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ABSTRACT
Background: Water insecurity (WI) – or the inability to access affordable and clean water for the purposes of drinking,
cooking, sanitation and hygiene – represents a critical nexus between environmental and public health. Rural and
agricultural communities with limited economic and municipal resources are disproportionately affected by WI, and
these inequities contribute to poorer neonatal health outcomes.
Purpose: This review uses the Integrated Socio-Environmental Model of Health (ISEM) to explore the root causes of
water insecurity in California’s San Joaquin Valley. It aims to evaluate current research connecting water insecurity and
neonatal outcomes and identify areas needing further study.
Methods: This review applies ISEM as a conceptual framework to analyze the multifactorial contributors to WI in
California’s San Joaquin Valley (SJV) – a region characterized by rural, agricultural communities. We assess the current
state of the science on WI and neonatal outcomes in rural, disadvantaged communities of the SJV, identifying key
research gaps and proposing directions for future investigation.
Results:Water insecurity has been linked to the health outcomes of newborns and infants both directly and through inter-
generational effects. The disproportionately elevated rates of neonatal morbidity and mortality in California’s SJV,
compounded by escalating WI driven by the climate crisis and environmental degradation, underscore the critical need
for targeted public health interventions.
Implications for Practice and Research: Clinicians and researchers aiming to investigate or prevent the impacts of WI on
neonatal health outcomes should consider implementation of WI questionnaires and scales to assess at a household level
a person or family’s ability to access clean water.
KeyWords: neonate, environmental health, social determinants of health (SDoH), Socio-Environmental Model of Health
(ISEM), Household Water Insecurity (HWI), Water insecurity (WI)

INTRODUCTION

As advancements in environmental health research
progress, nursing practices are continually adapted
to incorporate the influence of environmental deter-
minants on public health. Over the past two dec-
ades, nurses have emerged as pivotal contributors in
this arena, leveraging their trusted status within
communities to advocate for the integration of

environmental health principles into everyday
practice.1 Positioned at this intersection of health
and environment, nurses play an essential role in
identifying and mitigating the health impacts of cli-
mate change, particularly in vulnerable populations
disproportionately affected by its consequences.
One of the increasingly perilous results of large-

scale climate change which necessitates nursing
expertise and intervention is the diminishing avail-
ability of clean drinking water. This issue contri-
butes to the global health crisis, profoundly
impacting both human well-being and environmen-
tal systems.1 The World Health Organization
(WHO) reported that as of 2020, 26% of the
world’s population still did not have access to safe
drinking water.1 In recognition of this growing pro-
blem, WHO cites two of their year 2030 global
health goals to be (1) universal and equitable access
to safe and affordable drinking water for all, and (2)
improving water quality by reducing pollution.2

Water insecurity is a critical and timely health
issue that must be addressed at all levels of impact,
from household to global.Household water insecur-
ity, defined as the inadequate access to both clean
and affordable water for the purposes of drinking,
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cooking, sanitation and hygiene,3 is an evolving
paradigm that encompasses the lived experiences of
water access, use, and suitability at the household
scale.4 Quantified through use of experience-based
scales, household water insecurity can also be mea-
sured through surveillance of contaminants, as well
as qualitative analysis of lived experience.4 The
Household Water Insecurity Experiences Scale
(H-WISE), for example, utilizes a 12-item survey to
measure water insecurity in vulnerable populations,
with items including frequency in worrying about
water acquisition, frequency of interruption or lim-
itation of water sources, and frequency of emotional
and mental distress related to water insecurity,
among others.5

Water insecurity has been linked to health out-
comes of newborns and infants both directly and
through inter-generational effects.4 Inaccessibility of
clean drinking water has been associated with an
increased risk of preterm birth, decreased birth size
and weight, and an increased risk of birth defects.4,6-8

Hypertensive disorders of pregnancy, depression,
elevated cortisol levels, and various water-borne ill-
nesses have been linked to WI in pregnant women –
outcomes that have both direct and ancillary effects
on the unborn fetus.6,9,10 WI has additionally been
shown to have perilous and even deadly conse-
quences for young infants and children, with diar-
rheal diseases driving child mortality around the
globe.11 Inaccessibility of clean drinking water
impacts infant feeding practices both in human milk
and in non-human milk (formula) feeds, increasing
the chances of dehydration and acquisition of water-
borne illnesses in a susceptible population.12

Case Study
In the San Joaquin Valley (SJV) of California, water
insecurity is affecting the lives of rural, disadvan-
taged communities at a disproportionately increased
rate.13 Climate change-induced rising sea levels,
intense and frequent heat waves and droughts, and
devastating flooding and wildfires have triggered

a cascade of harmful outcomes for both environ-
mental and human health.13 Situated in the southern
half of the Central Valley of California, the SJV is
vast, encompassing 250 square miles, 8 counties,
62 cities, 123 census designated areas, and 443 unin-
corporated communities.14 With a population of
over 4 million people making up 10% of the state’s
overall census, the SJV is predicted to encompass
26% of California’s total population by the year
2050.13,14 Extremes in heat and drought, coupled
with agricultural over-pumping, have caused thou-
sands of wells to dry, and a water scarcity crisis has
begun to ensue.15 Exacerbating a diminished water
supply are compounding factors creating contami-
nation in existing water: the depletion of ground-
water reserves, aging infrastructure, and increasing
levels of contaminants through use of nitrate-laden
fertilizers in the surrounding agricultural commu-
nities have caused a disproportionate number of
rural communities in the SJV to possess some of
the most contaminated drinking water systems in
the United States.13,15-19

In addition to the burden of WI, the SJV is home to
more disadvantaged communities than anywhere else
in California, with 413 census tracts classified as dis-
advantaged, comprising 55% of its population.20

Residents in the SJV are more likely to use the small
and private water systems that serve minority popula-
tions living in rural, agricultural communities; these
water sources are plagued by a disproportionately
higher rate of common groundwater contaminants
like nitrates.21 The majority population in these dis-
advantaged communities are Latinos, many of whom
are farmworkers with historically limited rights20; and
in the SJV, Latinos are more likely to drink water
contaminated with nitrates than any other ethnic
group.22 Further exacerbating social and environmen-
tal inequities is the addition of food insecurity.
Agriculture is California’s primary gross state pro-
duct, with over 11% of the state’s total landmass (or
60% of their acreage) designated farmland for agri-
cultural use.13 However, despite housing 7 of the top
10 agricultural counties in the state, the SJV has the
lowest food security rate of anywhere in California,20

with 13.7% of the SJV lacking access to food.23

In 2022, 1 out of every 11 babies (or 9.4%) born in
the SJV was preterm.24 There is a high prevalence of
newborn health disparities in the SJV, and it is home
to the highest infant morbidity and mortality rates in
all of California.25 The infant mortality rate in the SJV
is 5.72 (per 100,000 live births), while the statewide
average is only 3.97.25 Mothers in the rural SJV have
a 51% increased chance of experiencing an infant
death than mothers living in other regions of
California.25 Infants in the SJV are also more likely
to have lower birth weights, birth defects, and to be
born prematurely, than anywhere else in California.26

Pregnant mothers and infants face generally

What This Study Adds

• This study synthesizes current evidence linking water
insecurity (WI) with adverse neonatal outcomes, such
as preterm birth, low birth weight, and birth defects,
emphasizing the need for public health interventions.

• It applies the Integrated Socio-Environmental Model of
Health (ISEM) to highlight the compounding effects of
environmental, social, and policy-related determinants
on neonatal health in California’s San Joaquin Valley.

• The study advances the field by identifying actionable
practices, such as implementing WI screening tools in
clinical practice, and promoting private well stewardship,
to mitigate the health risks of WI in clinical and commu-
nity settings.
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heightened risks of adverse health outcomes attri-
butable to WI, given the inherent vulnerability of
this critical developmental period,6,7,25,27 and stu-
dies have shown that consuming contaminated
drinking water contributes to poor neonatal out-
comes, such as low birth weight, preterm birth, and
birth defects.8,17,28-31 This suggests that infants in the
SJV are likely at a particularly elevated risk of serious
developmental and health complications due to WI,
but to date this has not been the subject of extensive
research. This work is complicated by the many inter-
sections of environmental justice, poverty, discrimi-
nation, documentation status, etc., and a theoretical
framework is needed to highlight these contributing
factors to WI and its resulting neonatal outcomes.

The Integrated Socio-Economical Model of
Health and Wellbeing
The Integrated Socio-Environmental Model of
Health and Wellbeing (ISEM) was created by
Alvarez et al32 (see adapted version of Supplemental
Figure 1, available at http://links.lww.com/ANC/
A347) to address the need for a theoretical frame-
work that spoke to co-occurring environmental and
social determinants of health, especially among
socially disadvantaged populations, which produce
a cumulative effect on health and wellbeing32 ISEM
operates under the central assumption that social and
environmental risks do not exist in a vacuum, instead
frequently comingling with policy and community
resources or susceptibilities to amplify or moderate
existing health risk factors.
The ISEM was devised by a panel of scientists

including environmental scientists, epidemiologists,
and social scientists to conceptualize the joint con-
tribution of both social and environmental determi-
nants of health in explaining health and disease over
the continuum of life – from in-utero exposures
through death.32 In this model, the individual per-
son, characterized by their intrapersonal descriptors
(sex, age, personal health history, etc.), is exposed to
their physical and social environment through the
lens of their community (importantly, they do not
interact with their environment outside of this com-
munity and cultural norms lens). The impact of the
social environment (racism, socioeconomic status,
etc.) and the physical environment (built, engi-
neered, natural) on the individual then influences
their biologic and behavioral responses through
a series of interactions defined by their resources
and susceptibilities.32 These resources and suscept-
ibilities (eg, municipal status, access to healthcare,
education, legal status) which can have intrinsic or
extrinsic origins, can enhance or undermine the bio-
logical or behavioral response, which in turn accu-
mulates in either an adverse or protective effect on the
health of the individual.32 In the SJV, where vulner-
able populations have a disproportionate exposure to

these factors, ISEM provides a comprehensive lens
through which to explore both the causes and poten-
tial solutions to water insecurity’s impact on neonatal
health outcomes.
In the following section, wewill outline the interact-

ing dynamics of WI in the SJV within the framework
of the ISEMmodel.

Historical Background and Influence of Policy
on Water Quality in the SJV
To understand the ongoing environmental crisis in
the SJV, it is crucial to consider the impact of its
historical and political contexts. The Gold Rush of
1849 brought millions of settlers to California seek-
ing their fortunes, and with that settlement came
a need to feed the growing masses. By 1870,
California had an expanding agricultural economy,
complete with a railroad system for exporting their
goods.13 The 1912 California Colonization Project
recruited farmers from across the US, promising
“abundant and cheap water supply and deep rich
sandy loam soil.”20 Once farms were established,
farmers needed ways to both maintain their profits
and increase the scale of their crop exports, and so
began to hire Native American, Chinese, and
African American farm workers at a low wages.
This influx of immigrant farmworkers triggered
a series of laws that segregated the areas where
laborers were allowed to live segregated from the
rest of the population, the beginning of what now
are the disadvantaged, unincorporated communities
we see today in the SJV.13

The history of “Bracero” programs in the SJV
region constitutes an integral aspect of their founda-
tional and historical narrative. In the early 1900s, the
United States allowed large numbers of Mexican
immigrants in to help farms in crisis acquire the man-
power needed to yield their crops.18,33 Simultaneously
on a federal level, Congress passed the 1930s
Homeowner’s Loan Corporation Act to allow classi-
fication of desirability to neighborhoods across the
US, a practice known as redlining, allowing banks
and financial institutions to deny loans and insurance
to neighborhoods that were in undesirable locations.
These “red zones” targeted populations that were
predominantly African American, Latino, or Asian
across the United States.13 Such acts of systemic
racism led to a redlining of communities of color in
the SJV as well, resulting in a lack of investment in
rural, agricultural communities and a diversion of
resources that continues today.18,33

California’s water quality is governed by a com-
plex framework of policies at both the state and
federal levels, with agencies and regulations working
in tandem to ensure the protection and sustainability
of the state’s water resources. The Environmental
Protection Agency (EPA), the federal agency respon-
sible for regulating ambient air and water in
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communities, creates environmental policies around
specific media (ie, Clean Water Act).1 Although the
EPA is overseen at the federal level, it is up to most
states to enforce the policies they create, and to spe-
cify responsibility for water health based on local
zoning laws.1 Propositions at the state level can also
guide more specific interventions based off needs that
can be individual to each state. For example, in 2012
California passed Bill 685, the Human Right to
Water Law, which stipulates that every resident in
CA has the right to safe drinking water; this bill
provided a regulatory program for overseeing water
quality for large community water systems.34

A community water system (CWS) is defined as
a public water system with at least 15 service connec-
tions, or that serves at least 25 residents year-round.35

In contrast, small CWSs that do not meet the above
criteria and private wells are not regulated, and the
onus to maintain and test for contaminants is on the
private owners.35 Roughly 2.5 million Californians,
over 6% of the population, rely on these private wells
or small CWSs. Residents of the SJV are more likely
than the general state population to use private wells
or small CWSs; and due to lack of regulation, these
systems have significantly higher levels of nitrates,
arsenic and hexavalent chromium (CrVI), with the
highest concentrations of contaminants occurring in
the SJV.35

Social and Physical Environment of SJV
Communities
Of the more than 4 million inhabitants of the SJV,
about 20% are foreign-born (first generation immi-
grants), and 52% are Latino (making up around
84% of the non-citizen population).36 These demo-
graphic factors often correlate with limited access to
essential resources, limiting the ability of these com-
munities to respond to water insecurity and improve
their neonatal health outcomes. Additionally, immi-
grant and Latino communities commonly face sys-
temic barriers like language, lack of legal status, and
limited financial resources which heighten existing
susceptibilities.36 Studies show that women living in
neighborhoods where their nutritional or physical
needs are not met (eg, poor access to clean drinking
water) are at an increased risk of physical and psy-
chological stress, which in turn places stressors on
their pregnancies and contributes to poor fetal
growth and system development.37 This again points
to significant disadvantages for pregnant women,
fetuses and neonates in the SJV.
The physical environment in the SJV, including

factors like climate change, droughts, rising tem-
peratures, and agricultural practices, has a direct
impact on both the availability and the quality of
its water. The interaction of environmental stressors
(eg, extreme heat, drought) with water systems (eg,
over-pumping, contamination from fertilizers)

creates both immediate and long-term risks to public
health. For example, the climate and soil in the
SJV create some of the most favorable growing con-
ditions in the world for citrus trees, which are ferti-
lized with nitrates for optimal growth.38 These
nitrates seep into shallow water tables and leak into
local wells, contaminating sources for drinking water.
In other areas of the SJV, due to the impermeability of
the Corcoran clay that covers the ground, private
wells owners must dig deeply for their water supplies
to surpass the rough soil, causing increased levels of
arsenic in groundwater found at lower terrains.38

Resources and Susceptibilities Related to WI
in the SJV
The lack of access to clean and safe water exacerbates
the susceptibilities of disadvantaged individuals in the
SJV. Individuals living in rural, disadvantaged com-
munities often lack the assets and means to seek med-
ical help or to invest in water filtration and treatment
systems. Socio-hydrology, or the study of how humans
interact with water systems, brings better understand-
ing to the interactions between social vulnerabilities
and water systems.39 In agricultural communities,
exposure and living conditions are among the stron-
gest drivers of inequities in WI. Compounding issues
of water quality with water quantity, residents in rural
communities must combat susceptibilities and vul-
nerabilities in land use/tenant status, socioeco-
nomic status, exposure, health, and, importantly,
risk perception – which may be influenced by
a combination of education received and popular
community beliefs.39

Limited resources may also affect the health beha-
viors of individuals in these communities. In areas
where cleanwater is scarce, residentsmay adopt harm-
ful behaviors such as using contaminated water for
drinking, cooking, or hygiene due to lack or expense
of alternatives, further increasing their risk for disease.
A dearth of political and financial investment in com-
munity-level behavioral interventions (such as private
well maintenance) or education about water safety
could also play a role in the persistence of poor
health outcomes.38 The Drinking Water Disparities
Framework outlines three factors that drive disparities
in access to clean drinking water: the natural, the built,
and the sociopolitical environment.38 It is the inequi-
ties in all three of these factors that decrease resources
available to rural communities in the SJV.

Behavioral and Biological Responses to WI
Behavioral responses to WI, according to the
ISEM, can either be protective and lead to health
and wellbeing, or be harmful and lead to disease
and illbeing.32 Thus, both the quality of the water
itself and the behavioral responses to it have
a synergistic impact on biological outcomes. The
ISEM defines behavioral responses as alterations
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which are attributable to upstream exposures or
stimuli and which function to link those exposures
to health outcomes.32 Health behaviors that can
contribute to positive outcomes include preventa-
tive measures against WI such as purchasing
bottled water or installing whole house filters.
Another behavioral response is private well stew-
ardship (PWS), or the ongoing testing and treat-
ment of private wells for contaminants. PWS is the
primary method for identifying and mitigating the
health risks that drinking contaminated water can
cause in the neonate.40

However, behavioral decisions are informed and
constrained by many of the factors discussed
above. Not only does unsafe water increase patho-
gen and environmental contaminant exposure to
infants, but other dimensions of WI such as afford-
ability, availability and accessibility may impact
infant feeding.12 The cost and time required to
implement PWS regularly may be unrealistic for
some SJV community members, thus creating
a barrier to that behavioral response. Similarly,
the decision to use tap water or to purchase filtered
water for drinking during pregnancy, lactation, or
for making infant formula is informed by many
factors, including access to education about the
impact of water quality on maternal and infant
health, as well as the burden of the cost of filtered
water compared to that of available free water.
Behavior is influenced by intrinsic and extrinsic
factors, and even if the knowledge exists that fil-
tered water is the safer choice, the lack of financial
resources may still preclude the behavior.
The biological response to WI in pregnant and

postpartum women and infants is dyadic and com-
plex. Pregnant persons experiencing water restriction
or inadequate hydration have higher rates of preterm
births and small for gestational age neonates.4

Additionally, WI has been shown to increase risks
of illness for women during the pregnancy and post-
partum periods by increasing anxiety, fear, and
worry, constituting a significant threat to maternal
mental and physical health.41 Additionally, neonates
can suffer dehydration due to inadequate milk supply
caused by water reduction availability. Through the
level of contaminants in formula and breastmilk, as
well as the volume of the milk provided, WI increases
the risk of undernutrition in infancy with long term
implications for health, growth, and development in
childhood and beyond.12 While the incidence of these
poor health outcomes has not been rigorously studied
in the SJV, applying the ISEMmay help identify what
behaviors could mitigate the threats, and the barriers
and facilitators to those behaviors at the individual
and community levels. Importantly, the ISEM also
provides an understanding of how the larger histor-
ical and policy contexts, as well as social and physical
environments, shape these behaviors.41

DISCUSSION

Water insecurity (removed “in the San Joaquin
Valley”) is a critical public health issue, disproportio-
nately affecting marginalized and disadvantaged
rural agricultural communities. The contamination
of groundwater by agricultural pollutants, along
with an aging and inadequate infrastructure, has
had profound consequences for maternal and neona-
tal health in the SJV. Current evidence links WI and
contaminated drinking water with poor neonatal out-
comes such as small for gestational age, prematurity,
and birth defects.8,17,28-31 The ISEM framework effec-
tively emphasizes the multifaceted and nuanced con-
sequences that historical context, policy, social and
physical environment, and resources and susceptibil-
ities have on WI and neonatal health outcomes.
Water insecurity is not just an issue of environ-

mental justice, but one of social justice as well, with
vulnerable populations bearing the brunt of systemic
disadvantages that often exacerbate drinking water
inequities. While the San Joaquin Valley is a striking
example of WI in action, similar patterns can easily
be seen throughout the United States, and not solely
in remote or rural communities. Recent research
shows that ~ 1,121,120 people (±25 March 0537gin
of error) in the United States were without piped
water from 2013 to 2017, and even in large urban
cities, water can be shut off when bills go unpaid –
leaving vulnerable families with limited resources
deprived of the basic right of clean drinking water.42

Water contaminated with lead in Flint, Michigan, in
2015 tragically led to higher rates of infertility and
miscarriage in pregnant women, as well as infants
and children with dangerously high levels of lead in
their blood.41 With the EPA estimating that the
United States is facing degrading infrastructure
with investment needs in the billions of dollars to
improve structures contributing to water contain-
ment and disbursement, many States are finding
that federal funds are falling short of their munici-
pal needs, and the drinking water sector is often the
place divested City governments feel the strain
most acutely.41

Even with burgeoning research on the impact of
the climate on public health, a paucity of research
and data exists on the effect of climate crisis and
WI on maternal, perinatal, and neonatal health
outcomes.9,43-45 Having metrics that support meaning-
ful research into WI increase more rigorous scientific
research and transform the anecdotal into useful data
for stakeholders and communities that make decisions
about water.46 Current measurements for water inse-
curity include the Household Water Insecurity Scale
(HWISE) and Household Water Insecurity Access
Scale (HWIAS) – all new and innovative additions to
the water insecurities framework.5,46-48 Additional
research on the correlation between WI and food
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insecurity,49 aswell asWI and interpersonal household
violence,43 is also an important area of public health
that contributes in meaningful ways to neonatal out-
comes. Future scientific research implementing frame-
works like ISEM should seek to investigate and
promote moderating the effects that culture can have
on socio-environmental exposures – discovering path-
ways for resilience that can lead to health and
wellbeing.32

IMPLICATIONS FOR PRACTICE

Water resilience is the drive toward both a personal
and a local understanding of water resources and
management, as well as toward long-term sustain-
ability of water resources.50 Behavioral resilience, an
answer to the capacity for adaptation despite climate
change’s influence, is possible when a community is
given the resources, education and tools needed to
address both temporary and lasting water scarcity
and potability issues.50,51 Targeted public health
interventions, such as instruction on private well
stewardship (PWS), are the primary method for iden-
tifying and mitigating the health risks that drinking
contaminated water can cause in the developing fetus
and neonate.40,52

Nurses around the United States, as trusted
healthcare professionals, are uniquely positioned to
be able to both influence policy and practice when it
comes to screening and prevention of illnesses
related to WI. By implementing a WI screening,

like the HWISE scale, into routine assessments,
nurses can detect early signs of water-related chal-
lenges affecting patient health as well as risk-factors
associated with increased WI, particularly among
vulnerable populations. Given their specific role in
caring for and discharging neonates, advanced prac-
tice nurses in NICUs should consider implementa-
tion of WI scales in their discharge planning and
education, allowing for assessment of possibility of
household water insecurity and adaptation with
resources as needed in susceptible families.
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