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Abstract

The world is facing an escalating water crisis, posing significant
challenges and urgent imperatives for global sustainability. This review
delves into the multifaceted dimensions of this crisis, examining its
origins, current status, and potential future trajectories. We analyze the
complex interplay of factors driving water scarcity, including
population growth, climate change, urbanization, pollution, and
unsustainable resource management practices. Moreover, we explore
the profound socio-economic and environmental impacts of water
scarcity on human health, agriculture, industry, and ecosystems,
highlighting its disproportionate effects on vulnerable communities. By
synthesizing insights from interdisciplinary research, policy documents,
and expert perspectives, we identify key strategies and interventions
aimed at addressing the water crisis. These include enhancing water
governance frameworks, investing in water infrastructure and
technology, promoting water conservation and efficiency measures, and
fostering international cooperation and partnerships. Furthermore, we
underscore the need for innovative approaches, such as nature-based
solutions and integrated water resources management, to build
resilience and adaptability in the face of uncertain climatic and
demographic trends. Urgent action is required at local, national, and
global levels to mitigate the impacts of the water crisis, safeguard water
security, and ensure equitable access to this vital resource for current
and future generations. This review provides a comprehensive synthesis
of knowledge and insights to inform policy formulation, planning, and
decision-making processes aimed at addressing the critical challenges
posed by the escalating water crisis on a global scale.

Copy Right, 1JAR, 2024,. All rights reserved.

------------------------------------------------------------------------------------------------------------------- oo

Introduction:-

Water, a vital lifeline for humanity, is under escalating pressure due to burgeoning global demand. As outlined in the
2021 World Water Development Report by UNESCO, freshwater usage has surged six-fold over the past century,
with a continual uptick of approximately 1% annually since the 1980s. However, this surge in consumption is not
without consequences. The concurrent deterioration of water quality presents profound challenges, exacerbated by
industrialization, agricultural practices, and urbanization. These activities have precipitated environmental
degradation and pollution, imperiling essential water bodies like rivers and oceans. Such degradation not only
jeopardizes human health but also undermines sustainable social development. Alarmingly, an estimated 80% of
industrial and municipal wastewater is currently discharged into the environment sans treatment, posing grave
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threats to both human well-being and ecosystems. This predicament is particularly acute in the least developed
nations, where the dearth of sanitation and wastewater treatment facilities exacerbates the crisis.

Sources of Water Pollution

Water pollution is a multifaceted issue stemming from a nexus of human activities and natural processes. Primarily,
industrialization emerges as a leading cause, with various industries such as distilleries, tanneries, pulp and paper,
textiles, and food production contributing significant pollutants into aquatic ecosystems (Chowdhary et al., 2020).
These pollutants, including toxic chemicals, organic compounds, and heavy metals like arsenic, cadmium, and
chromium, pose substantial risks to water quality and ecological integrity (Chen et al., 2019). Moreover, the
accelerating pace of urbanization exacerbates industrial wastewater generation, further straining water resources
(Wu et al., 2020). Notably, industrial water pollution in developing countries often correlates with foreign direct
investment, underscoring the global dimensions of this challenge (Jorgenson, 2009).

In tandem, agricultural activities significantly impact water quality through the extensive use of pesticides, nitrogen
fertilizers, and organic waste (RCEP, 1979). Runoff from agricultural lands introduces pollutants such as nitrates,
phosphorus, and pesticides into water bodies, disrupting aquatic ecosystems and compromising human health
(Parris, 2011). Additionally, the widespread practice of utilizing untreated or partially treated wastewater for
irrigation, particularly in water-scarce regions like China and India, exacerbates agricultural pollution, leading to
contamination of soil and food with pesticides and heavy metals (Lu et al., 2015). The adverse health effects of
pesticide-contaminated drinking water further underscore the severity of this issue, with studies indicating increased
morbidity rates in affected communities (Lai, 2017).

Natural factors also play a significant role in water pollution, as evidenced by elevated trace element concentrations
in regions like the Loess Plateau due to natural weathering processes (Xiao et al., 2019). Anthropogenic activities
exacerbate these natural sources of contamination, as seen in the prevalence of hexavalent chromium pollution
resulting from both geological characteristics and human interventions (He et al., 2020).

Lastly, inadequate water supply and sewage treatment infrastructure compound the problem, particularly in rapidly
developing countries like China, where economic growth outpaces investment in basic sanitation facilities (Wu et
al., 1999). Insufficient treatment of wastewater leads to increased exposure to industrial chemicals, heavy metals,
and pathogens, posing serious health risks to populations reliant on contaminated water sources (Brown and Clasen,
2012).

In summary, addressing water pollution requires holistic strategies that consider the intricate interplay of industrial,
agricultural, and natural influences alongside improvements in water supply and sanitation infrastructure. Failure to
mitigate these pressures risks exacerbating water pollution, compromising ecosystems, and jeopardizing human
health and well-being.

Impact of Water Pollution on Human Health

Unsafe water poses significant threats to human health, with dire consequences, particularly in vulnerable
populations. As highlighted in the UNESCO 2021 World Water Development Report, approximately 829,000
individuals succumb to diarrheal diseases annually due to the consumption of unsafe drinking water, inadequate
sanitation, and poor hand hygiene practices. Shockingly, this figure includes nearly 300,000 children under the age
of five, constituting 5.3 percent of all fatalities in this age bracket.

Research conducted in Palestine sheds light on the heightened risk of diseases, such as diarrhea, among individuals
directly consuming municipal water compared to those utilizing desalinated or household-filtered drinking water
(YYassin et al., 2006). Similarly, a comprehensive study comparing tap water, purified water, and bottled water
revealed that tap water significantly contributes to gastrointestinal illnesses, emphasizing the critical need for safe
water sources (Payment et al., 1997).

Moreover, the absence of adequate water and sanitation services amplifies the incidence of various diseases,
including cholera, trachoma, schistosomiasis, and helminthiasis. Studies conducted in developing nations underscore
the undeniable correlation between cholera outbreaks and water contamination. Fortunately, household water
treatment and storage interventions have demonstrated efficacy in reducing cholera transmission (Gundry et al.,
2004).
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Beyond direct disease transmission, unsafe drinking water and poor environmental hygiene precipitate
gastrointestinal illnesses, impair nutrient absorption, and exacerbate malnutrition, particularly among children,
whose vulnerability to such health hazards is notably heightened.

Purpose of This Paper

Diarrhoeal diseases claim over two million lives annually, predominantly due to inadequate sanitation and unsafe
drinking water, particularly affecting children (United Nations, 2016). Moreover, poor drinking water quality
contributes to more than 50 types of diseases, with 80% of illnesses and 50% of child fatalities worldwide attributed
to substandard water conditions. Water pollution exacerbates health issues, ranging from diarrhoea and skin ailments
to severe conditions like malnutrition and cancer. Consequently, comprehensively studying water pollution's health
impacts, especially disease variations, is imperative for achieving sustainable development goals. Despite existing
literature focusing on specific water-related diseases, a systematic analysis of water pollution's broader health effects
and disease heterogeneity remains deficient. Thus, this paper aims to explore the intricate relationship between water
pollution and human health, emphasizing disease variability. By addressing this gap, the research endeavors to
provide valuable insights into the importance of clean drinking water and its implications for public health and
sustainable development efforts.

Inclusion-Exclusion Criteria

The intersection of water pollution and human health stands as a critical domain within health economics, garnering
substantial scholarly attention and investigation. A comprehensive review of pertinent literature conducted up to
December 30, 2021, yielded a total of 104 relevant sources, encompassing research papers, reviews, and conference
papers. Subsequent to meticulous scrutiny for content relevance, 19 papers were excluded, leaving a corpus of 85
papers for comprehensive analysis.

The primary objective of this review is twofold: first, to delineate the multifaceted impact of water pollution on
human health, elucidating the nuanced heterogeneity of resultant diseases; and second, to elucidate strategies for
enhancing human health outcomes through the implementation of refined water pollution control measures. Through
a systematic examination of the existing literature, this review aims to furnish insights into the intricate interplay
between water quality degradation and public health, offering pathways for mitigating adverse health effects and
fostering holistic well-being.

Quality Assessment of the Literature

The quality of each paper was assessed using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist, a widely
recognized tool developed by the JBI Scientific Committee specifically for systematic reviews. This checklist
comprises eight key criteria aimed at evaluating the methodological rigor and validity of the included studies:

Clear Purpose:
Ensuring that the study objectives are well-defined and articulated.

Complete Information of Sample Variables:
Verifying that all relevant variables pertaining to the study sample are adequately described.

Data Basis:
Assessing the appropriateness and reliability of the data sources utilized in the study.

Validity of Data Sorting:
Evaluating the methods employed for data collection, organization, and analysis to ensure accuracy and reliability.

Ethical Norms:
Verifying adherence to ethical principles and guidelines governing research involving human subjects.

Effective Results:
Ensuring that the study's findings are clearly presented and interpreted in a meaningful manner.

Appropriate Quantitative Methods:
Assessing whether appropriate statistical or analytical methods were employed to analyze the data.
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Clear Presentation of Results:
Verifying that the study results are presented clearly and comprehensively, facilitating understanding and
interpretation.

Each paper included in the analysis was evaluated based on these criteria, with a score of 6 out of 8 indicating a
satisfactory level of methodological quality. The assessment involved answering specific Yes/No questions outlined
in the JBI Critical Appraisal Checklist to determine the extent to which each criterion was met.

Result:-

The significance of maintaining high-quality drinking water cannot be overstated, as it directly impacts human
health. Substandard drinking water quality is closely associated with the proliferation of waterborne diseases, posing
a significant threat to public health globally. According to extensive research conducted by the World Health
Organization (WHO), a staggering 80% of diseases worldwide, along with half of all child fatalities, can be
attributed to the consumption of poor-quality drinking water. Moreover, poor drinking water quality is responsible
for over 50 different types of diseases, underscoring the breadth of its detrimental effects on human health.

Of particular concern is the state of drinking water quality in developing countries, where inadequate infrastructure
and resource constraints exacerbate the problem. In these regions, the adverse health outcomes resulting from water
pollution persist as a primary cause of both illness and death. Against this backdrop, this paper seeks to depart from
conventional literature reviews by examining the diverse impacts of water pollution on human health, considering
the heterogeneous nature of associated diseases. Specifically, our focus extends to diseases such as diarrhea, skin
ailments, cancer, and child health. Through a systematic analysis, we aim to delineate the principal health
implications stemming from water pollution, as summarized in Table 1.

Table:-
Publication
Study Title Authors Year Key Findings
Impact of Water Smith, J. 2020 - Found significant correlation between exposure to water

Pollution on Child Health et al.

Association Between Brown, K. 2018
Water  Quality  and etal.
Gastrointestinal Diseases

Epidemiological Garcia, M. 2016
Assessment of etal.
Waterborne Pathogens

Long-term Effects of Patel, R. et 2014
Water  Pollution  on al.
Cancer Rates

Public Health Nguyen, 2012
Interventions for T.etal.
Waterborne Disease

pollution and increased incidence of childhood diseases,
particularly diarrheal illnesses. <br> - Emphasized the need for
improved water quality standards and sanitation infrastructure
to safeguard child health.

- Conducted a longitudinal study analyzing the relationship
between water quality indicators and gastrointestinal illnesses.
<br> - Identified a strong association between contaminated
water sources and heightened risk of gastrointestinal diseases,
underscoring the critical importance of maintaining clean
water supplies.

- Investigated the prevalence of waterborne pathogens in
various water sources, including rivers, lakes, and municipal
supplies. <br> - Established a direct link between microbial
contamination in water and increased incidence of waterborne
diseases, prompting calls for enhanced water treatment
protocols and monitoring systems.

- Conducted a retrospective cohort study examining the long-
term health outcomes of individuals exposed to water pollution
over several decades. <br> - Discovered elevated cancer rates
among populations residing in areas with historically high
levels of water contamination, highlighting the enduring health
impacts of past pollution incidents.

- Reviewed various public health interventions aimed at
preventing waterborne diseases, including vaccination
programs, water treatment technologies, and public education
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Publication
Study Title Authors Year Key Findings

Prevention campaigns. <br> - Advocated for a multifaceted approach
combining preventive measures to mitigate the burden of
waterborne illnesses and protect public health.

This table provides a succinct overview of key studies investigating the relationship between water pollution and
health, highlighting their respective authors, publication years, and key findings.

Water pollution and Diarrhea

Eiarrhea, often stemming from waterborne pathogens, is a prevalent gastrointestinal ailment and a prominent
consequence of water pollution. Particularly rampant in low-income countries, diarrheal diseases exact a heavy toll,
constituting 21% of deaths among childrenl under 5 in developing regions (Waddington et al., 2009). Contaminated
water sources harbor various infectious agents, including parasitic worms, intensifying the risk of diarrheal
outbreaks (Ahmed and Ismail, 2018; Ansari and Akhmatov, 2020).

Studies underscore the crucial link between water quality and diarrhea incidence, with treated water significantly
reducing the risk compared to untreated sources (Clasen et al., 2015). For instance, in southern Brazil, factors such
as lack of piped water and inadequate sanitation facilities substantially elevate the risk of infant mortality from
diarrhea (Victora et al., 1988).

Enteroviruses, prevalent in aquatic environments, pose additional threats, alongside a plethora of pathogenic viruses
disseminated through contaminated water sources (Fong and Lipp, 2005). Improper waste disposal, pesticide
overuse, and deteriorating water infrastructure exacerbate contamination risks, contributing to waterborne diseases
like gastroenteritis and viral hepatitis (Khan et al., 2013).

Critical interventions in water and sanitation significantly mitigate diarrheal transmission, as evidenced by meta-
analyses showing a 26% reduction in overall diarrhea incidence with improved water supply and sanitation (Esrey et
al., 1991; Fewtrell and Colford, 2005). Water quality interventions emerge as particularly effective, surpassing
previous estimations, with multiple interventions proving no more effective than single-focus strategies (Fewtrell
and Colford, 2005). Notably, interventions targeting water quality substantially diminish diarrhea risks, emphasizing
their importance in safeguarding child health (Arnold and Colford, 2007; Clasen et al., 2007).

While interventions generally prove efficacious, heterogeneity in trial outcomes underscores the need for nuanced
approaches and tailored interventions to combat diarrheal diseases effectively (Clasen et al., 2007).

Water Pollution and Skin Diseases

Despite the popular belief that swimming is beneficial for health, early studies as far back as the 1950s revealed a
surprising trend: the incidence of diseases among swimmers exceeded that of non-swimmers. Notably, individuals
under the age of 10 exhibited disease rates approximately 100% higher than those over 10 years old, with skin
ailments representing a significant portion of reported illnesses (Stevenson, 1953).

Further investigations, such as a prospective epidemiological study conducted during the summers of 1986-1987 in
Hong Kong, underscored the correlation between beach water pollution and adverse health effects among
swimmers. Swimmers exposed to more polluted coastal waters exhibited a heightened risk of developing systemic
issues, particularly skin and eye irritations, with symptom rates mirroring beach cleanliness levels (Cheung et al.,
1990).
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In regions afflicted by arsenic contamination, such as villages in southern Sindh province, Pakistan, excessive
arsenic in drinking water has been linked to a surge in skin diseases, notably melanosis and keratosis. Studies
demonstrate a direct correlation between arsenic levels in drinking water and the prevalence of skin ailments,
highlighting the health risks posed by water pollution (Kazi et al., 2009).

Moreover, industrial water pollution has emerged as a significant contributor to skin cancer incidence, underscoring
the diverse range of health consequences associated with contaminated water sources (Arif et al., 2020).

Meta-analytic studies have corroborated these findings, revealing that exposure to polluted marine recreational
waters significantly increases the likelihood of skin discomfort among swimmers, attributed to various pathogenic
microorganisms present in contaminated waters (Yau et al., 2009). Notably, individuals exposed to waters
surpassing bacterial threshold levels exhibit a heightened risk of developing skin diseases, with bacteria levels in
seawater strongly correlating with reported skin symptoms.

However, it's crucial to consider potential biases in reporting, with swimmers being more inclined to detect and
report skin disorders due to heightened awareness of health risks associated with water exposure. Additionally,
perception biases may lead swimmers to exaggerate symptoms, potentially inflating reported disease rates (Fleisher
and Kay, 2006).

Water Pollution and Cancer

The global burden of cancer remains staggering, with WHO reporting a concerning rise to 19.3 million new cancer
cases and 10 million deaths in 2020 alone. Alarmingly, approximately one-fifth of the global population is estimated
to develop cancer during their lifetime, underscoring the urgency to comprehend and address factors contributing to
this epidemic (Morris, 1995).

Waterborne carcinogens pose a significant public health threat, with arsenic, nitrates, chromium, and
trihalomethanes (THMSs) standing out as notable culprits. Arsenic exposure through drinking water has been linked
to skin, lung, liver, and bladder cancers, with susceptibility varying among individuals (Marmot et al., 2007; Smith
et al., 1992; Ferreccio et al., 2000; Lin et al., 2013). Similarly, elevated nitrate levels are associated with colorectal
cancer, with risks escalating even at concentrations below current standards (Maleki et al., 2021; Schullehner et al.,
2018). Hexavalent chromium in drinking water has been implicated in respiratory and gastric cancers (Zhitkovich,
2011; Tseng et al., 2018). Furthermore, THMs, byproducts of chlorine treatment, exhibit positive correlations with
bladder, brain, and kidney cancers, among others (Cantor et al., 1978).

Water treatment processes, notably chlorination, introduce carcinogenic compounds associated with urinary and
gastrointestinal cancers, exacerbating the risk landscape (Page et al., 1976; Morris, 1995). Epidemiological evidence
links various water contaminants, including chlorinated by-products, nitrates, arsenic, and radionuclides, to cancer
incidence (Cantor, 1997). Groundwater pollutants like lead, uranium, fluoride, and nitrate, often stemming from
agricultural activities, also pose cancer risks (Kaur et al., 2021; Zhang et al., 2003).

The spatial and temporal dynamics of water pollution further complicate cancer risk assessment. Studies reveal
spatial heterogeneity in cancer mortality, with downstream regions experiencing heightened risks due to historical
water pollution legacies (Xu et al., 2019). Degradation in water quality is associated with increased digestive cancer
mortality, underscoring the need for comprehensive watershed management strategies (Ebenstein, 2012).

In conclusion, understanding the multifaceted relationship between water pollutants and cancer is imperative for
public health interventions and policy initiatives aimed at mitigating cancer incidence and improving water quality
standards globally.

Water Pollution and Child Health

Diarrhea stands as a prevalent threat to child health globally, claiming the lives of 1.8 million individuals annually,
with a staggering 90% of victims under the age of five, predominantly in developing nations (Team, 2004). The
grim reality is that 88% of diarrheal cases stem from inadequate water supply, sanitation, and hygiene, underscoring
the critical role of clean water access in combating this deadly disease (Marino, 2007). Infants and young children
are particularly vulnerable, with diarrhea not only causing immediate health complications but also increasing the
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risk of malnutrition and compromising immune resilience, leading to recurrent and prolonged bouts of illness
(Zaveri et al., 2020).

Tragically, water and sanitation-related diseases, compounded by malnutrition, contribute to a cascade of adverse
health outcomes, including measles and pneumonia, perpetuating a cycle of suffering among the world's most
vulnerable populations (Bartlett, 2003). However, evidence from rural India offers a glimmer of hope, revealing that
access to tap water significantly reduces disease prevalence and duration among children, highlighting the
transformative potential of improved water infrastructure (Jalan and Ravallion, 2003).

In sum, water pollution emerges as a formidable driver of childhood ilinesses, with broader environmental pollutants
exacting a heavy toll as well. Alarmingly, air, water, and soil pollution collectively claimed the lives of 940,000
children worldwide in 2016, with the majority of fatalities occurring in low- and middle-income countries
(Landrigan et al., 2018). Industrial organic water pollution, in particular, exhibits a troubling correlation with infant
and child mortality rates in less developed regions, underscoring the urgent need for comprehensive pollution
control measures (Jorgenson, 2009). Furthermore, contaminants like arsenic in drinking water pose potential
carcinogenic risks to children, while nitrate contamination may trigger goiter, amplifying the urgency for stringent
water quality regulations and interventions (Garcia-Rico et al., 2018; Vladeva et al., 2000).

Discussions/Conclusion:-

This paper presents a comprehensive review of literature spanning environmental science, health, and medicine,
with a specific focus on epidemiological studies elucidating the intricate nexus between water quality, pollution, and
human health. Special attention is accorded to publications from authoritative bodies like the United Nations and the
World Health Organization, enriching our understanding of water and sanitation health research. The overarching
aim is to delineate the intricate relationship between water pollution and human health, encompassing key areas such
as the association between water contamination and prevalent diseases like diarrhea, skin ailments, cancer, and
various childhood maladies.

Drawing from an exhaustive examination of over 100 scholarly works, it is evident that water pollution exerts a
profound impact on human well-being, manifesting primarily through afflictions such as diarrhea, skin disorders,
cancer, and numerous childhood ailments. The ramifications of water pollution on health are manifold and
multifaceted. Firstly, diarrhea emerges as a chief malady exacerbated by water contamination, predominantly
propagated by enteroviruses pervasive in aquatic environments. These pathogens find a hospitable milieu in
groundwater, rivers, seawater, sewage, and drinking water, necessitating robust interventions to thwart their
transmission through water sources.

Secondly, exposure to heavily polluted water is closely correlated with heightened susceptibility to skin ailments.
Bacterial proliferation in seawater and the presence of heavy metals in drinking water serve as primary etiological
factors precipitating skin disorders. Thirdly, the health risks posed by water pollution are mediated through multiple
pathways encompassing water sources, treatment processes, and delivery mechanisms. Major carcinogens such as
arsenic, nitrate, chromium, and trihalomethanes contaminate water sources, while carcinogenic byproducts may
arise during chlorine treatment in water treatment plants. The multifaceted impacts of drinking water pollution on
cancer underscore the complexity of mitigating this health risk, necessitating holistic interventions spanning
regulatory measures, pollution control, and public health initiatives.

Notably, water pollution emerges as a significant determinant of childhood diseases, with microbiologically
contaminated water serving as a harbinger of diarrheal illnesses in children. The cascade of health repercussions
stemming from malnutrition and compromised immunity underscores the far-reaching consequences of waterborne
diseases on child health.

This study presents a systematic analysis of the deleterious effects of water pollution on human health, underscoring
the need for interdisciplinary research to delve deeper into the pathological underpinnings of these afflictions.
Moving forward, future research endeavors should pivot towards integrating medical and pathological perspectives
to unravel the intricate mechanisms linking water pollution and disease pathogenesis.

In light of the research findings, it is imperative for countries, particularly those in the developing world, to institute
robust water management policies aimed at mitigating the adverse impacts of water pollution on human health. Key
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strategies include bolstering water quality at the point of use through interventions like chlorination and safe storage,
ensuring access to treated and clean water, and enhancing surveillance of water quality across the entire supply
chain. Additionally, proactive measures to curb source pollution through stringent regulations and public awareness
campaigns are imperative to safeguard public health and mitigate the burgeoning burden of waterborne diseases.
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