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Abstract 

Water is the primary constituent of human anatomy, comprising over two-thirds of total body mass and serving as the 

foundational medium for all metabolic, cellular, and physiological processes. Fluctuations in systemic hydration status or the 

ingestion of chemically imbalanced water can profoundly impact homeostatic functions. This review paper evaluates the 

hydrochemical composition of contemporary drinking water profiles, analyzing parameters such as hydrogen ion concentration 

(pH), Total Dissolved Solids (TDS), and Oxidation-Reduction Potential (ORP). It systematically contrasts classical and 

contemporary water treatment interventions ranging from boiling and solar distillation to ultraviolet sterilization and advanced 

thin-film composite reverse osmosis (RO) processes. Furthermore, this treatise presents an empirical evaluation of field data 

collected across fifteen regional hydro-ecosystems. The data reveal a widespread issue: severe mineral depletion and water 

acidification induced by uncalibrated domestic reverse osmosis systems (TDS < 30 mg/L), (pH < 6.0). This demineralized 

state can contribute to systemic chronic conditions, including extracellular acidosis and bone mineralization defects. 

To address these vulnerabilities, we explore the electro-chemical mechanics of water splitting and molecular ionization. We 

unpack the thermodynamics of Electrolyzed Reduced Water (ERW) produced through cathode-anode split-cell electrolysis. 

Synthesizing pioneering research from the Warburg mitochondrial insufficiency paradigm to contemporary molecular essays, 

this review demonstrates how the reactive, hydrogen-rich microenvironment of (ERW) exhibits powerful anti-oxidative, lipid-

lowering, anti-apoptotic, and insulin-like properties. Finally, this work clarifies common consumer misconceptions, outlines 

the potential clinical hazards of metabolic alkalosis from excessive consumption, and proposes engineering milestones for 

next-generation functional hydration platforms. 
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Introduction 

The Biological Imperative of Water and the 

Hydrochemical Paradigm 

Water represents the primary fluid matrix of life, making up 

more than two-thirds of total human body mass; its absence 

induces systemic organ failure and mortality within a 

narrow window of days. From an anatomical perspective, 

water distribution is highly tissue-specific, accounting for 

approximately 95% of the human brain, 82% of circulating 

blood volume, and 90% of pulmonary parenchymal 

architecture. Consequently, the structural integrity and 

kinetic activity of all intracellular organelles, enzymatic 

cascades, and cellular signaling networks rely entirely on 

aqueous homeostatic equilibrium. 

Even minor disruptions in this fluid balance alter 

physiological function. For example, a minor 2% drop in 

systemic water volume triggers immediate clinical signs of 

dehydration. These manifestations include cognitive 

impairments such as fuzzy short-term memory, diminished 

mathematical calculation capabilities, and optical focusing 

difficulties on small print or electronic displays. 

Beyond volume, the biochemical and hydrochemical 

profiles of ingested water are critical factors in human 

health. Chronic consumption of highly acidic or excessively 

basic water disrupts systemic acid-base regulation, forcing 

the body to use endogenous buffering mechanisms to 

stabilize plasma (pH). Natural water matrices serve as a 

vital source of Total Dissolved Solids (TDS), which contain 

essential alkali and alkaline earth metal ions required for 

standard enzymatic and electrophysiological functions, 

including sodium (Na+), potassium (K+), calcium (Ca2+), and 

magnesium (Mg2+). 

Furthermore, water possesses distinct electro-chemical 

properties, including antioxidant activities derived from 

electron-rich species capable of neutralizing circulating free 

radicals and reactive oxygen species (ROS). Safe drinking 

water must satisfy strict physical, chemical, and 

microbiological standards: it should be free from pathogenic 

microorganisms, clear, tasteless, odorless, and maintain low 

concentrations of toxic chemical compounds. This review 

paper explores the shifting landscape of drinking water 

quality, modern purification tech, and the physiological 

impact of altered mineral content and electronic potential. 

 

Fundamental Chemistry of Drinking Water: Hardness, 

pH, and Total Dissolved Solids (TDS) 

The organoleptic and therapeutic properties of drinking 

water are determined by its underlying dissolved chemical 

components. Natural hydro-ecosystems dissolve a wide 

variety of mineral salts and chemical compounds from 

geological strata, including sodium, calcium, and 

magnesium cations, alongside carbonate (CO3
2-), 

bicarbonate (HCO3
-), chloride (Cl-), and sulfate (SO4

2-) 

anions. Along with these natural ions, anthropogenic, 

industrial, agricultural, and sewage runoff can introduce 

chemical contaminants that alter water safety and quality. 
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A primary characteristic used to classify water is its soap-

consuming capacity, separating water into soft and hard 

categories. Soft water reacts readily with soap to form a rich 

lather, whereas hard water reacts with soap molecules to 

generate an insoluble white precipitate or scum. Water 

hardness is further divided into temporary and permanent 

forms: 

Total Hardness = Temporary Hardness + Permanent 

Hardness 

 

Temporary hardness is caused by the presence of dissolved 

calcium and magnesium bicarbonates Ca(HCO3)2 and 

Mg(HCO3)2. This form of hardness is chemically unstable 

and precipitates out as solid carbonates upon heating: 

 

 CaCO3 + H2O  +  CO2Ca(HCO3)2

Heat

 
 

Conversely, permanent hardness is caused by the presence 

of calcium and magnesium chlorides CaCl2, MgCl2 and 

sulfates CaSO4, MgSO4. These salts do not precipitate out 

during boiling and require advanced chemical treatments or 

physical filtration methods, such as high-pressure reverse 

osmosis, to be effectively removed. 

 

Comparative Evaluation of Contemporary Water 

Purification Modalities 

Providing safe drinking water requires robust purification 

techniques tailored to eliminate specific physical, chemical, 

and microbiological hazards. Modern public health and 

water treatment engineering leverage several established 

methodologies: 

 

Thermal Disinfection (Boiling): Elevating water 

temperature to 185oF (85oC) or higher renders water 

microbiologically sterile within minutes. This thermal 

exposure denatures essential structural proteins and 

metabolic enzymes within pathogenic vegetative bacteria, 

protozoa, and viruses. However, boiling cannot remove 

dissolved heavy metals, chemical toxins, or inorganic salts, 

and it often concentrates non-volatile contaminants as water 

evaporates. 

 

Solar Distillation: This phase-change separation method 

uses solar stills to evaporate water, separating it from non-

volatile impurities, radionuclides, suspended sediments, and 

heavy minerals. The vapor condenses on a sterile surface to 

yield highly pure water. Its main drawbacks are low 

throughput and a flat taste caused by complete 

demineralization. 

 

Ultraviolet (UV) Irradiation: Handheld or inline battery-

powered UV systems emit shortwave electromagnetic 

radiation typically around 254 nm to disrupt microbial 

targets. This UV light penetrates the cell walls of 

microorganisms and is absorbed by microbial nucleic acids. 

This absorption induces thymine dimers within DNA and 

RNA, halting transcription and replication, which 

effectively neutralizes bacteria, protozoa, and viruses. While 

highly effective at pathocide, UV light does not alter the 

chemical or mineral configuration of water. 

 

Chemical Sterilization: Halogenation using iodine tablets 

or chlorine dioxide compounds remains a portable and 

convenient method for water sterilization. These chemicals 

function as strong oxidizing agents that cross microbial 

membranes, destroying structural components and 

metabolic enzymes. While useful for field applications, 

chemical disinfection can leave behind objectionable tastes 

and produce harmful disinfection byproducts (DBPs), such 

as trihalomethanes. 

 

Mechanical Filtration: Pumping raw water through micro- 
or ultra filtration membranes provides a rapid physical 
separation option. Standard pore sizes typically remove up 
to 99% of vegetative bacterial pathogens and protozoan 
cysts, but they generally fail to intercept viruses unless the 
filter matrix is treated with charged chemical compounds or 
combined with secondary disinfection stages. These systems 
also require routine maintenance and component 
replacements to avoid biofouling and breakthrough 
contamination. 
 

Reverse Osmosis (RO): This hyper filtration process uses 
high-pressure pumps to force water through a semi-
permeable membrane, separating out dissolved chemical 
species and microorganisms. It is highly effective at 
lowering total dissolved solids (TDS) and eliminating 
complex chemical mixtures, making it a leading technology 
for global municipal and domestic water treatment. 
 

Physicochemical Metrics of Water Quality Assessment: 

Methodological Protocols 

Accurately assessing water quality requires measuring 
physical, chemical, and biological parameters. Modern 
assessment protocols follow standardized guidelines set by 
regulatory bodies like the Bureau of Indian Standards (BIS), 
the Central Pollution Control Board (CPCB), and the World 
Health Organization (WHO) [1]. 
 

Electromotive Force (EMF) and Hydrogen Ion 

Concentration (pH) 

The pH value represents the negative logarithm of hydrogen 
ion activity, quantifying the relative acidity or alkalinity of 
an aqueous solution on a scale from 0 to 14. Standard tap 
water typically exhibits a neutral pH close to 7.0. Accurate 
measurements require determining the electromotive force 
(EMF) generated within an electrochemical cell. This cell 
consists of a glass indicator electrode responsive to 
hydrogen ions and a stable calomel reference electrode 
immersed in the sample solution. Electrical contact between 
the electrodes is maintained through a liquid junction. 

 

EMFcell  =  Eindicator - Ereference + Ejunction  
 
The resulting potential is measured using a calibrated digital 
(pH) meter. The standard procedure involves removing the 
electrodes from their storage solution, rinsing them with 
distilled water, and gently blotting them dry with soft tissue 
paper to prevent sample dilution or cross-contamination. 
The instrumentation is calibrated using standard reference 
buffer solutions within two (pH) units of the expected 
sample value. The electrodes are rinsed again before 
recording the final stabilized reading. 

 

Electrical Conductivity (EC) and Filterable Total 

Dissolved Solids (TDS) 

Total Dissolved Solids (TDS) measure the combined mass 

of all inorganic salts primarily sodium, calcium, 
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magnesium, and potassium cations, along with carbonate, 

bicarbonate, chloride, and sulfate anions and small amounts 

of organic matter dissolved in water. These compounds 

enter hydro-ecosystems through natural rock weathering, 

agricultural runoff, industrial wastewater, and municipal 

sewage lines. High concentrations > 1200 mg/L impart a 

bitter or salty taste, which can lead consumers to reject the 

source, whereas low (TDS) values yield a flat, unappealing 

taste. 

The standard method for evaluating (TDS) relies on 

measuring Electrical Conductivity (EC), which quantifies a 

fluid's ability to conduct an electrical current. This 

conductivity depends on the presence of dissolved ionic 

species. While (EC) measurements do not identify 

individual chemical constituents, they provide an accurate 

estimate of total ionic density. This relationship can be 

expressed through a empirical conversion factor: 

 

TDS (mg/L) = EC(µS/cm) X 0.645 

 

For precise gravimetric validation, the filterable residue 

method is used. A well-mixed water sample is filtered under 

vacuum through a standard glass fiber disk or Gooch 

crucible to remove suspended particles. A minimum sample 

volume of (100 mL) is transferred to a pre-weighed 

evaporating dish and dried in an oven at 180 ± 2oC. After 

cooling inside a desiccator, the dish is re-weighed to 

determine the mass of the dry residue using the following 

equation: 

 

Total Filterable Residue at 180oC (mg/L) = (A-B) X 1000/C 

 

Where: 

A = weight of dried residue + dish (mg) 

B = weight of empty dish (mg) 

C = volume of filtrate sample used (mL) 

 

Oxidation-Reduction Potential (ORP) and Electron 

Transport Dynamics 

The antioxidant capacity of a liquid is measured by its 

Oxidation-Reduction Potential (ORP) or redox potential, 

expressed in millivolts (mV). This standardized metric 

reflects a solution's tendency to either donate or acquire 

electrons from adjacent chemical species. The operational 

spectrum of natural and processed fluids typically ranges 

from +700 mV to -800 mV. A lower or more negative 

(ORP) indicates a higher concentration of free or loosely 

bound electrons, marking the solution as an effective 

reducing agent or antioxidant [2]. 

Unprocessed tap water typically exhibits an oxidizing 

(ORP) range between +250 mV and +400 mV. Carbonated 

cola beverages display strong oxidizing potentials from 

+400 mV to +600 mV. Conversely, green tea and fresh 

orange juice serve as mild reducing agents, falling between -

120 mV and -250 mV. Advanced alkaline ionization 

processes can produce highly reductive fluids, with an ORP 

scale spanning from -200 mV to -800 mV [2]. This high 

electron density allows the fluid to efficiently neutralize 

circulating free radicals. 

 

Empirical Case Analysis: Comparative Field Data from 

Local Hydro-ecosystems 

To understand the real-world impact of different water 

treatment setups, physical and chemical parameters were 

collected from fifteen distinct water sources within a single 

regional ecosystem. The hydrogen ion concentration pH, 

Total Dissolved Solids (TDS), and Oxidation-Reduction 

Potential (ORP) were systematically measured using an 

Elico LI 120 digital platform. The gathered data are 

organized in Table 1 below: 

 
Table 1: Physicochemical Hydro-Data across Localized Drinking Water Modalities 

 

Sample 

Number 
Water Sample Origin & Description 

Hydrogen Ion 

Concentration (pH) 

Total Dissolved 

Solids (TDS, mg/L) 

Oxidation-Reduction 

Potential (ORP, mV) 

Electrochemical 

Classification 

1 Deep Ground water Borewell 7.35 495 -35 
Mildly Reducing/High 

Mineral 

2 Open Surface Well 7.58 485 -36 
Mildly Reducing/High 

Mineral 

3 Institutional Laboratory Water Line 7.01 550 -80 
Reducing/High 

Mineral 

4 NSP Surface Canal Supply 7.43 423 -111 
Moderately Reducing/ 

Mineral Rich 

5 Mission Bhagiratha Municipal Water 7.03 471 -51 
Mildly Reducing/ 

Balanced 

6 Institutional Reverse Osmosis Water 7.07 60 -66 
Mildly Reducing/Low 

Mineral 

7 Local Commercial RO Facility (Plant 1) 6.65 35 -5 
Near-Neutral/ 

Demineralized 

8 Local Commercial RO Facility (Plant 2) 6.40 41 +43 
Oxidizing/ 

Demineralized Acidic 

9 Local Commercial RO Facility (Plant 3) 5.92 21 +65 
Oxidizing/Heavily 

Acidified 

10 
Commercial Branded Bottled Water 

(Brand A) 
6.41 32 +40 

Oxidizing/Mineral 

Depleted 

11 
Commercial Branded Bottled Water 

(Brand B) 
6.49 49 +24 

Oxidizing/Mineral 

Depleted 

12 
Commercial Branded Bottled Water 

(Brand C) 
6.91 68 -26 

Mildly Reducing/ 

Marginal Mineral 
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Analyzing this field data yields several key conclusions 

regarding the performance and safety of modern water 

treatment strategies: 

 

Raw Groundwater Inadequacies: Unprocessed 

groundwater samples (Samples 1–3) maintain acceptable pH 

levels 7.01 to 7.58 and mild reducing potentials, but they 

exhibit elevated TDS concentrations 485 to 550 mg/L. This 

high mineral load can harbor bacterial pathogens, making 

these sources unsafe for consumption without secondary 

disinfection or filtration. 

 

Surface Canal and Managed Systems: The Nagarjuna 

Sagar Project (NSP) surface canal water (Sample 4) and the 

municipal Mission Bhagiratha supply (Sample 5) show 

well-balanced hydrochemical profiles. When properly 

boiled and cooled to remove biological pathogens, these 

sources provide safe and healthy drinking water. 

 

Commercial and Bottled Water Vulnerabilities: Locally 

processed commercial RO water (Samples 7–9) and 

mainstream branded bottled options (Samples 10–12) 

display notable hydrochemical drawbacks. These systems 

strip away helpful minerals, lowering TDS values to 

between 21 and 68 mg/L. This severe demineralization 

shifts the water to an acidic pH profile 5.92 to 6.65 and 

introduces a positive, oxidizing ORP up to +65 mV, 

rendering them less than ideal for long-term physiological 

health. 

 

The Pathophysiological Impact of Long-Term 

Demineralized Reverse Osmosis Intake 

The widespread adoption of high-pressure reverse osmosis 

(RO) systems has greatly reduced the incidence of 

waterborne infectious diseases. However, long-term 

consumption of heavily demineralized water poses distinct 

physiological challenges. Modern domestic and industrial 

RO units often operate without mineral remineralization 

loops, stripping away essential divalent cations like calcium 

and magnesium alongside unwanted contaminants. This 

aggressive purification can reduce total dissolved solids 

below 30 mg/L, causing the water to absorb ambient carbon 

dioxide and turn acidic pH < 6.0 : 

 

H2CO3  +  CO2            H2CO3               H
+  +  HCO3

-

 

Ingesting this mineral-depleted, acidic water over long 

periods can induce chronic systemic disruptions, including 

metabolic acidosis. Because the water lacks a natural 

mineral buffer, it draws on endogenous alkaline reserves to 

maintain plasma and tissue pH homeostasis. Over time, this 

process can deplete calcium hydroxyapatite from skeletal 

structures, leading to bone demineralization, elevated joint 

degradation, muscle pain, and an increased risk of 

osteoporosis. 

To prevent these skeletal and metabolic complications, the 

World Health Organization recommends specific target 

metrics for drinking water quality. Ideal drinking water 

should maintain a well-balanced mineral and 

electrochemical profile: a pH between 6.5 and 8.5, a TDS 

concentration spanning 100 to 150 mg/L to preserve 

essential electrolyte intake, and a negative ORP between -50 

mV and -150 mV to deliver protective antioxidant activity. 

Table 2: Comparison of recommended specific target metrics for 

drinking water quality 
 

Metric Uncalibrated RO Water WHO Recommended Range 

pH < 6.0 (Acidic)             6.5 - 8.5 (Balanced) 

TDS < 30 mg/L (Depleted)      100 - 150 mg/L (Mineralized) 

ORP Positive (+mV Oxidizing) Negative (-mV Reducing) 

 

Advanced Electro-Chemical Splitting: The 

Thermodynamics and Mechanics of Water Ionization 

To counter the acidification and mineral depletion caused by 

aggressive filtration, modern water chemistry uses split-cell 

water electrolysis to generate functional alkaline solutions. 

Commercial water ionizers employ automated cathodic and 

anodic chambers separated by an ion-permeable, non-lineal 

diagnostic membrane. When a direct electrical current (DC) 

passes through the water, dissolved ions migrate based on 

their net electrical charge. 

 
Input Water Flow

Anodic Chamber

    (Positive Anode)

Cathodic Chamber

(Negative Cathode)

- Attracts Anions

(Cl-, SO4²-, NO3
-)

- Forms Acidic Water

(pH: 3.0 - 4.0)

    - Releases O2 Gas

- Attracts Cations

(Na+, Ca²+, Mg²+)

- Forms Alkaline ERW

(pH: 9.5 - 10.0)

- Releases H2 Gas & OH-

 
 

The positively charged anode attracts migrating anions, 

including chloride (Cl-), sulfate [SO4)2-], and nitrate (NO3
-). 

Concurrently, water molecules undergo oxidation at the 

anode surface, releasing oxygen gas and generating free 

hydrogen protons (H+). This accumulation of protons creates 

an acidic environment, dropping the localized pH to 

between 3.0 and 4.0: 

At the same time, the negatively charged cathode attracts 

essential minerals like sodium (Na+), potassium (K+), 

calcium (Ca2+), and magnesium (Mg2+). At this electrode 

surface, water molecules undergo reduction, consuming 

electrons to produce hydroxyl anions (OH-) and atomic 

hydrogen radicals, which combine to form dissolved 

hydrogen gas (H2). This reaction drives up the concentration 

of hydroxyl ions, elevating the local pH to 9.5 to 10.0 

depending on the current density and flow velocity: 

 

2H2O  +  2e-               H2  +  2OH-

 
 

The hydroxyl anions pair with the migrating alkaline earth 

metal cations to yield a clean, alkaline solution rich in 

dissolved minerals. The dissolved hydrogen gas acts as a 

powerful reducing agent, giving the resulting Electrolyzed 

Reduced Water (ERW) its characteristically low, negative 

ORP value [2, 3]. 

 

Therapeutic Potentials of Electrolyzed Reduced Water 

(ERW): Molecular Evidences 

Cellular Respiration, Mitochondria, and the Warburg 

Oncology Paradigm 

The metabolic profile of altered cellular states was first 

detailed by Nobel laureate Dr. Otto Warburg, who 

established that a primary driver of oncological 

transformation is the replacement of standard oxygen-based 
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respiration in healthy cells with the fermentation of 

crystalline sugars. This metabolic shift is rooted in 

functional damage to the mitochondrial respiratory chain, 

causing cells to rely heavily on anaerobic glycolysis even in 

the presence of oxygen. This shifted metabolic state 

produces large amounts of lactic acid, generating an acidic 

extracellular microenvironment that supports tumor 

progression and increases the metastatic potential of 

malignant cells [4]. 

 

Mitochondrial 
Insult

Anaerobic 
Fermentation

Extracellular 
Acidification

Metastatic 
Acceleration

 
 
By delivering a continuous supply of alkaline buffers and 
reducing equivalents, Electrolyzed Reduced Water (ERW) 
can help neutralize this extracellular acidity. This buffering 
action helps regulate cell growth and down regulate genes 
associated with tumor transformation, offering a protective 
mechanism against micro environmental acidification [5]. 
 
Mitigation of Extracellular Acidosis and Systemic 
Metabolic Syndromes 
Chronic extracellular acidosis can contribute to a spectrum 
of metabolic disorders, including metabolic syndrome, 
insulin resistance, accelerated bone loss, kidney stone 
formation, and increased sensitivity to environmental toxins. 
Cells require constant contact with a slightly alkaline fluid 
matrix to maintain proper membrane hydration and facilitate 
toxin clearance. When alkaline mineral buffers are depleted, 
metabolic waste can become trapped within adipose tissues, 
which can hinder weight loss and trigger systematic 
inflammation. In severe cases, these acidic byproducts can 
precipitate into joints as uric acid crystals, causing 
inflammatory osteoarthritis. Regular intake of mild alkaline 
water pH 8.0 to 10.0, negative ORP provides the necessary 
alkaline reserves to neutralize these acidic wastes, helping 
protect vulnerable structural tissues and supporting 
metabolic recovery. 
 
Protection against Macromolecular Oxidative Damage 
Inside biological systems, reactive oxygen species (ROS) 
can cause severe oxidative stress, damaging vital cellular 
components including genomic DNA, structural proteins, 
and membrane lipids [6]. Electrolyzed Reduced Water 
(ERW) helps defend against this damage through its high 
concentration of dissolved hydrogen gas and reactive 
electrons, which scavenge active oxygen species [2,6]. By 
donating electrons directly to circulating free radicals, ERW 
neutralizes oxidative molecules before they can induce 
double-strand DNA breaks or cross-link structural proteins 
[6]. 

  + Neutralized 
Stable Molecule

Active 
Free Radical / ROS

ERW 

Electron Donors / H2

    (Prevents Oxidative Hit)

DNA / Lipid Degradation

(Cellular Architecture Protected)

Homeostatic Preservation  
 

Furthermore, this reductive activity helps inhibit lipid 

peroxidation cascades, reducing plasma triglyceride 

accumulation and protecting neural cells from oxidative 

stress-induced apoptosis [7, 8]. This antioxidant protection 

has also been shown to provide hepatoprotective benefits, 

shielding hepatic tissues from toxin-induced oxidative 

damage [9]. 

 

Glycemic Regulation and Insulin-like Activity 

Beyond its antioxidant properties, ERW can influence 

metabolic signaling pathways involved in blood glucose 

regulation. Advanced laboratory assays show that 

electrolyzed reduced water exhibits distinct insulin-like 

activity within mammalian cell models [10, 11]. The high 

concentration of active reducing equivalents in ERW 

enhances glucose transport and uptake across cell 

membranes in both skeletal muscle cells and adipocytes [10]. 

By stimulating these glucose transport pathways, ERW 

helps mitigate systemic insulin resistance, stabilize blood 

glucose levels, and improve clinical outcomes in models of 

diabetes mellitus [10, 11]. 

 

Scientific Controversies: Deconstructing Empirical 

Realities vs. Consumer Myths and Adverse 

Manifestations 

Despite its demonstrated therapeutic potential, the 

commercial alkaline water market faces scrutiny regarding 

unverified consumer claims and product myths. Proponents 

frequently assert that alkaline water enhances systemic 

hydration through unique "micro-clustered" water molecules 

that pass more easily through cell walls. However, current 

physical science indicates that hydration performance is 

primarily determined by total fluid volume and osmotic 

balance across cell membranes, rather than special structural 

water clusters. 

Additionally, claims that alkaline water boosts immediate 

energy levels or significantly alters gastric digestion are 

complicated by human physiology. When consumed, 

alkaline water is rapidly neutralized by highly acidic gastric 

juices pH 1.5 to 2.0, limiting its direct alkaline impact 

within the stomach lumen. Furthermore, high-power 

promotional statements claiming that alkaline water serves 

as a universal cure for advanced malignancies lack rigorous 

support from large-scale, double-blind human clinical trials. 

 
Table 3: Scientific Resolution of Prevailing Alkaline Ionized Water Explanations 

 

Highlighted Consumer Myth Empirical Scientific Reality Underlying Physiological Mechanism 

Micro-Clustering Hypotheses: Water molecules 

form small clusters that dramatically accelerate 

intracellular hydration. 

Water molecule organization is dynamic; 

clusters break and reform continuously 

without creating fixed structural advantages. 

Intracellular fluid transport is regulated by 

aquaporin channels based on osmotic pressure 

differentials across cell walls. 

Immediate Metabolic Energy Boost: Ingesting 

alkaline water directly raises physical energy 

and stamina. 

Alkaline water contains no caloric or direct 

stimulatory components to modify metabolic 

energy generation. 

Observed energy benefits typically stem from 

reversing mild systemic dehydration through 

standard fluid intake. 

Direct Gastric Optimization: Ionized water 

permanently restructures stomach acidity to 

improve digestion. 

Injected alkaline fluid is quickly neutralized 

by strong hydrochloric acid secretions in the 

stomach. 

The stomach maintains a highly acidic 

environment (pH 1.5-2.0) to support pepsin 

activation and break down proteins. 

Universal Oncological Cure: Drinking ionized 

water eliminates advanced malignant tumors. 

Clinical evidence does not support using 

alkaline water as a primary, standalone 

therapy for human cancers. 

While it can help neutralize localized 

extracellular acidity, it cannot replace target 

oncological treatments. 
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It is also vital to monitor potential adverse side effects when 

introducing highly alkaline water. Initial consumption can 

trigger temporary adjustments, including mild headaches, 

systemic fatigue, a runny nose, or softer, darker stools. More 

importantly, consuming excessively alkaline water (> pH 

10.0) over long periods or in large volumes can disrupt the 

body's normal acid-base balance, potentially causing 

metabolic alkalosis. This condition can lower systemic 

ionized calcium levels, impairing neuromuscular function 

and normal cardiac performance. 

 

Conclusion, Clinical Translational Hurdles, and 

Strategic Recommendations 

Dietary hydration is a cornerstone of human physiological 

health, spanning the line between basic nutrition and 

functional therapy. While high-pressure reverse osmosis 

systems successfully remove dangerous waterborne 

pathogens, uncalibrated demineralization can strip away 

helpful divalent minerals, generating an acidic fluid that can 

contribute to metabolic issues and bone mineral loss. 

Alkaline water platforms using split-cell electrolysis present 

a viable solution by enriching water with essential alkaline 

minerals and dissolved hydrogen gas. This structural 

configuration gives the water a negative ORP that offers 

genuine cellular protection against oxidative stress, supports 

tissue acid-base balance, and enhances glucose uptake [2]. 

However, moving these laboratory findings into standard 

clinical practice faces several hurdles: 

 

Standardizing Equipment Calibration: Current 

commercial ionizers produce varying levels of alkalinity and 

reduction potential depending on local source water 

mineralization and flow rates, making it difficult to deliver a 

standardized therapeutic dose. 

 

Expanding Clinical Trials: While in vitro and animal 

models show clear benefits, there is a strong need for large-

scale, multi-center human clinical trials to firmly establish 

long-term safety and efficacy profiles. 

 

Optimizing Remineralization Engineering: Next-

generation domestic filters should integrate automated 

remineralization loops into reverse osmosis lines. This 

integration will ensure drinking water maintains a balanced 

mineral content (TDS 100-150 mg/L) and an optimal pH 

profile, providing clean, safe, and health-promoting 

hydration worldwide. 
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