
Children face unique 
vulnerabilities to 
environmental hazards 
at every stage of life
Fragile Beginnings

Each brief is divided into three parts (a) key messages,  
(b) examples of environmental hazards affecting children, 
and (c) a technical summary based on a review of the 
scientific literature.

Children today face a new set of challenges that were 
unimaginable just a generation ago. Across the world, 
climate change and environmental degradation are 
threatening child survival, health and well-being. 
Given children’s unique metabolism, physiology and 
developmental needs, no group is more vulnerable 
to environmental harm. Exposure can impact children 
early and have a lifelong effect.

The Fragile Beginnings series examines the growing 
body of research on the unique vulnerabilities of children: 
in utero and at birth, during infancy and childhood 
and throughout adolescence. Its purpose is to enable  
evidence-based advocacy and action on children’s 
environmental health.

The series is comprised of three briefs

1. Pregnant women and the developing fetuses’ 
unique vulnerabilities to environmental hazards

2. Children’s unique vulnerabilities to  
environmental hazards

3. Adolescents’ unique vulnerabilities to 
environmental hazards

Videos exploring children’s unique vulnerabilities

This is why extreme heat is 
life-threatening for children

How the unsound management 
of chemicals poisons children

How climate change 
impacted Aisha’s childhood
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https://www.youtube.com/watch?v=9uFJLrjoJQo&list=PLzfcpxK7Y8rTSSxkx33jiKrndROalPVdz&index=14&t=1s
https://www.youtube.com/watch?v=9uFJLrjoJQo&list=PLzfcpxK7Y8rTSSxkx33jiKrndROalPVdz&index=14&t=1s
https://www.youtube.com/watch?v=e3Hkls1hCE8&list=PLzfcpxK7Y8rTSSxkx33jiKrndROalPVdz&index=15&t=90s
https://www.youtube.com/watch?v=e3Hkls1hCE8&list=PLzfcpxK7Y8rTSSxkx33jiKrndROalPVdz&index=15&t=90s
https://www.youtube.com/watch?v=mJUi4HFatgs&list=PLzfcpxK7Y8rTSSxkx33jiKrndROalPVdz&index=18
https://www.youtube.com/watch?v=mJUi4HFatgs&list=PLzfcpxK7Y8rTSSxkx33jiKrndROalPVdz&index=18


This section focuses on the impact of environmental 
hazards on developing fetuses. The specific effects 
of environmental hazards on a pregnant woman’s 
own health are critical but beyond the scope of 
this document.
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1. Pregnant women and the developing 
 fetuses’ unique vulnerabilities to
 environmental hazards

Key messages

••  Every child has the right to a healthy start in life. 
But environmental hazards can cause harm before 
a child is born or even conceived. 

••  Environmental hazards can damage the egg or 
sperm cells long before conception takes place, 
and the effects can be passed down from 
generation to generation.

••  The fetal period is critical as it shapes a child’s lifelong 
health and development.

••  There are critical windows of vulnerability to 
environmental hazards, particularly during the 
first trimester, when women might not be aware 
of their pregnancies.

•• Adverse birth outcomes such as miscarriages, 
stillbirth, preterm births, birth defects and low 
birthweight have been linked to exposure to 
environmental hazards.

••  A fetus’s developing cells, organs and tissues are 
uniquely vulnerable to damage from environmental 
hazards.

••  The consequences can last a lifetime, including 
health conditions like obesity, cognitive impairment, 
neurological disorders, lung disease and cancer 
which can arise in infancy into late adulthood.

••  While all women are at risk, the heaviest burden falls 
upon women in low- and middle-income countries, 
especially those living in  fragile and conflict-affected 
situations, deepening inequities between groups.

••  Preventing exposure to environmental hazards 
can ensure that future generations live to their 
full potential. It can also prevent economic loss 
to countries, including to health systems.



Climate-related hazards
Malaria and Zika

Malaria infection rates in the first trimester of pregnancy 
are especially high. The parasites that cause malaria can 
cause severe anaemia in the pregnant woman, pregnancy 
loss and maternal death. Malaria can also cause babies 
to be born prematurely and have low birthweight. 
Children born after antenatal exposure to malaria may 
have impaired cognitive function. 

While pregnant women are no more likely to acquire 
Zika virus than other women, the virus can seriously 
harm the fetus’s developing nervous system. 

Zika virus infection during pregnancy can be devastating, 
causing pregnancy loss or resulting in babies being 
born prematurely. Babies who survive may suffer from 
congenital Zika syndrome, which includes malformation of 
the head and eyes and significant developmental delays. 

Even babies who do not have obvious defects at 
birth can still present with cognitive and language 
neurodevelopmental delay in childhood.

Cholera

Cholera is a severe diarrhoeal infection caused by 
ingesting food or water contaminated with the 
bacterium Vibrio cholerae and can cause dehydration. 
When a woman is pregnant, severe dehydration can 
cause problems for the pregnant woman and fetus, 
including compromised blood flow to the placenta and 
harmful levels of acid in the amniotic fluid, which can 
lead to pregnancy loss. 

Extreme heat

During pregnancy, a pregnant woman’s body adapts 
to many metabolic changes and maintains a steady and 
appropriate temperature. But in conditions of extreme 
heat, a pregnant woman’s ability to regulate a healthy 
temperature can be overwhelmed. 

Extreme heat can contribute to dehydration, which can 
reduce levels of amniotic fluid that protect the fetus. 

Extreme heat is associated with preterm birth. It has also 
been linked to low birthweight, congenital anomalies 
and gestational diabetes. 

Food insecurity

A pregnant woman is especially vulnerable to food
insecurity because she needs more nutritious food 
(both in terms of quantity and quality) so her body can 
both support the growing fetus and continue to function 
properly. Climate hazards can reduce the amounts of 
nutritious food produced, the availability and the cost.

Undernutrition during pregnancy is linked to babies being 
born too early and too small. It is also linked to neural 
tube defects, including spina bifida, where the spine 
and spinal cord do not form properly. Children born 
to mothers who are experiencing undernutrition because 
of food insecurity have been shown to have impaired 
cognitive development. 

Pollution
Air pollution

A pregnant woman can be exposed to higher levels of air 
pollution than a non-pregnant woman due to changes that 
occur in a woman’s breathing system during pregnancy. 

Chemicals in air pollution can directly affect a pregnant 
woman’s lungs and create inflammation in her body. 
They can also enter a pregnant woman’s circulation 
and then cross into the placenta. 

Air pollution can affect the health of the pregnant woman 
(e.g., diabetes in pregnancy, high blood pressure), the 
ability for her to carry to term and the weight of the baby. 
It can cause pregnancy loss early on (miscarriage) or 
later in the pregnancy (stillbirth). 

If a child is born after being exposed to air pollution 
in the womb, that child is at risk of developing 
neurodevelopmental disorders or asthma, the most 
common chronic childhood disease.

Examples of environmental hazards 
and how they affect pregnancy
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Key messages

••  Every child has the right to a healthy start in life. 
But environmental hazards can cause harm before 
a child is born or even conceived. 

••  Environmental hazards can damage the egg or 
sperm cells long before conception takes place, 
and the effects can be passed down from 
generation to generation.

••  The fetal period is critical as it shapes a child’s lifelong 
health and development.

••  There are critical windows of vulnerability to 
environmental hazards, particularly during the 
first trimester, when women might not be aware 
of their pregnancies.

•• Adverse birth outcomes such as miscarriages, 
stillbirth, preterm births, birth defects and low 
birthweight have been linked to exposure to 
environmental hazards.

••  A fetus’s developing cells, organs and tissues are 
uniquely vulnerable to damage from environmental 
hazards.

••  The consequences can last a lifetime, including 
health conditions like obesity, cognitive impairment, 
neurological disorders, lung disease and cancer 
which can arise in infancy into late adulthood.

••  While all women are at risk, the heaviest burden falls 
upon women in low- and middle-income countries, 
especially those living in  fragile and conflict-affected 
situations, deepening inequities between groups.

••  Preventing exposure to environmental hazards 
can ensure that future generations live to their 
full potential. It can also prevent economic loss 
to countries, including to health systems.
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Lead 

There is no safe level of lead exposure.

A fetus’s developing brain is particularly vulnerable to lead. 

Lead can compete for entry into a pregnant woman’s body 
with important nutrients such as calcium and iron, which 
are needed at higher levels during pregnancy to support 
the growth and development of the fetus. Lead can also be 
released into the pregnant woman’s bloodstream from her 
bones, which store lead from past exposures.

Antenatal exposure to lead is linked to reduced 
cognitive and behavioural development in children. 

Pesticides 

Exposure to pesticides can be harmful to a pregnancy, 
even if a woman is exposed before she gets pregnant. 

Pesticides can contribute to impairment of DNA, which 
can harm the developing fetus. Antenatal exposure to 
pesticides is linked to birth defects and childhood cancers 
including neuroblastoma and leukaemia, the most common 
childhood cancer. Antenatal pesticide exposure can also 
negatively affect the development of a child’s brain.

Arsenic

Arsenic is a toxic heavy metal that can contaminate 
drinking water and foods. Arsenic can accumulate at 
levels up to three times higher in the placenta than in 
a pregnant woman’s body. 

Arsenic exposure during pregnancy can cause pregnancy 
loss or premature birth. It is also associated with 
cognitive deficits in childhood.

Tobacco smoke

When a pregnant woman smokes or is around 
someone who smokes, her fetus can be exposed  
to over 7,000 toxic chemicals. There is no safe level  
of tobacco smoke.

Tobacco smoke can alter blood flow to the fetus, 
disrupting the delivery of oxygen and nutrients.  
Babies exposed to tobacco smoke may be born 
prematurely, have birth defects or die from sudden 
infant death syndrome. The effects of antenatal  
smoke exposure can also contribute to many  
chronic diseases in childhood.
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Critical windows of vulnerability

During preconception, conception and all the months 
of pregnancy, there are critical windows of time where 
certain cells, organs and tissues are most susceptible 
to environmental hazards.1 Understanding these 
windows can shed light on why environmental hazards 
can devastate a pregnancy or cause effects on health 
and development decades later. Protecting pregnant 
women from environmental hazards is an important 
step to ensure the health of future generations. 

Preconception: The first 
exposure window 
The health of both parents matters. The health of 
a sperm and egg which combine to create an embryo 
is foundational to the health of a pregnancy, the fetus 
and the baby after birth.2 The weeks just before 
conception are particularly important.3 But the impact 
of environmental hazards can be traced back several 
generations, and can occur even before a future 
parent is born.

The damage from direct exposure to environmental 
hazards to the reproductive cells of both men and 
women can happen decades before they conceive 
a child.4 This is because a person’s reproductive cells 
are already present when they are in the womb. 
It has been shown, for instance, that even when a 
woman does not smoke during pregnancy, her child 
is at increased risk of asthma if her own mother 
(the grandmother) smoked while pregnant with her.5

Damage can occur anytime, including before 
conception, continuing in utero, and persist through 
childhood and adolescence.6 Egg and sperm cells 
also develop differently, which can affect when the 
windows of sensitivity to environmental hazards 
occur and, ultimately, fertility and health impacts.7 

Changes to DNA in the reproductive cells can also 
be passed on to generations not directly exposed.8 
This means that a great-grandchild who did not 
have any direct exposure to an environmental hazard 
can still develop an environmentally related health 
condition, such as obesity.9

Intergenerational health impacts of exposure to environmental hazards

Environmental exposures before and during 
pregnancy shape a child’s lifelong health  
and well-being
Technical brief
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Pregnancy: The second
exposure window 

During pregnancy, a woman’s body undergoes many 
changes to accommodate the metabolic and nutritional 
needs of the growing fetus and prepare for breastfeeding. 
Some of these changes can increase the vulnerability of 
a pregnant woman and fetus to environmental hazards. 
They can also alter key processes in a pregnant woman’s 
body and change the way her body responds to physical 
stresses, such as extreme heat, putting both the woman 
and the fetus at risk of harm.

1. Increased food and fluid intake

A pregnant woman needs more food and fluids than 
a non-pregnant woman. This increases a pregnant 
woman’s exposure to toxicants in contaminated food 
and drinking water. For instance, arsenic, a common 
contaminant of drinking water,12 is linked to miscarriage, 
preterm birth and stillbirth,13 as well as cognitive deficits 
in childhood.14 

An increased need for fluids during pregnancy also 
puts a woman at risk of dehydration. This can cause low 
amniotic fluid levels, which limits fetal movement and 
creates pressure on the fetus from the umbilical cord.15 
Diseases like cholera, which make people lose fluids, 
make pregnant women especially susceptible to 
dehydration. Severe dehydration can compromise blood 
flow to the placenta and cause harmful levels of acid in 
the amniotic fluid, leading to fetal death.16 Dehydration 
during heat waves may also contribute to growth 
restriction and low birthweight.17 

Pregnant women have increased caloric and nutrient 
needs. This means they are more at risk of complications 
from food insecurity. Food insecurity is associated with a 
variety of adverse outcomes, including preterm birth, low 
birthweight and neural tube defects including spina bifida.18 
Food insecurity in pregnant women is also associated 
with impaired cognitive development in children.19 

Consuming foods contaminated with fumonisins 
(mycotoxins found on corn and in corn flour) is associated 
with neural tube defects.20 Climate change will increase 
the number of tropical regions susceptible to fungal 
growth, and this will likely lead to increased food 
contamination with fumonisins. 

2. Changes to the respiratory system 

Hormonal changes during pregnancy drive key changes 
in a pregnant woman’s respiratory system, which can 
affect the body’s response to environmental hazards 
such as air pollution.21 Pregnant women inhale more 
air per minute, which means they will breathe in more 
air pollutants. Air pollutants can have a duel negative 
effect because they can both harm the fetus directly 
and act systemically by creating inflammation and 
reactive oxygen species, which are unstable molecules 
that can damage DNA.22 

Antenatal air pollution exposure is associated with 
miscarriage,23 preterm birth,24 low birthweight25 and 
stillbirth.26 It is also linked to common chronic childhood 
conditions, including neurodevelopmental disorders27 
and asthma.28 Exposure to wildfire smoke is linked to 
preterm birth and low birthweight.29

Exposure to second-hand smoke, which can contaminate 
children’s environments when tobacco products are 
burned or when a smoker exhales smoke, contains over 
7,000 chemicals, including approximately 70 that can

A closer look: How environmental 
hazards can change DNA instructions 
in the body 

DNA is the genetic material that contains the 
instructions for a person to develop, survive and 
reproduce. Environmental hazards can change both 
the structure and function of DNA. Changes to the 
structure of DNA are called mutations. Changes 
to the function of DNA, where genes can be turned 
on or off, are more common and are called 
epigenetic changes.10 

Mutations and epigenetic changes can occur in 
all cells in a body, including reproductive cells. 
If a mutation or epigenetic change caused by an 
environmental hazard takes place in a reproductive 
cell, the damage can be passed on to the next
generation. 

Epigenetic changes can occur at any point in 
a person’s life but there are certain windows of 
increased vulnerability, such as during sperm and 
egg development, fertilization and the formation 
of an embryo.11 
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cause cancer.30 Prenatal tobacco smoke exposure can 
alter blood flow and metabolism in the fetus and cause 
accumulation of chemicals both in the mother and the 
fetus.31 Maternal smoking or second-hand smoke is linked 
to stillbirths, preterm births, birth defects and infant 
deaths.32 The effects of prenatal smoke exposure continue 
through childhood and adolescence and include obesity, 
attention-deficit/hyperactivity disorder, mood disorders 
and childhood cancers.33 

Increased demand for oxygen

Increased intake of oxygen necessary to meet the demands 
of the fetus can increase the production of reactive oxygen 
species, which are unstable molecules that can damage 
DNA.34 Pregnancy alters the body’s ability to detoxify these 
reactive oxygen species, and environmental factors can 
increase their production.35 When there is an imbalance 
between the production and detoxification of these 
species, oxidative stress in cells occur.36 

Increased oxidative stress in pregnancy is linked to 
adverse effects such as pre-eclampsia. It also is linked 
to the risk of developing cancer during childhood, 
and metabolic syndrome, cardiovascular disease and 
neurological diseases later in life.37  

3. Changes in movement of substances
 in the body

The movement of substances, including chemicals, 
in a body can change during pregnancy. For example, 
a pregnant woman’s bones will remodel to release 
calcium for the fetus, which can release lead into the 
bloodstream at the same time.

Other changes include the movement of fats in the body. 
Early in pregnancy, the storage of fat increases in a woman’s 
body. Later in pregnancy, fat is broken down to provide 
energy for the fetus.38 ‘Fat-loving’ (i.e., lipophilic) toxicants 
can be stored in this fat and then released into a woman’s 
bloodstream, which can potentially reach the fetus.39 
Lipophilic chemicals include an array of harmful persistent 
pollutants, such as DDT, dioxins and heavy metals.40 

4. Changes in metabolism

Other metabolic shifts to support fetal growth and 
development include changes in the metabolism of 
glucose and proteins. These changes are hormonally 
controlled and susceptible to endocrine-disrupting 
chemicals (EDCs) and other toxicants. When metabolism 
during pregnancy is negatively affected by EDCs, 
diseases such as gestational diabetes, hypertensive 
disorders or restricted fetal growth can occur. 
Miscarriage can also happen.41

5. Changes in the maternal heart, 
blood and circulation 

During pregnancy, the heart increases the amount of 
blood it pumps per minute. The total volume of blood,

including the plasma (i.e., the liquid portion of blood) 
is also increased.42 Increased plasma volume is critical to 
maintain blood flow to the uterus. Low plasma volume 
is associated with gestational hypertension and other 
pregnancy complications.43

Red blood cell production also increases in pregnancy. 
As iron is a key component of these cells, pregnant 
women require more iron.44 Conditions such as food 
insecurity, which may reduce availability of iron from 
dietary sources, can lead to iron deficiency and anaemia. 

6. Changes in heat regulation 

Changes in heat regulation to cope with the metabolic 
changes related to pregnancy include increased blood 
volume, dilation of blood vessels in the skin and increased 
sweating.45 If a pregnant woman is exposed to extreme 
heat, she may not be able to transfer enough heat to the 
external environment. If this happens, her health and 
the fetus’s health can be affected, with consequences for 
newborn and child health if the pregnancy goes to term.46 
Extreme heat experienced during pregnancy is associated 
with preterm birth and has been linked to gestational 
diabetes, low birthweight and congenital anomalies.47

7. Changes in immune function 

During pregnancy, a woman’s immune system will 
effectively suppress itself to enable the fetus to grow.48  
This increases a woman’s susceptibility to certain 
infectious diseases and the severity of illness.49 It also 
increases the risk of fetal death.50 Research shows that 
pregnant women have an increased incidence of many 
types of infections, including some mosquito-borne 
illnesses that are increasing due to climate change, 
such as Zika virus infection and malaria.51 

Malaria has significant impacts on the health of pregnant 
women and fetuses. Infections in the first trimester are 
especially high. The parasites that cause malaria can 
infect red blood cells and accumulate in the placenta, 
contributing to adverse pregnancy outcomes, including 
severe anaemia and death in the mother, miscarriage, 
stillbirth, preterm birth and low birthweight. Malaria 
during pregnancy has also been shown to be associated 
with impaired cognitive development in children.52

While Zika virus symptoms during pregnancy are 
usually mild and similar to those seen in non-pregnant 
people, Zika virus infection during pregnancy can cause 
miscarriage, stillbirth and preterm birth.53 Zika virus can 
affect stem cells in the fetal nervous system.54 Babies who 
survive may suffer from congenital Zika syndrome, which 
includes having a severely small head, brain and eye 
anomalies, congenital contractures, intrauterine growth 
restriction, seizures and neurodevelopmental delay.55  
Babies who are born without observable defects at 
birth can still present with cognitive and language 
neurodevelopmental delay in childhood.56 Zika virus 
can also be transmitted sexually. 
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The placenta is a remarkable organ. It takes on critical 
functions during pregnancy, acting like the lungs, 
gastrointestinal tract, kidneys and endocrine glands 
of the developing fetus.57 A healthy placenta is essential 
to a healthy pregnancy.

While the main role of the placenta is to supply the 
fetus with oxygen and nutrients, the placenta also 
controls the adaptions a woman’s body makes during 
pregnancy and acts like a barrier to minimize fetal 
exposures to toxicants and infectious agents.58 
Unfortunately, many harmful substances, such as lead, 
mercury, pesticides and other chemicals, can penetrate 
the placenta barrier and cross through it, harming the 
fetus and causing potentially lifelong effects to a child.59 
Some chemicals also concentrate in the placenta at 
higher levels than in the pregnant woman. For instance, 
arsenic can accumulate at levels up to three times higher 
in the placenta compared to the pregnant woman.60  

Infectious agents, such as bacteria, parasites and 
viruses, can also cross the placenta and cause serious 
congenital infections, preterm birth and stillbirth.61 
For example, the Zika virus and a group of antenatal 
infections known by the acronym TORCH (Toxoplasma 
gondii, other, rubella virus, cytomegalovirus, herpes 
simplex virus) can devastate the health of the 
pregnancy and fetus.

A closer look: How environmental 
hazards affect placenta development 
and function 

Researchers have recently begun to explore how 
environmental hazards might affect the development 
of a normally functioning placenta. The placenta has 
a large number of hormone receptors, which makes it 
vulnerable to chemicals that can disrupt the endocrine 
system, including heavy metals, some pesticides and 
per- and polyfluoroalkyl substances (PFAS).62 Endocrine 
disruption in the placenta can cause oxidative stress 
and altered epigenetic programming, gene expression 
and placental function.63  

Importantly, abnormal placenta development and 
function is associated with pre-eclampsia, a condition 
that includes high blood pressure and kidney damage 
in a pregnant woman. Pre-eclampsia is one of the 
most severe complications of pregnancy and can 
lead to maternal morbidity as well preterm birth and 
perinatal death.64 In children who survive, it can also 
lead to neurodevelopmental delay and cardiovascular 
and metabolic disease later in life.65 Antenatal air 
pollution exposure has been shown to be associated 
with pre-eclampsia.66
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The placenta’s dual role: Protector and pathway for pollutants 
and infections
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Timeline of health impacts from exposure to environmental hazards during trimesters

Note: An array of pregnancy-related disorders, including those caused by environmental hazards, can lead to the death of the embryo (miscarriage).

Weeks 1 and 2 after fertilization

••  Interference with implantation 
 of the embryo into the womb

••  Miscarriage
••  Altering of the function of DNA

First trimester
(weeks 1 to 13)

Second trimester 
(weeks 14 to 27)

Third trimester 
(weeks 28 to 40)

Weeks 3 to 16 

••  High vulnerability for brain development

Weeks 4 to 8

 
••  Major birth defects

Weeks 9 to 40

••  Harm to development of tissues and organs corresponding to the time they are developing 

Weeks 28 to 40

••  Altering the functional maturity of organ 
 systems, including the central nervous

  system

Weeks 14 to 27

••  High vulnerability for lung development

Exposure during the three pregnancy trimesters 

The first trimester (weeks 1 to 13)

The first two weeks after fertilization: Even before 
a missed period would signal that a woman is pregnant, 
environmental hazards can interfere with implantation 
of the embryo into the womb and cause miscarriage.67  
Also during this period, the patterns of chemical tags 
on DNA, which can alter the function of DNA if affected 
by toxicants, are established.68 By the time the embryo 
is implanted, the majority of DNA methylation tagging 
patterns are established.69 

Weeks 4 to 8: Organs begin to form. By the eighth week 
of pregnancy, all major external and internal structures 
are formed, and organ systems have started to develop. 
During this time, the embryo’s tissues and organs 
are rapidly developing, which makes them especially 
vulnerable to environmental hazards. As a result, weeks 
4 to 8 is the window of time when major birth defects 
can occur.70 

From week 9: This starts the fetal period. Until birth, 
organs continue to develop and mature and remain 

vulnerable to environmental hazards. Critical windows 
of development correspond to the periods of time that 
cells are dividing and changing into different types and 
tissues and the times that organs take on their shape.
 
For brain development, the critical period is from 
weeks 3 to 16. But brain development can continue 
to be affected by environmental hazards after this time 
as the brain will continue to grow and develop.

The second trimester (weeks 14 to 27) 

This is a time of rapid growth and development. 
During the second trimester, lungs are most vulnerable 
to impairment from air pollution.71  

The third trimester (weeks 28 to 40) 

This is when fetal weight increases and organs continue 
to mature so they can be ready to function at birth.72 
During this time, environmental exposures can alter 
the functional maturity of organ systems, including 
the central nervous system.73 
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Women in low- and middle-income 
countries, including fragile and 
humanitarian contexts

Women living in poverty and in low- and middle-income 
countries are more likely to suffer ill effects from 
environmental hazards.74 A woman’s health at the start 
of pregnancy and her genetic make-up can also play 
a role. Those particularly at risk include women who 
live in regions where unclean fuels are still used to cook, 
heat and light homes, as this generates high levels of 
household air pollution.75 Others particularly at risk are 
those in regions where contamination of food crops with 
fumonisins (a group of mycotoxins) is common. Women 
working in dangerous jobs and without adequate work-
place regulations, such as informal e-waste recycling, 
artisanal small-scale gold mining and in agricultural 
roles where pesticides are used, are also at great risk 

as they are regularly exposed to harmful chemicals.76 
Women can also be exposed to hazardous chemicals in 
female-dominated workplaces such as hairdressers and 
nail salons, or in daily living from cosmetics and house-
hold products (such as cleaning agents).77 

The increased risk to health for pregnant 
women in urban slums 

Living in an urban slum significantly affects the 
health of a pregnant woman and her developing fetus. 
Overcrowded and unsanitary conditions increase the 
prevalence of infectious diseases. Pregnant women in 
urban slums often experience inadequate nutrition and 
lack access to quality health care services. Air and water 
pollution are common, as slums are often located near 
industrial sites or waste dumps, exposing pregnant 
women to harmful chemicals.78 
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All women are at risk of environmental hazards during 
pregnancy – but some women are more at risk than others
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How environmental hazards affect fetal, newborn and child health

Health outcome Causes 

Numerous health conditions 
in a pregnant woman can 
affect the pregnancy

The health status of a pregnant woman is critical to the health of the developing 
fetus and pregnancy. 

High blood pressure, gestational diabetes and obesity can contribute to 
adverse pregnancy outcomes and can be affected by environmental chemicals. 
For example, phthalates (chemicals added to plastics and found in many 
personal care and household products), PFAS, polychlorinated biphenyls 
(PCBs, a persistent organic pollutant formerly used in the electricity industry) 
and some flame retardants (such as polybrominated diphenyl ethers or PBDEs) 
significantly increase the risk of gestational diabetes.79 Air pollution is also 
associated with gestational diabetes and high blood pressure.80  

Death Exposure to environmental hazards is associated with an array of 
pregnancy-related disorders that can lead to miscarriage, stillbirth and 
sudden infant death syndrome.81 

Preterm birth Many environmental hazards are linked to preterm birth (i.e., being born 
before 37 weeks of gestation).82  

Some examples include air pollution, lead, some pesticides, PFAS and 
phthalates.83   

Complications from preterm births are the leading cause of death among 
children under 5 years of age. Being born premature is also associated with 
many developmental problems in childhood.84 

Low birthweight The World Health Organization defines low birthweight as weight at birth 
less than 2,500 grams (5.5 pounds). 

Low birthweight can be caused by intrauterine growth restriction as well as 
prematurity. It is associated with fetal and neonatal morbidity and mortality 
as well as impaired growth and cognitive development in childhood.85 It is 
also associated with chronic disease in adults, such cardiovascular disease, 
type 2 diabetes and metabolic syndrome.86 

Many environmental hazards are associated with low birthweight, including 
air pollution, tobacco smoke and pesticides.87  

Birth defects Air pollution, consumption of foods contaminated with fumonisins, extreme 
heat, hazardous waste and solvents are just some of the exposures that have 
been shown to be linked to various birth defects.

These defects include malformation of the central nervous system, heart,
abdominal organs, limbs and other structures.88 

Numerous chronic conditions 
in childhood and adulthood

Beyond birth, diseases related to antenatal exposures can develop in childhood, 
adolescence and adulthood. 

Antenatal exposure to air pollution is associated with chronic childhood 
conditions, such as asthma, allergic disease, neurodevelopmental disorders, 
obesity and high blood pressure. It is also linked to adulthood diseases such 
as cardiovascular disease and chronic obstructive pulmonary disease, 
the third-leading cause of death worldwide.89  

Antenatal pesticide exposure is associated with neurodevelopmental disorders 
and childhood cancers including neuroblastoma and leukaemia, the most 
common childhood cancer.90  

Exposure to mercury during pregnancy can lead to devastating neurological 
outcomes in a child.91
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Children’s specific metabolism, physiology and developmental needs, makes them more vulnerable to 
environmental harm. This section focuses on the specific effects of environmental hazards in infancy and 
throughout childhood. Health effects that emerge during childhood as a result of antenatal exposures 
are not reviewed.
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2. Children’s unique vulnerabilities
 to environmental hazards 

Key messages

••  As soon as a newborn breathes for the first time, 
environmental hazards can begin to affect 
development due to the unique vulnerabilities 
of children.

•• Children eat, drink and breathe relatively more 
than adults, meaning they also take in more harmful 
contaminants. In addition, they are less able to break 
down and expel toxicants.

•• Children have more contact with environmental 
hazards. They are closer to the ground where 
toxicants like soil and dust settle. Their exploratory 
hand-to-mouth and object-to-mouth behaviours 
make them more likely to ingest harmful substances.

•• Children – especially infants – grow rapidly, making 
them more at risk of malnutrition, which can be 
increased by environmental hazards that cause  
ood and water scarcity. 

•• Moreover, children’s limited diets can lead to greater 
exposure to food contaminants, like pesticides 
or microorganisms. Breast milk can pass harmful 
environmental exposures from mother to child.

•• Infants and young children are more prone to 
dangerous heat loss as well as overheating. Even into 
later childhood, children are less able to adjust to rises 
in ambient temperature than adults.

•• Anatomical differences can make children more 
vulnerable to environmental hazards, from developing 
airways to more absorbent skin and gastrointestinal 
tracts, more penetrable blood-brain barriers and, 
in the case of infants, even different haemoglobin.

•• These vulnerabilities come at a time when a child’s 
organs and body systems are rapidly developing from 
their antenatal form to the form the individual will 
carry into adulthood.

•• Children’s longer lifespans mean that exposures to 
harmful substances during childhood are more likely 
to result in disease or other adverse health effects 
later in life.

•• Children are unable to protect themselves during this 
period of high vulnerability. They are entirely reliant 
on the adults in their lives to protect them from harm.



Examples of different environmental hazards 
and how they affect children
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Climate-related hazards

Malaria

Children under 5 years of age account for around 80 per cent 
of malaria deaths in the WHO Africa Region (which has 
95 per cent of global deaths) . A young child’s immune 
system clears the infection differently than that of adults, 
which can lead to different syndromes, including severe 
anaemia. Malnutrition, which growing children are more 
vulnerable to due to their increased nutritional needs, 
also contributes to poor immune response and deaths 
from malaria.

Extreme temperatures

Newborns, especially small and premature infants, 
regulate body temperature much less efficiently and 
thus are at risk of both hypothermia and hyperthermia. 
Hypothermia occurs when body heat loss goes 
unchecked, and can cause newborns to succumb to 
other illnesses. Hyperthermia can result from common 
situations such as overbundling or being left in direct 
sunlight, a hot car or around heaters or fires. 

Infants and very young children are also vulnerable to 
extreme temperatures, with infants under 1 year of age 
being more prone to heat-related deaths. Older children 
can take longer to adjust to heat and thus may be more 
vulnerable when outdoor temperatures suddenly rise 
(particularly when playing sports). 

Food insecurity

Particularly in the first 5 years of life, children’s growing 
bodies require more calories and nutrients relative to 
body weight than adults, making them more vulnerable 
to situations where nutritious food is not available. 
Malnutrition can negatively affect growth and development 
with lifelong lasting consequences. Malnutrition can also 
affect children’s developing immune systems, and make 
them more likely to die of common infections such as 
diarrhoea, pneumonia and malaria.

Contaminated food and water

Growing children eat and drink more relative to their 
body weight than adults. When food and water are 
contaminated with chemicals such as heavy metals or 
pesticides, children’s developing organs can be harmed. 
Each chemical can do different kinds of damage due to 
different age-specific patterns of absorption or metabolism 
in the gut. For example, exposure to nitrates – common 
contaminants in drinking water – puts infants at risk 
of ’blue baby syndrome’ (low oxygen levels) due to 
their particular metabolic activity. Hazardous chemicals, 
such as bisphenols (e.g., BPA), can also leach from plastic 
packaging and food contact materials and enter into 
children’s food and drinks. 

Contamination of food and water with pathogens can 
lead to bacterial, viral and parasitic infections which can be 
associated with both short- and long-term health problems 
including diarrhoea and malnutrition. Polio can also be 
transmitted through contaminated food and water.

13
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Pollution

Air pollution

Young children have faster breathing rates and so 
breathe in more pollutants relative to their body weight 
than adults. Exposure to air pollution, whether outdoors 
or in the household from use of polluting fuels for 
heating, cooking and lighting, can harm many systems 
of a child’s body and have lifelong effects. 

Air pollution can negatively affect the development 
of children’s lungs, which sets the trajectory for their 
adult lung capacity. It is also associated with infectious 
diseases, such as upper respiratory tract infections and 
pneumonia, and chronic lung diseases, including asthma.

Air pollution can harm children’s developing brains 
and immune systems. It can also affect sleep quality, 
which is important for brain development. Some adult 
medical problems such as high blood pressure, chronic 
obstructive pulmonary disease and lung cancer are 
associated with childhood exposure to air pollution.

Lead

There is no safe level of lead. Young children, particularly 
toddlers, have increased exposure to lead because they 
put their hands and objects in their mouths, thereby 
ingesting lead-contaminated dust, soil and other 
substances. They also are far more likely than adults 
to absorb the ingested lead into their bloodstreams. 
Once in the body, lead can have significant and lasting 
impact on the developing brain, affecting a child’s IQ, 
attention and school performance.

Pesticides

Young children breathe, drink and eat more relative to 
body weight than adults, giving them higher exposure 
to pesticides in contaminated air, water and food (food 
being the most common source of chronic pesticide 
exposure). Children are closer to the ground and put 
their hands and objects in their mouths, which can 
expose them to pesticides in household dust and soil. 
Children are also at risk of unintentional poisonings 
which can be fatal, especially when pesticides are 
improperly stored, such as in soft drink bottles and  
food containers. 

Pesticides can affect the enzyme systems in developing 
brains which are necessary for normal nervous system 
development and function. They can also damage cells 
which are rapidly dividing in growing tissue. Pesticides 
are associated with childhood cancers, including brain 
cancer and leukaemia, a type of blood cancer that is 
the most common cancer in children. 

Plastics

Children have widespread exposure to plastics in 
everyday items, including products designed for infants 
and children , such as bottles and toys. Young children 
put objects in their mouths as part of normal exploratory 
behaviour, which can increase exposure to harmful 
chemicals used in plastics, as well as microplastics and 
nanoplastics that are shed when plastics break down. 

Numerous chemicals that migrate out of plastics can 
disrupt the body’s hormone system, impacting processes 
such as metabolism, brain development, growth and 
reproductive development during critical periods. 
Some of these chemicals are linked to health problems 
in children, including obesity and early puberty.

Second-hand smoke

Second-hand smoke can contain over 7,000 chemicals 
that harm children’s developing respiratory systems 
and other organs. No amount of second-hand smoke 
is safe. Second-hand smoke is linked to ear infections, 
pneumonia and asthma, the most common chronic 
disease in childhood. It is also associated with sudden 
infant death syndrome.

Carbon monoxide poisoning

Carbon monoxide is a colourless, odourless toxic 
gas released by use of polluting fuels in the home, 
inadequate ventilation and poorly functioning stoves 
and furnaces. Carbon monoxide poisoning can be 
fatal. Newborns and infants are more vulnerable 
to carbon monoxide poisoning than adults. 
Haemoglobin – the substance in the blood that carries 
oxygen – is different in infants than it is in adults. The 
haemoglobin in infants binds more readily with carbon 
monoxide, which results in lower capacity to carry 
oxygen to tissues that already have a high demand in 
growing infants.
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1. Increased intake

Children eat, drink and breathe more per kilogram of 
body weight relative to adults because they are growing.93 
This difference is even greater in infants compared to 
older children. This can lead to higher rates of intake of 
harmful substances per kilogram of body weight when 
there are contaminants in food, water and air.94 Hazardous 
chemicals, such as bisphenols (e.g., BPA), can also leach 
from plastic packaging and food contact materials 
and enter into children’s food and drinks.95 Microbial 
contamination of food and water can lead to bacterial, 
viral and parasitic infections which can be associated with 
an array of short- and long-term health effects including 
diarrhoea and malnutrition. Polio can also be transmitted 
through contaminated food and water.96

Growth rate and nutritional needs

Children’s nutritional needs are different from those of 
adults, and vary with age. Infants, especially those aged 
0–6 months, have the highest relative rate of weight gain.97 
Full-term infants double their birthweight in 4–5 months 
and triple it by 1 year of age.98 Weight gain continues after 
infancy, although at a slower rate, and then accelerates 
again during adolescence.99 Increased growth is 
accompanied by increased caloric intake, making infancy 
the period of relatively highest intake. When intake is 
inadequate, children can develop malnutrition, which can 
cause wasting (i.e., too thin for height) and subsequently 
lead to increased risk of death or stunting (i.e., too 
short for age), a condition which prevents children from 
reaching their physical and cognitive potential.100 In 2022, 
an estimated 149 million children under 5 were stunted 
and 45 million were wasted.101 

Children who are malnourished are also at a higher risk 
of death from infections such as diarrhoeal illnesses, 
pneumonia and malaria.102 Malnutrition is seen as an 
important risk factor for cholera, a diarrhoeal disease 
for which children under 5 bear the greatest burden in 
endemic areas.103

Environmental exposures can affect children’s growth, 
with the most sensitive period extending from 
conception until age 2 years.104 For example, children 
exposed to household air pollution have been shown 
to have reduced linear growth and increased stunting 
compared to children who do not live in homes where 
polluting fuels are used.105

Increased fluid needs 

The amount of fluids that children need per kilogram of 
body weight per day is highest from birth to 6 months,106  
with the ratio gradually decreasing until they are adults. 
This makes younger children more susceptible to 
dehydration when there is inadequate access to fluids, 
or when there are increased fluid losses from conditions 
such as diarrhoea or exposure to extreme heat. 

Increased respiratory rates

Infants and young children also have a higher resting 
metabolic rate and rate of oxygen consumption per 
kilogram of body weight than adults.107 Respiratory rates 
in early infancy are around 2.5–3.3 times higher than 
the respiratory rates of adults, making young infants 
particularly vulnerable to exposure to air pollution. 
Respiratory rates gradually decrease but remain 
higher than those of adults until early adolescence.

The factors which make children uniquely 
vulnerable to environmental hazards
Technical brief

Environmental hazards affect infants and children in different ways than adolescents and adults due to dynamic 
physiology and metabolism, unique and different exposures, cognitive immaturity and longer life expectancy.

Dynamic physiology 
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2. Increased absorption of toxicants

Increased absorption from the  
gastointestinal tract

As children have different nutritional needs, the small 
intestine can respond by increasing the absorption of 
certain nutrients. For instance, calcium absorption in 
infants is around five times the rate of that in adults. 
Some environmental toxicants, such as lead, can 
compete with nutrients and also be absorbed at 
higher rates. For example, infants and children 
absorb 40–50 per cent of ingested lead, compared 
to 3–10 per cent in adults.108

Increased absorption through the skin

The ratio of a newborn’s skin surface area to body weight 
is three times greater than that of adults, meaning their 
skin can absorb more of a harmful substance per unit 
of body weight than that of an adult.109 In addition, the 
outermost protective layer of the skin is 20–30 per cent 
thinner – and thus more absorptive – in children aged 
3–24 months compared to adults.110 Water loss through 
the skin is also higher in infants and children and 
decreases with age.111 A small recent study showed 
that the skin’s protective layer reaches adult thickness 
by age 6.112
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Source: Johns Hopkins Hospital.113

Age Respiratory rate (breaths/min)

Premature infant 40–70

0–3 months 40–70

3–6 months 30–60

6–12 months 25–40

1–3 years 20–30

3–6 years 20–25

6–12 years 14–22

Over 12 years 12–18

3. Dynamic and different metabolism 

Children’s ability to metabolize, or break down, harmful 
substances that enter the body changes with age. 
Take, for example, organophosphate pesticides, which 
can cause both acute poisonings and chronic low dose 
exposures and are known to affect cognitive development. 
The body has an enzyme called PON1 which detoxifies 
organophosphate pesticides. Measured activity of PON1 
is lower in children up to at least 7 years of age, creating 
a period of increased vulnerability to these pesticides.114   
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5.  Differences in structure and function  
of respiratory system

In addition to having increased respiratory rates, 
there are structural and functional differences between 
the airways of infants and children compared to adults. 
Infants up to age 2–6 months breathe primarily through 
their nose which makes them more vulnerable to 
conditions which block their nasal passages, such as 
upper respiratory infections, which are associated 
with exposure to air pollution.117  

A closer look at the unique metabolism 
of infants: Nitrates and blue baby 
syndrome 

Nitrates and nitrites, substances commonly found 
in foods and drinking water, can cause ‘blue baby 
syndrome’ that results from reduced oxygen levels in 
the blood. When infants ingest these substances,  
several metabolic factors lead to an increased 
formation of methaemoglobin, which, unlike normal 
haemoglobin, cannot bind and carry oxygen. 
Some of these factors include:  

•• The acid balance in an infant’s gut makes it 
more favourable to bacteria that convert nitrates 
to nitrites. Nitrites can change the iron in 
haemoglobin, causing conversion to 
methaemoglobin.

•• Infants have fetal haemoglobin, which is more 
readily converted to methaemoglobin. 

•• Infants have a reduced ability to convert 
methaemoglobin back to normal haemoglobin 
because, compared to adults, infants have only 
about half the level of methaemoglobin reductase, 
the enzyme which performs the conversion.

Source: Agency for Toxic Substances and Disease Registry, and 
American Academy of Pediatrics Council on Environmental Health.115

4. Differences in excretion

The body eliminates waste through the kidneys via urine, 
the gastrointestinal tract via faeces and the lungs via 
exhaled air. The kidneys are the main route of excretion. 
At birth, the filtration rate of the kidneys is about one 
third of adult values, increasing to adult levels by age 
8–12 months.116 This means that infants clear substances 
excreted by the kidneys at a slower rate than adults.

The size and shape of the airway between the larynx 
and trachea is also different, which means that even 
small amounts of oedema can significantly reduce the 
diameter of the paediatric airway, decreasing airflow 
and making breathing more difficult.118 This difference 
makes children far more vulnerable to infections, 
including the uncommon but potentially fatal respiratory 
infection called bacterial tracheitis. 

The middle ear

The anatomy of the middle ear is different in young 
children compared to adults. In children, the eustachian 
tubes are smaller and more level, making it more 
difficult for fluid to drain out of the ear and contributing 
to increased incidence of middle ear infections in 
children.119 Tobacco smoke is a well-documented risk 
factor for middle ear infections, and recent evidence 
suggests ambient air pollution may also be a risk factor. 
Globally, middle ear infections affect over 80 per cent 
of children below the age of 3 years and can lead to 
hearing loss, language delay and impaired cognitive 
development.120

6. Differences in components that make 
 up blood

Haemoglobin, the protein in red blood cells that carries 
oxygen, is different in infants compared to adults. At 
birth, newborns have 65–90 per cent fetal haemoglobin, 
which is present in utero. Levels of fetal haemoglobin 
decrease by 6–12 months of age, when only 2 per cent 
of total haemoglobin is in the fetal form.121 

The presence of fetal haemoglobin makes infants more 
susceptible to carbon monoxide poisoning, because 
fetal haemoglobin is more likely to bind with carbon 
monoxide than adult haemoglobin.122 Carbon monoxide 
is a colourless, odourless toxic gas.123 Burning low-grade 
solid fuel and biofuels in a small stove or fireplace can 
generate high levels of carbon monoxide which can 
be deadly without appropriate ventilation. Burning 
high-grade fuels such as natural gas, butane or propane 
can also cause carbon monoxide poisoning if devices 
are not properly maintained or vented.124 
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7. Differences in thermoregulation

Infants and young children regulate temperature 
differently than adults which makes them more 
vulnerable to extreme temperatures, both low and high. 
Their ratio of body surface area to mass is greater than 
that of adults which permits greater heat transfer between 
their bodies and the environment. In addition, they have 
higher metabolic rates and heart rates, they spend more 
time outdoors and in vigorous activities, and they cannot 
remove themselves from environments with unsafe tem-
peratures.125 Children under 1 year of age are especially 
vulnerable to heat-related deaths. Extreme temperatures 
are increasingly more likely due to global climate change. 
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Children also take longer to acclimatize to a warmer 
environment than adults, which means they are slower to 

make necessary physiologic changes such as increasing 
sweat production and blood flow during exercise.127 This 
is particularly important for young athletes when ambient 
temperatures change quickly. 

8. Immature immune systems

Innate immune system

The innate immune system is the first line of defence 
and is present at birth. While it was previously thought 
that the innate immune system of neonates was simply 
immature, scientists are beginning to understand its 
complexity.128 There are many cells in the innate immune 
system that are not fully functional at birth – such as 
neutrophils, which kill bacteria – which puts newborns, 
and in particular preterm infants, at higher risk of 
bacterial and viral infections.129 

Adaptive immune system

Adaptive immunity is not present at birth but is 
developed over time. It involves specialized immune cells and 
antibodies that attack and destroy foreign invaders and are 
able to prevent future diseases by remembering what those 
substances look like and mounting a new immune response.130 
A newborn’s adaptive immune system functions differently, 
making them more susceptible to respiratory infectious 
diseases and reducing their response to vaccination.131 

Extreme temperatures: Risks to children 
with special health-care needs

While all children are vulnerable to extreme 
temperatures, children with special health-care needs 
may have increased loss of water through the skin and 
lungs that can’t be measured, which can put them at 
increased risk of dehydration.

Source: Mangus and Canares.126
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The microbiome is increasingly being recognized 
for its role in health and disease across the lifespan.134  
It contributes to metabolic functions, protects against 
pathogens and educates the immune system.135 
Breakdown products of the microbiome in the gut can also 
affect maturation of the nervous system.136 While 
early research suggested that the gut microbiome reaches 
adult composition by age 3, recent studies suggest it 
may continue to evolve during childhood. Environmental 
hazards including air pollution, tobacco smoke, pesticides 
and extreme heat can affect the microbiome.137

9. Altered permeability of the blood-brain 
 barrier

The blood-brain barrier is a network of blood vessels 
and tissue comprised of closely spaced cells that allows 
transport of vital molecules like oxygen into the brain 
while limiting harmful substances and microbes from 
reaching the brain.138 Although the barrier is fully 
functional at birth, activity of transporters and enzymes 
at the barrier differs from adults to meet the needs of 
the developing brain.139 This means that movement of 
harmful substances can differ, making infants more 
vulnerable to chemicals.140 Some harmful substances, such 
as lead and cadmium, may cause oxidative stress leading 
to a weakening of the blood-brain barrier and allowing 
transmission of these substances into the brain.141
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Antibodies passed from mother to fetus during pregnancy 
can provide protection against many infections, but 
these antibody levels generally wane by 6 months of 
age. Breastfeeding infants also can benefit from passive 
immunity from antibodies transferred through breast milk.

Microbiome

At birth, as newborns go from a sterile in-utero 
environment to an external world laden with microbes, 
they need to be able to quickly respond to some foreign 
pathogens while tolerating other microbes. Some of 
these microbes will become part of the microbiome, the 
community of microorganisms that live on the skin, in 
the gut and in other parts of the body.132 

Deadly combination: Children’s 
immature immune systems face 
increased challenges from vector-
borne diseases in a changing climate

The incidence of vector-borne diseases is expected 
to rise in the context of a changing climate. While 
people are at risk of these diseases, children are at 
higher risk of mortality due to immature immune 
and other body systems.

Malaria

In 2022, children under 5 years of age accounted 
for about 78 per cent of all malaria deaths in the 
WHO Africa Region, where 94 per cent of all malaria 
cases and 95 per cent of deaths occurred. The 
effect of malaria on organs in the body changes 
with age and may influence how often different 
malaria syndromes in children and adults occur. 
In areas with high malaria transmission, severe 
anaemia is especially noted during the first and 
second years of life, partly due to the way the 
spleen clears malaria-infected red blood cells in 
young children. Children’s brains may also be 
particularly vulnerable to malaria.

Dengue virus

Dengue virus infection can manifest as a benign 
syndrome, dengue fever, or a severe syndrome with 
haemorrhagic fever and shock. In severe dengue, 
clinical symptoms are more significantly associated 
with death in infants compared with older children. 
Infants born to mothers with immunity to dengue 
can develop severe dengue the first time they are 
infected with the dengue virus. This occurs because 
maternal antibodies initially protect infants from 
dengue infection, then break down during the 
course of infancy, creating a period of enhanced 
infection where severe dengue can develop.

Source: Moxon et al., World Health Organization, and Jain and 
Chaturvedi.133
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1. Behavioural changes

Hand-to-mouth and object-to-mouth behaviours

As children grow and their brains and bodies develop, 
they engage with the world in unique ways. The 
milestones that children meet as part of the healthy 
acquisition of physical, cognitive and social skills can, 
however, put them at increased risk of environmental 
exposures.143 For example, the 6-month cognitive 
milestone of putting things in their mouths to explore 
them and the 9-month motor milestone of crawling 
can increase exposures to soil, dust and toxicants on 
floors and objects.144

The composition of house dust can be significantly 
affected by activities near the home. For instance, the 
application of pesticides within 4 kilometres of a home 
has been shown to be a significant determinant of indoor 
contamination, putting young children at risk of pesticide 
exposure.146 Toddlers in agricultural communities have 
also been shown to have higher levels of pesticides in 
their urine compared to adults.147 

Unique and different exposures

Children in LMICs may be at particular risk of increased 
exposures related to hand-to-mouth behaviours. 
For example, in these countries, homes are more likely 
to have earthen floors, increasing risk of soil ingestion. 
A recent study done in Bangladesh showed that children’s 
ingestion of soil was higher than that of children in 
high-income countries. Infants aged 6–23 months had 
the highest rates of soil ingestion, with crawling children 
touching soil more than walking children.

Mouthing objects: How children’s 
products may put them at risk

During different developmental stages, children use 
bottles and various toys. Some are designed to be put 
in the mouth, while others may be put in the mouth 
as part of normal exploratory behaviour. Mouthing 
plastic objects can expose children to chemicals 
such as plasticizers (like BPA, phthalates and others) 
and flame retardants, as well as microplastics and 
nanoplastics. A 2024 umbrella review found that 
major classes of plastic-associated chemicals are 
associated with health effects in children including 
obesity, adverse neurodevelopment and early puberty.

A perfect storm: How children’s unique 
vulnerabilities put them at risk of lead 
poisoning

Globally, 800 million children have been shown to 
have lead poisoning. The majority of these children 
live in LMICs. There is no safe level of exposure to lead, 
which is found in many items including lead-based 
paint, lead pipes, contaminated waste sites, some toys 
and jewellery, traditional cosmetics, lead-based ceramic 
glazes, certain spices and others. Young children’s 
hand-to-mouth and object-to-mouth behaviours, 
crawling, higher gut absorption and developing brain 
put children at high risk of negative effects of lead 
poisoning. Lead levels typically peak between 18 and 
30 months of age. Children living in a town in Zambia 
with historical mining of lead, which resulted in 
polluted soils and homes, had higher blood lead levels 
than adults living under similar conditions, with peak 
levels around 2 years of age.
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Source: Kwong et al.142

Source: Aurisano et al., and Symeonides et al.145

Source: United Nations Children’s Fund and Pure Earth, Lanphear et 
al., and Yabe et al.148
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Different microenvironments of exposure

Children have different microenvironments of exposure. 
Depending on age and mobility, children spend their 
time closer to the floor than adults, putting them at 
increased risk of exposure to chemicals which settle 
closer to or on the ground. For example, mercury vapour, 
aerosolized pesticides and radon are heavier than air, 
so concentrations are highest near the floor.150 Radon 
is a naturally occurring radioactive gas and carcinogen 
that can leak through cracks and gaps into homes.151 

Time spent indoors and outdoors

Young children also require more sleep and naps which 
may lead to more time spent in the house, which can be 
problematic in the presence of household air pollution 
(such as emissions from unclean fuels burned for cooking, 
heating and lighting), volatile organic compounds and 
particles from plastics, mould and dust.152 Home based 
informal e-waste recycling activities can also present 
toxic hazards for children.

As children enter preschool and school, they also begin 
to spend more time outside, which is essential for their 
physical, cognitive and mental health. Outdoor play has 
been shown to be associated with lower obesity rates, 
improved mood, increased attention and better learning 
outcomes.153 When outdoor environments are unhealthy 
and lack safe open play spaces, however, children can 
be put at risk of exposure to air pollution, pesticides 
and other toxic chemicals, climate hazards such as 
heat waves and floods, and contaminants of war 
(such as heavy metals).

2. Unique diets

Breastfeeding

Breast milk is the ideal food for newborns and infants. 
It has been shown to have nutritional, metabolic, 
immune and neurological benefits.154 Both the World 
Health Organization (WHO) and UNICEF recommend 
exclusive breastfeeding for the first 6 months of life, 
and the introduction of nutritionally adequate and 
safe complementary foods at 6 months together 
with continued breastfeeding up to 2 years of age 
or beyond.155  

Breast milk can also unfortunately be a significant source 
of environmental chemical exposures.156 Breast milk has 
a higher fat content than blood, so chemicals which 
concentrate in fat may be present in higher levels in 
breast milk. Many chemicals have been found in 
breast milk, including heavy metals, flame retardants, 
plasticizers, sunscreens and various persistent organic 
pollutants.157 In 2017, WHO conducted a global monitoring 
study of human milk in 52 countries, analysing levels 
of many persistent pollutants including dioxins, furans, 
polychlorinated biphenyls (PCBs) and DDT. The highest 
pollutant levels in milk were seen mostly in areas with 
industrial activity. The highest levels of DDT and its 
metabolites were almost exclusively associated with 
countries where malaria is still endemic.158 

Contaminants in milk can also come from substances 
stored within a mother’s body. For example, releasing 
calcium from bones during lactation can also release 
stored lead that can then be excreted into breast milk.159 
Chemicals stored in fat can also be excreted into breast 
milk, meaning maternal weight loss may lead to 
increased organic pollutants in breast milk.160

Despite potential risks from environmental exposures 
in breast milk, it remains widely agreed that breast milk 
is still best given its well-documented benefits.161 

Efforts should be focused on reducing environmental 
contamination in the first place in order to reduce 
maternal exposures and protect breast milk.

Limited diets

Children’s diets differ from those of adults. They 
consume more milk, fruits and vegetables than adults. 
They may eat a diet that is less varied than that of adults, 
putting them at higher risk of ingesting environmental 
contaminants in favoured or commonly eaten foods.162  
For example, because inorganic arsenic can be found 
in rice, infants who eat rice cereal are at increased risk 
of arsenic exposure. In some countries rice cereal is 
one of the first solid foods given to infants and is a 
significant part of their diet.163

A closer look: The microenvironment 
of the school bus 

Children who travel to school on a bus with a diesel 
engine can be exposed to high concentrations of 
pollutants during their commutes or at loading and 
unloading zones. Diesel exhaust is a toxic mixture 
containing fine particulate matter, sulfur dioxides, 
heavy metals, polyaromatic hydrocarbons, volatile 
organic compounds and other toxicants. While all 
children are vulnerable to diesel exhaust, children with 
asthma may be at particular risk. Buses fueled with 
cleaner fuels (such as ultralow sulfur diesel) have been 
shown to improve lung function and reduce school 
absenteeism, especially in children with asthma.

Source: Adar et al., Pandya et al., and Behrentz et al.149
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Children do not yet have the cognitive maturity 
necessary to protect themselves from harm in both 
natural and built environments. Children are curious 
but lack judgement and the ability to read warning 
labels or instructions. Children also may be reluctant 
to admit they have ingested a substance or be unable 
to communicate details of what happened.164

Common household items including medications, 
cosmetics, personal care products, household chemicals 
including pesticides, and (in LMICs) kerosene are among 
the most common causes of unintentional childhood 
poisonings.165 Age and developmental stage can affect 
access to substances – infants, for example, have 
increased risk of exposure to harmful substances 
at ground level. Poisoning rates increase around 
the age of 2 years as children become more mobile 
and have more access to harmful substances.166

Children under the age of 1 year have the highest 
rate of fatal poisonings, especially in LMICs.167 
Poisoning mortality rates are generally highest 
in infants and decrease until age 14, then increase 
again after age 15, potentially due to substance use, 
unintentional or undetermined drug overdoses or 
entry into the workplace. 

Cognitive immaturity and dependence on adults

Household products that look and feel like toys
or candy can be particularly dangerous to children. 
For example, laundry detergent pods have been shown 
to be especially attractive to children because of their 
candy-like appearance. These pods have been shown 
to cause more severe symptoms and adverse health 
outcomes than exposures from non-pod laundry 
detergent. In one US-based study, 94 per cent of 
laundry pod exposures involved children under 
5 years of age.
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When children are exposed to environmental hazards 
early in life, some health outcomes may not appear 
for decades. It is now widely accepted that early life 
exposures are associated with many non-communicable 
diseases later in life including cancer, obesity, diabetes, 
high blood pressure, heart disease and lung disease.169  

During childhood, cells and tissues are rapidly dividing, 
which make them prime targets for carcinogens that 
can cause mutations in dividing DNA.170 Early exposure 
to carcinogens is a risk factor for cancer later in life.171

Because young people have many expected years of life, 

cancers which have long latency periods can affect 
them more than if the same exposure happened to 
an older person who will not live enough years for 
the cancer develop. For example, it is well established 
that early childhood sunburns are a risk factor for 
malignant melanoma, the deadliest form of skin 
cancer, later in life. Other childhood exposures that 
are associated with cancers in adulthood include 
household air pollution, ambient air pollution and 
diesel exhaust (lung cancer); asbestos (mesothelioma); 
arsenic (lung, urinary and non-melanoma skin cancer); 
and aflatoxins (liver cancer).172

Longer life expectancy
©

 U
N

ICEF/U
N

0339320/D
ejongh

23



A healthy start in life begins in the antenatal period, 
which is the most vulnerable time for environmental 
exposures. The next most vulnerable period is after  
birth, from the first day of life through day 28.

Transition to life outside the womb

The transition to life outside the womb is a time of 
dramatic and unparalleled changes in an infant’s 
organs.173 The lungs take their first breath and begin gas 
exchange, triggering radical shifts in cardiovascular blood 
flow and function so that the heart can take over the 
work of the placenta and umbilical vessels. Feeding via 
the gastrointestinal tract begins. Red blood cell counts, 
which are relatively higher in utero, begin to  
fall to postnatal levels and in the process can cause 
transient jaundice.174  

During and after the immediate transition, vulnerability 
is heightened. While organs are functional, function 
can be substantially different from that of older 
children and adults. For instance, a neonate’s immune 
responses are inefficient, relying on innate rather than 
adaptive or specific immunity, which contributes to their 
susceptibility to infections.175 The immune cell response 
in neonatal lungs is also deficient, putting them at risk 
of pneumonia.176 Additionally, neonates have a limited 
capacity to regulate their body temperature, making 
them vulnerable to heat loss as well as overheating.177 

A period of increased mortality

Newborns are, in fact, the most vulnerable population 
in the world; the risk of dying in the first week of life is 
higher than in any other period in the human lifespan.178 
Every year, 30 million newborns require special or 
intensive newborn care in a hospital.179 In 2022, almost 
one half of all deaths in children under 5 years of age 
occurred in the newborn period.180 Maternal exposures 
to environmental hazards during pregnancy can also play 
a role, as they may be associated with conditions such 
as low birthweight, prematurity and birth defects that 
increase vulnerability to diseases and death, especially  
in the neonatal period.181  

Special considerations for premature infants

The neonatal period presents more difficult challenges 
for babies born prematurely, i.e., before 37 weeks of 
gestation. Unlike full-term infants, the organ systems 
of premature babies are not prepared to support life 
outside the womb, especially in infants born severely 
premature who require more interventions to survive.182 
Short-term complications of prematurity include 
respiratory distress, unstable circulation, feeding 
difficulties, infections, brain injury, eye damage and 
anaemia.183 

What happens when newborns are faced with 
environmental challenges

While the newborn baby is adjusting to their first critical 
month outside the womb, environmental challenges 
may be especially problematic. Newborns – especially 
premature infants – can become hypothermic if they 
are not in a sufficiently warm environment, which can 
contribute to mortality from other neonatal illnesses.184 
A naked newborn exposed to an environmental 
temperature of 23°C suffers the same heat loss as  
a naked adult in 0°C.185 

Newborns also are particularly susceptible to 
hyperthermia, which can result from overbundling, 
especially in hot, humid climates; being left in direct 
sunlight or in a parked car in hot weather; or being 
placed too close to a fire, heater or hot water bottle.186 
Hyperthermia can lead to severe dehydration and 
potentially death.

Other environmental challenges include air pollution  
and lack of adequate water, sanitation and hygiene 
(WASH), which can increase the risk of infections, 
including pneumonia.187 

With environmental challenges that can put already 
vulnerable newborns at increased risk, appropriate  
care can be critical. Access to special care (which 
includes access to WASH, electricity, oxygen supply, 
specialized nursing staff and other requirements)  
can help prevent neonatal deaths.188 Nearly all  
neonatal deaths (98 per cent) occur in low- and  
middle-income countries (LMICs), with the highest 
neonatal mortality rates being found in countries  
with humanitarian crises.189

Period of extreme vulnerability: The neonatal period
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The first week of life: The highest risk of death, intensified by environmental hazards

Changing heart and lung 
functions to adapt to life 
outside the womb

Risk of dying in first week of 
life is higher than in any other 
period in the human lifespan

Inefficient regulation of body
temperature increases risk of

hypothermia/hyperthermia

Inefficient immune system
increases risk of infections

The first week of life: The highest risk of death, intensified by environmental hazards

1. Brain and central nervous system

Early childhood is a period of significant and dynamic 
brain development. Brain plasticity (which is at its 
maximum during the first years of life) allows a child 
to learn and develop through their experiences. It also, 
however, makes the brain susceptible to environmental 
hazards which can alter the trajectory of brain 
development. 

Children are born with most of their neurons, the nerve 
cells that send and receive signals that allow us to do 
everything from breathing to talking, eating, walking 
and thinking.190 There is some evidence to suggest 
that neurons also continue to form throughout life. 

Neurons undergo many phases of development that 
are critical for building the networks that make up 
the complex architecture of the brain. After neurons 
proliferate, they migrate to their final location in the 
brain. Most migration takes place in utero but recent 
evidence suggests that in some areas of the brain, 
migration can continue for several months after birth.191 
Connections between neurons, called synapses, 
start to develop in utero. In the first few years of life, 
more than 1 million new synapses form every second.192 

Different parts of the brain reach peak synapse 
production at different times, affecting the plasticity 
of each region. Synapses are also pruned, a process 
driven by experiences. The overproduction of synapses 
followed by pruning and the interconnection of neurons 
to form neural networks are essential to a child’s learning. 
Finally, neurons complete development through 
myelination, the wrapping of fatty cells around the 
axon of the neuron which helps the neuron send 
signals faster.193

Environmental hazards can affect all these crucial 
steps in the building of the brain’s architecture, with 
implications on future cognitive function. For instance, 
lead can interfere with the normal function of important 
chemical messengers in the brain, which in turn affects 
the formation and sculpting of neural networks as well 
as myelination.194 Even at low levels of exposure, lead 
is associated with decreased academic achievement, 
lower IQ and attention problems.195 Exposure to air 
pollution and hazardous chemicals in plastics in  
early childhood also can affect neurodevelopment.196 
Air pollution can also affect sleep quality in young 
children which is important because insufficient sleep 
in early years is associated with cognitive impairments.197 

Developing organ systems in childhood and environmental hazards
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Exposure to various environmental hazards, including 
heavy metals and other pollutants, can also cause 
epigenetic changes (or changes to the way a gene 
is expressed) in the developing brain, particularly 
in early childhood.198

2. Respiratory system

Lungs and respiratory tract

After birth, the lungs continue to develop. The alveoli, 
the tiny air sacs where oxygen and carbon dioxide are 
exchanged, grow in number. The greatest increase 
happens during the first 18–24 months of life and 
continues to age 8.199 The blood vessels in the lungs also 
develop during the first 2–3 years of life.200 Lung function 
develops throughout childhood and continues until late 
adolescence.201 Lung function tracks along percentiles, 
which means that the lung function an infant has at 
birth largely determines lung function throughout life.202 

Environmental hazards can negatively affect lung 
development, especially during the period when 

alveoli are rapidly increasing. Adverse exposures can 
also affect the epithelium, which is a protective lining
in the airways that also has multiple immune functions. 
Early life exposures to environmental hazards such as 
fine particulate matter in air pollution can affect the 
structural and functional integrity of the epithelium and 
contribute to the development of respiratory diseases, 
including asthma.203 Exposure to air pollution in childhood 
is also associated with pneumonia with complicated 
course and poor health outcomes.204 Second-hand smoke, 
which can contaminate children’s environments when 
tobacco products are burned or when a smoker 
exhales smoke, contains over 7,000 chemicals, 
including approximately 70 that can cause cancer.205 
Second-hand smoke is linked to respiratory infections 
and asthma attacks.206 It is also linked to sudden infant 
death syndrome.  

Effects from air pollution on the developing respiratory 
system can last throughout life. For example, chronic 
obstructive pulmonary disease (COPD) is an adult 
condition that has links to early exposures to air 
pollution.207
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3. Kidneys and urinary system

Children’s kidneys are more vulnerable to environmental 
hazards than those of adults. Although the generation 
of nephrons – the functional units of the kidneys – 
is complete by birth, the filtration function of the 
kidneys matures during infancy, making it a period 
of vulnerability of the kidneys to environmental hazards 
such as heavy metals.208 Altered kidney filtration is an 
established risk factor for chronic kidney disease209 as 
kidneys cannot generate new nephrons to compensate 
for altered function of existing nephrons.210 

4. Immune system

The immune system and the microbiome develop in 
early postnatal life through complex processes that 
aim to meet the challenge of protecting against foreign 
pathogens while not attacking the body’s own tissue, 
which would lead to autoimmune diseases. These 
developing processes are more or at least differently 
susceptible to environmental hazards than their adult 
counterparts. For example, dioxins – persistent organic 
pollutants – are harmful to children at significantly lower 
doses than those needed to produce effects in adults.211  
Effects of early exposure to environmental hazards can 
be long lasting or appear long after exposure.

The developing innate and adaptive immunities are 
vulnerable to negative effects from environmental 
hazards such as air pollution, which can disrupt immune 
function in the respiratory tract and contribute to the 
development of allergic rhinitis and asthma.212 

5. Endocrine and reproductive systems

Reproductive cells

Children are born with the cells that will become eggs 
and sperm. Damage to these cells can occur anytime, 
including during childhood and adolescence, all the way 
up to conception.213 Egg and sperm cells also develop 
differently, which can affect the windows of sensitivity 

to environmental hazards and, ultimately, fertility and 
health impacts.214

‘Mini-puberty’

After birth, there are two periods of activation of 
the system that controls reproductive and sexual 
development, i.e., the hypothalamic-pituitary-gonad axis 
which connects the brain with the testicles and ovaries. 
The first period is called ‘mini-puberty’ and takes place 
from birth to around age 6 months in boys and from 
birth to potentially age 2–4 years in girls. The second 
period is puberty, which takes place during adolescence. 

‘Mini-puberty’ is less well known than its adolescent 
counterpart but can have lasting impacts on a child’s 
reproductive and sexual health. After birth, the drop in 
placental hormones in the newborn’s circulation leads 
to a surge in activity in the hypothalamic-pituitary-gonad 
axis that causes the release of hormones. In boys, this 
affects the development of the testes, penis and prostate 
gland while in girls the effects are less well understood. 
‘Mini-puberty’ is a critical window for exposure to 
endocrine-disrupting chemicals, including those 
found in plastics (BPA, phthalates, flame retardants), 
polychlorinated biphenyls (banned worldwide but 
still widely found in the environment)215 and DDT.  
These chemicals have a wide array of effects, including 
premature breast development and both early and 
late puberty.216  

6. Haematologic system 

The production of blood cells in children takes place in 
the bone marrow and involves high rates of cell division 
and growth. The rapid division of blood cells makes 
them vulnerable to environmental hazards. Leukaemia 
is a cancer of the white blood cells, which help fight 
infections, and is the most common type of cancer in 
children. Several environmental hazards are associated 
with leukaemia, including ionizing radiation, benzene 
and pesticides.217
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Rapid growth of the brain's
architecture and function
means damage from
environmental hazards during
early development can have
lifelong impacts.

Brain and central
nervous system

Rapid growth of alveoli
from birth to age 2 and
up to age 8 means early
exposures can lead to
issues like pneumonia,
childhood asthma and
chronic lung disease in
adulthood.

Lungs

Maturation of kidney
filtration occurs in infancy.
Harmful exposures during
this period increase the
risk of chronic kidney
disease.

Kidneys

Early development of
the immune system and
microbiome is sensitive to
exposures, raising risks of
infections, asthma and
allergies.

Immune system

Rapid blood cell division
during childhood makes this
period sensitive to exposures
linked to blood cancers like
leukaemia.

Haematologic system

Reproductive cells,
present from birth, can
be damaged by harmful
exposures. The ‘mini-puberty’
phase is critical for organ
development and is vulnerable
to endocrine-disrupting
chemicals.

Reproductive system

Environmental exposures during critical windows 
of vulnerability in childhood can have lasting 

negative effects on a child's health
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While adolescence (10-19 years old) is often considered the healthiest stage of life, dynamic changes 
in adolescent bodies and brains make them uniquely vulnerable to environmental hazards. This section 
focuses on environmental exposures that take place during adolescence. Health effects that emerge 
during adolescence as a result of antenatal or early childhood exposures are not reviewed.
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3. Adolescents’ unique vulnerabilities
 to environmental hazards

Key messages

••  Puberty causes virtually every system in the adolescent 
body to go through profound transformation of both 
physiology and function. From the brain to the lungs, 
bones, immune system and reproductive system, 
these dramatic changes are vulnerable to disruption 
by pollutants, disease, nutritional deficiency and extreme 
weather events driven by climate change.

•• The brain development that occurs during adolescence 
is second only to infancy in terms of extent and 
significance. Neurological changes shape a wide range 
of cognitive functions, from thinking to emotional 
processing, memory and motivation. These changes 
are vulnerable to environmental risks.

•• Adolescents are at high risk of developing mental health 
conditions. Navigating these changes is more difficult 
when community support and social infrastructure are 
disrupted by climate change-related disasters.

•• Certain changes that occur in the brain during adolescence 
can lead to poor self-regulation and an increased tendency 
towards risk-seeking behaviours.

•• The elevated nutritional needs of adolescents make them 
susceptible to harm from poor nutrition that can affect 
their health for the rest of their lives.

•• Lung function during adolescence transforms to reach 
adult capacity. Environmental hazards such as air pollution 
can harm this transition, affecting lifelong respiratory 
health and increasing the future risk of respiratory diseases.

•• Adolescents face unique risks of communicable diseases 
beyond those specific to childhood. These include an 
increased risk of tuberculosis, as well as the hazards posed 
by HIV and other sexually transmitted infections.

•• Chemicals found in plastics and pesticides can increase the 
prevalence of adolescent obesity, which has quadrupled 
since 1990. Adolescents are at risk of obesity due to their 
increased energy and nutritional needs – risk which is 
further heightened by unhealthy diets and insufficient 
physical activity. Adolescent obesity can lead to many 
serious health problems in adult life.

•• Environmental hazards are increased for adolescents 
who are involved in child labour, particularly in hazardous 
work in informal e-waste recycling, plastic waste recycling, 
artisanal and small-scale gold mining, and agriculture, 
where the likelihood of exposure to toxicants is high and 
the knowledge and prevalence of protections from these 
exposures is low. Informal work around the home such as 
cooking with polluting fuels can also expose adolescents 
to harmful household air pollution.



Climate-related hazards
Extreme weather

Climate change can affect the physical, social and 
emotional development of adolescents. Adolescents 
are at risk of vector-borne diseases such as malaria, 
which will become more prevalent in a changing 
climate. Extreme heat can affect sleep, learning and 
school attendance. It can also cause heat illness 
in adolescents playing outdoor sports or working 
in outdoor occupations. Floodwaters pose risk 
to adolescents, who have increased risk-taking 
behaviours that can lead to injuries and drowning. 

Climate change also threatens most aspects of 
adolescent mental health. Climate-related disasters 
can shatter the social and community infrastructure 
that adolescents need as they navigate the 
complexities of peer relationships, self-esteem 
and identity development, and put them at risk for 
mental health disorders such as post-traumatic stress 
disorder, depression and anxiety. 

Food insecurity

Environmental hazards such as climate change-
related floods and droughts can reduce food security, 
affecting adolescents, who have increased caloric and 
nutritional needs to feed the rapid growth of their 
bodies and brains. Food insecurity and poor nutrition 

can affect the accumulation of bone, muscle and fat 
and alter the maturation of biological systems as 
well as the timing of puberty. Appropriate levels of 
bone development are important, as not achieving 
healthy bone mass in adolescence is associated with 
osteoporosis (i.e., weak or brittle bones) in adults. 
Poor nutrition can also contribute to iron deficiency 
– a mineral important to growing adolescents – 
and related anaemia, and can affect the ongoing 
development of the brain and immune system. 

Infectious diseases

Adolescents are at risk from many common diseases 
that affect children – such as gastrointestinal 
infections, lower respiratory tract infections and 
malaria – and also have increased risk of infections 
that emerge in adolescence. Adolescents are at higher 
risk of active tuberculosis (TB) than children, possibly 
due to changes in immunity during puberty but also 
due to expanded social networks and exposures 
in schools and transit situations. Adolescence also 
marks a time for risk of sexually transmitted infections 
(STIs), including HIV as well as syphilis, gonorrhoea, 
chlamydia and human papillomavirus (HPV). Many 
factors contribute to STIs in adolescents, including 
lack of access to services for reproductive and sexual 
health, inconsistent condom use and increased risk-
taking behaviours.

Examples of environmental hazards
and how they affect adolescents
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Pollution
Air pollution

Air pollution, both ambient and household, affects 
many systems in an adolescent’s body. It can disrupt 
developing lung function, which can lead to reduced 
lung function and lung disease later in life. It can also 
trigger flares of asthma, a chronic disease which can 
be challenging to manage for adolescents gaining 
autonomy. Air pollution has negative effects on the 
developing brain and is associated with disrupted 
sleep. Poor outdoor air quality may interfere with 
physical activity, which can in turn affect adolescents’ 
physical fitness. Air pollution can also contain  
toxic chemicals called obesogens, which can  
promote obesity.

Pesticides

Adolescents who work in child labour in agriculture 
are at risk from pesticide exposure which can affect 
their developing brains and cause neurological 
symptoms. Pesticides can also affect other developing 
tissues. For example, although no longer used in 

agriculture, exposure to DDT during puberty in girls 
has been linked to increased risk of breast cancer  
in adulthood. 

Endocrine-disrupting chemicals

Adolescents are exposed to a wide array of chemicals 
in the air they breathe, the foods they eat, the 
water they drink and the products they use. Many 
chemicals have been shown to disrupt the function of 
hormones in the body which control vital processes 
such as growth, metabolism, reproductive and sexual 
development, and immune function. There is some 
research that shows certain endocrine-disrupting 
chemicals (EDCs) may affect timing of puberty; ongoing 
research is needed to define sensitive time windows 
for exposure. EDCs such as plasticizers, pesticides, per- 
and polyfluoroalkyl substances (PFAS) and polycyclic 
aromatic hydrocarbons (PAHs) can also promote 
obesity – an important consideration given the 
increasing rates of obesity in adolescents globally and 
the lifelong impacts of adolescent obesity, including 
future heart disease.
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Dynamic physiology

1. Puberty

The beginning of adolescence is marked by the onset 
of puberty, which triggers a period of rapid growth 
and development of the body and brain, including 
the attainment of sexual and reproductive maturity.218 
 After ‘mini-puberty’ in infancy, which ends around age 
6 months in boys and age 2–4 years in girls, there is 
a reactivation of the systems that control reproductive 
development, i.e., the hypothalamic-pituitary-gonad 
axis which connects the brain to the testicles or  
ovaries.219 The age at which puberty starts differs 
amongst individuals, typically around ages 8–12 in  
girls and 9–14 in boys.220 

There are numerous physiologic changes that happen 
during puberty. The growth spurt associated with 
puberty is the most dramatic change. This growth spurt 
starts earlier in girls than in boys; after menses start, 
girls generally grow an additional 2.5 cm. Boys continue 
to grow slowly after puberty ends and reach their adult 
height around age 18. Bone mass continues to accrue, 
not reaching its peak until a person reaches their early 
20s. The cardiovascular, renal and immune systems are 
also developing. Sex hormones produced during puberty 
can affect the regulation of the immune system, possibly 
contributing to the increased risk of autoimmune 
disease in adolescent girls.221 Blood pressure and heart 
rate make a transition to adult values along with height 
and weight.222 

The steady growth in height, the accumulation of 
bone, muscle and fat mass, and the maturation223 
of various biological systems that occur during 
puberty can be affected by nutrition, making puberty 
a nutrition-sensitive window to promote healthy growth. 
Extended undernutrition in adolescents, as shown in 
patients with anorexia nervosa, can result in reduced 
grey matter (nerve cells) and white matter (extensions 
of nerve cells) in the brain, especially in networks which 
control higher executive functions.224 Inadequate intake 
of protein and vitamins B12, C and D can also impair 
most immune functions.225  

Timing of puberty

In the past 30 years, the onset of puberty has occurred 
earlier than before in both boys and girls.226 Genetics 
largely determine the onset of puberty, but other factors 
such as nutritional status also play a role. For example, 
chronic energy insufficiency can delay puberty, while 
chronic energy surplus is related to earlier puberty 
start.227 Environmental factors may also be important. 
For instance, animal data suggests that exposure to 
EDCs may play a role in shifting the onset of puberty, 
although overall human research has been inconclusive 
and precise windows of exposure have not been clearly 
defined.228 Nevertheless, a 2024 umbrella review of 
meta-analyses that evaluated associations between 
human health and exposure to major classes of 
plastic-associated chemicals did find that childhood 
exposure to some chemicals, such as the phthalate 
DEHP, was significantly associated with precocious 
puberty in girls.229  

Timing of puberty is important beyond adolescence as 
it is associated with adult health outcomes. For example, 
early onset of puberty is associated with increased risk 
of type 2 diabetes, obesity, heart disease and some 
cancers, including breast, endometrial (i.e., the lining 
of the uterus) and prostate cancers.230  

The factors which make adolescents uniquely 
vulnerable to environmental hazards
Technical brief
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2. Developing brains

Over the past 20 years, research has shown that the 
extent and significance of the development of neural 
systems that occurs during adolescence is second only 
to those that occur infancy.231 During this time, there 
are rapid changes in the cerebral cortex, which is the 
outermost layer of the brain that controls key cognitive 
functions such as thinking, learning, memory and 
problem solving. 

The development of the cerebral cortex includes 
maturation of neurotransmitter systems which help 
brain cells communicate, and significant increases in 
the sizes of certain regions of the brain, including the 
amygdala, an almond-shaped region of the brain that 
helps process emotions, and the hippocampus, which 
is involved in learning and memory.232 Connections 
between nerve cells, or synapses, continue to be 
pruned during this time, which facilitates brain plasticity 
and is a hallmark of adolescent brain development.233  
There is also a surge in connectivity and communication 
between different lobes of the brain.234 Synapses which 
transmit dopamine – which is closely associated with 
how the brain handles reward seeking, motivation and 
impulsivity – are modified in the adolescent brain, and 
may be related to tendency to risky decision making.235 

Brain development during adolescence can be affected 
by many environmental hazards. For example, animal 
studies have shown that exposure to air pollution can 
disrupt the pruning of synapses and the development 
of neural circuitry.236 Studies which evaluate the structure 
of human brains using MRI have shown that both fine 
particle pollution (i.e., PM2.5) and gaseous pollutants 
such as ozone and nitrogen oxides have been linked 
to changes in brain structure and function such as 
cortical thickness, surface area and volume, the 
microstructure of grey matter (nerve cells) and white 
matter (extensions of nerve cells), cerebral blood flow, 
brain metabolites and functional connectivity.237 

The significant and complex development of neural 
circuits in adolescence raises concern that the adolescent 
brain is vulnerable to environmental hazards during this 
period. Emergence of health effects from antenatal and 
childhood exposures can compound health effects from 
exposures during adolescence, which can complicate 
research seeking to evaluate links between exposures 
and specific health effects. Exposure to mercury during 
adolescence, for instance, may be associated with 
behaviour changes, although more studies are needed238  
as antenatal and childhood exposures are also common.

Clear evidence that the developing adolescent brain may 
be uniquely vulnerable to toxic exposures comes from 
the study of the effects of tobacco and other substances 
such as marijuana. The timing of drug exposure can be 
important. For instance, exposure during adolescence 
to THC, the main psychoactive ingredient in the cannabis 
plant, can increase risk of substance abuse later in life, 
and exposures to nicotine during early adolescence may 
increase risk of dependence.239 

Healthy environments during adolescence, a critical 
period of brain development, are vital to healthy 
development. In addition, programs and strategies 
that help adolescents build resiliency and manage 
environmental challenges can promote adolescent 
and lifelong health.240

3. Psychological and emotional 
 development and mental health

Adolescence is a critical time for emotional development. 
The myriad of changes that occur in the brain and body 
of an adolescent are concurrent with social changes 
involving peers, schools, workplaces and communities, 
which adolescents need to learn to navigate.241 The onset 
of puberty drives changes in the brain’s limbic system, 
which regulates emotions and behaviours. Adolescents 
learn to identify and regulate emotions and learn 
how they affect thoughts and behaviours. In early 
adolescence,242 self-esteem is often at its lowest point 
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and tends to improve in middle to late adolescence.243 
Adolescents have increased interest in engaging socially 
with peers and potential romantic partners. 

During early adolescence, individuals are susceptible 
to peer pressure, have a limited focus on long-term 
consequences, and are unable to effectively estimate 
risk, all of which can lead to increased risk-taking 
behaviours and poor self-regulation.244 Adolescents 
are also at high risk of developing mental health 
conditions such as major depression, eating disorders, 
substance use and anxiety disorders.245 Supportive 
homes, schools and communities can help adolescents 
handle stress effectively. 

Climate change threatens adolescents’ emotional 
well-being. At a time when they are vulnerable to anxiety, 
adolescents feel the threat that climate change brings.246  
Stressors associated with climate change such as social 
and economic disruptors could increase harmful 
substance use in a vulnerable adolescent population.247  
Climate change-related events such as flooding and 
wildfires can present unique mental health challenges 
to adolescents, forcing them to navigate the complexities 
of their social and emotional development while dealing 
with complex stressors such as migration and 
displacement.248 For example, climate change-related 
disasters are associated with post-traumatic stress disorder 
in adolescents, mainly those exposed to disaster-related 
injury, death and loss while simultaneously lacking social 
and family support.249 Overall, while not specific to 
adolescents, climate change events and conditions are 
also related to stress, anxiety, depression and mood.250 
Further research is needed to delineate specific mental 
health outcomes for adolescents as the climate crisis 
continues. 

4. Developing bones

Around one half of bone mass is accrued during 
adolescence, making it a critical window for bone 
health as reduced peak bone mass is a risk factor for 
osteoporosis, which can have significant health impacts 
in older adults.254 Environmental factors such as poor 
nutrition (particularly, reduced intake of calcium and 
vitamin D), lack of weight-bearing activity, and smoking 
can negatively affect bone mass.255

5. Metabolic changes

Adolescents have increased energy and nutrient 
requirements to meet the needs of their rapidly growing 
bodies.256 It can be a challenge to meet these needs while 
maintaining a healthy weight. Maintaining a healthy 
weight during adolescence is important because obesity 
during adolescence is associated with an array of medical 
problems including prediabetes, type 2 diabetes, fatty 
liver disease, abnormal levels of fats in the blood, 
polycystic ovarian syndrome, obstructive sleep apnoea 
and mental health disorders.267 Obesity during adoles-
cence is also associated with adult health problems 
including heart disease and death from any cause.258 

Since 1990, the number of obese adolescents globally 
has quadrupled.259 Many factors contribute to obesity 
including unhealthy diets, low levels of physical activity 
and sedentary lifestyles.260 Additional environmental 
factors can play a role, including exposure to obesogens, 
which are chemicals that can affect hormones that 
control hunger and satiety, and can disrupt functions 
in cells related to metabolism and inflammation.261 These 
chemicals are ubiquitous and include the plasticizers 
bisphenol A and phthalates, as well as dioxins, the 
pesticide atrazine, PFAS, flame retardants and PAHs.262

6. Cardiovascular development

The cardiovascular system continues to develop in 
adolescence and sets the stage for cardiovascular health 
in adulthood. For example, high blood pressure in 
adolescence is a risk factor for high blood pressure 
and cardiovascular disease in adults.263 Air pollution has 
been shown to be associated with increased blood 
pressure in adolescents.264 There is also suggestive 
evidence that early atherosclerosis can begin in 
adolescence and be affected by exposure to ambient 
air pollution, which in adults has been shown to be a 
modifiable risk factor for heart disease.265 

Effects of climate change on learning

As adolescents are developing physically, cognitively 
and socially, schools can play an important role in 
promoting adolescent health.251 Climate change-relat-
ed weather events can result in school closures. A 2024 
report from the World Bank found that in low-income 
countries, students on average lost 18 days of school 
annually, compared with 2.4 days in wealthier 
countries.252 Furthermore, extreme heat itself 
negatively affects learning.253 
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7. Lung development

Lung function continues to mature in adolescence, 
developing rapidly around ages 11–15 years in both 
boys and girls. Lung function growth then slows but  
continues in girls until the late teen years, and in 
boys until the early twenties. As adolescents transition 
to adult status, their lung function can affect the 
likelihood of having respiratory diseases later in life.266 

Air pollution has been shown to have significant 
impact on the development of lung function in 
adolescents. In a well-known study done in Los Angeles 
in the United States, improved outdoor air quality 
achieved over decades was associated with a decreased 
proportion of adolescents with low lung function at 
age 15 years. The finding was seen in adolescents 
both with and without asthma.267

8. Vulnerability to certain infectious 
 diseases

Although globally there have been significant 
reductions in the burden of and death from 
communicable diseases among children under 5 years 
of age, the decline in mortality rate has been less 
pronounced in adolescents. Research that specifically 
looks at global communicable disease burden in 
adolescents has historically been lacking. In 2021, 
a major global report showed that while gastrointestinal 
infections, lower respiratory tract infections and malaria 
were major causes of communicable disease in both 
children and adolescents, TB and HIV emerged as 
important causes specifically during adolescence.268 
 

Tuberculosis

Global attention on TB has been focused on cases 
in adults, with the true burden of TB in adolescents 
remaining uncertain. Age-related trends have, however, 
been observed. For example, the risk of progression 
from latent TB to active TB is lowest in children aged 
5–9 years, then increases through adolescence, 
possibly due to changes in immunity during puberty. 
TB disease type also shifts during adolescence to a 
more transmissible form typically seen in adults. 
There are also differences in susceptibility to TB 
by sex: The disease affects younger girls and boy 
equally, but the risk for females increases around
the time of menarche, resulting in a higher incidence 
of TB and disease progression compared to boys of 
the same age. Social and environmental factors that 
contribute to TB in adolescents include expanded 
social networks, overcrowded housing, greater 
exposure in schools and on transit, and air pollution.269  

HIV

Overall, new infections and HIV deaths are decreasing 
in adolescents as in all age groups globally.270 In 2022, 
adolescents aged 10–19 years accounted for 4 per cent 
of people living with HIV but carried 10 per cent of 
new infections, with 71 per cent of those new infections 
occurring in girls. Sub-Saharan Africa carries the majority 
of the burden of new HIV infections in adolescents, 
with only 33 per cent of new cases occurring outside 
the region.271

Increasing global investment in preventing TB and HIV 
in adolescents is needed.272 TB services that address the 
needs of adolescents are required, such as integration 
of peer support and mental health services to address 
the social isolation and disruption of education that 
may be caused by TB and its treatment.273
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Other sexually transmitted infections

Other STIs including syphilis, chlamydia, gonorrhoea, 
trichomoniasis and genital herpes (related to HPV) are 
prevalent in adolescence. In the 2019 Global Burden 
of Disease analysis which evaluated the incidence of 
other STIs from 1990 to 2019 in people ages 10–24 years, 
adolescents aged 10–14 were the only age group 
to have an increase in the number of cases.274 
Inconsistent condom usage contributes to STIs.275 

Adolescent girls are especially vulnerable to STIs such 
as chlamydia and HPV due to differences in the structure 
of cells and mucous in the cervix, which is the lower part 
of the uterus that connects with the vagina.276 Certain 
strains of HPV are associated with cervical cancers.277 
HPV is also associated with other cancers, including 
anal and penile cancer.278

Understanding complex environmental factors such as 
neighbourhood influences related to local structural 
barriers to accessing knowledge and services related 
to sexual and reproductive health is critical, as is 
reducing the access gap that exists between rural 
and urban areas.279 

9. Physical fitness 

Adolescence is an important time to lay the groundwork 
to develop and maintain physical fitness that can affect 
lifelong health. There is strong evidence that higher 
levels of cardiorespiratory fitness and healthy body 

composition in adolescence are associated with 
better cardiovascular health later in life.280 Despite the 
importance of adolescence as a key time to maintain 
physical fitness, global data suggests that around 
80 per cent of adolescents aged 11–17 years do not 
meet current physical activity guidelines.281 

Unhealthy and unsafe built environments, air pollution 
and disruptions caused by climate change-related 
disasters can all create barriers to adolescents being 
physically active, which can affect their physical fitness 
and cardiovascular health. 

10. Changes in sleep patterns

Sleep plays an important role in physical and mental 
health, immune function and performance in school. 
In adolescents, the processes in the body that control 
sleep regulation undergo dramatic changes that lead 
to adolescents having different sleep patterns. 
Adolescents generally have later sleep-onset time 
which makes it difficult to fall asleep early in the evening 
and get up in the morning. Adolescents 10–12 years old 
are recommended to get 9–12 hours of sleep while 
older adolescents are recommended to get 8–10 hours 
of sleep.282

Many social factors can affect sleep hygiene including 
school start times, homework load and job responsibilities. 
Although not specific to adolescents, environmental 
hazards, including both indoor and outdoor air pollution 
and extreme heat, can lead to sleep disruption.283 
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Potential for risk-taking behaviours

As adolescents develop, the first changes that occur in 
the brain spark greater sensitivity to rewards, threats, 
novelty and peers, whereas the parts of the brain related 
to cognitive control and self-regulation take longer to 
mature. This trajectory may bias adolescents’ decision 
making and sensation seeking during the period wherein 
they are engaging in new and unsupervised activities.284  

Unintentional injuries such as road traffic accidents and 
drowning are the leading cause of death and disability 
among adolescents.285 In particular, they are a major 
cause of disability with lifelong consequences, such as 
acquired brain injury. Adolescents may not recognize 
the hazard posed by some environmental conditions 
such as floodwaters or contaminated bodies of water.286  
Adolescents are more likely to engage in risky behaviour 
around water, including consuming alcohol, which can 
contribute to risk of drowning.287 

Climate change increases flooding, which increases risk 
of drowning, particularly in low- and middle-income 
countries. Heat events may also increase this risk, as 
adolescents may seek relief from elevated temperatures. 
Drowning accidents of children and adolescents aged 
5–14 are more likely to occur in open waters, such as 
rivers, lakes, ponds, reservoirs and seas.288 

Challenges in managing chronic diseases

Adolescence is a challenging period in which to  
manage illnesses effectively, including chronic diseases. 
Adolescents need to balance their developing need 
for autonomy and peer relationships with the constant 
challenge of adhering to treatment plans and/or avoiding 
triggers for diseases. For example, asthma management 
is challenging for adolescents, and smoking or exposure 
to air pollution can trigger flares.289 Type 1 diabetes is 
also difficult to manage in adolescence, as control and 
monitoring of blood sugar levels is time intensive and 
can impact self-esteem and body image at a time when 
these traits are just developing.290

Evolving cognitive maturity
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Special considerations for adolescent girls 
and young women

Menstruation

Adolescent girls need environments and services 
that allow them to manage menstruation safely, 
hygienically and without embarrassment, all of which 
are fundamental to their sexual and reproductive health 
and overall well-being.291 Poor or inadequate water, 
sanitation and hygiene (WASH) facilities contribute 
to infections and anxiety and potential physical or 
sexual violence.292 Climate change events can also 
reduce access to WASH and sanitary products.293 

Pregnancy during adolescence

In 2022, an estimated 13 per cent of adolescent girls and 
young women globally gave birth before age 18, with 
rates differing widely by global region. Adolescent birth 
rates are lowest in countries in Europe and North Amer-

ica, and highest in countries in sub-Saharan Africa.294 

Pregnancy during adolescence presents unique physical, 
social and emotional challenges during an already 
dynamic period and can affect a girl’s education, 
livelihood and health, and subject her to social stigma, 
rejection and violence. 

Many social and environmental factors contribute to 
adolescent pregnancy, including limited education and 
low economic status; childhood marriage; lack of access 
to contraceptives and/or lack of knowledge on how to 
use them; and sexual abuse.295 Substance use and peer 
pressure can also play a role.296 Adolescent pregnancy 
is associated with problems during pregnancy such as 
pre-eclampsia and maternal anaemia, and with 
adverse pregnancy outcomes such as low birthweight, 
prematurity and stillbirth. Adolescents who are pregnant 
have a higher risk of anaemia due to higher iron needs.297
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Unique and different exposures

Occupational

Adolescents who enter the workplace may encounter 
unique hazards in occupational settings, both in 
environments with adult-specific safeguards and in 
informal settings where safeguards are not in place.298  
Adolescents may engage in hazardous work in informal 
e-waste recycling, plastic waste recycling, artisanal and 
small-scale gold mining, and agriculture. Restrictions 
and laws around adolescent involvement in various 
work settings may differ from country to country. 
The participation of adolescents above the minimum 
working age in work that does not disrupt their health 
and personal development or interfere with their 
schooling is generally regarded as something positive; 
this can include activities such as assisting in a family 
business or earning money outside school hours and 
during school holidays.299 The term ‘child labour’, on the 
other hand, refers to work that deprives children of their 
childhood, potential and dignity, and that is harmful to 
physical and mental development. Child labour also 
interferes with schooling.300 According to the 
International Labour Organization, adolescent boys are 
more likely than girls to be engaged in child labour.301  

Adolescents can encounter many hazards in various 
labour situations including exposure to pesticides and 
other dangerous agrochemicals. Pesticides are known 
to affect developing nervous systems, although research 
on adolescent-specific exposures is lacking. A 2008 study 
done in Egypt evaluated males 9–18 years of age hired 
as seasonal workers to spray pesticides in cotton fields 
with backpack applicators.302 Children and adolescents 
who applied pesticides had lower activity levels of an 
enzyme that works at the intersection of nerve cells and 
is blocked by certain pesticides. They also performed 
less well on neurobehavioural tests such as those that 
evaluated their memory and attention span, and 
reported more neurological symptoms including blurred 
vision, dizziness, headache and difficulty concentrating.
Adolescents may also be engaged in physically strenuous 
tasks such as carrying heavy loads, standing, stooping 
and bending for long periods, and repetitive and forceful 
movements in awkward body positions. Additionally, 
they may be exposed to extreme temperatures, use 
dangerous cutting tools, or work around farm vehicles 
and heavy farm machinery.303  

Adolescent girls may have responsibilities such as 
cooking in the home, which can expose them to harmful 
household air pollution when polluting fuels and 
technologies are used. Assessments of household air 
pollution exposure in adolescent girls are limited, 
however, despite the fact that they are known to assist 
with household tasks like cooking and garbage burning.304 

Finally, in some contexts, climate change may affect 
adolescents’ entry into the labour market. Extreme 
weather events may threaten family livelihoods, 
creating economic pressure that may cause families 
to pull adolescents from education to supplement 
income.305 

Long life expectancies

At different ages during adolescence, certain cells and tis-
sues of various organs are rapidly dividing, making them 
prime targets for carcinogens that can cause 
mutations in replicating DNA.306 Exposure to carcinogens 
is a risk factor for cancer later in life. Because young peo-
ple have many expected years of life, cancers which have 
long latency periods can affect them more than 
an older person with the same carcinogenic exposure, 
who will not live enough years to have the cancer 
develop. For example, one of the sensitive periods for 
the human breast is during adolescence, when exposure 
to DDT has been shown to be associated with breast 
cancer in adult women.307 
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