ling proposed the Polarized-Oriented Multilayer (PM or 
POM) theory of cell water. His POM theory claims that 
cell water is polarized, oriented, and thus dynamically 
structured [6-7]. Despite a 45-year struggle to 
recognize his research findings, Dr. Ling died in 2019, 
just one month short of 100 years old, without 
achieving notable success or credit for his pioneer 
work. In 1986, a Korean scientist named Dr. Mu Shik 
Jhon presented his structured water theory with his 
paper "Molecular Water Environment." After 25 years 
of studying structured water, he published a book in 
2004 that was titled “The Water Puzzle and the 
Hexagonal Key.” His short book briefly describes 
structured or hexagonal water and its basic properties. 
His decades of research held him to conclude that 
aging in humans causes an irreplaceable loss in 
hexagonal water that results in many age-related 
diseases. Also, he claimed that as humans replenish or 
rehydrate with hexagonal water, there is an 
improvement in vitality, longevity, and resilience to 
diseases [8]. By the 1990s, research involving SW and 
BSW subjects became acceptable and worthy for 
scientists to receive funding and explore new avenues 
of investigation. Notable scientists who have advanced 
water research include Linus Pauling, Mae-Wan Ho, 
Gerald Pollack, Martin Chaplin, Luc Montagnier, Emilio 
Del Giudice, Giuliano Preparata, Claudio Messori, 
Ignore Smirnov, Vladimir Voeikov, and Ignat Ignatov. 
Short SW and BSW research histories exist in several 
articles [9-10] and books [2, 11-12]. 

The history of SW and BSW research is littered with 
remarkable claims and theories that were often met 
with skepticism or even hostile reactions that led to the 
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loss of their scientific reputations and the labeling of 
their findings as hoaxes. In many cases, the claims of 
pseudo-science for the early SW research findings 
were later found to contain a grain of truth. For 
example, the poly water claims mysteriously led to the 
fictional “ice nine” scare made famous in 
KurtVonnegut’s book Cat in the Cradle [12]. This 
pseudo-science episode was followed shortly after that 
by another radical claim when the French scientist 
Benveniste published his research on water memory. 
His theories were quickly denounced but were soon 
followed by two scientists who conducted independent 
research that also claimed variations on the water 
memory theme. The first scientist was Dr. Marcel 
Vogel, whose research with BM in the 1980s led to 
many discoveries in crystallography and liquid crystals. 
His research later became more radical as he 
researched the crystalline properties of ice and the 
liquid crystal nature of structured water as ice melted. 
His research became ever more radical when he 
proposed that crystalline structures such as liquid 
crystal water could store ‘information” that could be 
sent and received as signals [13]. Later, he became 
involved in collaborative research with Cleve Backster, 
which found a connection between structured water in 
plants and a plant’s ability to display conscious 
emotions or feelings in response to its environment 
using lie detector instruments [14-16]. Dr. Vogel’s 
research with plants culminated in a collaborative book 
titled “The Secret Life of Plants” [17]. Dr. Vogel’s more 
radical research on telecommunications and plant 
emotions/consciousness has been vehemently 
discredited over the intervening years. However, as 
with other venerated scientists such as Tesla, they 
eventually develop a mystique that borders on 
reverence, and decades later, their radical theories are 
rediscovered and found to be not so radical after all. 

Several decades later, another scientist made a 
remarkable radical claim that biological water could 
store information that could be emitted as wave signals 
that mirrored the previous claims by Benveniste and 
Vogel. This researcher, however, was a Nobel laureate 
French scientist named Luc Montagnier, who 
previously discovered the genetic code for HIV. Using 
his renowned research skills, he designed an 
impeccable protocol to investigate the ability of 
biological water to receive and transmit DNA codes 
between two isolated test tubes [12]. His protocol 
involved a DNA fragment of HIV. He amplified the 
fragment using PCR until a DNA fragment was found 
with a detectable electromagnetic (EM) wave signal in 

a serial water dilution. This water was placed in a test 
tube, which was then placed next to a test tube filled 
with pure water [18]. The elaborate study protocol was 
designed to test specifically whether the EM waves 
emitted from the DNA fragment into the diluted water in 
the first test tube could be transmitted into the pure 
water in the second test tube. The second test tube 
contained all the ingredients to synthesize the original 
HIV DNA code, such as nucleotides, primers, and DNA 
polymerase enzyme. When placed together, the two 
tubes were exposed to amplified resonance waves 
known as Schumann resonance. After 18 hours of 
exposure to the amplified Schumann resonance, they 
found a single DNA fragment in the second test tube. 
Incredibly, the HIV fragment had a DNA sequence 
code that was 98% accurate to the DNA code in the 
first test tube. His test protocol was so well designed 
that his experiment was successfully replicated 12 out 
of 12 times [12]. His study was also repeated with other 
DNA fragments from the bacterium that causes Lyme 
disease. These findings were so radical and startling 
that it was promptly discredited and labeled as pseudo-
science by many highly respected mainstream 
scientists. In the intervening years since Montagnier’s 
study, biological research has shown that all 
biomolecules, such as DNA, vibrate at specific 
frequencies and that these very weak or subtle EM 
energy waves can be amplified by resonance [12, 19- 
20]. 

The radical ideas and pseudo-science theories 
proposed by these pioneer scientists have quietly 
moved into mainstream science as researchers gained 
a better understanding of the broad field of 
investigation known as bioenergetics. These concepts 
of biomolecular vibrational energy, energy amplification 
by resonance, and synchronization of these EM waves 
into biological coherence as related to BSW water will 
be discussed in more detail in Part 3 of this review. The 
findings of these pioneer scientists were often deemed 
too radical for their times. Still, as biology and other 
related disciplines advanced and a holistic approach 
was taken to incorporate new findings related to BSW 
water from related research fields, radical theories 
have proven to have a verifiable scientific basis. This 
three-part review aims to collect, summarize, and 
synthesize the findings from different scientific 
disciplines to understand better the interplay between 
bioenergetics and BSW water and between BSW water 
and biological well-being. A secondary goal is to 
present enough verifiable scientific evidence on BSW 
water and its biological significance that there will be 
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fewer calls of pseudo-science and hoaxes than 
exhibited in the early history of SW and BSW water 
research. The volume of research related to BSW 
water is rapidly exploding, making reviewing the 
literature a monumental task. A comprehensive review 
of the BSW water literature would fill several book 
volumes; thus, this three-part review will only 
underscore the principal highlights and biological 
significance of BSW water. Several science-based 
books on BSW water and many others focus on the 
holistic aspects of BSW water as it relates to human 
health and well-being. This review's readers are 
encouraged to delve into the scientific literature and 
these books to get a much more detailed and in-depth 
understanding of BSW water than can be presented in 
this three-part article series. 

3. DESCRIPTION OF STRUCTURED WATER AND 
COHERENT DOMAINS 

After more than 50 years of water research, a 
widely accepted theory has emerged that states that 
liquid water is made up of two phases [21-26]. This 
theory suggests that water has a high-density phase 
(non-coherent and unstructured) and a low-density 
phase (coherent and structured) that exist together. 
Most forms of water contain a combination of 
structured and unstructured water under normal 
conditions. It can be confusing to differentiate between 
the two phases using density terms since structured 
water is sometimes called gel or liquid crystalline water, 
which has high viscosity properties. However, gel water 
can have higher viscosity but lower density than liquid 
water due to stronger H-bonds, which make the water 
less fluid. To remember that structured water is less 
dense, one can think of ice, which is 100% structured 
and has a crystalline lattice of hexagonal rings but is 
still less dense than unstructured water and, therefore, 
floats on top of it. When the H-bond strength increases 
to provide more structure to water, it becomes less 
fluid, with higher viscosity and less dense. 

There still needs to be more disagreement about 
the specifics of water structure [25]. However, a 
growing consensus is that water has structure, 
especially under biological conditions [26]. Shi's recent 
water structure study [23] offers modeling and 
spectroscopic evidence that liquid water has two 
coherent or compatible phases. Different water 
structure theories tend to align or agree with the basic 
principles of a researcher’s field of study. When 
considering water structure, distinguishing between 
natural or bulk water and water structure associated 

with life and biology is of utmost importance. Multiple 
energy fields and sources surround water in living 
organisms. When water is in intimate contact with 
energy fields, it naturally manifests into various water 
structures. These structures range in size and duration 
depending on the intensity and frequency of the energy 
fields and their duration. This review focuses on BSW 
water structure and its biological effects and is 
therefore inherently intentional about associating water 
structure with biological energy fields. 

Structured water formation is a function of the 
hydrogen bond strength [28-31] or the number of 
hydrogen bonds [32-33]. Structured water can be 
created naturally in high-altitude streams, from glacial 
runoff, or by biological activation in cells. It is widely 
recognized in the research literature that stronger H-
bonds have a higher stability under ambient conditions, 
i.e., weaker H-bonds tend to degrade faster and revert 
to unstructured water [28, 29]. Also, stronger H-bonds 
are associated with water structures with or by several 
different technology systems. All structured water 
formation or generation methods involve shortening H-
bonds between water molecules [28-31]. As the H-
bonds shorten and strengthen, the H-bond angles 
widen from 104.5 to 109.5º. Also, as H-bonds shorten, 
water molecules start to cluster into a range of 
structural designs, depending on the formation method. 
The H-bond strength is an almost linear relationship 
with the H-bond length between O-H [28, 29]. The H-
bond length is just four picometers shorter between 
water molecules in ice than in liquid water, which is all 
needed to convert water from the liquid phase to the 
solid phase [28]. The hydrogen bond in water is part 
(about 90%) electrostatic and part (about 10%) electron 
sharing, which is covalent [30]. A trade-off exists 
between H-bond and covalent bond strength in water 
[30]. Based on the strength of bonding, hydrogen 
bonds have been classified as weak (with energies 
between−2.4 and −12 kcal/mol), strong (with energies 
between −12 and −24 kcal/mol), and very strong (with 
energies more than −24kcal/mol) [34]. Magnetic fields 
increase H-bond strength and increase water structure 
[35]. The strength of H-bonds in water is affected by 
electromagnetic and magnetic fields [30]. Magnetic 
fields weaken the van der Waals attraction between 
water molecules, thereby strengthening the H-bonds 
and increasing water structure [30]. 

The relationships among delocalized protons, H-
bond strength, and water structure are still being 
investigated due to their deemed importance in biology 
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[9, 12, 29]. Due to several critical factors, the 
importance of delocalized protons in water structures is 
hard to over-emphasize. Delocalized protons are 
associated with proton hopping, superconductivity, and 
quantum tunneling across energy barriers [9, 12, 36-
39]. The strength of the H-bond has important 
implications for proton transfer (PT) rates due to the 
proton-free energy profile and the PT energy barrier [9, 
12]. Very weak H-bonds in free water are associated 
with single-well proton-free energy profiles and high 
proton transfer barriers. As the H-bond strength 
increases and the water becomes more structured, the 
proton-free energy profiles progress from asymmetric 
double-wells to symmetric double-wells with a 
concomitant decrease of the proton transfer barrier. In 
other words, as water becomes more structured, some 
protons have low energy barriers and, with negligible 
energy inputs, can join with H2O to form hydronium 
ions (H30), a carrier for H+ [9, 12]. Also, delocalization 
energy in protons is associated with higher H-bond 
strength [29], and delocalization energy is defined as 
the extra stability of a molecular structure due to 
delocalized electrons. An excellent online scientific 
literature review of water, H-bonds, delocalization, and 
structured water, written by the eminent water scientist 
Martin Chaplin, provides much more detail on these 
subjects than can be covered in this review [40]. In 
summary, the degree of structure in water is strongly 
correlated with H-bond strength, which is also highly 
correlated with delocalized protons and electrons. The 
biological significance of delocalized, quasi-free 
electrons and protons in BSW water is emphasized by 
the unparalleled importance placed on redox reactions 
in current biological research. The relationships 
between redox biology and BSW water will be detailed 
later in this review. 

Natural water sources, bulk water, or tap water all 
contain structured, unstructured, or liquid water based 
on the two-phase water theory [21-26]. As SW water 
research grew in the 1990s several scientists proposed 
a theory titled Coherent Domain for the SW water 
found in bulk water [18, 47-51]. According to this 
theory, bulk water contains Coherent Domains (CD) in 
water, which are clusters of water molecules linked by 
hydrogen bonds that are created as the molecules 
resonate with electromagnetic (EM) fields [9, 12, 41-
52]. Coherent domains are small, approximately 1000 
Å (0.1 µm), each containing about 5.5 million 
molecules [9, 12, 41 - 52]. As the water molecules 
oscillate in phase with an electromagnetic field, it 
creates a resonating cavity produced by the 

electromagnetic field that ends up trapping specific 
wavelengths in the field. The non-vanishing EM field 
doesn’t dissipate, tends to resonate with other CDs 
coherently, and is available as an energy source for 
cellular or enzyme reactions. The energy field allows 
the coherent domain water molecules to flicker 
between two electron cloud configurations where 
themolecular electrons rapidly fluctuate between being 
strongly bound (ionization potential 12.60 eV) or 
entering an excited configuration (12.06 eV) in which 
one electron per molecule is “quasi-free” (9, 12]. The 
coherent domains exist in liquid water at ordinary 
temperature and pressure [41 - 52]. Each coherent 
domain contains millions of quasi-free electrons in the 
π orbital’s that circle the ring structures of the H-
bonded water molecules [9, 12]. Structured water 
containing coherent domains transforms ambient 
incoherent frequencies into a coherent high frequency 
that may be used for cell functions. [4-8, 11-13]. At a 
temperature of 30 C, structured water usually consists 
of a mixture of 40% CD structures and 60% incoherent 
bulk water, depending on how it was created or 
generated [11, 12]. In contrast, most animals have an 
average BSW water content of 20 to 30 %, with the 
remaining biological water classified as “free water” or 
unstructured water [54-55]. 

Based on the Quantum Electrodynamics (QED) field 
theory, the SW water scientists Preparata, Del Giudice, 
and others have proposed that bulk water is a two-
phase system, a coherent (structured phase) and 
incoherent phase (unstructured phase) [8, 47-52]. The 
QED theory supports the ability of water in the coherent 
phase to oscillate between two electronic 
configurations in phase with a resonating EMF field. 
The CD becomes a resonating cavity produced by the 
EMF (a self-produced cavity resonator for the EMF) 
[42-43]. In other words, bulk water may convert into 
SW water by resonating with and collecting coherent 
EMF fields, which can be generated from either in vivo 
or environmental sources [41-53]. 

Real-world evidence of the interplay between bulk 
water, EMF energy, and the creation of SW water with 
CD domains has been investigated for lighting 
resonance in the ionosphere and ion cyclotron 
resonance studies. It is well known that energy 
released from lightning strikes on a global basis in the 
ionosphere creates the Schumann Resonance (SR) 
frequencies [56-60]. The Schumann Resonance 
frequencies range from 7.8, 14.1, 20.5, 26, 33, 39, and 
45 Hz, but the fundamental frequency centers around 7 
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to 8 Hz. The alpha frequency of human brains also 
averages 7.8 Hz, which shows that humans are 
intimately connected to the fundamental SR frequency. 
The importance of this fundamental SR frequency is 
highlighted in the DNA replication study by Montagnier 
[12, 18]. In his study, DNA replication was only 
successful when a resonator coil with a 7.8 Hz 
frequency was activated in the first test tube. The other 
SR frequencies of importance range from 14 to 26 Hz, 
almost matching the Beta frequencies (12-25 Hz) in the 
brain. The significance of the Beta brain waves 
matching a section of the SR frequencies is that the 
Beta brain waves are associated with the cognitive 
state of consciousness and the outside world. Also, the 
Beta waves affect alertness, decision-making, and the 
ability to focus the mind. Due to the 11-year sun cycle, 
there is a recent surge in studying the association 
among sun flares, disruption of the SR resonance 
patterns, and brain activities [56-60]. 

Another set of landmark studies investigated the 
effects of Ion Cyclotron Resonance (ICR) on water 
structure [61 - 64]. The initial ICR study by Mohri et al. 
[61] found that hydronium ions (H3O+) resonate at 7.85 
Hz, the primary Schumann Resonance wavelength. 
They found that a hydronium ion twin ICR radiation 
treatment added “self-organization” or structure to 
unstructured water. A similar study by D'Emiliaet al. 
[62] investigated the effects of a hydronium ion (H3O+) 
ICR resonance treatment for unstructured water. They 
state that the ICR treatment increased the 
concentration of EZ water, which validates the pioneer 
study by Mohri et al. [61]. A second study by D'Emiliaet 
al. [63] also investigated the effects of hydronium ion 
(H3O+) ICR resonance treatments on unstructured 
water. The ICR radiation treatment in the second study 
also increased water structure, confirming the first 
study's findings. These studies were followed by an 
applied research study in 2022 by Liguori et al. [64]. 
Their study involved ICR resonance treatments in a 
human clinical trial. The ICR resonance treatments 
included a set of frequencies applied in succession to 
the patients: 1.89, 7.88, 15.6, 30.44, and50.19 Hz at 15 
min. spaced intervals. The frequencies included the 
Schumann Resonance (7.88 Hz) and several mineral 
ion frequencies in the sequential wavelength ICR 
treatment. They found that the intracellular water 
content, based on bio-impedance meter readings, was 
increased by the ICR treatment. Intracellular water in 
humans is virtually 100% BSW water, as will be 
discussed in further detail in Part 2 of this series. In 
summary, the wavelengths of these ICR resonance 

treatments match the Schumann Resonance of 7.8 Hz, 
and all four studies validate each other in that the ICR 
resonance treatments increased water structure. In 
addition, these findings hint that Schumann Resonance 
at 7.8 frequency may add structure to biological water, 
creating BSW water that can be imprinted with DNA 
oscillation codes. If this supposition is possible, then 
these findings also add substance and indirect 
evidence that the Montagnier DNA replication study 
may be based on real science after all [18]. The 
interactions between BSW water and biology-based or 
environmental energy fields would fill multiple book 
volumes. As previously stated, BSW water is immersed 
in a virtual ocean of energy fields profoundly affecting 
water structure and functionality. Part 3 of this review 
will briefly discuss the effects of energy fields on water 
structure and function, highlighting the most important 
relationships. 

Recent SW studies used Transmission Electron 
Microscope (TEM), Atomic Force Microscopy (AFM), 
and Scanning Tunneling Microscopy (STM) to detect 
and image supramolecular water structures [65 - 68]. 
The first two studies took TEM and AFM images of CD 
domains in liquid water. The following four studies took 
molecular scale images of hexagonal water structures 
after liquid water was absorbed onto Cu, Ni, or Fe 
metal surfaces [65 - 68]. These four studies created 
SW water structures by attaching a molecular layer of 
water to the metal surfaces with kosmotropic water 
properties, i.e., they add structure to free water 
molecules [8]. The interaction energy for Cu, Ni, and Fe 
soluble ions with water in solution is +49.8, +51.0, 
and+51.9 kJ/mol. In contrast, the interaction energy for 
Ca and Na soluble ions is +32.3 and +3.3 kJ/mol, 
respectively [8]. The electrostatic attraction of these 
ions reduces water vibrations or movement, thereby 
increasing H-bond stability and water structure. The 
review article by Ho [65] shared TEM and AFM images 
of supramolecular water structures in liquid water. The 
AFM images revealed water supramolecules of various 
sizes and shapes that may comprise millions to billions 
of clustered water molecules. Each macro-molecule 
structure comprised much smaller “spheres” 
resembling CD domains. The supra-molecules had rod-
like or spiral helical structures with soft, gel-like 
properties, and the structures were stable for weeks or 
months at room temperature and pressure [9]. The 
TEM images revealed that the spheres' outer shell was 
electron-dense, indicating that the outer shells were a 
cloud of quasi-free electrons [9]. The TEM images 
provide direct evidence that the smaller spheres were 
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probably CD domains that contained rings of water 
molecules with delocalized electrons in t pi Orbital’s 
that acted as quasi-free electrons [9]. It is reasonable 
to assume that the TEM images show the π electrons 
circling each hexagonal water ring and that each 10 nm 
dia. CD may contain millions of water molecules. This 
vortex of negative electrons also attracts a vortexs 
warm of positive protons (H+) in the liquid water 
interface between each CD sphere. These two vortex 
swarms of quasi-free electrons and protons form the 
basis of the astonishing redox properties of SW and 
BSW water. The TEM scans are taken with a high-
energy electron beam. The images become darker if 
the electron beam is scattered due to a dense or 
electron-dense surface. The darker the TEM image, the 
denser the atom or the higher the electron density of 
the scanned surface. The TEM scans shared by Ho[65] 
show that the CD water spheres have a dark surface, 
indicating that the water clusters have a shell of quasi-
free electrons swarming the surface of each CD sphere 
or shape (Figure. 1). 

A similar but independent SW trial to the Cardarella 
et al. study reviewed by Ho [65] study was conducted 
at the Konovalov lab in Russia [27]. They also found 
supra-molecular structures in serially diluted water that 
formed when exposed to EMF fields [27, 9]. They also 
took AFM images of the supra-molecules, which 
produced images of rods and spiral-helical structures 
like the study reviewed by Ho [65]. In addition to these 
pioneer SW water studies, three other studies have 
also used AFM and STM microscopy to take much 
more magnified images at the molecular scale of the 
hexagonal ringed structures in SW water. The STM 
studies by Gerrad et al. [66] and Merte et al. [67] and 
the AFM study by Shioteri and Sugimoto [68] (Figure. 
2) all produced molecular images of hexagonal water 

structures. These AFM and STM images revealed that 
pentameric and hexamer nanosized water structures 
can be created using kosmotropic metal surfaces. 
Another ATF study by Ma et al. [69] revealed ice's 
hexamer or hexagonal two-dimensional (2D) water 
structure. They concluded that 3D AFM images of ice 
would be extremely difficult to image. However, they 
postulated that dangling H-bonds from a single, 2D ice 
layer could seed the growth into multiple layers of 
hexagonal-ringed ice structures. 

4. COHERENT DOMAINS AND LIQUID WATER 

Several scientists from Del Guidice and his co-
authors [47 - 52], Pollack et al. [11, 71, 79-82], and Ho 
et al. [9, 12, 83-84] have postulated and presented 
evidence that the concentration of CD domains in liquid 
water and natural water sources can increase after 
exposure to EMF radiation. A literature search on SW 
water reveals examples of liquid water treatments and 
natural water sources with higher concentrations of 
structured water. These articles provide direct evidence 
that liquid water can have a wide range of SW water 
and show that SW natural water samples can be stable 
over long periods. The QED theory postulates that 
EMF fields can increase overall water structure by 
increasing the concentration of CD domains in liquid 
water [47-52]. The EMF fields originate from the sun in 
the form of infrared and red-light wavelengths. They 
also indirectly originate from SR resonance frequencies 
due to lightning strikes that ultimately get their energy 
from the sun. 

An imaginative study by Madl et al. [70] investigated 
the coherence water properties of waterfall mist 
collected from the Austrian Alps. The co-authors of this 
study included Del Giudice and Voeikov, which 

 
Figure 1: Transmission electron microscopy (TEM) images of supramolecular water clusters [65]. 
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explains the continued relevance of their findings even 
today on coherent domains and SW water properties in 
natural water droplets and cloud formation dynamics. 
They found that the waterfall mist had two size 
categories: small droplets averaging a “few hundred 
water molecules” and a larger set of droplets containing 
millions of molecules [70]. These 100 nm droplets had 
a strong negative ionic charge yet remained stable 
enough to travel over half a kilometer with minimal 
losses. They postulated that the larger droplets had 
SW properties that were aggregates of CD domains. A 
conceptual paper by Pollack [71] postulated that CD 
droplets did not disperse due to their negatively 
charged surfaces due to a proton vortex formed in the 
liquid water adjacent to each CD sphere. In other 
words, the negatively charged CD was attracted to the 
positive-charged proton outer shell formed in the liquid 
water adjacent to each CD domain. A study by 
Yablonskaya et al. [72] investigated the effects of 
infrared radiation on humid water vapor passing over 
liquid water. They found that the surface of the liquid 
water had SW properties. Two other studies by 
Dombrovsky et al. [73-74] found that infrared radiation 
stabilized water clusters. A study by Rosen field and 

Woodley [75] found that cirrus clouds contained 
stabilized, super cooled water levels at 1.8 g/cubic m 
at-37.5 C with an average droplet size of 17 µm. Super 
cooled water at this temperature is virtually 100% 
hexagonal-ringed SW water [8].Together, the findings 
from all these studies suggest that cloud formation may 
start with the condensation of vapor into liquid water 
molecules that could readily form more stable CD 
spheres when exposed to IR and UV radiation. Finally, 
these stable CD spheres may coalesce into larger 10 
nm aggregates, such as the waterfall droplets 
mentioned by Madl et al. [70], due to the electron 
attraction to the proton shells surrounding each CD. 
This mechanism for cloud formation was postulated by 
Pollack and hinted at by others, but the SW concept 
has not been well received by other water and 
atmospheric researchers. 

Density Functional Theory (DFT) is a computational 
quantum mechanical modeling method used to 
investigate the electronic structure of molecules in their 
ground state [76]. Recent studies, however, have 
tested add-on functions to the DF algorithms to 
simulate electron density distributions for energized 

 

Figure 2: Images of AFM microscopy of water structures on Cu surface [68]. 

a) Schematic of STM/AFM measurement for pentagonal water chains on Cu(110) with a CO-terminal tip. Red, black, white, and 
brown spheres show O, C, H, and Cu atoms, respectively. (b) Side-view schematic of the water chain 22. Red (yellow) spheres 
represent O atoms of horizontal (vertical) H2O. (c) STM image of the water chains on Cu(110) with a CO-terminal tip (sample 
bias V=30  mV, tunnelling current I=20  pA). The zigzag chains have terminals (red ellipses). (d,e) STM (V=30  mV, I=20  pA) and 
AFM (V=0  mV, oscillation amplitude A=2  Å) images, respectively, of a water chain including a kink and a terminal. An atomic 
structure of the chain is superposed in d. The other possible structure is shown in Figure. 5. The tip height in e was set over the 
bare surface under the same conditions as in d. (f) Δ f map of the pentagonal chain at a tip height Δz=−2  Å (A=1  Å). (g) Δ f(Δz) 
curves recorded over the markers in f. (h) Force map of the chain at Δ z=−1.95  Å after subtraction of the force for the bare 
surface FCu. (i) Force curves over the makers in f after subtraction of FCu(Δz). Scale bars, 50  Å (c); 10  Å (d,e); 3  Å (f,h). 
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molecules [77]. Several researchers have used 
modified DFT programs to simulate the H-bonding in a 
range of water structures. The DFT findings are 
technical and not geared toward the general public. 
Some exciting findings from the DFT studies by Zhang 
et al. [78] and Tao et al. [29] suggest that charge 
transfer among the molecular structures significantly 
influenced delocalization energy in the water 
structures. Charge transfer may occur when higher 
concentrations of H+ or OH- ions are present in the 
water sample. Both authors state that computed values 
of delocalization energy impact H-bonds and may favor 
stronger H-bonds depending on the water structure 
configuration. Most of the literature shows that when 
liquid water is exposed to different EMF frequencies, 
the energy input can alter H-bonding patterns in liquid 
water. The energy inputs can increase water structure 
in liquid water depending on the energy intensity, 
frequency, and exposure time. Different methods of 
generating structured water will be presented in Part 3 
of this series. 

5. BIOLOGICALLY STRUCTURED WATER 

A broad-based literature search for BSW water 
reveals a wide diversity of research interests and that 
BSW water is essential to all plant and animal life 
forms. Agricultural research covers many aspects of 
BSW water, such as bound water in fruits and grains 
that need to be removed in the drying process to 
ensure longer storage life [85 - 86]. Also, BSW water 
research shows up in studies investigating extreme 
drought-tolerant plants and in extreme cold-tolerant 
aquatic animals and fish [87-90]. Even the latest 
research with non-invasive monitoring of human 
hydration levels with terahertz spectroscopy shows that 
BSW water is present at most cellular interfaces [91-
94]. The literature appears unanimous that in vivo 
biological water at the interfacial cell surfaces has 
unique water properties and functions. However, even 
after decades of research involving BSW water, there 
is still much disagreement and controversy over many 
essential aspects of BSW water. For example, the 
actual structure of the interfacial water layer is far from 
settled, the mechanisms for strong adherence of water 
molecules to lipid membranes, or the properties of 
BSW water such as viscosity, membrane potential, or 
freezing point. The functionality of BSW water is still a 
nascent field of study, including all aspects of redox 
biology, such as membrane potential and ion exclusion, 
membrane stability and integrity, protein folding 
chaperons, conversion of low-grade energy forms into 

high-grade useful energy, coherence, and super-
coherence. A comprehensive review of the biological 
functions of BSW water is well beyond the scope of 
several review articles due to a flood of recent research 
findings related to this subject. 

Two types of BSW structures depend on the surface 
features and functions of the specific BSW biological 
role. The first type of structure is a self-assembled 
lattice of stacked sheets of H-bonded hexamer rings of 
water molecules with semi-crystalline properties that 
cover cell membranes. The second type of structure 
hydrates and stabilizes biomolecules such as proteins 
and DNA. These second structures are generally more 
string-like and can mold into the microsites of protein 
folds and DNA grooves. 

The self-assembly property of BSW water is an 
overlooked but important feature that ensures the 
repeated crystalline structure is maintained as the 
interfacial water grows in depth or covers newly 
developed membrane areas. An AFM study by Ma et 
al. [69] took AFM images of ice edges to elucidate how 
hexamer water structures grew at the edges of the 2D 
ice crystals. Two quantum computational studies by 
Nilsson and Pettersson [95] and Tao et al. [29] also 
investigated how H-bonded hexamer water rings self-
assembled into liquid or ice 2D crystalline sheets. They 
both state that the computational complexity of 
modeling H-bonding dynamics in water 3D crystalline 
structures is virtually impossible with current computer 
hardware and speeds. Malkin et al. [96] found that 
when super cooled water was allowed to freeze into 
ice, the resulting ice structures were hexamer rings. 
Still, the ice didn't possess hexagonal symmetry or 
crystalline properties. It may be possible that the self-
assembly of SW water into 3D liquid crystalline 
structures requires resonance patterns only present in 
biological “in vivo” conditions. Based on their H-
bonding dynamics, liquid crystalline hexamer structures 
self-assemble in BSW interfacial water. However, the 
self-assembly of BSW water and 3D crystalline growth 
in BSW water is still an unexplored research topic.  

Del Guidice and co-researchers [47-52] postulated 
that CD water structures in liquid water could be 
converted into BSW water as the CD domains come 
into direct contact with lipid surfaces that cover cell 
surfaces. The findings by Pollack et al. [11, 71, 79-82] 
conclude that BSW interfacial water forms an Exclusion 
Zone (EZ) zone on membrane surfaces. He proposed 
that the BSW water in the EZ interfacial zone forms a 
lattice of multi-layers of sheets of hexagonal ringed 
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water molecules, all H-bonded together [11, 71, 79 - 
82]. A study by Zheng et al. [97] estimated that EZ 
water zones could contain up to a million (106) stacked 
crystalline sheets of H-bonded hexagonal water rings. 
These stacked crystalline layers of hexagonal water 
rings have delocalized π electrons orbiting all six water 
molecules above and below each ring. Pollack has 
published a book and an article that includes 
microscopic images of EZ zones on Nafion surfaces 
that excluded microspheres, have a measured depth of 
up to 250 µm, and have a peak light absorption of 270 
nm [11, 82]. A recent study by Sharma et al. [98] 
reconfirmed that strongly hydrophilic surfaces such as 
Nafion, ghee (clarified butter), and cellulose paper 
(What man filter paper) can produce EZ water in the 
liquid and solid state. Their study used UV 
spectrometry to verify that the spectral signature of the 
EZ water was about 270 - 280 nm. 

The BSW interfacial zone is a liquid crystalline 
water zone that consists of staked sheets of H-bonded 
hexagonal water rings [11, 71, 79-82]. The concept of 
BSW water is not widely accepted, and many have 
been openly critical of the premise that interfacial water 
consists of stacked sheets of H-bonded hexamer water 
rings that cover biological membranes up to 250 µm. In 
defense of the hexamer water rings, it is widely 
recognized that molecules in ring structures are in a 
minimum energy state. Also, the hexamer water rings 
allow the π electrons to be delocalized and, therefore, 
have quantum properties, such as tunneling and 
superconducting speeds, that we are just now 
discovering. A third advantage of hexamer structures is 
that they are one of the strongest designs in nature. 
Hexagonal rings fill a 2D surface with equal-sized units 
with no wasted space. Nature offers many examples of 
hexagonal crystals and structures, such as arsenic, 
quartz, dolomite, emerald, graphite, ruby and ice 
crystals, and honeycombs constructed by bees [99]. 
These design properties perfectly align with biological 
needs for cell membrane stability, durability, protection, 
metabolic redox functions, bioenergetics, and 
coherence. Another critique of EZ water is whether the 
sheets of H-bond hexamer water rings can be stacked, 
much like the 3D layers of H-bonded ice. As of yet, 
there are no 3D microscopy images of liquid crystalline 
structured water due to instrument limitations. 
However, a 3D graphic image of ice layers has been 
published by Yang et al. [100] (Figure. 3). 

A quantum computational study by Segarra-Marti et 
al. [101] investigated if computational models of anionic 

and neutral hexamer structures could be π stacked and 
still have the spectral signature of SW hexagonal 
ringed water. Their computations revealed that a set of 
two hexamer rings could be stacked on top of another 
two hexamer rings if the rings had a neutral charge. In 
addition, they found that the computational spectral 
signature was 271 nm, which matched the 
experimental spectral signature of EZ water, which is 
270 nm. This ultra-violet spectral signature is the peak 
absorption wavelength measured in most of the EZ 
experiments by Pollack [11, 71, 79-82]. These 
computational findings contradict critics claiming that 
EZ zones would create charge displacement based on 
a colloid dispersion theory (DLVO theory) that uses 
zeta potential to explain colloid interactions [25]. 

 
Figure 3: Structured water on a hydrophilic interface. 

The chlorine termination on a Si(111) substrate forms a 
hydrophilic layer that orients the water bilayer. The closest 
packing distance (4.43 Å) between oxygen atoms in the 
bottom layer of water is similar to thelength (4.50 Å) between 
the on-top and interstitial sites of the chlorine layer, resulting 
in specific bilayer orientations (_30°) with respect to the 
silicon substrate. This ordered stacking persists for three to 
four bilayers (_1nm) before disorientation takes place and 
results in crystallite islands, forming the layered structure. 
The size of atoms is not to scale for the van der Waals radii. 

Liquid crystalline water has an orientational order in 
each 2D sheet consisting of hexagonal-ringed water 
molecules that are H-bonded to the adjacent rings. 
Liquid crystals have birefringence properties that can 
be measured with a polarized light microscope. 
Crystalline structures can be detected with polarized 
light using bire fringent methods that can measure 
different indices of light refraction [102-104]. The liquid 
crystalline property of BSW interfacial water can be 
evaluated using polarized light microscopes to test the 
birefringence of the BSW water zone. In a paper by Ho 
et al. [102], they state a linear relationship between 
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birefringence and molecular alignment order 
parameters for nematic liquid crystals, which is an 
excellent first approximation to biological polymers. 
Three studies tested EZ water and found that it 
exhibited birefringence properties, indicating that their 
water samples had liquid crystalline properties [102- 
104]. Several researchers have noted that Nafion and 
metal surfaces also show birefringent properties. Thus, 
differential light refraction is not an accurate method for 
testing liquid crystalline properties. 

The validity of SW and BSW water structures 
should be judged from the findings of studies that used 
a wide variety of methods to determine the degree of 
structure in the water, including IR spectroscopy, NMR, 
birefringent, pH, electrical conductivity, and viscosity. 
The Exclusion Zone theory postulated by Dr. Pollack 
states that even ions are excluded from the EZ zone 
[11].The EZ zone on cell membranes has a negative 
charge due to the negative charge of the membrane. 
Also, the negative charge of the EZ liquid crystalline 
lattice excludes protons, which immediately react with 
water molecules to form hydronium ions (H3O+). The 
hydronium ions form an interfacial water zone outside 
and adjacent to the EZ water zone and have a very low 
pH due to excess protons. A study by Pollack [11] 
tested the pH gradient across an EZ zone on a Nafion 
surface. They found that the pH dropped from about6.5 
to 3 within 20 s when measured 1 mm from the Nafion 
surface and then returned to about 5.5 after 60s. Also, 
the pH dropped from 6.5 to 4 after 30 s of the water 
touching the Nafion surface and returned to 5.5 after 60 
s. Since the pH is on a logarithmic scale, a 3-unit drop 
in pH is equivalent to a thousand-fold increase in 
proton concentration within 1 mm of the Nafion surface 
[11]. This narrow zone of hydronium ions interfaces 
with the EZ zone that interfaces with the cell 
membrane. These findings confirm the Exclusion Zone 
theory of exclusion of even hydronium ions (H3O+) 
from the negatively charged EZ zone. The two negative 
and positive charged water zones next to cell 
membranes act as a chemical battery that stores 
electrical energy that could be used as a supplemental 
energy source for cell energy needs [11]. 

Structured water in CD spheres or rods in liquid 
water has different density and viscosity properties 
than BSW interfacial water that covers membrane 
surfaces. The density of SW water with a CD sphere is 
lower than liquid water, but the BSW interfacial water 
density is higher than liquid water [8]. Interfacial water 
within the EZ water zone is a dense lattice of 

thousands of sheets of H-bonded water rings. Also, the 
viscosity of the BSW interfacial water is a challenge to 
measure with non-invasive methods. A review by 
Kunzeket al. [105] states that the viscosity of a glassy 
state, or tightly bound water, in plant tissue can reach 
1,013,000 mPa s.Sun [106] estimated the viscosity of 
tightly bound water in red oak (Quercus rubra) seeds. 
He estimated the viscosity of the tightly bound water to 
be 600 mPa.s, or about 600x the viscosity of liquid 
water, which is 0.89 mPa.s. A living cell viscosity study 
by Berret [107] used microwire rotation inside cells to 
test for viscosity inside HeLa cells. He found that the 
intercell viscosity reached 32,000 to 78,000 mPa.s, 
which is substantially higher than the viscosity of tightly 
bound water determined by Sun [106].One possible 
explanation for the differences in BSW water viscosity 
between the two experiments is that the Berret study 
used magnets known to increase water structure and 
thereby increase cell viscosity levels. Another possible 
explanation is that the red oak seeds were dormant, 
where cells were not actively respiring or growing, 
while the HeLa cells were actively respiring. These 
findings indicate that bound or interfacial water has a 
much higher viscosity than liquid water. The higher 
viscosity in these studies is strong evidence that the 
BSW water in the interfacial, or bound water zone, has 
a liquid crystalline structure. This BSW interfacial water 
has heavy gel-like properties due to the stacked layers 
of H-bonded, hexagonal-ringed sheets. However, the 
methods used in these studies show that taking in vivo 
measurements of an extremely small zone of BSW 
interfacial water has been a significant challenge so far.  
The recent use of terahertz spectroscopy to conduct 
non-destructive and non-invasive measurements of 
BSW interfacial water shows promise. Still, it also has 
limitations in scanning water layers up to 300 µm in 
depth. 

There is abundant food processing literature about 
tightly bound water in plant and animal tissue. 
However, water researchers are still searching for a 
theory explaining how water can adhere tightly to lipid 
membranes. Logically, water should not adhere to the 
membrane surfaces due to electrostatic repulsion 
forces between the negative surface charge of lipid 
membranes and the negative charge of BSW 
interfacial, or EZ water zone. The outward-facing heads 
of the lipid molecules are negatively charged “polar’ 
heads, which electrostatically repel the negative 
charges within the EZ water. Two unconventional 
theories have been proposed to address the 
electrostatic repulsion issue. Pollack has proposed that 
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a monolayer of protons (H+) is sandwiched between 
the lipid membrane and the EZ water zone. This 
monolayer of protons would be the "glue" that allows 
BSW interfacial or EZ water to adhere to the lipid 
membrane surface. The second and possibly more 
promising theory has been advanced by Del Giudice 
and Voeikov [108]. Based on the QED theory, they 
proposed the Resonance Attraction Theory based on 
mutual resonance between the BSW interfacial, or EZ 
water zone and the lipid membrane. They postulated 
that the electrostatic repulsion forces could be 
overcome if the oscillations of a nearby CD sphere 
become locked in phase with the resonant waves 
emitted by the membrane surface. Due to resonance 
attraction forces, the CD sphere adheres to the lipid 
surface and morphs into a flattened liquid crystalline 
structure, forming the EZ water zone that interfaces 
with the membrane [109]. This theory proposes that the 
coherent resonance between the lipid membrane and 
BSW water frequencies is the 'glue" that allows the 
interfacial water to adhere to the lipid surfaces. The in-
phase resonance between the EZ interfacial water and 
lipid membrane weakens with distance but is quite 
strong at the membrane surface. 

Adherence of BSW water to proteins and nucleic 
acids is assumed to follow the first principles of 
electrostatics, in which opposite charges attract each 
other. Several articles suggest that BSW water is 
critical in the self-assembly process of folding proteins 
into a precise 4D structure to function [110 - 114] 
properly. Although the correct minimal-energy folding 
information is coded in the physicochemical properties 
of their amino acid sequence, misfolded proteins can 
be a frequent occurrence if not correctly hydrated. 
Misfolded proteins are almost always non-functional 
and are water-insoluble, which accumulate in the cell. 
Misfolded proteins accumulate as amyloid deposits that 
may progress into numerous human diseases, 
including many neurological disorders such as 
dementia, Alzheimer's, Parkinson's disease, and 
diabetes. BSW water appears to hydrate microsites 
within the protein folds, thereby assisting with folding. 
In addition, the strong H-bonds within the BSW water-
ringed structures ensure enough stability to maintain 
the integrity of the 4D protein structure. Evidence of the 
ability of BSW water to provide stability to proteins and 
DNA has a long research record [110-114]. 

The instability of the DNA spiral helical structure 
leads to breaks in the DNA, which increase in 
frequency as humans age [114-116]. The strength of 

the H-bonds in the hydration layer of DNA or proteins 
shows that the water molecules are highly bonded 
together [117-118]. A study by Jhon [8] found that 62% 
of the interfacial water next to DNA and proteins is 
hexagonal, ring-structured water. He also found that 
DNA hydration water, or BSW interfacial water on 
normal DNA that he labeled “B-DNA,” stabilized the 
helical structure of DNA. In his study, the abnormal 
DNA, or “Z-DNA,” was distorted and had fewer water 
molecules hydrating the DNA spiral grooves [8].The 
typical structure of DNA resembles the 4D structure of 
proteins, i.e., only when the chromosomes are dividing 
does DNA revert to the coil helical structure. The ability 
of BSW water to provide stability to the 4D structure of 
DNA may be as important or more important than the 
stability of the 3D helical structure of DNA as it initiates 
the transcription process for coding RNA. 

6. BIOLOGICALLY STRUCTURED WATER AND 
BIOENERGETICS 

As mentioned earlier, BSW water and bioenergetics 
are strongly linked together. The structure and 
functioning of BSW water are dependent on the energy 
sources, strength, resonance, and patterns present 
across all levels of life, from individual cells to entire 
organisms. It is possible that the dynamics of BSW 
water influence bioenergetics, as it is derived from the 
complex interplay of energy within living organisms. 
This section of Part 1 will argue that the overall 
dynamics of BSW water play a significant role in 
contributing to bioenergetics across all life scales. 

The broad definition of bioenergetics includes all 
biological energy sources such as energized electrons, 
membrane potential, biomolecular vibrations/ 
oscillations, resonance, piezoelectric/mechanical, and 
bioluminescence. However, it is universally accepted 
that cell mitochondria are the only source of cell energy 
via ADP to ATP and NAD+ to NADH for the daily 
energy requirements for humans, based on kcal/day, 
are estimated solely on the consumption of O2 that is 
used in the aerobic respiration pathway. Energy 
balance is defined as the balance of calories consumed 
through eating and drinking (energy in) compared to 
calories burned through physical activity (energy out). 
Energy balance assumes that aerobic respiration 
supplies the energy needs (energy in) at the cell level. 
Energy homeostasis can be broadly defined as the 
biological process that coordinates the homeostatic 
regulation of energy intake and energy expenditure. 
This broad definition of energy homeostasis allows 
other energy sources to contribute to the cumulative 
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energy input. Scientists with alternative bioenergetic 
theories have realized that a more realistic estimate of 
total energy requirements is needed to account for all 
the energy requirements to maintain healthy cells [10, 
19, 41, 47-50, 79-81, 119-123]. 

A concept paper by Herreraet al. [119] estimated 
that mitochondria turnover rates for ATP were 
insufficient to meet the average energy requirements 
for humans. The Physiopedia website states that the 
average human recycles enough ATP daily to match 
their weight [120]. They also state that each ATP 
molecule should be recycled about 1,000 to 1,500 
times to meet these daily energy requirements [120]. 
Sinclair [121] estimates that a 50 kg person would 
require approximately 50 kg of ATP daily. The 
molecular weight of ATP is 507.18 g/mol. Therefore, 50 
kg of ATPis equivalent to 98.6 moles of ATP. In other 
words, a 50 kg human must recycle about 5.9 x 10^25 
molecules of ATP daily to meet their daily energy 
requirement. If these ATP recycling estimates are 
approximate, then this is an enormous physiological 
burden to maintain energy homeostasis in humans. 

A concept paper by Ivanov [122] proposes five 
significant challenges to the current energy balance 
tenets. His first challenge is that all life forms appear to 
have much higher cell energy requirements that need 
to be accounted for by biological scientists. He listed 
several examples, including energy needs for protein 
synthesis in the human liver (52% of the liver's total 
energy budget). Also, the human brain consumes 
about 16 to 18% of the total energy budget for the 
average person. His second challenge is that all energy 
is funneled into a few energy biomolecules, such as 
ATP and NADH, creating a bottleneck for cell 
availability. Also, the energy efficiency of converting 
glucose into energized ATP bonds is about 38.3% 
[122].His critique is that efficiency rates should be 
included in all energy input models. His third 
observation includes the total environmental energy 
costs, such as human food, clothing, and shelter. His 
fourth critique circles back to the overall energy 
efficiency issues, with a high percentage of the energy 
inputs being converted into heat.This argument is a 
variation of his second challenge. However, more 
research must be devoted to possible mechanisms or 
biological methods of capturing, storing, and converting 
excess or waste cell energy into high-grade energy for 
reuse to meet cell energy needs. Possible avenues for 
capturing, storing, and converting unusable energy into 
useful energy through BSW water structure and 

functions will be explored in later sections of this 
review. His fifth challenge is why so many examples of 
life require little to no energy consumption. His 
examples include lungfish that survive ten years buried 
in mud or dormant seeds that can survive hundreds of 
years. The mysteries of animal hibernation, seed 
dormancy, and extreme plant desiccation are still being 
explored to understand better how life can be 
maintained with so little energy consumption. His 
overall argument is that our knowledge about total 
biological energy inputs and outputs, aka 
bioenergetics, needs to be revised, which is very 
evident by conducting the most basic literature search 
within this field of research. 

The premise that biological energy requirements are 
higher than acknowledged appeared to have merit. 
Therefore, any research that could increase or 
enhance biological energy generation, capture, 
storage, and convert useless energy back into useful 
energy would be very valuable indeed. The literature 
on BSW water implicates several avenues of 
supplementing or enhancing energy generation, 
capture, storage, and energy upgrading by replenishing 
BSW water levels. The following section in Part 1 
concisely reviews several BSW-linked pathways or 
functions that hold promise for supplementing or 
enhancing cell energy levels. In addition, Part 2 of this 
review will directly address how to replenish BSW 
water levels in humans, animals, and plants. 

7. ALTERNATIVE ENERGY SOURCES 

A review of BSW water functions associated with 
increasing bioenergetic levels should also include a 
section on how environmental stressors may harm or 
reduce BSW water levels in organisms. The first step is 
to understand better what chemicals may be harmful or 
have the potential to lower BSW water levels. Aging 
tends to reduce BSW water levels, but exposure to 
toxic chemicals or other stressors will accelerate the 
loss in BSW levels. Two approaches to reducing harm 
to human health are linked to the BSW interfacial water 
zone. The first approach is to reduce harmful chemicals 
and EMF fields that decrease water structure. The 
second approach is to replace/recycle senescent or 
zombie mitochondria with new cells that can maintain 
their BSW interfacial water zones at adequate 
membrane potentials. 

Structure-making and structure-breaking properties 
of soluble ions and even organic molecules can 
increase or reduce water structure [8, 54].Multi-charged 
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cations such as Zn2+, Ni2+, Fe3+, Ca2+, Na2+, Mn2+, Li+, 
and Cu2+ have positive interaction energy and add 
structure to water. Large, positively charged ions hold 
water molecules more tightly, allowing less molecular 
movement and H-bonds to strengthen and add water 
structure [8].In addition, organic biomolecules such as 
taurine, proline, and glycine betaine also add structure 
to water. Structure-breaking ions include Al3+ and Mg2+ 
because they are much smaller cations than mentioned 
above. Other structure-breaking anionic ions include Cl-

, Fl-, Br-, and I- also reduce water structure 
[8].Unfortunately, most municipal wastewater treatment 
plants add fluoride and chlorine to water to disinfect the 
bio-contaminants before being released for household 
use. Prolonged use of fluorinated and chlorinated 
drinking water may reduce BSW water structure unless 
the water is filtered before drinking. Aluminum has a 
high water-breaking ability in many household 
products, such as beverage cans, pots and pans, and 
foil. In addition, aluminum is in personal products, such 
as antacids, food additives, cosmetics, and 
antiperspirants, which places this Al3+ ion in immediate 
human contact or even human consumption. 

A related medical issue with BSW interfacial water 
is the effect of general anesthesia on water structure. A 
local and general anesthesia study by Kundacina et 
al.[123] (also co-authored by Dr. Pollack) found that all 
three of the test anesthesia reduced the size of EZ 
water zones. Their findings are direct evidence that 
BSW interfacial water, super coherence, and pain 
signals are interrelated, which will be discussed in 
more detail in Part 3. Also, three studies by Ueda et al. 
[124-126] found that general anesthesia released non-
freezable, or bound water, from membrane surfaces. 
These studies and others [127-131] indicate that BSW 
interfacial water plays a crucial role in pain signaling or 
consciousness of pain. These findings open more 
questions about the temporary dynamics of the release 
of bound/interfacial water and when the EZ zone starts 
to rebuild and return to its healthy status. These studies 
suggest that general anesthesia disrupts BSW 
interfacial water enough that an open-heart surgery 
patient will remain unconscious and pain-free during 
the hours-long operation. A complete understanding of 
the interplay between BSW water and loss of 
consciousness is still being determined and needs 
more research. However, the connection between 
anesthesia and unconsciousness begs the larger 
question about the overall effects of BSW water, super 
coherence, and consciousness that has caught the 
interest of other researchers [127-131].Is it possible to 

directly manipulate the coherence of BSW interfacial 
water and induce unconsciousness without relying on 
general anesthesia drugs that work well but have 
deleterious recovery issues? The links between BSW 
water, super coherence, and consciousness will be 
explored in Part 3. 

In addition to soluble ions and anesthesia’s ability to 
disrupt or reduce BSW interfacial water, other studies 
show that different EMF frequencies also exhibit 
“structure making” and “structure breaking” properties 
concerning water structure. As mentioned previously, 
good evidence exists that the fundamental Schuman 
frequency of 7.8 Hz increases water structure [27, 61-
63]. Additional studies also studied the effects of ELF 
frequencies on water structure [132-134]. In general, 
the low end of extremely low frequencies (ELF) 
between 1 and 300 Hz appears to be able to resonate 
with water and increase its structural properties. 
However, water structure decreases as EMF 
frequencies increase into the gigahertz range. A water 
microwave study by Rao et al. [135] studied the effects 
of gigahertz frequencies (2.45 GHz) reduced water 
structure by altering bond vibrations in the O-H bonds 
in water molecules. Also, Yakunov et al. [136] found 
that microwave frequencies (2.45 GHz) reduced water 
structure. These studies investigated the microwave 
frequencies of older cell phones (2.4 GHz), which can 
potentially reduce EZ water zones in humans, 
depending on exposure dynamics. Newer 5G cell 
phones emit microwaves at 20 - 60 GHz frequencies, 
fast enough to disrupt covalent bonds in water 
molecules. A 5G microwave review paper by Seker and 
Simsek [137] states that 60 GHz frequencies can 
disrupt the molecular structure of water. A recent study 
by Kalantaryanet al. [138*]says that water exposed 
to51 GHz microwave frequencies disrupted the 
"hexagonal structure" of water. They also concluded 
that the resonance spectra of malignant breast tumors 
peaked at 51 GHz microwave frequencies. Several 
other studies have also indicated that microwave 
frequencies from 20 to 60 GHz disrupt H-bonding 
dynamics in water [139-142]. Together, the findings in 
these studies indicate that EMF wavelengths can have 
a profound effect on BSW water structure that also has 
implications for BSW water functions and health status. 

Finally, recent research on aging shows that 
metabolic dysfunction leads to disruption of cytosolic 
NAD+/NADH ratios, production of reactive oxygen 
species, and accumulation of structure-making ions 
(Cu2+, Fe3+, Zn2+) [1-2] in senescent or zombie cells 
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[143 - 146]. Senescent cells have high metabolic rates 
but lose their ability to divide and reproduce, thus 
increasing the rate of aging in organisms [143-146]. A 
study on aging and dehydration by Bonattoet al. [147] 
found that intracellular water volume increases. 
However, they also concluded that the low-density, 
structured water portion of the intracellular water 
decreased in volume, while the high-density, 
unstructured water increased in the intracellular water. 
Also, a red blood cell study by Minton [148] found that 
intracellular water loss due to aging and dehydration 
leads to protein aggregation and dysfunction. He 
proposes that aging and dehydration with commitment 
loss in intracellular water may result in cell senescence 
or zombie cells [148].Aging and dehydration literature 
suggests that BSW intracellular water decreases with 
overall dehydration levels. Unfortunately, senescent or 
zombie cells are resistant to autophagy and apoptosis 
pathways. It is unclear whether rehydration therapy will 
restore the senescent/zombie cells to health or whether 
fasting and exercise are preferred to activate 
autophagy and apoptosis and recycle senescent cells. 

8. BIOENERGETICS, BSW WATER, CELL 
MEMBRANE POTENTIAL 

There are numerous ways that BSW water can 
contribute as an alternative energy source for cell 
energy requirements. These energy sources include 
conducting piezoelectric currents, emitting biophotons, 
and free-floating CD spheres that may collect, store, 
and release EMF energy back into the cells. This 
review will not discuss these smaller energy sources 
but instead will focus on three areas in which BSW 
water may substantially contribute to the overall input 
of cell energy. These energy-related activities include 
electron and proton conduction, membrane potential, 
and water respiration. 

The liquid crystalline properties of BSW interfacial 
water have been compared to the properties of solid 
crystals such as silicone quartz. Quartz crystals are 
known to collect and resonate with EMF frequencies in 
early radio receivers, thereby converting EMF energy 
into patterns of sonic energy. The process of 
generating, sending, receiving, and converting EMF 
radiation into intelligible patterns is also known as 
sending, storing, and receiving information. This review 
section will focus on generating, collecting, storing, and 
transmitting EMF radiation for cell energy needs and 
not for information or coherence needs, which will be 
discussed in Part 3.In other words, the ability of BSW 
water crystalline properties to interact with EMF 

frequencies will be discussed in later sections. 
However, the ability of BSW water crystalline properties 
to donate and accept electrons and protons in 
relationship to energy will be reviewed in this next 
section. 

The ability of the liquid crystalline properties of SW 
water to conduct either electrons or protons has been 
well-researched. Electrical conductivity in SW water 
increases depending on the percentage of SW water in 
the water sample [41, 71, 149-151]. Soluble ions in the 
water will also increase conductivity; therefore, it is 
important to measure conductivity before and after any 
water treatment to add water structure so a baseline 
reading can be established. Taking the electrical 
conductivity reading after the treatment gives a crude 
estimate of the increased water structure due to the 
added water rings. For example, the baseline 
conductivity in aquifer mineral water was about 378 
µS/cm. In comparison, the conductivity of the 
generated SW water using the mineral water ranged 
from 8,000 to 10,000 µS/cm, or a 20x to 25x increase 
in electrical conductivity. 

Perhaps even more important than the ability of SW 
water to conduct electrons is its ability to conduct 
proton or proticity [19] The flow of protons across the 
inner mitochondrial membrane is crucial for recycling 
NADH back to NAD+ and releasing a proton to convert 
ADP to ATP However, BSW interfacial water also has 
the ability for "jump conduction" of protons across the 
crystalline sheets of H-bonded, hexagonal-ringed water 
[12, 19, 152-153] During proton jump conduction, 
protons flow in one direction while electrons flow in the 
opposite direction Proton conductivity is important in 
recycling energy molecules in the mitochondria but also 
in photosynthesis and in a myriad of other redox 
reactions [154-158] Proton conduction eventually led to 
the concept of a neural network for protons based on 
the ubiquitous presence of BSW interfacial water on all 
membrane surfaces The first mention of a proton-
neural network was by Aiello et al. [159] in 1973 A book 
chapter by Oschman [19] proposed a biological 
communication network based on the liquid crystalline 
properties of BSW interfacial water A concept paper by 
Ho et al. [160] also proposed a proton-neural network 
based on a vast network of BSW interfacial water 
covering cell membranes The concept of a proton-
neural network has been the subject of many concept 
papers [161-163] Water wires inserted in cell 
membranes also conduct protons from inside a cell or 
organelle to the outside [160] A study by Mikheenko 
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[164] revealed proton superconductivity in water-filled 
microtubules The ability of BSW interfacial water to act 
as a superconductor for protons at ambient 
temperatures has the potential for instant 
communication to all the cells in an organism [164] A 
proton-neural network may have a dual function to first 
supply protons for a vast array of redox reactions that 
are ever-present and never-ending in cells The second 
function is to provide a communication network to 
integrate and coordinate metabolic activities [165].A 
proton-neural network is based on proton transfer 
dynamics. In contrast, BSW super coherence is based 
on resonance or phase locking of EMF frequencies to 
communicate and coordinate activities and functions at 
the whole organism level. 

As previously mentioned, Pollack’s Exclusion Zone 
theory states that the EZ zone water has a charge 
potential [11, 71, 79-82, 166]. Liquid crystalline lattice 
has openings for the aquaporins in the membrane, 
allowing water flow in the aquapor in channels [167- 
168]. The movement of water from the outside to the 
inside of a cell has been measured, which indicates 
that there are channels in the liquid crystalline lattice as 
that water can freely move across the membrane. The 
current membrane pump theory states that cell 
membranes contain ion ports/channels that are 
voltage-gate controlled, which regulate soluble ion 
concentrations on both sides of the membrane. The 
membrane potential is the ion charge differential across 
the membrane [166]. In contrast, the QED and QFT 
theories predict that water structures form coherent 
domains due to resonance with EMF frequencies that 
result in a cold vortex of quasi-free electrons in the 
outer shell of the CD [42, 46-48, 116]. As a CD sphere 
approaches a surface membrane and starts to 
resonate with that membrane, the CD flattens out into a 
liquid crystalline lattice composed of sheets of H-
bonded, hexagonal-ringed water molecules [42, 46-48, 
112]. The liquid crystalline lattice, aka EZ water zone, 
aka BSW interfacial water, has a negative charge due 
to the presence of quasi-free electrons. Also, the liquid 
crystalline lattice, or EZ water zone, excludes all ions 
and biomolecules within the interfacial water zone. The 
EZ water zone has a vortex of quasi-free electrons that 
interface with hydronium ions, generating the overall 
charge potential within the EZ water zone [11, 42, 46-
48, 116]. The differential ion potential theory for cell 
membrane potential is based on ionic charges. In 
contrast, the charged membrane potential is based on 
vortices of electrons and protons interfacing with one 
another in the EZ water zone. The two membrane 

potential theories are based on different charge origins, 
but they both agree that membranes have an electrical 
potential measured in mV. 

Membrane potential serves two critical functions. 
The first function is a vast reservoir of quasi-free 
electrons and protons to meet an unquenchable 
demand for innumerable redox reactions. The second 
function is to serve as a “large storage battery” of the 
electrical potential that can supplement the energy 
requirements of each cell. The EZ water zone can 
reach an electrical potential of–100 mV to –200 mV, 
depending on the cell type and the health of the cell 
[11, 71]. Chai et al. [169] found that the EZ water zone 
on a Nafion surface increased to 600 µm deep after 10 
min exposure to far-infrared wavelength (3,1000 nm). 
Numerous articles have stated that membrane potential 
should be over a threshold value to maintain the health 
status of cells [170-173]. Ho [174] states that the 
average "resting membrane potential" is about -50 mV. 
Pokorny et al. [173] state that healthy mitochondria 
should have anactual membrane potential of - 140 mV, 
and dysfunctional mitochondria have a potential of - 70 
mV. A concept paper by Page [175] states that Dr. 
Wallace estimates that mitochondria membrane 
potential can reach a charge up to -180 mV. Wallace 
also estimates that human bodies have an average of 
1017 mitochondria with the electrical potential of a 
lightning bolt stored in each human. These findings 
show a strong correlation between membrane potential 
and cell health and that membrane potential varies 
depending on the cell type. When the EZ zone is at its 
optimal size and depth, there is an abundant supply of 
electrons and protons, and the energy available from 
the membrane potential should be close to "fully 
charged." 

Several studies have confirmed Pollack’s assertion 
that red and infrared light increases the EZ zone on 
membranes, which increases membrane potential and 
redox potential [11, 169]. Passarella et al. [176] found 
that rat liver mitochondria had increased membrane 
potential and a 70% increase in ATP levels when the 
cells were exposed to red light (647 nm). Alexandratou 
et al.[177] showed a 30% increase in mitochondrial 
membrane potential with 15 s exposure to red light 
EMF (647 nm). A third study by Hu et al. [178] revealed 
a 34.5% increase in mitochondrial membrane potential 
when exposed to red light (633 nm). These 
independent studies validate Pollack’s premise that red 
and infrared light increases the EZ water zone [11, 
179]. As the EZ zone increases in depth, there is also a 
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substantial increase in membrane potential with a 
concomitant redox ability to recycle ADP, NAD+, and 
NADP at flux rates needed to sustain cell energy 
balances in healthy cells [16, 18-19]. 

In addition to recycling ADP, NAD+, and NADP,EZ 
water's negative and positive charged zones act as the 
stored electrochemical potential to supply energy for 
cell metabolic needs [11, 82].The existence of a BSW 
interfacial water zone with a high electronic charge 
potential was predicted by Szent-Gyorgyi in the early 
1960s [180]. As it turns out, Szent-Gyorgyi was about 
50 years ahead of his time, and his predictions about 
cell bioenergetics took a rather long and tedious 
journey to fruition and success. This scientific journey 
included discoveries of energized CD domains that led 
to energized BSW interfacial water with quasi-free 
electrons that eventually led to the discovery of an EZ 
water zone with a non-biological electrical potential up 
to -180 mV of energy, which was briefly summarized in 
the first section of this review.  In short, the BSW 
interfacial water, aka EZ water zone, has a stored 
energy "potential" that allows energized water to 
decompose back to protons, electrons, and molecular 
oxygen (O2) [47-51, 84, 116, 181]. 

The journey of bioenergetics is sometimes 
laborious, and it is difficult to piece together research 
findings into a cohesive, rational understanding of BSW 
water and cell energy. However, as disparate research 
and concept paper findings are joined over time, the 
pieces of the bioenergetics puzzle are slowly falling into 
place. This puzzle comes into focus with the realization 
that the BSW interfacial water zone can be energized 
with minimal energy inputs [45-51, 84, 118, 181] to the 
point of ionization, leading to the generation of O2, 
protons, and electrons from the energized water 
molecules.  The complete picture of this puzzle set will 
be discussed in more detail in the following section on 
water respiration. Water-based bioenergetics has two 
phases, with phase one converting energized water 
into O2, protons, and electrons. The second phase 
recycles the activated O2 by receiving four electrons 
and four protons through a series of redox reactions 
back into H2O and O2. 

The first phase of water-based energy generation, 
or water respiration (WR), was conceptualized by 
Preparata, Del Giudice, and their colleagues [84, 45-
51]. In their first papers, they focused on coherent 
domains in water. They used the QED theory to 
calculate that CD water domains could be energized at 
12.06 eV, which was just 0.54 mV from the ionization 

threshold of water molecules (12.6 eV). In addition, the 
trapped EMF radiation inside the CD had an equivalent 
of 0.26 eV [45-51]. In their later papers, they proposed 
that the energized CD domains in liquid water were 
readily converted into EZ water zones as they 
approached biological membrane surfaces. The cold 
vortices of quasi-free electrons in the outer shell of the 
CD sphere were converted into quasi-free electrons 
within the EZ zone that interfaced with the membrane 
surface. The negative and positive "redox layers" in the 
interfacial water zone converted the energy of the CD 
spheres into stored membrane potential based on the 
redox properties of the two water zones [41-51]. 

BSW water can receive, capture, and store heat 
generated from the mitochondria in the red and infrared 
wavelengths to reach the 12.06 eV energized level 
predicted by Del Giudice [45-51]. Red light alone (~680 
nm) has enough energy (1.8 eV) to ionize energized 
BSW water. When water molecules reach their 
ionization threshold of 12.6 eV, the following reaction 
[1, 9] occurs: 

2 H2O + hv → 2 H2 + O2 orH2O 2 H+ + 2 e- + O       (1) 

This water-splitting equation is the first half of the 
Water Respiration (WR) cycle that occurs under 
biological conditions. This half of the energy generation 
cycle splits energized water into hydrogen and oxygen. 

The second half of the energy generation WR cycle 
involves a redox cascade of one electron reduction 
reaction that reduces O2 back to H2O again. As the 
introduction mentions, BSW water continuously 
interacts with energy generated in vivo, affecting redox 
reactions and BSW water properties. Most studies 
ignore or overlook the interactions between BSW water 
and biological-sourced energy when analyzing redox 
reactions within cells. Molecular hydrogen and oxygen 
can be “activated” under normal physiological 
conditions. Molecular oxygen (O2) exists in a triplet 
state, where it is most stable and is generally 
biologically un reactive. However, triplet state O2 can 
be converted to singlet oxygen (1O2), where all the 
electrons are spin-paired [182 - 184]. Singlet oxygen 
(1O2), also known as “activated oxygen,” is much more 
reactive than triplet oxygen and can initiate a myriad of 
redox reactions. Molecular O2 can be converted into 
activated oxygen (1O2) when exposed to red and 
infrared radiation in mitochondria and other biological 
sites [185 - 188]. Mitochondria research shows that the 
temperature of human mitochondria averages about 
53-54 C [189-190]. Temperature converts to energy in 



Journal of Basic & Applied Sciences, 2023, Volume 19 

 

192 

the infrared spectrum, i.e., a temperature of 53-54 C is 
equivalent to a long wavelength infrared spectrum 
(8,000 to 15,000 nm) with a temperature range of 89 to 
80 C [191]. In addition, when organisms are exposed to 
sunlight, they are also exposed to the full range of 
infrared spectrum.  In short, a narrow range of infrared 
wavelengths is generated internally by mitochondria, 
and sunlight is an external source for a full range of 
infrared wavelengths. These findings suggest that 
human mitochondria generate enough heat, or mid-
infrared radiation, in addition to exposure to sunlight, to 
convert triplet oxygen to singlet oxygen in vivo. 
Exposure to infrared wavelengths activates molecular 
oxygen into singlet oxygen and initiates the redox 
cascade back to water and molecular oxygen. 

The WR cycle depends entirely on the liquid 
crystalline properties of the interfacial water attached to 
cell membranes to capture and store biologically 
sourced energy, generally in the form of heat, to 
activate the BSW water.  The WR cycle is initiated with 
energized water, and the cycle is completed and 
returns to its beginning of splitting a water molecule at 
the top of the energy generation pathway. The second 
half of the WR cycle is also called water respiration by 
Voeikov [1, 192 - 195]. The redox equations [196] for 
water respiration are: 

3О2 + hν → 1O2           (2) 

1O2 + H• → HO2•          (3) 

O2− + H+ → HO2•          (4) 

HO2• + HO2• → H2O2 + 1O2.         (5) 

•ОН + •ОН →Н2О2             (6) 

2Н2О2+ hν→1O2+ 2Н2О          (7) 

Н2О2 + O2− →•ОН + −ОН + 1O2            (8) 

The first reaction of the WR cycle occurs as 
molecular oxygen exposed to light energy transfers 
from the triplet ground state 3O2 to the first excited 
singlet state 1O2 (total electron spin is zero) with an 
energy of 0.98 eV. The other reactive oxygen species 
(ROS) include the electronically excited radical anion 
O2−, electronically excited hydroperoxide radical HO2•, 
electronically excited hydroxyl radical HO•, and 
hydrogen peroxide H2O2. If the intermediate redox 
steps are ignored, the entire set of reactions can be 
summarized as follows [192 - 195]: 

4O2 + 4e- + 4H+2H2O = 3O2 

The reduction of O2 involves forming several 
Radical Oxygen Species (ROS), eventually leading to 
the final products of water and molecular oxygen.The 
conversion of four oxygen molecules (O2) into two 
water molecules (H20) releases approximately 180 KJ 
of energy per mole of O2.  

The ability of singlet oxygen to form ROS species 
has caused untold anxiety and consternation among 
biological and medical scientists over the past 50 
years. Research on aging has extensively reported the 
dangers of ROS on cell integrity and is a primary cause 
of age-related diseases. The WR energy theory is 
based on a cascade of redox reactions, including ROS. 
Water respiration has a long history but was 
vehemently ignored as nobody wanted to champion a 
theory based on harmful and deleterious ROS 
reactions. However, the water respiration theory may 
be revived with recent quantum biology discoveries that 
propose that BSW water has superconductivity 
properties at room temperatures. Numerous articles 
have posited that BSW water has superconductivity 
properties [9, 41, 130, 175]. Quantum biology includes 
mind-numbing concepts such as superconductivity, 
superposition, and entanglement, which have biological 
relevance with ultra-fast or simultaneous positioning or 
occurrence of protons and electrons [197-202]. A 
cursory literature search reveals dozens of research 
findings on water or proton wires that allow proton 
tunneling at ultra-fast, superconductive speeds [203-
207]. The accumulated evidence shows that quantum 
proton tunneling is valid, and protons and electrons 
always move together but in opposite directions [205-
207]. Quantum biology has become widely accepted, 
and many quantum properties have been associated 
with BSW interfacial water, such as delocalization, 
vortex quantum behavior, wave packets, coherence, 
and tunneling [202]. Quantum biology indicates that in 
vivo redox reactions could occur at ultra-fast or 
superconductive speeds. Therefore, redox reactions 
within the WBEG pathway probably occur at quantum 
speeds without causing detectable ROS injury or 
damage to membranes or biomolecules [1, 197-202]. 

According to Voeikov, cells need a four-fold excess 
of oxygen to prevent ROS radical accumulation during 
water respiration and prevent ROS injury to the cells 
[1]. Sustainable levels of O2 within cells are possible if 
cells are exposed to specific EMF wavelengths, such 
as infrared radiation, to energize BSW interfacial water 
so that it progresses through the first stage of the 
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WBEG pathway. In other words, infrared energy or 
other energy sources are continually used to energize 
BSW water, so the WR energy cycle has a four-fold 
excess of O2 to start the redox cascade chain with 
minimal ROS generation and ROS injury [1, 192-195]. 
Blood pH is a biomarker for available oxygen for cell 
metabolism. Blood with a pH of 7.45 contains 65% 
more excess oxygen than blood with a pH of 7.35, and 
7.35 to 7.45 is the physiological pH range in humans 
[208-209]. Generally, structured drinking water 
products are more alkaline, and studies show that 
drinking alkaline water raises pH blood levels [210-
211]. The effects of sodium bicarbonate on blood pH 
levels are well known, as well as the impact on health 
and physical performance [212-215]. 

Respiration can be glucose-based within the 
mitochondria or water-based in the WBEG cycle. 
Glucose respiration can be inhibited with rapamycin, 
which inhibits mTOR, which regulates glucose's 
aerobic respiration. In other words, as the mitochondria 
reduce oxygen consumption through reduced 
glycolysis rates, mitochondria generate less ROS, and 
there is less oxidative stress in cells [216-218]. 
Rapamycin inhibits mTOR, which regulates many cell 
functions, including glycolysis in the mitochondria. 
Inhibition of mTOR is associated with reduced aging 
and improved health [219-225]. Although these findings 
show indirect evidence, they suggest that reducing 
glycolysis levels, thereby reducing O2 consumption in 
cells, has a twofold effect. Reduced O2 consumption 
within the mitochondria also reduces ROS generation 
from dysfunctional mitochondria and reduces 
membrane potential [216-218]. As membrane potential 
and glycolysis are reduced, and mTOR is inhibited, the 
cell increases its rate of autophagy and apoptosis [219-
225]. As senescent cells are replaced due to 
autophagy and apoptosis, they shift back to a balanced 
contribution of mitochondrial and WR energy 
generation, improving health and longevity. In 
summary, the rapamycin studies offer indirect evidence 
that oxygen consumption by aging and dysfunctional 
mitochondria lead to ROS and oxidative stress. 
However, suppose senescent cells can be activated to 
signal autophagy and apoptosis. In that case, the 
regenerated cells can regain healthy cell membrane 
potential, activating the WR cycle as a cell energy 
source. 

Szent-Gorgy coined bioenergetics and stated that 
biological water at membrane interfaces was the key to 
life. He also proposed that interfacial " energized " 

water required less energy to split than water in the 
ground state [9]. Another prophetic premise of Szent-
Gorgy was how organized the "aqua-biomolecular" 
cells were in converting energized electrons into high-
grade energy useful for cellular energy needs instead 
of allowing the low-grade energy to be wasted or lost 
[1]. Ironically, his fantastical bioenergetic theories were 
widely discredited and denounced when he was alive 
but are now being validated and recognized as far 
ahead of his time. Energized electrons and protons in 
the form of cold vortex rings that are delocalized and 
swarm each hexagonal ring of water are the very 
essence of quantum and redox properties of BSW 
water. These quantum and redox properties of BSW 
water are absolutely essential for life and well-being as 
the research findings add more and more detail and 
insight into the overall harmony and coherence at all 
biological scales in organisms. 

9. TRANSMUTATION OF PLANT ELEMENTS 

Quantum biology and structured water may also 
play a role in the bio-transmutation of elements in a cell 
environment. Louis Kervran discovered biological 
transmutation in the 1960s. His work was so radical 
that he was given a "parody" award called the Ig Noble 
Prize in 1993 for being an "ardent admirer in alchemy" 
[226]. Since his discovery, many scientists have proven 
that bio-transmutation does occur in microbes and 
plants [227-230]. Later in the 1990's Ukrainian scientist 
Vladimir Vysotskii studied bio-transmutation in bacteria. 
He was able to coax Bacillus subtilis, Escherichia coli, 
and a yeast species (Saccharomyces cerevisiae) to 
transmute manganese into iron [231]. In 1978, 
Solomon Goldfein attempted to validate Kervran's 
claims for bio-transmutation. He found that 
mitochondria appeared to act like a microscopicparticle 
accelerator, resulting in protons moving at quantum 
speeds, thereby allowing bio-transmutation [232]. In 
2015, a Japanese researcher, Hideo Kozima, 
postulated that neutrons could be “trapped” in transition 
metal’s nuclei, resulting in the elements' bio-
transmutation [233-235]. 

A very recent study by Sugihara and Maiwa [236] 
studied the transmutation of radioactive elements from 
contaminated soil from the Fukushima reactor disaster 
that occurred in 2011. They pressurized seawater at 
147 Mpa to break the hydrogen bonds in the water 
molecules, which generated a type of water called 
SIGN water. Their SIGN water contained info tons, 
which are intermediate particles between a proton and 
an electron <H+ ~ e->. They postulated that the 
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hydrogen bonds in water molecules dissociate to 
generate info tons, which can then react with any 
nucleus, obtaining energy from radioactive isotopes of 
an element. They state that the info tons could convert 
Na to Mg and several other radioactive elements back 
into non-radioactive elements [236]. They also state 
that any plant may convert Na to Mg when absorbing 
water through aquaporin proteins against gravity 
through their roots (the calculated pressure is approx. 
0.8MPa, which is not enough to dissociate hydrogen 
bonds of water) [236]. This study broke the H-bonds of 
two water molecules using high pressure to create a 
new particle (info tons) and, thus, transmute several 
radioactive elements into non-radioactive elements and 
Na into Mg. Their findings are intriguing if further 
validated due to their implications of structured water, 
quasi-free protons, and energy generation. 

The quantum dynamics of protons derived from SW 
and BSW water appear to hold much promise and 
much consternation among researchers [237-240]. As 
quantum mysteries unfold, the weirdness of 
superconductivity, particle tunneling, dark matter, 
entanglement, and element transmutation will push 
science to the edge of logic and understanding. If we 
are up for the challenge to gain more insights about 
BSW water and biology, researchers must be willing to 
jump “Down the Quantum Rabbit Hole” and follow 
wherever nature leads. 
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