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Abstract

Hydration is a critical determinant of human health and physical performance, yet the choice between tap water
and bottled water remains influenced by perception rather than evidence. This study critically evaluates the
comparative health impacts of tap water and bottled water consumption, focusing on hydration efficacy, mineral
composition, contaminant exposure, and broader public health implications. A structured narrative review of
peer-reviewed literature published between 2000 and 2025 was conducted. The findings indicate that, within
regulated environments, tap water provides hydration outcomes equivalent to bottled water, with no clinically
significant differences in physiological markers. While bottled water may offer standardized mineral profiles,
it is also associated with potential exposure to microplastics and chemical leachates. Conversely, tap water is
subject to more rigorous regulatory monitoring in many jurisdictions. The results challenge prevailing consumer
perceptions and highlight the importance of evidence-based hydration practices, particularly in physically
active populations. From a public health perspective, promoting safe tap water consumption can reduce
environmental burden and improve population health outcomes.
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1 Introduction

In recent decades, bottled water consumption has increased substantially despite the continued availability of
treated municipal water in many settings.> Consumer preference for bottled water is often linked to perceptions of
better taste, safety, and quality.? Such perceptions can persist even where municipal supplies meet established
drinking-water standards.® In highly developed regions, tap water is regulated through detailed quality frameworks
and routine monitoring.* Bottled water is also regulated, but its composition may vary more widely according to
source and treatment method.> Research has also drawn attention to contaminants associated with bottled water,
particularly microplastics and plastic-related chemicals.® These contaminants arise from packaging materials,
bottling processes, and storage conditions.” Microplastics in drinking water are of increasing concern because their
toxicological significance remains uncertain and may depend on particle size and polymer type.® Packaging-
derived compounds such as antimony and phthalates provide an additional exposure pathway in bottled products.®
By contrast, contaminants in tap water are more often linked to treatment by-products and water distribution
systems.’ In regulated settings, these risks are typically managed within established safety thresholds.'*The
comparison between tap water and bottled water also extends beyond direct exposure to contaminants.? Plastic
production, transport, and waste disposal contribute to a broader environmental burden that may influence public
health.® Given these considerations, the present review compares tap water and bottled water with regard to
hydration, mineral composition, contaminant exposure, and public health relevance.

2. Research Methods
2.1 Study Design

This study was conducted as a structured narrative review intended to compare the health implications of tap water
and bottled water consumption. The review format was chosen to integrate physiological, chemical, and public
health evidence within one comparative framework.

2.2 Data Sources and Search Strategy

Literature was identified primarily through PubMed, Scopus, and Web of Science. In addition, regulatory and
public health documents from major international institutions were used to provide contextual information on water
quality standards, health advisories, and consumer safety.

2.3 Data Extraction and Synthesis

Relevant data were extracted from selected studies and organized into thematic categories, including: Hydration
and physiological effects; Mineral composition; Contaminant exposure (e.g., microplastics, chemical leaching);
Public health and environmental implications. A qualitative synthesis approach was applied to compare findings
across studies. Emphasis was placed on identifying consistent patterns, discrepancies, and emerging risks
associated with each water source.

2.4 Assessment of Evidence Quality

The quality of included studies was evaluated based on: Study design (experimental, observational, or review);
Sample size and population characteristics; Methodological transparency; Consistency of findings with existing
literature. Priority was given to high-quality peer-reviewed studies and reports from recognized international
organizations.



2.5 Limitations of the Methodology

As a narrative review, this study does not include a formal meta-analysis or quantitative synthesis. Therefore, the
findings may be influenced by variability in study design and geographic differences in water quality. However,
the structured approach and inclusion of high-quality sources enhance the reliability and relevance of the
conclusions.

3. Results

3.1 Mineral Composition

The mineral composition of drinking water differs across bottled, tap, and filtered water, mainly because of source
geology and treatment method.'* Bottled water shows the greatest variability, because natural mineral waters may
contain relatively high levels of calcium and magnesium whereas purified or reverse-osmosis bottled waters may
contain very low mineral concentrations.*® In contrast, tap water is usually more compositionally stable within a
given locality because municipal treatment systems are designed to maintain predictable chemical quality.6
Filtered water is the least uniform category because its composition depends on the filtration technology used.*
Standard carbon filters usually have limited effect on calcium and magnesium, while reverse-osmosis systems can
reduce both substantially unless remineralization is added.® As a result, filtered water cannot be treated as a single
mineral profile. From a health perspective, minerals in water are bioavailable and can contribute modestly to dietary
intake, particularly calcium and magnesium.® Even so, water is generally a supplementary rather than primary
source of these nutrients, so differences in mineral composition rarely justify broad claims that bottled or filtered
water is healthier than well-regulated tap water.?° From a physiological perspective, the significance of mineral
intake from drinking water must be interpreted within the broader context of overall nutrition.?! While certain
mineral-rich waters can contribute meaningfully to daily requirements under specific conditions, the dominant
determinants of mineral status are dietary patterns rather than fluid sources.??> Consequently, the nutritional
relevance of waterborne minerals is often overstated in public discourse, particularly when used as a justification
for preferring bottled water over tap water.?® Moreover, the variability observed in bottled water composition raises
important considerations regarding consumer transparency and informed choice.?* The labelling of mineral content,
while standardized to some extent, does not always translate into meaningful understanding among consumers,
who may equate the presence of minerals with improved health outcomes without considering dosage,
bioavailability, or individual nutritional needs.?® This disconnect between perceived and actual benefit reflects a
broader issue in the commodification of drinking water, where health-related attributes are selectively emphasized
in ways that may not align with scientific evidence. A further dimension of critical importance concerns the
potential for excessive or imbalanced mineral intake from certain bottled waters. Products with high concentrations
of sodium or other dissolved solids may not be appropriate for all population groups, particularly individuals with
specific health conditions. In contrast, tap water systems are typically optimized to deliver water that is broadly
suitable for population-level consumption, balancing safety, palatability, and mineral content. Ultimately, while
bottled water may offer higher concentrations of specific minerals in isolated cases, this advantage is neither
consistent nor necessarily beneficial at the population level. The existing evidence suggests that differences in
mineral composition between tap and bottled water are of limited clinical relevance in the context of overall diet
and health. More importantly, the perception of bottled water as a superior nutritional choice reflects a
misalignment between marketing narratives and scientific reality, underscoring the need for more evidence-based
public health communication.



Calcium (Ca*) Magnesium (Mg*) __
Water Type Characteristics
(mg/L) (mg/L)

Low mineral content, low

Tap water (soft) 0-40 0-10
hardness
Tap water (moderate) 40-80 10-20 Moderate hardness
High hardness, consistent mineral
Tap water (hard) 80-120+ 20-30+
supply
Bottled water (mineral) 50-300+ 10-100 Highly variable, source-dependent
Bottled water )
. 0-10 0-5 Very low mineral content
(purified/RO)
Filtered water (carbon o o
filter) Similar to tap Similar to tap Minimal effect on Ca?* and Mg?*
ilter
Filtered water (reverse 0.10 0.5 Strong reduction of dissolved
0SMOSis) minerals

Table 1. Typical ranges of calcium and magnesium concentrations in tap, bottled, and filtered water types.*

3.2 Contaminants in Tap and Bottled Water: A Comparative Analysis

The occurrence of contaminants in drinking water represents a key determinant of its potential health impact.® Both
tap and bottled water may contain chemical and particulate contaminants; however, their profiles differ
significantly in terms of origin, concentration, and exposure pathways.

3.2.1 Microplastics

Quantitative analyses have consistently demonstrated higher concentrations of microplastics in bottled water
compared to tap water.® Reported levels in bottled water range from approximately 100 to over 10,000 particles
per liter, depending on analytical methods and particle size thresholds.® In contrast, tap water typically contains
lower concentrations, commonly reported in the range of 0 to 500 particles per liter.?? These differences are largely
attributed to the degradation of plastic packaging materials and contamination during bottling processes.’
Importantly, recent studies have also identified the presence of nanoplastics, which may occur in even higher
numbers and are capable of crossing biological barriers.?> While the toxicological significance of these particles
remains under investigation, their small size increases the likelihood of cellular uptake, raising concerns about
chronic exposure.?

3.2.2 Chemical Contaminants

Tap water contaminants are primarily associated with disinfection and infrastructure.*® Disinfection by-products
such as trihalomethanes (THMs) are typically present at concentrations below regulatory limits, generally below
100 microg/L in most developed regions.'* Heavy metals such as lead are usually found at very low levels, although
localized exceedances may occur in older plumbing systems.? In bottled water, chemical contamination is more
closely linked to packaging materials.® Compounds such as bisphenol A and phthalates have been detected at
concentrations typically ranging from 0.001 to 10 microg/L, depending on storage conditions.® Elevated
temperatures and prolonged storage have been shown to increase migration rates, potentially leading to higher
exposure levels.” Additionally, trace elements such as antimony, originating from polyethylene terephthalate
bottles, have been reported in bottled water at concentrations ranging from 0.1 to 5 microg/L, with higher values
observed after long storage periods.®



3.2.3 Microbiological Contamination

Microbiological safety is generally high in both tap and bottled water, but contamination pathways differ.2® Tap
water is continuously disinfected, resulting in low bacterial counts, whereas bottled water after opening may
support microbial growth.?® Reported heterotrophic bacterial counts in bottled water can increase from negligible
levels at bottling to 1072-104 CFU/mL during storage, although these levels are not typically associated with
acute health risks in healthy individuals.?

3.2.4 Critical Perspective

A critical evaluation of these findings reveals an important asymmetry in risk profiles.?* Tap water contaminants
are largely systematic and regulated, meaning they are well-characterized, continuously monitored, and subject to
established safety thresholds.* In contrast, contaminants in bottled water are often diffuse and product-dependent,
arising from packaging, storage, and supply chain factors that are less uniformly controlled.'? The presence of
microplastics exemplifies this distinction.® While their concentrations in bottled water may be orders of magnitude
higher than in tap water, regulatory frameworks addressing these particles remain underdeveloped.® This creates a
paradox in which bottled water is frequently perceived as safer despite potentially greater exposure to emerging
contaminants that are not yet fully understood.?° Furthermore, the episodic nature of chemical leaching in bottled
water driven by environmental conditions such as heat and light introduces variability that complicates risk
assessment.” Unlike tap water, where contaminant levels are relatively stable and predictable, bottled water may
exhibit significant fluctuations over time, particularly under suboptimal storage conditions.® From a public health
standpoint, these differences suggest that the perceived safety advantage of bottled water is not supported by a
comprehensive assessment of contaminant exposure.?* While both water sources are generally safe within
regulatory frameworks, bottled water may introduce additional, less predictable risks that are not fully captured by
current monitoring systems.?

3.3 Hydration and Physiological Outcomes

The reviewed studies showed no significant differences in hydration status between tap, bottled, and filtered water
when total fluid intake was adequate. Common hydration markers, including urine osmolality, plasma osmolality,
and body mass change, were comparable across water types. Studies involving physically active individuals also
found no meaningful differences in exercise-related outcomes such as thermoregulation, endurance, or
cardiovascular response. Although some bottled waters contained higher mineral concentrations, these differences
did not produce measurable short-term changes in electrolyte balance or physiological function. Overall, the results
indicate that hydration effectiveness depends primarily on the amount of water consumed rather than its source.

3.4 Public Health and Environmental Findings

The reviewed evidence indicates that the choice between tap and bottled water has implications that extend beyond
individual hydration and mineral intake.?* From a public health perspective, tap water in regulated systems remains
a safe, accessible, and low-cost source of drinking water for most populations.* Its broad availability supports
equitable hydration practices and reduces dependence on commercially packaged products.® In contrast, bottled
water is often chosen on the basis of perceived safety or quality rather than demonstrated health superiority.? An
important public health issue is the mismatch between consumer perception and scientific evidence.? Bottled water
is frequently regarded as cleaner or healthier, although the available findings do not show consistent physiological
advantages over tap water.?* This perception may weaken public trust in municipal water systems and encourage
unnecessary household expenditure, particularly where tap water already meets safety standards.® Environmental
findings also strongly differentiate the two water sources.'® Bottled water is associated with greater resource use
due to plastic production, packaging, transport, and waste generation.'? These processes increase environmental



burden and may indirectly affect public health through pollution and the spread of plastic particles in ecosystems. 3
By contrast, tap water has a substantially lower environmental footprint because it does not require single-use
packaging or long-distance distribution under normal conditions.'? Filtered water occupies an intermediate
position.'® It may improve taste and consumer acceptance of tap water, which can support adequate fluid intake,
but its environmental impact depends on the type of system used, including cartridge replacement, energy use, and
waste generation.’™ Even so, it generally remains less environmentally burdensome than routine bottled water
consumption.*2 Overall, the results suggest that well-regulated tap water offers the greatest public health advantage
when safety, accessibility, cost, and environmental sustainability are considered together.* Bottled water may be
useful in specific situations, such as emergency supply or lack of safe infrastructure, but it does not appear to
provide a general public health benefit in settings where tap water quality is reliable.t*

3.6 Summary of Key Findings

The results of this review indicate that tap, bottled, and filtered water differ primarily in mineral composition,
contaminant profile, and environmental impact rather than in basic hydration effectiveness. Bottled water showed
the greatest variability in mineral content, while tap water was generally more compositionally stable within
regulated systems.'6 Filtered water was the least uniform category, as its mineral profile depended strongly on the
filtration method used.'® No significant differences were identified in hydration or short-term physiological
outcomes when total fluid intake was adequate.!” Although calcium and magnesium in drinking water are
bioavailable and may contribute modestly to daily intake, their overall health impact appears limited compared to
the influence of general diet.!® The main differences between water types were observed in contaminant exposure
and broader public health implications.?* Tap water contaminants were largely linked to treatment and
infrastructure, whereas bottled water was more strongly associated with microplastics and packaging-related
chemicals.® From a public health perspective, tap water offered the most favorable balance of safety, accessibility,
cost, and environmental sustainability in settings with reliable water regulation.*

4 Discussion

4.1 Interpretation of Findings

The findings of this review indicate that tap water and bottled water differ mainly in mineral composition,
contaminant profile, and environmental burden, whereas their hydration effectiveness appears broadly comparable
when total fluid intake is adequate.l” This suggests that, under normal conditions, the source of water is less
important for short-term hydration than the amount consumed.” Differences in calcium and magnesium content
were observed, particularly in mineral bottled waters, which in some cases contained higher concentrations than
tap water."*However, these differences were variable and their overall health significance appears limited at the
population level, since water generally provides only a supplementary contribution to mineral intake compared
with food.?? Clearer differences were found in contaminant exposure.?* In tap water, potential risks were mainly
associated with disinfection by-products and infrastructure-related contamination, while in bottled water greater
attention has focused on microplastics and packaging-related chemicals.'® These findings suggest that the two water
types are associated with different rather than directly comparable contaminant profiles.*

4.2 Public Health and Environmental Relevance

From a public health perspective, both tap water and bottled water can be safe sources of drinking water when they
are produced, distributed, and stored under appropriate regulatory conditions.* The choice between them may
therefore depend not only on health-related considerations, but also on cost, accessibility, consumer preference,
and local water infrastructure.! Tap water offers practical advantages in terms of affordability and widespread
availability in well-regulated settings.* Bottled water, on the other hand, may be preferred in situations involving
mobility, taste preference, limited trust in infrastructure, or emergency access.? At the same time, bottled water is
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associated with higher environmental costs due to packaging, transport, and plastic waste generation.® This means
that the comparison between tap and bottled water extends beyond direct physiological effects and includes broader
environmental and public health consequences.*?

4.3 Strengths and Limitations

A strength of this review is that it integrates hydration, mineral composition, contaminant exposure, and public
health considerations within a single comparative framework.?* This makes it possible to assess tap water and
bottled water not only as hydration sources, but also as products with different chemical, environmental, and
regulatory characteristics.!* Several limitations should also be acknowledged. The study is based on narrative
synthesis rather than meta-analysis, and the included evidence differs in analytical methods, study design, and
regional context. In addition, the evidence concerning emerging contaminants, particularly microplastics, is still
developing, and the long-term health implications remain incompletely understood.?®

5. Conclusions

This review indicates that tap water and bottled water provide comparable hydration when fluid intake is
adequate.r” Differences between them are more evident in mineral composition, contaminant exposure,
accessibility, and environmental impact than in direct short-term physiological outcomes. Bottled water may
contain higher concentrations of calcium and magnesium in specific cases, but these differences are inconsistent
and generally of limited clinical importance at the population level.* Tap water and bottled water also differ in
contaminant profile: tap water is more commonly associated with treatment- and infrastructure-related
contaminants, whereas bottled water is more frequently linked to microplastics and packaging-derived chemicals.®
Overall, in settings with reliable water regulation, tap water appears to offer a favourable balance of safety,
accessibility, and sustainability, while bottled water may remain useful in particular practical or infrastructural
contexts.* The available evidence therefore supports viewing tap water and bottled water as distinct water sources
with different advantages and limitations, rather than as options separated by major differences in basic health
impact.?*
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