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Every day, we interact with our environments. Many things in our

environments are safe, but some might make us sick. How do

scientists figure out which things make us sick? And when we find

out what makes people sick, how do we clean up the environment

to protect people? Environmental toxicology is the study of how

pollution a�ects human, animal, and ecosystemhealth. The scientists

working in this field studywhich chemicalsmake humans and animals

sick, how we come into contact with them, and if there are safer

chemicals that could replace those that are less safe. In this article,

we use the metal lead as an example. We describe where lead comes

from, how people are exposed to it, and why we must protect

ourselves from lead exposure.
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ENVIRONMENTAL TOXICOLOGY: STUDYING CHEMICAL

POLLUTION

Everything around us is made of chemicals—from the water we drink
to the clothes we wear. The news sometimes makes it seem like
all chemicals are harmful, but the truth is everything is made from
chemicals, and not all of them are bad. Our bodies need many
chemicals, like water, food, and air. Although many chemicals are
good for us, some can hurt the environment and our health. Your
environment is everything around you. It includes your backyard,
inside your house, your school, and any other places you go. When
pollution gets into the environment, people and animals can be
exposed to dangerous substances and become sick.

Sometimes pollution is something you can see, like cigarette butts
or plastic bags on the beach. But sometimes pollution is invisible to
the naked eye. Chemical pollution is when chemicals get into the
environment where they can hurt either people or the plants and
animals that live there. Who figures out which chemicals make us
sick so that we can protect ourselves from them? Environmental
toxicologists are professionals who study how chemicals in the

ENVIRONMENTAL

TOXICOLOGISTS

Scientists who study
how chemicals in the
environment a�ect the
health of humans,
animals, and
our ecosystems.

environment a�ect the health of living beings, including humans.
Environmental toxicologists do research to figure out if chemicals in
the environment are harmful, and to figure out what needs to be done
to protect ourselves from harmful chemicals.

WHERE DOES CHEMICAL POLLUTION COME FROM?

Pollution can come from many places. Chemical pollution can occur
naturally, which means that the chemicals can come from the Earth,
or they can be made by people, such as chemicals made in factories.
Sometimes it is easy to see where pollution is coming from, like when
you see a volcano erupt or waste being dumped somewhere. But
sometimes we do not know where chemical pollutants are or how
people get exposed to them. Some scientists dedicate their whole
careers to being detectives for these “mystery” chemicals. They search
our air, water, and even things in our houses (like our clothes, couches,
or even frying pans) to find these chemicals.

One example of a chemical pollutant that is hard to see is the metal
lead (with the symbol Pb2+ on the periodic table of elements). This
article focuses on lead because it has been very well studied by
environmental toxicologists, but it is important to note that there are
many other chemicals around us that scientists still do not knowmuch
about yet.

Lead exists naturally in the Earth and has many uses. For example,
some batteries contain lead. At one time, lead was used in the gasoline
used to power cars. So much lead was used and released into the air

kids.frontiersin.org November 2024 | Volume 12 | Article 1442654 | 2

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1442654
https://kids.frontiersin.org/article/10.3389/frym.2024.1442654
https://kids.frontiersin.org/article/10.3389/frym.2024.1442654


Lalwani et al.

that, even now, dirt around some major roads contains lots of lead. In
the past, some homes and even children’s toys used lead-containing
paints. People are still being exposed to lead particles from this paint
as it chips away over time.

HOWDOCHEMICALS GET INTOOUR BODIES?

Chemicals in the air can get into our bodies when we breathe them in
(called inhalation). Some chemicals can be absorbed through the skin
(called dermal uptake). If toxic chemicals are present in food or drinks,
they can get into our bodies when we eat or drink (called ingestion).
Once inside our bodies, toxic chemicals can travel through the blood
and harm our cells and organs (Figure 1A).

Figure 1

Figure 1

Paths by which
chemicals get into our
bodies and their e�ects
on organs. (A)
Inhalation (breathing),
ingestion
(eating/drinking), and
dermal uptake
(absorption through
the skin) are three
major ways chemicals
enter our bodies and
a�ect our health. (B)
Once chemicals get
into our bodies, they
can go to various
organs and cause toxic
e�ects. Lead, for
example, can damage
organs including the
brain, nervous system,
heart, and kidneys.

A few years ago, many people in the city of Flint, Michigan were
exposed to lead from pipes that carried their drinking water. Every time
they took a sip of water, they were ingesting a little bit of lead. Lead
ingestion can also happen when small children play in places where
lead is present, because they often put their hands and toys in their
mouths. People have also been exposed to lead just from inhaling it,
such as when gasoline with lead was used to power cars. Luckily, lead
is not easily taken up by touch.

WHAT DO CHEMICALS DO IN OUR BODIES?

Chemicals can have both positive and negative e�ects on the
human body. For example, calcium is needed for strong bones,
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and carrots contain vitamin A, which helps our eyesight. However,
sometimes even beneficial chemicals in high amounts can cause
bad things to happen. Every chemical can result in unique health
e�ects, depending on what the chemical is, how the person
was exposed to it, and how much of the chemical they were
exposed to.

Lead is a developmental neurotoxicant. This means that it can cause

DEVELOPMENTAL

NEUROTOXICANT

A chemical that can
damage the brain and
nervous system when
they are developing.

harmful changes in the way the brain develops and functions. Lead
can impact the brain by changing how brain cells communicate with
one another. In a healthy brain, neurons release small chemicals
to talk with each other. Lead can disrupt the release of these
chemicals, so it impacts communication between cells [1]. This
can make it harder to pay attention, learn language, and form
memories. Lead exposure at low levels can also cause high blood
pressure. Exposure to high levels of lead can cause nausea,
tiredness, and in very bad cases can even cause death [2]. The
variety of health e�ects of lead exposure are due to the many
organs lead interacts with, ranging from the heart to the kidneys
(Figure 1B).

THE DOSEMAKES THE POISON

The e�ect of any chemical depends on how much we are exposed
to. The amount of a chemical that gets inside the body is called the
dose. A dose-response curve is a tool used by toxicologists to show

DOSE

The amount of
something a person
gets exposed to.

DOSE-RESPONSE

CURVE

A graph used by
toxicologists to show
how increasing the
dose changes the
health e�ect, or
response,
being measured.

how increasing the dose changes the health e�ect being measured.
Generally, a higher dose increases the e�ect the exposure has on
someone’s health (Figures 2A, B). Every chemical is di�erent, and
the toxicity of di�erent chemicals can be determined by comparing

TOXICITY

The adverse (harmful or
dangerous) response of
an organism to a
chemical exposure.

dose-response curves. Some chemicals are more toxic than others,
which a dose-response curve shows as a toxic response at a lower
dose (Figure 2C).

Figure 2

Figure 2

(A) For colored
chemicals like red food
coloring, it is easy to
see di�erent doses. (B)
If someone is exposed
to a low dose of a
chemical, there may be
a smaller response. If
they are exposed to a
higher dose, the
chemical will likely
have a larger, possibly
toxic, e�ect. (C) Some
chemicals are toxic at
lower doses than
others. This can be
seen as shifts in
dose-response curves.
In this example,
chemical 1 is more
toxic than chemical 2—
a low dose of chemical
1 can do more harm
than the same amount
of chemical 2 (Created
with Biorender.com).

Usually, a toxic chemical is only harmful if you are exposed to a lot
of it or if you are exposed to it for a long time. Toxicologists study

kids.frontiersin.org November 2024 | Volume 12 | Article 1442654 | 4

https://www.biorender.com
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1442654
https://kids.frontiersin.org/article/10.3389/frym.2024.1442654
https://kids.frontiersin.org/article/10.3389/frym.2024.1442654


Lalwani et al.

two types of exposure: chronic and acute. Chronic exposure is when
someone is exposed to a chemical over months or years. For example,
a child might have a chronic lead exposure if they have toys coated in
lead paint—they get exposed to a little every day. Thankfully, toys are
no longer made with lead paint, so chronic exposures to lead are not
common. Acute exposure is when someone is exposed to a chemical

CHRONIC

EXPOSURE

Long-term contact
with a chemical, over
weeks, months, or
years, potentially
leading to gradual
health e�ects due to
repeated or
continuous exposure.

ACUTE EXPOSURE

Short-term contact
with a chemical, often
lasting minutes to
hours, which can cause
immediate health
e�ects depending on
the substance and
exposure level.

only for a short period of time. For example, someone might have an
acute lead exposure from removing old lead-based paint if they make
a lot of dust and inhale it while sanding the paint [3].

When people are exposed to more than one type of chemical
simultaneously, that also matters. These other chemicals can be toxic
or non-toxic. Being exposed to two chemicals at the same time can
change how our bodies respond, which can be helpful or hurtful. One
example of how chemicals can interact and worsen health is that of
lead and another metal, arsenic. Both lead and arsenic are toxic, and
they are even worse for us when we are exposed to them together [4].
On the other hand, studies have shown that certain foods and drinks
(such as milk, green tea, and vegetables) can actually reduce lead
toxicity, which can lessen the harmful e�ects of the exposure [5].

WHO IS AT RISK FOR CHEMICAL EXPOSURE?

Environmental toxicologists do not only study which chemicals
a�ect our health—they also study the people exposed. Contact with
chemicals can be more common based on where you live, your
job, your gender, and your race. For example, factories using toxic
chemicals are often built in lower-income areas, so people living in
these areas may be exposed to more chemicals. Another example
is that, historically, there have been more studies of possible toxic
e�ects of men’s health and personal care products than women’s,
so women’s health and personal care products might contain more
harmful chemicals. Additionally, someone’s job might make them
more likely to be exposed to toxic chemicals, such as workers on farms
who may need to use chemicals like pesticides, which are chemicals
designed to kill insects. We see these di�erences in exposures to lead
too—some people are more exposed than others. In the United States,
Black children are exposed to higher levels of lead than white or
Hispanic children [6].

When some groups have more exposure to higher levels of harmful
chemicals than others, this can lead to more illnesses in those
people. Environmental justice is a social and political movement that

ENVIRONMENTAL

JUSTICE

A social movement that
seeks to make sure
everyone has equal
access to a clean and
healthy environment.

aims to make sure that everyone is treated fairly, so all people are
equally protected from toxic chemicals. Environmental toxicologists
all over the world advocate and stand up for equal access to a
healthy environment.
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WHAT CANWE DO ABOUT CHEMICAL EXPOSURES?

Environmental toxicologists have learned so much about which
chemicals hurt our health and what doses are safe, so they can
help us decide which places need to be cleaned up. For example,
partly because of what toxicologists have learned about lead, the
United States government is spending money to reduce exposure to
lead from old paint and pipes. Also, it is important that we all take
steps to protect ourselves from exposures, like being careful about
what foods we eat and washing our hands. Other things you can do
include talking to environmental toxicologists and other scientists who
test these chemicals, reading more about these issues, and talking to
your friends. You can also support environmental justice movements
that champion equality, so everyone is equally protected. Maybe you
will become an environmental toxicologist when you grow up! Finally,
with our environment and climate changing every day, everyone can
help, whether it is cleaning up places in your community or speaking
up for a healthy environment.
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