CHAPTER 6

Safe and Sustainable Water Access for
Children Under Climate Change: A Global
Inequality Perspective

Gamze Katircioglu Sinmaz!

1. Introduction

Access to clean drinking and domestic water is a fundamental right for all
children. Globally, equal access to water resources and their sustainable use must
be ensured. However, inefficient use of existing resources leads to water scarcity
with the impact of climate change. When water management in developed and
developing countries is compared, the geographical injustices in children’s access
to water stand out. This study examines the causes of global water scarcity, water
reuse practices, and water losses across different regions. It explores both the
direct and indirect impacts of barriers to clean water access on child health and
well-being. Water reuse and child-oriented climate adaptation strategies, which
become increasingly important with climate change, are discussed. Strategies for
protecting existing water resources in high-income and low-income countries,
as well as actions to reduce water losses in distribution networks, are analysed.
In this chapter, the obstacles preventing children worldwide from accessing safe
and sustainable drinking water are discussed comprehensively, existing injustices
are highlighted, and solutions for improving the current situation are proposed.

Access to clean water is a basic right for children’s well-being and development.
Within the framework of the United Nations Convention on the Rights of the
Child, water is considered not only a physiological need but also an inseparable
prerequisite for a child’s “right to life and development” and “right to access
the highest attainable standard of health” (United Nations, 2010). Therefore,
the conservation of water resources is a key issue to address for international
child welfare. This problem is even more important when considering children’s
rights. Children’s immune systems are more sensitive than adults’, making them
much more vulnerable to water pollution and deprivation (Rhue et al., 2023).

The World Health Organization (WHO) reports that billions of people

still lack access to safe drinking water. This problem leads to outbreaks of
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disease and hygiene issues (World Health Organization [WHO], 2024).
Clean drinking water is a fundamental condition of social justice to eliminate
intergenerational inequality and reduce child mortality. States and policymakers
have a responsibility to ensure the provision of safe, adequate and continuous
water services.

Approximately 97.5% of the world’s water is saltwater, with the remaining
2.5% being freshwater. However, a large portion of this freshwater is trapped
in glaciers or deep underground layers. River and lake water that is directly
accessible and potable by humans constitutes less than 0.01% of all the water
on Earth (Oki & Kanae, 2006). While the proportion of freshwater remains
constant, alarming variability in the availability of safe freshwater resources and
terrestrial water storage areas has been observed in the last two decades due to
anthropogenic climate change (Scanlon et al., 2023).

Climate change is altering hydrological flows by increasing temperatures,
prolonging droughts, changing rainfall patterns, and intensifying floods.
These pressures reduce the reliability of water sources and increase the risk of
contamination in both surface and groundwater resources (Mourot et al., 2025;
Xu et al., 2012). United Nations Children’s Fund (UNICEF) states that climate
change creates a significant risk to children, particularly in low-income countries.
Children are also highly vulnerable because they depend on household water-usa
conditions (UNICEF, 2021a, 2023a). For children, these situations turn into
greater exposure to infections, nutritional stress, and educational interruptions.
This is linked to unequal living outcomes from childhood. These effects also
impact children’s chances of survival and long-term development.

This chain of cause and effect shows that the most visible and long-term
effects of problems in water systems are most clearly felt in the lives of children.
In particular, inadequate infrastructure, service discontinuities, deficiencies
in quality assurance, rural-urban disparities, and income-based access gaps,
combined with climate pressures, deepen the risks faced by children. Therefore,
water insecurity among children should be addressed as a problem resulting
from the intersection of climate change, social inequalities, and pressure on
natural resources. In this context, water insecurity is a profound climate justice
crisis that affects the distribution of children’s rights and intergenerational rights.

The existing literature mostly addresses water scarcity and climate change
through environmental and technical indicators, generally positioning children
as a secondary vulnerable group. More specifically, studies examining the
consequences of water quality and service reliability on children in different
socioeconomic regions are limited.
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This book chapter examines the structural vulnerabilities emerging in water
systems under the pressure of climate change from a child-centered perspective.
In this context, the direct and indirect impacts of water access, water scarcity,
and water quality issues on children are assessed within the context of regional
and socioeconomic inequalities. This chapter is positioned at the intersection of
children’s rights and climate justice frameworks and is structured as a literature
review. It argues that access to safe water must be understood in relation
to children’s health, development, and fundamental rights, rather than as a
technical issue.

2. Global Water Scarcity

The effects of climate change on the water cycle are observed through
changes in precipitation patterns and groundwater recharge. These changes
affect the quality and the reliability of existing water resources. This makes water
quantities more unstable and puts increasing pressure on water supply systems.
Furthermore, changes in the water cycle disrupt daily life, particularly affecting
households in low-income countries.

Global water scarcity is a serious problem driven by climate change, rising
water demand, and inadequate water management. Figure 2.1 categorises water
stress levels from low to high worldwide. It highlights regions where the demand
for water significantly exceeds the sustainable supply. North Africa, Northern
China, and South Asia are particularly affected by high water stress (World
Resources Institute-WRI, 2026).

Figure 1.
Global water stress (WRI, 2026).
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Water stress is defined as a situation in which demand for water in a region
exceeds available water resources (Wang et al., 2021). On the other hand, water
scarcity is a lack of physical or economic access to water (Liu et al., 2017).
Under conditions of water scarcity, children are not only more vulnerable to
health risks, but may also be deprived of education and social activities due to
increased household water supply burden. Sustainability problems in access to
water, especially in low-income regions, reshape children’s daily routines and
transform the childhood experience into a structural vulnerability.

In a study of 26 African countries, they reported that an estimated 4.63
million children were out of school, and 1.5 million had dropped out (Gyan &
Duan, 2024). Water scarcity is an important environmental and social risk factor
in education. Improving access to water, especially in developing countries, is
critical to achieving educational goals. Children living in homes without access
to water are at greater risk of stunted growth and anemia.

It is clear that the time children spend accessing water results in reduced time
for other social activities (Kothari et al., 2019; Le & Giang, 2025). Research
on the adverse effects of water insecurity on children has generally focused on
gastrointestinal infections. In addition, water insecurity poses a risk to children’s
health through mental health problems related to inadequate fluid intake (Rhue
etal., 2023).

2.1. Availability and Storage of Freshwater Resources

Freshwater is an essential component for the survival of living organisms
and the sustainability of ecosystems. However, most of the freshwater is stored
in glaciers and underground reserves and the amount of directly accessible
water is quite limited. Increasing population, agricultural production, and
industrialisation are rapidly increasing the demand for freshwater on a global
scale, putting significant pressure on available resources. This pressure leads to
water stress and water scarcity, which is a common problem in many regions.
This situation, which also reflects global inequality, means that children born
in water-scarce regions start life with a fundamental health and developmental
disadvantage.

Climate change is altering rainfall patterns and the hydrological cycle, making
the distribution of water more unpredictable. Disruptions in the hydrological
cycle change surface runoff, groundwater recharge processes and evaporation
patterns. This situation directly affects the availability of surface water and
groundwater systems (Dao et al., 2024). Drought conditions and retreating
glaciers directly threaten freshwater resources. Droughts are also observed in
some regions due to excessive underground water withdrawal (Rodell et al.,
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2018). Moreover, it weakens the resilience of water supply systems during dry
periods.

Climate change and global warming cause water scarcity by damaging the
hydrological cycle. Therefore, the current state of freshwater resources is critically
important for addressing water scarcity, ensuring the reliability of water services,
and preventing social inequalities. From a climate justice perspective, water
scarcity is a distributive injustice because those who contribute the least to
global emissions are often the ones facing the most severe water stress.

The increase in global water consumption can be attributed to several
factors, such as population growth and industrial development. The middle
and lower regions of the northern hemisphere are struggling with severe water
scarcity. In these regions, economic difficulties hinder the construction of
drinking water infrastructure (Liu et al., 2017). These conditions exacerbate
global education and health inequalities, particularly in impoverished areas,
by forcing children to leave school or turn to unsafe water sources. The lack of
investment in groundwater monitoring and water resource planning further
increases water insecurity.

Managing available freshwater is vital, especially in regions with high water
scarcity. Storage problems, water supply interruptions, and infrastructure issues
are critical because they affect water quality. This weakens the continuity of water
services, particularly during drought periods, and increases the risk for children
in low-income regions. Addressing these infrastructure gaps is fundamental
to procedural and restorative justice, thereby ensuring that water security is
recognized as a basic human right.

2.2. Effect of Climate Change on Fresh Water

Under climate change, drought processes propagate more rapidly
from meteorological to agricultural and hydrological stages, extending
into socioeconomic drought. These cascading effects substantially impair
agricultural production, economic performance, and regional water resource
sustainability (Disasa et al., 2026). The decline in agricultural productivity leads
to food shortages, significantly increasing the risk of malnutrition and related
developmental delays in growing children. In 2023, the global mean temperature
was recorded as 1.45 °C (20.12 °C). It is the hottest year in recorded history
(World Meteorological Organization [WMO], 2024). The observed changes
in drought types are thought to be driven by precipitation heterogeneity and
rising solar radiation.

The protection of freshwater resources is also important for conserving
global aquatic biodiversity. Problems such as decreasing water resources,
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drought, and high temperatures threaten the lives of aquatic organisms in this
environment. The increase in dryness is more apparent in the Mediterranean
and Sahara regions (Disasa et al., 2026). In recent years, this has resulted in
simultaneous floods, heat waves, heavy rainfall, and prolonged droughts. Africa
experienced severe floods due to El Nifio, and thousands of lives were lost. On
the other hand, groundwater in North Africa continued to decline due to long-
term overdraft. In Asia and Oceania, floods, low flows in some large basins and
significant reductions in snow water equivalent were reported in many regions.
The retreat of small glaciers also points to the long term impacts of climate

change (WMO, 2024).

Groundwater is considered a large underground buffer for water storage
in the natural hydrological cycle. The quality and quantity of groundwater is
directly linked to climate change. Temperature changes especially affect the
dissolved matter content of groundwater and microbial activities (Dao et al.,
2024). Alterations in microbial activity raise the risk of waterborne infections
in children whose immune systems have not yet reached full maturity. In many
cases, groundwater is more readily available and of higher quality than surface
water, particularly during periods of drought (Mourot et al., 2025). However,
extreme meteorological events can lead to shifts in the loading of chemicals to
groundwater and changes in many soil processes, making groundwater more
susceptible to contamination (Dao et al., 2024). Consequently, it is vital that
requisite measures be implemented to protect and maintain the availability of
groundwater.

The consequences of the hydrological disruptions are not limited to
environmental change. They also cause worse water quality and increased water
insecurity. For children, this means limited access to safe drinking water and
reduced hygiene standards. In this way, climate change affects children’s health
not only indirectly through water scarcity but also directly through deteriorating
water service conditions. Consequently, pressures on water resources pose a
threat to children’s current well being and their future ability to realize their
physical and cognitive potential.

2. 3. Distribution System Failures, Water Losses, and Child
Health Risks

It is important to note that one of the most evident ways in which water
scarcity and climate-related pressures affect households is through the loss of
treated water within distribution networks. Increased water stress is making
it more challenging not only to ensure resource availability but also to deliver
water safely to the consumers. Globally, on average, 30% of water produced in
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drinking water networks is lost from source to household. In areas where water
lines are poorly maintained and outdated, children face a significantly higher
baseline risk of survival and growth than those in well-funded urban centers.

Non-revenue water is defined as the gap between supplied and billed water
volumes (Farley & Trow, 2003). The majority of non-revenue water stems from
physical water losses, with hidden leaks being the dominant cause, particularly
in high-income nations. In water loss reduction studies conducted in high-
income countries, on a case-by-case basis, water loss was reduced by an average
of 10% in NRW, Australia and Japan, 7% in Denmark, and up to 5% in the
Netherlands (Liemberger & Wyatt, 2019; Van Thienen et al., 2025). In high-
income countries, low water loss rates depend on the effective implementation
of sustainable infrastructure investments, continuous monitoring, and
performance-based leakage management. These conditions maintain an
uninterrupted supply of safe drinking water, which is particularly critical for
children, who are more sensitive to service interruptions, water contamination,
and hygiene constraints.

In low- and middle-income countries (LMICs), persistently high water
losses are mostly driven by aging infrastructure, weak institutional capacity,
limited regulatory enforcement, and short-term water governance policies. In
Glendale/Zimbabwe, the percentage of NRW increased from approximately
50% to 68% between 2014 and 2020 due to a reduction in the volume of water
billed (Mubvaruri et al., 2022). In Kenya, non-revenue water loss currently
averages 43%, with only a four-percentage-point reduction recorded over the
past decade (Macharia et al., 2021). For children in these environments, high
water-loss rates translate into chronic water insecurity. Therefore, relying on
alternative sources that are often unsafe reinforces the cycle of poor health and
missed developmental milestones from early childhood. These governance gaps
hinder long-term investments and performance-based monitoring for leakage
control, thereby perpetuating chronically high water loss across many urban
water utilities in LMICs.

Water loss reduction also stabilizes network pressure, limiting contaminant
intrusion events that occur during low or negative pressure conditions. The high
rate of water loss is a serious threat to service continuity, distribution system
integrity, and public health. This results in the loss of large quantities of treated
water from the network and intermittent and insecure water supply, especially
in low-income areas. Infiltration of sewage or surface contaminants into the
distribution system during pressure transients is identified as a significant public
health risk. Because children’s immune systems and physiological structures are
still developing, they are disproportionately impacted by these contamination
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events. Children often suffer from severe dehydration and nutrient malabsorption
following recurrent waterborne infections.

In a study by Adane et al. (2017) in Ethiopia, periodically intermittent
piped water supply and E. coli contamination of household stored water
were independently associated with an increased likelihood of acute diarrhea
in children under five years of age. Continuously available piped water and
improved domestic water use practices have been reported to reduce fecal
contamination and thus the risk of diarrhea in young children.

The negative effects of failures in water distribution systems on child
health are also observed in developed countries. In the first days following a
major water main break in Massachusetts, there was a significant increase in
emergency department admissions for acute gastrointestinal illness 1,189 of the
5,726 total patients reported as children under 5 years of age. These findings
show that network integrity disruptions and failures leading to water loss can
increase the risk of waterborne diseases within a short period and adversely affect
pediatric health (Lin et al., 2019). Ensuring safe, continuous drinking water by
reducing water loss from drinking water systems through effective water-loss
management is essential to reducing preventable waterborne diseases in children
and promoting healthy development.

When these findings are taken together, they demonstrate that climate-related
water scarcity cannot be understood simply as a decrease in water availability.
Rather, it impacts groundwater storage systems and disrupts the hydrological
cycle, and weaknesses in delivering clean drinking water to households ultimately
lead to unequal outcomes for children. These consequences, in addition to
causing acute and chronic health problems globally, also lead to factors that
negatively affect the quality of daily life in low - and middle -income countries
in the long term. In conclusion, the failure to address high rates of water loss
impedes global equality. This situation deprives children in disadvantaged
communities of their right to access clean and safe water.

3. Inequitable Access to Safe Drinking Water

The WASH (Water, Sanitation, and Hygiene) approach is a comprehensive
strategy encompassing access to potable water, adequate sanitation infrastructure,
and basic hygiene services. It plays a central role in protecting public health
and improving child health outcomes (WHO & UNICEE 2025). Sustainable
Development Goal 6 focuses on ensuring the availability and sustainable
management of water and sanitation for all. The sixth Sustainable Development
Goal’s primary objective is to secure universal access to safe and affordable
drinking water by 2030. It is very important to ensure that all individuals on
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Earth have access to sanitation and hygiene services (United Nations, 2015).

Sustainable Development Goal 6 and WASH aim to ensure universal and
equitable access to safely managed drinking water services. However, significant
inequalities remain between different settlement types. Figure 3.1 shows long-
term trends in access to safe drinking water by type of settlement between 2000
and 2022. Safe drinking water is water free of fecal and chemical contamination
from a reclaimed source (WHO, 2026). When the figure is examined, it can
be seen that although access to safe water has increased over time, significant
disparities remain between rural and urban areas. The rate of access to safe water
is 81% in urban settlements, while it is 62% for rural areas in 2022.

Figure 2.
Population with access to safe drinking water (%), 2000-2022 (WHO, 2026)
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Children constitute a significant portion of the population. The low rate of
access to safe water in rural areas, at only 62%, translates into increased risks for
child health. At the same time, this disparity in rates indicates that progress in
water service delivery is also uneven. There is a need to develop child-centered
and equity-focused climate adaptation policies.

3.1. Water Access and Quality in Low and Middle Income

According to UNICEF’s Triple Threat report, an estimated 600 million
children worldwide lack access to safely managed drinking water. In addition,
1.1 billion children lack access to safely managed sanitation services, and 689
million lack even basic hygiene services. Moreover, 149 million children still
practice open defecation. Unsafe water, sanitation, and hygiene conditions
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contribute to approximately 400,000 deaths among children under five each
year, which corresponds to nearly 1,000 deaths per day. In addition, over 190
million children live in the 10 countries most affected by the convergence of
inadequate WASH access, related diseases, and climate hazards (UNICEE
2023b).

These inequalities are particularly concentrated in low-income countries and
rural areas. Service coverage in rural areas is significantly lower than in urban
areas. Lack of access to safe water and sanitation services disproportionately
impacts pediatric health outcomes. Furthermore, UNICEF reports that 1.7
billion people lack access to basic sanitation services (WHO & UNICEE, 2025).
According to UNICEF’s Triple Threat report and the WHO/UNICEEF Joint
Monitoring Programme (JMP) 2025 report, when evaluated as a whole, the
data confirms that children constitute the majority of vulnerable groups most
affected by a lack of access to safe drinking water.

Barriers to children’s access to clean and safe drinking water lead to direct
and indirect health impacts that extend far beyond the consequences of
illness. Limited access to safe drinking water and sanitation is a major cause
of preventable childhood diseases, and there is strong evidence linking WASH
(Water, Sanitation, and Hygiene) absence to increased of diarrhea cases in
children (Merid et al., 2023). Repeated exposure to unsafe drinking water
increases children’s risk of acute infectious diseases and contributes to chronic
malnutrition and growth retardation. Microbial contamination of drinking

water has been shown to cause diarrhea, significantly increasing the risk of
stunting in children in LMICs (Le & Giang, 2025).

Beyond direct biological impacts, unequal access to water and sanitation
services also affects children’s education, hygiene practices, and life opportunities.
Socioeconomically disadvantaged children are less likely to benefit from these
improved services (Castillo et al., 2025). Globally, significant structural
inequalities exist in water services. Millions of children lack access to safely
managed drinking water (UNICEE, 2023b). Another negative consequence
is that girls may be less likely to attend school, particularly when they are
responsible for collecting water. Therefore, inadequate access to clean water is a
systemic determinant of children’s physical and cognitive maturation and social
equity, rather than simply an environmental or infrastructural deficiency.

From a climate justice perspective, the discrepancy in water, sanitation, and
hygiene (WASH) infrastructure is not just a technical issue. This inequality
contradicts the principles of intergenerational and distributive justice. For
example, causal evidence from a study in Afghanistan shows that unsafe
drinking water and poor sanitation significantly increase mortality in children
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under five (Ghafoori, 2022). These fatalities demonstrate that children in
countries least responsible for global climate change are exposed to the most
deadly consequences. A study involving 330,866 children living in 27 LMICs
assessed the potential to reduce the incidence of diarrhea among children under
5 years old. It was reported that the combined effect of safe water and sanitation
reduced the risk of diarrhea in children by 24.5% (Merid et al., 2023). A study
in Mozambique found that access to improved drinking water significantly
reduced the risk of stunting in children, whereas sanitation showed weaker,
more inconsistent associations with growth outcomes. Therefore, prioritizing
clean water has been shown to be critical for reducing chronic malnutrition
in similar low and middle-income countries (Castillo et al., 2025). The high
incidence of stunting in these regions is a clear indication that water insecurity
has a direct impact on intergenerational equity. An international study covering
33 countries in Sub-Saharan Africa found that children living in households with
improved water quality but poor sanitation facilities are statistically significantly
more likely to have diarrhea than those living in households with improved
water and sanitation facilities (Amadu et al., 2023). In the final analysis, the
guarantee of fair access to integrated WASH services is a vital component of
climate justice. It upholds the fundamental right of every child to healthy
development, regardless of their origins.

Global inequalities in access to safe water are particularly severe for children.
According to UNICEE, one in three children (approximately 739 million) live
in areas with high or very high water scarcity, and climate change is exacerbating
these conditions. Furthermore, this reflects not only problems with water
quantity but also inconsistent supply and poor water quality (UNICEE
2023a). Despite progress made in expanding access to drinking water services
globally, significant risks remain for children worldwide. Figure 3.2 shows the
distribution of drinking water service levels by continent in 2015 and 2024

(WHO & UNICEE 2025).
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Figure 3.
Global drinking water, 2015-2024 (WHO & UNICEE 2025)
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While regions such as Europe, Northern America, Australia and New
Zealand demonstrate near-universal coverage of safely managed services, regions
such as Sub-Saharan Africa, Oceania, and least developed countries continue to
rely heavily on less secure water sources (WHO & UNICEEF, 2025). As shown
in Figure 3.2, although improvements are evident in most regions between
2015 and 2024, progress has remained uneven. A Significant portion of the
population in low-income and fragile communities still lacks access to safely
managed drinking-water services. From a distributive justice perspective, the
stark contrast between universal inclusion in the global North and the ongoing
reliance on surface water in Sub-Saharan Africa and Oceania highlights the
unethical distribution of essential life resources. This stark difference is further
complicated by historical injustice. While developed nations achieved ‘Safely
Managed’ water status through industrialization processes that fueled the current
climate crisis, low-income nations have struggled to cope with far more variable
hydrological conditions. The critical point is that these trends represent a direct
violation of intergenerational justice.

This significant disparity also leads to social inequalities. In light of climate
justice principles, this inequality in access to water affects young people’s right
to education and their future equality of opportunity. As one of the effects of
this situation, the difficulties young women experience with menstrual hygiene
negatively impact their social lives and mental health. Dehydration during
these periods can worsen discomfort and menstrual cramps (Rhue et al., 2023).
Furthermore, climate-related disruptions to water services and increased pressure
on infrastructure contribute to indirect consequences such as school absenteeism
and learning loss, ultimately limiting children’s lifelong opportunities.

Water injustice is most severely manifested during wars, as water resources
are damaged. UNICEF’s “Water Under Fire” report details the negative impacts
of attacks on water resources and infrastructure on children’s survival during
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wars. The report shows that damage to water and wastewater infrastructure
directly disrupts children’s access to clean water and significantly increases the
risk of waterborne diseases. It also reveals that millions of children in conflict-
affected regions such as Yemen, Syria, the State of Palestine, Iraq, and Ukraine
are forced to rely on unsafe water sources.

The devastation caused by ongoing wars around the world is causing long-
term damage to air, soil, surface water, and groundwater. The destruction of vital
resources, such as water, violates international law. This also undermines the
principle of restorative justice. Protecting water infrastructure and resources is
critically important for people, especially children, in conflict zones (UNICEE
2021b).

3.2. Water Access and Quality in High income Countries

It is beyond doubt that children in high-income countries have easier access
to clean, safe drinking water than those in low- and middle-income countries.
However, some studies in the literature have also confirmed that water safety is
not a problem specific to low and middle-income countries. The literature states
that various contaminants pose a significant problem in drinking water, even at
low concentrations. As an example of these studies, in a city in the USA, changes
in the water supply led to lead leaching into drinking water from old water
pipes. This led to a significant increase in children’s blood lead levels. It has been
reported that blood lead levels in children increased from 2.4% to 4.9% after
the change in the water source. In some neighborhoods, this rate was reported
to have reached 6.6%. During this time, the water’s taste, color, and odor were
also reported to have changed noticeably. Bacterial species such as Escherichia
coli were detected in the water. In addition, as a result of disinfection to remove
bacterial contamination, some disinfection by-products were detected above the
drinking water limits (Hanna-Attisha et al., 2016).

Similarly, a study was conducted in the USA on the lead levels of well
water. It was found that children living in households dependent on unregulated
private well water were 25% more likely to have high blood lead levels compared
to those connected to public water distribution systems. These results indicate
that children from families using private wells for drinking water are at a higher
risk of exposure to lead and other pollutants than those using public water
distribution systems (MacDonald Gibson et al., 2020).

Clinical examinations of the thyroid glands of schoolchildren living in villages
in Bulgaria with high and low nitrate concentrations in drinking water were
conducted. The results showed that the incidence of goiter was approximately
three times higher in the village with high nitrate water. Similarly, a study of
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school-aged children in Slovakia found that children in areas with high nitrate
levels in water sources had a higher incidence of subclinical hypothyroidism than
those consuming water with lower nitrate levels (Rddikov et al., 2008; Ward et
al., 2018). These findings show that deterioration in water quality can also affect
long-term endocrine health. As the pressures of climate change on water quality
increase, the justice dimension of such exposures becomes more visible.

The principle of intergenerational justice is being violated by forcing those
yet unborn and developing children to bear lifelong health burdens due to
chemical pollution. A nationwide analysis in Sweden between 2012 and 2018
assessed the possible association between fetal exposure to mixtures of per- and
polyfluoroalkyl substances (PFAS) in drinking water and major congenital
anomalies in newborns (Sive-Séderbergh et al., 2025). The study included
256,659 newborns, 5,357 of whom were diagnosed with major congenital
malformations. Exposure to PFAS mixtures in drinking water sources was found
to be associated with a risk of significant nervous system and chromosomal
malformations, as well as urinary tract anomalies in the fetus during pregnancy.
A study of 643,401 children in Denmark found that exposure to high levels of
manganese in drinking water during the first five years of life was associated with
an increased risk of ADHD. Furthermore, a significant association was found
between high manganese exposure and the inattentive subtype of ADHD in
particular (Schullehner et al., 2020).

In conclusion, regardless of a nation’s economic status, water contamination
poses a threat to children’s developmental trajectories. This has the potential to
compromise future equal opportunities and underscores the universal imperative
to fight for climate justice.

3.3. Water Pollution and Water Reuse: Global Inequalities

Climate change is increasingly degrading water quality by intensifying
rainfall, floods, and droughts, and by increasing temperatures. These factors
collectively increase the transport, concentration, and transformation of chemical
and microbial pollutants in water systems. Intense rainfall mobilises nutrients,
pathogens, and toxic substances from agricultural and urban areas. Drought, on
the other hand, reduces dilution capacity and increases pollutant concentrations
(Abalasei et al., 2025). Rising water temperatures further promote harmful algal
blooms and cyanotoxin production, posing serious risks to drinking water safety.
These impacts disproportionately affect children, who are more susceptible to
waterborne infections, malnutrition, and neurodevelopmental disorders (Xu et

al., 2012).
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The effects are most apparent in developing countries, where climate-
sourced water pollution has become a significant public health threat due to
limited treatment capacity and sanitation infrastructure. While high income
countries are using their economic capital as an engineering tool to address water
scarcity, other countries are forced to confront the water crisis with outdated or
non-existent infrastructure. From a climate justice perspective, water reuse and
security should not be reserved for high-income countries.

Water resource management and wastewater reuse under climate pressure
show sharp differences and inequalities depending on the income levels of
countries. The main objectives of water reuse in high-income countries are to
prevent water scarcity, ensure environmental sustainability, and adapt to climate
change. With advanced treatment technologies, treated wastewater is used for
agriculture, industrial processes, and indirectly or directly as drinking water
(Abou-Shady et al., 2023). Water reuse is ensured by advanced technology and
is aimed at minimizing health risks through adherence to certain standards.

In contrast, the main motivation for water reuse in low- and middle-
income countries (LMICs) is difficult access to water. In these countries,
reuse is characterised by inadequate treatment infrastructure and direct use
of raw or inadequately treated water, often in an uncontrolled manner, to
meet agricultural water needs (Khalid et al., 2018). In developing countries,
the reuse of inadequately treated water poses health risks for drinking
water and agricultural use. Whether water reuse poses a health risk or an
opportunity to address water scarcity depends on a country’s income status

(Boretti & Rosa, 2019).

In countries with limited resources, children face many health problems
due to the reuse of inadequately treated water. Ultimately, water reuse can only
be a sustainable solution when supported by strict control mechanisms and
appropriate treatment technologies. Otherwise, it risks becoming a factor that
exacerbates public health risks deepened by the climate crisis. From a climate
justice perspective, water reuse is not just about resource efficiency. It is also an
area that needs to be considered in terms of equitable access to safe water, equal
protection, and protecting children from disproportionate risks.
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Figure 4.
The climate risk map for children (UNICEE 2021a)
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Figure 3.3 illustrates the global distribution of environmental severity,
focusing on water scarcity and climate-induced vulnerability. The figure shows
five different levels of geographical imbalance, ranging from low to extremely
high.

Compared to the global average, the concentration of severe water scarcity in
South Asia, Africa, and parts of America highlights distributive injustice. These
regions, which contribute the least to global carbon emissions, are forced to endure
the most severe consequences of hydrological cycle disruption. This disparity
confirms that water security is not only an issue but a geopolitical inequality.
Furthermore, the lower levels in high-income regions such as North America
and Europe also reflect the protective effect of economic power and advanced
infrastructure. In conclusion, this map is visual evidence of intergenerational
and regional inequality. It shows that the physical and developmental well-being
of children in the Southern Hemisphere is disproportionately threatened by a
crisis they did not create.
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Table 1.

Global Ranking and Severity Levels of Risk Index of Children by Selected Countries
(UNICEE 2021a)

Climate and Child Children’s
Rank Country Environmental Vulnerability Climate
Factors Risk Index

1 Central African Republic 6.7 9.8 8.7
2 Chad 7 9.4 8.5
2 Nigeria 8.8 8.1 8.5
4  Guinea 7.7 8.9 8.4
4 Guinea-Bissau 6.4 9.5 8.4
4 Somalia 7 9.3 8.4
7 Niger 7.3 8.9 8.2
7 South Sudan 6.8 9.2 8.2
9  Democratic Republic of the Congo 7.2 8.6 8
10 Angola 6.5 8.9 7.9
10 Cameroon 7.8 7.9 7.9
10 Madagascar 7.8 7.9 7.9
10 Mozambique 7.5 8.2 7.9
14 Pakistan 8.7 6.4 7.7
15 Afghanistan 7.3 7.9 7.6
15 Bangladesh 9.1 5.1 7.6
15 Benin 7.1 8.1 7.6
15 Burkina Faso 7.3 7.8 7.6
15 Ethiopia 7.1 8.1 7.6
15 Sudan 6.9 8.2 7.6
15 Togo 7.8 7.3 7.6
22 Cbte d’Ivoire 7.2 7.7 7.5
22 Equatorial Guinea 5.1 8.9 7.5
22 Liberia 6.8 8.1 7.5
22 Senegal 7.9 7.1 7.5
26 India 9 4.6 7.4
26 Sierra Leone 6.9 7.9 7.4
26 Yemen 7 7.8 7.4
29 Haiti 6.7 7.8 7.3
29 Mali 7 7.5 7.3
31 Eritrea 5.5 8.3 7.1
31 Myanmar 8.3 5.4 7.1
31 Philippines 8.9 4 7.1
70 Brazil 7.3 2.4 5.3
70 Iran (Islamic Republic of) 7.3 2.3 5.3
72 Dominican Republic 6.4 3.7 5.2
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72
72
72
72
77
77
77
80
80
80
80
84
84
84
84
88
88
90
90
90
90
94
94
94
97
97
97
147
147
147
152
153
154
154
154
154
158
159
159
161
162
163

Eswatini 3.4
Republic of Korea 7.3
Solomon Islands 4.1
South Africa 5.7
El Salvador 6.3
Gabon 5.4
Namibia 5.3
Bolivia (Plurinational State of) 5.5
Peru 6.4
Suriname 6.5
United States 7.3
Albania 6.5
Botswana 4.5
Guyana 6

Syrian Arab Republic 5.3
Cuba 6.4
Saudi Arabia 6.8
Algeria 6.2
Nicaragua 4.6
Russian Federation 6.5
Turkmenistan 6.5
Japan 6.3
Jordan 5.5
Kyrgyzstan 6.2
Libya 5.5
Oman 6.2
Turkey 5.8
Denmark 3.6
Lithuania 2.6
Switzerland 3.3
Slovenia 3

Liechtenstein 3.3
Austria 2.6
Ireland 2.3
Malta 2.9
Norway 3.3
Sweden 2.8
Estonia 2.1
Finland 2.6
New Zealand 2.4
Luxembourg 1.1
Iceland 1

6.6
1.8
6.1
4.7
3.5
4.8
4.9
4.5
3.3
3.1
1.3
2.5
5
3.3
4.2
2.4
1.7
2.6
4.5
1.8
2
2.1
3.4
2.2
3.2
1.9
2.7
0.9
2.1
1.3
1.5
1
1.5
1.8
1.2
0.8
0.7
1.2
0.7
0.8
1.8
0.9

5.2
5.2
5.2
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Table 3.1 ranks countries according to children’s risk levels, based on
assessments conducted by UNICEF using climate and environmental factors,
child vulnerability, and the Children’s Climate Risk Index (UNICEE 2021a).
In developing countries, children’s climate risk is often exacerbated by the
simultaneous accumulation of “high exposure” and “high vulnerability.” For
example, the Central African Republic has an environmental factor score of
6.7, while its child vulnerability score is 9.8; in Nigeria, they are 8.8 and 8.1,
respectively. These examples demonstrate that the main problem regarding
safe drinking water is not simply the presence of drought, floods, or extreme
weather events, but rather the insufficient resilience of water supply, treatment,
storage, distribution, and monitoring systems to withstand these events, thereby
increasing the risk for children.

In contrast, some middle-income countries have relatively lower vulnerability
despite very high environmental exposure. For example, in Bangladesh, the
environmental factor score is 9.1, and the child vulnerability score is 5.1; in the
Philippines, they are 8.9 and 4.0, respectively. This table suggests that the risk
to children in these countries regarding safe drinking water is largely shaped by
intense climatic pressures. In high-income countries, however, the table reveals
a different mechanism. Countries such as Sweden, Norway, Luxembourg, and
Iceland have very low levels of both child vulnerability and total CCRI. For
example, Sweden’s child vulnerability score is 0.7, Norway’s is 0.8, and Iceland’s
is 0.9. However, in some high-income countries, environmental factor scores are
not entirely low. For example, the US has an environmental factor score of 7.3
but a child vulnerability score of 1.3. This difference shows that the risk faced by
children in high-income countries stems from the fact that, in most cases, strong
infrastructure, institutional capacity, monitoring systems, and service continuity
mitigate the impact of climatic exposure on child health and water security.

From a climate justice perspective, the most striking finding in the table is
that the countries at highest risk are also among those that have historically been
least responsible for this crisis. This points to a deeper inequality than a classic
environmental disparity in terms of access to safe drinking water. Children
experience water insecurity, service disruptions, contamination, and water-
related health threats most acutely.

4. Child-Centered Water Management Strategies

Protecting existing freshwater resources is essential for safeguarding child
health under increasing pressures from climate change and water scarcity.
However, the strategies and their implications for children differ between
developed and developing countries. In high-income countries, water
conservation relies on pollution control and regulated water recycling. Efforts
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are underway to reduce pressure on water resources and ensure compliance with
high water quality standards. Continuous monitoring mechanisms in water
distribution systems are highly developed to conserve existing water and reduce
water loss. For this purpose, potential locations of pipe bursts are identified
through hydraulic modeling and pressure management. These capabilities in
developed countries reduce the risk of water scarcity and waterborne disease
outbreaks (Van Thienen et al., 2025). In contrast, water protection strategies in
many low- and middle-income countries are limited by inadequate infrastructure
and regulatory capacity. Another common problem in these regions is the use
of wastewater for agricultural irrigation. Chemical and microbial contaminants
also threaten food production. These practices are strongly linked to a higher rate
of diarrhoeal diseases, intestinal parasitic infections, malnutrition, and impaired
cognitive development. Priority strategies include expanding basic wastewater
treatment, protecting drinking water sources, implementing inexpensive nature-
based solutions, and taking targeted measures to reduce risk for households and
schools (Rhue et al., 2023). Interventions to conserve water resources should
be designed with countries’ technical capacities and the problems individuals
face in mind.

Cost-effective, phased solutions should be developed to ensure the efficient
use of water resources in low- and middle-income. In this context, low-cost
practices such as compact disinfection units, safe water storage areas, the
creation of protection zones around water sources, and rainwater harvesting
are effective. Similarly, developing safe backup water storage systems for use
during potential water shortages is important. The approach proposing the
establishment of these systems is based on the principle of distributive justice,
aiming for a fair distribution of technological protection on a global scale.
Secondly, setting up low-cost water harvesting and storage systems protects
children’s right to education by reducing the time they spend collecting water.
These interventions are also consistent with the principle of intergenerational
justice, aiming to prevent today’s infrastructure deficiencies from turning
into lasting social inequalities in the future. Furthermore, the installation of
digital monitoring and early warning systems is transforming water security in
disadvantaged regions from a privilege into a human right. Ultimately, although
water protection strategies in high-income countries primarily improve child
well-being by ensuring water security, in LMICs, they are a vital public
health intervention that prevents avoidable childhood illness and long-term
developmental harm.

Therefore, strategies for conserving water resources should be considered
rights-based interventions that guarantee children equal living conditions.
Sustainable Development Goal 6 (SDG 6) recognizes clean water and sanitation
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as a fundamental human right, committing to making these services accessible,
safe, and affordable for all by 2030. This vision of the United Nations encompasses
a wide range of activities, from improving water quality and managing water
scarcity to restoring water-related ecosystems (United Nations, 2015). The
WASH (Water, Sanitation, and Hygiene) approach, which encompasses the
health dimension of these goals, advocates integrating safe drinking water
access with adequate hygiene conditions. WASH practices play an important
role in protecting child health and increasing community resilience (WHO &

UNICEE 2025).

Securing safe, sustainable, and equitable access to water for children by
conserving existing freshwater resources is a critical intervention. This is
particularly important in the context of increasing climate pressures, and the
problem is at the intersection of public health, children’s rights, and climate
justice. While strategic approaches may vary across nations with different income
levels, the overarching objective remains consistent. Consequently, future
policies should adopt holistic, justice-oriented frameworks that recognize the
direct link between children’s health, future opportunities, and water security.

5. Conclusion

Water stress and water scarcity have become major issues in recent years
due to climate change. Difficulties in accessing clean drinking water threaten
communities worldwide, particularly North Africa and South Asia. Children
living in areas with high water stress face outbreaks of disease and experience
developmental and social challenges in addition to health problems. As a
result of the disruption of the water cycle due to climate change, some regions
are struggling with droughts and groundwater depletion, while others are
experiencing climate disasters such as floods.

Access to potable water has increased significantly in recent years, largely due
to advancements in WASH (Water, Sanitation, and Hygiene) and Sustainable
Development Goal 6 (SDG 6). However, millions of children still lack direct
access to safe drinking water, and hundreds of children under the age of five
continue to die every day due to inadequate water and sanitation services.
Furthermore, infrastructure destruction in war zones hinders access to safe
drinking water. Children living in war zones such as Ukraine, Palestine, Iraq,
and Syria continue to face outbreaks of infectious diseases.

Scientific studies on water scarcity, water reuse, and drinking water safety
conducted in high-income countries have different priorities than those in
other countries. While the primary goal in LMICs is to secure access to clean
and sustainable water, the aim in high-income countries is to develop new

174



Safe and Sustainable Water Access for Children Under Climate Change

approaches to water quality and child health by conducting detailed analyses
and establishing cause-and-effect relationships. Under current conditions,
similar studies and more research to improve water quality are needed in low-
and middle-income countries. Furthermore, monitoring water pollutants,
improving water treatment processes, and making appropriate investments
should be prioritized in these regions.

In regions with water distribution systems, approaches used in high-
income countries to reduce water losses should be adopted and adapted to local
conditions. Preventing the loss of treated drinking water from these systems
is vital in countries experiencing high water stress. Prioritizing infrastructure
investments to ensure uninterrupted access to drinking water requires the
development of appropriate policies.

The gap between the infrastructural resources of wealthier countries and
the systemic vulnerability faced by children in other countries is a test of the
distributive justice of the current international order. Measures to ensure water
security are an act of restorative justice for children growing up in disadvantaged
countries. A water management approach integrated with climate justice
principles has the potential to transform geographical disadvantages into
opportunities for ensuring that every child has access to clean and safe water.
These conditions require global solidarity to protect the developmental potential
of future generations.
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