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1 Introduction

Young children are at extraordinarily high risk of adverse environmental health
outcomes because biological and behavioural factors make them more vulnerable to
environmental hazards than older children (teens) and adults [1–3]. The most
vulnerable times for very young children are the first 1000 days of their lives,
from conception up to the end of their second year after birth [4]. The special
vulnerabilities of very young children during the first 1000 days are largely due to
their environmental settings and their exposures that range widely, depending on
their environmental interaction. Their vulnerabilities can be categorised in terms of
timing (phases), environmental settings, and the hazards within those settings that
characterises their environmental exposures.

The timing categories are (1) of the father and mother and even previous
generations up to the point of conception, (2) during pregnancy, and (3) after
birth, up to day 1000 [1, 3–6]. Environments range from: (1) environments of the
parents-to-be and earlier generations that can influence the young child even before
conception and range from domestic, workplace, transport, institutional (healthcare
facilities), commercial (shopping), recreational environments (swimming pools,
parks), and more—these multiple environments in which we live every day, the
potential exposures and hazards vary in intensity and type; (2) in the intra-uterine
environment, exposures of the mother determines indirect exposures of the unborn
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child; and (3) after birth, the child will be directly exposed to mainly domestic
environments but will be interspersed with transport environments, healthcare facil-
ities, and more [1, 4, 7].

We also need to consider the different types of hazards, which can be physical,
chemical, or biological, and their specific modes of exposure which are ingestion,
sublingual contact, inhalation, and dermal contact [8]. Exposure to hazardous
substance found in these environments and during these three timing periods can
occur through multiple sources and pathways. These include through the diet
(e.g. pesticides and food-borne pathogens entering the food chain at various stages
of production and consumption and from contact with chemicals leaching from
packaging), particles in dust, natural hazards (e.g. pollens, animals, radiation, infec-
tious agents), air pollution (e.g. traffic-related air pollution), and direct contact with
products containing chemicals and microbes [1, 9, 10].

The purpose of this chapter is to inform on phases of exposures to environments
and their hazards a child is directly and/or indirectly exposed to in the first 1000 days
of life, as conceptualised in Fig. 1.

Hazards

Exposure media

Fig. 1 The outline of the chapter
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2 Environmental Hazards

We generally have a good understanding of single and mixtures of exogenous
environmental chemical, physical and infectious hazards in the different environ-
ments that a child and their parents spend time in [4]. In recent times, rapidly
intensifying socio-economic, environmental and technological drivers are exacer-
bating complex exposures to well-known as well as emerging hazards. Parental
behaviour—mostly determined by their socio-economic status and (paradoxically)
often in efforts to protect the child—may also lead to increasing early life exposure
to environmental hazards. The way we set ourselves up in society—relying on both
ecological services (greenness, water, air) and our engineered services (urban envi-
ronments, healthcare facilities, food and water supply, as well as waste manage-
ment)—can increase hazard potential if not optimally managed [4, 7, 11–14]. These
services are also under pressure from broader regional and global environmental and
demographic drivers such as climate change, population growth, urbanisation,
antimicrobial resistance, prolific production use of chemicals, emerging infectious
diseases, and pollution caused by inadequate waste management. These drivers are
rapidly enhancing our environmental hazard potential and thus increasing exoge-
nous pressures on the body’s cellular toxicity pathways (internal exposure). Ulti-
mately, these pressures may lead to adverse health outcomes—especially in the
window of vulnerability in a child’s early life—and could also continue to have
negative impacts in later life [1, 12, 15]. More about specific health outcomes can be
found in other chapters in this book. This section is about external environmental
hazards mostly associated with multiple exposures to multiple hazards over time.

Hazards considered environmental in origin include contaminants that occur
naturally, those that occur naturally but are driven to extremes (heat and other
environmental disasters), contaminants in goods manufactured for a specific pur-
pose, or by-products and wastes from the way we produce and use those goods to
support the way we live. The built environment and social factors may also contrib-
ute to the risks and impacts on health in early life [12, 14, 16, 17].

Examples of naturally present hazards include radioactive materials such as rock
and soil that emit radon; metals such as arsenic that contaminate drinking water;
particulate matter that results from fires, wind, and erosion; pollens and allergens
from plants and animals; infectious pathogens from animals (zoonotic diseases) and
in water and soil; and dust mites that can be allergenic [9, 13, 18].

Contaminants and products manufactured and transferred through human envi-
ronments include pesticides used on food crops and chemicals in services such as
disinfection by-products in water supplies. More specifically in children, phthalates
in toys and specially prepared early-life environments such as baby rooms furnished
with goods and textiles that contain flame retardants can be toxic [8, 11].

Hazardous exposures through shortcomings in services and production processes
include inadequate safe water supply, airborne particulates and gases from combus-
tion processes derived from generating energy (cooking and heating), inadequate
sanitation and waste management [13, 19–21].
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Humans are now travelling more than ever before, both in their day-to-day
commuting as well as long-distance international travel. Transport environments,
such as those that involve cars, trains, buses, planes, ships, as well as their service
points such as fuelling and transfer stations and ports, result in exposures to
considerably higher levels of emissions from exhaust particles, gases and fuel
fumes [14, 20, 22], as well as chemicals used in the manufacturing of vehicles and
planes, including plastics and flame retardants [23]. Crowding during transport and
at stations also increases the risk of exposure to infectious agents [24]. Very young
children are often part of this environment—being taken from and to health care,
childcare, and other journeys even at a very young age.

Environmental hazard potential is also increased by low socioeconomic status of
the parents. These include the domestic location (distance from the source of
pollution), whether the home (domestic) environment is based in an urban, suburban,
or rural location, as well as the design, condition, and age of the dwelling, and also
the materials of which the goods used in the home are made of [17, 25]. Services
such as quality of nutritional and safe food and drinking water supply, condition of
indoor air, and efficient waste management all will play a role in moderating
environmental exposures in early life [3, 10, 21].

3 Exposure Environments

Why do we differentiate between specific environments? Exposure to chemicals and
infectious agents in our environments is ubiquitous and worldwide and especially
relevant to vulnerable young children. In the past decades, the manufacture and use
of chemicals in our homes, institutions, industries, care facilities, and urban services
and utilities have increased substantially [7, 17, 26]. The presence and concentration
of these anthropogenic hazards, as well as natural hazards, vary within specific
environments. It is important to understand that human exposure to environmental
hazards is determined by multiple factors, including time spent in these environ-
ments, as well as by physiology and behaviours that modify exposure [27]. Under-
standing environmental interaction during preconception, pregnancy, and in early
infancy is therefore critical to our understanding of how very young children are
especially vulnerable to detrimental health outcomes when exposed to hazards in
these different environments [28].

3.1 Intrauterine Environment

Preconception and prenatal exposures are especially important because exposure to
many and varied synthetic chemicals and infectious agents has now become the
norm around the world—not just in the industrialised countries. Maternal exposure
to chemicals and infectious agents during pregnancy is known to increase the risk of
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foetal exposure because of potential transfer across the placenta to the foetus as well
as transfer during birth [1, 7]. Maternal exposures during pregnancy can also have
multigenerational effects, including direct toxic effects on developing oocytes in
female offspring, but also via other mechanisms. Among several proposed mecha-
nisms, epigenetic changes, changes that alter gene function without altering DNA
structure, transmitted through generations have been implicated in preconception
and multigenerational exposure effects on health [1, 4, 6, 29].

Maternal health status can determine the extent to which chemicals cross the
placenta. For example, high blood pressure and maternal drug and alcohol use have
been associated with relatively greater concentration of chemicals—notably lead—
compared to maternal concentrations, while other factors appear to reduce the degree
of transfer [4, 30]. The specific structure, chemical composition, and relative persis-
tence of xenobiotic chemicals also determine the pattern of placental transfer.
Persistent chemicals (PBDE and PFC) are lipophilic or are bound to proteins that
enter the hepatic bloodstream circulation and directly expose to the foetus. Some
chemicals (e.g. methyl mercury) bioaccumulate in the foetus to levels higher than
those measured in the mother and can affect the developing brain of the foetus during
the first 1000 days and beyond while at the same time having mild adverse effects on
the mother [31].

Many infectious diseases during pregnancy are known to adversely affect the
foetus [32], and the transmission of many of these diseases is strongly driven by
environmental factors. For example, malaria and Zika (both mosquito-borne dis-
eases) are associated with poor health in the pregnant woman as well as a high risk of
birth complications and foetal abnormalities [33, 34]. Preconception immunisation is
therefore important for protecting the foetus against intrauterine infections, espe-
cially pathogens that are strongly associated with congenital abnormalities
(e.g. rubella) [35].

3.2 Domestic Environment

Most of us, including pregnant women and young children, spend the majority of our
time at home. Yet many households are quite unaware of the high hazard potential of
the home environment [4, 14]. Environmental hazards at home will therefore pose
the highest risk simply because of the combination of time spent in this environment,
and ignorance about how to manage household goods and services that are poten-
tially hazardous.

During pregnancy, an unborn child’s exposure to what are in their environments
is largely determined by how the mother interacts with the domestic and also other
environments. As we have seen with the intra-uterine environment, the modern-day
unborn child is not as well protected against the environment as was once thought.
After birth, a child generally spends most of the rest of its time during the first
1000 days in its domestic environment [14, 36].
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3.3 The Global Environment and Infectious Agents

While environments closer to the very young child are the focus of this chapter, it is
worthwhile to consider this much broader context of environment, as it has direct
bearing on the condition of the child’s direct daily environments. With globalisation,
the unprecedented movement of people, animals, and goods around the world has
resulted in an increasingly global environment for both infectious and non-infectious
diseases [37]. In addition to air, food, water, and soil, exposure to infectious agents
can also occur through direct contact with other people and animals (zoonotic
diseases) and through insects (e.g. mosquito-borne disease). Globalisation and our
increasingly connected world mean that outbreaks and epidemics can spread more
rapidly than ever around the world. The emergence and global spread of Zika virus
and the devastating consequences of congenital Zika syndrome provide a striking
example of the potential impact of infectious disease outbreaks on child health [38].

4 Other Special Vulnerabilities

4.1 Preconception Parental Exposures

The preconception environments of the parents-to-be, and even earlier generations,
can influence the very young child. For example, paternal preconception exposures
to environmental hazards—which could be encountered in many environments—
have been shown to induce epigenetic changes in sperm and are associated with
health effects in the child [39]. Similarly, maternal grandmother smoking has been
associated with childhood asthma [40]. More about this can be found in other
chapters of this book.

4.2 Post-birth Exposures

Infants breathe, drink, and eat more relative to older children, teens, and adults. They
are thus subject to proportionally greater exposure to environmental hazards once
they are born [4].

In recent years, research has increased our understanding of the reasons environ-
mental contaminants have a different effect on children compared to adults. While
children generally have smaller body mass than adults, their exposures (relative to
body mass to pollutants) can be much larger, and thus children respond very
differently when exposed to environmental hazards than adults [1, 4, 18]..
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4.3 Breast Milk

For some chemical hazards, the most significant exposure during early life is through
breast milk [31]. Ubiquitous hazardous chemicals include persistent organic pollut-
ants, like organochlorine pesticides, polychlorinated biphenyls, brominated flame
retardants, dioxins, and perfluorinated alkyl substances, which are transferable to the
young child though breast milk and milk formula [41]. However, at this time, health
scientists believe the benefits of breastfeeding far outweigh any risks [4].

4.4 Dermal Exposure

Infants have a higher skin surface area to bodyweight ratio and greater contact with
their surroundings than adults. An infant may absorb through the skin a larger dose
of a chemical agent on a body weight basis than would an older child or adult.
Newborns, especially those who are preterm, experience increased absorption of
some compounds through the skin [4, 17].

4.5 Children Have Unique Behaviours

Young children develop rapidly through the first 1000 days. Their activity patterns
and behaviours change. Newborns typically spend prolonged periods of time in a
single environment such as at home and are thus exposed for relatively longer periods
to any hazardous element that might be in the vicinity [17]. They become more
mobile and begin to spend more time on the ground as well as in the ‘dust’ zone of a
home, which is approximately up to 1.5 m from the floor level [11]. Behaviours such
as pica (tendency to ingest non-dietary substances), crawling, and the tendency to
explore items by mouth increase ingestion of contaminants on surfaces. Very young
children are also more exposed to pesticide residues from home applications, dust and
contaminants carried by dust, volatile organic chemicals from carpets, and chemicals
such as chromated copper arsenate from wooden playground equipment [4, 7].

4.6 Children Have Less Mature Immune Systems

Very young children are more susceptible to some infectious diseases
(e.g. diarrhoea) and may develop more serious illnesses (e.g. whooping cough)
compared to older children and adults. Also some vaccines are not effective in
very young children, making it impossible to protect them through immunisation
[42, 43].
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4.7 Children Have a Longer Future and Are Generally More
Sensitive

Children are in a rapidly developing stage of their early lives. From birth through the
end of the first 1000 days and beyond, children differ from older people in their
ability to absorb, metabolise, and excrete contaminants [4]. Detoxifying enzyme
systems develop throughout childhood, so the ability to mitigate the effects of
chemicals is age dependent and likely to be at its lowest protective capabilities
during this phase [2]. Because children are physiologically immature and rapidly
developing, environmental hazard exposure can result in long-term irreversible
structural changes [44]. Diseases that develop through chronic exposures and/or
have long latency periods are likely to have more serious impacts when exposure
begins at an early age and continues over long periods of time. For instance, certain
cancer outcomes such as melanoma are reported to be primed by exposure to
environmental carcinogens early in life rather than total exposure throughout
life [45].

5 Conclusions

Children—in the first 1000 days of their lives—are extremely vulnerable to environ-
mental hazards. Their exposures to these hazards are determined by the phase in which
the parents, the foetus, newborn, and infant find themselves. Exposures are varied
because of the many different chemical, physical and infectious hazards that can be
encountered in different environments of the child summarised as preconception,
intrauterine, and after birth—predominantly in their domestic environments. This
chapter aimed at raising the awareness of this complex exposure matrix of develop-
ment phase, environmental hazard potential, and various environmental settings.
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