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The EEA's Experts’ corner series

The European Environment Agency (EEA) is mandated to provide information to the Community and the Member
States, that will help them to identify, frame, implement and evaluate policies, legislation and other measures on
the environment, and to keep the public properly informed about the state of the environment.

In order to provide possible inputs to the developing work programme of the EEA, and to stimulate debate on
issues that may contribute to the identification, framing and evaluation of environmental policy measures, the
EEA, from time to time, asks independent experts to summarise their views on topical or upcoming issues, so
that the EEA can consider publishing them as Experts’ corner reports.

Experts’ corner reports do not necessarily reflect the views of the EEA, or of any other EU institution: they are the
opinions of the author only. However, they are intended to facilitate the broader dissemination of more recent
environmental information that may provide useful inputs into the developing environmental agenda. The EEA
hopes, therefore, that they will be of interest to the Community, Member States and other environmental
stakeholders, whose comments on the contents it would welcome.

European Environment Agency

The European Environment Agency is one of twelve specialised EU agencies located in the various Member States.
EEA and the related European Environmental Information and Observation Network (EIONET) were conceived to
deliver improved data on the environment and to contribute to availability of better information for environmental
policy-making.

EEA and EIONET were set up on the basis of EC Regulation 1210/90, adopted in May 1990 and revised in 1999. The
agency set up shop in Copenhagen in 1994 and, by the end of 2001, a staff of approximately 75 was working at
EEA’s premises. The agency’s 2002 budget is close to 25 million EUR.

EIONET includes five European Topic Centres, covering water, air and climate change, waste and material streams,
terrestial environment and nature protection and biodiversity. Where necessary, EEA buys-in expertise for projects
from all over Europe.

,The agency aims to support sustainable development and to help achieve significant and measurable improvement
in Europe‘s environment through the provision of timely, targeted, relevant and reliable information to policy making
agents and the public’, states the agency mission statement. This must be done using existing data and information,
building on and improving existing capacities in Member States and European Institutions.

No matter how thoroughly data is logged and amassed, it cannot be useful until selected, pooled and organised with
known end-uses in mind. The EEA acts as an interface between data producers and information users by producing
aggregated information that can then be put to work.

The geographical scope of the EEA’s work is not confined to the EU Member States; most of the EFTA countries were
members from the outset, and as of 2002, most of the accession countries have joined the EEA as full members,
making the agency the first EU body to include these countries. Enlargement will bring the number of EEA member
counties from 18 to 31. The Agency also maintains close co-operation with international organisations such as UNEP
and WHO.

WHO Regional Office for Europe

The World Health Organization was established in 1948 as a specialized agency of the United Nations serving as the
directing and coordinating authority for international health matters and public health. One of WHO’s constitutional
functions is to provide objective and reliable information and advice in the field of human health, a responsibility that
it fulfils in part through its publications programmes. Through its publications, the Organization seeks to support
national health strategies and address the most pressing public health concerns.

The WHO Regional Office for Europe is one of six regional offices throughout the world, each with its own
programme geared to the particular health problems of the countries it serves. The European Region embraces some
870 million people living in an area stretching from Greenland in the north and the Mediterranean in the south to the
Pacific shores of the Russian Federation. The European programme of WHO therefore concentrates both on the
problems associated with industrial and post-industrial society and on those faced by the emerging democracies of
central and eastern Europe and the former USSR.

To ensure the widest possible availability of authoritative information and guidance on health matters, WHO secures
broad international distribution of its publications and encourages their translation and adaptation. By helping to
promote and protect health and prevent and control disease, WHO's books contribute to achieving the Organization’s
principal objective — the attainment by all people of the highest possible level of health.
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Foreword

Children’s health and environment needs to
be high on the political agenda. It is not
possible to talk about health and quality of
life without taking into consideration, and
paying special attention to the needs of
children. We must never forget that a healthy
environment is not a privilege but a basic
human right — not least for our children.

‘Environment and health’ is one of four
priority areas outlined in the 6th
Environmental Action Programme, which
defines the Community’s environmental
policy for the next ten years. The
fundamental objective is to promote a quality
environment where levels of man-made
pollutants, including different types of
radiation, do not have a significant impact on
or pose a risk to human health. In this
regard, the action programme calls for
special attention to the more vulnerable
groups in society, including children.

Children are, for a variety of reasons,
particularly vulnerable to the impact of
environmental pollution. They are often the
first to pay the price for unsustainable
development. Children and young people
also have limited opportunity to influence
the present or the future. They do not
participate in the planning and decision-
making process. We adults bear, therefore,
a great burden of responsibility — a
responsibility that we must take much more
seriously in the future.

The first thing that we must achieve if we
want to promote a ‘child friendly’
environment is to gain a better
understanding of children’s situation today
and of the relationship between their health
and the environment. We need much more
information and research data. This is largely
lacking at the moment. This publication,
Children’s health and environment: A review of
evidence is therefore a very useful tool for
gaining a clearer understanding of the major
threats, challenges and opportunities that
exist in the field of children’s health and the
environment.

Promoting a healthy environment for our
children is a major task that will require all
our energy and application. But we cannot
achieve it on our own. If we are to succeed,
all the parties involved must co-operate
closely with each other. The World Health
Organization and the European
Environment Agency have given us a good
example of how successful close co-operation
can be. It’s up to us to follow that example.

I hope that our joint efforts will succeed in
promoting a more ‘child friendly’
environment and help us take another step
along the road to sustainable development.
What is good for our children is good for
society as a whole. We need to give children
a voice.

Margot Wallstrom
European Commissioner for the
Environment



Foreword

Children’s health and the environment lie at
the centre of sustainable development.
Failing to focus on this concept will amplify
not only the health burden of today’s
children but also of future generations.
There is no doubt that protecting children
from environmental hazards now will be of
benefit to the well-being of the population as
a whole in the long term. We should not
forget that the developing organism of a
child is likely to be the most ‘sensitive
indicator’ for the environmental health of
populations. Can we afford to continue
involving our children in this ‘environmental
experiment’?

The need to prioritize children’s particular
vulnerability was addressed by World Health
Organization (WHO) Member States at the
Third Ministerial Conference on
Environment and Health in London, 1999.
The European Member States recognized
that ‘exposure prevention is the most
effective means of protecting children from
environmental threats to health’ and they
committed to develop prevention-oriented
policies and actions. At the same time, it
became increasingly clear that scientific
evidence on the specific needs and
vulnerabilities of children, as well as scientific
uncertainties have to be translated into
environmental health policies, including
cautionary policies when there is the risk of
severe and irreversible damage. This joint
publication of the WHO Regional Office for
Europe and the European Environment
Agency, which is based on the background
documentation of the Third Ministerial

Conference on Environment and Health, is a
first step in this direction. The process
leading to this publication has increased the
collaboration between WHO, the European
Environment Agency and other agencies and
institutions in the field of children’s health
and environment. Moreover, it has
strengthened WHO's technical support to
governments that have committed to
increase their efforts to protect children’s
health in a number of declarations and policy
statements. The forthcoming Fourth
Ministerial Conference on Environment and
Health, which will be held in Budapest in
2004, will focus on the health of children and
future generations in the broader context of
sustainable development. This gives further
emphasis to the importance of the need to
implement the protection of children’s
health in environmental policies.

Improving the science basis for priority-
setting and decision-making and increasing
the effectiveness of the use of limited
resources in the protection of children
against environmental hazards is an
important challenge for the future. This
publication contributes to the capacity of
European institutions and the governments
of the WHO European Region to provide
appropriate answers to the challenge of
protecting children’s health against
environmental threats.

Marc Danzon
Regional Director,
WHO Regional Office for Europe
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Preface

This publication was prepared by the WHO
European Centre for Environment and
Health, Rome Operational Division, with
support from the European Environment
Agency, building on a collection of
background papers prepared for the Third
Ministerial Conference on Environment and
Health in London in 1999. It provides an
overview of the available evidence of the
relationship between the physical
environment and children’s health,
identifying both research needs and policy
priorities to protect children’s health from
environmental hazards. The report aims to
assist policy-makers and public health
officials as they develop plans and strategies
to address the most serious environmental
health threats to children. It is also intended
to promote a better understanding of
children’s environmental health issues within
the scientific and professional communities
involved in both child health and
environmental protection.

The environment in which children live and
play is an important determinant of their
health and well being even if the extent of its
importance is difficult to assess. Damage to
children’s health is also an important driver
for the improvements to those parts of the
environment that are associated with such ill
health. It is therefore vital that there is close
cooperation between environmental and
health organisations, not least so as to
minimise duplication of efforts.

Many publications on environmental health
adopt a toxicant-centred approach, which is
appropriate in view of the need to summarise
the epidemiology, toxicology, risk assessment
and risk-reduction interventions for each
specific substance. This publication, which
focuses on children rather than on toxicants,
is aimed also at providing readers with
different, yet equally important, perspectives
on children’s environmental health issues:

¢ the developmental perspective, which
considers the risks in the different
developmental stages, from preconception
to adolescence;

¢ the environmental setting perspective,
which considers the various risks that
children may face in their different
environments;

¢ the disease perspective, which considers the
various health effects and the role played by
various environmental hazards.

We hope that these complementary
perspectives may help provide a
comprehensive overview of risks and
exposures as well as a basis for integrated
prevention policies.

The chapters in this publication are grouped
in four parts:

Part 1 provides an overall view of children’s
environmental health from a developmental
and environmental setting perspective. It
describes the biological and psychosocial
factors that cause the particular vulnerability
of children to environmental threats, from
preconception to adolescence, and provides
an overview of the environmental hazards in
various settings where children live and grow.

Part 2 deals with the specific health effects of
environmental contamination, such as
asthma and atopic disorders,
neurodevelopmental toxicity, cancer, birth
defects, waterborne and foodborne
gastrointestinal disorders, and injuries.

Part 3 addresses multiple health effects of
environmental exposures such as tobacco
smoke, pesticides, electromagnetic fields,
and ultraviolet radiation. For each chapter
current knowledge is summarised, data gaps
are identified and actions needed to ensure
adequate health protection for children are
highlighted.

Part 4 is intended to offer the basis for the
assessment and development of child-focused
environment health policies. This part
includes a discussion of the relevance of
environmental justice issues. The
methodological challenges relating to the
risk assessment process are described, and
approaches to decision-making, in the
presence of scientific uncertainties,
ignorance and multicausality, are proposed.
Finally, the rationale and some guiding
principles for developing and implementing
environmental and health policies,
specifically focusing on children, are
provided.



This publication is intended to represent a
starting point of a collaborative effort,
involving experts as well as policy makers,
aimed at improving the scientific basis of
child-focused environment and health
policies. Knowledge in this field is rapidly
progressing: new information is continuously
made available on old issues; new data are
produced; innovative methodological and
policy approaches are proposed; and new
environmental threats emerge. A focus on
emerging environmental threats to children
may be particularly useful because children
might be the ‘canaries in the coalmines’, the
first ones to suffer from adverse health effects
— with possible life long implications for
both adults and children. The widespread
distribution of endocrine disrupting
chemicals in the environment might be such
an emerging threat that not only impacts on
children today but also on future
generations. However, the risks to public
health from exposure to endocrine
disrupting substances are yet to be fully
understood, particularly with regard to the
timing of the dose. Due to the importance of
this issue, the EEA and WHO will be
providing a separate publication on
endocrine disrupting chemicals and their
importance for children’s health later this
year.

A cross-cutting issue is the question of how to
assess and monitor children’s health effects
and how to identify and describe a possible
association with environmental impacts,
ultimately leading to the implementation of
protective policies. Several international
agencies, including the WHO and EEA, as
well as expert groups from different
countries, have already started to work in this
field. Necessary steps in the establishment of
such a monitoring and reporting system in
the European Region include: identification
of the most significant and sensitive check
points in the system, taking into account
possible critical pathways, multi-causal
effects, synergies and additional factors such
as changing diets, behavioural and lifestyle
patterns; development of indicators on
health outcomes in childhood and linked to
relevant environmental exposures; the
standardisation of a reporting system based
on key indicators that are relevant for all
countries in the region; performance of
original research to improve the monitoring
system and the timely identification of early
warnings; and close collaboration between
governments, international agencies and
experts. The impact of environmental
policies on children’s health may be
evaluated on the bases of key indicators, and

Preface

the improvement of children’s health should
be one of the main measures of effective
policies.

The evaluation of scientific evidence about
the environmental causes of ill health is
difficult, and, beyond the cancer and climate
change fields, there have been few attempts
to produce criteria for classifying evidence
based on a ‘strength of evidence’ approach.
A simple ‘typology of causation’ has been
used in the chapter on birth defects (Chapter
6), where the evidence has been roughly
sorted into ‘very likely’, ‘likely’ and ‘possible’
causes. This approach needs further
development for application in this and
other fields of environmental health.

Overall, there are many areas of uncertainty
in children’s health related to the
environment, and consensus among experts
may still be lacking on many issues. For all
these reasons, we think that the best way to
serve the cause of scientific evidence on
children’s environmental health would be to
consider this publication as work in progress,
to periodically update it, and to invite
scientists involved in this area to contribute
to this providing their comments and
suggestions. We plan a specific web-site for
this purpose.

This monograph is published as an Expert
Corner in the EEA’s environmental issues
series of publications continuing the joint
activities of EEA and WHO on children and
environmental health that began in 1999.
Such reports are designed to stimulate
debate on issues that may contribute to the
identification, framing and evaluation of
environmental policy measures. This
emerging and very cross-disciplinary issue
poses considerable challenges to WHO and
EEA, and hence the need for such an
integrated approach and stock taking of
expert knowledge. We trust that this will a be
useful starting point from which improved
reporting and policy support can develop.

Finally, it remains for us to thank all the
authors, editors and other contributors who
have made this report possible. The chapters
in this monograph have been reviewed within
the WHO network and we would therefore
also like to express our thanks to all those
experts involved.

Domingo Jiménez-Beltrdan, Executive
Director, EEA

Roberto Bertollini, Director, Division of
Technical Support, WHO Regional Office for
Europe
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Introduction: Children’s health and
environment in Europe

Giorgio Tamburlini, Ondine S. von Ehrenstein, Roberto Bertollini

Investing in children’s health and the
environment

Investing in child health is essential to ensure
human and economic development (WHO,
2001; World Bank, 1993). Healthy children
have the best chances for future health and
productive life, and they have the right to
health protection and promotion as citizens
of today’s world and not just in view of their
future contribution to society (UN General
Assembly, 1989; UNICEF, 1994). Children’s
health is, at the same time, a basic human
right and a determinant and indicator of
economic and human development (UNDP,
1999). On the other hand, a healthy
environment is an important determinant of
population health and well-being, and
nowhere is this more true than in the case of
children. The health of children and their
protection against environmental hazards lie
at the very heart of sustainable development.

This publication is a first contribution to
assess the extent of the impact of
environmental quality on children’s health,
and stems primarily from the commitment to
children’s environmental health taken by the
Third Ministerial Conference on
Environment and Health, held in London in
June 1999 (WHO, 1999a,b).

Child health in the European Region
Although, on the whole, the health of
children in the 51 countries of the World
Health Organization (WHO) European
Region is satisfactory and shows continuous
improvement, there are important reasons
for concern. Warning signals concern the
recrudescence of diseases previously under
control, such as diphtheria and tuberculosis,
the increase of chronic diseases such as
asthma and allergies, and the emergence of
new morbidity such as that due to substance
abuse, injuries and mental disorders. The
health gap between the rich and the less
affluent is getting larger across nations and
within nations: infant mortality is decreasing
in most western European countries but
shows little or no improvement in some of
the less developed countries and in
disadvantaged social groups. For countries
and social groups with less favourable trends,
the adverse factors involved include the
disruption of welfare systems, the decline in

public health systems, economic crisis,
diminishing social cohesion, and increasing
pollution and damage to the physical
environment. The direct and indirect
consequences of armed conflict and the
emerging plague of child labour and sexual
exploitation of minors also play a role in
causing suffering and worsening health
conditions for many children in the
European Region.

Health and the physical environment

Health is influenced by a variety of factors,
the main ones being genetic inheritance and
the economic, social, psychological and
physical environment. These factors interact
in complex ways, which are specific for each
disease and for specific individuals and
population groups.

This publication addresses, in relation
particularly to the European Region, one of
today’s major health concerns: the
consequences for children’s health of the
contamination and deterioration of the
physical environment. Children are at risk of
exposure to more than 15 000 synthetic
chemicals, nearly all of them developed over
the past 50 years, and to a variety of physical
agents. In addition, developing organisms
are more vulnerable to environmental
contaminants for several reasons, including
greater and longer exposure and particular
susceptibility windows. We are witnessing an
unprecedented increase in the incidence of
asthma; some childhood cancers also show
an upward trend; injuries still represent a
high burden for children and young adults;
and there is increasing concern regarding
the neurotoxicity, immunotoxicity and
endocrine-disrupting properties of
substances that are widely dispersed in the
environment.

Addressing the physical environment as a
determinant of disease and ill-health in
children does not imply a clear-cut
separation between what is environmental
and what is not, and between what is
‘physical’ and what is not. On the contrary, by
focusing on health effects that are at least
partially attributable to the physical
environment, we intend to contribute to a
more comprehensive view of the complex



and multifactorial causal pathways of many
diseases, and go beyond the widespread
mechanistic and purely biological models of
disease causation. For example, children’s
exposure to environmental hazards is not
uniform across social strata, due to the
frequent overlapping of poverty, poor
housing conditions, polluted environment
and restricted access to education,
information, prevention and care in
disadvantaged population groups. Education
and the cultural background play a crucial
role in determining exposure, and genetic
heritage is often dependent on
environmental factors to produce disease.

The physical environment is recognised as
one of the factors that influence health, and
a better understanding of its interactions
with genetic, social and psychological factors
is seen as a main challenge for the scientific
community. Effective public health policies
must reflect this holistic concept of health
determinants and be based on
multidisciplinary and multisectoral
approaches, in which the community is seen
as a fully participating partner.

The political background: an increased
awareness of the importance of children’s
environmental health

The protection of children from
environmental health threats is based on
international agreements designed to ensure
that children grow up and live in an
environment that is conducive to the highest
attainable level of health.

In 1989, the United Nations Convention on
the Rights of the Child (UN, 1989) laid down
basic standards for the protection of children
and declared that they are entitled to special
care and assistance. A year later, the World
Summit for Children adopted a declaration
on the survival, protection and development
of children, in which the signatories agreed
to work together on taking common
measures to protect the environment, so that
all children could enjoy a safer and healthier
future.

In 1992, the United Nations Conference on
Environment and Development (the Earth
Summit) built on these achievements by
adopting the World Summit for Children’s
health goals as the health goals for

Agenda 21. The protection of children from
the effects of a deteriorating environment
was given prominence in several chapters of
Agenda 21. Chapter 6, ‘Protecting and
promoting human health’, emphasises the
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need to pay special attention to the
protection and the education of vulnerable
groups, in particular infants, young people,
women, indigenous people and the poor.
Agenda 21 urges governments to develop
programmes to protect children from the
effects of environmental and occupational
toxic compounds (UNCED, 1992).

The 1997 Declaration of the Environmental
Leaders of the Eight on Children’s
Environmental Health intensified their
commitment to protect children’s health
from environmental hazards. The
environment ministers of the G8 countries
acknowledged the special vulnerability of
children and committed their countries to
take action on several specific environmental
health issues such as chronic lead poisoning,
microbiologically contaminated drinking-
water, endocrine-disrupting chemicals,
environmental tobacco smoke and poor air
quality. They called on financial institutions,
WHO, the United Nations Environment
Programme (UNEP) and other international
bodies to continue ongoing activities and to
pay increasing attention to children’s
environmental health, in particular to the
economic and social dimensions of children’s
health. The 1997 Declaration of the
Environmental Leaders of the Eight on
Children’s Environmental Health includes
the following policy approaches, which may
contribute to the development of policies
aimed at the protection of children in
Europe:

¢ Preventing exposure is the most effective
way of protecting children’s health from
environmental threats. Governments
should therefore develop policies that seek
to prevent childhood diseases by
preventing exposures to environmental
agents, on the basis of the precautionary
principle.

¢ National policies should take into account
the specific exposure pathways and dose-
response characteristics of children when
conducting environmental risk assessment
and setting protective standards.

¢ Research should be promoted in order to
gain a better understanding of the
particular exposure and sensitivities of
infants and children to environmental
hazards. Exchange of information on
research results and the development of
regulatory systems should also be
promoted.

¢ Awareness of the environment and health
should be promoted, so as to enable
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families to better protect their children’s
health.

In addition, the environment ministers of the
G8 countries committed their countries to
fulfilling and promoting the Organisation for
Economic Co-operation and Development
(OECD) declaration on risk reduction for
lead (OECD, 1996).

The pan-European strategy to phase out
leaded petrol (endorsed by the United
Nations Economic Commission for Europe,
UNECE, Fourth Ministerial Conference
‘Environment for Europe’ in 1998) and the
declaration on the phasing-out of added lead
in petrol (signed by representatives of 32
Member States of UNECE at that
conference) committed countries to banning
the use of added lead in petrol for general
use by road vehicles by 1 January 2005.

The 1998 UNECE convention on access to
information, public participation in decision-
making and access to justice in
environmental matters (the Aarhus
Convention), recognises the important role
of non-governmental organisations (NGOs)
and the value of public awareness for
environmental policy-making
(UNECE,1998). In this context, it is
important to acknowledge that children are
not only consumers with rights, but also
citizens who can play an active role in society
for their own protection, and to remember
that, in 1996, children were declared full
citizens of the European Union.

The policy of health for all in Europe in the
21st century (WHO, 1999c), adopted by the
European Member States of WHO in
September 1998, emphasises the importance
of considering the environmental
determinants of human health and
recommends strategic activities to ensure a
healthy start in life. Specific
recommendations are made in areas such as
air quality, drinking-water and wastewater,
solid waste and radiation. Target 10 in that
policy states that, by the year 2015, people in
the WHO European Region should live in a
safer physical environment, with exposure to
contaminants hazardous to health at levels
not exceeding internationally agreed
standards.

The Third Ministerial Conference on
Environment and Health, held in London in
June 1999, emphasised the importance of
protecting children from undesirable
environmental exposures, identified priority

areas and made a set of reccommendations for
countries to take effective action to ensure
that people enjoy the human right of
growing up and living in a clean and safe
environment. The final declaration included
several points specifically addressing
children’s health and the environment
(WHO, 1999a):

‘We recognize the special vulnerability of
children and commit to develop policies and
actions to achieve a safe environment in
which children can develop to their highest
attainable level of health. To this end, we
adopt the 1997 Declaration of the
Environmental Leaders of the Eight on
Children's Environmental Health as a
framework to follow in developing policies
and actions for our countries.’

‘We recognize that exposure prevention is
the most effective means of protecting
children from environmental threats to
health and we will develop prevention-
oriented policies and actions. We will
facilitate and promote public access to
environmental and health information and
education as well as actively encourage the
participation of children as interested
stakeholders.’

‘We commit to pursue the recommendations
to:

a) develop preventive and management
strategies for asthma, evaluate the actual
incidence and prevalence of asthma in
European countries, identify research
needs and orient research directions

b) promote the exchange of information
and experiences in implementing public
health interventions on childhood
injuries, and environmental tobacco
smoke

c) develop and implement public health
interventions to prevent asthma,
accidents and injuries, as well as smoking
and the effects of environmental tobacco
smoke

d) promote and encourage public health
measures into areas of emerging concern
to children’s health on the basis of the
precautionary principle’

‘We request WHO to convene an
international platform to support, promote
and coordinate the actions recommended
above, and to act as a secretariat for this



platform. We ask the EC, EEA, OECD, UNDP,
UNEP, UNICEF and other international
organizations and NGOs to share in the
responsibilities of this platform to promote
research, provide education, training and
technical assistance to countries and ensure
public participation. We commit to cooperate
in the efforts to exchange information and
experiences through the platform, and to
help one another in developing policies and
public health interventions. We will support
the establishment of this platform and work
together with national and international
organizations in implementing the
recommended actions.’

In November 2001, the European
Environment and Health Committee
(EEHC) discussed the working title "The
Future for our Children" within the broader
context of sustainable development as the
overall theme for the Fourth Ministerial
Conference on Environment and Health to
be held in Budapest in 2004. Within this
framework areas to be addressed and further
specifications will be defined in the process
of the Conference preparation, which has
now initiated (EEHC, 2001).

All these declarations and policy statements
show that the commitment to a healthier and
safer environment continues at the highest
level. The awareness that children lie at the
very heart of sustainable development makes
the protection of their health and the
promotion of their wellbeing a highly
strategic issue. Europe has been at the
forefront in recognising the fundamental
rights of children and in establishing
principles such as the right to self-
determination, health and sustainable
environment, and will continue to play a
leading role in the further development and
application of these principles. European
institutions and the governments of the
European Region are called — also as a
contribution to the whole international
community — to provide appropriate
answers to the challenge of protecting
children’s health and the promotion of their
wellbeing.
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1. Children's special vulnerability to
environmental health hazards:

anh overview
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Summary of existing knowledge

¢ Developing organisms are more vulnerable to
environmental toxicants for a variety of reasons
including greater and longer exposure and
particular susceptibility windows

e Exposure during the various developmental
stages from conception to adolescence is also
strongly influenced by social and psychosocial
factors

Main challenges

® To know more about susceptibility to
environmental contaminants during specific
developmental stages and about the effects on
children of global environmental changes

¢ To adopta multi-factorial approach to causation
of environment-related diseases in children

Action points

e To establish child-focused protective policies
based on better knowledge of biological
susceptibility, of socio-economic and
psychosocial determinants of environmental
exposure and global changes

1.1. Introduction

Children are particularly vulnerable to many
environmental threats, including a
contaminated and unsafe physical
environment. This heightened susceptibility
derives primarily from the unique biological
features that characterise the various stages
of development from conception to
adolescence. But it is not just the biology of
growth and development that leads to the
special impact of environmental threats on
children: fetuses, infants, children and
adolescents are also special in the way a
variety of social and psychosocial factors
influence their exposure as well as the
consequent health effects.

This chapter offers an overview of the various
biological and social factors that influence
children's vulnerability to environmental
health hazards, as well as of their interactions
in the different developmental stages, thus
providing the basis for better understanding
the need for environmental and health
policies specifically aimed at protecting
children.

1.2. Biological factors

Increased vulnerability during growth and
development

From conception to adolescence, rapid
growth and development processes occur
that can easily be disrupted by exposures to
toxicants. Cell growth is particularly rapid in
the embryo, providing more opportunity for
toxicants to cause mutations and congenital
anomalies. During this period, too, structures
are developed and vital connections are
established. For example, during the first
years of life, most of the development of the
nervous system takes place. Since the nervous
system has a limited capacity to repair any
structural damage, if cells in the developing
brain are destroyed by chemicals such as lead
or mercury, or if vital connections between
nerve cells fail to form during critical periods
of vulnerability, there is a high risk that the
resulting dysfunction will be permanent and
irreversible (Rice and Barone, 2000). The
consequences can be loss of intelligence and
alteration to normal behaviour. Thus the
fetus and infant have different vulnerabilities
to damage than do adults and are in general
more likely to suffer damage. This aspect of
toxicology has tended historically to receive
relatively low priority in the setting of
environmental standards.

Metabolism

Children's metabolic pathways, especially in
the first months after birth, are immature. As
a consequence of this biochemical
immaturity, children's ability to detoxify and
excrete chemicals differs from that of adults.
Although in a few instances children are
actually better able than adults to deal with
environmental toxins, more commonly they
are less able than adults to deal with toxic
chemicals and are thus more vulnerable to
them. This is well known in paediatric
pharmacology: lower per kilogram doses and
longer intervals are recommended for most
drugs during the first weeks and months of
life (Chemtob, 1991).

Greater exposure
Children are in proportion more heavily
exposed, per unit of body weight, to
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environmental toxins than adults. This is well
recognised in radiation biology, where the
risk of radiation-induced cancer is greater for
children than for adults: it is 16 times greater
for a three-month-old; eight times greater for
a one-year-old; four times greater for a five-
year-old and two times as great for a 10-year-
old (ICRP, 1991). Children drink more water,
eat more food and breathe more air than
adults in relation to their body weight. For
example, the air intake of a resting infant is
twice that of an adult (Snodgrass, 1992) and
an infant in the first six months of life drinks
several times as much water per kilogram of
body weight as the average adult does.
Children aged one to five years eat three to
four times more food per unit body weight
than the average adult (Bearer, 1995).
Children also have unique food preferences,
due to dietary choices and higher energy
requirements. For example, consumption of
soft drinks by preschool and school children
is several times that of adults while preschool
children's consumption of milk and dairy
products is much higher than that of school
children and adults. Absorption rates may
also be greater in the child: for example
infants absorb as much as 50 % of the lead
present in food while adults have an uptake
of only 10 % (Rye, 1983).

Longer time at risk

Children have more years of life ahead of
them than adults, so they have more time to
develop chronic diseases that take several
decades to appear and which may be
triggered by early environmental exposure or
be determined by continuous exposure.
Diseases with long latency periods include
benzene-induced leukaemia and sunlight-
induced skin cancer.

Long-term and inter-generational effects of bio-
accumulation

Every member of human society, whether
adult or child, carries body burdens of an
estimated 300 or more chemical residues that
could not have been present in their
grandparents. The fact that a compound bio-
accumulates tells us that the body has
difficulties in metabolising and eliminating
it. This is essentially because for many novel
compounds we simply do not possess
enzymes to break down their molecular
structures. Therefore such chemicals tend to
build up in the body with increasing age.
They can then be passed on to the next
generation across the placenta and in the
breast milk, often at high concentrations. In
the case of dioxins and polychlorinated

biphenyls (PCBs) it is known that current
body burdens in a proportion of the
population may be sufficient to cause
measurable deficits in their offspring (Sauer
et al., 1994; Jacobson and Jacobson, 1996;
Vreugdenhil et al., 2002).

1.3. Age-specific susceptibility

A child's exposure and susceptibility to
environmental hazards varies with each
developmental stage: preconception,
embryonic and fetal period, neonatal period,
first three years of life, preschool and school
age, and adolescence. There are special
aspects of susceptibility deriving from the
biological and psychosocial characteristics of
the various developmental stages that need to
be understood to better assess risks and
target protective policies (Gitterman and
Bearer, 2001).

Preconception

Preconceptional parental exposure to
toxicants can have a major impact on
pregnancy outcome. This kind of exposure
threatens the health of the future human
being in two ways: toxicants can directly
affect the maternal or paternal reproductive
organs, as in the case of ionising radiation, or
they can be stored in the mother's body and
later mobilised during pregnancy to affect
the developing fetus and the offspring, as is
the case with PCBs (Jacobson and Jacobson,
1996).

Paternal exposure to toxicants might affects
the offspring as well. It is known that the
short life span of sperm limits the period of
their vulnerability to toxicants, while the
rapid differentiation of sperm increases their
susceptibility to harm from exposure. For
example, sperm abnormalities are associated
with male cigarette-smoking, which may
induce mutagenesis and, hence, an increased
cancer risk in the man's offspring (Ji et al.,
1997). Associations have been found between
paternal exposure to a variety of
occupational toxicants and increased risk for
spontaneous abortion, stillbirth and
congenital anomalies (Savitz, 1989; Brender,
1990).

The embryonic and fetal period

Embryo's tissue is particularly susceptible to
damage from environmental toxicants due to
rapid cell growth. The more the cell divisions
occur, the greater the risk that toxicants may
cause cell damage, which can lead to
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congenital anomalies and to later
development of cancers.

The placenta in some cases acts as a barrier
and in other cases (compounds of small
molecular weight, such as carbon monoxide
or lipophylic compounds, such as polycyclic
aromatic hydrocarbons or ethanol) allows
toxicants to pass through to the fetus. Lead is
thought to displace calcium, iron or other
nutrient metals, and thus be transported
across the placenta. Many toxicants reach the
fetus independently of the placenta,
including ionising radiation, electromagnetic
fields, heat and noise.

There are several notable examples of
toxicants crossing the placenta and causing
harm to the fetus, environmental tobacco
smoke being the most widespread and well
known.

The neonatal period

In the newborn baby, organs and tissues,
including the nervous system, lung, blood,
somatic cells and epithelium, continue to
undergo rapid growth or have rapid
turnover, thus increasing their vulnerability
to toxicants. The neonatal stage is also
characterised by a highly permeable
gastrointestinal tract. Toxicants are ingested
mainly through packaged formula or breast
milk, or absorbed through dermal contact.
Formula-fed infants have an average daily
consumption of over 150 ml/kg/per day,
which explains why elevated blood lead levels
caused by tap water have been found in
infants (Gittermann and Bearer, 2001).
Parental occupational exposures transported
to the home environment on clothes, shoes
and body can also affect the neonate., as
demonstrated by documented case reports of
lead poisoning resulting from exposure to
dust carried home on the father's clothing
(Gerson,1996).

Phthalates, a family of chemicals used to
make polyvinyl chloride (PVC) plastic, solid
and flexible, can produce adverse effects on
the developing male reproductive tract and
in the long run have a carcinogenetic effect.
Phthalates are widely used in objects to which
newborn babies, and particularly premature
and sick babies, may get exposed for long
periods, such as pacifiers, intravenous
catheters and tracheal tubes (Muehlberger
and Rossi, 2000).

Particular attention should be paid to
substances that come into contact with the

baby's skin, because skin is highly permeable
during the newborn period. For the surface
area of skin covered with a chemical, a
newborn baby may absorb up to three times
the amount absorbed by an adult (Plunkett et
al., 1992). At birth, the respiratory tract also
becomes a potential route for the absorption
of toxicants. Fetal lung fluid is rapidly cleared
by the newborn's pulmonary lymphatic
system, demonstrating the integrity of this
clearance pathway. This lymphatic route then
becomes the primary route for absorption of
airborne pollutants, including environmental
tobacco smoke.

The first three years

Children in this developmental stage have
higher rates of respiration and calorie
consumption per kilogram of body weight
than adults because of their higher metabolic
rate. This factor makes infants and toddlers
more vulnerable to inhaled and oral
environmental exposure. Children's hands-
to-mouth behaviour, shorter stature and their
play close to the ground increase their
exposure via inhalation and ingestion to
toxins in dust, soil and carpets. It also
increases exposure to toxicants from the
lower layers of the air, such as certain
pesticide vapours. Lead poisoning, for
example, frequently occurs by this
mechanism. Other sources of toxicants
include the area around the house, which
may be contaminated with pesticides.

Diet can also become a source of exposure.
Legal levels of food additives are calculated
on the basis of a lifetime exposure for an
adult. The infant's higher rate of calorie
consumption per kilogram body weight
means that any food additive will constitute a
higher dose for an infant. Furthermore, by
virtue of their processing, infant foods tend
to have higher concentrations of additives
and residues such as pesticides.

There is also a qualitative difference in the
infant and toddler's diet. It is higher in fruit,
vegetables and milk products, and tends to
be less varied than the average adult diet.
These factors affect the relative ingestion of
toxicants in the infant.

The preschool and school-age child

In this developmental stage, children explore
new environments and are consequently
exposed to new sources of contamination.

The school itself may be a source of
contamination due, for example, to the
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presence of friable asbestos in many
buildings. Schools may be situated near old
industrial sites with unknown emissions and
waste. In rural areas schools often use small
private wells that may be contaminated with
lead and pesticides. Exposure at school may
include poor indoor air quality, high allergen
burdens and infectious organisms. Children
may also use toxic arts-and-crafts products,
while 'non-toxic' art products may cause
health problems if ingested or used
improperly. Exposure to outdoor air
pollution may be particularly important
depending on place of residence and periods
spent in highly contaminated environments.

Additional hazards derive from transport,
such as air pollution (outdoor and inside
vehicles) noise, traffic injuries, and reduced
opportunities for physical exercise and
autonomous travel.

The adolescent

The biology of adolescence provides
opportunities for unique effects of toxicants
both in terms of disruption of functions and
disruption of maturation: maturation of a
number of organs and systems occur during
this period. Target tissues may differ in
adolescents as a result of the changes
brought about by puberty. Growing, dividing,
differentiating tissues are those that are most
sensitive to environmental influences. During
puberty, rapid growth occurs in the viscera,
skeleton and muscles. There is also
development and differentiation of the
reproductive system. Adolescence is a time of
increased risk of infectious disease and
accidental injuries. Exposure can also
change. Increased food intake associated
with rapid adolescent growth alters exposure
to food contaminants. The typical adolescent
exploratory and risk-taking behaviour also
plays a role in increasing exposure, and we
know that health-related behaviour is
typically influenced by peers and by the
media. Voluntary drug consumption
increases, including drinking, smoking and
substance abuse, and the use of over-the-
counter, prescription and performance-
enhancing drugs.

Finally, adolescents may be employed in jobs
that expose them to occupational hazards
and involved in illegal activities such as the
sex market. Employment can expose them to
contaminants as well as to risk of accidents
due to unsafe working environments and
dangerous equipment (Parker et al., 1994;
Woolf, 2000). The exploitation of children

and adolescents in the sex market is a new
and growing hazard, with dramatic
consequences for those involved.

1.4. Economic, social and
psychosocial factors

Children's special susceptibility to
environmental threats is not confined to the
biology of growth and development. A variety
of external factors, at macro as well as micro
level, influence the exposure of fetuses,
infants, children and adolescents to various
environmental threats and consequently
affect their health. These factors include
primarily the economic and social status:
environmental problems in all countries tend
to be borne more heavily by poorer people
(see Chapter 3.1). The interaction of these
and other factors such as the educational
background, place of residence, gender,
ethnicity and the knowledge, attitudes and
behaviour of parents, teachers and peers
determines multiple exposures and risks and
as a consequence different and possibly
cumulative health effects (Spencer, 2000).
This depends not only on genetic
susceptibility but also on different exposure
patterns deriving from factors such as
awareness of risk, concomitant exposures
such as alcohol consumption or smoking,
access to information, access to preventive as
well as diagnostic and curative care and the
role of protective factors. For example, the
same concentration of a specific pollutant
can be markedly more harmful to one child
than to another depending on the protective
effect of the home environment during the
first years of life (Walkowiak et al., 2001).

The importance of specific environments and
driving forces in shaping behaviour and lifestyle
The way social factors influence exposure
and risk differ in many aspects from the case
of adults. There are specific environments
that characterise child life and represent the
framework within which social and biological
determinants play their role. These are
primarily the family and the school. There
are driving forces at the macro level, such as
the state, the market, the media and the
communication system, that influence
children's lives in a particular way by
establishing rules and regulations and by
offering information as well as by influencing
income distribution, educational
opportunities, place of residence,
consumerism, lifestyles and, ultimately,
health-related behaviour and exposure to
health hazards. For example, many
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adolescents are involved in working activities
that expose them to toxicants and injuries
without being able to protect themselves
because they are unaware of the dangers and
because there is neither legislation nor
sufficiently active and informed caretakers to
protect them. Child labour laws are often
modified to adapt to social needs, such as
those of a family farm. In other
circumstances, laws are violated outright or
disregarded in hiring teenagers (ILO, 1996).

In conclusion, if we want to establish effective
policies, we must understand how these
various and changing environments and
forces contribute to shape the lifestyles of
children and adolescents and can ultimately
influence exposures and risks and determine
health outcomes as well as the success of
health policies.

The changing role of the family and the school
The family has historically been the most
important institution for children. The
concept of family is difficult to define and
children grow up under very different
conditions: an increasing number of children
grow up in single-parent families or in
reconstructed family formations and
consequently see their parents separately.
The social networks of the child include a
bigger vertical network than in the
immediately preceding historical era, with
multiple sets of parents and in addition
grandparents who still are alive and active.
On the other hand, there are fewer siblings
in families and, because of separations and
increasing mobility, the networks are
geographically more spread out (Rutter,
1996).

The function of the family has also changed.
A single important factor is the double
employment of the parents as women have
increasingly joined the workforce. Child
rearing and nurturing is pushed into other
institutions. Even in functional families,
parents could be working in different cities,
and children are reared by public or private
providers and the family members only come
together at holidays or extended weekends.

The consequence is that even within similar
communities and social groups there may be
many different family backgrounds
influencing children's lives and behaviour.

The growing child develops specific types of
behaviour and lifestyle depending on values,
relationships and emotions at least as much

as on knowledge. Thus, it may happen that
the kind of general influence that the young
receive at school through teachers and peers
(the so-called hidden curriculum) may
largely outweigh the possible effect of
messages related to health and health
education channelled by the school itself,
through its formal curriculum. School
relationships, with adults as well as with
peers, are potent determinants of child
behaviour although the school itself seems to
be rather unaware of this hidden curriculum
and of the shaping environment that it
provides.

The increasing role of the media and the
communication industry and the changing role of
science

The media are increasingly pervasive. They
are potent vehicles of market forces through
overt and hidden advertising. They appeal to
children and adolescents, particularly the
film-making industry, radio and television.
Music is a medium itself, at least for youth.
Media can be powerful vectors of conformist
as well as of marginal, non-conformist
behaviour. They can help or hinder the
acquisition of knowledge. As a consequence,
they play an important role in influencing
exposure to environmental risks.

In spite of its spectacular advances, the
legitimacy of science is thrown into question
in the eyes of the people and sometimes of
the young. Other forces and explanations
(such as the market or 'new age' ideology)
compete for the command of mind. Youth
are increasingly exposed to science as well as
to new paradigms and models that relegate
science to a marginal role. The way these
various paradigms influence families and
young people must be understood if we want
to disseminate information based on
scientific rationality.

There is, therefore, a need to identify the
driving forces that shape types of behaviour
by influencing the learning experience in
each specific setting. Learning is no longer
bound to the traditional education system or
the family. The building of competence is
obtained to various degrees from the school
system, from peers, from technological
communication systems and from realities
beyond traditional institutions.

The shift of power from the state to market forces
The state regulates and represents the legal
rights of its citizens including cultures and
traditions. In contemporary Europe most
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European states are in a process of
delegating their responsibilities: more
decision-making is left to local communities.
This is thought to increase democratisation
and the possibilities for individuals to
influence and participate in the decision-
making process. At the same time, a
significant proportion of economic and
political power is shifted outside the state to
big multinational corporations, and there is a
tendency towards fewer regulations so that
market forces become increasingly strong in
determining policies and opportunities,
sometimes at odds with the public interest
and specifically with public health interests.
Short-term economic profits may then easily
become more important than the sustainable
development of the environment and the
health of the population (Wagner, 1996),
particularly when the specific needs of
subgroups of the population are not fully
recognised and are politically
underrepresented, as is the case with
children and disadvantaged communities.

The impact of urbanization

The proportion of the world's population
living in large towns or cities has grown from
around 5 to 50 % over the past two centuries.
Due to an earlier start and a far smaller
demographic pressure, cities have expanded
less rapidly in the European Region than in
most developing countries. Nevertheless, the
impact of urbanisation has been quite
important (McMichael, 1999). There are
three main pathways through which the
urban environment affects human health
(McMichael, 2000): the social changes that
accompany urbanism and the consequent
changes in behaviour-based risks to health;
the microbiological and toxicity risks
deriving from the physical urban
environment; and the large scale impact of
urbanisation on the biosphere.

Depending on how cities are structured, on
the quality of housing, transport and social
services, and in general on the quality of
communty life, the ultimate balance of risks
and benefits of urban life can be quite
variable. Certainly, in children's everyday life,
risk and exposure are strongly influenced by
the quality of the urban environment. The
urban poor may be among the most heavily
exposed to environmental hazards, while the
more affluent can fully enjoy the
opportunities given by easy access to

information and by enriching social
relationships.

1.5. Vulnerability to global
environmental changes

Since the 1980s, the worldwide
multidimensional integration of world
economy, politics and culture has changed
environmental and health dynamics.
International assessments have shown that
the global commons, such as the climate
system, the ozone layer and biodiversity, are
changing and that natural resource
degradation is an ongoing process. The
vulnerability of children to these changes
depends on: the extent to which health, or
the natural or social systems affecting health
outcomes, are influenced by changes in
weather and climate (i.e., exposure-response
relationship); the exposure to these changes;
and the ability of institutions, systems and
individuals to handle change.

Climate variability and change

The IPCC Third Assessment Report (IPCC,
2001) estimates that the global average land
and sea surface temperatures have increased
by 0.6 0.2 °C since the mid-19th century,
with most changes occurring since 1976.
Most of Europe experienced an increase of
about 0.8°C in surface air temperatures
during the 20th century. Patterns of
precipitation also changed with arid and
semi-arid regions becoming drier, while other
areas, especially mid-to-high latitudes,
becoming wetter. Projections of regional
changes over the next 100 years suggest that
temperature and precipitation changes are
likely to exceed those experienced during
the 19th century.

The effects of climate variability and change
on human health may be direct or indirect.
Figure 1 gives an overview of the major
pathways between climate change and health
(Patz et al., 2000). For example:

¢ Climate change may indirectly affect
exposures to air pollutants by inducing
alterations in weather patterns that could
increase or decrease local concentrations
of air pollutants, particularly ozone.
Exposure to elevated ozone concentrations
can lead to decreased lung function,
increased airway reactivity, lung
inflammation and increased respiratory
symptoms (Bernard et al. 2001).
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¢ Although risks from flooding in Europe floods can have a major impact on health
have been greatly reduced by technical and and welfare even in industrialised
infrastructural measures, the experience of countries. Flood risk may increase with
the Central European floods of 1997, when climate change.
more than 100 people died, shows that
Figure 1.1. Pathways by which climate change affects health

Source: Patz et al., 2000
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Desertification

Desertification and droughts affect food
production, which can result in malnutrition,
hunger, and famine. Malnutrition affects all
age groups across the entire life span, with a
profound influence on growth and
development in infancy childhood and
adolescence. Climate change may affect the
yields of major food crops. The global food
trade system may be able to absorb these
changes at the global level, but poverty and
inequality may result in distributional issues
at the local level. In the European Region,
vulnerable areas include the Central Asian
republics.

Stratospheric ozone depletion

The stratospheric ozone layer is essential in
absorbing UV radiation, in particular UVC
and UVB. A 10 % decrease in stratospheric
ozone is projected to cause an additional
300 000 non-melanoma skin cancers and

4 500 melanoma cases per year, worldwide

(WHO, 1994). For each 1 % decrease in
stratospheric ozone, the average annual
percent increases in the incidence of
nonmelanoma skin cancer range from 1 % to
6 %, and for squamous cell carcinoma and
basal cell carcinoma from 2.0 0.5 % (WHO,
to be published in 2002). Over the last two
decades it has become clear that UVB
exposure can impair specific and non
specific immune responses (WHO, 1994).
Children are particularly vulnerable to the
adverse health effects of stratospheric ozone
depletion because of the long time period of
exposure, and the length of time available for
an adverse health effect to appear.

The vulnerability of children to the effects of
global and local environmental changes and
the ways in which underlying factors, such as
economic and social conditions, welfare and
health systems, can influence these effects
are well illustrated by the case study in

Box 1.1.
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Box 1.1.

Case study: A vicious environmental cycle-the
case of the autonomous Republic of
Karakhalpakastan: can children’s health cope
with additional environmental pressures

In 2000 drought and water shortages affected
northwest Uzbekistan, in particular the
autonomous Respublika Karakalpakistan. 45000
people faced severe food shortages, and required
international food assistance. These climatic
extremes struck an area already severely affected,
childhood mortality rates being four times higher
than in EC countries. The leading causes of infant
mortality are diseases of the respiratory system (ca.
50 % of all deaths). Exposure to high levels of
dusts, exacerbated by frequent dust storms, with
daily average concentration of total suspended
particles (TSP) in the range of 300 pg/m3, has lead
to high incidence of bronchial asthma (178 per
100,000 population). 70 % of the drinking water
samples taken do not meet chemical and
microbiological standards. 40 % of the population
does not have access to drinking water.

The incidence of acute intestinal diseases in
children is still between 100-400/100.000 (UN,
2002). The average daily calorie consumption per
capita was 2,590 kcal in 1998, one of the lowest in
the WHO European Region. Chronic malnutrition
is present among the poorest households,
resulting in protein-energy malnutrition and
several micronutrient deficiencies, such as Vitamin
A and C deficiencies and Iron deficiencies. (WHO,
1999a)

Climate predictions for the region show that
droughts and desertification will increase, with a
decrease in crops availability and a reduction in
flow of the Syrdarya and Amudarya rivers of 28 %
and 21 %, respectively (Uzbekistan National
Communication, UNFCCC, 2000). These
predictions will add even more pressure on the
present health situation amongst children in the
Karakhalpakastan Republic. Therefore there is an
urgent need to promptly start sustainable
preventive measures.

1.6. The complex nature of the causal
mechanisms of disease and the
need for a multifactorial
approach

This publication deals with hazards to the
health of children deriving from a variety of
toxicants in the physical environment. But
the causal link is never a linear link, nor a
purely biological one, as pathways of causality
are typically complex and multifactorial. Ill-
health is always multifactorial, even when
causes may appear entirely biological, as in
genetic disease. The examples given of how
different factors, environments and driving
forces shape children’s lives and
consequently influence the way they are
directly or indirectly exposed to
environmental threats should make it clear
why a purely deterministic and monofactorial
‘toxicological” approach to a safe
environment for children cannot be

sufficient and why a broader approach is
needed (EEA, 1999).

Identifying the determinants of ill-health in
populations and in specific groups and
communities is a difficult task, but an
essential one to any public health strategy
(WHO, 1999b). Adverse health outcomes are
the result of variable combinations of host
genetics, host state (including social and
‘lifestyle’ factors) and exposure to other
environmental stresses, both indoors and
outdoors. All these factors can operate at
different times, influencing each other in
various ways, and causing changes in cells,
tissues and functions that may ultimately lead
to quite variable health effects. A theory of
multifactorial etiology, including biological
as well as socio-economic and psychosocial
factors, that is to say a bio-psychosocial
approach, is essential to establish sound and
effective public health policies.

Table 1.1. provides a synoptic view of
susceptibility to environmental hazards at
different ages and, at the same time, offers
examples of which multisectoral approches
are needed to carry out the appropriate
preventive interventions.
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Environmental exposure, vulnerability and preventive interventions according to developmental stages from

Table 1.1. .
preconception to adolescence

Source: Modified from Development Development Exposure Vulnerability Preventive
Bearer, 1995 al stage al interventions
characteristics
Preconception | Lack of All environ- Potential for Regulations and control on
awareness of mental genotoxicity possible sources (waste sites)
gonadal exposures Information for adolescents
exposure and the general public
Pregnancy High calorie All environ- Potential for Regulations on occupational
intake mental teratogenicity due and other environmental
Permeable exposures to embryonic exposures (environmental
placenta Ad hoc development of tobacco smoke) during
diagnostic various organs and pregnancy Health information
investigations apparatuses for couples
First three Oral Food (milkand | Potential for Regulations and control on air
years exploration baby foods) damage to brain pollution (environmental
Beginning to Air (indoor) (synapses) tobacco smoke and others)
walk Tap/well water | and lungs road traffic, lead, radon
Stereotyped Mattress/ (developing alveoli) Provision of safe water and
diet carpets/floor Allergic sensitisation | adequate sanitation
Injuries Anticipatory advice for injury
prevention
Preschool and Growing Food (milk, Potential for Regulations and control on
school-age independence | fruit, damage to brain outdoor (road traffic) and
child Playground vegetables) (specific synapse indoor pollutants (air quality
activities Air(indoorand | formation, dendritic | standards, tobacco smoke,
outdoor) trimming) and lungs | building and play materials,
(volume expansion) noise) and food (pesticides)
Injuries Information for parents, school
teachers and children
Adolescence Puberty Food (any) Potential for Regulations on child labour,
Growth spurt Air (outdoor damage to brain injury prevention, tobacco
Risk-taking and indoor) (continued synapse smoke
behaviour Water formation) Health information and
Youth Occupational lung (volume regulations in recreational
employment exposure expansion) and areas (ex. Clubs) for young
pubertal people
development
Injuries

Summary

Children are particularly vulnerable to all
environmental threats, including a contaminated

physical environment. This susceptibility has above
all specific biological causes: children breathe, eat
and drink more than an adult with respect to their
body weight; they can be exposed for a longer time
and during highly sensitive periods such as the
embryo-fetal period, the first years of life and
adolescence, when organs and functions are
developed. Their metabolism is different as well as
their awareness of risk.

Children's exposure to environmental hazards varies
with each developmental stage: preconception,
embryonic and fetal period, neonatal period, first
three years of life, preschool and school age, and
adolescence. There are special aspects of
susceptibility deriving from the biological and social
characteristics of the various developmental stages
that need to be understood to better assess risks and
target protective policies.

The reasons for children’s particular susceptibility to
environmental threats is not confined to biology of
growth and development. Fetuses, infants, children
and adolescents are also special in that their
exposure to various environmental contaminants is
influenced by a variety of social factors at macro as
well as micro level, and the way these factors
influence exposure and their health consequences is
also peculiar in many respects. It is important to
understand the driving forces that shape children’s
lives and behaviour if we want to promote health at
the individual as well as at the group, family or
community level.

The impact of global environmental changes on
human health and the specific vulnerability of
children represents is a growing concern for the
future.

A bio-psychosocial approach based on a
multifactorial etiologic framework is essential to
establish sound and effective environmental
protective policies.
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Summary of existing knowledge

e A variety of environmental hazards, including
poor air quality, poor building standards, noise,
contamination of water and food are present in
settings where children live, learn and play

e Children are also put at high risk of injury,
disease and death by their exploitation in
workplaces and in a variety of illegal activities

Main challenges

e To know more about the hazards relating to the
various settings where children live and grow

¢ To adopt a setting approach as a basis for child-
focused environmental protection policies

Action points

¢ To establish and enforce laws and regulations to
protect children and adolescents in their various
life settings

e To improve environmental control and
monitoring, and to provide better information
to professionals, families and children
themselves

2.1. Introduction

This chapter offers an overview of the
hazards to the health of children and
adolescents that may be present in
environmental settings where children live,
learn, play or are be involved in a variety of
legal and illegal activities. The main health
hazards in environments where children
spend most of their time, such as houses, day-
care centres, schools and playgrounds are
described, as well as those deriving from
transport and from contaminantion of air,
water and food. Information on health
hazards deriving from the exploitation of
children and adolescents in workplaces and
in illegal activities is provided. Since taking a
setting approach helps to fix clear objectives
and boundaries of action and identify
potential partners for action, suggestions are
given on general preventive actions in these
settings and media.

2.2. Overview of health hazards in
the everyday micro-
environment: houses, day-care
centres, playgrounds and schools

From birth to adolescence, children spend
most of their time in houses, day-care
centres, playgrounds and schools. In these
settings, environmental health hazards may
vary greatly, depending on factors such as

climate, socio-economic level, cultural
aspects, building materials and legislation.

The main ones are:

® poor indoor air quality;

¢ hazardous building materials and unsafe
building standards;

¢ chemical or biological contamination of
furniture, arts-and-crafts material and
playgrounds;

¢ radiation (ultraviolet, ionising,
electromagnetic fields);

® noise.

Poor indoor air quality

Many public and private buildings are old
and poorly maintained even in the most
developed nations, and poor air quality is
common particularly in school buildings.
Indoor air pollution may be caused, for
example, by the use of biomass for heating
purposes, or by improper functioning of
stoves and inadequate ventilation. People in
the poorest countries, in rural areas, in urban
slums and urban fringe areas, still rely on
biomass fuel (mainly wood and coal) for the
purpose of cooking and heating. This leads
to very high levels of indoor air pollution and
to an increased risk of lower respiratory
infection among children (WHO/EEA
1997). Levels of inhalable particles are the
highest in homes with wood-burning stoves,
depending on the frequency of cooking and
heating and on the adequacy of ventilation.
Improperly ventilated wood stoves and
fireplaces also generate carbon monoxide
(CO), which can cause possibly lethal acute
poisoning, and nitrogen dioxide (NO,)
(Lambert and Samet, 1995). Very high
indoor levels of NO, have been measured in
houses where ovens were used as space
heaters. Exposure to high levels of SO, and
NO, may cause mucocutaneous irritation and
respiratory effects resulting in rhinitis, cough
and exacerbation of asthma.

Last but not least, exposure to environmental
tobacco smoke is widespread in private
houses as well as in public buildings when
adults do not refrain from smoking indoors
and smoking is not prohibited. The health
effects on children of exposure to
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environmental tobacco smoke are pervasive
and are described in detail in Chapter 10.

The term ‘sick building syndrome’ has been
used to describe a variety of symptoms,
ranging from headache and nausea to upper
respiratory infection and eye irritation,
associated with a person’s presence in a
building and which typically disappear when
the person is not in the building (AAP, 1999).
Symptoms are mainly due to inadequate
ventilation but low levels of specific
pollutants may also contribute.

Hazardous building materials and unsafe
building standards

Housing in poor suburban or rural areas may
not offer adequate shelter from heat or cold
due to inadequate building materials and
fuel scarcity. In many countries of the
European Region a significant proportion of
the population still faces the problem of
inadequate housing, and this problem is also
present in very poor neighbourhoods and
shanty towns in the most industrialised part
of Europe. When buildings are apparently
adequate, there are still many potential
health hazards for dwellers, and particularly
for children who spend most of their time
inside and are exposed for long periods.
Over the last few decades the health hazards
deriving from the presence of dangerous
substances in building materials, particularly
of lead and asbestos, have been extensively
studied.

Asbestos has been used for a wide range of
building materials, mainly for insulation
purposes, including roofing shingles, ceiling
and floor tiles, and asbestos cement,.
Inhalation of microscopic airborne asbestos
fibres is the major route of exposure.
Asbestos becomes a health hazard when the
asbestos-containing materials deteriorate and
fibres are released in the air and can be
inhaled. Millions of school students as well as
school personnel are exposed to deteriorated
asbestos. Field studies have found that at least
10 % of the asbestos which is incorporated in
school buildings is deteriorating and
accessible to children and thus poses a threat
to health (US EPA, 1987). Use of asbestos
varies greatly across countries. It was used
extensively in public building materials until
the 1970s, since when it has been banned or
limited as a building material in many
countries.

Leaded materials have been extensively used
in paints, walls, woodwork and window

casings. Lead in paint is usually the most
important threat for children in countries
where lead paint was extensively used, in
spite of the fact that lead was eliminated from
paint intended for use in buildings many
years ago (AAP Committee on
Environmental Health, 1993). Lead can also
accumulate in water due to contamination of
water sources and water pipes. In addition,
lead can be inhaled as fumes or as respirable
particles.

Dampness favours the development of
moulds and represents a risk factor for
asthma and respiratory diseases.

Unsafe building standards and materials may
lead to poisoning and injuries. Poisoning
may result from inappropriate storing of
hazardous substances, or incorrect
administration or exposure to medications,
chemicals, petroleum products and crafts
materials. Injuries are common as a
consequence of unsafe building and play
materials, unsafe biomass burning (burns,
kerosene ingestion), unsafe electrical wiring,
etc. Injuries are extensively dealt with in
Chapter 9 of this monograph.

Chemical or biological contamination of
furniture, arts-and-crafts material and
playgrounds

Chemical contamination may originate
inside, as well as outside, buildings.

Furniture and household products may
contain volatile organic compounds (VOCGs).
These include chemicals such as aliphatic
and aromatic hydrocarbons (formaldehyde,
benzene, perchloroethylene). VOCs are
released as gases or vapours in case of above-
normal room temperatures and tend to be
higher in recently constructed or renovated
buildings. VOCs are also emitted by office
equipment (copiers), graphic and craft
materials, paints, cleaning products, etc., and
therefore higher concentrations of VOCs can
be found indoors. Chronic exposure to VOCs
may cause cancer.

The floor is an important micro-environment
for infants and toddlers, who typically spend
a good deal of time in a playground or lying,
crawling and walking on the floor. Both the
floor surface and the layer of air closest to
the floor are major sources of chemical and
biological contaminants. Carpets, rugs and
mattresses host a variety of allergens, house
dust mite being the most important indoor
allergen. Some of the surface contaminants



described in the literature include pesticide
residues and formaldehyde from new
synthetic carpeting. Formaldehyde is used in
hundreds of products as a carrier for
solvents, and stiffeners and water repellents
in floor coverings such as carpets and
linoleums. Exposure to airborne
formaldehyde may result in conjunctival and
respiratory tract inflammation and
precipitate asthma. Contaminants that tend
to be found in higher concentrations just
above the floor include mercury vapour, from
old formulations of latex paint, and radon,
which is found in highest concentrations in
the lowest elevations of the house. The
heavier particles in environmental tobacco
smoke also tend to settle near the floor.

Schools may be situated near old industrial
sites with unknown emissions and wastes. In
rural areas schools often use small private
wells that may be contaminated with lead and
pesticides. Outside the building, playground
soil may be contaminated by lead, with
higher concentrations found closest to areas
with high traffic loads.

Children may also use toxic arts-and-crafts
products, while ‘non-toxic’ art products can
cause health problems if ingested or used
improperly. Play areas may contain
environmental toxicants. Toys may contain
phthalates. Wooden playground equipment
is often treated with preservative-containing
substances such as arsenic,
pentachlorophenol and chromium, which
are toxic if ingested.

Biological contamination is common in any
group, small or large, of people living in a
limited space. Schools and day-care centres
are at particularly high risk due to crowding
and to the high incidence of infectious
diseases among toddlers and children.
Biological contamination may be encouraged
by high relative humidity and by poorly
maintained air conditioners. Moulds (the
most common are Cladosporium, Aspergillus,
Penicillium and Alternaria) proliferate in
environments containing excessive moisture
such as from leaks in roofs and walls, and can
enter the home through heating and
conditioning systems. Children may become
infected by a variety of microrganisms
through contaminated drinking-water (see
chapter on biological contamination of
water).

Radiation and electromagnetic fields
Exposure to ionising radiation and ultraviolet
light is another health hazard. While
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significant exposure to ionising radiation
from radioactive fallout and medical
diagnostic equipment (x-ray and
radioisotopes) is limited to specific settings
and circumstances, exposure to radon is
quite common in private and public
buildings and represents most of the
background radiation. Radon gas is formed
from the radioactive decay of radium, and
enters homes through cracks in the
foundations or in the absence of
foundations. Exposure to radiation is
obviously higher in basements and first-floor
flats. Until recently there were insufficient
data to detect an increased risk of lung
cancer after lifelong residential radon
exposure. A meta-analysis of eight
epidemiological studies (Lubin and Boice,
1997) shows the existence of a linear dose-
response relationship detectable down to 4
picocuries per litre (pCi/L), the level at
which remedial action should be taken,
according to the United States
Environmental Protection Agency (US EPA)
and the US Department of Health and
Human Services.

Exposure to ultraviolet light is widespread,
although strongly dependent on latitude and
sun protection behaviour.

Sources of exposure to electromagnetic fields
are ubiquitous in houses and public
buildings, and common outdoors. They can
be high-voltage, long-distance transmission
lines, distribution lines that bring electricity
to homes, and electric appliances of all sorts
including television monitors, computer
games, radios and other electrical
equipment.

The health consequences of exposure to
ultraviolet radiation and to electromagnetic
fields and are dealt with extensively in
Chapters 12 and 13.

Noise

Noise contamination exceeding safety
thresholds is widespread in neighbourhoods,
schools and day-care centres, particularly in
urban and suburban areas. It includes
exposure to noise originating inside the
buildings, such as from children themselves,
toys, equipment, etc., or outside such as from
heavy road traffic, industrial activities or
building and road construction or renovation
and nearby railways, highways or airports.
Noise levels inside rooms depend on the
design, insulation and acoustics of the room
and on environmental noise outside.
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Table 2.1.

Decibel ranges and effects of common sounds

Source: Modified from
AAP, 1999

background traffic noise

Example dB(A) Effect
Quiet suburb, quiet conversation 50 No significant effect
Conversation in busy place, background music, 60 Intrusive

Freeway traffic at 15 metres

70 Annoying

Average factory, train at 15 metres

80 Possible hearing damage

Busy urban street, diesel truck

90 Chronic hearing damage (>8-hour exposure),
speech interference

Jet take-off (300 metres), power lawn mower 100 As above, more likely and more severe
Stereo held close to ear 110 As above, more likely and more severe
Live rock music, jet take-off (160 metres) 120 As above, more likely and more severe (human

pain threshold)

Earphones at loud level

130 As above, more severe

Toy cap pistol, firecracker (very close to ears)

150 Acute hearing damage (eardrum rupture)

Note: dB(A) is an international sound pressure level unit meaning ‘decibel with an A frequency weighting’ which

reflects the sensitivity of the human ear.

Children may be more prone to the adverse
effects of noise, because they may be more
frequently exposed to noise — due to the
lack of ability to control the environment. In
addition, they are more susceptible to the
impact of noise. Little is known about
exposure in very young infants, although it
has been shown that pre-term babies in
intensive care units are exposed to many
sources of noise. Exposure in preschool and
school children has been more extensively
investigated. School-age children may be
routinely exposed to more noise than the
24-hour equivalent (LAeq24) of 70 dB(A)
while the WHO Guidelines for Community
Noise (WHO, 1999) recommend that during
lessons the noise measured in classroom
should not exceed 35 Laeq.

The health effects of noise include hearing
damage from impulse noise at high levels
which may damage inner hair cells and from
prolonged exposure to sounds louder than
85 dB(A). Hearing loss may be transient or
permanent. Table 2.1. provides an overview
of the potential effects of the most common
sounds.

However, in children the most important and
common effects of noise are interference
with speech, communication and learning.
For example, speech is normally 100 %
int