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Water is Essential for Life

This working paper is the second
in a series focusing on the ways that
environmental conditions shape young
children’s development. Water is just
one component of a set of interrelated
conditions that affect how children’s
bodies and brains develop. This working
paper offers a summary of current
knowledge about how water impacts
developing biological systems.

Water comprises around 60% of the
adult human body and 75% of infants’
bodies.! The brain, heart, kidney, and
lungs are all more than three-quarters
water and require continued hydration
to function.? Our bodies need water to
dissolve food, absorb nutrients, dissipate
heat, distribute blood, wash waste from
our system, lubricate and cushion joints,
and protect our brains from physical
shocks.*4 Children drink more water
per pound of body weight than adults.
Infants consume the most water of any
age group, whether through formula
prepared with water or through breast
milk, which also contains water.5

Because our bodies need a near-
constant supply of water, its availability
and quality are critical parts of
the environment that shape child
development. What surrounds us—and
goes into us—shapes our biology, including
our brain, immune, and metabolic
systems. This is particularly true during
the prenatal and early childhood periods
when our bodies are especially sensitive
to outside influences. This developmental
environment—the full range of experiences
and exposures that children have in the
places where they live, learn, grow, and
play—can fuel healthy development
through access to good nutrition,
relationships, resources, and opportunities,
or it can derail healthy development
when it includes sources of significant

DEVELOPINGCHILD.HARVARD.EDU

adversity, such as air pollution, unsafe
housing, or lack of economic opportunity.®
The policy-, system-, and program-level
decisions that shape the environment

for young children and pregnant people
can have a long-term, positive impact on
children’s cognitive development as well
as lifelong physical and mental health

by ensuring reliable access to safe, clean
water. Even if children have already

been exposed to contaminants, policies
and programs can mitigate potential
harm by helping caregivers provide
supportive, stable environments and good
nutrition during early development.’

Because our bodies need a near-constant supply
of water, its availability and quality are critical
parts of the environment that shape child
development. What surrounds us—and goes
into us—shapes our biology, including our brain,
immune, and metabolic systems.

Due to extended droughts, large-scale
farming of water-hungry plants in arid
climates, populations using more water
than their local sources can naturally
replenish, and toxic contamination,
freshwater supplies are increasingly
endangered. California’s Central Valley is
just one of the world’s 21 largest aquifers
(areas where water naturally collects
underground) that are shrinking.?

At the same time, climate change is
worsening droughts and floods, which
further threaten freshwater supplies.

Warmer temperatures increase the
rate of water’s evaporation, which has two
effects. First, evaporation further heats
the air, making droughts more common in
parts of western North America as well as
other regions of the world. And, because
more evaporation puts more water vapor
into the air, storms become more intense
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when they do happen. The increased
frequency and intensity of “atmospheric
rivers”—which caused extensive flooding
in California in early 2024—are good
examples of global climate change
boosting moisture in the atmosphere,
with extreme and potentially catastrophic
consequences.’ In addition to destroying
buildings and roads, more severe storms
can lead to floods that overwhelm the
infrastructure we depend on to treat and
manage our drinking water. Heavier rains
also wash more pollutants (for example,
oil from roads and waste from agriculture)
into our lakes, rivers, and aquifers.!°
While often forgotten and unseen,
the infrastructure that brings us drinking
water is essential not only to every person’s
health but also to every community’s
quality of life and economic development.
Without these water systems, businesses,
schools, restaurants, and hospitals would
fail." Beyond drinking, we use fresh water
for hygiene, growing and cooking food,
waste disposal, cooling power sources, and
a wide range of recreational activities.!?
Investments in the effectiveness and
resilience of our water systems determine
whether people of all ages have consistent,
affordable access to safe water.

disputes over property rights, town
borders, and dispossession of Native lands
have resulted in significantly less access
to affordable, clean water in Indigenous
communities, disenfranchised rural
areas, and minoritized populations. For
example, unincorporated communities
in South Texas originally developed to
house farmworkers from Mexico and
Central America were denied the right
to vote on water governance in the
1970s, leading to situations today where
residents depend on water trucks, stores,
and vending machines for water."* As
aresult of discriminatory zoning and
disinvestment in communities where
people of color live, including practices
such as redlining, Black or Latin American
households are nearly twice as likely to
be without functional access to clean
water than White households.® Black
and Hispanic populations are also more
likely to spend more days evacuated as
aresult of hurricanes and floods, to be
without power or heat, and to suffer
longer disruptions to their health care.!¢
All of these inequities are the result
of decisions that we have made as
communities, states, and a nation. New
decisions can reverse outdated prejudices
and provide all people with access to
clean drinking water, with profound

Without a constitutional right to water,
effects on the health and well-being of

our children. In addition to federally
supported upgrades to water systems and
regulatory protections, communities across
the US are implementing a wide range of
practical solutions to improve the quality
and availability of water, from advanced
testing and filtration to green technologies
and adaptations that make our streets,
buildings, and systems more resilient to

historical disputes over property rights, town
borders, and dispossession of Native lands
have resulted in significantly less access

to affordable, clean water in Indigenous
communities, disenfranchised rural areas, and
minoritized populations.
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In the US, these systems were
once widely presumed to produce
nearly universal, clean, affordable, and
trustworthy water, but, in truth, there are
serious gaps and challenges.* Without a
constitutional right to water, historical

storms and floods.” As with any complex
issue, understanding the full scope of how
our water is affecting us—particularly
children—is a critical first step in coming
together to solve the problems we face.
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How Water Affects Children’s Health, Learning, and Behavior

A young child’s organs are developing
rapidly, so they require more water than
adult organs and are more sensitive to
what is in that water. These organs absorb
everything that is in the water we drink,
from beneficial nutrients and bacteria
to toxic metals, chemicals, viruses, and
parasites. Many chemicals can even
cross through the placenta to affect a
fetus.’®¥ This has lasting implications
for children’s development. Infants,
young children, and pregnant people also
become dehydrated more quickly and
experience unique consequences from

in both parents can result in a “cocktail
effect,” in which the combination creates
a higher potential for negative outcomes
than the two exposures would separately.?
Access to clean water across the
lifespan significantly reduces these
effects, but water contaminants are just
one of many ways in which water affects
development. A range of disruptions in
the availability and quality of water can
affect child development through multiple
pathways, including the brain, the immune
system, gene expression, and nutrition.

dehydration.? For example, dehydration
during pregnancy can contribute to
decreased fetal weight and length.”
Adults need clean water for good
health, and a person who is healthy at the

A range of disruptions in the availability
and quality of water can affect child
development through multiple pathways,
including the brain, the immune system,

time of conception is more likely to have a
healthy pregnancy and baby.?? Consistent
access to clean water, along with health,
nutrition, hygiene, and psychosocial care
for adults before they conceive a child, has
been shown to improve birth outcomes and
early childhood development.? Conversely,
water is one of the primary ways in which
people are exposed to hormone-disrupting
chemicals, and exposure of either
biological parent before conception has
been linked to a reduced ability to become
pregnant and reduced birthweight in

their babies.?* Maternal exposure to these
chemicals can also increase inflammation
and oxidative stress (a chemical imbalance
that damages cells),” which can lead to
preterm birth, reduced fetal growth,

and altered brain development in their
baby.?6?" Paternal exposures to toxic
chemicals before conception may even
change the chemical markers on genes in
sperm that affect the growth of a fetus*
and increase the risk of birth defects and
diseases in the child after birth, including
neurodevelopmental and metabolic
disorders.? Preconception exposures

DEVELOPINGCHILD.HARVARD.EDU

gene expression, and nutrition.

Brain development—To function properly,
the brain needs adequate water and
nutrients. Children’s attention and memory
can be impaired by even mild dehydration
and can improve when water is provided.®
During early development, as the
foundations of the brain’s architecture are
being built, brain cells called neurons are
highly plastic (easy to change), numerous
(in the billions), and mobile (migrating to
their ultimate location). Neurotoxicants
in drinking water disrupt the hormones
and proteins that drive the construction
of brain architecture, which negatively
affects all 3 attributes—the plasticity,
number, and mobility of neurons—as well
as the formation of efficient connections
between brain cells.® The brain is typically
protected from many toxic chemicals by

a protective membrane that regulates

the flow of chemicals into and out of

the brain.3* However, this membrane

is not fully developed before birth or

in infancy, so contaminants are more
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likely to cross into the brain during this
sensitive period, with lifelong impacts.
Specific drinking water contaminants
can have different effects on developing
brains depending on when, how long,
how much, and how frequently they
enter the body. For example, nitrates
have been found to have adverse health
effects for infants whose mother’s water
supply contains levels of nitrates above
the US safety level, which is more likely
in private wells.*! Even low doses of
lead in drinking water have long been
associated with behavioral and cognitive
impairments, and higher doses cause
greater damage, particularly in infants and
young children.® High levels of arsenic are
associated with a neuronal protein linked
to Parkinson’s disease, as well as damage
from inflammation and oxidative stress.*
Children’s brain development and
mental health can also be affected when
there is too much or too little water in
the environment around them, such as
during flooding or drought. For example,
there are documented increases in anxiety,
depression, and post-traumatic stress
disorder (PTSD)—some of which last for
more than a decade**—from experiencing
a destructive flood and its subsequent
traumas, such as the loss of a home or
loved one, forced relocation, and unstable
access to water or food.*>*¢ Multiple studies
have found that children born to adults
who were pregnant at the time of a natural
disaster showed marked differences in
temperament, mood, behavior, and motor
development than those who were not
exposed.* After 2017’s Hurricane Irma,
which displaced 6 million people in
Florida, 9- and 10-year-old children who
had lived through the event subsequently
had fewer cells in the hippocampus (the
part of the brain related to memory) and
performed significantly worse on memory
tests than children from the same region
who were tested before the hurricane.
Researchers theorize that a heightened
focus on new information during an
uncontrollable natural disaster may
facilitate a quick response or evacuation,

but the enduring changes in developing
brains can reduce long-term memory,
a critical ability for school success.3®

Infections and the immune system—
Because floods can overwhelm sewage
systems and industrial areas, they often
put a wide range of viruses, bacteria,
and other pathogens into direct contact
with children, resulting in ear infections,
noroviruses, and gastrointestinal
problems.% For example, flooding from
Hurricane Harvey in 2017 released “a toxic
mix of chemicals, sewage, biohazards,
and 8 million cubic yards of garbage”
across Houston, Texas, according to the
CDC.* Over the following 2 weeks, nearby
emergency departments experienced a
200% increase in visits each day, many for
gastrointestinal illness, nausea, vomiting,
and diarrhea, more than a quarter of which
were children.* Disaster planning that
coordinates health care responses within
a few hours’ driving distance can help
hospitals prepare for this type of medical
surge,* and improving the flood resilience
of buildings, infrastructure, and water
systems, as New York City has done, is
an effective, preventative approach.*®

In addition, exposure to certain
chemicals in drinking water (prenatally
or in early childhood) can suppress the
developing immune system’s production
of antibodies. This puts children at greater
risk for infectious diseases, allergies,
and asthma and can inhibit the body’s
response to vaccinations that protect
against diseases such as diphtheria,
tetanus, and rubella. Other chemicals can
disrupt the neuroendocrine system, which
regulates hormones that play critical roles
in fighting disease. Water contaminants
also increase the risk of kidney and
liver dysfunction, impairing the ability
of those organs to help fight infection
and disease by filtering and detoxifying
elements in the body.* Finally, numerous
water contaminants have been found to
increase inflammation, which is a core
part of the immune response.3** Chronic
inflammation puts substances designed
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to attack invading viruses and clear out
tissue damage into constant contact with
healthy organs. This can lead to a wide
range of diseases, including cardiovascular
disease, diabetes, asthma, some thyroid
conditions, and even depression and
dementia.*? Understanding these outcomes
underscores the multitude of health
benefits that would accrue from more
effective and consistent regulation, testing,
and treatment of drinking water.*>%

Gene expression—During early
development, our bodies respond to the
experiences and exposures we have by
leaving chemical “tags” on genes. The
signature pattern of these tags, known as
the “epigenome,” can activate, suppress,
or silence the expression of a gene.

This interaction between genes and the
environment lies at the intersection of
human health and disease. Exposure to
contaminants early in the development

of the central nervous system can result
in these tags being added to DNA during
egg or sperm formation. Epigenetic tags
usually stay in place for the life of the
individual and can even persist across
generations. %% While they may not
result in immediate changes, when aging
processes interact with these early genetic
modifications, the result is a greater risk
of disease. For example, prenatal exposure
to lead alters the regulation of genes

that are related to specific proteins that
have been associated with Alzheimer’s
disease.* High levels of arsenic in maternal
blood are associated with changes in the
encoding and expression of genes that

are linked to worse birth outcomes (e.g.,
preterm birth) and long-term health (e.g.,
higher mortality and cancer).” There is
also evidence that experiencing trauma
early in life—for example, displacement,
destruction of property, or family death
caused by a flood or extreme drought—
can alter gene expression in a way that
compounds stresses experienced later

in life and worsens the risk of a child
developing subsequent psychiatric
disorders, including PTSD.*

DEVELOPINGCHILD.HARVARD.EDU

Nutrition—Reliable access to water in
sufficient quantity and quality is critical for
growing, washing, and cooking nutritious
foods. Water affects not only the viability of
crops but also the nutritional value of our
food, whether it is grown in or outside the
US. Around 60-70% of freshwater worldwide
is used for agriculture.® Irrigating crops
with contaminated water can lead to
contaminated food products, which can
cause illness when eaten.* In addition,
lower levels of nutrients were found in
crops such as wheat, barley, legumes, and
vegetables after either floods or droughts.*
Drought, in particular, reduces wheat crop
yields and also alters its protein content.*
Thus, both drought and flooding can

lead to decreased crop production and
nutritional value. As a result, children

in the US and around the world are at
greater risk of not having affordable

access to the high-nutritional-value food
they need for healthy development.

In the body, water is critical for digesting,
absorbing, transporting, and metabolizing
nutrients. Infants are particularly sensitive,
as they receive most of their nutrition
through water-based liquids, such as
breast milk and formula.

In the body, water is critical for digesting,
absorbing, transporting, and metabolizing
nutrients. Infants are particularly sensitive,
as they receive most of their nutrition
through water-based liquids, such as breast
milk and formula. Lactating caregivers
exposed to heavy metals through drinking
water have higher circulating blood
concentrations of these toxic compounds,
which can enter breast milk. Infant formula
and other foods prepared with contaminated
water can also expose infants to pathogens or
harmful chemicals. School-age children are
also affected by real and perceived barriers
to accessing water. If water in schools is of
poor quality or is not trusted, students tend
to avoid drinking it and instead may opt for
readily available sugar-sweetened beverages.

A Cascade of Impacts: The Many Ways Water Affects Child Development 5
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This can worsen disparities in obesity and
diabetes between high-income groups with
access to high-quality water and low-income
groups without it.”®

Nutrition can play an important role
in reducing the likelihood that children
who have been exposed to contaminants
will experience negative outcomes. For
example, animal studies suggest that

How We Get Our Water

Americans get water for drinking,
cooking, bathing, and sanitation from a
variety of sources. According to the CDC,
82% of Americans get their water through
just 8% of the country’s community water
systems—the large water systems in
major metropolitan areas. But there are
more than 150,000 public water systems
in the US; the rest are a mixture of small
community systems, individual wells,
and privately owned systems like those at
mobile home parks, campgrounds, migrant
labor camps, and some large offices or
hospitals. Where no system is available,
water trucks, service stations, and stores
selling bottled water fill the gaps.>

Whether or not American families have access
to safe drinking water is determined by where
we live and how much political and economic

power we have to demand it.

A recent string of serious incidents is
eroding trust in our water systems. In 2014,
100,000 residents in Flint, Michigan, found
elevated levels of lead in their drinking
water after authorities switched water
sources as a cost-saving measure. In 2022,
more than 150,000 residents in Jackson,
Mississippi, had no safe drinking water for
weeks when flooding contaminated the
water supply.” Rural areas are also affected.
During 2022, the state of Texas issued nearly

lycopene, an antioxidant found in tomatoes
and other foods, may protect against the
toxic effects of mercury exposure.>®* Human
research indicates that iron may reduce the
concentration of lead in the blood* and that
higher levels of folate, a nutrient found in
dark green leafy vegetables, beans, eggs, and
other foods, are associated with lower levels
of arsenicin the blood.*

2,500 boil-water notices—the majority
in small rural communities—mostly
due to maintenance issues and leaking
in aging water systems that can result in
contamination.*® These costly repair-and-
replace situations tend to arise after decades
of underinvestment despite the warnings
and concerns voiced by local residents.*
Further, analyses of water utilities
nationally demonstrate that these are not
isolated situations where predominantly
Black communities received poor-quality
water; rather, they reflect widespread
systemic issues serving low-income
communities with higher populations
of Black and Hispanic residents.®

Whether or not American families have
access to safe drinking water is determined
by where we live and how much political
and economic power we have to demand
it.’> Despite the high-profile failures of large
systems like Flint and Jackson, smaller
systems tend to fail more often than larger
ones. Individual private wells (which are
largely unregulated) are also prone to water
shortages and contamination. Residents
of mobile-home parks have consistently
worse water quality and reliability than
those living in more permanent housing.*
Each type of system is monitored differently
(or not at all) for safety, and responsibility
is scattered across jurisdictional
hierarchies of international, federal,
state, local, and tribal governments.*

A Cascade of Impacts: The Many Ways Water Affects Child Development 6
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Mismatched utility districts, municipal
boundaries, and historical exclusionary
policies can result in a community or
neighborhood being excluded from a
nearby network.” American Indian/Native
Alaskan households are especially likely
to be separated from water systems; in
Arizona, Navajo and Apache households
are 13 times more likely to have incomplete
plumbing than White households. As one
example, looking behind the statistics,
an Arizona mother living on the Navajo
reservation without access to a public
water system must stretch a water delivery
0f 400 gallons per month for her family,
compared with the average per capita
American consumption of 100 gallons per
day.®! As another example, in Apex, North
Carolina, side-by-side neighborhoods had
starkly different access to water. While
Apex overall is 74% White, the Irongate
Drive neighborhood is 79% Black. Because
of districting decisions made after the Civil
War, homes in the Irongate neighborhood
were not granted access to Apex’s public
water services. Instead, they relied on
private wells. In the early 2000s, nearly
80% of these wells were running dry and
showed signs of bacterial contamination.
It was not until 2020, with support from
local universities and civil rights attorneys,
that the neighborhood was finally
connected to the town’s water system."

Where there are water systems, many
were built 100 or more years ago and are no
longer sufficient for our needs, particularly
in light of the increased number and
severity of extreme weather events.5
The National Climate Assessment 2023
reports, “There is robust evidence that
human-caused warming has contributed
to increases in the frequency and severity
of the heaviest precipitation events across
nearly 70% of the US.”% Yet, our systems
are mostly unprepared and outdated. The
American Society of Civil Engineers gives
America’s drinking water infrastructure
a “C-” grade, in part because the federal
government’s share of overall investment
in water infrastructure fell from 63%
in 1977 to 9% in 2017, leading to chronic

DEVELOPINGCHILD.HARVARD.EDU

disinvestment in maintaining and
upgrading the systems. Still, the association
also notes signs of progress, with federal
financing programs for water expanding
since 2021 and water utilities reinvesting
in their networks. For example, Tampa,
Cleveland, and Philadelphia are among
the cities using millions of dollars from
the 2021 Bipartisan Infrastructure Law to
replace or improve their water systems.5
As one example of how these
investments pay off, 2 years after a water
treatment plant in Greenville, North
Carolina, flooded in 1999’s Hurricane Floyd,

The National Climate Assessment 2023 reports,
“There is robust evidence that human-caused
warming has contributed to increases in the

frequency and severity of the heaviest precipitation

events across nearly 70% of the US.” Yet, our
systems are mostly unprepared and outdated.

the Economic Development Administration
gave the city $4.8 million to improve its
facility’s flood protection. When Hurricane
Matthew flooded the region in 2016, the
water treatment plant survived and saved
Greenville over $150 million in damage—31
times as much as the cost to protect it.% The
National Climate Assessment, meanwhile,
reports that in 2023, the US experienced 28
extreme weather or climate disasters whose
damages cost more than $1 billion each,
costing the nation nearly $93 billion in total.
The Clean Water Act (CWA) 0f 1972 and
the Safe Drinking Water Act (SDWA) of 1974
established drinking water standards for
anumber of pollutants. These standards
dramatically improved drinking water
quality until they were weakened by
federal officials during the 2016-2020
administration, imperiling the safety of the
water consumed by millions of Americans.5
During this time, violations of the CWA
and SDWA were rampant—and unevenly
distributed. Across the country, a coalition
of researchers and advocates documented
more than 170,000 violations between
2016 and 2019, affecting water systems
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serving 130 million people (nearly 40% of
the US population).®” These researchers
also found a “disturbing relationship
between multiple sociodemographic
characteristics—especially race—and
drinking water violations.” Systems serving
communities that have been historically
marginalized according to race, ethnicity,
or language spoken were found to have
more violations of contaminants laws
and less likely to have these violations
corrected.® The most serious, repeated
violations are highly clustered by
geography, mostly in rural areas in
Appalachia, New Mexico, Alaska, Puerto
Rico, and the upper Midwest, Northwestern
mountains, and lower Mississippi regions.>
Full, fair enforcement of these critical
public health standards, along with
financial support for fixing systems that
fail to meet the standards, remains an
important goal of any policy solution.
Large- and small-scale systems typically
treat water near the source with a multi-
step process that includes chemicals such
as chlorine to kill bacteria-borne diseases
like cholera and typhoid. Water is treated
differently depending on the source. For
example, water from lakes, rivers, and
streams typically contains more sediment,
germs, chemicals, and toxins than water
that comes from deep underground and
therefore requires more treatment.® The
type and effectiveness of water treatment
varies from system to system,5 and
many harmful contaminants remain
unregulated, so the water leaving each
treatment facility is of variable quality. After
treatment, the plants send water through
pipes to people’s homes (although more
than a million Americans do not have access
to piped water).” Wells also deliver water,
often untreated, through pipes into homes.
These pipes can be part of the problem—
and part of the solution. Pipes made of lead
were banned in 1986, but over 9 million
lead pipes installed in the late 1800s to early
1900s continue to service US homes and
schools.* Lead solder used to join copper,
brass, and bronze pipes was present in 98%
of US homes before 1986, and lead continues

to be common in plumbing components,
including faucets, galvanized steel pipe
coatings, valves, and meters.* Water
corrodes lead, leaching it into the system
and damaging system components. Yet
replacing lead pipes and fixtures is not only
possible but also cost-effective. Flint Lead
Free, a multi-sector community-based group
aimed at eliminating lead exposure in Flint,
Michigan, has replaced more than 14,000
lead pipe water service lines to homes since
2017 and projects that the future economic
benefits to the community from the
replacements will reach over $200 billion.%
A 2023 national cost-benefit analysis found
that savings from reduced corrosion damage
to water infrastructure and appliances
alone would balance the cost of replacing
lead and copper pipes, with billions in
health and learning benefits on top.*
Shifting efforts from responding
to water crises to preventing them is
particularly important. The Flint Registry,
the nonprofit in which Flint Lead Free
isunder, has served over 20,000 people
by making over 30,000 connections to
programs and services that promote health
and wellness.® Michigan recently revised
its Lead and Copper Rule, which would take
inventory of existing water services lines by
2025 and require all lead pipes to be replaced
by 2041. This would result in net savings of
over $1.9 billion and reduce lead exposure
for over 400,000 children. Over 25% of
these children (106,900 children) would be
in households below 100% of the federal
poverty level and 36% non-White (19% being
Black or African-American), highlighting
the tangible benefit of reducing health
disparities.” The recent EPA proposal to
update the National Lead and Copper Rule
takes even more stringent measures; these
changes would require all lead pipes to be
replaced over the next 10 years and lower
the level at which elevated lead is addressed,
amajor public health victory.” Importantly,
regulations such as these shift the policy
focus from a reactive to a preventive stance,
helping to ensure that, going forward, we
can avoid drinking water crises rather than
responding to them when they occur.
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Protecting Children from Water Contaminants

Toxic metals such as lead are only one
pathway through which water affects child
development. Contaminants get into our
water in a variety of ways: corrosion in our
pipes, leaching of agricultural and industrial
waste into groundwater, manufacturing and
disposal of household products, including
everything from cosmetics to furniture,
overflow from floods, and inadequate
testing and filtration. Children, particularly
those who are very young, are especially
sensitive because they consume more water
per body weight and their affected organ
systems are still developing. Schools and
childcare facilities, where oversight and
testing for contaminants in drinking water
have historically been left to the states,

are particularly at risk. For example, the
concentration of lead in water is strongly
related to how long the water has been
stagnant; in schools, water can sit in pipes
overnight and longer on weekends and
vacations.** In public water systems, the
EPA currently regulates about 100 of the
most common contaminants, but tens

of thousands of others exist and are not
regulated.** Here, we discuss 3 of the most
prominent and well-studied categories.
Practical solutions exist for each of these
categories in the form of testing, filtration,
replacement of water system components,
enactment and enforcement of strict
regulations, and support for affected families.

1. Toxic Metals

* Lead is perhaps the best-known and
most-studied heavy metal toxicant
found in drinking water, partly due to
the well-known crisis in Flint and partly
because it is so prevalent across the
US. Discoveries of elevated lead levels
in drinking water have also shut down
public water supplies in Washington, DC;
Newark, New Jersey; Buffalo, New York;
Detroit and Benton Harbor, Michigan;
and more. A 2016 Reuters investigation
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found nearly 3,300 areas where rates of
lead in children’s blood were more than
double those in Flint. Further, researchers
estimated that more than nine million
Americans who use private wells, which
are unregulated and serve 15% of the US,
may have unsafe levels of lead in their
water.”?2 Nationwide, the rate of non-
Hispanic Black children with blood lead
levels exceeding the CDC's recommended
safe level is double that of non-Hispanic
White children.”® Lead is associated with
health problems across virtually all body
systems, including nervous, cardiovascular,
immune, blood, kidney and liver, and
reproductive/developmental systems.
There is no safe level of lead in the blood;
it has been classified as a probable
human carcinogen by the EPA since
1988. Exposure during pregnancy affects
both the health of the pregnant person
and the infant’s brain development and

is associated with miscarriage, stillbirth,
and preterm labor.® Only 10% of schools
nationwide are required to comply with
the EPA’s standards for water lead levels,®
yet even low lead levels are associated
with lower cognitive performance in
children, including the inability to pay
attention, slowed growth and learning,
and persistence of behavioral issues.3?33

Arsenic, a known carcinogen, has

been detected in more than half of US
community water systems; approximately
13 million people are exposed to drinking
water that exceeds the US standard.”*
Arsenic can also be found in baby

foods that use rice grown in arsenic-
contaminated water and soil, although the
levels at which babies are at significant
risk—and which manufacturers must stay
beneath—continue to be debated.” In
addition to many types of cancer, chronic
exposure to arsenic is also associated with
respiratory disease, cardiovascular disease,
adverse birth outcomes, metabolic

A Cascade of Impacts: The Many Ways Water Affects Child Development


https://developingchild.harvard.edu/
https://debated.75
https://standard.74
https://children.73
https://water.72
https://regulated.44
https://vacations.44

DEVELOPINGCHILD.HARVARD.EDU

disorders, diabetes, immune system
impairment, kidney disease, and deficits
in attention, working memory, cognitive
flexibility, and risk-taking behavior.447®
One study examining the effects of

high levels of arsenic in 3 Maine school
districts whose homes use private wells
found that children with higher blood
levels of arsenic also demonstrated lower
scores on tests of memory, reasoning,
and comprehension.”* Arsenic occurs
naturally as a trace component in many
rocks and sediments; whether it is
released into groundwater depends on
local geo- and bio-chemical conditions.
Arsenic also can be introduced by mining,
industry, animal feed, treated lumber,

and pesticides.”” Waste from mining is a
particularly abundant source of arsenic in
the Southwest and Great Plains regions,
especially near Indigenous communities.
Fracking and coal-fired power plants also
contribute to increased levels of arsenic
in some areas.”® As with lead, marginalized
populations are at significantly greater
risk of arsenic poisoning. Long histories of
locating mining and industrial operations
near low-income communities, particularly
those populated by American Indian,
Black, and Hispanic people, as well as the
historical exclusion of these communities
from publicly supported water systems,
have contributed to today’s disparities.**

Solutions: In late 2023, after decades of
federal disinvestment, the EPA proposed
replacing all the nation’s lead pipes within
10 years,”® funded in part by the Bipartisan
Infrastructure Law of 2021.8° Public

support is essential for this proposal to

be formally adopted and implemented. In
2021, the CDC lowered the action level for
lead levels, triggering when public health
investigations occur and when families can
access special services.®' Given the potential
negative effects on fetal development
when exposure occurs during pregnancy,
the CDC also established guidelines for lead
screening during pregnancy, with follow-up
recommended when maternal lead levels
reach 5 micrograms per deciliter or higher.

Finally, appropriately screening children for
lead in their blood is essential for connecting
them to appropriate follow-up services.

The American Academy of Pediatrics
recommends performing a risk assessment
for all children at well visits at 6 months, 9
months, 12 months, 18 months, 24 months,
and yearly between ages 3 and 6, with
children who are then identified as at-risk
being screened with a blood lead level.
Recommendations also include targeted
screening for those with risk factors for

high lead levels, including those living in
older housing, those who are adopted, have
immigrated to the US, or are refugees. In
some states, Medicaid requires BLL screening
in children at ages 1 and 2, but states show
wide variation in screening rates.®? For
example, in 2014, South Carolina screened
only 5% of eligible children.®* A handful of
states require proof of BLL screening for
school enrollment, which has resulted in
higher screening.84 Universal risk assessment
for children in at-risk age groups and removal
of all lead pipes and fixtures as rapidly as
possible are critical pieces of a national
strategy to protect all children from the
damage caused by toxic exposure to lead.

Arsenic has long been a source of concern in
food products and water sources. Between
2006 and 2011, EPA regulations and federal
funding enabled public water systems

to reduce arsenic concentrations by 17%
overall. The largest reductions occurred

for Mexican-American residents (36%) and
for community water systems that already
had high arsenic concentrations, including
those serving New England (37%) and
Alaska and Hawaii (24%).4* Unfortunately,
these regulations did not extend to private
well users.® Significant socioeconomic
disparities in well testing and treatment
exist in the US—Iargely due to cost, testing
being conducted infrequently, and treatment
systems in individual households are often
poorly maintained.®® Once detected, a range
of treatment options for removing arsenic
from drinking water is available, including
some that are effective and affordable for
small systems.®” Federal funding for arsenic
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testing and treatment should be continued
for public water sources and expanded

to include private well owners. Efforts to
eliminate the leaching of arsenic into water
sources from mining, fracking, and coal-
fired power plants must be strengthened.

2. Plastics and Forever Chemicals

* PFAS is the acronym for per- and
polyfluoroalkyl substances, a large class
of contaminants made up of more than
14,000 specific chemical compounds.
While PFAS have existed since the 1940s,
and questions about their toxicity were
first raised in the 1960s, they are just
beginning to receive significant attention.®®
PFAS are known as “forever chemicals”
because they do not degrade easily and
accumulate in the blood for years—even
decades. They are widely used in consumer
goods, such as stain-resistant carpets,
grease-resistant papers (e.g., fast food
containers/wrappers, microwave popcorn
bags, pizza boxes), clothing, dental floss,
cosmetics, paints, nonstick cookware, and
fire-resistant foams used by the military
and firefighters. Proximity to industrial
sites involved in the manufacture of these
products and waste disposal sites have
been linked to higher levels of PFAS in
drinking water. The contamination of crops
(as well as beef and milk) is widespread as
a result of farms fertilizing with sewage
sludge from wastewater treatment plants,
which was marketed and sold as safe and
low-cost.®

Drinking water is likely the largest source
of PFAS exposure in the US, and formula-
fed infants are thought to be the most
highly exposed.®® Higher levels of certain
PFAS in the blood are associated with

a greater risk of reproductive issues,
developmental delays, certain cancers,
weakening of the immune system, and
disruption of the endocrine system.

PFAS bind to fatty tissues in the body,
which leads to higher concentrations

in the lungs, liver, kidney, brain, and
placenta. Exposure to certain PFAS during
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pregnancy may disrupt the growth of

the placenta and increase susceptibility
for later obesity, diabetes, and liver
disease in the child.®8 PFAS disrupt the
brain’s delicate chemical balance and
incapacitate specific neurotransmitters
that process signals between cells,
particularly in brain regions that regulate
learning, memory, and anxiety.*® Exposure
to PFAS is nearly universal for people
born after 1950,%8 yet what levels in the
blood, if any, might be considered safe

is a subject of active debate due to the
sheer number and complexity of the
compounds, levels, timing, sources, and
combinations of exposures. In short, we
know that PFAS compounds are toxic, but
we don't yet fully understand how they
interact with each other and what levels,
if any, are safe for young children.*°

Plasticizers are a class of chemicals that
are used to make materials more durable,
including phthalates, polychlorinated
biphenyls (PCBs), and bisphenol A (BPA).
When ingested, they affect the functioning
of the body’s endocrine system, which
consists of multiple organs and glands
that orchestrate the release of hormones
that keep our bodies functioning optimally.
Due to their ubiquity in the environment,
human exposure to plasticizers, which
break down into microplastics, is virtually
unavoidable.®>®! Phthalates can leach

into food and water through containers
made with plasticizers, they can cross
the placenta to reach fetuses, and

infants can be exposed through breast
milk, formula, and sucking on toys

made with them.?® These chemicals

can attach themselves to a range of
hormones involved in sexual development
and reproduction, so researchers are
particularly concerned about their effects
on the human reproductive system. They
can affect growth in infancy, obesity
during childhood, genital development,
and puberty onset. Puberty, a complex
process controlled by several hormones,
can be either delayed or accelerated
depending on when and how much a
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child is exposed to these chemicals. Both
pre- and post-natal exposure can lead to
premature failure of the ovaries (before
age 40), prolong or shorten pregnancies,
and lead to cancer of the reproductive
organs. Similar exposures can affect the
function of testicles and lead to a broad
spectrum of male reproductive disorders.®?
Many phthalates are banned and restricted
in multiple countries, and healthier
alternatives exist, but the long life and
abundance of plastics mean that continued
testing and vigilance are needed.

Solutions: Addressing contamination from
plastics and forever chemicals will require
limiting phthalate and PFAS manufacturing
to avoid new variations, better and more
widespread testing of water sources,

and developing safe ways to degrade the
compounds.** Industry representatives and
their supporters have argued that toxicity data
and health assessments must be researched
for each of the 14,000+ PFAS compounds,

a class that continues to grow in size daily.**
It is practically and financially impossible to
rigorously study every compound individually,
and incalculable harm would come to people
while we wait. Enough is known about the
substantial health risks of the entire class

to warrant caution—for example, requiring
proof that chemicals in this class do not
entail health risks rather than definitive

proof that they do. In April 2024, the EPA
issued the first national, legally enforceable
drinking water standard for 6 PFAS, including
2 of the most common compounds. This

is an important step forward, but a broader
approach is needed in regulating such a large
class of compounds if we are to protect
communities from exposure. PFAS chemical
compounds must be regulated as a class,
not as individual compounds, and the same
is true for plasticizers. Attention must be
focused on products most likely to expose
infants, children, and pregnant people to
these chemicals, such as crib mattress
protectors, bibs,* food packaging, products
for pregnant or lactating caregivers, and
products likely to be sucked or ingested

by infants, children, and adolescents.?

. Pesticides and Agricultural Runoff

Nitrate levels in water resources have
increased around the world from
applications of inorganic fertilizer and
animal manure in agricultural areas. Septic
systems that do not effectively remove
nitrogen, discharge from wastewater
treatment plants, and fertilizer use

on lawns, golf courses, and parks also
increase nitrate levels in water. Private
wells typically have higher nitrate
concentrations than community water
systems due to their shallower depth.*4
In the US, high nitrate concentrations

in drinking water are most likely to be
found in water used by migrant farm
worker communities, in Alaskan Native
villages and other tribal lands, and

in disenfranchised villages along the
US-Mexico border.** These villages, known
as colonias, were created by developers
who were not required to supply water
systems. They were built to cheaply house
legal migrants from Mexico and Central
America to supply inexpensive labor to
the farming industry in the 1940s-1980s.
Today, as many as 1 million people live

in colonias in 4 US states, and they still
experience the legacy of their exclusion
with high rates of poor water access and
quality.®* Nitrate ingested in water forms
cancer-causing chemical compounds in
the body—especially in the absence of
a diet rich in fresh fruits, vegetables, and
legumes (such as lentils, chickpeas, and
other beans), which contain antioxidants
that promote a health-protecting process
in our bodies and inhibit the formation
of these compounds.** Without these
kinds of foods, which may be very
difficult to find in communities that
have faced decades of disinvestment

in food infrastructure, nitrate-induced
compounds may be more likely to cause
birth defects as well as cancers of the
colorectal system, bladder, kidney,
ovaries, and brain.** In young infants,
formula that is prepared with well water
that contains high levels of nitrates can
lead to a dangerous condition known
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as methemoglobinemia. This condition
leads to difficulty with carrying oxygen in
the bloodstream.®®> Some states provide
subsidized water test kits to well owners,
but well users are often unaware of the
resources available to them, and state-
level regulation of private wells varies
dramatically across the country.** In the
majority of states, owners are not required
to test well water for safety after the well
is constructed, and the protections offered
by the Safe Water Drinking Act do not apply
to the 23 million US households that get
their drinking water from private wells. 5%

¢ Pesticides designed to kill insects, weeds,
and fungi are widely used in homes,
agriculture, schools, and parks, where
they run off into streams and seep into
groundwater. Heavy rains and floods
increase the spread of these chemicals
into water systems, where they may not be
removed by conventional water treatment
technologies. Despite the benefits of
pesticides in protecting crops or limiting
pests in parks, they pose a number of
human health risks because they can
accumulate in human cell membranes and
interrupt key body functions.”” Effects of
exposure can include suppression of the
immune system, neurological disorders
such as Parkinson’s disease, reproductive
problems, birth defects, and cancer.”
One particular class of pesticide, called
organophosphates, attacks the nervous
system of insects by blocking the ability of
neurotransmitters to send signals between
brain cells—and these chemicals can
affect this same mechanism in humans.*®
Neurodevelopmental effects in children
include abnormal reflexes in newborn
infants, delayed mental and psychomotor
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development, and behavior disorders such
as attention deficit hyperactivity disorder.*®
One particularly notorious organophosphate,
trichloroethylene (known as TCE), is found

in half of the 1300 most toxic US Superfund
sites— abandoned properties where the EPA
has designated funds to clean up hazardous
waste—and has been linked to liver cancer,
kidney cancer, non-Hodgkin’s lymphoma,
and prostate cancer in nearby residents.’®®

Solutions: The US has adopted a range of
guidelines for pesticides and nitrates, and
new treatment technologies that remove
them from water sources are beginning to

be used around the world.”” The EPA already
regulates some organophosphate pesticides
due to their known adverse health effects,
yet new regulations at the federal level have
been repeatedly delayed. In late 2023, the
EPA’s 2021 ban on one specific neurotoxic
organophosphate was lifted by an appeals
court after a lawsuit by farmers and a pesticide
manufacturer. At the state level, California,
Hawaii, Maryland, New York, and Oregon have
already banned the chemicals, and other states
are considering similar legislation.® Regulation
of nitrates has been successful in Europe—
nitrate levels across Europe have averaged
less than half the level deemed dangerous

in the US since regulations were enforced

in 1991.5 Nitrates and organophosphates
should not be allowed in parks, schools, or
other places dedicated to supporting young
children, and regulations at the city, state,
and federal levels must protect them.
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Communities across the US and
around the world are experiencing an
unprecedented array of threats to the
supply of clean water for drinking, bathing,
agriculture, cooking, and feeding babies.
Threats such as flooding and drought are
increasing due to climate change, making
efforts to mitigate these threats—as well as
to address their root causes by limiting the
burning of fossil fuels—urgent. Many of
these threats are the result of governance
decisions and, therefore, can be addressed
by making different decisions. Families,
businesses, communities, states, and
federal regulators are already taking
practical steps to address the threats,
but much more needs to be done.

Policy Solutions Must Begin by Addressing Disparities

from access to water is a practice known
asracial “underbounding.” Between the
Civil War and the Civil Rights movement,
many US cities and towns drew irregular
boundaries that purposefully excluded
communities of color from municipal
incorporation. These communities were
subsequently excluded from 20th-century
investments in water and sanitation
infrastructure. Many still rely on poor-
quality services that differ starkly from
their higher-income White neighbors.!®?
In addition, people who live in
communities with higher proportions
of non-Hispanic Black and Hispanic/
Latino residents are more likely to be
exposed to harmful levels of “forever
chemicals” in their water supplies than

people living in other communities due

to the deliberate siting of manufacturing
plants, airports, military bases, wastewater
treatment facilities, and landfills near
watersheds serving these communities.®®

Threats such as flooding and drought are
increasing due to climate change, making
efforts to mitigate these threats—as well as
to address their root causes by limiting the
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burning of fossil fuels—urgent.

In 2010, the United Nations General
Assembly explicitly recognized the human
right to affordable and safe drinking water.
The US abstained from voting on this
resolution and has never recognized the
human right to water, although 3 states
reference it in law or state constitutions.!®!
Instead, water has been treated in the
context of property rights. Thus, high-
profile negotiations among states, such
as those involving the Colorado River in
2023, use a hierarchy of rights based on
which entity made the first legal claim
to the water, which typically excludes
Indigenous people. As a result, Native
American households are 19 times more
likely to be without functional water
and wastewater access than households
identifying as White." Another legalistic
means of excluding specific communities

Similar policy and zoning decisions

have also placed marginalized and low-
income populationsin areas that are
disproportionately affected by hurricanes
and flooding, where a lack of civic
investment in disaster preparedness
compounds the geographic vulnerability.
Finally, groups with strong personal and
cultural ties to an area, such as Indigenous
populations, may experience heightened
levels of trauma if a destructive flood or
drought forces them to move away.*

In order to support the healthy
development of all children, no matter
where they live, policy solutions must
begin with redressing the legacy of
these historical policies. Targeted public
investment in water infrastructure—
along with support for operating and
maintaining this infrastructure—must
be a key component for both large-
and small-scale systems,” including
private wells and mobile, adaptive, and
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decentralized systems that may be more Institute of Environmental Health Sciences
cost-effective in rural areas.’®* Legislation (NIEHS) should continue to be well-
should include explicit mechanisms supported to conduct research, which
to ensure that disproportionately informs further policy development.®
affected, chronically neglected, and Ongoing attempts to defund or derail
underserved communities are prioritized critical public health regulations and
in the distribution and transparent enforcement may protect the powerful
management of funds.” As one example, economic interests of manufacturers, but
in 2023, the EPA released information on they seriously endanger American lives and
$238 million in drinking water and the healthy development of our children.
wastewater infrastructure funding
specifically set aside for Tribal groups.'®®
In addition to emphasizing fairness
across the places where people live, a wide
range of practical strategies for improving
the quality and availability of the water
supply and protecting children from

In order to support the healthy development
of all children, no matter where they live,
policy solutions must begin with redressing
the legacy of historical policies.

harm are already being implemented at
multiple levels, from private residences to
communities, states, and federal oversight.
Many community leaders and policymakers
are already mobilizing to good effect, and
empowering them to continue to lead

such efforts is an important strategy.

Below is a selection of immediate

actions through which community

leaders and policymakers can have an
important impact. Parents, schools,

health care practitioners, and community
organizations can join together to demand
these kinds of actions on behalf of children.

Improve and speed up protections and
enforcement at the state and federal
levels. Equal, vigorous enforcement of
national standards for water protection
isnecessary to decrease everyone’s
exposure to contaminants. Environmental
regulations should be based on input from
community members, researchers, and
healthcare providers, with attention to
the impact of changes in regulation on
child health and development. Federal
agencies such as the EPA and a range of
state agencies are the primary mechanisms
for evaluating, implementing, and
enforcing regulations that optimize the
protection of child health. The EPA’s
Office of Child Health Protections, the
National Institutes of Child Health and
Development (NICHD), and the National
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Make water affordable. Customers pay the
owners of water systems—some private,
some municipal—for treating, storing,
and delivering their water. In general,
privately owned systems charge higher
rates than municipal systems.!* In a 2020
survey of the 12 largest municipal water
utilities, more than 1.5 million households
were in water debt, owing the utilities

$1.1 billion in total.’” In 2021, Congress
created the Low Income Household Water
Assistance Program (LIHWAP) to ensure
that Americans unable to afford their
water and wastewater bills could still
receive these services, which were deemed
vital to public health during the COVID-

19 pandemic. Through September 2023,
LIHWAP helped 1.4 million households in
all 54 states and territories, as well as 93
tribes, maintain access to clean water.!%
For example, the mayors of Buffalo,

New York, and Little Rock, Arkansas,
reported to the National League of Cities
that thousands of their constituents had
maintained or restored access to water
due to LIHWAP grants to their states.
Unfortunately, LIHWAP was a time-limited
pilot program that ended nationwide

in March 2024. As the Buffalo and Little
Rock mayors wrote, “A permanent
LIHWAP program would not only help our
constituents most in need but also ensure
our entire communities can thrive.”1%
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Support healthy development generally.
While protecting all people from exposure
to toxic contaminants should always

be the primary goal, interventions that
support child development and health
across the lifespan have been shown to
have positive impacts after an exposure.
For example, some research suggests

that providing enriched educational
opportunities and supportive relationships
may help reduce harm to children exposed
to a neurotoxicant. Improvements to
neighborhood and family economic
opportunity may also lead to improved
outcomes—children with socioeconomic
advantages appear to demonstrate reduced
effects from lead exposure, perhaps
through the availability of support
services and enrichment materials.!
Other studies suggest that an enriched
home environment moderates the adverse
impacts of lead on both cognition and
behavior” and that negative outcomes
associated with early life exposure to lead
can largely be reversed by interventions
that remove lead and provide health

and public assistance benefits for

children whose blood lead levels exceed
guidelines.™ Finally, good nutrition

from preconception to pregnancy to
childhood has been found to support
healthy development broadly and, in some
cases, to be associated with reductionsin
blood levels of some water contaminants.
For example, growing evidence suggest
that increased consumption of folate

can decrease blood arsenic levels'>"* and
higher levels of folate are also associated
with lower concentrations of PFAS
chemicals in the blood, indicating that
folate may play a role in reducing the effect
of exposure to “forever chemicals.”*

Make testing and filtering widely
available. There are many precedents for
getting resources to people who need them,
from farm subsidies to food stamps. Similar
processes must overcome barriers to testing
and filtering water from public and private
sources. Practitioners in obstetrics and
pediatrics might help prevent future health

problems by connecting at-risk patients

to relevant programs and subsidies. In
Flint, for example, the Flint Registry, with
funding from the CDC, has made more
than 20,000 connections between families
affected by the lead crisis and programs
such as lead removal programs, health
programs for expectant parents, and child
health services.® After a flood, part of the
disaster response should be widespread
water quality testing, including of private
wells, and testing for mold, allergies, and
asthma in young children. The EPA offersa
list of certified labs in every state that serve
community water systems, small private
systems, and private wells."> The EPA also
offers a range of financial resources to
support public water systems in enhancing
drinking water quality and improving
public health." In addition, technologies
such as point-of-use filtration systems can
be deployed in a wide range of locations
outside of public systems. For example,
carbon filtration in a pitcher, reverse
osmosis membrane filters, and ultraviolet
light disinfection—or combinations of
them—can all be deployed, depending on
the quantities needed and the resources
available. That said, the responsibility

for purchasing and maintaining these
filtration options should not replace the
responsibility of public systems to supply
clean drinking water, and subsidies

or grants for those who cannot afford
them will be needed to prevent further
inequities." Finally, the integration of
Indigenous knowledge with biomedical
science may reveal novel approaches to
water filtration that fit within cultural
traditions. For example, researchers
working collaboratively with a Navajo
community found that pottery widely used
for water in that community could remove
a wide range of bacteria by incorporating
nanosilver into the ceramics."®

Improve the resilience of current
water systems with hybrid models of
“green” and “gray” infrastructure.
Green infrastructure includes a variety
of greenspaces that reduce runoff,
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filter out stormwater pollutants, and
preserve water for times of drought. Gray
infrastructure focuses on repairing or
installing new sewer systems, holding
tanks, water lines, flood barriers,

and other structures to maximize the
efficiency of systems and decrease the
chance that waterways will be polluted
or flooded. Combining improvements in
these systems can better protect children
by enhancing our systems’ resilience to
withstand storms and flooding."2°

« Green infrastructure improvements:
Planting trees, building bioswales
(channels that carry stormwater),
installing green roofs, and establishing
new green spaces decrease water
pollution by reducing runoff,
decreasing flood risk, reducing
the risk of sewer overflow, and
replenishing groundwater stores.

« Gray infrastructure: Updating sewer
systems and water storage facilities by
repairing existing systems and installing
new ones increases their capacity to
handle higher water loads during floods
and storms, which will reduce damage
to homes and exposure to toxic health
hazards for children and families.

- Smart surfaces: New pavement
technologies, including porous asphalt
and concrete, permeable pavers, and
porous grid pavers with turf or gravel,
allow rain to reenter the ground,
reducing pollution, stormwater
runoff, and flood risk while recharging
groundwater that re-enters the aquifer.

Engage in “citizen science.” In the

face of delays and sometimes a complete
absence of government response to water
issues identified by the community,
citizen-led action and solid data may be
required to make the case and spur action.
Community-engaged research can be a
powerful tool for water quality research
by involving the residents who are most
affected by water issues. Academic-
community partnerships across the

DEVELOPINGCHILD.HARVARD.EDU

country have been successful in mapping
water contaminants and instigating
protective measures in their communities.
Such initiatives empower citizens with
knowledge and agency to take concrete
actions to improve their environment and
can connect them to services such as legal
support and university-based researchers.%
The use of community-engaged
research in Flint demonstrated the
power of quantifiable data to validate the
anecdotal claims of residents affected by
poor water quality. Citizen complaints
alone did not convince city officials or
national media of widespread illness
caused by the water—and city and state
officials either ignored complaints
or refuted them with skewed data.!®
Ultimately, concerned residents and local
activist groups had to form alliances with
national activists, government employees,
academics, and scientists to collect
evidence that government institutions
would deem credible. Together, leaders
from the Flint community and a team of
researchers and students trained citizen
volunteers to collect water samples across
the city. The test results substantiated
local concerns: Lead levels were roughly 2
times higher than city tests had indicated.
Virginia Tech professor Marc Edwards,
who led the team of researchers, and
pediatrician Mona Hanna-Attisha,
director of the Michigan State University-
Hurley Children’s Hospital Pediatric
Public Health Initiative, were able to
amplify residents’ claims by effectively
communicating them in the language
of scientific expertise. Combined, their
efforts led to a local foundation offering
to subsidize the cost of switching water
supplies and to the mayor declaring
a state of emergency in Flint—the
beginning of a long process of addressing
residents’ concerns.'? Even before the
crisis gained national media attention,
it was the sustained organization and
activism of residents, coupled with
scientific evidence, that sparked the
return to a clean water system.!®
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Resources for Taking Action

Flint Registry: Resources for

Other Communities

A nonprofit research and information
organization established in Flint, Michigan,
that offers helpful information, links,

and tips relating to lead and other
drinking water contaminants.
flintregistry.or
resources-for-other-communities

Water Data Collaborative

An online hub for participatory
community water monitoring and using
data to advocate for safer water.
waterdatacollaborative.org

River Network: State Action

on Drinking Water

This guide provides examples of drinking
water policies, plans, and resolutions in
states across the US, addressing issues
including affordability, lead, and PFAS.
rivernetwork.org/state-policy-hub/
drinking-water

American Academy of Pediatrics (AAP)
and AAP’s HealthyChildren.org

* Is Your Drinking Water Safe? provides
information and tips for caregivers on how

to ensure the safety of their drinking water.

* Lead in Tap Water & Household Plumbing:
Parent FAQs offers information and
resources for protecting children
from exposure to lead at home.

* Well Water Safety & Testing:
AAP Policy Explained offers
information and tips for families.

Children’s Environmental Health Network:
Eco-Healthy Child Care® Fact Sheets

The CEHN provides fact sheets for childcare
providers on several topics in early health and
development, including exposure to lead.

cehn.org/our-work/eco-healthy-child-care/
ehcc-factsheets

Environmental Protection Agency

Offers a wide range of information, tools,
funding opportunities, and case studies for
individuals, organizations, and municipal
water services. Below is a selection based
on topics referenced in this report.

¢ Community-Based Water Resiliency
Initiative provides communities with
tools and resources to plan for and
respond to water service disruptions,
helping mitigate potentially severe
health and economic consequences.

e Consumer Tool for Identifying POU
Drinking Water Filters Certified to Reduce
Lead helps consumers know if their
water filter is certified to reduce lead.

* Contact Information for Certification
Programs and Certified Laboratories for
Drinking Water provides a searchable
list of laboratories by state that
will test private drinking water.

* Get the Lead Out Initiative is working
to accelerate the removal of lead pipes,
especially in underserved communities.
Communities can request to participate
in the initiative on this website.

A Cascade of Impacts: The Many Ways Water Affects Child Development 18


http://flintregistry.org/resources-for-other-communities
http://flintregistry.org/resources-for-other-communities
http://waterdatacollaborative.org
http://rivernetwork.org/state-policy-hub/drinking-water
http://rivernetwork.org/state-policy-hub/drinking-water
https://www.healthychildren.org/English/safety-prevention/all-around/Pages/Is-Your-Drinking-Water-Safe.aspx?_gl=1*1su8cof*_ga*NTY2MjQzMjg5LjE3MDYyODI5MzI.*_ga_FD9D3XZVQQ*MTcwNjI4MjkzMS4xLjEuMTcwNjI4MzEzMC4wLjAuMA..
https://www.healthychildren.org/English/safety-prevention/at-home/Pages/Lead-in-Tap-Water-Household-Plumbing.aspx
https://www.healthychildren.org/English/safety-prevention/at-home/Pages/Lead-in-Tap-Water-Household-Plumbing.aspx
https://www.healthychildren.org/English/safety-prevention/all-around/Pages/Where-We-Stand-Testing-of-Well-Water.aspx?_gl=1*fo17y8*_ga*NTY2MjQzMjg5LjE3MDYyODI5MzI.*_ga_FD9D3XZVQQ*MTcwNjI4MjkzMS4xLjEuMTcwNjI4MzAzMC4wLjAuMA..
https://www.healthychildren.org/English/safety-prevention/all-around/Pages/Where-We-Stand-Testing-of-Well-Water.aspx?_gl=1*fo17y8*_ga*NTY2MjQzMjg5LjE3MDYyODI5MzI.*_ga_FD9D3XZVQQ*MTcwNjI4MjkzMS4xLjEuMTcwNjI4MzAzMC4wLjAuMA..
http://cehn.org/our-work/eco-healthy-child-care/ehcc-factsheets
http://cehn.org/our-work/eco-healthy-child-care/ehcc-factsheets
https://www.epa.gov/climate-change-water-sector/community-based-water-resiliency-initiative
https://www.epa.gov/climate-change-water-sector/community-based-water-resiliency-initiative
https://www.epa.gov/water-research/consumer-tool-identifying-point-use-and-pitcher-filters-certified-reduce-lead
https://www.epa.gov/water-research/consumer-tool-identifying-point-use-and-pitcher-filters-certified-reduce-lead
https://www.epa.gov/water-research/consumer-tool-identifying-point-use-and-pitcher-filters-certified-reduce-lead
https://www.epa.gov/dwlabcert/contact-information-certification-programs-and-certified-laboratories-drinking-water#state-labs
https://www.epa.gov/dwlabcert/contact-information-certification-programs-and-certified-laboratories-drinking-water#state-labs
https://www.epa.gov/dwlabcert/contact-information-certification-programs-and-certified-laboratories-drinking-water#state-labs
https://www.epa.gov/water-infrastructure/get-lead-out-initiative
https://developingchild.harvard.edu/
https://HealthyChildren.org

* Green and Gray Infrastructure Research
provides information and resources
on green and gray infrastructure.

» Safe Drinking Water on Tribal Lands
provides information and resources on
how the EPA collaborates with Tribal
governments, utilities, and members to
implement the Safe Drinking Water Act.

Smart Surfaces Coalition

* What is a Smart Surface?
This resource details what a smart surface
is and how these surfaces can benefit
communities, including how porous
and permeable pavements can reduce
stormwater runoff and water pollution.

* The Climate Is Changing Rapidly, But
Smart Surface Technologies Can Help
Keep Our Cities Cool examines how the
climate is changing and the ways that
smart surfaces can mitigate the impact
of related weather events, including more
frequent, heavy rains.

US Climate Resilience Toolkit: Water
Compiles information and examples of how
climate change is affecting the water cycle,
as well as case studies and suggestions

of adaptations relating to municipal water
supplies, flooding, drought, and more.
toolkit.climate.gov/topics/water

Centers for Disease Control and Prevention
(CDC) Guide to Drinking Water

Includes information about water quality,
testing, and treatment in public and private
systems, homes, and while traveling.
cdc.gov/healthywater/drinking
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