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If you live in a country in the Global North,1 you most likely open the tap, 
fill your glass, and drink the water. You probably do this reflexively, not 
pausing to ask, “Wait, will drinking this water or cooking with it make me 
or my family sick?” Being able to do so without hesitation is what it means 
to have access to safe drinking water—a fundamental human right accord-
ing to the United Nations. While it is true that water is essential for life, it 
is safe drinking water that is necessary to protect public health and sup-
port social and economic development. As defined by the World Health 
Organization (WHO), safe drinking water “does not represent any signifi-
cant risk to health over a lifetime of consumption, including different sen-
sitivities that may occur between life stages.” 2 Access to safe drinking 
water means you should not have to worry about getting sick or dying 
from your tap water. Not having to worry about the safety of the water you 
drink is worth valuing and championing.

But, the next time you drink a glass of tap water, pause and ask your-
self, “Why can I drink this water and not worry about its safety?” You may 
have heard that other regions of the world cannot make this assumption. 
Over two billion people worldwide (about one in four people) consume 
water that can potentially cause them to become sick; over 800,000  
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people die from waterborne diseases every year. Then ask yourself the fol-
lowing: Have I recently heard of a town in the United States where the tap 
water was deemed unsafe? Am I aware of the following incidents of con-
tamination of drinking water in communities in the United States?

A pediatrician in Flint, Michigan, informs a mother that her child’s blood 
lead level has increased since the last test. And the pediatrician suspects that 
the tap water delivered to this family’s home is the likely cause.3

A mother in California, after hearing about the community in Flint exposed to 
unsafe levels of lead from the tap water, decides to look at her town’s drinking 
water quality report only to read the fine print that said “1,2,3-Trichloropropane 
has been detected in 29 wells in Fresno. Some people who use water contain-
ing it over many years may have an increased risk of getting cancer, based on 
studies in laboratory animals.” 4

A man in Hoosick Falls, New York, wonders if his father’s death from cancer 
may have been due to the presence of a chemical called PFOA that was used 
in local industries and detected in the town’s drinking water.5

Harmful algal blooms in freshwater sources have released toxic chemicals 
called cyanotoxins, contaminating drinking water sources and posing a 
health threat to people and aquatic ecosystems.6,7

The toxic solvent trichloroethylene, used by an aerospace industry in Long 
Island, New York, has been leaching into the groundwater, the drinking water 
source for local communities. Residents wonder if the cancer cases in their 
community may have been caused by drinking their tap water for years.8

In Appalachia, communities where coal mining supports the local economy 
consume drinking water that contains unsafe levels of toxic metals and 
other chemical contaminants. These chemical contaminants result from 
runoff from the mines seeping into drinking water sources.9

In some communities in the San Joaquin Valley, California, the tap water is 
contaminated by nitrate and pesticides used to grow the produce that feeds 
the country.10,11 Many of these communities are low-socioeconomic and 
marginalized and have to buy bottled water, consuming a significant frac-
tion of their incomes.

Over two million people in the United States, disproportionately Native 
American and low-socioeconomic communities, have been dealing for dec-
ades with the impact of unsafe water on their health. Many in these com-
munities lack piped water and travel a long distance to collect and bring 
home water.12,13,14
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As forest fires spread into towns, toxic chemicals are released into the air 
and detected in local drinking water sources.15

And the list goes on . . .16,17,18

Why did the water in these towns get contaminated? Are these isolated 
events unlikely to be repeated, or are such incidents increasing? Why is it 
that some communities in the United States have been dealing with unsafe 
water for years? Why do over two billion people across the globe consume 
unsafe water? As explored in this book, the reasons are manyfold, but at 
heart is the chemistry of water, which is the key to identifying and under-
standing water contamination.

Water is a molecular marvel. Its seemingly simple molecular formula—
H2O—contradicts its complex behavior. The fact that water molecules are 
made up of two hydrogen atoms and one oxygen atom, that is, H2O, allows 
life to thrive under the conditions that exist on Earth. Every living organism 
is connected through this reliance on liquid water, from an amoeba to a 
plant to a blue whale. It is, however, also because water is H2O that water is 
easily contaminated. We cannot live without water, and at the same time, 
water being easily contaminated can therefore potentially threaten life—this 
is the paradox of water. Intentionally acknowledging this paradox of water 
is crucial to addressing the many challenges faced in ensuring access to safe 
drinking water worldwide. In nations where the majority have access to safe 
drinking water, this very success has made us complacent. This compla-
cency is dangerous and threatens to unravel this success, as is evident in the 
increasing incidences of water contamination reported in the United States.

Due to the inherent chemistry of water, the quality of water from pre-
cipitation to reservoir to tap changes. A drinking water source may origi-
nate in pristine landscapes, mountain springs, or snowmelts. This water 
may flow through farmland and industrial zones and percolate into the 
ground before emptying into a reservoir. That this water, which has likely 
been subject to pollution from rampant industrialization and agriculture, 
can be rendered safe enough to drink at the tap demands constant invest-
ment and oversight. Understanding the chemistry that defines first the 
processes of water contamination and then treatment and quality control 
necessary for the delivery of safe drinking water allows for informed water 
management decisions and a vigilant public.
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In the early 20th century, our understanding of how water gets con-
taminated led to scientific, engineering, health, economic, and policy 
investments in delivering safe water. As a result, people living in nations 
that could afford to make the necessary investments benefited enormously. 
The number of people getting sick or dying from waterborne diseases like 
cholera and typhoid plummeted. Economic productivity grew. But this, 
unfortunately, is still not the case for a significant fraction of the world’s 
population. This book aims to awaken the sensitivity of 21st-century 
readers to a deeper understanding of the most fundamental aspects of 
water, arguing that the chemistry of water demands urgent responses in 
increasing investments for water infrastructure and strengthening regula-
tions to ensure the continued delivery of safe water. Ignoring this chemis-
try could unravel the gains enjoyed by the majority and make it even more 
unlikely to address the challenges faced by the minority unjustly left out 
from enjoying the benefits of safe water.

This book begins by exploring the fundamental chemistry of water that 
dictates the paradox of water. Chapter 2 examines why water’s molecular 
formula (H2O) dictates its unique properties and makes water essential 
for life. Chapter 3 explores why the same properties of water that make it 
essential for life also allow water to be easily contaminated and potentially 
life-threatening. This introduction to the chemistry of water emphasizes 
why understanding water’s molecular nature is crucial in guiding the 
social and policy dimensions of access to safe drinking water.

The history of human civilization is intricately connected to access to 
water sources. As populations rose, so did pollution of water sources, 
resulting in the rampant spread of diseases and high mortality and morbid-
ity rates. It took a scientific understanding of why water was responsible for 
spreading diseases to develop informed solutions to treat water, resulting 
in enormous benefits to communities. As a result, mortality rates declined, 
and economic productivity increased. Chapter 4 traces this historical devel-
opment to explore the intersection of access to safe drinking water with 
public health and the social and economic impacts of unsafe water.

Using the United States as a case study, chapter 5 explains the invisible 
path that water takes from source to tap and discusses the role of the 
Environmental Protection Agency (EPA) and congressional acts in regu-
lating drinking water quality. These acts dictated investments in drinking 
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water infrastructure, allowing the vast majority of people in the United 
States to have safe drinking water coming out of their taps. Finally, we will 
look at the successes and challenges facing the United States’ regulatory 
process and growing risks that demand urgent attention to ensure the 
continued delivery of safe drinking water.

Chapter 6 traces case studies of water contamination and highlights 
the tragic consequences of disregarding water’s chemical behavior, which 
have led to social and economic costs on communities. We must learn 
from these cases to inform how we strengthen drinking water manage-
ment. The chemistry of water dictates that the precautionary principle 
must inform the management and delivery of safe drinking water. Chapter 
7 explores this principle and how it applies to forward-thinking and cli-
mate-resilient solutions for safe drinking water management, as discussed 
in chapters 8 and 9. Examples of decentralized, appropriate solutions that 
respect local social, cultural, and economic realities in delivering safe 
water are presented in chapter 10.

Finally, chapter 11 highlights the importance of an informed public to 
ensure that their governments invest in the necessary infrastructure for 
safe drinking water. The more we understand the significance of safe 
drinking water to our health and well-being, the more informed our 
demands for sound and just actions by our political representatives will be.

No single book can do justice to the multitude and complex ways that 
water and society are intertwined. As a result, this book cannot cover all 
aspects of water and focuses on drinking water. Drinking water is the 
smallest fraction of water used by a nation; agricultural and industrial 
uses of water are higher. Yet, the quality of this smallest fraction is what 
dictates whether a community is healthy, educated, and economically sus-
tained. Further, how we use or misuse water has consequences for all life 
on Earth. We must heed and respect the Lakota phrase Mní wičhóni, 
water is life.
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